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Overview

Optimal NPV and SOF are obtained by the optimisation process described in deliverable 1. Sensitivity analyses shows that these values can be improved upon by differentiating between peak and off-peak measures.



Description of the do minimum scenario 

The do minimum scenario for Tromsø implies that the present policy is continued with no major road investment, change in public transport supply or relative changes is transport prices. 



�1990�1995�2015�2015�����Do-min�Concentration��Population total�51000�56646�75000�75000��          Mainland��16219�17024�21835�21636��          Tromsø Island��23459�28354�36036�38122��          Kvaløya�10801�11268�17130�15243��Pop. growth from 1995 %��� �32%�32%��������Employment��27575�29279�38766�38766��          Mainland��1618�2269�4000�3269��          Tromsø Island��23944�25567�31326�33518��          Kvaløya�2013�1443�3440�1978��Employ. growth from 1995 %�� � �32%�32%��Car ownership 1000 inhabitants��380�443�493�493��Growth from 1990���5.8%�20.4%�20.4%��

However the city grows by approx. 32% in population and Employed persons from 1996 to 2015. In the «do-min» we assume that the location of housing and employment follow the present land use plan for Tromsø. As an alternative a land use pattern with more activity concentrated along the Tromsø sound is assumed.

The growth in population and car ownership gives a large potential for growth in car traffic in the city over the next years







�Cost assumptions for the do minimum scenario 



The standard measures were costed in terms of changes from the do-minimum scenario for both capital and operating costs as detailed in � REF _Ref383409453 \* FORMATVERBINDEN �table 26�. These costs are then incorporated into the calculation of NPV. Fare changes and parking fee changes are assumed to be cost neutral. The real costs of increases in road capacity are borne mainly by walking and cycling and by inhabitants of streets that are now closed to through-traffic. This is because the measure can be implemented by narrowing or eliminating walking and cycling areas, by opening up streets closed to through-traffic, as well as by other traffic management measures. It is, however, very difficult to quantify these types of costs. As for capacity decreases, they involve only some minor costs of converting lanes into walking and cycling areas, and the cost may furthermore be offset by user benefits to walking and cycling.

All costs are assumed at real prices at present level.



Car distance cost excluding taxes (taxes in parentheses)

	Fuel (ECU/km):		0.0259 (+ 0.0777)

	Other cost (ECU/km)		0.0667 (+ 0.0153)



Value of Time ECU pr hour

�Work trip�Business�Other��Car (Vehicle)�8.04�24.47�8.04��Public transport�5.74�18.82�3.83��Walk/cycle�0�0�0��



Measure�Percentage

change�Capital costs

(Million ECU)�Operating costs

(Million ECU p.a.)��Infrastructure high�����Road Capacity�-20�12.34�0���+20�24.69�0��Infrastructure low�����Road Pricing�0�0�0���1-8.5 ECU��.37��Parking charges�0��0���>0��.37�������P.T. Frequency�-50��-5.8���0��0���100��+11.7��

table � SEQ table \* ARABISCH �26�: Cost assumptions - TROMSØ

�

Tables

Table of measures and results 

Description of the table



The meaning of the abbreviations used at the headlines of these tables are:



Abbreviation�Name�Minimum 

Value�Maximum 

Value��RUN �Run number (ascending)�1�110��FARE�Increasing/decreasing public transport fares �-100�100��CAP �Increasing/decreasing of road capacity (whole town)�-20�20��RP �Roadpricing �0�8.5��FREQ.�Increasing/decreasing public transport frequency�-50�100��PCH �Increasing/decreasing of parking charges�-100�400��LAN�Land use Dummy 1=Dense�0�1��PVF�Present Value of Finance�-210�198��NPV �Net present Value (objective function)�-339�37��SOF�Sustainability objective function 

(alpha value = 0)�-1017�20��Regression Model predictions�Predictions of the regression-values (SPSS is the name of the used statistical program package).

