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Built Environment/Transport Briefing Sheet:  

Managing the highway in extreme weather conditions 

ICE’s Transport and Municipal Experts have published a series of reports concerned with 

various issues of concern to civil engineers. Designed to be both informative and 

contemporary, the reports are updated regularly to provide accurate information to a varied 

audience. This report focuses on managing the highway in extreme weather conditions.    

How can we, as engineers, most effectively manage the impact of adverse 
weather conditions on our highway networks? 

Background 

In recent years, the UK has witnessed an increase in the impact and intensity of rain storms, which 

have resulted in an increased incidence of flooding both in terms of local flash floods and 

widespread longer term events. 

The lack of predictability of these events has compounded their effect.  In addition the UK has more 

recently experienced a vast increase in periods of severe winter weather, such as unusually heavy 

snowfall, which resulted in widespread disruption to Britain’s transport network; identified areas of 

improvement required in the supply chain, and; had a significant impact upon commerce and 

general life throughout the nation. 

The UK generally experiences a temperate climate; however, we are now experiencing periods of 

extreme heat and drought, intense rainfall and extreme cold in the winter, more often. The 

unpredictability of such occurrences make planning and preparation complex, particularly decisions 

regarding the deployment of resources. 

Purpose of this briefing report 

The aim of this report is to present research and guidance from industry to assist Civil Engineers in 

making informed decisions on the design of new infrastructure, and help them to influence decisions 

on maintenance regimes and budgeting. This report is segmented into useful sections on: 

 Ability to predict events; 

 Ability to respond to events; 

 Highway design and maintenance; 

 Traffic management & network recovery; 

 Salt reserves and treatment strategies; 

 Public communications, expectations, participation and responsibility. 
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Predicting events 

How can Highway Engineers best forecast the likelihood of severe weather events to aid an 

emergency response; and, how could resilience be improved and/or better co-ordinated? 

All countries experience varying climates, and there is no one-size-fits-all approach to highways 

management in the UK, let-alone Internationally. Generally, the UK experiences a temperate 

climate. However, periods of extreme heat and drought, intense rainfall and extreme cold in the 

winter are now occurring more often. 

The flood events of 2007, which caused the country’s largest peacetime emergency since World War 

II (Pitt, 2007), 2009 and 2014 highlighted the unpredictable nature of the British weather and the 

difficulty and weaknesses in planning for such events.   

Flood events 

In In 2007, a comprehensive review of the lessons to be learned from summer floods of 2007 was 

produced. The Pitt Review explained that the impact of climate change meant that the probability of 

events on a similar scale happening in future is increasing (Pitt, 2007). Therefore, urgent and 

fundamental changes in the way the UK was adapting to the likelihood of more frequent and intense 

periods of heavy rainfall, were recommended: 

 Improved quality of flood warnings, achieved through closer cooperation between the 

Environment Agency and Met Office and improved modelling of all forms of flooding”; 

 Councils were asked to strengthen their technical capability in order to take the lead on local 

flood risk management. More can be done to protect communities through robust building 

and planning controls; 

 Better planning and higher levels of protection for critical infrastructure are needed to avoid 

the loss of essential services such as water and power.  

 There must be greater involvement of private sector companies in planning to keep people 

safe in the event of a dam or reservoir failure. We must be more open about risk; 

 We can learn from good experience abroad. People would benefit from better advice on 

how to protect their families and homes, through education and publicity programmes. 

Outcomes from the Pitt Review 

Since the Pitt Review, a number of measures have been enacted. The Environment Agency has been 

working closely with local authorities on the six first edition Surface Water Management plans, 

which were funded by Defra. This has been supported by their work to develop tools and techniques 

to model surface water flooding. This level of information and detail is available for local authorities 

and emergency planners across England and Wales. It is being used, in conjunction with local 

knowledge, to identify areas susceptible to surface water flooding and define the need for further 

work to understand surface water flooding1. 

As a result of the Pitt Review’s recommendations, many consultations and studies were undertaken 

to improve surface water and flood risk management, including Defra’s Consultation on improving 

                                                

1
 UK Government’s Response to Sir Michael Pitt's Review of the summer 2007 Floods (2009) 
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surface water drainage and work on surface water management plans. Supporting Defra’s new 

guidance, documents such as PPS25: Development and flood risk – practice guide were 

introduced. This document is now archived, but replaced by Flood Risk & Coastal Change Planning 

Practice Guidance which is available via the Government’s web portal. 

