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Executive Summary
Overview

TheNational Infrastructure Commission (NIC) wishes to understand how arnyastirgg
changes in behaviour due to the CO\NI®pandemic may affect loAgrm infrastructure
demand. In this context, the long term is defined as the period from 2025 to.2085
assumedhat by 2025 any shofterm impacts of the pandemic due to restrictions of the
yIEGA2yQa az20Alf | yR SO2y2uNimgacts ok théSnatlonaR G KS 02y
SO2y2Ye gAfft KIO@S FdzZfe RAAAALI YERXNIFYR (K
trajectory.

To help its consideration, the NIC ldes/eloped severacenarios for possible behaviour

change, eachwithaloag SN 2 dzif 221 ® ¢KS&S KI @S 06SSy AyF2N
on the behavioural impacts of theOVIBL9 crisis, itgheoretical understanding of how

behaviour change occurand examples of how historical shocks have affected behaviour over

the longer term.

¢ 1Ay3 GKS bL/Qa aOSylINxA2as GKS Ldotl2asS 2F GK

1  To gain an understandinof the order of magnitude of the effects that different scenarios
of behaviour change may have on the demand for different types of infrastructure in
different sectors of the economy.

1  To develop quantitative representations of the five NIC scenariosgpa@t more
detailed demand modelling across the sectors of interest in the future.

The infrastructure sectors that have been considered are:
Transport

Digital

Energy

Water & Wastewater

Waste

¢tKS bL/ Qa {OSYIl NR2Z2a

Focussing on behavioural responsesit S LJ YRSYA O (GKS bl-/ KI a A
GNBYyRaQY

=A =2 =4 =4 =9

pul
(s}

1 Working from Home where peopleandbusinesses adopt more homewaorking.
I  Social Warinesswvhere peopleare cautiousin participaingin social gatherings.
i1  Dispersal from Citieswhich includesuburbarisation (vhere people and businesses

move out ofthe centre ofcities totheir suburbs and more rural areasggionalisation
(reduced population density and access to open spaces e.g. natural hemdigr a
combination of thesearends

1 Use of Virtual Bols: where there is a significanfptakein online and virtual activities in
social, leisure, learning and consuming (including public services).

To help define its scenarios, the NIC has defined three levels of potential response to each of
these metatrends. These are:

1 Low: wherethe metatrend has a relatively small impact on the demand for infrastructure
in any particular scenario
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1 Medium: where the metatrend hasa moderate impact on the demand for infrastructure
in any particular scenario

i High: where the metatrend has a large impact on the demand for infrastructure in any
particular scenario

The NIC hassed these metdrends todefine five scenarios. These are:

i  Scenario 1: Reversion and Reaction
¢ Behavioursare broadlysimilar to 2019
¢ Theadoption of flexible working and working from hometurns to prepandemic
levels (noting there was a gradual trend in increasing home working prior to 2020)
i  Scenario 2: A More Flexible Future
¢ Flexible working is adopted within a sgoup of employers ahemployees where it
is practical and feasible to do so
¢ People adoptléxible lifestyles with a significant amount of social engagement
¢ City centres continue to be important hubs for people to work and socialise
¢ Urban and suburban areas continue to be kegas for living.
I  Scenario 3: Low Social Contact Urban Living
¢ Officebased working returns, with a modest increase in flexible working
¢ Social wariness is permanently higher with certain habits formed during the
pandemic sticking
¢ There is agater uptakeof virtual activities across all domains
i Scenario 4: Social Cities
¢ Homeworking is adopted at a high level among employers and employees where it is
practical and feasible to do so
¢ Demand to change household location is constrainegiige/availability
¢ People prefer to be socially active and are not anxious about large gatherings
¢ Adecline in permanent town/city centre office space is somewhat offset by growth in
other amenities/uses.
1  Scenario 5: Virtual Local Reality
¢ Homeworking is @opted at a high level among employers and employees who are
practically able to do so
¢ Social wariness is permanently higher with certain habits formed during the
pandemic sticking.
¢ People radically alter hoyand to a smaller extent wheré)ey live andreduce travel
as a result.

Approach to Quantitative Analysis

I aAaSNASE 2F aS3aAYSY(GSR WO2yadzy LI A2qgfantiégdi SQ Y2 RS
assessment of the potential impact of each scenario on demand in the five sksteds

above.The impacbf the scenarios on demantlasassessed by altering variables that

describe the consuming population and/or variables that give the rate of consumption. The
alterations to the variablegereinformed by prepandemic trends, what has happened during

the pardemig and the experiencand expertisef the project team. As such, the quantified

impacts of the five scenarios are plausible potential impacts, but they are not forecasts and
should not be treated as such.

Extensive usevasmade of Office for Nation&tatistics (ONS) datasets, the Department for
¢CNF YaLR2NIQa 65F¢Qao blraAaz2ylFf ¢NIF @St { dzZNBSesz |

steer April 2021] i



Infrastructure Demand Quantitative Analysis for Scenarios of Behaviour Ch&egort

When considering the results of this work and thinking about subsequent analysis, it
importantto understandand considethe limitations of the adopted approach. In particuldr,
should be noted that the models only seek to quantify changes in consumption rates arising
from the meta trends listed above. They do not attempt to model changes arising from other
external drivers such as wider macreconomic influences. This is deliberate as this enables

the analysis to focusod SKI @A 2 dzN> £ OKIF y3Sa &KL ThatsadiRsS NLIA Y (|
likely that consumption rates ould be affected by other factorsncluding interrelated

influences such as economic growth leading to greater disposable household income, societal
changes (e.g. makeap of households)and technological developments. Modelling the
interaction of these additional factors with the potentjostpandemic behavioural impacts is

out of the scope of this work, but it is intended that this work lays the foundation for
subsequent more detailed modelling should the NIC wish to do so.

Findings
Transport

The analysigresented in this reporsuggets the most significant pogtandemic behavioural
response is the number of people who chose to undertake activities at home, be this work or
other activities such as shopping (online rather than at shops) or social activities (e.qg. virtual
rather than fae-to-face). TheNorking from Home and Use of Virtual Toamlsta-trendsare
potentially more significanthan Dispersal from the Citie§ his issimply because of the scale

of the population that they apply to.

Considering the Working from Home metand, this changes the number of people who
choose to work from home, whether that be permanentlyoora more flexible basigor the
purposes of this workt has beerdefinedthat StandardOccupational Classification (SOC)
Groups 1 to 4principally managerial and professional workers)taese who have the
potential to work from home. Together, these SOC Groups account for 57% of the working
population, which i4.8.5million people. The Wsof Virtual Tools met&rend affectsthe entire
population.

In contrast, the Dispersal from Cities métand has been found to hava lesser impact. This

Ad 0SOFdzAS GKS ydzYoSNJ 2F LIS2LX S gK2 0O2dxZ R TSt
ormove2 dzi 2F G266y a | yR Osnillic@npared Witk hapoguigtiod whé I G A 2 y ¢
would potentially be affected by the Working for Home and Use of Virtual Toolstmestds.

Even if the people who do move then have a significant change of travelibahae scale

of the population affected is such that the effect is not as great as those that could arise from

the Working for Home and Use of Virtual Tools mieénds.

The Social Wariness effeistalso significant adits has the potential to materily affect future
public transport patronageAs well as affecting the strategic and economic case for future
public transport capital investment, such a declaoeild have immediate impact on the
finances of public transport. Should this lead to a serxéckiction, this would make public
transport less attractive, which in turn would have a further downward impact on patronage.

Digital

The defining feature of the digital sector is the rate of change of both network capacity and its
use that has occurrecdhirecent years. The projected future rate of change is such that there is
no merit in looking at demand beyond 2025 as beyond this even modest upward or downward
change to annual growth rates will lead to very differeatcomes
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Prepandemic peaks in digi demand were leisure driven and occurred in the evenings and at
weekendsWhile dgital demandappears to havéncreased during the pandemiavailable

data suggests that the increase in weekday daytime demand did not excegdupdemic
evening use. Ab, throughout the pandemjdigital networks have had sufficient capacity and
capability to cater for the increase in leisuteéven digital demand.

Digital capacity is providdd a dynamic and commercial market. Looking to 2025, the
conclusiorof this work is that any behaviourally driven changes of demand can be
accommodatedBefore and #er that, the commercial providers will both respond to market
pressures and create digital markets through the products they offer.

Prepandemic, the challenge for®liA G  f 61 & SEGSYRAYy3 GKS KAIAK O
reachplaces. This remains the case ppandemic. If anythingshouldthe NIC scenarios lead

to an increaseén digital demand thenthis could shift the balance towards further

commerciallydrivenroll out of enhanced network capacity across the country.

Other Sectors

This work has found that theost significantnfluence on modelled future demand for the

other sectors in the scope of this study (Energy, Water & Wastewater and Vilaktmy much

time people spend at home doing activities thate-pandemic would have been done

elsewhere. Wdking from Home andlse of Virtual Toolsoth suggest that more time will be

spent at home and this leads to greater domestic energy and water use and, pitentia

greater domestic wastéor example due to more packaging from internet shopping

deliverieg. To a degreghere would be a concomitant reduction in commercial consumption.
However, it would not be a on-one reductionc & K2 LJ R2 S & yoQhecadzgdiS f Sa &
has lower footfall. Structural adjustments would be needed to realise material reductions in
commercial consumption, e.g. smaller shops and/or fewer shops.

While Dispersal from the Cities would change where individual households use emetgy a
water and generate wasi¢he scale of the population who might be part of this métand is
small. In contrasthe Working from Home andse of Virtual Toolsave the potential to
affect a much larger share of the populatidftithout a shift in laneuse policythose who
move as part of a Dispersal from the Cities reéand will move to extant properties or new
properties that would be built in any event. Whthe movers may consume more per
household, this will be a marginal increase on the previous occupants of the property.

Future Modelling

Informed by a review of a representative set of transport mogdels clear that such models

O2dzZ R 6S dzaSR (2 SELX 2NB Ay Y2NB RSGIAf (KS L
scenarios. However, what is also clear from the review is that while it is possible to establish a

set of general principlesthatcanbded SR G2 NBFf SOG (GKS bL/ Qa &aoOSyl
pre-define a set of changes to model inputs or model parameters. These would need to be

derived on a casby-case basigaking into account the particulars of model structure, as well

as how theyhave been developed and calibrated.
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Introductior

The Mtional InfrastructureCommission (NIGyishesto understand howanylonglasting

changes in behaviowtue to the COVIR9 pandemicmay affectiongterm infrastructure

demand In this contextthe longterm is defined as the period fro2025 to 2055 with the

assumption thaby 2025anyshortterm impacts of the pandemic due to restrictions of the
yIEGA2yQa az20Alt | yR SO2y2uNimgacts ok thénationaR (1 KS 02y
economy will have fully dissipated and the economy will be followingWy S ¢ y 2 NX | £ Q
trajectory.

To help its consideration, the NIC has developeddienarios for possible behaviour change
eachwith a longterm outlook These have beenformed by(i K S  dwin fes@drch on the
behavioural impacts of th€OVIBL9 crisis,its theoretical understanding of how behaviour

change occurs and examples of how historical shocks have affected behaviour over the longer
term.

Taking the NIC five scenarioletpurpose of the work described in this report is tiedd:

1 To gain an undstanding of the order of magnitude of the effects that different scenarios
of behaviour change may have on the demand for different types of infrastructure in
different sectors of the economy.

1  To develop quantitative representations of the fiMéCscenardsto support more
detaileddemand modelling across the sectors of interest in the future.

This work has been undertaken over a ten week period, commencing at the beginning of
February 2021 and concluding in rAgril. It has considered five sectors of theonomy,
namely:

Transport

Digital

Energy

Water & Wastewater

Waste

Thel LILINR I OK Kl & 6SSy G2 RS@St2LJ I aSNAxRSa 2F as:
of the five sectors. The impact of the scenarios on demand has been assessed by altering
variables that describe the consuming population and/or variables that give the rate of
consumption. The alterations to the variables have been informed bypanelemic trends,
what has happened during the pandemic and the experience of the project team. Adhsich,
guantified impacts of the five scenarios are plausible potential impacts, but they are not
forecasts and should not be treated as such.

= -4 -4 -8 1

This work has been undertaken by Steer with support from DMS Research & Consulting
(Digital) and SPR Energy Consgl{other nortransport sectors). Throughout the work the
Steerf SR GSFY KFra Sy3lFr3aSR Oftz2asSteée gAGK GKS bL/ Q3
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Report3ructure
This Final Report is structured as follows:

1 Chapter 2gives a high level overview of recent ggandemic demand trends for each of
the sectors considered by this work. More detail is provided in Appendices A to E
inclusive.
 Chapter3a dzYYlF NAaSa (GKS blL/ Qa FTAGS a0OSylINAR2AD ¢K
Fft20ad LG AYOUBFREzQSE KD & Shy tHeMNBG BIBeSIgtal RS FA Y SR
2y GKS a0SylINA2&a A& LINRPOARSR Ay GKS DbL/ Qa 2
Chapter 4sets out the approach to quantitative analysis for the transport sector
Chapter 5goes on to sethe approach to quantitative analysis for the other sectors that
have been considered
f  Chapter Gsetsout the transport impacts that have been associated withthe / Q& Y S |
trends, how these have been translated into quantified changes in drivers ofgtoains
demand and thenwhahatY S+ ya F2NJ 0N} yaLR2NI RSYIFYR F2NJ ¢
1 Chapter 7focusses on the netransport sectors and sets out how quantified estimates of
demand for each of the scenarios have been developed, as well as summigsing
results of the assessment.
i  Chapter 8ummarises how more detailed transport models could be used in the future
G2 SELX 2NB G(GKS bL/ Q& &a0SylI N¥z2aod az2NB RSGI AT
1 Chapter 9offers some concluding remarks

=a =

The report has the followingppendices:

1 Appendix A a review of recent pr@pandemic trends and the impacts of pandemic on
personal travel.
1 Appendix Ba review of recent prgpandemic trends and the impacts of pandemic on the
demand for light freight, along with a consideration offne-commerce and
technological changes may affect the small package market.
1 Appendix Cconsideration of prepandemic trends in digital demand, the impacts of the
pandemic and future trends
1 Appendix D an overview of prgpandemic trends in the energy sect what has
happened during the pandemic and consideration of future trends
1 Appendix Ea lod at the water and wastewater sectors, again consideringganedemic
trends, what has happened during the pandemic and future trends.
Appendix Fmore details d the review of transport models that underpins Chapter 8.
Appendix Gdescribedincertainties that may influence the future demand for
infrastructure previously identified by the NIC as part of the first National Infrastructure
Assessment (NIA).

=a =9
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Demand Dung the Pandem

Introduction

In this Chapter we briefly review demand trends both-pendemic and during the pandemic
with a view to seeing if there are any lessons that can be drawn for quantifying post pandemic
scenarios. A more detailed consideratiofthe key sectors is provided in Appendiée® E

Transport
Measured by passenger kilometres, in the decade before the pandemic:

1  Travel by caryan and taxi increased by 11%. This is a continuation of the long term trend
of sustained growth in traffic, albeit at rates slower than observed in previous decades

1 Travel by rail grew by 37%. Trip making by train and travel on the national rail network
has experienced strong growth over the last quarter of a centaithough much of the
growth in the last decade was in its first five years

i1  Travel by bus and coach has fallen by 26%, a continuation of a long term decline in bus
travel since the 1950s. However, wittiims overall trend travel by bus in London
increased whilst outside London it fell.

Throughout the pandemic the Department féransport (DfT) has been publishing statistics
showing the use of different transport modes. This includes:

i  Car traffic on the Strategic Road Network (S&ftH)s is the network owned and managed
by Highways England and includes all motorways as welhas 8adoads
i1 Light Commercial Vehicle (LCV) and Heavy Goods Vehicle (HGV) traffic on the Strategic
Road Network
1  Passenger numbers on the
¢ National Rail network
¢ London Underground
¢ Bus outside London
¢ Bus within London

The DfT data is benchmarked againsty&ebruary 2020, that is just before the pandemic
took hold within the UK. Because of this, a degree of caution needs to be applied when
looking at the data as February 2020 may not necessarily be a typical or average period for
travel by the modes for wibh data is provided. Also, the data on car, LGV and HGV traffic is
for the Strategic Road Network. The experiences on local roads may well be different. With
these caveats in mind:

1 Before the introduction of lockdown restrictismn 23¢ March, public trasport demand
was already falling as travelleneededthe advice to work from home if possible and
avoidnon-essential journeys

1 The March lockdown led to an immediate and precipitous fall in public transport
patronage As well as businesses being clodeayellers were adviseldy Government
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not to use public transport unless the journey was essential. IRApid, national rail and
London Underground patronage was less than 5% of itparelemic levels, patronage
for local bus services outside Londoasaaround a tenth of prpandemic levels and in
London bus patronage was less than a fifth of that before the pandemic

1  As lockdown eased, public transport patronage recovered and then declined as
restrictions were reimposed. By September national rail quadige recovered to around
40% of its prepandemic levels, but declined as restrictions were tightened. London
Undergroundpatronage followed similar pattern. Bus services in London and elsewhere
hadreached a peak around 60% of their greandemic levelandwere less affected by
tightened restrictionsPrepandemic, bus usettypically hadess access to a car than rail
0N @Sttt SNBE yR I ANBIFGSNI LINPLR2NIAZY 2F GKSA
category. In contrast, many rail journeys agpecially those into London and other town
and city centres were made by people wiere able to work from home. Together these
facets help explain why by Autumn 2020 bus patronage recovered to a greater extent
than rail.

1  The continuing operation of publiransport has requirsubstantial and ofgoing
financial support from the Government.

i1  Social distancinmeasuregemain on public transport, which places a practical limit on
capacity which is below pyeandemic levels of demand.

1 On the Strategic Roadelvork, on the whole car and van traffic has remained below its
pre-pandemic levels. While van traffic for deliveries has increased, it is important to note
that pre-pandemic a greater share of van traffic was associated with trades going about
their busiress. Any increase in delivery traffic has not offset the fall in other van traffic.
HGYV traffic recovered to above February 2020 levels, although it is noted that in terms of
road traffic February is a below average month.

While the pandemic has had sigo#nt impacts on transport use it is difficult to draw any

lasting lessons from this. Restrictions on social and economic activity all have had a direct and
immediate impact on transport demand. It is not yet possible to isolate any longer lasting
impactsfrom these shorteiterm ones.

Digital

In the five years preceding the pandenmmonthly data usage over fixed broadbagw at
greater than 35% per annum. Market driveathnology developments ansidered to be
the most important factorghat have drien growth. These have be@mtelecoms technology,

customer equipment, and new or enhanced applicatitives use greater quantities of daté
strong provider market has driven capacity expansion while also offering price citioipet

During the earlystages of the pandemic:

i There was a large increase in daytime traffic during weekdays. This will have been driven
by the traffic demands of people working or studying from home (and using video
conferencing toolssuchasZoom and Microsoft Teamkeavily) and also by the traffic
generated by millions of people put on furlough, many of whom will have turned to
online entertainment during the lockdown, including vidstneaming applications such
as Netflix, and online gaming.

