METU Studies in Development, 28 (1-2), 2001, 133-167

Economic appraisal of the
Bosphorus Tube Tunnel and
[stanbul Metro alternative and
their environmental impacts

Cevat Karatgl
Bogazi¢i University, Faculty of Economic and Admirasive Sciences, Department of Economics
80815 Bebekistanbul

Abstract

The purpose of this paper is to provide a detadlealysis of the Bosphorus Tube Tunnel
and a number of alternativistanbul metro systems. An attempt is made to coepar
economically the Bosphorus Tube Tunnel with fatanbul Metro system via Taksim and
combined alternative which comprises both the Bosphtube Tunnel and thistanbul metro
system by refering to a future no-build baselirteraktive. In the analysis, the Little-Mirrlees
appraisal method is adopted that requires the astmof national parameters and conversion
factors for the primary inputs. Economic analysisfirst based on market prices and then
accounting prices. The economic appraisal systetndes calculations of the internal rate of
return, benefit-cost ratios and the discountedpmesent value (NPV) of each alternative. In
the final section, the environmental impacts ofhe@coject are identified and taken into
account in order to provide a more complete evalnat
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1. Introduction

The purpose of this paper is to provide a detadledlysis of the
Bosphorus Tube Tunnel (which retains its popularégd a number of
Istanbul Metro systems as separate alternativese Bfecifically, in the
following sections, an attempt will be made to camgpeconomically the
Bosphorus Tube Tunnel with dstanbul Metro System via Taksim and a
combined alternative which comprises both the Bogph Tube Tunnel
and theistanbul Metro systems, by referring to a futurebnid baseline
corresponding to Alternative 1, which includes @&rig facilities plus
committed improvements. However, it should be nabed in 1998, the
former Istanbul Municipality Authority was pressing for the
establishment of a Third Bosphorus Bridge as amalernative to the
metro systems in order to alleviate the notoriooisgestion and traffic
problems in thdstanbul Metropolitan areaAfter a brief description of
the characteristics of the Tube Tunnel and meterradtives and capital
costs of these projects, the paper will focus oestmation of the total
benefits. These will include the value of travehei vehicle operation
and maintenance costs (including auto-taxi, busestaucks), roadway
maintenance costs, accident costs and freight tios¢és. In the middle
section, based on 1990 constant prices and theeatimsiderations, the
economic appraisal system will include calculati@fignternal rate of
return (IRR), benefit-costs ratios and discountetpnesent value (NPV)
of these alternatives. Depending on the resultgapgmopriate selection
and ranking will be recommended.

In the analysis, the Little-Mirrlees appraisal noeth(1974) is
adopted, which is based on the estimation of natiparameters and
conversion factors for the primary inputs. Econorai@lysis is first
based on market prices and then accounting prinethe final part of
the paper, the environmental impacts of theseraltees are identified
and taken into account in order to provide a manaete evaluation.
In this context, the environmental effects resgltiftom the metro
systems will be discussed by referring to air gadly, the vibration
effects from the operation of metro rail vehiclesl dunnels, and noise
effects all of which will adversely affect the rm@sntial areas and
passengers.

1 For details and analysis of the third Bosphomidge, see Karaa(1989).
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The IRTC {stanbul Rail Tunnel Consultamg)onsidered a number
of metro alternatives or combinations of alternedito resolve the public
transport problem in théstanbul Metropolitan area. A brief summary
and outline are given below of the Bosphorus Radrd@ube Tunnel
(Alt.8), the North-South/Topkapi Metro system viak§im (Alt.9B) and
the Combined Alternative (10B) which includes bdbie Bosphorus
Tube Tunnel and Metro System via Taksim. The Ligtatl System
(LRT) and the North-South/Topkap! Metro via Dolap€9B) have not
been included in the following analysis. An exteasevaluation and
analysis of the last two metro alternatives wenmalgstrated in several
earlier studies.

2. Bosphorus railroad Tube Tunnel (Alt. 8)

The alignment for the Bosphorus Rail tunnel is lmoaed tunnel for
6.5 km under the land portions of alignment, a santube tunnel for 2
km under the Bosphorus and at grade for a totdl.5fkm both ends
where the alignment connects to the existing coramdilroad tracks.
The system includes two new and two modified conemrail stations
as well as the existing station atg8ilicesme (Asian side). The new
stations will include Kocamustafagga(modified), Yenikap! (modified),
Sirkeci and Uskiidar. The IRTC Report (1987) indisatthat all
commuter rail stations along the new Bosphorusr&ad route would be
provided with pedestrian and bus feeder accesss hoted that at
Yenikap! station rail transit transfer to the nesthuth and east-west
metro line would also be provided. It is also expddhat transfer to the
23 km municipal light rail line would be ensuredvanikapi (see, Figure
1).

The Sirkeci to Uskiidar (Harem) section of the afignt would
involve construction of a railroad tube tunnel. Sould be built as a
segmented, prefabricated sunken tube tunnel. Th&esuBosphorus
tube construction which would place the tube belbesbottom surface
of the Bosphorus is expected to be between twoilagah buildings
which would be placed on the east and west sidéseoBosphorus close
to the shorelines (IRTC Report: 1987, 4-23). Acaugty, the Uskiidar

2 The IRTC group was a consortium of Parsons Benuoiff International Inc. in
association with Kaiser Engineers International. lrmd PB-TSB Consulting and
Engineers Co. Ltd, Temel Engineering AS and Tumagirieering 4.

3 See IRTC Report (1986) Feasibility Study and imiekry Designs, Bosphorus Railroad
Tunnel andstanbul Metro System Project., Task 109; also Karatd Payaslgu (1996:
191-226).
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station would be built using a cut-and-cover teghei Meanwhile, the
alignment east of Uskiidar station would be builadmred tunnel to the
port near the TCDD (State Railways) Haydagdreight yards. The
alignment would move eastward in order to conneith the existing

commuter railtracks before the giliicesme statioA. It is estimated that
the average speed would be around 60 km/hr in theplrus Tube
Tunnel and 47 km/hr along the rest of the trackisas (IRTC Report,

1987: 4-24).

3. The North-South/Topkap! metro system via Taksim
(9B)

The metro alternative via Taksim includes new nsdbth and
east-west metro corridors, in addition to the Altdive 2 transport
system improvements. Evidently the east-west medroidor has been
designed to terminate at Topkapi and includes theaBpaa Hospital
area andgehremini as well. Under this alternative, commuadrexpress
service improvements have also been envisagedslbblen indicated in
the IRTC Report (1987) that the Taksim-Zincirlikugusways would not
be undertaken under Alternative 9B. Apparently, Tlaésim-Yenikapi,
Topkapi-Aksaray, Taksim-Zincirlikuyu and Zincirliku-4.Levent
alignments have been considered separately. ItidH@unoted that the
Metro Alternative via Taksim (9B) has been undenstouction for
almost seven years. The Taksim Square-Zincirlikgpgation of the
alignment was put into operation in the year 205 (Figure 2).

4. The Bosphorus Tube Tunnel and North-South Topkap
Metro System (10 B)

This alternative is a “combined” one that includbe Bosphorus
Tube Tunnel and the north-south/Topkapi Metro vé&sim, which has
been expected to ensure a long term solution tontterious traffic
congestion and traffic problems in tistanbul Metropolitan Area.

