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Abstract: Commercial land use management that focuses on a future-oriented urban and regional
development must address multiple goals. Effective policy mixes need to simultaneously (1) improve
city-regional and inter-municipal cooperation, (2) reduce land take, and (3) assure the long-term
economic development of a region. Using the Northern Black Forest in Germany as a case study,
we brought together planning and land use research with public policy analysis. We applied cross-
impact balances (CIB) to build and analyze a participatory policy-interaction model. Together with
a group of 12 experts, we selected effective individual measures to reach each of the three goals
and analyzed their interactions. We then assessed the current policy mix and designed alternative
policy mixes. The results demonstrate that current approaches to commercial land use management
present internal contradictions and generate only little synergies. Implementing innovative measures
on a stand-alone basis runs the risk of not being sufficiently effective. In particular, the current
practice of competing for municipal marketing and planning of commercial sites has inhibiting effects.
We identified alternative policy mixes that achieve all three goals, avoid trade-offs, and generate
significant synergy effects. Our results point towards a more coherent and sustainable city-regional
(commercial) land-use governance.

Keywords: commercial area; land use governance; city-regional governance; goal conflict; cross-
impact balances CIB; policy mix; policy design; policy coherence; urban and regional development
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1. Introduction

Reducing land take in urbanized areas and preserving open spaces and conservation
land are necessary to preserve the soils with their diverse functions [1]. Land-saving urban
development has, therefore, become a guiding principle in several countries around the
world, including Germany. However, land is still required for housing and the expansion
of infrastructure, as well as for commercial development and renewable energies. At the
same time, competition between different land uses is increasing [2]. For decades, the
central strategic approach to sustainable land management has been the idea of urban
densification and intensification [3], widely recommended by environmental agencies [4,5].
For commercial land management, the redevelopment of brownfield land is a significant
concept of growth management and planning [6-8]. Moreover, concepts for multi-story or
multifunctional construction in commercial areas also exist [9,10].

In addition to urban densification, inter-municipal or even regional cooperation is
recommended by environmental authorities as well as the scientific community with regard
to commercial land development. Inter-municipal cooperation is expected to generate
economic, social, and ecological benefits [11-13], as well as synergies between municipal
partners and moving land-use planning to a more regional level [14-16]. In policy and
strategy papers in Germany [10,17], inter-municipal cooperation in land management is
often expected to support efficient land use and reduce land take [18]. However, such
causality still needs to be empirically proven. Empirically, commercial areas in Germany
are still mostly planned and managed in municipal competition [19], and innovative
planning processes as well as land- and resource-efficient construction concepts are rarely
implemented. In summary, we are confronted with a well-known but persistent issue.

In the following, we briefly outline the reason behind (a) a goal conflict between
economic development and reduction in land take and (b) the rarely realized expectation
of inter-municipal cooperation to support both goals. First, there is an inherent conflict
between economic growth on the one hand and more efficient use of resources, including
land, on the other hand. By means of different regulatory and financial control instru-
ments, various environmental policy areas were successful in internalizing the previously
externalized negative effects of a growth-oriented economy [20]. However, despite the
ideas of a post-growth economy [21] or degrowth [22], companies follow the logic of profit
maximization, and the state at all levels is dependent on tax revenues, which particularly
applies to local governments in Germany. Therefore, environmental policies are challenged
by the need for job and business development and municipal tax revenue generation [23].

Second, inter-municipal, or even regional cooperation in commercial land manage-
ment, is expected to address this conflict: inter-municipally managed commercial sites are
expected to be larger, more professional, and more attractive to businesses than smaller,
dispersed, municipal developments. Smaller municipalities, in particular, believe them-
selves to be in a better position to attract companies and new residents from outside by
cooperating in the management of commercial areas and thus realizing larger, more attrac-
tive locations [24]. Larger centers often lack suitable land in their jurisdiction. Furthermore,
economies of scale are expected through shared infrastructures and development costs [25].
Simultaneously, larger commercial areas operated in inter-municipal cooperation help
prevent urban sprawl. Cooperation also counteracts the problem that small municipalities
designate and develop too much commercial land, often in poor locations, for which there
is no need in reality. In particular, municipalities with poor economic performance tend
to develop more commercial areas to attract businesses and industry than the demand
requires, thus, wasting land resources [26].

Nevertheless, inter-municipal or even regional cooperation in commercial land man-
agement is rare. Reasons include the municipal planning sovereignty in Germany [27]
and municipal dependence on business tax revenue [28], leading to competition between
municipalities with regard to industrial location [29] and few incentives for cooperation.
Although attempts are often made to do so, the cooperation partners are often unable to
agree on the legal form to be chosen for the cooperation, voting rights, and cost—benefit
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distribution that are perceived as fair for all parties involved [19]. Cooperation between
cities and their smaller surrounding municipalities is, in addition, hindered by the con-
trasts in size, interests, and power of the unequal partners [30]. Therefore, cooperation,
especially between urban and suburban or rural municipalities, is often conflictive and
inhibits sustainable land management [31].

Beginning with the diagnosis of these fundamental tensions and contradictions, our
analysis assumes that there are (at least) three fundamental goals that the management of
commercial land must address in the future:

e  Goal I: Improve inter-municipal, in particular, city-regional, cooperation regarding
commercial areas;

e  Goal II: Reduce land take for commercial use;

e  Goal II: Ensure a future-oriented (i.e., long-term) economic development.

Clearly, this is a simplification, as in different contexts, other goals may be prioritized
(e.g., in cases where land is still easily available or in the case of municipalities focusing
on housing and tourism). Moreover, even if goals I-1II are prioritized, other development
goals may also play a role, and this makes the interlinkages, trade-offs, and potential for
synergy more complex. Indeed, multiple goals and goal conflicts were recognized as a
central challenge for sustainable development. This is currently discussed regarding the
17 Sustainable Development Goals (SDGs)—with 8-12 targets each—of the United Nations
Agenda 2030 [32]; see [33] for an overview of SDG interaction research. Policy coherence,
i.e., coherence between policies from different sectors and across scales, has been recognized
as a key requirement for sustainability transformations [34-37] and formulated in SDG
Target 17.14 [32]. A growing body of the literature is using policy coherence for sustainable
development (PCSD) as a framework to understand trade-offs and develop new policy
methodologies fostering sustainability transformations [37,38]. Striving for synergy and
avoiding trade-offs is crucial [39,40]. Land use governance research proposed typologies of
common interactions between instruments during different phases of the policy cycle [41].
While goal conflicts have been widely recognized as hindrances to more regional and
more sustainable commercial area planning and governance [17], policy combinations
regarding commercial areas and their coherence have, to the best of our knowledge, not
been considered yet.

Research on policy combinations has been performed in various fields, such as de-
velopment policy [38], innovation policy [42-44], and mobility policy [45-47]. It analyzes
interactions, goal conflicts, temporal logics of (old and newly implemented) strategies,
and measures and policy instruments within or between policy fields and between levels
of governance. The literature illustrates that consistent bundles of measures are rare. In
contrast, a policy patching of different measures is frequently observed, which is often
inconsistent in their interactions [48,49]. Public policy analysis provides a rich body of
literature on policy mixes [42,50,51], i.e., combinations of policies (tools, instruments, and
measures) and their interaction. The main hypothesis that we can draw from the literature
is that policies must be considered in their interplay; focusing on individual approaches
neglects the interplay of new and old policies as well as policies within and between sectors
and on different scales (e.g., municipal, inter-municipal, regional, state). Combinations
require to be considered to avoid trade-offs and generate synergies. Regarding commercial
areas of the future, lists of individual policies for different governance levels in Germany
have been developed [10]; however, we lack a systematic analysis of their interplay and
the effects of their combination. Such analysis is required to design approaches for a more
coherent (and more sustainable) regional governance of commercial land use. We consider
this as the central research gap addressed by this study.

In order to systematically analyze the interplay between policies to reach multiple
goals, a new approach was recently developed [52] that uses a qualitative but systematic
form of systems analysis, cross-impact balances (CIB) [53]. This approach allows the
evaluation of status quo policy-mixes ex post, designing of alternative policy mixes, and
their ex ante evaluation regarding their internal consistency and degree of synergy. This
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approach was developed in the field of water management, and its transferability to other
fields was argued [52]. However, this transfer has not been empirically tested, and hence, it
is the secondary research gap addressed by this study.

The following sections aim to respond to the two research gaps identified above. We
ask the following questions: How to combine policies to improve city-regional cooperation,
reduce commercial land take and assure the economic performance of a region at the same
time? How do policy mixes appear in which policies interfere with or contradict each other
as little as possible in their effectiveness and realize as many synergies as possible? Which
policy mixes can achieve the three goals equally and jointly?

Using the case of the Northern Black Forest as a typical example, we brought together
environmental, planning, and land use research and public policy analysis. We applied
cross-impact balances (CIB) to build and analyze a participatory policy-interaction model.
Together with a group of twelve experts from science and practice, we selected effective
individual measures on the regional and municipal level to reach each of the three goals (in
total, 27 measures) and analyzed their interplay (Section 2). With the help of CIB, we then
assessed the current policy mix and designed alternative policy mixes without internal
contradictions, as well as their synergy and goal attainment (Section 3). We discussed
central contributions, limits, implications for the region, transferability, and avenues for
further research (Section 4) and drafted a brief conclusion (Section 5).

This paper aims to address the goal conflicts of commercial land use management.
We analyzed the contradictions of the current policy mix and identified effective policy
combinations to simultaneously improve city-regional (urban-surrounding) cooperation,
reduce commercial land take, and ensure the long-term economic development of a region.
Our analysis reveals that the policy mix, which is currently in place on the regional and
municipal levels in Germany, depicts internal contradictions and generates only little
synergies. Many measures to foster city-regional cooperation and long-term economic
development and reduce land take are hindered by the current practice of competing for
municipal planning and marketing of commercial areas. Despite this, there are several
alternative policy mixes that could achieve all three goals jointly, avoid contradiction, and
generate significant synergy effects. Fundamental levers in these alternative mixes involve
regional development strategy on commercial land, enforced municipal land policy to
strengthen inward development, joint infrastructures in business parks, as well as joint
regional commercial area management and marketing. Such policy mixes could overcome
goal conflicts, improve city-regional cooperation, reduce land take, and simultaneously
improve long-term economic performance.

2. Materials and Methods
2.1. A Case in the Northern Black Forest, Germany

As a case study, our analysis addressed the area of Pforzheim, a regional center of
ca. 120,000 inhabitants in South-Western Germany, and its 22 surrounding communities
belonging to a county named Enzkreis (with ca. 3000-12,000 inhabitants each). Together,
administratively spoken, the center and surroundings form a sub-region (Mittelbereich
Pforzheim) of 500 km?, abbreviated by PFENZ (see Figure 1). Along with two more rural
counties (Landkreise), PFENZ is part of the Region’s Northern Black Forest. PFENZ, as
we argued in the following, is an exemplary case that is typical for several other cases and
will prove to be more so in the future. First, the initial situation in PFENZ is challenging
and, therefore, particularly instructive [54]. There is not only competition in commercial
land planning between the city and surrounding municipalities but also, historically, a
rather poor and conflict-laden relationship between the central city and the surrounding
municipalities [55]. There is a severe lack of suitable areas for new commercial areas
(greenfield development) due to topography and natural and regulatory constraints.
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Sub-region PFENZ

Region Northern Black Forest

Figure 1. Location of PFENZ (figure adapted with permission from Wirtschaftsforderung Nord-
schwarzwald GmbH).

