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Abstract

This study assesses the performance impacts of a projected exclusive Combined
Priority Lane (CPL) network for the use of all scheduled public transport systems
(trolleybuses, conventional diesel buses and minibuses) in the City of Chisinau. For
the assessment, two in terms of network extent different route layout options were
compared to the current public transport situation. The CPL design enables a
subsequent Bus Rapid Transit Systems (BRT) upgrade. In a multi-layered approach a
utility analysis was conducted, evaluating 15 performance indicators describing
transport and economical efficiency, as well as societal and environmental impacts.
Furthermore cost-utility estimations were made for the investment costs of the two
layout options. The results were benchmarked with best practice development
alternatives. For the procedure a set of empirical methodologies mainly from
transport, social, and economic sciences as well as urbanism were used. The results
point out that especially transport users and the local economy benefit from extensive
travel time savings. In regard to the enhanced travel time competitiveness the measure
entails a notable shift of trips from motorized to public transport, which proves to
have a positive impact on local environment and energy consumption schemes.
Accordingly, the overall rating of the CPL impact on Chisinau public transport
performance was positive. However, comparing the CPL model with other
development alternatives, it must be clear that it could only be the first step on the
pathway to an efficient, equitable, attractive, and sustainable public transport.



Rezumat

Acest studiu evalueaza calitatea impactului a unei retele exclusive de Piste Prioritare
Combinate (PPC) proiectate pentru utilizarea tuturor sistemelor de transport public
(troleibuze, autobuze conventionale diesel si microbuze) in orasul Chisindu. Pentru
evaluarea a doua, in ceea ce priveste extensia diferitd a retelei, au fost comparate
optiuni noi ale traseurilor cu situatia actuala a transportului public. Designul PPC
permite dezvoltarea ulterioara a sistemului Bus Rapid Transit (BRT). Prin prisma unei
abordari multilaterale, a fost desfasuratad o analiza de utilitate, evaluand 15 indicatori
de performantd ce descriu eficienta transportului si cea economicd, precum si
impactul asupra societdtii si a mediului. Mai mult decat atit, au fost realizate
estimarile de cost—eficientd a investitiilor necesare pentru cele doud optiuni de
traseuri. Rezultatele au fost evaluate in raport cu bunele practici ale alternativelor de
dezvoltare. Pentru acestd procedurd, au fost utilizate un set de metodologii empirice,
in mare parte din stiintele de transport, sociale, economice si de urbanism. Rezultatele
cercetarii indica faptul cd, economia de timp pentru calatoriile cu transportul public,
poate aduce beneficii, in special, utilizatorilor de transport si economiei locale.
Datoritd eficientizarii timpului de caldtorie, aceastd masura presupune o trecere
considerabila de la célatoriile cu automobilele private la transportul public, fapt ce va
asigura efecte pozitive asupra mediului local si a schemelor consumului de energie.
Evaluarea generald a impactului PPC asupra performantei transportului public in
Chisindu a inregistrat rezultate pozitive, desi raportarea la alte alternative de
dezvoltare a evidentiat faptul ca PPC ar putea fi doar primul pas pe calea spre un
transport public eficient, echitabil, atractiv si durabil.
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AHHOTauus

OTO  WCCHEeJOBAHME  OLECHMBAET KAayeCTBO  BJMSIHUSI  9KCKJIIO3UBHOM  CETH
Komo6unupoBanubix  IIpuopurerheix  Ilomoc  (KIIII)  npepHasHaueHbl — Jist
UCMOJIb30BAHUSI BCEX CHUCTEM OOILECTBEHHOTO TpaHcnopTa (aBTOOYChI, OOBIYHBIE
JU3eNbHbIE aBTOOYCbl M MMKpPOaBTOOyChbl) B Kummuese. [Ins1 BTOpONl OLEHKH, B
KOTOpPO#  OTMEYaeTCsl  pacllMpeHue CEeTHU, HOBbIE [apaMeTpbl  MapLIpyTOB
COMOCTABJIEHbl C HbIHELIHEN CUTyauuenl oOliecTBeHHOro tpaHcnopra. Husaitn KIIIT
MO3BOJISIET JAJIbHENIIee Pa3BUTHUE CUCTEMbl ObICTporo aBToO0ycHoro TpaHcrnopta (bP
T) B cBeTe MHOrOCTOPOHHEr0 MOfIX0/1a ObLT pa3paboTaH aHaAIKU3 MOJIE3HOCTH, KOTOPBII
oueHuBaeT 15 nmnokaszateneil 3((EKTUBHOCTH, ONUCHIBAET TPAHCHOPTHYIO U
9KOHOMMUECKYIO0 3(P(PEKTUBHOCTh & TaK K€ BJIMSHUE HAa OOLLECTBO M OKPY KAIOLLYIO
cpeny. Kpome Toro, ObuiM cpiejlaHbl OLIEHKM 3KOHOMUYECKON 3((EeKTUBHOCTU
VMHBECTULMI, HEOOXOAMMBIX [UIsl JBYX BapuaHTOB cXxeM. PesysnbTaTbl OblIU
COIOCTABJICHbI C MEPEJOBON MPAKTUKONM aJIbTEPHATUBHOrO pas3BuTus. i 3Ton
nporenypsl ObUIM HCHOJIB30BAHBI HA0OP SMIUPUYECKHX METOJOB, B OCHOBHOM B
TPAHCIIOPTHOM HAyKe, COLMAIBHOM, YKOHOMUYECKOM U TOPOACKOIO ILIAHUPOBAHUS.
Pesynbrarsl ucciaenoBaHUM MOKA3bIBAKOT, YTO SKOHOMHUS BPEMEHH Ul IOE3J0K Ha
OOIIIECTBEHHOM TPAHCIIOPTE MOXET MPHUHECTH IO0JIb3Y, B YACTHOCTH, MOJIb30BATEISIM
OOIIIECTBEHHOTO TpaHCIIOpPTa M MECTHOM OSKOHOMMKH. biaromapsi cokpaiieHun
BPEMEHU MOE3[IKM, 3Ta Mepa IPEANoJIOracT 3HAUUTENIbHBI NEpPEXOfl OT YaCTHBIX
aBTOMOOWJIENl HAa MOE3[KM Ha OOLIECTBEHHOM TPAHCIOPTE, KOTOPbIA 00eCnevynuT
NOJIOXKUTEJIBHOE BIIMSIHUE HAa MECTHYIO OKPYKAlOLYIO CPefly U CXeM YNOTpeOJIeHUs
sHeprun. OoOwas oueHka BozfeicTBusi KIIII Ha XxapakTepucTUKU OOLIECTBEHHOrO
TpaHcnopra B KulllMHEBE MONOXKUTENbHAsA, XOTA OTYETHOCTb 10 AJILTEPHATUBHOMY
pasBututo, nokasano, yro KIIII moxeT ObITh TOJBKO NEPBBLIM IIArOM HAa MyTU K
XOpOLIOMY, CHpaBe/IMBOMY, [PUBIIEKATEIbHOMY U IPOYHOMY OOLIECTBEHHOMY
TPAHCIIOPTY.
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“A developed country is not a place where the poor have cars. It’s where the rich use
public transportation.”

Gustavo Petro
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1. Introduction

1.1 Mobility and development

Mobility and development: An ambivalent liaison

Mobility is a key aspect in the developing world. Following the definition of Peter
CERWENKA, mobility implicates flexibility and creativity (intellectual mobility), the
opportunity to change one’s own personality, life and social status (social mobility)
and the possibility to change locations easily, safe and comfortable (spatial mobility)
(CERWENKA 1999: 34 et seqq., HILDEBRANDT, DEUBEL & DIcK 2001: 6). In science
development is perceived in very different ways, from the economy-focused neoclas-
sical concept to a more critical perception of post-development (RAUCH 2009,
NOHLEN 2002, ScHOLZ 2004, Z1A1 2010). Likewise, the concept of mobility is a dou-
ble-edged sword. As a matter of course, an environment of high intellectual, social
and spatial mobility can have a high impact on society and the state, as it is strongly
connected to collective and individual empowerment, self-determination and partici-
pation (LEINBACH 2000: 11). This connection between the three forms of mobility and
economic development was indicated by LYKKE E. ANDERSEN for 18 Latin American
states (ANDERSEN 2001: 17). On the other hand, it is the way of life and the economic
style of the “developed” world, which constantly pushes the boundaries and thus ele-
vates mobility to a dogma. As it is with development, “The Limits to Growth”'
(MEADOWS, MEADOWS, RANDERS, BEHRENS III: 1972) are likewise not undeniable for
mobility (KNOFLACHER 2010: 7). The globalisation-driven competition for production
sites as well as the global movement of goods entails growing demands on spatial
mobility. Apart from reaching the limits of its capability, considering the world’s nat-
ural environment and resources (CHAPMAN 2007: 354 et seq.), the issues for spatial
mobility also cause operative pressure, quality problems and dubious business prac-
tices among suppliers (OBERHOFER & DIEPLINGER 2013).

The availability of spatial mobility seems crucial for economic development. Many
authors attest a significant impact to the availability of transport infrastructure on eco-
nomic indicators, most of all to the gross domestic product (GDP) (inter alia DE-
MURGER 2000: 115, SANCHES-ROBLES 1998: 106, CANNING et al. 1994: 306 et seqq.).
Whereas other authors’ statements are more cautious, including the consideration that
upon revision economic development might generate traffic and the need for transport
infrastructure (ESFAHANI & RAMIREZ 2003: 443, WANG 2002: 430). Referring to the
example of Eastern German states, it is obvious that the remarkable amount of subsi-

" A report by the Club of Rome
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dy for infrastructure development did not generate respective economic returns here
(BucHHOLZ 2007: 22) and that infrastructure upgrade and economic development are
not necessarily “siamese twins”. Irrespective of the causality direction between eco-
nomic activity and transport supply, it is yet obvious that for the Republic of Moldova
economic activity could not advance either without suitable mobility supply. Recent
economic growth rates with an average of 5% in GDP increase per year (The World
Bank 2014b) state that the yet deteriorated transport infrastructure (MIHAI 2007: 14)
will not be able to cope with a further increase in transport. Hence, transport supply
deficiencies pose a serious handicap for the location’s economic competitiveness. By
far the most economic activity is aggregated in the capital, together with commercial
sectors, which promise the highest revenues. Therefore it is especially the transport of
Chisinau, which plays a key role in the countries future economic prosperity.

The need for sustainable urban transport development

Cities are becoming the living space of the future. While 30% of the global population
lived in cities in 1950, it will be 60% by 2030 (UNUP 2013, KrRAAS 2007: 80). Espe-
cially emerging and developing economies show high rates of urbanisation, creating
large, complex and dynamic urban landscapes. Within the contemporary context of
growing ecological and resource-efficiency pressure, finding suitable solutions for
urban transit development becomes more and more challenging. Whilst transport de-
velopment has hitherto been focused on quantitative growth, qualitative progress and
creative ideas are needed in order to moderate the negative effect of high traffic vol-
umes, on inhabitants, urban ecology and not at least economy.

As many Eastern European cities, Chisinau suffers from an uncontrolled boost of mo-
torized traffic over the past decade, bringing private motorized transport (PrmT) infra-
structure to and beyond its limits. The most obvious result is a severely congested
traffic flow and a high level of pollution (MIHAI 2007: 14). The less obvious conse-
quences are, amongst many, a constantly growing health impact due to pollution in-
crease, a very high road accident risk and the loss of urban public space effecting
people’s communication and social life. In Chisinau public transport still has by far
the highest share in modal split (see 4.1.2.2), though it is mostly concerned with long
travel times running through notoriously delayed mixed traffic stretches. At the same
time this situation affects the weaker part of society, which is the predominant user
group of the public transport mode. The infrastructure for non-motorized individual
transport alternatives is very limited and the low quality bus service presents the only
mobility option so far.
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1.2 Technical context

1.2.1 Sustainable transport policy instruments

Today a set of advanced transport policy instruments is provided, e.g. from respective
development aid and international governmental and non-governmental co-operations,
to approach the problems of low system efficiency, high travel times, high emissions,
a poor road safety reality, space consumption through transport infrastructure, degra-
dation of urban space and poverty-driven mobility exclusion. The most common ap-
proaches used amongst others are promoted by several UN agencies, development
banks and international stakeholders as GIZ/SUTP, ITDP, TRL are:

Land use planning and Transport Demand Management (TDM): By influencing
the spatial structure as well as location and degree of separation of urban functions in
an urban environment, land use planning can contribute to a minimisation of kilome-
tres driven and a high public or non-motorized transport share. A mix of urban func-
tions and dense urban structures, save trips to work, shopping and leisure activities
and reduce the general demand for transport (PETERSON 2004: 3%).

Implementation of an efficient mass transit: Every transport system has its own
range of the best ecologic and economic performance. Passenger cars have their range
rather in rural areas where public transport supply is difficult, expensive and compara-
tively inefficient due to low load factors. Within urban areas however, public
transport load factors are potentially high, making motorized individual transport with
its small vehicle sizes and capacity inefficient. Therefore, public transport and mass
transit options present a crucial development instrument in urban areas, whereas au-
tomotive travel should not be understood as inherent. Amongst others, a mass transit
system might be Bus Rapid Transit (BRT), Light Rail Transit (LRT), metro or com-
muter rail transit (WRIGHT’ & FIELLSTROM 2005: 5).

Diversification and integration of transport systems: Individual transport offers to
some extend “door-to-door” connections. Especially mass transit options though im-
plicate a longer distance between the starting point of the trip and the point of mass
transit access. Likewise the last part of the trip from mass transit to the destination
point might be done by walking, cycling, using other public transport or even a pri-
vate car. Therefore a suitable public transport option should be available for each link,
integrated in an overall system. Amongst others, helpful measures can be co-ordinated
scheduling, tariff and ticketing co-operations, integrated passenger information sys-
tems, free bicycle carriage in PT and infrastructure for individual transport integration

2Ed. GTZ/GIZ
ITDP
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(park and ride, bike and ride). Even if a trip consists of many links a well intercon-
nected travel experience helps to reveal the best attractiveness of public transport
(ITDP 2007: 463).

Non-motorized transport: For urban transport, bicycling and walking are the most
efficient means of transportation. In most developing cities, average trip distances are
extremely short. Often over 60% of trips are under 3 kilometres long. These 60% can
be done without generating air pollution, greenhouse gases, whilst producing little
noise pollution. Furthermore cyclists and pedestrians are more efficient users of
scarce road (and urban) space than private motor vehicles, diminishing congestion
(Hook* 2003: 1).

Car free development: Today car-free measures are frequent and popular worldwide.
“Home zones” (car-free, traffic calmed or shared road spaces in residential areas), car-
free inner cities or historical centres and car-free shopping streets are only some of the
examples, which can be found (to a lesser extend) in developing, emerging and indus-
trial nations. It is the concept’s goal to save or regain urban space for social life,
communication, leisure time activities and culture; preserving the main idea of the
city: being the living space of its inhabitants. Car-free development can be done with
different intensity and as a graduated process, for example with traffic calming,
shared space, single car-free streets, car-free neighbourhoods or car-free cities. Per-
manent or temporary car-free measures can be introduced, such as a car-free day in
order to create awareness for liveable cities (WRIGHT 2005: 28).

(Even more car traffic)

— .
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Figure 1: The vicious circle of motorized transport
infrastructure promotion (Design: LEDWOCH following
PETERSEN 2004: 3).
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Resource saving development: In urban transport development resources can be
saved in a multiplicity of measures. Some have already been presented above: Land
use planning has the potential to avoid traffic, mass transit and motorized transport
alternatives can lead to a shift of trips towards sustainable transport mode. But also a
strategic focus of planners can save resources. Instead of solving transportation prob-
lems or balancing capacity shortages, investment in motorized transport infrastructure
— for instance — generally has a high risk to enter the vicious circle of spending even
more resources (Figure 1). The example shows the importance of decision-making in
order to leave the high path dependency of high resource consumption (PETERSEN
2004: 3).

Ensuring transport accessibility and equity: Equity refers to fairness with which
transport is supplied and accessible to everybody. Transportation planning decisions
can have significant impacts on equity and accessibility. Groups of different social
status often have a different access to transport supply in terms of availability, costs,
travel times and quality. The inhabitants of peripheral low-income neighbourhoods,
which are not adequately connected to public transport, are likely to be excluded from
any mobility option, if automotive transport cannot be afforded. Further more high
public transport fares contribute negatively to transport equity. Accessibility disprofits
are also likely to be experienced by persons with physical mobility problems, which
includes walking (suitable walkways, ramps and crossings) as well as public transport
(station and vehicle access and seating), and is caused through infrastructure deficien-
cies. Exclusion from transport also means exclusion from society, as well as personal
and professional evolvement. In order to ensure better transport equity, analysis and
concepts are unavoidable previous to transport projects (LITMAN® 2002: 50 et seqq.).

Road Safety Measures: Especially in the developing world rapid urbanisation and
(motor) traffic increase drastically impact road safety. With the high development dy-
namic road safety measures are often of secondary concern. At the same time user
awareness of the high risk environment is low. International transport policy advice
has come up with the safe system approach, which accepts human error as the main
accident reason. The approach aims to improve infrastructure safety (e.g. with the ap-
propriate layout and alignment of critical infrastructure elements) and regulation (e.g.
speed limits, drinking and driving and general traffic rule enforcement). Raising
awareness about these issues is the crucial aspect to reduce accidents. Furthermore the
approach has the goal to develop a comprehensive management structure in order to
implement road safety in a wider risk, economic an environment context (FLECHER®
2010: 4, OECD 2008).

SVTPI
¢ TRL
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Generally these instruments offer much prospects of positive change in the overall
urban transport structure. Applying the whole set of them or large parts of it sets a
course towards a contemporary and adequate urban environment with the high poten-
tial to create a fair, healthy and sustainable living space for its inhabitants (JONES
2012: 47).

1.2.2 Paving the way towards an efficient mass transit system

Right now in Chisinau none of the measures described above is effectively in place
(Municipiul Chisinau 2004). Planning is insufficient and there is no TDM. A basic
first step would be the implementation of an efficient mass transit system, which can
be followed by the establishment of other (non-motorized) transport alternatives and
their integration into a holistic transport system (JONES 2012: 41).

It is the main idea of this study to analyse a concept with practical interest, feasible
for the city, considering the current financial situation. The approach focuses on the
enhancement of existing potentials with minimal inputs, following the idea of using
what already works and improving it to its best advantage. In Chisinau public
transport is conducted with buses of different types. An analysis of public transport
service (chapter 4.1.2.2) has made it clear, that every system suffers from perfor-
mance deficiencies, and thus the overall system performance is far from the character-
istics of an efficient mass transit system. Due to the limited financial transport devel-
opment capabilities of the City of Chisinau, this study aims to examine a pre-option of
mass transit implementation, which is the simple measure of Combined Priority Lanes
(CPL) for all buses in regular service (chapter 4.2).

The CPL measure is not expected to improve the overall performance of Chisinau bus
transit to an extent, where it could comply with the performance demands of a mass
transit system servicing efficiently a city the size of 660.000 inhabitants (DGS 2013:
11). Conceptually it is close to a BRT system, so if further performance improvement
should be necessary, it can easily be extended (chapter 4.2.1).

1.3 Regional context

The Republic of Moldova

Moldova is a small landlocked country in South Eastern Europe located between Ru-
mania and the Ukraine. Historically the lands have been the contact zone between
Balkan, Central European, Eurasian and Ottoman cultures. Due to the rich and fertile
soils of the Dnepr Basin and the Eastern European Plain field traditionally cropping,
horticulture and vineyards has been the main source of sustenance. Being part of the
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Soviet Union (USSR) therefore the Soviet Socialist Republic of Moldova had a cen-
tral role in agricultural production, making the country one of the wealthiest soviet
republics. After independence 1991 the country became the Republic of Moldova.
Since then it is struggling with a weak and lowly industrialized or technologized
economy. Today Moldova is Europe’s least developed country also having the least
GDP per capita (UNEP 2014, The World Bank 2014a). Though during the last years
economy performed strong, supported by improved political economy and fiscal man-
agement, however the country’s economic development is still volatile. Agricultural
products accounted for closely the half of the increase in 2013 (The World Bank
2014b) leaving the small and open economy vulnerable to global economic conditions
and dependencies.

The context of transformation

With the collapse of the socialist system 1991, a political and economical transfor-
mation process begun with the phases of decline, transition, structuring and consolida-
tion phases (MERKEL 2007: 420 et seqq.). While in Central Europe most countries be-
came functioning market economies, progress in Eastern countries has been uneven,
leaving countries stuck in transition with poverty and income inequality much greater
than during socialism (TSENKOVA & NEDOVIC-BUDIC: 21). Especially the Republic of
Moldova with the historical function being a food supplier within the USSR could not
yet disengage from its dependence on exporting lowly processed agricultural goods
and food products (LERMAN 2001: 99). Chisinau furthermore is exemplary for a post-
socialist city that has not yet accomplished urban transformation, since also urban
transition processes are delayed by a sluggish economic development. Urban trans-
formation goes hand in hand with the transformation of transport structure, which is
also well behind the development of other (South) Eastern European cities (TSENKO-
VA & NEDOVIC-BUDIC 2007: 354).

Why Chisinau?

The settlement structure of Chisinau at the moment shows a strong trend towards sub-
urbanisation and reallocation of urban functions, which generates a growing number
of undesired effects (not only) in terms of transport structure and demand (chapter
4.1). Urban transformation is the main driver of this process, but it is not completed
yet, like in most other post-socialist cities (TSENKOVA & NEDOVIC-BUDIC: 21). As-
suming the model of urban transformation (SAILER-FLIEGE 1998: 9) being also signif-
icant for Chisinau further development in the city is highly predictable. Thus a good
opportunity for a field study on a (initial) sustainable transport development idea. An-
other process happening right now is the growing amount of motorized private cars,
affecting the city’s future transport structure and quality. The result of letting both
processes continue can be seen for example in Bucharest, which yet experienced its
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traffic collapse (EMI 2012: 18). Therefore the examination area of Chisinau offers the
chance to prevent a problematic development of the “functional city” as experienced
in the Western world since the Athens Charter (LE CORBUSIER & GRAUDOU 1941).
Not at least it is the purpose of this study to present first ideas, how to leapfrog’ the
step of an automotive, resource consuming and hostile urban development in Chis-
inau. The solution lies in the application of methods, which yet have worked for other
places — as a matter of course after learning the bitter lesson of automotive cities
(KNOFLACHER 2009: 91 et seqq.).

’ Leapfrogging refers to a societal development processes, leaving out unfavourable development steps. It is con-
nected to the idea, that (economic) resources of non-sustainable fossil technologies can be saved and directly in-
vested in a sustainable development path, instead of tying and/or wasting them in a soon antiquated infrastructure.
Leapfrogging is the counterpart of catch-up development, understanding development as the transition to sustaina-
bility (DALKMANN et al. 2004: 19).
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2. Scope and structure of the study

2.1 Research objective and delimitation

The main research objective is the examination and evaluation of the projected im-
plementation effects of exclusive Combined Priority Lanes (CPL) for the use of all
scheduled public transport vehicles (trolleybuses, conventional diesel buses and mini-
buses) in the City of Chisinau. Therefore a thought model consisting of two different
CPL bus route and layout options will be established. The performance of the two
CPL options, the planned state 1 (PS1) and planned state 2 (PS2) will be compared to
the current state of Chisinau’s performance of public transport. In this context, per-
formance of public transport is generally understood as a function of capacity, short
travel time, reliability, the overall attractiveness and transport experience. Investments
in infrastructure of the CPL measure, as well as a changing transport supply due to
performance setbacks/improvements, influence a broad spectrum of aspects. There-
fore, 15 indicators for the evaluation were chosen from the fields of transport efficien-
cy, economy, society and environment to analyse in a multilayer assessment.

In addition to the core research objective, the impact results of CPL were bench-
marked with performance effects of best practice examples in the discussion part. Fur-
thermore feasibilities for all the options were assessed and compared and put into the
actual economical and political context of Chisinau, also bringing up advice for a
general development option for Chisinau. Please note that these topics stand outside
the research objective. It is not intended to examine these issues to the point of highest
accuracy, but to use their input for a multisided discussion and provide inspiration for
further ideas.

2.2 Structure

This study follows the basic structure of a scientific expert’s report, as amongst others
common in Germany to clarify a certain sate of facts. With the aim not to omit im-
portant details it is kept as compact as possible. The distinction between a scientific
expert’s report and one from practice lies in the extensive explanation of the method-
ology and the discussion part at the end of the document.

As Figure 2 illustrates, in this study the process of gaining knowledge takes course in
a set-up part, the procedure, an analysis and assessment part, and the final discussion.
In the first part the thought experiment of the projected CPL implementation is set-up.
It includes the determination and description of the examination area, the thematic
set-up of the research object CPL, as well as the two comparison cases (PS1 and PS2),
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and includes information on the condition of the current state. In the procedure part all
relevant information concerning the three comparison cases is gathered and calculat-
ed, so the results can be analysed and assessed in the following part. The results are
finally interpreted in the discussion part, with best practice benchmarking also consid-
ering factors from outside the thought experiment.

Examination area

l

Thought experiment: E
2,
o
Set-up: Comparison cases = ©
©
1]
l il :
l Conditions &
- |
o
o Procedure: Data collection
o l Calculation
u ‘
(] i ,
2 Analysis and Rating i
assessment: Ml 2
b Comparison 3
° il :
= Results 5
A @©
S Discussion: o

Interpretation

T

Benchmarking
Best practice

Figure 2: The structure of the study (Design: LEDWOCH).

Being in a feedback relation, methodology influences different steps of knowledge
acquisition. First of all, the examination area highly affects the methodology, as cir-
cumstances of developing countries are expected to require a different set of methods
(especially those of data collection and evaluation) than emerging economies or in-
dustrial nations. The setup process is yet determined by a clear methodology, though
influences through the development of the comparison cases’ characteristics further
methodology implications for the consecutive steps. For the procedure as well as the
analysis and assessment step methodologies are pre-set by the examination area char-

acteristic depended data types.

Therefore, these steps are influenced by the overall methodology of infrastructure in-
vestment assessment; on the other hand feedbacks on concrete data collection and
evaluation techniques come out of the process. In the discussion part results are inter-

10
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preted respecting advantages and disadvantages, as well as quality and significance of
data collection and evaluation methods. At this point a methodological feedback is
given and the interpretation takes place under the awareness of eventual process defi-
ciencies. A methodology correction loop would postulate different data collection re-
spectively data quality, which was already considered in the beginning of the process

and faces no alternative under the given circumstances.

11
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3. Methodology

The main research goal of this study is the assessment of impact differences between
three distinct settings — two planned states and the current state — suggesting a stand-
ard quantitative approach, as the Standardized Evaluation Framework for Infrastruc-
ture Investments in Public Transport (Intraplan 2006). However, this choice needs
adaptation as it is further determined by two pre-conditions:

1. The difficult research environment (unavailable or deficient quantitative data) of a
developing country with a special post-soviet information culture.

2. The study’s demand of a multilayer assessment, focusing not only on technical as-
pects of transport and economical efficiency, but also on society and environmental
impacts.

Quantitative data, that is primarily numerically represented abstract data, allows inter-
pretation only if the data user is aware of the data’s origin and background (WITT
2001: 3). As it favours exploration, a qualitative approach offers an alternative access
possibility to fields with missing or unreliable statistic data (LAMNEK 2005: 90). Fur-
thermore, some topics hardly offer qualitative interpretation possibilities, e.g. the im-
pact of transport infrastructure decisions on urban structure (LOHSE & SCHNABEL
2011: 547). Therefore a combined qualitative and quantitative methodology approach
was chosen. It uses a set of empiric methodologies from transport, social, geo, and
environmental sciences for data collection and calculation, the selection of the evalua-
tion subject (indicators), analysis, and interpretation. A helpful guide through meth-
odology setup was the EC and CIVITAS supported practitioners’ guidebook for urban
mobility evaluation “Evaluation matters” (DZIEKAN et al. 2013).

