�The OSLO Results

Overview

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

Description of the do minimum scenario Oslo

The assumed changes in the Do minimum from the 1995 situation

are the following:

Demand variation

Demographic trend projections for the townships in Oslo and municipalities

in Akershus divided by sex- and age groups.

Socio-economic trend projections for the area.

Predictions for increased car ownership (30-40%) from 1995 to the target

year 2015 for the municipalities.

Change of the main airport location gives relocation of inhabitants and

workplaces.



Supply variation

Projects which with «certainty» will be realised before the target year 2015

are implemented in the models network.

New main airport at Gardemoen.

Closing the existing airport at Fornebu.

Public transport network

	-increased rail capacity

	-Some new tram links

Private traffic networks

	-Some new links in the highway system through the city.

Cost assumptions for the do minimum scenario

The standard measures were coded in terms of changes from the do-minimum scenario for both capital and operating costs as detailed in � REF _Ref383407806 \* FORMATVERBINDEN �table 33�. These costs are incorporated into the calculation of NPV and SOF. Fare changes are assumed to be cost neutral. Operating cost for road pricing is set at today’s high cost of the manual system. 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.

The operating cost for increased public transport frequency is rather high. Rail constitutes a big portion of this cost.

�Measure�Percentage

change�Capital costs

(Million ECU)�Operating costs

(Million ECU p.a.)��PT Investment��493.83�44.07��Road Pricing��0.00�8.89�������Parking Charges�-100�0.00�0.00���all other�0.00�6.25�������Road Capacity�-20�92.59�0���+20�185.19�0�������P.T. Frequency�-50�0.00�-170.05���50�0.00�167.50���100�0.00�340.09��table � SEQ table \* ARABISCH �33�: Cost assumptions - Oslo

Tables

Table of measures and results

Description of the table



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

Abbreviation�Name�Minimum 

Value�Maximum 

Value��RUN �Runnumber (ascending)����IPT�Investment public transport�0�1��CAP �Increasing/decreasing of road capacity (whole area)�-20�20��FREQ�Increasing/decreasing public transport frequency�-50�100��RP �Road pricing  (ECU)�0�8.5��PCH �Increasing/decreasing parking charges�-100�400��FARE�Increasing/decreasing public transport fares �-100�100��PVF�Present Value of Finance�-6046�10165��NPV �Net present Value (objective function)�-5663�1230��SOF�Sustainability objective function 

(alpha value = 0)�-1194�526��Predictions from regression models�Predictions of the regression-values (SPSS is the used statistical program package).

The model number, for example N(18), refers to the table „used regression models“����table � SEQ table \* ARABISCH �34�: used abbreviations - Oslo

