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1.

INTRODUCTION

The UK National Travel Survey suggested that the proportion of home-working in the UK had
increased from 3% in 2002 to around 5% in 2012; other studies have found larger figures. This paper
describes a modelling exercise that was intended to gauge the impacts of increased levels of
homeworking upon traffic patterns, particularly through the consequences on residential location. It
involved an application of Transport Scotland’s national land-use and transport models (TELMoS:12
and TMfS:12). This paper provides:


An overview of the modelling system (Section 2);



A description of how the homeworking scenario was modelled (Section 3);



A summary of the land-use impacts (Section 4);



A summary of the transport network impacts (Section 5); and



Some conclusions in relation to the wider policy debate (Section 6).

TELMoS and TMfS are parts of Transport Scotland’s LATIS (Land Use and Transport Integration in
Scotland) service, described at http://www.transportscotland.gov.uk/latis.
2.

OVERVIEW OF THE LAND-USE / TRANSPORT MODELLING SYSTEM

2.1

Overall structure

The main components of the model are described below and illustrated in Figure 1.
The transport model takes inputs which describe activities (different categories of residents and jobs)
by zone, for a given year. From this, and from input transport system data, the model forecasts travel
by car and by public transport. In doing so, it estimates costs and times of travel between each pair of
zones, allowing for congestion caused by forecast traffic.
The economic model forecasts growth (or decline) of sectors in the economy for each of the areas
modelled (areas being groups of zones, as explained below). Its inputs include forecasts of overall
growth in output and productivity. The forecasts by sector and area are influenced by:


costs of transport (from the transport model);



consumer demand for goods and services (from the urban model); and



commercial rents (from the urban model).

Forecast changes in employment by sector and area are passed to the ‘urban’ model.
The urban model forecasts the zonal location of households and jobs within the areas that are
modelled in detail. Locations are strongly influenced by the supply of built floorspace, and hence the
urban model is a set of property models as well as a set of inter-related location models. Locations are
also influenced by accessibility, with different measures of accessibility influencing different activities,
and by environmental variables. Households are influenced by accessibility to workplaces and
services. Businesses are influenced by accessibility to potential workers and customers.
The locations of households and jobs are fed back to the transport model to generate travel demands.
Household numbers are also used to calculate consumer demand for goods and services in each
area, for use in the economic model. The rents arising from competition for property in each area
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affect both the economic and migration models. Information on job opportunities is passed to the
migration model.
The migration model forecasts migration between areas within the fully modelled area. Movements
within areas are forecast in the urban model. The inputs to this model include job opportunities and
housing costs from the urban model. Job opportunities are a strong incentive to migration; housing
costs are generally a weak disincentive.

Transport Model - TMfS

Figure 1: Main Components of TELMoS

2.2

The Land-Use / Economic Model: TELMoS:12

TELMoS is an application of the DELTA package which estimates land-use and economic changes
over time, working in one year steps. At intervals, usually every fifth year, land-use data is passed to
the transport model, TMfS. The transport model is run and matrices of generalised costs are passed
back to TELMoS. Part of this sequence is shown in Figure 2.
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Figure 2: TELMoS land-use and transport model sequence (five-year example)
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TELMoS itself consists of a set of sub-models representing different processes of change and their
consequences. Different aspects are considered at different spatial levels: the local or zone level and
the strategic or Area level. Within the Fully Modelled Area there are 712 zones grouped into 47 Areas.
In all cases, zones nest within areas. There are eight external zones. The Area level of the spatial
system is shown in Figure 3. For economic and employment change, the main processes are:


calculations of accessibilities;



investment model – forecasting changes in business choices of location across Scotland in
response to changing access to markets and changing costs;



input-output model – forecasting the consequences of those changes and the economic
scenario for output and employment by sector and area (this level of the model works with ten
sectors); and



employment location – forecasting where employment is located at zone level, given the
outputs from the previous models and the supply of floorspace. This is also a set of
commercial property market models, one for each floorspace type.

