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FOREWORD

The ongoing Covid-19 pandemic impacts everyday life and shows us how defenceless
humankind is in a case of a global crisis that directly impact human health or human
settlements. The academic discussions around Covid-19 and human settlements are
not independent from the concerns on climate change. Many scientists have supported
that the one of the biggest crises in history is happaned because of the distorted and
disproportionate relation between the way of humankind live, produce, accommodate
and the nature. The more the nature is damaged by humanity, the more threats it poses
to humanity. For many years, we have acted selfishly, taking only our comfort and
interests into account, stealing the values that nature loves, and now we are sending
our loved ones to eternity towards nature as the price of this. Considering all that has
happened over the past 3 years, we have painfully experienced how we can quickly
lose our lives, our comfort, and our economic values. Naturally, a coherent mind would
be expected to enumerate proposals for a strict order in ecology and human relations.
However, if we look at the efforts to prevent ecological destruction today,
unfortunately, there is a sign that these are only for show, and these efforts are far from
convincing the people working on this issue. From the interviews that took place
behind closed doors, the large organizations with thousands of people flight overseas
and the ambition of private companies to make more sales, it is understood how
insincere the environment is. Therefore, public, and private enterprises have not yet
learned the necessary lessons from the crises we have experienced recent years. |
firmly believe that the responsibility of this crisis falls on the profit-making companies
that ruthlessly destroy nature and the world governments that allow them. In the
aftermath of this crisis, poverty, hunger, and deprivation of inadequate health services
have risen to a higher level than ever before. The people who were not primarily
responsible for the crisis paid the price by becoming poorer, but the companies that
were shown to be responsible for this crisis continued to get richer. The flow of capital
from the poor to the rich gained more momentum. In my opinion, the most important
reason for this is that the bond established with the environment is far from establishing
a healthy relationship. This study reveals the fact that the urban poor are exposed to
unequal treatment (in terms of social, economic infrastructure) by working harder and
getting poorer even in times of crisis.

I would like to acknowledge amazing support and contributions of Eda BEYAZIT
INCE, my dear supervisor, incredible efforts of Burak PAK, professor from
Ghent/Brussels, people have even a single trace on my path to get this point in Istanbul
and in Brussels and lifelong belief of my beloved family.

January 2022 Cihat BALUKEN
(Urban Planner)
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UNDERSTANDING THE PRACTICE OF COMMUNITY MOBILITY IN
POST COVID-19 PERIOD, LESSONS FROM BRUSSELS, BELGIUM

SUMMARY

The COVID-19 pandemic has seriously affected mobility in cities around the world.
From the first moment, the effects of this change in various parts of the world have
been investigated and analyzed. Since the rapid decline trend of mobility during the
pandemic has had a significant impact on almost every person, institution and sector
in cities, the studies carried out are far from reaching the saturation point and are very
diverse. In this process, to make observations faster and act more effectively, global
companies such as Apple and Google have made their mobility data available to the
public. Many scientists generally consider these data trustworthy and have already
been part of many studies. In addition to providing activity reports from Apple and
Google, Google has launched Google Popular Times. Popular times is a system in
which people using public transportation can transfer the occupancy information of a
vehicle or a stop to the user through a survey after their mobility is over. The system
turns the data into graphs and informs the users at what times the current stop or bus
line is busy or not busy. Acquiring Google popular times data, this study investigates
the location of the activities during the pandemic when governments called for stay at
home in Brussels. To do this, first, the mobility map of the city was created by
processing Google popular times data into the GIS environment. The density data
acquired from Google for each public transportation stop transferred in a day during
the post COVID-19 period. Overlaying this map with socio-economic data that can be
obtained from public institutions could help understand the impact of the pandemic on
different social groups living in the same city. Income status data of the city of Brussels
based on neighborhoods and the data of minority groups who later immigrated to
Belgium were focused on in this study. This study assumes that the city's migrant
concentrated neighborhoods are made up of lower-income groups who are more
exposed to inequalities and argues that the urban poor were not lucky enough to
comply with stay-at-home calls during the COVID-19 pandemic. It is estimated that
the actual mobility is relatively less in the neighborhoods where people with no
immigration background are concentrated in the past.
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COVID-19 SONRASI SOSYAL ESITSIZLIKLERI TOPLU TASIMA
PRATIKLERI UZERINDEN ANLAMAK, BRUKSEL, BELCIKA'DAN
DERSLER

OZET

Covid-19 salgini, diinyanin dort bir yanindaki sehirlerde hareketliligi ciddi sekilde
etkiledi. Ik andan itibaren bu degisimin diinyanin gesitli yerlerindeki etkileri
arastiritlmis ve analiz edilmistir. Pandemi doneminde hareketliligin hizli diisiis trendi
sehirlerdeki hemen her kisi, kurum ve sektortii onemli bir 6lgiide etkilediginden,
yapilan galismalar doyum noktasina ulasmaktan uzak ve ¢ok esitlidir. COVID-19
pandemisi ve salgin kisitlamalar1 ayn1 kentte yasayan veya ayni mekanlar1 kullanan
bireyler tarafindan farkli sekil ve boyutlarda algilanabilmistir. Kisitlamalarin
bulundugu donemde bir kesim topluluk evden calisma sistemine ge¢mis ancak
azimsanamayacak sayida bir grup ise bu kadar sansli olmamuistir. Kisitlamalara ragmen
disar1 ¢itkmak durumunda olan bireyler kentsel hareketliligi devam ettirmislerdir. Bu
donemde toplu tasimayi tercih eden insanlar Google popular times uygulamasi
araciligryla ulagim aracinin yogunlugu, konforu ve giivenligi hakkinda bir takim geri
dontisler yapabilmekte ve bu verilerin ortaya ¢ikardigi sonug toplu tasim duraklarina
Ozgli olarak tiim kullanicilara sunulmaktadir. Bu g¢alisma COVID-19 donemi
kisitlamalarinin hala yiiriirliikte oldugu ancak normallesme adimlarinin da atildigi bir
donemde segilen bir tarihte Google ’un birbirinden bagimsiz olarak sundugu toplu
tasima yogunluk verisi iizerinden kentin tamamini kapsayan bir yogunluk haritasi
olusturmakta ve Bruksel kentinde mevcutta yer alan sosyo-ekonomik arka plan ile bir
araya getirerek, kriz doneminde ortaya ¢ikabilecek sosyal esitsizlikler konusunda
anlamli sonuglar ¢ikarabilmeyi amaclamaktadir.

Google, Popular Times uygulamasint aslinda COVID-19 pandemisinden de ©nce
uygulamaya almisti. Popular Times, toplu tasima kullanan kisilerin hareketlilikleri
sona erdikten sonra bir ulasim hattina veya duraga ait doluluk bilgilerini anket yoluyla
kullaniciya alabildigi ve kendi veri setinde barindirabildigi bir sistemdir. Uygulama
verileri grafiklere cevirerek mevcut durak veya otobiis hattinin hangi saatlerde mesgul
oldugunu veya olmadigini kullanicilara bildirir. Bu ¢alisma Google'in popular times
verilerini kullanarak, pandemi sirasinda merkezi yonetimin Briiksel’de evde kalin
cagrist yaptigi donemde farkli sosyo-ekonomik gruplarin toplu tasima kullanimi
uzerinden hareketliligini arastirmaktadir. Bunun i¢in 6ncelikle Google popular times
verileri Cografi Bilgiler Sistemine (CBS) ortamina islenerek sehrin toplu tagimda
kullanim yogunlugu haritasi olusturulmustur. COVID-19 sonrasi donemde ise belirli
bir glin i¢in popular times verileri elde edilmis ve bir haftalik bir zaman diliminde CBS
ortamin islenmeye baslamistir. Her toplu tasima duragi icin islenen bu veriler yine
CBS ortaminda test edilmistir. Daha sonra 4000'in iizerindeki durak sayisinin
sadelestirilmesi amaclanmistir. Ciinkii duraklarin 2 veya 4'U ayni giizergahlara ait
olabilmektedir ve ayn1 veriye sahiptir.

Her durak i¢in veri girisi yapilmasi planlandigindan veri girisi siiresini arastirma

zamanlamasi agisindan kisaltmak da sadelestirme yapmak i¢in ikinci neden olmustur.
Durak sayisinin sadelestirilmesi i¢cin CBS araglarindan biri olan 'point to area'
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fonksiyonu kullanilmistir. Bu fonksiyon sayesinde belirli uzaklik icerisinde kalan
veriler tek bir ¢at1 altinda toplanabilecektir. Ayn1 anda yiirtinebilirlik tizerine literatiir
taranmis ve yaklasik olarak 400-500 metre toplu tagim i¢in yiirlimenin dogal sinirlar
icinde kaldigr belirlenmis ve aymi gilizergaha ait duraklarin disarda kalmasin
engellemek amaciyla 500 metre mesafe lizerinden ilerlenmesine karar verilmistir. Bu
Briiksel metropoliten alaninin 500 metre kenarlara sahip karelere boliinmesiyle elde
edilecek kare bir seklin ortaya ¢ikmasi demektir. Her kare bdlmenin i¢inde kalan
duraklara atanan verilerin aritmetik ortalamalar1 alinacak ve kareye ortak bir deger
atanacaktir. Bu iglemin yapilmasi i¢in dncelikle popular times yazili verisi bir indeks
olusturulacak sekilde numaralandirilmis ve her duraga bir deger atanmistir. Durak
verilerinin aritmetik ortalamalarinin alinmasindan sonra Briiksel metropoliten alaninin
toplu tasima durak yogunlugunu gésteren tematik harita elde edilmistir.

