AESOP 26'" Annual Congress » 11-15 July 2012 « METU, Ankara

AESOP 2012: Planning to achieve — planning to avoid

Decisionsin time of climate change: The CLUC-model asa
tool for spatial planning

Authors: Michael Richter, Meike Albers, Sonja Deppisch

Research group “plan B:altic — Climate change and spatia development”
HafenCity University Hamburg

Winterhuder Weg 29

22085 Hamburg — Germany

phone: +49-40-42827-4510

email: michael.richter@hcu-hamburg.de

Keywords: spatial planning, climate change, modelling

Congress track: Vulnerabilities, Risks and Mitigation Planning (12)

Abstract

The urban climate effect already poses a challenge in several citiesasit leads to the
formation of heat islands and therefore to an increase of the morbidity and mortality
rate. Due to climatic changes, these effects are expected to increase. However, the
consequences of climate change may be reduced by introducing appropriate
adaptation measures to cities.

Spatial planning is regarded to play an important role in adapting cities to climate
change as it influences the spatial configuration, type and degree of development of
buildings and land use, as well as landscapes and green spaces. But especially the
uncertainty and the complexity of climate change confront spatial planning with
growing challenges and the difficulty to make and justify decisions. Therefore, local
experts from Stockholm (Sweden) and Rostock (Germany) lack abasis for decision-
making within spatial planning.

The Climate and Land Use Change-model (CLUC-model) can support spatial
planning when making decisions with regard to climate change. The model focuses
on the interactions between land use and surface temperatures and on the specific air
conditions within cities. It alowsto project urban temperature differences with
regard to different assumptions of (future or planned) land use/land cover and its
specific characteristics. Analysing the input parameters of the CLUC-model, spatial
planning mainly can influence five parameters: the specific heat of concrete, the
average mass of concrete, the building mass per unit of built land, the roughness
length and the evaporating fraction at surface. Being aware of the relevance of these
five parameters, spatial planning can contribute to the future temperature conditions.



Summarizing, the CLUC-model can support spatial planning in projecting and

eval uating adaptation measures by assessing different future land uses and spatial
patterns. Therefore, it can serve as a decision-support tool for spatial planning with
regard to climate change.

1. Introduction

The average annual air temperature in large citiesis 1 to 2 °C higher than in the
immediate surrounding area— in mega cities differences of more than 10 °C can be
determined at certain times (Oke, 1973). In the context of climate change, this could
present a growing problem for mankind since rising temperatures may also increase
the intensity and frequency of the formation of heat islands. Since over half of the
world's population was city-dwellersin 2010 and this tendency is growing
(Crossette, 2010), the urban climate effect may impact on an increasing number of
people worldwide in the 21% century. More severe consequences can be expected
concerning future climate change in metropolitan areas than in their surrounding
areas (Fruh et al., 2011). If societies are not prepared for such changes, morbidity
and the mortality rate will increase due to the consequences of a higher heat |oad
(Souch and Grimmond, 2004), an example of which occurred in France in the
summer of 2003 (Filleul et al., 2006). It is assumed that the number of summer days
(days with maximum temperature > 25 °C) and hot days (days with maximum
temperature > 30 °C) will increase in many regions (Friih et al., 2011), and hence in
the areas where people suffer from thermal stress (Souch and Grimmond, 2004).

However, these consequences of climate change may be reduced by introducing
appropriate adaptation measures to cities. Spatial planning is regarded to play an
important role in adapting cities to climate change as it influences the spatial
configuration, type and degree of development of buildings and land use, as well as
landscapes and green spaces. Especially the uncertainty and the complexity of
climate change confront spatia planning with growing challenges and the difficulty
to make and justify decisions.

The articleis based on the evaluation of literature and interviews with local experts
in the City and Region of Stockholm (Sweden) and the City and Region of Rostock
(Germany). In both regions, semi-structured interviews were carried out with

local representatives of the departments for spatial planning, landscape planning and
environment as well as of the regional planning administration.

As one possible approach to support decision-making within spatial planning, this
contribution introduces the Climate and Land Use Change-model (CLUC-modd!).
The model explores the impacts of climate change and land use on surface
temperatures as well as the interrel ations between them. It is examined in which way
the model can support spatia planning when taking decisions and it is planned to
evauate it for Rostock and Stockholm.