�Oslo 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�IPT�PVF�NPV�SOF�Predictions regression model��1�0�0�0�0�0�0�0�0�0���2�0�-10�2�100�-100�1�-2516�-4217�-311���3�0�20�8.5�-50�400�0�10165�-4355�220���4�-50�0�2�-25�-50�1�1300�-43�235���5�-100�-20�6�0�400�0�2179�-4334�308���6�-100�20�0�100�0�0�-6046�-2430�-141���7�50�0�6�100�-50�1�3671�-3738�-71���8�100�-20�0�-50�400�0�5001�-3224�-221���9�50�20�4�0�0�0�6739�437�184���10�0�0�8.5�-50�0�1�8918�-2905�353���11�0�-10�0�0�-50�0�-537�-956�-72���12�0�10�4�49�150�0�4411�-977�179���13�-100�0�0�100�150�0�-5243�-3070�-134���14�-50�-20�4�-25�0�1�3405�-1700�293���15�-50�10�8.5�0�-100�1�3585�-3070�458���16�100�0�4�0�400�0�9053�-1742�45���17�50�-10�8.5�100�0�0�5932�-4463�60���18�100�20�0�-50�-100�0�1324�-380�-1173���19�28�20�0�-31�140�0�2471�796�-911�2106  N(18)��20�50�10�0�-9�200�0�2577�134�-976���21�0�20�0�11�300�0�1243�113�106���22�-25�15�0�-20�50�0�489�1064�143���23�-50�20�2�-33�0�0�2803�1072�265���24�100�15�0�33�50�0�807�-714�-1194���25�-100�20�0�0�0�0�-2652�473�183���26�-10�20�1.3�-27�-100�0�1641�1037�-878�1383 N(25)��27�-50�20�0�-33�100�0�622�1115�200���28�-100�20�1�-27�0�0�-351�1072�295���29�25�20�0�11�-50�0�-566�263�-1048���30�50�20�1.5�-27�50�0�4429�736�-909���31�75�20�0�25�200�0�1857�-247�-1059���32�-25�20�0�0�300�0�949�303�163���33�-23�19�1.3�-29�-11�0�2267�1122�184�1222 N(32)��34�-50�20�0�-29�20�0�-89�1222�178���35�30�20�1.5�-23�-50�0�3064�824�-919���36�0�20�0�-29�50�0�1240�1026�-892���37�-100�20�2�-38�-100�0�641�1078�308���38�-30�15�1�-33�100�0�2588�930�203���39�-50�20�0�-17�200�0�507�829�216���40�-53�20�0�-31�-8�0�-322�1195�167�1204 N(39)��41�-50�20�0�-23�-30�0�-722�1076�144���42�-50�20�0�-33�0�0�-103�1211�167���43�-70�20�1.5�-29�-100�0�565�1221�243���44�-80�20�2�-17�-40�0�963�1067�313���45�-60�20�0�-29�50�0�-120�1218�206���46�-40�20�1.5�-23�-30�0�1792�1157�219���47�-54�20�1.5�-32�-100�0�1120�1190�211�1232 N(46)��48�-42�20�1.1�-29�-29�0�1355�1156�197���49�-50�20�0�-29�100�0�463�1126�203���50�-100�20�0�-32�-100�0�-2372�730�152���51�-70�20�1.3�-29�-100�0�272�1225�230���52�-70�20�1.2�-26�-100�0�29�1230�227�Best NPV��53�-70�20�1.2�-23�-100�0�-72�1226�228���54�-70�20�1.1�-26�-100�0�-124�1222�221���55�-70�20�1.2�-29�-100�0�120�1225�225���56�-70�20�1.4�-29�-100�0�419�1221�237���57�-70�20�1.3�-26�-100�0�177�1227�233���58�-50�20�0�-29�0�0�-260�1205�169���59�-55�20�0�-29�20�0�-215�1224�186���60�-55�20�0�-26�20�0�-304�1205�185���61�-50�20�0�-23�20�0�-274�1202�179���62�-50�20�0�-26�20�0�-178�1228�180���

SOF Optimisation based on 18 initial runs + 35 additional runs��RUN�FARE�CAP�RP�FREQ�PCH�IPT�PVF�NPV�SOF�Predictions regression model��70�-100�6�8.5�-26�160�1�2367�-4907�432�794 S(18)��71�-75�6�8.5�43�100�1�649�-5270�346���72�-50�10�0�0�400�1�-545�-1059�167���73�0�-10�8.5�-26�-50�1�7325�-2979�383���74�25�6�8.5�11�160�1�7546�-3635�322���75�-100�-5�8.5�-9�250�1�1443�-5663�390���76�-100�0�8.5�-26�0�1�2187�-4151�465���77�-80�9�8�-27�-100�1�3329�-2745�494�490 S(25)��78�-100�15�8�-27�0�1�2360�-3527�495���79�-50�0�8.5�-9�-50�1�4163�-3277�446���80�-80�-10�8�11�-100�1�1300�-3666�437���81�-100�9�6�0�300�1�1411�-3642�413���82�-50�-5�7�-27�100�1�5479�-2586�429���83�-80�9�5�25�400�1�1251�-3661�308���84�-100�20�8.5�-29�-100�1�2034�-3568�504�524 S(32)��85�-80�20�8.5�-17�-100�1�2610�-3283�501���86�-100�20�0�-29�400�1�-1303�-948�264���87�-90�15�8.5�-33�-100�1�2957�-3354�493���88�-100�20�7�-23�0�1�2300�-2597�513���89�-100�20�8�-29�100�1�2568�-4050�473���90�-100�10�8.5�-17�-50�1�1513�-3942�488���91�-100�20�7.7�-29�-100�1�2278�-2744�517�515 S(39)��92�-100�20�7.5�-23�-100�1�1980�-2585�523���93�-100�20�6�-20�0�1�2131�-1758�512���94�-100�20�7�-26�-50�1�2316�-2355�516���95�-100�20�5�-29�100�1�2531�-1446�482���96�-100�20�7�-23�-100�1�2038�-2119�525���97�-100�20�6.5�-20�-100�1�1876�-1718�524���98�-100�20�7.1�-25�-100�1�2123�-2199�524�524 S(46)��99�-100�20�7�-20�-100�1�1874�-2146�526�Best SOF��100�-100�20�6.8�-20�-100�1�1884�-1969�525���101�-100�17�6.8�-20�-100�1�1898�-1966�524���102�-100�0�7�-20�-100�1�1899�-2324�501���103�-100�20�7�-19�-100�1�1805�-2159�526���104�-100�20�7�-21�-100�1�1943�-2133�525���table � SEQ table \* ARABISCH �35�: Table of measures and results - Oslo



