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Non-technical summary
Since the problem of climate change has drawn tadterboth in political and academic
agenda, the question of how much people are wiltmgpay for the mitigation of global
warming has been a subject of keen enquiry. Sevecaht studies have addressed the issue
of the Willingness-to-Pay (WTP) for climate proieat and results have given an almost
similar plurality of amounts as there have beerdisi This diversity can be explained,
among other reasons, by the differences in thegdesi the corresponding studies. While
most authors employed sdated preferenceapproach — where subjects indicate their WTP
hypothetically and without any real payment — legdio a relatively high value of WTP,
some studies utilised evealed preferencéamework — where real payments have to be
done. Comparison of the two different approachesvstnat the revealed preferences studies
result in much lower values for WTP.
Existing revealed preference studies, however, thee following difficulty. The values
reported from such studies are obtained in a detisamework wherein individuals face the
opportunity to free ride on emissions reductions dblgers. Subjects may withhold their
contribution to the public good climate protectishile others contribute. While the WTP
obtained in such a framework is certainly of ingtré is conceivable that the corresponding
WTP is higher in a decision framework which at tepartly excludes the free riding
opportunity by introducing some form of collectigecision.
In this paper, we study the demand for climate qotbdn when the purely individual
perspective of previous revealed preference studieslaxed. We investigate whether the
WTP for climate protection depends (i) on the infation of real behaviour of subjects in a
similar decision making situation and (ii) on tiéroduction of collective action.
Participants in our framed field experiment wenmueerated with 40€ cash for their time in
partaking in this investigation and were then gitbe opportunity to contribute to GO
emissions reduction by buying European Union Alloees (EUAS). Each participant was
confronted with two different prices for permits 100kg CQ. Subjects were then asked to
indicate the quantity of permits they would be Wil to buy at each of the prices. Finally, one
of the two prices was randomly selected by the adtmator and the transaction was carried
out at the corresponding price. Any allowances Ipased were withdrawn from the European
Emissions Trading Scheme, therefore it can be dtétat all contributions led to real
reduction in emissions. In one treatment of thedytwe introduced a collective action
whereby all members of a group were forced to msehthe median amount of EUAS
demanded by the group. In another treatment, sisbjeceived information about the real
demand revealed by other subjects in a similarsitatimaking situation. The information on
previous contributions may signal the level of cimition by others.
The main finding from our study is that the proliigpiof purchasing EUAs is higher in the
treatment with collective action compared to theatment where no collective decision was
implemented. The provision of information aboutestsubjects’ behaviour, however, has no
treatment effect on the demand for climate provectThe mean (median) WTP amounts to
11€MCQ (BEMCQ) in total. Furthermore, we observe a strong cati@h between subjects’
demand and their expectations about other partitshdehaviour. When collective action is
not available, subjects’ expectations are condistéh free rider behaviour.



Das Wichtigste in Kirze
Die Hohe der Zahlungsbereitschaft fir das offendi€&ut Klimaschutz ist Gegenstand einer
Vielzahl von Untersuchungen. Die ermittelten Zalgsimereitschaften unterscheiden sich
dabei zum Teil erheblich, was unter anderem aufetdohiede im Design der Studien
zuruckzufihren sein dirfte. Die Uberwiegende Mehrher Studien zur Ermittlung der
Zahlungsbereitschaft fur Klimaschutz nutzt Befragem bei denen die Teilnehmer ihre
Zahlungsbereitschaft in einer hypothetischen Emisitimgssituation angeben und keine
realen Transaktionen getatigt werden. Nur wenigedi8h nutzen die Madglichkeit, die
Zahlungsbereitschaft aus einer realen 6konomis@mansaktion abzuleiten. Die ermittelten
hypothetischen Zahlungsbereitschaften fir Klimaschsind zumeist deutlich hoher als die
realen Zahlungsbereitschaften.
In Studien, die eine reale Zahlungsbereitschaft Kilimaschutz erheben, haben die
Teilnehmer jedoch die Mdglichkeit freizufahren, .ckkinen Beitrag zum o6ffentlichen Gut zu
leisten, wahrend andere Teilnehmer in der Gruppiagen. Es ist zu vermuten, dass die
Zahlungsbereitschaft fur Klimaschutz hoher ausfaénn es keine Freifahreroption in der
Gruppe der Teilnehmer gibt und alle Teilnehmer gleichen Beitrag leisten missen.
In dieser Studie betrachten wir die reale Zahluegsitschaft nach Klimaschutz, wobei die
individuelle Perspektive bisheriger Studien zurleeaZahlungsbereitschaft gelockert wird.
Wir untersuchen, ob die Zahlungsbereitschaft vpinformationen tUber das reale Verhalten
von Akteuren in einer &hnlichen Entscheidungssinatund (ii) der Einfihrung einer
kollektiven Aktion abhangt. Die Information zu varggenem Verhalten ermdglicht eine
bessere Einschatzung des Beitragsverhaltens arikiheehmer. Durch die kollektive Aktion
ist jeder Teilnehmer in der Gruppe verpflichtetn dgeichen Beitrag zum Klimaschutz zu
leisten.
Teilnehmer an unserer Studie erhielten eine Aufwantschadigung von 40€ und konnten
durch den Kauf von Zertifikaten des EU-Emissionsteds einen Beitrag zum Klimaschutz
leisten. Jeder Teilnehmer konnte dabei fir zweerschiedliche Preise seine Nachfrage nach
Zertifikaten (in 100 kg Cg) angeben. Ein Preis wurde ausgelost und diese &emngde zum
ausgelosten Preis gekauft. Gekaufte Zertifikatedemrgel6scht, d.h., jeder Beitrag flhrte zu
einer realen Reduzierung der £€Bmissionen in Europa. Eine Gruppe der Teilnehmaek
Informationen Uber das reale Kaufverhalten von Aiga in einer &hnlichen
Entscheidungssituation. In einer anderen Gruppestenslle Teilnehmer die Medianmenge
der Gruppe, d.h. die Menge, welche die Halfte alleitnehmer zu einem bestimmten Preis
nachgefragt hat, kaufen.
Ergebnis unserer Studie ist, dass mit einer kollekt Aktion die Wahrscheinlichkeit
Zertifikate zu kaufen hoher ist als ohne kollektid&tion. Informationen Uber das reale
Verhalten von Akteuren in einer ahnlichen Entschegssituation haben keinen Effekt auf
das Beitragsverhalten. Der Durchschnitt der Zahdbegeitschaft betragt insgesamt 11€4CO
der Median der Zahlungsbereitschatft liegt bei 5®tM@artber hinaus ist eine starke positive
Korrelation zwischen der individuellen Nachfragema&ertifikaten und der Erwartung Uber
die nachgefragte Menge der anderen Teilnehmer abdohten. Ohne kollektive Aktion sind
die Erwartungen der Teilnehmer konsistent mit Bteérverhalten, d.h., die Teilnehmer
kaufen weniger Zertifikate als sie es im Durchstthran den anderen Teilnehmern erwarten.
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1 Introduction

Since the problem of climate change has drawn tadterboth in political and academic
agenda, the question of how much people are wiltmgpay for the mitigation of global
warming has been a subject of keen enquiry. Seveceht studies have addressed this issue
and results have given an almost similar pluralityamounts as there have been studies.
Median values for the willingness-to-pay (WTP) thimate protection range from 0€/tGO
(Loschel et al. 2013, Diederich and Goschel 20b1P5%56€/1CQ (Achtnicht 2012). This
diversity can be explained, among other reasonsthbydifferences in the design of the
corresponding studies. While most authors have @yepl astated preferenceapproach
leading to a relatively high value of WTP, a snraflample of studies has utilisedevealed
preferenceframework. Comparison of the two different appracishow that the revealed
preferences studies result in much lower valuesWdi. One might argue that the stated
preferences approach suffers from what has beéddhle hypothetical bias in the literature
(e.g., Murphy et al. 2005) and, hence, leads tolpwptimistic estimates for the WTP.
Similarly however, revealed preference studies thee own difficulties. The values reported
from such studies are obtained in a decision frabnkwvherein individuals face the
opportunity to free ride on emissions reductionsthers. While the WTP obtained in such a
framework is certainly of interest, it is conceil@khat the corresponding WTP is higher in a
decision framework which, at least partly, excluttesfree riding opportunity by introducing
some form of collective decision. For example, tuld apply in the existence of
conditional co-operators, i.e. subjects who areg/ avilling to contribute to a public good if
they can be sure that others also contribute. Subfects will be more likely to contribute
when they are certain that others do as well.

In this paper, we study the demand for climate qotbdn when the purely individual
perspective of previous revealed preference studigelaxed. We investigate whether the
WTP for climate protection depends (i) on the infation of real behaviour of subjects in a
similar decision making situation and (ii)) on tharoduction of collective action. The
information on previous contributions (or lack thef) by others may signal the level of
current contribution by others and thus also haxgtpe effects on the individual decision to
contribute. A collective decision, such as a mediale, where each participant of an
experiment is required to purchase the median ab@u@O, emissions reduction, may be a
device to ensure those conditional co-operatoth@tontributions of others. Hence, under a
collective decision rule more subjects are expetdeanbntribute to the provision of the public

good.



Participants in our framed field experimentere remunerated with 40€ cash for their time in
partaking in this investigation and were then gitba opportunity to contribute to GO
emissions reduction by buying European Union Alloeses (EUAs). Any allowances
purchased were withdrawn from the European Emissidrading Scheme (EU ETS),
therefore it can be stated that all contributioed to real reduction in emissions. In one
treatment of the study, we introduced a collectieion whereby all members of a group
were forced to purchase the median amount of EU#&sahded by the group. In another
treatment, subjects received information aboutrdla¢ demand revealed by other subjects in a
similar decision making situation.

The main finding from our study is that the proliépiof purchasing EUAs is higher in the
treatment with collective action compared to theatment where no collective decision was
implemented. The provision of information aboutestsubjects’ behaviour, however, has no
treatment effect on the demand for climate provectThe mean (median) WTP amounts to
11€CQ (5€ENMCQ) in total. This confirms the low values reportadDiederich and Gdschl
(2011) and Loschel et al. (2013). Furthermore, Wweeove a strong correlation between
subjects’ demand and their expectations about gheicipants’ behaviour. When collective
action is not available, subjects’ expectationscargsistent with free rider behaviour.

The paper is organised as follows. In section&jef overview of the literature related to the
issue of WTP for C@emissions reductions is given. Section 3 describesdesign of the
experiment while section 4 states the main hypeth&gth respect to the expected effects of
the treatment variables. Section 5 gives the resudt section 6 concludes with a discussion

of the results.

2 Related literature

At least three branches of literature are directijated to our study. First, are the several
stated preferences studies which have recentlyosegblthe question of WTP measured in
monetary units per tC{for the mitigation of climate changé.MacKerron et al. (2009)

1 According to the classification suggested by Kamiand List (2004), fiamed field experimerns the same as
a conventional lab experiment, but with a nonstashd@iee. students) subject pool and with field ettin either
commodity, task, or information set that the sutj@an use.

? In this paper, all WTP values are, if necessaoyverted to € values using the 2010 ECB averagrarte
exchange rate for US$ (€ 1 = US$ 1.3257) or GBP £8GBP 0.8578).

