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A B S T R A C T

In countries such as Germany, where municipalities have planning sovereignty, problems of urban sprawl often 
arise. As the dynamics of land development have not substantially subsided over the last years, the national 
government decided to test the instrument of ‘Tradable Planning Permits’ (TPP) in a nationwide field experiment 
with 87 municipalities involved. The field experiment was able to implement the key features of a TPP system in 
a laboratory setting with approximated real socioeconomic and planning conditions. In a TPP system allocated 
planning permits must be used by municipalities for developing land. The permits can be traded between local 
jurisdictions, so that they have flexibility in deciding how to comply with the regulation. In order to evaluate the 
performance of such a system, specific field data about future building areas and their impact on community 
budgets for the period 2014–2028 were collected. The field experiment contains several sessions with repre
sentatives of the municipalities and with students. The participants were confronted with two (municipalities) 
and four (students) schemes. The results show that a trading system can curb down land development in an 
effective and also efficient manner. However, depending on the regulatory framework, the trading schemes show 
different price developments and distributional effects. The unexperienced representatives of the local author
ities can easily handle with the permits in the administration and in the established market. A trading scheme 
sets very high incentives to save open space and to direct development activities to areas within existing planning 
boundaries. It is therefore a promising instrument for Germany and also other regions or countries with an 
established land-use planning system.   

1. Introduction

The four-year average of land take for settlement and traffic areas in
Germany was 52 ha per day from 2015 to 2019 and has constantly 
decreased over the last years (UBA, 2021). However, the conversion rate 
from open space to developed land is still much higher than the 
‘30-hectare target’ laid out by the Federal Government in 2002 origi
nally formulated for the year 2020 and then postponed to 2030 (BMUB, 
2016). The sustained loss of open space is also incompatible with the 
long-term goal to achieve ‘Land degradation neutrality’ in Germany and 
the EU by 2050 (EU Comission, 2011; Wunder and Bodle, 2019). 

There are many reasons for the high rate of land development and 
the accompanied trends of urban sprawl in Germany (Henger and 
Thoma, 2009, 2018). One main reason is the general regulatory 
framework set for municipalities, landowners, and developers, which 

has not been reformed e.g., reform of the building code 2013) sub
stantially changed over the last years (UBA, 2019; Gotze and Hartmann, 
2021). At present, many actors involved in the land development pro
cess can still benefit when arable land is turned into new building areas. 
Key drivers are municipalities and local politicians which can signal 
with new building areas their capacity to act, to solve problems like 
housing shortage, while attracting new families with high incomes. This 
regulatory issue is especially a problem in countries like Germany where 
land-use planning is implemented on a local level. In fact, local planning 
is incorporated in comprehensive planning at regional and state level, 
which has also been strengthened over the last years. However, mu
nicipalities in Germany have planning sovereignty and are the key actor 
in the land development process as they are responsible for drawing up 
urban development plans (land use and building plans) (Wegener, 
2016). 

* Corresponding author.
E-mail addresses: henger@iwkoeln.de (R. Henger), straub@fzi.de (T. Straub), weinhardt@kit.edu (C. Weinhardt).



Numerous studies have proven that inefficient decisions in the land
development process are leading to severe impairments of the envi
ronment and to high costs for the society. The costs include charges and 
taxes for providing and maintaining the necessary public infrastructures 
and services (e.g., street lighting, waste management), especially in low- 
density, suburban areas (Schiller and Siedentop, 2005; Siedentop et al., 
2006). In the decade 2010–2019, however, pressures on land had 
fostered by economic and population growth (Henger and Voigtlander, 
2019). Because of current housing shortages in many big cities and 
agglomeration areas in Germany, the public and also scientific debate 
has shifted from one about vacancies and sprawling settlements to one 
about how to realize more housing with achieving the land-saving tar
gets that have been set. One of the key challenges for land-use policies is 
therefore on how housing construction can be substantially decoupled 
from land development. 

There is a wide range of policy options for preserving natural re
sources and biodiversity also in Germany (Millward, 2006; Nuissl and 
Schroeter-Schlaack, 2009). Those containment strategies have brought 
improvements but were until now unable to curb down land develop
ment sufficiently. Additionally, many instruments like local quantity 
targets have the potential to operate effectively but are accompanied 
with negative (welfare) effects on regional markets. 

German economists and legislators have therefore highlighted the 
advantages of market-based instruments, like ‘Tradable Planning Per
mits’ (TPP) (Kock et al., 2008; Henger and Bizer, 2010; Bovet et al., 
2012; UBA, 2019). In a TPP system a municipality must submit planning 
permits to develop land outside existing planning boundaries. Munici
palities are allowed to trade permits with other municipalities. This 
instrument can stimulate efficient land use, reduce existing incentives 
for local authorities to develop land on open space and guide demand in 
the direction of areas within existing planning boundaries (Nuissl and 
Schroeter-Schlaack, 2009; Bizer et al., 2011). Germany had started a 
nationwide pilot project commissioned by the German Environment 
Agency (Umweltbundesamt) to test a TPP-System nationwide. It ran 
from 2013 to 2019 and was carried out by a consortium of eight insti
tution lead by the German Economic Institute (Institut der Deutschen 
Wirtschaft). 

The pilot project consists of municipal case studies and experiments 
(UBA, 2019). The experiments had a two-dimensional research design 
with laboratory experiments and a field experiment that made it possible 
to answer methodologically design issues and to be able to assess the 
robustness of the results. The laboratory experiments are published in 
Meub et al. (2016a), (2016b), (2017) and Proeger et al. (2017a, 2017b, 
2018) and are focussed on testing specific institutional parameters. The 
field experiment aims to test a TPP system in practice under most real
istic conditions in a laboratory setting. This paper presents the meth
odology and the key results of the first nationwide field experiment and 
87 municipalities involved. It contributes to the understanding of how a 
TPP system could work in practice and identifies key policy recom
mendations for a Germany-wide implementation. It is organized as 
follows: In the next section, we discuss the idea and the functioning of a 
TPP system and literature on related experiments. Section 3 presents the 
research design. Section 4 reports on the results, followed by a discus
sion in Section 5. Concluding remarks are presented in the last section. 