3.1 Qualitative data collection techniques

3.1.1 Primary data

Expert interviews

For the collection of qualitative data one interview was held in December 2013. Addi-
tionally interviews from April 2009, conducted for an extensive student research
work, the author carried out earlier (LEDWOCH, S. (2009): “Traffic structure analysis
of the City of Chisinau/Moldova”, at the Institute for Railway and Transport Engi-
neering (IEV), University of Stuttgart). All interviews were a half-structured guideline
interviews. It was structured through a list of questions, in order to assure no question

12
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has been missed out. The questionnaire featured open answer possibilities (DZIEKAN
2013: 36).

The director of the Chisinau trolleybus operator RETC as well as the main coordina-
tor of public transport of the City of Chisinau were selected as experts due to their
role and engagement in Chisinau public transport. The expert from city administra-
tion preferred though to answer the questions written. Therefore only one qualitative
expert interview was conducted. Furthermore eight minibus drivers were interviewed
to gather information on operation and travel times. As experts are assumed so due to
their function (LAMNEK 2010: 656), minibus drivers were considered experts of the
route’s and operation characteristics, which they work on.

The qualitative interview of this study features a guideline questionnaire with themat-
ic questions. For interviews with minibus drivers the same questionnaire was used for
all minibus routes. The interviews were held in Romanian in presence of a translator.
Due to this multilingualism, audio recordings (as suggested by KUCKRATZ 2010: 38)
turned out to be rather confusing. The technique of immediate transcription using a
notebook was chosen instead. For this reason transcripts have no continuous timeline.
Furthermore they feature a dense content, without the transcription of pauses or filler
words. Transcripts and information on the interviews can be found in Annex I.

Map analysis

Map analysis is a useful technique to collect primary information. In contrast to re-
mote sensing this technique is not of quantitative, but of qualitative kind (BORSDORF
2007: 128). Map analysis was used in combination with other method for the explora-
tion of an areas functional structure and living function supply. The map material used
was Open Street Map (OSM), a collaborative free editable world map. For the City of
Chisinau OSM offered the best data and information density, compared to other print
and online map material.

3.1.2 Secondary data

Literature review

A comprehensive literature review was conducted to all relevant topics. German, Eng-
lish, Romanian and to some extend French and Russian language literature was
screened. For the concern of primary literature, especially Romanian and Russian lan-
guage literature was of interest. Most of the titles were professionally translated into
English, using a Moldovan translation agency; fragments using the web translation
tool Google Translate (Google Inc.). Secondary literature was basically of German or

13
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English language. The literature review was conducted and archived using the open-
source Zotero reference management software.

3.2 Quantitative data collection techniques

3.2.1 Primary data

Standardized survey

In order to gain mode shift from PrmT to PT and induced PT traffic data of the pro-
jected CPL, the methodology of a standardized survey was chosen. For representative
results a sample size of 515 interviewees was chosen. Five local assistants held the
interviews face-to-face. To cover different user behaviour groups, neighbourhoods
with distinct social structures were chosen.

Each interviewee was asked the same questions in a standardized manner, without
alternative filter guidance or questionnaire splits. Answer possibilities were numeric
values or predefined using a code scheme, and were directly noted into a (physical)
data collection sheet. Since the target group were car users, the questionnaire (Annex
I.III) contained one general question verification question of this aim (Q1) and fur-
thermore two questions on mode shift (Q2.1 and Q2.2) and two questions on induced
traffic (Q3.1 and Q3.2).

For final data collection the physical sheet was digitalised in MS Excel to permit
summarization and further comparison and analysis.

Calculation

For the investigation of travel time differences (TTD) of the three comparison cases
the method of calculation was used. TTD are one of the most important information to
assess traffic impacts and evaluate efficiency gains of a certain planning action (AH-
MED & VAIDYA 2004: 1). For an examination area in a developing country data com-
plexity needed for TTD calculation is high, considering different service types (rush
hour, off-peak and late services). Therefore a variety of data sources and collection
methods were used, which are explained accompanying the calculation procedure.
Furthermore the whole TTD calculation process covers several pages within this
work. The main TTD calculation method was the four-step approach, often used in
traffic forecast (LOHSE & SCHNABEL 2011: 211). The four-step approach also is the
main algorithm behind macroscopic traffic demand models (cp. for example VISUM
of PTV/Germany)and also the most common approach for decision-making in

14
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transport planning (PTV 2013).In this sense the results have the best structure for in-
ternational comparison. The four steps include (MCNALLY 2008: 38et seqq.).

An overview of the four-step approach with 1. Trip generation, 2. Trip distribution, 3.
Mode choice and 4. Route choice together with procedure, the necessary input and
gained data is given by Figure 3.

Four step approach
(inter alia McNALLy 2008)

TRIP GENERATION

criterion: demographics

{

TRIP DISTRIBUTION

criterion: gravity

|

MODE CHOICE

Procedure
(inter alia FriepricH 2013)

- Defining research area

- Analysis of functional seperation
- Division in traffic zones

- Analysis of inhabitant figuers

Attraction of living function:
Analysis of location and magnitude
- work

- education

- supply

Scope is exclusively public

transport, all input data available to
skip this step

criterion: modal split

{

ROUTE CHOICE

criterion: travel times

Just the shortest connection in
terms of travel times is being
considered

Travel
time
calculation

OP: Timetables and schedules
PH and LS: Estimation from
interview & calculation

1. Measuring: Free flow network travel times
2. Calculation: 3 steps (LS, OP, PH) congested
network travel times (CR-function)

CS PS1 PS2

Figure 3: Overview of the four-step approach (Design LEDWOCH).

To specify and segregate areas of traffic exchange, the examination area was divided
in traffic zones. Commercial transport planning models would feature from 50 up to
1.000 zones for the city of the size of Chisinau, depending on the targeted level of ex-
actness (e.g. the Frankfurt/Main metropolitan area traffic demand model features 800
zones (UFRRM 1999) or Freiburg/Breisgau with 61 zones (VWI 2010: 20). The cal-
culation is being used for estimation with the requirement to be “just” significant
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enough to set the comparison cases in relation to each other partition in six zones
should be enough to represent all the basic traffic flows within city districts. As a mat-
ter of course results used for operational planning would require more exact values.
As the number of daily journeys and drip distance are pre-set, zone internal trips are
notwithstanding respected in the calculation (LOHSE & SCHNABEL 2011: 276).

For journey distribution it is assumed, that life function of each individual (work,
supply, education, leisure and communication) is not possible without change of loca-
tion (MCNALLY 2008: 49). The information on those movements can be deduced from
life function variables, which describe the level of attraction (of traffic) of each zone
(LOHSE & SCHNABEL 2011: 260). Reflecting the overall problematic data availability
situation of a developing country, statistic data describing the living function on traf-
fic zone level is few or of poor quality. For this reason a qualitative approach has been
chosen for this part, using the insufficient statistical quality data well considered and
carefully for basic orientation, though complementing the information situation with
qualitative interview and map analysis inputs.

Mainly structure and separation of urban functions was used as an alternative indica-
tor for the determination of trip generation (FRIEDWANGER et al. 2005: 386 et seqq.).
To follow the same logic as above, classical areas of traffic production are residential
areas; whereas classical areas for traffic attraction are places of work or education,
sales areas and cultural and leisure facilities. For example in a Western European city
0,695 journeys per day of employees are made to work, whereas 0,422 journeys per
day of all residents are made for supply and 0,226 journeys per day for the reason of
leisure (FRIEDRICH 2013: 84). (Examples figures for a less developed country in South
Eastern or Eastern Europe could not be found.) Volume and length of those journeys
will be lower for urban areas with a rather mixed use, as work and supply might be
closer to the area of living, whereas high separation of urban function will force ex-
changes towards the location of work and supply (WURDEMANN 1999: 203, JESSEN et.
al. 1997: 55). In other words, within a functional segregated urban environment the
location of attraction points gives evidence on trip distribution, if the areas of produc-
tion are known.

The results of the combined statistic analysis and qualitative investigation were orga-
nized and presented in a table containing an attraction description of each traffic zone.
The attraction ratio was rated using the procedure advice of DZIEKAN et al. (2013: 55)
with marks from O (no attraction), 1 (very little attraction), 2 (some attraction), 3
(quite attractive) to 4 (very attractive). For the rating tables see Annex L.II. The results
were then converted to attractiveness coefficients and used in the journey distribution
calculation.
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The step of the “mode choice” does not apply, since the calculation is framed exclu-
sively within public transport. The differentiation between different PT systems is fur-
ther unnecessary, since all respected travel times are those of the fastest relation re-
gardless of the PT system. For the research object it is moreover assumed that all ve-
hicle types have the same travel times, which are those of the slowest service vehicle
(see chapter 4.2.3).

For the final TTD difference calculation of the CS comparison case actual travel time
data was used from December 2013, with few older inputs from 2012. The data was
collected from operation schedules of trolleybuses (RTEC 2013), timetables from bus
stops and the — by the time of research only and privately operated — information web
site terra.md (TEPPUTOPHUA MOJIJHETA 2013a, 2013b and 2013c). Also inter-
views with transport coordinators and operators and minibus drivers (Annex L.II) were
held in this respect. For the determination of the planned states (PS1 and PS2) travel
times travel times have been measured (see following chapter). Those times would
only apply in an empty theoretical network with no other vehicles delaying the cruise
of the only vehicle. For values that tend to be close to realistic travel times were re-
calculated using a capacity restraint (CR) function (FRIEDRICH 2013: 107). The func-
tion simulates travel times within a CPL network with a continuously growing num-
ber of other circulating CPL vehicles. In the following step the final differences be-
tween the travel times of the three comparison cases were calculated in hours per
year.

Measuring

Measuring was used as a method of travel time determination for the two hypothetical
comparison cases PS1 and PS2.As attempts to gain travel time data through modelling
failed due to bad quality of input data, it seemed a promising approach to measure
travel times for an empty network under laboratory conditions. The empty network
assumes the possibility of a free run for the imagined transport vehicle.

Experiment setup: The measuring was carried out with a testing vehicle, a passenger
car (VW Golf Mk6, model 1.4, Figure 30, Annex II.I) under exclusion of as many ex-
ternal influences as possible:

- No influences of other traffic (measuring was carried out at night time, be-
tween 2:00 and 4:30 h with no other vehicles circulating) simulating an empty
network

- No influence of traffic regulation (no traffic control signals operating), simu-
lating CPL priority in traffic hierarchy

Measuring conditions were furthermore simulating travel characteristics of an average
transport vehicle (trolleybus, conventional bus and minibus):
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Choice of exactly the same routes as projected CPL

Stop at each bus stop along the model route

A waiting time of 30 sec® at each bus stop simulating passenger exchange
(ENGELMANN, HAAG & PISCHNER 2001: 10)

Waiting time of 30 sec® at intersections with two primary roads, simulating the
average delay effect of passive signal priority. 30 sec at times of low demand®
is well calculated (LEHNHOF & JANSSEN 2008: 5).

An additional hold of 1 min® on Str. Ciuflea / Bul. Constantin Negruzzi as well
as Bul. Stefan cel Mare / Str. Ismail and Bul. Stefan cel Mare / Str. Pushkin in-
tersections in order to recognize critical bottlenecks (MIHAI 2004: 12).

Slow braking and acceleration of the measuring vehicle in order to simulate
the slower average braking and acceleration rates of the average PT vehicle
using CPL

Maximum driving speed of 50 km/h.

The result data as well as the scheme of measuring points can be found in Annex IIL.I.

3.2.2 Secondary data

Statistics

Since mostly unavailable for the purposes of this study, statistics played no key role

for the overall data collection. Statistics contributed mainly with very basic infor-

mation (e.g. inhabitant figures) with little potential to further exploit the information.

However — if available — time tables were considered as an important aspect of statis-

tical investigation, which was used for travel time calculation and comparison.

3.3 Input data collection overview

Table 1 shows the respective data collection technique for each field. The list contains

all the basic input data of the study’s procedure.

¥ Note that all holding times will be increased through capacity restraint calculation, depending on net-
work congestion.
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Table 1: Overview of data types and collection methodologies.

Data Literature in(tgeli‘ilil::'w int%;ljiléw Pr(ilra?tzry (Slztca. anlfl;lgis
Urban structure v v
Inhabitant figures v

Supply v v
Workplace v/ 4
Educational supply v

Transport structure v v

Mode share v

Transport operations v v v
Travel times v v

Mode shift v

Induced traffic v

VTTS for Moldova v v

CPL Investmt. costs v

CPL Operating costs v

3.4 Evaluation procedure

3.4.1 Evaluation methods

Not only in Germany — where it is a legal requirement and used in the federal traffic
route plan (BMVBW 2003: 13, BIMV 2013) — the cost-benefit analysis (CBA) plays
a main role for infrastructure decisions in transportation planning. Conducting a CBA,
the costs of infrastructure projects are put in contrast to the monetarized benefit. A
CBA for public transport projects does usually not solely consider direct economic
impacts, but also impacts on national economy and society (SCHNABEL & LOHSE
2011: 569; SCHEINER 2009: 2). With the special characteristics of this study investi-
gating in developing country conditions a number of indicators cannot be described
quantitatively. In order to conduct a CBA it would be necessary not only have the in-
dicators available but also monetarize them. For assessments in Germany this is done
as standard procedure, though being usually contact point for criticism (MARTE 2012:
17 et seq.). For Moldova none of the required monetarized values could be found. It
further does not seem to be conductive to the study’s accuracy to determine these val-
ues within the limited extend of this study. The only exception is the value of travel
time savings, since it is a key indicator. It is hardly comparable with the value of
“hours per year” and so it had been monetarized in chapter 5.3.

The utility analysis (UA) avoids the basic problem of monetarization and uses a point
system to rate the indicators and put them into relation. Finally the results can be
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compared to the costs of the particular measure. This approach is very common
among economic cost calculation, within the context referred as “scoring model”
(MINTER 2013). It had to be determined the best instrument for the following analysis.
Comparing the overall results with other projects/cities, is a serious problem due to
the ordinal UA results. Even the approach would be hardly replicable for different ex-
amination areas. Therefore the technique unfortunately just permits the comparison
between the planned states and the current state within this particular setting (SCHNA-
BEL & LOHSE 2011: 554). A further problem is the impact of subjective judgement.
Choice of variables as well as the priorities expressed through weighting conflict an
objective comparison. This problem concerns both evaluation methods, the UA and
the CBA. But still this point does not necessarily has to be negative, as the disclosure
of the subjectivity (chapter 7.1.2) can be the main driver of the discussion (SCHEINER
2003: 6 et seq.).

Furthermore the technique of benchmarking was used in the discussion part of this
study. It is different from the more evaluative methods above, being focused exclu-
sively on the comparison object and on its change of performance in a timeline.
Benchmarking, however, has a focus on possible alternatives of action, encompassing
the key elements of performance measurement. The key themes include performance
measurement, comparison, considering a best practices level (IBRD & The World
Bank 2011: 4). It will be used to compare the UA evaluation results to an overall
frame of development options, discussing the advantages of the research object
amongst other alternatives of action.

3.4.2 Conservative assumption estimation

For each statement or estimation in the evaluation process the technique of conserva-
tive assumption is being used. Compared to the worst-case scenario it does not con-
sider failure in the sense of Murphy’s law (“Anything that can go possibly wrong,
does.” (SACK 1952: 529) as a basis for all assessment. On the other hand it does nei-
ther assume an average distribution, which might just occur over a long perspective —
due to probability. Making a conservative assumption presumes, if there is more than
one possible outcome, the choice of the less favourable case. With the application of
this method all statements and assumption do contain a certitude reserve within the
procedure of this study. At the same time this implies that results might have an even
higher beneficial impact, but not a worse one.

3.4.3 Indicator selection

To determine evaluation indicators for Chisinau on the one hand standard planning
and evaluation regulatory guidance common in Germany was used, as far as it would
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fit to the special circumstances in Chisinau. On the other hand international and more
dynamic evaluation methods were screened. A main source was the Standardized
Evaluation Framework for Infrastructure Investments in Public Transport (German:
“Standardisierte Bewertung von Verkehrswegeinvestitionen des offentlichen Perso-
nennahverkehrs”) (Intraplan 2006). In Germany this standardized benefit-cost-
analysis scheme is mandatory to conduct for all state-financed infrastructure invest-
ments of over EUR 25M (Deutscher Bundestag 1996). It offers a set of indicators
usually being monetarized for comparison (LOHSE & SCHNABEL 2011: 586 et seqq.).
Furthermore Todd LITMAN’s (2013) work “Well measured — Developing Indicators
for Sustainable and Liveable Transport Planning” was found markedly helpful, as
well as the “Lyon indicators” (NICOLAS, POCHET & POIMBOEUF 2003), a collection of
sustainable transport indicators with special focus on user-perspective, social and en-
vironmental aspects, developed and advanced by the City of Lyon/France from 1996
until today on.

Allowing a choice of the below listed 15 indicators, reflecting the fact, that decisions
in transport do not exclusively influence traffic performance and systematic indica-
tors, but also impact transit users as well as the whole society, the national economy,
resources and their consumption and the environment.

Table 2: Indicators and indicator categories for comparison case evaluation.

Category Indicator

Shift to more sustainable modes
Transport i
Induced traffic

Service frequency increase
Reliability improvements

User .
Travel safety and passenger services

Amenity and travel comfort

Value of travel time savings
Economical .
Costs for accidents

Accessibility improvements
Social Costs for community

Benefit for third parties

Reduction of local emissions
Environmental Energy consumption benefits

Effect on urban space consumption

(Source: Intraplan 2006, LITMAN 2013, NICOLAS, POCHET & POIMBOEUF 2003)
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In an ideal case indicators do not cut across the assessment categories, in order to
avoid weighting distortions (SCHEINER 2003: 6). Though some of the chosen indica-
tors interfere with other indicators. E.g. “Energy consumption benefits” and “Reduc-
tion of local emissions” mainly depend on the indicator “Modal shift”. This dilemma
cannot be solved, as mode shift from PrmT to PT is highly interactive with energy
consumption and emission quantities. Using mode shift as a “hidden reason” would
not be possible since it has high intrinsic value expressing impacts on the transport
system beyond environmental impacts. The indicator “value of travel time savings”
on the other hand depends directly on the indicator “travel time savings”. As both de-
scribe different impacts — the one the monetary impact on economy, the other
transport user supply benefits — this is no case of double weighting (ibid.).

3.4.4 Indicator weighting

The weighting was conducted according to the advice of LOHSE & SCHNABEL (2011:
554) and is displayed in Table 3. In order to check coherency of the weighting a sensi-
tivity analysis was conducted within the step of methodology critique (chapter 7.1).

For the weighting at first the categories were divided. Transport systematic and per-
formance indicators should have the strongest influence on the results together with
impacts on the transport user. Together these two categories form 50% of the result
significance. The other half is divided into the categories economy, society and envi-
ronment, at which “economy” weights slightly more than “society” and “environ-

ment”.
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Table 3: Categorized and weighted.

Category \S:ltgﬁg;}; Indicator 32?;3::;
Shift to more sustainable modes 40%
Transport 25% Transport capacity 40%
Induced traffic 20%
Service frequency increase 40%
User 250 Reliability improvements 30%
Travel safety and passenger services 20%
Amenity and travel comfort 10%
Value of travel time savings 80%
Economical 20%
Costs for accidents 20%
Accessibility improvements 50%
Social 15% Costs for community 45%
Benefit for third parties 5%
Reduction of local emissions 40%
Environmental 15% Energy consumption benefits 30%
Effect on urban space consumption 30%
Total 100 %

For the indicators a sub-level weighting was conducted forming in total 100% of the
category weighting. Within the transport systematic and performance category a high
impact has mode shift from motorized transport, since it is the main reason for
transport improvement out of a sustainability promotion perspective. Transport capac-
ity has further a high impact, describing to large parts the overall system performance.
A lower impact have induced trips in the partly electric public transport system, since
their negative impact is clearly lower compared to the other two indicators’ benefit.

The user category is weighted with a quite comprehensible hierarchy. Service fre-
quency increase as the most important improvement, followed (in descending order of
rating influence) by reliability improvements, travel safety and passenger service im-

provements, as well as amenities and travel comfort.

The economical category usually has a far higher impact on results than 20%. In high-
ly developed countries travel time savings alone account for as much as 80% of the
overall benefits (AHMED & VAIDYA 2004: 5), whereas in developing countries they are
lower or generally ignored in transport project appraisals, notwithstanding the im-
portance. One of the reasons is the lower value of travel time itself. With even lower
development levels, it becomes a marginal factor to the calculation (ibid.). Another
reason is the lack of sufficient empirical evidence to support the conventional models
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for valuing travel time where work patterns, particularly of the poor, are diverse, mak-
ing it difficult to distinguish between work and non-work activities (ibid.). Travel
time savings are respected with a weight of 80% in the assessment, whereby the over-
all focus is not put on economic impacts of the transport measure. Road safety as-
pects, also affecting the national economy, are considered to have a comparably lower
impact (20%).

The environmental indicators are weighted quite evenly. Reduction of local emissions
and energy consumption though form a systematic unity, since both derive from the
same influences. Consumption of urban space is a generally important issue with
transport infrastructure investments and is weighted 30%.
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4. Set-up

As explained in chapter 2 the study follows the basic structure of a scientific expert’s
report analysing a thought experiment. For the modelling of the experiment simplifi-
cations were assumed. First of all the model’s extend was limited in reference to two
concerns: A spatial limitation, determining a fixed examination area and influencing
factors and processes within this area (chapter 4.1). In chapter 4.2 the research object
is defined, limiting scope and complexity of the system. This step involves omitting
irrelevant object details.

4.1 Examination area

4.1.1 Examination area boundaries

The examination area covers the Chisinau urban area and two of its closest suburbs.
Considering the city’s administrative division this are the city sectors Botanica, Bui-
ucani, Centru and Ciocana together with its southern suburbs Schinoasa and Codru
(see figure 4) The area includes the relevant service and catchment area of the pro-
jected CPL network (for details see planned states chapters 4.3.1 and 4.3.2) and all
relevant urban areas contributing to the city’s domestic traffic. Due to Chisinau urban
structure and the research object set-up, terminating and transiting traffic are not con-
sidered for the evaluation of CPL, as it impacts inner-urban transit to the highest ex-
tend. The examination area in populated by 657.300 inhabitants (Annex IIL.I).
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4.1.2 Characteristics of the examination area

4.1.2.1 Chisinau urban structure

Buiucani

Schonoassa

. Residencial, predominately
- Inner city - large housing estates
Residencial, pred. multi-family
appartment houses

Inner-urban green space Residencial, pred. single-familiy
detached houses

Industrial site

Figure 4: Examination area and separation of urban functions
(Design: Ledwoch).

The urban structure of Chisinau is characterized by a high level of separation of urban
functions. As seen in Figure 4 it is divided into a central business district (CBD), dif-
ferent types of residential function areas and an area function of predominantly indus-
trial function.

The CBD is located in the inner city and roughly equivalent with the sector Centru.
With the availability of goods for all demand types (daily, episodic and luxury) as
well as a broad spectrum of western retail chains, it offers supply for the city and the
hinterlands (Primaria Municipiululi Chisinau 2004: 46). Likewise diverse and special-
ized services of the tertiary and quarterly business sector are offered here. Most finan-
cial and trading enterprises operating in Moldova can be found here (OSM 2014) as
well as educational institutions, including the University of Moldova and the Moldo-
van Academy of Science (UM 2014). Furthermore Centru headquarters many political
and administrative institutions oft he Republic of Moldova, including the government
house and parliament (OSM 2014). Cultural institutions of national prominence, as
the national philharmonics and theatre highlight the district’s centrality far beyond the
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City of Chisinau (ibid.). Residential function is mostly limited to high-quality and

high-price dwellings nowadays (Primaria Municipiululi Chisinau 2013e).

Figure 5: Large housing estates in Botanica.
(Source: Geoview).
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Figure 6 : Urban multi-family dwellings
(Source: FUG)

Figure 7: Beginning residential suburbanisa-
tion in the Chisinau surroundings (Source:
LEDWOCH).

For urban areas with residential function,
there are three types: Large housing es-
tates are located as satellites at the city’s
edges (Figure 5). The ground plan of the
populous neighbourhoods is character-
ized by block arrangement of large hous-
ing estates constructed in concrete and
large panel construction typology. Usual-
ly they are aligned alongside a magistral
connecting to the city’s centre, with
small access roads intersecting. Histori-
cally the satellites have been functionally
independent subdivisions, nowadays of-
fering a declining number of living func-
tions. Between the large housing estate
the multi-family dwelling neighbour-
hoods are located (Figure 6). As Centru
could be accessed by walking, their sup-
ply always depended on the daily mar-
kets and shopping possibilities of the
centre. Few suburban single-family de-
tached-houses (Figure 7) residential areas
can be identified near the city borders.
They are of different genetic types. For-
mer independent villages like Codru and
Schinoasa nowadays experiencing mod-
erate residential suburbanisation. On the
other hand large areas as the southern
part of Buiucani experience extensive
waves of residential suburbanisation
(OSM 2014). The socialist city — even
though urban functions were highly seg-
regated in high-density residential areas —
had an unintended structure of decentral-
ized concentration. This reduces travel
necessity  and reduces
transport demand (SAILER-FLIEGE 1998:
9 et seq.).

potentially
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The cities and villages in the outer conurbation area of Chisinau were no suburbs or
commuter towns, but separate units offering job, supply and education. This interac-
tion of living and supply could also be seen in the inner city. As the counterpart to the
western consumer and business orientated CBD the city centre was a place of culture
and living. For its inhabitants, a neighbourhood of short distances. Even the large
housing estates offered an independent structure of supply, saving today’s trips to ei-
ther the mall or the city centre. (BOHN 2009: 156, STANILOV 2007: 414). After the So-
viet Union’s (USSR) collapse land price became the main structuring principle of ur-
ban transformation, fostering suburbanisation of the residential function, retail and
commerce and services (TSENKOvA, NEDovVIC-BubpiC 2007: 354, PICHLER-
MiLANOVIC, GURTY-KORYCKA & RINK 2007: 104). As Figure 8 shows in schematic
way this process of suburbanisation has not yet terminated in Chisinau. Residential
suburbanisation is advancing, though suburbanisation of retailers is yet just punctual
(OSM 2014). Beyond suburbanisation, also the functional change of the inner city and
declining supply options within the large housing estate neighbourhoods have a nega-
tive effect on traffic demand, increasing traffic volumes. Together with a general redi-
rection of traffic flow from the (nowadays inconsequential) industrial areas to the new
centres of economic activity, Bologan MIHAT’s practical study on PrmT congestion in
Chisinau (MIHAT 2007) is proven theoretically.

Urban transformation

I 'nner city, now CBD

P New retail and mall
development area

B Industrial area (IA)

Discontinued part of IA

[ Constant urban houses

Detatched house new
development area

B Large housing estates

Inner-urban green space

Traffic flow change
mmmm Contemporary traffic flow

C—1 Socialist city traffic flow
m Inferior volume (socialist /

post-socialist city)

Gauge = traffic volume intensity
@ O Access point
Figure 8: Schematic urban transformation with beginning suburbanisation in Chisinau and the

resulting change of selected traffic flow connections (Design: LEDWOCH, following the scheme of
posts-socialist urban transformation of SATLER-FLIEGE 1998: 9 and 11).
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The understanding of these actual processes of urban transformation and the impacts
on traffic flow redirection and volume change will be of high importance for the four-
step model travel time calculation (chapter 5.1) and furthermore in the discussion part
disputing the impacts of suburbanisation on traffic demand and the consequences for
Chisinau urban transport (chapter 7.4).

4.1.2.2 Transport structure

Individual transport

In Chisinau 677 km of urban roads are available for motorized urban transport, of
which 255 km (47%) are inner-urban high-capacity corridors. Most (91%) are solid
concrete roads, covered with asphalt, being advantageous for handling heavy traffic
(Primaria Municipiululi Chisinau 2004: 69). The city’s main traffic axes run concen-
trically between the large housing estate areas (Figure 4). In soviet infrastructure
planning tradition the connection roads were largely dimensioned and mostly offer
two or three traffic lanes per direction (Figure 9). Though the post-socialist urban (see
chapter 4.1.2.1) and social transformation process fosters increased transport demand
as well as, with the ideology of individual instead collective transport (TSENKOVA
2007: 21, PUCHER 1990: 278 et seqq.), rising car-ownership. Even though the corri-
dors are dimensioned amply, at many waypoints capacity limits are reached and more
and more bottleneck situations occur (MIHAI 2007: 4). Furthermore this situation de-
teriorates, as the connecting axes are not only used by the city’s internal traffic, but
also for transiting traffic of the Trans European Network (TEN-T) Austria — Romania
— Ukraine — Russia magistral E58 with other minor long distance roads (e.g. E581,
E584) passing directly through the urban area (OSM 2014), affecting the inner-urban
exchange corridors with over 20% in 2007 additional truck and passenger car traffic,
with increasing tendency (MIHAI 2007: 14).
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Figure 9: One of the largely dimensioned main  Figure 10: Cars parked on the walkway of the
connecting axes (Source: LEDWOCH). main shopping district (Source: LEDWOCH).