In addition, there have been considerable wasteful practices of commercial land
development in the past, e.g., by settling single-story logistics centers with large parking
spaces on one of the last remaining large commercial areas. Finally, there is a rather
difficult economic situation in the center and a heterogeneous economic situation in the
surrounding municipalities. Thus, the center perceives a strong need to develop further
land for commercial use to assure its economic development but has very few areas left in
its own jurisdiction [26,56].

Second, PFENZ can be considered a typical case for many other densely populated and
prospering sub-regions in Germany, and despite institutional and regulatory differences,
to a certain degree also for city regions with medium-sized core cities in other European
countries, such as France, Spain, or Poland. The current situation of policies and measures
applied (i.e., the status quo policy-mix, see Section 3.1) is rather typical. The particular
challenges regarding land scarcity in the case study area are to anticipate the issues most
regions will be confronted with in the future when other land uses compete more intensely
with commercial use. This future development is suggested by multiple land-use related
political goals of the current Federal Government [57]: (1) reducing the net land take to
zero by 2050 (in the Land of Baden-Wiirttemberg, this goal is already to be met in 2035);
(2) erecting wind turbines on 2% of the land; and (3) building 400,000 new housing units
per year.

2.2. Using Cross-Impact Balances (CIB) for Policy-Interaction Modeling and Policy Design with a
Group of Experts

In order to design and assess policies that may lead to future-oriented commercial
area management, we used CIB for policy interaction modeling (Section 2.2.1) within an
inter- and transdisciplinary workshop series that brought together a group of experts from
research and practice (Section 2.2.2).

2.2.1. CIB for Policy Design—Assessing Consistency and Synergy of Policy Mixes

CIB is a qualitative yet semi-formalized form of systems analysis [52]. The principal
goal of this method is to increase policy coherence. The method requires identifying
system elements and exploring the interrelations found between them. A brief introduction
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to CIB is given in Supplement S1. Initially, CIB was developed and used to construct
future scenarios [58-63]. However, CIB also proved useful for qualitative forms of systems
analysis [64,65], and recently, CIB has been transferred to the realm of policy design [52].
The main idea of this new application consists of considering goal conflicts on the level of
policies to reach these goals and using the CIB balance algorithm to optimize all goals at
the same time.

The approach comprises four steps [52]:

e  Step 1: Identify and define central objectives as well as alternative policies to reach
the goals;

e  Step 2: Assess directed hindering and fostering impacts between policies (pairwise)
through expert or stakeholder judgments;
Step 3: Identify policy mixes with a high level of internal consistency;
Step 4: Assess policy mixes, e.g., regarding their synergy, goal attainment, or other criteria.

Internal consistency of policies is measured by the CIB balance algorithm, which evalu-
ates the direct and indirect influences of the policies on each other. With the help of the
CIB algorithm, all thinkable policy combinations are analyzed, and the consistent mixes
are identified. Consistency of a policy mix explains whether all sub-goals of a policy mix
are present in an optimal state [52], i.e., whether, in a policy mix for each sub-goal, the
optimal policy alternative (the one with the highest sum of impact arguments) is selected.
Consistent policy mixes represent the Nash optima of the policy-impact network. They
avoid major conflicting impacts, i.e., trade-offs, among all policies and maximize all related
sub-goals, individually but at the same time. Consistency informs about the inner stability
of a policy mix.

Synergy of a policy mix is measured by the sum of positive and negative impacts
within each mix, i.e., the sum of interactions or total impact score (TIS) [52]. Synergy
explains how well a policy mix combines fostering relations and avoids hindering relations
between policies. It must be understood as a relative statement, i.e., policy mix X is more
synergetic than policy mix Y. Maximizing synergies in policy mixes allows to benefit from
supportive policy interactions and gives information on the overall effectiveness of a policy
mix. The mix with the highest synergy (measured by TIS) can be considered the most
(overall) effective one.

Regarding the relation between consistency and synergy, it is stated that “CIB solutions
imply that each objective is ‘choosing’ its policy in an attempt to optimize its own synergy
gains and the TIS represents the sum of all individual synergy gains” [52] (p. 43). Synergy
helps policy makers to decide which mix would be the overall most effective combination
(global information). Consistency describes the individual contradictions showed by a mix
and helps in indicating the unequal distributions of gains and losses among the goals that
also appear in synergetic mixes and can jeopardize the stability of the mix.

In the following, we specified how the four steps of CIB policy-interaction modeling
and analysis were implemented.

2.2.2. Online Workshop Series with a Group of Experts from Research and Practice and
Model Analysis

We invited a group of twelve experts from research (e.g., planning, political science,
economic science) and practice (e.g., the regional planning authority, regional chamber
of commerce and industry (CCI), regional economic development agency, Federal Envi-
ronment Agency, State Ministry of Environment) to a series of online workshops (April
to November 2021). We selected four experts with expertise for each of the three do-
mains: inter-municipal cooperation, reduction in land take, and economic development.
Four of the twelve experts had, in addition to their domain knowledge, particularly local
knowledge about the region.

During the first step, a first online workshop took place during which the three goals,
i.e., improving city-regional cooperation, reducing land take, and improving economic
performance, were further specified into three sub-goals each (see Table 1). Moreover,
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key policies were identified to achieve these sub-goals. To be most effective, each of these
policies was combined with ancillary measures and preconditions. Finally, the policies
currently implemented in PFENZ were identified (status quo) (see Table 1). The selected
n = 27 policies (status quo and alternatives) were further defined and detailed following
the workshop and circulated among the expert group to assure a joint understanding of all
measures (cf. Section 2.1 and Supplement S2).

Table 1. Overview of sub-goals and policies and their initial effectiveness (PFENZ). Status quo

policies: target not (fully) achieved. Numerical value in brackets: effectiveness of individual policy

with regard to the respective sub-goal. Based on a preliminary survey among the respective 4-5 topic

experts, joint validation during workshop 2. Scale: (1) = not effective, (2) = less effective, (3) = rather

effective, (4) = effective, (5) = very effective.

Goal Sub-Goal Status Quo Option A Option B
1S Irregular exchange 1A Informal expert group o
- between city and PFENZ (initiative of the 1B PFENZ mayors group
1 Improve communication T . - ] (initiative of the
individual surrounding regional planning Pyt
and trust o . municipalities)
municipalities authority)

I Improve city-regional
cooperation regarding
commercial areas

G

*)

©)

2 Joint development
perspective for PFENZ

2S Priority areas for
commerce and industry
(regional plan)
@

2A Joint statement of the
municipalities in PFENZ
on the regional plan

®)

2B Regional development
concept commercial areas
in PFENZ

*)

3 Develop commercial

3S Informal (and not very
systematic or transparent)
preliminary talks for

3A Cooperation
agreement for the
cooperation between the
city and the surrounding

3B Special-purpose
association for joint
commercial area

IT Reduce land take for
commercial purposes

areas in inter-municipal inter-municipal oo CF o 8 development between city
. . municipalities in the .
cooperation commercial area and surrounding
development of P
development . municipalities
commercial areas
G) . )
@
4A Regional plan (as 4S) + 4B Regmna.l pl{in *
. . . - land-use monitoring (as
4 Reduction and control of 45 Regional plan as a regional land monitoring .
. . . 4A) PLUS regional
land use for commercial corridor for land use incl. land development " "
] quantity target with
areas 3) reports to review land
. o tradable quotas
policy objectives (4) 5)
5B Extended approaches

5 Mobilize existing
commercial land and
buildings

55 Innovative purchase
agreements (individual
municipalities)

@

5A Leasehold; interim
acquisition (in case of
insolvency of companies)
(Basic approaches of
municipal land policy
(35

to municipal land policy
as interim acquisition,
urban development
contracts, and
deconstruction obligations,
etc.

4)

6 Use of commercial areas
in a land-saving and
multifunctional way

6S Information on
land-saving and
multifunctional use

@

6A Municipal incentives
for multi-story and
multifunctional
construction (especially
urban planning
competitions, awarding of
concepts)

(©)

6B Lower land prices in
return for multifunctional
and public areas
(3,5)
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Table 1. Cont.

Goal Sub-Goal

Status Quo

Option A

Option B

7 Future-oriented
commercial area planning
and implementation

75 Commercial areas
planned from a municipal
perspective (not strategic

for PFENZ)

@

7A Tools for cost-benefit
analysis and monitoring of
commercial area projects
45)

7B Shared infrastructures
within commercial areas
(4,5)

8 Securing and creating

III Ensure long-term (sustainable) jobs

economic development

8S Regional start-up
consulting; cluster
strategy of the city
@)

8A Promotion of research
and development (R&D)
in PFENZ
4)

8B Joint innovative
settlement strategy and
skilled labor strategy in
PFENZ

(©)

9 Improve regional
location quality

9S Individual municipal
location marketing
(heterogeneous,
depending on the size and
economic power of the
municipalities) (2)

9A Gain and communicate
a sustainability label for
PFENZ (initiative of CCI
and business
development)

(©)

9B Joint (collaborative)
commercial area
management and location
marketing PFENZ

@)

During the second step, we split the expert group by domain of expertise into three
groups of four experts. During small-group workshops, we first asked the experts to assess
the effectiveness of each of the 27 individual measures to reach its (sub-) goal individually
on a five-point scale (1 = ineffective, 5 = very effective). This assessment was discursively
validated in the expert group. Second, we asked experts regarding interactions between
measures (the status quo and the most effective alternatives). This means that we arranged
the 27 measures as lines and rows of a CIB matrix and asked for every pair of measures,
“Does measure “x” have an impact on the effectiveness of measure “y”? If yes, is it a
fostering or a hindering impact? How strong is the impact?” We coded these impacts
using a 7-point scale [53] (—3 = strongly hindering impact, 0 = no impact, +3 = strongly
fostering impact). The full matrix can be found in Supplement S3. We also asked for verbal
justifications and explanations for these impact assessments and noted and recorded the
argumentation as well as the final group agreement for each assessment (see Supplement
54 for an example).

In phase three, we combined the results from all small-group workshops and con-
structed one joint CIB matrix containing all impact assessments as well as their verbal
justifications. With the help of the CIB balance algorithm and the freely available CIB
software ScenarioWizard we analyzed the matrix. The CIB software is available for free
download at www.cross-impact.de (accessed on 1 March 2022). We assessed the consistency
and synergy of the status quo (a mix combing only status quo policies) and searched for
internally consistent policy mixes, i.e., mixes without contradictions. This means that we
searched for combinations of measures that are stable in themselves, i.e., interfere or contra-
dict each other as little as possible in their effectiveness. We sorted these solutions by cluster
analysis [66] and diversity sampling [67,68] and selected the most diverse representatives
for consistent, i.e., internally stable, and alternative policy mixes for commercial develop-
ment in the future. An analysis of active and passive sums helped in further understanding
our policy interaction model [69].