The model number, for example NPV18, refers to the table „used regression models“����

table � SEQ table \* ARABISCH �27�: used abbreviations - Tromsø  

�Tromsø Optimisation Process



Description of the table

The following table shows the progress of the optimisation process. The first column lists the run number, the next 7 columns list the tested policy measure combination. In the columns headed „NPV“ and „SOF“ there can be seen the calculated values for the two objective functions (economic efficiency function and sustainable objective function). The last column(s) show(s), according to the objective function to be optimised, the forecasted value from the regression model. The values in brackets refer to the corresponding regression model, listed in the next table. 

RUN�FARE�CAP�RP�FREQ.�PCH�LAN�PVF�NPV�SOF�Regression Model Predictions��1�0�0�0�0�0�0�0�0�0���2�0�-10�2�100�-100�1�-81�-110�-7���3�0�20�8.5�-50�400�0�197�-339�-22���4�-50�0�2�-25�-50�1�32�2�13���5�-100�-20�6�0�400�0�18�-325�-16���6�-100�20�0�100�0�0�-210�-55�2���7�50�0�6�100�-50�1�4�-191�-13���8�100�-20�0�-50�400�0�198�-274�-22���9�50�20�4�0�0�0�115�-81�-3���10�0�0�8.5�-50�0�1�132�-232�-7���11�0�-10�0�0�-50�0�-34�-55�-1005���12�0�10�4�50�150�0�40�-140�-8���12�-100�0�0�50�150�0�-163�-76�0���14�-50�-20�4�-25�0�1�59�-148�3���15�-50�10�8.5�0�-100�1�37�-157�3���16�100�0�4�0�400�0�153�-270�-23���17�50�-10�8.5�100�0�0�32�-319�-30���18�100�20�0�-50�-100�0�-15�-33�-1004����100�12�0�26�41�1����NPV18   244��19�100�12�0�26�41�1�17�-52�-2���20�0�20�0�26�-100�1�-111�-14�5���21�100�0�3�50�41�0�81�-139�-1017���22�-100�-20�0�26�-100�1�-193�-89�5���23�100�12�3�-25�41�0�151�-94�-7���24�-75�12�4�26�-100�1�-38�-42�13���25�100�20�0�0�100�0�82�-39�-1005���26�-50�12�0�26�41�1�-48�4�12����-100�10�0�-50�-98�1����NPV26    56��27�-100�10�0�-50�-98�1�-94�6�13���28�-100�15�0�0�-100�1�-158�18�16���29�-100�10�2�-50�-100�1�4�16�17���30�-100�0�0�-50�-100�1�-93�3�12���31�-100�0�2�-50�-100�1�3�9�15���32�-100�20�2�25�-50�1�-91�-20�17���33�-100�10�0�-50�-100�1�-92�12�14����-80�12�0�-16�-100�0����NPV33     32��34�-80�12�0�-16�-100�0�-103�19�8���35�-80�12�0�-16�-100�1�-118�13�14���36�-100�12�0�-16�-100�0�-92�12�14���37�-80�12�0�0�-100�0�-122�13�7���38�-80�12�3.0�-16�-100�0�9�3�10���39�-80�0�0�-16�-100�0�-104�12�5���40�-80�12�0�20�-100�0�-146�1�5��� �-61�11�0�-36.66�-49�0����NPV40   22.6 ��41�-61�11�0�-37�-49�0�-30�24.7�7���42�-61�11�0�-37�-49�1�-42�22�14���43�-61�11�0�-37�-100�0�-65�18�6���44�-61�11�0�0�-49�0�-72�18�6���45�-61�0�0�-37�-49�0�-31�15�5���46�-100�11�0�-37�-49�0�-63�24�10���47�-61�11�0�50�-49�1�-140�-18�8����-71�10�0�-50�-38�0����NPV47   