1 Aswith pre-pandemic, the peakeriod for traffic was in the evenings, both at weekends
and weekdays. This is considered to be driven by leisure not business/work related use.
Operators of mass market broadband services dimension their networks to handle this
peak, with headroom, andhe anticipated growth in that peak.
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1  The increase in typical traffic during the peak period was significant but relatively modest,
both for weekdays and weekends.
1 The increase in daytime traffic did not exceed-pemdemic evening peaks

Overall, theURa AY GSNYySG Ay FNI adNHzOG dzddEngésina O2 LISR
behaviours enforced by theandemidockdowns As restrictions on economic and social life
are eased it is anticipated that demand will fall back to below the pandemic peaks.

Energy
Erergy has various end uses which drives demand:

i1 Inthe domestic sector, it is used for space and water heating, cooking and lighting, as
well as by various household appliances and consumer electronics

In industry, it is used for operatingachinery, production chains, etc

In the service sector, it is used, for examjg hospitals, schools, etc for heating
purposes and power electronic equipment, etc

1 Inthe transport sector, it is used in the different modes i.e. road, air,maitjtime.

T
)l

While yearon-year national energy usage fluctuates (with the weather being a key factor), the
trend since 2001 has been a declineacdund 0.8% per year on averadduch of this has

been driven by a fall in industrial use. Over the same period, thengkyy sector has

undergone significant change as it decarbonises with the phasing out of coal generation and
the increase in renewables being notable features. Further change is expected as the UK
moves to net zero, which will have an effect both on Wy energy is provided and the way

it is consumed.

Energy consumption in the UK has been affected byrtigacts ofpandemic restrictionsn
economic output, leisure activities and travel. Total final energy consumption fell by 18%
between Q3 2019 and Q®20, though there were notable differences by sector:

1  Domestic sector consumption increased by 2.5%, as more people were home working or
were furloughed or laid off

i Transport sector consumption fell by 30%, as lockdown restrictions affected both
domesticand international travel

i  Service sector consumption fell by 7.8% as many shops and offices were closed

9 Industrial sector consumption fell by 8.4%.

As restrictions are lifted it is anticipated that service and industrial sector consumption will
return towards prepandemic norms, albeit with a potential downward impact due to the
longerlasting economic consequences of the pandemic.

Water & Wastewater

Data is available on the public water supply between 2000 and 2017. What this shows is that
abstraction leels in 2017 were below those in 20@0though abstractions increased in 2016
and 2017 from the low seen in 2015, they were still some 16% below the peak seen in 2005.
These figures exclude agricultural uses, private supplies and the electricity sugysiryn
amongst other exceptions.

There have been various studies into changes in water demand as a result of the lockdowns
imposed in response to the pandemic. UK data, based on consumption from about 200,000
households and some 1,000 nbouseholds found:
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the morning peak started later in the day for households;

household peak daily consumption at the end of May 2020 was about 35% higher than it
was prelockdown, and the evening peak was often higher than the morning peak, but
this may be more attributabléo the warm weather at the timeand

1 nonhousehold consumption reduced significantly during the first lockdown.

=a =

2.15 Thechangeavere attributed to a number of factorsiotably

i  the changes in behaviour from working at home and not needing to get childrandip
ready for school in the mornings;

i increased occupancy during the day (for example, older children returning home when
colleges and universities closed);

1 less movement of people between areas (people not going to work and not going away
on holiday);

1 changes in water use, such as more handwashamgt

i the huge reduction in consumption from the hospitality, entertainment and retail sectors.

2.16 A comparison of water use before lockdown (February to dddych) and at the beginning of
lockdown (lateMarch to erly-April) found:

I most water companies saw an increase in average water consumption during lockdown;

1 companies covering predominantly suburban areas saw the most noticeable increase,
while companies operating in city areas saw a reduction in water usk; an

i differences between weekday and weekend water consumption largely disappeared.

2.17 As restrictions are lifted it is likely that commercial consumption will return towards pre
pandemic levels, but with a negative downward impact due toltley RS YA O0Qa f I adAy3
economic consequences. Greater numbers spending more of the working day at home will act
to increase domestic water consumption, as well as potentially change the pattern of
consumption across the day and between weekdays and weekends.

Domestic Waste

2.18 In 2018 UK households produced 26.4 million tonnes of household waste. In the four years to
2018 therehadbeen little change in the quantity of waste from households. Similarly, there
has been very little change in the recycling rate at athd5%. In Wales a greater proportion
of domestic waste is recycled than in the other home nations, which may be taken as an
indication that there is scope to increase the total share of domestic waste that is recycled.

2.19 It is difficult to discern trends ihousehold waste during the pandemic. People were at home
because they were working from home or had been furloughed/laid off. More home deliveries
led to more packaging and there were potentially esfeeffects €.g.A Yy ONBI aS Ay 5L, =
f | dzy RiNRiIrr@aled domestic wast€onfusing the picture is thatamy councils
adjusted their waste collection schedules and many municipal collection sites had reduced
hours or were closed.

2.20 It has been estimated thaturing Q2 2020, kerbside collectdwbusehold waste rose by
around 10%However, this was offset by a significant reduction in tonnages of household
waste accepted at Household Waste Recycling Cenfttesnet result was a modest fall in
overall householdvaste.
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2.21 Available data suggests thtte makeup of household waste changed during the pandemic,
with an increase in dry recyclables (e.g. packaging) and a drop in collected garden waste, the
latter potentially a result of changed collection practices.

2.22 In the absence of angpecificdata onthe impact of working from home during thEandemic
on waste it would seem reasonable thatreater working from home will lead to a modest
increase in the volumes of household waste.
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Scenarios

The NIC has developed a qualitativesdription of five post pandemic scenarid$ie scenarios
have been developed such that the scenarios:

i  cover a plausible range ofitcomes;

i arebased on a range of different behaviourasponses;

i1  form coherent packages of futures, based on underlyingrémttons between
behaviourakrends; and

i should help deliver useable outputs and enable more detailed demand sector modelling

Focussingon behavioural responses to the pandentlee NIC has identified 25 trends which in
GdzNY KI @S 0SSy aaNPNBLySRR QA yiHiia2 ATd2YdNINRYA SR 0SSt 24 Y

1 Working fromHome: people & businesses to adopt more homeworking.

)l
)l

SocialWariness people cautious to participate in social gatherings.
Dispersal from Citiegpeople and businessgsuburbanisation (desire to move out of

cities to suburbs and more rural areas), regionalisation (reduced population density and
access to open spacesg. natural beauty) oa combination of these.

1 Use of Virtual Toolsuptake of online and virtual activities in social, leisure, learning and
consuming (including public services).

The NIC has gone on to define five scenarios. These are:

9 Scenario 1: Reversion and Reaction

C
C

Behaviours similar to 2019
Limited adoption of flexible working and working from home

I Scenario 2: A More Flexible Future

C

Flexitde working is adopted within a stdroup of employers and employees where it
is practical and feasible to do so

Flexible lifestyles with a significant amount of social engagement

City centres continue to be important hubs for people to work and socialise

Urban and suburban areas continue to be key areas for living

Officebased working returns, with a modest increase in flexible working

C
C
C

i Scenario 3: Low Social Contact Urban Living
C
C

q

Social wariness is permanently higher with certain habits formed dtiimg
pandemic sticking
Greater uptake of virtual activities across all domains

I Scenario 4: Social Cities

q

steer

Homeworking is adopted at a high level among employers and employees where it is
practical and feasible to do so

Demand to change household locatiorc@strained by price/availability

People prefer to be socially active and are not anxious about large gatherings
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¢ Decline in permanent town/city centre office space is somewhat offset by growth in

other amenities/uses
I  Scenario 5: Virtual Local Reality

¢ Homeworking is adopted at a high level among employers and employees who are
practically able to do so

¢ Social wariness is permanently higher with certain habits formed during the
pandemic sticking

¢ People radically alter hogand to a smaller extent wheréfey live and reduce travel
as a result

To help define these scenarios, the NIC has defined three levels of potential response. These
are:

1 low, whichmeans the metdrend has a relatively small impact on the demand for
infrastructure in any particular sceriar

1 medium, a moderate impact on the demand for infrastructure in any particular scenario

9 high, whichmeans the metdrend has a large impact on the demand for infrastructure in
any particular scenario

Ly ¢Fo6fS odm 0St2¢ 6S K-tredd ontoltHelfive &endriksS b L/ Qa

Table3.1: Meta-trend and Scenario Summary

Meta-trend Scl: Reversion| Sc2: A more | Sc3: Low Sc4: Social Sch: Virtual

and reaction flexible future | social contact | cities local reality
urban living

Working from Low Medium Low High High

Home

SociaWariness | Low Low High Low High

Dispersal from | Low High Low Low High

Cities

Use of Virtual Low Medium High Medium High

Tools

Early in this studit was established that for each scenario it would be assumed that:

1 In each projection year, the national economy (as measured by GVA/GDP) would be
constant between scenarios. However, the spatial distribution of economic activity may
vary between scenarios.

i Similarly, the national population and employment would be taken as constant between
scenarios, although the geographic distribution of that population and employment may
differ.

Normalising the size of the economy and populatiod amployment allows the scenarios to
focus on the impact of pandemic induced behavioural change.
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Approach to Quantitative
Analysis Transport

Introduction

In this section we set out our approach to developing projections of transport demand for
each scenario. We first cover personal travel before moving on to consider freight.

Personal Travel

The approach to producing projections of personal trip makinglatdlr @St  F2 NJ (G KS
scenarios is shownetbow inFigure4.1. In summary, the approach is to develop a segmented
trip rate model, with trip rates derived from thdational Travel Survey (NTS). Future year
projections are then developed by adjusting the future year population and trip rates to
NEFE SOG GKS RAFFSNByld T O0Sida 2F GKS bL/ Qa

r Adjust

Base Year Trip Rate
Population Model (NTS)

Figured.1: Personal Trasport¢ Model Structure

Validation

Adjust Adjust

Do Minimum Do Minimum o
Do Minimum

Future Travel

FutureYear Trip Rate
Population Ve CINOES))

Adjust by Scenario Adjust by Scenario

Scenario Scenario Trip
Future Year Rate Model
Population S

Scenario Future
Travel
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Base Year Population

The Office for National Statistics (ONS) publishes detailed data that has been used by this
study to determine the characteristics of the baseline population. The application of this data
is not restricted tahe transport elements of the study and has been used for the other sector
models as well (see Chapt&rbut as we cover transport first, we considbe ONS data here.

A key consideration has been the level of spatial disaggregation of the data. The finest
3S23IN) LKAO tS@St A& GKS hdzilLdzi ! NBI I ¢gKAOK
aggregated into larger areas suchLasver Layer Sugs Output AreagLSOMN Middle Layer

Super Output Area@SOA, Local Authorities or Regions.

Socieeconomic datas useful to establish the current characteristics of the population in the
UK. This can be disaggregated spatially, but also by other arftech as occupation groups,
and be used to produce a segmentation that alkdar a more targeted analysis of different
groups in each of the proposed future scenarios. However, not all-socoivomic data is
available at the most detailed level of spatiisaggregation.

The base year population (2019) data has been obtained from ONS at the Output Area level,
the finest oneavailable This has been combined with the Output Area Classification (OAC), as
defined in the 2011 Census, to assign each resideptifation in each of the Output Areas to

an OAC supergroup, allowing for an aggregation of population by OAC supergroups at the
local, regional and national level.

The Output Area Classification is based on the secamomic characteristics of the

population at the Output Area level, classifying each Output Area into a supergroup, group
and subgroup, of which there are 8, 15 and 24 in total, respectively. This classification system
is updated with the Census and therefore the 2011 Census OAC classifieetibeen used
hereas this is the most recent one available

In addition to total population figure2019labour market data has been usethisdetails
the classification of population into Standard Occupational Classification (SOC) and Socio
economic @ssification (NSEC) groups. Correspondences between the SOC aBHGIS

classifications, as well as between SOC and OAC supergroups, have been obtained from ONS.

Trip Rate Model
TransportData

The base year transport model has been developed usingrdmatance rate data from the
National Travel Survey. The NTS is a household survey designed to monkiriornigends

in personal travel and to inform the development of policy. It provides a comprehensive
dataset of travel behaviour (including distanavelled and trip frequency by moday

journey purpose, broad trends over time, etc). NTS data is collected annually and data is
readily available for recent yeaidowever, NTS data is collected only for residents of England
which requires assumptiorte be made on its applicability to the United Kingdom as a whole.

Other potential sources of comprehensive travel behaviour data were considered but
subsequenthydismissedas none had the same degree of spatial and secimomic

classification detail combined with the availability of recent data as NTS. For example, while
Census data provides an even greater level of spatial disaggregation in travel to work trips, it
doesnot have information about other trip purposes and the latest data is from 2011.

steer April 2021] 11

g 2



411

412

4.13

4.14

4.15

4.16

4.17

4.18

Infrastructure Demand Quantitative Analysis for Scenarios of Behaviour Ch&egort

C2NJ 0KAa &addzRez b¢{ RFGF KFIa 0SSy dzaSR (2 RSO
segments, using trip and distance rates (number of trips and distance travelkd by
individual per year), disaggregated by purpose and mode.

Something to note here is that the definition of transport mode is slightly different for trip

rates and distance travelled. A trip can be formed by several stages on different modes (e.g.

walk +bus or car + train), but it is still considered a single trip. For the transport model, the

Y2RIf &aLXAG 2F GNRLIA NBTFSNE (2 GKS WYIAYy Y2RS
trip, while the modal split of distance accounts for the actual distatravelled by each mode,
consideringall individual stagesThis difference is simply due to the way that NTS collects trips

and travel data.

PopulationSegmentation

Instead ofsimply presenting the transport data by area (e.g. by region or natpmpulation

segments have been created they can be useful to understand different travel demand

patterns across different sectors of the population. These segments can be subsequently
fAY1SR (2 GKS RSTAYAGAZY -PNR dzl2obtéaialiigkrSalis’ 6 N2 I RS N.
behaviour change in thICscenarios. These travel profiles for population segments form the

WGENR LI NI 0SS Fogareud abveda K2 gy Ay

After the exploration and analysis of the available data from NTS (transport) and ONS
(population, employment and socieconomic classifications), it was decided to base the
transport model on three different population segmentations:

I Census OutpuArea Classification (OAC)
i  Standard Occupational Classification (SOC); and
i National StatisticsSocieeconomic Classification (N&EC).

The OAC supergroups classification was the preferred segmentation system, as it is available
for most of the NTSurvey responses and provides a clear classification of the population
based on soci@conomic factors, with also a clear spatial pattern. This is useful for our
purposes, as socieconomic and spatial factors have a significant influence on travel
behaviaur.

The SOC segmentation was chosen to work with the homeworking trend data published by
the ONS, which was identified as a useful source of data for the development of the future
year scenarios of the transport model. This homeworking data was publishdidférent
classifications (age, region, sex, industry, etc) with the SOC being identified as the most
interesting one due to its compatibility with the description of the scenarios by NIC.

Using the SOC segmentation, however, created a challenge ftratigport model, as this
classification is not available in the NTS database and therefore a third segmentation was
needed, which should comply with two requisites:

1 Being available in the NTS database; and
1 Having a direct correspondence with the SOC dlaagon.

The NSSEC classification complies with boftthese requirementsnd was therefore

selected as the third segmentation to work with in the development of the transport model.
Figured.2 shows the links between ONS population data and NTS travel behaviour data as
mentioned above, including the OAC and SOEIEE segmentations used.
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Figure4.2: Indirect link betweenclassifications/segments in ONS population data and NTS travel behaviour data

Indirect link

ONS - Population data NTS - Travel behaviour data
8:8 — 99 g mamma.c— .
O oupuenes A b On ClossfcaionFor coch Qutput Area lsfctin 18';'2'3#fc§¥ﬁfn
supergroup supergroups
ONS - Population data NTS - Travel behaviour data
..8 —> : E?{L“é'?ﬁ‘é’h"af?:ﬁ, G C> '@m
ata
. For each Output Area Classification Correspondence between NS-SECgroups
supergroup 50C and NS-5EC
SOC groups
NTSData Extraction
4.19 After considering the above, data was extracted from the NTS database, with the following
level of detail:
i  Transport rates: trip rates and distancses.
1  Spatial: each region of England and England as a whole.
i  Time: every year between 2015 and 2019.
1  Segmentation: OAC supergroups andMEE group classification.
1  Purpose: business, commuting, education, leisure, shopping, personal business and other.
1T a2RS O6WYIFIAY Y2RSQ F2NJ GNRLAOY o0dza> &dz2NFI OS

cycle.

4.20 There are a few caveats related to the NTS database worth mentioning here. The first one is
that OAC classification information is provided for 2@08.7,but not for 2018 and 2019.
Transport rates for OAC supergroups for these years were derived from the2PQ¥5ates,
using a growth factor of the global (without OAC segmentation) rates between20llband
20182019. A second caveat is that the NTS bialy travel behaviour data for residents in
England, with no available data for those in Wales, Scotland or Northern Ireland.

4.21 As the NTS is a survey of only several thousand participants across England, extracting data in
a segmented way, especially wheading different layers of segmentation (e.g. regional +
OAC classification) results in reductions to the sample size that, in certain occasions, can lead
to unreliable data.

4.22 To address this, a typical approach consi$tssing multiyear data from the d@abase,
assuming that temporal detail is lost (i.e. data not specific to a certain year) in fleturn
having a larger sample which adds robustness to the data. As the purpose of this study is to
compare transport demand in the future based on a seriesmsstimptions regarding travel
behaviour changes due to tHe@OVIBL9 pandemic, this tradeff was deemed reasonable. As
a result, it was decided to use 202019 NTS data to build the base year transport model.

4.23 After initially extracting the transport dataf each region in England, an analysis was
undertaken to identify potential similarities or differences in travel patterns between
population in different regions. One of the main findings of the analysis was that the OAC
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segmentation played a more releviamole in terms of travel behaviour than the regional
segmentation (i.e. travel behaviours are more similar for people in different regions but in the
same OAC supergroup than for people in the same region and different supergroups).

4.24 This analysis also sived a difference between trip purpose and mode split. While trip
purpose splits were found to be quite homogeneous across regions, this was not the case for
mode splits, especially for London. Based on this analysis, and with the aim to both simplify
the transport model building process and to ensure adequate sample size levels (the sample
size of some OAC supergroups outside London was quite small for individual regions), it was
decided to build the model with the following regional split:

1 London;
91 East andSouth East; and
1 Rest of England.

4.25 After subsequent feedback received in discussions with the NIC, a series of factors were
derived to be able to present the transport model outputs by individual regimosUK
nations instead of only using the London/Easid South East/Rest of England split. These
factors were produced using actual 202617 transport rates by region and OAC classification
and are therefore accurate.

