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1.   INTRODUCTION* 
 
Today, it is more important than ever to find an-
swers to the climate problem in urban areas. For 
urban planning, this means that environmental and 
urban climate aspects must be considered in more 
detail. With the help of climate equivalents, climate 
research creates an explanatory approach that 
offers directional certainty and a future perspective. 
In addition, it opens up the possibility of introducing 
further steps for optimised urban adaptation to cli-
mate change and building a bridge to applied, plan-
ning-oriented urban climatology, which is of im-
mense relevance in this field of tension. The devel-
opment of AI-supported processes can offer a "cli-
mate inventory" of settlement areas based on satel-
lite data, among other things, in order to offer rapid 
identification of local climate risk areas. 
 
2.   PROBLEM & CHALLENGE 
 
The effects of climate change on humans, animals 
and plants as well as the overloading of infrastruc-
tures occur primarily in urban areas. As these in-
creasingly critical situations don`t occur in isolation, 
but are part of the global system, the comparative 
search for similar problems and fields of action in 
other cities such as Vienna (Pfanner 2022) or re-
gions such as the greater Aachen area (Reuter et 
al. 2023) has proven its worth, even if these studies 
are only concerned with testing the calculation of 
the "climate twin" and not, as in this article, with the 
corresponding adaptation to the local climatic situa-
tion and its consequences for municipal planning. A 
target-oriented potential lies in the consideration of 
urban structures whose current local climate indi-
cates future developments and effects for other 
urban areas. These climate forecasts in combination 
with specific spatial examples are referred to as 
"climate twins". They offer an attempt at an explana-
tion that enables a comparison between regional 
and local areas, but varies the aspects of time and 
place. Climatic analogue regions are created in 
which a region A currently experiences climatic 
conditions that are comparable to the projected 
future local climatic conditions of a region B. This 
approach provides useful information about today's 
general infrastructure and living conditions that are 
already adapted to today's climate. It offers a rough 
projection and a realistic and useful insight into the 
future climate and its impacts. 
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The initially technical perspective on the part of 
climate research creates an explanatory path with 
the help of the "climate twin" described above, 
which provides certainty of direction for spatial plan-
ning and thus also future prospects. The spatial 
planning approach complements further steps with 
regard to optimised adaptation to climate change in 
the scientific and practical planning discourse. This 
builds a bridge to applied, planning-oriented urban 
climatology (Henninger, Leitte 2017), which is of 
immense relevance in the field of tension men-
tioned, because dealing with the consequences of 
climate change (including urban overheating, in-
crease in precipitation intensity, summer droughts) 
is one of the central social challenges. This makes 
adaptation to climate change a central task. To this 
end, the adaptability and resilience of an urban area 
to the effects and consequences of climate change 
that have already occurred and are expected in the 
future must be strengthened. In order to achieve 
such resilience, spatially adapted measures must be 
identified that enable and promote rapid, targeted 
and efficient action by stakeholders (Henninger, 
Weber 2020). 
The implementation of the measures is the respon-
sibility of the municipalities, but also of private 
stakeholders. Municipal administrations and state 
decision-makers are faced with the challenge of 
developing and implementing solutions for complex 
contexts – often with very limited financial and hu-
man resources. In addition, municipal decision-
makers are often faced with the dilemma of not 
being able to look into the future. In order to avoid 
major criticism, the strategy often chosen is to wait 
until something happens (e.g. flooding caused by a 
heavy rainfall event or a high number of heat-
related deaths due to overheating in cities caused 
by prolonged high-pressure weather conditions) and 
then react. In practice, the dilemma often arises that 
the implementation of preventive measures is not 
honoured to the extent that one would have imag-
ined in advance. The statement "There is no glory in 
prevention" describes the so-called “prevention 
paradox” in which our society finds itself (Drosten 
2020). Preventive measures, whether to combat 
extreme events or to adapt to the consequences of 
climate change, appear unattractive. Preventing 
climate and natural disasters is laborious, costs 
money and brings no glory. 
A response that can be described as resilient and 
future-orientated is of course not guaranteed by 
simply waiting, as the predicted future effects are 
still subject to major uncertainties despite all the 
progress made in terms of the possibilities of com-
puter-aided climate scenarios. It is completely irrel-
evant whether we are dealing with a sudden cata-
strophic natural event (e.g. heavy rainfall) or a slow-
ly emerging trend (steadily increasing average tem-
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peratures, longer periods of drought, etc.). However, 
it is not only the fear of criticism and the "outcry" 
from the public when measures are taken, but these 
are apparently implemented at great expense, es-
pecially financially, and then nothing of what one 
should protect against/adapt to occurs over a longer 
period of time. Rather, this reluctance is also due to 
the fact that there is still a lack of tools that enable 
practical access to information and recommenda-
tions for action on climate adaptation in order to 
make well-founded decisions for the planning and 
implementation of measures on the ground. This is 
despite the fact that a whole range of different op-
tions for action already exist, most of which are of a 
general nature and cannot be applied across the 
board to every region. It is therefore important to 
take account of the heterogeneous structure of an 
area under consideration by always providing rec-
ommendations for action that are specifically tai-
lored to this area and enable local stakeholders to 
integrate preventive measures into existing work 
processes within the municipality by providing in-
formation at the lowest possible threshold 
 