2. Background and objectives

A TPP system is a German variation of a transferable development
right (TDR) program which are operational in many countries like 
Canada or the United States (Nelson et al., 2012). It has specific char
acteristics as (i) it is not established on a small scale (within a particular 
municipality or region), (ii) it is not controlling landowners but mu
nicipalities, (iii) as it is not using specific zones, in where landowners 
can either only sell their rights (‘sending areas’) or buy their rights 
(‘receiving areas’) (Henger and Bizer, 2010). The basic idea of a TPP 
system is the limitation of new settlement and traffic areas, while 

preserving the maximum possible flexibility for regulated actors at the 
municipal level. By limiting land development with a cap-and-trade 
system open space gets a higher price, which ideally covers the entire 
environmental costs and spatial externalities associated with developing 
land. If open space does not receive an additional price that reflects the 
externalities of the land take, supply-creating building land strategies 
will remain attractive to municipalities in the future. As many studies for 
Germany have laid down, there is a lack of incentives for saving open 
space and for (re)directing developments into existing planning 
boundaries (Dillmann and Beckmann, 2018; Marquard et al., 2021; 
Nuissl and Siedentop, 2021). Additionally, municipalities have an 
incentive to offer building land attractive for residents and businesses, as 
those are in a competitive situation among themselves, which has sim
ilarities to a prisoner’s dilemma (Kock et al., 2008; UBA, 2009a, 2009b; 
Wegener, 2016). 

The fundamental theory of a TPP system was laid down in Bizer 
(1996) and Henger and Bizer (2010). Ostertag et al. (2010) and Henger 
(2013) provided first important indications of the functionality of a 
trading system. In addition, it was shown that the instrument can basi
cally be considered efficient, effective, and also practicable. Various 
design options were developed in Bovet et al. (2012). The recommen
dations given in this study on the design were used for the field exper
iment presented here. 

In a TPP system a municipality that wants to designate greenfield 
land outside existing planning boundaries for settlement or traffic pur
poses as part of a development plan must have and redeem one permit (i. 
e., certificate or allowance) for 1000 m2 ( 0.1 ha) of land planned for 
development (Bovet et al., 2012; UBA, 2019). If it does not have enough 
permits, it can buy additional ones from other municipalities. To ensure 
the well-functioning organisation of trading, a land exchange market 
shall be set up nationwide. The total volume of permits for the munic
ipalities is issued at the beginning of each year via a fixed key. The initial 
allocation key is based on the number of residents. Permits allocated at 
one time can be banked without any restrictions for future development 
(unlimited banking). Municipalities can pass on the costs of the permits 
to the final users of the land. The municipalities can also generate 
additional permits – so-called white permits – credited to them for 
withdrawing building rights by e.g., regreening planning and demolition 
measures. The rules in land-use planning and nature conservation 
legislation shall not be affected by the TPP system. 

Within the pilot project five laboratory experiments were performed 
to examine design options for a TPP system and to check questions on 
the functionality of trading under controlled laboratory conditions in 
five different individual experiments (Meub et al., 2016a, 2016b, 2017; 
Proeger et al., 2017a, 2017b). One key result of the laboratory experi
ments is that a TPP system works more efficiently when initially the 
permits are allocated to the municipalities completely free of charge 
(grandfathering) (Meub et al., 2015). The reason for this is that a free 
initial allocation of the permits increases market efficiency while an 
auction system leads to inefficiencies. The laboratory experiments also 
show a high robustness of the system under different environments with 
specific conditions for the market participants (e.g. exogeneous eco
nomic shocks, Meub et al. (2016). The laboratory experiments are 
focussed in analysing the robustness of the market mechanism and are 
thereby limited in generalizing their results to ‘non-laboratory’ settings. 
The central objective of the field experiment is therefore the testing a 
TPP system under lifelike and most realistic conditions. 

3. Study design

The field experiment presented here is a testbed experiment which
aims to investigate the behaviour of municipalities in a realistic envi
ronment that also captures the essential characteristics of the proposed 
market design. The study design is based on a setting, which has been 
developed in Henger (2013) and also used in more laboratory frame
work by Meub et al. (2016a, 2016b, 2017) and Proeger et al. (2017a, 



2017b). 
The field experiment contains three components. At first, munici

palities were selected in an acquisition process to participate in the pilot 
project. Then, data of every municipality was collected with a focus on 
their planning perspectives for a 15-year period (2014–2028) and a 
detailed evaluation of their planned building areas in this time. Finally, 
the experiments were performed by municipalities and by students with 
the prior collected data. 

3.1. Research questions 

To testing the TPP system in practice we involved all actors involved 
in the land development process in a municipality – from the planning 
offices and the treasurers to the mayor. In this realistic setting we could 
investigate how much of potential efficiency gains and gains from trade 
can be captured (see results in Section 4.1). We were also able to analyse 
whether a trading system can succeed in (i) reducing total land devel
opment for residential, commercial or traffic uses, (ii) directing devel
opment more toward areas within already existing planning boundaries 
or planned structures, and (iii) also directing development toward lo
cations that are suitable in terms of their economic characteristics and 
also from a planning point of view. (Section 4.2). We are also interested 
in analysing the robustness and stability of the established market, in 
terms of price developments (Section 4.3), trading volume and specu
lation (Section 4.4). As a market basically also leads to financial effects, 
we also investigate what kind of municipalities gain or loss money in the 
permit market (Section 4.5). Another objective of the field experiment is 
developing and testing most likely options for the design of a TPP system 
to be able to derive recommendations for implementation. 

3.2. Selection of municipalities 

The selection of municipalities taking part in the study began in the 
beginning of 2013. It was tried to cover a wide range of municipalities, 
so that the results of the experiments could also be applied on a 
nationwide TPP system. In addition, for a better analysis of the effects of 
competition on a regional and municipal level, local clusters were 
formed. All in all, 87 municipalities agreed to contribute to the pilot 
project. Three cities with more than 100,000 inhabitants participated. 
Moreover, several cities and municipalities from growing to shrinking 
regions from 12 federal states took part. Additionally, three munici
palities with a strong regional connection and five municipality associ
ations participated. The 87 municipalities are a balanced depiction of 
the diversity of the municipal landscapes in Germany. The municipal
ities represent 1.9% of the total German population and are responsible 
for 1.2% of land take in the period 2010–2013. Fig. 1 shows the com
parison of distribution of the most important characteristics, distin
guished by municipality classes. For each criterion, the percentages of 
the municipalities in the model are compared with those on the federal 
level. 