4.26  The only caveat is that, when applyitggseT I Ol 2 NB (2 G(KS Y2 R®If 2 dzi Lidzi
{2dziK 91 aG¢ 2N GKS awSad 2F 9y3flyRé | NBlLa G2
of detail that is lost when compared to a hypothetical model in which the whole process had
been done using a regidy-region approach instead of the regial split used. However, the
impact on the overall trends when comparing scenarios is not expected to be significant.

Validation

4.27 After completing the base year model, a series of checks were undertaken to rule out
potential errors in thecalculations and to make sure the model was producing reasonable
outputs.

4.28 For this purpose, NTS summary statistics were obtained from the Department for Transport
and compared against the global trip and distance rates for England, by mode and purpose.
Giwen that the base year transport model uses exclusively NTS data, the figures should match
exactly,and this was found to be the case.

4.29 While the initial intention was to gather official néMiTS data about transport use, in
passenger journeys and passengiéorketres (e.g. rail statistics from ORR and bus statistics
from DfT) to validate and adjust the base year transport model, several difficulties were found
that made the proceswfeasible.

4.30 These difficulties were mainly related to the fact that publish&itiand bus statistics from the
ORR and DfT do not use the same units and counting methodology for either and/or trips and
distance travelledvhereasthe NTS database does. For example, the NTS database assigns
SIFOK GNRLI G2 I WYI kysedbyptRedassengeriok thekondest disiake8, Y 2 R
while both rail and bus stats count each passenger journeys on those modes (e.g. a bus + car
trip where car covers a longer distance would count as one car trip and zero bus trips in NTS,
but would appear a one bus trips in the DfT bus usage statistics).

4.31 Other difficulties included the fact that ORR counts one passenger journey for each train used
in the regional stastics, but one passenger journey for each trip (regardless of the number of
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transfers) inthe nationalstatistics Also, the bus statistics published by the DfT include local
buses only, while the bus rates in the transport model (NTS data) include all local and non

local buses.

The impossibility to produce a like for like comparison of transpsage totals between the
NTShased transport model and other official transport statistical datasetsleredthe

validation/adjustment process as it was initially planmeigasible

Counterfactual

Once the base year transport model was built, uds trip and distance rates as well as
population and employment data, a counterfactual scenario was defined, which would be
O2y&a8ARSNBR 4 GKS WRSTl dzf 6 Q LRAAGA200VIBT GKS

19 pandemic.

Todevelop the counterfactal, the approach for the population growth has been to tise

5F¢Qa ¢9atwh LINRP2SO0A2YdADavel. Wikh3esge@tOthd | dzi K2 NA
distribution of population across OAC supergroups for each LAD, the assumption has been to

keep the dstribution constant, applying the LAiased TEMPRO growth factor across all OAC
supergroups in each district. In the absence of any evidence to suggest otherwise, this was

seen as a reasonable and easy to implement approach.

The development of the employme projections for the counterfactual model has followed
the same approach as the population model, using TEMPRO growth factors by LAD and
applying them to all employment in each LAD, keeping the distribution across SOC groups

constant.

The counterfactuainodel includes seven years (2025, 2030, 2035, 2040, 2045, 2050 and 2055)
as defined by the requirements set out by NIC. TEMPRO projections, however, only provide
data up to 2050. To address this issue, a simple assumption has been made to use the 2045
2050TEMPRO growth factors as a proxy for the 20685 growth factors, both for

population and employment.

With respect to the trip and distance rates, the main assumption built in the counterfactual
model is that the individual rates for each combinatioracéa (e.gLondor) and classification
group (e.g. OAC Supergroup 1. Rural Residents) stay constant, keeping the same values as

those defined in the base year model.

The global rates could however change slightly, as they are obtained as a weighted a¥erage
the individual area/classification rates, using the population distribution across classifications
and areas as weights. If some regions were to have significantly different projected growth
rates, this would affect the weights and therefore the glotzsiks. In reality, although some
districts and regions are expected to grow more than others, the effect on the OAC
supergroup and regional weights are miraord the overall rates stay broadly the same.

The total volume of trips and distance travelledwswer, will not remain constant, growing in

line with the expected population growth

Scenarios

As for the counterfactual scenario, for each of five future scenarios defined by NIC there

have been two areas of work:

steer
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i Future year population and employmegrowth and distribution.
i Future year trip and distance rates.

For both areas of work the counterfactual has been taken as the starting point from which to
develop thefuture scenarios. The description of the scenares summariseth Chapter 3

has been translatethto qualitativeand then quantitativeassumptions that areputs to the
transport model These assumptions are then used to produce sets of factors for each
scenario that are applied to the counterfactual figures.

Theseassumptions can be grouped in four blocks. The first three blocks affect the individual
transport rates (trips and distances) for each area/classification paéyare related to
homeworking trendschanges tather trip purposes (e.g. leisure) and madalit. The fourth
group of assumptions affects the distribution of population and employment across
classification groups and regions and is related to the rietdSDisRersé! fromA 1 A S& Q @

While the distribution of population across regions and cfasgion groups might be different
between scenarios, the total population is constant and equal to the counterfactual. All
scenarios are based on the same projections of population and employment growth from
TEMPRO.

Theoutputs of thetransport modelaretrip and distance rates for each future scenario, which
differ from the counterfactual as a result of both direct changes to the individual rates (e.g.
reduced commuting trips for Rural Residents in the South East) and changes to the underlying
populationdistribution (e.g. people moving from London to the home counties).

.8 UKSANI YVIGdz2NBE GKS LINRP2SOGA2ya T2NJ TFdzidzNB
that is they are a projection of transport demand given a set of assumptions.

Freight

In January 2019, the NIC published research by MDS Transmodal which looked at the future of
freight demandt We have considered theublished report and developed and applied an
approach which is consistent with tliedings of that worlkas well as the oveteapproach of

this study

Q)¢
O

The MDS report identifies four drivers of future freight demand. Thesé are:

1  The state and structure of the economy, which leads to changes in the volume and mix of
freight flows generated by different industrial sectprs

1  Consuner behaviour, particularly in the retail sector and the penetration-abenmerce

i  Technological change, leading to changes in the relative cost effectiveness of the
RAFFSNByYy(l GeLlSa 2F WPYSKAOf SaQ dzaSR G2 GNIya

share; and
i Public policy and regulation: changes in regulations, policies, taxation and land use
planning
¢KS NBLRNI 32Sa 2y (2 RSHMhsS || WodzaaAySaa | a d

1 MDS Transmodal (January 20E9jure of Freight Demand
2 Page 48ibid.
3 Pages 63/64ibid.
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1  The economy follows the (pr€ovid) business as usual trend, what was the the OBR
central case projectian
There are electric vehicles in the LGV sector and the sale of diesel/petrol LGVs is banned.
1 By 2050 ecommerce accounts for:

¢ 35% of food retail

¢ 65% of general merchandise

=

4.49  Importantly for this work, a finding fromthe®{ ¢ NI} yaAY2RI f @2NJ] Aa GKI
is the volume of freight (whether measured by tonnes lifted or tonne kilometres) carried by
heavy goods vehicles and by y&lprincipally a function of:

1  The size and structure of the economydthe mix ketween manufacturing and the
service sectar

i Technological changevhich change unitosts and

i1 Public policy, for example whether or not per mile pricing for HGVs is introduced.

4.50 Importantly for this work, a finding of theIDS Transmodalork is that heavyreight traffic
on the roads will only be affected at the margin by change in consumer behaviour patterns
(such as where and how people go shopping) and there will be no material impact on rail
freight.

451 The principal anticipated change in consumer behawis growth in ecommerce. Integral to
the MDS business as usual scenarfo is:

1 Continued decline in large stores in both the grocery andioma sectors

1 Reduced store numbers for most retailers, except khdistount stores

i  Continued increase in conviemce retail for grocery

i1  Transformation of high streets and malls to retail experiences, with food, drink and
entertainment being central

1 Repurposing small stores to residential and food and beverage, and entertainmedt

1 Repurposing in high streets to provide michaibs anddick & Mllect facilities

4.52 For this work it is being assumed that the size of the economy is constant between scenarios
(see ParagrapB.6). It is then natural to assume that the structure b&teconomy is also
constant, specifically the split between the service and manufacturing sectors and the make
up of the manufacturing sector. The freight modellthgrefore focusseson the take up of e
commerce in the different scenarios and what thisans forLGV traffic, for which retail has a
growing share and for which@mmerce is associated with the growth in LGV traffic

LGV Traffic
4.53 There are two principal drivers oifie proportion ofLGV traffichat relates to ecommerce

1  The household take upf e-commerceg the 35% for food and 65% for general
merchandise by 2050 in the MDS business as usual scenario figures are an average. For
some households the take up will be high, for others it could be close to zero. The
hypothesis would be that houseldd where people can readily work from home and
those that are made up of retirees would have the highest take upaairemerce.

1  Changes to the logistics chajms ecommerce grows we can anticipate that greater
volumes would support investment in initigés to drive down unit costs, for example

4Page 58bid.
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consolidation centres, with the result that the growth in LGV veHidtanetres is at a
lower rate than growth in @ommerce. Public poliapterventions to support the
development ofconsolidation with a goal aeducing LGVelated trafficcould have the
same effect.

This means we can adopt a modelling approach similar to that for personal travel and this is
illustrated inFigure4.3.

Figured.3: LGVsg Model Structure

Base Year Trip Rate Base Year
Households Model LGV Travel

Do Minimum Do Minimum

Do Minimum

FutureYear Trip Rate LGV Travel

Households Model

v

Adjust by Scenario Adjust by Scenario

Scenario
Future Year
Households

Scenario Trip Scenario Future
Rate Model LGV Travel

An advantage of this approach is that the household data that we will use for the base year,
counterfactual and the scenarios will come from the same data ssusodbe consistent with
the population data we use in the personal travel model.

The limitations of this approach are that the data available to develop the LGV trip rate model
is much more limited than for personal travel. Data published by the DfT from its Company
Van Survey is helpful, but aggregate. Road traffic statistics ar@elisiul, as is the MDS

report.

HGV Traffic

Given the MDS findings and the definition of the scenatltese isno need for a bespoke
model to look at HGVs
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Approach to Quantitative
Analysigc Other Sectors

Introduction

The approach to projecting demaimthe nontransport sectors is analogous to the approach
that we have adoptedor personatravelandfor e-commerce related. G\é. We illustrate this

in Figure5.1 below. As a consequence, the process of building, refining and then applying the
other sectormodelshas beenvery similaras those for transport

Figure5.1: Nontransport sectors¢ Model Structure

Base Year
Population/ Rate Model Validation

Households

Adjust Adjust

Do Minimum Do Minimum Do Minimum

Population/ :
Households Rate Model Consumption

Adjust by Scenario Adjust by Scenario

A v

SEEEE Scenario Rate Scenario
Population/ '
Model Consumption

Households

Population/Households

The source of population/household data for the base year, counterfactual and scenarios is
the same as for the transport sectdrhis is described in Chapt#and is not repeated here.

Rate Models

Rates of consumption were gathered from the soursetsoutin Table5.1 below for the non
transport sectors that we are interested in. These were used to produce the base year rate
model and also the future demand for building the counterfactual model.
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The process is analogous to the transport sector:

I Use best available evidence to develop a counterfactual rate model
1 Adjust the counterfactual model for each scenario

Table5.1: Nontransport Sectors

Sector

Digital

Water & Ener
Wastewater gy

Waste

Overall Method

Average monthly data use on fixed
broadband lines by OAC supergroup
multiplied by number of lines

Domesticand non-domestic units
multiplied by typical domestic and nen
domestic consumption valige(using the
BEIS 2019 Updated Energy & Emissions
Projection$

Population by region multipliedy per
capita demand.

Population by regiomultiplied by per
capita waste production

Evidence & Data

Baseline Ofcom Connected Natior)19

by OAC supergroup

Counterfactual Bvidencebasedassessment
of future digital connectivity
ScenariosPivot counterfactuabased on
the impact of each metérend and
population projections

Baseline Ofgem Typical Domestic
Consumption Values (TDC¥Yg)region
Disaggregate by electricity and gas.
Counterfactual BEvidencebased assessmen
of future per unit energy consumption
Scerarios Pivot counterfactuabased on
the impact of each met#&rend and
population projections

Baseline Ofwatwater companies
consumption datgDEFRAVater
conservatiorreport 2018)
Counterfactual Ofwat central case
consumption projections
ScenariosPivot counterfactuabased on
the impact of each metérend and
population projections

Baseline DEFR statistics on household
waste.

CounterfactualBased on population
projections.

ScenariosPivot counterfactuabased on
the impact of each metérend and
population projections

steer
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¢CKS bL/ Qa {OSy
Demand for Infrastructure
Transport

Introduction

As set out in Chapte, the NIC has used four metiends to define five scenarios. The four
metatrends are:

1 Working from home people & lusinesses to adopt more homeworking.

1 Use of Virtual Toolsuptake of online and virtual activities in social, leisure, learning and
consuming (including public services).

SocialWariness people cautious to participate in social gatherings.

Dispersal from Citiespeople and businesses: suburbanisation (desire to move out of
cities to suburbs and more rural areas), regionalisation (reduced population density and
access to open spaces e.g. natural beauty) or combination of these.

)l
)l

To develop altrnative scenarios, each of the met@nds has three levels, which are low,
medium and high. The NIC scenarios are then different combinations ofineeids levels.
These are shown ihable3.1. The impact of the met&rend in any particular scenario can

then be assessed by adjusting transport variables to represent either a low, medium or high
effect.

Each of the metdrends has been associated with a particular tyaos impact that in turn
has been associated with a set of transport variables. Farth#ir thanthe Dispersal from
Citiesmeta-trend, which is covered later, these effects and variables are set oLxlihe6.1.

Table6.1: Meta-trends, Transport Impacts and Transport Variables

Meta-trend Transport impact compared to| Transport variables
pre-Covid trend

Working fromHome Fewer commuting journeys JTW trip rates by population in
(journeys to work) SOC Groups4
Fewer business trips EB trip rates by population in
0SYLX 28 SND& 0 d SOC Groups4

Social Wariness Fewer trips bypublic transport | PT trip rates
More trips by car Car trip rates

More trips by active modes Active mode trip rates

Use of Virtual Tools Fewer leisure trips Leisure trip rates
Fewer shopping trips Shopping trip rates
Fewer education trips Education trip rates
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Working fromHome

The NIC has identified two potential behavioural responses as part a¥drking from Home
meta-trend. These are:

i  Flexible homeworking: a worker works from home some of the time and commutes some
of the time

1 Permang’ i K2YSg2NJ Ay3aY K2YS Aa | g2N] SNRA LINR Y (
does not commute any of the time

Not all people can work from home. For some jglesg.construction, retail, hospitalitg
homeworking is simply not possible. For this study, weehessumed that only people in

Standard Occupational Classification (SOC) Groups 1 to 4 can work from home, either flexibly
or permanently. This reflects the ppandemic experience that these four occupational

groups account for the majority of homeworlgrior which commuting was a possible

alternative. SOC groups 1 to 4 are:

1 SOQ: Managers, Directorand Senior Officials

1  SOQ: Professional Occupations

1 SOG: Associate Professionahd Technical Occupations
1 SO@: Administrativeand Secretarial Occupations

Data collected by the ONSdble6.2) allows us to compare pxeandemic rates of working

from home with those in the first lockdown in April 2020. From the table itbmaeeen that

for each of these SOC gra,phe pandemic restrictions led to a large increase in the

proportion working from home. Of course, this increase is not made up of people acting under

their own volition, rather they were acting under duress. Arndrethen, there was still

substantial shares of each SOC group who did not work from home, either because their job

O2dzf R 2yfeé 0SS dzyRSNIF 1Sy FTNRBY (GKSANI 62N LINBY
were furloughed or laid off). For this study, tAgril 2020 figures are considered to represent

the maximum proportion of each SOC group who can work from home given the current

makeup of the national economy.

Table6.2: PrePandemic and Pandemic Proportions Working from Home

1 Managers, 2 Professional 3 Associate 4 Administrative
Directorsand Occupations Professional and Secretarial
Senior Officials and Technical Occupations
Occupations
JanDec | Covid Jan Covid Jan Covid | JanDec Covid
2019 April Dec April Dec April 2019 April
2020 2019 2020 2019 2020 2020

Not working | 75.7%  43.6% 79.7% | 38.3% | 80.7%  41.9%  89.5% 50.7%
from home

Working 24.3% 56.4% 203% 61.7% | 19.3% 58.1% | 10.5% 49.3%
from home

Of which 14.3% 14.5% 11.2% 3.7%

Flexible

Of which 10.0% 5.8% 8.1% 6.9%
Permanent

DataSourceONS Labour Market Survey
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C2NJ 0KS LlzN1}2aSa 2F Y2RStftAy3a GKS bL/ Qa aoSyl

I  Scenario 1alow increase in flexibl@omeworking, as per current pireOVID trends with
no change in permanent homeworking patterns.

i Scenario 2amediumincrease in flexible homeworking, witH@w increase in
permanent homeworking.

i Scenario 3similar to Scenario 1, with no change in permartgmeworkingand alow
increase in flexible homeworking.

1  Scenario 4ahighincrease in permanent homeworking witHaw increase in flexible
homeworkingarrangements, similar to Scenarios 1 and 3

i  Scenario 5as Scenario.4

For each scenario, the perdage share of each SOC group that is assumed to work from
home either flexibly or permanentig shown inTable6.3.