24.9��48�-71�10�0�-50�-38�0�-14�20�7���49�-71�10�0�-50�-38�1�-25�21�14���50�-71�10�0�-50�-100�0�-56�14�5���51�-71�10�0�-50�-100�1�-71�12�12���52�-71�10�0�-20�-38�0�-50�29�8���53�-71�10�2.0�-10�-100�1�-21�23�17���54�-50�20�0�-25�0�1�-13�36�17����-100�20�0.7�-42�-62�1����NPV54      67��55�-100�20�0.7�-42�-62�1�-43�23�18���56�-100�20�0�-42�-62�1�-77�24�17���57�-100�20�0�-42�-62�0�-63�26�11���58�-100�20�0�-42�-62�1�-77�24�17���59�-70�20�0.7�-42�-100�1�-38�29�16���60�-100�20�0�-20�-62�1�-106�21�18����-66�17.15�0�-42�106�1����NPV60      35��61�-66�17�0�-42�106�1�48�24�18���62�-66�17�0�-42�106�0�56�19�10��� �-50�20�0�-25�0�1�-13���36.3��63�-60�20�0�-25�0�1�-21�35.76�17���64�-40�20�0�-25�0�1�-7�34�16���65�-50�20�2�-25�-100�1�17�28�17���66�-50�20�0�-25�-100�1�-85�21�14���67�-50�20�0�-10�0�1�-30�33�16���68�-50�20�0�-35�0�1�-2�37.3�17���69�-50�20�0�-40�0�1�3�35.0�16���70�-50�20�0�-45�0�1�9�32.0�16���71�-50�20�0�-30�0�1�-8�36.4�17���72�-50�20�0�-25�0�1�-13�36.3�17����-100�9�2.5�-50�-2�1� � ��SOF18    21��73�-100�10�2.5�-50�-2�1�37�-27�15���74�-100�10�5�-50�-100�1�42�-66�13���75�-100�10�0�-50�200�1�49�-17�16���76�-50�10�2.5�0�0�1�23�-17�14���77�-100�10�2.5�50�0�1�-110�-61�12���78�0�10�8�100�-100�1�-25�-204�-10���79�-50�0�5�-50�-100�1�93�-73�8���80�-100�20�0�-50�-100�1�-92�18�16����-100�20�0�-28�-100�1����SOF80    26��81�-100�20�0�-28�-100�1�-122�20�16.8���82�-100�20�0�-28�-100�0�-107�24�10.3���83�-100�20�0�0�-100�1�-158�11�16.0���84�-100�20�2.5�-28�-100�1�-17�16�20.3���85�-100�20�0�-28�0�1�-55�28�19.3���86�-50�20�0�-28�-100�1�-82�23�13.8���87�-100�0�0�-28�-100�1�-123�7�12.9����-100�20�2.6�-14�-100�1����SOF87    19��88�-100�20�2.6�-14�-100�1�-36�8�19.9���89�-100�10�2.6�0�-100�1�-56�2�17.9���90�-80�10�0�-14�50�1�-27�27�17.3���91�-100�0�2.6�-14�-100�1�-37�2�16.5���92�-100�20�4�0�-100�1�-40�-32�17.9���93�-100�20�0�15�100�1�-72�1�18.4���94�-100�-20�2.6�25�-100�1�-93�-87�9.4���95�-100�20�0�-11�133�1����SOF94     19��96�-100�20�0�-11�133�1�-27�7�19.91���97�0�20�0�-11�133�1�69�8�12.93���98�-100�20�0�0�133�1�-42�5�19.64���99�-100�20�0�-11�0�1�-79�25�19.29���100�-100�20�2�-11�-100�1�-54�17�19.95���101�-100�20�0�-11�133�1�-27�7�19.91���102�-70�20�0�0�133�1�-2�17�18.29���103�-100�20�2�-11�-100�1�-54�17�19.95���104�-100�20�1.8�-11�-100�1�-60�19�19.84���105�-100�20�2.2�-11�-100�1�-49�14�19.98���106�-100�20�2.3�-11�-100�1�-46�12�19.95���107�-100�20�2.4�-11�-100�1�-44�12�20.06���108�-100�20�2.4�-11�-100�1�-44�12�20.06���109�-100�20�2.5�-11�-100�1�-42�9�19.90���110�-100�20�3�-11�-100�1�-34�-3�19.46���table � SEQ table \* ARABISCH �28�: Table of measures and results - Tromsø