The 87 municipalities (‘Gemeinden’) were represented by 38 ‘trade 
representatives’ in the field experiment. This procedure was necessary 
because in some states, smaller municipalities can collaborate in a joint 
organisation (‘Gemeindeverband’) to perform administrative functions 
like land-use planning. In those municipalities the planning process is 
organised jointly while each member municipality has only to give legal 
permissions by their municipal councils (‘Gemeinderat’). In fact seven 
“trade representatives’ represented several municipalities (five munic
ipal associations and two development agencies) in the field experiment. 

In most cases, the trade representatives were heads of planning de
partments of their municipality. One municipality was represented by its 
treasurer, one by its mayor. Three municipalities were represented by 
several persons, in two cases by persons from the planning department 
together with the mayor and in one case by persons from the planning 
department and the treasury. 

3.3. Data acquisition of the municipality 

For creating a realistic environment all participating municipalities 
had to be reviewed in detail before the sessions took place. Therefore, a 
comprehensive survey based on a specially designed online platform 
was conducted in 2014 and 2015 to analyse all essential framing con
ditions as well as all building areas planned by the municipalities. 
Furthermore, the survey allowed a deeper analysis of the observed 
abatement strategies which were applied by the trade representatives to 
reach their objectives. The review included the following components, 
which are explained in detail in UBA (2019):  

– Acquisition of all building areas planned for the period 2014–2028
with more than 2000 m2 within (no permits required) and outside
(permits required) existing planning boundaries.

– Ascertaining a detailed fiscal impact analysis of all building areas
composed of all incomes and expenditures for a municipality over 25
years summed up in present value.

– Acquisition of existing and potential development opportunities
within existing planning boundaries composed of brownfields,
spaces between buildings, redensification areas and non-built-up
areas with existing building permission.

– Acquisition of potential replanning areas and renaturation areas for
the generation of white permits.

– Calculating the number of permits necessary for activating a building
area and the number of permits for generating white permits.

A total of 540 building areas were recorded, fiscally evaluated, and
calculated with their needed permits. Great importance was attributed 
to ensure that the representatives of the municipalities provided infor
mation for the long planning horizon until 2028 that was as realistic as 
possible.1 

In terms of area 83% of the recorded building areas require permits 
and 17% do not need permits. For all 87 municipalities, the area subject 
to permits is 1498 ha and the total number of permits is 15,492. A total 
of about 22,500 housing units and 34,600 jobs are planned with the 
areas recorded for a 15-year period (2014–2028). Almost two-thirds 
(62%) of the sites are residential areas. However, because these are 
significantly smaller on average (2.4 ha of gross land per site) than the 
commercial areas (5.2 ha per site), the residential areas account for only 
37% of the land recorded. 800 ha of residential land are compared to 
1185 ha of commercial land (equivalent to 55% of the total area of all 
development areas). About seven percent of projects are mixed-use de
velopments, which take up about nine percent of the gross area, aver
aging 5.2 ha per site. 

All building areas recorded on the survey platform were subjected to 
a comprehensive fiscal impact analysis in preparation for the field 
experiment, the results of which were subsequently made available to 
local authorities. For this purpose, all additional revenues of the mu
nicipality triggered by a planning project (e.g., from increased tax rev
enue) are compared with the additional municipal expenditures (e.g., 
for apportionment payments or follow-up costs for technical and social 
infrastructures). The result of the fiscal impact analysis is a ‘fiscal value’ 
that corresponds to the actuarial present value, i.e., the sum of all 
additional revenues and expenditures discounted to the time of the 
project start over a period of 25 years. The fiscal values that the mu
nicipalities can redeem by activating their building areas had an average 

1 The used survey platform provided for several plausibility checks to give the 
municipalities concrete (warning) indications about the scope of planning and 
the most important information about the individual construction areas. 
Directly after the survey, the municipalities were asked online, using the 
Limesurvey platform, how realistic they considered their self-selected de
velopments. The municipalities mostly assessed the total volume of de
velopments derived as ‘realistic’ or ‘high’. 



of 85 euro per square meter.2 Overall, the high percentage of building 
areas with negative fiscal values is noteworthy. Of all 540 building areas 
surveyed, 352 (65%) have a positive fiscal value, 187 (35%) have a 
negative fiscal value, and one development site has a fiscal value of zero. 

A total of 47 white-permit areas were reported by 15 out of 87 mu
nicipalities. The areas are on average 6.0 ha in size, so that there is a 
potential for rezoning and deconstruction of 281.4 ha for the period 
2014–2028 in total. Through this, the municipalities could theoretically 
generate 2444 white permits. The fiscal value for all areas is equal to an 
average of 6637 euros, or 6.64 euros per square meter. 

3.4. Experimental setting 

The sessions were conducted under controlled laboratory conditions 
at the Karlsruhe Design & Decision Lab (KD2Lab) with a simulation 
platform specially developed for this pilot project. To test the two most 
likely implementation variants of a TPP system, a ‘trading day’ was 
organised on which all municipalities could simultaneously participate 
in a virtual TPP system based on their individually set framework with 
their specific data recorded for the period from 2014 to 2028 (see 3.2). 
On the trading day, two sessions were run with the 38 trade represen
tatives of the 87 municipalities (field experiments). Each experiment 
was repeated with students under an identical framework (control ex
periments)). This procedure makes it possible to establish a most real
istic framework (external validity) and to answer individual aspects and 

design options under controlled conditions (internal validity).3 All stu
dents came from the Karlsruhe Institute of Technology (more than a half 
studying economics) and were selected via ORSEE (Online Recruitment 
System for Economic Experiments, Greiner, 2015) and hroot (Hamburg 
Registration and Organization Online Tool, Bock et al., 2014). The 
students were each assigned to a municipality randomly. The students 
were informed that they are representing a municipality acting in TPP 
system, but municipality names were anonymised. In contrast to the 
representatives of the municipalities, the students were paid as incentive 
for participating and acting in a realistic manner in the experiment.4 

Fig. 2 shows the experimental setup. The first two settings differ in 
terms of the initial allocation of permits. In setting 1 all permits are is
sued annually to the municipalities free of charge (so-called grand
fathering). In setting 2, the initial allocation is partially replaced by 
auctions. For this purpose, unilateral covered unit-price auctions were 
held annually before the current trading period, in which the federal 
government auctioned permits to the municipalities (see Fig. 3). This 
phased approach is also taken in the European Emissions Trading 
Scheme and allows the federal government (i.e., the states) to generate 

Fig. 1. Representativeness of the participating municipalities 
Source: Statistisches Bundesamt; Notes: Data for land take partly without municipalities from Saxony-Anhalt and Saxony because of territorial reforms, municipality 
categories follow the typology of the Federal Institute for Research on Building, Urban Affairs and Spatial Development (www.bbsr.bund.de). 