Infrastructure for non-motorized private transport is very limited. Walkways are badly
maintained, deteriorated and blocked by parking cars, making walking difficult;
whereas few and unsafe (heavy utilized) roads crossings expose pedestrians to a high
road safety risk. Except of the Catedralei square and the Gardina Publica Stefan cel
Mare there is no traffic-calmed urban space within the city. The pedestrian space re-
maining not being used by ample carriageways is to some part heavily disrespected by
car users (Figure 10). Cycling infrastructure, such as continuous bicycle lanes or paths
does not exist. At the same time roadside cycling can be hardly considered conven-
ient. Generally non-motorized transport is heavily subordinated and exposed to mo-
torized transport (Primaria Municipiululi Chisinau 2004: 69).

Public transport supply

In Chisinau public transport features trolleybus, conventional bus and minibus opera-
tions. There is no significant rail transport offering urban or short distance services
(CFM 2014).There is no transport association or tariff cooperation. PT fares differ per
transport system: MDL 2 (approx. EUR 0,10) for trolley and conventional bus and
MDL 3 (approx. EUR 0,15) per minibus one-way ride with no possibility to connect
on the same ticket. To handicapped and retirees free rides are offered (Primaria Muni-
cipiululi Chisinau 2006: 8). It is worth to note, that Chisinau PT fares are among the
most modestly priced worldwide.

The three transport systems operated separately. Trolleybus operations are organized
by Regia Transport Electric Chisinau (RTEC), conventional bus Parcul urban de Au-
tobuse (PUA) and the minibuses by 18 small operators from private economy (Pri-
maria Municipiululi Chisinau2004: 70).
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Figure 11: A ZIU trolleybus in Chisinau Figure 12: A modern AKSM trolley on Bul.
(Source: commons.wikimedia.com). Stefan cel Mare (Source: LEDWOCH).

The trolleybus basically connects the city sectors with the centre using the main corri-
dors with 26 lines and a route network of 523,6 km (ibid.). Except few areas, overall
trolleybus network coverage is very good. Service frequencies differ per line and ser-
vice type from three to 25 min intervals (Primaria Municipiululi Chisinau 2006: 8).
The trolley bus fleet consists of 336 articulated units, including an operational reserve,
offering around 27.500 seats with 280 units in daily service. In 2007 a large part of
the fleet was marked by a high degree of physical degeneration with 22% of the aging
ZIU buses (Figure 11) being older than 20 years (Andrus 2013, TPOJIJIEMBYC
HBIN 3ABOJI 2013, Primaria Municipiululi Chisinau 2004: 70). An on-going fleet
renewal replaced since 2008 almost 50% of the oldest vehicles with new low-floor
AKSM standard trolleys (Figure 12). With final assembly of the Belarusian buses
done in Moldova, the investment costs could be reduced to EUR 132.000 — 151.000
per unit (Unimedia 2013).

Conventional buses (Figure 13) serve 31 routes to more peripheral urban areas in a
subordinated network. They density the bus network apart the main large housing es-
tate — city centre connections serviced by the trolleybus with a total length 282 km.
Service frequency varies widely, also being generally lower than the trolleybuses’
frequency. The fleet consists of 110 various diesel standard buses. Over the half being
high-floor MAN standard buses introduced since 2000 (Primaria Municipiululi Chis-
inau 2004: 70).

Minibuses (Figure 14) operate the most extensive and dense route network (2.053 km)
offering 94 service fixed routes. The network covers the entire urban area and has no
special focus area. As routes are fixed, some city centre streets have been excluded
from the minibus traffic due to minibuses contributing to general congestion (Mihai
2007: 14).
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Figure 13: A MAN high-floor bus (Source: Figure 14: A typical Mercedes Sprinter mini-
LEDWOCH). bus (Source: LEDWOCH).

All minibus lines are operated by 23 (2006) private enterprise companies (Primaria
Municipiululi Chisinau 2006: 7). Therefore operations are characterized by economic
considerations. Supply is highly orientated on demand. During peak hour service fre-
quencies can be as little as one minute per service on certain routes. In order to con-
duct as many turns as possible during this time the driver usually tries to keep passen-
ger exchange times minimal and travel speeds maximal. During off-peak and late
hours, service frequencies depend on passenger demand and can contain slower travel
speed and waiting times, in order to pick up as many passengers as possible. Though
the minibus is the most competitive public transport system within the difficult Chis-
inau traffic conditions.

Mode share

The share between the PT systems is very different. With an annual transport volume
share of 37% of the passengers, the minibus is the second important transport system
after the trolleybus (56%). This is explainable with the advantage of competitive trav-
el times, the easy access and the dense network. The conventional bus though carries
7% of the passengers per year. (Primaria Municipiululi Chisinau 2006: 70).

As a result of general supply characteristics as well as the demand induced through
demography, economic development status, society and urban structure (CMC 2014)
the modal share for Chisinau is formed as shown in table 4:

Table 4: Modal split estimation for Chisinau 2009.

Public Private motor- . .
transport ized transport Cycling ~ Walking Total

Share 60% 25% 0% 15%
Journeys/d  824.000 340.000 0 200.000 1AM

(Source: Copaci 2013, cross checked: UNECE 2004:15, EPOMM 2011).
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The increasing motorization rate is shifting riders from the traditionally strong public
transport share (The Wold Bank 2013). Walking is used to access PT or left to those
have no possibility to access PT, though long-distance walking is rather uncommon in
post-socialist developing economies (BASETT et al. 2008: 799). The share of this sus-
tainable transport mode is stable, but compared to other (South) Eastern European cit-
ies low (22% Bucharest, 32% Budapest, 36% Vilnius). Cycling is virtually inexistent,
though not being very common in other post-socialist cities either (Bucharest, Buda-
pest and Vilnius at 1%) (EPOMM 2011).

4.1.3 Public transport development constraints and potentials

Operative and service performance problems

Chisinau public transport performance is limited regarding some important aspects.
(Listed in decreasing order of impact gravity):

- Travel times: Sharing the limited mixed traffic infrastructure is problematic
and does highly affect PT. It shares not only mixed traffic flow, but has few
alternative routing options, but the overloaded connecting corridors. The con-
sequences are long PT travel times and incalculable delays through long con-
gestion hold-ups.

- Trip planning: PT user face problems planning their trips due to lacking time
tables causing waiting times of unpredictable duration at PT access points.
Furthermore travel times are unreliable due to the traffic hold-ups.

- Accessibility for handicapped: Up to date solely 31% of the PT vehicles
(chapter 4.1.2.2) offer low-floor access passengers with reduced mobility. Fur-
thermore bus stops and information infrastructure are not equipped appropri-
ately to serve disabled.

- Road Safety problems of minibuses: Insensitivity to traffic rules, high travel
speeds, ticket-vending done by the driver while driving and passengers stand-
ing during travel are the most hazardous factors contributing to safety records
far beyond regular public transport (MORGOCI 2013).

- Passenger services: Beyond the planning problems for PT trips there is a gen-
eral lack of passenger services, ranging from the absence of a tickets allowing
line transfers to bus stop equipment.

- Travel comfort is limited due to the frequent situation of high passenger loads
with few seating places offered. Though this situation is improving with the
on-going fleet renewal, up to date high-level entries and the high share of de-
generated vehicles cause discomfort.

A performance quality rating of the current Chisinau PT can not be done objectively,
as it is not clear what the comparison values should be. Without further responsive-
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ness, compared to other Eastern European cities it might offer a very poor perfor-
mance. Comparing the PT of the Moldovan capital to other countries with a similar
development and economic situation it might perform better than most of its “HDI-
neighbours” (e.g. Indonesia, Botswana, Egypt, Mongolia, Paraguay, Bolivia) (UNDP
2014). Though still it is sure the factors listed above influence Chisinau PT perception
and image in a negative way and fixing them should be first priority in any case.

Structural development constraints

The public transport performance insufficiencies listed above are the effect of a num-
ber of transport development constrains, being interlinked and influencing each other.
The most obvious constraint is the difficult financial situation. Following a decade of
no investment since the USSR’s collapse, the financial situation for transport invest-
ments is improving slowly, also through development co-operation with the EU and
EC institutions (EC 2013).

Another main constraint is the lack of political concern, resulting out of political un-
derestimation of the topic’s importance and impact (potentials). This deficit is highly
connected with the absence of adequate transport policy and planning institutions. The
whole individual and public transport, as well as it’s infrastructure is planned by a
dozen persons in three different institutions. The lack of policy institutions leads to
know-how problems and irrational conceptual and investment priorities and bad prac-
tices, as unilateral promotion of motorized transport (MORGOCI 2013). As no integrat-
ed development master plan exists, there is no stringent development strategy, not
even a durable transport development plan. In fact, principal PT planning has inverted
many times. Within the last years, in randomly changing order the focus was put on
improvement strategy of the bus system or planning of a light rail system (PROTV
2011). Furthermore the highly deregulated regulatory and economic environment in
Moldova leads to an urban development outside of governmental/municipal control.
The resulting urban structures, e.g. of suburbanisation of supply, are visible in Chis-
inau and often contrarian to resource-saving development interests (PICHLER-
MILANOVIC, GURTY-KORYCKA & RINK 2007: 114).

Public transport development potentials

Potentials to develop an efficient, resource-saving and sustainable transport in Chis-
inau are limited, though some effects could become useful.

- Mixed traffic infrastructure offers good conditions for PT development: Car-
riageways are dimensioned very amply on all main PT connections (see Figure
9). Though a small number of bottlenecks (see chapter 4.1.2.2) paralyzes both,
motorized and public transport. Since solving bottleneck problems for mixed
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traffic use would quickly cause new bottleneck situations, problems can be
easier solved exclusively for public transport. As a matter of course this would
need political attention and interest, which is not present at the moment.

- Favourable physical carriageway design for exclusive PT development: 90%
of the streets in Chisinau are concrete grounded with a covering layer of as-
phalt (see chapter 4.1.2.2). For heavy single lane bus operations concrete car-
riageways minimise road maintenance costs (LOHSE & SCHNABEL 2011: 133).

- High share of cost-neutral PT system: The minibus operates on a self-
liquidating cost structure without further subsidies. On the one hand this is fa-
vourable, since it broadens the limited financial margin of the City of Chisinau
and could allow the reallocation of financial sources for improvement
measures. On the other hand the operation of minibuses in urban transport can
be seen critically due to worse capacity utilisation and higher emissions than
standard buses and furthermore high accident rates (see chapter 6.1.9 and
6.1.14).

Generally frame conditions need to be changed if positive effects should be relieved
of from these potentials. Furthermore some are critical since they interfere with other
user groups (PrmT) or due to the questionable promotion of the minibus stem.

4.2 The research object: CPL

4.2.1 General characteristics and BRT delamination

The overall aim of Combined Priority Lanes is to meet a certain (pre-set) capacity
demand (see next chapter) at lowest investment cost possible, using basic though ef-
fective planning features. Transport development potentials (see chapter 4.1.3) are
few in Chisinau, but they form a suitable trilogy for CPL implementation: The car-
riageways being of interest for CPL are mostly spacious, their grounding is of con-
crete allowing heavy traffic with high frequency on a very limited space (lane). A po-
tential usually not appreciated in this context, for instance for BRT planning, is the
minibus. In Chisinau this transport system works without further subsidies. Abandon-
ing it from the CPL concept would mean higher subsidy costs for the overall system
in order to fill the transport volume gap arising due to minibus exclusion.

The concept uses a number of BRT features, as it is intended to be a BRT pre-step or
at least doesn’t harm further BRT development plans. CPL capacity improvements
mainly arrive from the regulated and controlled operation of PT vehicles on lanes
separated from mixed traffic, CPL trunk lanes. The difference from BRT is the very
basic arrangement and the absence of further additional measures of service im-
provement (Table 5). Using the recently introduced BRT rating scheme by ITDP, the
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measures for Chisinau would fail the two of five minimum criteria to be rated even
basic BRT (ITDP 2013).

The only exception of this “low-cost” concept is the investment in timetables. For cit-
ies before CPL implementation lacking timetable information, the back fitting of this
passenger service can be helpful, as this is one of the most basic passenger services
and general requirement of PT access.

Table 5: Implementation requirements for BRT and CPL.
v/ minimum requirement, Ooptional, X no change projected

BRT CPL BRT CPL

Trunk Station security (o] X
Driveway renewal v X Public utilities (WC, shops, ...) (o] X
Lane separation v v/ Commercial space (o) X
Partly busway colorization v v/ Integration

Traffic signal priority control v/ v Feeder infrastructure impr. o X
Intersection underpasses (o) X Park and Ride facilities (o] X
Passing lanes at stops o v Bicycle parking (o) X
Pedestrian crossings v v Taxi o X
Landscaping o X  Fare collection

Stations Ticket vending machines Ve X
Level platform construction v X Ticket registering units v X
Passenger information v v/ Fare collecting IT v X
Travel comfort upgrading’ o X Intelligent fare collecting o X

(Established according to ITDP 2007: 343 et seqq.).

4.2.2 Cost-orientated characteristics

With the aim to gain performance improvements with the expense of as little money
expenses as possible, investments exclude everything not affecting transport infra-
structure capacity. Therefore all of the assets listed above in table 5 were analysed for
their impact on PT efficiency. Only lane separation, busway coloration, signal control
and overtaking lanes were detected to have a direct effect. Additionally passenger in-
formation (as it is fundamental for transport supply and was non-existent before) and

? Can include sliding vehicle access doors at platform, comfortable seating and waiting areas, covered
or with sophisticated buildings, station identification signage, climate control, reconstruction of transi-
tion and station access area and further aesthetic design features (ITDP 2007: 361et seqq.).
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measures of passenger and pedestrian safety (since the safety situation should by no
means worsen with the CPL) are included in CPL implementation.

4.2.3 Operational characteristics

Operational aim and technical measures

As uncompetitive travel times have been identified as the main PT supply deficiency
the projected measures focus on achieving a stable and continuous traffic flow and the
avoidance of long hold-ups. In this context the high travel speeds are not the crucial
criterion, as distances between bus stops are short and vehicles tend to accelerate
slowly. Furthermore the calculation is capped from the legal traffic speed limit of the
Republic of Moldova of 50 km/h for inner-urban roads (UNECE 2009). The measures
to achieve these goals are the establishment of busways on all main corridors of the
city (different extend for PS1 and PS2), physically separated from mixed traffic and
with specially marked entries, traffic signal priority on all relevant intersections and
up to 50% of bus stops equipped with overtaking lanes.

Minimum system capacity

CPL benefits are evaluated on the assumption of a concrete minimum capacity the
busway provides. This minimum capacity demand are travel times not being delayed
more than 80% in the peak-hour congested network, compared to free-flow travel
times. Travel time difference calculation and all relevant evaluation is based on this
demand of maximum 80% peak-hour travel time delay.

The minimum capacity goal on the one hand does not put a to high/unfeasible pres-
sure on the network infrastructure. On the other hand still allowing comparatively fast
travel in the network (of 19 km/h average speed compared to other European cities:
16 — 25 km/h (ITDP 2008: 6 et seqq.) and a high travel time difference potential com-
pared with today’s situation.

Generally the full technical design of the busways is not explained in detail, as this
information would not be needed for the comparison cases evaluation. Exclusively the
determination of investment costs depends on the design characteristics of the bus-
way. In order to determine these costs, ensuring at the same time the minimum delay
demand of 80%, conservative assumption (chapter 3.4.2) was used, overestimating the
necessary infrastructure dimensioning. For the costs the same method was used, de-
livering at least the true costs of CPL implementation. With an exact technical calcu-
lation of the investment actually needed, cost will be lower. The cost estimation was
done using the ITDP “Bus Rapid Transit Planning Guide” (ITDP 2007).
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Rolling stock

The combined priority lanes are used by the same PT vehicles, which run on the re-
spective routes today. This includes all three bus systems: trolleybus, the conventional
bus and minibuses. Although policy-makers and planners would not advice minibus
operations on this kind of infrastructure (ITDP 2007: 548 et seqq.), the exclusion of
minibuses is not intended. The financial aspect of operating 37% of the fleet without
subsidies is at the moment assumed more important than efficiency disadvantages
through the smaller vehicle size. Since infrastructure complies with minibus opera-
tion, no travel time delays affect CPL the decision. In this context the assessment is
conducted with the present-day (December 2013) figures of Chisinau PT fleet. The on
going fleet modernization might have further positive effects on the results, but it is
not considered in assessment.

Network

The two general network layout possibilities are a network of direct lines (figure 15)
or a high-capacity trunk route (BRT, light rail, metro or suburban rapid rail transit)
and light rail or bus feeder system with interchange knots (figure 16). Chisinau today
features a system of direct lines, which has the advantage of avoiding interchanges.
The trunk route/feeder arrangement though is the potentially more efficient system,
with high capacity and usually faster transit on the trunk lines and demand adapted
feeder routes (ITDP 2007: 21). The Chisinau CPL idea assessed in this study does not
include a general change of bus operation characteristics. Beyond this for clear trunk-
feeder structure and exclusive feeders services also a vehicle/service hierarchy would
be necessary, together with an advantageous ban of minibuses from the CPL and the
development of interchange knots. As this is not the matter, no changes in feeding
system are planned. Though with CPL reorganisation of the city’s main traffic axes, a
process of bundling will take place, creating trunk routes and with system of comple-
mentary lines (cp. Johannesburg BRT, ITDP 2008: 21). In this sense it is projected for
Chisinau, that service lines leave the high capacity lanes for their destinations at the
same route points as before. With increasing CPL professionalism reaching BRT sys-
tem standard, more effective feeder structures could be reorganized to more efficient
concepts.
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LI city City
Figure 15: Direct lines throughout the net- Figure 16: Trunk routes with interchange
work (Design: LEDWOCH). knots for feeder services (Design: LED-
WOCH).

4.2 4 Infrastructure and service features

In the context of evaluation, infrastructure and service feature characteristics are
mostly of interest for cost, operational and passenger service quality estimation.
Therefore the projection does not feature a detailed technical description or planning.
It solely describes briefly the relevant aspects for indicator estimation.

Busway surface material

Suitability of roadway material depends on PT vehicle axle weight and the service
frequency envisaged. For high capacity usage concrete driveways deteriorate by far
slower than driveways covered with asphalt (ITDP 2007: 346). As a positive fact and
heritage of soviet roadway construction habits (WHITE 1979: 234 et seqq.) all project-
ed CPL trunks yet feature concrete pavement or concrete covered with asphalt (Pri-
maria Municipiululi Chisinau 2004: 69) offering a high level of deterioration resili-
ence and lower maintenance efforts.

Lane separation

In most cities worldwide driving and enforcement culture are a stressing an unharmed
CPL traffic flow (ITDP 2007: 349). Therefore also in Chisinau lane separation would
be helpful to physically prevent PrmT vehicles from entering the CPL. The lane sepa-
ration method takes its example from BRT. Amongst others, adequate barriers can be
blocks, bollards, curbing or walls. Chisinau CPL is projected with low rubber blocks
(figure 18) as they seem a good compromise between restraint and costs, also making
it possible for the bus to leave the CPL in case of heavy obstruction or emergency
(ITDP 2007: 349). Busway coloration (figure 18) for the first meters after busway en-
tries, e.g. after intersections will further attract attention can be also helpful to under-
line the exclusiveness of the bus lane.
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Figure 17: Lane separator blocks (Source: Figure 18: Busway coloration (Source: APA
FIELLSTROM, ITDP 2007). 2013).

Traffic signal priority control

Intersections are the critical element for system capacity and travel times along the
CPL corridor. Therefore signal control measures can help to minimise CPL traffic de-
lay. In order to control traffic signals in favour of CPL, two strategies can be applied:
Passive and active signal priority control. Passive signal priority — extending green
phase for the CPL relevant traffic directions — is a basic control method without the
need of physical change or investment on the traffic signal equipment. The effects of
this measure are delay reductions of four to ten per cent on intersections. The more
effective (up to 20 per cent delay reduction), but also costly control method would be
active signal priority, using real time information (usually with transponders) of vehi-
cles approaching the intersection in order to change signal setting (ITDP 2007: 312et

seqq.)-

For the projection of Chisinau CPL the option of passive signal control is chosen and
respected in travel time calculation (chapter 5.4). Considering this aim to save costs,
for passive signal control, solely costs for modifying traffic light signal equipment
occur. For corridors with low service frequency, active priority is used to avoid un-
necessary long green phases for one traffic direction, with few PT vehicles benefiting
from it. In Chisinau CPL service frequency is high on all trunk routes, so this misallo-
cation of priority would not occur. Furthermore the Chisinau CPL trunk uses exclu-
sively primary roads and is therefore mostly intersecting subordinated roads. At these
intersections passive signal control is therefore not affecting main mixed traffic flows.

Pedestrian crossings

Despite the aim to keep investments as low as possible, passenger and pedestrian safe-
ty should not be compromised. Furthermore as the effect of CPL operations on the
already defective road safety situation for pedestrians in Chisinau (WHO 2013: 173)
is uncertain. Therefore an across-the-board provision of up to 60 (PS1) respective 50

40



4. Set-up Sven Ledwoch | University of Tiibingen

(PS2) additional safe pedestrian crossings with signals for the most hazardous cross-
ings is included in cost calculation.

Passenger services and fare collection

As described in chapter 4.1.2.2 passenger services in Chisinau are currently character-
ized of high insufficiency. It is beyond question that investment in passenger service
as listed in the BRT feature comparison catalogue above (Table ), e.g. travel comfort,
travel safety'® and not at least accessibility of travellers with reduced mobility, would
be important. Though this study analyses a transportation concept for the City of
Chisinau feasible the within current financial situation and improvements to these
service aspects would make the measure unfeasible. The only exception is made for
passenger information, following the idea that improvements in other fields (travel
time savings, reliability gains and the possibility of timetable introductions) can only
be apprehended by knowing of them through information (ITDP 2007: 321). In order
to do so, the currently virtually non-existent passenger information is projected to be
improved to an at least very basic level: conspicuous bus stop identification posts,
timetables and network maps at each CPL station. Furthermore three information ki-
osks are projected to be positioned at strategic locations to service passengers with
information and tickets.

Fare collection through on-board ticket vending by conductor personnel travelling in
each bus or trolleybus (chapter 4.1.2.2) works at a satisfying basis. In fact for the PT
customer this system might be more easy and comfortable than most automatized so-
lutions in developed countries. Furthermore the presence of at least one conduc-
tor/service person moderates the effect of lacking overall passenger service.

Fare collection on minibuses is usually carried out by the driver, mostly while driving
(chapter 4.1.2.2). With this practice being a serious safety risk, either an affordable
alternative should be found, or fare collecting only during standstill at bus stops
should be enforced. Because of the small vehicle size passenger boarding times
should not exceed those of the buses. For the further procedure no budget for minibus
fare collection modifications was allocated.

4.2.5 Physical design and alignment

In Chisinau the streetscapes of all projected CPL corridors feature at least a 36 m
cross-section (Bul. Stefan cel Mare, Str. Ismail, Bul. Constantin Negruzzi, Str. Mihai
Vieteazul) with many parts of the corridor exceeding this value (Str. Ciuflea: 52 m,
Sos. Hincesti: 52 m, Bul. Moscova: 56 m, Calea Iesilor 66 m, Bul. Mireca cel Batrin:

' It means the safety of travellers and personnel against violence. Not to be confused with transporta-
tion/road safety — the absence of transport accidents.

41



4. Set-up Sven Ledwoch | University of Tiibingen

72 m, Bul. Dacia: up to 76 m) (cross-section widths measured with Google Earth
2014). A typical layout for the 36 m minimum cross-section is illustrated in figure 19.
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Figure 19: CPL trunk and bus stop lane design and alignment for a 36 m cross-section (all values
in m) (Idea and graphical realization LEDWOCH, standard specifications from ITDP 2007: 343 et seq.).

BRT systems are preferably designed using median busways and platforms (ITDP
2007: 183), though edge alignment is not unusual either, as the examples of very effi-
cient BRT in Bogota/Colombia (Transmilenio) or Guadalajara/Mexico (Marcobiis)
show (MALOUFF 2013). Central bus lanes would require the reconstruction of central
bus stations together with either a completely new bus fleet featuring left-side (of
travel direction) passenger doors, or operations with a left-hand driving direction. As
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yet the reconstruction of median bus stations is an criterion for exclusion, the Chis-
inau CPL busways are projected at the carriageway’s edges, without rendering further
BRT development impossible (ITDP 2007: 184).

Station layout and passing lanes

Besides waiting times at intersection, station layout is critical issue for system capaci-
ty. The trunk itself is not very problematic. Vehicle throughput — even for many vehi-
cles driving in a row at generally low speeds (50 km/h) and without further impact —
can be high on the trunk element (SCHMIDT 2003: 9).

A relevant feature of the station layout is the number of stopping bays. Multiple stop-
ping bays permit multiple vehicles to service one station simultaneously. Although
most busway systems launch passing lanes primarily for express services, the exist-
ence of overtaking lanes can have a very positive impact on traffic flow stability, es-
pecially at very busy stations (ITDP 2007: 269). Furthermore the possibility to over-
take might balance the disadvantage of slower dispatching, compared to a BRT sys-
tem. Within the further procedure of this study all travel time calculations and impact
assessment is based on the self-imposed capacity demand of a maximum 80% travel
time delay for the maximum congested network (i.e. peak hour), compared to (imagi-
nary) free flow network travel times (see chapter 5.1).

Stopping bay dimensioning can be done considering service frequency, vehicle types
servicing the stop and experiences from the current state. As the improvised character
of bus stops using the simple curb for passenger boarding and alighting will remain,
generous dimensioning would not be a problem or bear additional costs. For overtak-
ing lanes dimensioning is relevant for cost calculation. A microscopic traffic flow
simulation (e.g. VISSIM), which would allow the dimensioning of the passing lanes
(PTV 2013) would be beyond the reasonable workload of a thesis of this type. There-
fore the number of necessary passing lanes was assigned trying to overestimate the
minimum requirement in any case, with 50% of the CPL stations projected to have
passing lanes.

As shown in figure 20 and mentioned above, alignment would be at the carriageway’s
curb. Bus stops not featuring an overtaking lane stops can be arranged on the direct
opposite of each other. For stations with overtaking lanes alternating station alignment
should be chosen, in order not to impact mixed traffic unnecessarily. The stations will
be positioned at the same locations as today. For the passenger the bus stop will there-
for feature the same configuration as today.
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Figure 20: Bus stop alignment possibilities (Idea and graphical realization LEDWOCH).

4.2.6 Impact on mixed traffic

A detailed analysis of CPL implementation impacts on mixed traffic or even the es-
tablishment of PrmT concepts accompanying the measure are not within the scope of
the study. A short estimation of the effects is listed here to enable a integrated view
for the further procedure.

Lane capacity

Using the examples from BRT, many projects do not have adverse effects on mixed
traffic ITDP 2007: 688). Furthermore Chisinau streetscape offers good preconditions
to introduce separated lanes for public transport. Even compared to other post-
socialist cities as Bucharest, Warsaw, Kiev, Minsk (OSM 2014), each having the
standard elements of broad magistrals and well-dimensioned traffic routes, in Chis-
inau almost no important connection is left with a carriageway featuring less than
three lanes for each traffic direction. With CPL implementation mixed traffic will be
affected by decreased road space availability:

- At the main corridors the reduction of three to two lanes per direction should
not be a problem — situation might even be enhanced due to demixing of traf-
fic having, improving traffic flow stability, as random and often unpredictable
stopping of PT vehicles on mixed traffic high-capacity corridors will cease
(ITDP 2007: 689).

- At bus situations with overtaking lanes for one of the traffic directions one
lane has to be relinquished for the bus stop area (Figure). Especially the lane
merging point buries high congestion potential.

