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Preliminary 
 
 
 
Abstract 

This paper investigates to what extent unregulated monopolies attempt not to evoke the introduction of 

a formal price regulation by conforming to customers’ and authorities’ expectations. The evaluation 

investigates if the price charged a utility is influenced by neighbours’ prices while controlling for 

distance and relative size. The flexible nonlinear estimations, based on an instrumental variable 

approach, find that the Swedish district heating utilities are insensitive to customer complaints but 

significantly influenced by the passive monitoring by authorities. The conclusion is that the threat of 

regulatory intervention has a significant effect on utilities real pricing behaviour which may serve as a 

viable alternative to formal price regulation.  
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1. Introduction 

Utilities responsible for infrastructure services are typically subject to price regulation based on the 

belief that no price restriction will lead to inefficiently high prices. However, unregulated monopolies 

can choose not to maximise their profits if the threat of introducing price regulation in the near future 

is sufficiently strong (Brunekreeft, 2004; Block and Feinstein, 1986).2 The justification for such 

behaviour can be that firms have a willingness to transfer scrutiny to other firms (Decker, 1998) and/or 

to forestall more stringent regulatory activity in the future (Lutz et al, 1998). There are also clear 

analogies to the theory of contestable markets (Baumol, 1982) which predict that above-normal profits 

reduces market manoeuvre in the future.   

 

The literature has traditionally viewed the threat as a function increasing in the monopoly’s own price 

but disregarded the fact that the change in threat for a given price increase is reduced, in practise often 

substantially so, due to the lack of cost information. A potentially more substantive threat exists in 

sectors consisting of several local monopolies since customers and passive agencies with a mandate to 

intervene and/or authority to raise public policy concerns can compare prices in neighbouring 

jurisdictions. Hence, a utility can potentially reduce the probability of regulatory intervention by 

imitating its neighbours’ pricing behaviour. This can give rise to spatially correlated prices that 

weaken the need for a fully fledged regulatory regime that has been widely introduced in the re-

regulated network sectors over the last decades.  

 

The Swedish heating sector provides a suitable setting for investigating to what extent the threat of 

imposing formal price regulation affects utilities’ actual pricing behaviour. While the introduction of 

price regulation has been debated for several years, the locally monopolised district heating utilities 

are currently unregulated.3 This is a highly unorthodox practice given that the sector consists of a 

mixture of public and private utilities, that short-term substitutes are generally not available 

(customers face substantial sunk cost) and that technical and environmental restrictions exist for the 

use of some substitutes in multi-dwellings in urban areas (e.g. wood-fired heating technologies are not 

allowed in urban areas).  

 

Based on observed behaviour in other regulated monopoly markets where customers can formally 

dispute utility conditions, it is known that the average customer is inclined to compare his price level 

with the price charged by the closest neighbour.4 It is uncertain, but quite possible, that customers are 

also sensitive to how geographically distant the closest neighbour is. To meet potential concerns from 
                                                 
2 Block and Feinstein (1986) show that the cost of highway construction is reduced after antitrust enforcement in 
neighbouring jurisdictions.   
3 District heating is based on the principle of water being heated at production plants and subsequently 
distributed through underground pipes to buildings connected to the network where the water heats the buildings. 
The water is sent back to the production plant for reheating.   
4 This is based on evidence from dispute cases in the Swedish electricity distribution sector that have been 
analysed previously (Söderberg, 2008).   
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agencies, the capture theory predicts that utilities minimise the risk of regulatory intervention by 

imitating the behaviour of relatively larger, i.e. more influential, neighbours. This influence is also 

likely to be geographically constrained since increased demand and supply heterogeneity reduces the 

protection from influential utilities. Hence, according to the empirically strong capture theory,5 we 

expect the probability of an agency intervening to fall as the distance increases and size of neighbours 

decrease. More specifically, the hypotheses this study attempts to test are whether utilities attempt to 

avoid regulation by paying attention to customers’ and agencies’ monitoring where:   

 

H1: Utilities are influenced by the price charged by its closest neighbour. This influence is 

decreasing as a function of distance, but is unaffected by the size of the neighbour.  