2 In total, all urban development projects with a positive fiscal value in the 
period from 2014 to 2028 would result in revenues of 1363 million euro. This 
corresponds to 90.85 million euro per year. In relation to the annual gross 
expenditure of the public budgets of all 87 municipalities amounting to 4068 
million euro (as of 2013/2014), this corresponds to 2.2%. 

3 Laboratory experiments usually work with students as subjects to analyse 
market designs and the robustness of the results empirically. The control ex
periments with students give us the opportunity to validate and compare the 
outcomes with the results of the two sessions within the field experiment. 
Experimental methods in field experiments and laboratory experiments are well 
discussed e.g., in List (2011). 

4 In four control experiments a total of 152 students (4 sessions x 38 ‘com
bined’ municipalities) participated. Payments were staggered in a tournament 
mode and were based on the income and expenditure from trade and the ‘fiscal 
values’ of the activated building areas. The participant earning the highest 
amount of virtual money received a payment of 26 euro. The lowest payment to 
a student was 15 euro. 



revenue that can then be used to finance funds to strengthen inner 
development, if necessary (Bizer et al., 2011; UBA, 2012). Auctions 
began in the year 2020. Initially, 20% of the total quota of permits was 
auctioned on a most-bid basis. In the following phases, the share was 
increased step by step by 20% points, so that in next phase (2023–2025) 
40% and finally in the last phase (2026–2028) 60% of the total volume 
of issued permits was auctioned for a fee. Both settings were run once 
with the municipalities (F1, F2) and once with students in the control 
experiment (C1, C2). 

Another two control experiments were conducted to analyse (i) a 
valuable option for a TTP system with two separated markets and (ii) the 
robustness and stability of the established market. In setting 3 the gen
eral market (as in setting 1) was separated in two markets, one for 

commercial and industry uses and one for residential areas and mixed 
uses. This makes it possible, to reach certain planning targets with the 
system according to types of use. Municipalities must therefore operate 
in two markets simultaneously. 

Setting 4 includes an external shock into setting 1 to test the 
robustness of a TPP system. Participants were told that an economic 
crisis was imminent during the simulation period. One occurred in 2020, 
which was communicated to the participants via a message within the 
simulation platform. From this point on (2020), the fiscal value of the 
development areas was reduced by 25%. However, the course of the 
experiment was not changed by this shock, only that developments were 
less profitable from that point on. 

All experiments were designed to achieve the Federal Government’s 

Fig. 2. Experimental setting 
Source: Own figure; *The dates in parentheses indicate the day the experiments were conducted. 



30-ha target in 2020 and thereafter further reducing land development
to achieve ‘Land degradation neutrality’ in the long term. Thus, in the
experiments, federal land take targets were gradually reduced from
55 ha per day (2014–2016) to 42.5 ha per day (2017–2019), to 30 ha
per day (2020–2022), to 25 ha per day (2023–2025), to 20 ha per day
(2026–2028). Within the quantity framework of the settings, land de
velopments not initiated by local governments (e.g., highways) were
included with a flat rate of 20% of the total federal land-saving targets
(see Henger et al., 2019, pp. 135).

In each experiment, 15 years were simulated in which the partici
pants could ‘activate’ their recorded building areas (see 3.2). To activate 
these building areas the participants had to use permits. The number of 
permits required depended on the location (interior and exterior) and 
the size of the development area. Permits were allocated annually free of 
charge depending on the size of the represented municipality and could 
be traded on the market platform between participants in a continuous 
double auction (CDA). 

In each experiment, all participants went through 15 years 
(2014–2028) and, within each year, several phases (Fig. 3). Session 1, 3 
and 4 consisted of 3 phases. The first phase is the free initial allocation. 
Here, the participants receive permits free of charge depending on the 
size (number of inhabitants) of the municipality. In the second phase, 
the trading phase, participants could buy and sell permits at any time 
within three minutes (CDA). All price-quantity bids are anonymously 
ordered by price in an order book (with a maximum depth of five bids 
per buy and sell side) and were visible to all participants. In the exper
iment, bids could be accepted at any time by all other participants up to 
the maximum quantity offered. All bids were carried over to the next 
year. In addition to the bids placed in the order book, the current market 
price was also public information for all. During the trading phase, all 
construction areas could be viewed. The fiscal value displayed here 
served as an orientation value for the participants as to how much they 
should spend at most for a permit to continue to make a profit through 
the implementation of the development area. In the third phase, the so- 
called activation phase, the development areas could be activated or 
developed. If the permits needed for the development areas exceeded 
the current stock, the development areas could not be realised. Unused 
permits did not expire. They were transferred to the rights account of the 
next period and could be used without restriction (‘unlimited banking’). 

By implementing building areas, the fiscal value of the corresponding 
building area was credited to the participant’s account as a credit. The 
participant could use these again in the next trading period to buy 
further permits. 

Session 2 (F2, C2, see Fig. 2) extends the basic scenario by an auction. 
A uniform-price sealed-bid auction (USBA) was used as auction pro
cedure. In this form of auction, all bidders pay a uniform price for each 
right acquired. The bidders submit hidden price-quantity bids. All bids 
are ranked by price and served from top to bottom. The highest bids 
receive the total number of their desired bids at a uniform price. The last 
bid served receives the quantity still available and sets the unit price. 
The unit price auctions were held every year from 2020 onwards in the 
so-called auction phase directly after the free allocation and before the 
trading phase. The auction phase consisted of two sub-stages. In the first 
stage, all participants could submit price-quantity bids within 1.5 min 
each. They were informed about the number of permits to be auctioned 
and the current holdings of their permits. In the second stage, partici
pants were informed whether and how many permits they received at 
the auction and at what price. The results of the auction were auto
matically transferred to the corresponding accounts. 

All settings set an annual limit for the fiscal budgets. This restriction 
was implemented to achieve a higher external validity as municipalities 
cannot overspend their budgets indefinitely. The simulation platform 
contained a ‘budget balance sheet’, in which the participants were al
ways informed about the status of their budget. The status was instantly 
updated with the income and expenditure from trade and the fiscal 
values of activated building areas and white-permit areas. The annual 
limit corresponded to 25 per cent of the municipality’s annual budget. If 
a participant exceeded this limit through an action, they received a 
notice, and the action was not feasible. Participants who exceeded 10 
per cent of the budget received a notice that they were acting dispro
portionately and should reconsider their actions. In this case, the action 
could only be carried out by reconfirming. At the beginning of the ex
periments, the participants started with a credit balance of 0 euro. 