3.   METHODOLOGY & PROCEDURE 
 
The project "ÖkoHaSie 2050 – Ecological recom-
mendations for action in residential areas” aims to 
significantly simplify the planning process for climate 
adaptation measures by combining (1) the planning-
oriented settlement-climatic "matrix method", (2) the 
identification of "climate twins" and (3) the AI-
supported recording of the current situation. This 
combination enables better and faster consideration 
of climate adaptation in municipal urban land-use 
planning. Planning processes should not be delayed 
by the consideration of necessary climate adapta-
tion measures, but should be substantiated and 
accelerated. To this end, easy-to-use modules are 
being developed for local authorities that identify 
and prepare recommendations for action tailored to 
locations or local climatic problem areas. 
 
3.1  "Matrix method" - Settlement climate analy-
sis 
 
Possible local effects of climate change must be 
recognised at an early stage, as adaptation to the 
expected consequences of climate change is nec-
essary. Mathematical simulations are currently be-
ing used to identify microclimatic problem areas and 
fields of action within settlement areas and to rec-
ommend appropriate strategies. However, the inter-
actions between the various climate elements and 
the heterogeneous building structure in urban areas 
are complex, making it difficult, time-consuming 
and, above all, cost-intensive to make clear predic-
tions. Instead of numerical simulation, the "matrix 
method" developed at the University of Kaiserslau-
tern-Landau (Germany) can be used (Fabisch 
2017). This makes it possible to take stock of a 
municipality's settlement climate in order to make 
evidence-based and thus locally climate-resilient 
statements about the need for climate-adapted 
changes in existing buildings.  
The "matrix method" is not based on in-situ meas-
urements or simulations of various climate parame-
ters, but on the estimation of probabilities of occur-
rence depending on various indicators relevant to 

the urban climate (soil quality, degree of sealing, 
green structure, etc.). These are not considered in 
isolation, but are compared in pairs in a matrix. For 
this purpose, the study area is divided into grids in 
order to be able to indicate the probability of occur-
rence, e.g. of overheating, for the corresponding 
grid field based on the intensity of the various indi-
cators (Fabisch & Henninger 2018; see Fig. 1). 
 

 
Fig. 1: Visualisation and representation of the areas 
within the municipality of Otterberg, Germany, with a 
high risk of local overheating (red areas). 
 
 
The visualisation in Figure 1 indicates the areas that 
represent spaces with a high potential for overheat-
ing or heat stress (red areas) in the summer months 
within the example municipality of Otterberg, Ger-
many, due to the interaction of various factors (e.g. 
degree of sealing, proportion of green spaces, build-
ing density). At present, around 23% of the munici-
pal area can already be identified as local climatic 
risk areas, which corresponds to an area of around 
96 football pitches. 
 
3.2  Determination of the climate twin 
 
Once the "matrix method" has been completed, the 
calculated local results are linked with the search for 
a climate-equivalent twin. For this purpose, a calcu-
lation method developed by RWTH Aachen Univer-
sity (Germany) and Forschungszentrum Jülich 
(Germany) is used, which makes it possible to 
transfer the municipality of today into a predicted 
local climatic situation of tomorrow (Reuter et al. 
2023). This makes it possible to use innovative 
applied planning-oriented urban climatology, which 
bases the planning of the present on a local climate 
scenario of the future, on the basis of knowledge of 
the "climate twin" and its climate adaptability for 
future-oriented, climate-adapted designs and rec-
ommendations for action (see Fig. 2). 



 
Fig. 2: Exemplary illustration of the ‘migration’ of the 
municipality of Otterberg, Germany, according to the 
calculation of the “climate twin” to the region of the 
French municipality of Le Dorat. 
 
