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Appendix A
This appendix contains the analysis for the model described in section 2 of our article. We first analyze investment, pricing and regulation in the market under investigation and then move to the Perfect Bayesian Equilibria analysis for the case of repeated market interaction with increasing demand.
Recall that we are considering an economy with the following agents:
(IO) One infrastructure operator. It maximizes profit through its pricing, subject to regulation. IO can in addition decide to invest in its own infrastructure. Investment is costly but increases the quantity or quality of the service that IO can provide. IO is fully informed about the current and future market conditions.
(PM) Several policy makers. One of them is elected into office, denoted by PME, and may then affect the price regulation of IO’s service. The other policy makers are inactive, make no decisions and earn zero payoffs. They are fully informed about the current and future market conditions.
(CV) A set of consumers/voters. Voters elect PME and consume service provided by IO.  They know their own payoff function, the preference alignment of the policy makers and general interests of the IO.

Infrastructure Operator
The infrastructure can serve limited capacity, but investment can increase this capacity. Let  be the maximal quantity the IO can service without investment. For simplicity we assume that investment removes all constraints, so that after investment the IO can accommodate any demand. We also assume that the marginal cost of service is constant, and without loss of generality set this to zero. [footnoteRef:1] Investment involves costs for IO. For simplicity we assume that the invested capital is borrowed, and that IO pays a constant interest c on capital in each period after the investment.[footnoteRef:2] [1:  Infrastructure service providers such as electricity transmission networks often face low marginal costs for normal capacity but steeply increased marginal costs when capacity reaches network constraints (Brandts et al. 2008). We approximate this by assuming that transmission is costless when capacity has not been reached, but has an infinite cost when capacity is exceeded.]  [2:  Alternatively, c can be seen as an opportunity cost of the invested own capital in terms of lost periodic interest.] 

Consumers-Voters
The consumers’ payoff is given by their total surplus from consuming the IO’s service. Consumers may benefit from investment because it permits increased consumption. Their preferences regarding price and investment may be in conflict, however. They prefer low prices, but these might delay efficient investment.
Policy Makers
As discussed in the main text, the preferences of policy makers are a variable of interest in our experiment. We distinguish between regulatory capture [Cap], where PME’s payoffs are equal to those of the IO and no regulatory capture [NoCap], where her payoffs are equal to those of a consumer. We assume that the PMs’ alignment is common knowledge. As explained in the main text, consumers do not have complete information.

The Game
We describe the interaction between consumers, policy makers and investors with a simple game that consists of the following consecutive steps:
1. The IO decides whether to invest. Investment costs c and eliminates capacity constraints. The optimal investment decision is described above and in Appendix A and depends on the price cap expected in step 3. 
2. The CVs elect a PME using simple majority voting. The PM with a majority of votes becomes PME, where a random draw breaks ties in voting. 
3. The PME sets the maximal price  , and the IO chooses a price subject to this regulation.

This game is repeated T times, with the following exceptions:
· Investment is irreversible. More precisely, if the IO did not invest in any previous period then it faces the decision whether to invest in period t. However, if it already invested in an earlier period then IO does not make any decision; it incurs cost c and all agents benefit from the increased capacity in each of the remaining periods t, ..., T.
· The regulatory framework may restrict how the PME may choose the maximal price  . 
In our analysis we consider two boundary regulatory frameworks:

[RegFlex] Flexible regulation. The elected PME can always change the price chosen by its predecessor. The price regulation is therefore determined for only one period at a time. 
[RegInd] Independent regulation. The first PME fixes the regulation in a way that prohibits price changes by future policy makers. In particular, only the PME elected in period 1 can choose   which then holds for all periods. The PME’s elected in periods 2, ..., T make no decisions.  

[RegInd] models a regulatory that is granted independence under the rules determined by the original policy maker. In [RegFlex] the regulatory cannot be made independent. 

Analysis of the Market[footnoteRef:3] [3:  We present the analysis for general parameters. The values chosen for the experiment are b = 2, n = 3,  and c = 20. Inspired by the example of electricity consumption we assume that demand, determined by , increases with periods t ∈{1,2,...,9}.
] 

We first determine the optimal pricing for each agent when the demand is fixed and game played just once, both with and without investment. We then determine the optimal investment behavior, again from the perspective of the different agents. We denote the payoffs that the IO and a CV maximize respectively by πIO and πCV. 
We measure efficiency with the total surplus from service consumption. Because of zero service, consumption and transaction costs this equates in our model the sum of the IO’s and all CVs’ profits πIO + nπCV. Given linear demand and zero marginal costs of IO’s service, this surplus is maximized when P = 0. 
For identical individual demand functions  aggregate demand is given by . Let   be the price where demand equals capacity constraint and ; thus  . Investment is socially efficient when the benefits from additional service consumption that it enables exceed its costs, that is, when . Rewriting this yields the following relation between demand parameters and investment efficiency:



Note that efficient investment may not be profitable for the IO if the market price is too low. We discuss this in paragraph 3 below.

1. Pricing with investment 
After investing the IO can provide any quantity of service but incurs cost c. If it chooses a price  and delivers quantity , it obtains profit . This yields surplus  to any CV.
· The IO maximizes its profit with the monopoly price , found through                        and . This yields the monopoly profit . It also yields a surplus  to each CV. Note that the monopoly price depends only on .
· With regulated maximum price , the regulated IO will choose price  and earn , yielding π to a CV. The CV, however, maximizes its surplus when , with  πVo = b(Pmax)2/2. This would yield a loss  to the IO.
· The IO has zero profit when  , that is, when   .

