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ABSTRACT
Event analysis shows that damages can be reduced by considering the risks involved with 

natural hazard zones, in particularly those exposed to lower levels of hazard. The purpose  

of risk-based spatial planning is to guide settlement development such that any risks are 

contained at an acceptable level to society in the long term. Current risks should be known 

and new, unacceptable risks should be avoided. It is possible to avoid hazardous areas when 

authorising new building zones or infrastructures, but there are great challenges in dealing 

with existing settlements. In such cases, greater care and attention must be paid to present 

and future risks. The earlier the stage at which risk-based spatial planning is incorporated into 

the planning process, the greater the potential for effective negotiations within the project, 

and the sooner effective counter-measures can be taken. However, the rationale behind 

risk-based spatial planning can only be applied successfully in practice through close col lab- 

oration between all of the parties involved, such as spatial planners, land-owners, natural 

hazard specialists and insurers.
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INTRODUCTION
The risks associated with natural hazards are on the increase

In Switzerland, a series of devastating floods has resulted in extensive damage in recent years. 

Other factors have also contributed to the increase in recorded damage. These include 

substantial population growth, the more intensive use of space as well as the increase in the 

value of buildings and infrastructures. Often, the greater risk and thus greater damage is to  

be found not in regions exposed to substantial and medium hazard levels, but in regions of 

intensive land use which face only low or residual hazard levels (marked in yellow and 

yellow-white hatched on hazard maps). In Switzerland, around one fifth of building zones 

are in at-risk areas. Approaches to handling these risks therefore play a key role in sustainable 

spatial development.
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Implementing hazard maps demands risk awareness

Hazard maps are available for 95% of the settled areas of Switzerland. They have been pro-

duced according to unified standards issued by the Federal Office for the Environment FOEN. 

Hazard maps display four hazard levels: red and blue areas denote a substantial or medium 

hazard respectively, while yellow illustrates a low hazard and yellow-white hatched areas a 

residual hazard. The hazard maps and the associated regulations must be implemented by the 

responsible authorities. In spatial planning, hazard maps offer a key instrument enabling 

communes to manage natural hazards and land use. In zones which are subject to a substan-

tial hazard, it is standard practice to forbid the construction of new and the extension of 

existing buildings. Specific construction regulations are in place for zones facing a medium 

hazard. In zones with either a low or residual hazard, there is still no obligation to provide 

protection measures, although they could remain at considerable risk should a large-scale 

hazard event occur in densely populated areas, causing extensive and costly damage.

Risk-based spatial planning therefore goes a step further. Alongside an assessment of hazard 

levels, this approach is designed to take current and future land use, and the associated risks, 

into consideration in spatial planning decision-making. The goal is to avoid any new, 

intolerable risks. This in turn means that protection measures in yellow and yellow-white 

zones should also be considered and implemented. The risk-based approach discussed herein 

is based on the ‘Security Level for Natural Hazards’ report (PLANAT, 2013). The report calls 

for the recommended security level to be achieved primarily by land use management, and 

demands in particular that new, unacceptable risks are avoided (Fig. 1). 

Figure 1: Method by which to achieve and maintain the recommended security level (PLANAT, 2013). 



INTERPRAEVENT 2016 – Conference Proceedings  |  89

Identifying conflict early and managing the development of risk

Risk-based spatial planning does not stringently impose risk avoidance, but focuses on de-

veloping risk-awareness. The aim is not to block land use entirely, but to manage risk in  

a way that is transparent to those affected. In doing so it is possible to find meaningful and 

reasonable solutions to mitigate risk (Fig. 2). These solutions are specific to each case and  

may differ. In this respect, spatial planning plays a crucial role in providing solutions. Where 

new land use is concerned, alternative locations can be planned at a sufficiently early stage. 

In the case of established settlements, the existing risks can be identified and the relevant 

land use restrictions can be defined in partnership with those affected.

Risk-based spatial planning relies not only on identifying the existing hazards in a given area, 

but also on pinpointing the risks that may arise from new or more intensive land use.  