: Johnson and Nemet (2010) surveyed 27 stated preferstudies that estimated WTP as a total amdunt o
money or percentage of income people are willingit® up per unit of time, e.g. within a year, irder to
achieve a specific amount of mitigation. They fouhdt the WTP for climate protection ranged betw&é8
and 330€ per household annually, with a mean o£186&l a median of 102€. Due to differences in stena
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estimated the WTP for voluntary carbon offsets @gfaian aviation-related background.
Participants of their study were asked to stateatfm@unt they would be willing to pay to
offset their CQ emissions during a hypothetical flight from NewrkKdo London. They
estimated the mean WTP for the offset to be apprately 28€/tCQ. In a similar study,
Brouwer et al. (2007) asked airport passengerthimr WTP to reduce C{emissions caused
by their flights. Accordingly, the mean WTP for theduction of one tC®across all
passengers amounted to 25€, with a remarkable ggloigal variation: Mean WTP for Asian
travellers was found to be the lowest at a valug0&itCQ while European participants were
recorded as willing to pay a mean value of 41€4Chtnicht (2012) measured the WTP for
the reduction of C@using data from interviews with more than 600 pt#& car-buyers
across Germany. The interviewees were presentédanstated preference choice experiment
consisting of hypothetical car types that diffeiedvarious characteristics such as price,
propulsion technologies, fuel type, and £gnissions per 100 kilometres. The WTP for the
reduction of one tC®can be indirectly inferred from the choices reedain the survey.
Achtnicht estimated a median WTP for the referegroaip which resulted in a range of 89€
to 256€/1CQ, significantly higher than the aforementionedrasates. Viscusi and Zeckhauser
(2006) analysed the willingness of Harvard gradsitelents to pay higher petrol taxes in
order to help counteract global warming. They id&ut an average WTP of 0.79$ per gallon
of petrol whilst the median WTP was found to be4@.4er gallon. Since there is a direct
relation between petrol input and €@missions, these values can accurately be coavirte
67€/tCQ (mean) and 38€/tCQmedian). In a recent paper, Blasch and FarsiqR6dported
on survey data pertaining to the WTP for volunteaybon offsets in the range of 0.75€/4CO
to €16.60€/tCQ@depending on the emission activity.

Second, are the relatively few studies that attetapelicit thereal demand of WTP for
climate protection from g@urely individual perspectivdJsing a similar design to the study
herein, Loschel et al. (2013) sold EUAs at différprnices to a sample of 202 subjects from
the Mannheim population who received 40€ for pgréiton. A median WTP of zero and a
mean WTP of 12€/tCQwere found. Essentially, Loschel et al. observeagonty of subjects
unwilling to contribute, and a small minority willj to do so irrespective of the associated
costs. A similarly framed field experiment with bagcentives was conducted by Diederich
and Goeschl (2011) who determined the willingnesaliate one tC£Oamong the German
Internet-using population. In their design, 2,440tgipants faced a real trade-off between a

discount rates and framing the results of thesdiesstare hardly comparable to the WTP as the anafunbney
people would be willing to spend on the reductiborme tCQ.
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cash prize and guaranteed emissions reductionsighréhe retirement of EUAs. They
estimated a zero median WTP and a mean WTP of &G0

A third branch of literature related to our appto@onsists of studies which have investigated
the issue of WTP for public goods with regard te tinee rider option using a stated
preference or experimental approach. Cummings ef(1897) tested, and rejected, the
hypothesis that stated preference (i.e. hypotHetiederenda is incentive compatible and
generates the same results as real referenda: Athetal referendum leads to more
affirmative responses than a real one. Taylor (1988orts on experiments that implement a
theoretically incentive-compatible revelation meuken, a closed referenddmto elicit
responses to valuation questions in both hypothlediod real experiments. As in Cummings
et al., evidence of an upward hypothetical biafisid. Taylor et al. (2001) conducted an
induced-valuelaboratory experiment testing the incentive coniplétly of the referendum
voting mechanism for eliciting WTP for public goodsggregate results suggest incentive
compatibility in both hypothetical and real refedan Their conclusion is that the well-known
“hypothetical bias” in stated preference studiesasavalue elicitationproblem, but rather a
value formationproblem. Champ et al. (2002) empirically inveségdahe effect of the
payment mechanism on contingent values by askinyTé question with one of three
different payment mechanisms: individual contribaticontribution with provision point, and
referendum. They state statistical evidence of naffiemative responses in the referendum
relative to the individual contribution treatmemidasome weak statistical evidence of more
affirmative responses in the referendum relativéh&oprovision point treatment. Carson et al.
(2006) directly test the hypothesis that resporslaiways tell the truth in stated preference
studies. They reject the hypothesis in two diffétests. The first of these involves comparing
the case of a zero probability of the referenduimdaéinding with the situation of a positive
probability. Here they find that a different resperis obtained if the probability of a binding
referendum is zero in terms of both the mean amidwvee of the response. This suggests that
results obtained for an inconsequential or purgfyotthetical case should not be used to make
inferences about how stated preference works irstéiedard consequential case with some
positive probability. The second test involves loedately providing incentives for non-
truthful preference revelation. Here they find ttteg response is different from the incentive
compatible case in the theoretically predicted reanithis suggests that agents will take
advantage of incentives for preference misreprasent Recently, some studies in this

) In this case, the public good is only providedtfo group of experimental subjects.
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branch of literature put more emphasize on WTPesselated to climate changé&Viser
(2007) explores the WTP of a sample of U.S. resgltar renewable energy under collective
and voluntary payment vehicles. He finds that urtgetain conditions, when confronted with
a collective payment mechanism, respondents sthigher WTP than when market-based
mechanisms (which rest on individual decisions pake used. Furthermore, he reports that
stated preference responses are strongly correldtbdexpectations for the WTP of others.
Menges and Traub (2009) investigate individual gnexices for green electricity under
alternative payment vehicles; an individual-choioeatment where subjects act as market
participants and a public-choice treatment wheeddkiel of green electricity consumed by all
subjects was determined by a majority vote. Thgyomea strong treatment effect which
highlights the large extent of free riding in thevpte provision of the public good green
electricity. Under the public-choice scenario satgeWTP was almost three times higher

than under the individual-choice treatmént.

3 The experiment

The aim of our study was to investigate the extentvhich a sample of the Mannheim
population would be willing to contribute to furthelimate protection from their own
disposable income. To elicit the real WTP for auatn of atmospheric CO an
experimental approach of asking people to giveagb money as an alternative to the survey
approach was implemented. The EU ETS was employedvahicle to this end and emission
reductions were directly sold to the subjects. Tdil®wing section presents the procedures
used, whereby the baseline treatment BASE is usedraference. Modifications in the other
two treatments, INFO(rmation) and COLL (ective), explained subsequently.

Participants were recruited following the randorstribution of approximately 4,000 letters
of invitation in the Mannheim city centre, Germaiye information that people received at
this stage was that a survey would be carriedrouthich they would have the opportunity to
buy products and that they would receive remunamaif between 15€ and 40€ for their time.
Since several studies show that if people bid ugimgifall money they are likely to overstate
their WTP (e.g. Cherry 2001, Cherry et al. 2002yyas emphasised in the initial letter that

° Some studies (Champ et al. 1997, Wiser 2007, Meagel Traub 2009) distinguish between the notion of
willingness-to-pay (WTP) under a public-choice dem design where free riding is prevented andidiesr
willingness-to-donate (WTD) under an individual-adedesign where free riding incentives will pretvémost)
attendants to state their true WTP. In this papemever, we stick to the WTP notion since the @xist
literature on the valuation of climate protecticsually refers to WTP.

6
Note that due to different external effects andives such as concerns against nuclear power arriseof
supply the public good green electricity is notigglent to the public good climate protection.
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the amount of between 15€ and 40€ was explicithpueeration their participation. In this
way it was believed that participants would feditied to the money.

To elicit the individual demand, the following matkmechanism was chosen, being
incentive-compatible, relatively simple and capatflereating an individual demand function
with two price-quantity-combinations: Each partanp was confronted with two different
prices for permits in 100kg GQunits ordered from ‘high’ to ‘low’. Subjects wetigen asked
to indicate the quantity of permits they would bidlimg to buy at each of the prices. Finally,
one of the two prices was randomly and openly setedy the administrator and the
transaction was carried out at the correspondiinge pParticipants who did not wish to buy

permits at a specific price indicated a quantityero.

Table 1: Steps of the experiment

#  Step Explanation

1 Welcome Issuing of instructions and remuneratibb5€-40€, confirmation of
compliance with rules

2 Questionnaire 1 Socio-economic characteristicksadtitudes towards climate change

3 Instructions Explanation and presentation ofpthichase procedure, example, quiz

4  Information 1 Climate change and EU ETS

5 Information 2 Purchase option and {nitting activities

6  Purchase decision Indication of quantity demdratewo different prices

7  Questionnaire 2 Expectations, reasons to buypbtorbuy, opinions about climate policy

8  Public price draw Random selection and announoeofeone price

9 Paymen Subjects pay their stated quanti (or the median quantitin private

10 Leave the institute

The experiment took place in December 2011 on teenises of the Centre for European
Economic Research (ZEW) in Mannheim, Germany. Altot 157 participants took part in

the experiment and were randomly allocated to #ssiens. The steps of the experiment are
listed in Table 1 above. At the beginning of eaebston, participants received their 40€ cash
remuneration along with their instructich#t the same time, subjects confirmed that they

would obey the rules given by the research stafinguhe study. Subsequently, participants

! Other methods of creating entitlement to the mmmyeéndowment could have been used, e.g. payingheut
money some time before the real experiment tookepta employing real effort tasks. However, bottthuds
would have increased the complexity and/or thetthmwanf the experiment significantly. Our methodcoéating
entitlement only by emphasizing that the up to #@€e paid as a remuneration for the time subjgmad for
the purpose of participation might presumably hiageto an overestimation of WTP. According to ther@an
Federal Statistical Office the average wage per hetiof taxes in Germany was 19.59€ in 2008.

8 . . ; . "

The actual response rate, however, was higher4®@as during the registration process all appticatwere
screened according to gender and age, i.e. peapfedertain age groups that were already overrepted in
the sample were not permitted to take part.

9
See Annex | for the questionnaires (including desige statistics) and Annex Il for the translaiedtructions
(treatment BASE).



were asked to choose a desk from which to ansveestinvey from. Participants were not
permitted to communicate with one another. A redeadministrator was on hand during
each survey session to clarify any questions thiatea privately with the participant
concerned. Sessions lasted for approximately 6@tesn At first, participants completed an
initial questionnaire enquiring into their socioe@omic characteristics and attitudes towards
climate change. The purchasing procedure was thgtaieed by use of instructions.
Additionally, participants witnessed a first presgion of a tangible (but unrelated to €0
permits) example of the market mechanism and wekedato fill out a short quiz as
verification of their understanding of the procezlufhe explanation of the mean and median
guantity demanded at a given price (see below)in@sded in the instructions. Following
this stage, participants received information ab@utlimate change and its effects on the
environment and human society, and (ii) the EU EIRShe information about the EU ETS
emphasis was placed on the fact that buying angdvatving permits reduces EU emissions.
Finally, participants were informed that they hld bpportunity to buy permits in 100kg €0
units with their own money and could therefore dbute to the overall reduction of GO
emissions. Participants were reassured that alsaictions would be carried out and that the
final purchases and withdrawing of permits woulddmounced on the ZEW webpage. In
order to make individual COemissions more tangible participants were provideith a
second presentation with three specific examplesativities resulting in emissions of
100kg CQ.10 Thereafter, each participant was asked to inditaequantity of permits they
would be willing to purchase at each of the twofedént prices. In doing so, maximal
expenditures were limited to 25€. Finally, partamps completed a second questionnaire
answering questions about expectations regardiagrntban and median quantity demanded
by all other subjects in the group, possible matiire contributing (or not contributing) to
climate protection and general opinions regardingate policy. After the public price draw,
participants left the room and the institute indually. Subjects who had announced
purchases of positive quantities of EUAs were retpeeto pay the corresponding amount of
money they had stated in the survey.