 

H2: Utilities are influenced by the prices charged by its neighbours (i.e. in addition to the 

prediction in H1), with the influence being decreasing for neighbours located further away and 

for relatively smaller ones.  

 

Because the hypothesis is that customers and authorities pay attention to different geographical areas 

and attach different weights to the sizes of neighbours, it is possible to identify these effects 

separately.  

 

From the above, it follows that a central assumption in this study is that prices are spatially correlated 

because of utilities’ conscious and selective behaviour governed by a desire to minimise regulatory 

intervention. An alternative explanation for spatial association is based on the social network theory 

(Hägerstrand, 1953) which claims that spatially correlated behaviours occur as a result of geographic 

proximity, originating from unselected human interactions (Erlingsson, 2008). Hence, the network 

theory only accounts for the geographic proximity between actors whereas this study builds on 

established regulatory theory and hypothesise that spatial association is a function of both distance and 

actors’ characteristics.    

 

This study contributes to the existing literature in several ways. First, rather than relying on one or a 

limited number of case studies it uses the rigour provided by econometric estimations to empirically 

investigating the role of regulatory threat. Second, and as indicated above, it also relaxes the common 

assumption made in empirical studies that neighbours carry an equal or predetermined weight when 

the distributed lag model is applied. Third, it demonstrates how a more flexible non-linear model 

specification can be used in spatial studies and that it can reveal valuable information about agents’ 

behaviour.  

 
                                                 
5 Francis (1993) argues that the capture theory (what he denotes as the interest group theory), in contrast to other 
regulatory theories, is well suited for explaining the outcome of regulatory activities.    
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This paper continues with a review of the literature in Section 2.  It then moves on to Section 3 where 

the model specification is outlined together with data exploration and estimations. Section 4 contains 

conclusions and policy implications.   

 

 

2. Previous studies 

Two different fields of studies are combined in this study: those that investigate spatial association, 

which is largely empirical, and monopolies response to the threat of regulatory intervention, which is 

exclusively theoretical. Spatially correlated economic indicators, including prices, have found 

widespread support.6 In a study of hospital prices in the US by Mobley (2003), a statistically 

significant relationship between neighbouring prices is found. This study only considers the order of 

closeness, rather than absolute distance, and the weight attached to each hospital does not include any 

other economic factor. A more elaborate methodology is applied by Pinkse et al. (2002) as they allow 

the closest neighbour, neighbours who share border and neighbours who share second-order border to 

carry different weights in their study of the US gasoline market. They also allow the weights from 

neighbours to vary as a function of distance. They conclude that only the closest neighbour affects the 

price substantially and that distance has a very limited influence. Both these price studies investigate 

competitive markets and it should come as no surprise that profit-maximising firms take competitors’ 

prices into consideration when customers can switch between firms. The hypothesis of unregulated 

monopoly prices being spatially correlated has not yet been tested empirically.  

 

While there is no rigorous empirical work on whether real firm behaviour is influenced by regulatory 

threat, a number of theoretical models have been proposed which conclude that it can effectively cap 

prices (e.g. Brunekreeft, 2004). More specifically, Bawa and Sibley (1980) suggest that there may be 

limited incentives to inefficiency and they also suggest that in case the firm produces a single output, 

price converge to the average cost (as opposed to marginal cost). This is a valuable conclusion for the 

case of district heating which is unusually homogenous, even in comparison with other utility services.   

 

Glazer and McMillan (1992) stress that firm behaviour is sensitive not only to the probability of 

imposing price regulation, but also how the marginal effects of changes in price level affects that 

probability. This can make the firm absorb (a proportion of) the increase in input cost which justifies 

flatter relationships between cost components and price than what intuition suggests.  