COVID-19 pandemisi hem kentler arasinda farkli etkilerle hissedilmis hem de ayni
kentte yasayanlar arasinda farkli algilanabilmistir. Bu tez alismasi pandeminin ayni
sehirde yasayan farkli sosyal gruplar iizerindeki etkisinin toplu tagima {izerinden
anlasilmasina yardimci olmayr amacglamaktadir. Dolayisiyla igerisinde Briiksel’in
gecmisten gelen sosyal dokusu incelenmistir. Ozellikle Briiksel metropoliten kentinin
mabhalle bazinda gelir seviyeleri, gd¢menlerin yogunlastigi mahallelerin geldikleri
iilkeye gore incelenmesi, egitim durumu, yas araliklari ve geng¢ yas gruplarinin
yogunlastig1 yerler gibi sosyo-ekonomik verileri {izerinde durulmustur. Bu galisma,
kentin gé¢menlerin yogunlastigi mahallelerin, esitsizliklere daha fazla maruz kalan
diisiik gelirli gruplardan olustugunu ve kent yoksullarinin COVID-19 salgini sirasinda
evde kal ¢agrilarina uyacak kadar sansli olmadiklarini varsayarak baglamistir.

Briiksel’de sosyal ve ekonomik arastirmalar arasinda esitsizliklere deginen birgok
calisma ve acik kaynak proje bulunmaktadir. Bu arastirma bir takim kamu
kuruluglarinin projeleri ve akademik calismalardan siklikla faydalanmistir. Kamu
alaninda yapilan ¢aligmalarin basinda Wijkmonitoring gelmektedir. Wijkmonitoring,
kelime anlamiyla mahalleleri izlemek anlamina gelmektedir. Mahalle yogunluklari,
mabhallelere ait demografik veriler, yas ve cinsiyet lizerinden sahip olunan veriler, ait
olunan llke/vatandaslik bilgileri ve daha fazlasi1 yer almaktadir. Sosyo-ekonomik
veriler, sosyal yonleri farkli kategorilere ayirarak Wijkmonitoring platformu
tarafindan saglanmaktadir.

Briiksel'deki mahallelerin kiiltiirel ve sosyal ¢esitliligi i¢in sahip olunan vatandaslik
verileri temel alinirken, ekonomik faktorler icin issizlik ve gelir seviyesi verileri
kullanilmaktadir. Wijkmonitoring tarafindan saglanan verilere gore, Briiksel’in bazi
mahallelerinde gogmen oranlar1 digerlerinden ¢ok daha yiiksek olmaktadir. 15 farkl
Ulkeden vatandas gruplar1 Fransiz, Tiirk, Kuzey Afrikali, Sahra Alt1 Afrikali, ilk 15
AB iilkesi ve sonradan dahil olan AB iilkeleri olmak iizere kategorize edilmistir.
Yapilan arastirmalar sonucunda Briksel’in merkez ve Kuzey ilcelerinde yer alan
Zavel, Marollen, Stalingrad, Anneessens, Kuregem Bara, Kuregem Veeartsenij,
Kuregem Dauw, Hertogin, Weststation, Historisch Molenbeek, Koekelberg,
Havenwijk, Oud Laken West, Oud Laken Oost, Noordwijk gibi mahallelerinde tarihsel
olarak daha fazla gogmenin yerlestigi gozlemlenmektedir. Kuzey Afrika ve Sahra Alti
Afrika’dan gelen niifus ve 15 Avrupa iilkesinin vatandaslarinin yasadigi mahalleler
nispeten boliinmiis durumda oldugunu gosteren saygin akademik calismalar
bulunmaktadir. Bazi il¢elerde, AB’nin tiyesi ilk 15 iilke vatandaslarinin yogun oldugu
yerler bulunmaktadir. Fransa, Hollanda veya Luxemburg gibi iilke vatandaslarinin
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yasadig1 yerlerde genel olarak sosyal veriler yasayan kisilerin egitimli olma
olasiliginin daha yiiksek, gelir seviyesinin daha iistte oldugu yerlerden olustugu
gozlemine olanak vermektedir. AB iiyesi olmayan iilkelerde dogan insanlarin yogun
olarak yasadigr mahallelerde ise egitim seviyeleri diismekte ve gelir seviyesi asagi
cekilmektedir. Ozellikle gengler arasinda egitimsiz ve issiz bulunanlarin orani
artmaktadir. Toplumun refahi i¢in siralanabilecek temel gostergelerde bu mahalleler
digerlerine nazaran daha geriden takip etmektedir.

Google toplu tasima verilerinin test edilmesinden sonra ortaya ¢ikan tematik harita
mekansal anlamli sonuglar ¢ikarmak amaciyla bahsi gegen sosyo-ekonomik verilerle
cakistirmayla bir korelasyon saglanmaya aligilmistir. Yapilan sentezler sonucunda
calisma acisindan ilgi ekici ve orijinal sayilabilecek sonuglara erisilmistir. Oncelikle
toplu tasima verileri kriz donemlerinde kentsel dinamiklerin anlagilmasi amaciyla
Onemli bir potansiyel sunmaktadir. COVID-19 doneminde sokaga ¢ikma kisitlamalari
doneminde toplu ulagim her ne kadar kesintiye ugrasa da Briiksel 6zelinde isletilmeye
ve belirli grup insanlar tarafindan kullanilmaya devam etmistir.

Yogunluk verileri ile sosyo-ekonomik haritalar bir araya getirildiginde Briksel’de AB
vatandasi olmayan insanlarin daha yogun yasadiklari yerlerde toplu tasimada yasanan
yogunlugun daha yiiksek oldugun gozlemlenmistir. Durak yogunluklarinin daha
yogun oldugu noktalarda genel olarak issizlik verisinin daha yiiksek ¢iktigi, gelir
diizeyinin gorece daha diisiik oldugu, egitim diizeyinin azaldigi, daha geng niifusun
yasadig1 gozlemlenmistir. Bu sosyo-ekonomik veriler kentte yasayan gorece daha
yoksul ve kirilgan gruplarin daha fazla toplu tasima kullanmak zorunda kaldiklarina
ve belki de daha fazla COVID-19 bulasma riskine sahip olduklarina isaret etmektedir.
Dolayistyla Briiksel’de mahalleler arasinda COVID etkilerinin farkli gerceklestigi savi
dogrulanmaktadir. Gegmiste gogmenlik gecmisi olmayanlarin kisilerin yogunlagtigi
mahallelerde sosyo-ekonomik kirilganligin ve kriz dénemlerinde net hareketliligin
nispeten daha az oldugu tahmin edilmektedir. COVID-19 veya ilerde olusabilecek
farkl1 bir kriz esnasinda toplumsal bagisikliginin saglanmasi amaciyla bu aligsmadan
elde edilebilecek veriler kullanilabilecektir. Briiksel’de mekéanin tarihsel gelisimi
bircok esitsizlikler barindirmaktadir ve bu durum ilerde etkili bir risk yoOnetimi
planlamasinin 6niinde engel olusturmakladir.