- At today’s bottleneck intersections (see chapter 4.1.2.2) impacts evolve di-
versely. As passive signal control is used for the CPL (chapter 4.2.4), PrmT
using the same travel direction will benefit from longer green-phases, which
could balance the impacts from decreased road space availability for this di-
rection. Turning or using the subordinated (non-CPL) travel directions will
most likely face longer waiting times.

Of course the effects generally are subject to unsteadiness in matter of travel times,
having a far higher impact during peak-hour then in off-peak hours.
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Parking

Since on the main traffic axes no parking is supplied (OSM 2014), CPL will have no
impact on the largest sections of the network. Within the city centre few parking sites
exist, so most parking is done curb-side or on the pedestrian walkways (ibid.). Both
methods of parking need access to the curb, which is not possible with CPL lanes es-
tablished. Hence the CPL measure would reduce a significant quantity of parking
space in the city.

Cycling

Cycling is the best alternative to motorized and public transport. Within the range of 5
km cycling is the fastest and most environmentally friendly mode of transportation in
cities. Using an electric bike instead of a car is far more efficient and sustainable and
can easily be done up to a range of 15 km (UBA 2012: 63). As of today, the share of
cyclists contributes to 0% to the Chisinau mode share (chapter 4.1.2.2). The “low-
cost” conception of CPL can hardly contribute to promotion of cycling. Therefore this
topic is subject to further BRT development or general bicycle promotion plans. Un-
fortunately the situation for cyclists might not improve, as cycling on CPL is not fore-
seen. Cycling on the middle lane now, instead on the curb lane might increase the
subjective exposure to motorized traffic.

4.3 The comparison cases

To gain further information, which layout would suite best to the Chisinau transport
demand and in order to have a broader basis for interpretation, two different projected
concepts (planned state 1 and planned state 2) have been developed featuring different
characteristics concerning CPL length. The comparison cases include the whole pub-
lic transport system and infrastructure of the examination area as it is today. Except
the infrastructure of the designated routes being modified to CPL.

4.3.1 Planned state 1 (PS1)

For PS1 the network is displayed in figure 20. It features radial connections of the
large housing estate sectors with the city centre; it also offers concentrical connections
avoiding the way through the centre for travel between those sectors. With this layout
the concept covers all of todays primary and secondary inter-urban traffic flow rela-
tions. Therefor it copes with the changes in transport demand resulting out of urban
transformation (chapter 4.1.2.1). Additionally an express service route is projected
between the most populous sector Botanica and Centru using the Valea Trandafirilor
park bridge, avoiding the detour via the railway station and the North Eastern central
district.
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Following the layout of today’s main PT routes, the CPL is split in the South of Cen-
tru. From Pantelimon Halipa square the he incoming CPL is continuing towards Str.
Ismail, whilst the outgoing CPL uses Str. Vasile Alecsandri. This enables to access
this part this part of the centre, without further effort to change one-way traffic rout-
ing in this part of the city centre. Furthermore on the high of Telecentru an adoption
had been made. Today only the outgoing traffic uses Sos. Hincesti. Due to a general
closure for traffic of the underpass between Str. Miorita and Str. Academiei, PT is
forced to detour using Str. Gh. Asachi. Though the reasons for this one-way closure of
the underpass are not known by the author, the CPL is assumed to run through it.

Network length: 60,9 km; Number of bus stops: 138.
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Figure 20: PS1 route network (Design LEDWOCH, map source: OSM 2014).

4.3.2 Planned state 2 (PS2)

As it can be seen in figure 21, the PS2 route layout features a basic variation of the
PS1 network: The radial connections are the same, but there are no concentric CPL
connections. As a matter of course the concentric relations are still supplied by regular
PT at today’s service level. Generally the result differences between PS1 and PS2 will
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describe, weather it is more beneficial to implement just a basic network covering the
main axes (PS2) or a more sophisticated and extensive network supplying secondary
relations also. Furthermore the express service from Botanica to Centru is not intend-
ed for this planned state.

Network length: 49 .4 km; Number of bus stops: 94.
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Figure 21: PS2 route network (Design LEDWOCH, map source OSM 2014).

4.3.3 The current state (CS)

The current state respects the overall public transport infrastructure, operations and
organisational structures of December 2013. As much travel time data as possible was
used of this time, with few older inputs. The earliest inputs are from 2012.
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5. Procedure

5.1Travel time differences (TTD)
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Figure 23: Overview of the four-step approach, procedure, the necessary input and gained data.
(Design and idea LEDWOCH, procedure: inter alia MCNALLY 2008, FRIEDRICH 2013).

For the calculation of travel time differences between the comparison cases (PS1 and

PS2) and the current case (CS), the four-step approach has been chosen (see chapter
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3.2.1). Figure 23 reminds the procedure of it and also lists all the relevant data. In or-
der to maintain clarity within the structure of this document, the calculation placed in
the Annex II1.I, so the elaboration part can concentrate on data sources, procedure and
explanation.

(Step 1) Trip generation

The magnitude of total daily travel demand is being quantitatively expressed as the
number of daily trips 7; for each fraction i of the examination area (traffic zone 7). For
Chisinau six traffic zones were assigned (figure 24) representing the urban sectors of
Botanica (Bo), Centru (Ce), Ciocana (Ci), Riscani (Ri) and Schinoasa/Codru (Sc).

For the zone elaboration the correlation between the separation of urban functions
(see chapters 4.1.2) and administrative division favours the merge of traffic zones
with the official urban sectors, so that calculation quality generally benefits from good
availability of inhabitant data for the administrative sectors. Sc zone is the only excep-
tion, with a CPL catchment area outside the city limits, serving suburban village of
Schinoasa and approximately the (north-western) half of Codru. However the South
Eastern half of the village of Codru find a closer CPL node in the zone of Botanica.
As Figure 23 shows the South Eastern part was assigned part of the Bo zone. The
CPL from Schinoasa would be interrupted by a gap of Bo zone of the neighbourhood
of Telecentru, which is part of the superordinated administrative sector of Botanica.
To solve this zone displacement the neighbourhood of Telecentru was assigned part of
the Sc zone, creating a continuous zone until the centre, maintaining a consistent pat-
tern of only centre-fringe zones. In order to balance inhabitant numbers with the swap
of zone space, respective numbers of inhabitants were transferred: The half Codru’s
number of inhabitants (7.500 inhabitants) to Bo zone and from Telecentru 15.800 in-
habitants were added to Sc zone (data: DGS 2013: 11, CIORBA 2011).
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Figure 24: Creation of traffic zones (Design:
LEDWOCH).

After adding the information on inhabitant numbers / to all (producing) zones i, and
as the quantity of all PT journeys made within the examination area per day P,, is al-
ready known (CoPAcI 2013), the trip generation ratio was determined, comparing the
inhabitant number of each zone /; to the overall number of inhabitants within the ex-
amination area /,,. The result is the basis to calculate the number of generated jour-
neys P, for each zone i per day. (Calculations can also be followed in Annex IIIL.I)

As figure 25 illustrate, the busiest zones of trip generation are those containing the
populous areas of large housing estates, e.g. Botanica and Riscani. The Ci zone in-
cludes, besides some of the cities large housing estates in the North, a large share of —
in terms of trip generation unproductive — industrial sites in its South (CISR 2005: 47
et seqq.). The least PT journeys originate out of the Sc zone, as it is, with its high
share of single-family detached houses, of very low residential density (OSM 2014).
Because of the lack of respective data and the jet extensive TTD calculation, the ef-
fect of the long distance bus station “Gara Auto Sud” being located within this zone,
is not considered, as little as the city’s only significant railway station in the Ce zone
and the “Gara Auto Nord” in the Ci zone.

(Step 2) Journey distribution

As the destination of the traffic produced in zone i is not jet known, it is allocated ac-
cording to the travellers activities and the attractiveness of zone j, where those activi-
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ties can be met. Data quality on work places (Primaria Municipiululi Chisinau 2004:
36) is vague and displayed in a rather odd manner — the percentage of workplace
availability of the respective urban sector, in relation to the total availability of work
places. Statistical data on education is consisting of the number of higher education
and university students. Due to the fact that no respective institutions could be found
outside of sector Centru allows the assumption, that every student not living in Centru
would need to commute to his place of education (data: BNS 2013). Retailer data
(Moldindex 2010) is descriptive, though it is not known, which size of retailers was
considered (shopping malls, supermarkets, small local shops), weather the type of
supply they offer (daily or periodic needs).

Ci

Bo
Production Attraction
very low very high very low very high
0 1 2 3 4 0 1 2 3 4

Figure 25: Graphical distribution of the zones’  Figure 26: Graphical distribution of the zones’
traffic productivity (Design: LEDWOCH). traffic attractiveness (Design: LEDWOCH).

Therefore a qualitative evaluation of the zones’ attractiveness was conduced (Annex
II1.I) using this insufficient quality data well-considered and carefully for basic orien-
tation. The inputs are further complemented with interview and map analysis infor-
mation. The detailed qualitative analysis can be found in Annex IIL.I. It consists of an
attraction description of each traffic zone together with an attraction rating for the top-
ics work, education, supply and leisure. The result of the qualitative analysis is illus-
trated in 25, with the grade O being the least attractive value and 4 the strongest attrac-
tion.

From the results of the attractiveness rating an attraction coefficient a; with 0 <a < 1
was calculated (Annex IIL.I, table 28) and multiplied with the number of generated
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journeys of each zone P, (Annex IIL.I, table 24). The result is the origin/destination
matrix Py

Table 6: Origin/destination matrix for Chisinau traffic zones.

0 Bo Bu Ce Ci Ri Sc
from
Bo n/a 46.955 93910 23478 35.216 11.739
Bu 23.899 n/a 63.731 15.933 23.899 7.966
Ce 20.191 26921 n/a 13.461 20.191 6.730
Ci 25.335 33.780 67.561 n/a 25.335 8.445
Ri 29.665 39.553 79.106 19.777 n/a 9.888
Sc 6.580 8.774 17.547 4.387 6.580 n/a
(Step 3) Mode choice

In this step, the origin—destination traffic 7} is distributed on all concerned transport
modes. Now the transport demand and traffic load is known on mode-level.

As it is framed just within public transport, this step of mode assignment does not ap-
ply for this calculation. The differentiation between different PT systems is not neces-
sary, as the travel times compared relate to the overall PT system. Yet distinguished
input data, was merged (in step 4., respective Annex III.I) to receive overall results.
For the research object it is assumed, that travel times are equal for all PT modes us-
ing CPL (chapter 4.2.3) for all comparison cases.

(Step 4) Route choice and travel time difference (TTD) calculation

The overall trip demand for each mode is now being distributed on different routing
possibilities (different transport line choices in PT, respectively route choice in private
transport). The result is the information on each PT line’s/PrT route’s congestion.

First the travel times needed to be calculated for each comparison case displaying re-
al-life conditions, which includes the analysis of different service types: peak-hours
(PH), off-peak hours (OP) and late services (L.S) as well as the consideration of sepa-
rate transport vehicle types. Data was collected from the following sources:
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Table 7: Overview of travel time composition data used for TTD calculation.

Comparison case  Data type Source

PH

PS1 OP Measuring + CR calculation
LS
PH

PS2 LS Measuring + CR calculation
op
PH Timetable + expert interview

CS OPpP Timetable
LS Timetable + expert interview

For the calculation of the CS comparison case, actual travel time data was used, with
the state of December 2013, with few older inputs from 2012. The data was gained
from operation schedules of trolleybuses (RTEC 2013), timetables from bus stops, the
— by the time of research only and privately operated — information web site terra.md
(TEPPUTOPU A MOJIOHETA 2013a, 2013b and 2013c¢) and through interviews with
transport operators and minibus drivers (Annex I.I and 1.II).

As the transport systems of trolleybus and conventional bus share to the highest extent
same performance characteristics (HAASE, R. 2007: 229), input data was chosen to
come from the trolleybus system, as quality and availability were higher. Its public
timetables are generally not divided into different service types and feature only travel
time information and service frequency, but no actual time of departure. The given
timetable information relates to off-peak travel times, accepting delays for rush hour,
as well as being inaccurate for the times of late service. Interviews informed, that for
peak-hour delays of at least 30% the off-peak travel times should be expected (MOR-
GocI 2013). Notorious waypoints are known for often delaying respective lines for
another 15 to 20 min in PH (MI1HAI 2007: 16 et seq.).

Also operation schedules (CopAct 2013) allowed drawing conclusions for travel time
delays in peak hours for trolleybuses, making it possible to double-check the estima-
tions from the interviews, so that finally exemplary bus travel time data was gained

for all service types.

For the minibuses no time table or travel time information was available at all. For
this reason minibus drivers of each minibus line relevant for CPL comparison were
interviewed on travel times for each service type (Annex L.II), with good and reliable
results. According their statements there is virtually no travel time difference between
off-peak and late services for the minibus system. The reason is an operational speed
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not higher in times of late service than in off-peak hours. Due to the lower demand the
drivers try to catch a many customers as possible, driving slowly and waiting on main
access points. The gained minibus timetable data can be found in Annex I.IT and IIL.I.

To determine travel times for the planned state comparison cases free flow travel

times ¢, ,,, were measured experimentally (chapter 3.2.1 and Annex IL.I). Those times

ijfree
would only apply in an empty theoretical network with no other vehicles delaying the
cruise of the only vehicle. For realistic values the travel times were recalculated for a
simulated CPL network with a growing number of other circulating CPL vehicles.
The growing congestion in the network was assumed in three steps at 20% (late ser-
vice, LS), 50% (off-peak, OP) and 100% (peak-hour, PH) network capacity, which
was the recommendation from an expert interview (MORGOCI 2013). The vague rec-
ommendations were crosschecked with an own OP/PH-timetable analysis of service
frequency of peak- and off-peak services of 63 bus lines, with the result of a 2,07
times higher service frequency in peak-hour than off-peak (Annex III.I) and found

plausible.

Network congestion was simulated using a capacity restraint (CR) function, which

generated new travel times ¢ for each service type:

ij,cong,s

tij,cong = tij,free(1 +a- ( < )b)

Cmax

Parameter estimation:

a = 0,8 in order to respect the pre-set capacity demand (TASNADY 2009: 42) of
chapter 4.2.3 (maximally 80% travel time delay in the fully congested network
for the peak hour).

b =25 to comply with a medium-high sensitivity towards travel time increase
with the system getting more congested (as suggested by FRIEDRICH 2013:
107), reflecting slower acceleration and slower lane changing at overtaking in
bus stops. Calibration test results have shown, that neither values for b < 2,
implying a more ‘“agile” vehicle movement, nor values for b > 3, for “heavier”
vehicles have been suitable.

With ¢ being the system’s capacity, the fraction ¢/ c,,, can be also described

max

as capacity utilization u with 0 < u < 1. Correspondingly the CR function for
different u is:

fw) = tij,free(:l +0,8 - u2,5)

The respective values for the congestion steps u, u,, and up, deliver for 7,,,,= 1 min

a travel delay values of:
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Table 8: Value table of the CR-function.

u 0,2 0,5 1

f) = tijfree(1+0,8 -u**) 1014 1,141 18

The graph of figure 27 illustrates the growing travel time delay with a higher capacity
utilization of the CPL network. The detailed CR calculation together with the result-

ing travel times for each service type ¢;,,,,, can be found in Annex IILI (step 4).
y
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Figure 27: CR graph of f(u) = t;; r.(1 + 0,8 - u*°) showing assumed
travel time delays for CPL with increasing congestion (Graph generated
with web tool: www .rechneronline.de).

With this PS travel time calculation, all the relevant travel time sets for TTD calcula-
tion are available. Find the travel time matrices in Annex IIL.I (step 4).

TTD calculation

The share of passengers (PAX) experiencing TTD is not equal for each service type,
e.g. more PAX may experience TTD in peak-hour than at late service. As for Chis-
inau there is neither data available on PAX share per service type, nor did requests at
the respective interview partner bring a result. Therefore it has been estimated in rely-
ing on available service frequency data. It is assumed, that the relation of service fre-
quency for different service hour types also gives information on the ratio of overall
PAX using the transportation offer at a special service time. This means, that if in one
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hour of peak service PT service frequency is twice as high as in one hour of off-peak
service, the double amount of PAX would be transported. Of course this argumenta-
tion is not very precise, transport vehicles might for example have a higher occupancy
rate in a peak- than in an off-peak hour. Still the remaining values for this calculation
are of acceptable quality.

In regard to obtain the percentage of PAX Q per service type Q,, or the ratio of the
same RP, = Q,/ 100, service frequency values u,, u,p and u,, (hence u,) were used as
used from congestion calculation above in the same chapter (4.3). As they are under-
stood to determine the proportion of service for each service type (hour), they were
multiplied with the duration of each service type d, (in hours) and divided by the sum
of all products for all service types, to get an applicable ratio:
Ug - dg
M e @

The results (Annex II1.L,), that only 8% of the total PAX carried per day travel in late
hours, 57% in off-peak and 35% in peak-hours seam plausible, compared to other Eu-
ropean cities (TREIBER & KESTING 2010: 25).

The following this step the now expressible TTD magnitudes for all service types on
each route were summarized:

3
s=1

Now the average of the TTD At of each journey ij for the whole PT lines known. As
the origin/destination-distribution of all the 824.000 journeys per day is known, a sum
of all connections ij would describe the TTD if every PAX would use the PT line over
its full extend, which of course, is not true. From input data it is known though, that
each journey has the average dwelling distance of dist = 3,5 km (CopAct 2013). It the
TTD for each connection At; is now brought down to an average TTD per km for
each route with it’s special travel time characteristics. It can be multiplied with the
average length dist = 3,5 for each journey for each connection ij. The result is the total
TTD per PT line per day in min. In order to receive the result in more handy h, the
term is divided by 60. Summarized for all CPL lines within the research area (Annex
IIL.I, step 4.4):

20 At
Ata” == E (dlslt] ) distav ) Pl]) - 60
ij=1 Y

Detailed this is:
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u, - d
20 23=1 <Ats,ij'ﬁ>

_;(u
At =Z = - 3,6-P;) + 60
all . ( diStij l])
ij=1

with
i Zone of journey origin P Journeys
j Zone of journey destination S Service type (LS, OP, PH)
dist  Distance t Travel time
u Network capacity utilization, as calculated from service frequency
With the result of:

Table 9: Travel time differences between the comparison cases.

Comparison case TTD [h/day] TTD [h/year]
PS2 - PS1 34.781 12,7M
CS -PS1 67.040 255M
CS -PS2 37.578 13,7M

5.2 Mode shift and induced traffic

How many travellers choose another transport mode for their trip, because there has
been improvement in one modes performance? How many additional trips would be
made because transport supply has been improved, which otherwise wouldn’t be
made? As no suitable data was available to calculate or model those impacts of the
projected CPL featured PT network, a broad survey was conducted to ascertain travel-
lers’ behaviour.

Results

From the 515 surveys held, 404 were suitable for evaluation. The results are:
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Table 10: PrmT user behaviour survey results.

Ql Q21 Q22 Q3.1 Q32

"YES" 404 194 87
of total 404 404 404
No./week 185

%  100,0 480 28,3 21,5

For the survey only PrmT users were taken into account. Therefore Question Q1 “Do
you use motorized private transport for any of your regular trips?” has come along
with a 100% accordance. Learning about modal shift, 48,0% of the questioned PrmT
users would consider using public transport, if improved under CPL conditions (Q2.1:
“...would you switch some of your regular trips to public transport?”). The same
share of travellers indicated, they would use the improved system for 28,3% of their
trips otherwise done by motorized individual transport (Q2.2: “What would be the
percentage of the trips switched to public transport?”).

The next question Q3.1 (““...would you undertake more trips than you do today, just
because you can reach your destinations more quickly?”’) was about induced traffic,
with 21,5% stating that they would consider using public transport for trips they ab-
stain from undertaking them now. Furthermore the question was specified: “How
many additional trips would this be per week?” (Q3.2), with the result of 185 addi-
tional weekly trips per 404 questioned travellers.

Using the current state modal split data (chapter 4.1.2.2) of 340.000 PrmT journeys
per day, a shift of 13,6% between the two systems would mean 46.240 journeys made
on public transport instead by car per day and around 18,9M journeys per year.

Furthermore the increased public transport attractiveness accounts for 0,09 extra trips
per inhabitant per day. Respecting the Chisinau inhabitant number of 657.300 (CSO
2013) 3,3M trips per year are generated, which were otherwise abstained. These ef-
fects have an impact of the overall mode share:

Table 11: New mode share with CPL measures.

Public Private motor- . .
transport ized transport Cycling ~ Walking Total

Share 64% 21% 0% 15%
Journeys/d  929.390 293.760 0 200.000 1 4M
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5.3 Value of travel time savings (VTTS)

The estimation of VTTS is complex and there is no consistent methodology or proce-
dure used for a larger number of countries. Usually in developing country VTTS are
raised using surveys, with the problematic outcome of results basically reflecting in-
dividual economic perception, not the effect of TTD on overall economy (DFID 2005:
15). In developed countries more complex approaches are chosen, distinguishing trav-
el purpose in commuting trips (negatively accounting to the employee as unproduc-
tive “work” time), work trips (negatively accounting to the employer), leisure travel
(reflecting the users value of free time) and in some countries commuting for educa-
tional reasons (DFID 2005: 10). The outcomes differ widely as table 12 shows. Also —
depending on the examination area — different values could apply. In Germany for
instance EUR 7 / h of TTD would be used for most CBA (CRILLO &A XHAUSEN 2006:
445 et seqq.), whereas EUR 8,20/h of TTD would be more accurate for a scope within
a metropolitan area, reflecting higher hourly earnings compared to the periphery
(VTPI 2009: 20 et seq.). Furthermore VTTS could be distinguished by transport sys-
tem. Especially VITS of work trips can be significantly lower in transport systems
offering the possibility to use time productively for work (e.g. lower VITS for one
saved hour of long-distance high-speed train travelling with featuring desk, electricity
and Wi-Fi internet vs. one saved hour of business class air travel with many interrup-
tions of (low-quality) working time) (AHMET & VAIDYA 2004. 1).

Table 12: VTTS for commuting in metropolitan areas in relation to countries’ average hourly
earnings.

Country (ranking of Part of hourly earn-

VTTS

nominal GDP per ings [%] (country VTTS Source
capita) [EUR] average)

Germany (21) 8,20 38 SHIRES & JONG, DE 2009: 47
Italy (26) 9,05 60 SHIRES & JONG, DE 2009: 47
Poland (55) 5,02 108 SHIRES & JONG, DE 2009: 47
Moldova (128) -- - --
Ghana (136) 0,13 64 DFID 2006: 55
Bangladesh (156) 0,04 51 DFID 2006: 55

Sources: GDP data from: IMF 2013, Earnings from: DESTATIS 2013, I.Stat 2013, CSO 2013.

The example of Poland shows VTTS over the average hourly earning for metropolitan
regions, a consequence of steep urban-rural income disparities (VTPI 2009: 4). Con-
sidering Chisinau metropolitan area being by far the region with highest earnings
within Moldova (EC 2007: 9), the VTTS percentage of hourly earnings appears to has
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a potential to be comparatively higher than in other countries. However estimation in
this study is done conservatively, carefully preventing overestimations and should
thus not exceed other countries averages. Therefore the VITS is determined at EUR
0,70 per h of saved travel time, being well within a frame of 60 to 75% of the average
Moldovan hourly wage of EUR 1,03 (BNS 2013).

With this assumption the projected CPL measures benefit to the Moldovan economy
with EUR 17,1M for PS1 and EUR 9,6M each year for PS2.

5.4 Investment costs

The investment costs for the CPL network are calculated from ITDP’s busway cost
calculation handbook of the BRT planning guide (ITDP 399 et seq.) for the two net-

work layouts with:

- PS1: 60,9 km and 138 bus stops
- PS2: 494 km and 94 bus stops

required for CPL implementation. The costs are set up according to the system’s char-
acteristics in chapter 4.2. Due to the passive signal control, further costs for modifica-
tion of traffic light signal systems accrue, calculated with EUR 500 for each intersec-
tion per traffic direction. The overall investment cost calculation is:
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Table 13: Maximum investment cost calculation.

Investment object Quantity km/unit costs  Costs [k-EUR]
PS1 PS2 [EUR] PS1 PS2
Driveway
Lane separators, 10 cm blocks 122km 84 km 3.650 445 307
Busway entry coloration, 50 m 42km  28km 36.500 147 102
Signal priority at intersections 26 21 500 13 11
Passing lanes at stops'' 09 47 41.500 2.864 1951
Stations
Station identification posts 138 94 580 80 55
Timetables and maps 138 94 2.200 304 207
Information and ticket kiosks 3 3 22.000 66 66
Pedestrian crossings with signals 60 50 14.600 876 730
Subtotal 4.795 3.429
Planning and contingency 20% 959 686
Total k-EUR 5.754 4.115

(Calculated using investment cost calculation tool from ITDP 2007: 399 et seqq.)

5.5 Operating costs

A higher effectiveness in vehicle operation arrives from shorter travel times, allowing
more rotations at the same time, reducing the necessary size of the fleet (IEV 2009:
22). The benefits are of monetary character (analysed in chapter 6.1.11 “Operating
costs”) and of an overall gain in system sustainability, providing the same amount of
transport with fewer resources (benefits for local environment are analysed separately
in chapter 6.1.12 “Local emissions”).

Vehicle travel durations for one rotation will be shorter with declining travel times
(VWI 2009: 20 et seq.). With peak hour travel times (as relevant travel times for fleet
dimensioning) 29% lower for PS1 and 15% lower in PS2 (see Annex IIL.I), a change
in fleet size can be expected of'” (balanced in terms of increased demand due to shift-
ed and induced traffic of 14,5%):

""Including electrical equipment for trolleybus

'2a) At the moment bus services are not organized with exact timetables, but with service intervals.
Assuming this TTS would account 1:1 to shorter rotation durations and fleet size demand. If bus ser-
vices would be organized with exact departure times at the origin, TTS benefits on rotation durations
could be diminished by waiting times for timetable departure at starting point. b) For a conservative
calculation the expectations are decreased by 5%, as induced traffic is not considered.

61



5. Procedure Sven Ledwoch | University of Tiibingen

Table 14: Impact of the planned states on fleet size [no. of vehicles].

Trolleybus ~ Conv. Bus Minibus

Existing fleet 336 111 1757
Change in fleet size PS1 - 74 -23 - 361
Change in fleet size PS2 -29 -9 - 150

This reduction on fleet demand has the potential to save

- EUR 12,7M for PS1 / 5,0M for PS2 on subsidies. Calculated with the saving
of EUR 151.000 (Unimedia 2013) per new trolleybus from XY assembled in
Chisinau, as it is the case right now within the on-going fleet renewal (Unime-
dia 2013). For the conventional bus EUR 65.000 (MORGOCI 2013) were calcu-
lated, as this is the price for the usual replacement buses.

- EUR 2,9M for PS1/ EUR 1,2M for PS2 for private sector entrepreneurs, the
minibus drivers. The buses are mostly owned privately or in small collectives.
Interviews (Annex L.II) state that the investment costs for a minibus are those
for a used, ten year old imported and reconfigured Mercedes-Benz Sprinter
(around EUR 8.000 per van).

5.6 Energy consumption differences (ECD)

The energy consumption differences derive from changes in transport demand in the
three comparison cases: 1. The shift of journeys from motorized private transport to
the more energy efficient public transport system. 2. Additional (induced) public
transport journeys, which attribute negatively to energy consumption benefits
(ENGELMANN, HAAG & PISCHNER 2001: 5). As for modal shift and induced traffic da-
ta collection it was not possible to distinguish between PS1 and PS2, for the ECD

solely one value can be gained.

Differences of energy consumption in transport can be calculated in relation to effect-
ed transport work (SCHNABEL & LOHSE 2011: 581). For motorized private transport
an energy consumption of 0,56 kWh per passenger km, a value from 2009 Austrian
Federal Environmental Agency (Umweltbundesamt 2009), is assumed, comparing
other sources presumably the closest equivalent. The comparison values for Chisinau
bus system energy consumption is listed in table 15, with an average of 0,13 kWh per
passenger km, weighted depending on the number of bus types in regular service.