In phase four, we also analyzed the synergies resulting from the different consistent
mixes. For this, we used the CIB total impact score (TIS), summing all positive and negative
impacts of each mix. We then asked how well the different mixes reached the three different
goals. Subsequently, we developed a new measurement to assess the quality of the different
mixes to achieve the three overall goals. Goal attainment was calculated by summing the
initial effectiveness of the policies with the total impact score TIS (interaction effect) per
overall objective. We chose to give the initial effectiveness (rated on a 5-point scale) a double
weight, with the argument that one strongly hindering impact from another policy (impact
score = —3) should not annulate a policy individually considered rather effective (basic
effectiveness score = 3), but the strongly hindering impacts by two other policies (impact
sum = —6) might do so. In summary, to calculate goal attainment for each consistent mix,
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we considered the initial effectiveness of the individual measures to reach each of these
goals and summed it with the interaction effects by splitting the total impact score (TIS) by
goal. We also calculated correlations between goal achievement. Finally, we presented our
results in a third workshop to the expert group and discussed the plausibility of results,
gaps, and limits of the analysis, as well as questions on how to implement alternative policy
mixes in the region and assess the transferability of the approach and its results.

2.3. Sub-Goals and Individually Effective Measures

Table 1 summarizes the three sub-goals defined by the experts for each of the three
overall goals, as well as their most relevant two alternative policies (options) as suggestions
on how to reach each sub-goal better than with the current status quo policy (see Table 1).
An example of the detailed definitions of sub-goals and policies, including auxiliary mea-
sures and conditions for each, is given in Supplement S2. Table 1 also indicates how the
experts assessed the effectiveness of the individual policies (initial effectiveness). Policies
vary in effectiveness when considered individually. Tendentially, status quo policies are
considered less effective than alternative options. Initial effectiveness rating seems to be
dependent on the clarity and concreteness of the definition of the measure. Examples
of rather vague policies include 2A and 6B. Moreover, the critical feasibility—due to le-
gal considerations—might have led to lower assessments of 6B. Experts unfamiliar with
the situation in the region tended to rate the status quo policy more positively than the
regional experts.

3. Results

In this section, we described why the status quo mix is not an optimal solution
(Section 3.1) and how alternative consistent and synergetic policy mixes for commercial
area management may appear (Section 3.2). Subsequently, we discussed the policies not
seen in any of the consistent mixes and the reason behind their absence (Section 3.3). Finally,
we demonstrated how well the different mixes perform regarding the three different overall
goals and how these overall goals correlate (Section 3.4).

3.1. The Status Quo Policy-Mix Is Inconsistent and Realizes Little Synergy

The policy-interaction model was first used to check whether individually composed
policy mixes (combinations of one policy each per sub-goal) are internally consistent and
how well they realize synergies or show conflicts between policies, as well as the reason
behind. Analyzing the current status quo policy mix reveals that the nine individual
policies have very low consistency values. This means that the respective impact balance
of each status quo policy only slightly exceeds or lags behind the impact balance of the
best alternative variant. Figure 2 shows that the mix contains several inconsistent policies
(colored in orange), i.e., policies that are in contradiction with the other policies. This
applies to four out of nine measures (2S5, 6S, 8S, 95).

For three measures (53, S8, and S5, in gray and italic print in Figure 1), the sum of the
influences (impact sum) is negative for all variants (albeit to different degrees). Thus, in
the status quo situation, these measures are inhibited in their effect, as their alternatives
are. Finally, in the status quo policy mix, two policies, namely the municipal planning
(7S) and municipal marketing (9S) of commercial areas, i.e., the municipal competition,
strongly hinder the effectiveness of several other measures (red arrows in Figure 1). Most
of these other measures are assessed as rather effective in reaching the three overall goals
in PFENZ when considered individually: Priority areas for commerce and industry (25,
initial effectiveness value 4), innovative purchase agreements (individual municipalities)
(55, initial effectiveness value 2), informal preliminary talks for inter-municipal commercial
area development (3S, initial effectiveness value 3), and the regional start-up consulting
and cluster strategy of the city (8S, initial effectiveness value 3) are inhibited in their
effectiveness by the municipal approaches to planning (7S) and location marketing (9S).
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These more innovative status quo approaches are thus blocked from being effective by the
traditional municipal competition regarding commercial areas in the status quo mix.

Selected
- 1S Irregular hindering
i
5 between city and .
location ey Inconsistent
marketin, ndivicual licy (IC>1
marketing surrounding policy(Ic>1)
85 Regional start-u, municpelites 25 Priority areas Slightly
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9/ lr)dustry policy (IC1)
strategy of the (regional plan)
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3S Informal
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X for inter-municipal
7s Commercial commercial area Particularly

areas planned
from a municipal
perspective

development hindering policies

6S Information 4S Regional
on land-saving 55 Innovative planasa
and purchase corridor for
multifunctional agreements land use
(individual

use

municipalities)

Figure 2. The status quo policy mix in PFENZ: inconsistent policies and hindering effects by municipal
approaches to planning and marketing.

The policy-interaction model also helps in discovering the effects of changing indi-
vidual policies in a mix. In this case, if one replaces the municipal planning (7S) with the
planning of joint infrastructures (7B) and the municipal location marketing (9S) with joint
area management and location marketing in PFENZ (9B), this leads to fostering relations
within the mix (selected impacts represented by green arrows in Figure 3).
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Figure 3. Changing individual policies leads to more mutually fostering relations, but the mix is still
inconsistent and not very synergetic (selection of impacts, TIS = 48).
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However, this mix is still not completely free of contradictions: The regional policy
start-up consulting and cluster strategy of the center (8S) are still slightly inconsistent.
The policy of priority areas (2S) remains highly inconsistent, as seven argument points
more in favor of its alternative, the regional development concept “commercial areas in
PFENZ” exist (2B). In short, it seems insulfficient to alter a few status quo policies into more
innovative policies, and it is difficult to find mixes “by hand” that are free of contradictions
and make optimal use of synergies between policies. Using the CIB balance algorithm to
systematically scan the policy-interaction network for overall consistent mixes provides
the results presented in the following subsection.

3.2. Consistent Policy Mixes and Their Synergy

From the almost 20,000 theoretically conceivable combinations, 60 combinations, i.e.,
policy-mixes, are internally consistent. This means that they show no or almost no internal
contradictions, implying no inconsistent policies. To account for evaluation uncertainty
(e.g., in case an impact was evaluated +1 instead of +2), we also defined those policies as
consistent, of which the impact sum is one point lower than the one of their alternatives
(CIB inconsistency level 1 or IC1).

Diversity sampling, i.e., choosing mixes that are as diverse as possible and cover
the space of possible mixes as broadly as possible, reveals six policy mixes. Cluster
analysis [66-68] demonstrates that seven clusters can be identified, with each cluster
sharing at least six out of nine policies (see Supplement S5). Behind each of the six diverse
mixes, a cluster exists, i.e., a group of similar mixes (with variations), and thus, the diversity
sample is a fair representation of the group of n = 60 consistent or stable mixes. To represent
the seventh cluster, we added one more mix to the selection, which we briefly present in
the following. For an overview, see Table 2.

While the status quo itself is not consistent, interestingly, there is a consistent mix
(“Status quo plus R&D”) close to the status quo, with eight out of nine status quo policies.
In this mix, the regional start-up consulting and cluster strategy of the city (which has a
municipal logic) are replaced by R&D funding in PFENZ, which has a regional logic. This
new policy seems to stabilize the status quo by assuring the competitiveness of the regions’
innovation system by adding a regional perspective that does not contradict or hinder any
of the municipal activities. This mix is consistent, meaning that it is internally stable but
with very low consistency values per policy and very few synergies (see Table 2 and further
interpretation below).

In the mix “First steps”, five status quo policies remain. Regarding cooperation
(goall), a regional development concept “commercial areas in PFENZ” (2B) introduces a
strategic regional perspective on commercial areas. This policy is found in all internally
consistent mixes (except for the mix “Status quo plus R&D”). In this mix, municipalities
also increase their influence on commercial land through basic approaches of municipal
land policy as leasehold and interim acquisition of commercial real estate (in case of
insolvency of companies) (5A). This presents important changes regarding policies for
the long-term economic development of the region (goal III) through common/shared
infrastructures within commercial areas (7B) and joint commercial area management and
location marketing (9B).

The mix “Planning competition” combines a regional development concept (2B) with
more extended approaches of municipal land policy as interim acquisition (in the extreme
case of expropriation), urban development contracts and deconstruction obligations, etc.
(5B), and with municipal incentives for multi-story and multifunctional construction (espe-
cially urban planning competitions, awarding of concepts) (6A). This approach is further
supported by strong policies to achieve goal IlI, namely, in addition to shared infrastruc-
tures within commercial areas (7B) by a joint innovative settlement strategy and skilled
labor strategy in PFENZ (8B) and a sustainability label for PFENZ on the initiative of the
chamber of industry and commerce and of the business development agency (9A).
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Table 2. Selection of consistent mixes, to be read in columns, status quo white, option A blue , option B green ; unique selling points of each mix within this
selection (measures unique to this mix) in bold print.

Main Topic Statui{%:]l)o Plus First Steps COI;I;IZSEEHS Negotiating Enforced Planning Narrow Inter-Municipal and Strategic Cooperation
Diversity X X X X X
From Cluster 1 4 3 7 6 5 2
Variants Cooperation agreement Special purpose
association
Consistency IC1 IC1 IC1 IC1 IC1 1Co IC1
Synergy (TIS) 15 68 68 98 92 (a) 84; (b) 97 102
Goal Sub-goal Policies
(a) 1S Irregular
exchange between city
1 Improve and individual
P . g surroundin,
communication and 1S Irregular exchange between city and individual 1B PFENZ mayors’ 1A Informal expert group PFENZ municipalitigs 1A Informal expert group PFENZ
trust surrounding municipalities group (initiative of the (initiative of the regional planning (b) 1A Informal expert (initiative of the regional planning
municipalities) authority) group PFENZ authority)
(initiative of the
regional planning
I Improve :
thorit:
city-regional . 28 Priority areas for authority)
cooperation on 2 Joint development commerce and
commercial areas perspective for industry (regional 2B Regional development concept “commercial areas in PFENZ”
PFENZ Ty 'reg
plan)
3A Cooperation
3 Develop

commercial areas in
inter-municipal
cooperation

3S Informal (and not very systematic or transparent) preliminary talks for inter-municipal commercial area development

agreement for the
cooperation between
the city and the
surrounding
municipalities in the
development of
commercial areas

3B Special-purpose association for
joint commercial area development
between city and surrounding
municipalities
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Table 2. Cont.