COVID-19 sonrasi hareketliligin yeniden eski seviyelere yaklastigi donemlerde GIS
uygulamalarini kullanarak sagladigimiz toplu tagima istasyonlart yogunluk haritasina
gore gelecekte yasanacak bir kriz durumunda schirde yasayan bazi gruplar daha
savunmasiz kalmaktadirlar. Bu kapsamda yogunluk verileri birlestirilip her 500
metrede bir duraklar birlestirilerek tiim sehre dagitildiginda kiiltiirel ve tarihi
farkliliklar1 olan gruplarin yogunlukta yasadigi ve halk arasinda gdgmen mahalleleri
olarak bilinen mabhallelerin toplu tasima altyapisindan daha yoksun oldugu ortaya
atilabilecek bir fikir olmustur. Bu durum iki farkli tiirde sonug iiretebilir. Bu
mahallelerde issizlik oranlarinin da diger mahallelere gore yiliksek oldugu goz oniine
alindiginda, sosyal, ekonomik ve kurumsal olarak daha kirilgan olan gd¢men
gruplarinin temel hizmetleri saglamak i¢in disar1 ¢ikmak zorunda kaldiklar1 ve ulagim
olanaklarina daha fazla ihtiya¢c duyduklari sdylenebilir. Ikincisi, bu mahallelerin
COVID-19’un yayilmasini 6nlemek i¢in fiziksel gereksinimleri karsilamasi ¢ok daha
zor goriiniiyor. Toplu tasima araglarim1 kullanirken asir1 yogun olarak isaretlenen
duraklarda ve ulasimda bu duraklardan gecen hatlarda 2 metre sosyal mesafe gibi
saglik kosullarinin saglanmas1 miimkiin gérinmemektedir.
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Basta saglik krizleri olmak iizere gelecekte herhangi bir kriz yasanmasi1 durumunda,
yonetimlerin afetin dogasindan kaynaklanan fiziksel gereksinimleri yaratmasi
yapilmas1 gereken ilk seydir. Bu makaledeki CBS tabanli ¢alismamizin bir sonucu
olarak, Anderlecht, Sint-Jans Molenbeek, Elsene ve Sint-Joost-ten-Node ilgeleri
pandeminin ortasinda yiiksek toplu tasima doluluk oranlarindan mustarip olduklari
anlasilmistir. Bu durum, virlisiin yayilma oranlarmin daha yiiksek olmast gibi bir
senaryo ile gelen ¢alismalarin ilk nedenlerinden biri olabilir. Yeni bir veri kaynagi
olarak, Google veya diger cep telefonu saglayict verileri gibi teknolojiler, doluluk
oranlarini belirlemeye ve bilim insanlari ile kamu politikas1 yapicilarina yon vermeye
yardimet olabilir. Anderlecht, Sint-Jans Molenbeek, Elsene ve Sint-Joost-ten-Node’da
daha yiiksek toplu tasima doluluk oranlari, bu ilgelerde bisiklet gibi yesil ve alternatif
ulasim araglarina daha fazla ihtiya¢ ve yatirnm yapilmasi gerektigi yoniinde bir
diisiince ortaya koymaktadir. Daha yiiksek toplu tasima kullanma oranlari ayni
zamanda bazi ekonomik sonuglara varma egilimini ortaya c¢ikarmaktadir. Bu
mahallelerde yasayan insanlar Briiksel’in diger mahallelerine gére daha az maas
kazanmasi ve evde kal cagrilarina ragmen daha fazla disar1 ¢ikmak durumunda
kalmalar1 meslek gruplar1 veya is kollar1 iizerinden afet ve saglik krizlerinin etkilerinin
farkl1 oldugu ve bu durumun mekansal analizlere etki edebilecek nitelikte oldugu
fikrini disiindiirmektedir. Kimi ilgelerde daha az gelir ekonomik veriler, sadece maas
farkini degil, ayn1 zamanda ne tiir isler yaptiklar1 konusunda da bir béliinme oldugunu
diistinmemizi saglamaktadir. Sint-Pieters Woluwe’de yasayan ¢ogu insan gibi daha
yuksek vergi beyaninda bulunan ve daha yiksek gelir elde ettigi gozlemlenen
mahalleler, yaptiklar1 isin dogas1 geregi uzaktan ¢aligsma gibi esnek is firsatlari yaratma
konusunda daha fazla beceriye sahip olabilir. Daha fazla egitim veya teknoloji odakl
isler boyle bir pozisyon i¢in daha uygun olabilir ve bu da insanlarin sosyo-ekonomik
altyapisi diisiik mahallelerde ne tiir igler yaptiklari sorusunu beraberinde getirmektedir.
Biiyiik olasilikla, ilk 4 mahallede daha az kar getiren isler, daha az teknolojik ¢ikt1 ve
daha az egitim gereksinimi olan fiziksel isler olma egilimindedir.

Bu ¢aligma, afet durumlarinda Anderlecht, Sint-Jans Molenbeek, Elsene ve Sint-Joost-
ten-Node ilcelerinin sadece herhangi bir saglik krizinin fiziksel gereksinimlerinden
degil, sosyal- toplumsal altyapr eksikliginden de muzdarip olabilecegine dikkat
cekmektedir.

Caligma kapsami gogmen gruplarinin yasadigi mahallelerde bulagma oraninin yiiksek
oldugunu dogrulayan sonuglar vermektedir. Kriz déonemlerinde toplu tasimanin 6nemi
g6z Oniinde bulundurulursa, bu ¢alismadan elde edilen verilerin gelecekteki krizlerde
yapilacak ¢aligsmalara yardimci olmasi beklenmektedir. Kriz donemlerinde dahi toplu
tasimay1 daha yogun kullanmasi gereken gruplarin sosyal ve ekonomik acidan kirillgan
gocmen kokenli bireylerden olustugu goriilmektedir. Bu alandaki ¢alismalar, herhangi
bir kriz aninda toplu tagimanin yogun olarak kullanildig1 bolgelerdeki topluluklarin
daha guvenli hissetmelerine ve afete kars1 daha direngli olmalar1 yoniinde yapilacak
calismalara destek olabilir.

Ayrica merkezi ve yerel yonetimlerin toplumu korumak amaciyla ortaya koydugu
politikalarin orta ve uzun vadede kentsel yoksulluga maruz kalan mahallelerde durumu
iyilestirmeden ¢ok daha kotilestirme egiliminde olduklart konusu akillara
gelmektedir. Google verilerinin kullanilarak kriz donemlerinde toplu ulagim
verilerinin analizi ve anlamli mekénsal analizlerin ortaya konma durumu heniiz ¢ok
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yeni ve daha yogun calisilmasi gereken bir konudur. ilerleyen dénem calismalara
sosyal kurumlarin eksikliginin bulundugu mahallelerde veya topluluklarda kriz
donemleri nasil ve ne diizeyde bir kirilganlifin olustuguna dair arastirilmalarin
yapilmas1 6nerilmektedir.
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1. INTRODUCTION

Since December 2019, world countries and international organizations have been
coping with the COVID-19 coronavirus pandemic. In this process, the policies
developed to protect people's lives had a temporary or permanent effect on everyday
life. The agenda of COVID-19 policies was the stay-at-home calls made by
governments since mid-March 2019 (WHO, 2021). This call was met with seriousness
by the masses of people who were shocked at first, and it was revealed by analyzes on

the mobility made later.

In the call, there were suggestions or sanctions such as not leaving the house unless it
is necessary, temporarily closing the offices of the sectors that could work from home,
prohibiting social and cultural gatherings, social distance, and the use of masks in
public areas (info-coronavirus.be, 2021). While the governmental calls were similar in
most of the countries, their effects were different in each region. Because one thing
was certain, each nucleus community has its perception and response style was

different from each other (Bonaccorsia et al, 2020).

It did not take long for some inequalities to become visible in urban space where
inequalities in society can be represented. Some basic requirements such as adjusting
the social distance and ensuring the use of masks were the point of discussion for many

in providing adequate urban and transportation infrastructure.

Among the discussion, first, the call is basically about the existence of sufficient urban
space. Considering that the densities of neighborhoods in the city are not the same, it
will be more difficult for some people to fulfill even these basic recommendations than
for other parts of the city. Inequalities and the impact of the pandemic on more
vulnerable groups were one of the first issues that science dealt with (Atun, 2021). By
examining many socioeconomic data such as income level, education level, health
accessibility, unemployment, and labor market, it is quite possible to draw meaningful
conclusions that can help in subsequent crises by analyzing them together with big
data.
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Figure 1.1. COVID-19 Timeline in Belgium



In this context, governments and the European Union have also called on mobile
operators and telephone manufacturers to publish their mobility data to be made
available to scientists. As a respond, global companies such as Apple and Google have
made public the data on the mobility change in metropolitan cities since January 2020.
Apple presented mobility data in leading metropolitan cities in the graphs presented as
mobility trends. According to these data, in January, February and April 2020, the first
months when a pandemic was declared and the calls to stay at home were made, the
mobility hit bottom. There was a net decrease compared to normal periods between
October 2020 and April 2021, when the lockdown was experienced again with the
second wave, and non-essential mobility was restricted. Based on this data, it is
understood that the government's calls were received seriously by the public. Still,

certain groups had to continue their mobility, especially after the second wave.

Like Apple, reports and graphs containing mobility data have started to appear in
Google as well. However, Google has put a more important service than Apple on its
agenda as a data set. Google, which currently offers routing services on Google maps
to its customers, has started to present a survey investigating the comfort of
transportation through this application. This data basically collects the congestion rate
experienced in the stop and transportation route from the user through a survey and
presents it to other users graphically. This application is called Google Popular Times
and it is already the subject of many studies and it has been seen as a reliable data
source in the academic community. This study believes that Google data will play an
important role in illuminating the questions listed above. Popular times data, which is
already reflected on the stops and transportation routes independently, can be prepared
for meaningful results by showing them on the same mapping in the GIS platform.
This study aims to select a date in the post-covid times of the re-opening process,
transfer the Google popular times data to the GIS environment and compare it with the

socio-economic data.