Figure 3: TELMoS Fully Modelled Area

For households and population, the equivalent processes are:


migration – longer distance moves, mainly driven by economic opportunities and lifestyle
preferences;



household location – more local jobs, mainly driven by the interaction of household demand
with housing supply; this is also the housing market model (note that the model distinguishes
20 household types); and



employment choice: how many of the working-age residents in each type of household in each
zone are in work. This is the labour market model, which (for consistency with the underlying
scenario) works on the basis that all jobs must be filled.
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For development, there are forecasts of:


how much floorspace the development will seek to build, given the overall state of the property
market; and



how much of this floorspace will be built in each zone, given zonal rents and planning
constraints.

All of these processes and calculations involve some element of time lag. Some responses to change
[e.g. in transport infrastructure] are quick, others very slow; indirect responses can take many years to
work through the system. Some of the components of the land-use model are iterated to a very partial
equilibrium in each year, but the system as a whole is always forecasting change over time and never
reaches a final “equilibrium state”.
Further descriptions of TELMoS and its applications, in addition to those on the LATIS website, can be
found in papers by Nicoll et al (2006), Bosredon et al (2009) and Simmonds et al (2011). NB that
these papers relate to different model versions covering more than a decade of work. A detailed
discussion of the DELTA package and its background can be found in Simmonds (2012).
2.3

The Transport Model: TMfS12

The Transport Model for Scotland 2012 (TMfS:12) is currently developed by SIAS Limited on behalf of
Transport Scotland and has been used in the assessment of the Homeworking scenario. The model is
an enhanced version of the traditional four-stage multi-modal transport model as it also includes park
and ride modelling integral to the demand model processes, in addition to trip generation, mode and
destination choice, and route choice.
TMfS:12 covers all major motorways, trunk roads and rail network in Scotland. The extents of the
model are shown in Figure 4 below.
TMfS:12 Model Extents

Figure 4: TMfS:12 Model Extents
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TMfS:12 is used to model the changes in travel demand over time in response to changes in land-use
and infrastructure, changes to travel cost assumptions [e.g. public transport fares and fuel prices] and
transport policy measures. The model contains the most recent assumptions from strategic and local
development plans, and national population projections.
The model operates using a number of forecast years which cover three time periods within a “typical”
average weekday as shown below.


AM peak (or morning peak): average peak hour between 7am and 10am;



Inter-peak: average hour between 10am and 4pm; and



PM peak (or evening peak): average peak hour between 4pm and 7pm.

A typical average weekday covers neutral months of the year [i.e. outside of holiday periods and
excluding weekends]. The transport model does not represent off-peak, weekend or holiday traffic
conditions. For the purposes of assessing the impact of homeworking upon traffic patterns, only the
2022 AM peak, Inter-peak and PM peak time periods were used.
2022 Do-Minimum Networks
The 2022 Do-Minimum scenario has been used in the assessment of the impact of homeworking upon
traffic patterns. The Do-Minimum represents the current road infrastructure along with committed
future year schemes outlined in the Strategic Transport Projects Review (STPR) / Infrastructure
Investment Plan (IIP), as well as traffic and public transport growth forecasts from TMfS:12.
From an infrastructure perspective, the 2022 Do-Minimum scenario includes the following major road
and public transport schemes.
Road Schemes

Public Transport Schemes

Aberdeen Western Peripheral Route (AWPR)

Aberdeen to Inverness rail enhancements

A90 Balmedie to Tipperty dualling

Borders Rail Link

A96 Inveramsay Bridge Improvement

Carstairs Line Improvements

Glasgow East End Regeneration Route Phase 3

Conon Bridge Station

M8 Completion

Edinburgh-Glasgow Improvement Project (EGIP)

M8, M73 & M74 Network Upgrades

Edinburgh Gateway Station

M74 Raith Interchange Improvement Works

Edinburgh Tram Phase 1a

Queensferry Crossing

Monkton Park and Ride Site
Perth to Inverness rail enhancements
Table 1: 2022 Do-Minimum Interventions

3.