�Table of used regression models

Description of the table

The following � REF _Ref383408042 \* FORMATVERBINDEN �table 36�, shows the regression models used 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 � REF _Ref383407911 \* FORMATVERBINDEN �table 34�. The numbers in the following columns represent the factors of the coefficients, the numbers in brackets specify the standard error. Blank cells indicate that the parameter is not included in the regression model.

The abbreviations W and WS in the second row stands for the used weightbase for building up the regression models for NPV (W) and SOF (WS). The regression models are estimated in the statistical program package SPSS.



Oslo Regression Models

estimate

(st.error)�N(18)�NPV�N(25)�NPV�N(32)�NPV�N(39)�NPV�N(46)�NPV�S(18)�SOF�S(25)�SOF�S(32)�SOF�S(39)�SOF�S(46)�SOF��Weight�W2�W3�W2�W3�W3�WS3�WS3�WS3�WS4�WS4��FARE�3.3613�0.6438�-0.8186�(0.8839)�-1.5565�(0.6961)�-1.5146�(0.5315)�-1.9370�(0.6267)�-1.4047�(0.0825)�-1.2364�(0.3160)�-1.2845�(0.1732)�-1.2942�(0.1809)�-1.2875�(0.1701)��CAP�62.1969 �2.4463�60.7076�(7.2013)�59.7811�(7.2859)�56.3384�(5.6892)�55.4182�(6.2979)�2.4015�(0.2604)�1.6525�(0.8471)�1.6212�(0.3987)�4.5590�(1.2047)�5.8026�(0.9356)��RP��109.741�(63.113)�102.371�(54.659)��53.4089�(37.159)�75.3212�(7.5271)�78.0830�(22.728)�87.1563�(9.3743)�93.5841�(8.5283)�96.3043�(7.6725)��HDW�31.4742 �1.0006�22.6451�(2.5984)�34.8045�(4.3229)�29.7850�(3.5863)�21.1028�(2.0218)�3.8152�(0.2282)�1.6129�(0.4604)�1.7055�(0.2188)�1.5928�(0.1958)�1.9107�(0.2708)��PCH�5.3242 �0.5369�-1.1314�(1.0869)�1.1879�(0.6782)�0.7700�(0.4946)��0.9501�(0.1328)�-0.2048�(0.1303)�0.2534�(0.0790)�0.1707�(0.0761)�0.1029�(0.0661)��IPT��-377.89�(202.74)�-764.04�(233.06)�-640.42�(169.00)�-472.31�(172.33)��52.7178�(38.015)�41.2741�(16.052)�47.0975�(14.847)�46.2590�(13.978)��FARE^2�-0.0610 �0.0134�-0.0476�(0.0144)�-0.0344�(0.0104)�-0.0303�(0.0066)�-0.0316�(0.0082)��-0.0079�(0.0045)�-0.0067�(0.0020)�-0.0063�(0.0019)�-0.0050�(0.0019)��CAP^2�-0.7515 �0.1450�-0.8705�(0.4001)�-1.0818�(0.3947)�-0.9086�(0.2758)�-0.8973�(0.3308)�-0.1915�(0.0214)�-0.0971�(0.0997)�����RP^2�-35.180 �1.3442�-41.846�(12.863)�-40.729�(9.9489)�-20.038�(4.1595)�-29.724�(9.3652)�-2.0097�(0.8528)�-4.8482�(2.2441)�-5.0854�(0.8332)�-5.8553�(0.7104)�-6.2735�(0.5999)��HDW^2�-0.3529 �0.0116�-0.3043�(0.0380)�-0.3301�(0.0352)�-0.2853�(0.0285)�-0.2436�(0.0311)�-0.0539�(0.0038)�-0.0218�(0.0063)�-0.0213�(0.0032)�-0.0195�(0.0028)�-0.0218�(0.0031)��PCH^2�-0.0194�0.0023�-0.0019�(0.0034)�-0.0083�(0.0024)�-0.0066�(0.0018)��-0.0030�(0.0003)�0.0006�(0.0004)�����PCH^2�(if RP=0)�����-0.0036�(0.0011)�������CAP_HDW���-0.4621�(0.1857)�-0.3010�(0.1621)��������HDW_PCH���-0.0342�(0.0135)�-0.0306�(0.0103)��������HDW_FARE����-0.0372�(0.0120)�-0.0319�(0.0137)�����0.0048�(0.0029)��RP_PCH�����-0.3564�(0.1606)���-0.0549�(0.0114)�-0.0448�(0.0103)�-0.0382�(0.0092)��RP_CAP���������-0.4222�(0.1614)�-0.5604�(0.1289)��Constant�49.1108�27.9136�-74.205�(102.52)�-119.39�(103.84)�-137.01�(70.037)�-131.52�(88.738)�7.8386�(15.267)�11.2633�(53.864)�-40.090�(27.380)�-48.038�(28.181)�-45.501�(26.509)��HDW = Headway ( Time between PT departures)=1/FREQ