First, the focus is on the topic of adaptation to climate change within spatial planning
(chapter 2). In chapter 3, the functionality of the CLUC-model is presented.
Following this, we discuss how the application of the CLUC-model in planning
processes could support spatia planning decisions to influence the future
temperature conditions in cities (chapter 4). The contribution concludes with the
possibilities as well as the limitations of the model with regard to spatial planning.

2. Adaptation to climate change within spatial planning

Thereisabroad consensus that both mitigation and adaptation to climate change are
needed with regard to climate change (e.g. Davoudi et al., 2009; Alberti and Blanco,
2009; Intergovernmental Panel on Climate Change (IPCC), 2007). Within spatia
planning, both tasks are considered to be parts of the broader task of climate change
planning (Wheeler et al., 2009). Whereas mitigation has long played an important
role, adaptation to the impacts of climate change is attracting increasing attention
within spatia planning only for some years. In the European Union, the 2001 report
by the Intergovernmental Panel on Climate Change (IPCC) is considered providing
an important impetus for tackling the topic of adaptation to climate change (Termeer
et al., 2009).

Therole of spatial planning in adapting to climate change is based on the spatial
relevance of both the impacts of climate change and potential adaptation measures
(Biesbroek et al., 2009; Fleischhauer and Bornefeld, 2006). For example, arisein
sea level or increasing temperatures could affect cities, necessitating changesin the
current land use or influencing decisions on future land use. Since spatial planning
influences the spatial configuration, type and degree of development of buildings and
land use, as well as landscapes and green spaces, it has an important role to play in
adapting to climate change impacts.

However, adapting to climate change confronts spatial planning with growing
challenges. These challenges are mainly attributed to the high level of uncertainty, to
the dynamic and the long-time horizon of climate change and to the high complexity
of cities and regions (Reese, 2011; Hallegatte, 2009).

The uncertainty of climate change is seen as a pivotal challenge for spatial planning
(Hall, 2009). Results from empirical studiesin Stockholm region (Sweden) and
Rostock region (Germany) reveal that local experts assess uncertainty being one of
the most important challenges for spatial planning with regard to climate change.
Even if planning always had and still has to deal with uncertainty, local experts
confirm that climate change seems to exacerbate this problem. In their opinion,
climatic changes are more difficult to predict than other future developments. As
climate scenarios contain awide range of potential climatic changes, they are
considered to be too vague and imprecise to devel op adaptation strategies and
measures. Thus, uncertainty is not only about climatic changes, but also about
measures and strategies for spatial planning (i.a. Davoudi et al., 2009; Hallegatte,
2009). Otherwise, spatia plannersin Stockholm and Rostock are aware that



uncertainty cannot be completely eliminated and that they have to find possibilities
to integrate uncertain impacts of climate change within spatial planning.

Another challenge can be seen in the dynamic and the long-time horizon of climate
change. On the one hand, climate change exceeds the traditional planning horizon
that often focuses on the next ten or 15 years (Ritter, 2007). Nevertheless, spatial
planning has to consider climatic changes aready now as planning decisions
influence the spatia structure over along period of time. Local experts from
Stockholm and Rostock emphasise that thisis not a completely new challenge as
planning always had and has to deal with long-time developments. Within the fields
of landscape planning or flood protection, the time horizon is up to 200 years.

On the other hand, climatic changes are characterized by high dynamics (Hallegatte,
2009; Schuchardt and Schirmer, 2005). Local expertsin Rostock point out that the
dynamic of climatic changesis even more challenging than the long-time horizon.
Decisions made today have to be compatible with the current as well as the future
climatic conditions: ,, For an architect, it is not more difficult (nor more expensive) to
design a building adapted to the climate of Cordoba than to the climate of Paris. But
it may be more difficult (and more expensive) to design a building adapted to both”
(Hallegatte, 2009, p. 241).

Furthermore, spatial planning hasto deal with the complexity of cities and regions.
Interventions such as adaptation measures have manifold impacts that have to be
considered while designing adaptation measures and strategies (Aerts et al., 2012).
Local expertsin Stockholm and Rostock are aware of this complexity and consider
climate change as a“very complex and complicated phenomenon”.

Despite these challenges, spatia planning has to decide on future developments. This
rai ses the question how adaptation measures and strategies can be justified. Due to
the uncertainty and the long-time horizon of climate change, local expertslack a
basis for decision-making as they estimate the existing climate scenarios being too
weak and imprecise. Taking for granted that climate scenarios will remain uncertain
(Hallegatte, 2009), the question arises which methods and processes can serve for
decision-making within spatial planning (i.a. Hallegatte 2009; Overbeck et a. 2008).