HOW THE HOMEWORKING SCENARIO WAS MODELLED

This scenario is intended to model the process by which the opportunities for working from home
increase through improved internet access and changing work patterns and behaviour. These trends
are likely to result in a loosening of the tie between place of residence and place of work, and thereby
reduce the emphasis that households place upon access to work when choosing where to live.
The key to the modelling of this scenario was the modelling of residential location. It concerns the
process by which, in any time period, a proportion of households seek new accommodation. The
choice of location is influenced by several factors including the relative accessibility to employment
opportunities.
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In modelling the Homeworking scenario adjustments were made to the “weighting” that is placed upon
accessibility to work. These were:


a 15% reduction in the weighting for journeys to work for manual and non-manual workers;
and separately



a 30% reduction1 in the weighting for journeys to work for manual and non-manual workers.

These adjustments were made as a step change from 2012 for the 15% test, and as a phased
adjustment of 15% in 2012 rising to 30% in 2017 for the 30% test. Complementary adjustments were
made in the transport model to reflect fewer trips to work by those adopting flexible working patterns.
The effect of this was to reduce the importance of access to workplace for households when choosing
where to live, and to increase the relative importance of the other factors such as access to services
and the cost of housing.
Each forecast produced in TELMoS is known as a test and identified by a two-character code. The
tests considered here are


4.

Test BQ - a Do-Minimum test previously prepared as part of the development of the
current version of TELMoS (TELMoS12);



Test DJ with the 15% reduction in accessibility weighting; and



Test DM with the 30% reduction in accessibility weighting.
LAND-USE MODEL RESULTS FROM THE HOMEWORKING SCENARIO

This section describes the outputs from the TELMoS runs described in the previous section. The
Homeworking tests were run from 2012 to 2022 with transport model runs in 2017 and 2022. The
outputs from the 2022 transport model runs affect the transport results reported later, but do not affect
the land-use results reported here. The land-use results in 2022 are, however, influenced by the
differences in generalised costs in 2017, resulting from the changed land-uses forecast up to 2017;
those differences affect the land-use changes in the period 2017-2022.
The results in 2022 thus reflect the cumulative effect of the changes modelled through ten year-onyear steps of TELMoS and the 2017 run of TMfS. The impacts seen in 2022 are therefore the
combined results, both of the input changes and of indirect effects: for example, changes in the
distribution of households are affected not only by the changes in how they value accessibility to work
opportunities, but also by changes in the supply of housing which are themselves influenced to some
extent by changes in demand.
A step-by-step analysis would be much too long for this paper: we therefore look first at the changes in
residential rents, which reflect the changing balance between supply and demand for housing; then at
the changes in housing supply; and then at the changes in the distribution of households both in total,
and in composition.
Some of the discussion is in terms of “City Cores” [i.e. those zones that are within 5 kilometres
distance of Aberdeen, Dundee, Edinburgh and Glasgow City Centres] and further distance bands
around those cores. Distances were measured between each zone centroid and the nearest city
centre(s) – the city centre being the point identified by Bing Maps when searching for the city centre
on www.bing.com/maps.
Figure 5 below shows the change in residential rents in 2022 compared to the Do-Minimum scenario.
In this figure, and in Figure 6 and Figure 7, the left-hand map is for the 15% reduction in the weight on
accessibility to work test and the right-hand map is for the 30% reduction test. The values plotted
show the difference between these tests and the Do-Minimum scenario for the 2022 forecast year.

1

NB only transport model results from the 15% reduction test have been presented in Section 5.
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Across Scotland there are increases in residential rents in many of the zones that lie at a distance
from the main employment centres. This trend is significantly more marked with the comparison for the
test with a 30% adjustment to the accessibility weighting. Residential rent levels decline across
Aberdeen, Dundee, Edinburgh and Glasgow. As one would expect, this decline is greater with the
30% adjustment.