Table6.3: Working fromHome ¢ Percentages Working from Home

Scenario 1: | Scenario 2: | Scenario 3: | Scenario 4: | Scenario 5:

Reversion | A more Low social | Social cities| Virtual
and flexible contact local reality
reaction future urban living
1 Managers, Flexible 20.0% 30.0% 20.0% 20.0% 20.0%
Directorsand Perm.  10.0% 12.5% 10.0% 22.5% 22.5%
Senior Officials
2 Professional = Flexible 20.0% 30.0% 20.0% 20.0% 20.0%
Occupations  pery 580 7.5% 5.8% 12.5% 12.5%
3 Associate Flexible | 15.0% 22.5% 15.0% 15.0% 15.0%
Professional
and Technical  perm,  8.1% 10.0% 8.1% 17.5% 17.5%
Occupations
4 Administrative Flexible | 5.0% 7.5% 5.0% 5.0% 5.0%
and Secretarial | pery .90 7.5% 6.9% 15.0% 15.0%
Occupations

For the translation of these assumptions into transport values

i  Hexible homeworking is assumed to reduce commuting trips by 50%, compared to the
default officebased pattern.
1 Permanent homeworking is assumed to result inaonmuting trips

Use of Virtual Tools

During the pandemic many activities have moved online. Social activities have moved online,

there has been an increase in-bne shopping and for many, schooling and tertiary education

has also become anonline aclive ® C2 NJ G KS LJzN1}22 aSa 20seof2RStf AY
Virtual Tool® KIF & 0SSy | adadzySR (2 0SS YIYyAFTSaGdSR Ay
1  Fewer trips made for leisure, shopping and education purposes

1  Those trips that are made are, on average, shorter

This move could comabout because pogbandemic online is seen by consumers as more
convenient and/or the new norm. Businesses/providers may also see online as integral to
their postpandemic business model, building upon the increased uptake during the pandemic
and potentidly withdrawing noronline options. These trends could be reinforced by adong
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lasting social wariness that deters people from activities that involve high-petesonal

interactions. For the purposes of the transport assessment these effects are causider
023SOHKSBNIVIRUAI TR | YR a20A1f g1 NAySaa RSGESNNRy3
O2y&ARSNBR SELX AOAGf& dzyRSNJ GKS W{20Alf 2| NAY
Ly G4KS 2SIFNBE 06SF¥2NB GKS LI YyRSYAO (KSNB KIFIR 68
the high street widely defined as city, town and district centres. A review by the High Streets

Task Force has identified a 5% drop in high street footfall in the five years té @WES.the

same time, ecommerce has been growing. In January 2020, ingesales were 20% of all

retail sales. The comparable figure in January 2015 was P3&pandemic there was a long

term trend of decline in high street footfall and growth ircemmerce. Reflecting this, earlier
pre-pandemic work for the NIC developadscenario in which-commerce @&tail share in

2050 could be 50%, with food at 35% and +ioad at 65%0f retail sales’ It is felt unlikely,

however, that this would translate into a commensurate fall in footfall. Over time it is

expected that high seet retail would become more integrated with the dine offer, acting

a4 WaK2g NR2YAQ | yR LINE DrbrRobd/iaail, thighsgestBasiet LIS NA Sy
size should be expected to fall as high street shopping complemeHdisepurchases.

Aswe set out in AppendiB, the pandemic has accelerated the take of ecommerce. In the

AK2NI GSNXsx GKAA KFa 0SSy aAvyLie RdzS G2 WOoNRO
the way they can trade, as well pgople turning to ecommerce either because they were

selfisolating or shielding, or to minimise their perceived risk of infection in a physical retail
environment. The net result is that more people have adoptedemerce than pre

pandemic, as well ggrevious ecommerce users increasing their online retail activity. In May

2020 internet sales were 33% of all sales before dropping to 26% in September, which was still

8 percentage points higher that its September 2019 or around 7 percentage points tiigher
pre-pandemic trends would suggest.

For some, these new habits are expected to persist-pasidemic. Furthermore, the failure

of a number of high street chains (with some activity movindioe) will reduce the short

term attractiveness of high ste¢ as a pospandemic shopping destination. The unknown
guestion is the degree to which the pandemic has simply brought forward trends that were
happening in any event or whether it has accelerated the {iemgn up-take of ecommerce
beyond any counterfacial scenario.

Data on trends in leisure activities is disparate and generally inconclusive, but the National
Travel Survey does track how many trips per year people make for different leisure putposes.
Looking over the period 2002 to 2019, what the NAGs is that (excluding short walk trips):

i There has been a long term decline in visiting friends in their homes
1  There has been a modest increase in visiting friends elsewhere
1  There has been a reduction in travel to participate in sport

5 https://www.highstreetstaskforce.org.uk/media/b5dnkp4z/hdibotfall-report-2020-for-
publication.pdf

8 https://www.ons.gov.uk/businessindustryandtrade/retailindustry/timeseries/j4mc/drsi

7 https://nic.org.uk/app/uploads/Futureof-Freight_Futureof-FreightDemand_MDS ransmodal.pdf
8see Appendix B Paragraph37et seq.

9NTS0403

steer April 2021] 24



6.16

6.17

6.18

6.19

Infrastructure Demand Quantitative Analysis for Scenarios of Behaviour Ch&epmrt

A z

 Othertrippurp@ Sa &dzOK | & GNIY @St (G2 USYOGSNIUIFAYYSyd:
increased

1  The net effect is a decline in trip making for leisure purpasi® decline in visiting
friends in their homes has not been compensated for by increases in tripshfer ot
leisure purposes

Over the same period (2002 to 2019), there has been little change in the number of journeys
made to access education, although there has been a steady increase in the distance travelled
making escort to education journeys, which wasund 20% higher in 2019 than in 2002.

C2NJ 0KS LlzN1}2aSa 2F Y2RStftAy3a GKS bL/ Qa aoSyl
scenariosUse of Virtual Tools a permanent effect. Using the same six point scale
(low/medium’ highand decrease/increagethe following havebeen assumed:

1 Scenario 1no change tdrip making rate or average distancetapsfor leisure,
shopping and educatiopurposes.
i Scenario 2no change to leisurgip making rate mediumreduction in shoppingyip
making rateandlow reductbn in education tripmaking rate as some activities go virtual.
1  Scenario 3mediumreduction in leisure tripnakingrate anda high reduction irshopping
and educatiortrip making rate as a result of increased social warinasthe activity end
of the trip.
Scenario 4as Scenario 2.
9 Scenario 5highreduction in leisure, shopping and educatiwip making rate due to a
combination of strong social wariness astdong moveto virtual activities.

=

These assumptions are summarised @ble6.4.

Table6.4: Use of Virtual Toolsg Changego Trip Making

Split Scenario 1: Scenario 2: A | Scenario 3: Scenario 4: Scenario 5:
category Reversion& more flexible | Low social Social cities | Virtual local
Reaction future contact urban reality
living
Leisure Similar Similar Decrease Similar Decrease
o medium high
g
S | Shopping @ Similar Decrease Decrease Decrease Decrease
-§' medium high medium high
Education = Similar Decrease Decrease Decrease Decrease
low medium low medium
o Leisure Similar Similar Decrease Similar Decrease
© medium high
8 | Shopping | Similar Decrease Decrease Decrease Decrease
c . . . .
8 medium high medium high
(2]
A  Education @ Similar Decrease Decrease Decrease Decrease
low medium low medium

How these translate to changes in trggtesand average trip length is set outTiable6.5

below. When setting these levels consideration has been given to recemsrént also how

the nature of activities and hence trip making may change in the future. For example, when
thinking about retail an €ommerce market share of 50% is unlikely to lead to a

proportionate fallin shopping tripg; the high street offer will eolve and basket sizes will
change.To an extent, this effect has been happening already. While it is difficult to construct a
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time series, the available evidence suggests that online sales have been growing faster than

high street footfall has been falppe 2 KSt LI A Y I SNIINB (I cKKIARQ GF 16 ® BZ NJ
0.80 means that base year trip rates calculated for each OAC Group from the National Travel

Survey are factored by 0.80.

Table6.5: Use of Virtual Toolg Changes to Trip Rates and Average Distance

Change ‘ Trip rate factor Distance rate factor ‘
Decrease; high 0.80 0.80
Decreas& medium 0.90 0.90
Decrease low 0.95 0.95
Similar 1.00 1.00
Increaseg low 1.05 1.05
Increase; medium 1.10 1.10
Increaseg high 1.20 1.20

Social Wariness

The restrictions introduced during the pandemic have affected how people travel, how often

that they travel and why they travel. While much of the travel behaviour change is a direct
NBalLlyasS (2 NBaldNROlA2ya 2y LédsdrableSdbisurde?2 OAl £ |
that someof the changeeflects social warinesspeople were allowed to travel in a certain

way but chose not to. The degree to which such social wariness will survive post pandemic

and for how long can only be speculation, but ieses reasonable to assume that some social

wariness will continue for some time to come.

C2NJ 0KS LlzN1}2aSa 2F Y2RStfAy3a GNIyaLR2NI RSYly
manifested in three ways:

1 A smaller share of all trips is made by public tramsp
1  The share of trips made by car increases
1 The share of trips made by active modes (walk/cycle) increases

Data has been collected through the pandemic on the use of different transport modes and
updateshave been published weekly by the Department faanBport. This data is
summarised in Appendik The data shows that no time since March 2020 has public
transport use come close its prepandemidevels. There are three principal factors that
have affected public transport patronage:

1 To agreater or lesser extent since March 2020 there have been restrictions on the
activities that generate public transport demand

1  For a period in the first lockdowpeople were actively discouraged from taking public
transport unless the journey was essential and since then social distancing has limited
public transport capacity to a fraction of its ppandemic levels.
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i Data collected during the pandemic as partloé tNational Travel Attitudes Study shows
that there are concerns about exposure to infection on public transport and no doubt this

A =2 4 A x

622 KlFra FFFSOGSR LIS2LX SQa° gAaftftAydaySaa G2

The National Travel Attitudes Study also asked how peogatmse public transport once

the pandemic restrictions are removed and tthirds of respondents said it was very likely or
fairly likely that they will avoid using public transport if it is crowded. Other surveys have
found similar results. However, sustated intention surveys are notoriously unreliable and
the extent to which such attitudes may persist once restrictions are removed is highly
uncertain.

There are lessons that can be drawn from abr&aalthough as with all such international
comparisors socieeconomic and cultural differences can play a part in explaining different
responses. This international experience is also coverégppendixA. What the available

data does show is that even in countries that have been less affected by panrcdated
restrictions on economic and social activity, public transport demand has not returned-to pre
pandemic levels. However, in none of the cousdrfor which data is availablevethere

beenno pandemicrelatedrestrictions and each has experienced to a greater or lesser extent
an economic shock. This said, it is reasonable to hypothesise that some of the shortfall is due
to an increased social wiaess manifested as a reluctance to use public transport.

What the limited international evidence suggests is that in a worst case sealfalblic
transport demand returning to 85% of its ppandemic levels before trend growth (or
decline) restarts and best case could be 100% recovery. Some or all of the shortfall would be

dza

duetoothermetali NEY Ra 066 KAOK Ay WHEENng&dHNTE (G8dF Y 2 dzf R

Virtual Tool® 0 Zfor thelziurposes of defining an upper limit to the Social Warinessamet
trend an 85% reduction in demand has been adopted.

C2NJ GKS LldzN132asSa 2F Y2RSttAy3d GKS bL/ Qa &aoSyl
some scenarios, social wariness leadatdS N I y Sy & aKAFTG Ay LIS2LX SQa

different modes otransport. Using the same six point scale (Iovediun? highand
decrease/increasgthe following havebeen assumed:

1  Scenario 1no change to the modal split for trips (main mode) and distance travelled

f  Scenario 2alow decrease irpublici NJ Yy & LJ2 NJi Q with ¥ @®Rrfensiirkté N5
increase ircar (mainly) and active modes.

I  Scenario 3ahighdecrease in PT useth trips being made bgar and active modes
instead

i  Scenario 4amediumdecrease irpublic transport shargwith trips transfering to car
and active, with a higher increment on the latter.

i  Scenario 5as Scenario 3

These assumptions are summarised @ble6.6.

10 See for example:
https://assets.publishing.service.gov.uk/government/uploads/system/aple/attachment_data/file/9
56170/nationaltravel-attitudes-study-wave-4-final.pdf

11 See AppendiA for further details
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Table6.6: Social Warinesg Changes in Mode Share

Scenario 1: Scenario 2: A | Scenario 3: Scenario 4: Scenario 5:
Reversion and| more flexible | Low social Social cities Virtual local
reaction future contact urban reality
living
PT Similar Decrease, Decrease Decrease Decrease
low high medium high
Car Similar Increase; low | Increase Increase- low  Increase
medium medium
Active Similar Increase; low | Increase Increase Increase
modes medium medium medium

In the transport model the approach is to reduce public transport mode share and then
redistribute these trips to other modes. The following asgtions are applied:

1 Decrease low: PT mode share is reduced to 95% of itsgaademic level
1 Decrease medium: PT mode share is reduced to 90% of itsgaredemic level
1 Decrease high: PT mode share is reduced to 85% of itsganedemic level

For thosdrips that move away from public transport, these are allocated as follows:

1 No change for Scenario 1
1 75% to arand 25% to etive modedor Scenarios 2, 3 and 5
T 50% to arand 50% to etive modedor Scenario 4

The mode share reductions are applied to e@RC Group, noting that each OAC Group has
different initial mode shares.

While mode shares are assumed to change, it has also been assumed that there will be no
changes to the average length of public transport journeys made by the different OAC groups.

Summaryg Working fromHome, Use of Virtual ToolsSocial Wariness

Table6.7 showsthe direction that each of the transport metrics are adjustecépture the
NICscenarios. For each scenario, each metric is allocated to one of six levels
(low/medium’ highand decrease/increasgdlthough not all potential levels are used.
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Infrastructure Demand Quantitative Analysis for Scenarios of Behaviour Ch&egert

Table6.7: Summaryg Working fromHome, Use of Virtual ToolsSocial Wariness

NIC
Demand
Driver

Broader
group

Subgroup

Variable

Split
category

Spatial
split

Scenario 1:
Reversion and
reaction

Scenario 2: A

more flexible
future

Scenario 3: Low

social contact
urban living

Scenario 4:
Social cities

Scenario 5:
Virtual local
reality

Working Occupation | SOC groups-4: Managerial, Trip Business All Decrease low | Decrease Decrease low Decrease Decrease
from Home = group professional, associate rate medium high high
professional and technical,
admin
Working Occupation | SOC groups-4: Managerial, Trip Commuting | All Decrease low | Decrease Decrease low Decrease Decrease
from Home = group professional, associate rate medium high high
professional and technical,
admin
Use of Population | All Trip Leisure All Similar Similar Decrease Similar Decrease
Virtual rate medium high
Tools
Use of Population | All Trip Shopping All Similar Decrease Decrease high | Decrease Decrease
Virtual rate medium medium high
Tools
Use of Population | All Trip Education | All Similar Decrease Decrease high | Decrease Decrease
Virtual rate low low high
Tools
Social Population | All Trip PT All Similar Decrease Decrease high | Decrease Decrease
Wariness rate low medium high
Social Population | All Trip Car All Similar Increase Increase- Increase Increase
Wariness rate medium medium low medium
Social Population | All Trip Active All Similar Increase low | Increase Increase Increase
Wariness rate modes medium medium medium
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6.34

Dispersal from Cities
Ly GKS b LDispeis@BoyhiICN® 28l WAFSaia AGaSt¥T Ay (o2

I Suburbanisatiorg a move from the centre of cities to the suburbs and commuter towns
1 Regionalisatiomr a move from established urban areas to more rural areas

To help develop assumptions on the scale of the potential suburbanisation and regionalisation
effects a number of data sources have been considered:

I ONS analysis of the 2011 Censulidates in the 12 months preceding Census day, 6.8
million people moved home. Of these, 4.0 million moved within the same ditiata
from commercialproviders of property services suggests that half of people move three
miles or less. Only 7% of gae move more than 50 milées.

1 Later ONS analysis released in 2016 statesal& millionpeople movedetween local
authorities in England and Wales between July 2014 and June'20hB is said to have
been similar to the previous year. While the &sas of the 2011 Census is for the UK and
the 2016 analysis is for England & Wales, these two pieces of analysis paint a similar
picture of the number of people who move from one district to another.

i The majority (71%) of those with a different addresgear prior to the 2011 Census were
aged 16 to 49In particular, people between the ages of 19 and 29 have the greatest
propensity to move from one district to another. The 2016 ONS analysis identifies that
22% of 19 year olds moved district in the 12 mentromJuly 2014 and June 201bhe
propensity drops with age: 10% of 29 year olds moved between districts over the same
period. The high propensity of 19 to 29 years olds to move between districts is associated
with entering tertiary education and stantj first jobs, as well as forming households.

1 Moving home is a relatively infrequent event. In 2017, on average people moved home
every 23 years. This period has been extending overgithe housing market has
0S02YS Y2NB WaiA pdogiehbved ag oftierkaS evéry Sy&arsarpy n &
average®

1 London has the greatest rates of inward and outward migration. Inward migration is in
part accounted foby people entering tertiary education in the Capital or starting their
working careers. Young falmis moving away from London is a feature of outward
migration.

12

https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/internationalmi
gration/articles/internalandinternationalmigrationfortheunitedkingdomintheyearpriortothe2011cens
us/2014-11-25

13 hitps://www.savills.co.uk/blog/article/303292/residential-property/home-moversin-england-
how-far-do-they-go-to-their-new-homes.aspx

14

https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/migrationwithin
theuk/bulletins/internalmigrationbylocalauthoritiesinenglandandwales/yearendingjune2015#:~:text
=There%20were%20an%20estimated%202.85,July%202014%20and%20June %2636 # %20t
he%20total%20number%20of,million%20(52%25)%20were%20females

15 https://www.zoopla.co.uk/discover/property-news/how-often-do-we-move-housein-britain/
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https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/internationalmigration/articles/internalandinternationalmigrationfortheunitedkingdomintheyearpriortothe2011census/2014-11-25
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https://www.savills.co.uk/blog/article/303292/residential-property/home-movers-in-england--how-far-do-they-go-to-their-new-homes-.aspx
https://www.savills.co.uk/blog/article/303292/residential-property/home-movers-in-england--how-far-do-they-go-to-their-new-homes-.aspx
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/migrationwithintheuk/bulletins/internalmigrationbylocalauthoritiesinenglandandwales/yearendingjune2015#:~:text=There%20were%20an%20estimated%202.85,July%202014%20and%20June%202015.&text=For%20the%20total%20number%20of,million%20(52%25)%20were%20females
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/migrationwithintheuk/bulletins/internalmigrationbylocalauthoritiesinenglandandwales/yearendingjune2015#:~:text=There%20were%20an%20estimated%202.85,July%202014%20and%20June%202015.&text=For%20the%20total%20number%20of,million%20(52%25)%20were%20females
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/migrationwithintheuk/bulletins/internalmigrationbylocalauthoritiesinenglandandwales/yearendingjune2015#:~:text=There%20were%20an%20estimated%202.85,July%202014%20and%20June%202015.&text=For%20the%20total%20number%20of,million%20(52%25)%20were%20females
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/migrationwithintheuk/bulletins/internalmigrationbylocalauthoritiesinenglandandwales/yearendingjune2015#:~:text=There%20were%20an%20estimated%202.85,July%202014%20and%20June%202015.&text=For%20the%20total%20number%20of,million%20(52%25)%20were%20females
https://www.zoopla.co.uk/discover/property-news/how-often-do-we-move-house-in-britain/

i Other than London, there is no strong pattern of migration between regions and inflows
and outflows are broadly balanced.