4. Results

The presented statistical analysis of the results of the experiments are
concentrating on differences between the observed outcomes and 

Fig. 3. Experimental phases 
Source: Own figure; CDA = continuous double auction; USBA = uniform-price sealed-bid auction. 



4.2. Abatement strategies and generating white permits 

The participants’ abatement strategies in the sessions differ 
regarding the different types of building areas as well as the location and 
fiscal values of the building areas. The participants’ abatement strategies 
were mainly concentrated (i) on commercial areas, (ii) on areas outside 
existing planning boundaries and (iii) on developments with a negative 
fiscal value. About half of the commercial sites (51% on average of the 
six experiments) were activated, which is significantly less than the 
residential sites – of which 70% were activated. These findings follow a 
rational strategy of the participants. Commercial areas with an average 
fiscal value (61 euro per square meter) are usually more profitable than 
residential areas (85 euro per square meter). Therefore, in a permits 
scheme in which not all development areas can be realised, it makes 
sense to first give up commercial areas and unprofitable areas. These 
findings go hand in hand with the abatement of 67% of originally 
planned unprofitable construction areas. In contrast, only an average of 
27% of building areas with a positive fiscal value were foregone. The 
results thus confirm that a TPP system not only reduces land develop
ment, but also enables participants to efficiently implement economi
cally sensible areas through trading and to give up unprofitable areas. 
Additionally, we found that 96% of the land planned within existing 
planning boundaries and only 52% of the developments outside were 
activated. Developments are directed inwards, thereby minimizing 
urban sprawl. 

Fig. 4 compares the development areas activated in the experiments 
with the original plans of the municipalities. The wide bars indicate the 
planned areas. The thin bars show the areas activated in the six exper
iments. Large adjustments took place, especially in the first years. In 
later years, developments that had initially been postponed were made 
up, with the result that in some periods development exceeded the 
targeted land-saving goals. This behavior is also visible in the banking 
rates, which express how high the share of permits not used for building 
areas is in a phase. As Fig. 4 and Table 2 show, over three-quarters 
(76–86%) of the permits in the market are not used from Phase I 
(2014–2016) to Phase II (2017–2019). In the next phases, the percent
age of permits banked decreases. At the end of the simulation period, 
7–24% of the permits remained unactivated (see potential efficiency and 
gains from trade in 4.1). Thus, a rather wait-and-see behavior of the 
participants could be observed especially at the beginning of the 
established market. This strategy makes sense from the point of view of 
the individual participants, as they can bank permits without costs. 
However, the sum of the decisions led to prices above the theoretical 
prices in competitive equilibrium, as this behavoir deprived available 
permits in the market and reduced supply. 

The activation of the white permit areas had a high attractiveness for 
many participants in the field and control experiments. It was almost 
always possible to generate permits when the price level was high 
enough to get revenues, because the associated costs for the rezoning 
and deconstruction measures where lower then the value of the gener
ated permits. Only 2 out of the 47 white permit areas had a fiscal value 
above 91 euros per square meter (see next sections), so that their 
deconstruction only proved economically advantageous in a few years 

F1 F2 C1 C2 C3 C3 C4a Optimum 

CI RM 

Efficiency 90 92 67 91 88 89 89 90 100 
Efficiency (potential) 90 92 89 91 88 90 90 90 100 
Gains of trade 34 35 -110 64 53 74 69 37 100 
Gains of trade (potential) 34 35 28 64 54 77 72 37 100 

Source: Own table; Values in percent; Potential refers to the ability of participants to activate building areas with their banked permits at the end of the simulation in 
2028. 

a calculated without macro shock and 25% loss in value; CI: Market for commercial/Industry areas; RM: Market for residential and mixed-used areas. 

calculated theoretical predictions across the sessions. As the experi-
ments did not yield sufficient independent observations for either 
parametric or nonparametric tests, the results are presented with sum-
mary statistical criteria, i.e., efficiency, gains from trade, price devel-
opment, permit usage, trading volume, speculation, and distributional 
effects. 

4.1. Efficiency and gains from trade 

The market efficiency is calculated based on the fiscal values (see 
3.2) and describes how much of these values can be achieved in relation 
to the optimum. In the experiments the fiscal values determine the 
redemption values for activating (i.e., developing) a building area and 
are therefore crucial for the trading decisions made by the subjects. The 
optimum is reached when the market leads to an outcome where the 
municipalities refrain from developing the building areas with the 
lowest fiscal values. Technically, market efficiency (or efficiency for 
short) is calculated by dividing the sum of the redemption values real-
ized (in an experiment) by the sum of the redemption values in the 
competitive equilibrium. At 100%, the (welfare) optimum would be 
reached. The market efficiency achieved ranged from 67% to 92% in the 
six experiments. Considering the areas which can potentially be acti-
vated with banked permit at the end of the simulation in 2028 then the 
efficiency is higher within a range between 86% and 92% (Table 1). 

The high efficiency outcomes confirm the results from previous ex-
periments on a TPP scheme (Ostertag et al., 2010; Bizer et al., 2011; 
Henger, 2013). Compared to the results from similar market experi-
ments in other regulatory fields – such as air pollutants – these are good 
results from an economic point of view, as the markets were able to 
organize the adjustment to the land-saving target much more 
cost-effectively compared to strict quantity targets without possible 
trading. This welfare improvement is usually expressed with the 
gains-from-trade. The gains of trade show how much market players can 
improve by their activity in the market compared to the initial allocation 
without trading. Gains from trade are calculated using a break term as 
follows: In the numerator of the term, the sum of the redemption gains 
potentially realized in an experiment is subtracted from the sum of the 
fiscal values without trading. In the denominator, the sum of fiscal 
values without trading is subtracted from the sum of fiscal values in the 
optimum. Before trading or without trading, the index is zero, since in 
this situation no improvement in the allocation of permits can occur. At 
the optimum or competitive equilibrium, the index is equal to one as the 
maximum of a possible improvement through trading could then be 
achieved. 

