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Introduction 

 
1. This document summaries the responses to Defra’s ‘National flood resilience review: call for 

evidence’.  

2. As requested we have based on our responses on published (or in press) independently 

reviewed evidence drawing our extensive national and international collaborations. 

3. I do, however include a perspectives note by way of a summary. 

 
Question #4 Future flood risk / rainfall extremes in England 

 

4. The first question appears to conflate two issues that are important to distinguish – the source 

(e.g. rainfall) and risk (an emergent property of the whole system of sources, pathways and 

receptors).  I understand this question is primarily focused the ‘hazard’ and have answered 

accordingly. 

 

5. Not only do our methods need to change but so does the conceptual basis that is currently used 

for ‘design’. Both of these issues are discussed below together with supporting evidence.  

 

6. Concepts: Our conceptual approach to the analysis of extremes must change recognising that 

‘the design storm is dead’: Despite the move towards a ‘risk based approach’ our approach to the 

estimating extreme rainfall remains founded on traditional hazard analysis.  The 2013/14 winter 

floods emphasised (as in 2007) the need to consider flooding from multiple sources (pluvial, 

fluvial, coastal, groundwater). They also highlighted the importance of storm sequences (as 

witnessed in Dawlish, Devon when the railway line failed in response to repeat storms).   Taken 

together with the evidence from the most recent storms of 2015/16 we must accept that the 

‘design storm is dead’ (Sayers et al, 2015) along within the assumption of stationarity (Milly et al, 

2007).  We know the performance of flood infrastructure (both green, grey, hybrid) is sensitive to 

the temporal clustering / sequencing and the spatial coherence of storms as well as the influence 

of (subtle) climate change. All of these issues need to be considered in our analysis of a full range 

of extremes and their influence on the performance of flood defence infrastructure.   

 

7. These issues are discussed in detail in: Sayers, P., Walsh, C. and Dawson, R. (2015) Climate impacts 

on flood and coastal erosion infrastructure. Published by Institution of Civil Engineers, London. 

Journal of Infrastructure Asset Management. DOI: 10.1680/iasma.14.00040 

 

http://www.sayersandpartners.co.uk/uploads/6/2/0/9/6209349/2015_sayers_et_al_ice_climate_impacts_on_fcermi.pdf
http://www.sayersandpartners.co.uk/uploads/6/2/0/9/6209349/2015_sayers_et_al_ice_climate_impacts_on_fcermi.pdf
http://dx.doi.org/10.1680/iasma.14.00040


8. Methods: Our approach to estimating rainfall and extreme flood flows events needs to improve. 

Extreme flows may be generated by many different combinations of spatial / temporal rainfall 

events across a catchment. Traditional statistical analysis often fails to capture these combinations 

and internationally there is a move towards hydrological simulation and joint probability 

techniques in an attempt to better estimate flood flows across a full range of extremes.  

 

9. To take advantage of these methods continued effort will be required to improve the 

representation of input spatial rainfall series. 

 

10. An international comparison of flood hazard estimation methods for dam safety (Sayers et al, 

2014a) highlights that the present state-of-the-art is rapidly changing as organisations seek to 

better understand flood flows across a full range of the probabilities of exceedance (not simply 

design flows or the PMF) and provide ever clearer insights into the uncertainty within these 

estimates.  Sayers et al 2014, completed for CEATI, Canada, reviewed the challenges and emerging 

approaches and set out ‘six fundamentals of flood flow estimation’ (repeated in Figure 1 below 

for convenience).  

