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Sandra Wassermann', Hannah Kosow' and Wolfgang Weimer-Jehle'

Abstract

Future-oriented policy-mixes for commercial land use management must address multiple goals simultaneously: (1)
improve city-regional and inter-municipal cooperation, (2) reduce land take, and (3) assure the long-term economic
development of a region. This paper is based on a case study of the Northern Black Forest region in Germany,
where consistent and synergetic policy-mixes with cross-impact balances (CIB) had been developed, but without
considering uncertain future developments. As a result, there is limited knowledge about the robustness of these
policy-mixes and about how to use integrative scenario methods to identify not only consistent and synergetic,
but also future-robust policy-mixes. We thus ask: What policy-mixes for commercial area management are robust,

i. e. maintaining effectiveness under different future contexts with regard to the overarching regulatory framework
of land use, the future of work, and overall economic development? To answer this question, we address the
following sub-questions: a) How to integrate context scenarios until the year 2050 into the policy-mix design for
commercial area management in the Northern Black Forest? b) How to measure robustness of policy-mixes in

the face of contextual uncertainties? To this end, we use scenario-based context and performance variables that
were also developed using CIB for commercial space management in the same region: a) we merged both CIB
matrices, contexts and policies, and analyzed resulting policy-mix scenarios; b) we integrated performance indicator
descriptors from the scenario analysis into the policy-mix scenario matrix; ¢) for the subsequent analysis, we
developed a robustness concept that encompasses three elements and two degrees of robustness. Content wise,
we find no "no-regret" policy that appears effective in all contexts, but the analysis points at a bundle of policies,
that are well '‘compatible" in very different future worlds. These are, in particular, regional policies such as a regional
development concept, shared infrastructure, and a joint settlement strategy. Method wise, we demonstrate
possibilities to integrate CIB based scenarios and policy-design. We propose a multi-dimensional concept with
varying degrees of robustness to enhance the understanding of robustness in qualitative policy design studies.
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Introduction

Recent policy design literature has increasingly addressed
how to bundle policy instruments synergistically and
adaptively, while avoiding counterproductive effects [1].
It also asks how policy instruments perform not only in
interaction with each other, but also in the context of
larger political processes and strategies [2]. An impor-
tant question, which has not yet been the focus of policy
design research, is how robust policy-mixes prove to be
in different contextual developments [3]. In this article
we outline how strategic policy design is enabled to iden-
tify robust policy-mixes with the help of the integration
of scenarios and policy-mixes.

We apply this approach to a regional case study on
future land use, where [4] examined the possibility of
using policy-mixes to address goal conflicts in planning
and management of new commercial areas in the North-
ern Black Forest. Commercial land use management that
focuses on a future-oriented urban and regional devel-
opment 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. In this case study [4], used Cross-Impact Bal-
ance (CIB) analysis to develop consistent and synergetic
policy-mixes aimed at addressing these goal conflicts by
constructing and evaluating a policy-interaction matrix.

However, they did not consider that these policy-mixes
might perform differently under varying future context
conditions. These uncertain future contexts comprise
the structure of the national economy, legal conditions,
and further societal developments as the future of work.
We thus lack (a) knowledge about the robustness of these
policy-mixes and (b) methods to identify not only consis-
tent and synergetic but also future-robust policy-mixes.
Our research question in this paper therefore is: What are
robust policy-mixes for commercial area management
under different future context conditions? To answer this
question, we address the following sub-questions:

1. What different context scenarios are plausible for the
future development of commercial area management
in the Northern Black Forest region in 20507

2. How to combine CIB based policy- design and CIB
based scenario analysis?

3. How to measure the robustness of policy-mixes
under different contexts?

For this purpose, we use context and performance vari-
ables from scenarios that were also carried out with the
CIB for the future of commercial space management
in the same region for 2050. We merged the scenarios
with the policy-mixes in two ways: (a) we integrated
context factors into the policy-interaction matrix and
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analyzed resulting integrated policy-mix scenarios, (b)
we integrated performance indicators into the policy-mix
matrix. For the robustness analyses we propose differ-
ent elements and degrees of robustness in different con-
texts to go beyond a binary understanding of robustness:
global and partial robustness of (1) individual policies
and (2) of policy-mixes, as well as (3) robustness of the
performance of system indicators in different contexts.
With this paper, we thus demonstrate possibilities to
integrate CIB based scenarios and policy-mixes and how
to assess the robustness of different elements that are rel-
evant for policy design.

The paper is structured as follows: in the next Sect. (2)
we outline the state of research. Section 3 describes mate-
rials and methods. We then present the results (Sect. 4)
and discuss them critically and point at future research
avenues (Sect. 5). We end with a conclusion summarizing
the contribution of this paper (Sect. 6).

State of research

Policy-Mixes

Debates on the effective combination of instruments,
measures, or policies—often referred to as policy-
mixes—are well-established across various policy
domains, including innovation policy [2, 5, 6], mobil-
ity policy [7-9], and land use policy [10]- [11]. Policy
research has increasingly focused on the interactions,
conflicting objectives, and temporal dynamics of poli-
cies both within and across sectors. Empirical findings
show that coherent and well-aligned policy-mixes remain
the exception rather than the norm. Instead, policies
are often “patched” together, resulting in inconsisten-
cies and counterproductive interactions [12]- [13]. A
growing body of literature [e.g. 14,2] emphasizes that
policy effectiveness hinges on understanding these inter-
actions. Isolated analyses overlook the complex inter-
play between old and new policies, across sectors, and
across governance levels [14]. To enhance coherence and
exploit potential synergies, policy design must take these
combinations and their interactions into account. Using
cross-impact balance analysis (CIB) [15], alternative pol-
icy-mixes for water management have been designed [16]
and analyzed with regard to their internal consistency
and degree of synergy. This approach was chosen for
designing policy-mixes for commercial land use manage-
ment in the region of the Northern Black Forest [4], too.
The weakness of this (and other) policy-mix analysis was
that it only considers the current situation but remains
blind regarding future changes of context conditions.