The interests of the IO and the CV’s are clearly in conflict. If the elected policy maker PME wants to appease the voters it might choose to regulate a low price that yields the IO a loss. 
2. Pricing without investment
In absence of investment the IO provides at most  units of service. Given a price its service quantity is determined either by the demand or the capacity constraint, whichever is smaller. If it chooses a price   then it delivers quantity  and obtains profit .
· If  , the demand exceeds the max possible supply . In this case it would be better for the CVs (but not necessarily for IO or for efficiency) if IO invests.
· An unregulated IO chooses   when this leads to a demand below capacity constraint. The capacity constraint is an issue only when . In this case IO would set the price , above the monopoly price  it would set had it invested. The IO’s profit is then  and the CVs’ profit is .
In general, therefore, IO will set .
· If regulated the IO will choose the price . Again, the CV’s maximize their surplus when . 
3. When is investment rational?
The unregulated IO invests when the demand is sufficiently high (exceeding the capacity constraint even with monopoly price ). However, if IO is regulated, it might not invest even with sufficiently high demand, if the price is regulated so low that it becomes unprofitable for the monopolist to incur cost c. 
For an unregulated IO the investment is profitable whenever the capacity constraint is reached and monopoly profit after investment minus its cost, exceeds the monopoly profit without investment, that is, , which implies

When will a regulated monopolist invest? Say that the IO is regulated to charge price at most   irrespective of its investment. This is then exactly the price it will charge according to the rule above. With what demand function (given by ) will it invest? Investment makes a (zero) profit only when demand exceeds capacity: .
· without investment the IO then earns .
· with investment the IO earns . The investment is weakly profitable for a regulated IO only when the demand sufficiently exceeds capacity: , which implies
.					(1)

4. When is investment given a regulated price efficient?
If  then the IO charges  with or without investment. Let be the corresponding demand. Investment is efficient only when demand exceeds capacity.  Investment then yields the CVs’ the added surplus from extra satisfied demand of . The IO gains . Together, investment given the regulation is efficient when , that is, when

				
5. When is regulation efficient?
The IO fails to internalize the CVs’ excess surplus from investment, and may thus invest too late (in the sense that it requires demand to exceed capacity for more than would be efficient). This may be especially problematic when the price is low. In particular, the IO will never invest if it expects the efficient price . Which price regulation is therefore efficient, given demand and IO’s rational response?
· The regulated IO will rationally invest when equation (1) holds, rewritten as 

	
	
which is a quadratic equation with the potential solution

					(2)

solvable only when .
· For low demand, when , no  will induce IO to invest and therefore setting  is efficient. 

Perfect Bayesian Equilibrium (PBE)
We first present the analysis of the one-shot game and then expand this to the extended game. For each case we first characterize the subgame perfect equilibria (SPE) of the game with informed consumers, and then show that the outcomes coincide with those of the perfect Bayesian equilibria (PBE) of the game with uninformed consumers.

2.1. One-shot game
We begin with the analysis of the game when each agent’s decision is taken just once. If there was perfect information about all payoffs (thus consumers were informed), the subgame-perfect equilibria (SPE) of this stage game could be found by backwards induction. With strict regulation the IO will charge the maximally permitted price , and with lax regulation it charges the monopoly price . The PME knows this and chooses the price that maximizes its own payoff. With [NoCap] preferences the elected PME will set , independently of IO investment. With [Cap] preferences the elected PME will set  (creating a lax regulation) and let the IO charge the monopoly price. In both cases voting cannot affect the price and investment – every PME considers only its own preferences because there is no reelection in the one-shot game. Investors know this and do not invest if the PM’s align with consumers [NoCap]. Investment in [Cap], on the other hand, will depend on its cost and the extent of aggregate demand, following inequality (1) in our analysis for an unregulated IO above. 
The equilibrium analysis confirms that there are two sources of inefficiency. Without regulatory capture, a hold-up problem appears, because the infrastructure owner never invests knowing that the strictly regulated price will not let it recuperate its cost. In contrast, under capture the regulation will be too lax and permit inefficiently high prices.
This SPE for perfect information holds also when consumers are not perfectly informed about the payoff structure of the game, because their voting cannot influence the decision of the elected PM in the one-shot environment. Any voting behavior in step 2 is consistent with the Perfect Bayesian Equilibrium (PBE), leading to the same outcomes and inefficiencies.

2.2. Extended game
The equilibrium results above may change when the game is repeated over several periods. The competition for reelection may then induce the PMs to reduce prices (increasing efficiency) even under regulatory capture. In the long run, however, the hold-up problem becomes more acute if infrastructural investment is irreversible. The IO may postpone its investment until excess demand becomes very high, leading to inefficiencies when demand repeatedly exceeds infrastructure capacity constraints. We study these repeated game effects by an extended game where steps 1-3 above repeat T times, with the exceptions that investment is irreversible, and that the regulatory framework may restrict how the PME may choose the maximal price .
Let all agents maximize the sum of the payoffs earned across all periods and let the demand increase with periods. The increasing demand implies that once condition (2) is satisfied for a given regulated price , it is satisfied also in all subsequent rounds. The repeated electoral competition produces a multiplicity of equilibria, depending on the voting behavior of consumers. In particular, any voting sequence can emerge in an equilibrium (SPE or PBE) if all consumers follow it precisely, because no consumer can change the outcome with unilateral deviation. More generally, any voting strategy for the repeated voting (possibly conditioning votes on the policy maker’s actions) can be sustained in an equilibrium if all consumers follow it. We do not characterize all resulting equilibria, but study just those that result from the two extreme cases of electoral pressure introduced in the main text. 

