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Abstract: Teleworking has been proposed by organizationgaficdymakers as a key strategy to help reduce theer
of commutes and boost employee satisfaction. Selea/ork may be linked to a tool to reduce traifficirban areas, this
research aims to determine the impact that telewaskon traffic congestion in Madrid (Spain), giveepost-Covid19
context in which many organizations have implemeédeworking in the long term. This study proviée$dence that
teleworking has had a limited favourable impactraffic in the city of Madrid based on the corréatbetween telework
implementation and the traffic data collected froi@65 traffic sensors located in Madrid that astriiuted and managed
by the Madrid City Council. Covid19 represents aftuix point with regard to telework implementatiailowing this
kind of research to interpret the answer to thestjole. The results of our research, through regressalculations and
Pearson's correlation coefficient, show that telévio the city of Madrid does not generate a pesitmpact on traffic
during peak times proportional to the increaseetivtork, as expected based on the existing litexatdowever, there
are other elements that influence the modal chibiaemay affect this correlation, considering tted¢working allows
people greater residence flexibility and that resik location and distance to the workplace aterthat significantly
influence the modal choice of transport.

1 Introduction suggesting telework has no clear impact on traffic

Home-based telework, also known as teleworking, igYProvement [13]. The different research methodelsg
labour methodology that allows employees to wodmfr and various geographies studied may explain thgingr
home to the extent the job allows, emerged two desa Points of view. Also, several studies point out iimpact
ago from developments in information and commuiveat that telework may have on home location [14] anel th
technologies (ICT). The number of workers who coul@esulting effect on the mobility patterns and tgors
potentially work from home has grown over the yeard Pehaviour for the employees who work from home.
due to the Covid19, this labour methodology haoivec Teleworkers tend to have longer commute distarftas t
firmly established [1,2]. others [15-17] which impacts travel patterns wébards

Telework has led to a paradigm shift in urban niyhil t0 means of transport and vehicle use. The im{pett
given that the main purpose of transit in urbatelework may have on travel patterns is inflehby
environments is commuting [3-5]. The fact thatdesis Other factors such as frequency of days workingfhome
can work from home contributes to a reduction ia th[7], commute distance [12,18,19] and commuteeirav
number of commuters in absolute terms [6,7] and cdine [20,21]. _ _ o
prompt a significant change in urban mobility. Tebek This research aims to provide an exhaustive liteeat
represents an opportunity to improve environment&€view and a make new contribution to the impact of
sustainability [8], as it is an efficient and sustble telework on traffic by analyzing the evolution of
measure that is viewed favourably by consumersesinc congestion in the city of Madrid during peak times
does not imply a significant cost and provides riecti  correlation with the  establishment of telework to
benefits in terms of economic savings and work/liféletermine the relationship in between both varigble

balance [9]. based on information provided by the Madrid Coliacid
Thus, this phenomenon has prompted an increate in 9athered from 7.360 traffic sensors throughouttte
number of studies and research evaluating thectettfiat The analysis is carried out specifically in they aif

the telework has on urban traffic since it mejphreduce Madrid (Spain). As the sixth most populace region
commuters. Some studies suggest there is a positferope [22] and the third most populace metrogolérea
impacts [10-12], while others conclude differentlyin Europe [23], there is a high percentage of dzgdions
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that have implemented telework [5,24] and an eguaglh  telecommuters averaged 3.5 remote working days per
percentage of white-collar workers. In addition, ddd  week [30].
has a series of environmental characteristics—alltu
labour-related, economic, climatological, educatlpon 2.2  Impact of telework on urban mobility and
etc.—that influence the choice of means of transj25i. traffic

