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Abstract. The aim of this research is to bring together a variety of da-
ta-sets including urban scale plans, data driven simulations and gov-
ernment regulations related to at-flood-risk areas, in order to develop 
infrastructural plans and architectural responses to flooding. 
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1. Introduction  

In the field of management and prevention of catastrophic events, the pro-
posal is to create a telematic map of risk that brings together data on nature, 
the built environment, current policies and forecasting. In considering the 
rate of change of cities and the continuous replacement of the housing stock, 
it is necessary to adopt operational plans that intervene in environmental and 
infrastructural planning, architectural project, and ICT systems design. Only 
an overall and simultaneous urban vision and management can bridge the 
current gaps between programming documents and executive plans. Hence 
the role of the architect is to connect the different layers of the city, in order 
to form strategic planning processes related to the contingencies of a con-
stantly changing reality. 

The goal is to provide design guidelines for the sites within London’s 
Flood Warning Areas, which are expected at high risk of flooding by 2070 
due to climate change. The analysis of some case studies led to an under-
standing of the critical issues, which have been applied to a pilot case based 
on the industrial region in the boroughs of Newham and Tower Hamlets 



202 M. MANZELLA, R. BOTTAZZI AND T. ZAFFAGNINI 

close to London City Airport. The river must be considered again as a real 
infrastructure and not just an element from which to defend. In this perspec-
tive it is proposed for future planning to have a closer relationship with the 
water and the map of the risk assumes a strategic role for the connection of 
the urban scale with the architectural one. In fact, GIS data concerning flood 
risk will allow the comparison of areas with similar risk, in order to simplify 
planning tools at the urban scale. 

The operative strategies modify local and global levels of risk—
depending on the kind of intervention—, and these new outputs will adjust 
the telematic map of the risk. Through this methodology, the system is con-
tinuously updated, and pilot cases will become widespread projects able to 
give the city a new structure. The importance of flexible infrastructures can 
not be underestimated, in order to tackle future environmental challenges. 

2. Risk within communities 

Disasters, although socially comprehensible, are extremely difficult to ac-
cept. But besides the causes, it is necessary to understand the social and cul-
tural vulnerability conditions that led catastrophic or metamorphic events to 
be disasters. Moreover, the identification of the average risk perception with-
in society concerning any event is extremely important, even though the 
population has reached a new stability condition. Indeed, disasters are apoca-
lypse and genesis at the same time: once the catastrophic event occurred, it 
takes on a new form of stability. For this reason, in this discussion we shall 
give the term «catastrophe» a positive acceptation and the term «disaster» an 
active meaning of futurity. 

The risk is a category of thought that makes a particular range of choices, 
events and concrete phenomena representable and manipulable. It is indeed a 
crucial concept in the daily choices of individuals who choose the one that 
would bring greater benefits. The risk replaces the danger, but does not elim-
inate it; the danger tests us and through the perception of the risk we try to 
measure the limit and circumscribe it according to a calculation of the inde-
terminacy. These evaluations place it in the context of the possible events, 
which can occur according to a probability rate that serves as a measure of 
risk. The principle of safety (Das Prinzip Sicherheit) was born from the risk 
analysis, meant as rational measurement, which contributes in shaping the 
modern ideology, fostering the contemporary illusion of the total elimination 
of risk (W.Sofsky 2005). 

When related to a catastrophic event, the risk determines the amplifica-
tion or the decrease of physical effects of the impact on the community, i.e. 
the magnitude of the disaster. Each socio-cultural system is characterised by 
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its own degree of vulnerability, which determines the severity of the disaster, 
in connection with the intensity of the physical agent. The vulnerability is 
defined as the possibility that a society is attacked or harmed by an external 
catalyst, that we shall define as an «impact agent», that takes shape in rela-
tion to resilience and adaptation, and that means the survival of a man-made 
environment. The risk is directly proportional to the probability a natural 
phenomena occurs, the impact agent and the system vulnerability. Being not 
able to lower nor the probability and the impact agent (at least not directly as 
physical event), the only way to decrease the level of risk for a community is 
to intervene within the factors of the system vulnerability—hazard mitiga-
tion and adaptation, and local risk perception. 