 
The calculation of the “climate twin” of the example 
municipality of Otterberg results in a shift in regional 
climatic conditions of around 600 km in a south-
westerly direction, which roughly corresponds to the 
location of the French municipality of Le Dorat. 
Otterberg would therefore have to expect an in-
crease in the average air temperature of about 1.9 K 
by 2080 and a lack of precipitation in the summer 
month. 
The calculation of the "climate twin" is based on 
data from the CORDEX project for calculating cli-
mate analogues. The "Coordinated Regional Cli-
mate Downscaling Experiment" is an international 
initiative for regional climate modelling. The aim of 
CORDEX is to develop high-resolution climate simu-
lations for regions in order to better understand the 
effects of climate change at regional level. The 
initiative focuses on the development and applica-
tion of regional climate models that are tailored to 
specific geographical areas. These models can 
simulate climate elements such as temperature, 
precipitation, wind speed and wind direction on a 
much finer spatial scale than global climate models.  
 
3.3  AI-supported data acquisition of the current 
situation 
 
Although the "matrix method" is very transparent, 
user-friendly and, above all, transferable, the inven-
tory reveals a high personnel and time expenditure. 
In order to reduce this, the settlement-structural 
characteristics and climate as well as environmental 
information required for the survey are to be auto-
mated as far as possible with the help of AI-based 
processes. The aim here is to make the assessment 
even more accessible and easier to use and to 
make it transferable to all areas even more quickly. 
Accordingly, the University of Kaiserslautern-
Landau and the German Research Centre for Artifi-
cial Intelligence (DFKI) in Kaiserslautern are devel-
oping an AI-based process that largely takes over 
the urban climate inventory of the "matrix method" 
through the intelligent aggregation and analysis of 
relevant data sources such as cadastral and remote 
sensing data. DFKI in Kaiserslautern has already 
developed various AI applications in this context, 
which, for example, makes it possible to recognise 

different tree species on the basis of remote sensing 
data in order to create a tree register (Mayer et al. 
2022). This knowledge is to be used to train the AI 
on the basis of the results of the "matrix method" so 
that these necessary parameters no longer have to 
be determined "by hand" and "on foot", but are 
recognised directly by the AI. The development of 
this AI-based approach makes it possible to quickly 
record the current state of the municipality and, 
based on this, to identify appropriate fields of action 
for a municipality and derive planning-oriented, 
climate-adapted measures after analysing the re-
sults on the basis of the "matrix method". By further 
processing the municipality's existing climate and 
geodata (to verify the AI data) and using remote 
sensing data (including satellite data), a planning-
relevant real-time scenario is developed for the 
respective municipality in which the AI visually de-
lineates different spaces or grids. Based on these 
grids, it is then possible to divide the area under 
consideration, e.g. a district or neighbourhood, into 
different areas that provide information on whether 
they are areas with an increased risk of flooding due 
to heavy rainfall or areas with a tendency to over-
heat. On this basis, future-oriented recommenda-
tions for action can be derived, as this AI-generated 
and spatially visualisable representation enables 
rapid identification of local climatic risk areas de-
pending on, for example, heat stress or heavy rain-
fall events (Mayer et al. 2024). 
The combination of the "matrix method" (urban 
climate inventory in order to make evidence-based 
and adequate statements on the need for climate-
adapted change in existing buildings), the calcula-
tion of the "climate twin" (climate-equivalent twin) in 
the present and an AI-supported recording of the 
current situation (settlement-climatic inventory using 
cadastral and remote sensing data for rapid identifi-
cation of local climatic risk areas) enables the de-
velopment of innovative, future-oriented, climate-
adapted designs and recommendations for action 
on the basis of future local climatic scenarios. This 
is a promising new tool, particularly for future, 
adapted and resilient urban development, which 
enables interdisciplinary planning for local authori-
ties. With this tool, so-called "what-if scenarios" can 
be integrated into AI-supported, future-orientated 
planning processes (see Fig. 3). 
The visualisation of Figure 3 indicates a future sce-
nario for the areas that represent areas with a high 
potential for overheating or heat stress (red areas) 
in the summer months within the example munici-
pality of Otterberg, Germany, due to the interaction 
of various factors (including degree of sealing, pro-
portion of green areas, building density). The fore-
cast is based on knowledge of the potential temper-
ature rise up to 2080 from the calculation of the "Le 
Dorat" climate twin (see Fig. 2). What is striking is 
the growing proportion of heat-prone areas to 
33.6%, which corresponds to an area of around 140 
football pitches. It is primarily the yellow and orange 
transition areas shown in Fig. 1 that will suffer a 
negative local climatic effect in the future due to the 
lack of climate adaptation measures. 



 
Fig. 3: Visualisation of the future forecast for the 
year 2080 of the areas within the municipality of 
Otterberg, Germany, with a high risk of local over-
heating (red areas) without having implemented 
preventive climate adaptation measures. 
 