As outlined earlier, the Bosphorus Tube tunnellrpad) was
designed as an alignment, which would be in a btwadel for 6.5 km
under the land and include a sunken tube tunneRféam under the
Bosphorus Straits. The proposed alignment is erpleitt connect to the

4 The new Uskiidar station is on the Asian sidehef tunnel and it would be within an
existing major transit transfer centre. Ferriegjimises, IETT and blue buses, and dgimu
cars are always converging at this location. IRTepdtt (1987: 4-23).
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existing commuter railroad tracks. Apparently, twew and two
modified commuter rail stations are included in $lystem in addition to
the existing station of Qditlicesme. These new stations will include
Kocamustafapg, Yenikapi, Sirkeci and Uskiidar (see Figure 3)e Th
modified Yenikap! station will provide for rail tnait transfer to the
north-south/east-west metro lines. In additions thietro system is
expected to facilitate transfer to the 23 km mupatilight rail line
(LRT), which has been operational since 1995 betwéenikap! station
and the Topkapi district on the European side.

5. Capital costs of the Bosphorus Tube Tunnel apetrd
alternatives

The capital costs of the tube tunnel and metrarsteses include
machinery and equipment and labour for the foreagmponent; and
materials, machinery, energy and non-energy cabtand acquisition as
domestic components of capital costs. For the mamd conducting a
social evaluation of capital costs, the Little-Nees Appraisal Method
(1974) is adopted that requires the estimationational parameters and
conversion factors for the primary inputs. The reated capital
investments of the tube tunnel aistianbul Metro Alternatives based on
market and social prices (resource-corrected priees presented in
Table 1.

Table 1
Capital Cost Estimates of Tube Rail Tunnel &tdnbul Metro
Alternatives
(million TL at 1990 prices)
Alternative Capital Cost Capital Costs
(market prices)  (social prices)
Alt 8 Bosphorus Tube Tunnel 2,993,142.2 2.556,492.7
Alt 9B Istanbul Metro System via Taksim 2,694,921.5 2.204
Alt 10B Bosphorus Tube Tunnel + 4,896,552.0 4,190,195.0

Metro System via Taksim

Source Istanbul Rail Tunnel Consultants (IRTC FeasibilitbepRrt): Conceptual Cost
Estimates Report (1987: 1-14).

a) Alternative 8, 9B and 10B are the notations usethe IRTC Feasibility Studies Report
(1987). The original 1985 prices are converted3®Qlprices by using the GNP deflator.

b) Total capital cost of the Bosphorus Tube Tumxeludes revenue vehicles which comprise
vehicles, installation fans, installation signatelanstallation radios. If these are included the
capital cost will then amount to 3,338,693.3 millibL at 1990 prices.
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6. Little and Mirrlees Model and conversion factors

The Little-Mirrlees Method (1974) and the World Baapproach
(Mashayekhi: 1980) rests on the premise that camwerfactors should
be used in order to translate all costs and benigtid ‘world prices’. As
a common norm, the “numeraire” adopted by both oaghis freely
disposable uncommitted foreign exchange accruintheéogovernment.
What is utilised here is a foreign exchange numerdiut expressed in
terms of units of domestic currency (here Turkish)Iconverted at the
official exchange rate. Therefore bearing in minke tspecific
requirements of the Little-Mirrlees (and the WoB@&nk) method, an
attempt was made to estimate shadow prices anghaatbarameters for
Turkey to be used in the Bosphorus Tube TunnelMetto alternative
projects. The conversion factors and national patara estimated for
the 1984-89 period in Turkey are given in Table The national
parameters and conversion factors have been adéutedan earlier
study dealing with the third Bosphorus bridge anel Bosphorus tube
tunnel (Karatg 1989: 177-225).

7. Transportation model

It should be noted that in modelling the impactste alternative
projects, the future geographic distribution andesbf population,
employment and commercial activity were consideesd given (as
exogenous to the model). Essentially the Transpladel used by the
IRTC Consultants (1987) assigns travel between \thgous “trip
generators” and “trip receptor” as to the fastestl anost efficient
transportation mode. By following this approachredily measurable
and quantifiable benefits are reflected by trawveétsavings and reduced
resource costs devoted to competing transportatmotes.

The environmental effects of the metro alternativesich might be
in the form of air pollution, vibration effect amibise effect, will be
discussed in some detail in subsequent sections.

8. Direct economic benefits and estimation problems

Direct economic benefits of the metro alternatiaes estimated for
the years 1995 and 2005 when the full benefits hdlrealised. The
respective costs of the metro alternatives as coedptn the no-build
baseline are determined. The lifespan of each efmtietro alternatives
was assumed to be 40 years and the stream of mpeaad maintenance
cost and benefits are computed to derive theirgmtegalue amounts.
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Table 2

139

Estimated National Parameters and Resource Canegtictors

1. National Parameters

Standard Conversion Factor (SCF) 0.83
Conversion factor for producer goods (§F 0.83
Conversion factor for consumer goods CF 0.88
Marginal propensity to save (MPS) 0.29
Marginal productivity of capital (q) 0.24
Consumption rate of interest (CRI) 3.50
Value of public income (v)
forg=10 % 3.24
forg=12 % 3.03
Accounting rate of interest (ARI)
forg=10 % 0.05
forg=12 % 0.06
forg=24 % 0.09
Shadow wage rates (SWR)
. skilled labour 1.0
. unskilled labour
-traditional efficiency price model 0.50
-extended efficiency price model 0.76
2. Resource Correction Factors for Capital Costs RCE
Foreign
-labour 1.0
-materials 0.83
Local
. labour
- skilled 1.0
-unskilled 0.76
. material 0.83
. construction materials 0.83
. energy 0.83
land 1.0

Source Economic Evaluation of Third Bridge and the Baspis Tube Tunnel, Metu studies
in Development, vol.16,No.1-2 (Karat4989:177-225)

* RCF= resource correction factors

Each of the proposed metro alternatives is compangith
Alternative 1, which represents the existing anchimitted projects. As a
rational procedure, if the alternative tested poedua cost increase, then
such cost increases are considered to bests’cand are then
included in the category of operation and mainteracost increases.
For the estimation of economic benefits comprisimgadway
maintenance costs, vehicle operation and maintenansts, accident
costs and travel time costs, the tested alternatag& compared with the
base alternative. Here the increase in the abowasune is treated as a
‘cost’ and the decrease as a ‘benefit’.
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9. Estimation of travel time cost

The value of personal time per hour was estimatedrder to
calculate the value of time cost savings resulfiogn increased travel
speed and thus a decline in the level of congesiliane cost savings
have been computed for each vehicle type undeerdift alternatives.
Based on data available for tistanbul Province, the average wage rate
for the istanbul Metropolitan area was estimated to be &8,TA/hr at
1990 prices. For a more accurate analysis, a digim has to be made
between journeys carried out in working time and-mmrking time. As
in many case studies, it is rational to take soeregntage of the wage
rate in the precise determination of the time vaeehou?.

Bearing in mind other case studies, the value oh®working” time
was assumed to be 43 % of the average hourly watgeof full time
adult employeésand the working time valued at the wage rate parse
allowance for overhead payments. Similarly, thiadsumed to be 10 per
cent. It should be remarked that the value of tment on journeys other
than business trips (shopping trips, leisure thipsetired people, school
children) are in practice valued at a lower Ielvel.

Value of time at 1990 prices
» working time: 10764 x 1.1 = 11840 TL/hr
* non-working time: 10764 x 0.043 = 4628TL/hr

In the following analysis it is made clear that qmral time cost
savings should not be overrated. Therefore theevalunon-working
time per hour (4,628 TL/hr) was taken as a readenedtimation. It is
also important to note that this assumption wasiciemed to be realistic
since 12 % of trips are made during working hound &3 % during non-
working hours (STFA Household Transport Survey, 8)98rable 3
illustrates vehicle-kilometers per year, averageeesp and vehicle
kilometer savings for each alternative.