The complexity of climate change—in the sense that its vary features 
make it difficult to be communicated—is made even more complicated by 
prior belief. It is proved that quite often a disastrous event does not change 
communities’ attitudes, even though the likelihood the hazard occurs again is 
extremely high. Increasing knowledge does not necessarily lead to an in-
crease concern: cultural background and scepticism is frequently much 
stronger than chance of change. People are also confused in understanding 
relationships between different complex events, like the ones between cli-
mate change and flooding. This uncertainty condition contributes to a wide-
spread “wait and see” attitude (C.Xiang, 2011), which unfortunately is not 
just a feature of individuals, but it also affects Authorities. 

Direct experience should straight influence risk perception and behav-
iours, so that threats would immediately be mitigated. This is not always so, 
as we can frequently observe a dissociation between information and experi-
ence, and the ability to observe them in order to lower the level of the risk in 
their own environment and at larger scale. As stated by I.L.Janis (1967), 
moderate levels of fear are more persuasive than the higher ones, and in this 
perspective the fear-appeal approach in media communication has been used 
and gained some results (mostly in the short-term period).  

Behaviours can also be altered by normative system, through the confor-
mation of the group. In fact, people tend to modify their habits whether they 
perceive benefits from a known righteous case. Social norms then become 
moral ones over time, as the values are internalised, playing a central role in 
the environmental behaviours. At the same time people must be aware about 
measures—and economic efforts—to mitigate risk. Policies and, consequen-
tially, plans are based on risk assessment, whose information leads to a deci-
sion on how to protect communities, depending on the level of risk. Risk as-
sessment is a decision-making process that provides a holistic method for 
developing sustainable policies and interventions to lower the impact of nat-
ural and anthropogenic hazards, and consequential losses. Risk assessment is 
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firmly connected to the hazard assessment. That is, the likelihood an event 
occurs, which is based on geophysical conditions, historical datasets, and 
simulations derived from theoretical studies and models outcomes. 

Societies have a long history in managing the impacts of environmental 
catastrophes. However, continuous upgrading is necessary to improve adap-
tation measures, in order to tackle hazards variations. This is particularly true 
regarding climate change, for which mitigation measures are necessary to be 
undertaken over the next few years, as other stresses are aggravating the lev-
el of risk. While the term «adaptation» refers to systems and technologies 
built to directly combat the effects of a catastrophe—i.e. the catastrophe be-
coming a disaster—, «mitigation» includes any sector that can contribute in 
lowering the negative emission of the source that causes a catastrophic 
event, such as reduction in the emission of carbon dioxide. “In several sec-
tors, climate response options can be implemented to realise synergies and 
avoid conflicts with other areas of sustainable development. Decisions about 
macroeconomic and other non-climate policies can significantly affect emis-
sions, adaptive capacity and vulnerability.” (IPCC, 2007) 

3. Risk assessment 

Many parameters like surface temperature, atmospheric water vapour, severe 
events, sea level, etc. can be identified as indicators of climate change. The 
assessment of the Fourth Assessment Report (AR4, Climate Change 2007) 
classified a number of them based on three areas of indicators: temperature, 
hydrological, others. Naturally, the one that most affects the increase of 
flooding is the rise of the mean global sea level. This has been evaluated for 
more than hundred-fifty years with tide gauges, and from the late 1980s with 
satellite radar altimeters. The gauge system recorded that the average rate of 
global m.s.l. raised 1.7 ± 0.2 mm per year, but since the early 1990s the rate 
increased to 3.2 ± 0.4 mm per year (Church and White, 2011).  

The main causes are ocean expansion and ice formations melting. The 
first one is related to a simple physical process that concerns the very nature 
of water: due to the increasing temperature, molecules start moving faster 
provoking volume expansion. The second one is related to glaciers shrinking 
and sea ice losses—this trend increased since 1978 and had its peak in 2012, 
when the ice extent was 49% lower than 1978. Sea ice has been thinning 
much faster than most of the climate model predictions. It has been happen-
ing for Greenland and Antarctica ice sheets from the 1990s and the greatest 
mass losses have been registered in Patagonia, Alaska, northwest USA, 
southwest Canada, the European Alps and the Arctic (IPCC, Climate Change 
2013). Glaciers and other ice formations logically melt back a bit in summer 
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time. But in the winter, snows were usually adequate to balance out the melt-
ing. Recently, global warming has greatened summer melting and reduced 
snowfall, causing sea level rising. IPCC predictions speculate about water 
exceeding 1 metre rise by the end of the 21st century. 