The (potential) gains of trade achieved ranged from 28% to 77% in 
the six experiments. The gains of trade were slightly higher in the con-
trol experiments, with values reaching 75%, compared to field experi-
ments, with 37% and 39%, respectively. This is not surprising as the 
representatives from the municipalities are more connected to the 
building areas and therefore not only focused on the fiscal value, which 
becomes a performance-based payment on these (see discussion in 
Section 5). Nevertheless, trading gains by municipalities also lead to a 
significant improvement in the allocation of the permits. 

Table 1 
Market efficiency and gains of trade.   



during the simulations. All other areas, on the other hand, could always 
be deconstructed at a potential profit. 

As Table 3 shows, only 13% of the white permit areas were not 
activated on average. This resulted in costs of 8.5 million euros in the 
field experiment. In the control experiments with students, the costs 
ranged from 5.0 (K2) to 12.3 (K3) million euros. When these costs are 
compared to the potential revenues, they could generate by selling the 
white permits for an average market price, a significant profit remains 
for the participants in all experiments. The market value of the white 
permits reached 23.7 million euros, so that participants could make a 
profit of 15.2 million euros on average. 

4.3. Price development 

The average price of the six experiments reached the level of 91.02 
euros per square meter of gross building land. This corresponds to a 
permit price of 91,020 euros (1 permit 1000 m2). The long-term price 
level for permits was clearly above the theoretically optimal price of 
6.15 euros per square meter, which was calculated for the competitive 
equilibrium in which the participants only focus on the financial aspects 
of the building areas. These findings can be explained on the interaction 
of several factors. One major factor is that there is a willingness to pay by 
the trade representatives of the municipalities for developing land also 
for areas with a negative fiscal value (33% of these areas were developed 
see, see 4.2). Building areas are judged on a variety of criteria so that 
land use decisions are not only based on financial considerations. In 
consequence prices were higher than the theoretical competitive price. 
The prices in the two experiments of the field experiment were signifi
cantly higher with an average of 110.15 euros per square meter 
compared to the control experiment with 66.45 euros per square meter. 

The long planning horizons of cities and municipalities are another 
reason for the higher prices compared to theory. The participants 
behaved proactively, so that they banked permits, which reduced the 

Fig. 4. Permits usage and banking 
Source: Own figure; F1, F2 etc. = experimental settings. 

Table 2 
Permit usage und Banking.   

F1 F2 C1 C2 C3 C4 

CI RM 

Permits 
Grandfathered 

permits 
8425 7067 8470 7096 4975 3490 8470 

Auctioned permits – 1359 – 1371 – – – 
White permits 

(activated) 
211 201 215 218 428 145 214 

Sum of permits in the 
market 

8636 8627 8685 8685 5403 3635 8684 

Used permits 7773 7982 7995 8040 4052 2814 7542 
Not used permits 863 645 690 645 1351 821 1142 
Banking as a percentage of percent transferred to the subsequent phase 
Banking Rate 

(2014–2016) 
77 76 77 83 83 88 86 

Banking Rate 
(2017–2019) 

31 32 47 40 66 69 44 

Banking Rate 
(2020–2022) 

22 25 34 30 43 53 29 

Banking Rate 
(2023–2025) 

18 18 17 20 35 30 20 

Banking Rate 
(2026–2028) 

10 7 8 7 25 23 13 

Source: Own table; CI: Market for commercial/Industry areas; RM: Market for 
residential and mixed-used areas; Due to rounding, there are slightly different 
results for the totals of allocated and auctioned permits. 

Table 3 
Using of white permits.   

F1 F2 C1 C2 C3 C3 C4 

CI RM 

Costs for 
generating 
white 
permits) 
(Mio. €) 

-8.5 -8.5 -9.4 -5.0 -5.6 -6.7 -12.3 -7.7 

Market value of 
white permits 
(Mio. €)a 

27.6 18.0 13.6 13.7 19.1 15.1 42.6 26.8 

Market value 
minus Costs 
(Mio. €) 

19.1 9.5 4.2 8.7 13.5 8.3 30.3 19.1 

Source: Own table 
a Calculated by multiplying the number of white permit areas activated 

multiplied by the average permit price in an experiment. CI: Commercial/ 
Industy areas; RM: residential and mixed-used areas 



4.5. Distributional effects and indebtedness 

A TPP system leads also to capital flows across municipalities. Fig. 6 
shows the trade balance of the four municipality classes described in 
Section 3.2. The total of the ‘redemption values’ for the participants 
amounts to around 1200 million euros and the trading volumes to 
around 300 million euros each. The differences between the six exper
iments in terms of trade balances reach a level of a few million euros, 
with the exception of K4 of up to a maximum of around 60 million euros. 
These differences appear small and therefore within a normal range of 
variation. We believe that the observations can be explained by the 
characteristics and strategies of the participants in the experiments. Core 
cities generate the highest revenue by buying and selling permits on the 
market. In Session 1, the three core cities generated revenues of 36.0 
million euros in the field experiment with the municipalities (F1) and 
41.8 million euros in the control experiment with the students (C1). In 
Session 2, however, the core cities only collected 4.7 million euros in the 
field experiment and even made losses of 16.3 million euros in C2. In all, 
the capital flows in the direction of the core cities.6 

All three core cities in our pilot project are gaining population. The 
three other municipality classes, ‘centers in metropolitan areas’, ‘centers 
in rural areas’ and ‘small municipalities’ have a different population 
situation and are therefore differentiated into municipalities which are 
‘stable or growing’ or ‘shrinking’, respectively. Shrinking municipalities 
are here those defined that lost more than 0.5% of their population 
between the end of 2011 and the end of 2013. This differentiation il
lustrates how a TPP system works. Growing municipalities tend to have 
to purchase additional permits and raise funds for this purpose. For 
shrinking municipalities, on the other hand, the opposite is true. This 
pattern can be seen in Fig. 6 in all three types of municipalities. A TPP 
system thus creates an equalization of burdens between municipalities 
developing more and those developing less. Municipalities can be 
rewarded for saving land and their chance of selling permits. They could 
use the revenues for strengthening developments within existing plan
ning boundaries, e.g., revitalization of brownfields, or freely for other 
budget items, since earmarking of the revenues was not envisaged in the 
model test according to the non-affection principle (UBA, 2012). 

In the two field experiments, the debt was 26.5 and 19.8 million 
euros, respectively (see Table 5). This corresponds to a total of only 2.2% 
and 1.6%, respectively, of the revenue potentially achievable by the 
municipalities in the field experiment. The maximum debt of a model 
municipality was 3.9% of the gross expenditure of the public municipal 
budget. Because of these low shares, we conclude that municipalities 
would be able to pay for all permits they are necessarily need for 
developing areas without overburdening. 