Table of used regression models 

Description of the table

The following table shows the used regression models for the optimisation process. The first column shows the name of the parameters included in the regression model. The names of the parameters are corresponding with the names used in the table „measures and results“. The numbers in the following columns represent the factors of the coefficients, the second numbers in each cell specify the standard error. Blank cells indicate that the parameter is not included in the regression model. In the first row you can see to which models the coefficients are belonging. In the second the number of model runs the regression model is based on.

The abbreviations W and WS at the bottom of the table are the used weightless for building up the regression models for NPV (W) and SOF (WS).

The regression models are estimated with statistical program package SPSS.





Parameter�Model

NPV18�Model

NPV 26�Model

NPV 33 �Model NPV40�Model

NPV 47�Model 

NPV 54�Model 

NPV 60�Model 

SOF 18�Model 

SOF 80�Model 

SOF 87�Model 

SOF 94��N�18�26�33�40�47�54�60�18�26�33�40��WEIGHT�w5�w0�w4�w3�w3�w1� w5�sw5�sw7�sw5�sw5��FARE�0.3032

0.16651�-0.3176

0.05705�-0.28

0.05466�-0.1983

0.03788�-0.2074

0.03365�-0.292

0.03952�-0.2943

0.02531�-0.0987

0.01516�-0.114858

0.00815�-0.101032

0.02761�-0.0997

0.02614��FARE2�0.0067

0.0038��-0.0018

0.00084�-0.0016

0.00059�-0.0015

0.00047�-0.0017

0.00062�-0.0022

0.00034�0.00037

0.00015��-0.00035

0.0002�-0.0003

0.0002��CAP�2.71814

0.3879�2.55031

0.31343�3.37366

0.73592�2.81208

0.40207�2.21749

0.20691�2.36735

0.24574�2.00536

0.20671�0.18236

0.05061�0.192432

0.02363�0.231635

0.02628�0.23005

0.02368��CAP2�-0.1174

0.0266�-0.1261

0.02317�-0.1359

0.03196�-0.1239

0.01828�0.01528�-0.0898

0.01721�-0.0585

0.01047�-0.0105

0.00344�-0.001591

0.00043��-0.0026

0.00134��RP�30.88

3.811�-10.595

3.71628�-2.8226

3.56304�-6.7947

2.47886�-6.1427

2.27062�-4.2787

2.62827�-4.0248

2.22666�1.92721

1.08718��0.729911

0.25996�0.79595

0.24558��RP2��-1.5107

0.56368�-2.6333

0.72456�-2.2198

0.44084�-2.2124

0.41446�-2.2443

0.39866�-3.5143

0.49448�-0.3857

0.09103�-0.178781

0.01432�-0.357602

0.04005�-0.3623

0.03899��FREQ.�1.06769

0.5692�-0.3566

0.13825�-0.1655

0.12285�-0.2407

0.06908�-0.3037

0.05013�-0.2837

0.06076�-0.3835

0.03267�-0.073

0.01536�-0.029969

0.00966�-0.023492

0.00675�-0.0211

0.00649��FREQ2�-0.0204

0.0076�-0.003

0.00162�-0.0051

0.00179�-0.0033

0.00092�-0.0027

0.00078�-0.0034

0.00098�-0.0045

0.00062�0.0004

0.0002�-0.00097

0.00014�-0.000864

0.00014�-0.0009

0.00012��PCH�0.14633

0.066�-0.1206

0.05318�-0.0964

0.06128�-0.0688

0.03426�-0.0608

0.03026�-0.0865

0.03599�0.06382

0.02903�-0.0175

0.01557�-0.026212

0.01251�0.014171

0.00291�0.00969

0.00266��PCH2�-0.0018

0.0006�-0.0006

0.00027�-0.0003

0.00053�-0.0007

0.00029�-0.0008

0.00025�-0.0007

0.00015�-0.0003

0.00027��0.000067

0.000011�- 0.00006

0.00002�-0.00004

0.00002��LAN�115.041

26.415�7.15806

8.15573�8.61617

9.1252�5.97337

5.8012�-3.1857

2.81238�2.51295

4.0406��1.85499

3.73824�6.84932

0.55998�6.476625

0.8244�6.29255

0.91016��FARECAP�������������FARERP����-0.0874

0.01877�-0.0846

0.01767����0.01195

0.002692����CAPLAN���-1.3171

0.78399�-0.7706

0.45903���������RPPCH�������-0.1136

0.01699�-0.005

0.00107�-0.003943

0.00138�-0.011057

0.00231�-0.010015

0.002��FREQPCH���������0.00024

0.00010����Constant�-1.2491

3.1115�-12.256

7.77914�-8.1053

7.6044�-5.5101

5.05201�-3.3324

3.89148�-12.984

5.61052�-3.7614

2.66827�-0.0012

0.26406�-0.00004

0.05665�1.178761

0.17493�1.557913

1.14706��W=NPV+339 WS=SOF+30�������������table � SEQ table \* ARABISCH �29�: Table of used Regression Models - Tromsø