When balancing interests, spatial planning should ensure that the frequency and impact of 

natural disasters affecting the people and property of the future are minimised. In this 

instance the role of spatial planning is to ensure that the demand for land use is balanced 

with the appropriate protection requirements. This requires all stakeholders to play an active 

part in the process. 

Figure 2: Land use analysis: appropriate action to control the development of risk is determined by the initial conditions presented  
for spatial planning, land use potential and the specific natural hazard situation. 
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LAND USE PLANNING CASE STUDIES
Evaluation of a broad spectrum of solutions

In order to consolidate the concept of risk-based planning, the Federal Office for the Environ-

ment FOEN and the Federal Office for Spatial Development ARE commissioned two land use 

planning case studies to be carried out collaboratively by spatial planning and natural hazard 

experts, Casanova and tur gmbh (Casanova Raumplanung/tur gmbh, 2013), and Strittmatter 

and Partner AG (Strittmatter und Partner AG, 2012). Two communes which are affected by 

different hazard processes and hazard levels, and have a broad range of land uses, were 

selected for the case studies. To ensure that a wide range of solutions could be explored, 

fictitious but realistic examples of land use demands were adopted (Tables 1 and 2). 

The following questions were formulated by the FOEN and the ARE to be investigated in the 

case studies: 

– How can spatial planning tools be applied to achieve risk-appropriate land use in accord-

ance with the hazard process and level in a given case?

– What spatial planning tools are available to the selected communes, and how can they  

be deployed to ensure that known risks are respected in the planning process?

What synergies exist between protection strategies and other tools of risk prevention?

Decision-making tree facilitates a systematic approach

To ensure a systematic approach during the process of spatial planning, the experts executing 

the case studies developed a decision-making tree featuring the relevant decision-making 

criteria and options for action (Fig. 3). The complete decision tree can be found in the 

summary publication issued by the bodies involved in the case studies (PLANAT/BAFU/ARE 

(2014). This report also sets out key information on the principal concepts of risk-based 

spatial planning, decision-making criteria, and the appropriate courses of action.

Certain aspects of a planning project must be assessed before the decision-making tree is 

applied. These are whether a planned land use encroaches on a hazard zone, whether 

necessary information about hazard processes (hazard maps, intensity maps) is available and 

up to date, and finally whether this information contains sufficient detail, or must be 

supplemented. Current and planned land use must be examined in the context of land use 

demand although, depending on the project, this information may not be available until the 

(special) land use planning process or the building permit procedure. The only effective 

means of assessing potential damage and risks is to overlay project plans with hazard maps 

and detailed hazard assessments.

Case studies  Commune in Canton St. Gallen  Commune in Canton Graubünden 

Hazard process  ^ƚĂƚŝĐ ĨůŽŽĚŝŶŐ ;ŐƌĂĚƵĂů ƉƌŽĐĞƐƐͿ  �ǇŶĂŵŝĐ ĨůŽŽĚŝŶŐ͕ ƌŽĐŬ ĨĂůů ;ƐƵĚĚĞŶ ƉƌŽĐĞƐƐͿ 
Process intensity  tĞĂŬ ƚŽ ŝŶƚĞŶƐĞ  tĞĂŬ ƚŽ ŝŶƚĞŶƐĞ 
Advance warning time  >ŽŶŐ  ^ŚŽƌƚ 
Current land use  hƌďĂŶ ĂŶĚ ŝŶĚƵƐƚƌŝĂů ůĂŶĚ ƵƐĞ  ZƵƌĂů ĂŶĚ ƚŽƵƌŝƐŵ‐ƌĞůĂƚĞĚ ůĂŶĚ ƵƐĞ 
 
 

Table 1: The comparative case studies for each canton, investigating both natural hazards and given types of land use.
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Following this situation analysis, the decision-making tree guides the user through all of the 

necessary decisions. In addition to questions concerning risk analysis, it is essential to balance 

different spatial planning interests. It may be that a protection measure is technically feasible 

and cost-effective, but it must still meet design and acceptance criteria. Aspects of land use 

such as water protection, as well as landscape and nature conservation, must also be consid-

ered. The spectrum of possible implications for spatial planning is very broad, ranging from 