Figure 5: Changes in residential rent, 2022, 15% and 30% Homeworking Tests vs. Do-Minimum

Away from the City Cores, average residential rents decline within the bands containing zones located
at 5-10 kilometres and 10-15 kilometres from one or other of the four City Centres. The average
residential rent increases in zones over 15 kilometres from the centres. This reflects an increase in
demand for residential property as a result of the adjustment to accessibility.
With this scenario one would expect a response within zones away from the employment centres with
more sites brought forward for development. The one constraint on this scenario is the availability of
sites identified as being permissible for development within remoter areas and, specifically, the
number of these that are not already developed as part of the Do-Minimum scenario.
Figure 6 shows the absolute change in residential floorspace. The increases are predominantly in
those zones where there has been an increase in rents and there are permissible developments that
are not implemented in the Do-Minimum scenario. Within the four cities, there are some reductions in
residential development. These are most noticeable in Aberdeen.
Figure 7 shows the percentage change in households between the Do-Minimum scenario and the two
Homeworking tests with adjustments to the weighting on accessibility.
Across all four City Cores, there is a 2.9% decline in the number of households when homeworking is
modelled with a 30% adjustment to accessibility weighting. The largest decline is in Glasgow. There
are increases in the number of households in the zones situated over 25 kilometres from the City
Centres where the number of households would be forecast to increase by over 2.5%.
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Figure 6: Changes in residential floorspace, 2022, 15% and 30% Homeworking Tests vs. Do-Minimum

Figure 7: Impact on household location, 2022, 15% and 30% Homeworking Tests vs. Do-Minimum
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In addition to forecasting total households, it is possible to examine the impacts of the changes on
households by type. Figure 8 shows numbers of households by type in the City Core zones in 2022 in
each of the three tests. Within the City Cores, the homeworking effect leads to a marked reduction in
young single-person households, a small reduction in younger couples and a slight increase in larger
households [e.g. couples with children].

Figure 8: Change in household composition of City Core zones, 2022

Comparable plots showing different effects (within the fixed totals of 2022 households by type) can be
produced for other zone groups. Within the zones that are at least 25 kilometres from any of the four
City centres there are increases in single and couple households but decreases in the larger
households. Within those zones that are between 5 and 15km of a City Centre there are declines in all
the ten household types modelled within TELMoS.
The final two steps in this reporting are to look at the impact on population and the impact upon the
number of (and distribution) of cars forecast in 2022.
Figure 9 shows the change in population in the City Core and other zone bands. There is a small
increase in the population within the City Core Zones, however the main increase is evident within the
zones that lie over 25 km from a City Centre. Elsewhere, there are declines in the population in zone
bands for zones between 5 km and 25 km of the City Centres. Further analysis (not illustrated here)
has shown that:


there are changes in the age profile of the City Core zones, with increases in the number of
children and retired persons and decreases in working age residents;



there are changes in the age profile in the zones over 25 km from one of the City centres: here
there are modest increases in the numbers of children and retired but also a large increase in
working age adults.

Within TELMoS there are three categories of car ownership: no car, one car and two plus cars. The
homeworking effect leads to a decrease in cars owned by households within the City Cores. This
varies by City with the largest decrease being in Aberdeen. There are increases in the numbers of
cars owned in the zone bands that cover the area over 25 km from the City Centres.
The changes in residential location and mix have implications for employment distribution, which are
not considered here.
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15% Test vs Do-Minimum
30% Test vs Do-Minimum

Figure 9: Change in Population by 2022, 15% and 30% Homeworking Tests vs. Do-Minimum

5

TRANSPORT MODEL RESULTS FROM THE HOMEWORKING SCENARIO

The Homeworking scenario was undertaken to determine potential impacts on the strategic transport
network, in particular to and from Scotland’s four main cities [i.e. Aberdeen, Dundee, Edinburgh, and
Glasgow], as a result of increased homeworking.
The high-level analysis presented in this section covers:


changes in trip length distribution;



changes in total car traffic volumes within, and to and from the four main cities;



largest changes in Annual Average Daily Traffic (AADT) on the strategic road network; and



changes in public transport demand within, and to and from the four main cities.