�Summary sheet of the best NPV model run

This table shows all the information about the cost calculation. The output of the transport and cost calculation model are used as input. The first part of the table shows the capital asset part of the calculation. The only item that goes into this part is the cost associated with the road capacity increase of 20%. This cost is multiplied by the factor 1.25 to correct for the shadow price on public funds and gives the total of -30.9 mill ECU.

The second part is costs that occur on a yearly basis calculated for the target year as differences to the «do min». In the optimum scenario there is no change in cost for the car drivers and thereby no change in cost for car users for to be calculated in this part of the table. The income from parking charges are increasing slightly as there is slightly more car traffic to the central zones. Overall car traffic decrease and give a reduction in fuel taxes and other taxes associated with use of car. The public transport route production is reduced and 4.1 mill ECU is saved in the target year. Fares are reduced and both the public transport passengers in the «do min» and the new passengers that are attracted by the fare reduction saves money. The public transport operator loses fare revenue compared to the «do min». This implies increased subsidy and the shadow price has to be accounted for. The total for these costs are +41 mill ECU.

The third part of the table is the time savings or losses compared to the «do min». The transport model have to categories of road transport and one category of public transport users. The car users have a net gain in travel time of 7 mill ECU in the target year. The elastic part «Non working» gains benefit from travel time worth 8.9 mill ECU and the less elastic but higher valued «Working» loses benefit worth 1.3 mill ECU. Due to reduced public transport frequencies the public transport users loses benefit worth 3.4 mill ECU.  The net present value of time savings is 38.1 mill ECU.

The NPV of 37.3 mill ECU is the sum of these subtotals.

The PVF (Present Value of Finance) is the present value of the money savings for operators and providers and the NPV optimal run 68 gives a NPV of -2 million ECU.

This run implies reduced total fuel consumption compared to the «do-min» scenario, which implies a benefit in the SOF. With the high weight on sustainability in the SOF (a=0) this run gives a value of the Sustainability objective function of 16.8 mill ECU of which 9.7 is benefit associated with the reduced fuel consumption.

�

Economic and financial benefits����Run         68����All entries are present values at 1996 prices����Unit : Mil ECU����

�Traveller

�Operator/Providers

��Source of benefits (costs)�Non-working�Working�All�PT operator�Parking�Toll �Government�All, adjusted�Total��Capital assets��������� ��Highway�������24.7�30.9�-30.9��Public transport����0.0���0.0�0.0�0.0��Other�����0.0�0.0�0.0�0.0�0.0��Total capital assets����0.0�0.0�0.0�24.7�30.9�-30.9��Money savings��������� ��Maintenance and other cost, highways�����0.0�0.0�0.0�0.0�0.0��Toll revenue�0.0�0.0�0.0���0.0��0.0�0.0��Parking fee revenue�0.0�0.0�0.0��0.5���0.5�4.4��Fuel costs�0.0�0.0�0.0����-1.3�-1.7�-15.8��Other vehicle operation�0.0�0.0�0.0����-0.3�-0.3�-3.1��Sub-total highways�0.0�0.0�0.0��0.5�0.0�-1.6�-1.4�-13.4��Operating cost public transport����4.1���0.0�4.1�39.1��Other money savings public transport�3.4�0.0�3.4�-3.2����-4.0�-5.4��Sub-total public transport�3.4�0.0�3.4�0.9���0.0�0.9�41.3��Total money savings�3.4�0.0�3.4�0.9�0.5�0.0�-1.6�-0.3�30.1��Time savings��������� ��Time savings highway�8.7�-1.3�7.4������70.4��Timesavings public transport 1�-3.4�0.0�-3.4������-32.3��Timesavings public transport 2�0.0�0.0�0.0������0.0��Time savings cycling/walking�0.0�0.0�0.0������0.0��Total time savings�5.3�-1.3�4.0������38.1��ALL MONEY AND TIME�8.7�-1.3�7.4�0.9�0.5�0.0�-1.6�-0.3�37.3��NPV ���������37.3��shadow price correction if PVF -ve���������-18.6��Present value of finance(National)���������-2���

���������Sustainability�Alpha�Shadow 

Fuel��Fuel 

benefit�Penalty�SOF�����1�4��0.0�0.0�3.9�����0.9�4��0.1�0.0�4.1�����0.8�4��0.2�0.0�4.2�����0.7�4��0.4�0.0�4.5�����0.6�4��0.6�0.0�4.8�����0.5�4��0.9�0.0�5.1�����0.4�4��1.3�0.0�5.7�����0.3�4��1.9�0.0�6.5�����0.2�4��2.9�0.0�7.7�����0.1�4��4.7�0.0�10.2�����0�4��9.7�0.0�16.8����table � SEQ table \* ARABISCH �30�: Summary sheet best NPV run - Tromsø



Output table of the transport model



This table shows the most important indicators derived from the transport model in a very highly aggregated manner. The motorised modes private car and public transport (bus) gets a high share both of trips and distance because intrazonal trips where walk and cycle are dominant modes are not included in the model output. The table is ranked by the NPV. It can be seen that the car use in the NPV optimum is only marginal lower than in the «do min».



�

�

��

table � SEQ table \* ARABISCH �31�: Transport model output ranked by NPV - Tromsø

* Best SOF, ** second best SOF, *** third best SOF



Optimisation of NPV

The � REF _Ref383409500 \* FORMATVERBINDEN �table 28� presents the optimisation process in run order. Runs 1-72 shows the optimising process with respect to NPV. Run 1-18 and 73-110 shows the optimising with respect to SOF. The tables gives the measures, the change in PVF (Present Value of Finance), NPV (Net Present Value) and SOF (Sustainability Objective Function with a = 0) of the 110 runs used in the process. The last column gives the value of the optimisation based on the regression models in the process with reference to the regression model summarised in � REF _Ref383409517 \* FORMATVERBINDEN �table 29�.



Model NPV18: Run 19 have the optimal measures from this regression model based on the initial 18 model runs. Only run 2 had a NPV >0. As can be seen from the table the predicted NPV was 244, while the transport model only gave -52.  Run 20 to 26 are variations around the values suggested by NPV18. The results of these runs indicates that we got a wrong sign on the FARE measure suggested by NPV18 since run 26 which is identical to run 19 except that the FARE is reduced by 50% instead of increased by 100% gives a positive NPV.



Regression model NPV26 suggests free public transport, +10% in CAP reduced FREQ. by 50% and almost 100% reduction in PCH and predicts a NPV of 56. The transport model yields now NPV +6 and of the next 6 runs 5 gives NPV>0. All these runs gives SOF>0 as well.



NPV33 predicts a NPV of 32 and suggest the measures given in run 34 which yields the highest transport model NPV until this stage of 19. The next 6 runs all gives positive NPV’s but not improving from run 34.



At NPV40 we introduced the cross product of FARE and RP and predicted a NPV of 22.6 for run 41 which in the transport model gave 24.6, slightly within the 10% criteria. This gave the indication that it was not favourable with PCH and FARE at the minimum values. Runs 42-47 did not improve the NPV further.



NPV47 suggests lower FARE, FREQ. and PCH than NPV40 but do not improve the transport models NPV. We used the next 6 runs to investigate the effect on NPV of partial variation in all variables.. Run 49 shows that the dense land use is favourable around this optimum, run 50 and 51 demonstrate that the LAN variable is sensitive to the other policies since it is not favourable when no parking charges is implemented.. These runs also made it clear that some form of car use charges is feasible. Run 52 demonstrated that less FREQ. reduction is favourable, run 53 that PCH can be substituted for by RP.