The experiment was conducted in six sessions (e@é&bhetween 17 and 32 participants) and

three treatments (see Table 2); two sessions @a&ntent whilst each of the two price vectors

0 The following examples for activities generatir@Pkg CQwere chosen: (i) a 720 km drive with a VW Golf
1.4 TSI, (ii) the electricity consumption of a twerson household in 19 days, and (iii) 0.9% of dnaual
average per capita G@missions in Germany.



{(350€Cent, 150€Cent), (250€Cent, 50€Cent)} weredusnce per treatment. Thus, there
were four different prices for each treatment.

The treatment BASE was virtually identical to Loscht al. (2013) except for differences in
the price vector and the maximal possible expergbtuln treatment INFO, a subset of
participants were given information about the e&hand behaviour of subjects in the study
conducted by Loéschel et al. (2013), which was heldlarch 2010. For this purpose, two
price intervals with the mean and median quant#snadnded by participants were announced
directly before the purchase decisiéri-urthermore, the total expenditures, 678€, and the
overall purchased quantity, 53tgQvere indicated. In treatment COLL after the pulpiice
draw the group’s median quantity demanded was ledbml and each subject was obliged to
buy this amount no matter what his or her reveaechand at this price was. All subjects
were informed about the rules of the game befcgedtision was made.

The total quantity of allowances purchased by tlgtigpants equated to 55tGGand
transactions were directed to the DEHSt account34#84. The sole purpose of this account
was to hold and delete the allowances at the enldeofalendar year. The entire process was
published at the ZEW webpaéfe.

Table 2: Treatments, prices and subjects
price (in €Cent)

50 150 250 350 Subjects
BASE 17 26 17 26 43
treatment COLL 32 32 32 32 64
INFO 29 21 29 21 50
78 79 78 79 157

4 Hypotheses

In our study, we tested two treatment variablgshg information subjects receive about real
demand of a group of subjects in a similar decisi@king situation, and (ii) the introduction
of collective action whereby the median quantityg tabe bought by all subjects.

The expected effect of information on the real detns ambiguous. On the one hand, one
could argue that given information about positiwatcbutions by others has a downward

effect on the demand as subjects could free ridiemthers’ contributions (“crowding out”,

" For price intervals [20, 100] ([120, 200], [22@03, [320, 400]) €Cent the mean quantity demandad 84
(3.3, 1.1, 0.8) units of 100 kg GCFor the same price intervals the median quadgtpanded was 1 (0, 0, 0).

N The real costs for purchasing the (rounded upT65tin January 2012 were 55tGQ 7.20€1tCQ = 396¢€.
The revenue collected by those subjects who comgbketinsactions totaled 803€.
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e.g. Warr 1982, Robert 1984). On the other handsulbjects show a strong degree of
reciprocity or conditional cooperative behavioueyhcould “reward” pro-environmental
behaviour of others with higher personal contribgi (e.g. Sudgen 1984, Fischbacher et al.
2001). Evidence from field experiments (such asyFred Meier 2004, Shang and Crozon
2009) suggests information about cooperative belawf others results in a positive overall
effect. However, such experimental evidence istéohito local public goods such as radio
stations and local charitable funds, whereas cenpaibtection is a global public good. One
could also argue that due to the good’s propettiws physical impact of the others’
contributions is zero, information will be withoany effect. Thus, no distinct hypothesis
about the decision to buy between INFO and BASEbeaderiveds3

The expected effect of the treatment variable cblle action is obvious if we assume that a
fraction of subjects are conditional co-operatorssibow reciprocal behaviour. In BASE,
individuals could free ride on the contributions ather subjects and, therefore, strong
incentives could exist to understate the demandHherpublic good. In COLL, free riding
within the group is prevented as all subjects aquired to purchase the median quantity.
Thus, contributions can be expected to be highe€C@LL than in BASE. To reiterate
however: even the largest possible group contapuith our experiment would still have no
noticeable effect on the global public good. Tlasts serious doubts on this hypothesis.
Nevertheless, taking the empirical evidence frorblipugood games into account (e.g. Sturm
and Weimann 2006), positive contributions can bpeeted in each treatment despite the
negligible effect on climate change. First, in BA&E&d INFO conditional co-operators could
trust in the contributions by others and theretmmse their contributions on what they expect
others will contribute, yielding higher contributidevels as predicted by the free rider
hypothesis. Second, contributions can be explaibgdsocial motivations, which are
associated with contributing to the good itselheatthan to the effect of the contribution
(Cooper et al. 2004). For example, people couldrhayal satisfaction instead of ascribing an
economic value to the public good (Kahneman andt$thne1992) or gain from a positive
self-image when contributing to a moral cause (dekan-Stenman and Svedsater 2010).
Another possible explanation is the presence efarh glow motive’, which yields positive
utility from giving, regardless of the outcome (@mler and Grossman 2008). A third string
of theory highlights the role of deontology in d@on making processes (Spash 2000, 2006).

13
As we follow the No Deception Rule in experimergabnomics (e.g. Riedl 2011) our treatment INFOved|
only one information condition and a control cormatit(BASE).
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People can exhibit deontological values that cadhsen to neglect consequences, because
they decide on the basis of morally mandated dutedo the right thing. This is often
presented in contrast to consequentialist oriestiatof people who focus on the outcome of
their action (Tanner 2008).

A commonality of these theories is that they suppbat people receive utility from the act of
doing what is morally right itself, independent tife environmental or social impact.
Consequentially, positive contributions can be oles for: i) conditional co-operators with
high social trust, ii) people exhibiting the memigal social motivations or iii) people who are
motivated by i) and ii). With real financial incérds the individual level of contribution is
then defined by the utility gain through contrilauts. If the utility from making a contribution
is higher than the utility from an additional maoast unit, people should contribute until the
marginal utility from giving equals the marginallity of keeping the rest of the endowment.
In COLL incentives to contribute change fundaméntébubjects who experience not only
the discussed social motivations, but, to a certiEgree, tend to follow the strategy of a
conditional co-operator (contribute only if othalso contribute) have an additional incentive
to cooperate in COLL. They do not need to exhilighhsocial trust, but are ensured that
everybody in the group makes the same contributidrich makes them contribute more

when compared to BASE.

5 Results

5.1 Pool of participants and their attitudes towards climate change

Tables 12 and 13 (Annex |) present the participast€io-economic characteristics. Our
subject pool covered all age groups from 18-751ien as well as for women. The sample is,
however, characterized by an underrepresentatigiouwifiger female subjectéFurthermore,
high income groups and selected professional gratgalso somewhat underrepresented.
Tables 14-16 (Annex |) present participants’ ath#tsi and experiences with regard to climate
change. With respect to the level of informatiowabclimate change, more than half of the
participants weréreasonably well informed”(59% of all subjects), and almost one third
(28%) was at leastrather well informed”. Regarding climate change matters, 48% were
“rather concerned” about climate change and about 18% weesgy concerned’ However,

a number of participants remained neutral (21%jhwéspect to this issue Orather not

H All comparisons concerning representativenesdased on Chi2 tests with p<0.05 level of signifa@@anThe
population of the city of Mannheim respectively ttmuntry Baden-Wirttemberg is the population oéiiast
(StaLa BW 2007).
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concerned”(12%). Participants’ attitudes differed with resp® the expectation of negative
consequences caused by climate change for theirp@nsonal life: 52% expected negative
consequences, 47% did not. Positive consequenceseday climate change were only
expected by 11% whereas 86% of the sample didxpetat positive effects.

Among the participants there seemed to be the a@asethat inter-generational equity may
be affected by climate change. Whilst 17% stateat tHimate change poses“serious
threat” to themselves or their families, 25% stated, thatate change poses a threat to their
children and 80% to future generations in genénatthermore, transnational equity was also
seen to be an issue as 29% of the participantsdfalimate change &serious threat” to
people in Germany, 44% stated that climate changge9 a threat to people in other
industrialised countries and 76% indicated thatate change is a threat to people in
developing countries.

The relative majority of the participants (44%) ulgbt that the impacts of climate change
were already visible whilst 38% expected that theacts would become visible within the
next 50 years. The overwhelming majority (86%) supga the statement thdhere is still a
need for commitment to fight climate chang€nly 10% disagreed with this statement.
Participants were also asked who they thought shdwl responsible for implementing
measures against climate change. Participants eeengnced that theifpersonal behaviour
has an influence on climate changé38% agreement). Moreover, 69% agreed with the
statement that their behaviour in attempting tov@né climate chang&an encourage others
... to behave the same wayFurthermore, 82% did not agree with the statentiesit“the

government is solely responsible for measures agalimate change”

5.2 Attitudes toward climate change

Several questions were included in the questioantur elicit the respondents’ attitudes
towards climate change. Some of these questions veden from a previous study from
Carlsson et al. (2012), who collected data for W®A, Sweden and China, and the
corresponding results are presented in Table Gompared to China and Sweden a large
share of our sample (17%) believed that the gltdaperature had not increased. 80% agreed
that humans have caused the temperature increasealan about 80% believed that

mitigation is possible. About 70% said that Germahguld reduce emissions, even if other

15 . . . .

As well as in our experiment, Carlsson et al. @0dresented stylized facts about climate change fthe
IPCC after eliciting attitudes towards climate cfp@anso answers are not influenced by differentrinftion
from the experimenter.
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countries did not make similar efforts. This is #a@mne share of respondents as in the USA,
but less than in China and Sweden. The sample wated in their opinion as to whether a
reduction should take place in Germany or in ott@untries, where reduction might be
cheaper. Furthermore, there was a preference fductien rather than adaptation, but
adaptation was still favored by more than 30%. Mthe USA, only a minority was prepared
to risk jobs to achieve environmental goals. Thiermation of the survey was regarded
trustworthy by most of the respondents.

Interestingly, in many key aspects the Mannheimupaion seemed to share attitudes
expressed by participants in the USA. Notably, iandheim and the US a much larger share
of the population believes that there was no teatpes increase compared to those surveyed
in Sweden and China. Moreover, mitigation is theotaable option for only about 60% of
Germans and Americans, in contrast to more than 803wedes and Chinese. Furthermore,
Germans, like Americans, are less willing to s&mifjobs in order to preserve the
environment. In Germany, there is an exceptionhligh population share that regards to
adaptation as an important strategy to deal withatke change.

Table3: Attitudes toward climate change: Share thatgreed to statement
Results from Carlsson et al. (2012)

Description of statement Mannheim  Sweden USA China
(n=157) (n=1,230) (n=999) (n=1,264)

a) The temperature has not increased globally. 0.17 0.06 0.24 0.05

_b) Humans have affected the temperature 0.80 0.94 0.73 0.96

increase.

¢) We cannot do anything to stop climate change. 08 0. 0.06 0.17 0.10

d) We can mitigate, but not stop climate change. 770. 0.80 0.60 0.79

e) We can stop climate change. 0.08 0.12 0.11 0.09

f) Our own country should reduce carbon

emissions, even if other countries do not reduce 0.68 0.82 0.68 0.80

their carbon emissions.

g) Our own country should primarily use public
funding to reduce carbon emissions wherever itis 0.47 0.45 0.16 0.32
cheapest, even if it means in another country.

h) Our own country should primarily use public

funding to reduce carbon emissions in own 0.47 0.39 0.43 0.56
country.

i) Countries in the world should deal with climate

A : L 0.59 0.86 0.59 0.83
change primarily by reducing carbon emissions.

) Countrle_s in .the world sho.uld deal with climate 031 0.10 0.16 015
change primarily by adaptation.

k)_ The mformatlpn given in the survey regarding 0.75 0.82 0.50 0.88
climate change is trustworthy.