The Homeworking Test (15% adjustment) has resulted in decreases in the volume of short distance
(1km-10km) car commuter trips network-wide by 2022. This result is also evident for short distance car
commuter trips to and from the four cities in the morning and evening peak hours as shown in Table 2
below. This model response primarily reflects the reduction in population within the cities in the
Homeworking Test compared to the Do-Minimum scenario. Some people have now moved further
afield [e.g. 25km-50km from the city centre] as indicated in Figure 9.
City

Morning Peak

Evening Peak

Aberdeen

-11%

-11%

Dundee

-15%

-13%

Edinburgh

-10%

-10%

Glasgow

-12%

-12%

Table 2: 2022 Changes in Car Commuter Short Distance Trips to and from cities, Homeworking Test (15%)
vs. Do-Minimum
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The largest percentage decrease in short distance trips to and from the cities is forecast to occur in
Dundee in the morning and evening peak hours. The percentage decreases in Aberdeen, Edinburgh,
and Glasgow are forecast to be slightly smaller but overall very similar.
At a traffic demand matrix level, the Homeworking Test (15% adjustment) has resulted in decreases in
total car traffic volumes for intra-city movements [i.e. for movements wholly within the cities] as shown
in Table 3 below. Again, this result is evident because population is forecast to decrease in the four
main cities as some people are now placing less emphasis on choosing where to live with respect to
their employment location. Also, there is a decrease in car owning households within the cities.
City

Morning Peak

Evening Peak

Aberdeen

-7%

-6%

Dundee

-8%

-6%

Edinburgh

-3%

-3%

Glasgow

-5%

-5%

Table 3: 2022 Total Car Traffic Volumes for intra-city movements, Homeworking Test (15%) vs. DoMinimum

Also at a traffic demand matrix level, the Homeworking Test is forecasting an overall decrease by
2022 in total car traffic volumes to and from the four cities in the morning and evening peak hours
respectively. This is shown in Table 4 below.
City

Morning Peak (to city)

Evening Peak (from city)

Aberdeen

-6%

-6%

Dundee

-4%

-4%

Edinburgh

-4%

-4%

Glasgow

-5%

-5%

Table 4: 2022 Changes in Total Car Volumes to and from cities, Homeworking Test (15%) vs. Do-Minimum

The largest percentage decrease in total car traffic volumes is forecast to occur to and from Aberdeen
in the morning and evening peak hours. Glasgow, Dundee and Edinburgh are forecast to show
smaller but similar decreases. Once again, this model response is evident because people have now
moved away from the cities and are travelling less to and from the cities in the Homeworking test
compared to the Do-Minimum scenario.
With the changes in trip length distribution and changes in total car traffic volumes within the cities, as
well as to and from the cities, there will be changes in Annual Average Daily Traffic (AADT) on the
strategic road network.
Figure 10 and Figure 11 show the largest changes in AADT on roads across the central belt, and in
and around Aberdeen and Dundee respectively. These changes show a decrease in AADT on a
number of key strategic corridors. The decreases are defined by differences greater than or equal to
500 AADT.
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Figure 10: Largest Reductions in AADT, Central Belt, 2022 Homeworking Test (15%) vs. Do-Minimum

The following can be determined from Figure 10:


The largest decreases in AADT by 2022 are located on Scotland’s busiest strategic routes that
generally cater for commuter traffic during the morning and evening peaks;



Towards the east and Edinburgh, this includes the Queensferry Crossing and the A720(T) City
of Edinburgh bypass;



Towards the west and Glasgow, this includes the M8 running through Glasgow itself, the M74
to the south and M80 to the north of Glasgow; and



Between Edinburgh and Glasgow, this includes sections of the M8 and M9.