 

 

Figure1 The Six fundamentals of flood flow estimation (Sayers et al, 2014) 

 

11. The study also included detailed reviews of a wide range of international approaches, including: 

• Statistical analysis of multiple observations  

o UK - Flood Estimation Handbook (WINFAP (pooling group method software) 

o France - GRADEX  

• Direct observation of single events, limiting plausibility/PMF 

o UK - Flood Estimation Handbook PMP/PMF approach  



o Sweden – Swedish flood estimation approach  

o Australia – ARR - Australian Rainfall & Runoff  

• Hybrid coupled statistical and physical process models 

o UK - Revitalised Flood Hydrograph Method  

o France - SCHADEX - Simulation Climato-Hydrologique pour l’Appréciation des Débits 

Extrêmes  

o Canada / US - SEFM - Stochastic – Event Based Precipitation Runoff Modeling  

o Netherlands – GRADE (Generator for Rainfall and Discharge Extremes)  

o Australia – RORB_MC (stochastic runoff-routing event model) 

o France - SHYPRE Simulated Hydrographs for Flood Probability Estimation  

o Sweden - HBV-Sim (using GCM / RCM analysis to drive the estimates)  

o Insurance sector - Index flood method used in flood catastrophe modelling  

o Insurance sector - UK Flood Catastrophe Model (from RMS) 

• Data-based mechanistic (DBM) models 

o UK - Forecast DBM 

 
12. These issues are discussed in detail in: Sayers P. B., Nathan R., Rodda, H., Tomlinson, E., Bowles, 

D (2014a). Comparison of Flood Hazard Estimation Methods for Dam Safety - Phase 1. Published 

by CEATI international, Montreal, Canada. 

Question #5 Communication of risk and uncertainty 
 

13. Decision-makers and the public alike must understand the risks that they face; frequently they 

do not. Too often, after a flood, those affected claim that no-one had told them of the risk they 

faced. Tools, such as risk maps, social networking, and educational processes should all be used 

to facilitate an appropriate understanding of risk. Effective communication enables both 

communities and individuals to understand their responsibilities in helping manage risk, and why 

specific measures are necessary. Communicating the risk after a catastrophe is too late.  These 

sentiments are reflected in the global experience and are one of the Golden Rules of sound flood 

risk management ‘Communicate risk and uncertainty effectively and widely’  as set out in 

Chapter 2 of Sayers et al, 2013, that can be downloaded here: 

 

14. Sayers P B, Galloway Gerry, Penning-Rowsell Edmund, Shen F, Wen K,  Chen Y, Le Quesne T 

(2013). Flood Risk Management: A strategic approach.  Published in English by UNESCO, Paris in 

May 2013 (ISBN 978-92-3-001159-8) and in Chinese by Water Publishing in October 2012 

(ISBN:978-7-5170-0201-7). Published in association with WWF, the General Institute of Water 

Design and Planning, Beijing (GIWP) China and Asian Development Bank (ADB).  

 

15. In direct response to the question the evidence suggestions that: 

 Communicating ‘risk’ to communities has little impact:  Risk is a rather abstract concept that 

includes both the probability (taking account of the performance of the intervening system, 

including defences, barriers etc where they exist) and the consequences of flooding (on 

people, property and the environment).  As such ‘risk maps’ are of limited relevance to an 

individual, community or business (where the consequence of flooding is influenced by their 

own action) – Sayers et al, 2013. 

http://www.ceati.com/publication-details?pid=0225
http://www.adb.org/publications/flood-risk-management-strategic-approach


 Communicating uncertainty can mislead:  Any presentation of uncertainty is typically viewed 

as ‘comprehensive’, yet it often reflects only a few easily-described uncertainties (known 

unknowns). These uncertainties may lie in the data, such as errors in the measured height of 

flood defences, or in model components such as the assessment of defence overtopping. 

Although significant progress is now being made, the ability to communicate uncertainty 

meaningfully that reflects data, model, and - crucially – model structure errors remains poor 

(Penning-Rowsell et al, 2014,  Sayers et al, 2016). 

 

Penning-Rowsell, E., Sayers, P.B. and Watkinson, A. (2014) Innovation: Managing Risk, Not 

Avoiding It. Evidence and Case Studies: High level case study: Flooding. In, Contribution to 

the Annual Report of the Government Chief Scientific Adviser 2014. by Government Office for 

Science, UK. 