1T Reduce land take for
commercial purposes
in PFENZ

Main Topic Status Quo Plus R&D First Steps Col:x];Ttli]tr;gns Negotiating Enforced Planning Narrow Inter&?ﬁ};‘;:;ﬁzl:nd Strategic
4B Regional plan (as 4A Regional plan (as 4A Regional plan (as
. 4S) plus land use 4S) plus regional land 4S) plus regional land
4 Reduction and monitoring (as 4A) monitoring incl. land 4S Regional plan as a monitoring incl. land

control of land use for
commercial areas

5 Mobilize existing
building land and
buildings

6 Use of commercial
areas in a land-saving
and multifunctional
way

4S Regional plan as a corridor for land use

5A Leasehold; interim
acquisition (in case of
insolvency of
companies) (Basic
approaches of
municipal land policy

5S Innovative purchase
agreements (individual
municipalities)

6S Information on land-saving and multifunctional
use

5B Extended approaches to municipal land policy
(as interim acquisition, urban development
contracts and deconstruction obligations

6A Municipal
incentives for
multi-story and
multifunctional
construction
(especially urban

planning competitions,
awarding of concepts)

PLUS regional
quantity target with
tradable quotas

development reports to
review land policy
objectives

5S Innovative purchase
agreements (individual
municipalities)

corridor for land use development reports to
review land policy

objectives

5B Extended approaches to municipal land policy
(as interim acquisition, urban development
contracts and deconstruction obligations)

6S Information on land-saving and multifunctional use

IIT Ensure economic
development PFENZ

7 Future-oriented
commercial area
planning and
implementation

8 Securing and creating
(sustainable) jobs

9 Improve regional
location quality

7S Commercial areas
planned from a
municipal perspective
(not strategic for
PFENZ)
8A Promotion of
research and
development (R&D) in

8S Regional start-up
consulting; cluster

PFENZ strategy of the city
9S Individual
mun;;lrala(lltlioncatlon 9B Joint business park
& management and
(heterogeneous,

location marketing

depending on the size PFENZ

and economic power
of the municipalities)

9A Gain and
communicate a
sustainability label for
PFENZ (initiative of
CCI and business
development)

7B Shared infrastructures within commercial areas

8B Joint innovative settlement strategy and skilled labor strategy in PFENZ

9B Joint business park management and location marketing PFENZ

9A Gain and
communicate a
sustainability label for
PFENZ (initiative of
CCI and business
development)
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The mix “Negotiating” combines strong economic policies with different forms of
cooperation, namely a mayors’ group on the initiative of the municipalities (1B), which
supports and is supported by an extension of the regional planning instruments beyond
the regional plan in the form of land use monitoring and a regional quantity target with
tradable quotas (4B). This planning instrument is consistent only in mixes that also provide
an arena for that trade, as reciprocated by the mayors” group.

The Mix “Enforced planning” combines the strong economic policies with an informal
expert group PFENZ on the initiative of the regional planning authority (1A) as well as with
regional planning instruments beyond the regional plan in the form of land monitoring,
including land development reports to review land policy objectives (4B); however, it does
not foresee a regional quantity target nor tradeable quota.

Next, we see mixes that can be labeled “Narrow strategic and inter-municipal coopera-
tion”. One variant is marked by a “Cooperation agreement for the cooperation between the
city and the surrounding municipalities in the development of commercial areas” (3A). This
variant is fully consistent (IC0) with both; an irregular exchange between the city and indi-
vidual surrounding municipalities (1S) or an informal expert group PFENZ (an initiative of
the regional planning authority (1A)). The other variant is a mix with a “special-purpose
association for joint commercial area development between city and surrounding munici-
palities” (3B). This mix belongs to a cluster of mixes with a special-purpose association as
their “unique selling point”.

All 60 consistent mixes (except for the Status Quo plus R&D mix) share the regional
development strategy regarding commercial land use (2B) and sharing joint infrastructures
in commercial sites (7B). The innovative joint settlement and skilled labor strategy in PFENZ
(8B) is almost as dominant as 2B and 7B. This measure for achieving sub-goal 8 secure and
create (sustainable) jobs is found in 56 of the 60 mixes, which are further always found to be
in combination with 2B and 7B. Another dominant measure is information on land-saving
and multifunctional use (6S). It is included in n = 51 of the 60 mixes. Although its initial
effectiveness is rather low (2), this informational policy is highly compatible with all other
policies and (almost) not hindered by any other policy. These three dominant policies
can be considered (quasi) unavoidable for any consistent policy mix going considerably
beyond the status quo. However, as our results showed, several different policy mixes are
equally consistent.

The consistent mixes diverge regarding their degree of synergy, expressed by the
Total Impact Scores (TIS), with a range from 15 to 111 points (see Supplement S6). The
two mixes close to the status quo clearly illustrate the lowest synergy scores. There are
several thousands of inconsistent mixes, which show higher overall synergy values. The
two consistent mixes close to the status quo lie at about 3% of the TIS percentile. This
phenomenon of low synergy but consistency can be interpreted as a “lock-in effect”. The
literature states that “consistent mixes can lead to suboptimal global synergy gains, when
no objective (or the actors behind it) can pave the way to a globally better solution by its
own one-sided policy portfolio” [49] (p. 43). Synergy, i.e., overall effectiveness, of the other
mixes is much higher, starting from the 70% TIS percentile. However, higher synergies
also vary considerably, with the mixes “Planning competition and “First steps” showing
the lowest and mixes from the “Special purpose association” cluster showing the highest
synergy values.

3.3. Policies Absent from Any Consistent Mix

Three policies from the initially selected list of n = 27 are not consistent with any of
the n = 60 mixes and thus, do not appear in any of them. These are the joint statement
of the municipalities in PFENZ on the regional plan (2A), lower land prices in return for
multifunctional and public land (6B), and finally, tools for cost-benefit consideration and
monitoring of commercial land projects (7A). By comparing the column sums (impact
sums) of these policies and their alternatives in the matrix (Supplement S3), it can be seen
that there are considerably fewer supporting arguments coded for all three vacant policies
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than for their respective alternatives. This means that these policies have a difficult time
from the outset asserting themselves against their alternatives. Albeit they are not seen as
being hindered by other policies, experts consider that the other policies do not support
them. This results in large differences regarding column sums of alternatives. One part of
the explanation for these low impact sums might also be that during impact assessment,
experts presented doubts regarding the local feasibility (in the case of 2A) and the legal
feasibility (in the case of 6B).

However, for 7A, the initial expert assessment suggested that, when considered
individually, tools for cost-benefit analysis and monitoring of commercial area projects
would be an active, impactful measure (see Section 2.1). As the policy 7A was assessed
as interesting and individually very effective by the experts, as it is not being hindered
by other policies, but its alternatives are more strongly promoted, we propose to have a
closer look at this policy. In addition, comparing active (line) and passive (row) sums of
individual policies (Figure 4) demonstrates that 7A would be an active, impactful measure
if only it is promoted and supported by other measures.

o
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38
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Figure 4. Active and passive sum of all individual policies.

3.4. Goal Attainment by the Consistent Mixes and Correlation between Goals

Therefore, we assume, in the form of a thought experiment, 7A to be set in PFENZ due
to further policies outside those considered in our model as legal requirements (federal law)
or joint decisions (regional agreement). If we “enforce” 7A within the matrix, additional
consistent mixes appear. We found n = 5 solutions that are fully (IC0) and n = 56 further
solutions that are almost fully (IC1) consistent. Scanning these solutions for similarity with
the mixes identified before and sampling them by diversity shows that tools for cost-benefit
analysis and monitoring of commercial area projects (7A) could be included in several types
of mixes, such as those of “Narrow strategic and inter-municipal cooperation” as well as
“Planning competitions”. Jointly, with a regional development concept “commercial areas”
in PFENZ (2B), regional land monitoring incl. land development reports to review land
policy objectives (4A) and a joint commercial area management and location marketing
PFENZ (9B), it could also form another “Enforced planning” mix with five remaining status
quo mixes. Nonetheless, these considerations only hold if forces external to our model
are strong enough for the tools for cost-benefit analysis and monitoring of commercial
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Total impact score TIS plus initial effectiveness (double expert
assessment) per overall goal, sorted by overall effectiveness
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area projects (7A) to become an incontrovertible and unavoidable policy for all players in
the region.

3.4.1. How Well Do the Different Mixes Achieve the Three Goals?

Figure 5 illustrates how well the different n = 60 mixes achieve the three overall objec-
tives (for the calculation of the goal achievement from initial effectiveness and interaction
effects, see Section 2.2.2).
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Figure 5. Goal attainment of consistent mixes: How well do the different mixes achieve the three
overall goals?

By examining these results, it can be seen that the goal achievement values of the
individual mixes for the overall objective of economic development (goal III) demonstrate
a significantly higher value than for the other two objectives. There are two reasons for
this. First, the nine measures in the matrix to achieve goal III are almost all passive or
highly interlinked measures that receive many effects from the other measures. Second, all
alternative measures (all “a” and “b” measures) have high initial effectiveness for achieving
the sub-goals of goal III. For the interpretation of the results, it should be noted that the
measures for goal I, “Improve city-regional cooperation”, represent active measures that
significantly contribute to the achievement of the other goals. Conversely, however, the
measures for achieving the sub-goals of overall goal I benefit less from interaction effects
through measures for overall goal II, “primarily buffering or networked measures”, and
overall goal III, “passive or networked measures”. Therefore, to achieve better results, goal
I, as well as goal II to a lower degree, would need to be supported by additional framework
conditions outside of our analysis, as goal I benefits from fewer “positive side effects” from
measures targeting goals Il and III.

How well are the various overall goals being achieved by different policy mixes?
Overall, the mixes close to the status quo are relatively weak, while the mixes beyond the
status quo are much stronger in achieving all three goals; this difference is particularly
significant regarding goal I and goal III. The “First steps” mix has nearly twice as high
a score on all three goals as the worst-performing “Status quo plus R&D” mix. The mix
“Planning competitions” performs better to some degree, especially regarding land saving
and economy. However, the other mixes in our selection are significantly stronger in terms
of goal achievement. The mix “Enforced planning” has an overall effectiveness of 160 value
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points, with rather high values for cooperation and economic development but poor results
regarding saving land. The mix “Cooperation agreement” in its variant b), the informal
expert group on the initiative of the regional planning authority, performs better on all
three objectives than its variant a), with an irregular exchange between the city and the
surrounding area (+4 index points on objectives I and II; +7 points on objective III). The
“Negotiating” mix performs +5 index points better than the “Special purpose association”
mix for the economic development objective III, but 5 index points worse for cooperation
(goal I).

The mixes that best achieve the overall objectives belong to the “Special purpose
association” cluster (see Supplement S5). The mix consisting of “b” measures only and of
6S (on the far right in Figure 4) possesses the best overall goal achievement (“Performance
max”) and performs best regarding goal III, economic development. A variant of this mix,
which includes a sustainability label (9A) instead of joint area management (9B), shows sat-
isfactory performance, especially with respect to objective III (—8 points) and with respect
to objective I (—5 points). The mix with the maximum goal attainment regarding coopera-
tion (goal I) (“Cooperation max”) is a special-purpose association variant with leasehold
(5A) and with area monitoring, including area development reports (4A), but without any
regional quantity target and tradable quotas. The mix with the maximum performance in
land saving (“Land saving max”) corresponds to the mix known as “Performance max” but
replaces the mayor’s round by the informal expert group of the regional planning authority.
In this mix, the assumption appears that experts under the aegis of the regional planning
authority possibly place the goal of land saving higher than this is the case in the political
considerations of a mayor’s round.