635 C2NJ GKS LJzN1LI2&aSa 2F | daSaairy bsthegbalidt@as®ssi Al £ A
the potential differences in churn in population due to the behavioural responses that are not
already captured in the national projections of population and the distribution of that
population across the country. It is therefoassumed that only those in SOC Groups 1 to 4
and who can readily work from home will be able to take part in the suburbanisation and
regionalisation trends as defined by the NIC. This means it in inherently assumed that the
nature of employment is not chaed by suburbanisation or regionalisation, rather only where
people live. What is not captured by this mdtand is people seeking a change in lifestyle by
changing the nature of their employment, for example giving up the office job in a city to run a
B&B in the countryside, or moving home when they retire.-pa@ademic, such trends should
be captured within national projections. Any change to these trends due to the pandemic
imply structural changes to the economy, which is considered out of scopesofitink.

6.36 For the transport model, suburbanisation is represented by:

T Amovementofd 2 NI A2y 27T &/ pduptatet A &b E§ & yEa /

& dzo dzND breupsi S a ¢
1 Amovementofd 2 NI A2y 27F &9 0 Eoups@othé®! NIBHYIMNYRE h! /
éSuburly v A Gréupst
A movement of a portion of thé ! NB | PAQigheaps the & { dzo dzNDgroypi G S & ¢
Populationmovementto neighbouring regions, for example from London to the South
East

=a =9

6.37 Regionalisation is represented as:

1 Amovement of a proportion ofhe CosmopolitandJrbanitesand Suburbanites OAC
groups to the Rural Residengsoup
i1 Inter-regionalpopulation movementfor example from London to the South West

6.38 It is assumed that those who move OAC group take up the tripngddehaviour of the group
that they move to. For example, a move to the Rural Group results in the person who moves
having the trip making characteristigsiumber of trips, trip length, mode shareof the Rural

group.
6.39 For each scenario it is assumed:

Senario I no change

Scenario 2asmall suburbanisation effect

Scenario 3no change

Scenario 4no change

Scenario 5amedium suburbanisation effect and a medium regionalisation effect

=A =4 =4 -9 =4

6.40 These changes are summarised able6.8.
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6.43

Table6.8: Dispersal from Cities Summary of Trends

Scenario 1: | Scenario 2: | Scenario 3: | Scenario 4: | Scenario 5:

Reversion A more Low social | Social cities | Virtual local
and reaction | flexible contact reality
future urban living
Suburbanisation No change @ LowEffect No change | Nochange | Medium
Effect
Regionalisation No change ' Nochange | Nochange | Nochange @ Medium
Effect

Pre-pandemic data suggests that:

)l

For those that have been defined in scope for the suburbanisation and regionalisation
trends, moving house is something that happens infrequently. While no direct data
source is directly available, from theailable evidence it has been assumed thatpre
pandemic less than 5% of thescope population would move house every year.
Prepandemic, the vast majority of these moves would have been within a few miles. Pre
pandemic, based on the available détas than 0.5% of the iscope population have

been assumed to move more than 50 miles, which is taken as a proxy feregienal
movements. In the absence of data, it has also been assumed that 1.0% of the in scope
YAIKG Wadzodz2NDBlFyAasSQ Ay lye 2yS &SI N

Noting that the trends set out immediately above are subsumed within existing population
projections, for the purpose of this scenario modelling it has been assumed that:

1

A high rate of change would be a doubling of the existing trend, that is an addifiéf
oftheind O2 LIS LR LMz | G A2y W& dzo dadielpopdlationy 3Q | Y R
WNBIA2YyFEAAAYIQ Ay SIOK &SI N

A medium rate of change has been assumed to be an additional 0.67% ofdtepie

LJ2 Lddzf F (A 2Y W& dzo dzND | ydogehopd QAR YR WNBAK2 Y2 TAAR

year.
A low rate of change has been assumed to be an additional 0.33% ofshepr

L2 Lddzt F A2y Wadzo dzND | ORAIBI QLR [ iidry: YABIGRY

year.

Furthermore, it has been assumed that thesawthes are time bound. This is because there is
limited supply of housing and increased demand should be anticipated to lead to a price
response that in turn affects demand. Any change to anticipated supply is out of scope of the

scenarios. lthasbeenasd8$ R G Kl G (GKS Wadzodz2NblIyAaAaydaQ yR W

for five years. With rounding this leads to the following assumptions:

T

|l

A high rate of change is 5% of thedinO2 LJS LJ2 LJdzf | G A2y WA dzo dzZND I Yy A & .

3021 LRLA BEYAPOWNBIAZ2YF € A

A medium rate of change is 3.4% of thelif0O2 LIS LJ2 LJdzf | G A2y WadzodzND | y

theind 02 LIS LR LIz I A2y WNBIA2YyIfAAAYIQOD

A high rate of change is 1.7% of theiirO2 LJS LJ2 LJdzf | G A2y W& dzo dzND I y A 2

in-d 02 LIS LJ2 LJdzt FYiR@dy WNBIA2Y | f AAA
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Light Freight

644 1'a &S0 2dzi SIFNXASNI dzyRSNJ 6KS WwW! asS 27F +ANIdz ¢
activities have moved online. In particular, there has been an increaselineoshopping
which in turn has led to an increase in the number of deles.

6.45 Prepandemic online retail activity was steadily increasing. In October 2018, ONS data states
that 18.0% of all retail sales were onlitfeBy October 2019, this had increased to 19.2% and
further increases would have been expected. Earliergaedemic work for the NIC
considered a scenario where by 2050 50.0% of all retail sales are online.

6.46 While food retail has remained open throughout the pandemic, social distancing
requirements, a reluctance from some to be in retail environments even withlstistancing
along with people shielding and unable to visit food retail has all supported an increase in
online shopping for food and other essentials. Nemsential retail shops have been closed for
much of the pandemic. Together, this has led to a stleange increase in the proportion of
retail activity that is online. In October 2020, 28.5% of retail sales were online. In January 2021
when nonessential retail was closed once again, the online proportion was 35.2%. The
pandemic has resulted in peopléhay have not shopped online before doing so and for those
who had shopped online extending the number and range of goods that are routinely
purchased online.

6.47 As set out in more detail in Appendixthe expectation is that the pandemic will result in a
lasting stepchange increase in the proportion of retail sales that are online. However, it is also
reasonable to expect that once pandemic restrictions on retail agtare fully lifted the
online proportion will drop down from its lockdown peaks. For the purposes of this work it has
been assumed that the pandemic will result in a step change in online retail activity equivalent
to five years prepandemic trend growth.

6.48 There is only limited data on the number of deliveries of goods by light vans and the data that
isavailabledoes not distinguish between goods purchasedgtiore and are then subsequently
delivered and those that are purchased online. Nonetheless, wieabDiepartment for
¢CNF YaLRNIQa +ly {dzZNPSe akKz2ga Aa GKFEG AY HampY

1 Of the 4.1 million vans in the country, 16% were primarily used for delivery/collection

9  Of the 55.5 billiorvanrmiles that were driven, 23% were associated with
deliveries/collectionand

1  The average van involved in delivery/collection makes 16 stops per day

6.49 Assuming each van operates for 300 days a year, from this data it can be inferred that there
are over 3 hillion delivery/collections per year and that each delivery results in apprteyma
4 vanmiles.
650 [ 221 AYy3 | KSI ReversiendddRén&i NA 2 KMma WoSSy FaadzySR i

1 Post pandemic online retail will continue to grow at fpr@ndemic rates, albeit from a
higher base

16 ONS retail sales data is taken from this series:
https://www.ons.gov.uk/businessindustryandtrade/retailindustry/bulletins/retailsales/previousRele
ases

17 https://www.gov.uk/government/collections/van -statistics
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6.51

6.52

6.53

6.54

1T hytiAy$S NBGIAE Q& aKI NB dskhe scenalfo esiallishdd by gie p %

pandemic work for the NIC but with the maximum penetration brought forward five
years to represent the long term effects of the pandenaiad

A

1 5StAGSNASE gAff ANRG AYy LINBLRNIA2Y (42 2ytAy

However, ontinued growth should be expected to promote greater efficiency within the
delivery sector which will temper the growth in the number of deliveries and the aggregate
van miles. This is for two principal reasons:

i greater online retail wilincrease the density of customers, which will allow more
efficient vehicle utilisation with the effect of reducing the miles per delivand

i greater online retail will support the retailers/couriers developing approaches to
consolidatedeliveries (e.g.wo orders being consolidated into one drop off, click &
collect, local collection hubs) withe effect of tempering the rate of increase of
deliveries

[221 Ay 3 | O -tekds it s bedhassamBdithat:

1 Working from Home: greatenumbers working from home will make internet shopping
more attractive, simply because recipients are more likely to be at home to receive
deliveries

1 Use of Virtual Tools: inherent within this is that people will be more willing to engage in
online shopjing as part of their dajo-day life

i Social Wariness: for this work social wariness has been defined as a reluctance to use
public transport and a concomitant greater propensity to drive and use active modes. As
such, the Social Wariness mdtand is notexpected to result in greater online shopping
than Scenario 1

91  Dispersal from Cities: this meteend is not considered to increase the propensity to use
online retail, but by dispersing parts of the population may make it more difficult for the
online rdailers to drive efficiency gains

C2NJ GKS LlzN1}2asSa 2F ljdzryiAFeAay3d GKS bL/ Q&

1  The peak of online market penetration (50%) will occur in 2045 and this is the low effect.
The medium effect will bring forward the peak toZfand the high effect will bring it
forward to 2035.Scenario 1 has the low effect, Scenarios 2 and 4 have been assumed to
experience the medium effect and Scenarios 3 and 5 the high effect.

1 Scenario 1 will have a medium efficiency gain, which is a 20@6tien inaggregate
milesachieved through a combination of fewer deliveries per transaction and less vehicle
miles per deliveryBecause both are focussed around urban living, Sceriand4 will
have a high efficiency gain, which is taken to be a @faction inaggregatemiles.

Scenarios 2 and 5 will have a low efficiency gain, which is taken to be a 10% reduction in
aggregatamiles.

These trends are summarised irable6.9.
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Table6.9: Light Freight; Summary of Trends

Scenario 1: | Scenario 2: | Scenario 3: | Scenario 4: | Scenario 5:

Reversion A more Low social Social cities | Virtual local
and reaction | flexible contact reality
future urban living
Peak online market Low Effect = Medium HighEffect Medium High Effect
penetration Effect Effect
Efficiency gains Medium Low Effect = High Effect = High Effect | Low Effect
Effect

¢ KS sisderatbs A Quantitative Description
Population/employment
BaseYear

As explained in Chaptdy 2019 has been taken as the base year for this study, as it iaghe |

full year with data unaffected by the OVIBL9 pandemic. Population and employment figures
have been obtained from official sources at the Output Area and Local Authority District

levels, respectively. While the population figures at the OA level baga used to classify
population in the OAC supergroups, the models have used LAD and mainly regional levels only
for their spatial disaggregation.

Table6.10 shows the mieyear 2019 population estimates from ONS and the 2019
employment figures from the AnnuRlopulationSurvey at the region/nation level

Table6.10: 2019 population and employment, bsegion and nation

Region/Nation 2019 Population 2019 Employment
East 6,236,072 3,081,600
East Midlands 4,835,928 2,357,200
London 8,961,989 4,646,200
North East 2,669,941 1,193,200
North West 7,341,196 3,453,000
South East 9,180,135 4,621,300
South West 5,624,696 2,779,300
West Midlands 5,934,037 2,763,800
Yorkshire and The Humber 5,502,967 2,568,200
Wales 3,152,879 1,455,500
Scotland 5,463,300 2,658,000
Northern Ireland 1,893,691 860,800
Total UK 66,796,831 32,438,100

The Output Area Classification has been used as the main segmentation in the transport
model. Population is classified in one of eight OAC supergroups according tecsoawmnic

and demographic factors. This is showifrigure6.1. It can be seen that, while some

supergroups have similar shares of population across most regions (e.g. Suburbanites), others
show a significant degree of variatyil(e.g. HarePressed Living). London is clearly an outlier,
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with more than 85% of its population belonging to the Cosmopolitans, Ethnicity Central and
Multicultural Metropolitans supergroups.

Figure6.1: Distribution of population in OAC supergroups

Distribution of population in OAC supergroups across England regions and UK Nations
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6.58 The base year population and employment are expected to grow in the coming years, with
TEMPRO forecasting continuous growth for the whole study period to 2050. Growth rates
between 2050 and 2055 have been assumed to be the same as the preceding fivd lysars.
is shown inFigure6.2 and Figure6.3. TEMPRO only provides data for area&ieat Britain.

Figure6.2: Projected population growth (NTEM/TEMPRO), indexed to 2019
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6.59 There are clear differences in the projected growth by nation, with England expected to grow
at more than double thermgwth rate of Scotland or Wales (+19% compared to +9% and +8% in
the 20192055 period, respectively). There are also differences between regions in England,
with London included in the chart as the one with the highest projected growth (+25% by
2055).
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On the other hand, the employment growth projections from TEMPRO are almost identical for
all regions and nations, and mostly linear in time, with a projected increase bi2%lby 2055
from base year 2019.

Figure6.3: Projectedemploymentgrowth (NTEM/TEMPRO), indexed to 2019
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Scenarios

The background population and employment growth obtained from TEMPRO is included in all
future year scenarios so that, for each modelled year, all scenarios have the same total
population and employment in each nation. There is, however, variation in terms of the
distribution of population across regions and especially across supergroups in the OAC
segmentation. The assumptions for these movements are explained earlier in tpigcha

While the assumed movements of population between regions are lintit&dlume, with no
region assumed to change its population by d@more, movements between OAC
supergroups are stronger

This is shown irigure6.4, with population in OAC supergroupsScenarios 2 to 5
represented as relative changestte population distribution of Scenario Which isused as
the reference.
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Figure6.4: Change in population distribution by OAC supergroup and scenario (2@5Scenario 1

Scenario 2 Scenario 3 Scenario 4 Scenario 5
10.0%
8.0%
6.0%
4.0%
2.0% . l
oy U
(4.0%)
(6.0%)
(8.0%)
(10.0%)
1. Rural Residents B 2. Cosmopolitans 3. Ethnicity Central
4. Multicultural Metropolitans ® 5. Urbanites M 6. Suburbanites

B 7. Constrained City Dwellers 8. Hard-Pressed Living

It can be seen that only Scenario 2 and Scenario 5 assume movements of population between
h!/ &dzZLJSNENRdAzLJA | af I T NB X dz -thedd?viis Seé0 i 6 A a4 LIS N& |
including Suburbanisation effects only and Scenario 5 including both Suburbanisation and
Regionalisation effects.

OAC supergroups with a stronger urban characterahiherproportion of managerial,
professionaltechnical and administrative occupations, (those more likely to adopt
homeworking behaviours) see decreases in population, which move to suburban and rural
locations.

Results
Transport
Total Trips andDistanceTravelled

Trip and distance rates are prodeetin the transport model for every combination of regional
split, OAC supergroup, year and scenario. These can be subsequently disaggregated by both
mode and purpose, as explained in Chapter 4. Combining the individual rates with the
projected populatiorfor each combination of area and OAC supergroup produces the total
figures of trips and distance travelled.

Figure6.5 andFigure6.6 show the total trips and distance travelled by region and nation in

the base year model. As mentioned in Chapter 4, the NTS only provides data for England,
GKSNBF2NE FAIdNBA F2NJ 21 fSa +FyR {O2GflFyR KSNB
regional split rates as a proxy, and the actual populations of Scotland and Wales, from ONS.
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Figure6.5: Total trips by region and nation in the base year transport model
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Figure6.6: Total distance travelledby region and nation in the base year transport model
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Scenario 1 shows a steady increase of both total trips and distance, driven by minimal change
to the base year andounterfactualtrip ratescombined withforecast population growth.
Scenarios 2 and 4, after consideration of all the assumptions, would have similar volumes of
travel, in terms of trips and total distance, with Scenario 3 and especially Scenario 5 being
somewhatlower.

Trips and Distnce TravelledByPurpose

Changes to the trips and distances travelled by purpose are dependent on the assumptions

YIRS gAGK NBIFNRAEA (2 GKS W22NJAy3a FNRY K2YSQ>
metatrends. While the first one directlgffectsthe business and commuting purposes, the

other two are translated into reductions to the trip and distance rates for other purposes,

such as leisure or education.

In addition to the direct changes to rates based on the trends listed above, total volimes o
trips and distances are affected by the Suburbanisation and Regionalisation effects. As people
move away from city centres to suburban or rural areas, changing their OAC classification,
they are assumed to adopt the travel behaviours of residents iratbas they move to, which

has an impact on the number of trips and the distance they travel, with differences by
purpose.

Figure6.7 andFigure6.8 show the changes in total trips and distance travelled, respectively,
by purpose and scenarig.OSy I NA2 M O6AawSOSNEAZ2Y YR wSIOGAz2y
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reference for comparisohere, with the change in trips and distance travelled for each
scenario expressed as a percentage increase or decrease with respect to the Scenario 1
results.

Figure6.7: Change in totatrips by purposevs Scenario 12055)

Scenario 2 Scenario 3 Scenario 4 Scenario 5
5%
O Business
1 |_||_||_| ' ' I_“_| ' |_| ' OCommuting
(5%) O Education
(10%) M Leisure
W Shoppin,
(15%) pping
Hl Personal Business
(20%) W Other
(25%)
Figure6.8: Change in total distance travelled by purpose Scenario {2055)
Scenario 2 Scenario 3 Scenario 4 Scenario 5
5%
OBusiness
] HI_II_I j j |_| j H O Commuting
(5%) O Education
(10%) @ Leisure
Shoppi
(15%) @ Shopping
B Personal Business
(20%)
B Other

(25%)

2 KAETS OKIFIy3aSa G2 tSAadaNB: akK2LILAyYy3 RER $KEROI G

W aS 27 + A Ndredms havetbeen asaumededual for all regions and population
groups, this is not the case for business and commuting. As discussed earlier in this chapter,
SOC groups-4 have been defined as the sgiboup of populatiorthat is more likely to adopt

and maintain a relevant change in homeworking patterns, in turn impacting the frequency of
both commuting and business trips.

Figure6.9 shows the percentage change in commuting trip rates of each scenario when
compared to Scenario 1, by OAC supergroup. It can be seen that those OAC supergroups
known to have a larger proportion of employees in the SOC grodpsek larger decreases in
commuting rates than others with smaller proportions (e.g. larger reduction in commuting
trips for Cosmopolitans than for Constrained City Dwellers).
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Figure6.9: Change ircommuting trip ratesby OAC supergroup and scenario (2095)Scenario 1

Scenario 2 Scenario 3 Scenario 4 Scenario 5
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oo “I | |
(4.0%)
(6.0%)
(8.0%)
(10.0%)
1. Rural Residents B 2. Cosmopolitans 3. Ethnicity Central
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W 7. Constrained City Dwellers 8. Hard-Pressed Living

Trips and Distance TravelldgiyMode

6.74 With the trip and distance rates in the transport model being produced based on changes to
individual trip purposes, the mode split of those transport indicatoas wubsequently
Ot OdzAf F iSR® ! aAy3a GKS O2dzyGiSNFI OlGdz2f 606l asS &S
2 NAYyS&daQ | yR W! a-Bend Werecchnsidiecsd t6 estimatg dif@erent nvoSdi |
splits for each scenario, which generally consigtifferent levels of reduction of public
transport use and distribution of mode share loss between active and private motorised
modes.