No electoral pressure
We first characterize the SPE in absence of electoral pressure, which occurs whenever voters do not condition their voting on the past behavior of the PMs, for instance when all voters always vote for a random policy maker. In this case, the PME’s policy has no impact on her chance of reelection and in the SPE she ignores the voters’ interests. Consider the following strategies:
CV: “Always vote for a random PM.”
PM: “Always choose the regulation that across the remaining periods is best for yourself, given the IO response below.”
IO: “Invest when there is capture or a sufficiently high price has been fixed, and when the investment cost and the aggregate demand are such that investment is immediately profitable.” 
We now show that these strategies form an SPE. Consider first [NoCap]. In [RegFlex] a hold-up problem appears. After IO invests the PME sets . A rational IO therefore never invests. But if there is no way to incentivize the IO to invest, the price is best set to 0 in all periods. With [RegInd] a credible commitment is possible, however. The IO will eventually invest if the price is fixed above 0. The first PME either fixes the lowest price that will induce timely investment, using inequality (2) based on the first period when demand is sufficiently high to make investment efficient, or fixes the (lowest possible) price of 0, whichever leads to the highest consumer surplus. 
Consider now [Cap]. The PME always sets the maximal price as high as possible and thus abstains from regulation in both [RegFlex] and [RegInd], leading to monopoly pricing and investment, as described above.
Note that information plays no role in voting. We can therefore obtain the same outcome in the PBE with uninformed voters. In absence of electoral pressure, the equilibrium outcome is similar to that of the one-shot game. There is one exception, that independent regulation may induce investment even without capture. This confirms the intuition that (in absence of democratic interaction) either capture or regulatory independence are needed for investment.

Strong electoral pressure
We now characterize the SPE assuming strong electoral pressure. In particular, let the voters elect policy maker 1 in the first period, and afterwards reward or punish the PME based on whether her choices best served the consumers’ interests. With such electoral pressure the consumers can enforce low prices for any regulatory variability and capture condition, through the following strategies:
CV: “Vote for PM1 in period 1. In period t vote for the same PM as in period t-1 as long as she did everything in her power (choosing and perhaps fixing the price) to achieve the price that across the remaining periods is best for CVs and still profitable for that PM, assuming the rational response from the profit maximizing IO. In any other case vote for the other PM.”
PM: “Always choose the regulation that across the remaining periods is best for the CVs, with one exception: in [RegFlex] choose the best price for yourself in the final period T.”
IO: “Invest only when a sufficiently high price has been fixed and only if the investment cost and the aggregate demand are such that investment is immediately profitable. Under capture invest at least in the last period.” 

This SPE can again be found by backwards induction. We start with [RegFlex]. Because the price can be chosen freely, after investment any PME seeking reelection will choose the lowest profitable price. In [NoCap] this price is 0 and in [Cap] this price does not induce investment and gives the investor a 0 profit (with exception of the last period). Including the investment cost, both cases lead to losses for the IO. Hence it is not rational to invest in [RegFlex] (except in the last period of [Cap]). 
As for [RegInd], here it is rational to invest only when a sufficiently high price has been fixed and makes investment immediately profitable using inequality (2). Any PM with [NoCap] preferences will fix the price at the level that is best for the CVs, and PM1 will be reelected in all periods. Whether this price leads IOs to invest depends on the parameters of the model: with low demand investment does not increase consumer surplus, and will not be induced by high fixed prices. Consider finally [Cap] preferences in [RegInd]. A PM elected in period 1 will be reelected only if the price is fixed at the level that is optimal for the consumers, subject to the IO (and PM) having a non-negative payoff. In other cases, it loses the subsequent election and may never return to office, given that all subsequently elected PMs are powerless. The PM elected in period 1 will therefore follow the above regulation as long as this yields a larger final payoff than one period in office with high prices. This is the case in our experimental setting.
This analysis assumes that all voters follow the strategy that evaluates whether the PME is maximizing their long-run interest, conditional on avoiding her loss. For such evaluation they need the information about the interests of the IO (to judge how timely investment can be motivated). The game is characterized by imperfect information for the voters, however. Nevertheless, a PBE with the same equilibrium outcome can be constructed along the same lines as this SPE. In this PBE, uninformed voters use a related strategy, where they support PM1 as long as she follows the pre-specified sequence of decisions from the above SPE.[footnoteRef:5]  [5:  The uninformed voters do not need to know why they condition their votes in this way. For instance, while the informed voters can use their perfect information to vote for a policy maker that best serves their interests, the uninformed voters can use the same voting rule without knowing why. The rational responses from the IO and the PM’s do not differ between the resulting SPE and PBE. Alternatively, uninformed voters could create a voting rule from intuition about the payoffs of IOs, such as that they prefer to invest when prices are high. They always know that after investment the best price is 0, but may suspect a higher price may be needed to induce it. The resulting voting strategy could again yield the above equilibrium outcomes.] 


Summary
Table A1 summarizes the PBE outcomes derived in this way. 