1.1. Problem Definition

The federal records of Belgium show that 35% of the inhabitants living in Brussels
have no Belgian citizenship. A better look at statistics revealed that 71% of the
individuals have different backgrounds or migrant stories according to the Local
Integration and Integration Monitor report published in 2018 (VRT, 2018). Districts



and regions have different rates of foreigner roots such while the rate of foreigner
origin happened 43% in Watermael-Boitsfort, it’s slightly more in Ixelles with %49
and 90% in Saint-Josse-ten-Node with foreigner roots (Statbel, 2021).

There has been a rapid rise in the total numbers of migrants living in the Brussels
capital region, starting from the 1970s. In the 1990s, the percentage of the population
born in Brussels decreased in time. Only 40% of people living in Brussels were born
thereafter receiving an industrial attraction from other parts of the world (Deboosere,
2009). Changes in demography directly impact spatial organization and developments
in urbanization in the city.

The main issues come around suburbanization and urban decay areas in the center of
the city. According to several works focusing on relations between demographics and
urban development, after masses of migration started in the 1970s, people living in the
places where received many newcomers tend to migrate to rural areas and it led to a
long process of suburbanization. The city center began to remain empty after the
migration of native people who were considered as wealthy parts of the city and it
reduced the net income of the neighborhoods and prices for rent. The new condition
of the center was charming for newcomers with relatively lower prices and close its
locations to other parts of the city. So, the neighborhoods that collapsed in time due to
suburbanization become new hubs for migrant communities and concentrated
domination of some groups of people.

After a short time in the 1990s, Turkish and Moroccon dominated neighborhoods were
already settled and led to a huge level of diversity combined with migrations from new
members of the European Union (Kesteloot, 2009). The ideas that explain the urban
development of Brussels based on social diversity can be confirmed from the spatial
distribution map of some minorities based on nationalities, published on the
Wijkmonitoring. While the wealthy people left the city, central neighborhoods
became poorer, and the newcomers become part of the urban poor (Deboosere, 2009).
In other words, the mobility data obtained from Popular times will inevitably
contribute to observing the impact of Covid-19 on these groups in areas where
immigrant groups live intensively. In Brussels, just like in all major cities, strict
measures, including a curfew, have been implemented due to the Covid-19 pandemic.
However, it has been observed that these measures are not implemented or eliminated

for some social groups. The observation can be taken from the mobility reports



provided by Apple and Google which indicates an increase in the general mobility in
the second restriction period and after. However, some other people continued to stay
at home during this period.

The analysis of the mobility trend could make a difference in thinking about the social
and economic capacity of the urban poor in terms of coping with covid-19. The fact
coming from public transportation data which contain indications of more intensive
use in poor neighborhoods during the Covid-19 period points to the emergence of a
vital risk in poor neighborhoods in times of disaster, due to the economic difference
between the two groups living in the city. The study held about the social and economic
vulnerability of migrants in Italy confirms that disasters create greater pressure and
impact on those who are less lucky in terms of economic and social capital and are less
informed (Atun, 2021). Therefore, some questions need to be figured out regarding the

problems arising during COVID-19 times among the vulnerable groups.

In other words, it is possible to mention a difference between the 1%, 2" and
subsequent waves. Based on the changes in mobility levels during the national and
city-wide lockdowns, this study investigates who stayed at home during the 1% wave
but had to move during the 2"¢ wave. Which groups remained at home, and what
aspects provided them with the comfort of staying at home while others had to go
outside? It asks explicitly which common socio-economic and demographic aspects

do individuals who had to be mobile during the COVID-19 waves share.

1.2. Purpose of the Thesis

Brussels, which has welcomed immigrants for a long time for economic and political
reasons, has been the subject of many academic studies on integration with
immigrants. The immigrant groups live close to each other in the city and have very
limited communication and interaction with other parts of the city (Deboorese, 2009).
The situation that diversity and segregation created over years was analyzed by many
researchers. There are many signs that neighborhoods are in a weaker position

compared to other local neighborhoods in terms of economic and social institutions.

The main reason for economic and social vulnerability is an economic erosion that
happened over years by the loss of wealthier native people moving to rural areas and

periphery neighborhoods of the city. This has created a challenge on the policies to



reach sustainable development in the coming years due to a lack of balance between
neighborhoods (Kesteloot, 2009).

Discussions coming around imbalance triggered questions around socio-economic
disparities and lack of providing similar equal opportunity between a child born in a
migrant family in the city center and another born in a wealthier family in the
periphery. This study aims to create an understanding of socio-economic disparities
by bringing together Google mobility data and the socio-spatial pattern created for

many years starting from the 1970s.

1.3. Methodology

During the literature review, the practice of multi-discipline research tends us to ask
more questions about some other social phenomenon that happened around this issue
over years in Brussels. The inner and external migrations to Brussels created a very
diverse community living together but with less integration. Eventually, lack of
integration and socio-economic differences concluded losing ties between
communities and a process of isolation and alienation of some groups. There are some
similarities around these groups such as having less income level, being part of migrant

family history and culture.

When the isolation comes together with social inequalities of individuals it stipulates
anger in migrant communities against the government and native people who already
live here and have better conditions. The process of feeling different by migrants has
been seen as the main reason for the rise of riots and some events include violence by
some researchers (Kesteloot, 2009). This study aims to find out some difficulties of
urban poor with lower incomes and migrant backgrounds face during COVID-19
times. By doing this, it explores the ways for reducing socio-economic inequalities and

increasing resilience in future crises.

A field study was conducted in Brussels and focused on the conclusions that can be
obtained from the analyzes made after the fieldwork. The data collected during the
fieldwork is of secondary data type, a kind of busy times data provided by mobile
phone providers. In the first part the geo-locations of the public transportation stops
were collected from the public transport authority of Brussels. In the second part the

most convenient data source was selected based on a few indicators. Around many



mobile phone providers google was the most convenient data source for this study
because of its wide range of user numbers, their size of impact and methods.

1.3.1. Introducing Google data

There are two important sources of Google for urban mobility. The first one is the
monthly mobility trends report provided for every region around the world; called
community mobility reports (CRM). The community mobility reports offer a wealth
of sources on the mobility trends as well as changes in everyday life during COVID-
19 (datastudio, 2021). In that sense, it's a vital source of information to examine the
working from home and stay-at-home calls and other policy advice from public
institutions. It allows analyzing the places that have been most and least in use during
pandemics such as parks, pharmacies, hospitals, temporary health facilities,
transportation nodes, stops, and some other points of interest. The data provided in the

Google services is aggregated from mobile phone signals (Aktay et al., 2020).

The extend of this study is limited to Brussels Capital Region in Belgium. CRM reports
has been preparing for the three parts of Belgium; the Flanders, Brussels and the
Wallonia, so this work exclusively focused on the data related to the Brussels
metropolitan region. Even though the ups and downs are similar in major cities in
Europe there may be some differences in mobility trends depending on the dates and
types of restrictions, socio-economic pattern of the city. Similarity in the mobility

trends may be higher among the Belgian cities.

In a closer look at CMR, there is a line chart of mobility trends in the Flanders,
Wallonia, and Brussels Capital regions of Belgium. If we compare all three regions it
is not surprising that the peak and bottom points of mobility have received in similar
dates because of the federal decision-making authority of the Belgian government. As
it stated in the Belgian Constitution; Belgium is a federal state composed of
communities and regions (belgium.be, 2022). As it seen usual in federal
administrations, if the federal government decides to give a decision of restrictions, it
tends to set rules for all three regions at the same time. However, the overall situation
was a little harder in Brussels than in other regions. Although other regions have
already opened shops and serve some numbers of people with distance in September

2020, Brussels had to keep the strict restrictions by the central government due to



relatively higher numbers of cases. Even though many settlements had already passed
the top orange zone in the EU covid-19 map, Brussels had to stay there for a while
longer than the vast of the country (Brussels Times, 2021). The CMR reports may
contribute for efforts to understand the relation between the impacts of the disaster and

mobility trends in the selected regions.

On the other hand, Google Maps has dominated the navigation industry as it was most
downloaded navigation app in 2021 in the United States and European region
(statista.com, 2022). The add-ins embedded in the application such as popular times
makes the app more sufficient and more rational for users. Besides, the use of
crowdsourcing methods and collecting data from the users has led us to selecting
google maps and its embedded add-ins as the important main data source in the
dissertation. Therefore, Google collects feedbacks from users by using a survey
offering some questions about the crowd times, comfort, and security. Crowdsourcing
applications are seen as more reliable sources since the data is provided directly by the
user. they are preferred because they make the tasks that require a high labor force
simpler to perform which this study separates a significant place to the literature about

its applications and other cases from other parts of the world (Behrend at al, 2011).