5 In the case of Caracas Metro Project this ratis 0% and 27% in the case of Taiwan
transport projects. For details see Caracas Mew@®, Economic Feasibility Analysis,
October 1971, also see Department of Transport (Uyes for Journey Time Savings
and Accident Prevention, March 1987.

For details, see British Mass Transit Consult§h@82).

Work-trips are those trips to and from work whiate made during non-working time,
whereas non-work trips implies trips made in pesptavn time such as social trips,
school, and shopping trips which are commonly \@lat a lower rate than commuting
time.
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Table 3
Average Speed, Annual Veh-km and Veh-km Savings:
Auto-taxi-Dolmus Minibus Category

Alternative Year Average Million Veh-km savings
speed veh-km (million
Km/hr Per year veh-km)
Baseline 1985 321 2,791,000 -
1995 26.2 4,565,000 -
2005 23.6 6,595,000 -
Alt8 Bosphorus Tube 1995 25.9 3,606,000 959,000
Tunnel 2005 251 5,551,000 1,044,000
Alt 9B istanbul Metro 1995 25.7 3,569,000 996,000
System (via Taksim) 2005 251 4,952,000 1,643,000
Alt 10B Bosphorus Tube 1995 26.0 3,592,000 973,000
Tunnel plus Metro 2005 25.2 5,326,000 1,269,000

System via Taksim

Annual personal time cost savings under each nadtesnative as
compared to the baseline alternative have also lwedculated and
presented in Table 4. Given the veh-km savings uedeh alternative,
personal time cost savings is calculated by userggnal time cost per
hour which is found to be 4,628 TL/ at 1990 pridesan be illustrative
to note the number of persons per vehicle for egple of vehicle;
however there is no sufficient data in the IRTC &efo reflect this.

Table 4
Annual Personal Travel Time Cost Saving by Alteirrest
(millions of 1990 TL/year)

Personal time cost saving (a)

Alternative 1995 2005

Alt 8 versus 1 (inc transit+ -taxi dolmpt 2,006,908.0 3,185,276.0
minibus) auto

Alt 9B versus 1 (inc transit+auto-taxi 2,071,350.0 3,631,767.0
dolmu+minibus

Alt 10B versus 1 (inc transit+auto-taxi 2,218,646.0 3,746,842.0

dolmus+minibus

Note: (a) Total time cost savings include both auto-iodimus and transit (bus) users
categories.
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10. Vehicle operation and maintenance costs

It is conceived that as a result of the diversibrautos and buses
and other vehicles from congested streets, vehicdezg these streets
will somewhat enjoy the benefits of reduced corigastin transport
economics, it is widely recognised that there isli@ct relationship
between speed and operation costs as between apeddhffic flow. In
the following analysis, variable costs are defit@dhclude, (i) fuel and
oil consumption, (ii) tyre wear, (iii) maintenanead repair, and (iv)
depreciation.

The proposed metro alternatives, which all aimmprove urban
transport in thdstanbul Province, are expected to generate opgratid
maintenance cost reductions, thus economic benestgting from the
decline in the degree of congestion on urban straatd much faster
average vehicle speed. This will result in savingenergy and non-
energy operating and maintenance costs. Operatshgnaintenance cost
savings derived from vehicle types, including tloaaxi-minibus, are
presented in Table 5. The number of vehicles uiegoads by vehicle
type are not given in the IRTC Report (1987), bus presumed that the
number of vehicles, especiallgTT buses will increase at initial stages,
while it will show a downward trend after year 20@&imilarly, the
impact of metro system on the number of vehicleshensurface traffic
Is expected to show a discernible decline over#aes, especially when
the metro system can be extended and implementesl effectively.

Table 5
Operating and Maintenance Cost Savings: by aute-dakmus+minibus
(million TL at 1990 prices)

Operating and
Maintenance
Cost Savings

Alternative Year Energy Non-energy Total

Alt 8 Tube Tunnel versus 1 1995 211,294.2 357,795.2 569,089.4
2005 315.867.5 570,158.9 886,026.4

Alt 9B Metro via Taksimvs 1 1995 213,341,7 358,454.4 571,796.1
2005 457,535.1 814.589.7 1,272,124.8

Alt 10B Combined Tube+ 1995 216,623.3 367,852.4 584,475.7
Taksim Metrovs 1 2005 373,326.7 671.163.8 1,044.490.5
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11. Roadway maintenance costs

It is often acknowledged that there is a closetimiahip between
the increased distance travelled and vehicle kiterseand axle loads of
vehicles, particularly of heavy vehicles. It is geally accepted that the
degree of damage caused to roads is proportiorabgimately to a
fourth power of the axle load, perhaps with a high@wer for a thinner
asphalt surface (Altan, 1986: 2-6, De Weille, 198&)the outset, it
might be argued that reductions in roadway maimeaare expected to
result from lower traffic volumes along the urbamads within the
Istanbul Metropolitan area, especially of buses #mdks. For the
estimation of road maintenance costs; first the uahnroadway
maintenance and repair cost per veh-km by vehyge tvas calculated
to reflect the damage caused to the road surfadbedyype of vehicles
included in each metro alternative. Secondly, tiking assumptions
are used for the calculation of the annual maimeeaosts of roadways:

(a) It was estimated that annual road maintenamst per km
would be 119 500 000 TL at 1990 prices (this inekidmaterials,
energy, labour, machines and other inputs)

(b) based on vehicle type, roadway maintenance pastveh km
was estimated as follof¥s

* buses (excl. minibuses) =2815TL
* buses (include minibuses) =147.4TL
* auto-taxi-dolmy =0.070 TL
e trucks =2,104 TL

The estimated results shown in Table 9 reveal thatroadway
maintenance cost savings of the three metro aligesaare negative; it
becomes much greater in the cases of the BospAains Tunnel and
Istanbul Metro System via Taksim. This finding refeethat roadway
maintenance cost savings of the three alterna@wesnot positive as
compared to the baseline considered in the analy$is paradox of
disbenefits in all metro alternatives is perhaps tlua significant rise
expected in the degree of vehicle-km which might tezorded
particularly by IETT buses, service buses and trucks as an integral
components of the metro systems both in 1995 af8.20

8 For details of this estimation see IRTC repofti8(1: 4-21) and Karagg1989).
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12. Accident costs by alternatives: A resource cost
method

Obviously debate continues on what constitutes aliste
determination of accident costs when life and iegirare saved or
damage to vehicles is reduced under different panisalternatives.
Analysis of accident costs has generally concesdrain (i) loss of
income that will occur as a result of absence fraonk following injury
or death in case of accident; (ii)) damage to velicproperty and street
equipment; (iii) medical treatment costs of thodeovare injured, (iv)
loss of investment due to those who were killedolefthe age of 15
(children); (v) police and administrative costs.(i.police time, court)
and finally, (vi) costs in terms of pain and gref those involved in
accidents and their relatives. In the ensuing gestithe ‘resource costs’
approach will be pursued where the accident costsproposed
alternatives are intimately related to vehicle-kikters driven under
each alternative. Based on data given by the Trkiighway
Directorate (TCK: 1983, 1985) it was found that thenber of accidents
per million veh-km in thdstanbul Metropolitan area is almost 3. Second,
the average accident costs including loss of incaolme to death and
injuries, medical treatment costs, damage to variypes of vehicles
and administrative costs were estimated to be 22080 TL at 1990
constant prices.