Table A1: Equilibria
	
	No Electoral Pressure

	
	NoCap
	Cap

	Flexible
	prices set to 0
& no investment
	monopoly prices & timely investment

	Fixed
	Depending on Parameters:
prices set to 0 & no investment
or
minimum prices that yield investment
	monopoly prices &timely investment

	
	
	

	
	Strong Electoral Pressure

	
	NoCap
	Cap

	Flexible
	prices set to 0 & no investment
	prices set to 0, except period T
& investment in T

	Fixed
	Depending on Parameters:
prices set to 0 & no investment
or
minimum prices that yield investment
	Depending on Parameters:
prices set to 0 & no investment
or
minimum prices that yield investment




Appendix B: Experimental Instructions
What follows is a translation of the (Dutch) instructions for the treatment with investor-aligned decision makers (IA) and endogenous regulation [ER]. Instructions for other treatments are very similar and available upon request. Instructions were provided as html pages, which are separated by horizontal lines, below. Subject could read through the instructions at their own pace.

p. 1/8 
Welcome
We have reached part 2 of the experiment. Again, the instructions are simple. If you follow them carefully, you may make a lot of money. Your earnings from this part will also be paid out in euros at the end of the experiment. This will be done confidentially, one participant at a time.

Earnings in this part of the experiment are denoted in 'experimental franks’. At the end of the experiment, the franks will be converted into euros. The exchange rate used for this purpose is 1 euro for 50 francs. 

These instructions consist of 8 pages like this. During the instructions, you can always move forward and back by using the mouse to click the 'next page ' or ' previous page ' button. In some cases, a page may not fit on your screen. If this is the case, you can use the scroll bar and your mouse to scroll through the page.

next page

p. 2/8 
Periods, Groups and Types

This part of the experiment consists of 9 periods . 

For this part you are allocated to groups of 6 participants. The group composition remains constant, so you will remain in one group with the same other participants throughout. The composition of the groups is anonymous. You do not know with whom you are in a group. Similarly, others do not know whether you are with them. 

In every group there are three different types of participants. More precisely, each group consists of one investor, two price-determiners and three consumers.

At the beginning of the first period you will get to see which type you are. You will remain the same type throughout all 9 periods.
 
In each period the investor delivers a product to each of the consumers. Exactly the same product is delivered to every consumer. Every consumer must buy the product. The price of the product is determined by one of the price determiners. 

previous page   next page 

p. 3/8 
Period

In general terms, each period proceeds as follows.

The investor first decides whether or not to invest in the production process. An investment cannot be undone. If the investor invests in a period, then this decision holds in all subsequent periods.

Then, the consumers choose a price determiner.
 
The chosen price determiner then chooses the price for the period. He or she also decides whether this price holds only for the current period, or also for all subsequent periods. 

Below, we will better explain each of these steps. First, we will explain how the prices and investment lead to earnings for the different types of participants.
 
previous page    next page 

p. 4/8 
Earnings

The price determiners will begin with a starting capital of 325 francs.
 
Additional earnings of the various types depend on

· whether or not investment has taken place; 
· the determined price. 

In general terms, the following holds:
 
· Investment is never disadvantageous to the consumer and often profitable. 
· Higher prices are good for the investor. 
· Lower prices are good for the consumer. 
· The price determiner which is not chosen in a period earns nothing . 
· The price determiner that is chosen in a period will earn the same as the investor earns in that period. 
· 
The earnings is a period can be summarized more precisely in a table. Such tables will appear on your screen in each period. This is what they look like.
[image: \\gazoo.ic.uva.nl\aschram2\EXPS\ENI\instructions\choose regulated NO aligned\deel2tabellen.bmp]
(translation: “Niet geïnvesteerd”=no investment; “Wel geïnvesteerd”= investment; “prijs”=price; “consument”=consumer; “investeerder”=investor)

These earnings are meant as an example. The numbers in the experiment will be different. Therefore you can deduce nothing about the experiment itself from this example. Remember that the losing price determiner earns nothing in a period and the winning price determiner earns the same as the investor.

This example shows, for example, at price 2 that consumers earn 4.5 francs without investment and 5 francs with investment. At price 2 the investor and the winning price determiner earn 12 with investment and 8 without investment.

Please note: the tables change from one period to the next. We will hand out the tables for all periods before the experiment starts.

Please note: the consumer will only see the own earnings and therefore does not know what the earnings of the investor are in various circumstances. Price determiners know the earnings of both the investor and consumers.

previous page   next page 



p. 5/8 
Calculation Tool
 
We can imagine that it is not easy to keep track of all possible earnings at different prices and investment decisions. For this reason we offer a calculation tool in the experiment. This will appear on the lower right part of your screen. It looks like this.
[image: \\gazoo.ic.uva.nl\aschram2\EXPS\ENI\instructions\choose regulated NO aligned\deel2rekenhulp.bmp]
(translation: “ronde”=period; “prijs”=price; “consument”= consumer; “investeerder” =investor; “bereken”= calculate)

During the experiment you can use this to try out decisions and calculate what the consequences are for the earnings. You can choose a price for each period and whether investment has taken place. This is subject to the following restrictions: 

· You can only make decisions from the current period onward. Previous periods can no longer be undone. The earnings are calculated for the remaining periods. Earnings in previous periods are not taken into account. 
· If there was investment in a previous period, investment is automatically selected in the current period.You cannot change this. 
· If you choose to invest for a period, investment is automatically selected in all subsequent periods. 
· the consumers only see the own earnings, not the earnings of the investor (and winning price determiner). 

In the calculation tool you fill out a price for a period. The tool then automatically chooses the same price for the subsequent periods. You can change this by choosing a different price for a period. 