Severe winter weather Events 

In 2010, the Government Office for Science was asked for its advice on the probability of severe 

winter weather over the next 2-3 decades, to inform infrastructure investment decisions, but the 

conclusion of Met Office analysis was that it was not possible to quantify, with any certainty, the 

number of severe winter weathers which the UK could expect in the forthcoming decades2. 

In December 2010, the Met Office produced a briefing on the likelihood of severe winter weather 

over the next 20-30 years. It produced the following headline points that: 

 Prolonged snowfall and low temperatures, comparable with conditions seen in 2010 are 

within range of natural climate variability observed over the past 50 years; 

 Comparable spells of snowfall and cold weather have been observed in parts of England 

during 8 winters since 1960. In terms of snowfall and cold weather, the winter of 2009/10 

was the most severe for some 28 years; 

 The latest regional climate projections for the UK (UKCP09) indicate a reducing likelihood of 

severe winters in future, due to the long-term warming climate. Natural climate variability 

implies that severe events remain possible, but with reduced likelihood;  

 However, there are significant known uncertainties and limitations in the ability to predict 

the likelihood of severe winters in future using the UKCP09 results; 

 More sophisticated modelling approaches, such as developing the skill of decadal prediction 

are required and in progress at the Met Office3 (Slingo, 2010). 

Concluding the evidence 

Therefore, despite consecutive years of severe winter weather, this evidence suggests that weather 

in the UK is likely to remain unpredictable for the foreseeable future. 

European winter temperatures have generally been increasing over the last couple of decades, in 

line with a gradual warming predicted by climate models as greenhouse gases increase. The 

probability of severe winters is therefore expected to decrease, along with a gradual increase in the 

temperature of the typical coldest day of winter as projected by the latest UK regional climate 

projections. 

So, if the weather in the UK is to continue to be erratic, stronger reliance must be given to our ability 

to predict severe weather events and react to these accordingly to ensure that the UK’s towns and 

cities function as best as reasonably possible during spells of adverse weather.  This includes not just 

the ability to clear and grit roads as quickly as possible, but the messages portrayed to the public by 

national, regional and local authorities and media. 

                                                

2
 Sir John Beddington’s letter to Secretary of State, (2010) Government Office for Science 

3
 Slingo, J. (2010), Briefing on the likelihood of severe winter weather over the next 20-30 years. Met 

Office. 

http://www.communities.gov.uk/publications/planningandbuilding/pps25guideupdate
http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/
http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/


 

4 Transport Briefing Sheet Institution of Civil Engineers 

Responding to events 

Responding to flood events 

Each area is unique, and will have its own flood risks associated with it.  ICE recommends use of the 
Government’s planning practice guidance for flood risk and coastal change, as each local authority is 
accountable to provide a flood risk assessment, and produce plans which examine how flood risk will 
be managed now and over the development’s lifetime, taking climate change into account, and with 
regard to the vulnerability of its users. 

Producing a flood warning and evacuation plan 

The Government planning practice portal provides information on the important considerations for 

flood warning and evacuation plans.  These plans will need to take account of the likely impacts of 

climate change, e.g. increased water depths and the impact on how people can be evacuated. In 

consultation with the authority’s emergency planning staff, the local planning authority will need to 

ensure that evacuation plans are suitable through appropriate planning conditions or planning 

agreements. 

Responding to snow events? 

Because the UK experiences severe weather so infrequently, it does not have the same levels of 

heavy clearing equipment such as snow ploughs, or the higher number of gritters that places such as 

Canada, USA or Russia do. 

How should highway authorities prepare? 

During the adverse weather period in 2009, it was the speed and amount of snowfall, the extreme 

cold and the shortage of salt, rather than the lack of equipment that councils identified as the 

primary cause of the problems experienced in February 20094 (LGA, 2009). The LGA concluded that: 

 Significant investment in heavy clearing equipment such as snow ploughs would be a poor 

use of public money due to the infrequency of the occasions when they would be required; 

 Operating salt deliveries on a just-in-time basis was not resilient in times of high demand; 

 In addition to supply issues, the environmental and economic costs of salt use and lack of a 

viable alternative, mean that salt should be used and stored in the most efficient way; 

 Individuals & businesses had a role in limiting disruption by knowing what to do and altering 

their behaviour (e.g. driving patterns, work from home) in the event of severe weather. 