6.75 As for the trip and distance totals by purpose, the totals by mode are not only affected by the
assumed changes in travegtiaviour for each individual but also by the assumed population
movements. Th latterhas a greater impaain mode split than purpose splitsahe OAC
supergroups have clearer differences in their patterns of travel mode use than in their
patterns of trigs by purpose. For examplie difference in public transport and car use
between urban and rural residents is greater than the difference in their share of leisure or
education trips.

6.76 Figure6.10 and Figure6.11 show the changes in total trips and distance travelled by mode
and scenaripusing Scenario 1 as the referengecaveat tawonsider when interpreting these
NEBadzZ Gaz a fNBFRe YSY(dA2ySR Ay [/ KIFILIISNI nz A
Y2RSQ> GKAA Aa GKS Y2RS dzaSR T2N 0KS f2y3Sai
stage and a long rail stage, th@ is assigned to rail only). On the other hand, distance
travelled includes all stages of the trip, therefore accounting truly for all distance travelled on
each mode.
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Figure6.10: Change in totatrips by main modevs Scenario 12055)
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Figure6.11: Change in total distance travelled by mods Scenario 12055)
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6.77 Figure6.12 andFigure6.13 show the differences in mode share of total trips by scenario in
London and the rest ahe country, respectively. While the assumption buitbithe model is
that the changes to mode split as a result of change in travel behaviour are the same across
the country, this would be difficult to see if only a nationwide figwexe included hereThis
is due to public transport mode split in the BEinglow and changes to a low number are
more difficult to see.

6.78 For example, between Scenario 1 and Scenario 5 the public transport mode share is assumed
to reduce by around 15%, from 29% to 25% indaonand from 6% to 5% in the rest of the
country. This reduction in public transport use results in an increase in the share of active and
private motorised modes.
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Figure6.12: Mode share of total trips by snario in London
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Figure6.13: Mode share of total trips by scenario ithe rest of the UK
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TimeProfile of Travel

6.79 The figures shown above in this Chapter refer to trip and distance rates, expressed in a per
person per year basis. However, trips tend to be made at cetitaigs, with patterns that
appear depending on the purpose.

6.80 Figure6.14 shows the time profile ohveragetrip rates, by purposgfor the average weekday
These trip rates have been extracted from NTS and correspond to the England average for the
base year modelusirg 20172019 data Trip rates are distributed through the day
corresponding to the -hour slot (e.g. between 080 and 089) in which the trip started.
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Figure6.14: Time profile ofaveragetrip rates by purpse- base year
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It can be seen that each purpose has a clearly defined pattern and also diféexnaige trip
rates Commuting trips are mostly concentrated around the peak hours in the morning and
evening, with education (including esceducation) having a similar, albeit more extreme,
pattern, reflecting start and finish school time&&hopping trips are at low levels in the early
morning, peaking before noon and then slowly decreasing for the remainder of the day, with
leisure having alwst the opposite pattern, with increasing trip rates during the day until the
peak in the evening.

It is important to note that the assumptions made for the development of the transport model
do notconsider changes twavel patternswithin the day orbetween differentdays of the
week.For instance, in a scenario with greater working from home leading to fewer commuting
trips the scenarios assume an equal proportionate reduction in commuting trips at all times of
the day. They do not assume that peopletirae their journeys or focus their working from

home on particular days of the week.

Nonethelessthe daily profile of total trips doegiffer between scenariadVhile each purpose
is adjustedequally throughout the dayhecause dferent times ofthe day have different
purpose splitghis results in a differential impagbetween scenariasAlthough thehourly
profile for each purpose will not changie volumedoesaseach scenario has a different
impact on each purpose, the total number of trips magdeh hour will vary through the day,
and will do so differently for each scenario.

Figure6.15 shows the time profile of the change of total trip rates for each scen&wenario

1 has been used as the scenario of reference, with the change expressed as a percentage
variation from Scenario 1. These are changes to totad,tdpmbining all purposes, and are
assigned the -hour slot during which the trip started.
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Figure6.15: Time profile of change in tripby scenario and purposé055)
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As explained earlier, it can be seen tiraeach scenarithe change in trip making relative to
Scenario 1 varighroughout the day andhe variationis differentfor eachscenario Overall,
Scenario 5 has the greatest reductiortrips rates, which is consistent with the results shown
earlierin this chapter

Thegeneral pattern is that the change in trip rates for each scenario is greater in those
periods of the day during which trip purposes that are maffectedin that specific scenario
have a greater share of trips. For example, betwee®@%and 0800 commuing is the largest
purposeand thereforethe greatest changes for those scenarios that have the largest
reduction in journey to work travel

Another example is the pattern during the late morning and early afternoon, where leisure
and shopping trips are dominarscenario 3 has a stromigpwnwardimpact on thenumber of
suchtrips and therefore has a largeeduction than Scenarios 2 and 4, whiitave lower
impacts on shopping and none on leisure trips.

Light Freight (Deliveries)

Figure6.16 shows changes ithhe number of light freight delivery tripgdexed aginst

Scenario 1, that is in each year Scenario 1 is equal to 100 and the scale of demand in the other
scenarios is relative to Scenario 1 in that y&agure6.17 is equivalent toFigure6.16 , except

that the chart show an index ofight freightdeliverymiles.
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Figure6.16: Light Freight deliveries compared to Scenario 1
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Figure6.17: Light Freight Delivery Miles compared to Scenario 1
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7.1

7.2

7.3

7.4
7.5

¢CKS bL/ Qa {OSy
Demand for Infrastructure
Other Sectors

Introduction

As well as transport, the impact of the NIC scenarios on denmafodir further sectors has
been considered. These are:

1  Digital

i1  Energy

1 Water& Wastewater
1 Waste

As withthe transport sector, for each sectoaeh of theb L /m@tatrends has been

associated with a particular impact that in turn has been associatedanstt of variables~or
the other sectors, an alternative approach has been undertaken with the -netals
considered in turn to develop a direction of change for a single variable, using the same six
point scale that has been used for the transport impacts (low/mediuntvlaigd
increase/decrease). This approach has been adopted because a much more limited set of
demand metrics are being used for the other sectors and it is not possible to associate any
particular metatrend with the direction of change of a single metricumique set of metrics.
Rather, the impact on the chosen metrics is due to the mietads working in combination.

Here for each sector we set out the assumptions that have been made to define the scenarios
and the rationale that underpins these.

Digital
Prior to the pandemidigital data usage was growiog averageat around $% per annum.
During the pandemic, it has been seen that:

1  There was large increase in daytindigital traffic during weekday§08:00 to 18:00).
This will have been driven by theone people working or studying from home (and using
video conferencing tools such Zoom and Microsoft Teams heavily), but also by the traffic
generated by people on furlough, many of whom will have turned to online
entertainment during the lockdown, inclutj videestreaming applications such as
Netflix, and online gaming. During the restrictions, the traffic profile by forfday
during weekdays became similar to that at weekends.

1 Thepeak period for traffic is in the evenin@is 20:00 to 22:00), both at weekends and
weekdays. Telecoms operators (of mass market broadband services) dimension their
networks to handle this peak, with headroom, and the anticipated growth in that peak.
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i  The increase in typical traffic during tpeak period was significant but relatively modest,
both for weekdays and weekendsis pesunedthat this was driven by more people
using videestreaming and gamingtc, at home, rather than going out to socialise with
friends.

Further details on digitause before and during the pandemic daafound in AppendiZ.

C2NJ 0KS LlzN1}2aSa 2F Y2RStftAy3a GKS bL/ Qa aoSyl

i1  Given he rapid rate of digital growth the longer into the future that demand projections
are made, the greater the uncertainty on digital demand. Given the compounding effect
over time,modest differences in growth assumptions can lead to very different future
projections. Because of this, digital demand is not projected beyond 2025.

1 As seen in the prgpandemic trendthe annuapercentagegrowth rates are assumed to
reduce gradually over time. However, it should be noted that the annual growth rates by
the end d the modelling period are still very high (19% to 20% p.a.), and would lead to
very large compounded changes over time.

1 The $cialWariness andispersal from Citiesieta-trendshave been assumed not to
effect digital demandthough the latter will haven effect on the geographic distribution
of data usage

i1  Both the Working from Home and Use of Virtual Tools nietads depend on greater
on-line activity and it is assumed that each will lead to a growth in digital demand.

For digital we have considereBS L2 G Sy G A f A Y Ltler@siin tReFound&rl b L/ Q&

derived estimated growth increments that encapsulate the combined effect of each trend.
These are shown ihable7.1. In this Table, the percentage figures are the growth increment
versus the level of data usage which would be expected in that year gigmeemic growth
trends. In 2020, digital demand wa$% higher than would be expected at the estimated-pre
pandemic growth trend, for reasons set out in Paragrag@above. In Scenario 1, it is
assumed that data usagwill be slightly lower than the levels projected at {p@ndemic

growth trends. All other scenarios assume average data usage at levels higher than those
projected at the estimated prpandemic growth trends, with Scenario 5 having the greatest
increasein average data usage.

Table7.1: Digital¢ Growth Increment on PréPandemic Trend

| 20001 2021 | 2022 | 2023 | 2024 |

Scl: Reversion and reaction 6% -1% -1% -1% -1% -1%

Sc2: Anore flexible future 6% 4% 5% 5% 5% 5%

Sc3: Low social contact urban

living 6% 5% 6% 7% 8% 9%

Sc4: Social cities 6% 5% 6% 6% 6% 6%

Scb5: Virtual local reality 6% 7% 8% 9% 10% 11%
Energy

During the pandemic

1  Total energy consumption reduced by almost a fifth between Q3 2019 and Q3 2020,
although thepermanenceof this fall is uncertain given the time of year when the

weather was relatively warm.
1  There has been a shift in demand from Aoouseholds to househotdand from urban to
suburban areas, with service sector consumption falling by 7.8% and industrial sector
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7.14

consumption by 8.4%, whilst domestic consumption increased by 2.5% over the same
period.

i Hectricity consumption by households changed doidockdownrestrictions imposing
working from home and home schooling, causing morning peaks in demand to flatten as
activity was spread throughout the day.

Shifts to new working patterns with a greater emphasis on working from home may result in
permanent changes household energy demand. Overall, however, the permanence of
changes are uncertain. As restrictions eadadngthe course of 2020 aggregate demand
returned to around 5% below pr€ovid levels, with some indications that demand was
returning to expectd levels as restrictions were further eased, highlighting thatitgact of

the pandemic could be temporary.

Further details on national energy consumption before and during the pandemic can be found
in AppendiD.

C2NJ G4KS LlzN1lJ2 a Sa 2rfrioy B HaShkedn AsgumeditétSor dommdstzd & O
energy consumption:

1  Thehigh intensitychange leads ta 9% increase in domestic demand (assuming a 3%
increase in domestic consumption with every 10% shift to work from home)

1  Themedium intensitychangewill have two thirds of the high intensity impact and low
intensity only one third.

i  ForDispersal from Citie# isassuned that there ino effect on domestic energy
consumption, although the location where energy is consumed will change.

For thenon-domestic sector, it has been assumed that:

1  For theWorking from Homeneta-trend, the high intensity change leads to a 6%
reduction in norndomestic energy consumption. Fose of Virtual Tooland Social
Wariness, the high intensity change is a 3% rédndn energy use.

1 ForDispersal from Citiedt is assumed that the high intensity change is a 3% increase in
energy use. This reflects an assumption that a more dispersed population leads to a more
dispersed pattern of commercial activity,.iraore premises catering for the same
demand. If an alternative assumption is adopted of people travelling furthtéreto
currentdistribution of commercial premises then the appropriate assumption would be
Dispersal from Citielsaving no impact on nedomestic enegy consumption.

1 As with the domestic sector, it is assumed that thedium intensitychangewill have
two thirds of the high intensity impact and low intensity only one third.

The assumed impact of each mdtand on domestic and neadomestic energy consuption
are shown infable7.2 and Table7.3. These tables define what is a low, dilam and high
change and then show the impact of each metnd in each scenario before setting out the
cumulative impact.
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Table7.2: Domestic Eargy ¢ Impact of Meta Trends

Meta-trend

Medium

Scl:
Reversion
and reaction

Sc2: A more
flexible
future

Sc3: Low
social
contact
urban living

Sc4: Social
cities

Sc5: Virtual
local reality

Working from Home 1% 2% 3% 1% 2% 1% 3% 3%
Use ofVirtual Tools 1% 2% 3% 1% 2% 3% 2% 3%
SociaWariness 1% 2% 3% 1% 1% 3% 1% 3%
Dispersal from Cities - - - - - - - -

Cumulative Effect 3% 5% 7% 6% 9%

Table7.3: Non Domestic Energy Impact of Meta Trends

Meta-trend Medium Scl: Sc2: A more | Sc3: Low Sc4: Social | Sc5: Virtual
Reversion flexible social cities localreality
and reaction | future contact

urban living

Working from Home (2%) (4%) (6%) (2%) (4%) (2%) (6%) (6%)

Use of Virtual Tools (1%) (2%) (3%) (1%) (2%) (3%) (2%) (3%)

SociaWariness (1%) (2%) (3%) (1%) (1%) (3%) (1%) (3%)

Dispersal from Cities 1% 2% 3% 1% 3% 1% 1% 3%

CumulativeEffect (3%) (4%) (7%) (8%) (9%)
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Water & Wastewater

There is some uncertainty about the impacts of pandemic restrictions on water consumption
Most water companies saw an increase in average household water consumption tthering
first lockdown. Companies covering predominantly suburban areas saw the most noticeable
increases, while companies operating in city areas saw a reduction in watdbiffeeences
between weekday and weekend water consumption largely disappeared.

Survey data has identified that in the first lockdown:

i the morning peak started later in the day for households;

1 household peak daily consumption at the end of May 2020 wasita®5% higher than it
was prelockdown, and the evening peak was often higher than the morning peak, but
this may be more attributable to the warm weather at the tinaed

1 non-household consumption reduced very significantly during the lockdown.

These chrges have been attributed to a number of factors including:

i the changes in behaviour from working at home and not needing to get children up and
ready for school in the mornings;

i increased occupancy during the day (for example, older children retuhainge when
colleges and universities closed);

1 less movement of people between areas (people not going to work and not going away
on holiday);

1 changes in water use, such as more handwashing;

i  the huge reduction in consumption from the hospitality, entertairrhand retail sectors.

In considering the impact of the NIC scenarios,wwking assumption is that greater
numbers working from home will have an upward impact on domestic water consumption,
simply because more activities are being undertaken at hdre degree, this would be
offset by lower consumption at commercial prenssowever, this will not be a or®-one
offset.

For planning purposes, the proportion of water consumption that is returned to the sewer
network is generally put at between 90% and 9%%r the purposes of this work, it is
assumed that increments in dorstic wastewater are proportionate to changes in domestic
water consumption.

Further details on water use before and during the pandemic caiolred in AppendiE

Given that changes in water use during the pandemic offer limited insight on future trends, it
is necessary to postulatle potential impact of the NIC mettmends. For the purposes of
Y2RSttAy3 GKS bL/ Qa aO0$%ylFINxR2a> Al KI&a 0SSy
1  For theWorkingfrom Homemetatrend, the high intensity change leads to a 6% increase
in domestic water consumption. Fbise of Virtual Tooland Social Wariness, the high
intensity change is a 3% increase.
1 As with the domestic sector, it is assuméet the medium intensitychangewill have
two thirds of the high intensity impact and low intensity only one third.
i Itis considered that the Social Wariness m&nd will not have any impact on water
consumption. When considering transport impacts thista-trend has been defined as
manifesting itself as an egoing reluctance to use public transport rather than something
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that affects domestic or commercial activities. Changes to activities are captured by the
Working from HomendUse of Virtual Toolsieta-trends.
I Also, itis not considered that tHeispersal from Citiemeta-trend islikely to have a
material impact on total domestic water consumption, althougis likely toaffect where
in the country that consumption occurs.

For each scenario:

i the dlocation of high/medium/low effects to thgvorking from Homeneta-trend is
consistent with the allocation of high/medium/low effects to the commuting trip rate in
the transport model. Both reflect more people working from home.

i  the allocation of high/medim/low effects to theUse of Virtual Toolseta-trend is
consistent with allocation to the leisure trip rate in the transport model. Both reflect
greater time being spent at home.

The assumed impasbf each metarend on domestic and nedomestic energy@nsumption
are shown inrable7.4.

Waste

It is difficult to discern trends in household waste during the pandemic. People were at home
because they were working from hee or had been furloughed/laid off. More home deliveries

led to more packaging and there were potentially esfeeffects .g.A Yy ONBI aS Ay 5L, X
f | dzy RiNRirBra@aQar domestic wast€onfusing the picture is thatamy councils

adjusted their waste collection schedules and many municipal collection sites had reduced

hours or were closed.

It has been estimated that

9 During Q2 2020, kerbside collected household waste rose by around 10%

1 However, this was offset bysagnificant reduction in tonnages of household waste
accepted at Household Waste Recycling Centres

i  The net result was a modest fall in overall household waste

Available data suggests that the makge of household waste changed during the pandemic,
with an increase in dry recyclables (e.g. packaging) and a drop in collected garden waste, the
latter potentially a result of changed collection practices.

In the absence of amgpecificdata onthe impact of working from home during thmandemic
on waste ourworking assumption is that greater working from home will lead to a modest
increase in the volumes of household waste.

As with water, given that data on changes in waste use during the pandemidiwited
insight on future trends, it is necessary toghalate potential impact of the NIC meteends.
C2NJ GKS LlzN1l}2asSa 2F Y2RStfAy3a G4KS bL/ Qa aosSyl

1  For theWorking from Homenetatrend, the high intensity change leads to a 6% increase
in waste. FotJse of Virtual TooJghe hidh intensity change is a 3% increase.

1 As with the other sectors, it is assumed that the medium intensity change will have two
thirds of the high intensity impact and low intensity only one third.

18 https://www.tolvik.com/wp-content/uploads/2020/11/Coviel 9-and-UkWaste- SectorAutumn:
20_publishedl0-November2020.pdf
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91  As with water and for the same reasortssiconsidered thiathe Social Wariness meta
trend will nothave any impct onhousehold waste

1 Also, itis not considered that tHeispersal from Citieseta-trend is likely to have a
material impact on total waste, although it is likely to affect where in the country tha
consumption occurs.