If you undo an investment choice in the calculation tool, then this investment is automatically undone in all previous periods. 

previous page    next page 

p. 6/8 
Choosing a Price Determiner
After the investor has decided about the investment we give her or him the opportunity to indicate the price he or she prefers. This is only an advice. Price determiners may decide for themselves what to do with it. 
After receiving the price advised by the investor, the price determiners each propose a price. They also indicate whether the proposed price  would apply only for the current period or for all remaining periods. These proposals serve to let consumers know what they are planning. The proposed prices are not binding. The selected price determinant can deviate from the proposal when actually setting the price.
After the price determiners have announced a price and how long it would remain valid, the consumer each vote for one of the two price determiners. 
The price determiner with the most votes then determines the actual price and whether this is only for the current period or for all remaining periods. As mentioned, this decision may differ from the proposal made prior to the election. 
previous page    next page 

p. 7/8 
Determining the Price
There may be a difference between determining the price in different periods.
In the first period the price determiner can choose any price between 0 and 5 free of charge. 
In later periods the price determiner can only choose a price (free of charge) if the price has not previously been fixed for all remaining periods.
previous page    next page  



p. 8/8 
In Summary
Each period consists of six different stages. These are indicated on the left-top part of your screen by Roman numerals I-VI. 

I. The investor decides on investing. 
II. The investor indicates a price. 
III. Price determiners propose a price and whether this only holds for the current period. 
IV. The consumers choose a price determiner. 
V. The chosen price determiner chooses a price (unless one was previously fixed). 
VI. The earnings are calculated and communicated. 

Below is an example of the screen that will be used in the experiment. 
[image: \\gazoo.ic.uva.nl\aschram2\EXPS\ENI\instructions\choose regulated NO aligned\fullscreen.bmp](translation: “ronde”=period; “consument”=consumer; “verdienste”=earnings; “Niet geïnvesteerd”= no investment; “prijs”=price; “De investeerder heeft niet geïnvesteerd”=The investor has not invested; “De investeerder adviseert een prijs 3”=The investor indicates price 3; “Prijsbepaler 1 kondigt prijs 2 aan. Deze prijs geldt alleen voor deze ronde.”= Price determiner 1 proposes price 2. This price holds only in the current period; “Prijsbepaler 1 kondigt prijs 3 aan. Deze prijs geldt voor alle resterende ronden.”= Price determiner 2 proposes price 3. This price holds for all remaining periods; “Kies welke prijsbepaler u deze ronde de daadwerkelijke prijs wilt laten bepalen.”= Choose which price determiner you would like to determine the actual price in this period; “Prijsbepaler”= Price determiner”; “Bevestiging”=Confirmation; “Druk [Alles Gelezen] wanneer u alles gelezen hebt”; “Click [Read everything] after you have read everything; “bereken”= calculate.
The screen consists of five Windows. At the top left you see information about the period and phase. In this example, you are in phase IV of the first period. You will also see your role. In this example, are you one of the consumers. There you will also see your earnings. Note that this is only an example. The numbers in the experiment itself are different. 

At the top center you will see a window with information about previous decisions in the period. You are also informed about what will happen in this phase (IV). All decisions will be announced to all participants. After each stage you will see at the top of your screen in the middle window an overview of the decisions in all previous phases. The decision in the most recent phase is in Blue.
 
At the top right is a window which says what you need to do. If this is yellow, you must do something before the experiment can proceed. In this example, you must choose a price determiner.[footnoteRef:6] Please note: in a phase in which you do not need to do anything, you need to click to confirm that you have read the text on your screen.  [6:  Due to an error in the software, the monitor at this stage of period 1 indicated that they must confirm that they have read everything. The consumer could not proceed without choosing a policy maker, however. ] 


At the bottom left you will see the tables with potential earnings in the current period. Because no investment has taken place in this example, only the table for that case is shown.

Finally you will see in the bottom right corner the previously discussed calculation tool. 

This brings you to the end of these instructions. If you wish, you can scroll back to previous pages. When you are finished, you can indicate this by pressing the button below. Then, please wait quietly until everyone is ready. 

previous page   back to top 
 





Appendix C: Payoff Tables
Figure 1: Payoff tables
Investor’s earnings; no investment
	R
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	30
	30
	30
	30
	30
	30
	30
	30
	30

	2
	60
	60
	60
	60
	60
	60
	60
	60
	60

	3
	72
	90
	90
	90
	90
	90
	90
	90
	90

	4
	72
	96
	120
	120
	120
	120
	120
	120
	120

	5
	60
	90
	120
	150
	150
	150
	150
	150
	150


Investor’s earnings; investment
	R
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20
	-20

	1
	16
	22
	28
	34
	40
	46
	52
	58
	64

	2
	40
	52
	64
	76
	88
	100
	112
	124
	136

	3
	52
	70
	88
	106
	124
	142
	160
	178
	196

	4
	52
	76
	100
	124
	148
	172
	196
	220
	244

	5
	40
	70
	100
	130
	160
	190
	220
	250
	280


Consumer’s earnings; no investment
	R
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	45
	55
	65
	75
	85
	95
	105
	115
	125

	1
	35
	45
	55
	65
	75
	85
	95
	105
	115

	2
	25
	35
	45
	55
	65
	75
	85
	95
	105

	3
	16
	25
	35
	45
	55
	65
	75
	85
	95

	4
	9
	16
	25
	35
	45
	55
	65
	75
	85

	5
	4
	9
	16
	25
	35
	45
	55
	65
	75


Consumer’s earnings; investment
	R
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	49
	64
	81
	100
	121
	144
	169
	196
	225

	1
	36
	49
	64
	81
	100
	121
	144
	169
	196

	2
	25
	36
	49
	64
	81
	100
	121
	144
	169

	3
	16
	25
	36
	49
	64
	81
	100
	121
	144

	4
	9
	16
	25
	36
	49
	64
	81
	100
	121

	5
	4
	9
	16
	25
	36
	49
	64
	81
	100



Notes. Cells denote payoffs in Franks for each period (column) for each of the six possible prices (row). Investors and policy makers were shown all four tables; consumers only saw the lower two.