International highway management during extreme weather events 

Each country faces its own climate challenges and will employ their own systems and solutions to 

meet their local need.   

 

The World Roads Association (WRA) have produced a report which discusses winter service 

management systems and road user information for countries with marginal and cold winter 

climates.  The report is free to download via the following weblink: A study of winter service 

management systems and road user information (2012) 

                                                

4
 Local Government Association, (2009).Weathering the Storm – Dealing with adverse weather 

conditions 

http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/making-development-safe-from-flood-risk/what-are-the-important-considerations-for-flood-warning-and-evacuation-plans/
http://planningguidance.planningportal.gov.uk/blog/guidance/flood-risk-and-coastal-change/making-development-safe-from-flood-risk/what-are-the-important-considerations-for-flood-warning-and-evacuation-plans/#paragraph_076
http://www.piarc.org/en/order-library/18332-en-A%20study%20of%20winter%20service%20management%20systems%20and%20road%20user%20information.htm
http://www.piarc.org/en/order-library/18332-en-A%20study%20of%20winter%20service%20management%20systems%20and%20road%20user%20information.htm
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Highway design and maintenance 

Designing the highway to be resilient to withstand the impact of adverse weather is fundamental to 

ensure effective operation of the network, and a key requirement of civil engineers. 

ICE Publications on highway design and maintenance 

ICE has published research, journal articles, guidance information and case studies on highway 

design, and how to enable better network management plans to be established which improve 

efficiency of the network during periods of adverse weather.  This includes the: 

 Design standards of highways, drainage and water courses etc. (including return periods); 

 Building standards for flood risk areas; 

 Flood risk mapping, and; 

 The effects of previous maintenance regimes on the infrastructure and its ability to cope. 

ICE Manual of Highway Design and Management 

In recent years, the ICE has published several publications and journal articles which consider 

highway and road maintenance during periods of adverse weather. The most recent, and 

comprehensive, of this guidance material, is the ICE Manual of Highway Design and Management. 

The ICE Manual is a one-stop reference for all practicing engineers working in the field of highway 

engineering. Written and edited by a wide selection of leading specialists, this manual covers each of 

the key aspects of highway engineering projects, from: funding, procurement and transport planning 

to traffic engineering, materials and design – as well as the management and maintenance of 

existing highways assets. It includes over sixty highly illustrated chapters covering all areas of 

highway engineering; Includes case studies, common problems and practical advice throughout; and 

useful references to further reading and websites at the end of each chapter.  

This manual is available from ICE Publishing by clicking here 

ICE Design and Practice guides: Highway Winter Maintenance 

Earlier ICE publications include the ICE Design and Practice guides: Highway Winter Maintenance, 

published in 2000. This practical guide was produced with the purpose of providing an introduction 

to the main principles and important aspects of the particular subject, and to offer guidance as to 

appropriate sources of more detailed information. Although published over a decade ago, we hope 

that ICE members will still find much of the information relevant and useful, indicating the 

complexities of the subject. Content from this publication is available to download free of charge 

from the ICE’s virtual library, as well as the option to purchase the complete book, click here 

Delivering well-maintained highways 

This ICE Journal article ‘Delivering well-maintained highways’, provides an overview of the Code of 

Practice for Highway Maintenance Management, together with the updated Well-lit Highways: Code 

of Practice for Highway Lighting Management and the Management of Highway Structures: A Code 

of Practice, which provides the basis for technical and management systems with detailed guidance 

on standards and procedures. Download here 

http://www.icevirtuallibrary.com/icemanuals/MOHD
http://www.thomastelford.com/books/bookshop_main.asp?ISBN=9780727741110
http://www.thomastelford.com/books/bookshop_main.asp?ISBN=9780727741110
http://www.ice.org.uk/Information-resources/Document-Library/Highway-Winter-Maintenance--ICE-Design-and-Practic
http://www.icevirtuallibrary.com/content/book/100474
http://www.icevirtuallibrary.com/content/book/100474
http://www.icevirtuallibrary.com/content/article/10.1680/muen.2006.159.2.97?crawler=true&mimetype=application/pdf
http://www.icevirtuallibrary.com/content/article/10.1680/muen.2006.159.2.97?crawler=true&mimetype=application/pdf
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Traffic management and network recovery 

In recent spells of adverse weather, road networks in England and Wales have been severely 

affected. Conditions worsened quickly causing gridlock on roads up and down the country. 