I) We should prioritise environmental 0.36 0.62 0.40 0.77

improvements, even if we lose jobs.
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5.2 Mean and median quantities

Figure 1 shows the individual demand curves foraibatement of 100kg G@cross the three
treatments BASE, INFO and COLL for the two pricetees (50, 250) and (150, 350), as well
as mean demand cun3$he demand curves for the lower price vector arehrateeper than
for the higher price vector and the variance desgeavith pricé’This is partly because of the
experimental design, where maximum expenditure Wesd at 25€ and therefore the
maximum quantity for the price of 50€Cent was 5Sfifteates and for the price of 350€Cent

the maximum amount was seven.

Figure 1: Individual demand curves

BASE INFO COLL

Quantity
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T
50 150 250 350 50 150 250 350 5 150 250 350
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low price vector —— high price vector —— mean demand

For the lower price vector (50, 250), average qtiaatare much higher in COLL, but the
difference between treatments gets smaller asribe increases. The mean demand curves of
BASE and INFO are very similar and, according twa-sample Wilcoxon rank-sum test, not
significantly different at all bidding points. THargest treatment difference can be found
between BASE and COLL for 50€Cent, where mean ddne@as high as 12.4 and 19.5 for
BASE and COLL, respectively. The difference is tiekly large, but according to a two-

16 Three individuals who did not state demanded dqtiesitat both prices are henceforth excluded from t
analyses.

Y Variances decrease gradually from 50€Cent to 1BBE€dor all treatments (p<0.01), from 150€Cent to
250€Cent for INFO (p<0.05) and from 250€Cent to€5€nt for INFO and COLL (p<0.05) using the Levene’s
robust test statistic.
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sample Wilcoxon rank-sum test not significant. Térdy significant difference between

COLL and BASE can be found for 250€Cent (p<0185).

A similar picture arises for the median values \Whace given along with the means in Table
4. The differences between treatments in mediamtdigs are much smaller than the

corresponding differences in mean quantities.

Table 4: Mean and median quantities across treatmes
Mean quantity at given price (standard deviation)

Treatment 50€Cent 150€Cent 250€Cent 350€Cent Total
BASE (n=86) 12.4 (14.1) 3.2(4.3) 1.6 (3.0) 1.2§1. 4.1 (7.9)
INFO (n=98) 7.7 (7.2) 3.4 (3.4) 1.8 (2.4) 1.1(1.4) 3.7(5.1)
COLL (n=124) 19.5(18.1) 4.2 (4.9) 3.9 (3.8) 1.48)1 7.1 (11.8)
Total (n=308) 13.5 (14.8) 3.6 (4.3) 2.6 (3.3) n2zrj 5.2 (9.2)
Median quantity at given price

Treatment 50€Cent 150€Cent 250€Cent 350€Cent Total
BASE (n=86) 10.0 1.5 0.0 0.0 1.0
INFO (n=98) 9.0 3.0 0.0 0.0 2.0
COLL (n=124) 12.5 2.0 25 1.0 2.0
Total (h=308) 10.0 2.0 2.0 0.0 2.0

To test for differences in the mean demand curv@eraer’'s D analysis is used, because it is
rank based, but allows for clustered data as opptsehe Wilcoxon ranksum test, which

assumes independent observations (Newson 2002).2006

Table 5: Somer’s D coefficient of treatments on qudity

Group variable Coef. SE z P>z [95% CI]
INFO vs. BASE 0.06 0.10 0.60 0.55 [-0.14, 0.25]
COLL vs. BASE 0.22 0.09 2.30 0.02 [ 0.03, 0.40]

Note: Cluster adjusted standard errors

Table 5 reports the Somer’s D coefficients, for ON&nd COLL along with their significance
levels and confidence intervals. The Somer’'s D fageht is significant for the COLL
treatment, meaning that the quantity bought is darqm COLL than in BASE. The
interpretation of the confidence interval is addwk: Given a randomly-chosen subject in
COLL and a randomly-chosen subject in BASE, thejemubin COLL is, with 95%

confidence, 3% to 40% more likely to buy more ¢iedies compared to a subject in BASE.

18 - : N . . :
Because each participant stated two price-quantiybinations a simple likelihood ratio test canbet
performed on the pooled bid points to test foryeie equality of mean demand across treatments.
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The INFO treatment does not have an effect on ddmamwmpared to BASE. It is,
nevertheless, useful to compare buying behaviotwdsn INFO and the study where the
information is taken from. Averaging of the pricectors from Loschel et al. (2013) yields
about the same bidding points as used in INFO, mgaltie mean quantities in both studies
comparablé? In Loschel et al., for the adapted price rangéh widding points from 20€Cent
to 400€Cent, mean quantity was 3.4 units of 10€C&y Therefore demand in INFO is 8.8%
higher than in the study where the informationesived. To test for the differences in both
groups Somer’s D coefficient is again used, becafiske different cluster structure in both
studies. Table 6 shows that the group differencgisificant and a randomly chosen subject
of INFO has a higher probability (from 4% to 33%)auy more certificates, thus “rewarding”
pro-environmental behaviour of others with high@rsmnal contributions. Note that the
difference in INFO cannot be explained by possdaafounding factors of the second study

as group differences between BASE and the firgtystwe not significant at p<0.10.

Table 6: Somer’s D coefficient of quantities againd.dschel et al. (2013) data
Group variable Coef. SE Z P>z [95% CI]
INFO vs. Loschel et al. data 0.19 0.07 2.52 0.01 0.0f, 0.33]
BASE vs. Loschel et al. dat®. 13 0.07 1.64 0.10 [-0.02, 0.28]
Note: Cluster adjusted standard errors

From the price quantity combinations the averagePV¢&n be calculated by interpreting an
accepted bid offer as minimum WTP. A bid offer vegsepted if the amount at a given price
is larger than zero. For non-acceptance a zero Wa® assumed. We then find an overall
mean WTP of 11.0€/tCOThe mean WTP for BASE, INFO and COLL are 9.1€0€0and
13.3€ respectivel¥® These values are close to the mean WTP of 11.9€/tGund by
Loschel et al. (2013) in a similar experimentalisgt The overall median WTP from the
distribution of individual WTPs is 5€/tGCOThe median WTP for both BASE and INFO is
found to be 5€/tCeas well, whilst for COLL, the median WTP raised G€/tCQ.

Table 7 gives the row percentages of WTPs acreasntents. In COLL, less than 30% have a
WTP of zero compared to almost 50% in BASE. Alsarsh for positive WTPs are higher in
COLL than in BASE. Disregarding the cluster struefuthe difference of the distribution

19 See footnote 11.

2 Another way to calculate mean WTP is to divide siien of expenditures (1,763€) with the total qugnti
demanded (159tCQ Thus mean WTP over all treatments equals 1ICTE/tThe treatment allocation does not
change WTP considerably. The mean WTP for BASE,ON&nd COLL are 11.5€, 11.7€, and 10.7€
respectively. WTP for COLL is smaller because sctisjibuy more, especially at a lower price, makixgesses
grow slower than quantity.
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between BASE and COLL is significant at p<0.05 adow to a Chi2 test and a
Kolmogorov-Smirnov test! The free riding effect in BASE is therefore sigraint and leads

to a 32% lower WTP relative to COLL. Compared te tlesults from Menges and Traub
(2009), who find that the WTP is three times highrea public choice treatment, our free

riding effect is relatively small.

Table 7: Distributions of WTP across treatments
Shares of WTP across treatments in percent

Treatment 0€Cent 50€Cent 150€Cent 250€Cent 350€Cent
BASE (n=86) 48.8 16.3 16.3 7.0 11.6
INFO (n=98) 42.9 19.4 14.3 13.3 10.2
COLL (n=124) 27.4 22.6 18.6 16.9 14.5
Total 38.3 19.8 16.6 13.0 12.3

5.3 Expectations of mean and median values

Table 8 shows the mean of the expected quantitieshpsed by other subjects. Expectations
of other’'s contributior®s are lowest in INFO and highest in COLL, but in garison to
BASE none of the differences are significant at.f80Thus, the treatments did not influence
expectations.

Comparing the expected with the actual quantitre§able 8, it can be seen that average
expectations are usually higher than actual demexakpt for COLL. To test for differences
between expectations and own contributions, datsteling must again be taken into account.
There are two within-subject comparisons per irdiial, while the matched pairs rank test
treats them as independent observations, therefdifcially increasing sample size and
decreasing p values. The analysis can be perfomitadut clustering if the sample is divided

into price groups (50,150) and (250,350). The défifees are summarized in Figure 2.

21 Taking the cluster structure into account the esponding Somer’s D coefficient yields the samaifimnce
level.

22

16 observations were excluded, because they dtédbdr expected mean or median demand than alldwed
the budget restriction. This might have occurresl;duse the questionnaire didn’t repeat the maximomount
of certificates.
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Table 8: Expected mean and median quantities
Mean expected mean quantity at given price (stahdeviation)

Treatment 50€Cent 150€Cent 250€Cent 350€Cent Total
BASE (n=75) 11.3(8.1) 6.0 (4.4) 2.6 (2.0) 2.6 (2.0) 5.6 (5.8)
INFO (n=91) 10.5 (7.7) 4.9 (3.6) 2.6 (1.7) 1.7 (1.2) 5.1 (5.7)
COLL (n=119) 13.7 (9.2) 5.9 (3.1) 4.4 (2.9) 2.67(1. 6.6 (6.5)
Total (n=285) 12.0 (8.4) 5.7 (3.7) 3.3 (2.4) 2.4711 5.9 (6.1)
Mean expected median quantity at given price

Treatment 50€Cent 150€Cent 250€Cent 350€Cent Total
BASE (n=81) 8.9 4.8 2.8 2.3 4.5
INFO (n=96) 8.4 2.8 2.8 1.0 4.0
COLL (n=119) 14.7 5.1 4.1 2.1 6.4
Total (n=296) 11 4.3 3.3 1.9 5.1

Obviously, subjects expect others to contribute, ibuBASE and INFO people contribute
systematically less than they expect others tordmrie at both high and low prices. This
result can be explained by free riding behaviownt@ry to that, there are no significant
differences between contributions and expectation€OLL for the low price of either
50€Cent or 150€Cent. However, this changes withsdmond price. At the high price of
either 250€Cent or 350€Cent people expect othecomtribute more than themselves, as is
the case in the other two treatments BASE and IRFO.

Figure 2: Mean and expected mean quantity

low price bid (50,150) high price bid (250,350)
11.6
9.6
8.3 8.0
6.8
5.9
35
2.6 292 2.6
1.3 1.5
BASE " INFO™  coLL BASE™  INFO™  coLl™
Il Mean quantity expected mean quantity ‘

Wilcoxon signed-rank test: *** p<0.01; * p<0.1

23 Ignoring the cluster structure leads to simiksults for BASE and INFO but in COLL actual demasd
significantly higher than expectations: Real (7.1)>Exp-0..(6.6) with p<0.05.

17



The results for the first two treatments can bateel with the findings in the literature. Lusk
and Norwood (2009a) find that people’s predictidiow voting behaviour of others for a
public good are similar to their own actual behavid the good is not associated with
normative motivations. Additionally, Lusk and Norag (2009b) find that, if the good is
associated with normative motivations, the statédPbr environmentally friendly groceries
is higher than predicted WTP of others. Carlssoale{2010) confirm this relationship for
donations to charity. They explain their resultthwhe observed tendency to retain flattering
self-images by stating to behave more generoualy tithers.