62



5. Procedure Sven Ledwoch | University of Tiibingen

Table 15: Chisinau bus fleet and energy consumption characteristics

Years of Quantity in

. . Energy Consump-
Bus type and model constrgctlon/ de- se.rv1ce (+ opera- tion'? [kWh /pkm]
livery tional reserve)
Electric trolley ZIU-9/-10, 1968 — 1996 171 (+50) 0.13
Skoda-14Tr, YUMZ-T1/-T2 B ’
Electric trolley AKSM-321/-
cetrie rotiey 2008 — today 115 0,09
32101/-213
Diesel conventional 2000 — tod 50 016
MANSL223/263 - oty ’
Diesel conventional, various
1980 — 1998 41 (+20) 0,25
types
Weighted average: 0,13

(Sources: Municipiul Chisinau 2004: 70 et seq., COPACI 2013, ANDRUS 2013, TPOJIJIEWMB Y CHBIN
3ABOJI 2013, MAN 2014)

A journey done by public transport instead of using the car therefore saves the energy
with the amount of AE,;,, = 0,43 kWh/pkm. An induced journey accounts to the cal-
culation negatively with AE,,,,... = —0,13. For trip length, the average PT trip length
dist = 3,5 km is assumed, generating overall savings of YAE,;,~ 28 4M kWh and
SAE ..~ —1,5M kWh each year, with the overall ECD of AE = 26,9M kWh each
year for both comparison cases compared to the current state.

5.7 Local emission differences

Generally is the potential of saving local emissions high for the projected cases. The
main emission benefit arrives from the shift of trips from private motorized transport
to public transport. The emission characteristics of the systems are very different and
feature a strong gap in emission volumes.

For the calculation of carbon dioxide (CO,), oxides of nitrogen (NO,) and particulate
matter (PM,, and PM,;) the TEEMP (Transport Emissions Evaluation Models for
Projects) is a basic calculation tool using MS Excel offered by the Clean Air Initiative
and ITDP. TEEMP enables the estimation of emissions in both “project” and “no-
project” scenarios and can be used for evaluating short to long term impacts of pro-
jects. The TEEMP tools have been developed in such a way that required input data
are based on what data is available and easily accessible (Clean Air Initiative 2014).
Still calculation requirements for this study were not compatible with the tool. Since it

" Recuperation is included for electric vehicles
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is the only “simple” calculation tool of this kind appropriate within the extend of this
study, the rating needed to be estimated (see chapter 6.1.14). The estimation does also
include the rating of noise emission differences.
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6. Analysis and assessment

6.1 Indicators appraisal

For the appraisal each indicator was rated with marks from O (no impact), 1 (very lit-
tle impact), 2 (some impact), 3 (quite strong impact) to 4 (very high impact)
(DZIEKAN et al. 2013: 55).

6.1.1 Shift to more sustainable modes

Survey results predict a shift of 340.000 journeys per day, respectively 18,9M jour-
neys per year from motorized to public transport (see chapter 5.2), enabling an enor-
mous growth of the city’s share of sustainable transport. Considering furthermore,
that 56% of public transport is powered electrically, the potential to contribute to an
efficient and clean urban transport and a liveable city is even higher. The mode shift
potential is broken down for PS2 using the network length as criterion.

Rating PS1: 4 PS2: 3,2 Broken down: Network length

6.1.2 Transport capacity

Due to the general layout idea, no capacity increase is intended. The calculation is
based on the same demographical and structural data for all comparison cases, mean-
ing transport demand is supposed to be same for all cases. But still the increased at-
tractiveness of public transport fosters travel demand, which necessarily leads to a
higher transport capacity. As both contributing factors, mode shift and induced traffic,
together account for 14,5%, it is the value of the increase of capacity, which is neces-
sary to balance the additional demand. It is rated “some impact”, respectively it might
be lower for PS2, with a less attractive route network (break-down criterion km).

Rating PS1: 2 PS2: 1,2 Broken down: Network length

6.1.3 Induced traffic

On the other hand, survey results predict 0,09 extra trips per inhabitant per day (3,3M
trips per year) due to increased public transport supply accounts for inducing. Without
enhanced PT service these trips were otherwise abstained. Being a negative impact,
induced traffic accounts negatively to the rating. The level is deducted from the mode
shift rating, comparing the impact intensity (3,3M vs. 18, 9M). The fact, that an in-
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duced trip-km on PT accounts less negatively (AE,, ;... = 0,13 kWh/pkm) to the over-
all calculation, than the impact of an shifted trip-km (AE,,;,, = - 0,43 kWh/pkm) is

already respected with the indicator sub-level weighting.

Rating PS1: -0,7 PS2: -0,6 Broken down: Calculation result

6.1.4 Service frequency increase

The two CPL concepts basically consist of the same route layout and service charac-
teristics as the current state, merely speeding up the cities main public transport corri-
dors at the same service frequency as today, also keeping all other services unharmed.
Therefore, service frequencies do not differ in the particular comparison cases (not
considering supply increases through increased demand from shifted and induced
trips).

Rating PS1: 0 PS2: 0 Broken down: Network length

6.1.5 Reliability improvements

Delays (congestion resilience)

Delays due to traffic flow breakdowns and severe congestion are the main harm of
reliability on today’s main connecting corridors making planning for transport users
in peak hour hardly possible (MIHAI 2004: 7). The CPL’s technical design and capaci-
ty minima guarantee a constant traffic flow. In this sense hold-ups are avoided,
though traffic flow is (max. 80%) slower in peak hours, but delays are controlled and
communicated with a timetable. This impact is profound and an important advance-
ment.

Cancellations (rolling stock failure)

Together with projected CPL implementation no improvement beyond the on-going
fleet renewal is planned. The level of rolling stock failure remains at the contempo-
rary level, which is not very harmful to the system’s reliability (MORGOCT 2013). To-
day over 50% of the fleet is younger than 10 years with an ameliorating tendency (see
chapter 4.1.2.2). Furthermore the impact of cancellation of one bus service, e.g. due to
technical fault, is quickly compensated through the high service frequency on the
CPL.

Conclusion
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Précised, rolling stock failure and cancellation is not a core problem of Chisinau PT
reliability, though the improvements in congestion resilience and the possibility to
plan PT trips can add a high benefit to the overall PT system.

Rating PS1: 2,5 pPS2: 2 Broken down: Network length

6.1.6 Travel safety and services

Travel/passenger safety'*

The concept does not envisage increasing the number of security personnel in buses
or at stations. As every trolley and conventional bus carries at least one ticket vendor
and/or service person (MORGOCI 2013), travel safety problems are not a core issue in
Chisinau PT.

Passenger services

The most important improvement of passenger services will offer the possibility to
plan PT trips. Predictable travel times in peak hour will enable the establishment of
timetables. Earlier PT users could not know their exact time of departure, just the fre-
quency of service. Also the durations of journey needed to be estimated, with the high
risk to be several times longer than expected. Concretely, CPL implementation would
go along with the installation of analogue timetables at each bus stop, together with
timetables available online (as an enhancement of the yet planned online-information
of service frequencies) (MORGOCTI 2013). Since the improvements are implemented at
CPL corridors only, the rating is broken down for PS2 to a lower level.

Conclusion

Generally, travel safety remains on the same level, which is at the moment not prob-
lematic. Passenger services do not experience an improvement except from passenger
information. Considering though the (first-time) introduction of timetables travelling
will be much easier for transport users.

Rating PS1: 1,5 PS2: 1,2 Broken down: Network length

'* As also mentioned above travel safety means the safety of travellers and personnel against violence.
Not to be confused with transportation/road safety — the absence of transport accidents.
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6.1.7 Amenity and travel comfort

The most important amenity with CPL implemented will be shorter travel times. An
average travel time saving of 4,8 min per PS1-trip and 2,7 min per PS-2 trip has an
impact on the competitiveness of this transportation mean. Improvements of rolling
stock are not planned within the context of the projected CPL implementation. Travel
comfort therefore remains on the same (low, but with the on-going fleet renewal im-
proving) level as in CS (Unimedia 2013). Yet, shorter travel times and the absence of
long congestion hold-ups might improve the passengers’ travel experience. The PS2
rating was influenced by the difference of the average travel time.

Rating PS1: 2 PS2: 1,2 Broken down: Network length

6.1.8 Value of travel time savings

Travel time savings benefit to the Moldovan economy with EUR 17,IM for PS1 and
EUR 9,6M each year for PS2. Compared to a GDP of EUR 5.2B in 2013 (The World
Bank 2014b) the CPL measures offer an outstanding impact. PS2 rating is broken
down using the VTTS ratio of both comparison cases.

Rating PS1: 4 PS2: 2,5 Broken down: Calculation result

6.1.9 Accident costs

The standard bus road safety situation in Chisinau is not critical (MORGOCI 2013).
Minibuses, however, are concerned for their safety (chapter 4.1.2.2), so the imple-
mentation of CPL promises enhancement for the minibuses (ITDP 2007: 554,
UNECE 2009, WHO 2013: 173). Pedestrian safety is respected with the investment in
60 (PS1) / 50 (PS2) signal crossings, which should improve the overall pedestrian
safety situation or at least digress a possible worsening. As the beneficial effect on
accident costs of both aspects of road safety is not quantitatively describable, nor
plausibly assumable, it is rated conservatively as “not very high”, with the respective
brake down for PS2.

Rating PS1: 1 PS2: 0,8 Broken down: Network length
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6.1.10 Accessibility

Ticket prices

Ticket prices are set politically, changes would not happen in context with CPL.

Supply

Being excluded due to supply deficiencies of some areas or neighbourhoods is another
great social accessibility hazard (PETERSON & RAJE 2007: 152; CASS, SHOVE & URI
2005: 540 et seqq.). PT route layout would not change with CPL implementation, so
no changes to bus stop availability and distribution occur. This leaves the accessibility
unchanged for conventional buses. Accessibility to minibuses would decrease on a
minimal level, as minibuses operating within CPL are not accepted to stop outside
official bus stops. Strictly speaking this change in operational procedure does not rep-
resent a supply decrease, just a deflexibilization of the dynamic service concept of the
minibus. Furthermore, it does not change supply with regard to social aspects of ac-
cess, as the same routes would still be available.

Handicapped

At the moment the Chisinau bus fleet is in the process of modernization and a grow-
ing number of low-floor vehicles are introduced into service (chapter 4.1.2.2). This
improvement of quality is in no connection with the CPL concept, so it does not con-
tribute positively in this rating.

Conclusion

The conclusion is that neither ticket prices will rise due to CPL implementation, nor
supply deficiencies for some neighbourhoods might occur more than today. The only
deficiency is a slightly reduced supply of the minibuses’ accessibility. As this impact
is sensitive to CPL-length it is higher for PS1 than PS2, respectively their km-ratio.

Rating PS1: -1 pPS2: -0,8 Broken down: Network length

6.1.11 Costs for community

A higher effectiveness in vehicle operation may arrive from shorter travel times, al-
lowing more rotations at the same time, reducing the fleet size necessary to conduct
operations (chapter 4.2.3). This fleet reduction allows a long-term saving of EUR
14.9M for PS1 / 5,8M for PS2 for new vehicles as the amount of vehicles needed to

be modernized will be lower.

69



6. Analysis and assessment Sven Ledwoch | University of Tiibingen

Rating

6.1.12

PS1: 4 pPS2: 2,2 Broken down: Network length

Use for third parties

A public group affected by CPL implementation are minibus drivers. Obviously those

depending on semi-informal transport are vulnerable to the changes towards more

regulation. Though CPL does not mean the extensive repression of minibuses, it leads

to some cuts in their business model:

Reduced minibus fleet of PS1 176 / PS2 422 vehicles, due to shorter travel
times and optimized rotation (chapter 5.5) accompanied with the loss of at
least one to two times the number of jobs. EUR 34M / EUR 14M of invest-
ments can be saved due to the smaller fleet.

Nowadays the minibus offers comparably fast travel times, due to higher flex-
ibility than the larger buses and often unlawful and aggressive driving (MOR-
Goct 2013). In CPL cruising velocities are constant and similar for all PT ve-
hicles, as overtaking is not possible. Therefore, average speed might decrease
on some route parts not vulnerable to congestion.

The advantage of flexible hop-on/hop-off stops outside official bus stops
would be restricted. Another main attractiveness bonus for minibus users (and
the reason to spend 50% more of the regular bus fare).

Lowering capacity utilization in some service hours, lacking the possibility of
going slower in order to collect more passengers in hours of less demand,
which is a common procedure (Annex L.IT).

Conclusion

The minibus business model suffers alongside with its employees of diminished at-

traction of minibuses and growing competition from the buses, leading to shrinking

minibus PT share. This is rated as a generally negative (social) effect, which is sensi-
tive to CPL-length.

Rating

6.1.13

PS1: -2 PS2: -1,6 Broken down: Network length

Energy consumption benefits

The general ECD due to mode shift is AE = 26.900 MWh (induced traffic included)
each year. It can be expected to be lower in regard to the network length. Considering

electric energy consumption, it is the same amount 180.000 people consume during
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one year in Germany (JOCHUM 2010: 15) or the quantity 2,3 average efficiency Ger-
man wind turbines produce over one year (BMU 2009: 22).

Compare to other cities/BRT impacts.

Rating PS1: 4 pPS2: 3,2 Broken down: Network length

6.1.14 Local emissions

Since the amount of trips shifted from private motorized transport to public transport
is huge, the potential of saving local emissions for the projected cases is also high.

Combustion engine emissions

Comparing the for instance carbon dioxide, oxides of nitrogen and particulate matter
emissions of a passenger car, which has a average occupancy rate of approximately
1,8 passengers (COPACI 2013) to the occupancy rate of an average public transport
vehicle the difference in emission quantity can be exemplified. Therefore it is as-
sumed that the mode shift of 18,9M trips per year has a highly positive impact on

emission efficiency per travelled passenger km.

With a public transport system composition of 56% trolleybus system, 37% minibus
system and 7% diesel bus further impacts are to consider. The electric powered trol-
leybus is neutral of local emissions, since the electric power is produced outside the
city. As a matter of course this mode of transport is not free of emissions at all re-
specting the Moldovan mix of electric energy generation, which is most of all done
with hard coal (approx. 80%), gas (approx. 19%) and a negligible proportion of hy-
dropower (> 1%) (calculated from IEEJ 2011, data from 2009). Therefore the path to
conduct emission-free trolleybus transport is still long, still the indicator determines
“local emissions” and the trolleybus does not stress the urban environment with com-

bustion engine emissions.

The minibus contrasts the in terms of local emissions exemplary trolleybus. Com-
pared to the conventional diesel bus it features unfavourable emission characteristics,
at the same time conducting a major share of the city’s public transportation volume.
Despite being less efficient ' than the conventional bus, is still has advantages com-

pared to a private car carrying 1,8 passengers on average.

'* Assuming that both systems do not have a heavily diverging similar occupancy rate
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Noise

A severe transport pollutant is furthermore noise. Even more than with air pollution
this field is affected by number and kind of circulating vehicles. Noise is being emit-
ted more through acceleration (and engine braking) of combustion engines. Electric
engines (apart from heavy rail transport engines) are usually by far les troublesome in
urban transport. Cruising sound also causes pollution, especially with a multitude of
vehicles. Furthermore this effect is highly dependant on travel speed (TANG & WANG
2007: 1760). The effect of 40 passengers travelling in five minibuses instead of 23
cars might not have an outstanding effect. More though if the same amount travels in
one diesel bus or even more for a electric trolley instead of 23 cars. Therefor in the
sum the shift from motorized to public transport is very likely to have a medium up to
high effect on reduction of noise pollution.

Conclusion

Overall the effect of CPL on local emission should be very favourable. Though the
minibus system makes the impression to be less productive in reducing emissions,
than the other transport systems. Unfortunately the exact impact in this matter could
not be analysed qualitatively, therefore emission reduction is conservatively rated
with below the best result. As this impact is sensitive to CPL-length it is lower for
PS2.

Rating PS1: 3 PS2: 2,4 Broken down: Network length

6.1.15 Space consumption

For the estimation of increasing or decreasing urban space consumption through the
implementation no exploitable arguments could be found. Of course mode shift from
PrmT to PT urban space would release a certain amount of urban space of, for in-
stance since less space for parking would be needed. On the other hand this argument
can be easily disproved with the fact that CPL construction will eliminate a high
number of parking places in the city centre due to the curb side alignment of the bus
lane. This discussion demonstrates, how vague the pro and contra the arguments are
and that the result might close to zero.

Rating PS1: 0 PS2: 0 Broken down: Network length
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6. Analysis and assessment

6.2 Appraisal summary

Table 16: Utility analysis and results.

Part-worth  Part-worth Weigh Weigh
Category MMMMM_N Indicator w“w“m,.ﬂ smw%m_hm .a_amm .a_E”m _.in._w.m.“m 1£n=m_mnm
PS1 PS2 PS1 PS2
Shift to more sustainable modes 40% 0,100 40 32 0,400 0,320
Transport 25% Transport capacity 40% 0,100 20 1,2 0,200 0,120
Induced traffic 20% 0,050 -0,7 0,6 -0,035 -0,030
Service frequency increase 40% 0,100 20 1.2 0,200 0,120
Reliability improvements 30% 0,075 25 20 0,188 0,150
K ks Travel safety and passenger services 20% 0,050 15 12 0,075 0,060
Amenity and travel comfort 10% 0,025 20 1,2 0,050 0,030
Value of travel time savings 80% 0,160 40 25 0,640 0,400
Economical 20% X
Costs for accidents 20% 0,040 30 24 0,120 0,096
Accessibility improvements 50% 0,075 -1,0 08 0,075 -0,060
Social 15% Costs for community 45% 0,068 40 23 0,270 0,155
Benefit for third parties 5% 0,008 -30 -24 -0,023 -0,018
Reduction of local emissions 40% 0,060 30 24 0,180 0,144
Environmental 15% Energy consumption benefits 30% 0,045 40 32 0,180 0,144
Effect on urban space consumption 30% 0,045 0,0 0,0 0,000 0,000
Total 100% 1,000 2,370 1,631
PS1 utility PS2 utility
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The overall results of the two measures are 2,370 for PS1 and 1,631 for PS2 show a
difference of 0,739 rating points in favour of PS1.Including the investment costs — as
they are not respected in the utility analysis — the difference of benefits is as low as
0,01 in favour of PS1. The difference D was calculated with

2
u
AZD =i—c
c=1 ¢

using respective utility # for each comparison case ¢ and the investment costs i.

74



7. Discussion Sven Ledwoch | University of Tiibingen

7. Discussion

7.1 Methodological critique and result significance

In this chapter the disadvantages and advantages of the methodology used for the pro-
cedure are discussed. Meaning, quality and significance of the results is influenced by
choice and type of methods. Knowing about strengths and weaknesses of the results is
crucial for a defensible conclusions and a correct interpretation.

7.1.1 Data collection procedure

The difficult research environment of a developing country with unavailable or defi-
cient quantitative data as well as a deliberate information and data exchange culture
indeed had a strong impact on data collection. Instead of conducting a quantitative
approach, as it is usually done with this question, even with the many different aspects
of the multi-layered approach, collection methodology had to be complemented with a
mix of qualitative and quantitative techniques. Despite a lucky selection of experts,
general data quality remained at low level, especially concerning the structural data of
Chisinau and the value of travel time indicator, leaving some need for estimation. On
the other hand estimation is a normal and in many cases an essential practice to limit a
(thought) model’s complexity. With special reference to the assessment of infrastruc-
ture investments, it is very common that variables are estimated. It is practitioner’s
standard to estimate VTTS, monetary values of emissions and demographic data
components if no reliable data is available or the data collection effort is exceedingly
high (Intraplan 2006). In Germany this procedure is often subject to public discussion,
especially in the context with large infrastructural projects (BRETTENSCHNEIDER 2013:
186 et seqq.). Nevertheless it demonstrates that obtaining an entity of very accurate
data is mostly illusory and a certain level of imprecision is inevitable (SCHNABEL &
LoHSE 2011: 547). Therefore, if indicators were estimated it was carried out conser-
vatively, avoiding overestimation of the results. The overall quality of the data col-
lected as well as the quality of the “weakest link” is found significant enough to ob-
tain defensible results. However it should not be used for (further) detailed technical
calculations.

A further quality aspect concerns problematic data actuality. Literature on post-
socialist urban transformation and development structures originates mostly from the
period between 1996 and 2000, which does not constitute a severe problem, as it was
the main phase of research in this regard. With the development phases being delayed
in Chisinau, it is further negligible. Qualitative input data though used for calculation
to some parts is aged up to ten years. This, for instance, concerns some structural data
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(urban structure and employment) and parts of the emission data (vehicle emissions).
Of course it is to assume that these fields made more or less distinct advancements
over the last years, so the results will be inaccurate.

However, accordant to the research goal, scope and the envisaged extend of this
study, the results provide an adequate basis to give — at least a qualitative — statement
on the research question in reference to the result data. As further explained in the
next chapter, with the assessment methodology of utility analysis, the quantitative da-
ta would have been assessed in a subjectivity-influenced manner. This leaves a quali-
tative result, with the possibility to respect a variance of the result value in the as-
sessment procedure.

7.1.2 Assessment procedure

With the general approach to rather expect unprofitable results in estimations (con-
servative assumption), all statements and assumption within the procedure of this
study contain a certitude reserve. Overestimation — intended or not — favouring a spe-
cial outcome as sometimes observed in valuation practice is therefore prevented.

The evaluation itself was conducted on the methodological basis of utility analysis
with 15 weighted indicators. A considerable aspect hereby is the subjectivity of the
weighting process. Until the 1970s researchers insisted on being separate from the
active research process, virtually like a deus ex machina removing themselves from
the research results (PFAFFENBACH 2007). Though the researcher does not live in the
indefeasibly ivory tower of science, he is part of the research itself, being the link be-
tween the research object and the scientific result (REUBER 2007: 156 et seqq.). So the
subjective intervention in the evaluation process through weighting, just means to cre-
ate an interpretative paradigm (REUBER 2007: 156, PFAFFENBACH & REUBER 2005:
107). In order to interpret the results correctly, it is important to understand the
weighting to its full extend. In this assessment the focus is clearly on transport sys-
tematic characteristics, but the weighting also sets high value on the transport user.
Economical aspects are further considered in a stronger relation than social and envi-
ronmental impacts (chapter 3.4.4).

Another considerable aspect in the evaluation process is the usage of an ordinal scale
which is without alternative when conducting an utility analysis. The problem which
arises is furthermore one of subjectivity. The score system does not offer a shared ze-
ro-point for all variables nor can it be calibrated (SCHNABEL & LOHSE 2011: 554).
Therefore the generated ordinal rating point results are only valid within the system of
Chisinau and their background of generation and offer no further possibility of com-
parison to other cities. Comparison can only take place using qualitative description.

76



7. Discussion Sven Ledwoch | University of Tiibingen

7.1.3. Sensitivity analysis and result applicability

In order to test the weighting and result quality a sensitivity analysis was conducted
(Annex III.IT) at which weighting relations were changed. Afterwards the deflexion of
the result sequence was analysed (SCHNABEL & LOHSE 2011: 555). The analysis was
conducted for three most plausible weighting alternatives. There was no impact on the
order of ranking, except for results with less than 0,1 of score points difference. Since
this is not only reasonable but furthermore inevitable, the weighting was found ade-
quate and the results suitable in terms of the weighting method. Considering the cri-
tique of chapter 7.1.2 generally fine value differences should not be used for the ex-
pression of far-ranging statements though.

7.2 Result interpretation

7.2.1 Main outcomes

For evaluation of the Combined Priority Lane (CPL) impact 15 indicators were se-
lected to describe the impacts of the two planned states (PS1 and PS2) compared to
the current state of public transport in Chisinau. The overall results of the two
measures are 2,4 for PS1 and 1,6 for PS2 on the scale of O (no impact), 1 (very little
impact), 2 (some impact), 3 (quite strong impact) to 4 (very high impact). In matters
of utility PS1 is the preferable, with a utility benefit of 0,739 rating points higher than
PS2.

Main contributors and detriments

Table 17: Main contributors and detriments.
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As table 17 shows, the main utilities form CPL implementation are:

The current situation with traffic flow disturbances, congestion delays and
long hold-ups is obviously improving with CPL introduction. So the by far
highest utility is generated by travel time savings and the economic value re-
sulting from them.

A further strong impact arrives from the enhanced attractiveness of public
transport, shifting many trips from motorized transport to the more sustainable
bus transport.

A circumstance, which still accounts positively to a high extent are decreased
costs for the community (tax payers).

A lower impact on the utility calculation has both, an increased transport ca-
pacity and an increased service frequency.

At the same level impact an enhanced reliability and the ability to plan trips
and travel duration in preparation of the journey to the benefits.

A similar effect on utility of CPL also has both, the reduction of local emis-
sions and energy consumption benefits.

Furthermore negative effects of a CPL implementation would be:

Accessibility, due to changed minibus operation on CPL trunk routes. In the
CS minibuses also stop outside fixed bus stations on-demand. A practice fairly
famous among the passengers, since the minibus can be accessed from virtual-
ly anywhere. Due to higher organisational requirements in the CPL, this prac-
tice is no longer possible in PS1 and PS2.

Induced trips, due to the improved attractiveness of public transport in PS1
and PS2.

The minibus business sector. For services on CPL minibuses lose their basic

operational and service advantages, challenging their business environment.

A number of indicators did not contribute to the result in a noticeable way, implying

there has been no or just a very slight change from the actual state. These indicators

are in decreasing order of their effect: Cost benefits from improved road safety, travel

safety and passenger services, amenity and travel comfort and the effect on urban

space consumption.
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Comparison of the planned state alternatives

Table 18: Main contributors to the difference between PS1 and PS2.

Indicator PW utility difference

(PS1-PS2)
Investment costs -0,639
Value of travel time savings 0,240
Costs for community 0,115
All indicators 0,01

The general utility benefit for PS1 is 0,739 rating points higher than for PS2. As main
contributors accounting travel time savings for 0,240 to the difference. Due to the
larger CPL network layout, conducted travel time savings are higher in PS1. At the
same time cost savings for the community are higher. With CPL improving vehicle
rotation efficiency, investment costs savings for the community occur in a higher rate
for PS1 with its more extensive network, than for PS2. Further utility indicators play a
minor role in the distinction of the comparison cases. For a general consideration of a
benefit-cost relation, both planned states are closely to be equal with PS1 being 0,01
rating point preferable over PS2. Considering a valuation error, respectively a variety
in the result validity, no significant difference between the two planned states can be
declared.

7.2.2 Outcome interpretation

Performance increase

With the evaluation results it is possible to answer the research question positively.
Considering performance as a function out of capacity, service speed, respectively
travel times, reliability and image the implementation of CPL educes for both bus line
and layout options good performance improvements for most of these aspects. If as-
pects of financing are considered, the ratio of performance increase and costs is even
more attractive. From its organisational design the CPL have an open concept, making
it very flexible to further adaptions and additional performance improvements.

The key effect of travel time savings

Especially transport users and the local economy benefit from extensive travel time
savings. Seen from the perspective, that the monetary consideration of the VITS
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[EUR] instead of the direct indicator TTS [h] potentially even devalues the enormous
time savings of the new bus system. Indeed the value of travel time savings accounts
for less than 10% to the overall result of 15 indicators. In a structural sense and com-
parison to industrial or post-industrial nations, the results are quite exemplary though.
In highly developed nations time is the most critical aspect in travel, contributing with
as much as 80% to transport measure benefits (AHMED & VAIDYA 2004: 1). So the
valuation should consider lower productivity and monetary losses for each hour of
missed working time (ibid.). Nevertheless through enhanced travel time competitive-
ness the CPL entails further a notable shift of trips from motorized to public transport,
releasing positive effects on local environment and energy consumption schemes.

... not without conflicts

Generally, many and strong positive impacts overlay few proportionally smooth nega-
tive impacts. The less grave but maybe the most sensitive negative impact is the one
on the minibus business. With just slight influences, it is not very likely to cost jobs or
jeopardize existences on this semi-informal business sector, as it happened with many
comparable projects, where the minibus system was abandoned completely, e.g. Jo-
hannesburg/South Africa BRT “Rea Vaya” (VENTER 2013: 8). From its main idea
though, the long-term planning goal is enhanced efficiency, which is only to achieve
with appropriate operating equipment in terms of vehicle sizes. Sooner or later a solu-
tion will need to be found on this critical issue. Up to date most trials have failed
elsewhere (VENTER 2013: 13).