An application provided by Google for some years has suddenly come into the
discussions due to its potential to make people feel less secure in everyday mobility.
The service called ‘popular times’ provides the exact busy times of a venue as well as
a transportation stop or line in the case of preventing a mass use of the same place by
users more than capacity during COVID-19 times. The application has a simple user
interface shown in figure 3. explains the busy time of a transport stop in the Brussels,
Belgium. 1t is simply based on tracing the geolocations of mobile phones and
crowdsourcing data which is working integrated with the Google maps app. Besides
geo tracing, Google maps ask a few questions including the ones trying to assess the
travel comfort and wait times after each time someone searches for the best routing
and finishes its travel. So, the application combines historical and aggregated data from
crowdsourcing and geolocation of smartphones and brings an average expected use of

that spot-on a given date.

As a novel data source, Google “Popular Times” can give information on when a venue is

mostly visited and live waiting time, as well as average visit duration, based on aggregated and



undisclosed data from users who have opted to share their geotrace using their mobile devices.
Such information can potentially improve real-time demand estimation for transportation

planning applications (Timokhin and Antoniou, 2020).

4 Hallepoort

Popular times: Thursday ®

2. 5 pm: Usually as busy as it gets

6a 9a 12p 3p 6p 9p 12a 3a

Figure 1.2 Google popular times interface for Map’s users

Live visit and waiting for time data that Google made available to public attention may
help not only its customers but also scientists and policymakers. This study intends to
use Google popular times datasets by combining separate data in the GIS. To do that,
each public stop is examined in the Google datasets and an index is created to
transform the written data into a statistical form. And then a couple of GIS analysis
tools are performed to better understand the mass and row data that we gathered from

Google.

In the middle of October 2021 which could be defined as the post-COVID-19 era, the
data is acquired on Wednesday, Thursday, and Friday at 17.00pm during weekdays.
The data was collected from mobility.brussels platform as shapefile and added to the
GIS application with other data collected. The points of interest were over 4.000+ in
the first place when the data was taken from the mobility authority website and this
raw data was analyzed in GIS with the point-to-square method. In this way, every 500
meters is considered a distance that pedestrians can easily walk, and the stops are
gathered under a single square. While calculating the density for each square, the
arithmetic means of the numbers representing the densities of the stops were taken as

a basis. After processing the density data spatially on the map, it is now understandable



for us to see the density of public transport use of the neighborhoods we have chosen

due to their socio-economic characteristics.

While arranging grid system with many squares of 500 meters, popular times data was

ready from the Google Maps user interface with entering values to the new column.

Each square of the grid has given a name contains a code such as A-16, M-8 or R-4
and the process of giving them an index number started from the first square which

was A-1. To determine the crowd of the transport stops for A-1, the steps were

1. Getting into application and taking the popular times crowd data for
selected transport stop

Appointing an index number defined in the methodology

Doing the same process for each stop in the square

Writing them on a paper and getting their mean by using this formula

Appointing the new value to the square

o 0k~ LN

Doing the same process for each square

Each crowd value of stop represented in the values of squares thanks to this method.

_ N+ +X . Xy
X =

N

Where

X =themean

X, =the first value

X; =the second value

X; = the third value

Xy =thelast value

N = the numhber of valuse

Figure. 1.3. Formula for mean

To determine popular times, wait times, and visit duration, Google uses aggregated
and anonymized data from users who have optedinto Google Location
History. Popular times, wait times, and visit duration are shown for any business if it

gets enough visits from these users.
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The owner of the venue can’t manually add this information to its location, and it
appears only if Google has sufficient visit data for the venue. So, the visit data has a

historical perspective, it’s an aggregated value collected over a certain time.

o Popular times graph: This graph shows how busy a location typically is
during different times of the day. Popular times are based on average popularity
over the last few months. Popularity for any given hour is shown relative to the
typical peak popularity for the business for the week. For example, in the image
below, 8 PM-9 PM on Saturday is one of the more popular times of the week

for the business.
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Figure 1.4. Process of Getting Mean for Each Square

o Live visit data: This data shows how active users’ location is right now. Live
visit data is updated in real-time and overlaid on the popular times’ graph. For
example, in the image below, the highlighted section of the graph represents

how active the location is right now compared to its usual level of activity.
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e Visit duration: This data shows how much time customers typically spend at
its location. Visit duration estimates are based on patterns of customer
visits over the last several weeks.

e Wait time estimates: This data shows how long a user would have to wait
before they receive service during different times of the day. It also shows the
peak wait time for each day of the week. The displayed wait time is based on
patterns of customer visits over the last several weeks. Wait time estimation
differs for different business types. For instance, a sit-down restaurant's wait
time reflects how long customers wait before they are seated (Google Support,
2021).

With this service, Google both shares instantaneous density data and creates an
incoming prediction by blending the data historically. Although this data does not have
a dataset including past dates, the summary density information presented to the user
is obtained from data taken at a certain time-frequency and presents the mobility trend

according to the past times as well.

Table 1.1. Classification of Google Data

GET1 GET?2 Index
Busy as usually gets Very Crowded 1.00
A little busy Crowded 0.75
Not too busy Not too crowded 0.50
No data Not crowded 0.25

For each public transportation stop, an index value must be assigned to each data to
transfer the categorical data provided by Google to the GIS portal as numerical data.
To do that an index is created in Table 2. These values will be used later in the
visualization part. For this reason, 4 different numbers between 0 and 1 were assigned
for 4 different categories obtained from the data.
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Figure 1.5. Key Steps in Data Collection and Processing

A score of 1.00 was assigned for the category “as busy as it gets”, the highest density
data, and 0.75 points were found suitable for “a little busy” immediately following it.
The next category “not too busy” was given 0.50 points, while the last data “not busy”
was given 0.25 points. With this method, the first stage has been completed to transfer
the categorical data. Since it was thought that it would take a long time to enter each
data one by one for more than 4000 stops, this figure was reduced to 400-odd numbers
in ArcGIS application using the point to a square method, and the same method was

followed for each stop.

After getting written values for each transport stop, the data converted to numerical
thanks to our indexing in the table 1.4. A mean of index was taken for each square that
has more than one stop. When the embedding index score is ended, the symbology of

the data is converted to the from simple to gradual increase. The da ais also classified
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and each class received a color. From that moment the data was ready to making
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Figure 1.6. Data Collection and Analyzing Tools Methods

1.3.2. STIB and social data collection

Within the scope of this study, other sources that may help while making spatial
analyzes were also used. These resources consist of mobility reports provided by
mobile phone providers and open-source resources created by public institutions in
Brussels to be able to correlate together. Quantitative methods were used while making
these analyzes and comparisons which are explained in detail in the data & analysis

chapter.

Brussels Intercommunal Transport Company (STIB) which operates thousands of
transportation lines everyday has made some basic mobility data available within the
open-data policy on their platform. However, the data in their systems is not far away
from geo-locations of stops or bus lines. The data that we need is the dissertation is
something specifically prepared by the author using google data that has neither an
API nor editable. In order to get editable API data a meeting was arranged with STIB

in Brussels. A few questions were directed to the official personnel of the institutions.
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The officer addressed a solution without an API or a dataset but a written explanation
of the public transportation trends in Brussels during COVID-19 times. The short
description of the main public transportation trends during restrictions and in the time
of easing the restrictions is provided with some statistics which will be presented in

the findings chapter.

On the other hand, the data that explains socio-economic status were collected from
web portals of public authorities through opendata.brussels, statbel.be and
wijkmonitoring.brussel. In addition, vectoral data acquired from the relevant public
authorities, some recorded meetings were held with individuals who live in a place
with higher numbers of non-Belgium and non-EU country citizens in one of our

control neighborhoods where is Sint-Joost-ten-Node.

Couple of questions were directed to 4 people living in the neighborhood and the
length of the interviews ranged from 10 to 60 minutes. The question was about the
social and economic infrastructure of migrant communities asking how they feel today
since their relocation from their home countries, do they feel secure with COVID-19
restrictions, how their daily routine and jobs affected by governmental calls to stay
home, do they get daily trips to the other parts of the city for any reason?

The first person was a 52-year-old local shop owner in the neighborhood. | met with
the person in a coffee shop (called kahvehane in Turkish) and he responded to our
questions for 60 minutes. The answers were mainly about how vulnerable they are as
migrants and how they received a personal and institutional level of exclusion and
marginalization here in Brussels. He believed that many negative things happened to
them is because of malevolent attitudes of the Belgian governments to the Turkish and
Muslim population. He faced a cut off from his sales during COVID-19 restrictions,
closed his store for an uncertain period and received support from the government. He
mentioned he can make a livelihood with governmental support for now but hopes to
re-create his business in a medium term. Second person was a 25-year-old young
individual working in a grocery store. His job is suspended for an uncertain time, and
he has got a new one in another local store owned by his uncle. He is making daily
trips from work to home, and he does not really like to travel to other parts of Belgium.