�Optimisation SOF

Based on the initial 18 runs except run 11 and 18 which gave the high penalty, we estimated the SOF18 predicting a SOF of 21. 5 of these 16 runs gave non negative SOF values The selected regression model contained all variables and their squared terms (except for PCH) and the cross product of RP and PCH. The transport model gave a SOF value of 15 at run 73 which was higher than any of the initial 18 runs.

SOF80 indicated that it could be favourable with FARE at the minimum, CAP at the maximum and no charges to car users. The predicted value was 26 but the transport model gave only 17 at run 81. Of the next 6 runs run 84 and 85 indicated that it is favourable to charge car users RP of 2.5 or PCH of 0 change which gave SOF’s of 20 and 19 respectively. All these runs also gave relatively high NPV’s.

SOF87 predicts a SOF of 19.4 with an RP of 2.6. The transport model returns a SOF of 19.9 with the indicated measures. The convergence criteria is now met, but we feel that we need to investigate the RP-PCH trade-off further to fine tune the other measures. Runs 89-94 are designed with this in mind. These runs do not improve the SOF, but are used for further optimisation.

SOF95 gives an optimum with no RP but with an PCH of 133 and slightly less reduction in FREQ. compared to SOF87. The optimisation predicts a SOF of 19.22. The transport model gives again a SOF of 19.9. Further tests indicate that a RP of 2 gives slightly higher SOF than the PCH of 133. Sensibility tests 103-110 indicates that the SOF reaches a maximum of 20.06 with a RP of approx. 2.4.

Further sensibility tests on differentiating the measures FARE, RP and FREQ. with respect to time of day around the highest  values of NPV and SOF are given below.



RUN�FARE

PEAK�FARE

OFF P�CAP�RP

PEAK�RP

OFF P�FREQ.

PEAK�FREQ.

OFF P�PCH�LAN�PVF�NPV�SOF��NPV��������������68�-50�-50�20�0�0�-35�-35�0�1�-2�37.3�17��d1�-40�-60�20�0�0�-35�-35�0�1�-1�33.9�16��d2�-60�-40�20�0�0�-35�-35�0�1�-3�38.5�17��d3�-50�-50�20�0�2�-35�-35�0�1�37�10.9�16��d4�-50�-50�20�2�0�-35�-35�0�1�21�27.2�17��d5�-50�-50�20�0�0�-25�-45�0�1�3�41.9�17��d6�-50�-50�20�0�0�-45�-25�0�1�-7�28.0�16��d7�-50�-50�20�0�2�-35�-35�-100�1�-10�25.4�16��d8�-50�-50�20�2�0�-35�-35�-100�1�-35�32.2�16��d9�-50�-50�20�0�0�10�-50�0�1�-5�46.9�18������������������������������SOF��������������84�-100�-100�20�2.5�2.5�-28�-28�-100�1�-17�16�20.30��e1�-100�-70�20�2.5�2.5�-28�-28�-100�1�-26�20�19.70��e2�-70�-100�20�2.5�2.5�-28�-28�-100�1�2�17�19.21��e3�-100�-100�20�0.0�2.5�-28�-28�-100�1�-55�13�18.40��e4�-100�-100�20�2.5�0.0�-28�-28�-100�1�-87�18�18.28��e5�-100�-100�20�2.5�2.5�-35�-20�-100�1�-22�12�19.87��e6�-100�-100�20�2.5�2.5�-20�-35�-100�1�-13�20�20.75��e7�-100�-100�20�2.5�2.5�-10�-35�-100�1�-17�19�20.75��e8�-100�-100�20�2.5�2.5�0�-35�-100�1�-21�20�20.87��e9�-100�-100�20�2.5�2.5�10�-35�-100�1�-25�18�20.65��table � SEQ table \* ARABISCH �32�: Table of measures and results from transport model for sensibility analysis with time dependent policies - Tromsø

�Interpretation of the results

The initial 18 runs indicates that the «Do-min» scenario for Tromsø performs quite well both with respect to the NPV and the SOF. Of the 18 alternatives the «do-min» gives actually the second best NPV and the 5.th best SOF.