A role for scenarios in policy formulation: robustness

Scenarios are images of possible futures (in the plu-
ral) (17). They describe alternative future situations and
the paths leading to them. They thus open up a space of
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possible futures. Scenarios are also being discovered in
policy design research as an important tool for dealing
with uncertainties, albeit only marginally at the moment.
However, the emergence of increasingly complex and
uncertain policy problems has triggered renewed interest
in more sophisticated policy formulation tools, includ-
ing scenarios and computer-based modeling [18]. They
can help to identify possible solutions to policy prob-
lems or explore the different options available [19]. Sce-
nario analysis can be used to increase the robustness of
policies by assessing whether a policy is still effective in
achieving a policy objective if the scenario assumptions
are changed [20] [21]. suggests that in order to make pol-
icy-mixes as robust as possible, it is essential to include
procedural elements that make it possible to improvise
and react to shocks as soon as they occur. However, while
policy design research often takes a narrow methodologi-
cal view of the political space and considers robustness
primarily with regard to changing power options and
conflicting interests in the policy implementation pro-
cess, scenario research opens up the uncertainty space
further and emphasizes the explorative character of sce-
narios and considers changes in external driving forces
that cannot be directly influenced by the considered poli-
cies [20]. While qualitative policy design research (3, 21)
has already focused on designing robustness of individ-
ual policies and of policy-mixes, it does not necessarily
provide measures for different degrees or intensities of
robustness'.

Conflictive objectives in land use planning and
management at the example of commercial areas

The development of sustainable commercial areas is
characterized by conflicting goals for the following cf.
(4, 22). Reducing land take in urbanized areas and pre-
serving open spaces and conservation land is necessary
to preserve the soils with their diverse functions [23].
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 [24].

Both environmental authorities and the scientific com-
munity recommend inter-municipal or even regional
cooperation for the development of commercial areas
(22), as they create synergies [25-27] and thus generate
economic, social and ecological benefits [28]— [29]. Nev-
ertheless, inter-municipal or even regional cooperation in

! A numerically measure of robustness of policy-mixes under different con-
texts has been developed within for the CRISPA approach, also based on
CIB, by the Mobilise research group: www.crispa-sis.eu.
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commercial space management remains rare. This is due
to the municipal planning sovereignty in Germany [30]
and the dependence of municipalities on trade tax rev-
enues [31], which results in intense location-based com-
petition [32]. Therefore, cooperation especially between
urban and suburban or rural municipalities are often
conflictive and inhibit sustainable land management [33].

Materials and methods

CiB

This paper combines policy-mixes to minimize goal con-
flicts in regional commercial space management and
regional scenarios for the same region. The method of
cross-impact balance analysis (CIB) was used to create
both. Figure 1 illustrates which data and processes the
paper only refers to and which data and processes are the
focus of this paper.

CIB is a qualitative but semi-formalized form of sys-
tem analysis. The method requires identifying system
elements and the interrelationships between them. This
results in a conceptual (impact network) model. A spe-
cific balance algorithm [15] then identifies Nash equi-
libria of the impact network [34] and thus represents a
method of multi-goal optimization. The solutions of
a policy interaction matrix consist of policy-mixes in
which the selected policies ensure an optimal net balance
of synergistic and conflicting effects for each policy field.
Typically, a policy-interaction matrix provides several
solutions.

The CIB has been explicitly developed as a method for
constructing future scenarios [34—39]. It is now also used
for qualitative system analyses [40, 41] and in the field
of policy design to evaluate policy-mixes ex post and ex
ante [4, 16].

A case in the Northern black Forest, Germany

As a case study [see also in the following 4], our analy-
sis addresses 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. 3000-12.000.000.000.000
inhabitants each). Together they form a sub-region (Mit-
telbereich Pforzheim) of 500 km?, abbreviated by PFENZ.
PFENZ, as we argue 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 (Yin 2009). There is not
only competition in commercial land planning between
city and surrounding municipalities, but also histori-
cally, a rather poor and conflict-laden relation between
the central city and the surrounding municipalities [42].
There is a severe lack of suitable areas for new commer-
cial areas (greenfield development) due to topography as
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Fig. 1 Flowchart: Data and processes. Grey and white font: prior processes and data. Black font: processes and data considered in detail in this paper

well as natural and regulatory constraints. Despite this,
there is still a high demand for additional commercial
space [43]- [44].

Second, PFENZ can be considered a typical case for
many other densely populated and prospering sub-
regions in Germany and in other European countries.
The current situation of instruments and policies in
place is rather typical. The particular challenges in rela-
tion to land scarcity in the case study area are issues
that most regions face, given the EU targets of (1)
reducing net land take to zero by 2050; (2) increas-
ing the share of renewable energy in the energy mix to
42.5% by 2030; and (3) Member States facing a major
housing shortage [45].

Policy-mixes to cooperate regionally, save land and
promote the economy

Consistent and synergetic policy-mixes have been devel-
oped for this challenging situation, which has three
partly contradictory goals, namely improve city-regional
cooperation regarding commercial areas, reduce land-
take for commercial purposes and to ensure long-term
economic development [4]. With the help of local and
academic experts, three sub-goals were then defined for
each overarching goal, as well as two alternative (innova-
tive) policies (Options A and B) to achieve the goals. The
respective currently implemented status quo policy was
also considered. Through expert elicitation, fostering
and hindering interrelations between all policies have

been assessed pairwise resulting in a policy-interaction
matrix [4] Table 1.