He believes that the best place to be is his homeland where his parents came from, so

15



he is considering each seasonal holiday by going to his village in Turkey. He doesn't
believe that he got a cut off income or reductions, he is satisfied with his job and
expects to get back to the old one before COVID-19. The third and fourth persons have
has relatively similar answers, both complaining about life and taxes during almost all
meeting. They all agreed that there was not any migration from their homeland for at
least 20 years because of restrictive policies of the Belgian government. The only
people who migrated recently are the ones who got married with who a person already

living in Brussels or a Belgian citizen.

To start the work, the demographic, social-cultural, and administrative data in Brussels
were researched and these data were obtained from the relevant public authorities such
as mobility.brussels, or wijkmonitoring provided by Brussels city. While this study
required research work for socio-economic data provided by open sources, some
collaborations were provided with local communities and a local professor of
architecture who created a wealth of studies about mobility issues and data analysis in
Belgium / Brussels. The meetings were categorized under two aspects, community
meetings and technical meetings with scientists. It investigated how migrant
communities feel about difficulties about COVID-19 times related with social and
economic integration issues in the neighborhoods that the study would like to have a
closer look at. To make a broader brainstorm about social dimensions the researcher
arranged several meetings with a local professor to discuss the social change in
Brussels in recent times and spatial organization developed around masses of

migrations and demographic change.

Data that the study wants to use for each transportation stop has already been collected
by Google maps by asking Maps users to fill a survey after their trip that they searched
in the application. The data provided by popular times about busy times of a venue are
easily accessible via the google maps app to its customers and it aims to make a kind
of warning to users who have concerns about social distance issues during COVID-19
times in each mode of transportation. After transferring the density data of all the stops
one by one to the data of the stops transferred into the GIS platform, it will be
understood more clearly how the density in the city is distributed and which region is
more active during the pandemic. Finally, the points of stop data can be converted to

area data on a neighborhood basis. Income status, language spoken or other
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demographic data that is already spatial will be overlapped with the mobility data from
new data acquired on GIS via popular times.

Public transportation in Brussels is well-developed in time. Almost every settlement
around Brussels is accessible by the means of public transport such as buses, tram,
metro (De Vos and Witlox, 2013). Therefore, it means even the districts in the rural
parts of the city accessible by bus and contains a well-developed bus network
infrastructure. That’s why the terms used in this work such as not sufficient or lack of
infrastructure may be a very developed network in another place and different region.
The work intends to make comparisons between the cities in Belgium or Europe, so
almost every region mentioned is a very developed region of the world. The social and
economic indicators are much higher than any places around the world, Belgium
ranked 21% place in the list of GDPS per person which is much higher than most of the
countries and populations among almost 200 countries.
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2. LITRERATURE REVIEW

The chapter of literature review focuses on the mobility trends in COVID-19 times,
how important to use new technologies in urban mobility, tracking public
transportation movements by using signals from mobile phones and finally the concept
of popular times and mobile crowdsourcing as a method to collect mobility data.

2.1. Mobility Trends During COVID-19 Pandemic

As the pandemic started the governments called the people to stay home to prevent
more casualties that created strong restrictions on social and economic life. The impact
of the restrictions has happened almost on every sector that we have in the cities. Public
transportation had faced one biggest impacts of the pandemic by governments since
they tried to implement restrictions on human mobility. The main reason for this was
not only the number of cases but the extent of the spread of the virus that led

governments to call people to stay home and not to go out until a second order.

The call led to people suddenly stopping going to their work and school and
dramatically caused a bottom point in terms of any kind of transportation.
Wielechowski et al. (2020) state that the usage of public transport in Poland
dramatically decreased after the declaration of government in favor of strict
restrictions which lead to fear among people to take distancing rules very seriously.

The most impacted means of transportation was seen as air traffic and public
transportation in the city. The reason might be that each kind of transport requires a
physical existence in the same space for long times which may result in hazardous
situations if we consider the spread time COVID-19 and 15 minutes.

Gutiérrez et al. (2020) drew a research prospect for the future in the very first times
of the global COVID-19 pandemic. In this study, conjectural problems are listed as the
possible rise of private vehicles and the decline of using public transport due to fear of
using public spaces and the inequalities that COVID-19 created in the low-income
level neighborhoods in terms of establishing distancing rules in these neighborhoods
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which are relatively denser than any other place with higher income levels. Finally, it
emphasizes the importance of using information technologies, big data and GIS as the

method to process complex inputs coming from masses of people and places.

Jenelius and Cebecauer (2020) examine the impact of COVID-19 on public
transportation by looking at data based on different modes, tickets sales, ticket
validation and passenger counting data during mobility recommendations. The study
supports the existence of a huge decline in public transport and dramatic change in

travel behaviors of people living in Sweden in terms of modes.

The dramatic rise of COVID-19 cases follows a decrease after a couple of months with
the help of the strict restrictions of the governments to prevent deaths. Restrictions
have created some breaking points with peak times and bottoms. According to mobility
records provided by mobile phone providers and operators such as Google and Apple,
the first months of the restrictions have faced the most dramatic change in comparison
with other months of the year.

Following the ‘stay at home’ calls by the government, the immobility of the people
made the number of cases decrease and the governments opened social life to a certain

level to prevent its bigger impact on the economy.

One another call by governments was the call to mobile phone providers to open their
data to public, private and academic sectors to develop research works. Google and
Apple paid attention to receiving these calls and published public mobility reports. A
set of updated report series called mobility trends by Google has created a
comprehensive tool for academic use to understand mobility trends during the

pandemic.

As soon as the reports prevailed many researchers showed interest in them, and many
works were published based on Google’s data. In most of the works, Google data has

been seen as a confident data source and a source to be examined in many more ways.

According to Google mobility reports, the first months of the pandemic were the worst
in terms of the number of travelers in the city. In the first ease period after the first

strong restrictions, we see a comparative change in the total number of users. The study
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of Lee, Qian and Schwanen argues that monitoring mobility of people under lockdown
processes creates a wealth of sufficient resources to understand the impact of everyday
life on different socio-economic status of people by using mobile data and a variable
set of statistical models. They prove how important it is to use this kind of data to
prevent such an impact again for the coming lockdowns in case of another disaster
happening in the future (Lee and Schwanen, 2021.)

Although many people had to stay home again, it seems like there is an increase in
the number of people who must travel and a rise in transport demand which makes us
think about the difference between the two periods. According to an article by Beck,
Hensher, Wei, working from home is getting encouragement from public institutions
and people who change its daily working behaviors in this way tend to continue even

after the pandemic.

Working from home (WfH) will be a key aspect for the organization of public transport
and urban mobility as it has positive impacts on working efficiency and timing, but the
study addresses that WfH is only concentrated in the urban areas and households with
higher incomes (Beck et al., 2020.)

The Covid-19 and travel restrictions have created different impacts as well on various
social and economic groups. There are many ways to examine these impacts in a city
like Brussels which includes groups of concentrated groups of migrated background
people. In the sense of following similar impacts on people who have similar
background and socio-economic status, the concentration of some groups of people
may create an opportunity to follow up travel trends in a specific area by using the
method of using mobility data. Borkowski et al. (2020) addresses that the impact of
the pandemic is perceived separately among different social identities based on gender,

income level or educational level in their study that happened in Poland.

Bonaccorsia et al. (2020) made remarkable discussions for the conclusion of different
capabilities of municipalities and their resilience against pandemic. It supports the
positive correlation between the income level of people and mobility data which
explain how mobility is higher than other municipalities in lower income cities. The
article supports the impact of socio-economic status on the daily mobility of the people
living in Canadian cities during COVID-19 pandemic.

21



Another work is based on three aspects related with the limits of the space: indoor
home, outdoor home, and everyday activities by Fatmi (2020). According to the results
of the survey, people who receive lower income have greater mobility in the city and
middle-income people have the most leisure time at home. Although mobility
decreases up to %50 percent in general in the city, the sectors of health, education,
law, community, government, and sales and services seem to have an increase in their

mobility against the mobility trends in general.

Coven and Gupta expressed the question of how different social groups are affected
by the covid-19 pandemic specifically in terms of urban and national mobility trends.
There are 3 outputs from the date mobile GPS they used; first the higher income people
living in New York left the city since the pandemic started. Second, the neighborhoods
that hispanic and black people live in which are also known as lower income
neighborhoods are the ones who have mobility data during restrictions, not only
daytime but also at night. It shows that these neighborhoods have no opportunities to

leave the city and have to workday and night (Coven and Gupta, 2020.)

Finally, one another study on Turkish migrants who live in the North of Italy provides
that this group of people suffers lack of information in terms of disasters which creates
remarkable vulnerability in this community during a disaster. This means disasters
create greater pressure and impact on those who are less lucky in terms of economic

and social capital and less informed (Atun and Fonio, 2021).

So, within all these studies the first question was how covid-19 impacted the travel
behaviors of different social-economic people in Brussels? Secondly, if the pandemic

happens again what kind of lessons or differences can we create?