Are CPL enabling mass transit?

For the service of Chisinau’s main traffic flow corridors and — as the close results of
0,01 rating points between PS1 and PS2 demonstrate — secondary links within the
city, a (gradual) mass transit options would be desirable. Despite the positive results,
CPL do not provide a sufficient level of overall performance improvement to speak of
a mass transit system. Capacity improvement potential is remarkable, but most proba-
bly not high enough to adopt a high-quality lead role in overall urban transit. CPL still
leaves potential for travel time savings, compared to a “real” mass transit system. Un-
der Chisinau conditions a mass transit option could feature an average travel speed of
30 km/h or above (ITDP 2008), instead of the 19 km/h with CPL. Also the concept
offers no measures in improving the deficient travel and service experience and at-
tracts no perception as a modern and competitive transport system. In this context the
good performance gains are somehow relativized. Furthermore in the next chapter
CPL performance impacts will be put into relation with other development alterna-
tives.
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7.3 Benchmarking and comparison with development alternatives

CPL has proven to be a good possibility to increase public transport performance in
Chisinau. Up to this point, the concept (with two layout options) has been evaluated in
comparison to the Chisinau actual state, which is of course the most relevant decision-
making factor. In order to broader the horizon and make a definite assessment, it
should be briefly benchmarked to other development alternatives.

7.3.1 Development alternatives

Considering today’s state of Chisinau (public) transport of course more suitable
courses of action for transport system improvement exist. The most self-evident ones
are BRT, a light rail transit (LRT), the introduction of a metro system and the option
to continue with the same concept as today (no measure). Except BRT and of course
CPL, all the measures were subject of more or less serious planning ideas in the last
decade (PRO TV 2011). These alternatives feature different cost and utility character-
istics compared to CPL.

Light Rail Transit (LRT)

Yet, in soviet transport tradition of favouring electric energy (PRYDE 1991: 36) the
electric powered transport system in medium and large cities as famous was as the
trolleybus (TARKHOV 2000: 17). Indeed LRT offers a great performance, with low
travel times and an advantageous passenger capacity per vehicle. From an efficient,
environmental, liveable city point of view, it might be the best alternative for Chis-
inau. Considering the city’s size it has appropriate operational characteristics: Being
capable to operate primary traffic axes, but still not being over-dimensioned for ser-
vices on the secondary concentric connections (see chapter 4.2). Furthermore it would
not just offer enhanced accessibility for handicapped; LRT is also might be the most
famous transport system among passengers (JAHN 2010: 36 et seqq.). Modern railway
vehicles offer a higher level of comfort than buses, with a low level of noise and
smooth cruising (ibid.).

From the financial point of view, track-guided vehicles usually make a higher finan-
cial effort necessary. Also LRT implementation would not only need fixed rail infra-
structure with stations and pedestrian access infrastructure, but also require a great
redevelopment of carriageways and intersections. To build a line network equivalent
at least to the extent of CPL PS2, investment expenditure would be high, up to critical
concerning the financial situation of the City of Chisinau. Not only the “Tranvia del
Este” in Buenos Aires (Enelsubte 2013) or the Mumbai “Maximum City” (HAYDEN
2014) demonstrate once more that stand-alone solutions featuring solely one mass
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transit system line or the plan to implement “initially” one segment until further fi-
nancing is available, should be strictly omitted (ITDP 2007: 53).

Bus Rapid Transit

BRT comes along with low investment costs compared to LRT, but similar perfor-
mance features. Especially the renovation of the existing trolleybus system and con-
version to BRT would place the system’s characteristics even closer to the favourable
LRT solution.

Metro

An underground rapid rail transit would offer the highest capacity of all the options
and by far the highest travel time savings, as it is unlike the other options and an ex-
clusive right-of-way system (HINKEL, TREIBER, VALENTA & LIEBSCH 2010). With
around 660.000 inhabitants living in the urban area of Chisinau (DGS 2013: 11), the
development of a metro system is marginal in terms of proportionality (LOHSE &
SCHNABEL 2011: 121). Except for the Botanica — Centru routing, the capacity offered
by the system might be beyond demand. With the generally enormous infrastructure
investments necessary, also consequential costs of the infrastructure maintenance
would be proportionally high. General supply, network density and accessibility are
likely to suffer under the effort of high investment costs of an expensive stand-alone
project. Due to larger impacts during construction a metro also features worse envi-
ronmental characteristics than the LRT. In general, the implementation of a metro un-
der the actual circumstances results in adverse impacts.

(Sub-) urban Rapid Rail Transit

Chisinau does neither provide the appropriate size, nor urban structure to implement
urban rapid transit. For a combination of urban and suburban services, the suburban
settlement structure with small and unevenly scattered villages is complicated. The
existent railway line buries, considering its track routing, few potential for an urban
services upgrade. Therefore the possibility of a suburban rapid rail transit is no further
considered. For an over ground track-guided system, in any case LRT would be the
preferable solution.
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Table 19: Overview of selected cost and utility characteristics.

meI:sOure CPL BRT LRT  Metro

Costs

Infrastructure investments 4 4 3 2 0
Investment in rolling stock 4 4 2 1 0
Operating costs 3 3 2 2 0
Infrastructure maintenance costs 4 4 3 2 0
Utility and performance

Transport capacity 2 2 3 3 4
Travel time savings 0 2 3 3 4
User and service 0 1 3 4 3
Social 0 2 1 1 0
Environment 0 3 3 4 3

7.3.2 Serving a niche in the development process

As benchmarking shows, other transport systems offer very beneficial solutions for
public transport in the city, each system with its own performance cost characteristics,
as illustrated in figure 28. With the metro system exceeding the dimensioning for
Chisinau, the light rail system appears to be a quite appropriate measure. It is situated
well inside appropriate performance range and still with an image bonus compared to
the road vehicle systems. BRT offers perfectly the needed performance and requires
less investment expenditure than LRT.

Generally all the “sophisticated” transport systems are in some cost- and perfor-
mance-wise distance to the actual transport systems, the Chisinau bus systems and the
minibus. As detected and described earlier these systems perform well below the nec-
essary performance, outside the range of appropriate performance, leaving a certain
performance and financing gap between the actually operating Chisinau transport and
all possible system alternatives. Bus systems using CPL though have a higher perfor-
mance than the current Chisinau transport. Furthermore and as proven earlier in the
evaluation, the CPL operations even save money compared to today’s state. Therefore
the ability to fill the performance gap to some extend — without the need to fill the
cost gap — seems as the CPL concept’s main advantage.
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Figure 28: The cost/performance relation of transport development alternatives (Design and idea:
LEDWOCH).

Compared to the other transport systems, the “low-cost” concept of using CPL still
performs on the lower part of the scale, reaching middle system performance as a
maximum. Dividing the transport systems performance in mass-transit systems and
underperforming systems, still a notable leap between these two types occur. It re-
flects the relatively low improvement impacts, compared to common best practice so-
lutions.

7.4 Feasibilities under the constraining situation in Chisinau

Despite its moderate improvement potential, how does the CPL cope in the challeng-
ing Chisinau transport development environment? Main development obstacles are
financial, political and know-how deficiencies (chapter 4.1.3). Is the simple concept
of CPL better suitable to these conditions?

Financial challenge

The collapse of the collective transport orientated USSR caused a deep crisis for pub-
lic transport financing, lasting up to date. After a general standstill of urban transport
infrastructure investments of approximately 15 years until the first half of 2000
(Unimedia 2013, MorGoct 2013). Slowly developing, nowadays investments are
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mostly via development aid or other forms of foreign co-operation. For instance, for
the up to date EUR 15M worth trolley bus fleet renewal (see chapter 4.1.2.2) EUR
10M were credited from European Bank for Reconstruction and Development
(EBRD) and European Investment Bank (EIB) and EUR 3,7M were an EU grant
within the Neighbourhood Policy Programme (EPC 2011, EIB 2010).

Therefore, not solely good utility implications are essential for transport decision-
making, but also financial feasibility for investment options. Both BRT and LRT re-
quire large-scale investments. Both systems need a complete new fleet (depending on
implementation scenario 50% fleet renewal for BRT) of transport vehicles. Not just
the LRT furthermore necessitates extensive investments in track infrastructure. A
mass-transit capable BRT should come along with a considerably station improve-
ment, feeder and non-motorized transport integration and streetscape reconstruction.
Without finding large-scale investment possibilities, an operationally and economical-
ly expedient implementation is not foreseeable.

The problem could be indeed overcome with CPL implementation, as a first step to-
wards a BRT system. Compared to the scale of serious transport infrastructure in-
vestments, costs for CPL are a fraction, with investment costs limited to lane separa-
tion, basic pedestrian crossings and passive signal control (chapter 4.2) and no fleet
investments at all. Operational costs persist at today’s low level with a 37% share of
the transport volume provided by the semi-informal and subsidy-free minibus system
(chapter 4.1.2.1 and 4.2.3). Maximum investment costs for the projected CPL are con-
servatively estimated with EUR 5,8M for PS1 and EUR 4,1M for PS2 (chapter 5.4),
having each year EUR 17,1M (PS1) respectively EUR 9,6M (PS2) of economical sav-
ings on the income side. The savings do not include monetary benefits of external
costs”, and EUR 18,3M (PS1) / EUR 7,2M (PS2) of one-time savings due to en-
hanced system efficiency (chapter 5.5). From a national economic point of view in-
vestments in CPL are paid off after the first year. Under these condition financing
could be much more realistic, than for the development alternatives. Considering oth-
er transport (co-) investment projects as the EUR 3,5M “traffic control programme”
the City of Chisinau implemented end 2013 (TRM 2013) for PrmT surveillance,
chances could be good for projects with a potentially higher beneficial impact'.

'3 Decreased public health costs and economic productivity savings, due to decreased accident rates and
pollution, also beneficial impacts on environment and emissions.

'® For instance the 2013/2014 implemented “traffic control programme” equipping 41 of Chisinau’s
intersections with high-performance traffic surveillance cameras. The HUAWEI built equipment is a
EUR 3,5M Chinese development aid project, partly financed by the Chisinau municipality (TRM 2013,
HUAWETI 2013). Considering that Chisinau road infrastructure lacking basic elements as decent road
signs does make the quality of this practice questionable (Allmoldova 2009).
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Political challenge

A main transport development constraint is the absence of political concern towards
urban or transport policy. The result is a lack of political support of sustainable public
transport or public transport at all. Furthermore the absence of governmental planning
in the highly deregulated economic environment of Moldova leads to a “self con-
trolled” urban development. It follows the general interest of lobby groups and inves-
tors, which usually contradicts any form of reasonable development and featuring a
high degree of car-orientation. This circumstance leads to the paradox situation that
in order to handle the effects of the unregulated development an automotive develop-
ment is supported by public politics.

If public transport is being supported it is done irrationally, as no integrated develop-
ment master plan, nor a durable transport development plan exist. In fact a randomly
inverting public transport policy makes coherent long-term development difficult
(chapter 4.1.3). Under the given conditions the implementation of new public
transport systems is expected to be rather difficult, but not impossible. Not at least the
on-going bus fleet renewal (chapter 4.1.2.2) demonstrates that political will and finan-
cial capabilities do meet sometimes.

Know-how

The lack of know-how very likeable derives from lacking political concern and of
course the absence of relevant policy and planning institutions (chapter 4.1.3). For
LRT this fact might have a lesser impact than for BRT. Tram systems have a long tra-
dition in CIS states, whereas BRT has its main distribution area in the Americas and
in the recent years in South/South East Asia and China. Moldova would be the first
post-socialist state with a Bus Rapid Transit (ITDP 2008). Especially in an environ-
ment of weak professional skills, this lack of planning tradition (and experience) can
yet be a reason to exclude the system as an option for implementation.

In this context the role of a bus concept using CPL is ambivalent. On the one hand
traditional bus services are common practice and the improvement of those using CPL
would not cause major know-how problems. Yet, the director of the trolleybus opera-
tor RTEC indicated in an interview the desirability of CPL for the Chisinau bus ser-
vices (excluding the minibuses though, which is no option for the concept analysed in
this study, see chapter 4.2.3) (MORGOCI 2013). On the other hand the CPL concept
analysed in this study is the “BRT’s little brother”, sharing the idea and many concep-
tual aspects. Not at least the findings within this chapter state, that the CPL implemen-
tation can just be the first step of a process. For technical reasons however (chapter
4.2), the succeeding system has to be a BRT system. Considering this, it would either
not to a great extend be advisable to implement CPL, and/or a fixation on further BRT
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development would harm its implementation chances. Though it seems this challenge
should not be very severe, and to be solved with the respective sensitiveness to the
respective conditions.

7.5 Quo vadis Chisinau?

In this chapter the results of the discussion part are put together and debated freely.
The inputs include the actual Chisinau situation (chapter 5.1), findings on the impacts
of a projected CPL implementation (chapter 7.2), general best practice development
options (chapter 7.3) and actually feasible development possibilities (chapter 7.4).
With these inputs an image is drawn of the public transport and urban development
future of the City of Chisinau. This chapter aims to give a concluding overview of de-
velopment trends and the useful impact of possible CPL implementation. Further-
more, the initial problem of the growing economic, social and ecologic pressure on
transport solutions is picked up. It is explained why this problem in Chisinau is basi-
cally related to automotive development and urban structures. Further contemporary
perspectives of public transport and urban development action are presented in reflec-
tion of CPL’s potential.

Urban sprawl: Following a negative trend

The post-socialist urban transformation always comes along with decentralisation. It
happens with the transition of centralized planning on land prices as the crucial ele-
ment of spatial structuring. With the absence of political planning and relevant institu-
tions the transformation process usually educes decentralized structures with a very
low degree of spatial concentration. This effect is called urban sprawl. Due to the de-
regulated business environment decentralisation of retailers and commerce process is
predominately investor-driven, constraining a sustainable development through grow-
ing (car) trip demand. As this suburbanisation is mainly impacting traffic structures,
the suburbanisation of the residential function also contributes to urban sprawl, caus-
ing decentralised low-density settlement structures. From the nature of its extensive
and scattered spatial structuring the settlement form is highly car-depended, evoking
on the long term a development into an automotive city, quite the contrary of an ener-
gy-saving and sustainable settlement structure.

Up to date this process of suburbanisation has not terminated though. Restricting the
process to a high extend of course will neither be possible or favourable as a measure
of urban development. It is part of a general catch-up development, which is difficult
to contain. The western lifestyle ideal of “living in the countryside” is popular among
a small Moldovan middle-class. Considering leapfrogging the step of catch-up subur-
banisation appears worthwhile, but cannot happen with restrictions, which also would
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not be appropriate. But leapfrogging could also mean not the omitting of suburbanisa-
tion, but the direction into reasonable urban structures, moderating negative impacts.

With this idea the concept of decentralised but concentrated development is of inter-
est. It does not necessarily assume a higher degree of density, though features a de-
velopment concentrated on a (sub-) central place. The effect on travel demand is
somewhat lower, as a number of living functions can be served in the nearby central
place, reducing trip length. Furthermore, the concentration on a central point of
transport supply offers the possibility to bundle transport wishes to a combined traffic
flow. This can be supplied by a decent public transport system, offering a higher effi-
ciency than individual transport.

Automotive development: Loss of public space

Despite the tendency of increasing PrmT traffic volumes between the city and its sur-
roundings due to suburbanisation other factors contribute to a growing PrmT share in
Chisinau. For one the motorization rate increases with increasing economic well-
being. Furthermore the actual public transport situation does not offer an attractive
alternative to this development. As a consequence PrmT traffic situation deteriorates
despite the ample dimensioning of PrmT infrastructure. With politics intervening with
further automobile promotion finally a virtuous circle is created, as increasing supply
(literally “adding another lane”) is usually not a constructive approach to cope with
demand problems, capacity will be quickly consumed and a new excess develops'’.

This virtuous circle proceeds within urban life and living quality of the City of Chis-
inau. Yet, public space is heavily affected by motorized transport. The streetscape is
dominated by car traffic, the little space for pedestrians and meeting is occupied by
parked cars, decreasing the city’s liveability. With the contribution of the recent “new
consumerism” as a sociological appearance, emerging shopping malls serve as the
attractive social hotspots and thus further weaken the public urban space in its func-
tion for social life and communication. Huge supermarkets on the open field and the
opening of the “Mall-dova” outside the city centre are just the first observable steps
towards the privatisation of public space in Chisinau. Urban life is transferred from
the lively street space open and accessible to everybody into the private shopping
heavens with their sterile monotony of global retailer franchise shops.

Access to mobility: Enhancing social inequality and exclusion

As stated at the beginning of this study, mobility is a key aspect in the developing
world and should be accessible anybody equally. With influence of automotive mobil-

17 Who plants roads will harvest traffic* (METTERNICH 2013) referring to SAY’s law of the impossibil-
ity of overproduction in a national economy, as all supply creates new demand (WOLTHERMANN 2013).

88



7. Discussion Sven Ledwoch | University of Tiibingen

ity growing in a weak public or non-motorized individual transport environment an
equal accessibility to mobility can decrease. Considering the capability approach'® of
Amartya SEN, in low-income and high income disparity conditions further pro-
automobile development would be very questionable, as it could lead to a fatal dou-
ble-exposure of the most vulnerable: Those who have restricted capabilities due to
their exposure to poverty (e.g. enjoying a decent education) would also be revoked of
their possibility to participate in society at all, because of not having the possibility to
own an automobile. Living at the margins of mobility, conflicts with job opportunities
and self-fulfilment and has the high potential to lead to social marginalisation of indi-
viduals, neighbourhoods or urban areas.

Accident rates and environmental impact

Road safety statistics show a continuing negative trend for Eastern Europe, with the
City of Chisinau performing at the rear. As all other transport modes are considerably
safer or represent less of a hazard to other (“weaker”) modes of transport, a further
increase of PrmT transport share inevitably means an increase of fatalities. Instead of
a frequent use of public transport, as well as cycling and walking — of course the re-
spective infrastructure would need to be developed in Chisinau — would decrease the
number of traffic accident victims.

Among this description of Chisinau development trends for different topics, environ-
ment of course is one of the most important. It has its impacts not just within the city
boarders affecting peoples’ health but also beyond the city borders, amongst others
being relevant for global changing processes of global climate. Generally an automo-
tive development contributes more to local and overall emissions negatively impact-
ing environment, than completely emission free walking and cycling or public
transport with moderate emissions.

How can CPL advance the situation?

All the development prospects given above, cause to high extends economic, social
and environmental costs and negative effects. The concept of buses using CPL has the
potential to balance some of these effects. As also explained schematically in figure
29, CPL shows good performance results under the given Chisinau situation. Com-
pared to high-cost best-practice solutions such as BRT, CPL is less competitive, as it
generates less capacity improvements, still leaves a large part of travel time saving
potential unfulfilled and offers an inferior travel experience and passenger services.

"® It is the idea and goal ofthe capability approach to understand the capabilities (material and immate-
rial contributions), someone requires to fulfil self-achievement, as more important (for measuring wel-
fare economics) than economic riches itself (measurable with GDP) (The capability approach was the
first multi-dimensional approach to measure welfare economics and is the basis of the HDI.) (SEN
2005: 151).
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At the point though were the demand towards a transport system meets reality, it has
proven clear that none of the best-practice options is a feasible option for Chisinau
right now. Therefore to advance the current status quo other strategies are necessary.

CPL

SN
\ /

Evaluation: Reality i Demand Benchmarking:
Acutal situation >0< Best practice
in Chisinau Status quo No option comparison

\ /

e | @ G | G

Good actual performance increase Comparatively low impacts

- High travel time savings - Low capacity improvements

- Considerably mode shift - Still travel time saving potential
- Less costs for community - Deficient travel and service

- Better supply experience

- Good environmental effects - Bad overall performance

------------------------------

15t step solution

Figure 19: CPL in the system of transport demand and
development reality (Design and idea: LEDWOCH).

From its idea of simplicity and low-cost structure the concept of CPL has advantages
or resilience against difficult financing, contra productive political support and deci-
sion-making and the lack of institutions and know-how. It seems therefore a good first
step solution to attack the number of negative development tendencies Chisinau is
about to face in the upcoming time.

The problem of urban sprawl, suburbanisation and the resulting transport demand in-
crease cannot be approached by a transport system itself. However, if suburbanisation
is politically brought into the form of decentralized concentration, CPL can serve as a
transport system serving bundled traffic flows beyond the city’s borders. Offering a
fast transport link — compared to mixed traffic — within the city, this measure has the
potential to contribute to a better mode shift.
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Accessibility and transport equity does not improve from an enhanced bus system it-
self'. The CPL bus concept is planned to improve existing bus services in terms of
travel speed and compatibility to PrmT. Spatial accessibility not increase, in fact min-
ibus accessibility will decrease. The access to affordable transport though is the essen-
tial reason, why CPL is beneficial; through improving service and attracting (more)
users durability of the transport system in the deregulated competition is assured.

The CPL effect on the negative trend of increasing energy impacts was yet analysed
above. Here the concept allows field benefits, due to the shift towards resource saving
transport modes. As also stated above, road safety benefits equally arise from mode
shift to saver transport (car to public transport), but additionally benefits from public
transport operational safety improvements.

Further implications on sustainable urban development

A large aspect of a measure’s quality is also the further development it implies. De-
spite having impacts on economy, society and environment, the CPL implementation
remains a punctual measure and should be included in an advanced overall conception
for sustainable urban development. An option, which is at the same time recognized
in the scientific debate as well as promoted by most international co-operations in the
field of transport, is the avoid — shift — improve® approach.

Avoiding trips should be the first step towards resource savings and sustainability.
This is basically possible through a mix of urban functions and dense urban structures,
saving trips to work, shopping and leisure activities. Supply options servicing all the
living functions in a decentralized way should therefore be improved. Short distances
within the neighbourhood lead to shorter trip lengths, which might influence mode
choice. Chisinau potentially holds good possibilities for that. Many sectors are dense
neighbourhoods of short distances due to the buildings’ typology. As discussed
above, emphasizing urban space is an important point to raise these sub centres attrac-
tiveness. Possible measures are reducing PrmT space and traffic calming to regain
urban space for rearrangement. Adding nature (and urban gardens) improve urban
climate and shape attractive places to stay and reside.

Shifting trips from motorized transport is the next very important step to save re-
sources and emissions. Transport alternatives are important. Of course an attractive
public transport supply, as discussed above, is a must. This is the step where CPL has
its punctual influence. Furthermore non-motorized individual transport should gain a

" Thinking of mass-transit systems crossing low-income neighbourhoods with no access points for
local inhabitants, public transport can be enhanced fostering social inequality.

2 Since 1990 in scientific focus (STEIERWALD, G. 1994: 377, KAGERMAIER 1998: 548, KocH 2001: 54)
this approach is promoted by UNDP, UNEP, VTPI, GIZ, The World Bank, IEA, etc.
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higher share. Infrastructure for pedestrians might include car-free zones, living streets,
maintained and lighted sidewalks, walkways and safe street crossings. Establishing
cycling as a transport mode is not impossible*', but only procurable with promotion
and the appropriate safe infrastructure: Hierarchic and dense route network with un-
interrupted cycle paths, or safe shared space, bike parking facilities and transfer to
other transport modes. As motorization rate is still low, it is possible to keep up with
good shares, if actions are taken in time.

Improving the last unavoidable bit of transport. This field might contain several ways
of improvement. For instance increase car occupancy rates (car-pooling) for the re-
maining car traffic or car utility rates (car-sharing) in order to reduce urban space con-
sumption for parking. Furthermore technological improvements, which guarantee de-
cent emission standards help keeping up with energy consumption efficiency and pol-
lution. Altogether improving unavoidable motorized transport performance keeps im-
pacts for urban life and environment as low as possible.

General development goals

Combined all development strategies should be orientated towards a general devel-
opment goal. As impact and significance of peak-oil and coming up against capability
borders of the environment are well known and of course likewise relevant for the
City of Chisinau, it is a contemporary demand to an overall development goal to cre-
ate a green, liveable and sustainable city.

Table 20: Possible urban development principles.

Goal Green Liveable Sustainable
Saving today’s re- Regaining lost Leapfrogging
Strategy ) ]
sources and potentials: values: undesirable trends:
L Nature and Urban space for social Automotive infrastruc-
Objective ) ) o
clean air life and communication  ture and urban structure

As further explained in table 20, preserving the city’s natural resources and potentials
includes control of emissions and urban space consumption, and furthermore inter-
connects with liveability. Green urban spaces offer enhanced living quality. But live-
ability also means lively; and, as explained above, a city should be a place a of com-
munication, exchange and culture. Sustainability should exist in the city’s subsistence

! Cycling in Lviv/Ukraine: The implementation of Ukraine’s first cycling plan airs to construct 270 km
of cycling infrastructure in Lviv until 2019. The measure yet shows visible sucsess (ELTIS 2013).
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strategy. Amongst others this means the promotion of local economy and supply. An
important sustainability aspect, which is however quite fare beyond the scope of this
study. But it is evident that in order to create a green, liveable and sustainable city a
sophisticated, efficient, equal and attractive urban transport is indispensable.
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8. Conclusions

The examination of the projected implementation effects of exclusive Combined Pri-
ority Lanes (CPL) for the use of all scheduled public transport vehicles (trolleybuses,
conventional diesel buses and minibuses) in the City of Chisinau showed good results
on public transport performance. For the evaluation 15 indicators were analysed con-
ducting a multilayered assessment, putting importance not only on technical aspects
of transport and economical efficiency, but also on societal and environmental im-
pacts. For the procedure a set of empirical methodologies mainly from transport, so-
cial, and economic sciences as well as urbanism was used. For the assessment an utili-
ty analysis was conducted using a scale of 0 (no beneficial impact) to 4 (very high
beneficial impact)®>. Two network layout alternatives were rated with the grades 2,4
for the concept alternative featuring a route network servicing all primary and second-
ary inner-urban traffic flow connections and 1,6 for the basic CPL network covering
just the city’s main traffic axes. Respecting the different investment costs of EUR
5.8M, respectively EUR 4,1M for the basic alternative the ratio between benefits is
close to the same for both measures.

In the study performance is conceived as a function of capacity, service speed, relia-
bility and passenger services. Therefore the CPL measure impacted different aspects
of performance. Especially transport users and the local economy benefit from exten-
sive travel time savings. Through the enhanced travel time competitiveness, this
measure entails a notable shift of trips from motorized to public transport, releasing
positive effects on local environment and energy consumption schemes. (With the
trolleybus as main system of public transport posing further potential to reduce fossil
fuel consumption.) Changes in bus operations cut network accessibility to some ex-
tend and affect, to an even lower extend business opportunities of the semi-informal
minibus sector. As another disadvantage of the CPL measure account a number of in-
duced public transport trips due to the enhanced attractiveness of the transport system.
Compared to the distinct and extensive positive effects, negative impacts are fraction-
ally.

As the study has pointed out, Chisinau public transport performs on a very low level.
Under the contemporary conditions, it is possible to attest a high utility benefit to the
CPL measure. The comparison to best practice solutions made though clear, that the
implementation of CPL is no substitution of an efficient mass transit system, which
the city needs urgently. Benchmarking showed that Bus Rapid Transit and Light Rail
Transit systems would suite better to the city’s size and structure and generate even

2 With the intermediate steps of: 1 (very little beneficial impact), 2 (some beneficial impact), and 3
(quite strong beneficial impact).

94



8. Conclusions Sven Ledwoch | University of Tiibingen

higher performance benefits than CPL. It appears reasonable to assume that whatever
change is made on a very low level, leads to strong impacts. Nevertheless, respecting
the financial situation of Chisinau, which hardly permits any investment in this field,
CPL has proven to be a good first step towards a competitive public transport. Most
system alternatives are of questionable feasibility, leaving the risk of a fragmentary
and unintegrated implementation with poor operating efficiency, ending up as lightly
used or disintegrated stand-alone system. Particularly since CPL is designed as a
cheap, simple, flexible and open system, it is easily extendable or upgradeable to the
higher performance Bus Rapid Transit. As a first step it therefore causes few depend-
encies and leaves the option to be adopted according to future development needs.