In contrast to these studies, we surveyed demaddegpected demand by others under real
transactions and find the opposite relationshipwbeh personal demand and expected
demand by others. The studies are comparable, $edawying environmentally friendly
goods and making charity donations are contribstits public goods, as the benefit of a
preserved environment and the presence of the gaoske of the charity can be enjoyed by
everybody. We then observe free riding behavioudeunreal incentives and not in
hypothetical contexts. This could be because sauiativations like self-enhancement is
costly in our design, leading to less than averemgributions, if marginal utility from a
positive self-image is lower than marginal utilitsom a monetary unit. This leads to a
possible explanation of why people should conteliotclimate protection when the marginal
effect from the contribution is infinitesimal: Ifepple suffer a disutility from falling to far
behind from what they think an average person woulshould do, they contribute a positive
amount up to the level where their marginal digytirom falling behind equals the marginal
utility from income not spend on the public good.

This requires that subjects orientate their leetantributions on what they believe others
do. Indeed there are strong correlations betweanamatributions and expectations about the
other’s behaviour as shown in Figure 3, where deledrmquantity is plotted against expected
mean demand. The correlation between personal dkenach the expected mean demand of
others is larger for the lower price vector, withe@rman's rank correlation coefficients of
Iss0)=0.61 and 42505~ 0.55 than for the higher price vector withgo)=0.44 and gzs0)=0.45.

All correlations are significant with p<0.01.
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Figure 3: Correlation between demand and expectedvarage quantity
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r - Spearman's rank correlation coefficients (p<0.01)

5.5 Regression results

In order to elicit the possible determinants of dadh for CQ reduction we conducted a

regression analysis. The dependent variable, gyaiftiCO, reduction, is highly skewed and

non-normal even after a logistic transformationefdfore, it is preferable to estimate a hurdle
or two-part model, where the decision to contribatel how much to buy are modelled
separately. This is done by using a probit modelstimate the probability to buy and then an
OLS regression for individuals with positive demahdt is adjusted by the inverse Mills’

ratio (Wooldridge 2009). In a first step to estimahe demand for climate protection, we
compare four probit models with each other: thregbip models with clustered standard

errors and one random effects probit model witht§tompped standard errors.
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5.5.1 Comparison of coefficients

The coefficients of the four probit models are préed in Table 9. The dependent variable is
g_d, which indicates whether an individual boughtnpits or not. All models are pooled over
treatments. The first three models have clustetaddard errors and the fourth model is a
random effects (RE) model with bootstrapped stathdarors?4 The first model contains only
demographic variables and an indicator of whethbjexts believed that their personal action
had an effect on climate change. This indicator bastrary to the findings of Loschel et al.
(2013), no significant effect in all the specificats. The second model contains the
information from subjective beliefs, such as whethe global temperature has increased and
whether humans have affected this increase. Thd thodel additionally checks for other
attitudinal questions and personal opinions thatraore significant for our data. The fourth
model is uses the predictors of model 3 and impagasdom effects structure.

Most variables that are significant in one of thedels are also significant in other model
specifications. The treatment indicator COLL isndiigant with a positive sign in all models,
indicating a positive relationship between colleetidecision making and the decision to
contribute to climate protectida.This confirms our hypothesis of a higher propgnsit
contribute with a collective decision frame, whiglartly) rules out free riding.

This result provides further evidence for the friekng reduction through collective decision
making, which was also observed by Menges and T¢2009) for the case of provision of

green electricity.

* The RE model was estimated with 64 integratiomisoand 200 bootstrap repetitions.
25 The coefficient for COLL is also significant in el 3 (p<0.1) when tested against the BASE treatmely
(see Table 18 in Annex IlI).
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Table 9: Probit specification

Dependent variable: g d Clustered SE RE SE
Variable Model 1 Model 2 Model 3 Model 4
In(p) -0.53" -0.53" -0.58" -5.84"
(0.09) (0.10) (0.11) (0.92)
Demographics
Single -0.71 -0.75 -0.82 -7.63
(0.30) (0.33) (0.33) (3.46)
Female 0.07 0.04 -0.07 -0.37
(0.21) (0.22) (0.24) (2.55)
Age -0.02 -0.02 -0.02 -0.217
(0.01) (0.01) (0.01) (0.11)
Children in household (yes/no) 094  -1.04” -1.07" -10.29°
(0.36) (0.37) (0.36) (4.01)
Education (high/low) 0.04 0.07 -0.01 0.27
(0.21) (0.22) (0.22) (1.99)
Working (yes/no) 0.26 0.27 0.27 2.48
(0.23) (0.23) (0.25) (2.40)
Income (7 groups) 0.05 0.07 0.08 0.70
(0.08) (0.08) (0.09) (0.94)
Member in environmental organization 0.31 0.40 -0.04 -1.31
(yes/no) (0.32) (0.34) (0.33) (3.69)
Opinions and attitudes
Personal behavior has influence on CC 0.06 -0.10 -0.13 -0.66
(yes/no or don't know) (0.23) (0.23) (0.24) (2.50)
Still need for commitment to tackle CC 0.41 0.24 1.70
(yes/no or don't know) (0.32) (0.33) (3.34)
Temperature has not increased globally 0.13
(agree/don't agree or don't know) (0.30)
Humans affected the temperature 0.45
increase (agree/don't agree or don't (0.27)
know)
Informational status about CC (4 point 0.38 3.75
scale) (0.20) (1.95)
Worried about CC (5 point scale) 0722 1.90
(0.11) (1.09)
CC poses a serious threat to people in 0.61 5.57
developing countries (yes/no) (0.30) (3.05)
Treatment indicators
INFO 0.12 0.15 0.18 1.61
(0.26) (0.26) (0.27) (2.67)
COLL 0.57 0.58" 0.68" 6.91°
(0.27) (0.28) (0.27) (2.70)
Constant 3.56 3.00” 1.97° 20.07
(0.77) (0.83) (0.96) (9.21)
Insig2u 456"
(0.31)
p 0.99
McFadden's adj. R2 0.024 0.023 0.065 .
N 280 274 270 270

*p<0.1; ** p<0.05; *** p<0.01, standard errors (SH)parenthesis.CC — climate change.

A negative price effect is, as expected, observetis highly significant in all models. Only
few demographic variables have influence on thesdaecto buy permits. Single households
and households with children have a lower probighib buy. Age has a negative effect on
the probability to contribute. The negative ageeetffon the WTP for climate protection is

also found in other studies, such as Hersch undugig2006). Income and education have no
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effect, nor has the membership to an environmemtgnisatior?s People that either feel well
informed, or are worried about climate change #muktthat climate change poses a threat to
people in developing countries are more likely tochase permits.

For further analyses the clustered standard emodgel is preferred for two reasons: First, the
number of clusters in model 3 is 135 and therefogh enough not to produce downward
biased standard errors (Cameron et al. 2008). 8e¢ba model fit of the cluster-model is
much better (see Annex IV¥}.Therefore results from the random effects moddl mat be
presented here. Table 10 shows the average paftedt for model 3 for the significant
predictor variables. For example, if every subjeatl received the COLL treatment, the
average predicted probability to buy would havenb@& percentage points higher. The
confidence interval shows that moving a randomexttdyom BASE to COLL would increase
probability to buy more from 5% up to 37%. Singleubeholds have a 24 percentage points
lower probability to purchase than non-single hbotds. The effect of price is given as a
constantsemi-elasticity and thus can be interpreted asaamge of the probability to buy as
price increases by one percent. Thus a 100% irereésprice, e.g. from 50€Cent to
100€Cent, decreases the probability to buy by X8goeage points.

Table 10: Average partial effects

Model 3

Variables dy/dx SE [95% CI]
In(price) -0.18 0.03 [-0.24,-0.12]
Single -0.24 0.08 [-0.40,-0.07]
Children in household 033  0.10 [-0.52,-0.13]
Informational status about CC 012 0.06 [-0.00,0.23]
Worried about CC 0.07  0.03 [ 0.01,0.13]
gc is threat to people in 018" 008  [0.01,0.36]

eveloping countries
Treatment indicators

INFO 0.06 0.09 [-0.11,0.23]

COLL 0.21" 0.08 [ 0.05,0.37]

*p<0.1; **p<0.05; ***p<0.01, CC — climate change.

A more direct approach to interpret the effect iégs on the probability to buy is to calculate

the predicted probabilities for different price éév across the treatments BASE and COLL

* A coefficient of green voters was not includedtlasre are almost 15% missing answers to questio® Q1
(Table 13 in Annex I) and the effect was not sigaifit throughout the models. The indicator for “Mmamn of
environmental organization“ should therefore woskagoroxy for environmentalism.

?The RE model yields about the same significancelsefor the coefficients as the model with clustasust
standard errors. Therefore, the RE model does ddtedficiency to the analysis and we discuss ohly t
estimates for the cluster robust models. Neversisetbe results from the RE models are qualitativedy
different from the ones we describe here and tlaeybe found in Annex 111

22



which are shown in Figure 4. It can be seen, tmatdiecrease in probability is similar in both

treatments and that the decrease is non-linear.

Figure 4: Adjusted probabilities to buy (with 95% CIs)

Probability to buy

T T T
50 150 250 350
price

—&— BASE —¢— COLL

5.6 Heckman selection model
To estimate the effects of climate change attitudesioeconomics and price of the quantity
bought, a simple OLS approach is not sufficienaocount of the highly skewed independent
variable. The literature proposes several modelshis kind of data structure. Probably best
known is the Tobit model, which unfortunately rsligeavily on distributional assumptions. If
the error term is either heteroscedastic or nomaabrcoefficients and marginal effects are
inconsistent (Cameron and Trivedi 2005). For théifTanodel, the dependent variable
In(g+1) is clearly non-normal and therefore Tolmefficients will be inconsistent. Results for
the Tobit specification are therefore not preseritece. A more flexible way to model the
demand for C@ reduction is Heckman’'s two step estimator. Notet thasimple OLS
regression of quantity including only positive demdeads to inconsistent estimators if the
decision to purchase certificates is related todénasion of how much to buy or, technically
speaking, if the error terms of both separately elled decisions are correlated. The two step
estimator adds the inverse Mills ratio (IMR) frohetfirst step probit regression to an OLS
regression of positive quantities. Then it is polesio test whether or not errors are correlated
using a Wald test based on the estimated coefficiethe IMR (Cameron and Trivedi 2005).
Column 1 of Table 11 replicates the third modelnfrdable 9 and column 2 shows the
coefficients from a regression that includes ordgifive demand. Both columns compose the
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two-part model. Column 3 shows the level equatiohghe two-step model and column 4
shows the level equation with exclusion restrictsiowhich means, that independent variables
were excluded in order to reduce multicollinearity.

The insignificance of the IMR in both two-step misdef column 3 and 4 shows that we
cannot reject the null hypothesis of correlatedrstrwhich at least gives some indication of
two independent decisions. Then the two decisiamshe modelled separately and the two-
part model is appropriate. This result differs fradgschel et al. (2013) and might originate in
the differences in the data structure. For exarmple, fewer data points per individual are
exploited than in Ldschel et al. (2013), where fgce-quantity combinations are used
instead of only two. The lower number of observadicould cause multicollinearity, which is
a serious issue in two step estimation (Leung amnd %96)28

Column 4 gives the reduced equation for the detigib how much to buy. The most
important result from the exclusion restrictiontligt multicollinearity is strongly reduced,
however with a condition number of 46.7 still prigs@® Significance levels and coefficient
sizes are very similar to the full selection equatand to the two step model. Strikingly no
climate change attributes have an effect on theésiecof how much to buy, except the
dummy for personal action. From the demographioty mcome is related to the quantity

demanded, conditional on positive demand.