To explain the effect of disparities between social groups during the COVID-19
pandemic in the Brussels metropolitan area with mobility data, some questions have
been particularly produced for the Brussels case. While the governments called
citizens to stay at home during the COVID-19 pandemic, was public transport mobility
higher in lower income neighborhoods than middle-upper income groups in Brussels?
Does the lack of integration that had occurred over many years and isolation of some
groups that arrived in Brussels later affected the conditions of vulnerable communities
in Brussels during COVID-19 pandemic?

22



2.2. Using Mobile Phone Data for Tracking the Mobility Trends

We need some capabilities that allow us to investigate the urban phenomena mentioned
above through public transport, vehicle, or pedestrian mobility. Today, people's close
relationship with mobile devices and the internet is progressing even more, which

further increases our capabilities in terms of research techniques.

Every new technology is based on the relationship between human and device or
between device and device or is dependent for some reason. This relationship can also
be between a human and a mobile device, or it can work between the device and a used

transportation.

Moreover, after the smartphone usage figures reached the highest levels today,
technological trends have focused on the artificial technology of devices and
increasing communication between devices. Every device that persons carry on them
creates the opportunity for researchers to conduct deeper and more accurate research
on certain phenomena. This situation is also seen because of the use of every data
generated because of communication between devices by researchers, governments or

technology providers for the purpose of providing better transportation systems.

It is obvious that statistical methods and flexible models such as machine learning
create clearer and more understandable crimes in terms of applications such as short-
term traffic forecasting (Vlahogianni et al., 2005) and passenger tracking models
(Papathanasopoulou and Antoniou, 2015). Of course, one of the most important factors

in urban transportation is the basic features of mobility.

Many factors may influence a person’s mobility choices, and this is ultimately strongly
dependent on his or her psychological state. However, after this selection process is
settled, the activity of a person for a long time may begin to become ordinary and
routine. This situation causes the person to take the same road for the same purposes
over and over. Travel behavior exhibits some level of regularity, which describes the
extent to which individual spatiotemporal choices repeat over time. According to
activity-based travel theory, travel behavior is dictated by preferences, constraints, and

needs which recur over time, at least to some degree (Kitamura and Hoorn, 1987).
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Getting mobile data from individual’s smart phone as a living and moving sensor
requires a processing of big data and then it provides a great potential for understand

current state of spatiotemporal behaviors of persons (Zhao et all, 2020).

The spatiotemporal aspects of our lives can be segmented into episodes of travel and activity
participation. A travel episode, or trip, is defined as “the travel required from an origin location
to access a destination for the purpose of performing some activity” (McNally, 2007), and an
activity episode refers to a discrete activity participation (time allocated to activities) at a
location (Bhat and Koppelman, 1999) (Zhao et all, 2020).

Based on these explanations of Bath and Koppelman (1999), we deduce that every
human action is an episode of the day. Both trips and activity episodes are basic
components of spatiotemporal behavior, characterized by several attributes chosen by
individuals. Activities have long been recognized as the fundamental driver for travel
demand; trips are usually derived from the need to participate in a certain activity at a
certain time and location (Zhao et all, 2020).

When millions of episodes in motion by many different people come together in cities,
they lead to the formation of a pattern. While it is sometimes useful for some studies
to monitor and research individual movement, pattern analysis can be more

explanatory.

In everyday urban mobility, millions of people move from one place to another for
different or similar reasons becomes vital data for those who do research and develop
policies in the field of infrastructure and transportation planning. Examining such
movements will lead to more consistent, comfortable, and more affordable
transportation investments to be made between the two locations. A travel/activity
pattern describes the structure of travel/activity instances over a period; each pattern

corresponds to a set of preferences and constraints that dictate the specific choices.

Although stable in the short term, these patterns are also subject to change over months
or years, contributing to the long-term behavioral dynamics. Individual travel-activity
patterns may change when people move, change jobs, shift work schedules, purchase
a new car/bike, or any other life event (e.g., a child starts school) that may alter their
travel and activity routines. In the long term, a dynamic travel/activity pattern refers

to travel/activity patterns that change over time (Zhao et all, 2020).
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Therefore, large, or small events that occur in cities by humans or nature may cause
the transportation pattern to change over time. An example of this is the
implementation of more ecological transportation decisions, which are promised to be

implemented because of the success of the greens in a mayoral election.

However, the temporary but collective restriction created by the COVID-19 pandemic
in transportation is already at the beginning of the events that occurred in the 21st

century and that most affected transportation movements.

Today, 2 years after the first pandemic announcement, people's perception of public
spaces in general, and therefore public transportation, has changed seriously during
the reopening process these days, when we are officially and de facto in a pandemic.

In other words, several events that occur in the long or short term not only change the
behavior of the person, but also affect the emergence of different transportation habits
over time. The reading of these changes by decision makers, especially local
governments, will help cities to become more durable in terms of transportation in the

future.

2.3. New Technologies and Methods in Urban Mobility

According to Statista, 6.378 billion people are currently using smartphones which
makes 80.69% of the world’s population operate everyday life with a smartphone
(bankmycell.com, 2022). Since smartphones placed every person's pocket after the
2010s, the data collected by mobile phone providers and applications have become

more important for many sectors currently operating goods and services.

Given the widespread availability of smartphones and ubiquitous connectivity, users
are now planning their transportation activities through smartphone apps which enable
them to reach various services easily. They also receive real-time information
regarding their trip as advanced sensors are widely available. Therefore, they can
reconsider their choices based on the latest updates (Antoniou C., Efthymiou D.,
Chaniotakis E., Atasoy B., et all, 2020).

One of the biggest mobile applications and mapping providers Google has recently

revealed google popular times as the best example for collecting information on public
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transportation and providing real time travel data with passengers. As many companies
started to collect data and information about aspects of everyday life such as daily
mobility of a person, the data related to individuals has become even more important
recently. The reason for this is that when the data of each person living in urban space
come together with other people it is called now as big data and consists of a not-
limited resource for research and policy making strategies.

Therefore, it is an ethical discussion in many countries such as the USA to use big data
for public services or manipulation of public services with using big data provided by

global or regional technological companies.

Many location-based data providers and regulator companies have now been
suspected by public authorities as to the result of questions of public opinion in
developed countries. Beyond these discussions, mobility data provided by providers
has the potential to make even more impact on decisions on public transportation and
any change on travel habits of people making everyday mobility.

Smart Mobility is broadly defined as the family of mobility solutions that use
appropriate technologies and methodologies and that may leverage the availability of

big data for the sustainability of transportation systems (Benevolo et al., 2016).

Since the COVID-19 pandemic has started the discussions around smart mobility
become more important. COVID-19 introduced some standards to people while using
public spaces and public transportation to prevent the spread of viruses. One of the
first requirements is practicing 2m of distance from other people at a certain level. So,

are the transportation infrastructures in many countries capable of implementing that?

For many scientists, it is a faraway target in public transportation to provide safe
mobility with enough areas for everyone using public transportation. The problem is
the lack of free space in the vehicles during mobility. That’s why in many countries,
governments have not only called people to stay away from themselves and gatherings
but also, they urged people to stay away from public transportation as much as they

can and not to use if it is not obligatory.
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On the other hand, discussions and solutions around smart mobility are well
established to be perceived as a guidance for smarter, safer, and healthier use of any

means of public transportation.

Smart Mobility is acclaimed to bring about benefits including gains in safety, reduction
in individual travel costs due to increased efficiency of operation, greater consumer

choice, and more sustainable travel (Docherty et al., 2018).

To make public transportation more reliable and safer, governments called mobile
phone users and technological companies to develop smart mobility applications and
publish their databases for good use of these data for smart mobility and other systems.
So, what kind of mobility data would fit the needs of customers to reach a safer and

healthier mobility experience? In which directions can these data be used?

There are three key aspects of a smart mobility structured according to data processing
which are prediction, optimization, and personalization. Prediction stands for the
getting real time data from the field and processing it for the future use of application
such as traffic congestion. Second is the optimization corresponding to the efficiency
taking from data acquired in terms of time efficiency, being cost friendly, reliable,
minimizing distances or networks to a venue application. Finally, personalization
defines a space for everyone to extract their preferences, store and share them to other
users (Antoniou et all, 2020).

Google and Apple have recently started to reveal mobility trends in their reports since
the COVID-19 pandemic started. The reports are being seen as a key input to
understand future predictions of mobility trends in any case of another restriction
period by governments or any future crisis. These reports are categorized based on
date in a simple way and any given date between January 2020 and present has a

number that represents a busyness or usage rate on that date.

There are many other providers that provide traffic congestion data or smart traffic
solutions such as TomTom which is one of the biggest in the sector. What they offer
is simply a prediction of the traffic and mobility services on a predicted date in the
future. There are many applications for optimization as well which Google popular

times provides a good example.
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In the first phase of the popular times maybe it would be better to place the first data
collection part. The data in this application is quite different from other providers
which is simply a survey offered to transportation users. Google maps already provides

the best routes for any given directions on their system.