Some cities have been developing control and defensive systems, such as 
Maeslantkering (1991-1997), the storm surge barrier in Rotterdam; the Saint 
Petersburg Flood Prevention Facility Complex (1978-2011); the Zui-
derzeewerken (1920 onward), the system of dams, land fill and water drain-
age works dividing IJsselmeer to the North Sea; and the Woolwich Reach 
Thames Barrier (1974-1982), preventing London from being flooded by high 
tides and storm surges. 

The Thames Barrier was built downstream of the Isle of Dogs in response 
to the common floods that were affecting the city, and that in 1928, 1947 and 
1968—just to cite the 20th century ones—brought London to its knees. Its 
northern bank is in Silvertown, in the borough of Newham, and its southern 
one is at New Charlton, in the borough of Greenwich. There, the river width 
is 518 meters and 5.8 meters below Chart Datum. It has been activated one-
hundred-seventy-nine times since its opening. Four closures were registered 
in the 1980s, thirty in the 1990s, seventy-five in the 2000s, and sixty-five 
from 2010 until March 2014. As the water level is rising, the Barrier gates 
will be closed more frequently, but it is predicted that their efficiency will 
not be valid around 2070 any more. At that time the flood probability will be 
one to ten, while the Thames Barrier was built to protect London with an ex-
ceeding probability of about one in every one-thousand years (Vaughan, 
2013). The increased risk posed by rising water levels—1:20 for more than 
84 cm rising by 2100—is the main reason why a new estuary barrier has 
been taken in consideration as well as Thames Barrier strengthening.  

The Barrier has to cope with two contrasting flows, the one due to the 
tide, coming from the sea, and the one due to the river stream, coming from 
the west. London defence system is designed to contrast more against tidal 
flood than fluvial and groundwater ones. A second Thames Barrier could be 
built in future to prevent potentially devastating flooding close to the estu-
ary, and some feasibility studies have already been conducted. Yet, the new 
barrier that should arise at the Thames estuary will avoid the flood warning 
areas (Environment Agency) to be flooded by the tide water coming from 
the sea, but fluvial floods vulnerability will not be lowered particularly. For 
this reason, structural interventions within urban fabric must be implement-
ed, as complementary process of adaptation. In so doing, the relationship be-
tween the city as a whole and its parts would not be broken: the structure of 
the city and the design of its organisms shall self-determine reciprocally. 
Furthermore, the risk of disjunction between infrastructures and the struc-
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ture(s) of the city would be shunned. As a matter of fact, the enforced flood-
ing of the hinterland is a clear proof of this incoherence. In fact, the common 
strategy is to allow water flooding the less productive areas of London, so 
that the city centre is preserved. 

The population growth is causing a general move towards the city, which 
is expanding into the surrounding countryside. Thus, both in urban and for-
mer rural areas, rapid urbanisation is unbalancing the ecosystem balance. 
Not considering the vulnerability of certain areas, the disturbance is degen-
erating into an untenable level of risk. Urbanisation is a significant cause of 
the increasing magnitude of disasters, and global climate change is empha-
sising the trend. Population growth causes an increased need of apartments 
and infrastructures. Urban design process needs thus to be focused on pre-
vention of disastrous events, particularly the water-related ones, as most of 
people live close to coasts or in the proximity of a river delta.  

The Thames River is not used as the main infrastructure passing across 
the city anymore. Trade activities, port exchanges, fish-related enterprises, 
shipyard activities, and sport and leisure centres are not connected to the riv-
er with the same intensity of the recent past. Consequently, the structure of 
the city (the urban fabric) and the infrastructures have been adapting to the 
new condition. This gradual change determined a circular logic that has been 
weakening the use of the river. Embankments and other kind of levees are 
actually considered infrastructural interventions aimed at controlling water. 
Some forethoughts are thus necessary, as the term «infrastructure», always 
used for facilities connecting two elements or more, has actually assumed a 
separation meaning. The river—and water in general—has become the natu-
ral element against which we have to defend. New urban developments 
should try to strengthen the relationship with water, re-establishing both a 
physical contact and a social value. In this perspective, it could be possible 
to determine areas that can be flooded and other that need to be prevent from 
floods. Two fundamentally important documents for managing flood risk for 
Britain and the Thames areas have been set up: the PPS25 and the TE2100. 