3.4.2. How Well Are the Three Overall Goals Achieved Simultaneously in the
Consistent Mixes?

Figure 6 shows that the overall objectives in the consistent mixes seem to present a lin-
ear relation and positive correlation with each other. In order to support our interpretation
of the direction of these correlations, we also considered the active and passive sums of all
policies, which inform about their role in the impact network (Figure 4).

First, there is a surprisingly strong positive relationship (r? = 0.59) between goal IIT
(ensure a long-term economic development in PFENZ) and goal II (consume less land for
commerce in PFENZ) (Figure 6a). This positive correlation seems counter-intuitive at first,
as it does not follow the literature’s assumption of the classic economy vs. environment
conflict. However, the measures formulated for goal III in our policy-interaction model
contain a notion of long-term, sustainable economic development that does not exclude
land saving. If the (low) values of the two status quo mixes are excluded from the analysis,
the correlation between the achievement of both goals in the n = 58 mixes beyond the status
quo is still considerable (r? = 0.41).

Regarding possible effects of urban-rural cooperation (goal I) on the economy (goal III)
and the ecology, namely land use by commerce (goal II), we achieve the following results:
The strongest positive correlation (Figure 6b) shows between improving city-regional
cooperation in the commercial sector (goal I) and increasing economic performance in
PFENZ (goal ITI) (r? = 0.925). Presumably, this is because both goals are strongly linked via
regional approaches to commercial land strategy, management, and utilization, as well as
synergies between these approaches. Considering that cooperation (goal I) policies in our
model are rather active and economic policies are rather passive (Figure 3), improving the
city-regional cooperation in the commercial sector (goal I) can be considered to promote
long-term economic development (goal III) of a region.
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Figure 6. Relation of the overall objectives to each other in the n = 60 consistent policy mixes (goal

attainment calculated by (double) initial effectiveness of the individual measures plus Total Impact
Score TIS): (a) goal II and goal III; (b) goal III and goal I; (c) goal II and goal I.

Finally, the correlation between goal I, to improve city-regional cooperation in PFENZ
in the commercial sector, and goal II, and take up less land for commercial activities in
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PFENZ, is clearly weaker (r? = 0.42) (Figure 6¢). Presumably, the relationship between
these two goals is not as immediate and unidirectional as the literature on inter-municipal
cooperation and land use saving postulates. Instead, effective land-saving approaches are
often largely decided and implemented at the municipal level (sub-goal 5 and 6). These
policies of (re)densification seem not to contradict the measures to improve inter-municipal
or regional cooperation.

4. Discussion

We discussed the central contributions and limits of our study as well as future research
avenues regarding policy coherence for a sustainable transformation of commercial land
use (Section 4.1) and regarding the use of the method CIB for policy-mix evaluation and
design (Section 4.2).

4.1. Towards Policy Coherence for a Sustainable Transformation of Commercial Land Use

Our analysis of the Northern Black Forest region shows that, in order to remain viable
in the future, commercial land use management cannot focus unilaterally on short-term
economic goals but must, over the long term, realize several goals simultaneously. Today’s
instruments and measures for regional cooperation, land conservation, and commercial
land management depict clear internal contradictions and generate only very few synergies.
This is a surprising insight as the German system of regional planning is considered to be
comprehensive-integrative and mature in international comparisons [70]. In particular, the
current practice of competing for municipal planning and marketing of commercial sites
has an inhibiting effect on all three goals.

The analysis also presents how effective policy combinations could be designed to
improve city-regional cooperation, reduce land take, and simultaneously ensure the long-
term economic success of a region. First, introducing single new measures into the existing
policy mix will not be sufficient to significantly increase goal attainment. Following or
pushing one preferred policy (e.g., leasehold (5A), which is currently prominently discussed
in the PFENZ region) is likely to not change the overall governance of commercial land
use. Instead, the measures’ effect (even with high basic effectiveness given) will become
lost in trade-offs through hindering effects by the mutual interrelations of the status quo
policies. Instead, new measures must be considered in consistent bundles, which mutually
enforce each other. Examples that we found for levers to be set in motion are a regional
development strategy regarding commercial land use (2B) and sharing joint infrastructures
in commercial areas (7B).

According to our policy-interaction model, changes appear inevitable in all mixes
going beyond the status quo; these basic or inevitable policy changes are the aforementioned
regional development strategy regarding commercial land use (2B) and sharing joint
infrastructures in commercial areas (7B) while also implementing a joint, i.e., collaborative,
commercial area management (9B), as well as measures to reduce land consumption
and strengthen re-densification (see policies to achieve sub-goals 4-6). Including these
inevitable changes, alternative policy mixes, followed by adding further measures, also
achieve the three goals together, avoid contradictions between measures and prove to
be more synergetic. The analysis also shows the policies that were assessed to be quite
effective individually but do not prevail in any consistent mix. In particular, this is the
case regarding “tools for cost-benefit analysis and monitoring of commercial area projects”
(7A). This policy, to be part of a consistent policy mix, would require support from further
strategies or policies, potentially in the form of mutual agreements. These different mixes—
as well as the information on policies that do not find their way in any consistent mix—
can be considered valuable information for policy makers on municipal, regional but
also superordinate levels. The results, in the form of options, could inform their policy-
making processes and are a valuable addition to policy documents considering policies
individually [10,17]. With respect to transferability, the diagnosis regarding the (deficient)
status quo policy mix seems highly transferable to many other city regions, in which
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municipal competition and parochial thinking are dominant and suitable commercial land
becomes scarcer. Furthermore, the alternative policy mixes identified in this study might
be transferable to other densely populated and prosperous regions.

Our results also add to the literature’s assumptions that (a) there is a conflict of goals
between economic development and land saving, and (b) inter-municipal cooperation can
help to achieve these two goals. In our model, mixes with high performance regarding
future-oriented economic development (goal III) are simultaneously strong in reducing
land take (goal II). This result seems to be highly influenced by the integrated and broad
understanding of economic development in this study, which, at least implicitly, integrated
social and ecological dimensions in the definition of goal III as well as its sub-goals and the
selected measures. Thus, if sustainable economic development is the goal, our correlation
analysis shows it is not conflicting with the land-saving goal but rather shows synergies.
However, such a broad understanding of the practice of local politics requires the inclu-
sion of different administrative and disciplinary perspectives, which is usually not the
case [31,71]. However, this is a promising result indicating ways to exit the apparently
fundamental conflict of commercial land use between economic and environmental goals
and towards one of the rare, win—win solutions in land use planning and management [72].

Our analyses also demonstrated that mixes that performed well in achieving goal I
also performed well in achieving goals II and III. Inter-municipal cooperation regarding
commercial areas seems to help both to reduce land take [11-13] and to contribute to
long-term economic development [24,25]. However, the positive side-effects of policies
aiming at cooperation (goal I) and those aiming at the long-term economic development
of a region (goal III) seem more direct and clearer than mutually supportive effects be-
tween cooperation and saving the use of commercial land (goal II). The positive relation
between inter-municipal cooperation (goal I) and reducing land take (goal II) seems far
from automatic and might be hampered by a mismatch of scales. Land saving strategies
and instruments on the inter-municipal, sub-regional, or even regional level would avoid
such a mismatch of scale; however, it would challenge municipal autonomy. The problem
of the lack of integration of different administrative and disciplinary perspectives becomes
virulent: regional economic development agencies or planning associations often know
about the advantages of regional cooperation [71,73]. However, decisions for or against
inter-municipal cooperation are made in the municipal councils. On the municipal level, the
issue of economic development is still closely tied to commercial tax revenues and consid-
ered dominantly from a municipal perspective [29]. The relationship between city-regional
cooperation (goal I) and reducing commercial land consumption (goal II) needs further
empirical investigation. Finally, our analysis attributes high importance to cooperation
policies. However, in order to achieve higher levels of goal attainment, measures to reach
goal I would require further support by overarching strategies, potentially on the land or
federal level, as subsidies for inter-municipal or regional cooperation that compensate for
potential losses of municipal autonomy [74].

A caveat to these results, however, is that they are not based on an empirical analysis
of factual land-use decisions. Instead, our model is based on expert judgments, which
in turn reflect the assumptions of the literature as well as the knowledge and beliefs
of the expert sample. In addition, for reasons of feasibility, we limited our study to
the selection of three overarching goals with three sub-goals and considered 27 policies
only (the status quo plus two alternative policies per sub goal). This selection clearly
is a simplification of the situation, especially regarding the perspective of sustainable
development of commercial areas. Sustainable development comprises a multitude of
dimensions (see the 17 Sustainable Development Goals SDG [75]). Sustainable commercial
land use does not only need to reduce land take, but also reduce the use of other resources
(during construction, operation, and reuse of commercial areas). It further comprises social,
cultural, ecological, climate-related, and political dimensions that are not considered in
our analysis. Future research could perform comprehensive sustainability assessments
of the different policy mixes found by our analysis. Possible methodological approaches
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to comprehensive sustainability assessments within CIB models are pointed out by the
literature (e.g., [52,76]).

Our results seem valid for city regions with a comparable policy mix and where
comparable (political) main goals apply. For other (sub-)regions (and in different country
contexts), which prioritize different goals and have other potential strategies, one could
apply the methodology of this study but would need to set up an adapted policy-interaction
model. Further research should also differentiate more strongly between the planning,
development, and use of small vs. large commercial sites.

Finally, the policy-interaction modeling approach and the results provide new infor-
mation on policy interactions. This information could be useful in municipal and regional
decision-making processes toward more coherent governance of commercial land use. The
implementation of more consistent and synergetic policy mixes then remains a political task.

4.2. CIB for Policy Mix Evaluation and Design

With this study, the policy-interaction modeling approach was shown to be transferable
to other issues and regions [52]. CIB for policy mix evaluation and design can be used for
policy design regarding sustainable land use and regional development. The approach
could be especially interesting to analyze increasing land-use conflicts [2], e.g., reducing
land take vs. increasing land use for housing, renewable energies, and potentially also for
agricultural production.