  �ĂƐĞ ƐƚƵĚǇ  ^ƉĂƚŝĂů ƉůĂŶŶŝŶŐ  WŽŝŶƚƐ ŽĨ ĐŽŶĨůŝĐƚ  ^ƵŐŐĞƐƚĞĚ ƐŽůƵƚŝŽŶ 
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ŝĐ
 Ĩů
ŽŽ

Ěŝ
ŶŐ

 ;Ő
ƌĂ
ĚƵ

Ăů
 Ɖ
ƌŽ
ĐĞ
ƐƐ
Ϳ 

�ŶůĂƌŐĞŵĞŶƚ ŽĨ Ă
ŶƵƌƐŝŶŐ ŚŽŵĞ ŝŶ 
Ă ďƵŝůƚ‐ƵƉ ĂƌĞĂ 

�ǆƚĞŶƐŝŽŶ ĐŽŵƉůŝĞƐ ǁŝƚŚ 
ǌŽŶŝŶŐ ƌĞƋƵŝƌĞŵĞŶƚƐ͖ 
ďƵŝůĚŝŶŐ ƉĞƌŵŝƚ ƉƌŽĐĞƐƐ 
ƚŚĞƌĞĨŽƌĞ ĨŽůůŽǁƐ ĚŝƌĞĐƚůǇ 

&ůŽŽĚŝŶŐ ŽĨ ďĂƐĞŵĞŶƚ 
ĂŶĚ ŐƌŽƵŶĚ ĨůŽŽƌƐ͕ 
ĞƐƐĞŶƚŝĂů ĨĂĐŝůŝƚŝĞƐ Ăƚ ƌŝƐŬ͕ 
ĞǀĂĐƵĂƚŝŽŶ ŽĨ ƌĞƐŝĚĞŶƚƐ 
ĚŝĨĨŝĐƵůƚ 

�ŶƐƵƌĞ ĐƌŝƚŝĐĂů ůĂŶĚ ƵƐĞƐ 
ĂƌĞ ĂǁĂǇ ĨƌŽŵ ĨůŽŽĚ‐
ĂĨĨĞĐƚĞĚ ĨůŽŽƌƐ ŽĨ ƚŚĞ 
ďƵŝůĚŝŶŐ 

/ŶĐƌĞĂƐĞ ŽĨ ůĂŶĚ 
ƵƐĞ ĂŶĚ 
ƐĞƚƚůĞŵĞŶƚ 
ĚĞǀĞůŽƉŵĞŶƚ ŝŶ 
Ă ďƵƐŝŶĞƐƐ ĂŶĚ 
ŝŶĚƵƐƚƌŝĂů ǌŽŶĞ 

�ŶůĂƌŐĞŵĞŶƚ ŽĨ ƚŚĞ ĞǆŝƐƚŝŶŐ 
ĞƐƚĂďůŝƐŚŵĞŶƚ ĐŽŶĨŽƌŵƐ ƚŽ 
ǌŽŶŝŶŐ ƌĞƋƵŝƌĞŵĞŶƚƐ͗ 
ďƵŝůĚŝŶŐ ƉĞƌŵŝƚ ƉƌŽĐĞĚƵƌĞ 
ƚŚĞƌĞĨŽƌĞ ĨŽůůŽǁƐ ĚŝƌĞĐƚůǇ 

�ŶǀŝƌŽŶŵĞŶƚĂůůǇ 
ŚĂǌĂƌĚŽƵƐ ƐƵďƐƚĂŶĐĞƐ 
;ƐƚŽƌĂŐĞ ĂƌĞĂƐ ŽƵƚĚŽŽƌƐ͕ 
ůŽǁĞƌ ĂŶĚ ŐƌŽƵŶĚ ĨůŽŽƌƐ 
ĂƌĞ Ăƚ ƌŝƐŬ ŽĨ ĨůŽŽĚŝŶŐͿ 

