BUYUK MEKAN-ZAMANSAL HAREKETLILIK VERILERIYLE MEKANSAL
ETKILESIM ORUNTULERININ ANALIZI; ILISKILER, KUMELER,
FONKSIYONEL BOLGELER VE AKIS HARITALARI TASARIMI

OZET

Varliklarin yeryliziinde bir yerden bir yere hareketleri mekénsal etkilesim dedigimiz
olguyu ortaya ¢ikarir. Toplum ve gevreye sekil veren dnemli dinamiklerden olan mekanlar
arasl etkilesim; insan go¢ hareketleri, para-mal hareketleri (ticaret), bulasic1 hastaliklarin
dolasim, bilgi, kiiltiir degisimi gibi nedenlerle olusabilir.

Mekansal iligkilerin analizi ulagtirma, sehir ve bolge planlama, saglik gibi birgok disiplinde
kritik oneme sahiptir. Hareketlilik Oriintiilerinin ortaya g¢ikarilmasi, mekdn ve zaman
boyunca akan varliklar arasindaki ortak noktalar anlamamiz1 saglar. Sézgelimi pandemik
bir salginin yayilma hizi, sikligr ve akis dogrultusunun bilinmesi epidemiyoloji uzmanlari
i¢in hayati bir éneme sahiptir. Benzer gekilde kent iginde ¢alisma amaciyla yapilan
yolculuklar sehir planlama i¢in kentin kapasitesi, konut ve ¢alisma yerlerinin segimini
etkileyen bir gostergedir.

Bilgi iletisim teknolojileri ve ulagtirma alamindaki ilerlemeler giintimiizde diinyay1 daha
once hi¢ olmadif1 kadar birbirine bagli hale getirmis ve mekéanlar arasindaki insan
hareketlerini artirmigtir. Bu durum cografyalar arasi ¢ok yonlii etkilesimlerin ortaya
¢ikmasina ve iligkilerin daha karmasik; anlasilmasi gii¢ hale gelmesine yol agmaktadir. Her
alanda etkisini gdOsteren sayisal doniisim iliskilerin de kayit altina alinmasim
saglamaktadir. Konumsal nitelige sahip bu verilerin analiziyle hareketlerin giidiimiindeki
karmagik sistemlerin anlagilmasi ve gergek diinya problemlerinin ¢dziilmesi igin karar
destek araglarinin gelistirilmesi ihtiyac: vardir.

Ote yandan biiyiik lcekli ve zamana bagl hareketlilik verisinin analizi bu tiir verilerin
igerdigi hacim, gegsitlilik ve karmagiklik nedeniyle oldukca giictiir. Etkilesimleri olusturan
akis verileri, mekan-zamansal ve boylamsal (belirli bir zaman dilimi igin tekrar eden)
nitelik tagir. Akislara iligkin 6znitelik verilerinin g¢ok boyutlu olmasi (6r; yas, cinsiyet,
egitim durumu vb.), akig Oriintiilerinin zaman i¢inde degismesi ve birden fazla &lgekte
gergeklesmesi (&r; ulusal, bolgesel, yerel) mekénsal etkilesimin analizini daha da giig hale
getirmektedir.

Mekénsal etkilesim oriintiilerinin analizi baslica dért tema altinda toplanabilir; (1)
nedensellik iligkilerine odaklanan regresyon modelleri, (2) mekansal erisilebilirligi ortaya
¢ikaran istatistiksel analizler, (3) etkilesim iliskilerini ag yapilariyla modelleyen ¢alismalar
ve (4) veri gorsellestirme yeteneklerinden yararlanan etkilesimli akig haritas1 gelistirme
araglari.

Hareketlerin nedenlerini anlamaya odaklanan ¢alismalarda etkilesime yol agan etkenler
sebep-sonug iligkileri agisindan incelenir. Bu analizler belirli ekonometrik modele bagh
regresyon esitlikleri olusturarak bélgeler arasindaki hareketleri en iyi tahmin edecek

bagimsiz degiskenleri ortaya gikarmayr amaglar. Ancak regresyon analizleri aralarinda
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hareketlilik gergeklesen her bir merkezin karakteristifine ve ¢ok boyutlu ozelliklerine
iliskin yeterli bilgi vermez.