Out of a total of 19,683 theoretically conceivable con-
figurations of these individual policies, CIB identifies
two policy-mixes as fully consistent (ICO in CIB par-
lance, n=2) and further n=58 policy-mixes exhibit a
very slight inconsistency (IC1). In total, n=60 different
policy-mixes can be described as consistent. In Supple-
ment A we show a diversity selection of the policy-mixes.
All policy-mixes achieve the three overarching objectives
to varying degrees. But we do not know yet, how these
mixes perform under different future contexts, i.e. if they
are robust.

Context scenarios

To add to the analysis published by [4], we used alterna-
tive context scenarios, developed in a scenario process
[46], in which all steps were carried out in a participatory
manner involving the relevant scientific partners of the
project as well as regional practitioners. On the basis of
literature research, a preselection of central context fac-
tors (external developments that cannot be influenced
in the region) and system factors in the region and their
possible alternative future developments (ranging from
very negative developments over developments main-
taining the status quo to very positive developments)
were identified and formulated. A digital scenario work-
shop with 20 regional practitioners was conducted,
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Table 1 Overview on goals, sub-goals and alternative policies
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Goal Sub-goal Status quo (S) Option A Option B
I Improve 1 Improve communica- 1 Slrregular exchange between 1 A Informal expert group PFENZ 1B PFENZ mayors'group
city-regional tion and trust city and individual surrounding

cooperation
regarding com-
mercial areas

municipalities
2 S Priority areas for commerce
&industry (regional plan)

2 Joint development
perspective for PFENZ

3 Develop commercial
areas in inter-municipal
cooperation

3 SInformal preliminary talks
for inter-municipal commercial
area development

Il Reduce 4 Reduction and control 4 S Regional plan as a corridor

land take for of land use for commer-  for land use

commercial cial areas

purposes 5 Mobilize existing 5S Innovative purchase
commercial land and agreements (individual
buildings municipalities)
6 Use of commercial 6 S Information on land-saving
areas in a land-saving and  and multifunctional use
multifunctional way

Il Ensure long- 7 Future-oriented com- 7S Commercial areas planned

term economic
development

mercial area planning and
implementation

8 Securing and creating
(sustainable) jobs

from a municipal perspective

8 S Regional start-up consult-
ing; cluster strategy of the city

9 Improve regional loca-
tion quality

9 S Individual municipal loca-
tion marketing

2 A Joint statement of the munici-
palities in PFENZ on the regional
plan

3 A Cooperation agreement for
the cooperation between the city
and the surrounding municipali-
ties in the development of com-
mercial areas

4 A Regional plan +regional land
use monitoring

5 A Leasehold; interim acquisition
(Basic approaches of municipal
land policy)

6 A Municipal incentives for
multi-story and multifunctional

2B Regional development concept
commercial areas in PFENZ

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

4B Regional plan +land use moni-
toring PLUS regional quantity target
with tradable quotas

5B Extended approaches to munici-
pal land policy as interim acquisi-
tion, urban development contracts
and deconstruction obligations etc.
6B Lower land prices in return for
multifunctional and public areas

construction

7B Shared infrastructures within
commercial areas

7 ATools for cost-benefit analysis
and monitoring of commercial
area projects

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

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

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

9 A Gain and communicate a
sustainability label for PFENZ

Variant labels: S and italic print = status quo policy, A = more innovative policy compared to status quo, B and underlined = very innovativepolicy compared to

status quo

during which twelve key factors (three context factors
and nine system factors) were selected. The most diverse
and plausible developments up to the year 2050 were
defined and transferred to a CIB-matrix. The interac-
tions between the context factors were then analyzed
in a workshop with the scientific project partners. In an
interview-series with some of the regional practitioners,
the influence of the context factors on the system factors
as well as interactions between the system factors were
determined. System analyses were subsequently con-
ducted and scenarios were generated using the CIB soft-
ware. These scenarios were used for further analyses of
the robustness of policy-mixes.

Integrating context scenarios and policy-mixes

This paper focuses on how the previously developed
policy-mixes were integrated with those context sce-
narios and how these mixes would affect land take and
the regional economic structure under the various con-
textual conditions. In a first step, the policy matrix was
supplemented by the context factors (A- Legal frame-
work of the federal and Lander governments for land effi-
ciency and land use; B- Importance and structure of the

German economy; C- Future of work) from the scenario
analysis, see Table 22. Then, an internal assessment of the
influencing relations of context factors on the effective-
ness of the policy variants was carried out. In a second
step, two system factors “competitiveness of the regional
economic structure” (D) and “net-zero land use by com-
merce” (E) were added as passive descriptors® and the
respective influences of the policy variants as well as of
the context descriptors on both factors were evaluated.
Those variables were subsequently used as performance
indicators. The impact sum of promoting and hindering
impacts is referred to as the performance of the solution
with regard to the goal.

2 For the analysis, we assumed that the variants are mutually exclusive. In
fact, it would be conceivable in practice that combinations of variants could
also occur at the same time, for example in the legal framework.

3 The two performance indicators correspond to two of the three overarch-
ing (contradictory) goals of the originally developed policy-mixes. The third
goal “regional cooperation” considered there was not included because there
is a hierarchy of objectives between this procedural objective and the two
main objectives.
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Table 2 Context descriptors and variants
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Context Variant 1 Variant 2 Variant 3 Variant 4
descriptor
A - Legal Al: Mu- A2:Strict regula-  A3:Nation-  A4: Re-
framework  nicipalities tory require- wide quotas duction of
of the receive ments forland  forallland  land use
federal and  additional efficiency and uses and remains
“Lander” funding op-  land use theirtrade  anon-
govern- portunities binding
ments as compen- political
for land sation for goal
efficiency  environmen- (status
and land tal measures quo)
use (fiscal

incentives)
B-Impor-  B1:Ger- B2:Importance B3: De- B4:
tanceand  many with and structure globaliza-  Germany
structure technology  of the German tion and is losing
of the leadership in  economy roughly  relocation its strong
German greentech-  asin 2022 (status of manufac- eco-
economy  nologies etc. quo) turing back  nomic