28 This is because the IMR is a linear combinatiorthef regressors of the first step equation. Ingastig
multicollinearity of the level equation of the tvebep model shows, that the IMF hagaaiance inflation factor
(VIF) of 13.46 and the condition number of the exgion with IMF is very high (93.61). The two-parbdel, in
contrast doesn’t suffer multicollinearity as VIHwas of all regressors are below ten and the comditumber is
below 40.

29
Leung and Yu (1996) show in Monte Carlo simulasiaihat a condition number of over 20 suggests
multicollinearity problems in two-step models.
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Table 11: Econometric models of demand behavior

Two-Part Model Selection Two-Step Model
€] 2 3 4)
Decision Level Level rﬁg\ljgf d
model 3 equation equation :
equation
9qd _ In_Gqzo__ In_gg_ In_gg_
In(p) -0.58 -0.83 -0.88 -0.73
(0.11) (0.06) (0.15) (0.12)
Demographics "
Single -0.8 0.15 0.08
(0.33) (0.20) (0.33)
Female -0.07 0.19 0.18
(0.24) (0.15) (0.16)
Age -0.02° 0.00 -0.00
9 (0.01) (0.01) (0.01)
. . -1.07" -0.52 -0.61
Children in household (yes/no) (0.36) (0.31) (0.48)

. . -0.01 0.11 0.10 0.10
Education (high/low) (0.22) (0.15) (0.17) (0.18)
Working (yes/no) 0.27 -0.19 -0.15 -0.22

gty (0.25) (0.16) (0.20) 0.17)
Income (7 groups) 0.08 0.13 0.13 0.10

group (0.09) (0.06) (0.06) (0.05)
Member in environmental -0.04 0.25 0.25 0.33
organization (yes/no) (0.33) (0.24) (0.25) (0.25)
Opinions and attitudes
Informational status about CC (4 0.38 0.06 0.09 0.01
point scale) (0.229) (0.12) (0.16) (0.14)
. : 0.2 -0.08 -0.06 -0.09
Worried about CC (5 point scale) (0.11) (0.07) (0.10) (0.08)
CC poses a serious threat to people 0.61 0.10 0.16 0.00
in developing countries (yes/no) (0.30) (0.129) (0.26) (0.23)
Still need for commitment to 0.24 0.20 0.22 0.21
tackle CC (yes/no or don't know) (0.33) (0.21) (0.26) (0.25)
Personal behavior has influence on  -0.13 0.47 0.41" 0.44
CC (yes/no or don't know) (0.24) (0.18) (0.20) (0.22)
Treatment indicators 0.00
INEO 0.18 -0.11 -0.08 -0.12
(0.27) (0.19) (0.22) (0.19)
0.68" 0.12 0.18 0.00
COLL (0.27) (0.23) (0.29) (0.21)
Inverse Mills Ratio 0.67 -1.41
(1.87) (1.35)
Constant 1.91 4.67" 450" 5.347
(0.96) (0.55) (0.73) (0.74)
ondition Number . . .
Condition Numb 38.30 93.61 46.71
Adjusted R 0.484 0.481 0.458
N 270 166 166 166

"p<0.10,” p<0.05  p<0.01, standard errors in parenthesis. CC — tdirnaange.
Standard errors are clustered for the two-part male bootstrapped for the two-step level equations

By looking at the first step equation, we find aipte of determinants which are related to the
decision to buy, but not to the decision on how Imtm buy or vice versa. For example

income has no effect on the probability to buy pe&mbut has a positive influence on
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guantity given a positive demand. This structunfilience of income has been found in other
WTP studies as well (e.g. Liebe et al. 2011). Tames holds for the attitude on personal
behaviour. Other climate change attributes areta@ldo the decision to buy, but do not
influence the quantity that subjects choose to lmse. Whether subjects have children may
negatively influence demand for Gf@duction. It could be assumed that people witkdotm
could have stronger time and budget constraintsimgatkem less likely to contribute. The
COLL treatment, which has a positive influence ba tlecision to buy, does not have an

influence on the quantity demanded.

5.7 Motivation to buy

After the subjects had made their purchase, they wsked for the reasons influencing their
decision (these reasons are displayed in Tabla X6 nex |, question Q2.6, given a positive
amount for at least one of the two prices was djatdore than 90% of subjects replied that
they purchased permits because they personallyedaot contribute to climate protection,
almost 90% wanted to buy because they cared fardugenerations and about 70% did so,
because they were concerned about people in dengl@ountries and about the natural
environment. About 45% bought permits, because theyght that the government was not
doing enough against climate change, however ali®% were not sure about this point
thereby indicating a high level of uncertainty wrggard to the government’s contribution.
Expectations from friends and acquaintances as ageftom the organisers were a reason to
buy for less than 10% of the sample.

Subjects who did not buy permits at any of theqwi(36.5%) were also asked to give reasons
for this non-purchase (Table 17 in Annex |, quest{@2.7). Almost 70% agreed that their
purchase would not actually reduce emissions imjirAbout 48% said that the market for
permits did not work and that restrictions and smwvnental provisions were better
instruments to mitigate climate change. About 3G§fead with the statement that emission
trading suited the interest of large scale industry, while only 17% refused to comment on
their position. The responses show some generausiisn the emissions trading system per
se. Only a minority of 36% thought that emissionsild be measured and controlled. This
reveals a lack of crucial technical background kieolge on the part of the majority of this
non-purchasing group. Distrust in the ZEW was raso@ to abstain from buying permits for
any participant.

Subjects are undecided regarding the effect ofnatenal collaboration on personal demand
(Table 17 in Annex |, question Q2.8). About half tbie participants indicated that their
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demand would have remained unchanged if other trndlised countries had agreed to
reduce their emissions whilst about 40% of the darstated that they would have increased
their demand. The same divided opinion of demarndurscif emerging countries agree to
reduce emissions, whereas if developing countgeseaon mitigation of emissions, only 22%
would have had higher demand and 61% would havairesd unchanged. This demonstrates
that at least some degree of conditional cooperdiehaviour among our subjects exists and
the participation of developing countries is muels| crucial for the support of emission
reduction schemes than is the participation of stdialised and emerging countries,

especially China.

6 Discussion and conclusion

In this paper, we confronted subjects with a readislon making situation in which they
could contribute to climate protection. We compleinarevious studies by introducing some
form of collective action into a revealed prefererstudy which moderates the free rider
option existing in this approach. Free riding iscourse, the underlying problem in the real-
world efforts to mitigate climate change. It had,fowever, been considered in revealed
preference studies on climate protection thus ifaria usually excluded in stated preference
studies where collective provision of climate potien at a specific level is assumed.

Our paper has shed light on the extent and therlymg factors of the real demand for
climate protection, when the purely individual gesstive of existing revealed preference
studies is relaxed. For this purpose, subjects \geren the opportunity to buy EUAs at a
given price under different conditions. In one swlog, subjects received information about
the observed behaviour of another group under dasigtecision making situation. Subjects
in a second subgroup were asked to state theirmtbonader a collective action rule where all
subjects were required to purchase the median igqgabta given price.

The mean (median) WTP for climate protection for subject pool is low and amounts to
11€MCQ (5€/CQ). The existence of information about the behavimiuother subjects who
also had the opportunity to contribute to the glgiblic good has no effect on the average
demand. One may interpret this result as evideoce frather stable WTP and that some
subjects contribute to climate protection irrespety of what others do. The introduction of
a collective action in small groups of about 30jsats increases the probability to contribute
to climate protection compared to the individuahttibution mechanism where complete free
riding is possible. The WTP under this collectiati@n rule, however, is only slightly higher
(13.3€/tCQ) than in a scenario where free riding is posq81&€/1CQ).
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Further to this treatment effect, we also obserired individual contributions to climate
protection are positively correlated with expectasi about the others’ demand. Thus,
reciprocal behaviour seems to affect the contrdsutdecision. Subjects with higher
expectations regarding others’ contributions shostranger demand for climate protection.
On average, however, subjects behave consistently free rider behaviour. Positive
contributions by others are anticipated, and thesqg®al contribution is below the
expectations regarding others’ contributions. Omymeans of a collective action can this
free riding be partly avoided if the price of cabtition is sufficiently small.

Our results have importance also from a methodcédgioint of view. On the one hand, the
mechanism used in this paper for the elicitatiorthef demand for climate protection avoids
the hypothetical bias frequently observed in stgiesference studies (see, Murphy et al.
2005, for example). This advantage, however, i®mpanied with a significant drawback in
that it seems impossible to implement the appropriaeal” collective action frame. In
companion with other studies, such as Menges aralibl(2009), this experiment has
demonstrated that the demand for public goods depepon the implemented collective
action or inaction frame. Hence, we are still sodmtance away from claiming that our
approach gives the “true” demand or WTP for climatetection. It can easily be imagined
that in a frame where subjects would be ensuredaitteon on climate change is taken at the
national or even at the global level, demand fonate protection would be higher. That said,
it should be kept in mind that free riding on otlseibject’s contribution is an important
observation in climate protection. In addition, ewender an international agreement, non-
compliance would be possible, and this, it seemsg, widespread phenomenon. In any case,
these conditions can hardly be implemented in apeement. Thus, stated preferences
surveys will be needed as a complementary apprimaekplore the links between the degrees
of participation in mitigating climate change andividual WTP.

Two experimental research strategies may help tthdu investigate this issue. First,
appropriately designed field experiments (see Hanriand List 2004) could help to shed light
on the “true” real WTP. For reliable WTP estimateswever, such field experiments have to
find a way to control subjects’ GOrelated behaviour in large groups, for example, by
controlling electricity consumption or driving behaur. Second, one could use large scale
laboratory experiments. Weimann et al. (2012) rdgereported standard public good
experiments with large groups (N = 60 and N = 10®) similar setting one could explore
the extent to which the WTP depends on the impléeaecoollective action, and in particular,

the number of subjects involved.
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Annex |: Descriptive statistics of questionnaires

Table 12: Socio-economic characteristics of partipants — part |

Q1.1 Please state your marital status

answer in %
married 30.6
unmarried with partner 10.8
single 54.1
other 4.5
Q1.2 Please state your sex
answer in %
female 49.0
male 50.3
NA 0.6
Q1.3 Please state your age
age group total in % female in % male in %
(18,25] 185 23.8 12.8
(25,35] 28.0 30.0 25.6
(35,45] 15.9 12.5 19.2
(45,55] 12.1 13.8 10.3
(55,65] 9.6 7.5 115
(65,75] 14.0 8.8 18.0
NA 1.9 3.8 2.6
Q1.4 Are you a member of a religious community?
answer in %
no 45.2
yes 54.1
NA 0.6
Q1.5 How many children live in your household?
answer in %
0 83.4
1 8.3
2 7.0
3 or more 1.3

Q1.6 Please state the institution at which you hawecquired your highest professional degree

answer in %
No school-leaving qualifications 0.6
Secondary school without professional qualification 8.3
Entrance requirement for higher education withaofgssional qualification 14.0
Completion of an apprenticeship 14.7
Entrance requirement for higher education and cetigpl of an apprenticeship 19.8
Degree 39.5
Promotion 2.6
Other 0.6

Q1.7 Please state your nationality of origin

answer in %
German 83.4
Turkish 3.2
Russian 2.6
Italian 1.9
Other 8.9
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Table 13: Socio-economic characteristics of partipants — part Il
Q1.8 How much money is available in your householger month (net income)?

answer in %
[0€, 500¢€) 8.3
[ 500€, 1000€) 20.4
[1000€, 1500¢€) 17.2
[1500€, 2000¢€) 15.9
[2000€, 3000¢€) 15.9
[3000€, 4000¢€) 7.6
[4000€ and more) 8.3
NA 6.4

Q1.9 If Sunday were Election Day, which party would/ou vote for?

answer in %
CDU/CSU - Christian Democratic Union/Christian Sbd¢inion 24.8
SPD - Social Democratic Party 14.7
Alliance 90/ The Greens 26.8
FDP — Free Liberal Party 3.2
Die Linke — The Left 3.2
Other 3.2
| do not vote 9.6
NA 14.7

Q1.10 What's your profession?

answer in %
Employee 33.1
Worker 3.8
Public official/Civil cervant 0.6
Self-employed 7.6
Seeking employment/unemployed 5.7
Pupil 0.6
Student 24.2
Retiree 19.8
Other 4.5

Q1.11 Are you a member of an initiative or organiséon promoting environmental protection?

answer in %
no 86.0
yes 12.7
NA 1.3

Q1.12 Please rate your level of information regardaig climate change. | am...

answer in %
Rather poorly informed 8.3
Reasonably well informed 58.6
Rather well informed 28.0
Very well informed 4.5
NA 0.6

Q1.13 Are you concerned about climate change?

answer in %
Not at all concerned 1.3
Rather not concerned 11.5
Neutral 21.0
Rather concerned 47.8
Very concerned 17.8
NA 0.6
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Table 14: Questionnaire 1 — part Il
Q1.14 Do you expect noticeable negative consequencoé climate change for your personal life?
answer in %

no 46.5
yes 52.2
no answer 1.3

Q1.15 Do you expect noticeable positive consequesad climate change for your personal life?
answer in %

no 86.0
yes 10.8
no answer 3.2

Q1.16 To what extent do you think that climate chage poses a serious threat to the respective areas?