Erisilebilirligi inceleyen istatistiksel analizler bir merkeze gelen/giden hareketliligin
oransal bilytikliigiinii tiim merkezler i¢in karsilagtirarak erisimin makro diizeyde bir cografi
yorumunu ortaya ¢ikarir. Bir bdlgenin ¢ektigi veya kaybettigi ilgiden yola ¢ikarak belirli
bir hizmete erigim konusunda ne derece erisilebilir oldugunu degerlendirir. Ote yandan bu
analizler bolge sayis1 arttiginda ve zaman boyutu dikkate alindiginda merkezlerin
karakteristigini birbiriyle kargilagtirmakta zayif kalmaktadur.

Etkilesim iligkilerinin analizinde yerlesim yerlerini ve aralarindaki baglantilan (akiglari)
birlikte incelemek i¢in ¢izge kuramina dayanan ag modelleri kullanilmaktadir. A modeli,
varliklar1 birer diigiim, aralanindaki etkilesim iliskilerini de baglanti olarak ele alir.
Mekanlar aras1 baglantilarin analiz edilmesiyle elde edilen parametreler agin genel yapisi,
diigiimlerin karakteristigi, agdaki kiimelerin tespiti ve agin ¢izimi i¢in kullanlir.

Mekaénlar arasi etkilesim analizinde kullanmilan diger bir yontem etkilesimli akis haritas:
tasarimui araglaridir. Akis haritasi tasarimi; kaynak-hedef konum g¢iftler1 arasinda
gerceklesen bir hareketliligin harita tizerinde kartografik yontemlerle gorsellestirilmesidir.
Akislar1 harita iizerinde gorsellestirmek ¢ok degiskenli ve mekan-zamansal akislarin
analizi i¢in kullamlabilir. Ancak ¢ok boyutlu hareketlilik verilerinden harita
gosterimlerinin olusturulmasi baglanti sayisinin ¢oklugu ve harita diizlemindeki alanin
sinirli olmasindan dolay1 giigtiir.

Bu tezin amaci; biiyiik 6l¢ekli ¢ok boyutlu mekéansal etkilesim verilerinin sistematik ve
kapsamli bir analizini yapmaktir. Bu c¢alismada problemin kisith bir versiyonuyla
ilgilenmek yerine, biitiinciil bir yaklagimla, yukarida belirtilen her bir tematik amaca
yonelik olarak mekénsal etkilesim iliskilerinin analizine katkida bulunan yéntemlerin
gelistirilmesi hedeflenmektedir. Bu kapsamda mekénsal etkilesim analizinde nedensellik,
erisilebilirlik ve ag modeli yaklasimlariyla ilgili 6zgiin birer ¢alisma yapilirken akis
haritalan ¢ikarma konusunda ise yeni bir harita tasarim araci yazilimi gelistirilmigtir.

Tez kapsaminda Tiirkiye genelinde iller arasinda gerceklesen hasta hareketleri mekéansal
etkilesim i¢in 6rnek olay olarak ele alinmaktadir. Calismada kullanilan veriler 2010-2013
yillann arasinda 48 aylik kesitler igin bir ilden diferine tedavi amaciyla giden hasta
say1larim igermektedir. SGK’dan alinan veriler, aragtirma dénemi igin 1.2 milyardan fazla
hastane bagvurusuyla ilgili bilgiyi yansitmaktadir. Hareketlilik verileri mekan-zamansal
degisimi yansitmanin yaminda kaynak il, hedef ili, hastane tiirii (12 tiir), hizmet kademesi
(3 kademe) ve tibbi brang (120 brans) gibi 6znitelik alanlariyla ¢ok boyutlu bir 6zellige
sahiptir. G6zlem degerleri belirli bir dénem i¢in tekrar ettiinden arastirmada kullanilan
verilerin ayni zamanda boylamsal bir niteligi vardir.