In the following, we present amodel that could support spatia planning in decision-
making.

3. TheCLUC-modd

The Climate and Land Use Change-model (CLUC-model) focuses on the interactions
between land use and surface temperatures and on the specific air conditions within
cities that differ from those in the surrounding countryside. The so-called urban heat
island (UHI) effect describes the phenomenon of differing temperature between
urban areas and their immediate surrounding rural areas. These differences are



primarily generated in urban areas due to large-scal e building structures, sealing and
emissions from transport and industry.

The CLUC-model explores the impacts of climate and land-use change scenarios on
surface temperatures. While causes for temperature differences within urban areas
are well understood, it is difficult to map and quantify the spatial configuration of
these (Smith et al., 2011).The model allows to project urban temperature differences
arising from specific land covers and their specific properties (for instance rate of
vegetation cover, impervious surfaces or building height). To do so, the model
combines two elements: Climate change scenarios and different types of land use.
The climate change scenarios are based on global and regional climate models
(downscaled to the city scale). By using different types of land use as input to the
model their specific effects on the surface temperature can be compared. There are
similar spatial and temporal patterns between air and surface temperatures, athough
most of the time they do not have exactly the same values (Arnfield, 2003). Surface
temperatures vary more (Lowry, 1988) whereas air temperatures are nearly identical
across an immediate |landscape due to mixing of air (Brown and Gillespie, 1995).
The correlation with microscale site characteristics like sky view factor is stronger
(Eliasson, 1996) and surface temperatures are less dependent on the unpredictability
of wind speed and direction (Whitford et al., 2001). It can serve as a measure of
mean radiant temperature and therefore is a significant factor in determining human
comfort (Matzarakis et al., 1999).

The surface temperatures are quantified using an energy exchange model previously
developed (Whitford et al., 2001) from the urban climate model of Tso et al. (1991)
and adopted for example for Manchester (Gill, 2006). It is based on following energy
balance equation (Figure 1):

R=H+LE+G+ M

R...net radiation flux; balance between incoming and outgoing energy at the surface
H...sensible heat flux due to convection; transfer of heat energy from surface to
atmosphere by air movement

LE...latent heat flux due to evaporation; quantity of heat energy released by the
surface due to change of state (evaporation)

G...Conductive heat flux into the soil; quantity of heat energy transferred within and
between bodies of matter (soil)

M...heat flux to storage in the built environment; quantity of heat energy stored in the
built environment

The model solves equations for the terms in the energy balance simultaneous and
expresses the balance in terms of the surface and soil temperature (T, and Ts).
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Figure 1. Framework of the energy balance model (Whitford et al. 2001, Tso et al.

1991)

For further explanation of the differential equations see for example Gill (2006) and
Tso et al. (1991). The process of solving the differential equations during the
different time stepsis as follows (Gill, 2006):

1. Initia estimate for dawn air and soil temperatures
2.

Dawn temperatures as initial conditions for differential equations over the
sunny period and simultaneous equations are solved, solutions are taken as
sunset air and soil temperatures

Sunset temperatures become initial conditions for differential equations over
night and simultaneous equations are solved, solutions are taken as midnight
air and soil temperatures

Midnight temperatures become initial conditions for differential equations
over pre-dawn period and simultaneous equations are solved, solutions are
taken as the next dawn air and soil temperatures

Dawn temperatures from previous day (1.) are compared with new dawn
temperatures (4.), if results are unchanged to 3 decimal places no further
iterations are carried out, otherwise new dawn temperatures (4.) become
initial conditions for 2. and another iteration follows

The surface and soil temperatures are plotted over time and the maximum and
minimum temperatures are provided by the model (Gill, 2006). Some input
parameters for the model, like air density and specific heat of air, are adopted from
previous studies (Table 1). Others are adapted to specific conditions in the case
studies of Rostock and Stockholm. Meteorological parameters have to be changed
for the assessment of a hot, cloud-free summer day in present and future climate and
will vary with different climate scenarios.



Table 1. Input parameters for the energy exchange model (after Gill, 2006).