In the control experiments, overall debt was higher than in the field 
experiments. Borrowing in the control experiments, with exception of 
K2, amounted to about 80 million euros and was about 3–4 times as high 
as in the field experiment with the municipalities. The maximum debt of 
a student was also significantly higher than that of the municipal rep
resentatives and reached 9.2% of the gross expenditures of the public 
municipal budget. The reasons for the higher indebtedness of the stu
dents compared to the municipal representatives is mainly because the 
municipal representatives acted more cautiously and did not try to make 
profits through speculative transactions. Overall, however, the students 
acted successfully in terms of market efficiency and trading profits 
achieved, too. 

6 However, it is difficult to assess whether this would also happen ‘in reality’, 
since for some years now many urban centers have been growing significantly 
because of strong external and internal migration, while many – mostly rural – 
regions have been struggling due to migration of parts of their population 
(Henger and Voigtländer, 2019). 

overall quantity of permits (see 4.2). This observation goes hand in hand 
with earlier market experiments (e.g., Henger, 2013). In general, a 
market always needs some time to reach the optimum price level. The 
process takes longer if markets are not transparent, i.e., none of the 
participants is aware of how much the other market participants are 
willing to pay for a permit. A further reason is that the building areas 
could only be activated before the year the municipalities had planned 
to develop ‘in reality’ (set in the survey platform to realistically depict 
that a development area can only be developed when there is a certain 
demand, see 3.2). The participants were only allowed to postpone or to 
abate a building area. 

These conditions made it difficult for the asks and bids to have a 
signaling effect and for prices to quickly align with prices in the long- 
term competitive equilibrium. This led to market prices at the approx-
imate level of average fiscal values, which averaged 85 euros per square 
meter (see 3.2). These aspects are also closely related to the market 
conditions that participants faced in each year. As shown in Fig. 4, there 
is an inverted U-shape in terms of demand for permits over the period 
under consideration. The demand goes hand in hand with the theoretical 
prices, so that an inverted U-shape of the prices was also observed in the 
simulations, albeit at higher levels than theoretically predicted. We 
therefore conclude that the observed prices also reflect shortages in the 
market. Fig. 5. 

4.4. Trading volume and speculation 

The trading volume describes the sum of all transactions in contin-
uous trading. Here, a distinction can be made between the total trade 
volume and the net transactions (trade balance), since trading allows all 
participants to buy and resell rights. The difference between total and 
net transfer volumes indicates how much speculation has taken place. 

As Table 4 shows, trading volumes and transactions were signifi-
cantly larger in the control experiments with students than in the field 
experiment with municipal representatives. The students were signifi-
cantly more active in the market and executed almost twice as many 
transactions in which approximately twice as many permits changed 
hands. In terms of trading volumes in euros, these differences are no 
longer that high, as the price level in the two field experiments was 
almost twice as high as in the control experiment.5 

The control experiments with the students show a significantly larger 
share of speculative trades that the participants were able to make with 
buying and reselling permits. While the municipal representatives, with 
rates of speculation of 16% and 8%, respectively, hardly speculated, i.e., 
acted simultaneously as buyers and sellers in the market, speculative 
trading was much more common among the students, with 44% and 
28%, respectively. This result confirms the findings of experiments 
conducted before, in which a high propensity to speculate was also 
observed among students (Henger, 2013). The low interest for the 
municipal representatives for speculation was also to be expected with 
respect to the budgetary law. Of course, it is quite positive when mu-
nicipality sell permits first and then acquire them again later when there 
is a need for development, so that less capital is tied up. However, there 
are limits since a municipality is obliged to use public money efficiently 
by law and therefore is restricted in speculative transactions. 

Table 4 also shows the results from the auctions implemented in 
sessions F2, C2 and C4. During the auctions, the sale of 1359 permits in 
the field experiment generated 106.5 million euros (F2). The amount for 
sales was a little bit lower in the control experiments. These revenues go 
to the auctioneer and could be returned to the municipalities, for 
example, to subsidize developments within existing planning bound-
aries (e.g., brownfield development). 

5 F2 is kind of an exception. Here, municipalities showed in the actions much 
focused on their needs, so that they had to do significantly less trading in the 
secondary market (CDA). 



5. Discussion of the results

The conducted field experiment was able to implement the key fea
tures of a TPP system in a laboratory setting with approximated real 
socioeconomic and planning conditions. Policymakers can therefore 
gain important insights for designing a trading scheme ex ante. The 
results also allow detailed conclusions about the effects for the munic
ipalities and the development of building areas. We could observe high 
efficiency levels and gains from trade like in related studies before (e.g., 
Henger, 2013, Meub et al., 2016a) or in already implemented TDR 
systems (Nelson et al., 2012). We were also able to show, that growing 
municipalities must purchase additional permits while shrinking mu
nicipalities could sell them. This leads to a capital flow from dynamic to 
non-dynamic regions and creates an ecological burden-sharing mecha
nism. However, as municipal budgets are tight in many (also growing) 
municipalities and as current challenges of creating affordable housing 
are massive, policy-makers should be aware of concerns that many local 
politicians have about new financial instruments like a TPP system in 
practice. 

However, we believe that the general results of the field experiment 

can be used for conclusions of the impact of a TPP system in Germany. 
The involved municipals represent the diversity of different types of 
cities and municipalities in Germany (see 3.2). The trade representatives 
from the municipalities are asked several questions, using the Lime
survey platform, directly after the experiments about their acting and 
their strategies in the trading scheme. 53% of the participants indicated 
that the decisions they made were 80% likely to be real decisions made 
by their municipality. Since only 9% of the participants reported values 
below or equal to 40%, we assume that most of the representatives were 
able to represent their municipalities in the simulations in a realistic 
way. 

We see also lower net and gross trading volumes in the planner 
session, obviously because planners are also oriented on their planning 
objectives and their background information (e.g. Henger, 2013). The 
representatives oriented their actions also strongly to the needs of their 
municipality. For example, the participants stated that, they are mostly 
orientated to the market price, and secondly oriented towards their 
medium-term needs. The fiscal values and the political importance of 
the building areas as well as short-term and long-term-term bear a lower 
relevance. This illustrates that the municipal representatives have tried 
to include the multiple objectives of their municipality in their de
cisions. The fiscal values determined are just one guide for municipal
ities when making decisions on trading in land permits. 