The methodology adopted in the estimation of actidests under
each competing alternative can be summarised dswhkl First, the
number of persons killed or injured according te agtegories (working
age or children) was determined for tietanbul Metropolitan area.
Second, the number of vehicles involved in accisiéort the years 1985,
1995 and 2005 was estimated by taking into accthénbational average
rate of vehicle involvement in accideht3hird it was assumed that the
average value of vehicles involved in accidents ldialepreciate and
would be only 60 % of the new vehicle price. Copaglingly, the cost
of repairing the damage inflicted to vehicles imaal in accidents was
determined on the basis of the above assumptiodsdata, and the
original and depreciated value of each categoryetficles was taken
into consideration. Fourth, the loss of output dueleath in accidents
was calculated by working out the average age a$dhdead resulting

9 In year 1985 and 1990, percentage of involvermantvehicle type was 60% for

automobiles and minibuses, 15% for the buses (imaduservice buses), 20% for trucks
and 5% for other vehicles. For details see TCK BlrikHighway Directorate, Traffic
Bulletins (1985, 1990).
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from vehicle accidents. More specifically, in thrstance the average
age was found to be 36. Thus loss of income rexegdulting from
actively employed persons who are killed in roacidents over 29 years
was estimated and it was discounted by 6 % to ceenipsi 1990 present
value. Fifth, still another assumption was introgllién order to make a
distinction between loss of income owing to lighdlyd seriously injured
people involved in road accidents. As in the IRT€pBYt (1987) it was
assumed that 25 % are serious injuries and theimergar5 % are light
injuries. Based on these assumptions, numericahatgs of the loss of
income for each type of injury for those who arévaty employed were
made, given the annual wage rate at 1990 priceth,Sinother required
step was to calculate the loss of investment dwhildren killed before
the age of 15. It was also determined that the ageerage of these
children who were killed in accidents was 7; hertbe loss of
investment over 7 years was estimated and expré@ssens of present
values at 1990 prices by using the 6 % discoumet fanally, an attempt
was made to estimate costs of medical treatmentdpgrwhich was
roughly 16440 TL at 1990 constant prices. In thitance, the duration
of medical treatment for each injury type was dateed by considering
the hospitals data in tHstanbul Province. Total cost of accidents which
occurred within thdstanbul Metropolitan area in 1990 was calculated to
be as the sum of the various components estimatkdhantioned above.
The average accident cost was found to be 12 7802TQQ based on
recorded accident number of 17 206 in ibanbul Metropolitan Area
(Table 6).

Table 6
Derivation of Average Accident Cost
Million TL,
Cost 1990 prices
1 Repair cost of vehicles in accidents 64033
2 Loss of future output due to death and incapticita 132239
3 Loss of investment due to children killed 10587
4 Loss of income due to injuries at employment age 8376
5 Medical treatment costs of persons injured 1842
6* Allowance for administrative costs (eg police tinteurt, etc) 2171
Total costs 219248

Average accident costs= 219,248/17,206= 12,742.000 T
* Administrative costs were assumed to be 1 % t&fl taccident costs.

Considering the vehicle-kilometers forecast forheaehicle type
(under each alternative) the rate of accident wstgnated for each
alternative. Table 7 presents “saved number ofdects” and thus total
accident cost savings for each alternative forydrars 1995 and 2005.
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Table 7

Number of Accidents Saved and Accident Costs Sawriddosphorus
Tube Tunnel andstanbul Metro Alternatives

(million TL, 1990 prices)

Alternatives Year Number of  Accident Costs

Accidents Savings
Saved

Alt 8 Bosphorus Tube Tunnel vs 1 1995 1317 16454800
2005 72 899268
Alt 9B istanbul Metro System 1995 1107 13830972
(Taksim) vs 1 2005 534 6672174
Alt 10B Bosphorus Tube 1995 1503 18779412
Tunnelistanbul Metro System 2005 1020 12744288

(Taksim) vs 1

13. Freight time costs analysis

This section is devoted to estimation of the vatdigime to be
saved in freight movements that would be an econdmmnefit related to
operation of the Bosphorus Tube Tunnel. The freighé costs analysis
is specifically related to the Bosphorus Tube Tuin@dt 8) and the
combined alternative (10 B) which includes the Busps Tube Tunnel
and the Metro System via Taksim.

In the estimation of freight time cost savings #ieps taken are
summarised below.

(a) The per ton value of shipping time savings wasulated both
for international and domestic goods based on thasfble principle
that transport time represents deferred earnings iffventory costs)
which are based on the market value of commoditisped across the
Bosphorus and the opportunity costs of funds foppstrs.

(b) Given the relevant data, the average valuentérmational
freight by allowing for the annual interest cost wventory was
estimated to be 17 456 820 TL at 1990 prices. Hetfieetime value of
transit cargo per ton-hr (at constant prices) wasd to be 6819 TL.
Here the yearly production time was considereda®560 hours (320
days x 8 hours}y.

(c) Similarly, the value per ton of domestic freigidjusted by the
relevant interest rates (opportunity cost) wasnesed to be 5 433 946

10 For details of this model, see De Leuw, Catheer@vwup and Parcel Botek (1983).
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TL at 1990 prices. In this instance, for the estiaraof the time value of
money devoted to working and investment capitad, ititerest rates on
time deposits in 1990 was considered appropriate.

(d) Another step is to break down the Bosphorugfitetonnage
carried across the Bosphorus by railway into ‘titarend ‘domestic’
freight for an accurate estimation of freight tio@sts. (Table 8). Total
tonnage of freight shipped across Bosphorus is doase high rail
projection which has assumed that there will be smwrable
improvement in the rail transport system betweeB31&nd 2005 due to
the contemplated modernisation of all rail netwiorkstanbul region.

(e) A comparison has to be made between the egistal ferry
system’ and the proposed ‘Bosphorus Rail Tunnete®ysin order to
estimate freight time cost savings. Accordinglywds assumed that the
trans-Bosphorus crossing of freight by rail fertgafing, shipping,
unloading) was 6 hours and 18 minutes; while cnasbly the Rail Tube
Tunnel would be 30 minutes due to more efficiefwgation of some of
the rail stations on both sides of the Bosphorus.

Table 8
Bosphorus Freight Tonnage Matrix: Railway Transtote
Total tons
Year Transit (tons) Domestic (tons) High rail case
1983 359000 43000 402000
1996 1460000 751000 2211000
2005 2425000 1320000 3745000

Source IRTC: Regional Study, Task No:109 (Callaghan,&:%321).

In terms of 1990 prices, freight time costs per pan crossing for
the existing rail ferry and the Bosphorus Tube Talrare calculated. In
the case of transit freight time value per ton/rénwas found to be
1136 TL; while it was 35.1 TL for the domestic fibt. Similarly, time
cost per crossing for rail ferry was 42 959.0 TLtle case of transit
freight and 13 279.0 TL in the case of domestiigfite Whereas time
cost per crossing under the Tube Tunnel would bely 408.00 TL for
transit freight and 1 053.00 TL for domestic freighBased on the data
and parameters given above, the freight time cagings accruing to
shippers and also to the local economy by the BarsishTube Tunnel as
compared to existing rail ferry transport are pnése in Table 9.

11 For the detailed estimation of time value of siarand domestic cargoes, see Kayata
(1989: 73); and Karajaand Payaslgu (1996: 198).
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14. Breakdown of total economic benefits

The total benefits of metro alternatives, basedh@nassumptions
described in the above sections, have been estnfatehe block years
of 1995 and 2005 and illustrated in Table 9.