^ƚŽƌĂŐĞ ŽŶ ƵƉƉĞƌ ĨůŽŽƌƐ͖ 
ĂůƚĞƌŶĂƚŝǀĞůǇ ƵƐĞ ŝƐ 
ĨŽƌďŝĚĚĞŶ 

^ŝŶŐůĞ‐ĨĂŵŝůǇ 
ŚŽŵĞ ǌŽŶĞ ǁŝƚŚ 
ƐƵďƐĞƋƵĞŶƚ 
ĚĞŶƐŝĨŝĐĂƚŝŽŶ 
ĂŶĚ ƌĞǌŽŶŝŶŐ 

�ŽŶŝŶŐ ;ĐŚĂŶŐĞ ŽĨ ůŽĐĂů 
ůĂŶĚ ƵƐĞ ƉůĂŶͿ͖ ƐƵďƐĞƋƵĞŶƚ 
ďƵŝůĚŝŶŐ ƉĞƌŵŝƚ ƉƌŽĐĞĚƵƌĞ 

&ůŽŽĚŝŶŐ ŽĨ ďĂƐĞŵĞŶƚ 
ĂŶĚ ŐƌŽƵŶĚ ĨůŽŽƌƐ 

ZĞŐƵůĂƚŝŽŶƐ ŝŶ ƐƉĞĐŝĂů 
ƵƐĂŐĞ ƉůĂŶ͗ ŵƵůƚŝ‐ƐƚŽƌĞǇ 
ĐŽŶƐƚƌƵĐƚŝŽŶ͕ ŶŽ ŐƌŽƵŶĚ‐
ĨůŽŽƌ ƌĞƐŝĚĞŶƚŝĂů ƵƐĞ 
;ĞǆƚĞŶƐŝǀĞ ƵƐĂŐĞ͕ ĞĂƐǇ 
ƚŽ ĞǀĂĐƵĂƚĞͿ 
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EĞǁ ƌĞƐŝĚĞŶƚŝĂů 
ĂƌĞĂ ŽŶ ƚŚĞ 
ŽƵƚƐŬŝƌƚƐ ŽĨ Ă 
ǀŝůůĂŐĞ ŝŶ ĂŶ 
ĂƵƚŚŽƌŝƐĞĚ 
ďƵŝůĚŝŶŐ ǌŽŶĞ 

�ŽŵƉůŝĂŶĐĞ ǁŝƚŚ ǌŽŶŝŶŐ 
ƌĞƋƵŝƌĞŵĞŶƚƐ͗ ďƵŝůĚŝŶŐ 
ƉĞƌŵŝƚ ƉƌŽĐĞĚƵƌĞ ƚŚĞƌĞĨŽƌĞ 
ĨŽůůŽǁƐ ĚŝƌĞĐƚůǇ 

&ůŽŽĚŝŶŐ ĂŶĚ ŽǀĞƌďĂŶŬ 
ƐĞĚŝŵĞŶƚĂƚŝŽŶ ƚŽ ƚŚĞ 
ůŽǁĞƌ ĂŶĚ ŐƌŽƵŶĚ ĨůŽŽƌƐ 
ĂŶĚ ĞǆƚĞƌŝŽƌ ƐƉĂĐĞƐ͕ ŶŽ 
ĂĚǀĂŶĐĞ ǁĂƌŶŝŶŐ ƚŝŵĞ͕ 
ĐŽŶƐƚƌƵĐƚŝŽŶ ŝŶ ƐƚĂŐĞƐ͕ 
ǀĂƌŝŽƵƐ ŽǁŶĞƌƐ 

�ƌĂǁ ƵƉ ƐƉĞĐŝĂů ůĂŶĚ ƵƐĞ 
ƉůĂŶ ƚŽ ŵĞĞƚ ƚŚĞ 
ƌĞƋƵŝƌĞŵĞŶƚƐ͗ ŽǀĞƌĂůů 
ƉƌŽƚĞĐƚŝŽŶ ĨŽƌ ƚŚĞ ĂƌĞĂ 
ďǇ ĐŽƌƌĞĐƚ ĂƌƌĂŶŐĞŵĞŶƚ 
ŽĨ ŽƉĞŶŝŶŐƐ͕ ĚƌŝǀĞǁĂǇƐ͕ 
ĞŶƚƌĂŶĐĞƐ ;ďƵŝůĚŝŶŐ 
ƉƌŽƚĞĐƚŝŽŶͿ 