Traffic Managers have a duty to secure the expeditious movement of traffic on an authority’s road 

network and facilitating this on other authorities’ road networks. These ICE Journal articles explain 

how the network can be managed:  

Winter maintenance: how to avert the emergency 

The ICE journal article ‘Winter Maintenance – How to Avert the Emergency’ (Kent, J.D. 2002). looks 

at two case studies where winter emergencies are averted by early closure of the road to traffic, and 

then considers whether these principles are relevant in a wider context. The paper questions 

whether the public attitude towards travelling in severe winter conditions is a major cause of 

disruption and discusses how this attitude can be changed. Download here 

The Municipal Engineer’s Role in Winter Emergencies  

This journal article describes the policies of Kent County Council (KCC), who budget for 60 complete 

salting runs each year with no allocation for snow or ice clearance. Only when snow or ice is more 

than 50mm deep, or ice remains for more than a couple of days, does KCC declare a ‘snow or ice 

emergency’. The management of such emergencies can stretch the council’s resources when other 

parts of the country treat them as routine occurrences. The paper describes briefly how KCC plans 

for winter salting and snow clearance and the decision process it has in place for taking action. 

Download here 

Responding to adverse weather on the Highway 

Any incident resulting in the obstruction or partial obstruction of a carriageway is likely to need 

Traffic Management (TM). As the severity and duration of the incident increases so does the amount 

of TM required and the standard it is laid to. 

In the operation and maintenance of highway networks, it is necessary from time to time to put in 

place temporary traffic management measures to facilitate safe road works, temporary closures or 

incident management, whilst keeping the traffic flowing as freely as possible. With high traffic flows 

on many roads, it is particularly important to plan all works activities and temporary closures to 

optimise safety, road space and work efficiency, whilst minimising road user congestion, delay and 

inconvenience. 

Chapter 8 of the DfT’s Traffic Signs Manual provides details of the Traffic Safety Measures and Signs 

for Road Works and Temporary Situations. Part 2: Operations, provides guidance for those 

responsible for planning, managing, and participating in operations to implement, maintain and 

remove temporary traffic management arrangements. Part 1 of this Manual covers design. This 

document is especially useful for handling adverse weather conditions on the roads and contains 

advice relating to good working practice spanning all aspects of temporary traffic management 

operations from broad management issues to issues involving the activities of individual operatives. 

  

http://www.icevirtuallibrary.com/content/article/10.1680/muen.2002.151.4.265
http://www.icevirtuallibrary.com/content/article/10.1680/muen.2002.151.4.265
http://www.icevirtuallibrary.com/content/article/10.1680/muen.2002.151.4.271
http://www.icevirtuallibrary.com/content/article/10.1680/muen.2002.151.4.271
https://www.gov.uk/government/publications/traffic-signs-manual
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Salt reserves and treatment strategies 

Before and during adverse weather conditions, which are likely to prove hazardous to motorists and 

pedestrians, local highway authorities will often apply salt and gritting treatments to the road and 

pavement surface.   

There are various ploughing and gritting measures, treatments and guidance which could be applied 

during periods of adverse weather. 

Why and when should street authorities undertake preventative measures? 

The main objective of preventive measures is to create road traffic conditions which do not take 

drivers unaware. Each county and town will experience different types and degrees of adverse 

weather conditions, which will all have varied impacts upon the movement of people and goods. 

Severe weather plans 

Each highway authority will establish their own Severe Weather Plan (SWP) to keep paved areas free 

from snow and ice, leading to a reduction in winter accidents; maintain mobility in winter weather, 

and; to fulfil the Secretary of State obligations as the Highway Authority. The SWP is the method by 

which the service provider describes the way in which the winter service requirements will be 

met. This should be reviewed and updated annually.   