As with water, for each scenario:

i the allocation of high/medium/low effects to th&/orking from Homeneta-trend is
consistent with the allocation of high/medium/low effects to the commuting trip rate in
the transport model. Both refle more people working from home.

i  the allocation of high/medium/low effects to thdse of Virtual Tooleta-trend is
consistent with allocation to the leisure trip rate in the transport model. Both reflect
greater time being spent at home.

The assumed imget of each metdarend on waste are shown ifiable7.5
Summary

The trends for other nottransport sectors are summarisedTiable7.6.
Results

On the following pages are charts that set out the headline results for each scenario. These
are for the UK. The model that has been provided to NIC allows for detaded
interrogation of the outputs from the modelling at a national and regional scale.

For each headline metrizgraphis provided.that shows changes in demand indexed against
Scenario 1, that is in each year Scenario 1 is equal to 100 and thefdateand in the other
scenarios is relative to Scenario 1 in that year.

The following charts are provided:

i1 Digital
¢ Monthly Data Usage

1 Energy
¢ Domestic Electricity Consumption
¢ Nondomestic Electricity Consumption
¢ Total Electricity Consumption
¢ Domestic Gas Consumption
¢ Nondomestic Gas Consumption
¢ Total Gas Consumption

1 Water
¢ Domestic Water Consumption

1 Waste

¢ Domestic Waste Demand
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Table7.4: Water ¢ Impact of Meta Trends

Meta-trend

Medium

Scl:
Reversion
and reaction

Sc2: A more
flexible
future

Sc3: Low
social
contact
urban living

Sc4: Social
cities

Sc5: Virtual
local reality

Working from Home

2% 4% 6% 2% 4% 2% 6% 6%
Use of Virtuallools 1% 204 3% - - 2% - 3%
SociaWariness ) } } . . . R -
Dispersal from Cities
Cumulative Effect 2% 4% 4% 6% 9%

Table7.5: Wasteg Impact of Meta Trends

Meta-trend Medium Scl: Sc2: A more | Sc3: Low Sc4: Social | Sc5: Virtual
Reversion flexible social cities local reality
and reaction | future contact

urban living
Working from Home
1% 2% 3% 1% 2% 1% 3% 3%

Use of Virtual Tools 1% 1.5% 204 . - 1.5% } 205

SociaWariness } i} i} _ . . _ .

Dispersal from Cities

Cumulative Effect 1% 204 2.5% 3% 5%
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Table7.6: Summaryg Other Sectors and Alternative Future Scenarios

Variable

Segmentation

Alternative Future Scenarios (change in trend vs Base

Scl.

Reversion and

reaction

Consumption rates (per person per year)

Sc2: Anore
flexible
future

Sc3: Low social

contact urban
living

Sc4: Social

cities

Scb: Virtual
local reality

Comments

Digital OAC Data demand Data demand | Data demand | Data Data demand Given thevery high counterfactual
@ 1) M demandm, KM annual growth rates in digital
demand, modelling horizon restricte
to 2025 for digital
Waste demand by NUTS 1 Regiol Domestict Domestic Domestich, = Domestic  Domestic a/ 2YYSNKRDRIyELNHZO G
household b b HHH 58Y2ft AGA2Yy 3 9EO
G20KSNE ¢l adsS y2
Energy demand NUTS 1 Regio| Domestict Domestic Domestichy,  Domestic Domestic
(Gas/Electricity) by Nondomestic | Iy Nondomestic | M
household Q@ Nondomestic @ @ Nor+ Nor+
Q@ domestic domestic
Q@@ Q@@
Water and Water Household, | Household Householdwm, | Household = Household Non-household and leakage not
wastewater demand | supplier / b b HHH modelled
by household NUTS 1 Regiol
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Digital

Figure7.1: Monthly Data UsageCompared to Scenario 1
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Figure7.3: Non-domestic Electricity Consumptiooompared to Scenario 1
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Figure7.4: Total Electricity Consumptio@ompared to Scenario 1
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Gas

Figure7.5: Domestic Gas Consumption Compared to Scenario 1
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Figure7.6: Nonrdomestic Gas Consumption Compared to Scenario 1
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Figure7.7:

Total Gas Consumption compared to
Scenario 1

Total Gas Consumption compared to Scenario 1
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Figure7.8: Domestic Water Consumptio@ompared to Scenario 1
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Waste

Figure7.9: Domestic Waste Demandompared to Scenario 1

Domestic Waste Demand compared to
Scenario 1
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38

8.1

8.2

8.3

8.4

8.5

Future Modellin

Introduction

la ¢Sttt +a RS@OSt2LAyYy3 ljdz2 yiAFASR SadAavylraSa 27
demand metrics, as part of this work considerati@sbeen given to how a more-giepth

and comprehensive assessment of the scenarios could be undertaken in the future.

Models in the transport sector tend to be complex and take substantial time and money to

develop. Also, most are developed withinthe GoB EG 2 F 5F¢ Qa ¢ NJ yaLlk NI !
(TAG), which sets out expectations for how data is used, and how models are calibrated and
validated, as well as criteria for what is considered to be acceptable model performance. If the

NIC were to model in merdetail the landuse and transport impacts of its scenarios, the

expectation is that it will need to make use of extant models, even if these are modified

and/or developed.

While there are many models within the transport sector because of the influehtAG

there is a high degree of commonality with both the explanatory variables that they use as

well as the formulation of the models and, because of this,défnition of theparameters

within the models To help understand how such models could bedusefurther explore the

bL/ Qa &aOSylFINxR2a&a | avltf &alryLXS 2F Y2RSta FTNRY
reviews were informed by available documentation as well as the experience of the study

team.

There are three broad categories of transportaeds that can be used to model in detail the
bL/ Qa &aOSyIFINAR2a&a YR 6KIFIG (GKSaS YSIy FT2NJ LISNAE?2

f GKS 5SLINILIYSYd F2NI ¢NFYALRNIQA bl A2yt ¢NI
End Model, which are the models used to produce its Rigatfic Forecasts

1 Land Use Transport Interaction models with a-sational focus (which could be a region
(e.g. North of England), a conurbation (e.g. Greater London) or an administrative area
(e.g. county/district); and

1 Fixed land use transport modelsf which there are many across the country with scales
ranging from regional to local and with different levels of model detail. Such models are
routinely used to support the business cases for road and public transport capital
interventions.

The modelseviewed are:

1 GKS S5SLINIYSY(d F2NJ ¢NFyaLR2NIQa bl A2yl f ¢NI
Model (NTEM)
1  Two Land Use Transport Interaction (LUTI) models:
¢ SEELUM, a systems dynamics based model developed on behalf of Transport for the
South East (TfSE)
¢ LonLUTI, a neglassical equilibrium LUTI model that has been developed for and
applied by Transport for London (TfL)
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8.6

8.7

8.8

8.9

1 Two fixed laneuse models:
¢ MoTIiON a Variable Demand Model (VDM) of Greater London developed for and
applied by TfL
¢ Birmingham City Modelyhich is primarily a highway assignment moaedtl has been
developedby Birmingham City Council

¢tKSNB INB OSNE F¥S¢ FNBAIKG F2NBOlFaidAy3a YRSt

Britain Freight Model (GBFM) to provide inputs to its National rarsviodel. Transport for
the North uses GBFM tpas do othersThe NIC has previously commissioned and published
work from MDS Transmodal that has used GBFM to look at alternative freight futures.

Further details of the model review can be found in Appekdix
Findings

The findings from the model review are set out in two ways. Firstirtag-trends that

dzy RSN1LJAY GKS bL/Qa aOSylINA2a I NS O2yaARSNBR®

reviewed model could be used to assess that transport impacts of the scenarios.

InTable8.1 each metatrend and its potential transport impacts are set out along with a
modelling approach that can be used to assess these. While informed by the model review,
these modelling approaches could be applied to almost any mieleloped within a TAG
context.

Table8.1: Potential Transport Modelling Approaches to Assess NIC Mitands

Meta-trend Transport impact Modelling Approaches
compared to preCovid
trend

Working from Home Fewer commuting journeys §  Downward adjustment to trip
(journeys to work) production rates by person type

and trip attraction rates by trip
purpose in NTEM, or

1  Downward adjustment in TEMPR
outputs for selected areas

Fewer business trips 1  Downward adjustment to trip

OSYLX 28 SN A production rates by person type
and trip attraction rates by trip
purpose in NTEM, or

1  Downward adjustment in TEMPR
outputs for selected areas

Social Wariness Fewer trips by public i1 Increase mode specific constant
transport and/or weighting on In Vehicle
Time (IVT) in generalised
cost/utility for public transport

More trips by car 1  No change; car absorb demand
discouraged from using PT mode
and/or

1  Reduce IVT weighting in
generalisectost/utility for car to
NBLINBaSy G WLz €

More trips by active modes |  For those models that consider
active modes explicitly, reduce
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8.10

8.11

8.12

Meta-trend Transport impact Modelling Approaches

compared to preCovid
trend

weightings on elements of active
mode generalised cost/utility

Use of Virtual Tools Fewer leisure trips 1  Downward adjustment to trip
production rates by person type
and trip attraction rates by trip
purpose in NTEM, or

1  Downward adjustment in TEMPR
outputs for selected areas

Fewer shopping trips 1  Downward adjustment to trip
production rates by person type
and trip attraction rates by trip
purpose in NTEM, or

1  Downward adjustment in TEMPR
outputs for selected areas

Fewer education trips 1  Downward adjustment to trip
production rates by person type
and trip attraction rates by trip
purpose in NTEM, or

1  Downward adjustment in TEMPR
outputs for selected areas

Dispersal from Cities Suburbanisation 1 In NTEM, reallocate population (b
person type) to represent move tc
suburbs, or

1  Adjustments to TEMPRO outputs
for selected areas

Regionalisation 1 In NTEM, rellocate population (by
person type) to represent move tg
suburbs, or

1  Adjustments to TEMPRO outputs
for selected areas

National Transport Model/National Trip End Model

TheNTM has previously been used for scenario modelling. For example, a number of
FfGSNYIFGAGS A0Syl N 2a ¢SNBE NBLRZ2NISRAN Fa LI NI 2
principe b¢a O2dzZ R 06S dzaSR (2 adaaSaa (GKS LRIOSYGAl
NTM is most suited to looking at impacts on the road network. Impactaibdemand may be
0SGGSNI SEIF' YAYSR dzaAy3a 5F¢Qa NIAf F2NBOF&AdGAyYyS3T

In principk, there is no reason why the journey purpose trip rates and future distributions of

population and employment within NTEM could not be altered to capture the potential

impaOa 2F GKS bL/ Qa aOSyYyIlINR2a&a 2y FdzidzZNE GNALI Y
then be passed onto NTM, or alternatively used as inputs to othercbitGistent models

(suchasthe other models reviewed as part of this study).

Withinthe NTEM/NTMi dzA §S G KS F2tt2¢gAy3a O2dzdZ R 0S I G§SNBH
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i The segmented population and employment on different zog#ss could be altering
the split between different scenarios as well as the total population and employment in
different zones

1 The production and attraction trip rates, for examgie represent a greater share of
people workingrom home or lower retail activity

1  Coefficients in the road/public transport utilities, to represent changing preferences for
one mode over another

8.13 Foreach scenario, NTM would produce projections of road traffic by road type, time period
and geographic area, along with projections of congestion and emissions.

8.14 Scenario testing within NTM/NTEM would be a significant undertaking and would require
substantal effort to set up the models, run them and then verify the results. Any use of
NTM/NTEM would require the proactive engagement of the DfT.

South East Economy and Land Use Mo&EELUM)

8.15 SEELUM is a simulation of how transport, population, land usénéragtructure interact
together over long periods of time. Due to its iterative timestep nature and the changing
dynamicsthe model is appropriate for use when attempting to understand the implications of
different postpandemic scenarios.

8.16 The model genates a set of outputs allowing detailed examination of how and why
conditions change in the simulated area. Detailed reports are available on:

i1  Travel patterns, volumes and mode shares;

i Changes in landse in each zone (i.e. the number of housing unitsrandber of
employment premises (business space));

Changes in households, population and the workforce in each zone;

Changes in employment (jobs filled) in each zone and the unemployment rates;
Changes on G@missions from transport activitgnd

Time sawvigs benefits for appraisal, and the wider economic impacts on productivity and
agglomeration.

=A =8 =8 =9

8.17 Key higHevel metrics usually reported on when comparing scenarios include:

i  Travel patterns, volumes and mode shares;
91 Jobs filled;

i1  Population; and

i  Grossvalue Added (GVA)

8.18 Within SEELUM the following have been identified as areas where adjustments could be made
and/or further developed to assist in the modelling of the five NIC scenarios:

Percentage of staff that can/would be expected to work from home
Theemployment catchment area applied to businesses

The capacity on transport systems

The capacity on business space use

Adjustments to retail expenditure habits

Adjustments to office property values

=A =4 =4 =8 =8 =9

8.19  Development of each of these would require interpretaticho 4t KS b L/ Q&d &0Syl NA 2
development of a more spatially disaggregated assessment of what these may mean for the
future (limits on the) location of population and employment.
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8.20

8.21

8.22

8.23

8.24

8.25

8.26

As SEELUM takes the consequences of the virus, such as social waringsgs asd then
demonstrates the effects of these, the changes illustrated by the model outputs will be a
result of the assumed inputs used. The availability and appropriateness of data to infer the
required input adjustments is a potential limitation oretusefulness of the model.

Ly &adzYYFINESX {99[!a A& | LRAIGSyGAlrfte dzaS¥TdzZ (2
NEIA2ylf &a0FtSe® C2NJ SEIFYLX SsS 3A0Sy {99[! aQa 13
consider the impacts of greater homewarng supporting and facilitating migration of parts of

the population from London.

London Lanelise and Transport Interaction Model (LonLUT]I)

The purpose of LonLUTI is to assess the-lemadimpact of transport schemes and provide

analysis of the demographieconomic and transport outcomes of lande proposals. The
GSNY desf Sy Ry GKA& O2yGiSEG NBFSNE YIlIAyte G2 | Of
where people live and work. LonLUTI covers London as well as the East of England and the

South East.

LonLUTI has four component models. It utilises a transport model and it has a model of the
economy, an urban model that considers land use and a migration model, that considers
movement of population.

Inputs to the model that could be adjusted to reflalitferent futures include:

Overall growth in output/productivity

Supply of existing floorspace

Land available for (re)development for different property types by zone

Coefficients that represent the attractiveness of different areas for different siesvby
different segments of the population (e.g. the attractiveness of a zone as a residential or
employment locatior)

Coefficients that represent the attractiveness of a zone as a place for businesses to locate
Coefficients that represent how the ldeaconomy functionsand

i  Viathe transport modedndby adjusting parameters in the equations that calculate

modal utility, the relative attractiveness of differemtodes.

)l
)l
)l
)l

=a =9

Outputs include total population and the number of households, children, residerkems
non-working adults, retired people and jobs. The model can also produce more detailed
outputs by zone and individual activity, for example, number of jobs or households by a
particular type of laneuse. Total floorspace by laate type in each zorend for each year
can also be extracted, as well as greenfield and brownfield development floorspace,
floorspace rent, permissible development floorspace, occupied and vacant floorspace,
occupied floorspace density, quality of floorspace, and floorspadevelopments and
intensifications.

In principle, LonLUTI offer the functionality to explore the transport and land use impacts of

GKS Fdzff Nry3aS 2F GKS DbL/ Qa & O-8cgromidalyy anttsot KS Y 2
offers the potential to consigr the impacts of different segments of the population

responding in different ways to pegtandemic stimuli and having different behavioural

responses. As a LUTI model, it also allows feedbacks to be considered. For example, a

migration of those soci@canomic groups who can work from home from (say) inner London

to outer London would in the model lead to a drop in the relative house prices in the areas
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where people have migrated from, which in turn would make these areas more attractive to
different segmats of the population.

8.27 LonLUTI is, however, complex and undertaking a programme of work would be a major
undertaking requiring specialist resources.

Model of Travel in London (MoTiON)

8.28 Model of Travel in London (MoTiON) is a moibdal strategigransport model of London and
the surrounding area. It is an improved version of LTS (the longstanding demand model for
London), with additional functionality and more detail. MoTiON can model how many trips
there are likely to be, their origins and desttions and their modes of transport. It imitates
the impact of changing demographics in potential future scenarios, for example helping TfL
plan for an ageing population, or to reflect the positive impact of urban regeneration.

8.29 Parameters for input into MBION include

Land use& households, employment, retail floor space, numbers of education plates
Population informatiorg age, gender, work status, income, car ownership;

Transport networks highway, public transport and cycling;

Behavioural parametrs¢ mode preferences, propensity to trayeitc;

Parking informationand

Calibrated 2016 base year matriaedeveloped from data sources including household
surveys, mobile phone data, Oyster Card data, traffic and passenger counts.

=8 =8 =8 =8 -8 =9

8.30 Inputs to MoTiON aabe updated to reflect the NIC scenarios. Inputs to the model that could
be adjusted to reflect different futures include:

Population and employment assumptions by grea

Land use assumptions by area

Economic growth

Trip rates by journey purpose

Assumpions on average trip distance/ time travelted

Modal preferences

Car ownershipand

Adjustments to the network assumptions such as reduced highway capacity to reflect
improved pedestrian or cycling facilities, or a reduction in PT capacity or servite leve

=A =4 =8 =8 =4 =8 -8 =9

8.31 Outputs would include:
1 Number of trips by journey purpose

I Number of trips by mode

1 Change in trips by time period

9 Distribution of trips across the model area to show changes in trip generation and
attraction;

1 Change in journey distance and time trdgd; and

1 Assignment models would show the change in network usage by scenario and the impact
on network conditions (e.g. delays or crowding).

8.32 Detailed analysis on the impacts of the assumptions on different population demographics
such as students, genddslue or white collar and low or high income can also be carried out.

8.33 MoTiON has already been used by TfL to look at-pastiemic travel scenarios. In principle,
the detailed segmentation of demographics, journey purposes and modal detail means that
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8.34

8.35

8.36

8.37

8.38

8.39

8.40

8.41

MoTiONcouldo S dza SR (i 2 sagrudosHovieed thénhodeDisihighly complex with

numerous interactions between different elements of the model, so it may be challenging to
AYUGSNLINBG (GKS NBadzZ Gax 2N Ay acrépyebeNth 2 (SadAy3
particular characteristics of a scenario. Changes in demographics and land uses (e.g. as part of

the Dispersal from Cities meteend) are an input to the model and are not forecast as part of

the model run. Model run times are long and thlages a practical constraint on the number

2F GSada GKFG OFy 06S R2yS A& L Nfall2yFR | S/NNPLINE 3
approach to incorporating alternative scenarios in the model.