Appendix D: Sub-treatment Analysis
In order to explore the specific conditions of the Dutch electricity market, which motivated this study, we explored a few additional variants of our basic treatment conditions. First, we consider two variants of our [NoCap] condition. In ‘Consumer Aligned’ [CA] the policy maker earns the same as the consumer. As an alternative, we consider a ‘Non-aligned’ [N] treatment, in which the policy maker earns a fixed payoff of 75 Francs if elected. With this we model the policy maker who is only interested in office rents. In an equilibrium under even weak electoral pressure such PM behaves like a [CA] aligned PM, to assure itself reelection.[footnoteRef:7] [7:  If there is no electoral pressure such PM may choose any behavior, but in the experiment we observe no differences between the [CA] and [N] alignment.] 

Second, we consider two variants of each regulatory framework. In ‘Unstable Regulation’ [UR], the PME is free to choose a price in any period. In ‘Stable Regulation’ [SR] the PM that is elected in period 1 chooses a price which is then fixed for all nine periods. The first two conditions thus mimic precisely the distinction between the flexible and fixed regulation. In addition, we consider two regulatory conditions that implement weaker forms of [UR] and [SR]. In ‘Costly Regulation’ [CR], the PME has the flexibility to choose any price, but a change from the previous period comes at a cost. If the chosen price is different than the price in the previous period, the PME is charged 15 Franks (which is approximately 20% of PME’s average period earnings). If the same price is chosen as in the previous period, there are no costs. This cost can be interpreted as a tangible effort that policy makers must make in order to change the regulatory rules. Together, [UR] and [CR] are two forms of flexible regulation, with the same equilibrium prediction. Finally, in order to investigate the extent to which policy makers and voters understand the benefits and limitations of regulatory independence we consider the fourth treatment where the decision to grant independence is endogenous. In ‘Endogeneous Regulation’ [ER], fixing the price for future periods is optional. In any period, if the price has not yet been fixed in previous periods, the PME chooses a price, and additionally decides whether or not her chosen price will be fixed during all remaining periods.[footnoteRef:8] In other words, the game starts with flexible regulation but an elected PME can choose to fix it in any period. [SR] and [ER] are two kinds of ‘fixed regulation’.[footnoteRef:9]  [8:  Due to a software error, policy makers in some groups were asked to determine a price even after this had previously been fixed. This had no consequences for earnings and progress of the game however, and we will neglect the decisions made in these cases when analyzing the data. ]  [9:  There are minor differences in their SPE. Investment occurs in the same period and there is the same fixed price. However, in [ER] the price is fixed only one period before the investment; in earlier periods the PM chooses the price that is optimal for its payoff or reelection, but not efficient for investment. In [Cap] without electoral pressure the SPE thus leads to the price sequence {4,4,4,(f)5,(i)5,5,5,5,5} and in all other cases to the price sequence {0,0,(f)1,(i)1,1,1,1,1,1}, where (f) denotes the moment of fixing and (i) denotes the period of investment.] 

The two treatment dimensions were varied in a between-subject design. Our equilibria predict no differences between the two [NoCap] alignments, no differences between the two flexible regulatory frameworks and no major differences between the two fixed regulatory frameworks. 
We verify our predicted similarities between pairs of sub-treatment conditions. This analysis considers differences in prices, investment and deviations from efficient prices. In Tables D1-D3 we list the numbers of independent observations, SPE predictions and efficiency benchmarks for all sub-treatment combinations. Our equilibrium analysis suggests similar behavior in both non-capture treatments, both flexible treatments and both fixed treatments. 



Table D1: Sub-treatments
	
	
	No Capture
	Capture

	
	
	[CA]
	[N]
	[CAP]

	Flexible Regulation
	[UR]
	5
	4
	5

	
	[CR]
	5
	8
	4

	Fixed Regulation
	[SR]
	4
	4
	4

	
	[ER]
	5
	6
	5


Notes. Cells show the number of groups in each sub-treatment combination. [UR] Unstable Regulation; [CR] Costly Regulation; [SR] Stable Regulation; [ER] Endogenous Regulation; [CA]=Consumer Aligned; [N]=Non-aligned; [IA]=Investor Aligned.

Table D2: SPE predictions for sub-treatments
	
	
	No electoral pressure

	
	
	No Capture ([CA] or [N])
	[CAP]

	Flexible reg.
	[UR]
	0,0,0,0,0,0,0,0,0
	4,4,4,5,(i)5,5,5,5,5

	
	[CR]
	0,0,0,0,0,0,0,0,0
	4,4,4,5,(i)5,5,5,5,5

	Fixed reg.
	[SR]
	(f)1,1,1,(i)1,1,1,1,1,1
	(f)5,5,5,5,(i)5,5,5,5,5

	
	[ER]
	0,0,(f)1,(i)1,1,1,1,1,1
	4,4,4,(f)5,(i)5,5,5,5,5

	
	
	Strong electoral pressure

	Flexible reg.
	[UR]
	0,0,0,0,0,0,0,0,0
	0,0,0,0,0,0,0,0,(i)5

	
	[CR]
	0,0,0,0,0,0,0,0,0
	0,0,0,0,0,0,0,0,(i)5

	Fixed reg.
	[SR]
	(f)1,1,1,(i)1,1,1,1,1,1
	(f)1,1,1,(i)1,1,1,1,1,1

	
	[ER]
	0,0,(f)1,(i)1,1,1,1,1,1
	0,0,(f)1,(i)1,1,1,1,1,1


Notes. Cells show the SPE predictions for each sub-treatment combination. (i) and (f) indicate the periods of investment and price fixing, respectively.