Since Covid19 helped telework globally, this exsé Mobility in urban environments depends on the means
aims to offer new evidence from Madrid after pemét  of transport chosen for the journey. The choiceeéns of
disruption compared to the literature publishedor o transport depends on various cultural [31] and
Covid19 when the teleworking situation was siguifitty —environmental factors [32], but especially on the
different. The jUStiﬁcation for the Study liestime fact that motivation for the tnp [33] In Europe’ most traveurban
telework represents a paradigm shift within orgatins  environments is work-related [4], so any attenoptake
and for urban mobility given that this type of Waelated  thjs type of travel more sustainable will achieigmiicant
travel accounts for a high proportion of aggreged®el  jmprovement ratios [34].
and, above all, the change that telework exertshen  Teleworking, also known as telecommuting, is a way
Iifestyle of residents, significantly influencingeans of to perform one's professiona| activity remote|yn‘ﬁr(ﬁ
transport choice for commutes. distance. This form of work, primarily concentratedong

(white-collar) jobs with the operational flexibiito allow
2 Literature review: impact of telework on it, was developed in the 1980s [35,36], though fire
urban mobility and traffic studies adapted to a regulated and recognizeddbwork

2.1 Mobility and teleworking patterns of Madrid performance did not emerge until the 1990s [37§] [3
city provide the most complete definition: "a flexibleonk

The city of Madrid is the sixth most populace regio arrangement whereby workers work in locations, temo

Europe with 6.62 million inhabitants[22]. Accorditgthe from their central offi_ces or production facilitiesith.rllo
most recent survey on Madrid's population mob{g], personal contact with co-workers, but the ability t

: Bede icate with co-workers using ICT".
there are roughly 15,847,266 daily commutes withe communica . .
region, while in the city's local area, the numbetrips COVID-19 brought about a paradigm shift in the labo

amounts to 7,728,000. Taking into account suburbamarklet? Off dlffe_rent \(/jvorld econom|efs [3§’|.391:'mThe
Madrid, given its proximity, the number of dailyds totals paralysis of activity and suspension of mobility
14,680,000. Twenty-seven percent of daily tripsveoek- many organizations to implement the technology SISy
related. Excluding walking trips, the percentagedaily to carry out activity remotely. Once the hea!thssn
work-related commutes rises to 36.7%. Likewisetheke subsided, organizations consolidated the modehitirg
total commutes, 58.9% are made using private veticl mu_ch telework to remain permanent [4]. The_ cessgﬂfo
while the remaining 41.1% use public transport. Sehe acuwty_z_anq mobility restrictions causeq a majeauction
figures show a high percentage of private vehiskge for _(I)_LmOb'lc'jty In all fareerl]s, bothb_LIJ.rbanfand |n;cerurl@(g(h-4‘23]. |
work-related trips among Madrid residents, whickgma ISI red .UC“OS In t edm? lity 0 pe(?]pe and veag
challenge for transportation authorities to plad soale FeSulted In a drastic decline in greenhouse gassem
the urban infrastructure, while at the same tim@vels [43,44]. However, other studies claim thetré was

encouraging the use of public transport. Madrid &as an increase in prlvate caruse as a _result of Cead [oor
extensive public transport system, with the secomdt safety. reasons; these stud|e§ predlct.that publfesport
extensive metro in Europe (after London [27]). Htiere, use will return to pre-pandemic levels in the fat{45].

public transport providers must keep working toréase Some of the existing literature suggests thateds
public transport usage rates. potentially represents a chance to drastically cedtne

Due to the Covid pandemic and the correspondi m.ber of trips, thus  reducing _traffic [10-12] knth_er
healthcare measures implemented, companies weefor _ud_le.s suggest that thg .beneflts of telecommuireg
to adopt teleworking systems in light of the resions S|gn|f|_cantly less than ant|_C|pated [13].
imposed by public administrations, which led to an W'.th regarq to the_lmpact of teleyvork on grban
increase in the percentage of teleworkers in thefi&an mobility, there is ample I|teratu_rg that st.rnt.esiet.ermme
Union, from 15% in 2018 to 25% in 2020 [28]. In 201 whether telework has a positive or limited impact

: ; : . traffic. The first studies appeared back in theQE99when
only 8% of employed residents in Madrid were teleking . )
[5], while as of September 2022, this figure ras23% [5, it was suggested that working from home would fuelp