 

Sayers et al (in preparation). Validating national scale risks in England: Comparing alternative 

analyses and observations. In preparation within the FORUM project 

 

16. Given the vital role of ‘mapping’ in within the communication processes Chapter 12 of the 

aforementioned book (Sayers et al, 2013) presents experiences from around the world.  This 

includes a discussion of international experiences in: 

 Hazard mapping (the undefended floodplain) 

 Residual flood probability (flood probability) 

 Risk maps (e.g. risk to life mapping) 

 Historical flood event (historical flood maps) 

 Mapping uncertainty within the flood estimates 

 Mapping all sources of flooding 

 

17. This international review confirmed that useful well-founded and well understood maps rely 

upon a small number of key principles being satisfied (as summarised in Chapter 12, Table 22 of 

Sayers et al, 2013). The research also highlighted that to be effective, the public must “believe” 

the maps as appropriately accurate, have ready access to them and have a clear understanding 

of what they should do. These findings were largely reinforced in the study commissioned by the 

Environment Agency into ‘Public dialogues on flood risk communication’, highlighting that focus 

should be on providing information that aids people in taking the right action in time, not simply 

communicates abstract notions of risk or probability1.  

 

18. Professional and the public use and abuse terms such as probability, frequency and return 

period. As part FORUM project, a brief summary of approaches to the communication of 

underlying concepts (as opposed to visualisation or communication of action) has been 

produced. This highlights ‘encounter probability’ as being a much under used means of 

communicating the chance of flood; an approach that has to some extent been advocated in the 

US.  

 

                                                        
11. 1 https://www.gov.uk/government/publications/public-dialogues-on-flood-risk-communication 
 

https://www.gov.uk/government/publications/innovation-managing-risk-not-avoiding-it
https://www.gov.uk/government/publications/innovation-managing-risk-not-avoiding-it
https://www.gov.uk/government/publications/public-dialogues-on-flood-risk-communication


19. Sayers P (2016). Communicating the chance of a flood: The use and abuse of probability, 

frequency and return period. FORUM Briefing Note.  

 

Question #6 Other countries’ approach to floods resilience policy 
 

13. The UK Government has a vision to provide ‘An infrastructure network that is resilient to today’s 

natural hazards and prepared for the future changing climate’ (HM Government, 2011). Despite 

many notable advances and progress towards this goal, recent flood events (2103/14 and 

2015/6) demonstrate we are still some way from achieving it.   But let’s be clear, ‘resilience to 

flooding’ does not equate to ‘defended from flooding’. It does mean however consequences are 

limited when flood events occur. As set out by the Chief Scientist in 2015, to be successful as a 

society we need to learn to manage risk and not simply seek to avoid it; a philosophical and 

practical impossibility in the context of flood risk. 

14. In terms of Policy three basic interpretations of flood management policy (in general) exist: 

 Defence based standards – as in many developing countries the focus is providing protection 

to a given return period or against a reference historical event. 

 Consequence based safety standard – as in the Netherlands the principal of ‘solidarity’ is used 

to set an acceptable level of individual risk (based on the probability of dying from a flood). 

The defence system is then design to deliver that standard. 

 Risk based decision approach – that considers the costs and benefits to determine the best 

approach. The wide range of benefits (monetary and non-monetary) are considered. This is 

notional the approach in many countries, including the UK but often the range of criteria are 

often too narrow (with only those that are easily monetarised included). 

 Robustness based decision approach -  the focus is on preventing disastrous consequences 

from which recovery is extremely difficult without help from outside (as underlying the Delta 

Programme 2015 in the Netherlands). This approach is also emerging in Japan where the 

principal of 'system robustness' is used to set an acceptable level of the overall economic 

losses (as a percentage of the GDP) and in the Netherlands to set an acceptable level of 

societal risk (based on the probability of large groups of fatalities). 

 

15. To support long term choices one of two approaches are typically followed (Sayers et al, 2012): 

 Precautionary allowances – determining a priori a precautionary allowance for climate 

change (for example) and using that in the design process. This type of approach tends to bias 

the solution towards traditional grey infrastructure approaches.  Various countries have 

legacy policies based on this and many are developing them today. For example, The White 

House which has issued and Executive Order and the new Federal Flood Risk Management 

Standard (FFRMS) which requires all federal investments in the floodplain raise standards to 

accommodate climate change2. 