It should comprise different activities that combine to achieve the performance requirement. The 

SWP should describe the different activities to be undertaken as part of the winter service. Advice on 

the treatment of carriageways, footways, cycle tracks is embodied in the Highways Agency’s 

Network Management Manual and the SWP should reflect this advice in its development. 

Salt and de-icing materials 

One such preventative treatment is the spreading of salt on paved areas.  Salt is spread for the 

following reasons: 

 To prevent ice from forming; 

 To prevent snow from bonding to the surface, facilitating snow removal; 

 To melt ice already formed; 

 To melt residual snow after mechanical snow removal operations. 

If snowfall is expected, the highway authority will usually spread 40g of salt per square metre on the 

roads before the snow comes.  Then as the snow falls, salting continues with snowplough 

attachments used if the snow accumulates.  

The substance spread on the roads is rock salt.  It is more or less the same as the rock salt you'd 

grind onto your food, other than it is brown due to containing an impurity of Marl, which is a type of 

clay. The salt is spread onto the road, but it works best when it goes into a solution.   It relies on the 

tyres of cars passing over the top of it to crush the salt onto the road. This then forms a solution with 

a higher de-icing capability.  

Salt melts the ice as it is mixed up by car tyres, creating a saline solution that disappears down 

drains, while grit blocks up drains. Water freezes at 0C, but the salt stops the water from freezing 

until -6C to -8C. Salt starts losing its effectiveness below 25F (-4C) and is ineffective at 14F (-

http://www.dft.gov.uk/ha/standards/nmm_rwsc/index.htm
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10C). The majority of highway authorities use 6mm salt, which reduces the risk of damage to 

windscreens, though 10mm salt may be better for spreading wider roads and for treating settled 

snow.  

Salt reserves and treatment strategies: ICE publications 

The ICE has published several items on salt treatment strategies and applications. The most 

comprehensive, current and recommended of these publications is the ICE Manual of Highway 

Design and Management (2010). Chapter 61 of this publication is devoted to ‘winter service and 

other weather emergencies’ and provides an exceptional overview of the engineer’s role in the 

winter service. The Manual can be purchased from: www.icemanuals.com. 

The ICE’s Design and Practice Guide for Highway Winter Maintenance (2000), provides good 

information on winter highway maintenance, with chapter 2 providing guidance on the importance 

of salt-stick management as an essential element of winter maintenance. The report can be 

downloaded by clicking here. 

ICE Municipal Journal articles related to the topic of salt and gritting strategies include a briefing 

prepared by C. Cranston in 2004 titled: Winter road maintenance: to salt or not to salt?, which 

provides a case study of how Devon County Council found innovative ways of using technology to 

support its service delivery.  

 

  

http://www.icemanuals.com/
http://www.icevirtuallibrary.com/content/book/100474
http://www.ice.org.uk/ICE_Web_Portal/media/Topics/Winter-maintenance---to-salt-or-not-to-salt.pdf


 

9 Transport Briefing Sheet Institution of Civil Engineers 

Public communications and expectations 

Public expectations of highway maintenance can sometimes be unrealistic in terms of the resources 
available to highway authorities. 

What the public expect 

Engineers and highway managers should remember that the public are not expected to understand 

highway engineering and weather return periods.  Therefore, communications should be provided, 

which succinctly explain the situation and offer helpful guidance to motorists.  This also may reduce 

some of the blame targeted at highway authorities and improve the movement of those who ‘have’ 

to travel during periods of adverse weather. 

Prioritising the road network to meet public expectations. 

During recent spells of adverse weather, and specifically heavy snowfall, public expectations often 

exceeded local highway authorities’ ability to keep roads and footways clear.  

For the most part, the public generally understand that it was necessary for local authorities to 

prioritise parts of their road network to treat during periods of severe weather. Difficulty has 

emerged however on which parts of the local network should receive priority.  

It is for this reason that highway authorities should liaise appropriately with strategic partners at a 

local level when developing and revising their winter service plan.  The winter weather resilience 

plan should both draw on and inform wider emergency and resilience planning undertaken by local 

authorities, their delivery partners and local businesses.  

In reviewing the winter service plans, local authorities and their partners should also examine their 

consistency with wider policies to ensure that as far as possible, road clearance practices reflect 

broader policy objectives. 