24, 29]. It is important to note that the type elietvork tr_affic in urban areas by reduc_:ing the numbdript and
offered differs from one company to another, acomyto distances  for peopl_e yvorklng from home [46-49].
logistics, and organizational and operational ngdaois However, some contnpunons_suggestgd that theegatp
example, remote work can be carried out full-timeart- travel impact will remain relatively flat in thatlre, even

time on weekly basis. In 2021, Madrid's 3.2 milliorf telecommuting increased gonsiderably [50]tHa Iast
I weerly ! I N couple of decades, some studies has addressegdetsigon
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of whether teleworking affects urban mobility gogly, telework: partial-day teleworking and  full-day
negatively, or in a limited way. teleworking. Partial-day teleworkers significantigrease
Several studies suggest that commute distantdee number of trips and travel further while fudlyd
represents an important factor in travel behaviouteleworkers, on the days they engage in teleworken
Commute distances for telecommuters, as an aggregaignificantly fewer and shorter trips and are lidssly to
are lower than distances for non-teleworkers, myithee  drive a car compared to those who do not teleitzk
reduction in the number of commutes [16,51]. Hoevev [72], through a hazard model, determines that geayt-
more recent research concludes that teleworkersmute teleworkers tend to commute during midday intervals
further on a weekly basis regardless of the faat the avoiding peak-hours.

number of commutes is reduced [52]. Telecommudlag The majority of the literature agrees that ipsssible
increases total daily trip rates for both telecorteraiand to obtain positive results reducing peak-hour tripsd
their households [53]. vehicle miles travelled, through telework [11,2Q,68

However, it is important to consider thatAvoiding peak-hoursis directly correlated toflelity at
telecommuting is a major factor in residentialaibten work. One of the main drivers for teleworkerstlie
decisions [54], meaning that the distances coveasdbe possibility of avoiding peak traffic hours [73].
influenced by the household's decision since telkwo The literature review has been based on a
allows workers to move their homes further frone thcomprehensive examination of the Web of Science
office, given the reduction of commute frequencydatabase, where 53 articles have been identifiethe
However, there is no clear evidence of the imphat t most relevant to this question. Of the 53 articke$,of
telework may have on home location choice [55,88]. them, 83%), are studies based pre-Covid19 ciramsst
the other hand, residence location may triggedéwsion when the worldwide telework rate was far lower tpast-
to telework [57]. [58] conclude that telecommuttensd to  Covid19. This means that there is lack of contidng in
choose lifestyles involving longer one-way commuteshe current scenario where teleworking is much more
longer daily work trips, and longer daily non-wdrips prominent.
than non-telecommuters, as a result of the resalen
location being further from the office. In fatleworkers 3 Methodology

are willing to accept longer — albeit lees frequent  Based on a review of the literature, since telewsrk
commutes [21] . Telework may weaken the relatigmshiynderstood as a measure that could improve traffic
between the current urban structure and traveepett reducing commutes, the data indicates the effdizhited
prompting a redrafting of the policies to adapt tiban  or null. In this respect, this research aims tdyeeahow
structures to an increasingly widespread teleworktext telework impacts urban traffic in the city of Madri
[59]. according to the methodology described in thisisect

Itis important to point that the travel patterhswn by First, we must determine the evolution of the telew
teleworkers are also studied based on the effeat thate over the years [5,24,29] and traffic occayaim
telework has on both work trips and non-work tripsmadrid, using aggregated figures from the Madrity C
Teleworkers tend to cover further distances délynon-  Council database centre [74], and introducingefiames
work trips [18,60], and clock a higher number @hfwork  to determine peak and off-peak times. This previdata
trips [13,61-64]. organization allows the subsequent correlation an d