Development prospects for the city of Chisinau are considerable. Most of the prob-
lematic consequences of post-socialist transformation are unambiguous and will un-
doubtedly occur in Chisinau as they occurred in many other Eastern European cities.
The main conflicts are catch-up suburbanisation and the advancing demixing of urban
functions in combination with a growing number of private car ownership. This pro-
cess leads to a spatial expansion of the settlement area, which is not only in terms of
energy consumption and protection of environmental resources doubtful. Furthermore
urbanity, urban life and quality of life are at risk with the proceeding loss and degra-
dation of public space through automotive development. Keeping in mind that these
processes are well delayed compared to other Eastern European cities, an early re-
sponse could prevent the serious consequences of misguided urban development and
high follow-up costs for further generations. In order to leapfrog these undesirable
development trends, an important aspect is the promotion of a capable transport sys-
tem. It needs to be integrated in a contemporary vision for urban structure and provide
an attractive alternative to motorized private transportation. Not least public transport
has a key role within the approach of avoiding transport demand through an intelli-
gent urban structure, shifting trips on sustainable modes of transport and improving
the remaining amount of motorized transport in terms of efficiency, pollution and
safety. Therefore Combined Priority Lanes for urban bus transport are even with lim-
ited resources a feasible and effective first step for the City of Chisinau towards a sus-
tainable, green and liveable urban future.
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Annex

| Interviews

I.I Expert interviews

Interview with Mr Lilian CoPAcI, Director of transport management of the Mu-
nicipality of Chisinau, held on: 2014-16-12, 14:10

Cited as: CoPACI, L. (2013): Interview with the Director of transport management of
the Municipality of Chisinau, Mr. Lilian CoPAcI. Conducted by LEDWOCH, S. 2013-
16-12.

The interview was short and without mark able information on the topic, since the ex-
pert promised to answer the prepared questions written and deliver it via email. The
content of his answer, which arrived the next day is included without any change or
modification in the following. Furthermore the interviewee attached several docu-
ments for further information, including:

- Trolleybus operation planning and route network document (MS Word docu-
ment)

- Conventional operation planning and route network document (MS Word
document)

- Minibus route network document (MS Word document)

- Diverse timetable and operational scheduling documents (MS Excel docu-

ment)

If this information material was used during the study it is also cited as COPACT 2013.
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Questions transport directoratel/ intrebéri pentru directia transport
Mr. /] DI. Copaci
Contact: /| date de contact

General: /| General

Motorization rate /| Nr. vehiculelor

Mode share: // divizare pe categorii

Autobuze Troleibuze Microbuze
Nr. | 110 336 1757
% private car, I/ % automobile personale — 239259 un.
% minibus, I/ % microbuze -37%
% bus, Il % autobuze -7%
% trolleybus, I/ % troleibuze - 56%

Average number of trips per person per day // numarul mediu de calatori pe zi - Total
- 824 000 calatorii/zi

Average trip length |/ distanta medie a unei calatorii -3,5km
Service: /] Servicii
Timetables and travel times all modes // graficul si itinerarul rutelor pe categorii

Anexa

What are the daily peak hours? // care sunt orele de virf, durata lor.
Dimineata 07%-09%
Seara 16%0-18%

Road safety: [/ Siguranta rutiera
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Death rates private motorized transport in Moldova (e.g. death/100.000 trips): I/ Rata
mortalitatii categoria transport privat pe Rp.Moldova ( nr.decedatilor/100 000
calatorii)

Death rates public transport Moldova (e.g. death/100.000 trips): // Rata mortalitatii
categoria transport public pe Rp. Moldova ( nr.decedatilor/100 000 calatorii)

Death rate minibuses (e.g. death/100.000 trips): /| Rata mortalitatii calatorii cu
microbuzul ( nr.decedatilor/100 000 calatorii)

Pe parcursul anului 2013 in accidentele cu implicarea transportului public din mun.
Chisinau s-a Tnregistrat un singur deces

Environmental: descrieri

Energy consumption of trolleybus (e.g. Kwh per 100km): /| consumul de energie la
troleibuze (Kwh / 100 km)

Model ZIU — 2,6 Kwh/km
Model AKSM — 1,8 Kwh/km

Fuel consumption bus (e.qg. liter per 100km): consumul de combustibil la autobuze si
microbuze (litri/100 km)

Autobuze Microbuze
20 — 30 litri 12 — 16 litri
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Interview with Mr Gheorghe MORGOCI, Director of Regia Transport Electric
Chisinau (RTEC) Trolleybus parc no. 1, held on: 2014-16-12, 17:30

The interview is cited as: MORGOCI, G. (2013): Interview with the Director of Regia
Transport Electric Chisinau (RTEC) Trolleybus parc no. 1, Mr. Gheorghe MORGOCT.
Conducted by LEDWOCH, S. 2013-16-12.

Attending: Mr Gheoghe Morgoci (interviewee), his secretary (name unknown), Mr
Sven Ledwoch (interviewer) and Cristina Balan (translator).

Ledwoch (L): Good afternoon Mr Morgoci, nice to meet you.
Morgoci (M): Yes. Good afternoon.

L: Also I would like to thank you for the opportunity to speak with you. Generally I
would like to ask you some questions on the trolleybus operations you manage.

M: Yes.

L: But before I start, I would like to give you some more information on what I intend
to do here in Chisinau, as you already know from my assistant [Cristina Balan]. I am a
graduate student from the University of Tiibingen in Germany, I’'m not sure if you
have heard of it.

M: I know Germany, but of Tiibingen I haven’t heared.

L: Yes, it is very a very small university town usually people from Germany can cope
with it. Anyway. I am studying geography and transport planning and am conducting
my graduation dissertation on the assessment of introduction of, what I call combined
priority lanes, in Chisinau. What effects it might have. You might wonder how I have
the idea to do it in Chisinau. Well, I know Chisinau quite well, for somebody from
Germany at least. I have been here the first time sent by the University of Stuttgart,
where I worked as a student researcher. I came here to conduct a study on the Chis-
inau transport structure and challenges of transport development. We even spoke to
the transport minister back then. Well, since I know the city from this time I am inter-
ested in it.

M: Ok. Yes, why not I mean.

L: Yes, why not. Still there are some things you might research. Or how do you expe-
rience the transport situation in Chisinau?
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M: Yes. It is not easy here in Chisinau. We have a lot of problems. Mainly it is con-
gestion of the roads.

L: This is what I want to assess. If it might have a sense to introduce separate express
lanes for the busses.

M: Of course it has! This is what we need. In some parts of the city we yet have it, but
very few.

L: And not on the main roads. I mean to Botanica and Ciocana and so on. And on
Stefan cel Mare!

M: Yes, this is what we need. But I don’t know how it could be done.

L: But I analyse if it would be possible also to be used by the minibuses.

M: Hm. I don’t know. It could be. Congestion is a difficult subject in Chisinau.

L: The problem will get worse I guess... Even more people getting cars these days.
M: Hm.

L: Besides the large-scale trolley fleet improvement happening the last years, there
were no important investments done in public transport, I suppose?

M: Maintenance is done of course, but besides this no large-scale improvements were
done, as you can see.

L: Ok, another thing. Do you experience road safety as a major problem?

M: For the buses not. Of course road safety is an issue in Moldova, but public
transport is safe.

L: Does this include minibuses?
M: Minibuses have safety issues.
L: How would you describe the operating culture? I mean the drivers.

M: Usually the drivers are alone. Of course it has an influence, selling tickets while
driving.

L: And the driving style. Using the minibus I noticed that it is quite aggressive and
that traffic laws are violated. I would even say constantly.

M: Yes. But I cannot comment this.
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L: Ok, of course. Can I ask you again about the congestion. What would you think, or
you know of course, how much is bus traffic delayed in rush hour compared to off-
peak service. I mean the overall delay.

M: This is not easy to say as it can be very different. Sometimes busses are stuck for a
long time. Of course it dos also depend on the travel direction. In the morning out-
side...

L: Yes of course, but maybe you can estimate an average.
M: 30% more maybe.

L: I prepared some fast questions I would like to ask you.
M: Yes.

L: How many of your buses are low-floor buses right now?
M: 133 out of 336

L: What would be the general length of the Chisinau bus network? Do you know it
also for each bus system?

M: It would be around 500 km. Right now I cannot tell you how much it would be for
each bus system.

L: How much service km do the buses operate per year? Maybe you could distinguish
it for the different bus sysetms?

M: No, I really cannot tell you the number for the other busses. For throlleybus it is
16.800M km.

L: Ok, thank you. How many passengers use the buses, or the trolleybus?

M: I is used by 95M passengers per year. Of which 60M buy a ticket. Some groups as
seniors residents do not need to pay.

L: And it’s two Lei at the moment.

M: Yes.

L: How many buses do you have in service each day?

M: Around 270.

L: And how is it with the new buses? Do they prove well?

M: Yes, we are very contented.
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L: And the passengers?

M: They also I think.

L: Do you had problems with vehicle failure before. I mean brake they down a lot.
M: It is not a problem.

L: How much would be the difference in operating cost?

M: It is quite notable.

L: How much are the operating costs generally?

M: I can’t tell you this, company secret.

L: I understand. How is it with the energy consumption? That won’t be a secret, no?
M: No. For a new bus it is 1.8 kwh per km, for an old 2.6 kwh per km.

L: This is quite a rise in efficiency. Also considering the better comfort.

M: Yes, we are very happy with them.

L: Ok, Mr Morgoci, I won’t hold you up any longer. Thank you for your time than.
And the useful information.
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LIl Minibus driver intervies

Minibus drivers of the minibus lines 102, 113, 160 (2 drivers), 166, 175 (2 drivers),
192 were questioned, since those routes are of substance for the minibus travel times
of the respective routes for CPL. The drivers were asked two questions concerning
travel times and a second concerning costs for vehicle investments.

1. What are the travel times of your route between [section of interest for calcu-
lation] in peak and off-peak conditions?
2. If you would buy a replacement vehicle, of what type would it be and how

much would it cost under Chisinau market conditions?

The answers are listed in Table :

Table 21: Minibus survey results.

Minibus line  Answer Q1 (PH/OP) Answer Q2 [EUR]

102 15/20 6.500
113 48/65 7.000
160 30/35,5/7 10.000
160 30/35,5/5 7.500
166 25/35 8.000 —9.000
175 25/30 7.500
175 25/35 10.000
192 5/5 8.000
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LIl Quantitative survey

Survey sheets

University of Tiibingen EBERHARD KARLS

Faculty of Science "
Working group for Human Geography | l NI \ / E R S ITAT

and Development Studies

Riimelinstr. 19-23 T 8| BINGE N
72070 Tiibingen, Germany

Responsible: Sven LEDWOCH
Contact: ledwoch.sven@gmail.com, Phone MD: +373 (0)681 330531, Phone DE: +49 (0)176 63141451

Project title: Can Combined Priority Bus Lanes, as a Preparatory Step of Bus Rapid Transit
(BRT) Implementation, Improve Public Transport Service Performance? Assessing two Bus
Route and Layout Options for the City of Chisinau/Moldova.

QUESTIONNAIRE 1: Mode shift and induced traffic

Question Q1: Do you use motorized private transport for any of your regular trips?

YES =1 NO =0
If public bus service would be improved with the measure of implementing continuous bus pri-
ority lanes throughout the city — as shown on the pictures — bus trips could be speeded up and
travel times could be reduced by 15% on average and up to 30% in peak hours. This would for
instance mean a travel time benefit of 15 mins. compared to todays bus travel time from Bo-

tanica to Centru in peak hours.

Question Q2.1: Considering this case, would you switch some of your regular trips to public
transport?

YES =1 NO =0
Question Q.2.2: What would be the percentage of the trips switched to public transport?
FEW > 0% ... SOME =33% ... MANY =67% ... ALL = 100%
Question Q3.1: Assumed the travel time benefits for public transport would apply, would you
undertake more trips than you do today, just because you can reach your destinations more
quickly?
YES =1 NO =0
Question Q3.2: How many additional trips would this be per week?

[INUMBER]

SEQ. Page of
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SEQ.: Name of interviewer: Date: /12/2013

Email: Phone:

Respondent No. [ ]

Qt: [ ] Q1 [ ] Q2] 1% Q31 [ ] Q32 [ ]

Respondent No. [ ]

Qt: [ ] Q[ 1 Q2[ 1% Q31 [ ] Q3.2 ]

Respondent No. [ ]

Qt: [ ] Q1:[ ] Q2] 1% Q31 [ ] Q32 [ ]

Respondent No. [ ]

Qt: [ ] Q[ ] Q2] 1% Q31 [ ] Q32 [ ]

Respondent No. [ ]

Qt: [ ] Q1 [ ] Q2[ 1% Q31 [ ] Q32 [ ]

Respondent No. [ ]

Qt: [ ] Q[ ] Q2] 1% Q31 [ ] Q32 [ ]

Respondent No. [ ]

Qt: [ ] Q1:[ ] Q2] 1% Q31 [ ] Q32:[ ]

SEQ. Page of
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Data collection table

Q32

Q3.1

Q22

Suitable? Q1 Q2.1

No.

Seq.

15
n/a

n/a

n/a

n/a

n/a

n/a

30
40

n/a
n/a
n/a

n/a
n/a

10

11

30
n/a
n/a

n/a
n/a

12
13

n/a

n/a

14
15

n/a

16
17
18
19
20
21

80
n/a

n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a

22
23

70
n/a

n/a
n/a

24
25
26
27
28

30
n/a

n/a

70
20
n/a
n/a

n/a

n/a
n/a

29
30
31

n/a
n/a
n/a

n/a
n/a
n/a

32
33

n/a
n/a

80
n/a

34
35

n/a

n/a

36
37
38

50
30
30
n/a

39
40

n/a

n/a
n/a

n/a
n/a

41

42

50

43
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n/a

n/a

44
45

n/a

n/a
50
n/a
67

46

n/a
n/a

47

48

67

49

n/a
n/a

n/a
50
70
n/a

50
51

52

n/a

53

n/a
n/a
n/a

n/a
75

54
55
56
57

n/a

n/a
n/a

n/a
n/a
67

58

n/a
n/a

59
60

n/a
33

61

n/a
n/a

n/a
67

62

63

n/a
n/a

n/a
n/a

64
65

n/a
n/a
n/a

n/a
67

66
67

n/a
33

68

n/a
n/a

69

n/a

70
71

n/a
n/a

n/a
n/a

72

n/a

n/a

73

n/a

n/a
10
17

n/a

74
75
76
77
78

n/a

n/a
n/a
n/a

n/a
n/a
67

79

80
81

33

n/a

n/a

82
83
84
85
86
87
88

n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a
33

&9
90
91

n/a

n/a
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n/a

10
n/a
40

92

n/a

93

94
95

n/a
n/a
n/a

n/a

67

96
97

33
n/a
n/a

n/a
n/a

98

99

n/a

n/a

100

101

15
25

102

n/a
n/a

n/a
n/a

103

n/a
n/a

50

25
n/a

n/a

10
20
n/a

n/a

20
33

n/a

10
n/a
n/a
n/a

10

11

n/a
n/a
n/a

12
13

15
n/a

14
15

n/a

n/a
n/a
n/a

25
n/a
n/a

16
17
18

n/a

50
n/a

19
20
21

n/a

n/a
n/a

n/a
n/a

22
23

n/a
n/a

60
30
10
n/a
n/a

24
25
26
27

n/a
n/a

10

28

29
30
31

n/a

n/a

n/a
n/a

n/a
n/a

32
33

n/a

n/a

12
20
n/a

34
35

n/a

36
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n/a

n/a
25

37
38

n/a

30
n/a
n/a
n/a

39
40

n/a
n/a
n/a

41

42

n/a

n/a
10
n/a
n/a
15
n/a
10
n/a
n/a
30
n/a
n/a
20
n/a

43

44
45

n/a
n/a

46

47

n/a
n/a

48

49

n/a
n/a

50
51

n/a
n/a
n/a

52

53

54
55

n/a

56
57

n/a
n/a
15
25

n/a

58

n/a

59
60

n/a

40

61

n/a
n/a

30
n/a

62

63

n/a
n/a

n/a
n/a
30
n/a
30
40

64
65

66
67

n/a
n/a

68

n/a
n/a

69

10
10
n/a
n/a
25

70
71

n/a
n/a
n/a

72
73

n/a

74
75
76
77
78

10
n/a
25

n/a
n/a
n/a

10
n/a
n/a

n/a
n/a

79

80
81

n/a
n/a

n/a
30
n/a
10

82
83
84

n/a
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n/a

n/a

85
86
87
88
&9

n/a
n/a

n/a
n/a

n/a
n/a
n/a

n/a
20
n/a

90
91

n/a
n/a

50
10
n/a
n/a

92

n/a
n/a

93

94
95

n/a

n/a
n/a

96
97

n/a

n/a

n/a
n/a

n/a
n/a

98

99

n/a

n/a

100

101

10
n/a

n/a

102

n/a

n/a

— O O O O O O O O O

— AN N < N O >~ 0

103

AN N NN oonnocnoononoon

10

11

12
13

14
15

16
17
18
19
20
21

22
23

24
25

26
27
28

29
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30
31

32
33
34
35
36
37
38
39
40

41

42

43
44

45

46

47

48

49

50
51

52

53

54
55
56
57

58

59
60

61

62

63

64
65

66
67

68

69

70
71

72
73

74
75
76
77
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78

79
80
81

82
83
84
85
86
87
88
&9
90
91

92

93

94
95

96
97

98

99

100

101

102

103

104

105

106

107

108

109

110

n/a

10
n/a
n/a

n/a
n/a

15
10
15
20
n/a
n/a
20
20
n/a
n/a

n/a

n/a
n/a

n/a
n/a

10

11

n/a
n/a

12
13

n/a
n/a

n/a
n/a

14
15
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30
n/a
35
n/a
n/a
n/a
40

16
17
18
19
20
21

n/a

n/a
n/a
n/a

n/a
n/a

22
23

n/a

24
25
26
27
28

n/a

n/a

30
n/a

n/a

n/a
n/a

n/a
n/a

29
30
31

n/a
n/a
n/a

n/a
25

32
33

25

n/a
n/a

20
n/a

34
35

n/a
n/a

n/a
n/a

36
37
38

n/a
n/a
n/a

n/a
50
33

39
40

30
30
25

41

n/a

42

43

n/a
n/a

30
n/a

44
45

n/a
n/a

n/a
n/a
40
40

46

47

48

n/a

49

n/a
n/a
n/a

n/a
n/a
30
n/a
30
20

50
51

52

n/a
n/a

53

54
55

10
10
15
40
20

56
57

n/a

58

n/a

59
60

n/a
n/a

n/a
20

61

62

10

63
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n/a

n/a

64
65

n/a
n/a

n/a
n/a

66
67

n/a
n/a

n/a

10
20

68

69

10
n/a
25

70
71

n/a

72
73

40

n/a
n/a
n/a

n/a
25

74
75
76
77
78

20

n/a

33

10
10
15
20
20

79

n/a
n/a

80
81

n/a
n/a

82
83
84
85
86
87
88
&9
90
91

30
15
20

n/a
n/a

10
10
25

n/a
n/a

n/a

30
15
10
20
20
10
10
10
50
40

n/a
n/a

92

93

n/a
n/a

94
95

n/a

96
97

n/a

98

30
n/a

99

n/a

100

101

10
30
n/a

102

103

n/a
n/a

30
n/a
n/a

n/a
n/a

n/a

n/a

50
20
25

n/a
n/a
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n/a

n/a

n/a
n/a

n/a
50
n/a
n/a
15
n/a
n/a
30
30
25

10

11

n/a
n/a

12
13

14
15

n/a
n/a

16
17
18

n/a

n/a
n/a
n/a

19
20
21

n/a
50
n/a
n/a

n/a
n/a

22
23

n/a
n/a
n/a

n/a
30
30
n/a
60
n/a
n/a
20
n/a
n/a

24
25
26
27

n/a

28

n/a
n/a

29
30
31

n/a
n/a
n/a

32
33

n/a
n/a

n/a
n/a
25

34
35

n/a
n/a

36
37
38

n/a
40

n/a

n/a
60
40
40

39
40

n/a

41

42

n/a
n/a
n/a

n/a
25

43

44
45

n/a

n/a
n/a

n/a
n/a

46

47

n/a

n/a
30
20

48

49

n/a

50
51

20
20

n/a

52

n/a
n/a

n/a
30
20

53

54
55
56

n/a
n/a

10
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n/a

n/a

57

n/a
n/a

n/a
20
n/a
n/a
n/a

58

59
60

n/a
n/a
n/a

61

62

10
n/a

63

n/a

64
65

n/a
n/a

n/a
n/a

66
67

n/a
n/a

20
n/a
40

68

69

n/a

n/a

70
71

n/a

n/a

n/a
n/a
n/a

n/a

72
73

25
n/a

74
75
76
77

n/a
n/a

n/a
n/a

n/a
n/a

n/a

30
n/a

78

n/a

79

40
20

80
81

n/a
n/a

30
30
20
n/a
n/a

82
83
84
85
86
87
88
&9
90
91

n/a

n/a
n/a

20
n/a

n/a

n/a
n/a

n/a
n/a

n/a
n/a
n/a

20
20
n/a

92

93

40

94
95

n/a

10
30
n/a
n/a

96
97

n/a
n/a

98

n/a

25

99
100

101

n/a

n/a
10
30
25

n/a

102

103
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Data collection summary

Seq. 1: Name of interviewer: Eugenia Maxim, Location: Botanica
Suitable? Q1 Q2.1 Q2.2 Q3.1 Q3.2
"YES" 99 99 37 20
of total 103 99 99 99
No. 57
% 96,1 1000 374 439 20,2
Seq. 2: Name of interviewer: Rusano Vschii, Location: Centru
SEQ. 2: Suitable? Q1 Q2.1 Q2.2 Q3.1 Q3.2
"YES" 102 102 44 21
of total 103 102 102 102
No. 38
% 99,0 1000 431 37.8 20,6
Seq. 3: Name of interviewer: Ludmila Stratu, Location: Riscani
SEQ. 3: Suitable? Q1 Q2.1 Q2.2 Q3.1 Q3.2
"YES" 0 N/A N/A N/A
of total 103 0 0 0
No. N/A
% 0,0 N/A
Seq. 4:Name of interviewer: Alina Ouica, Location: Codru
SEQ. 4: Suitable? Q1 Q2.1 Q2.2 Q3.1 Q3.2
"YES" 100 100 65 27
of total 103 100 100 100
No. 52
% 97,1 1000 65,0 26,2 27,0
Seq. 5: Name of interviewer: Dorina Craiunescu, Location: Buiucani
SEQ.5: Suitable? Q1 Q2.1 Q2.2 Q3.1 Q3.2
"YES" 103 103 48 19
of total 103 103 103 103
No. 38
% 1000 1000 46,6 334 184
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All seqq.:

Overall Suitable? Q1 Q2.1 Q2.2 Q3.1 Q3.2
"YES" 404 404 194 87
of total 515 404 404 404
No. 185
% 784 1000 48,0 28,3 21,5
Data analysis
NES wps Q2 ypo  %Q32
Seq. 1 1000 374 439 20,2 30,8
Seq. 2 1000 43,1 37,8 20,6 20,5
Seq. 3 0,0
Seq. 4 1000 65,0 26,2 270 28,1
Seq. 5 100,0 46,6 334 18,4 20,5
All seqq. 1000 48,0 28,3 21,5 100

Answer deflection of the distinct survey areas

% Q1 "YES"

% Q2.1 "YES"

% Q2.2

% Q3.1 "YES"

% Q3.2

60

BSeq. 1 BSeq.2 +Seq. 3 E@Seq. 4 "1Seq. 5 B All seqq.

80 100
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Mode shift calculation

% Q2.1 "YES" % Q2.2 % Shift Jorneys/day

All seqq. 48 233 13,574442 46.240

Induced traffic calculation

Journeys Journeys
per week per year
All seqq. 0,0986117 5,0291967 per interviewee
All seqq. 64.817 3.305.690 in examination area™

% 657.300 inhabitants (DGS 2013: 11)
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Il Experiments

Il.I Travel time measuring experiment

Fig.: The measuring vehicle used for this experiment setup (Source:

LEDWOCH).

Table 12: Measured raw data.

Relation [min]

Bo-1 - Bo-2
Bo-2 —Ce-2
Bo-2 — Ce-2
via train st.
Hi-1 — Hi-2
Hi-2 - Bo-1
Hi-2 — Ce-3
Ce-3 - Ce-1
Ce-3 - Ce-2
Ce-2 - Ci-2
Ce-2 —Ce-1
Ce-1 - Bu-2
Ce-1 —Ri-2
Ri-2 - Ci-2
Ri-2 — Ri-1
Ci-2 - Ci-1
Bu-2 - Bu-1

PLWhobraaIbraahhOWUN © LW

—_
(e}
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Il Calculations

lll.I Travel time difference calculation

For the TTD calculation Fig. XY reminds the four-step procedure, described in chap-
ter 5.1.1. For a better understanding data inputs and data calculation outputs have
been added.

(Step 1) Journey generation

Inhabitant figures:

Number of total rides: 824.000 (CorAct 2013).

Table 22: Inhabitant no. calculated per zone.

Catchment area Inhabitants
Botanica* 164.300
Buiucani 111.500
Centru 94 .200
Ciocana 118.200
Riscani 138.400
Schinoasa® 30.700
total: 657.300

*includes: Botanica 172.600

Codru*0,5 7.500

less Tele-

centru -15.800

°includes:  Codru*0,5 7.500

Schinoasa 7.400

Telecentru 15.800
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Calculation results for PS1, PS2 and CS are:

Table 23: Traffic zone catchment, inhabitant distribution and the resulting trip generation calcu-

lation .
Generation Generated
Zone Sector Inhabitants eneratio jour-
ratio (P;)
neys/day
Bo Botanica/Codru 164.300 0,25 205.969
Bu Buiucani 111.500 0,17 139.778
Ce Centru 94.200 0,14 118.090
Ci Ciocana 118.200 0,18 148.177
Ri Riscani 138.400 0,21 173.500
Sc Schinoasa/Codru/Telecentru 30.700 0,05 38.486
Total inhabitants in examination 657.300 PT jour- 824.000
area neys/day

(Inhabitant data: DGS 2013: 11, Ciorba 2011)

(Step 2) Journey distribution

Qualitative analysis of all traffic zones: Attraction of each zone will be assessed and

set into relation with the other zones with qualitative information of chapters 3.2.1

and 5.1, describing functional segregation of the urban sectors in Chisinau. Each zone

rated with marks from O (no attraction), 1 (very little attraction), 2 (some attraction), 3

(quite attractive) to 4 (very attractive).

Structural data L of each (attracting) zone j and attraction ratio RL;for rough quantita-

tive orientation:
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Table 24: Activity indicators L and attraction ratios RL.

Inhab; %o Workpl. Higher  Edu- Supply
nhabi-
zone cant work-  attraction Edu.and cation Retailers attraction

ants

places ratio Univ. ratio ratio

Bo 164.300 55 0,10 0 0,00 125,00 0,20
Bu 111.500 100 0,18 0 0,00 80,00 0,13
Ce 94.200 230 042 28.130 1,00 250,00 0,39
Ci 118.200 55 0,10 0 0,00 75,00 0,12
Ri 138.400 75 0,14 0 0,00 95,00 0,15
Sc 30.700 30 0,06 0 0,00 10,00 0,02

Table 25: Assessment of attraction of Chisinau traffic zones.

Bo

Description: Botanica is one — and the latgest — of the cities’ three peri-urban planned com-

munity large housing estate districts. The “homogeneous housing area” (Primaria Municipi-

ului Chisinau 2013a and 2008), is characterized with an almost exclusive residential function.

Working: Low presence of commerce and industry (DGS 2013: 90) and the cit-

ies’ lowest workplace ratio (Primaria Municipiululi Chisinau 2004: 36).

Higher education: Beyond general education no supply at all (BNS 2013).

very low

none

Supply: Higher than in other zones of comparable functional structure (Mold-

index 2010), with many supermarkets along Bd. Dacia (OSM 2013), and many

small retailers and kiosks (own observation).

Leisure: No cultural institutions, many dining restaurants in Bd. Decebal (OSM

2013), sports arena (very) with periodic events (Primaria Municipiului Chisinau
2013a).

Overall attraction rating: Lowest attraction compared to the other zones, with

little bonus in the supply sector.