Area | No serious Don't know / Serious NA in %
threatin % neutral in % threat in %

a) For me and my family 43.3 37.6 17.2 1.9

b) For my children (if applicable) 115 58.0 24.8 75

¢) Future generations in general 3.2 17.2 79.6 0.0

d) Friends, acquaintances, colleagues 325 45.2 1 19. 3.2

e) People in Germany in general 325 36.3 28.7 2.6

f) People in other industrialized countries 19.8 .833 44.0 2.6

g) People in developing countries 4.5 16.6 75.8 3.2
Q1.17 When do you expect the impacts of climate chge to become visible?

answer in %

never 1.3

in more than 100 years 2.6

within the next 100 years 12.1

within the next 50 years 23.6

within the next 10 years 14.0

already visible 43.9

NA 2.6

Q1.18 Do you think that there still is a need for ammitment to tackle climate change?
answer in %

no 9.6
yes 86.0
don't know 4.5

Q1.19 To what extent do you agree to the followingtatements?
Statemeng Do not agree  Don'tknow/ Agreein NAin %
in % neutral in % %

14.7 17.8 67.5 0.0

a) | believe my personal behaviour has
influence on climate change.

b) My behaviour to avoid climate change can
encourage others in my environment to behave 8.9 21.0 68.8 1.3
the same way.

¢) The government is solely responsible for

: ; 81.5 12.7 3.8 1.9
measures against climate change.
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Table 15: Questionnaire 2 — part |
Q2.1 Please answer the following questions concemngiyour expectations of the other participants’
behaviour (for results see Table 4 in the paper)

Median quantity

~J

How much do you think did the majority of particiga demand at the price = € 2.50
In other words: What is the median quantity atghee =€ 2.50?7 | —emememmemeeeee

How much do you think did the majority of particifia at least demand at the price
€ 0.50? In other words: What is the median quaatityhe price =€ 0.50? | -——-ommmomemmme

Example for 5 participants who state a quantitst tespective price:
Quantities =0, 0, 1, 4, 10. Median = 1, i.e., tegority of participants demanded at least 1 unihi price.

Average quantity|

How much do you think did the participants demantha price = € 2.50 on average?
In other words: What is the average quantity afitiee =€ 2.50? | —ememememememeee-

How much do you think did the participants demanthe price = € 0.50 on average?
In other words: What is the average quantity afiiee =€ 0.50?7 | —mememmemeeeeee

Example for 5 participants who state a quantitst tespective price:
Quantities: 0, 0, 1, 4, 10. Average = 15/5=3

Q2.2 Please answer the following questions concemgiyour behaviour

How would your demand (for both prices) Greater Unchanged Lower Don't NAin
have turned out if, in % in % in%  knowin % %

a) other important industrialized countries like
the USA would have agreed on the mitigation
of their own emissions within the framework 41.4 49.0 3.8 51 0.6
of an international treaty for the protection of
the global climate.

b) important emerging countries like the
People’s Republic of China would have agreed
on the mitigation of their own emissions 45.2 44.0 4.5 5.7 0.6
within the framework of an international treaty
for the protection of the global climate.

c¢) developing countries would have agreed on
the mitigation of the|r' own emissions within 217 60.5 45 12.7 06
the framework of an international treaty for the
protection of the global climate.

Q2.3Emission allowances of the European Emissions Traualj System (certificates) are traded on the sto

exchange. How would you estimate the price of suehcertificate on the stock exchange?
100 kg of CQ; cost €

price interval in %
(0,10] 45
(10,20] 0.6
(20,30] 1.9
(30,100] 17.2
(100,1000] 30.6
(1000,10000] 26.8
more than 10000 13.4
NA 5.1
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Table 16: Questionnaire 2 — part Il
Q2.4 How sure are you about your estimation of thquestion above?

answer in %
sure 0.6
rather sure 3.2
unsure 31.2
| don't know/guessed 63.1
no answer 1.9

Q2.5 Will you talk about this event and your behawur in it with your family, your friends or your

colleagues?

answer in %
no 4.5

yes 84.1

| don't know 10.8
no answer 0.6

Q2.6 Please answer the following questions onlyyibu want to buy certificates. That means if you hagr
stated a positive quantity (> 0) at any of the pries in the auction of the certificates.

| want to buy permits, because... N.ot | don’'t know/ Applicable NA
Reason| applicable neutral

a) ... | want to contribute to climate protection —

regardless of what others do. 4.4% 5.2% 90.4% 0.0%
b) ... I think that others also contribute to climate

protection. 13.9% 27.0% 55.7% 3.5%

c) ... especially people in poor countries will suffe
the consequences of CC and | want to do something

against it. 10.4% 19.1% 67.8% 2.6%
d) ... the industrialised countries, among them

Germany, have played a decisive role in causing CC.18.3% 24.4% 53.9% 3.5%
e) ... future generations will suffer the conseaesn

of CC and | want to do something against it. 3.5% 798 87.0% 0.9%

f) ... the flora and fauna will suffer the consequesic  6.1% 16.5% 74.8% 2.6%
h) ... the government is not doing enough against CC16.5% 35.7% 45.2% 2.6%
i) ... my environment (family, friends, colleagues)

expects me to. 63.5% 21.7% 8.7% 6.1%
i) ... the organisers of this event expect me to. 73.0% 15.7% 6.1% 5.2%

k) ... itis my moral obligation. 12.2% 24.4% 58.3% 2%

) ... itis important to protect the creation. 1%.0 29.6% 53.9% 3.5%

Notes: N=115. CC — climate change.
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Table 17: Questionnaire 2 — part Il

Q2.7 Please answer the following questions onlyyibu have stated zero (quantity= 0) at both pricesof

the certificates

I do NOT want to buy permits, because... Not | don’t know/

Reason| applicable neutral Applicable NA
a) ... | do not think that my buying of certificates
will actually reduce emissions in Europe. 14.3% 9% 69.1% 4.8%
b) ... a market for certificates does not work. We
need official prohibitions and commands. 11.9% 3.7 47.6% 4.8%
c) ... | already act in a climate conscious way. 2.8 33.3% 57.1% 4.8%
d) ... emission trading anyhow suits the interests of
the large scale industry only. 16.7% 40.5% 35.7% 1% .
e) ... | think that emission trading is principally
unethical. 47.6% 28.6% 16.7% 7.1%
f) ... I would buy certificates from companies wh
have received them for free and by that subs
them. 19.1% 47.6% 28.6% 4.8%
g) ... | do not trust ZEW. 81.0% 14.3% 0.0% 4.8%
h) ... 1do not think that emissions can actubly
measured and controlled. 35.7% 31.0% 28.6% 4.8%
Notes: N=42
Q2.8 To what extent do you agree to the followingatements?
Statement, Do not | don't know Agree NA
agree in % [/ neutral in % in % in %
a) The temperature has not increased globally. 72.0 8.9 16.6 2.6
b) Humans affected the temperature increase. 5.7 7 12 79.6 1.9
¢) We cannot do anything to stop CC. 70.1 20.4 76 1.9
d) We can mitigate, but not stop CC. 8.3 12.7 771 1.9
e) We can stop CC. 55.4 31.9 8.3 4.5
f) Germany should reduce carbon emissions, even
if other countries do not reduce their carbon 9.6 19.8 68.2 2.6
emissions.
g) Germany should primarily use public funding
to reduce carbon emissions wherever it is 17.8 31.9 47.1 3.2
cheapest, even if it means in another country.
h) Germany should p_rlmarlly_ use public funding 229 28 7 165 19
to reduce carbon emissions in Germany.
i) Qour_ﬁrles in thelworld should Qegl with CC 10.2 28.0 59.2 26
primarily by reducing carbon emissions.
)] _Cou_ntrles in the .World should deal with CC 344 312 312 3.2
primarily by adaptation.
k) T_he information given in the survey regarding 57 16.6 752 26
CC is trustworthy.
[) We should prioritise environmental 293 38.9 36.3 26

improvements, even if we lose jobs.

Notes:CC — climate change.
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Annex II: Instructions (treatment BASE)

General Information

Today, we will offer you a certain product to puassh. In a few minutes you will learn wh
product it is and how the sale will be conducted.

As we want to assess how many units of the progluctvant to purchase, we would like to
ask you not to talk to the other participants.

If you have any questions please do not hesitateritact us.

Rules of purcha:

Today, we will offer you a certain product to puask. No one except for the ZEW team
learn about your statements from the event.

The process of sale can be explained in three:steps

Introduction of the produ
Before we ask you to make a purchase offer welwiifly introduce the product to you.

Quantity you want to buy with different prices

You will receive a list with two prices for one tioif the product. You can state the quantity
you want to purchase at the respective price. Yaualso state the quantity zero if you do
not wish to purchase anything (theregsobligation to buy). At the end of the event we v
draw oneof theprices by lot. You will then buy the chosen quantity at the drgwice.

Paymer

After leaving the room you will buy the chosen qtilgrat the drawn price. Please note: If
you purchase the product you will have to use yowwwn money(but: your expenditures
cannot exceed € 25).

In a moment, we will go over a quick example withuy

Please note:

With these rules of purchase itisyour own interestto state only the quantity yactually
want to buy at the respective prices. Please state tatiiful information.
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Comprehension Test

We will now carry out a short test to check if ylmave fully understood the rules of
purchase. Please let us know, when you have fidiahewering all questions (fill in the
blanks or tick the box next to the question) andmiecome to you.

Please take a look at the statements in the faligwable. A participant has stated the
number of units he wants to buy for two possiblegs per unit of the product if the
respective price is drawn.

Please note:
The maximum expenditures for each price are € 2bisnexample.

No. | Price per How many units do | want to| How many units can | buy| Expenditures =
Unit buy at this price in total atthis price’ Price x Unit:

1 €5.00 0 5 0.00 euros

2 €1.00 4 25 4.00 euros

Question: How many units will the participant béipiice no. 2 (€ 1.00) is drawn?
Unit

Question: How many units will the participant b@ipiice no. 1 is drawn (€ 5.00)?