15. Comparison of alternatives by ranking criteria

In this section, an attempt is made to discusstimeissibility of the
three metro alternatives by comparing them on #sbof internal rates
of return (IRR), the benefit-cost ratio (b/c) arnte tdiscounted net
present value (NPV) criteria. If the economic ohbjex is maximizing
total returns to the limited public sector capftaids available, then it is
conceived that the most appropriate measure fonau@ ranking
would be the net present value, calculated at 'aciiog prices’. The
NPV analysis discounts cost and benefit streams 4¥g/ears from the
time of project inception. Based on a set of basgumptions (regarding
individual benefits and other key parameters) NR&/ is computed first
by using market prices; and then analysis is pemor by using
‘resource-corrected prices’. However, in order conduct sensitivity
analysis, the benefit-cost ratios and the NPV cdatmns are carried
out on the basis of 9% , 12% and 15% discount ¥ates

16. Internal rate of return

The Bosphorus Tube Tunnel and metro alternativesaamalysed
both at market and social prices. For instancescaial prices, the
highest IRR is exhibited by tHstanbul metro system (via Taksim) with
42.2 %, being followed by the Bosphorus Tube Tunvith 39.42 % and
the combined alternative with 33.18 %. Apparently,this measure, the
least attractive alternative turns out to be thenlwoed alternative.
(Table 12).

17. Benefit-cost ratios

The analysis was first performed by using marketes; then
repeated using resource-adjusted prices. In tefimzeoefit-cost ratio
and social prices the most attractive project tumisto be thdstanbul
metro system (via Taksim) with 7.61, folllowed hetBosphorus Tube

12 For detailed models used for the estimation ohemic discount rates, see Shukla (1997).
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Tunnel with 6.81 (at 9 % social discount rate).&tlg based on benefit-
cost ratio, the least admissible projet become<timebined alternative,
10 B (6.12) because it has the highest initial tedygiosts. If the benefits
and cost streams were discounted at 12% rate dofouwls, the

corresponding benefit-cost ratios become notablghrlawer; however,

the ranking of alternatives does not vary at afilffé 10).

Table 10
Benefit-Cost Ratios of Metro Alternatives
Market prices Social prices
Alternatives 1=9% i=12% i=15% i=9% i=12% i=15%

1.Bosphorus Tube Tunnel (8) 6.14 4.83 3.81 6.81 455. 4.36

2. Istanbul Metro System 6.94 5.40 4.25 7.61 6.05 4.82
(via Taksim) (9B)

3. Combined Alt (10B) 5.41 3.98 3.01 6.12 4.50 3.47
(Bosph. Tube Tunnel plus
Metro via Taksim)

18. Net present value analysis

The NPV analysis is first performed on the basisnafket prices.
As an integral part of the Little-Mirrlees methalsocial discount rate
(or ARI) was estimated by considering sub-paransetdrich include the
marginal productivity of capital, marginal propdgsio save, value of
public income and conversion factor for consumeardg®. Based on the
Little-Mirrlees appraisal method, as a key param#te social discount
rate for Turkey was estimated to vary between 6%3% in real terms.
However, in order to conduct sensitivity analysie benefit-cost ratios
and the NPV computations are also carried out erb#sis of 12% and
15% discount rates. The results demonstrate trdgruthe NPV method
and social prices, contrary to earlier findingg thost admissible metro
alternative appears to be the “combined alternati@@&B) which
comprises the Bosphorus Tube Tunnel plusigtanbul Metro System

13 The accounting rate of interest can be derivethfthe formula of,ARI :sq+%q,
v.CFc
wheres is marginal propensity to save, q is matgnaductivity of capital, v is value of
public income and CFc is conversion factor of comsugoods.

If the parameters which are taken into accountcgr24%, s=0.29, CFc=0.88 and
v=7.99 then the value of ARI becomes 9 percent. Buower values of q (12%) and
(2.52) the social discount rate turns out to bey dhlpercent. For various methods of
deriving an appropriate social discount rates, kitte-Mirlees (1974), Curry and Weiss
(1993) and Shukla (March, 1997).
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(via Taksim). Evidently at 9% discount rate the NBWthe combined
alternative would be 23.3 trillion TL, while that ihe Metro System (via
Taksim) 22.3 trillion TL. (Table,11) Contrary tesipopularity, the least
acceptable alternative by NPV rule would be thepBosus Tube Tunnel
with 19.9 trillion TL. It is interesting to note &h the combined
alternative (10 B) which is the largest and mostlggoroject would still

rank first, even if the social discount rate weaesed to 12%. But the
combined alternative (10B) would rank second orfee discount rate
were raised from 12% to 15%. At 15% rate of sodiatount rate the
first priority would be given to the metro systera ¥aksim and then the
combined alternative (10B).

Table 11
Net Present Value of Bosphorus Tube Tunnel anddvielternatives
(billion TL. 1990 prices)

Market prices Social prices
Alternatives i=9% i=12% i=15% i=9% i=12% i=15%
1 Bosphorus Tube Tunnel 19608.911904.5 7553.119981.2 12259.9 7891.5
(Alt 8)

2 Istanbul Metro System (via22067.7 13269.38394.8 22319.3 13556.3 8691.9
Taksim) (9B)

[ICombined Alt (10B) 22721.9 13337.08091.8 23310.1 13894.1 8618.2
(Bosph. Tube Tunnel plus

Metro via Taksim)

Again in terms of NPV, at social prices discountéBV of the
Bosphorus Tube Tunnel is strongly positive evenugfioit exhibits
slightly lower NPV as compared to the other twcemdatives at test
discount rates. This result holds true for both kearand resource-
adjusted prices. Table 12 summarises the sengitiitesults to varied
discount rates and choice of criterion, based @ouee-adjustment
prices.

Table 12
Sensitivity of Metro Alternatives to Different Ceitia and discount rates
(resource adjusted) (billion TL,1990 prices)
9 % discount rate % 12 discount rate 15 % discdatg

Alternative IRR bl/c ratidNPV b/c ratio NPV b/c ratio NPV
1 Bosphorus Tube
Tunnel (Alt.8) 39.4 6.81 19981.2 5.45 12259.7 4.36 7891.5

2 istanbul Metro
System (via Taksim) 42.0 7.61 22319.3 6.05 13566.3 4.83 8691.1
9B

3 Combined Alt (10B) 33.1 6.12 23310.1 4.50 13894.1 3.47 8618.2
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19. Discussion of the results

Based on the foregoing analysis, it can be sednirihtarms of the
IRR measure and the b/c measure igt@nbul Metro System via Taksim
appears to be the most admissible project at a @¥&lsdiscount rate;
representing a 42% rate of return and a benefit-@® of 7.6. The
next-best alternative turns out to be the Bosphdwse Tunnel with an
economic rate of return of 39.4% and benefit-casiorof 6.81. Note
that, the combined alternative ranks third in teohdRR (33.1%) and
the benefit-cost ratio (6.12) under 9% discourd.r@ihe order of ranking
does not seem to alter when the discount rate wers mised to 12% or
15% (Table 12).

However, it should be noted that the b/c ratio like IRR measure
creates a bias against large projects with a velgtiarge capital outlay.
Similarly, the IRR measure might also be misleadinthe appraisal of
projects particularly when mutually exclusive aminpeting projects are
under consideration (Turvey, 1963; Feldstein amaifhing, 1964; Little
and Mirrlees, 1974). Therefore, for the final sétmt of competing
metro alternatives, the NPV measure would be malable and
produce efficient results. If the objective is nmadaation of total net
benefits (NPV, total PV of benefits minus total BY costs) to public
investment, it becomes obvious that at both 9%12#% social discount
rates the combined alternative (10B) turns outdoriore attractive than
the other two metro alternatives. More specificalNPV of the
combined alternative (10B) at a 9% discount rateld/@mount to 23.3
trillion TL, while that of the Metro System via Tsikn would be much
lower with 22.3 trillion TL. Nevertheless, once thecial discount rate
was raised to 15%, the combined alternative becoessspreferable and
ranks second and under this test discount rateMéeo System via
Taksim would be more acceptable (compare 8691 liomilTL with
8618.2 billion TL).