Regarding more specific methodological issues, our study makes the following contri-
butions. First, our analysis adds to the understanding of the relation between consistency
and synergy of policy mixes. Foregoing studies [52] (p. 43) found that “[...] in our case
[...]striving for individual optimization (consistency) can be expected to find reasonable
global solutions (synergy)”. This case adds to these findings: Some mixes, albeit being
consistent (namely the mix combining status quo measures with R&D funding in PFENZ),
show very low synergy rates that we interpreted as lock-in effects of the Nash-equilibria
(see Section 3.2). The other consistent mixes in our case lay at least in the 70% TIS per-
centile of the TIS distribution. The best consistent mix with TIS = 111 marks the absolute
TIS maximum. Optimizing individual goals thus manages in the best case to reach the
cooperative optimum in a self-organized way. However, the individual optimization can
exceptionally result in a dead end. While synergy informs us about the policy mix that
would be most effective (globally), consistency tells us the policies (even in synergetic
mixes) that contradict each other. Thus, resonating with the argument to consider not only
synergies but also trade-offs [39], CIB allows us to consider both consistency and synergy
and interpret them together. First, this allows for avoiding instabilities, which are indicated
by internal inconsistencies within presumably overall synergetic mixes. Inconsistencies
indicate where individual policies are more strongly hindered than supported in their effec-
tiveness in the interplay with other policies. Second, this allows for avoiding lock-ins that
might block internally consistent policy mixes from being synergetic and finally effective.
Our conclusion would be that it can be necessary to separate locked-in solutions in fruitful
destruction to destroy stability if one can assume justifiably that a better state, in terms of
synergy, is achievable.

Second, the validity of expert judgments (impact assessments) required by CIB studies
is threatened by subjectivity and bias by nature [60,77,78]. However, we can be confident
that the impact assessments in this policy-interaction model go well beyond individual
experts’ gut feelings, as our study design, confronting the views of local experts with those
of external issue experts in small groups during online workshops, fostered the discursive
validation of every impact assessment [79,80]. Therefore, it combined the advantage of
expert interviews with the advantages of group discussions and supported inter- and
transdisciplinary knowledge integration of local expertise and general issue expertise [81].

Third, our study has introduced a new measure into CIB for policy-mix evaluation
and policy design, namely the measure of goal attainment (beyond overall effectiveness).
Our analysis demonstrated that the initial effectiveness alone is not sufficient to determine



Land 2022, 11, 795

22 of 26

the contribution of a policy to goal achievement in the combination of measures, as this
effect is moderated by policies’ interactions. Therefore, we summed the initial effectiveness
with the effects of interrelations between measures into a new measure for goal attainment
that is overall differentiated by the goal. We observed that the more abstract or context-
dependent the policies, the more difficult to assess their initial effectiveness. Future research
could further inquire about the relation between the initial effectiveness of policies and the
effects of interrelations on final goal attainment and might propose further approaches. For
instance, it would also be possible to consider the initial effectiveness of every policy as a
moderating factor within the matrix (see Supplement S8) or to systematically analyze the
role of the assumed initial effect on the experts’ assessments of policy interrelations.

5. Conclusions

The governance of commercial land use must address multiple goals and design and
implement effective policy combinations that improve city-regional cooperation between
municipalities, reduce land take, and assure the long-term economic development of a
region simultaneously. By using the Northern Black Forest as a case study, we brought to-
gether environmental, planning, and land use research as well as public policy analysis. We
applied cross-impact balances (CIB) to build and analyze a participatory policy-interaction
model, selected effective individual measures to reach each of the three goals, and analyzed
their interactions. With the help of CIB, we then assessed the current policy mix and
designed alternatives.

Our analysis revealed that current approaches to regional cooperation, reducing land
consumption, and commercial land management depict clear internal contradictions and
generate very few synergies. In particular, the current practice of competing for municipal
planning and marketing of commercial sites has inhibiting effects. Implementing innovative
measures on a stand-alone basis runs the risk of not being sufficiently effective. Therefore,
to become more effective in reaching fundamental planning objectives, several mutually
supportive levers must be moved simultaneously. We identified alternative policy mixes
that achieve all three goals, avoid trade-offs, and generate significant synergy effects.
Fundamental levers in these alternative mixes are a regional development strategy on
commercial land, joint infrastructures in business parks, collaborative regional management,
and marketing of commercial areas, and finally, strengthening inward development through
enforced municipal land policy. Such policy mixes could overcome goal conflicts and
improve city-regional cooperation, reduce land take, and sustain the economic performance
of a region at the same time. In summary, the study introduces CIB to analyze goal conflicts,
perform policy mix evaluation, and design into land use and planning research. This
approach allows for the assessment of consistency, synergy, and goal attainment of different
policy mixes, and thus, it is a useful tool for a more coherent and sustainable inter-municipal
or even regional (commercial) land-use governance.
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S7: Sampling of mixes by best goal attainment; Supplement S8: Initial effectiveness as a moderating
factor within the matrix.

Author Contributions: Conceptualization, H.K. and S.W.; methodology, H.K. and S.W.; data collec-
tion, HK., SSW,, S.B,, PG., D.G,, LI, TJ., O.L.,, M.P, ].P,, K.PS., S.S., SW.-E., JW. and K.Z.; formal
analysis, HK. and S.W.,; investigation, H.K. and S.W.; data curation, H.K. and S.W.; writing—original
draft preparation, HK., SSW.,, S.B,, PG, D.G, 11, T].,,O.L, M.P, J.P, K.PS.,S.S.,, SW.-E., JW. and K.Z,;
writing—review and editing, H.K. and S.W.; visualization, H.K. and S.W.; project administration,
H.K.; funding acquisition, H.K. and S.W. All authors have read and agreed to the published version
of the manuscript.


https://www.mdpi.com/article/10.3390/land11060795/s1
https://www.mdpi.com/article/10.3390/land11060795/s1

Land 2022, 11,795 23 of 26

Funding: This research was funded by BMBF German Federal Ministry of Education and Research,
grant number 033L224C.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The full CIB Matrix, including qualitative justifications for all impact
assessments, is available through the authors upon reasonable request.

Acknowledgments: We would like to thank our colleagues, Wolfgang Weimer-Jehle and Sigrid
Prehofer, who supported us in the design of data collection and data analysis.

Conflicts of Interest: The authors declare no conflict of interest. The funders did not influence the
design of the study; the collection, analyses, or interpretation of data; the writing of the manuscript;
or the decision to publish the results.

References

1.

W

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

UBA (Umweltbundesamt). Umuwelt- und Aufenthaltsqualitit in Kompakt-Urbanen Und Nutzungsgemischten Stadtstrukturen. Analysen,
Fallbeispiele, Handlungsansitze unter Nutzung und Weiterentwicklung des Bebauungs- und Umuweltrechts; UBA: Dessau-RofSlau,
Germany, 2018.

Sayer, J.; Sunderland, T.; Ghazoul, J.; Pfund, J.-L.; Sheil, D.; Meijaard, E.; Venter, M.; Boedhihartono, A.N.; Day, M.; Garcia, C.; et al.
Ten principles for a landscape approach to reconciling agriculture, conservation, and other competing land uses. Proc. Natl. Acad.
Sci. USA 2013, 110, 8349-8356. [CrossRef]

Williams, K. Urban intensification policies in England: Problems and contradictions. Land Use Policy 1999, 16, 167-178. [CrossRef]
EEA (European Environmental Agency). Urban Systems. Available online: https://www.eea.europa.eu/soer/2015/europe/
urban-systems (accessed on 18 January 2022).

EEA (European Environmental Agency). Urban Land Take. Available online: https://www.eea.europa.eu/airs/2018/natural-
capital /urban-land-expansion (accessed on 18 January 2022).

De Sousa, C. Sustainable Brownfield Development. Building A Sustainable Future on Sites of Our Polluting Past; Routledge: London,
UK, 2021.

Betker, F. Nachhaltigkeit institutionalisieren: Ein neuer Gesellschaftsvertrag fiir stidtische Gewerbe gebiete. GAIA 2013, 22,
178-186. [CrossRef]

Lange, D.; McNeil, S. Clean It and They Will Come? Defining Successful Brownfield Development. J. Urban Plan. Dev. 2004, 130,
101-108. [CrossRef]

Landeshauptstadt Stuttgart. Urban Sandwich. Steigerung der Flicheneffizienz Durch Stapelung Gewerblicher Nutzungen. Available
online: https://www.stuttgart.de/medien/ibs/Abschlussbericht_Urban_Sandwich_2020.pdf (accessed on 1 April 2022).

UBA (Umweltbundesamt). Instrumente zur Reduzierung der Flicheninanspruchnahme; UBA: Dessau-RofSlau, Germany, 2018.
Akkoyunlu, S. The potential of rural-urban linkages for sustainable development and trade. Int. J. Sustain. Dev. World Policy 2015,
4,20-40. [CrossRef]

UN-Habitat. United Nations Conference on Housing and Sustainable Urban Development Habitat III: Issue Paper on Urban-
Rural Linkages. Available online: https://www.researchgate.net/publication /321168294 _Habitat_III_ISSUE_PAPER_10_ON_
URBANRURAL_LINKAGES/link/5a12ef53a6fdcc717b522655/download (accessed on 1 March 2022).

UN-Habitat. Urban-Rural Linkages: Guiding Principles to Advance Integrated Territorial Development. Nairobi. Available
online: https:/ /urbanrurallinkages.files.wordpress.com /2019 /04 /url-gp.pdf (accessed on 1 March 2022).

UBA (Umweltbundesamt). Rahmenbedingungen und Instrumente fiir die Gestaltung Nachhaltiger Stadt-Land-Verkniipfungen; UBA:
Dessau-Rof3lau, Germany, 2019.

UBA (Umweltbundesamt). Regional Konsolidierte Gewerbeflichenentwicklung (RekonGent); UBA: Dessau-RofSlau, Germany, 2019.
Difu (Deutsches Institut fiir Urbanistik). Region ist Solidaritit. Gerechter Ausgleich von Lasetn und Nutzen im Interkommunalen
Dialog; Difu: Berlin, Germany, 2020; Available online: https:/ /repository.difu.de/jspui/bitstream /difu/576260/1/Region_ist_
Solidaritaet_300_web.pdf (accessed on 20 February 2022).

UBA (Umweltbundesamt). Innovative Instrumente zum Flichensparen und zur Forderung der Innenentwicklung: Kommunaler Praxistest,
Schlussfolgerungen fiir Akteure in Bund, Lindern, Regionen und Gemeinden & Kommunikation der Ergebnisse; UBA: Dessau-Rofilau,
Germany, 2020.

Gust, D; Kinn, U.; Murschel, B.; Renn, O.; Ruther-Mehlis, A.; Schneider, J. Verbundprojekt REFINA Regionaler Gewerbeflichenpool
Neckar-Alb (REGENA). Abschlussbericht; Regina: Niirtingen, Germany; Stuttgart, Germany, 2010.