Communicating with the public 

An essential part to the response of adverse weather emergencies is effective communication with 

the public. Each highway authority, when developing their winter service plan should consider how it 

communicates messages to the public when severe disruption is anticipated to hamper the effective 

movement of people and goods.  The best method off communicating with the public at the local, 

regional and national level should be considered, agreed and reviewed each year. 

Local authorities have, in the past, used websites, local authority information teams and the media 

to provide updates on transport services and road conditions, advice to non-essential journeys and 

to take precautions where journeys were essential. Each authority has an important role in 

communicating with the general public to inform them of the actions being taken during periods of 

adverse weather, including which parts of the network were being treated and how services may be 

affected. Messages which should be communicated to the public include: 

 Avoiding journeys where possible; 

 Taking precautions when driving, including vehicle checks, driving techniques, emergency 

equipment; 
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 Checking on vulnerable and elderly neighbours and assisting by clearing paths, running 

errands etc; 

 Protecting homes from burst pipes. 

Highway authorities should provide clear information to the public and local partners on the levels 

of service they can expect in the event of severe winter weather both in advance of the winter and 

during periods of exceptionally cold weather.  

Traffic and emergency information 

For England, the Highways Agency offer a Traffic information website with current information on 

disruption to the road network in England. 

 

For Wales, Traffic-Wales / Traffig Cymru offer a Traffic information website with current information 

on disruption to the road network in Wales. 

 

For Scotland, Traffic Scotland offer a Traffic information website with current information on 

disruption to the road network in Scotland. 

 

Other local authorities may also offer a localised traffic information service, providing information 

on disruption to the roads and public transport network. Metropolitan transport authorities such 

as Transport for London, Centro and MerseyTravel offer such information. 

 

  

http://www.highways.gov.uk/traffic/traffic.aspx
http://www.traffic-wales.com/
http://trafficscotland.org/
http://www.tfl.gov.uk/tfl/livetravelnews/realtime/road/default.aspx
http://www.centro.org.uk/
http://www.merseytravel.gov.uk/
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Advice and information for the public on snow clearance and gritting 

Information is provided about the ‘Snow code’ on the www.direct.gov.uk website, which includes 

tips on clearing snow and ice from pavements or public spaces safely and effectively: 

“Prevent slips – Pay extra attention to clear snow and ice from steps and steep pathways - you 

might need to use more salt on these areas. If you clear snow and ice yourself, be careful - don’t 

make the pathways more dangerous by causing them to refreeze. But don’t be put off clearing paths 

because you’re afraid someone will get injured. Remember, people walking on snow and ice have 

responsibility to be careful themselves.” 

“Clear the snow or ice early in the day – It’s easier to move fresh, loose snow rather than hard snow 

that has packed together from people walking on it. So if possible, start removing the snow and ice 

in the morning. If you remove the top layer of snow in the morning, any sunshine during the day will 

help melt any ice beneath. You can then cover the path with salt before nightfall to stop it refreezing 

overnight.” 

“Use salt or sand - not water – If you use water to melt the snow, it may refreeze and turn to black 

ice. Black ice increases the risk of injuries as it is invisible and very slippery. You can prevent black ice 

by spreading some salt on the area you have cleared. You can use ordinary table or dishwasher salt - 

a tablespoon for each square metre you clear should work. Don’t use the salt found in salting bins - 

this will be needed to keep the roads clear. Be careful not to spread salt on plants or grass as it may 

cause them damage. If you don’t have enough salt, you can also use sand or ash. These won’t stop 

the path icing over as well as salt, but will provide good grip under foot.” 

“Take care where you move the snow – When you’re shovelling snow, take care where you put it so 

it doesn’t block people’s paths or drains. Make sure you make a path down the middle of the area to 

be cleared first, so you have a clear surface to walk on. Then shovel the snow from the centre of the 

path to the sides.” 

“Offer to clear your neighbours’ paths – If your neighbour will have difficulty getting in and out of 

their home, offer to clear snow and ice around their property as well. Check that any elderly or 

disabled neighbours are alright in the cold weather. If you’re worried about them, contact your local 

council.” 

 

http://www.direct.gov.uk/