(qualitative to Germany impor-

growth) tance in

the world

C-Future  C1:Work be- C2: Significant C3: “Work C4: Pre-
Work yond gainful  change in the remains carious

employment world of work: work” little condi-

as self- digitalization and changes tions

realization flexibilization compared to

for all the 2020ies

(status quo)

The variants A4, B2, and C3, marked in italic print, roughly correspond to the
status-quo context conditions in Germany
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Robustness elements and degrees

Consistent with the political science understanding,
robustness is defined as “..the ability to maintain the
consistent delivery of a desired set of policy outputs. (...)
In line with this view, a robust policy has been defined as
one that is able to perform or work well across a range of
plausible futures or scenarios” [3, pp.423—424]. Robust-
ness, defined as the ability to contribute to the achieve-
ment of objectives under different contexts, can be
considered regarding three elements: robustness of indi-
vidual policies, robustness of policy-mixes, and robust-
ness of the performance of policy-mixes under different
contexts.

Furthermore, robustness of policies and policy-mixes
can appear in different gradations. A policy would be
globally robust if it occurred in all consistent policy-mix
scenarios. Even if a policy is not globally robust, it can be
partially robust. A partially robust policy either occurs
in all policy-mixes under a certain context. Or, it is not
included in all policy-mixes, but appears at least once in
every context Figure 2.

Results

Combined policy-mix scenarios

In a first step, the contexts were examined. The evalua-
tion leads to n=10 different consistent future situations
(n=5 ICO, IC1 adds n=5). The context development A3
— Nationwide quotas for all land uses and their trade - is

Robustness of

Performance of different
policy-mix scenarios

Elements Individual policies Policy-mixes
Degrees
Part of all consistent policy-
mixes and context scenarios Consistent in all context
Global or vacant in all policy mixes scenarios
irrespective of the context
scenario
Either part of all consistent
policy-mixes in some context g : s
. : . Consistent in some but not in
Partial scenario(s) or in some )
b : - all context scenarios
consistent policy- mixes only

but in all context scenarios

Per policy-mix:

(How) does the performance
of indicators of the same
policy mix vary in different
context scenarios?

Per context scenario:

(How) does the performance
of indicators vary with
different policy-mixes in the
same context scenario?

Fig. 2 Overview on three elements and degrees of robustness in policy mix-scenarios
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Sustainability level: high

Sustainability

B1: Germany with technology
leadership in green technologies etc
(qualitative growth)

C1: Work beyond gainful
employment as self-realisation for all

low

D1: Municipalities receive additional
funding as compensation for
environmental measures

B2: Importance and structure
of the German economy
roughly as in 2022

C3: Work remains work: little change
in the world of work

D4: Reduction of land utilisation
remains a non-binding political goal

Disruption level

Poly-Regression

B4: Germany is losing its strong
economic importance in the world

o
n
-
" - o
B4: Germany is losing its strong o
economic importance in the world (=g
@)
>
C1: Work beyond gainful 6
employment as self-realisation forall | <
L8
D2: Strict regulatory requirements for| 5~
land efficiency and land utilisation oQ
>

C4: Precarious conditions

D4: Reduction of land utilisation
remains a non-binding political goal

Sustainability level: low

Fig. 3 Extremes of the context scenario space (diversity sampling four out of n=10 context scenarios ICO and IC1)

vacant, i.e. there are no consistent context scenarios with
this variant. Figure 3 schematically illustrates two dimen-
sions of the context scenario space: how context scenarios
differ in terms of their scope of change (x-axis) and the
sustainability of the changes (y-axis). At the ends of these
axes, we show the four context scenarios that are particu-
larly strong or particularly weak in terms of these criteria.

The policy-mix scenarios matrix results in n = 16
fully consistent policy-mix scenarios, thus significantly
more than in the initial analysis not considering context
uncertainty (n = 2 ICO in [4]) (A list of the fully consis-
tent policy-mix scenarios can be found in supplemen-
tary material B). Allowing slightly inconsistencies leads
to n = 278 policy-mix scenarios, which means that each
of the ten context scenarios allows for an average of 27.8
consistent policy mixes. Table 3 shows two examples of
fully consistent policy-mix scenarios. The degree of syn-
ergy within a policy-mix scenario is quantified by the
net balance of positive and negative impacts within each

mix, that is to say, the sum of interactions (in CIB par-
lance: the total impact score (TIS)). With a TIS value of
239 and 178, they are comparatively synergetic, but vary
greatly. In the first example policy-mix scenario, the con-
text develops positively, the German economy experi-
ences qualitative growth, work changes significantly and
the land-related legal framework of the federal govern-
ment works with tax incentives for municipalities and
regions. New, innovative policies dominate this mix. In
the second example, the context develops negatively and
the policy-mix is dominated by not-ambitious status-quo
policies.

Figure 4 shows the number of consistent policy-mixes
for each of the =10 context scenarios.