20. Economic valuation of air pollution
20.1. Theoretical debate and practice

Despite the fact that there would be a significdatline in the veh-
kilometers driven by different vehicle types in tB®sphorus Tube
Tunnel and proposed Metro Alternatives and thussicemable savings
in air pollutants (N@ SQ, HC, CO), there is still some necessity to
examine a damage function that relates the levebabiution to the
degree of the health effect. In practice ‘costHofeiss’ approach is often
used to value the cost of pollution-related mottlgidDixon et al., 1995).
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It is usually emphasised that ‘dose-response fanstiused in developed
countries may produce inaccurate results when tasy used in
developing countries. In this approach ‘costs doeillhess’ would
include loss of earnings resulting from illnessdmel costs such as for
doctors, hospital visits (or stays) and medicafdixon et al, 1995: 48-
50). Yet this approach has its limits because ntd$eto exclude non-
market losses related to sickness, such as thegpairsuffering to the
individual and to others concerned and restrictiams non-work
activities. A number of studies (especially USAds¢s) has shown that
there is a close relationship between mortalityd ambient pollution
concentrations (Evanst al, 1984: 78). They concluded that cross-
sectional studies reflected a causal relationshipiden exposure to air-
borne particles and premature mortality. Small &aaimi (1995: 17)
argued that other studies also provided additicswgbport for this
evidence, where particulate matter caused increasathlity. It was
pointed out that inhalable particles, especiallytipies of less than 10
microns diameter (PM10) are the most responsibppakently, among
the components of PM10, the most consistently foeffielcts are from
fine particles (FP) which are with diameter of less than 2.5 microns,
and from sulphates (SP which are mainly aerosols ciluminum
sulphate (sulphate particles are very small in sizd are included in
PM10 and FP). Similarly Ozkaynak and Thurston (398&3ing cross-
sectional data for the USA, related mortality intropolitan areas to
ambient pollutant concentrations in the centraesifi.e., Los Angeles)
where they used four alternative measures of pdaties: total
suspended particulates (TSP), PM10, FP and 30@e strongest and
most consistent relationship was obtained in tise cd SQ and the next
strongest using FP. From these and other studieanibe inferred that
sulphate aerosols caused increased mortality a$¢ agelthe other
components of PM10 (Small and Kazimi, 1995: 7).

It should be noted that motor vehicles, especidlbse using fuel,
emit some particulate and also sulphur oxides(S@imarily sulphur
dioxide (SQ). Sulphur dioxide is an irritant and contributes t
particulate formation and acid rain. The sameus of nitrogen dioxide
(NOy) which is formed in the atmosphere from other (N@missions.
(Small and Kazimi, 1995: 8)

14 A number of studies showed that sulphate aerosnlsed increased mortality as well as
the other components of PM10. For stimulating ds@n and estimation methods, see
Small and Kazimi (1995: 16-17) and Ozkaynak andrSton (1987).
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Studies on motor vehicle emissions have been eatktal include
the global effects of certain “greenhouse gasesimarily carbon
dioxide (CQ) whose accumulation over decades or centuriesgaaye
a gradual warming of the earth’s atmosphere. Théntially might lead
to dramatic changes in wind and rainfall pattei($mnall and Kazimi,
1995: 7-10).

21. Analysis of the environmental effects of thetnme
proposals

In the various metro alternatives proposed for ftiséanbul
Metropolitan area; buses, trains, passenger fervigisicle ferries, sea
buses, light rail and metro vehicles will be invedv In general, the
environmental effects will include (a) air pollutioand dust from
excavation activities, (b) vibration effects frometestablished tunnels
and rail tracks and (c) noise effects that willuehce residential areas
and passengers.

It is noted in Unsal (1986) that, depending on tbegestion of
traffic, the concentration of (a) particulate matkr(b) hydrocarbon, (c)
nitrogen oxides, (d) carbon monoxide, and (e) swiphoxide in the air
will tend to increase (Unsal, 1986: 83). In so darindirect effects are
concerned, the pollutants which have direct eftectair quality might
cause the formation of photo-chemical oxidizera assult of reactions
that take place in the atmosphere. In additionjnduthe construction
stage, there is the effect of air polluting emissioof the road
construction, vehicles and machinery used duriegctinstruction.

The most important sources of carbon monoxide ar®mnvehicles.
This becomes significant especially in the conte#fxthe urban roads in
the Istanbul metropolitan area. The evidence indicatest tmotor
vehicles are responsible for 80% of the carbon-mi® emissions
within cities. Similar research work was condudbgdDztiirk (1983) and
this ratio was estimated to be 84%.

22. Valuation of air pollution impacts of the Tubannel
and metro alternatives

The only data available regarding emitted pollutamit particulate
material (PM), sulphur dioxide (S¥) nitrogen dioxide (Ng), hydro
carbons (HC) and carbon monoxide (CO) are givethé Report on
Environmental Impact Assessment prepared by Pragall(1986:98).
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The projected changes and reduction in pollutantssons of the
Bosphorus Tube Tunnel and metro alternatives aspaoed with the
existing and committed baseline alternative arevshion Table 13. It can
be seen that in terms of tons/year, the greatestianof sulphur oxides
(SO, particulate material (PM), nitrogen oxides (NGand carbon
monoxides (CO) would be saved under the combinexirative (10B),
the Light Railway System (LRT) and finally the Bbspus Tube
Tunnel. Relatively, the lowest savings in pollutanissions will be in
the case of North-South Topkap! Metro (via Takssytem which is
already under construction.
Table 13
Estimated Reduction of Pollutant Emissions by theél Tunnel and
Metro Alternative Projects (tons/year): 1995

Alternative Particulate Sulphur  Nitrogen  Hydro  Carbon
Material  dioxide dioxide carbons Monoxide
(P™m) (SG) (NOy) (HC) (CO)

North-South Metro System -75 -676 -2827 -244 -1554
(via Dolapdere) 9 A

North-South Metro System -92 -704 -2912 -281 -1770
(via Taksim) 9 B

Bosphorus Tube Tunnel -120 -862 -3594 -352 -2177
(Alt.8)

Combined Alternative

(Bosph. Tube Tunnel plus -158 -1060 -3943 -411 -2392
Metro System via Taksim

(10B)

Light Rail System (LRT)
(AlL.6) -165 941 4908  -482  -2976
Source Unsal (1986:98)

Note Negative signs indicate relative reductions itlytant emissions under each alternative
as compared to the existing alternative.

In this section, valuation of the environmentaleets of the
proposed metro alternative projects is based orettomomic value of
monetary outlays which should be invested in "abat#d schemes" to
obtain the equivalent degree of emissions reduditum approach to
estimate the monetary value of ‘abatement systemeliminate air
pollution is basically used for the air pollutioresiming from industrial
establishments. Therefore at first sight this mighttbe considered as an
appropriate method for calculation of air pollutiarsulting from
transport projects; however in the absence of dttis, ‘abatement
scheme’ described below, has been adopted as adsdmst to the
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Bosphorus Tube Tunnel and metro alternatives. Tausnceptual cost
to construct a system for reduction of emissiorapaters (S©, NO,

and particulate material (PM)) is used as a measurthe valuation of
environmental effects. The monetary values of pgakimvestment costs
in mitigation process is considered to be equivaienthe environmental
benefits stemming from the proposed alternativdss Will represent a
proxy for the environmental benefits.

The steps used for the valuation of environmentahefits is
summarised below:

() In some environmental impacts studies, abat¢mests for NQ
is given to range from $250 to $1000 per ton of,N@@pending on the
baseline level of emission (Potts and Lomas, 1998For this purpose,
in the context of our case study, it is perhapsentogical to employ the
low cost technologiesto reduce emission levels in thistanbul
Metropolitan area. Therefore, mitigation costs @@ per ton of NQ
were taken as a proxy for mitigation benefitshibwld be noted that this
level is commonly used as a norm in other develpgiountries such as
Yugoslavia (Dondur and Chetkovic, 1997:123) andhli#inia (Potts and
Lomas, 1998:5).