The PPS25, Planning Policy Statement 25, Development and Flood Risk 
Practice Guide, was published by the Department for Communities and Lo-
cal Governments in 2009. In determining the relationship between National 
Planning Policies, Regional and Local Strategies, Flood Risk Assessment, 
and Planning Actions, the Flood Risk Management hierarchy is determined 
as follows (in process sequence): assess, prevention, substitution, control, 
mitigation. The TE2100 Plan, Thames Estuary 2100 Plan, Managing flood 
risk through London and the Thames estuary, is an Environment Agency 
document setting out references for flood risk management for London and 
the Thames estuary today and in the future. The Thames floodplain has been 
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subdivided into nine action zones, and deep analysis and recommendations 
are provided for each one of these. 

Assessments, statements and policies are extremely well pointed both in 
the analysis and in the outcomes, but the quantity and the variety of these is 
overloading the datasets. In addition to that, information coming from other 
stakeholders, maps, forecasts, etc. has to be added in order to have an overall 
vision of the complex reality. City complexity often obstructs disaster resili-
ent planning because of the multi-layered structure of communities. The va-
riety and the quantity of layers forming the city have been proportionally 
growing depending on population growth, frequently bringing institutional 
and governmental Agencies to paralysis or even to collapse. Even though 
complexity was always born to solve problems, when it itself leads to slow 
community organisation, it is necessary to get rid of “toxic complexity”, in 
order to resolve inefficient issues (J.A.Tainter, 1988). Technological innova-
tion, although imperative, can only solve short-term problems, as it quickly 
becomes obsolete. But if it is part of a flexible and adaptable system, it be-
comes the complementary tool necessary to connect the large and the small 
scales of the city. This is the principle that has guided the map of the risk. 

4. Telematic map of the risk 

The level of complexity that cities have been reaching can be lowered not 
just weeding out toxic elements, but trying to condense all the information 
into an infrastructure able to give a simultaneous understanding of phenom-
ena. An infrastructure usually is a facility connecting two conditions con-
trasted by quality, distance or level. Commonly considered as a physical 
connection, in the last decades it slightly changed its meaning. Through the 
introduction of “immaterial technologies” in common life, the exchange of 
virtual data has been facilitating connections, accelerating social dynamics, 
information exchanges, and making more democratic the data sharing. In 
considering those kinds of drifts, we can talk about acceleration regarding 
the demographic growth, the urban development and the data sharing. How 
is it possible to relate these increasing aspects of urban planning manage-
ment, so that the community as a whole can take advantage of it? 

The Telematic Map of the Risk is an infrastructure of data collection and 
extraction aimed at merging down information characterised by different 
output typologies on a GIS support. Maps, simulations and information giv-
en by Local Authorities and other stakeholders involved in the urban design 
process originate certain data. These are collected on a GIS-based platform 
from which it is possible to extract datasets for each area where a new de-
velopment, or a brownfield intervention, or a consolidation on the firm built 
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environment, is supposed to be done. In so doing we ground the logic of a 
comparative mechanism between areas with similar features and common 
level of risk that allows pilot cases to become a net of good practice wide-
spread all along floodplains. 

Hence, the level of risk for any area is evaluated through seven layers that 
determine the city and contribute to its evolution over the time. These are:  

• Policies. Top-down decisional process. (a)  
• Plans. Boroughs’ proposals. (b)  
• Natural environment. Green and unbuilt areas. (c) 
• Water paths. Seas, rivers, lakes, and canals. (d) 
• Landform. Flood (hazards) simulation. (e) 
• Built environment. Over- and underground (f) 
• Data collection. Bottom-up process. (g) 

Policies and plans provide information about development plans and fu-
ture scenarios of natural and built environment. The ones defined as “simula-
tion layers” ((c) to (f)) concern topographical and geological information, 
river morphology, existing and future infrastructures and structures, and in-
built environment information. The bottom-up data give information about 
real-time and historic data.  