The prices in the experiments were on average higher than the 
theoretical optimal price. This can be explained due to the scarcity of the 
permits, the political objectives as well as the market power of some 
municipalities. It is important to emphasize that although prices were 
different in the experiments, the markets always performed efficiently. 
However, prices are important for the distributional effects of the system 
as well the acceptance of a system in practice. 

We want also to stress that the results cannot be transferred 1:1 to 
reality, since some simplifications had to be made necessarily. One 
important limitation of our experiments is the field data set collected. 
Although it was collected and processed in close consultation with the 
municipalities, it is naturally based on general assumptions due to the 
long observation period of 15 years. The municipalities had to transform 
vague initial planning ideas into detailed planning with specific area- 
related and financial indicators. Strong assumptions also had to be 
made for some areas for the fiscal impact analyses. Even though the 
calculation of the fiscal effects was carried out using typical calculation 

Fig. 5. Price development 
Source: Own figure; F1, F2 etc. = experimental settings; CI: market for commercial/Industry areas; RM: market for residential and mixed-used areas. 

Table 4 
Trading volume and speculation.   

F1 F2 C1 C2 C3 C4 

CI RM 

Number of 
transactions 

335 402 751 703 526 303 521 

Number of 
traded permits 

2290 3429 4849 5939 3233 1766 4228 

Trading volume 
(Mio. €) 

299.7 200.2 307.3 281.9 144.3 183.7 529.6 

Auction volume 
(Mio. €) 

0 106.5 0 91.2 0 0 78.4 

Trade balance 
(Mio. €) 

252.6 185.0 202.7 204.0 94.4 132.3 295.7 

Speculation 
(Mio. €) 

47.1 15.1 104.6 77.9 49.8 51.4 233.9 

Speculation in 
percent 

15.7 7.6 34.0 27.6 34.6 28.0 44.2 

Source: Own table; CI: Market for commercial/Industry areas; RM: Market for 
residential and mixed-used areas 



values from the municipal planning offices. 
Another important simplification is that representatives had to made 

decisions in a virtual research lab situation within seconds to represent 
their entire municipality within the trading system (corresponding to 
their planning scope). In reality, though, planning decisions are the 
result of a long-lasting negotiation process with many involved stake
holders. Based on the case studies (see UBA, 2019) and the surveyed 
data it has been possible to get insights into the decision structures and 
processes of the local administration. The results show that there are 
major interactions between local politics and the administration. How
ever, there are many the interactions of actors and social institutional 
elements which could not be analysed detailly (Servillo and Van Den 
Broeck, 2012). 

Another simplification was made as the building areas were exoge
nously given in the experiments. Obviously, this was made for the 

purpose of manageability, so that the building areas are immutable. 
Therefore, building areas were either considered as fully developed or 
fully non-developed within the experiment. 

Finally, we want to point out the small sample size of our study and 
the small number observations. For this reason, the pilot project also 
conducted laboratory experiments to generate robust results with high 
internal validity (Meub et al., 2016a, 2016b, 2017; Proeger et al., 2017a, 
2017b, 2018). 

6. Conclusions

The presented field experiment shows how a TPP system can
contribute to an effective reduction of land development in Germany. 
The trading scheme creates incentives to optimize land development 
decisions of the municipalities and organizes the abatement of land 
development outside existing planning boundaries very efficiently. In 
consequence, the measured market efficiency in the experiments was 
high, with values between 86% and 92%. The market participants were 
able to realize more areas through trading than with strict planning 
quantity caps. Overall, they were able to generate more revenues, so that 
there was an economic benefit initialized by trading. The high efficiency 
levels in the different settings of the experiments also show that a TPP 
system is robust with respect to framework conditions and uncertainties 
among market participants. We therefore consider a TPP system as a 
promising instrument not only for Germany but also for all countries 
with established land-use planning systems and ambitious land-use 
targets to reduce high rates of land development. 

The field experiment could also demonstrate that the municipalities 
are able to participate well in a trading market after a short adaption 
phase, even if they had been unexperienced with market instruments 
beforehand. The TPP system also creates incentives for the forgoing of 
unprofitable development areas. As expected, the municipalities focus 
more on profitable projects with a positive impact on their local budget. 
Nevertheless, the municipalities still have the scope for implementing 
‘political’ important projects, which are not inevitably profitable with 
respect to their fiscal outcome. 

The results confirm the results found in Meub et al. (2015) that a TPP 

Fig. 6. Trade balance 
Source: Own figure; Values in million euros; municipality categories follow the typology of the Federal Institute for Research on Building, Urban Affairs and Spatial 
Development (www.bbsr.bund.de). F1, F2 etc. = experimental settings. 

Table 5 
Indebtedness.   

F1 F2 C1 C2 C3 C4 

CI RM 

Indebtedness (Mio. 
€) 

26.5 19.8 83.7 49.7  24.2  57.2 82.0 

Redemption values 
(potential in Mio. 
€) 

1195 1224 1204 1240  412  807 1224 

Indebtedness in 
percent to 
Redemption 
values (potential) 

2.2 1.6 7.0 4.0  5.9  7.1 8 

Max. Indebtedness 
of a participant in 
percent of the 
fiscal household a 
municipality 

0.7 3.9 7.5 6.2  9.2  8.0 6.7 

Source: Own table; CI: Market for commercial/Industry areas; RM: Market for 
residential and mixed-used areas; Potential refers to the ability of participants to 
activate building areas with their banked permits at the end of the simulation in 
2028. 
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system is more efficient if the permits are initially allocated to the mu-
nicipalities completely through grandfathering. The reason for this is 
that an additional auction mechanism leads to inefficiencies, un-
certainties, and also strong redistribution effects. We can also show that 
the formation of two submarkets for commercial and residential uses 
leads to quite similar submarket efficiency levels and distribution pat-
terns. Prices were significantly higher in the residential market than in 
the commercial market due to the higher average of fiscal values. We 
therefore conclude that a differentiation is a possible policy option to 
mitigate competition between commercial and residential land uses and 
to achieve certain development goals for the two individual uses. 

The presented field experiment was able to implement the key fea-
tures of a TPP system in a laboratory setting. However, future research 
should analyse the institutional framework of the complex municipal 
decision-making processes and investigate experimentally policy 
choices of local governments in a TPP system and in land-use policy 
generally. 
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