 Adaptive planning approaches – that accept the potential for alternative futures and seek 

solutions that do not foreclose future options and are capable of modification if necessary. 

This approach is emerging as the preferred approach in many countries (see the Adaptation 

                                                        
2http://www.fema.gov/federal-flood-risk-management-standard-ffrms Accessed 01/03/16. 

http://www.eci.ox.ac.uk/research/water/forum/Communicating%20the%20chance%20of%20a%20flood%20-%20the%20use%20and%20abuse%20of%20retrun%20period.pdf
http://www.eci.ox.ac.uk/research/water/forum/Communicating%20the%20chance%20of%20a%20flood%20-%20the%20use%20and%20abuse%20of%20retrun%20period.pdf
http://www.fema.gov/federal-flood-risk-management-standard-ffrms


Pathways approach in the Netherlands (Haasnoot el al, 2013), Valuing Adaptive Capacity 

Guidance in the England, Brisley, et al, 2015).  

 

16. In the US for example all of these interpretations continue to be debated and explored through 

multiple initiatives, for example: 

• The Rockefeller Foundation 100 Resilient cities3  

• The National Academy has established a Resilient America Roundtable that is actively in 

working with our four pilot resilience cities, two of which have flooding issues4.  

 

17. Green infrastructure is increasingly recognise as making a legitimate and important contribution 

to resilience:  As highlighted in Chapter 6 (safeguarding and promoting ecosystems),   Sayers et 

al, 2013 the use of natural or green infrastructure for flood storage and enhancement of other 

natural features in the floodplain provides not only an effective method of mitigating floods, but 

also a cost-efficient method of reducing the need for major structural projects.  The use of green 

infrastructure is aligned with the shift in thinking from flood defence to modern day flood risk 

management. Embedding an environmental ethic within flood risk management means both 

taking advantage of natural systems to reduce flood risk, and ensuring that any measures adopted 

minimise adverse impacts on the environment.  Green infrastructure represents the use of natural 

processes to carry out functions that have in the past been solely linked with the built environment 

and has central role to play in providing natural storage capacity and slowing/disrupting the 

release floodwaters, reducing peak flood flows downstream whilst simultaneously encouraging 

health, more resilient,  ecosystems. 

 

18. Sayers P B, Galloway Gerry, Penning-Rowsell Edmund, Shen F, Wen K,  Chen Y, Le Quesne T 

(2013). Flood Risk Management: A strategic approach.  Published in English by UNESCO, Paris in 

May 2013 (ISBN 978-92-3-001159-8) and in Chinese by Water Publishing in October 2012 

(ISBN:978-7-5170-0201-7). Published in association with WWF, the General Institute of Water 

Design and Planning, Beijing (GIWP) China and Asian Development Bank (ADB).   

19. Sayers, P., Galloway, G.,& Hall, J. (2012). Robust decision making under uncertainty - Towards 

adaptive and resilient flood risk management infrastructure. London: Thomas Telford (link to 

publishers website) 

20. Brisley, R., Wylde, R., Lamb, R., Cooper, J., Sayers, P. and Hall, J. (2015) Techniques for valuing 

adaptive capacity in flood risk management. Proceedings of the ICE - Water Management. DOI: 

10.1680/wama.14.00070 

21. Haasnoot, M., Kwakkel, J.H., Walker, W.E. and ter Maat, J., 2013. Dynamic adaptive policy pathways: 

A method for crafting robust decisions for a deeply uncertain world. Global environmental change, 

23(2), pp.485-498. 

Question #7 International approaches to improving flood resilience for 

communities and infrastructure 
 
22. A series of detailed international case studies were completed to support the review of global 

experiences, lessons and live challenges summarised in Chapters  1 and 2 of Sayers et al, 2013.    