(i) Similarly, in the case of sulphur dioxide (§0the costs of
desulphurisation process for district heating prbja Yugoslavia were
given as ranging from $634 to $1379 per ton of lsufi dioxide
(Dondur and Cvetkovic, 1997:123). We also noticd fPotts and Lomas
(1998: 6) in their study of the Lithuanian Distrideating Sector have
also used mitigation costs of $600 per ton of, 8@ich was based on
the values estimated in damage studies in othezlagwg countries. In
this study, the mitigation costs of sulphur diox{&) which was used
both in Yugoslavia and Lithuania was consideredyfgilausible to be
used for the estimation of mitigation costs andsthas proxy for
mitigation benefits.

(iif) A similar approach was adopted for particelahaterial (PM)
costs where cost of mitigation of PM was taken 880$ per ton; an
assumption used both in Yugoslavia, Poland andubitie (Potts and
Lomas, 1998: 6).

On the basis of these assumptions together withddia on the
reduction of emissions (Table 13), we can estinthte values of
environmental benefits during the operation pewéddhe Tube Tunnel
and Metro alternative projects. The mitigation saste first calculated
as an annual value in thousands of US dollars. These values were
converted to Turkish Liras (at the official exchamgte in 1995) to give
the environmental costs savings. Undoubtedly, tmirenmental
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benefits would be much higher if the figures fodtty carbons (HC), and
carbon monoxide (CO) had been included. Table bdvstthe value of
environmental benefits associated with air pollutresulting from the
three alternatives reflecting 1995 environmentaidfiés which are not
discounted to present values. Nevertheless, thgge$ show, to some
extent, the magnitude of the environmental benstésnming from the
proposed metro alternatives.

Table 14

Value of Environmental Benefits Associated with Riollution by
Metro Alternative Projects (1995)

|Alternative Benefits Benefits associatdBenefits associat Total
associated wit with with Environmental
particulate | sylphur dioxide | Nitrogen dioxide|  penefits
material
(SO) (NOy)
(PM)

$ |[bill.TL $ bill. TL $ bil.TL | $mil. | bill. TL

1. istanbul Metro System vig 92000 4.2 |422400 | 19.3 728000 33.3 1242.4 56.8
Taksim (9B)

2. Bosphorus Tube Tunnel | 12000( 5.5 |517200 | 23.7 | 898000| 41.1 | 1535.7 70.3
(Al.8)

3. Combined Alt (10B) 158000 7.2 |636000 | 29.1 | 985750 45.1 | 1779.7 81.4

As can be seen from Table 14, estimated beneBtcaged with air
pollution due to sulphur dioxide (S nitrogen dioxide (Ng and
particulate material (PM) appear to be highest hie tase of the
combined alternative (10B), followed by Bosphorug& Tunnel (Alt.8)
and lastly by the Metro System via Taksim (9B)tHa case of combined
alternative (10B), the value of environmental bésefssociated with
sulphur dioxide is $636000, while it is $985750 farogen oxides and
$158000 for particulate material, total environna¢ridenefits reaching
$1.77 billion. On the other hand, under the Bospidrube Tunnel, the
mitigation benefits are $517200 for sulphur dioxidg898500 for
nitrogen oxides and $120.000 for particulate matethe total benefits
reaching $1.53 billion (Table 14). The total mitiga benefits
associated with the three pollutant emissions ar4sbillion in the case
of the metro System via Taksim (9B). Clearly, thessults demonstrate
the substantial environmental benefits that arenatinag from all the
proposed alternative projects.
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23. Vibration impacts of alternative metro projects

The points which are emphasised in this sectionegefthe
Environmental Impact Report prepared by Prof. Uneflistanbul
Technical University (1986). First it is arguedttiize sensitivity of the
buildings can be analysed by changing the frequemaplitude of the
artificial vibration. The vibration effect of metroonstruction in the
buildings will depend upon the beating action arftethier the tunnel is
bored in rock or soil layers (sediments, clay, saeit.). It is also
emphasised that in a rocky environment vibratioreags easily and
there is less damping. The effect of a sudden tingnmpction deep
below on the buildings at the surface will be I¢isan the vibration
transferred through rock because the damping obeffi of soil is much
greater than that of rock (Unsal, 1986: 101). Sdbonequually
important is the vibration impact of the metro miives during
operation. In the case of tunnels, these wouldhbevibrations between
the road and the rail vehicles. Clearly, the degrfeeibration will vary
according to the area taking place in each metign@ent. Thirdly,
Yenikapi-4.Levent Section of the Metro System (Viaksim) was
designed to run in tunnel form. The tunnel will goder Gazi Mustafa
Kemal Street, the settlement area, Ordu Caddesivéhdreach the
proposed Beyazit station (centre of the historazala), which is to be
located 65m deep and runs between the Faculty @n&es and the
Istanbul University Main Enrance Gate.

The area between Beyazit Station and Sileymanigpemes to be a
dense settlement area. There are also undergr8yadritine aquaducts’
in this particular area. On the other hand, propagaof vibration
depends on the types of rock or soil surroundirgttimnel; location and
type of strata interfaces and to a lesser exteatrgt water levels.
Obviously, a more detailed historical and engimegsurvey will be
required during the engineering works and desiggesto prevent the
loss of these cultural and historical astets

24. Noise impacts of metro alternatives

Environmental noise is an important factor causlisgomfort and
annoyance in the residential areas; therefore istnle taken into

15 The contingent valuation technique (CVT) is ongyveof estimating the values of these
assets; however the limitations inherent in theshriiques make it difficult to arrive at
meaningful estimates. For discussion of this ismseeDixonet al (1995: 114-116).
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account during the construction and operationalspbaof the metro
systems and the Bosphorus Tube Tunnel. Railroasignificant noise

sources due to their impact noises and mechanisgdtions in addition

to high levels of air-borne sounds. Normally, raijw noises are
generated by (i) trains passing by and (ii) mandangeand maintenance
works. Meanwhile, sound levels may depend on sévactors such as
train types, train composition (locomotive and radrriages), train
speed, railway conditions (gradients, curbs, atigmr aerial structures),
rail types and supporting systems.

It is often claimed that there is 6-7 dBA (decibehle) difference in
the noise outputs between the diesel and electrifecomotives.
Aerodynamic noise increases with the train speedexihaust noises are
as high as 98 dBA (Unsal, 1986: 128). Moreoversadrom brake
systems and from the interaction between wheelsraiigland from the
signals, which may be up to 105 dBA at 30 meteessagnificant levels
especially in railway noise cont#él

Noise impacts will be more significant in noise-siiie areas such
as residential, institutional and parkland areas\wahen there is a direct
line of sight between the noise source and theptecelt is likely that
the most severe impacts would be for cut-and-c@esstruction that
occurs in the earlier stages of construction, duground clearing and
excavation. As for the combined alternative (BosphoTube Tunnel
plus Taksim Metro), its design and specified alignirwould result in a
greater number of cut-and-cover stations at gramlestouction. The
estimates show that the ventilation system woutteggte noise levels of
85 dBA during the emergency conditions (e.g., jimasd 80 dBA during
peak daytime periods at a distance of 10 metefBGJR987: 5-10).