 

Also, Chisari and Kessides (2009) show that utilities are likely to adopt a low-price policy as long as 

the network is expanding and subsequently, increase their prices when the network coverage reaches 

                                                 
6 See Gamerman and Moreira (2004) for a recent survey of spatial models.  
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maturity. This is indeed relevant for the Swedish district heating sector where the level of maturity 

varies substantially in a cross-sectional sample.  

 

 

3. Analysis 

Pair-wise correlations between district heating price in municipality i and its neighbours j (with j=1 

being the closest neighbour) show some evidence of decay when j increases with no apparent 

correlation for j above 8.  

 

 

3.1 Specification 

Following the analytical framework presented by Chisari and Kessides (2009), the utilities are 

assumed to maximise their profits with the unregulated profits π being reduced to π if regulation is 

introduced. With the probability of regulatory intervention and number of customers denoting Ψ and N 

respectively, the (dynamic) objective function can be formulated as: 
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where r is the rate of depreciation and t is time. With restrictions from the minimum substitute price, 
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This shows that the profit is a function of own price, the lowest substitute price, level of maturity in 

network expansion, and the monitoring agents’ response to price variation. Based on our earlier 

argument, we replace the h(Pi) terms in (2) with the prices charged by the utilities neighbours’ j, given 

the distance to and size of the neighbours, h( jij
n
j SdP ,| ). With nP1 and n

JP denoting the price of the 

closest neighbour and a representative price of the group of closest neighbours, we can formulate a 

general price equation for utility i as: 

 

Pi = ρ1W1
nP1  + ρJWJ

n
JP  + Xiβ + εi    (3) 

 

where W1 and WJ are weight matrixes with elements wi,1 and wi,J representing the weights carried by 

the neighbours; ρ1 and ρJ are the spatial associations between Pi and its two different sets of 



 6

neighbours and Xi is a vector representing network heterogeneity. wij is typically a function of distance 

and determined a priori to avoid the complications associated with nonlinear specifications, e.g. 

ijij dw /1=  where dij is the distance between i and j. This obviously imposes strong restrictions on the 

influence from distance, but it has the advantage of allowing OLS to be used in estimating (3). More 

elaborate forms that allow for a parameterisation of wij have been proposed (e.g. O’Sullivan and 

Unwin, 2003; Anselin, 2002), with α
ijij dw /1=  being a natural extension. However, in this study the 

wij also need to contain the relative size difference between i and j. With that extension, wij can be 

written as: 

 
δα )/(/1 ijijij SSdw ⋅=     (4) 

 

where S is size (urban population) and δ is another coefficient. The two parameters in eq (4) increases 

the flexibility and have the advantage of reducing the problems associated with misspecification of the 

weights in small samples as outlined by Florax and Rey (1995). Before eq (3) can be estimated it is 

necessary to determine a principle for which neighbours to include in J and how to determine the n
JP , 

diJ and SJ values. We rely on the principle of a fixed number of closest neighbours which is set to 5 in 

the base scenario. This approximates the average number of neighbours with district heating sharing a 

boarder. n
JP , diJ and SJ are set to the average for the 5 neighbours.  

 

Finally, the X vector is assumed to consist of district heating market share, price of electricity, a 

dummy for private investor ownership, and exogenous cost characteristics. The market share is 

justified by Chisari and Kessides (2009) based on eq (2) as they interpret that a profit-maximising 

utility will tend to keep its price low as long as the network is expanding and raise its price once the 

expansion reaches maturity to capitalise on the sunk investment made by customers. A negative 

relationship between price and market share will indicate a pro-consumer behaviour since less 

financial resources are needed once the substantial investments are made. Customers can choose 

between a few heating alternatives but the alternatives to district heating largely rely on electricity. 

The price of electricity is therefore included to investigate utilities’ inclination/possibility to price 

according to alternatives. Ownership is included since there are both publicly and investor owned 

utilities and utilities with private investors might have stronger incentives to increase prices because of 

their less ambiguous focus on financial performance. Exogenous cost variations, and fuel costs in 

particular, occur as a result of different plant technologies. Both cost measures represent average cost 

following the conclusion by Bawa and Sibley (1980). 
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3.2 Data 

Data is collected from The Energy Markets Inspectorate, Statistics Sweden and the annual price 

survey “Nils Holgersson”. Data is cross-sectional for the year 2007 and it represents all municipalities 

where district heating is a significant source of heating in the largest urban area (n=242), excluding 

Gotland which is an island. Descriptive statistics for all variables are provided in Appendix 1.  