 
4.   OUTLOOK & CHALLENGE 
 
By pooling knowledge, extensive scientific infor-
mation is to be made available to local authorities 
directly on site in line with their needs. This will 
create a basis for accelerated and at the same time 
scientifically sound decisions on urban and munici-
pal climate adaptation. The aim is to enable stake-
holders to better deal with uncertainties. As already 
mentioned, the greatest challenge of climate change 
is that it is difficult to predict which of the predicted 
impacts will actually materialise and, above all, 
when. The available tools are intended to bring 
about a rethink in planning practice in order to im-
plement the appropriate future-oriented strategy in 
the present in order to be resilient for "tomorrow". 
The so-called "no-regret strategy" in particular offers 
an approach for implementing measures to increase 
resilience and enhance the adaptability of an area 
(Hartz 2011). These measures are selected and 
designed in such a way that they are recognised as 
useful and generate added value regardless of the 
occurrence of the projected climate change impacts. 
The implementation options can be selected and 
designed according to the specifications of the ap-
proach generated in the project in such a way that 
they are recognised as sensible and forward-looking 
regardless of when the projected climate impacts 
occur. This includes a second strategy - the so-
called "soft" strategy (Hartz, 2011) - as complex and 
cost-intensive technical solutions are not always 
appropriate or necessary. With increasing uncertain-
ties and risks in an area, specially adapted uses, 
support programmes and monitoring systems can 
represent sensible alternatives. Long-term invest-
ments in highly uncertain change processes are 
often expensive mistakes. Therefore, in some are-
as, "smaller" medium-term solutions can certainly be 

an option. These are made available to the user as 
examples and serve as a local decision-making aid 
for municipal decision-makers for the next steps 
(see Fig. 4). 
 

 
Fig. 4: Visualisation of the future forecast for the 
year 2080 of the areas within the municipality of 
Otterberg, Germany, with a high risk of local over-
heating (red areas) with preventive climate adapta-
tion measures implemented. 
 
 
The visualisation and comparison of two future 
scenarios in Figure 2 and Figure 4 offers areas with 
a high potential for overheating or heat stress (red 
areas) in the summer months within the example 
municipality of Otterberg due to the interaction of 
various factors (e.g. degree of sealing, proportion of 
green areas, building density). Whilst figure 2 shows 
the increased number of risk areas without corre-
sponding adaptation measures in the present, Fig-
ure 4, in contrast, indicates the future scenario for 
the year 2080, but with climate adaptation measures 
implemented in advance based on knowledge of the 
current risk areas. As a result, the area at risk from 
heat can be significantly reduced and there will be 
no significant deterioration in the local climate in 
2080 and reaches a value of 21.4% (89 football 
pitches) risk areas for overheating. 
The project "ÖkoHaSie 2050" is based on a concept 
that has a very broad technical basis and, as a 
result, provides a tool that is easy to understand, 
easy to use and transferable at any time due to its 
simple approach and can serve as a decision-
making aid in the context of the planning implemen-
tation of local climate adaptation measures.  
The digital tool and the application-oriented, climate- 
and location-adapted planning are being developed 
and processed in line with requirements within the 
framework of the overarching scientific question in a 
transdisciplinary manner on the basis of scientific 
expertise from the fields of computer science, math-
ematics, physical geography and urban planning 



and further developed in close cooperation with 
local authority stakeholders.  
In an integrative, transdisciplinary approach, the 
project will combine various key topics, as different 
relevant issues and research needs will be ad-
dressed and linked in order to ensure a clear refer-
ence to the objective of "ÖkoHaSie 2050". 
The overarching aim is to establish a link between 
the current local situation and how this can be 
adapted to the potential local climate changes of the 
coming decades against the backdrop of climate 
change. The development and provision of an intel-
ligent planning and decision support tool enables 
interested municipalities to calculate a "climate twin" 
in order to identify the local climatic fields of action 
or risk areas, e.g. from the perspective of urban 
overheating or heavy rainfall events, and how action 
should be taken in the present from a planning per-
spective. This enables targeted, future-oriented 
municipal climate adaptation action in order to gen-
erate urban development and land-use planning 
findings today from the areas that are already 
adapted to local climate events, e.g. those forecast 
for the example municipality of Otterberg, Germany, 
(see Fig. 4) for the years 2080 and 2100. 
Due to its ease of use and transferability to other 
areas, "ÖkoHaSie 2050" can be applied regardless 
of the uncertain regional effects of climate change 
and extreme weather events, which are already 
difficult to predict. However, this brings the precau-
tionary aspect, dealing with uncertainties and learn-
ing processes more to the fore. This is a central 
prerequisite for spatial development strategies for 
climate change. The tool developed enables a fu-
ture-oriented approach and initiates an important 
and often underestimated learning process in urban 
and regional development, which ties in with the 
concept of "learning urban regions" (Stein 2007) 
and takes on an additional, sustainable dimension in 
times of climate change and the associated risks. 
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