W=NPV+4500; WS=SOF+315

table � SEQ table \* ARABISCH �36�: Table of used  Regression Models - Oslo





Summary sheet of the best NPV model run

The � REF _Ref383408083 \* FORMATVERBINDEN �table 37� 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 -231.5 million ECU.

The second part is costs that occur on a yearly basis calculated for the target year as differences from the «do min». 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 88 million 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 net present value for these costs are +840 million ECU. The total column is net present value over thirty years.

The third part of the table is the time savings or losses compared to the «do min». The car users have a net gain in travel time of 118.6 million ECU in the target year. Due to reduced public transport frequencies the public transport users loses benefit worth 66 million ECU. The net present value of time savings is 501 million ECU.

The NPV of 1230 million ECU is the sum of these subtotals.

The PVF (Present value of Finance) is the net present value of the money savings for operators and providers and the NPV optimal run 52 gives a PVF of 28.8 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 226.8 million ECU of which 73.4 is benefit associated with the reduced fuel consumption.

�

Economic and 

financial benefits���������             Run �52��������             All entries are present values at 1995 prices in million ECU���Travellers�Operators/providers���Source of benefits (costs)�Non-

working�Working�All�PT operator�Parking�Toll �Govern-ment�All, adjusted�Total���Capital assets������������Highway�������185.2�231.5�-231.5���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�185.2�231.5�-231.5���Money savings������������Maintenance

 and other cost, highways�����0.0�0.0�0.0�0.0�0.0���Toll revenue���-214.4���202.7��202.7�-112.2���Parking fee revenue���117.1��-106.1���-132.6�-147.0���Fuel costs���3.0����-9.9�-12.3�-89.0���Other vehicle operation���2.4����-1.9�-2.4�-0.7���Sub-total highways���-92.0��-106.1�202.7�-11.8�84.8�-68.2���Operating cost public transport����88.2���0.0�88.2�840.0���Other money savings public transport���170.3�-150.5����-188.2�-170.0���Sub-total public transport���170.3�-62.4���0.0�-78.0�880.0���Total money savings���78.3�-62.4�-106.1�202.7�-11.8�22.5�960.3���Time savings������������Time savings highway���118.6������1130.2���Timesavings public transport���-66.0������-628.8���Time savings cycling���0.0������0.0���Time savings walking���0.0������0.0���Total time savings���52.6������501.4���ALL MONEY AND TIME���131.0�-62.4�-106.1�202.7�-11.8�22.5�1230.2���NPV���������1230.2����������NPV/PVF

��42.7��Present value of finance(National)���������28.8���

���������Sustainability�Alpha�Shadow 

Fuel��Fuel 

benefit�Penalty�SOF�����1�4��0.0�0�129.1�����0.9�4��0.8�0�130.3�����0.8�4��1.9�0�131.6�����0.7�4��3.2�0�133.3�����0.6�4��4.8�0�135.5�����0.5�4��7.0�0�138.4�����0.4�4��10.0�0�142.4�����0.3�4��14.4�0�148.4�����0.2�4��21.7�0�158.0�����0.1�4��35.7�0�176.6�����0�4��73.4�0�226.8����table � SEQ table \* ARABISCH �37�: Summary sheet best NPV run - Oslo