The number of policy-mixes per context scenario varies
greatly, as the contexts restrict the freedom of movement
of the policy selection to varying degrees. In particular,
most context scenarios with component Al (additional
funding opportunities) allow the policies a great deal of
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Table 3 Example of two different policy-mix scenarios
Policy-mix scenario 1 Policy-mix
scenario 2

Context descriptor

Variants - Future developments

Context A - Legal framework of the federal
and “Lander” governments for land
efficiency and land use

B - Importance and structure of the

German economy
C- Future Work

Goal

I Improve
city-regional
cooperation
regarding com-
mercial areas

Sub-goal descriptor

1 Improve communication and trust
2 Joint development perspective for
PFENZ

3 Develop commercial areas in inter-
municipal cooperation

Il Reduce 4 Reduction and control of land use
land take for for commercial areas
commercial 5 Mobilize existing commercial land
purposes and buildings
6 Use of commercial areas in a land-
saving and multifunctional way
Il Ensure long- 7 Future-oriented commercial area

term economic
development

planning and implementation

8 Securing and creating (sustainable)
jobs

9 Improve regional location quality

Consistency
Synergy (TIS -Total Impact Score)

A1 Municipalities receive additional funding opportu-
nities as compensation for environmental measures
(fiscal incentives)

B1 Germany with technology leadership in green tech-
nologies etc. (qualitative growth)

C2 Significant change in the world of work: digitalisa-
tion and flexibilization

Variants — Policies
1 A Informal expert group PFENZ
2B Regional development concept commercial areas

A4: Reduction of land use remains
a non-binding political goal (status
quo)

B4: Germany is losing its strong
economic importance in the
world

C4: Precarious conditions

1 A Informal expert group PFENZ
2B Regional development con-

in PFENZ

3B Cooperation agreement for the cooperation
between the city and the surrounding municipalities in

the development of commercial areas
4 A Regional plan +regional land use monitoring

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

6 S Information on land-saving and multifunctional use

7B Shared infrastructures within commercial areas

cept commercial areas in PFENZ
3 SInformal preliminary talks for
inter-municipal commercial area
development

4 S Regional plan as a corridor for
land use

5S Innovative purchase agree-
ments (individual municipalities)

6 S Information on land-saving and
multifunctional use

7B Shared infrastructures within

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

9B Joint (collaborative) commercial area management

commercial areas

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

9B Joint (collaborative) com-

and location marketing PFENZ

ICO
239

mercial area management and
location marketing PFENZ

ICO

178

Frequency of consistent policy-mixes

freedom. In fact, the influence of context A1-B2-C3 even
extend the freedom of policies compared to the refer-
ence case without contextual influences, as n = 85 pol-
icy-mixes become consistent with this context scenario,
compared to only » = 60 mixes according to [4]. This is
understandable, as B2 and C3 describe status quo devel-
opments that exert little influence on the policies, while
Al is the only variant of descriptor A that does not intro-
duce any restrictions on options for action, but pursues
an “enabler approach”

At the other end of the spectrum is the A1-B4-C1 con-
text scenario (containing two disruptive elements), which
maximally restricts the freedom for consistent policy-
mixes and leaves only two options open, although other
B4-C1 context scenarios are also found remarkably fre-
quently among the context scenarios with few consis-
tent policy-mixes. This can be seen in connection with
the fact that B4 and C1 introduce maximum disruptive

environmental conditions into the system, which cause
correspondingly strong impacts on the policies, forcing
them in a specific direction.

A total of n = 113 different policy-mixes are addressed
in the n = 278 solutions of the integrated matrix, which
means that an average policy-mix is consistent with
several context scenarios. A share of N = 39 of these
policy-mixes is already included in the n = 60 consis-
tent policy-mixes from [4], in which the context was not
explicitly considered. All # = 10 context scenarios con-
sidered are compatible with at least one of these n = 39
policy-mixes. The other policy-mixes are so specifically
adapted to “their” contexts that they would no longer be
consistent without their influences. They would therefore
no longer be Nash-stable and, from a game-theoretical
perspective, would be threatened with dissolution if the
context influences were removed. Conversely, from the
perspective of the context-free matrix [4], this means that
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Fig. 4 Number of consistent policy-mixes per context scenario

n = 39 of their n = 60 consistent policy-mixes (65%) also
retain their significance if the policies are exposed to the
effects of the context developments considered here, but
only if certain context developments occur.

Robustness of policy-mixes under different future
assumptions

Element 1: analyzing the global and partial robustness of
individual policies

Global robustness: A policy would be globally robust if
it occurred in all consistent policy-mix scenarios. How-
ever, none of the policies are robust in this absolute sense
(though one policy, 2B, comes close to this status with a
frequency of 98.9% among the 278 policy mix scenarios)
- on the one hand, the future uncertainties in our case are
considerable, but on the other hand, the policy interac-
tions also allow considerable freedom in the formation of
a consistent policy-mix. Both together mean that there is
no overall “safe” and in every case “no regret” policy deci-
sion in our case.

Global robustness can also mean that a policy does not
occur in any consistent policy-mix scenario. Such poli-
cies would (within the scope of this analysis) be consid-
ered disproven and discouraged. In our analysis, there are
actually four policies of this type:

+ 2 AJoint statement of the municipalities in PFENZ
on the regional plan.

+ 4B Regional plan +land use monitoring PLUS
regional quantity target with tradable quotas.

+ 6B Lower land prices in return for multifunctional
and public areas.

+ 7 A Tools for cost-benefit analysis and monitoring of
commercial area projects.

Three of these policies (2 A, 6B and 7 A) are vacant even
without contextual influence [cf. 4 and explanations
there], while the systemic infeasibility of 4B only arises
due to the contextual influences. Test calculations show
that A3 (nationwide quotas for all land uses and their
trade) would be the prerequisite for 4B, but since A3 does
not prevail in any policy-mix scenario, 4B is also missing.

None of the vacant policies is a status quo policy. Con-
versely, this means that all status quo policies can be a
functional (consistent) component of a policy-mix under
certain circumstances.