Teleworkers also show relevant patterns in relatiion regression analysis to detect dependencies between
modal choice and its consequent impact on traiame  telework and traffic occupancy in Madrid city.
studies indicate that telework may allow a sigaifit Using regression analysis, we analyze the relatipns
aggregated reduction of car use [10,65] in milesfatt, petween telework and Madrid traffic during peaketaiThe
telework may contribute both to the shifting awagni  dependent variable, peak time traffic in Madricjésoted
automobile dependency to sustainable travel [@6]fHe as Y, while the independent variable, telework
use of active transport modes [12] and to thee@sed use jmplementation in Madrid is denoted X. There isawan
of non-motorized travel [67,68]. Moreover, certaingccepted margin error since the variables willenev
literature suggests that teleworkers modal choatéems correlate perfectly. The variation from the regi@sdine
tend toward more pollutant transport modes [6@Juding  can be split in two parts: explained variation, athis
cars [70]. The higher is the telework frequenttye,higher  accounted for by the independent variable, and
the private car use [19]. unexplained variation, which is not accountedtgrthe

The International Labor Office (ILO) classifiesindependent variable. Thus, part of the changeitable
telework as three types; regular telework at hanighly s due to another variable that we set as hypathasi part
mobile telework ("at several locations regularlyitwa s due to other factors as indicated in the ltterareview.
high level of mobility”) and occasional teleworla{"one In regression analysis, we seek to determine if the
or more locations outside the employer's premis#$ o relationship pattern between two variable values be

occasionally”) [71]. But there are also studies tmgest described as a straight line (1), which is the &ixstpand
distinct travel patterns based on two types of ydailmost used form.
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worse the model is at prediction. A quantitativeaswee of

Y=a+bX (1) the explanatory power of a model i§ Blso known as the
where: Coefficient of Determination (3):
Y is the dependent variable, measured in unit$ef t
dependent variable, X is the independent variable, R2 — Explained variation 3)
measured in units of the independent variable,zaand b Total variation

E;etwgggsttﬁgtvsar%e;;g'sn?( ;23 Ynature of the relatigmsh The Coefficient of Determination measures the perce
' variation in the response variable (y) that is axgd by

a or Y-intercept (also known as Yint) represents ththe model. Values range from 0 to 1. AhdRse to zero

value of Y when X = 0. : .
b represents the incline of the line known as th\évOUId suggest a weak linear refation.

regression coefficient and is the change in Y cased
with a one-unit change in X. The greater the regjoes Pe
coefficient, the more influence the independentaide
has on the dependent variable, and the more chiange
associated with a change in X.

The regression coefficient represents a good choice
check the effect of the telework variable to thaffic
variable from a policy researcher perspective. Tangfy
the strength and direction of the relationship lesmvtwo

To complement the analysis, we have also applied
arson's correlation coefficient given its
representativeness and its use in relevant academic
research on urban traffic [75,76] and telework [AKle
define the occupancy of the road as the dependaiatole,

with telework being the independent variable ass$tudy.

4 Data analysis: telework and the effects

variables, we use the linear correlation coeffici@ on the traffic
4.1 Aggregated data analysis
» &= DO Figure 1 shows the average traffic volume distidut
r= —5’7‘1_1 Y (2) for February 2020 in the city of Madrid, based aw data
where: published daily by the Madrid City Council using3&0

X and s are the Sample mean and Sample Standa‘{ahicle detectors that count vehicles and determiiee

deviation of x, andy and § are the mean and standarcdegree of urban road occupancy [74] to assessctraff
deviation of the y, distribution by the hour. Monday through Thursdagrev

n is the sample size. considered, as they are typical workdays in thg oft
Madrid and are homogeneous in terms of timetables.

This statistic numerically describes how strong théMany organizations have specific schedules onalysd

straight-line or linear relationship is between thep WoOrkers are often allowed to leave the office athtime).
variables and the direction' positive or negative_ Pre-COVID February 2020 was chosen to determine the