Tezde mekénsal etkilesim oriintiilerinin analizinde biitlincil yaklasimin bir pargas: olarak
oncelikle 6rnek olay hasta hareketlerinin arkasinda yatan sebepler incelenmistir. Yapilan
¢alismayla Tiirkiye’de hasta hareketliligine yol acan faktorler tespit edilmektedir. Panel
veri ve rassal etkiler modeliyle gergeklestirilen regresyon analiziyle daha once farkli
iilkelerdeki hasta hareketleri analizinde kullamlmis olan degiskenlerle birlikte yeni
parametreler test edilmistir. Elde edilen sonuglar, saglik altyapisi, demografi gibi
degiskenlerin yaninda Tiirkiye’de hedef ildeki akrabalik iligkilerinin de etkilesim iizerinde
onemli etkiye sahip oldugunu ortaya koymaktadir.

Erisilebilirligin ele alind1g: istatistiksel analizlerle benzer dogrultuda yapilan ¢alismada ise,
gelen/giden hareketlilik degerlerinden hizmet merkezlerinin karakteristigini belirlemenin
dtesinde, mekan-zamansal degisim oriintiileri ve gruplarin tespiti {izerine odaklanilmistir.
Yapilan ¢alismada kullanilan saglik hizmet bélgelerinin erisilebilirligini degerlendiren
grafik modeli (Gandy Nomogrami), zamanla degisen hareketlilik 6zelliklerini ve kiimeleri
tespit edecek sekilde ileriye tasinmistir. Yapilan analizde erisilebilirlik metriklerine gére
grafik gosterimine aktarilan gézlemlerin; (1) aylik ve yillik zamansal degisim Oriintiileri
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saptanmis, (2) hiyerarsik kiimeleme y&ntemiyle benzer karakteristige sahip gruplar ortaya
¢ikanlmis ve (3) gruplar arasi farklar istatistiksel testlerle dogrulanmugtir. Bu ¢aligmayla
hizmet alanlarimin karakteristik 6zelliklerini, mekan-zamansal erisilebilirlik kaliplarmi ve
egilimlerini analiz eden bir yontem gelistirilmektedir.

Ag modelini esas alan iigiincii ¢aligmada, hasta hareketlilik ag1 kullamlarak, mekansal
olarak sinirlandirilmis grafik béliimleme yaklasimiyla Tiirkiye’de saglik alaninda islevsel
bolgeler ortaya cikarilmaktadir. Veri giidiimlii yaklagimla tespit edilen bolgeler, Saglik
Bakanlifi'nca uygulanan mevcut bolgelerle kargilagtirlmugtir. Ortiisen ve farklilasan
bolgeler saglik hizmet planlamasi hakkindaki bolgesel politikalarin degerlendirilmesini
saglamaktadir. Bu galismada ayrica ag modelinden elde edilen agirlikli kiimeleme katsayisi
ve modiilerlik metrikleri esas alinarak, hareketlilik agindaki zamana gére olusan yapisal
degisiklikler tamimlanmis ve 6z diizenleyici haritalar ve ¢ok degiskenli paralel koordinat
¢izimi kullanilarak mekan-zamansal akig oriintiileri ortaya gikarlmistir. Bolgesel ve
zamansal farkliliklan gdzlemledigimiz hareketlilik oriintiileri, ¢esitli boyutlarda hizmet
sunumu farkliliklarina ve arz-talep dengesizliklerine isaret etmektedir.

Tezin 6nemli bilimsel ¢iktilarindan birisi de mekénlar arasi etkilesim Oriintiilerinin ortaya
¢ikarilmast amaciyla geligtirilen akig haritasi gorsellestirme aracidir. Web tabanl
gelistirilen uygulama, ¢ok boyutlu 6znitelik bilgileri igeren mekanlar arasi akislardan
anlam ¢ikarilmas: i¢in gelismis filtreleme, siniflandirma, akis ¢izgisi ve diigiimleri
gorsellestirme (renk, biiyiikliik, saydamlik vb.) fonksiyonlarina sahiptir. Bu arag ile
akislarin baslangi¢ ve hedef konumlarim etkileme potansiyeli olan mekénsal dinamikleri
anlamlandirma ve yorumlama miimkiin hale gelmektedir. Bu ayirt edici etkiler baz
yerlesim yerlerinin $zgiinliigiinti ortaya koymakta ve farkli mekéansal rolleri anlamakta
onemli bir unsur teskil etmektedir.