Partial robustness: Even if a policy is not globally robust,
it can still be the robust companion of a certain context
development and it can be concluded that the policy (from
the perspective of this analysis) is a natural implication of
“its” favorable context development. The partially robust
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Table 4 The partially robust policies of the context
developments
Context assumption

Obligatory
policies

A Legal framework of the federal and “Lander” govern-

ments for land efficiency and land use:

AT: Municipalities receive additional funding as compen- 2B
sation for environmental measures

A2: Strict regulatory requirements for land efficiency and 2B, 7B, 8B
land use

A3: Nationwide land quotas for all land uses and their No

trade solutions
Ad4: Reduction of land use remains a non-binding political 35,4S

goal (status quo)

B Importance and structure of the German economy:

B1: Germany with technology leadership in green tech- 2B, 7B, 8B
nologies etc. (qualitative growth)

B2: Importance and structure of the German economy -

roughly as in 2022 (status quo)

B3: De-globalisation and relocation of manufacturing 2B, 35,4S,6
back to Germany S, 7B, 8B, 9B

B4: Germany is losing its strong economic importance in -~ 2B
the world

C Future work:

C1:Work beyond gainful employment as self-realisation 2B
for all

C2: Significant change in the world of work: digitalisation 2B, 7B, 88
and flexibilization

C3: Work remains work: little change in the world of work -

(status quo)

C4: Precarious conditions 2B

The occurrence of a development listed on the left means that all policies
listed on the right in the same row are obligatory components of aconsistent
policy-mix under this context assumption. “No solution”: no consistent context
scenarios existin this case.“-":in the case of therespective context development,
there is no policy that is mandatory for consistency

policies found for the 12 context developments in this
analysis are shown in Table 4.

Policy “2B Regional development concept commercial
areas in PFENZ” is the most robust of the partially robust
policies: Although it is not robust for all, it is robust for
8 of 11 non-vacant context developments. Two context
developments (B2 and C3) show no partially robust poli-
cies, and A3, as described above, does not occur in any
context scenario.

The following policy combination obviously plays a sig-
nificant role:

+ 2B Regional development concept commercial areas
in PFENZ.

« 7B Shared infrastructures within commercial areas.

+ 8B Joint innovative settlement strategy and skilled
labor strategy in PEENZ.

It is robust under four context developments, which indi-
cates a particular synergy effect between these policies. It
is also striking that this robust association never appears
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under status quo context conditions, but always occurs in
the wake of significant changes.

A particularly large number of partially robust poli-
cies occur under the conditions of B3 “De-globalization
and relocation of manufacturing back to Germany”. This
development, which has particularly far-reaching conse-
quences for the economy, obviously rules out a particu-
larly large number of options and thus forces decisions
without alternatives in many policy areas.

A conspicuous feature is also evident in the partially
robust policies under A4 “Reduction of land use remains
a non-binding political goal” This “no change” option
causes a status quo policy for at least two policy areas
and thus blocks more innovative approaches.

Robust options: Another type of policy robustness
against environmental uncertainty is that a policy has a
chance of playing a role in all context scenarios, i.e. it is
not necessarily included in all, but at least in one consis-
tent policy-mix of each context. Only five of the 36 poli-
cies included in the matrix possess this quality:

+ 2B Regional development concept commercial areas
in PFENZ.

+ 4 S Regional plan as a corridor for land use.

+ 6 S Information on land-saving and multifunctional
use.

+ 7B Shared infrastructures within commercial areas.

+ 9B Joint (collaborative) commercial area
management and location marketing PEENZ.

A policy could therefore be selected from this list of
policies for which it is then certain, despite context
uncertainty, that there will always be a way to establish
a consistent policy-mix around this policy. However, this
does not necessarily mean that several policies from this
list can necessarily be combined.

Element 2: analyzing the robustness of policy-mixes

As described, the n=278 complete solutions in the inte-
grated matrix contain 113 different policy-mixes, which
generally appear several times in the solution list in
combination with different context scenarios. A globally
robust policy-mix is consistent across all contexts; par-
tially robust mixes are consistent in only some contexts,
the more contexts they are consistent with, the more
robust they are considered.

Figure 5 shows that more than 1/3 of the n=113 policy-
mixes (47 mixes) are only consistent in a single context
scenario. They are therefore highly specialized and cor-
respondingly highly vulnerable to unexpected context
developments. On the other hand, there are no policy-
mixes in this use case that are completely or largely
robust. However, 12 policy-mixes are robust in half of the
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Fig. 5 Number of policy-mixes with consistency in n context scenarios

context scenarios and thus offer moderate prospects of
durability (Table 5).

These twelve most robust mixes have some characteris-
tics in common that can be interpreted as necessary (but
not sufficient) prerequisites for their modest robustness
level (Table 6). These are either policies that need to be
systematically excluded or systematically included. Nota-
bly, none of the less innovative policies (option A) appear
in this list.

Element 3: analyzing robustness regarding performance

In the previous chapters, the stability of the individual
policies and policy-mixes against the future uncertainty
of the context conditions was examined. Another key
question, however, is what influence future uncertainty
has on the ability of policy-mixes to achieve their over-
arching, systemic objectives. Two of the objectives are
represented in this analysis by the indicator descriptors
D (competitiveness of the regional economic structure)
and E (net-zero land use by commerce). For each solu-
tion in the integrated matrix, the impact sum of an
indicator descriptor indicates the balance of promot-
ing and hindering impacts for the corresponding con-
text scenario and policy-mix. This value is referred to
below as the performance of the solution with regard to
the goal.

In order to obtain information about the effects of con-
text uncertainty on the performances of the two indicator
descriptors, we determine for all n =278 solutions of the
integrated matrix which performances the two indicator
descriptors achieve and assign the result to the context
scenario that is active in the solution?. The results are
shown in Fig. 6. The context scenario valid for a point
group is identified by its code abbreviation.

Context uncertainty as the dominant cause of per-
formance variance: A first observation regarding Fig.
6 is that the domains of the different context scenarios
are largely separated from each other and overlap only
slightly. This is by no means self-evident and expresses the
fact that the collective freedom of action of the actors to
choose between different consistent policy-mixes within
a context scenario results in less performance variance
overall than the uncontrollable context uncertainty. The
context scenarios affect performance in two ways: (1) they
have direct impacts on the indicator descriptors and (2)
they can make it easier or more difficult to activate cer-
tain policies and thus influence the decision as to whether

# It should be noted at this point that other, more comprehensive model-
ing approaches (e.g., an economic model) may be even better suited to pre-
dicting the performance of a policy-mix more accurately. However, such an
approach was not available for our analyses.