                                                        
3 http://www.100resilientcities.org/#/-_/ Accessed 01/03/2016 
4 http://sites.nationalacademies.org/PGA/resilientamerica/ Accessed 01/03/2016 
 

http://www.adb.org/publications/flood-risk-management-strategic-approach
http://www.icevirtuallibrary.com/doi/abs/10.1680/fr.41561.281
http://www.icevirtuallibrary.com/doi/abs/10.1680/fr.41561.281
http://www.icevirtuallibrary.com/doi/abs/10.1680/jwama.14.00070
http://www.icevirtuallibrary.com/doi/abs/10.1680/jwama.14.00070
http://www.sciencedirect.com/science/article/pii/S095937801200146X
http://www.sciencedirect.com/science/article/pii/S095937801200146X
http://www.100resilientcities.org/#/-_/
http://sites.nationalacademies.org/PGA/resilientamerica/


In response to a series of major disasters (e.g. Hurricane Katrina, 2005, the India Ocean Tsunami, 

2004 and many since) it is clear the concept of ‘resilience’ emerged internationally as a central 

consideration in preparing society for natural hazards.  What constitutes ‘resilience’ however 

continues to evolve but some agreed principles are emerging. For example Chapter 5, Sayers et 

al, 2013 highlights ‘resilience’ as encompassing three aspects: 

 Resistance:  An ability to resist a wide range of threats (by preparing for and responding a 

flood), including ones that were not necessarily foreseen during the planning or design 

process. It also includes designing infrastructure not to fail catastrophically when exposed to 

hazard events more severe than those planned or designed for; 

 Recovery:  An ability to recover rapidly with limited aid from a disruptive event (supporting 

the rapid return to normality); 

 Adaptation: An ability to adapt to a changing environment and institutional 

arrangements/policies. 

23. There is also an emerging consensus on the need for a more ‘strategic’ approach to flood risk 

management to help build all of these aspects of resilience. A set of ‘golden rules’ which can 

guide such an approach are set out in Chapter 2 of the book (Sayers et al, 2013).  The most 

important of these (in the context of the question asked here) are highlighted below (together 

with links to recent international experiences). 

 

24. Delivers more than risk reductions, but provides multiple benefits. Flood risk management, as 

opposed to traditional flood defence or flood control paradigms, is emerging as a ‘strategic’ 

‘ambitious’ approach the uses limited resources of time, social effort, environmental capital and 

money to deliver multiple benefits. This ‘strategic’ paradigm is discussed through the 

aforementioned book  (Sayers et al, 2013) but the figure 2.3 presented in Chapter 2 summarises 

this endeavour (repeated below):  

 

 
Figure The primary purpose of flood risk management (Sayers et al, 2013) 



 

25. Avoid relying upon on a single measure, but implement a portfolio of responses.  Strategic 

flood management involves consideration of the widest possible set of management actions. 

This includes implementing policies and measures that act to reduce the probability and reduce 

the consequences of flooding (by managing both exposure and vulnerability) whilst taking the 

opportunity to promote ecosystem services, economics and societies (Chapter 5, Sayers et al, 

13).   

 

26. A portfolio approach was first promoted in the UK Foresight studies (e.g. Evans et al, 2004a & b) 

and has recently been reinforced by the lasted Climate Change Risk Assessment that suggests 

Enhanced Whole System adaptation will be needed to avoid significant increases in future flood 

risks (Sayers et al, 2015). Similarly, in the: 

 US, the concept of ‘buying down the risk’ through multiple actions is well established (see 

for example the FloodSAFE program of the state of California, US). There is significant focus 

in the US on community resilience too and a number of initiatives, for example 

o The Department of Housing and Urban Development Grant program which recently 

awarded a billion dollars in grants to communities for resilience5.  

o New York City implementing significant ‘resilience measures; as part of its recovery 

from Sandy6  

o New Orleans and Louisiana are also a focus on resilience efforts 

 Netherlands, the Multilayer Safety Approach is now well-rehearsed (e.g. Gersonius et al, 

2015). 

 China, the concept of a ‘Sponge City’ and an eco-society (recognising the health ecosystems 

are more resilient and can contribute to the management of flood risks). Also in Beijing 

efforts are being directed toward the development of a 'Catastrophic Flood Resilience 

System framework’ (in development, I am unaware of publically available outputs at 

present). 