Unit:
What do | have to do, if I do not want to purchtdseproduct at a certain price?
a) | state any quantity and hope that this pricgeotsdrawn. O
b) | state the quantity zero. @)
What do | have to do if | want to buy exactly threets of the product at a certain price?
a) | state more than three units at this price. @)
b) | state less than three units at this price. O
C) | state three units at this price. @)

Assume that there are 5 participants who all skeie purchase offers (quantities) at a
certain price.

The quantities are as follows 0, 1, 3, 4, 12
What is the median quantity? Answer

What is the average quantity per participant? Answer
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Information on Climate Change

Please read the information provided on this page.
You have about 10 minutes to do so.

Global climate change is seen as a serious enventahproblem faced by mankind. The
great majority of climate scientists expects thabglaverage temperatureto rise byl.1 to

6.4 degrees Celsiuantil the year 2100. There is hardly any deniat thankind largely
contributes to climate change by emitting greenb@ases, especially carbon dioxide
(C0O2). CO2 originates from burning of fossil fukke coal, oil or natural gas in industrial
processes and energy production, or combustiomesgif cars and lorries. CO2 is a global
pollutant, i.e. each quantity unit of CO2 emittex$ lthe same effect on the climate regarc

of the location where the emission has occurred.

There are several consequences from rising temypesafThe most important consequences
are stated below:

1. Thesea levelwill rise by 18 to 59 cmworldwide until the year 2100. Low lying
coastal regions may be threatened by floods.

2. Extreme weather eventdike extreme heat waves, strong rainfalls and tralpi
storms are likely to become more frequent.

3. Due to the shift of climate zonpathogenscan spread to more northern areas than
before. In southern Italyeseral cases of dengue fever were reported. Deflegee is
a dangerous infectious disease which usually ogourspical areas only.

4. Climate change does not only have negative consegqaebut alspositive effects
The number of heat-related deaths might increasause of more frequent periods
of heat. However, due to milder winters there Wéla lower number of deaths by
extreme cold.

5. Theconsequences of climate changell vary regionally resulting in substantial
consequences for agriculture. Countries in thersatich today are already hot and
dry will become even hotter and dryer. Especialisican countries will have to
expect lower crop yields. Countries in the nortlgimiprofit from climate change. In
Canada and the northern parts of the USA highgr gields can be expected.

6. Briefly summarised: itcermany the following effects can be expected: Until 2050
the mean temperature will rise by25 to 1.5 degrees CelsiugVinters will become
milder and more humid andsummerswill be hotter and dryer.

Sources used (2010):

Intergovernmental Panel on Climate Change (IPCC)
German Federal Environment Agency (Umweltbundesamt)
World Health Organization (WHO)
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Information on European Emissions Trading

Please read the information provided on this page.
You will have about 10 minutes to do so.

In 2005 the European Union has implemented thesomis trading system for carbon
dioxide (CQ). Emissions trading is the central instrumentlimhate policy in Europe. It
follows a simple principle: The European Commisstogether with the member states, has
determined the amount of G@ be emitted altogether in the respective se¢trsrgy
production and energy intensive industries) uriR@ This total amount will be distributed
to the companies by the state in the form of emissights (‘tertificates’). For each

guantity unit of CQemitted, the company has to give a certificatdéostate. The
certificates can be traded between companies.

For each quantity unit of G@mitted e.g. by a power plant, the plant opera&srtb prove

his permission to do so in the form of a certifecakhis leads to an important consequenc
thetotal amount of certificates iseduced, thetotal emissionswill be lower, simply
because plant operators do not possess enoughamaiswances. That means if a
certificate for one quantity unit is obtained froine market and is beingétired” (i.e.
deleted)}he total CO.,emissions are reduced by exactly this quantity amau. The
opportunity to retire certificates actually existgshe framework of the EU Emissions
Trading System. In Germany the German EmissiondifigaAuthority (DEHSt) regulates
Emissions trading. The authority holdsesirement accountwith the account number DE-
230-17-1. If certificates are transferred to tlisaunt they will be withdrawn from
circulation, i.e. deleted, by the end of each year.

Emissions trading has one central advantage: Hagtees that the abatement of O
emissions occurs where it is the cheapest optiompganies with opportunities to abate
carbon in a cost-efficient way will sell their aédates on the market, whereas companies
with high abatement costs can acquire certificatesrelatively low price. This trade is
beneficiary for both sides and guarantees for thisgon reduction target to be achieved at
minimal costs.

Altogether, European energy producers and enetggsive industries were allowed to emit
abouttwo billion tons of CO,in the year 2009. As a benchmaglkobal CO, emissions per
year amount foR9 billion tons of CQ,.

Summarising, it can be stated that if tb&al amount of certificates in the EU Emissions
Trading System iseduced thetotal CO, emissionsn Europedecrease
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Purchase of CQ Certificates

1. Explanation

You are given the opportunity to buy certificatéshee EU Emissions Trading System at
event. ZEW will buy the amount of certificates chiowsand will retire them. Thus, you have
the opportunity to contribute to the reductioniu actual CO2 emissions in Europe..

The purchase of the certificates will be attestgd Inotary public. The amount of certifica
purchased will be published on the ZEW websiter(@mes will be published).

2. Introduction of the product “Cgxertificates”.
One unit equals 100 kilograms of €O

3. Quantity you want to buy at each price.

Please state in the table below tjuantity of units (100 kg each) you are willing to buy at
each price. After all participants have made tbetision, we will draw by lobne of the twc
prices. You will then buy the quantity of units ybave stated at this price.

Important note: There is no obligation to buy!
Certificates purchased have to be paid!

Please note:
The maximum expenditures for each price are € 25.

The unit is 100 kg of CO
No. | Price per | How many units do | How many units can I| Expenditures =
unit want to buy at this pricePbuy in total at this Price x Units
price?
1 € 2.50 10
2 € 0.50 50
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Annex lll: Alternative models

Table 18: Econometric models of demand behavior, CiQ. vs. BASE

Two-Part Model Selection Two-Step Model
) 2 3) 4)
Decision Level Level Reduced level
model 3 eguation eguation equation
qd In_0g-0 In_g g In_g g0
In(p) -0.72" -0.85" -1.09" -0.80"
(0.14) (0.09) (0.21) (0.18)
Demographics
. -0.90 0.24 -0.10
Single (0.35) (0.27) (0.45)
Female 0.03 0.15 0.14
(0.33) (0.20) (0.25)
Age -0.02 0.00 -0.01
(0.0gl) (0.01) (0.021)
. . -0.9 -0.58 -0.9
Children in household (yes/no) (0.40) (0.37) (0.53)

: . -0.31 0.17 0.05 0.15
Education (high/low) (0.26) (0.19) (0.28) (0.26)
Working (yes/no) -0.05 -0.16 -0.15 -0.16

(0.30) (0.19) (0.24) (0.22)
Income (7 groups) 0.05 0.14 0.14 0.10
(0.10) (0.07) (0.08) (0.07)
Member in environmental 0.43 0.18 0.32 0.29
organization (yes/no) (0.42) (0.27) (0.34) (0.29)
Opinions and attitudes
Informational status about CC (4 0.12 0.09 0.12 0.11
point scale) (0.22) (0.17) (0.20) (0.17)
Worried about CC (5 point scale) (812) (81126) (_gj'é) (8%3?)
CC poses a serious threat to people  0.69 0.26 0.51 0.16
in developing countries (yes/no) (0.40) (0.24) (0.37) (0.35)
Still need for commitment to -0.01 0.30 0.31 0.35
tackle CC (yes/no or don't know) (0.42) (0.32) (0.42) (0.40)
Personal behavior has influence on  -0.27 0.55 0.46 0.56"
CC (yes/no or don't know) (0.30) (0.23) (0.28) (0.25)
Treatment indicators
0.53 0.11 0.31 0.05
COLL (0.27) (0.24) (0.35) (0.24)
Inverse Mills Ratio 2.71 -0.47
(2.36) (1.75)
Constant 4.1% 4.61" 4.68" 4.77"
(1.14) (0.79) (0.89) (0.89)
ConditionﬁNumber 38.78 90.36 37.56
Adjusted 0.459 0.459 0.420
N 186 117 117 117

"p<0.10,” p<0.05, ~ p<0.01, standard errors in parenthesis. CC — tfirohange.
Standard errors are clustered for the two-part iinaaie bootstrapped for the two-step level equations
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Table 19:

Econometric models of demand behavior, RElodels

Two-Part Model Selection Two-Step Model

€] 2 3) 4)
Decision Level Level Reduced level
model 4 eqguation eguation eqguation
qd In_Qq>o In_g g In_g g0
In(p) -5.84" -0.94” -0.95" -0.94"7
(0.92) (0.04) (0.04) (0.04)
Demographics e 008 008
Single (3.46) (0.23) (0.23)
Female -0.37 0.08 0.08
(2.55) (0.17) (0.17)
Age -0.21° -0.00 -0.00
(0.11) (0.01) (0.01)
Children in household (yes/no) %fl)glg) (%%i) '0('525)

. . 0.27 0.16 0.15 0.10
Education (high/low) (1.99) (0.17) (0.17) (0.17)
Working (yes/no) 2.48 -0.14 -0.12 -0.07

(2.40) (0.18) (0.18) (0.17)
Income (7 groups) 0.70 0.12 0.12 0.09
(0.94) (0.07) (0.07) (0.06)
Member in environmental -1.31 0.21 0.21 0.31
organization (yes/no) (3.69) (0.25) (0.25) (0.24)
Opinions and attitudes
Informational status about CC (4 3.75 0.08 0.09 0.12
point scale) (1.§§>) (8.(1)5) (8.(1)5) (8.33)
. . 1. -0.05 -0.05 -0.04
Worried about CC (5 point scale) (1.09) (0.08) (0.08) (0.08)
CC poses a serious threat to people  5.57 0.14 0.17 0.13
in developing countries (yes/no) (3.05) (0.23) (0.23) (0.23)
Still need for commitment to 1.70 0.22 0.22 0.24
tackle CC (yes/no or don't know) (3.34) (0.25) (0.25) (0.27)
Personal behavior has influence on  -0.66 0.51 0.51 0.54"
CC (yes/no or don't know) (2.50) (0.21) (0.22) (0.22)
Treatment indicators
1.61 0.00 0.01 0.01
INFO (2.67) (0.21) (0.21) (0.20)
6.91 0.25 0.27 0.18
COLL (2.70) (0.25) (0.25) (0.23)
Inverse Mills Ratio 0.02 0.01
(0.02) (0.02)
Constant 20.07 5.02" 5.05" 4.91"
(9.21) (0.59) (0.59) (0.56)
N 270 166 166 166

"p<0.10,” p<0.05,  p<0.01,bootstrapped standard errors in parenth@€ls- climate change.
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Annex IV: Model fit

Figure 5 shows the fitted probabilities of moded@oss the different treatments. The mean
fitted probabilities are close to the observed pholties. The worst predictions are made at
the price of 250€cents in BASE and COLL. Acrosstireents there seems to be a reasonable
model fit in all treatments, although in BASE thigeld portion of buyers tends to be higher
than the observed portion and in COLL the fittedpartion tends to be lower than the
observed proportion who bought permits.

Figure5: Observed vs. fitted probabilities to purclase - model 3

BASE INFO COLL

Probability to purchase

T T T T T T T T

T T T T
50 150 250 350 50 150 250 350 50 150 250 350
Price

Observed proportions ————- Fitted probabilities

Graphs by treatment

Figure 6 shows that the model fit of the RE modelorse than the clustered errors structure.
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Figure 6: Observed vs. fitted probabilities to purtase - model 4
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