Wassermann et al. European Journal of Futures Research

5 out of =10 context scenarios)

Table 5 List of most robust policy-mixes (robust in n
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Table 6 Maximum-robustness-preconditions in the policy-mixes

Policies
Sub-Goal Included Excluded
1 Improve city-regional 1 S:Irregular
cooperation regarding exchange between
commercial areas city and indi-
vidual surrounding
municipalities
2 Joint development per-  2B: Regional devel-
spective for PFENZ opment concept
commercial areas in
PFENZ
3 Develop commercial 3 S:Informal

areas in inter-municipal
cooperation

4 Reduction and control
of land use for commercial
areas

5 Mobilize existing com-
mercial land and buildings

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

5B: Ext. approaches

to municipal land
policy as interim

acquisition urban.
develop. contracts

and deconstruction

obligations etc.

preliminary talks
for inter-municipal
commercial area
development

4B: Regional
plan+land use
monitoring PLUS
regional guantity
target with trad-
able quotas

6B: Lower land

prices in return for
multifunctional

and public areas
7B: Shared infra-
structures within
commercial areas

7 Future-oriented com-
mercial area planning and
implementation

8 Securing and creating 8B: Joint innovative

(sustainable) jobs settlement strategy
and skilled labor strat-
egy in PFENZ
9 Improve regional location 9S: Individual
quality municipal location
marketing

goal-oriented policy-mixes can become consistent or
whether they are prevented from doing so. In our case,
the indicator performances are therefore more dependent
on “fate’, i.e. context developments, than on the decisions
of the actors.

The context scenarios determine the performances to
very different extents: The extent of the domains of the
context scenarios in Fig. 6 varies greatly. Context scenario
A4-B3-C3 (de-globalization, little change in the world
of work, land use remains a non-binding political goal)
(purple dots), for example, creates a very compact domain
in the diagram. In other words, in this context scenario
de-globalization strongly determines what performance
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5 The (best case) Pareto Front is formed by the Pareto-optimal solutions. Pareto-optimality implies that there exists no other solution that performs better for
at least one index and at least equivalent for the other index [47].
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can be achieved - namely a substantial performance for
the regional economic structure, but a low performance
for less land take. Which policy-mix is ultimately realized
under these conditions is not insignificant, but is no lon-
ger decisive for performance.

Things are quite different for the context scenario
A1-B2-C3 (status quo of the German economy, little
change in the world of work, additional funding oppor-
tunities for municipal environmental measures) (yellow
dots), which is shaped by additional funding opportuni-
ties. This contextual future leaves the actors with a partic-
ularly high degree of decision-making freedom (and thus
a particularly high degree of responsibility). It results in
a high number of consistent policy-mixes and also to a
high variance in possible performances, although the
performances - with one notable exception - are all in the
acceptable to good range.

Among the context scenarios, there is a clear best-
case in terms of performance The best-case among
the context scenarios is case A1-Bl (additional financ-
ing options for municipal environmental measures, Ger-
man technology leadership) (green dots), whereby there
are no restrictions for context descriptor C apart from
the consistency conditions. This group also includes the
two Pareto-optimal policy-mixes of the total solution set
(points highlighted by black rings in Fig. 6 top right, see
Table in supplementary material C).

One of the Pareto optima in Fig. 6 is optimal if the goal
of economic competitiveness (descriptor D) is given prior-
ity over the goal of “land use” (descriptor E). In the opposite
case, the second Pareto optimum is optimal (see the table of
Pareto Optima 1 and 2 in supplementary material C). How-
ever, both cases only differ in the policy choice of descrip-
tors 3 and 9 with little impact on the goal performances.

In some context scenarios, the freedom of choice of
the policy-mix essentially only affects one of the sys-
tem objectives Some of the context scenarios lead to
point clouds that are predominantly vertically extended.
This can be observed in Fig. 6, especially in the context
scenario family with “sustainability” elements A1l-Bl,
which has a horizontal extent of 8 points and a vertical
extent of 34 points. This means that the choice of a consis-
tent policy-mix under this context scenario primarily has
an impact on land use, but only a very limited impact on
regional economic competitiveness. The latter is already
largely determined by the context developments. The con-
text scenarios A2-B4-C1 and A1-B4-Cl1 also follow this
pattern. In contrast, the freedom of choice for the policy-
mixes in the target-adverse context scenarios leads to bal-
anced variances for both indicators. The case where the
area target is significantly less sensitive than the competi-
tiveness target does not occur.
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Discussion

In the following, we discuss the implications of our study
for the practice of policy design (5.1), for policy-mix sce-
nario analysis using CIB (5.2), and for the policy design
literature more generally (5.3).

Future contexts matter in the practice of policy design - in
PFENZ and beyond

[4] already demonstrated (i) how regional commercial
area-related policies interact, and (ii) that it is necessary
to investigate whether the effectiveness of particularly
innovative additional policies might be hindered by the
already implemented status quo policy-mix. Our study
expands this analysis and shows that context can sig-
nificantly influence the consistency and performance of
policy-mixes. In our case, the legal framework regarding
land policy at the federal or state level can either impair
or promote regional policies. Whether it enables free-
doms (as in context A1) or severely restricts them (as in
context A2) largely depends on the design of this over-
arching regulatory level.

For regional policy practice, it is crucial to highlight
those policies that have proven particularly robust across
all contexts. These policies are included in at least one
consistent policy-mix in each context:

+ 2B Regional development concept for commercial
areas in PFENZ.