Wassermann, S.; Kosow, H.; Kopfmidiller, J.; Wagner, U. Interkommunale Kooperation im Gewerbeflichenmanagement. In
Stadtregionales Flichenmanagement; Henn, S., Zimmermann, T., Braunschweig, B., Eds.; Springer: Berlin/Heidelberg, Germany,
2022. [CrossRef]

Sterner, T.; Robinson, E. Selection and design of environmental policy instruments. In Handbook of Environmental Economics;
Dasgupta, P, Pattanayak, S., Smith, K., Eds.; Elsevier: Amsterdam, The Netherlands, 2018; Volume 4, pp. 231-284.


http://doi.org/10.1073/pnas.1210595110
http://doi.org/10.1016/S0264-8377(99)00010-1
https://www.eea.europa.eu/soer/2015/europe/urban-systems
https://www.eea.europa.eu/soer/2015/europe/urban-systems
https://www.eea.europa.eu/airs/2018/natural-capital/urban-land-expansion
https://www.eea.europa.eu/airs/2018/natural-capital/urban-land-expansion
http://doi.org/10.14512/gaia.22.3.10
http://doi.org/10.1061/(ASCE)0733-9488(2004)130:2(101)
https://www.stuttgart.de/medien/ibs/Abschlussbericht_Urban_Sandwich_2020.pdf
http://doi.org/10.18488/journal.26/2015.4.2/26.2.20.40
https://www.researchgate.net/publication/321168294_Habitat_III_ISSUE_PAPER_10_ON_URBANRURAL_LINKAGES/link/5a12ef53a6fdcc717b522655/download
https://www.researchgate.net/publication/321168294_Habitat_III_ISSUE_PAPER_10_ON_URBANRURAL_LINKAGES/link/5a12ef53a6fdcc717b522655/download
https://urbanrurallinkages.files.wordpress.com/2019/04/url-gp.pdf
https://repository.difu.de/jspui/bitstream/difu/576260/1/Region_ist_Solidaritaet_300_web.pdf
https://repository.difu.de/jspui/bitstream/difu/576260/1/Region_ist_Solidaritaet_300_web.pdf
http://doi.org/10.1007/978-3-662-63295-6_31-1

Land 2022, 11, 795 24 of 26

21.

22.
23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Jackson, T. The Post-growth Challenge: Secular Stagnation, Inequality and the Limits to Growth. Ecol. Econ. 2018, 156, 236-246.
[CrossRef]

Reichel, A.; Perey, R. Moving beyond growth in the Anthropocene. Anthr. Rev. 2018, 5, 242-249. [CrossRef]

Westskog, H.; Aarseether, N.; Hovelsrud, G.K.; Amundsen, H.; West, ].].; Dale, R.F. The transformative potential of local-level
planning and climate policies. Case studies from Norwegian municipalities. Cogent Soc. Sci. 2022, 8, 2033457. [CrossRef]
Wauschansky, B.; Konig, K. Interkommunale Gewerbegebiete in Deutschland. Grundlagen und Empfehlungen zur Planung, Forderung und
Finanzierung, Organisation, Vermarktung—146 Projektbeschreibungen und Abgeleitete Erkenntnisse; ILS NRW: Dortmund, Germany,
2011.

Niaounakis, T.; Blank, J. Inter-municipal cooperation, economies of scale and cost efficiency: An application of stochastic frontier
analysis to Dutch municipal tax departments. Local Gov. Stud. 2017, 43, 533-554. [CrossRef]

Regionalverband Nordschwarzwald. Mangel im Uberfluss? Gewerbeflichenstudie der Region Nordschwarzwald. Pforzheim.
Available online: http:/ /www.nordschwarzwald-region.de/fileadmin/filemounts/redaktion/Bilder/3_Regionalverband /4 _
Sitzungen/Beilagen/015_2016/05_PA%2013.04.2016%20FDS /28_M_A%20zu%20Gewerbefl%C3%A4chenstudie.pdf (accessed on
1 March 2022).

Seuberlich, M. Interkommunale Zusammenarbeit als Rettungsanker?—Wie die Lander dieses Instrument fiir ihre Kommunen
nutzen. Dms—Der Mod. Staat Z. Fiir Public Policy Recht Und Manag. 2012, 5, 105-124. [CrossRef]

Ministerium fiir Finanzen. Die Kommunen und ihre Einnahmen; Ministerium fiir Finanzen: Stuttgart, Germany, 2017.

Heinz, W. Deutsche Stidte und Globalisierung. Anniherung An ein Komplexes Thema; Deutsches Institut fiir Urbanistik, Difu: Berlin,
Germany, 2006.

Henn, S.; Zimmermann, T.; Braunschweig, B. Stadtregionales Flichenmanagement; Springer: Berlin/Heidelberg, Germany, 2022.
Repp, A.; Weith, T. Building Bridges across Sectors and Scales: Exploring Systemic Solutions towards A Sustainable Management
of Land—Experiences from 4th Year Status Conference on Research for Sustainable Land Management. Land 2015, 4, 325-336.
[CrossRef]

United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development. Resolution Adopted by the General
Assembly on 25 September 2015. New York (A/RES/70/1). Available online: https://sustainabledevelopment.un.org/post2015/
transformingourworld (accessed on 1 April 2022).

Bennich, T.; Weitz, N.; Carlsen, H. Deciphering the scientific literature on SDG interactions: A review and reading guide. Sci. Total
Environ. 2020, 728, 138405. [CrossRef] [PubMed]

Nilsson, M.; Zamparutti, T.; Petersen, J.E.; Nykvist, B.; Rudberg, P.; McGuinn, J. Understanding policy coherence: Analytical
framework and examples of sector—environment policy interactions in the EU. Environ. Pol. Gov. 2012, 22, 395-423. [CrossRef]
Nilsson, M.; Griggs, D.; Visbeck, M. Map the interactions between Sustainable Development Goals. Nature 2016, 534, 320-322.
[CrossRef] [PubMed]

Nilsson, M.; Weitz, N. Governing Trade-Offs and Building Coherence in Policy-Making for the 2030 Agenda. Politics Gov. 2019, 7,
254-263. [CrossRef]

Koff, H.; Challenger, A.; Portillo, I. Guidelines for Operationalizing Policy Coherence for Development (PCD) as a Methodology
for the Design and Implementation of Sustainable Development Strategies. Sustainability 2020, 12, 4055. [CrossRef]

Carbone, M.; Keijzer, N. The European Union and Policy Coherence for Development: Reforms, Results, Resistance. Eur. J. Dev.
Res. 2016, 28, 30—43. [CrossRef]

Kostetckaia, M.; Hametner, M. How Sustainable Development Goals interlinkages influence European Union countries’ progress
towards the 2030 Agenda. Sustain. Dev. 2022, 2022, 1-11. [CrossRef]

Weitz, N.; Carlsen, H.; Trimmer, C. SDG Synergies: An Approach for Coherent 2030 Agenda Implementation. SEI Policy Brief
May 2019. Available online: https:/ /www.sei.org/wp-content/uploads/2019/04/sei-brief-2019-sdg-synergies-2.pdf (accessed
on 4 February 2022).

Lambin, E.F,; Meyfroidt, P.; Rueda, X.; Blackman, A.; Borner, J.; Cerutti, P.O.; Dietsch, T.; Jungmann, L.; Lamarque, P; Lister, J.;
et al. Effectiveness and synergies of policy instruments for land use governance in tropical regions. Glob. Environ. Chang. 2014, 28,
129-140. [CrossRef]

Rogge, K.; Reichardt, K. Policy mixes for sustainability transitions: An extended concept and framework for analysis. Res. Policy
2016, 45, 1620-1635. [CrossRef]

Reichardt, K.; Negro, S.0.; Rogge, K.S.; Hekkert, M.P. Analyzing interdependencies between policy mixes and technological
innovation systems: The case of offshore wind in Germany. Technol. Forecast. Soc. Chang. 2016, 106, 11-21. [CrossRef]

Kern, F.; Rogge, K.S.; Howlett, M. Policy mixes for sustainability transitions: New approaches and insights through bridging
innovation and policy studies. Res. Policy 2019, 48, 103832. [CrossRef]

Feitelson, E. Packaging policies to address environmental concerns. In Handbook of Transport and the Environment; Hensher, D.A.,
Button, K.J., Eds.; Elsevier: Amsterdam, The Netherlands, 2003; pp. 757-769.

Givoni, M. Addressing transport policy challenges through Policy-Packaging. Transp. Res. Part A Policy Pr. 2014, 60, 1-8.
[CrossRef]

Scheer, D.; Schmidt, M.; Dreyer, M.; Schmieder, L.; Arnold, A. Integrated Policy Package Assessment (IPPA): A Problem Oriented
Research Approach for Sustainability Transformations. Sustainability 2022, 14, 1218. [CrossRef]


http://doi.org/10.1016/j.ecolecon.2018.10.010
http://doi.org/10.1177/2053019618799104
http://doi.org/10.1080/23311886.2022.2033457
http://doi.org/10.1080/03003930.2017.1322958
http://www.nordschwarzwald-region.de/fileadmin/filemounts/redaktion/Bilder/3_Regionalverband/4_Sitzungen/Beilagen/015_2016/05_PA%2013.04.2016%20FDS/28_M_A%20zu%20Gewerbefl%C3%A4chenstudie.pdf
http://www.nordschwarzwald-region.de/fileadmin/filemounts/redaktion/Bilder/3_Regionalverband/4_Sitzungen/Beilagen/015_2016/05_PA%2013.04.2016%20FDS/28_M_A%20zu%20Gewerbefl%C3%A4chenstudie.pdf
http://doi.org/10.3224/dms.v5i1.07
http://doi.org/10.3390/land4020325
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld
http://doi.org/10.1016/j.scitotenv.2020.138405
http://www.ncbi.nlm.nih.gov/pubmed/32388023
http://doi.org/10.1002/eet.1589
http://doi.org/10.1038/534320a
http://www.ncbi.nlm.nih.gov/pubmed/27306173
http://doi.org/10.17645/pag.v7i4.2229
http://doi.org/10.3390/su12104055
http://doi.org/10.1057/ejdr.2015.72
http://doi.org/10.1002/sd.2290
https://www.sei.org/wp-content/uploads/2019/04/sei-brief-2019-sdg-synergies-2.pdf
http://doi.org/10.1016/j.gloenvcha.2014.06.007
http://doi.org/10.1016/j.respol.2016.04.004
http://doi.org/10.1016/j.techfore.2016.01.029
http://doi.org/10.1016/j.respol.2019.103832
http://doi.org/10.1016/j.tra.2013.10.012
http://doi.org/10.3390/su14031218

Land 2022, 11,795 25 of 26

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.
70.

71.

72.

73.

74.

Kivimaa, P.; Kern, F. Creative destruction or mere niche support? Innovation policy mixes for sustainability transitions. Res.
Policy 2016, 45, 205-217.

Kern, F; Kivimaa, P.; Martiskainen, M. Policy packaging or policy patching? The development of complex energy efficiency
policy mixes. Energy Res. Soc. Sci. 2017, 23, 11-25.

Howlett, M.; Rayner, J. Patching Vs Packaging: Complementary Effects, Goodness of Fit, Degrees of Freedom and Intentionality
in Policy Portfolio Design. In Proceedings of the ESEE Meetings, Lille, France, 18-21 June 2013.