Bu tez biiyiik 8lgekli mekéansal etkilesim verilerinin analizini biitiinctil bir yaklasimla ele
alarak politika gelistiriciler i¢gin karar agsamalarinda destek saglayan yeni yontem ve araglar
gelistirmektedir. Arastirma; mekénlar aras: etkilesimi agiklayan yeni degiskenlerin tespit
edilmesi, ¢ok sayida hizmet merkezinin erisilebilirligini mekan-zamansal olarak analiz
eden yeni ydntemlerin gelistirilmesi, hareketlilik oriintiilerinden veri giidiimlii bolgelerin
ortaya ¢ikarilarak mevcut bolgelerle karsilastirilmasi, mekénlar arasi akis kiimelerinin
tespit edilmesi, mekénsal akis haritas: gorsellestirme aracinin gelistirilmesi gibi katkilan
agisindan 6zgiin deger tagimaktadir. Ayrica ¢aligma incelenen ilgi alani (ulusal hasta
hareketleri) agisindan Tiirkiye’de, veri kapsamu (6l¢ek, bityiiklitk ve karmagiklik) agisindan
da uluslararas: literatiirde bir ilk olma niteligindedir
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ANALYSIS OF SPATIAL INTERACTION PATTERNS USING BIG
SPATIO-TEMPORAL MOBILITY DATA; RELATIONS, CLUSTERS,
FUNCTIONAL REGIONS AND FLOW MAPPING

SUMMARY

Spatial interaction (SI) is a phenomenon that refers to location-to-location movements of
things. Interaction between places, which is one of the essential dynamics shaping the
society and the environment, can arise from human migration, commercial activities,
commodity flows, infectious diseases, information or cultural exchanges.

The analysis of SI is critical in many disciplines such as transportation, urban & regional
planning or health-care. Detection of mobility patterns, allows us to understand
commonalities between things that move across space and time. This distinguishing feature
enables SI data to be used in a wide range of research fields. For instance, it is of vital
importance for epidemiologists to learn the speed of spread, frequency and flow direction
of a pandemic epidemic. Similarly, commuting within cities are an indicator for city
capacity planning and the choice of residential areas or work places.

The advancements in information communication technologies and transportation has
made the world more interconnected than ever before and increased the human mobility
between places. This causes multi-dimensional interactions between geographies and the
more complex incomprehensible relationships. In other respects, digital transformations
provide an opportunity to obtain information on large scale and longitudinal geographic
mobility of beings. Therefore, to understand the complex systems driven by SI and solving

real-world problems, there is a critical need to develop the advanced analysis methods and
decision-making tools.

On the other hand, the analysis of big time-dependent mobility data is quite difficult due to
its volume, variety and complexity. The flow data derived from interactions has spatial-
temporal and longitudinal (repeating for a specific time slice) characteristics. The multi-
dimensional attribute of mobilities (e.g. age, gender, educational status etc.) and fluctuation
of flow patterns in time and scale (e.g. national, regional, local) make the analysis of spatial
interaction even more difficult.

Analysis of spatial interaction patterns can be categorized under four main themes: (1)
Regression models focusing on causality relationships, (2) statistical analyzes that reveal
spatial accessibility, 3) studies modeling interaction relationships with network graph
structures, and (4) interactive flow mapping tools benefiting data visualization capabilities.

In studies focusing on understanding the reason of mobilities, the reasons behind the
interaction are examined in terms of cause-effect relationships. These researches aim to
reveal independent variables that will explain the mobility between regions by creating
regression equations based on a certain econometric model. However, regression analyzes
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do not provide sufficient information on the features and multidimensional characteristics
of all centers among which mobility occurs.

Statistical analyzes that examine accessibility reveal a geographic interpretation of access
at a macro level by comparing the proportional magnitude of in-out flows of all centers.
They evaluate to what extent a region has advantage in terms of accessing to a service by
considering the attraction this region has gained or lost. On the other hand, these studies
are weak in comparing the characteristics of centers when the number of regions increase
and considering the time dimension.

To analyze simultaneously features of space and mobilities that occur between places,
graph-based network models are seen as the most suitable method in which places
represent by nodes, and interactions between them represent by lines. Network metrics
special algorithms are used to understand the general structure of the network, the
characteristics of the nodes, the detection of communities/clusters in the network and the
visualization of the network.