EĞǁ ƌĞƐŽƌƚ 
ĐŽŶƐƚƌƵĐƚŝŽŶ 
ǁŝƚŚ ŽƵƚĚŽŽƌ 
ĂƌĞĂ ƵƐĞ͕ 
ƌĞǌŽŶŝŶŐ 

�ŽŶŝŶŐ ;ĐŚĂŶŐĞ ŽĨ ůŽĐĂů ůĂŶĚ 
ƵƐĞ ƉůĂŶͿ͖ 
^ƵďƐĞƋƵĞŶƚ ďƵŝůĚŝŶŐ ƉĞƌŵŝƚ 
ƉƌŽĐĞĚƵƌĞ 

^ƵďƐƚĂŶƚŝĂů ƉƌŽĐĞƐƐ‐
ƌĞůĂƚĞĚ ĞĨĨĞĐƚƐ͕ ƌŽĐŬ ĨĂůů 
ŚĂǌĂƌĚ ƚŽ ŽƵƚĚŽŽƌ ĂƌĞĂ͕ 
ŶŽ ĂĚǀĂŶĐĞ ǁĂƌŶŝŶŐ 
ƚŝŵĞ͕ ŚŝŐŚ ƌŝƐŬ ƚŽ ƉĞƌƐŽŶƐ 

�ĞĐĂƵƐĞ ŶŽ ĂĚĞƋƵĂƚĞ 
ƉƌŽƚĞĐƚŝŽŶ ŝƐ ƉŽƐƐŝďůĞ ĨŽƌ 
ƚŚĞ ƵƐĞ ŽĨ ŽƵƚƐŝĚĞ ƐƉĂĐĞ͗ 
ĂůƚĞƌŶĂƚŝǀĞ ůŽĐĂƚŝŽŶ 
ƐŽƵŐŚƚ 

�ŶůĂƌŐĞŵĞŶƚ ŽĨ 
ĞǆŝƐƚŝŶŐ ƐĐŚŽŽů 
ďƵŝůĚŝŶŐ ŝŶ ĂŶ 
ĂƵƚŚŽƌŝƐĞĚ 
ďƵŝůĚŝŶŐ ǌŽŶĞ 

�ŽŵƉůŝĂŶĐĞ ǁŝƚŚ ǌŽŶŝŶŐ 
ƌĞƋƵŝƌĞŵĞŶƚƐ͗ ďƵŝůĚŝŶŐ 
ƉĞƌŵŝƚ ƉƌŽĐĞĚƵƌĞ ĨŽůůŽǁƐ 
ĚŝƌĞĐƚůǇ 

&ůŽŽĚŝŶŐ ĂŶĚ ŽǀĞƌďĂŶŬ 
ƐĞĚŝŵĞŶƚĂƚŝŽŶ ŽĨ ƚŚĞ 
ůŽǁĞƌ ĂŶĚ ŐƌŽƵŶĚ ĨůŽŽƌƐ͕ 
ŶŽ ĂĚǀĂŶĐĞ ǁĂƌŶŝŶŐ 
ƚŝŵĞ͕ ƌŝƐŬ ƚŽ ƉĞƌƐŽŶƐ ŝŶ 
ŽƵƚĚŽŽƌ ƐƉĂĐĞƐ 

KƌĚĞƌ ŵƵůƚŝƉůĞ‐ƉƌŽƉĞƌƚǇ 
ƉƌŽƚĞĐƚŝŽŶ ƚŚĂƚ ĂůƐŽ 
ĐŽǀĞƌƐ ƚŚĞ ŽƵƚĚŽŽƌ 
ƐƉĂĐĞ 

 

Table 2: The comparative case studies with their respective spatial planning procedures applied, points of conflict and suggested 
solutions.
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Figure 3: Schematic representation of the most relevant decision-making criteria and options for action of the decision-making tree 
(extract from PLANAT/BAFU/ARE, 2014).
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providing information to the landowner, without further action on the part of the authorities, 

through to a full ban on land use.