25. Concluding remarks

The economic appraisal of the Bosphorus Tube Tuameistanbul
Metro Alternatives shows us that under the NPV autd social prices
the most acceptable alternative appears to be dnebiDded Alternative
10B, which includes both the Tube Tunnel and thetiN8outh Taksim
metro (9B). At 9% and 12% social discount rates twenbined
alternative exhibits a much higher net present esadompared to the
other alternatives. The NPV of the Combined Altéin@ain 1990 prices
is 23.3 trillion TL and 13.8 trillion TL at discotimates of 9% and 12%

16 For stimulating discussion on sound and noiseattgpsee Morris and Therivel (1995: 51-
53).
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respectively (see Table 11). At both discount rétedstanbul Metro via

Taksim (9B) would rank second and the BosphoruseThinnel third.

Owing to the lack of data as well as to identificatand estimation
problems, indirect costs (or benefits) in termsiofpollution, noise and
vibration effects have not been integrated intodheve analysis. This
might make the implemented analysis look slightiycamplete,

especially from the viewpoint of environmentalistoromists or

environment policy makers. In recent years, the Q&8 undergone a
positive conscious development, in that it has @asingly included

environmental and non-market valuation in econcanialyses.

Clearly the gaseous emissions of CO, ,C@Q, NOx and
particulate emissions from motor vehicles under ¢Resting baseline
alternative are the main causes of air polldtioiherefore, it can safely
be argued that the Bosphorus Tube Tunnel and Matternatives
proposed would most likely reduce the level of @tlutants and thus
reduce the risk on human health, particularly dfdcbn and of those
who are suffering from respiratory illnesses. Thmight be savings (or
benefits) in the loss of earnings resulting frolmess, medical costs such
as doctors’ fees, hospital visits and medicatioixgbet al, 1995:48).

Because a fewer number of vehicles will be entethng surface
traffic and a relatively lower veh-km will be rec®d by motor cars,
buses and express buses and ferries, it is expt@ethere would be a
significant decline in the gaseous emissions of, @D, SQ, NGO, and
particulate materials under the Bosphorus Tube &urand Metro
Alternatives (Table 14). For instance, the presahie of saved costs of
illness (morbidity cost) or saved mortality rateaynie considered to be
the environmental benefits of the Metro Alternasivand Tube Tunnel
compared to the Existing Alternative. Nevertheleagainst these
environmental benefits with respect to the Existiitgrnative (relative
avoidance of air pollution) the Tube Tunnel and fdeBystems might
also cause environmental costs (disbenefits) imsef noise annoyance
and vibration impacts. Therefore, actual environt@elnenefits resulting
from the proposed Metro Alternatives might be oatd, if adverse
noise and vibration effects are not considered.

A number of concepts of value and practical va@ratiechniques
have been developed to trace the welfare effectemfronmental
changes in production and changes in environmeputality. However,
the total economic value of a resource or asseilghme used with some

17 1n fact, ambient SPand NQ plays a key role in particulate formation, whigipeaars to
be more important to human health. For detailsfigices of various pollutants, see Small
and Kazimi (1995: 8-20).
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caution because some concepts of value (benefttssts) cannot simply
be aggregated.

The extended benefit-cost rule for appraising aesiment project
can be derived as:

n — —
Extended NPV = ZBtC—ttEt
tzo @+r)
where, B, G and E are economic benefits, economic costs and net
environmental costs at time t respectively; n e dlration of the study
period, and r is the discount rate. However, PeanteWarford (1993)
draw attention to the fact that the net value pisEEonsidered as a cost,

but in a number of caseg Eay well be a benefit. Regardless of the

difficulty in estimating environmental impacts pisgy, an attempt
should be made to incorporate them into the econ@amalysis to carry
out the extended benefit-cost analysis. Inclusidneavironmental
benefits and/or costs will add considerable refieetrto the economic
analysis carried out; but the ranking of the pregb3ube Tunnel and
Metro Alternatives might not be altered becauserethavill be

comparable environmental benefits in terms of inpb air quality
owing to reduced emissions associated with the dMdiiternatives
considered.
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Ozet

Bogaz tlp tunnel projesi ilistanbul Metro alternatiflerinin ekonomik
degerlendirmesi ve ¢evresel etkileri

Bu yazida, Bgaz Tiip Tinel Projesi iléstanbul Metro Alternatiflerinin ekonomik
degerlendirmesi ve cevresel etkileri incelegtini Ekonomik dgrlendirmede, Little ve
Mirrlees metodu uygulanmive bu modelin 6ngordiii kaynak ceviri faktorleri
(conversion factors) ve ulusal parametreler belirigtir. Alternatif projelerin ekonomik
analizinde, once piyasa fiyatlari daha sonra dgaddiyatlar kullaniimgtir. Onerilen
projelerin dgerlendirmesinde i¢ karlilik orani, fayda-maliyetor ve net bugiinki der
kriterleri uygulanmytir. Karsilastirmada net bugunki der kriterine ve sosyal fiyatlara
gore, Taksim metro projesi ile Baz TlUp Tunel projesini iceren bjlk alternatifin daha
Ustin oldgu saptanmtir. Ayni varsayimlara gore, Taksim metro projéanci sirada yer
almaktadir. Ancak, iskonto haddi 15% seviyesine sgltildigi zaman Kasim metro
projesi birinci sirayl almaktadir. Ayarmanin ikinci béliminde ise dnerilen projelerin
cevresel etkileri ele alingve bu bglamda hava kirlilgi, titresim etkisi ve gurilti etkisi
tartisilmistir. Onerilen metro ve ger seceneklerin, partikiiler, sulfiir diyoksit verojen
diyoksit gibi s&liga zararli gazlar bakimindan cevresel etkilerisikagtiriimistir.
Kapsamli ve daha rasyonel ekonomilgeldendirme icin cevresel fayda ve maliyetlerin
de genjletilmis sosyal fayda-maliyet analizlerine dahil edilmesiektisi vurgulanmgtir.
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Table 9

Breakdown of Total Benefits of the Bosphorus & Tlninnel andstanbul Metro Alternatives

Travel Time Auto-taxi-Dolmufl Truc Transit Roadway Accident Freight Total
Cost Operat+maintenance ~ Oper+main Oper+main  Maintenance Cost saving Time cost benefits
Savings Cost saving Cost saving Cost Saving  Cost saving saving
Alternative Year Energy Non-Energy
ALT 8 1995 2,006,908.0 211,294.2 357,795.2 (1,142.1) 30,465.8 (12,908.7) 16,454.8  71,152.3 2,680,019.5
Bosphorus Tube 2005 3,185,276.0 315,867.5 886,026.4 8,680.7 (245,517.5) (29,862.4) 899.2 119,469.4 4,240,835.5
Tunnel vs. BASE
ALT 9A 1995 2,085,159.0 221,967.9 599,907.8  (462.3) (40,088.1)  (11,874.6) 16,042.9 2,870,652.6
istanbul Metro System 2005 3,668,591.0 445,082.6  1,238,938.2 9,192.9 (245,877.5) (21,270.8) 17,766.7 5,112,423.1
(Dolapdere), v.s. BASE
ALT 9B 1995 2,071,350.0 213,341.7 571,796.1 (2,179.5) (48,620.4)  (13,349.3) 13,830.9 2,806,169.5
istanbul Metro System 2205 3,631,767.0 457,535.1 1,272,124.8 8,918.4 (225,986.8) (20,387.3) 6,672.1 5,130,643.3
(Taksim), vs. BASE
ALT 10 B Bosphorus 1995 2,218,646.0 216,633.3 584,475.7 (804.3) 39,470.0 (3,175.4) 18,779.4  71,152.3 3,145,167.0
Tube Tunnel+stanbul 2005 3,746,842.0 373,326.7  1,044,490.5 9,507.8 (165,615.0) (11,265.5) 12,7442 119,469.4 5,129,500.1

MetroSystem (Taksim)

Note The figures in brackets represent disbenefigjltimg from metro alternatives