 

 

3.3 Estimation  

The derivation of an estimable spatial lag model is not covered here since it has been thoroughly dealt 

with elsewhere (e.g. Mobley, 2003; Revelli, 2006; Zhou and Kockelman, 2009). The nonlinear 

specification does however require a nonlinear estimation which is more novel in the field. Non-linear 

least square (NLLS) is used as a benchmark estimator and NL2SLS, with neighbours’ district heating 

and electricity prices from 2006 used as instruments, is applied to address the endogeneity from 

having the neighbours’ prices on the RHS.7   

 

The output from the NLLS and NL2SLS estimations are displayed in Tables 1. Estimations are 

performed for when J consists of the 5 and 6 closest neighbours to investigate the sensitivity of 

varying the scope of the set of neighbours. One can conclude that all four models produce similar 

results in terms of significance and sign and no parameter has an unreasonable sign. The IV-

specifications, which are forcefully accepted by the Sargan-tests, generate higher point estimate of the 

ρJ-coefficient which suggests that ignoring the endogeneity problem in eq (1) tends to underestimate 

the spatial association.  

 

The magnitude of the spatial association suggests that if the average price charged by the 5-6 closest 

neighbours increases by 10 SEK, the utility will increase its price by 3.7 SEK. The neighbour being 

closest does not have a stronger influence than the larger group of 5-6 neighbours. There is also firm 

consistency of no significant influence from the distance to the average 5-6 neighbours, but relative 

size is significant at the 5 % level for all models with δJ being around 0.07. This means that if the 

neighbours’ (average) size becomes 10 times larger, they will increase their weight by 1.17 times. 

Hence, one is lead to believe that utilities’ pricing behaviour is consistent with predictions made by the 

capture theory.   

 

 

 

 

                                                 
7 All estimations that follow also include 4 dummy variables that control for some companies control the district 
heating facilities in more than one jurisdiction. The parameters for these dummies are not reported.  
 



 8

Table 1. Estimation output for eq (1).   
 J consists of 5 closest neighbours J consists of 6 closest neighbours 

 NLLS  NL2SLS NLLS  NL2SLS 

Variable Mean  Std.err.  Mean  Std.err. Mean  Std.err.  Mean  Std.err. 

ρ1 0.0856  0.0818  -0.0581 0.0958 0.0692 0.0815  -0.0480  0.0941
α1 -0.5798  0.4496  0.0704 0.3365 -0.5566 0.5547  0.0371  0.4184
δ1 -0.2763  0.3535  0.1583 0.1543 -0.2582 0.4180  0.1743  0.2140
ρJ 0.2955 *** 0.1111  0.3739 *** 0.1534 0.3101 *** 0.1146  0.3739 *** 0.1448
αJ -0.0066  0.0553  -0.0162  0.0753 -0.0126  0.0539  -0.0196  0.0722
δJ 0.0732 ** 0.0329  0.0598 ** 0.0295 0.0763 ** 0.0330  0.0700 ** 0.0307
Market share -74.287 *** 25.527  -69.620 *** 25.221 -73.248 *** 25.536  -68.250 *** 25.274
Price electricity 0.1519 *** 0.0393  0.1510 *** 0.0398 0.1562 *** 0.0392  0.1529 *** 0.0395
Investor owned 16.463 * 9.6501  19.201 ** 9.6525 15.120  9.6844  17.159 * 9.7211
Fuel price 0.1224 *** 0.0441  0.1389 *** 0.0440 0.1180 *** 0.0442  0.1294 *** 0.0441
Labour price 0.0098 *** 0.0036  0.0104 *** 0.0037 0.0094 *** 0.0036  0.0099 *** 0.0037
                