ANOVA analysis is also used to partition the vaciat baseline for traffic distribution in the city totsethreshold
using sums of squares. The sums of squares andsueen for the subsequent ana!y5|s, asitis mportanmﬂr_arstand
of squares are commonly presented in the regressiimer traffic patterns in order to measure thpaot of a
analysis of variance table. The ratio of the mazmssof relevantincrease in post-COVID19 telework. o
squares for the regression and mean sums of sqisares 1he parameter used to observe traffic congestion is
error form an F-test statistic used to test theyadey of road occupancy  from vehicles picked-up by traffic
the regression model. The relationship betweerethemis Sensors. The road occupancy parameter indicates the

of squares is defined as follows: percentage of time a traffic detector is occupiey t(je
Total variation = Total variation explained vehicle) on average. For example, 50% occupanaylis-
+ Unexplained variation minute period means that the sensor has detectegivien
vehicles for 7 minutes and 30 seconds, on aveiégje [
The larger the explained variation, the bettemtiogle! Figure 2 shows the area of data collection wheee th

is at prediction. The larger the unexplained vioiatthe Sensors are distributed and captures the road aocyp
that is targeted throughout this research.
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Figure 1 Daily traffic occupancy in Madrid urbaneas (February 2020 aggregated mean) [73]
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Figure 2 Area of data collection - Madrid (Spaim9]

As illustrated in Figure 1, from Monday to Thursdaytraffic by 43,000 vehicles per hour. This wouldrifore,
there is a concentration of traffic between 7:08 880 improve traffic flow, substantially decrease grezue gas
a.m. and between 6:00 and 8:00 p.m. These rangmmissions, enhance air quality, and minimize theyma
correspond to the usual times for entering andihgav negative effects of pollution on the environmer][8
physical work. In other words, in a period of faud a half
hours, there is a concentration of traffic due tokarelated 4.2  Impact of telework on Madrid traffic (pre-
commutes in the city of Madrid. COVID vs. post-Covid)

Assuming that the 2.2 million private vehicle Table 1 shows the rate of telework implemented in

commutes are concentrated into these two 4.5-Hots; s Madrid from January 2019 to September 2022 and the
and that at least 51% of the workers who can telewo

Madrid [5,30] do so one day a week, Madrid wouldiee
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urban traffic occupancy recorded on a monthly dasi Nov 8.30% 12.44
according to the following assumptions: Dec 8.30% 9.9¢
- Traffic occupancy measured as monthly average from Jar 27.80% 6.68
the recorded data [74] Fel 27.80% 8.58
- Peak-hours considered: Mar 27.80% 9.07
o From 7 a.m. to 10 a.m. Usual time of workplace Apr 25.80% 0.18
arrival. May 25.80% 9.5€
o From 5 p.m. to 8 p.m. Usual time of workplace i Jur 25.80% 9,75
departure. RS Ju 22.10% 7.53
- Weekdays cqn3|dered: Mond_ay to Thursday._ Friday fis Aug 22 10% 542
excluded as timetables may differ in the Spanistketa Sey 22 10% 10.29
where employees are allowed to leave the office at Oc >150% 10.82
lunchtime (from 2 to 3 p.m.) N - -
X . ov 21.50% 10.48
- Holidays are excluded from the analysis
' Dec 21.50% 8.53
- Traffic road occupancy shown as monthly based an Jar 53.20% 8.01
daily averages per the above conditions. Fol 23'200/ 9.58
- 2020 is excluded from the analysis due to the anhpa € : 0( —
of Covid19 and the restrictions followed by publig Mar 22'100/‘ 9.87
authorities could distort the target metric. N Apr 22.10% 9.20
I May 22.10% 9.52
Table 1 Ocupancy and telecommuting evolution (@gate Jur 22.10% 9.34
daily peak time averages) [5,24,29,74,81] Jul 22.10% 7.0C
Spot analysis | %Telecommuting U[gzg g?:lg Aug 22.10% 5.0€
Jar 8.30% 9.67 The figures shown in Table 1 contain the aggregate
Fek 8.30% 11.34 information from the original database to highliglie
Mar 8.30% 11.28 figures analyzed subsequently since each dailypzowy
Apr 8.30% 10.37 file contains more than 1 million rows.
3 May 8.30% 10.58 o ) .
I~ Jur 8.30% 11.07 Table 2 show the_ statistical analysis applied to
ul 8.30% 8.85 understand the correlation between the rate ofvtele
Aug 8.30% 575 implemented and the impact on traffic during péaies
Sey 8.30% 1114 as suggested by the existing literature.
Ocl 8.30% 12.21
Table 2 Calculated values from statistical analysisrrelation/ANOVA)
SUMMARY OUTPU
Multiple R 0.335936893
R Squar 0.11285359
Adjusted R Squa 0.11125224
Standard Err¢ 2.25434699
Observation 55€
ANOVA
Degrees of Sum of Mean
freedon Square Squarn F-Value Significance |
Regressin 1 35€.155: 35€.155: 70.4741 3.913E-1€
Residue 554 281£.472¢ 5.082(
Total 55¢ 317:.627¢
Coefficients SItEar?(;jrard t Stat P-value Lower 95% L915p %Oe/: ;gv(\)';: ngJapé)(;r
Intercep 11.192¢ 0.244( 45.862¢ 9.09E-191 10.7131 11.671¢ 10.7131 11.671¢
Teletwork % -1C.5952 1.2621 -8.394¢ 3.913E-1€ -12.074: -8.1161  -12.074: -8.1161