The application is now collecting user opinions based on their travel experience. In
every trip a person makes a survey after it to rate the crowd during travel. The survey
filled by thousands of users in different times on each day of week, provides to other
user busy times data which could make some difference on possible routes of a person

when it is considered with COVID-19 and safety issues related with that.

It is obvious that some issues had impacted the trust on public transportation in the
past such as global terrorism or violations of personality in the temporary places of the
means of transportation and COVID-19 pandemic may be one of the biggest health
crises that humanity faced in the 21.th century. So, it is not predictable that the trust
on public transportation has reached its weakest level for a long time and some

measurement needs to be applied to protect the sector.

Another important development in the smart mobility sector is personalization. The
travel habits are likely to be in a continuous movement. The mobility start for a job or
education might be extended all year a movement between the same places and dates.
The personalization of mobility might help a person to find quicker and better services

in time.

Personalization happens with collecting information of places such as home or work,
collecting data of possible routes or advising some other places you may like near your
destination or the place you want to spend some time., the process is not something a
person really needs but it is something to create a more personal experience which

makes greater pleasure during mobility.

2.3.1. Google Popular Times and mobile crowdsourcing

Google popular times is an application that hosts data from various sources based on
crowdsourcing methods from their smart phones, it gives an information on when a
place is busy, how much a user need to wait for service, average visit duration by

tracking smartphone user’s geo-locations as real time data. It creates a great potential
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to predict transportation estimation, demand, optimize it (Timokhin and Antoniou,
2020).

Google popular times offers two kinds of location data based on the rates of the
customers. The first one is for the venues and the second one is for modes of
transportation. For example, a bus stop has a crowd rate based on crowdsensing
applications of popular times in recent times. This is a temporary space that is a simple
point. One other data is for a bus line which doesn’t refer to a point but refers to a line
that passes over many points. So, each point has a crowd rate as well as the bus line
has also a rate for crowd situations. Each transportation stops and line has live crowd
data at the moment on Google popular times.

The data for the venues includes average number of visitors Number of pictures, price
segment, average rating, number of reviews and the data of the transportation point
and lines includes the number of visitors on almost every hour of the day and night
during weekdays and weekends. With actual behavioral data collected from

aggregated and anonymized data from the Google Location History (Google, 2021)

Google Popular Times offers the potential for both deeper and broader insights to those who
are seeking to understand, analyze, anticipate or predict consumer and tourist behavior
(Timokhin and Antoniou, 2020).

This data is recently being used with other sources in academic research about urban
mobility and it is seen as a reliable source so far for many scientists. In addition,
Google replied with mobility trend reports during COVID-19 times to the calls of
governments to make the data they have available public. There is a platform called
data studio by google to provide all the mobility trends of each month since pandemic
started for almost every country or region. It’s already part of many scientific works
focused on urban mobility, public transportation, and alternative modes of

transportation during COVID-19 times.

Mobile applications have the advantage of being in the pockets of many people at the
same time. The wide use of smartphones makes easier and wider data using these data
methods based on mobile phones (See, 2016). There are many academic works about
social-metrics of social distancing as well during COVID-19 times and they are based

on mobile data coming from mobile phone providers.
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Mobile Crowdsensing (MCS) refers to the wide variety of sensing models by which
individuals collectively share data and extract information to measure and map phenomena of
common interest (Ganti et al. 2011). Recently, various kinds of applications have been
developed to realize the potential of MCS throughout daily life, such as environmental quality
monitoring, noise pollution assessment (Maisonneuve et al. 2009; Rana et al. 2010), and traffic
monitoring (Zhang et al. 2014) (Liu J., Shen H., Husnu S. Narman, Wingyan Chung, and
Zongfang Lin. 2018).

In the times of higher impact of climate change, the rising numbers and impacts of
disasters makes everyone think about smarter policies and technologies about
prevention of loss of nature and lives. Mobile crowd sensing is most likely to be seen
as part of many projects aimed at preventing disasters, transportation issues and so on.
But there some problems arise around acquiring data coming from tech companies and
using them for the studies. The data provided by mobile phone operators is generally
big data and it does not always make sense to tackle a bunch of a lot of data and excel

sheets.

To make it sufficient, there are some other startups specialized on processing big data
for academia and some other institutions. Google makes crowdsourcing happen by
asking a few questions to Google Map users about comfort, security and crowd
situation of the transportation vehicle or stops. Every time a passenger asks for a
routing or a destination, the system sends a survey after detecting the trip is over. As
we consider the Google maps users create a profile, comment on a venue, and establish
their contribution page then it may go into the definition of the social media as well.
Social media, crowd sensing and collaborative maps as the current methods for
Geographical Crowdsourcing Information have crucial importance in terms of disaster
risk management by raising awareness and solving some challenges (Albuguerque et
al., 2016).

Social media companies and navigation services with social media characteristics such
as Google maps might make huge contributions to the research by collecting user’s
data from in the field of risk management before, during and after a crisis.

Most of the time, creating big datasets about customer’s behaviors is a process with
long times and higher cost than other operations. Companies or institutions may need

to design big operations with a lot of personnel to collect the data and prepare them
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for good use. However voluntary crowdsensing applications offer companies the
opportunity to create datasets with very low costs, which they can create with great
expense and high labor force, and lead to the prevention of vital problems in disaster
situations (Goodchild and Glennon, 2010). While thinking about digitalization of
industrial processes and the use of big data for good use crowdsensing can be of great
help in the community building stages and can play a leading role in the participation
of citizens in the system (See et al., 2016).
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3. SOCIO-ECONOMIC PATTERN IN BRUSSELS

Brussels and Belgium have a structured and wide range of open data that a social
scientist or policymaker would like to review year by year. The data provided by public
institutions as open data is the main source in this study to better understand the social
pattern in Brussels and around. One of the main sources is the platform of
Wijkmonitoring that includes most of the socio-economic data year by year
(Wijkmonitoring, 2021).

There are many academic outputs analyzing the social pattern of Brussels, and
economic organizations based on the open-source data such as Wijkmonitoring and
other public authorities. In this chapter, Brussels' social and economic structure is
presented based on the open-data sources. The data explaining socio-economic status
of the different neighborhoods will show how social pattern impacted the everyday
mobility in a date in the middle of the COVID-19 pandemic. The social,
demographical and economic indicators used in this chapter are the income level of
people, age groups, education level, tax return per neighborhood, household and

family numbers, migration, unemployment.

3.1. Social Structure and Spatial Organization in Brussels

Brussels is one of Belgium's oldest and major cities in history, always occupying
significant importance to its region and country. The suburbanization movement that
emerged after the World War 11 left its mark on the Belgian cities and, therefore, on
Brussels' urban development. Suburbanization in 1960s enabled many wealthy
families living in the city to move to the outskirts of the region, and the number of
people who migrated into the city was less than the number of those who left the city.
The trend of depopulation of the city center ended in around 1995 and the process of
deindustrialization of Brussels Capital Region continues which has started in the early
1960s (Vandermotten, 2009). Increasing international migration and biological
increase due to the young groups staying in the city led to an increase in the urban

population following 1995. With the young population always present in the city and
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the elderly population moving away, the death rates decreased considerably in the 90s.
On the other hand, when the birth rates were higher than ever and combined with the
migration movements to the city, the situation resulted in substantial population
growth (Deboorsere et al., 2009). This study examines the data acquired from
Wijkmonitoring, one of the open data public sites where social data can be categorized

and followed well.

However, before starting to analyze socio-economic data stored in Wijkmonitoring
infrastructure, it is useful to have a look at the institution’s glossary to make it clear

some definitions that we use in the context of the social-economic pattern.

As it shown in the figure 3.1., the term of the first crown refers to the neighborhoods
between the avenues of the inner ring and the central ring, formed by Avenue Churchill
(in the south), the military avenues (in the east: General Jacques, General Meiser,
Brand Whitlock, August Reyers, General Wahis) and the railway lines (to the west).
From a municipal point of view, they are usually associated with Anderlecht,
Etterbeek, Ixelles, Koekelberg, Molenbeek-Saint-Jean, Schaerbeek, Saint-Gilles and

Saint-Josse-ten-Node. Due to its spatial size, Brussels City is considered separately.
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Figure 3.1. First Crown Districts in the Brussels Metropolitan Region
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In figure 3.2., the second crown corresponds to the following areas: Anderlecht and
Molenbeek beyond the station West, Auderghem, Sint-Agatha-Berchem, Laken
Noord, Neder-Over-Heembeek and Haren, Evere, Ganshoren, Ixelles beyond the
General Avenue Jacques, Jette-North, Schaerbeek past Avenue Lambermont, Uccle,
Watermael-Boitsfort, Woluwe-Saint-Lambert and Woluwe-Saint-Pierre on the other
side.
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