However the optimisation process indicates that there is a potential to improve on that. One conclusion that seems to be quite clear is that public transport fares are too high and too high public transport quality (in terms of frequency) in «do-min». The benefit of the public transport users and non users when car users shifts to public transport and reduce congestion can defend increased subsidy in terms of low fares, even with the shadow price on public funds that are taken account of in the calculation of NPV. The fare reduction should be larger in the SOF optima, due to the shadow price on fuel consumption. The frequency should be reduced by 1/3 in the NPV optimum and by 28% in the SOF optima. This implies that the users disbenefit from increased waiting time does not defend the operating cost associated with the frequencies in the «do-min». A question here is obviously if the public transport system then will have the capacity to meet the demand in peak periods. This problem is of the same magnitude both in the NPV optimum and the SOF optimum. In the NPV optimum public transport demand increases only marginally, but in SOF optimum there is a 50% increase in public transport demand.



The sensitivity tests presented in � REF _Ref383409537 \* FORMATVERBINDEN �table 32� with differentiated measures indicates that it is favourable to increase frequencies in peak periods. Run d5 is identical to the optimal NPV (run 68) except that the frequency is reduced by 10% more off peak and 10% less in the peak periods. This lead to a 12% raise in the NPV, the PVF shifts from negative to positive and the SOF remains at the fairly high level of 17. In run d9 frequency increases by 10% in peak periods and is reduced by 50% off peak compared to the «do min». This increases the NPV by another 10%, but leads to a negative PVF. The SOF increases slightly. Similar sensibility tests for the SOF optimum are presented as run e5-e9 in � REF _Ref383409537 \* FORMATVERBINDEN �table 32�. These shows that for the SOF too, it is possible to increase peak frequency from «do min» without reduction in the SOF if off peak frequencies are reduced.



The sensitivity tests of FARE with respect to NPV (� REF _Ref383409537 \* FORMATVERBINDEN �table 32�) indicates that it is favourable with lower FARE in peak than in off peak periods. Differentiated FARE with respect to SOF is different. For the SOF optimum its not favourable to differentiate fares because the corner solution with free public transport appeared to be the best. If fares is to be differentiated, run d1, d2 ,e2 and e3 indicates that it is better to have lower fares off peak than in the peak periods. This is probably due to the fact that most traffic is off-peak and the largest fuel benefit from low FARE is obtained in these periods.



For the car traffic the results indicates that it is favourable to increase road capacity by the maximum of 20% with our cost assumptions. In the optimisation process several scenarios with low increase in capacity performed well. Higher cost assumptions for improved capacity could therefore modify this result. 

It seems to be quite clear from the process that some form of pricing of traffic to and trough the city centre is beneficial. Our assumptions for RP and PCH seems not to be distinctive enough to give a clear answer to which to choose. In NPV optimum we have parking charges on trips to the most central parts of the city, whereas in SOF optimum we have RP on trips to and trough these areas. This difference might be due to the fact that the RP are loaded on some trips through the city centre that are longer and consume more fuel than the shorter trips to the city centre.

The sensibility tests in � REF _Ref383409537 \* FORMATVERBINDEN �table 32� show that RP imposed in peak periods yields a higher NPV (d3,d4,d7,d8,e3,e4) than only off-peak. These results indicate also that a full optimisation process with time dependent measures could increase the value of both of both functions since both the NPV and SOF functions are lower than in the optimums without timedependent measures.



The LAN variable seems to go in the direction of 1; higher density city. This is quite clear in the SOF optimum since high density gives shorter trips. The optimisation process for NPV showed that the «do-min» land use pattern could give higher NPV’s than the dense pattern. This is probably due to more concentrated traffic and congestion in the area along the Tromsø sound when land use is dense. The direction the LAN is driving both the NPV and the SOF seems to be dependent on the value of the other measures.



A sensitivity test was conducted for values of (=0.1 and 0.2 for the best SOF strategy (run 99). The results are shown in the table below:



�SOF (( = 0)�SOF (( = 0.1)�SOF (( = 0.2)��Run  84�20.33�10.74�7.19��

As ( increases the fuel cost shadow price gets less weight in the function. Compared to the sensibility analysis of SOF with respect to a in � REF _Ref383409608 \* FORMATVERBINDEN �table 30�, run 84 obtains a lower value of SOF than the optimal NPV (run 68) when a has the value of 0.2 or higher.
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