Regression testing suggests a weak coefficientevalsuggests that telework does not have a strong ingrac
traffic in Madrid. In line with this result, acating to the

of 0.3359. The closer the value is to 0, the nmegative
dependence there is between both variables. Thidtre R Square that shows the value of the coefficient of
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determination, the result obtained from the regoesgss test is obtained to check this assumption. F-diamite is
0.11 which represents an only 11% meaning that tlobose to O (3.91x1#) being lower than 0.05a{
strength of the linear relation between both védeisbs significance level). This means that null hypoteesin be

weak. rejected so that this model is correct in explairihe weak
The standard deviation shows a low value indicati relationship between both variables.

that the behavior of both variables is stable @ntsistent Another index used to confirm the hypothesis that

within this system. telework does not contribute significantly to traff

The ANOVA test has also been considered taken inbmprovement during peak times is the Pearson croel
account to allow for the testing of the null hypests which  coefficient (4) between telework and peak traffic.
considers that the model chosen to explain therdkpey
between telework and peak traffic is not adequateF

r= Xxi—%) vi—¥) (4)
VEGi= 02 X (yi- ¥)?

Ocupation (dispersion)

._‘ ._.
0 1S ™
08 65 B FEOOREIRNNENTERERTETENE
» e ¢ 00 ® oD
@00 CRED) CIEEED IEEIETI’Y
[ _J TERERER
0 oo™
®  CEBETIGEEEED

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

Figure 4 Pearson correlation coefficient — telecamimg/traffic occupancy (p=0.05)

Figure 4 shows the dispersion of the correlatiom the same proportion, or at least in any sigaiiic
between telecommuting and traffic occupancy whbee t proportion. This circumstance may thus indicate a
correlation coefficient (r) is -0.33593. The newati presumed change in the pattern of consumer behaviou
coefficient shows an inverse relationship betwéentivo  with regard to the modal choice on days when thagt
variables in such a way that when telework increaseravel to work in person.
traffic in Madrid decreases, but this correlatisrlimited
given the value obtained as per Table 3. 5 Conclusions

The result of our analysis leads us to concludg tha
although telework reduces the number of trips ibaar
r=1 Perfect correlation environments, the positive impact on traffic in ity of
050<r<1 High degree Madrid"during peal:jtimﬁs is Iirlnited, regardlessvbit is A

generally expected when eliminating commutes. The
0.30 <r < 0.49 Moderate degree decrease in traffic in Madrid is not proportional the
0<r<0.29 Low degree increase in telework that is taking place. Thresoas may
r=0 No correlation be behind this limited positive effect. First, C@¥19 still
causes some misgivings about using public trangpor
health and hygiene reasons. Second, in the cityeaafrid,
out of the 22.1% of employees who work from hom&%®
telework occasionally, that is less than 50% of whark

Table 3 Pearson coefficient value interpretation

These results confirm that the effect of telework o
reducing traffic in Madrid is not so sensitive, ggasting
that the decrease in traffic due to telework dagsoccur
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