Parameter & notation Unit
Specific heat of air Jkg/°C
Density of air kg/m®
Thermal conductivity of soil W/m/°C
Specific heat of soil Jkg/°C
Density of soil kg/m3
Specific heat of concrete Jkg/°C
Latent heat of evaporation Jkg
Average mass of concrete kg/m?2
Building mass/unit of built land kg/m?2
Roughness length m
Height of surface boundary layer (SBL) | m
Wind velocity at SBL m/s
Air temperature at SBL °C

Specific humidity at SBL -
Evaporating fraction at surface -

Soil depth cm
Soil temperature at depth 2d °C
Reference temperature °C
Hours of daylight h
Sunrise time h
Sunset time h
Peak insolation W/m2
Night radiation W/m2

Referring on these input parameters, the CLUC-model allows to project urban
temperature differences with regard to different assumptions of (future or planned)
land use/land cover and its specific characteristics. By changing the input parameters,
it is possible to model the impact of different land use scenarios on surface
temperature.

4. The CLUC-mode asdecision-tool for spatial planning

With regard to spatia planning, the crucial question is how the application of the
CLUC-model in planning processes could support spatial planning decisions to
influence the future surface temperature in cities. To do so, two major questions
arise: First, which parameters can be influenced through spatia planning? And
second, what can spatia planning do to influence these parameters and therefore the
surface temperature within cities?

Looking at the input parameters of the CLUC-model (Tab. 1), spatial planning
mainly can influence five parameters:



(1) The parameter ‘ specific heat of concrete’ can be changed by using other
materials for buildings, streets or places. The higher the specific heat of the
materialsis, the higher is the capacity to store or carry heat.

(2) Another factor isthe *average mass of concrete’ that also varies according to
the building materials. The temperature is influenced by the specific heat
storage mass.

(3) Spatial planning can aso influence the * building mass per unit of built land’.
It mainly depends on the height of a building and the building materials.
Higher buildings have a higher building mass and therefore contribute more
strongly to increase the temperature.

(4) The ‘roughness length’ describes the surface structure of a city that includes
the height of the buildings, the density of an area and the spatia
configuration. The lower the buildings and the density, the lower the
roughness length and the increase of temperature.

(5) Finally, the temperature is determined by the * evaporating fraction at
surface'. A lower degree of sealed surface, and therefore a higher evaporative
fraction, resultsin alower heat effect on the surrounding area.

Being aware of the relevance of these five parameters, spatial planning can
contribute to the future temperature conditions. As the urban temperature depends on
several other parameters that cannot be influenced by spatia planning (as for
example the specific heat of the air or the hours of daylight), there are no generally
appropriate measures or strategies to decrease the surface temperature. Therefore, it
IS very important to take into account the local conditions and their development. By
projecting the surface temperature for different land uses, the CLUC-model can
support spatial planning in order to make well-founded decisions.

With the help of the CLUC-model, different spatial developments could be
compared. Suppose an inner-city areathat should be redeveloped: The alternatives
are either some flat but extensive buildings or one high building and a small park. By
entering the specific data (as well as al the other parameters) into the CLUC-model,
the temperature rise for this area can be calculated and the two devel opments can be
compared. Against the background of the uncertainty and the complexity of climate
change, the CLUC-model can serve as a decision-support tool for spatial planning.

5. Conclusion

Summarizing, the CLUC-model can help to project the effects of changesin land use
and building patterns — and therefore of potential adaptation measures — with regard
to climate change. The particular added-value of the model isthat it integrates future
climatic changes as well as potential changesin land use and building patterns.
Therefore, it can support spatial planning in several respects:

(1) The model reveals the complex and manifold effects of planning decisions on
the future surface temperature.



(2) Asthe model considers both future land uses and future temperature
conditions, it facilitates spatial planning to analyse the interactions between
these two components.

(3) By integrating different future temperature conditions, the model provides an
opportunity to take into account the whole range of potential climatic
changes.

(4) Furthermore, the model allows projecting the effects of different land uses
and spatial patterns on the surface temperature. The comparison of different
gpatial developments can support spatia planners when taking decisions.

Obviously, modelling the effects of planning measures cannot rel ease spatial
planning from its duty to define objectives and set priorities with regard to future
developments. In addition, the model cannot show differencesin air temperatures
due to for example inner-urban wind corridors and shading by trees. However, the
CLUC-model can support spatia planning in projecting and eval uating adaptation
measures by assessing different future land uses and spatial patterns. Therefore, it
can serve as a decision-support tool for spatial planning with regard to climate
change.
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