The mapping has been developed on London as a case study, for the areas 
ranging from Fulham to Woolwich, focusing on flooding. But since it is a 
GIS-based map, it must be considered as a multi-hazard tool aimed to form 
and support decision-making processes of LPA, the Local Planning Authori-
ties. The necessity of an adaptive tool is due to the unpredictability of fore-
casts. Using a multi-layered tool, it is possible to represent a reality that is to 
come, in contrast with current flood risk information, which is usually pro-
vided based on maps of existing conditions. Flood hazards change quite fre-
quently, as urban growth continuously changes the fabric of the city. The re-
assessment of traditional maps is not sufficient anymore to guarantee 
continuity in the city planning process. The flexibility of the tool determines 
flexibility of outcomes too, besides the replicability in a number of cases. 
Through this strategy it is possible to unity and simplify operative defence 
solutions capable to reconnect the structure of the city with its main infra-
structure, which is the river. 

A pilot case based on the industrial region in the London Boroughs of 
Newham and Tower Hamlets has been conducted. The area is characterised 
by a strong separation in land use, since industries and varied infrastructures 
are dividing two densely populated neighbourhoods. Through ground shape 
variations and canal paths alterations the goal is to allow some lands to be 
flooded and preserve other areas. At the same time, strengthening industrial 
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embankments and compacting the residential use along the river, a new rela-
tionship with water is formed. The Thames and the Lee become again the 
real infrastructure to be used. The aim is thus to take advantage of the struc-
ture of the city in order to give new importance to the infrastructure: allow-
ing water to become part of the urban fabric, a relationship between natural 
and built environment that will be complementary. 

An accurate analysis of the industrial site between the Olympic Village 
and the Thames Barrier Park has been conducted. The plants can be divided 
into three main categories: factories, stock and sorting depots, and services. 
Factories are a minority compared to the depots, and are mostly facing the 
Thames River, besides being the most historic-architecturally relevant. Even 
though most of them are in use—just few of them are in critical condition or 
abandoned—a re-examination of the urban scheme flexibility is needed, in 
order to guarantee flexibility and replaceability in future. The criteria identi-
fied for the flexible substitution of industrial plans determine the sequence of 
interventions. The first stage is reasonably the intervention on brownfield 
areas and disused sites, both for industrial and residential uses. The follow-
ing one affects small plans and the disconnected industrial sites, as they can 
be moved to the areas developed by the first step. Then, the third one takes 
into account the biggest sites. 

The flexibility of the scheme pledges the variation in dimensions and us-
es over the time, as the development grid is not a rigid one. Moreover, it 
does not create discontinuity with the existent both during the substitution 
phase and when the system is set up. The master plan has been developed in 
the respect of the present needs but with a high degree of possible variation 
for the future needs (Figure 1). In considering the residential and industrial 
areas, the logic of typological continuity has been harmonised with the flexi-
bility that new relationships with water paths and green areas require. When 
physically interrupted by the Lee River or one of the new canals, the conti-
nuity of space is entrusted to the visual field. 
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Figure 1. Master plan based on the Map of the Risk (Manzella, 2014)  

Hence, these criteria need different technologies to the ones that have 
been applied by now. Contact with water demands also a vertical flexibility, 
in order to cope with tides and flows. All the interventions are focused on the 
relationship between the natural and the built environment and based on 
three main themes: new water paths, landform variations, and architectural 
features. New canals and basins need to be designed for water control. The 
first ones allow water volumetric flow rate alteration, varying routes, width 
and depths. It is also possible to differentiate boundary features to control 
water levels and isolate areas designed to absorb floods. The second ones ab-
sorb water tides and directly connect industrial docks to industrial sites. Be-
sides, platforms and floating areas can be created for fishing and leisure ac-
tivities. Landform variations apply both to industrial sites and residential 
areas. The soil dug from canals and rivers to lower the riverbed, or to create 
new paths, is used to heighten the level of settlements, and industries and 
factories can be placed on different levels, depending on their needs. Indus-
tries built on pilework are designed to be connected to water paths both 
through ramps and cantilevered docks, depending on the level of the tide, 
and basements designed to be flooded preserve other parts of buildings and 
store water. Moreover, slopes, green areas and new streets control water ex-
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pansion themselves, as they form the in-between areas. Floating houses, cul-
tural and leisure centres within basins or rivers foster the active use of water 
path, and new technological devices can be used. For instance, flat and green 
rooftops accumulate and store water, and improve drainage and absorption 
systems that otherwise would have poured into the street level.  