Table D3: Efficiency benchmarks for sub-treatments
	
	
	No loss efficiency

	Flexible reg.
	[UR]
	0,(i)1,1,1,1,1,1,1,1

	
	[CR]
	0,(i)1,1,1,1,1,1,1,1

	Fixed reg.
	[SR]
	1,(i)1,1,1,1,1,1,1,1

	
	[ER]
	0,(i)1,1,1,1,1,1,1,1


Notes. Cells show the no-loss efficient outcome for each sub-treatment. (i) and (f) indicate the periods of investment and price fixing, respectively. Efficiency is measured from the CV and IO earnings.

Next, we whether pooling across sub-treatments is warranted. We first check the effect of non-capturing policy maker alignment. Recall that there are two types of policy makers: those interested in office [N] and those motivated by consumer welfare ([CA]). P6 is very low in both cases (0.37 in [CA] and 0.30 in [N]). As for I5, a fraction of 0.54 of the IOs have invested by period 5 in [CA]. This is slightly lower (0.44) in [N]. The average deviation from the efficient price  is slightly lower in [CA] than in [N] (0.64 and 0.81, respectively). None of these differences between [CA] and [N] is statistically significant (PtT, all p > 0.1). We conclude that these two alignment conditions may be treated as one category. What appears to matter most for the effects of the PM’s alignment is whether or not it involves regulatory capture. 
We next consider whether choices were affected by the variations within the two fixed regulation treatments [SR] and [ER]. Prices as measured by P6 are slightly higher in [SR] (1.86 and 1.28, respectively). As for investments, in [SR], average I5 is 1 (every IO has invested by period 5); in [ER] this is 0.67.. The deviation () is higher in [SR] (1.43) than in [ER] (0.94). Once again, none of these differences are statistically significant (PtT, all p > 0.1).
For the two types of flexible regulation [UR] and [CR], the differences are even smaller. In [UR] the average price is 0.40, in [CR] it is 0.68. The fraction invested in period 5 (I5) is 0.29 and 0.67 in [UR] and [CR], respectively. Finally, the deviation () is slightly lower in [UR] (1.06) than in [CR] (1.17). Again, none of these differences are statistically significant (PtT, all p > 0.1).
We confirm all our predicted similarities, which supports pooling of the data into the main treatment categories. These conclusions do not change if we consider all periods instead of only the first six.

Appendix E: Hypotheses
We first consider the effect of regulatory capture on these outcome variables. Our null hypotheses specify no such treatment effects. Note from Table 1 that this is also the prediction when there is strong electoral pressure (sep). Intuitively, when regulatory policy is dictated by electoral pressures, then the personal preferences of the policy maker play no role. We denote these null hypotheses by , where cap refers to a hypothesis on the effects of regulatory capture. In contrast, effects of capture do appear in Table 1 when there is no electoral pressure (nep). This gives rise to our alternative hypotheses, denoted by .  
For prices in the first six periods (P6) this gives (cf. Table 1):

: 	P6[Cap] = P6[NoCap] 
: 	P6[Cap] > P6[NoCap] 							(2)

The PtT tests reported in the main text allow us to reject  in favor of  with p < 0.001 (recall that we take a conservative approach and apply two-tailed tests even though our predictions are directional).
For investments, sep again predicts the null of no effect of capture for observing investments by period 5 (I5). From Table 1 we derive the alternative hypotheses:[footnoteRef:10] [10:   is obtained by averaging over the predictions for [RegFlex] and [RegInd] in Table 1.] 


: I5[Cap] = I5[NoCap].
: I5[Cap] > I5[NoCap] .								(3)

The PtT tests reported in the main text allow us to reject  in favor of  with p = 0.013.
Finally, for the price deviation from equilibrium (), predictions are the same as for P6:[footnoteRef:11] [11:  An exception is the inefficiency caused by the high price in the final period in [RegFlex]x[Cap] under strong electoral pressure. We assume that this is insufficient to create a treatment difference between [NoCap] and [Cap]. Of course, this exception does not appear for P6, which considers only the first six periods.] 


: 	 [Cap] =  [NoCap] 
: 	 [Cap] >  [NoCap] .						(4)
Here our PtT tests allow us to reject  in favor of  with p < 0.001.

These hypotheses for the effects of regulatory capture are of interest for obtaining a better understanding of the political processes involved in the electoral hold-up problem. The possibilities to develop policies to address the influence of capture, however, seem limited. This is different for our second treatment dimension, regulatory independence. It is a policy decision whether or not to create an independent regulator without future political influence on prices. The effects of doing so, however, may well depend on whether or not there is regulatory capture. This yields our next set of hypotheses. 
First consider the effects of regulatory independence when there is no capture. Inspection of Table 1 shows that under both nep and sep higher prices, earlier investments, and less deviation from efficient prices are expected with regulatory independence. Denoting the hypotheses with respect to regulatory independence by superscript reg and situation without regulatory capture by subscript nocap this gives, respectively:

: 					P6[RegInd] = P6[RegFlex] 
: 	P6[RegInd] > P6[RegFlex] . 			(5)

: 					I5[RegInd] = I5[RegFlex] 
: 		I5[RegInd] > I5[RegFlex] . 			(6)

: 				[RegInd] = [RegFlex] 
: 	[RegInd] < [RegFlex] . 		(7)

The PtT tests reported in the main text allow us to marginally reject  (p = 0.055), do not allow us to reject  (p = 0.198), and allow us to reject   (p = 0.002). 