138

good

low

15



Bu

Description: Buiucani is another peri-urban community, with a higher share of apartment

houses it structurally differs from the usual planned community large housing estate districts

as Botanica, Ciocana and Riscani (see chapter 4.1.2.1) and the use is a little more mixed with

some industrial function as well.

Working: Especially small and medium-sizes enterprises (SME) are located in
Buicani (Primaria Municipiului Chisinau 2013b) and offer a number of work-
places (Primaria Municipiululi Chisinau 2004: 36).

Higher education: Beyond general education no supply at all (BNS 2013).

Supply: No web search or OSM evidence of large retailers found. Retailer ratio
also low (Moldindex 2010), as OSM retailer density (OSM 2013).

Leisure: No cultural institutions worth mentioning could be detected. For sport-

ing activities there is a local stadium (Soccerway 2013).

Overall attraction rating: As other attraction categories are low, the high SME

share appears as a quite unique feature, compared to the other zones.

medium

none

low

low

Ce

Description: With Chisinau being Moldova’s capital, the central district does not only func-

tion as a central place (CHRISTALLER 1950) within the city limits, but it services the whole

country with higher business, education, administrative, culture and supply institutions (Pri-

maria Municipiululi Chisinau 2004: 12). The double role as national and inter-urban central

place underlines the city’s steep separation of urban functions.

Working: Many workplaces in tertiary sector services, especially of periodic
demand (Primaria Municipiululi Chisinau 2004: 36), followed by a number of
quaternary economic sector workplaces and within the extensive administrative

and educational sector (ibid).

Higher education: All the city’s higher educational institutions (no decentraliza-
tion or “suburbanization” of educational locations in Chisinau) (UM 2014, BNS
2013) are located here.

Supply: Not only a the highest share of the city’s periodic and high-end supply
(Moldindex 2010) can be found here, but also the city’s central market for daily
supply (OSM 2014). Furthermore the large “MallDova” shopping mall is locat-

very high

very high

very high
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ed in Ce zone (OSM 2013, REP 2008).
Leisure: Double role of national and inter-urban central place of culture, offer-
ing many theatres, an opera, museums and cinemas (OSM 2014). Also the city’s  very high

gastronomic and nightlife center (ibid.).

Overall attraction rating: Highest attraction in all categories. 4

Ci

Description: As Bo and Ri, Ciocana is one of the peri-urban large housing estate communi-
ties, though it has the distinct attributes of a dormitory suburb (chapter 4.1.2.1). The southern
half of the zone is occupied by a former heavy industry industrial site (OSM 2014).

Working: Very distinct housing function and, amongst Botanica, lowest working

place ratio (Primaria Municipiululi Chisinau 2004: 36). The in terms of traffic

| T very low
unproductive (mostly abandoned) industrial site in the south of the zone does
not contribute to this (Primaria Municipiului Chisinau 2013c).
Higher education: Beyond general education no supply at all (BNS 2013). none
Supply: No web search or OSM evidence of large retailers found. Retailer ratio i

ow
also low (Moldindex 2010), as OSM retailer density (OSM 2013).
Leisure: No cultural institutions worth mentioning could be detected. low
Overall attraction rating: With no exiguous attraction bonus as Bo or Ri, the
lowest overall attraction of all peri-urban housing estate zones. The industrial 1

site does not contribute, as it could be expected.

Ri

Description: Riscani is the peri-urban large housing district closest to the city centre.

Working: The slightly higher share in workplaces in service sector, especially in

] o . medium-
gastronomy sector might also lead to a statistic work place ratio value between |
ow
Bo/Ci and Bu (Primaria Municipiululi Chisinau 2004: 36).
Higher education: Beyond general education no supply at all (BNS 2013). none
Supply: OSM shows some small retailers (OSM 2013), though concerning the i
ow

number of inhabitants supply rate appears low. Statistic retailer ratio also low
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(Moldindex 2010).

Leisure: No cultural institutions of importance could be identified. Quite an of-
fer of nightlife and gastronomy (OSM 2013) and the reputation of a nightlife

sub-centre.

Overall attraction rating: Ri with its relative bonus in leisure, appears very simi-

lar to Bo, with its above-peri-urban-average supply values.

medium

15

Sc

Description Schinoasa/Codru/Telecentu: Heterogeneous zone with suburban population den-

sity and characteristics in Schinoasa and the contributing part of Codru, and higher population

density with multi-family houses in Telecentru.

Working: Being mostly suburban housing fuction area, the zone offers almost
no work places at all, with the exception of the TRM (Teleradio Moldova), with
its headquarter being located partly in Sc zone, with the bigger share in Ce zone
though (TRM 2013a).

Higher education: Beyond general education no supply at all (BNS 2013).

Supply: No web search or OSM evidence of large retailers found (OSM 2013).
Retailer ratio also low (Moldindex 2010).

Leisure: No cultural institutions at all could be detected.

Overall attraction rating: Except from the partial influence of TRM no relevant
work places, education or leisure. In comparison with other zones structurally
the less attractive zone (note: not considering the attraction of bus long-haul sta-
tion “Gara de Sud” as none of this connecting nodes are being considered (see

chapter 4.2).

low

none

very lim-
ited

very low

0,5
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Table 26: Attraction rating results of Chisinau traffic zones [min].

0 Bo Bu Ce Ci Ri Sc
from

Bo n/a 2 4 1 1,5 0,5
Bu 1,5 n/a 4 1 1,5 0,5
Ce 1,5 2 n/a 1 1,5 0,5
Ci 1,5 2 4 n/a 1,5 0,5
Ri 1,5 2 4 1 n/a 0,5
Sc 1,5 2 4 1 1,5 n/a

Table 27: Attraction coefficient a;matrix [min].

0 Bo Bu Ce Ci Ri Sc
from

Bo n/a 0,2280 0,4559 0,1140 0,1710 0,0570
Bu 0,1710 n/a 0,4559 0,1140 0,1710 0,0570
Ce 0,1710 0,2280 n/a 0,1140 0,1710 0,0570
Ci 0,1710 0,2280 0,4559 n/a 0,1710 0,0570
Ri 0,1710 0,2280 0,4559 0,1140 n/a 0,0570
Sc 0,1710 0,2280 0,4559 0,1140 0,1710 n/a

Table 28: Origin/destination matrix [min].

0 Bo Bu Ce Ci Ri Sc
from

Bo n/a 46.955 93910 23478 35.216 11.739
Bu 23.899 n/a 63.731 15.933 23.899 7.966
Ce 20.191 26.921 n/a 13.461 20.191 6.730
Ci 25.335 33.780 67.561 n/a 25.335 8.445
Ri 29.665 39.553 79.106 19.777 n/a 9.888
Sc 6.580 8.774 17.547 4.387 6.580 n/a

(Step 4) Route assignment and travel time calculation

Schematic network

In order to allow a systematic data collection and compare times systematically the
relevant CPL/current comparison network was divided in a scheme of nodes and
links, with the nodes named after the transport zone (Fig.). The nodes Xi-1 are the
starting/end point of a CPL corridor.
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Figure 30: Schematic comparable route network (Graphic: LEDWOCH).

The nodes can be found in Chisinau on the following locations:

Ce-1: Corner Bulevardul Stefan cel Mare si Sfint / Strada A. Pugkin (one di-
rection) / Strada Mitropolit Gavriil Banulescu-Bodoni (other direction)

Ce-2: Corner Bulevardul Stefan Cel Mare si Sfint / Strada Ismail

Ce-3: Roundabout Soseaua Hincesti / Strada Pantelimon Halippa / Strada Va-
sile Alecsandri

Ci-1: End of Bulevardul Mircea cel Batrin
Ci-2: Corner Strada Mesterul Manole / Strada Vadul lui Voda

Bo-1: Corner Bulevardul Dacia / Strada Valea Crucii / Strada Gradina Botan-

icd

Bo-2: Corner Bulevardul Dacia / Bulevardul Decebal

Bu-1: Corner Strada Alba-Iulia / Soseaua Balcani

Bu-2: Corner Bulevardul Stefan Cel Mare si Sfint / Strada Mihai Viteazul
Sc-1: Soseaua Hincesti / Soseaua Hincesti

Sc-2: Corner Soseaua Hincesti / Strada Miorita
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Ri-2: Corner Bulevardul Moscova / Strada Bogdan Voievod

(Step 4.1) Shortest travel time calculation — Current Case

Table 9: Trolleybus timetable raw data for bus travel time calculation.

Relation Serv1.c ed by [min] Relation Serv1ced.by [min]
bus line no. bus line
Bo-1 - Ce-1 18 31 Bu-1 -Bo-1 4 direct 76
Bu-1 - Ce-1 (14) 22 45 Bu-1 -Ri-1 21+14 46
Ci-1 - Ce-1 24 46 Bu-1 -Ci-1 21426 58
Ri-1 - Ce-1 10 (14) 32 Ci-1 - Ri-2 24 21
Sc-1 - Ce-1 9+10 40 Ri-1 - Ri-2 10 7
Sc-1 - Bo-1 17 38 Ce-2 - Ci-1 13 54
Sc-2 - Ce-2 9+10 28 Bo-1 -Ce-2 18 20

Table 10: Shortest PH travel time connections for Trolleybus [min].

B“:;HC 51 Bol Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 99 n/a
Ci-1 96 75 n/a
Ri-1 82 60 36 n/a
Sc-1 49 111 107 94 n/a

Table 11: Shortest OP travel time connections for Trolleybus [min].

B“E;PC 51 Bol Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 76 n/a
Ci-1 74 58 n/a
Ri-1 63 46 28 n/a
Sc-1 38 85 82 7 n/a

Table 12: Shortest LS travel time connections for Trolleybus [min].

B“i'SCS' Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 61 n/a
Ci-1 59 46 n/a
Ri-1 50 37 22 n/a
Sc-1 30 68 66 58 n/a
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Table 13: Timetable raw data for minibus travel time calculation.

Serviced by mini-

Relation . OP/PH [min] Remark
bus line no.

Bo-1 - Ci-1 113 48/65 direct, via. Str. Ismail (Ce-2)
Bo-1 - Ce-1 160 30/35 east via railway station
Bo-1 - Ce-1 175 25/30 west via str. Bucuresti
Ci-1 - Ce-1 166 25/35 also Ci-1 - Ri-2 (12/15min)
Bu-1 - Ce-1 160 32/45 also direct Bu-Bo (60/80min)
Sc-1-Ce-1 192 28/36
Ri-1 - Ce-1 175 20/25 also Ri-1 - Ri-2 (5/5min)
Sc-1- Bo-1 192+102+160 25/30
Bu-1 - Bo-1 160+175 57/75

Table 14: Shortest PH travel time connections for Minibus [min].

Mclgfll;‘}‘f‘ Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 75 n/a
Ci-1 65 80 n/a
Ri-1 60 75 20 n/a
Sc-1 30 81 71 61 n/a

Table 15: Shortest OP travel time connections for Minibus [min].

Mclgfg‘;f‘ Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 57 n/a
Ci-1 48 62 n/a
Ri-1 46 55 17 n/a
Sc-1 25 60 53 48 n/a

Table 16: Shortest LS travel time connections for Minibus [min].

Mc“snlilés Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 57 n/a
Ci-1 48 57 n/a
Ri-1 46 55 17 n/a
Sc-1 25 60 53 48 n/a

Furthermore both travel time data sets were evaluated for the shortest connections in
terms of travel time, as this value is the relevant for TTD calculation (see the results
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in annex C.P). Naturally, for almost all relations the minibus offered the fastest con-

nection, except for those, which did not feature a directly rivalling minibus course.

Table 17: Relevant PH travel times for CS [min].

Shc"gf;itlt' Bo-l  Bu-l Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 75 n/a
Ci-1 65 75 n/a
Ri-1 60 60 20 n/a
Sc-1 30 81 71 61 n/a

Table 18: Relevant OP travel times for CS [min].

Slg’;ff;;,t' Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 57 n/a
Ci-1 48 58 n/a
Ri-1 46 46 17 n/a
Se-1 25 60 53 48 n/a

Table 19: Relevant LS travel times for CS [min].

ShCo;E(Ierg t: Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 57 n/a
Ci-1 48 46 n/a
Ri-1 46 37 17 n/a
Sc-1 25 60 53 48 n/a

(Step 4.2) Shortest travel time calculation — PS1 and PS2

Each link of the systematic network (Figure ) was measured at least once regardless of

the direction, assuming that travel times are the same for both directions.

From results free flow travel time matrices ¢;,,, were calculated for the shortest con-

nection in terms of travel times.
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Table 20: PS1 free flow matrix. Shortest connection (travel time), same travel times for both di-
rections [min].

Bo- Bo- Bu- Bu- Ce- Ce- Ce- Ci- Ci- Ri- Ri- Sc-
PSLO0 % 0 2 4 2 3 1 2 1 2 1 Se?
Bo-1 | n/a
Bu-1 | 28* 25% n/a
Bu-2 | 18*% 15%* 10 n/a
Ce-1 | 14* 11* 14 4 n/a
Ce-2 | 8% 5% 20 10 6 n/a
Ce-3 | 12* O 20 10 6 4 n/a
Ci-1 | 22*% 19*% 30 20 16 14 18 n/a
Ci-2 | 18* 15*% 26 16 12 10 14 4 n/a
Ri-1 | 25% 22% 25 15 11 17 17 11 7 n/a
Ri-2 | 22*% 19% 22 12 8 14 14 8 4 3 n/a
Sc-1 | 14° 17° 29 19 15 13 9 27%  23% 26 23  n/a

A " "
Sc-2 | 9% 12A 24 14 10 8 4 22%  18*% 21 18 5 n/a

*direct °via Sc-2  "viaCe-2 AviaBo-1 No note if no alternative route

Table 21: PS2 free flow matrix. Shortest connection (travel time), same travel times for both di-
rections [min].

PS2 Bo-1 Bu-1 Ce-1 Ce-2 Ci-1 Ri-1 Ri-2 Sc-1
Bo-1 n/a

Bu-1 32 n/a

Ce-1 18 14 n/a

Ce-2 12 20 6 n/a

Ci-1 34 30 16 22 n/a

Ri-1 29 25 11 17 11 n/a

Ri-2 26 22 8 14 8 3 n/a

Sc-1 25 33 19 13 35 30 27 n/a

(Step 4.3) Congesting network (PS1 and PS2)

Capacity restraint (CR) function to calculate travel time delays for higher capacity

utilizatioscenarios:

Table 22: Value table for the CR function with different congestion steps.

u

02

0,5

1

f(u) = tij,free(l +0,8
. uZ,S)

1,014

1,141

1.8
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The free flow matrix values were multiplied with the obtained result for the de-
lay/minute per service type:

Table 23: Relevant travel times for PS1 (LS/OP/PH) [min].

PS1 Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a

Bu-1 28/32/50 n/a

Ci-1 22/25/40 30/34/54 n/a

Ri-1 25/29/45 25/29/45 11/13/20 n/a

Sc-1 14/16/25 29/33/52 27/31/49 26/30/47 n/a

Table 24: Relevant travel times for PS2 (LS/OP/PH) [min].

PS2 Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a

Bu-1 33/37/58 n/a

Ci-1 35/39/61 30/34/54 n/a

Ri-1 29/33/52 25/29/45 11/13/20 n/a

Sc-1 25/29/45 34/38/59 36/40/63 30/34/54 n/a

Table 25: Relevant travel times for CS (LS/OP/PH)* [min].

[min] Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a

Bu-1 57/57/75 n/a

Ci-1 48/48/65 46/58/75 n/a

Ri-1 46/46/60 37/46/60 17/17/20 n/a

Sc-1 25/25/30 60/60/81 53/53/71 48/48/61 n/a

(Step 4.4) TTD calculation

- Share of PAX experiencing TTD is not equal for each service type, e.g. more
passengers may experience TTD in peak-hour than at late service.
- For Chisinau no data available on PAX share per service type, nor did requests

at the at the respective interview partner bring a result.

* Many travel times within this table show similar values for late- and off-peak services. Please note,
that as shortest connections being relevant for TTD calculation, those are often offered by minibus.
Due to the special characteristics of this transport system, it features the same travel times for late- and
off-peak services (see (4.1) within this same chapter).
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=> Estimation in accordance with the available service frequency data. (Assumed,
that the relation of service frequency for different service hour types, also gives in-
formation on the ratio of overall passengers using the transportation offer at a special
service time*). Though the remaining values for this calculation are of acceptable
quality and this special estimation should not disperse the result in a manner, that no

general statement to the TTS be made.

For percentage of PAX Q per service type s, or the ratio of the same RP, = Q/ 100,
service frequency values u,, u,p and u,, (hence u,) were used from congestion calcu-
lation above in the same step, as they are understood to determine the proportion of
service for each service type:

— Us - dg
REs = 231 (us - dy)

With the results:

Table 26: Results for the PAX per service type ratio.

Service Duration journeys/service
RP,
type (h] ’ type
LS 45 0,079 65.053
OP 13 0,570 469.825
PH 4 0,351 289.123
total 1 824.000

Results of only 8% of the total PAX carried per day travel in late hours, 57% in off-
peak and 35% in peak-hours seam plausible, compared to other XY cities (SOURCE).

In the following step TTD were summarized for all service types on each route:

3
s=1

»This means, that if in one hour of peak service PT service frequency is twice as high as in one hour of
off-peak service, the double amount of passengers would be transported. Of course this argumentation
is not very precise, transport vehicles might for example have a higher occupancy rate in a peak- than
in an off-peak hour.
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Table 27: LS TTS of PS1 compared with PS2 [min] per O/D rotation.

PS2-LS -

PS1-LS Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 4.1 n/a
Ci-1 12,2 0 n/a
Ri-1 4 0 0 n/a
Sc-1 11,2 4.1 8,1 4 n/a
Table 28: OP TTS of PS1 compared with PS2 [min] per O/D rotation.
I;)Sszl'%l;,' Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 4.6 n/a
Ci-1 13,7 0 n/a
Ri-1 4,6 0 0 n/a
Sc-1 12,5 4,6 9.1 4.5 n/a
Table 29: PH TTS of PS1 compared with PS2 [min]per O/D rotation.
I;)Sszl'ﬂgl' Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 72 n/a
Ci-1 21,6 0 n/a
Ri-1 7,2 0 0 n/a
Sc-1 19.8 7,2 144 7,2 n/a
Table 30: LS TTS of PS1 compared with CS [min] per O/D rotation.
f,glLSS Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 28,6 n/a
Ci-1 25,7 15,6 n/a
Ri-1 20,6 11,6 5,8 n/a
Sc-1 10,8 30,6 25,6 21,6 n/a
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Table 31: OP TTS of PS1 compared with CS [min] per O/D rotation.

ggi(_)(l;l; Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 25,1 n/a
Ci-1 229 23,8 n/a
Ri-1 17,5 17,5 4.4 n/a
Sc-1 9 26,9 222 18,3 n/a
Table 32: PH TTS of PS1 compared with CS [min] per O/D rotation.
f,SlPII,{H Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 24.6 n/a
Ci-1 254 21 n/a
Ri-1 15 15 0,2 n/a
Sc-1 4.8 28.8 224 14,2 n/a
Table 33: LS TTS of PS2 compared with CS [min] per O/D rotation.
f,gZLSS Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 24.5 n/a
Ci-1 135 15,6 n/a
Ri-1 16,6 11,6 5.8 n/a
Sc-1 04 26,5 17,5 17,6 n/a
Table 34: OP TTS of PS2 compared with CS [min] per O/D rotation.
gg;_)(l;l; Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 20,5 n/a
Ci-1 9,2 23,8 n/a
Ri-1 129 17,5 4.4 n/a
Sc-1 -35 22,3 13,1 13,8 n/a
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Table 35: PH TTS of PS2 compared with CS [min] per O/D rotation.

f,SZPII,{H Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a
Bu-1 174 n/a
Ci-1 3.8 21 n/a
Ri-1 7.8 15 02 n/a
Sc-1 -15 21,6 8 7 n/a

- Now average TTD At of each journey ij for the whole PT lineis known.

Not every PAX would use PT line to its full extend: Calculation from average
dwelling distance of dist = 3,5 km (CopAcI 2013), which is already known.
Average TTD per km for each route needed, to maintain each route’s special
travel time characteristics.

Result per day per route (term divided by 60 for more handy results).

At -
—_ . dist,, " P;; +60

Aawy = Gise
ij

J

Table 36: TTS of PS1 compared to PS2 for all O/D circulations per day.

PS2 - PS1 Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a 1.505 10.953 888 4.340
Bu-1 762 n/a 0 0 678
Ci-1 2.358 0 n/a 0 1.247
Ri-1 953 0 0 n/a 819
Sc-1 3.647 1.117 4.874 640 n/a

Table 37: TTS of PS1 compared to CS for all O/D circulations per day.

CS -PS1 Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a 5.420 12.638 2.145 1.749
Bu-1 2.759 n/a 5.936 1.324 2.703
Ci-1 2717 2.504 n/a 418 2.019
Ri-1 2.310 2.799 2.122 n/a 2.031
Sc-1 1.468 4467 7.924 1.587 n/a
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Table 38: TTS of PS2 compared to CS for all O/D circulations per day.

CS -PS2 Bo-1 Bu-1 Ci-1 Ri-1 Sc-1
Bo-1 n/a 4237 3.103 1.384 -1.234
Bu-1 2.159 n/a 5.585 1.210 2.170
Ci-1 671 2.356 n/a 418 880
Ri-1 1.494 2.558 2.122 n/a 1.389
Sc-1 -1.038 3.590 3.437 1.086 n/a

Summarized for all PT lines within the research area Az, :

Aty = z

ij=1

av'Pij) + 60

Detailed this is:

20 gt s
Aty = Z(Z < ™ X1 (us - )>

- 3,6-P;) ~60
dist;; i)
ij=1
with
i Zone of journey origin P Journeys
j Zone of journey destination S Service type (LS, OP, PH)
dist  Distance t Travel time
u Network capacity utilization, as calculated from service frequency

With the summarized results of TTD between the comparison cases per year:

Table 39: Travel time differences between
the comparison cases.

Comparison case TTD [h/year]

PS2 - PS1 34.781
CS -PS1 67.040
CS - PS2 37.578
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lILIl Sensitivity analysis

Actual weighting
Category . Sub-level Overall wmﬁ-&\.ozr wmz.-&\.ozw <<9m.r.8.m <<9m.r.8.m
Category weighting Indicator weighting  weighting utilities utilities PW utilities PW utilities
PS1 PS2 PS1 PS2
Shift to more sustainable modes 40% 0,100 4.0 3,2 0,400 0,320
Transport 25% Transport capacity 40% 0,100 2,0 1,2 0,200 0,120
Induced traffic 20% 0,050 -0,7 -0,6 -0,035 -0,030
Service frequency increase 40% 0,100 2,0 1,2 0,200 0,120
Reliability improvements 30% 0,075 2.5 2,0 0,188 0,150
User 25% )
Travel safety and passenger services 20% 0,050 1,5 1,2 0,075 0,060
Amenity and travel comfort 10% 0,025 2,0 1,2 0,050 0,030
Value of travel time savings 80% 0,160 4.0 2.5 0,640 0,400
Economical 20% )
Costs for accidents 20% 0,040 30 24 0,120 0,096
Accessibility improvements 50% 0,075 -1,0 -0,8 -0,075 -0,060
Social 15% Costs for community 45% 0,068 4.0 2,3 0,270 0,155
Benefit for third parties 5% 0,008 -30 24 -0,023 -0,018
Reduction of local emissions 40% 0,060 30 24 0,180 0,144
Environmental 15% Energy consumption benefits 30% 0,045 4.0 3,2 0,180 0,144
Effect on urban space consumption 30% 0,045 0,0 0,0 0,000 0,000
Total 100 % 1,000 2,370 1,631

PS1utility  PS2 utility
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Sensitivity test 2

Part-worth Part-worth Weighted Weighted
Category . Sub-level Overall s s s s
Category weighting Indicator weighting  weighting utilities utilities PW utilities PW utilities
PS1 PS2 PS1 PS2
Shift to more sustainable modes 40% 0,100 4.0 3,2 0,400 0,320
Transport 25% Transport capacity 40% 0,100 2,0 1,2 0,200 0,120
Induced traffic 20% 0,050 -0,7 -0,6 -0,035 -0,030
Service frequency increase 30% 0,075 2,0 1,2 0,150 0,090
Reliability improvements 30% 0,075 2.5 2,0 0,188 0,150
User 25% )
Travel safety and passenger services 30% 0,075 1,5 1,2 0,113 0,090
Amenity and travel comfort 10% 0,025 2,0 1,2 0,050 0,030
Value of travel time savings 80% 0,160 4.0 2.5 0,640 0,400
Economical 20% .
Costs for accidents 20% 0,040 30 24 0,120 0,096
Accessibility improvements 50% 0,075 -1,0 -0,8 -0,075 -0,060
Social 15% Costs for community 45% 0,068 4.0 2,3 0,270 0,155
Benefit for third parties 5% 0,008 -30 24 -0,023 -0,018
Reduction of local emissions 40% 0,060 30 24 0,180 0,144
Environmental 15% Energy consumption benefits 30% 0,045 4.0 3,2 0,180 0,144
Effect on urban space consumption 30% 0,045 0,0 0,0 0,000 0,000
Total 100 % 1,000 2,358 1,631
PS1 utility PS2 utility
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Sensitivity test evaluation

Actual weighting Test 1 Test 2 Test 3
Ranking Ranking Ranking Ranking Ranking Ranking Ranking Ranking
PS1 PS2 PS1 PS2 PS1 PS2 PS1 PS2
0,64 VTTS 04 VTTS 0,64 VTTS 04  Shift 0,64 VTTS 04 VTTS 0,64 VTTS 04 VTTS
04 Shift 0,32 Shift 0,5  Shift 04 VTTS 04  Shift 0,32 Shift 04  Shift 0,32 Shift
027  Costs 0155  Costs 027 Cost 0155 Costs 027 Costs comm 0155 Costs 03 Costs 0173 Costs
comm comm comm comm comm comm comm
0,2 Trans cap 0,15 Reliability 0,2 Serv freq 0,15 Reliability 0,2 Trans cap 0,15 Reliability 0,2 M“w:m@on 0,15 Reliability
0,2 Serv freq 0,144 Emissions 0,188 Reliability 0,144  Emissions 0,188  Reliability 0,144  Emissions 0,2 Serv. freq. 0,144  Emissions
0,188 Reliability 0,144 ECB 0,18 Emissions 0,144 ECB 0,18 Emissions 0,144 ECB 0,188  Reliability 0,144 ECB
0,18 Emissions 0,12 Trans cap 0,18 ECB 0,12 Serv freq 0,18 ECB 0,12 Trans cap 0,18 Emissions 0,12 ”mmwwz
0,18 ECB 0,12 Serv freq 0,15  Trans cap 0,096  Accidents 0,15  Serv freq 0,096  Accidents 0,18 ECB 0,12 Serv freq
0,12 Accidents 0,096 Accidents 0,12 Accidents 0,09  Trans cap 0,12  Accidents 0,09 Serv freq 0,12  Accidents 0,096  Accidents
0,075 Safety/serv 0,06 Safety/serv 0,075  Safety/serv 0,06  Safety/serv 0,113 Safety/serv 0,09  Safety/serv 0,075  Safety/serv 0,06  Safety/serv
0,05 Comfort 0,03 Comfort 0,05 Comfort 0,03 Comfort 0,05 Comfort 0,03 Comfort 0,05 Comfort 0,03 Comfort
0 Space cstn 0 Space cstn 0  Space cstn 0  Space cstn 0  Space cstn 0  Space cstn 0  Space cstn 0  Space cstn
-0,023 3rd parties -0,018 3rd parties -0,023  3rd parties -0,018  3rd parties -0,023  3rd parties -0,018  3rd parties -0,035  3rd parties -0,03  3rd parties
-0,035 Induced t -0,03 Induced t -0,035 Inducedt -0,03 Inducedt -0,035 Inducedt -0,03 Inducedt -0,045 Inducedt -0,036 Inducedt
0075 w?noomm%:. 006 w?noomm%:. 0075 w?noomm%:. 006 w?noomm%:. 0075 Accessibility 2006 w?noomm%:. 006 w?noomm%:. 0048 w?noomm%:.
ity ity ity ity ity ity ity
Rating Rating Rating Rating Rating result Rating Rating Rating
2,37 result 1,631 result 242 result 1,681 result 2,358 1ng resu 1,631 result 2,393 result 1,643 result