All these measures are decided depending on different levels of risk. To 
lower it through varied and individual different interventions is a structural 
operation on the built environment more than just an acupunctural process to 
improve the most risky realities. In fact, local interventions are the base for a 
diffuse common vision to cope with hazards throughout the floodplain. The 
use of the Telematic Map of the Risk as operative tool shall become the en-
gine of planning decisions at all scales, since the GIS base is a dynamic sup-
port. The multi-layered structure allows the extraction of data from one site 
where a development, or a renovation, is supposed to take place. The infor-
mation obtained from this log can be compared to areas with same features 
and level of risk, so that common strategies and actions can be adopted. All 
the layers interwoven determine strategies and technologies that apply to the 
area of development both for infrastructures and the structural elements of 
the city. When applied to the built environment, the structural interventions 
modify the local level of risk, and the infrastructural adaptations change the 
global ones. In so doing, the telematic map is automatically updated, as new 
data are put into the layered dataset. 

5. Conclusions 

Given the cruciality of new technologies in aiding planning process, it is 
surprising that Governmental Agencies have been doing just little work try-
ing to connect virtual and physical reality. The research of totality 
(M.Foucault, 1994) has currently been replaced by limits determined by dif-
ferent kinds of data, as they are provided by sources and Agencies that are 
substantially diverse. Indeed, data property is one of the main issues in urban 
management. The first step concerning the innovation in the relationship be-
tween ICT and society—i.e., mapping territory—is about the faculty to ex-
tract data from sources capable to give quantitative information.  

As computer and digital techniques have greatly accelerated feedback 
collection, we must need to reconsider the role of maps, and the meaning of 
mapping. Even though ICTs are increasingly reducing the instant time—
making maps closer to physical reality—, maps are always a representation, 
and not the territory itself (J.L.Borges, 2004). That is why we need to ana-
lyse data, and not just collect them, in order to shape design as a process in-
stead of a simple automatic result. The map of the risk is a navigational plat-
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form. It collects different kinds on inputs from databanks onto a dashboard 
capable to homogenise data as coherent results. “We are entering a world of 
constant data-driven predictions where we may not be able to explain the 
reasons behind our decisions” (Mayer-S., Cukier, 2013). Data is not static 
anymore, and its vast amount of information is creating new correlations be-
tween phenomena. Consequentially, maps need to be updated as well. 

Predictions deriving from correlations are the heart of big data, as they 
represents how behaviours are going to vary over time. Reality is the real 
model, i.e. the physical platform for digital and physical data. These, gath-
ered real-time, represent an evolving scenario that is the dynamic model on 
which future phenomena are materialised. It is crucial to understand phe-
nomena and anticipate their aftermaths through the definition of their trajec-
tory in a very specific instant, in order to define the level of risk. In the light 
of the different perspective the mapping process has undertaken, the very no-
tion of «risk» joined the definition of «territory». The architecture of the 
city, as well as country planning, depends only on considering the territory 
as a whole, and maps as the dynamic platforms on which it is possible to 
study future actions. The main aim of the Telematic Map of the Risk is to use 
digital techniques to rematerialize reality. Even though it might sound an 
oxymoron, the feeling of dematerialisation is mainly caused by ignoring the 
connection between virtual and physical reality, and not by the only digital 
world. To underestimate the importance of this relationship means to let ca-
tastrophes become disasters with no control. 

References 
Appadurai, A.: 1990, Disjuncture and Difference in the Global Cultural Economy, Theory, 

Culture and Society, SAGE, London. 
Beach, H. D.: 1967, Management of human behavior in disaster, Department of National 

Health and Welfare, Canada. 
Department for Communities and Local Government: 2009, Planning Policy Statement 25: 

Development and Flood Risk, Crown Copyright, London. 
Environment Agency: 2012, Thames Estuary 2100 Plan, Managing flood risk through Lon-

don and the Thames estuary,  Environment Agency Copyright, London. 
Janis, I.L.: 1967, Effects of fear arousal on attitude change: Recent developments in theory 

and experimental research. In Berkowitz, L. (ed.), Advances in experimental social psy-
chology, Vol. 3, pp. 166–224, San Diego, CA: Academic Press. 

Pachauri, R.K. and Reisinger, A. (eds.): 2007, Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change, IPCC, Geneva, Switzerland. 

Sofsky. W.: 2005, Das Prinzip Sicherheit, S. Fischer, Frankfurt am Main. 
Tainter, J.A.: 1988, The Collapse of Complex Societies, New York & Cambridge, UK. 