Howlett, M. From the “old’ to the ‘new’ policy design: Design thinking beyond markets and collaborative governance. Policy Sci.
2014, 47, 187-207. [CrossRef]

Kosow, H.; Weimer-Jehle, W.; Leon, C.; Minn, F. Designing synergetic and sustainable policy mixes—A methodology to address
conflictive environmental issues. Environ. Sci. Policy 2022, 130, 36-46. [CrossRef]

Weimer-Jehle, W. Cross-Impact Balances: A System-Theoretical Approach to Cross-Impact Analysis, Technol. Forecast. Soc. Chang.
2006, 73, 334-361. [CrossRef]

Yin, R. Case Study Research: Design and Methods, 4th ed.; Sage: Thousand Oaks, CA, USA, 2009.

Kosow, H.; Wassermann, S. Conflicts in inter-municipal management of commercial areas—An empirical study using cognitive
affective mapping. Eur. Plan. Stud. 2022. in preparation.

Stadt Pforzheim. Grundsatzentscheidung Gewerbefldchen Pforzheim. Available online: https:/ /www.pforzheim.de/fileadmin/
user_upload /bauen/Gewerbefl%C3%A4chenentwicklung /Pr%C3%A4sentation_2020_09_29_Bedarfe_Gewerbefl%C3%A4
chen_Pforzheim.pdf (accessed on 3 February 2022).

SPD; Biindnis 90; Die Griinen; FDP. Mehr Fortschritt Wagen. Biindnis fiir Freiheit, Gerechtigkeit und Nachhaltigkeit. Avail-
able online: https:/ /www.spd.de/fileadmin/Dokumente /Koalitionsvertrag/Koalitionsvertrag_2021-2025.pdf (accessed on 20
December 2021).

Kemp-Benedict, E.; de Jong, W.; Pacheco, P. Forest futures: Linking global paths to local conditions. In Forest under Pressure—Local
Responses to Global Issues. Part IV—Possible Future Pathways; IUFRO World Series; Katila, P., Galloway, G., de Jong, W., Pacheco, P,,
Mery, G., Eds.; IUFPRO: Vienna, Austria, 2014; Volume 32, pp. 539-553.

Wachsmuth, J. Cross-sectoral integration in regional adaptation to climate change via participatory scenario development. Clim.
Chang. 2015, 132, 387-400. [CrossRef]

Weimer-Jehle, W.; Buchgeister, J.; Hauser, W.; Kosow, H.; Naegler, T.; Poganietz, W.-R.; Pregger, T.; Prehofer, S.; von Reckling-
hausen, A.; Schipp], J.; et al. Context scenarios and their usage for the construction of socio-technical energy scenarios. Energy
2016, 111, 956-970. [CrossRef]

Schneider, M.; Gill, B. Biotechnology versus agroecology—Entrenchments and surprise at a 2030 forecast scenario workshop. Sci.
Public Policy 2016, 43, 74-84. [CrossRef]

Schiitze, M.; Seidel, ].; Chamorro, A.; Ledn, C. Integrated modelling of a megacity water system—The application of a transdisci-
plinary approach to the Lima metropolitan area. |. Hydrol. 2019, 573, 983-993. [CrossRef]

Norouzi, N.; Fani, M.; Ziarani, Z.K. The fall of oil age: A scenario planning approach over the last peak oil of human history by
2040. J. Pet. Sci. Eng. 2019, 188, 106827. [CrossRef]

Renn, O.; Jager, A.; Deuschle, J.; Weimer-Jehle, W. A normative-functional concept of sustainability and its indicators. Int. J. Glob.
Environ. Issues 2009, 9, 291. [CrossRef]

Weimer-Jehle, W.; Deuschle, J.; Rehaag, R. Familial and societal causes of juvenile obesity—A qualitative model on obesity
development and prevention in socially disadvantaged children and adolescents. J. Public Health 2012, 20, 111-124. [CrossRef]
Everitt, B.S.; Landau, S.; Leese, M. Cluster Analysis, 4th ed.; Arnold: London, UK, 2001.

Carlsen, H.; Eriksson, E.A.; Dreborg, K.H.; Johansson, B.; Bodin, 0. Systematic exploration of scenario spaces. Foresight 2016, 18,
59-75. [CrossRef]

Carlsen, H.; Lempert, R.; Wikman-Svahn, P.; Schweizer, V. Choosing small sets of policy-relevant scenarios by combining
vulnerability and diversity approaches. Environ. Model. Softw. 2016, 84, 155-164. [CrossRef]

Vester, F. Die Kunst, Vernetzt zu Denken; DTV: Miinchen, Germany, 2002.

Nadin, V,; Stead, D. Opening up the Compendium: An Evaluation of International Comparative Planning Research Methodologies.
Eur. Plan. Stud. 2013, 21, 1542-1561. [CrossRef]

Weith, T.; Barkmann, T.; Gaasch, N.; Rogga, S.; Straufs, C.; Zscheischler, J. A Knowledge-Based European Perspective on
Sustainable Land Management: Conceptual Approach and Overview of Chapters. In Sustainable Land Management in A European
Context. A Co-Design Approach; Weith, T., Barkmann, T., Gaasch, N., Rogga, S., Strauf8, C., Zscheischler, J., Eds.; Springer:
Wiesbaden, Germany, 2021; pp. 1-13.

Meyfroidt, P.; de Bremond, A.; Ryan, C.M.; zu Emergassen, E.K.H.J. Ten facts about land systems for sustainability. Proc. Natl.
Acad. Sci. USA 2022, 119, €2109217118. [CrossRef] [PubMed]

Stemberg, J.; Vogelgesang, M.; Pongratz, P.; Fink, A. Handbuch Innovative Wirtschaftsforderung. Moderne Konzepte Kommunaler
Struktur- und Entwicklungspolitik; Springer: Wiesbaden, Germany, 2020.

MWIDE.NRW (Ministerium fiir Wirtschaft, Innovation, Digitalisierung und Energie des Landes Nordrhein-Westfalen). Regio
NRW. Wirtschaftsflichen. Available online: www.fz-juelich.de/etn/DE/RegioNRW (accessed on 20 August 2021).


http://doi.org/10.1007/s11077-014-9199-0
http://doi.org/10.1016/j.envsci.2022.01.007
http://doi.org/10.1016/j.techfore.2005.06.005
https://www.pforzheim.de/fileadmin/user_upload/bauen/Gewerbefl%C3%A4chenentwicklung/Pr%C3%A4sentation_2020_09_29_Bedarfe_Gewerbefl%C3%A4chen_Pforzheim.pdf
https://www.pforzheim.de/fileadmin/user_upload/bauen/Gewerbefl%C3%A4chenentwicklung/Pr%C3%A4sentation_2020_09_29_Bedarfe_Gewerbefl%C3%A4chen_Pforzheim.pdf
https://www.pforzheim.de/fileadmin/user_upload/bauen/Gewerbefl%C3%A4chenentwicklung/Pr%C3%A4sentation_2020_09_29_Bedarfe_Gewerbefl%C3%A4chen_Pforzheim.pdf
https://www.spd.de/fileadmin/Dokumente/Koalitionsvertrag/Koalitionsvertrag_2021-2025.pdf
http://doi.org/10.1007/s10584-014-1231-z
http://doi.org/10.1016/j.energy.2016.05.073
http://doi.org/10.1093/scipol/scv021
http://doi.org/10.1016/j.jhydrol.2018.03.045
http://doi.org/10.1016/j.petrol.2019.106827
http://doi.org/10.1504/IJGENVI.2009.027260
http://doi.org/10.1007/s10389-011-0473-8
http://doi.org/10.1108/FS-02-2015-0011
http://doi.org/10.1016/j.envsoft.2016.06.011
http://doi.org/10.1080/09654313.2012.722958
http://doi.org/10.1073/pnas.2109217118
http://www.ncbi.nlm.nih.gov/pubmed/35131937
www.fz-juelich.de/etn/DE/RegioNRW

Land 2022, 11,795 26 of 26

75.

76.

77.

78.

79.

80.

81.

82.

UN (United, Nations). Resolution Adopted by the General Assembly on 6 July 2017: Work of the Statistical Commission
Pertaining to the 2030 Agenda for Sustainable Development. Available online: https://www.un.org/en/development/desa/
population/migration/generalassembly/docs/globalcompact/A_RES_71_313.pdf (accessed on 4 March 2022).

Kopfmidiller, ].; Weimer-Jehle, W.; Naegler, T.; Buchgeister, J.; Brautigam, K.-R.; Stelzer, V. Integrative Scenario Assessment as a
Tool to Support Decisions in Energy Transition. Energies 2021, 14, 1580. [CrossRef]

Weimer-Jehle, W.; Vogele, S.; Hauser, W.; Kosow, H.; Poganietz, W.-P.; Prehofer, S. Socio-technical energy scenarios: State of the
art and CIB-based approaches. Clim. Chang. 2020, 162, 1723-1741. [CrossRef]

Schweizer, V. Reflections on cross-impact balances, a systematic method constructing global socio-technical scenarios for climate
change research. Clim. Chang. 2020, 162, 1705-1722. [CrossRef]

Baard, P. Knowledge, participation, and the future: Epistemic quality in energy scenario construction. Energy Res. Soc. Sci. 2021,
75,102019. [CrossRef]

Kurniawan, J. Participatory cross-impact balance analysis. A transdisciplinary approach for developing long-term energy
transition scenarios. Energy Res. Soc. Sci. 2022. submitted.

Prehofer, S.; Kosow, H.; Nagler, T.; Pregger, T.; Vogele, S.; Weimer-Jehle, W. Linking qualitative scenarios with quantitative energy
models: Knowledge integration in different methodological designs. Energy Sustain. Soc. 2021, 11, 25. [CrossRef]

Kosow, H. The Best of Both Worlds? An Exploratory Study on Forms and Effects of New Qualitative-Quantitative Scenario
Methodologies. Ph.D. Thesis, University of Stuttgart, Stuttgart, Germany, 2016. [CrossRef]


https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_RES_71_313.pdf
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_RES_71_313.pdf
http://doi.org/10.3390/en14061580
http://doi.org/10.1007/s10584-020-02680-y
http://doi.org/10.1007/s10584-019-02615-2
http://doi.org/10.1016/j.erss.2021.102019
http://doi.org/10.1186/s13705-021-00298-1
http://doi.org/10.18419/opus-9015

	Introduction 
	Materials and Methods 
	A Case in the Northern Black Forest, Germany 
	Using Cross-Impact Balances (CIB) for Policy-Interaction Modeling and Policy Design with a Group of Experts 
	CIB for Policy Design—Assessing Consistency and Synergy of Policy Mixes 
	Online Workshop Series with a Group of Experts from Research and Practice and Model Analysis 

	Sub-Goals and Individually Effective Measures 

	Results 
	The Status Quo Policy-Mix Is Inconsistent and Realizes Little Synergy 
	Consistent Policy Mixes and Their Synergy 
	Policies Absent from Any Consistent Mix 
	Goal Attainment by the Consistent Mixes and Correlation between Goals 
	How Well Do the Different Mixes Achieve the Three Goals? 
	How Well Are the Three Overall Goals Achieved Simultaneously in the Consistent Mixes? 


	Discussion 
	Towards Policy Coherence for a Sustainable Transformation of Commercial Land Use 
	CIB for Policy Mix Evaluation and Design 

	Conclusions 
	References