 

27. Promote the role of ecosystems to help manage the flood floods across the whole system: 

Slow the flood where possible and speed it where necessary. A portfolio approach recognises 

that wetlands, dunes, upland storage, infiltration are all legitimate flood management 

infrastructure and should be used to managed flood waters alongside traditional embankments, 

gates etc (a typology of flood infrastructure is provided in Table 1 of Sayers et al, 2015).   This 

boarder understanding of ‘infrastructure’ reflects the need to slow the flood where possible and 

speed it where necessary. Making Space for Water (UK) and the Room for the River 

(Netherlands) are well recognised and longstanding advocates of this approach. In more recent 

years the concepts of ‘landscape’, ‘catchment based’, and ‘nature based’ approaches have all 

emerged and all recognise the important ecosystem services can play in not only managing 

flooding but providing a wide rather of ancillary benefits (Figure below from Sayers et al, 2013 – 

Chapter 6: Safeguarding and promoting ecosystems through FRM).  

 

                                                        
5 http://portal.hud.gov/hudportal/documents/huddoc?id=NDRCFactSheetFINAL.pdf Accessed 01/03/2016 
6 http://www.nyc.gov/html/sirr/downloads/pdf/final_report/001SIRR_cover_for_DoITT.pdf Accessed 
01/3/2016 

http://portal.hud.gov/hudportal/documents/huddoc?id=NDRCFactSheetFINAL.pdf
http://www.nyc.gov/html/sirr/downloads/pdf/final_report/001SIRR_cover_for_DoITT.pdf


  
 

Figure The four characteristics of a healthy ecosystem and mutual opportunities with flood risk 

management (figure 6.1, from Sayers et al, 2013) 

28. Flood risk management can, if implemented well, have a major positive influence on services 

provided, or if done poorly, have a dramatic and devastating effect.   Chapter 6 also reviews 

international experience and explores practical approaches to safeguarding and promoting the 

environment through the use of “soft path” measures (e.g. land use changes, wetland storage, 

and floodplain reconnection etc) and “hard path” measures (e.g. bypass channels, controlled 

storage etc), whilst simultaneously delivering effective and efficient flood risk reduction.   Some 

internationally examples are highlighted: 

 China: Wetland restoration for flood risk management on the Yangtze River, China 

 US: New Orleans. Louisiana, USA – Coastal wetland restoration provides a critical 

component of the protection 

 Germany and Switzerland: Managing the run-off from building through green roofs and 

below ground storage. 

 South Thailand: The Thale Noi Elevated Roadway, Songkhla Lake, South Thailand, gets the go 

ahead despite being a more expensive solution it is selected to maintain eco-system 

connectivity. 

 

29. Increasingly international guidance also recognises this need, for example: 

 Netherlands - Room for the River Programme and Working with Nature initiatives (many 

references and publications are readily available) 

 US, Flood Risk Management: Natural and Nature Based Techniques (in press through WWF-

US) 

 Scotland, Natural Flood Management (SEPA, 20137) and Slowing the Flow8 (WWF-UK) 

                                                        
7 https://www.sepa.org.uk/media/33480/natural_flood_management_2013.pdf Accessed 01/03/16 
8 http://www.wwf.org.uk/filelibrary/pdf/slowingflow_web.pdf Accessed 01/03/16 

https://www.sepa.org.uk/media/33480/natural_flood_management_2013.pdf
http://www.wwf.org.uk/filelibrary/pdf/slowingflow_web.pdf


 The EC also has a significant focus on nature based approaches with H2020 and many 

projects have explored (and will explore in the coming years) the ability  nature based 

approaches to contribute positively to the management of flood risk. 

 

30. Avoid inappropriate building on flood plains. Chapter 9, Sayers et al 2013 addresses the issue of 

‘Spatial planning in support of managing flood risk’.  The chapter highlights that ‘good’ spatial 

planning is perhaps the most effective approach to preventing the increase in flood risk, through 

active controls on (re)development of land and property in these areas. 