Another method used in the analysis of SI is interactive flow map design tools. Flow map
design is a visualization of mobilities happening between source-target location pairs by
cartographic methods on the map. Visualizing interactions can be used for the analysis of
multivariate and spatial-temporal flows. However, creating map views using multi-
dimensional mobility data is difficult due to the large number of connections and limited
space on the map layout.

The aim of this thesis is to make a systematic and comprehensive analysis of big
multi-dimensional spatial interaction data. In this study, instead of dealing with a limited
version of the problem, it is aimed to develop methods for each aforementioned thematic
purpose above, to contribute to the analysis of SI with a holistic approach. In this context,
we have been conducted a study on each topic; causality, accessibility and network model

approaches, and we developed a new flow mapping design tool to help understanding the
complex SI patterns.

Patients mobility between provinces in Turkey at national scale considered as a case for
spatial interaction in the thesis. The data used in the study include the number of patients
who move from one province to the other for treatment during the 48-months period
between 2010 and 2013. The data obtained from Turkish Social Security Institute (SSI)
reflects the information on more than 1.2 billion hospital application for the research
period. In addition to reflecting spatial-temporal change, mobility data has
multidimensional feature with attribute fields such as origin province, destination province,
hospital type (12 types), service level (3 levels) and medical branch (120 branches). The
data used in the research also have a longitudinal nature since the observation values repeat
for a certain period.

In the thesis, first of all, the reasons behind the case patient mobility have been examined
as a part of the holistic approach in the analysis of SI patterns. In the study conducted,
factors that lead the patient mobility in Turkey are identified by performing the regression
analysis in which the panel data and random effects models are employed. The new
parameters were tested besides the previous variables used in patient mobility analysis in
different studies. The obtained results reveal that kinship relations in target province in
Turkey has a significant effect on interaction along with variables such as health
infrastructure and demographics.

In line with analysis has been conducting on accessibility, the second study in this thesis,
determines service centers characteristics from in-out flow values, and focuses on the
determination of spatial-temporal change in flow patterns/clusters. The graphical model

Sayfa2/3



(Gandy Nomogram), which evaluates the accessibility of the health service regions used in
the study, has been enhanced in a way to detect the changing mobility characteristics and
clusters. In the analysis, the observations were transferred to the graph layout according to
the accessibility metrics, and (1) temporal variation of mobility patterns have been
extracted, (2) clusters of provinces that have similar characteristics were detected by using
hierarchical clustering method, and (3) differences between the clusters have been
confirmed by statistical inference tests. With this study, a new method is developed to

analyze characteristic features of service areas, spatio-temporal accessibility patterns and
trends.

In the third study based on network model, functional regions in administrative health areas
in Turkey are determined using patient mobility data by employing the spatially restricted
graphical classification approach. The regions detected by the data-driven approach have
been compared to the designated regions from the Turkish Ministry of Health. Overlapping
and differentiated regions enable the evaluation of regional health policies on health-care
planning. In this study, the structural changes in the mobility network are determined based
on the weighted clustering coefficient and modularity metrics obtained from the network
model, and spatio-temporal flow patterns were detected using self-organized maps and
multivariate parallel coordinate plot. The patterns of mobility, which we observe regional
and temporal differences, indicate differences in service provision in various dimensions
and supply-demand imbalances.

One of the most important scientific outputs of the thesis is the flow mapping tool which
was developed to reveal the SI patterns between places. The web-based application has
advanced filtering, classification, flow line and nodes visualization functions (color, size,
transparency, etc.), to gain insight from SI data which has multi-dimensional attribute. With
this tool, it becomes possible to explain and interpret the spatial dynamics that have the
potential to influence the starting and target positions of flows. These distinctive effects
reveal the originality of some places and constitute an important element in understanding
different spatial roles.

This thesis develops new methods and tools for policy-makers in decision-making
processes by handling analysis of large-scale spatial interaction data with a holistic
approach.

The research has unique value in terms of identifying new variables that explain the
interaction between provinces in Turkey, the development of new methods in
spatio-temporal analysis of accessibility for multiple service centers, uncovering
data-driven regions from mobility patterns and comparison to existing regions, detection
of cluster of flows between spaces, and development of spatial flow mapping tool.
Furthermore, to the best of our knowledge, the research is the first study in Turkey in terms
of studied field (national patient mobility) and in the international literature in terms of data
scope (scale, size and complexity).
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