Generally speaking, the sooner in the planning process that risk-based spatial planning is 

applied, the greater the leeway for negotiation within the project as a whole. For example, 

the following steps can still be taken in the early planning stages:

– New zoning in at-risk areas can be avoided;

– Risks can be assessed and alternative locations considered;

– Land use can be adapted in the best way to the prevailing risks and land use restrictions;

– There can be an early discussion of residual risks and their acceptability. This is particularly 

important for land use entailing high risks to individuals or other special risks.

At a later stage in the process, such as when a building permit has already been issued, the 

room for manoeuvre is often significantly smaller. This is mainly because changes to the 

planned project can involve a disproportionate amount of effort. It is true, however, that in 

some cases it is only at this time that the true land use is known in detail. Ultimately, it is the 

type of land use that dictates the measures required to mitigate risks. Risk-based spatial 

planning may still be of value in such situations. Those affected may be made aware of the 

associated risks and will thus be able to take meaningful action. The decision-making tree  

was designed to offer specific, practicable recommendations for different situations. The three 

examples described below show possible counter-measures that can be implemented in 

different phases of spatial planning: 

– Single property protection: protection measures applied directly to a property can reduce its 

vulnerability, and thus the damage caused during an event (e.g. reinforced construction);

– Multiple-property protection: if protection measures can be applied to multiple objects 

simultaneously (e.g. a diversion dam installed along several buildings), there may be 

advantages in terms of both design and cost-effectiveness. Special land use planning is a 

tool that allows binding measures to be imposed on land-owners;

– Emergency planning: with sufficient advance warning time, clearly defined intervention 

measures taken by emergency personnel or local residents can minimise property damage.

FINDINGS FROM THE CASE STUDIES
The case studies have shown that the scope for negotiation in spatial planning depends 

heavily upon whether the case involves new building zones, or the intensification or 

modification of existing land use. For new land use projects, it may be possible to negotiate 

an alternative local or regional location, for example. There is less opportunity to influence 

the situation where land use is to be intensified within an existing land use zone.

It is essential that current and complete hazard maps and information are available to facilitate 

an adequate assessment of the risks involved. Furthermore, since risk-based planning should 
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factor in a variety of information in addition to hazard maps, the process also requires further 

data such as scaled intensity maps and risk maps.

To ensure that risk-based planning is executed effectively, close cooperation between spatial 

planners and natural hazard experts must be established at an early stage. This is crucial both 

at this planning stage, and in the later implementation process.

The action which should be taken in a particular situation depends on various factors.  

The specific hazard process plays an important role of course. Where this is gradual, there is 

usually sufficient advance warning time to evacuate persons and, if possible, property. 

Furthermore, intervention measures can reduce the extent of damage should an event occur. 

In the case of sudden events, there is little or no advance warning time. Here, it is important 

to consider the effectiveness of protection measures to cope with the intensity of such events. 

The key factor to remember is that protection measures must always be selected according to 

how the land is used.

CONCLUSIONS
The two land use planning case studies have been used to take initial development steps 

towards a systematic approach to risk-based spatial planning. The new method facilitates the 

effective implementation of measures designed to reduce risk at both the level of local land 

use planning, and as part of the building permit procedure.

At the same time, interest in risk-based spatial planning must be generated. The need for 

greater awareness in handling hazards and risks must be demonstrated to representatives of 

communal and cantonal authorities, planning and engineering offices and insurance 

companies. Furthermore, greater support must be given for close cooperation between spatial 

planners and natural hazard experts, with the inclusion of those who are affected.  

The concept of risk-based spatial planning should not be applied to land use planning alone, 

but to every stage of the spatial planning process, i.e. cantonal structural plans, land use 

planning and the building permit procedure.

The next step is to take the findings from this and other ongoing risk-based spatial planning 

projects and use them as input into a new working guide or the revision of the ‘Spatial 

Planning and Natural Hazards’ recommendation (ARE / BWG / BUWAL, 2005). First of all, 

however, any outstanding issues should be examined in more depth, and the current 

methodology should be applied and tested in further practical examples.
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