Output table of the transport model

The � REF _Ref383408105 \* FORMATVERBINDEN �table 38� shows the most important indicators derived from the transportation model in a highly aggregated manner. The motorised modes private car and public transport gets a high share both of trips and distance because the trips and distance split are between zones, intrazonal trips where walk and cycle are dominant modes are not included in the model output. Car gets a high share of the traffic because the study area includes Akershus, which is a large dispersed area around Oslo.



�Runs ranked by NPV

�

�



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

table � SEQ table \* ARABISCH �38�: Transport Model Output - Oslo



�Optimisation of NPV

The � REF _Ref383408144 \* FORMATVERBINDEN �table 35� presents the optimisation process in run order. Runs 1-62 shows the optimising process with respect to NPV. The table gives the measures, the change in PVF (present value of finance), the change in NPV (Net Present Value), and the change in SOF (Sustainability Objective Function with (=0) of the 104 different runs used in the process. The last column gives the value of the optimisation based on the regression model for the appropriate runs with reference to the regression model summarised in � REF _Ref383408042 \* FORMATVERBINDEN �table 36�. In the transport model and in the regression models the public transport headway (time between departures) are used, but are converted to public transport frequency in � REF _Ref383408144 \* FORMATVERBINDEN �table 35� and � REF _Ref383408105 \* FORMATVERBINDEN �table 38� for comparison with other cities.



The first regression model N(18), based on the initial 18 runs, suggest run 19 as the optimum combination of measures for NPV. Only run 9 had a positive NPV. The regression model predicted NPV to be 2105, while the transport model gave 796, which was the highest up to this point. The suggested policies was decreased FREQ, FARE and PCH and no RP. Run 20 to 25 are variations around the values suggested by N(18). A new regression model N(25) was made based on the 25 model runs. At this point there was a degree of uncertainty about fares and parking charges which did not get parameters significantly different from zero. Run 27 to 32 was designed with special variation in these measures The combination of measures suggested by the regression model improved the NPV from the previous regression model, but did not match the up to now best NPV (run 23).



Model N(32) was then used to specify run 33 based on the previous 32 runs. Parking charge did still not turn out to be significant in the estimation, unless we included cross products. The regression model again gave some RP, further decrease in FARE, but now some PCH. This combination of measures gave a new highest NPV. The following variation in measures in the further runs gave further improvement in NPV.



Model N(39), based on the 39 first runs suggest no RP and slightly decrease in parking charges. In the transport model this gave better NPV than the suggestion from the last regression model, but not the highest NPV.



It was now clear that there are two ways to reach high NPV, without RP and some parking charge (run 34), and with RP and no parking charges (run 43). This caused problems for the estimation of the regression model. The cross product between RP and PCH did not turn out significant. In model N(46) we segmented the PCH parameter on RP>0 or else. We then got significant parameters for RP*PCH and for PCH^2 (given  RP=0). The model did not give any better NPV. We went further with sensitivity analyses around the two best runs 34 and 43. This gave two improved policies in the runs 52 and 62. Some further runs was done for sensitivity tests around run 52 and 62. These indicated that run 52 is an optimum, but did not guarantee that it is a global one.



Optimisation of SOF

Optimisation of SOF with (=0, was based on run 1-17 (excluding run 18 which gave high fuel penalty) and run 70-104. The � REF _Ref383408144 \* FORMATVERBINDEN �table 35� shows the optimising process with respect to SOF.

The regression model S(18) is based on the first 17 runs and suggest run 70 as the optimal combination of measures for SOF, which including free FARE, high RP, increased PCH and reduced FREQ. The SOF calculated from the transport model did not beat the highest SOF up to this point (run 15). The next six runs 71-76 were constructed with variation in FARE, CAP, PCH and FREQ in mind.



Run 77 is based on the regression model S(25) estimated on the runs 1 to 17 and 70 to 76. The SOF regression models generally looks better than the NPV models. The predictions from the regression models are close and get closer with the results from the transport model when the number of runs increases. The optimisation S(25) gave 78% decrease in FARE, high RP, free PCH, increased CAP and 27% decreased FREQ. The suggested policy this time gave the up to now highest SOF. Parking charge and road capacity was not significant in S(25) so run 77 to 83 was made with special variation in these measures.