Birmingham City Model (BCM)

The BCM model is used to plan for future growth in Birmingham by forecasting how it will
affect the highway network and to test highway interventions. Background traffic growth is
sourced fronthe Transport for the West Midlands (TfWM) regional transpoddel, which
allows BCM to be consistent with other transport and land use planning in the region.

The BCM model comprises a highway network model in the SATURN software that covers the
whole of the City of Birmingham with detailed junction coding. Theesmall buffer area in

the Wider West Midlands to include the Motorway Box. Model coverage has recently been
extended as part of the Commonwealth Games and HS2 construction study.

The SATURN model is linked to a Variable Demand Model (VDM) in the @WBEe sbhe

VDM includes frequency choice for purposes of Home Based (HB) Employers Business, HB
Commute andNon Home BasedNHB Employers Business, and NHB Other, and a Destination
Choice model.

Initial highway traffic growth is sourced frotie Transpat for the West Midlands (TfWM)
PRISM model, which is a full demand model for the West Midlands that includes:

1  DfT assumptions on demographic and employment changes (from TEMPRO, which in turn
are derived from NTEM)

1  West Midlands Combine8uthority (WMCA) assumptions on where new development
will be located.

1 A demand model incorporating trip frequency, mode shift and distribytéord

1 A highway and public transport network model to feed the choice models.

The calibrated base year BCM SANUWRatrices are updated based on PRISM growth to
ensure that the trip patterns calibrated through matrix estimation on traffic counts are carried
forward into the forecasts.

Future year runs are created by updating the base year highway network with cadmitt
YySUig2N] OKFy3IS&a YR NMzy 6A0K GKS RSYFYR 3INRgU
then created with updated network assumptions as an input to the demand model. The costs

from these runs are used as the input to the demand model.

The model outputare focused on changes in the highway network model:

Changes in link flows, congestion hotspots, etc;

Overall change in distance and time travelled;

Change in demand by traffic zone, between sectarsl

Demand can also be interrogated to include changesrip purpose.

¢CKS ./a Aa | LRGISyGAlrftte dzaS¥dzZ (22t G2 lFaasSa
highway network and what this may mean in terms of congestion and air quality. However,

=A =4 —a A
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the demand model cannot be used directly to forecast theastp of the scenarios and work
outside the model would be needed to derive changes to the demand matrices that represent
the scenarios.

Summary

8.42 Informed by a review of a representative set of transport models it is clear that such models
couldbeusedtG ELIX 2NB Ay Y2NB RSGFAf GKS LRGSYydGAlLf 0
scenarios. However, what is also clear from the review is that while it is possible to establish a
aSi 2F 3ASYSNIf LINRYOALX S& GKFG Olpossibe® dza SR G2
pre-define a set of changes to model inputs or model parameters. These would need to be
derived on a casby-case basigaking into account the particulars of model structure, as well
as how they have been developed and calibrated.
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9.1

9.2

9.3

9.4

9.5

9.6

ConcludindRemark

Introduction

A principalpurpose of the work described in this repdrds beenad gain an understanding of
the order of magnitude of the effects that different scenarios of behaviour change may have
on the demand for different types of infrastruge in different sectors of the economy.

To help with the consideration of the outputs of our work we first set out a number of
interpretive considerationand then commenbn the results of the analysis.

Interpretive Considerations

The approach thJNBE 2SOl Ay 3 GKS AYLI OG 2F GKS DbL/ Qa o
demand for different types of infrastructure has been to apply a rate of use to an independent
variable For example projections of future travel have been derived by multiplying fetur
population by a rate of per capita travel, all suitably segmented. This approach has a number

of clear benefits that make it well suited to exploring the potential impacts of future scenarios

it can be applied quickland it istransparent. However, ilso has a number of limitations

and these need to be borne in mind when both considering the results of the work and

thinking about subsequent analysis.

It should be noted that, with the exception of alterations made to capture the potential

impactsof KS b L/ Q& her&eusdd Mkh2 madtelsiie assumed to be constant over

time. They do not attempt to model changes arising from other external drivers, such as wider
macraeconomic influences. This is deliberate as this enableanalysis to fogs on
O0SKIF@A2dzNF £ OKIFy3aSa GKI G dzyRSNLIA yconsltptiom L/ Qa
rates would be affected by other factoréncluding interrelated influences such as economic

growth leading to greater disposable household incomeietatchanges (e.g. make of

households) and technological developmeii®wever, these impacts are not included in the
models used for this study.

In the transport sector, findings from the National Travel Survey are bletveen 2002 and

2019 there has been a gradual decline in the number of trips made per head and the average
distance travelled per year, although average trip length has increased sligbthmuting

trips perhead in 2019 were 15% lower than in 2002 and business trips were 20% loiwer.

not just commuting and business trips that have been affected. Per head, shopping is the trip
purpose that accounts for the largest number of average trips and these trips fell by 20% over
the same period. Trips for other purposes fell too.

Potentid reasons for these falls include, but are not limited to:

i More people working part time

i1  Greater ability to work flexibly, including working from home and-eeiployment
i Growth in tripchaining and more people not having a fixed place of wanki

1  The 1se of ecommerce and internet shopping
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9.7 This said, analysis of trip rates by mode and distance band has suggested that changes in
walking trips and short trips have made a significant contribution to the overall observed
trends in trip rates?®

1 For commuing trips per person, only those less thfare miles have declined in number,
whilst there has been no change in longer commuting trips;

i For shopping trips per person, declines have been most consistent in short tepgite
or less;and

i For tripsvisiting friends and family, all distance bands show a similar decreasing trend,
although there has been a shift towards longer (> 5 shileps.

9.8 As well as the reasons set out in Paragr@p8) apotential (partial)explanation is a rise in
under-reporting of trips and especially short trips within the National Travel Survey.

9.9 As well as the prpandemic trends of changing working practices and a greaterupkef e
commerce, there are other uncertainties about the future of transport which existed pre
pandemic and will continue to be a factor pgeindemic Many of thesauncertainties were
identified when the NIC undertook the first National Infrastructure AssessiiNA) (see
AppendixG) andinclude:

1  Changing travel habits amongst the younger cohorts in society with lower than historically
observed car ownership and drivingdihce holding, potentially driven by attitudinal
changes as well as cd8t

i  De-carbonisation of the private vehicle fleet and in particular what this may mean for the
cost of travel by road, for example whether the drop in fuel duty revenue that this will
lead to will be offset by new per mile charges

i The potential impact of Connected and Autonomous Vehicles (CAVs)

9.10 Looking at other sectors, the greatest uncertainty is in the digital sector. As set out in detail in
AppendixC, over the last five years digital data use as defined by this study was growing at
35% per annum. Strong growth in digital demand is expected to continue, at least in the
medium term, althoughtiis also expected that the high annymdrcentagegrowth rates will
tend to reduce gradually over time. Modest differences in short term growth rates could lead
to quite different levels of future demand.

9.11 There are uncertainties with other sectors toorEaample:

i1  For Energy, changes to the scale and pattern of domestic consumption due to de
carbonisation, for examplehe take-up of micregeneration (e.gdomesticsolar paned),
use of heat pumps, conversion of natural gas to hydrogadhome storage.
Widespread takeaup of electric vehicles would increase demand and change the profile of
electricitydemand within the day.

1  For Water, the impacts of climate change on both storage (reservoirs) and extraction
(ground water) plus thehangingoalance of fisal incentives to address network leakage.

19See Para 2.2.1.1 Atkies al. (2017)Provision of Travel Trends Analysis and Forecasting Model
Research Analysis and Developer Repdreport to Department for Transport

20 Chatterjee, K., Goodwin, P., Schwanen, T., Clark, B., Jain, J., Melia, S., Middleton, J., Plyushteva, A.,
Ricci, M., Satos, G. and Stokes, G. (2018)2 dzy 3 t S2 kX BKIQE Q& NI ®WISY ASR | YR 2 K&k
and AnalysisReport to Department for Transport. UWE Bristol, UK.
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I For Wastejncreases to th@enetration rate of recycling which requires both local
authorities to extend the range @écyclablematerialsthat they will collectas well as
further shift of packaging towardecyclablematerial

9.12 A further consideration is that the adopted approach does not consider the effect of the
positive and negative feedbacks that are inherent within the economy. Take, for instance, the
Dispersal from Citiemetatrend. Should there be an increase in suburbanisation and/or
regionalisation this should be expected to have price effects. Property prices in areas where
people move from should be expected to fall (at least in relative terms). This will make the
areas where people move from more attractive to segments of the population who would
otherwise by unable to afford to move there. Prices in the destination areas would increase,
which in turn would reduce their attraction.

Commentary of Findings
Transport

9.13 Our analysis suggests that the most significant geetdemic behavioural response is the
number of people who chose to undertake activities at home, be this work or other activities
such as shopping (online rather than at shops) or social activitiex{ieugl rather than face
to-face). ThaVorking from Home and Use of Virtual To@therthan Dispersal from the
Cities are potentiallthe more significant simply because of the scale of the population that
they apply to.

9.14 The Working from Home met#rend materiallychanges thenumber of people who choose to
work from home, whether that be permanently on a more flexible basis.e.some of the
time). For the purposes of this work, we have defined Standard Occupational Classification
(SOC) Groups 1 to 4those who have the potential to work from home. Together these SOC
Groups account for 57% of the working populatiamich is18.5million people Our high
impact assumption for the Workirfgom Homemetatrend implies that32%of these four SOC
Groups would work from home some or all of the time leading t@% reductionn
commuting tripsin Scenario 5This will affect all modes of transpotiut it is important to
note that those in SOC Groups 1 to 4 are those with the highest propensity to usettailor
commuting and other journey$&siven the nature of the jobs that people who can work from
home have, it is reasonable to assume that the propensity to use rail is even higher amongst
the sub-group of SOC Groups 1 tawho can work from home

9.15 The Us of Virtual Toolsneta-trend affects the entire populatiorOur high impact assumption
is that the rate of trip making for other purposeshopping, leisure, educatiancould reduce
to 80% ofits prepandemic levels. Per head, many more trips are madé¢hiese purposes
than for commuting which means that the Use of Virtual Tools riread has the potential to
be the biggest single impact on the overall volume of travel.

9.16 The Social Wariness effeistalso significantOur high impact assumption is that this will
reduce public transportiemandby 15%. To puthis figure in context, such a decline would set
rail demand back from its pgpandemic levels to those seén 2012/13. For bus, which pre
pandemic waslreadyexperiencing a reduction in demansluch aurther reduction would be
equivalent to about ten years of trend decline. There would also be impacts on London
Underground and metro and light rail services elsewhere. As well as affecting the strategic and
econonic case for future public transport capital investment, such a decline would have
immediate impact on the finances of public transport. Should this lead to a service reduction
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9.17

9.18

9.19

9.20

9.21

9.22

9.23

this would make public transport less attractive, which in turn would havetadudownward

impact on patronage.

In contrast, the Dispersal from Cities métand has a lesar impact. This is because the

YdzYo SN 2F LIS2LX S K2 O2dA R FSFraAofe Y2@0S (2
G2eya I yR ORAGA SEmabceNgaradwthyitie pdpdatian ivio yelld A

potentially be affected by the Working for Home adske of Virtual Tools metaends. Even if

the people who do move then have a significeahainge of travel behaviour, the scale of the
population affected isuch thatthe effect is not as great as those that could arise from the

Working for Home and Use of Virtual Tools metnds.
Digital

The defining feature of the digital sector is the rate of change of both network capacity and its
use that has occurrechirecent years. The projected future rate of change is such that there is
no merit in looking at demand beyond 2025 as beyond this even modest upward or downward

change to annual growth rates will lead to very differeatcomes

Prepandemic the peaks irdigital demand were leisure driven and occurred in the evenings
and at weekendsWhile dgital demand increased during the pandeméivailable data
suggests that the increase in weekday daytime demand did not exceguapaemic evening
use. Also, througbut the pandemic the digital networks have had sufficient capacity and

capability to cater for the increase in leisutéven digital demand.

Digital capacity is provided in a dynamic and commercial market. Looking to 2025, the
conclusiorof this work is hat any behaviourally driven changes of demand can be
accommodatedyy the commerciaproviders Before and after that the commercial providers
will both respond to market pressures and create digital markets through the products they

offer.

Prepandemic, KS OKI f £t Sy3S FT2NJ RAIAGL €

gl & SEGSYRAY3

NEIFOKQ L} I 0Sad ¢ KgaddenNdSlvahyihiigi should fhe NOC stebarigeadi
to an increasén digital demand this could shift the balance towards further comeiaghy-

driven roll out of enhanced network capacity across the country.

Other Sectors

We have found that the most significant influence on modelled future demand for the other
sectors in the scope of this study (Energy, Water & Wastewater and Waste) iaindwtime
people spend at home doing activities that gsandemic would have been done elsewhere.
Working from Home andse of Virtual Toolsoth suggest that more time will be spent at

home and this leads to greater domestic energy and water usegotdntially, greater

domestic waste, for example due to more packaging from internet shopping deliveries. To a
degree there would be a concomitant reduction in commercial consumption. However, it
would not be a ondo-one reductiong 4 K2 L) R 2 Senefg) becalse § has |Sner
footfall. Structural adjustments would be needed to realise material reductions in commercial

consumption, e.g. smaller shops and/or fewer shops.

Dispersal from the Cities would change where individual households use energyatar and
generate waste, but the scale of the population who might be part of this #reted is small.
In contrast the Working from Home andse of Virtual Toolsave the potential to affect a
much larger share of the population. On top of thigthout a shift in laneuse policy those
who move as part of a Dispersal from the Cities riegad will move to extant properties or

steer

April 2021] 72

lj



new properties that would be built in any event. While the movers may consume more per
household, this will be a marginal inase on the previous occupants of the property.

9.24 Finally, as described in Paragraéphl each of these other sectors faces uncertainties which
have the potentialtoh@S | ANBI 6§ SNJ AYLI OG GKIFYy 0SKI @A 2dzNT
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A2

A3

A4

A5

Personall ravel

Introduction

This Appendix gives an overview of personalrirgking and travel by different modes of
transport. It also gives an overview of the historical trends of use of different modes over the
last decade. The Appendix considers what are the determinants of future transport demand
and an overview of prpandemc forecasts. The Appendix closes with an overview about how
travel demand has been affected by restrictions introduced in response to the pandemic.

Transport Demand Metrics
There are two broad measures of transport demand. These are:

9 Number of trips madea simple summation of the number of trips made over a defined
period. Conventionally, a trip is a journey made for a particular purpose such as travel to
work. A multistage tripg for example, walking to the bus stop, catching a bus to a railway
station,catching a train and then walking from the destination station is a single trip
made up of multiple stages.

i  Travel, which is the combination of number of tr{gtagesnd the trip(stage)distance.
Travel is measured in units such as passehkijemetres or vehicleilometres.

Data on the use of roads and public transport are collected in different ways. The use of roads

is measured using travel data, that is vehidlemetres rather than trips. Data on public

transport usage uses both measures opsiistagesind travel.

¢KS blraGA2y It ¢NI @St {dzZNBSe Aa | &l YLX S adz2NBSe
and travel, as well as their soed@onomic characteristics. It offers a single source of data that

treats all modes in a comparalded consistentway, but it only covers England.

Historical Trends in Transport Demand

As shown in Figure A.1, 2019, 85% of passenger kilometres travelled in Great Britain were by
cars, vans or taxis. In comparison, 9% of trips were by rail (includingdibaind tram), 4% by
bus and 2% by other modes.

steer April 2021] 76



FigureA.1: Modal share by mode, based on passenger kilometres travelled, Great Britain, 2019
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Source: DfTTSGB010(@2019)

Theaggregateamount of traveby all modes has continued to increase in recent yegigure
A.2shows that the overall passenger kilometres travelled in 2019 were up 11% fromQ&09.
and rail travel has increased in this gnwhile bus travel has reduced. Travel by other modes
(which includes London Underground and local tram networks) has also increased.

FigureA.2: Change in passeng&ilometres by mode, Great Britain, 2062019
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PublicTransport Trends in Great Britain from 2002019

Figure A.3llustrates public transport patronage by considering the number of passenger
journeys Local bus ridershifell by 9% in the past decaga continuation of a historical
downward trend Incontrast the number of journeys by rail experienced growth in plaest
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A.8

decade; with National Rail journeys increasing by 39%, London Underground journeys
increasing by 27% and light rail/tram trips increasing by 49%.

FigureA.3: Pubic Transport journeys made in Great Britain, 202919
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Purpose ofTravel

Figure A.4shows the modathareshased on the number of trips by the average person,
brokendown by purpose of travel, across Great Britain in 2@&9can be seen from the
figure, car accounts for the majority of tripRailshare is largedor commuting tripsand while
not evident from the chart, the bulk of rail commuting trips are made imdom and the South
East
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A9

FigureA.4: Modal sharesbased on number of trips by the average person, by purpose of travel, Great Britain,
2019
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Figure A.compares the modal share by travel purpose in 2(Hi§ure A.%with the modal

share by travel purpose in 2009, illustrating any shifts in modal share in the past dechde.f Q a
share of commuting trips has increased by 43% in theR&tOF RS Yy R NI Af Qa
trips has increased by 21%.

FigureA.5: Matrix showing the change in modal share by travel purpose between 2009 and 2019

Journey Pwpose  Cars, van & taxis | Bus and coach Ralil

Personal business

Other escort -17%
Shopping -10%
Education -8%
Leisure 11%
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Commuting -5%
Total -4%

Source: DfNTS04092019)
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A.10

A.ll

A.12

Time of Day
Road

Department for Transport datan the time of day and day of the week profile of road traffic is
shown in Figuré 6. This figure is for car traffic onjndexcludes light vans and heavy good
vehicles. It therefore represents the profile of personal travel by road. The data is sh@mn as
index, with 100 being the average hourly traffic flow.

The figure clearly shows the morning and evening peaks that are the feature of Monday to
Thursday travel, the extended Friday evening peak and the weekend profile where peak traffic
occurs in the nddle of the day.

FigureA.6: Traffic distribution on all roads by time of day and day of the we@019)

Source: DIT TRA0308 (2019)

Rail

There is also Departmentrfdransport data that illustratethe profile of rail demand. This

data showshourly arrivals anddepartures from principal stations in 14 cities in England and
Wales?! The data for London is illustrated filgure AZ. and for the other 13 cities combined

in Figure A8. The two graphs have the same scale and what the data shows is that rail demand
to and from the London terminal stations is much greater than the combined rail demand

from the other 13 cities in the datset. The demand profile for the London stations is also

more peaked and this is shown Bigure A9. Thisreflects that relative importance of

commuting and business travel to the London market.

21 These are: Birmingham, Brighton, Bristol, Cambridge, Cardiff, Leeds, Leicester, Liverpool, London,
Manchester, Newcastle, Nottingham, Reading and Sheffield.
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