+ 4 S Regional plan as a corridor for land use.

+ 6 S Information on land-saving and multifunctional
use.

+ 7B Shared infrastructures within commercial areas.

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

Thus, a policy selected from this list would, despite con-
textual uncertainty, always allow the formation of a con-
sistent policy-mix around it. However, not all of these
policies are mutually compatible. Therefore, it is also
useful to highlight three policy-mix elements that can be
synergistically combined, so that this combination occurs
in ca. 90% of the policy-mix scenarios, and, accordingly,
prevails across many (yet not all) contexts:

+ 2B Regional development concept for commercial
areas in PFENZ.

+ 7B Shared infrastructures within commercial areas.

+ 8B Joint innovative settlement strategy and skilled
labor strategy in PEENZ.

Moreover, our analysis indicates that some policies can-
not be consistently and effectively implemented at the
regional level unless the federal or state level provides
the necessary conditions. In our analysis, the context A3
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— Nationwide quotas for all land uses and their trade —
is absent from the consistent policy-mix scenarios. Thus,
for policy design at both the regional and federal levels,
a pivotal question is whether plausible context scenarios
exist in which A3 could occur. A strong political will at
the national level and/or obligations from the Euro-
pean level might be necessary — a question that future
research should explore further by incorporating these
factors into context scenarios.

While contexts can significantly impact the perfor-
mance of policy-mixes, this influence should not lead
practitioners to conclude that policy design is irrelevant.
On the contrary, we observed that different, equally con-
sistent policy-mixes under “status quo’-type context
scenarios can vary significantly in their performance.
Therefore, policy design does matter — particularly the
design of robust policy-mixes — because we cannot pre-
dict which futures will unfold.

Building Policy-Mix scenarios with CIB

Our study shows that integrating active context descrip-
tors and passive indicator descriptors ex post into a CIB
policy interaction matrix is relatively straightforward.
Integrated policy-mix scenarios with CIB thus contrib-
ute to the methodological toolbox of futures research:
Assumptions on policy interaction have been generally
rather missing from scenario analysis. Our approach
allows to explicitly considering both, assumptions on
future context scenarios and on policy interactions. In
contrast, our analysis shows that regional system descrip-
tors and policy descriptors overlap, as system descriptors
often contain implicit assumptions about policies. Thus,
integrating regional system descriptors from the scenario
matrix beyond passive indicators is more challenging.
Future research could explore methods to better depict
the feedback dynamics between policies and (regional)
system developments within the CIB framework.

Our study also hints at the implicit context scenarios
assumed by experts and authors during the policy design
process in [4]. It appears that the dominant implicit
assumption was a context scenario closest to the status
quo, which allows for particularly high degrees of deci-
sion-making freedom and results in a high number of
consistent policy-mixes. In line with [16], we argue that
if context scenarios are not explicitly assumed — in this
case during policy design — they are implicitly assumed.
Moreover, different participants in a policy design pro-
cess may have divergent assumptions about possible
future contexts, which could bias their assessment of
policy effectiveness and interactions. Policy-mix scenario
analysis using CIB enables to address such assumptions
in a transparent and systematic manner.
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A new conceptualization of robustness adding to the
policy design literature

Our analysis contributes to the policy design literature,
which already recognizes scenarios as an important tool
[20], but does not yet comprehensively incorporate them
into analyses. We further develop the concept of policy-
mix scenarios and offer a methodological approach to
systematically integrate scenarios into policy-mix design
using CIB. We also refine the concept of robustness by
considering three elements and two degrees: the global
and partial robustness of individual policies and of pol-
icy-mixes, and the robustness of policy-mix performance
under different scenarios. Future work could use this as
a basis for even more in-depth robustness analyses and,
for example, investigate the relationship between the par-
tial robustness of individual policies and performance in
a policy-mix scenario.

Content-wise, one notable finding is that the regional
development concept (2B) proved particularly robust. A
regional development concept is a strongly procedural
element that must be individually defined and can be
regularly expanded, revised, and adapted. This confirms
[21] thesis that including procedural elements that enable
improvisation and rapid response to shocks is crucial for
designing robust policy-mixes (cf. also [3]). This also sup-
ports the findings by [48], that flexibility and adaptability
of policies can increase the robustness of policies - and
policy—mixes - especially in situations of deep uncer-
tainty [48].

Conclusion

In our paper, we contribute to policy design research by
asking how the robustness of policy-mixes can be ana-
lyzed using scenarios. To this end, we conducted a case
study in the Northern Black Forest region, designing
policy-mixes intended to minimize trade-offs in com-
mercial land development. These policy-mixes were inte-
grated with context variables from a scenario study also
conducted for the region, and a performance analysis was
undertaken.

Content-wise, we showed that no single “no-regret”
policy remains stable under all scenarios. However, the
analysis also highlights policies that are highly compat-
ible with each other across very different future contexts:

+ 2B Regional development concept for commercial
areas in PFENZ.

+ 7B Shared infrastructures within commercial areas.

+ 8B Joint innovative settlement strategy and skilled
labor strategy in PEENZ.

Methodologically, we demonstrated how to integrate
CIB-based scenarios with policy design ex post. We also
illustrated how to consider three elements for assessing
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scenario robustness: at the level of individual policies
(which policies are robust across different scenarios?), at
the level of policy-mixes (which mixes are robust?), and
at the level of system performance (which mixes provide
robust performance across scenarios?).

Overall, our study contributes to advancing policy
design under uncertainty. It does so by further develop-
ing a systematic approach using CIB to create policy-
mix scenarios and refining the elements of robustness.
These robustness considerations can benefit other CIB
approaches to policy-mix scenarios and can also inform
policy analysts, designers, and scenario analysts applying
different methods that combine policy-mix design and
scenarios.
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