Finally, regulatory independence may be granted in an environment with regulatory capture (indicated by subscript cap). In this case, it may matter once again whether there is electoral pressure. Consider prices (P6). Here with both nep and sep higher prices are expected with regulatory independence (albeit that prices are much higher in nep):

: 					P6[RegInd] = P6[RegFlex] 
: 		P6[RegInd] > P6[RegFlex] . 			(8)

Our PtT tests allow us to marginally reject  (p = 0.096).
For investments by period 5, no effect is predicted when there is regulatory capture and no electoral pressure. With strong electoral pressure, such investments are expected only when there is regulatory independence:

: 			I5[RegInd] = I5[RegFlex] 
: 				I5[RegInd] > I5[RegFlex] . 			(9)

We were unable to test (9) because with capture all of our IOs invested by period 5, irrespective of whether there was regulatory independence.
Finally, the increase in prices caused by regulatory independence as predicted by nep and sep (eq. 8) has distinct effects. Without electoral pressure, the increase moves prices away from the efficient price levels of Table 2, while the move is towards efficient prices when there is electoral pressure. This gives:

: 					 [RegInd] =  [RegFlex] 
: 				 [RegInd] >  [RegFlex] 
: 				 [RegInd] <  [RegFlex] . 		(10)

Here we observed  [RegInd] >  [RegFlex], and the difference is marginally significant. We thus reject  in favor of .

Appendix F: Restricted Sample Analysis
In this appendix, we provide the results of the data analyses for the restricted data set (i.e., excluding groups where the IOs invested in period 1). We do so in the same order as in section 4. Figure F1 shows the development of P6, I5 and EP across the 9 periods, distinguishing between the cases with and without regulatory capture. Aside from the zero frequency of investments in period 1, the figure shows qualitatively the same patterns as Figure 2 in the main text. To confirm the similarity, P6 is significantly lower without capture (PtT, N=32, p<0.001), I5 is significantly higher with capture (PtT, N=32, p=0.013) and EP is significantly higher with capture (PtT, N=32, p<0.001).

Figure F1: The Effects of Regulatory Capture on Prices and Investments 
	P6
	I5

	[image: ]  
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	ΔEP
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	Notes. The upper-left panel shows the average price per period. The upper-right panel shows the fraction of groups in which investment has occurred for each period. The lower panel shows the absolute deviation from the efficient price per period. 



Table F1 presents the analogous results of Table 3 of the main text, but now for the restricted sample. First, note that the numbers in Table 3 and F1 are very similar. Regulatory independence appears to have an impact on prices with and without capture. In both cases, the price effect of regulatory independence is marginally significant (PtT, N=10, p = 0.096; N=22, p = 0.055; respectively). Recall that both differences are highly significant in the full sample of the main text. The effect of fixed regulation on investments when there is no capture is statistically insignificant (PtT, N=22, p = 0.198). With capture, investment has occurred by period 5 in all cases. Finally, without capture prices are significantly closer to the efficient levels when there is regulatory independence than when there is not (PtT, N=22, p = 0.002). With capture, the difference is statistically insignificant (PtT, N=10, p = 0.415). This latter difference was marginally isignificant in the full sample considered in the main text.

Table F1: General Overview of the Results
	
	No Capture
	Capture

	Flexible 
Regulation
	P6 = 0.17
I5 = 33%
 = 0.95 
	P6 = 1.75 
I5 = 100%
 = 1.64

	Regulatory Independence
	P6 = 0.55
I5 =  70%
 = 0.42
	P6 = 3.17
I5 = 100%
 = 2.37


P6, I5 and EP are defined in the main text. 

Table F2 replicates the regressions of Table 5 for the restricted sample. The coefficients are of comparable sign and magnitude, but statistically somewhat weaker. The only exception is that the effect of regulatory independence on investments is now statistically stronger (due to exclusion if many cases in all treatments where investment took place in period 1).


Table F2: The Effects of Capture and Regulatory Independence
	Independent variable
	P6
	I5
	

	Regression type
	Tobit (0,5)
	Probit
	Tobit (0,4)

	Constant
	      –0.53
	––
	      0.95***

	Regulatory Capture
	        2.28***
	––
	      0.68*

	Regulatory Independence
	  0.79
	–0.37*
	    –0.66**

	Interaction: Regulatory Capture & Regulation Independence
	  0.77
	––
	      1.47***

	F-test: Regulatory Independence + Interaction = 0
	 5.36**
	––
	3.48*

	N
	59
	59
	59


Notes. Cells give the coefficients obtained in regressions of the variable denoted in the column head on the set of independent variables given in the rows. The case of fixed regulation without regulatory capture is absorbed in the constant term. For the Tobit regressions, the numbers in parentheses give the lower and upper truncation value, respectively. The entries for the probit regression are marginal effects. The variables involving regulatory capture are omitted for the regression explaining I5, because all groups with regulatory capture have invested by period 5. The effect of Flexible Regulation then involves the case without capture. 
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