Sargan stat     7.036   5.617  

Sargan p-value     0.994   0.999  

n 242    242 242   242  

Log likelihood -1314.42    -1313.86 -1314.03   -1313.46  

* p < 0.10, ** p < 0.05, *** p < 0.01 
 

 

A further insight gained from looking at Table 1 is that prices tend to decrease as the market share 

increases. This is the opposite from the theoretical predication made by Chisari and Kessides (2009) 

and it adds further support to the view that the threat of regulatory intervention significantly reduces 

utilities inclination to expropriate customers’ sunk investment. In addition, there is some evidence 

(although not conclusive) that private investors set higher prices than publicly owned utilities. The 

implication of this is that a passive authority has the largest probability of reducing market failures by 

focusing its resources on large, privately owned utilities. This is consistent with what the Swedish 

Competition Authority is doing as it currently reviews the prices in Stockholm and Uppsala, two of the 

largest district heating networks.  

 

 

4. Conclusions 

There is evidence to suggest that utilities are influenced by authorities passive monitoring but no 

support exists for customers having a separate influence. Consistent with many other empirical studies 

on agents’ behaviour in regulated markets, relatively powerful firms are more influential than their 

smaller counterparts. This suggests that authorities should focus their resources on monitoring the 

largest utilities. Considering that utilities tend to decrease their prices as the need for financial 

resources reduces, one can conclude that the threat of imposing a formal regulatory regime has 

significantly influenced the real pricing behaviour in the Swedish district heating sector.  
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If utilities perceive that the threat of regulatory intervention is sufficiently strong, and if the largest 

(private) utilities do not make unjustified price increases, policy makers might well consider the threat 

of price regulation as a viable alternative to the establishment of a costly agency with uncertain ability 

to significantly increase net welfare. However, continuous monitoring is required, not least if 

electricity prices and privately supplied heat continue to increase at the same pace as they have for the 

last decade.   
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Appendix 1. 
 
 
Table 1. Descriptive statistics 
 

Variable Source Description and measurement unit Mean 
(Std.dev.) 

Min Max 

P Nils Holgersson price 
surveyb 

Average district heating price (SEK/MWh) 669 
(75.73) 

405 815 

d1 Coordinates collected 
at kartor.eniro.se 

Distance to closest utility (km) 22.62 
(13.93) 

0.39 82.19 

d1-5 Coordinates collected 
at kartor.eniro.se 

Average distance to five closest utilities (km) 37.04 
(21.28) 

4.77 176.6 

d1-6 Coordinates collected 
at kartor.eniro.se 

Average distance to six closest utilities (km) 40.06 
(22.91) 

5.58 188.0 

Pop1/Popi Statistics Sweden Urban population in closest municipality 
relative to urban population in i 

2.09 
(3.18) 

0.04 18.66 

Pop1-5/Popi 
 

Statistics Sweden Urban population in five closest municipalities 
relative to urban population in i 

2.56 
(2.98) 

0.06 30.54 

Pop1-6/Popi 
 

Statistics Sweden Urban population in six closest municipalities 
relative to urban population in i 

2.60 
(2.77) 

0.07 26.96 

Msh Statistics Sweden District heating’s share of total electricity and 
district heating consumption 

0.3163 
(0.1731) 

0.0155 0.9329 

Pel Nils Holgersson price 
surveyb 

Average price of electricity (SEK/MWh) 1542 
(98.15) 

1294 1851 

IO Annual reports and 
web-information  

Dummy var. to indicate investor owned utility 0.3004 
(0.4594) 

0 1 

Cfa Statistics Sweden Average district heating fuel cost (SEK/kWh) 170.01 
(98.31) 

-126.22 711.98 

Cl Statistics Sweden Average local labour cost (monthly net salary, 
SEK) 

21512 
(651) 

20100 24100 

a Note that the unit price of fuel can be negative since some utilities are paid to dispose of residential waste.  
b Available at www.nilsholgersson.nu  
 
 