 

31. When a floodplain is developed (for example through a change of use from agricultural use to 

urban use, or from open recreational areas to densely populated housing estates) the potential 

for flood damage rises, and therefore risk rises.  As population numbers and densities rise, more 

serious social effects of floods follow – such as the threat of loss of life – together with the need 

to evacuate ever larger populations to prevent or lessen these effects. As a result flood risk 

management becomes more complex and more expensive.  Arrangements for spatial planning  

differ across the world. In general, these arrangements are not designed with flood risk 

management in mind, but for other societal goals, such as controlling the location of populations 

(by controlling housing development), determining the location of industry and commerce or 

protecting wildlife and agricultural areas from encroachment by urban land uses. As such, spatial 

planning arrangements are usually decided at an administrative level, often not based on 

catchments.   Stronger connections to flood risk management are starting to emerge, and 

changes to traditional development planning negotiated and agreed between flood risk 

management organisations and those responsible for spatial planning (usually local authorities 

or city agencies, as well as national policy makers).   The needs of flood risk management usually 

cannot be imposed on such city authorities by flood risk management organisations.  As policy 

makers recognise the need for good natural hazard risk management as central to sustainable 

economic and social development, concerns over flood risk are, however, increasingly 

recognised in spatial planning policy, but often not fully enforced locally. 

 

32. The review of international approaches, and continued dialogue since publication (for example 

as presented at the International Disaster Risk Management conference in Delhi, 2015) 

highlights the increasing recognition that flood plains are nature’s way of managing flood 

waters. There natural function is incredibly important for both flood management and for 

wildlife: a flood plain also provides excellent flood protection to people downstream; it can store 

water for some time, encouraging aquifer attenuation, slowing flows and changing the nature of 

flood peaks (particularly during more frequent events that contribute significantly to expected 

annual damages).  

 

33. Ensure the continued performance of critical infrastructure. A pre-requisite to avoid the rapid 

escalation in the severity of a flood event is to ensure critical infrastructure (e.g. energy, 

transport, communications, and emergency services) continues to function (a central lessons 

from the Asian Tsunami as impacts escalated as they cascaded through global supply chains, an 

lesson from many evets since).  Identifying critical components within these networks relies on 

an understanding of the independences that exist, within and across sectors; an understanding 

that is rapidly developing (e.g. Hall et al, 2013) but will demand coordinated action to 



mainstream into practice. ‘Resilient design’ fosters an innovative approach to the design, 

construction and operation of these (Sayers et al, 2012).  This can help ensure an acceptable 

level of performance, is maintained when exposed to events more severe than anticipated (i.e. 

levees should not breach when a notional design level has been exceeded, nor should their 

performance decay catastrophically without warning).  A focus on critical infrastructure is 

international, for example The National Institute of Standards and Technology was recently 

chartered by the White House to investigate critical infrastructure and resilience9 as well as in 

the UK such as the CIRIA Report C688 on Flood resilience and resistance for critical infrastructure. 

These issues are discussed throughout Sayers et al, 2013, but particularly in Chapters 10 and 11. 

 
34. Develop adaptive solutions.  The principles of adaptive management continue to emerge 

(adaptive Delta Management in the Netherlands, Valuing Adaptive Capacity in England).  . 

Chapter 3 of Sayers et al, 2013 highlights three important characteristics of an adaptive 

approach, namely that it (i) uses responses that do not foreclose future options or unnecessarily 

constrain future choice, (ii) uses responses that are effective under the widest set of plausible all 

future scenarios, (iii) observes change through targeted monitoring and continues to reassess 

scenarios of the futures, and (iv) appropriately modifies policies, strategies and structure plans.   

A ‘decision process’ that supports the development of options that builds upon this framework 

to promote adaptive capacity is provide in Sayers et al, 2015, and repeated in the figure below. 

                                                        
9 http://www.nist.gov/el/resilience/guide.cfm Accessed 01/03/2016 

http://www.nist.gov/el/resilience/guide.cfm


 

Figure  Key considerations in promoting an adaptive approach to infrastructure choices (from 

Sayers et al., 2015) 
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