Figure 11 below shows the largest changes in AADT for routes in and around Aberdeen and Dundee.
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Key:
Largest decreases in AADT
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A90(T)

A90(T)
Kingsway West
Dundee

A92(T)
Tay Road Bridge

Figure 11: Largest Reductions in AADT, Aberdeen and Dundee, 2022 Homeworking Test (15%) vs. DoMinimum

The following can be determined from Figure 11:




The largest decreases in AADT for routes in and around Aberdeen are forecast to be on the
A96(T) to the north west, the A90(T) to the south and on the Aberdeen Western Peripheral
Route (AWPR); and
In Dundee, the largest decreases in AADT are forecast to be on the A90(T) Kingsway West
and the A92(T) Tay Road Bridge.

Figure 12 and Figure 13 below show changes in daily public transport demand for movements within
Scotland’s main cities, and for movements to and from the cities to and from all other areas. Similar to
the road-based results above, the changes are a result of a comparison between the 2022 Homework
Test (15% adjustment) and the 2022 Do-Minimum scenario.
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Changes in Daily Public Transport demand
for movements within Scotland's main cities
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Figure 12: Changes in Daily PT demand within Scotland’s main cities, 2022 Homeworking Test (15%) vs.
Do-Minimum

Changes in Daily Public Transport demand
for movements to and from Scotland's main cities
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Figure 13: Changes in Daily PT demand to and from Scotland’s main cities, 2022 Homeworking Test (15%)
vs. Do-Minimum
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The following can be determined from Figure 12 and Figure 13:


The largest absolute changes [i.e. decreases] in public transport demand are forecast to occur
for movements wholly within each of the four main cities;



For movements within the cities, the overall largest decrease, in absolute terms, is forecast to
occur within Glasgow. A similar decrease in public transport demand is forecast for Edinburgh
but much smaller decreases are forecast within Aberdeen and Dundee;



For movements to and from the cities, it is once again Glasgow which is forecast to
experience the largest decrease in absolute terms. The impact on public transport demand to
and from Edinburgh is much less in comparison. For Aberdeen and Dundee, the impact is
much smaller still; and



Further analysis (not shown here) has shown that the largest relative impacts are forecast to
occur in Aberdeen, followed by Dundee, Edinburgh, and Glasgow [i.e. a reversal of the trend
shown for the absolute changes].

It is not surprising that the largest absolute decreases in public transport demand are forecast to occur
in and around Glasgow and Edinburgh in the Homeworking Test (15% adjustment). This is because
Glasgow and Edinburgh are Scotland’s two largest cities, accounting for the greatest levels of
population and employment. With the forecast decrease in population within the cities, and with some
of the population moving further afield [e.g. 25km-50km from the city centre] and adopting flexible
working patterns, it is likely that both of these cities would be most impacted upon.
6

CONCLUSIONS AND IMPLICATIONS FOR WIDER POLICY DEBATE

The main purpose of the Homeworking scenario is to assist in the understanding of potential future
year impacts on the transport network. The Homeworking scenario was undertaken to determine
potential impacts on the strategic transport network, in particular to and from Scotland’s four main
cities [i.e. Aberdeen, Dundee, Edinburgh and Glasgow], as a result of increased homeworking.
The impacts of the 2022 Homeworking Test (15% adjustment) on the strategic transport network have
shown:


Decreases in the volume of short distance car commuter trips network-wide, as well as to and
from the cities;



Decreases in car traffic volumes within Scotland’s main cities, as well as to and from the cities;



Decreases in AADT on strategic routes in and around Glasgow and Edinburgh, including the
M8, M9 and M80 which make-up the central belt ‘triangle’;



Decreases in AADT on strategic routes in and around Aberdeen and Dundee, including the
AWPR and A96(T) in Aberdeen, and the A90(T) Kingsway West in Dundee; and



Decreases in public transport demand within, and to and from Scotland’s main cities. In
particular, Glasgow and Edinburgh.

It is acknowledged that the transport network analysis presented in this paper is not fully
comprehensive and further analysis would be required to determine the full impact of these results on
the overall transport system and on other key performance indicators.
This exercise will help to inform the wider policy debate upon homeworking and identify those areas
where specific transport policy responses may be required.
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