In model S(32) and model S(39) CAP^2 was not significant. Elimination of the square of road capacity term, gave boundary value of +20% in the optimisation. Both of this optimisations gave free FARE and no PCH, high RP and 29% decrease in FREQ. Both brought us a step ahead increasing the up to now highest SOF. 

Regression model S(46) is fairly close to the value delivered from the transport model. Sensitivity runs on basis of  run 99 indicates that run 99 gives the maximum SOF, but did not guarantee that it is a global one.

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 showed below.

RUN�FARE

PEAK�FARE

OFF P�CAP�RP

PEAK�RP

OFF P�FREQ

PEAK�FREQ

OFF P�PCH�PTI�PVF�NPV�SOF��run 52�-70�-70�20�1.2�1.2�-26�-26�-100�0�29�1230�227��182�-80�-60�20�1.2�1.2�-26�-26�-100�0�-53�1249�231��183�-60�-80�20�1.2�1.2�-26�-26�-100�0�94�1196�222��184�-70�-70�20�2.0�0.7�-26�-26�-100�0�-196�1265�241��185�-70�-70�20�0.7�2.0�-26�-26�-100�0�624�1149�230��186�-70�-70�20�1.2�1.2�-20�-31�-100�0�64�1294�232��187�-70�-70�20�1.2�1.2�-31�-20�-100�0�-35�1135�218����������������run 62�-50�-50�20�0.0�0.0�-26�-26�20�0�-178�1228�180��188�-60�-40�20�0.0�0.0�-26�-26�20�0�-269�1218�182��189�-40�-60�20�0.0�0.0�-26�-26�20�0�-101�1199�175��190�-50�-50�20�1.0�0.0�-26�-26�20�0�166�1172�202��191�-50�-50�20�0.0�1.0�-26�-26�20�0�857�1125�195��192�-50�-50�20�0.0�0.0�-20�-31�20�0�-147�1295�187��193�-50�-50�20�0.0�0.0�-31�-20�20�0�-235�1119�169����������������run 99�-100�-100�20�7.0�7.0�-20�-20�-100�1�1874�-2146�526��113�-100�-70�20�7.0�7.0�-20�-20�-100�1�2744�-1851�510��114�-70�-100�20�7.0�7.0�-20�-20�-100�1�2699�-1972�517��115�-100�-100�20�8.0�6.0�-20�-20�-100�1�1631�-1964�505��116�-100�-100�20�6.0�8.0�-20�-20�-100�1�1893�-2455�531��117�-100�-100�20�7.0�7.0�-13�-26�-100�1�1976�-2055�530��118�-100�-100�20�7.0�7.0�-26�-13�-100�1�1729�-2268�518��table � SEQ table \* ARABISCH �39�: Table of measures and results from transport model for sensibility analysis with time dependent policies - Oslo

�RUN�FARE�CAP�RP�FREQ

(freq. rail)�PCH�IPT�PVF�NPV�SOF��171�-70�20�1.2�-9  (-26)�-100�0�-292�1270.0�236��172�-70�20�1.2�-17  (-26)�-100�0�-148�1281.6�236��173�-70�20�1.2�-23  (-26)�-100�0�-27�1250.9�230��106�-100�20�7.0�43  (-20)�-100�1�962�-2134�538.6��107�-100�20�7.0�25  (-20)�-100�1�1111�-2116�541.2��108�-100�20�7.0�11  (-20)�-100�1�1230�-2122�540.7��Changes in PT FREQ excluding rail, changed rail frequency in parentheses.

table � SEQ table \* ARABISCH �40�: Table of measures and results from transport model for sensibility analysis with public frequency excluding rail - Oslo

Interpretation of the NPV results

The � REF _Ref383408105 \* FORMATVERBINDEN �table 38� contains the results ranked by NPV. The trip and distance split is between zones and not including traffic internal to zones. As NPV is increased, the share of the number of trips with car is reduced from 67.5% to 66.8%; the trip-km car share being decreased from 69.1% to 67.5%.



PT investment

Public transport investment is not beneficial in terms of NPV, but is so for SOF. Oslo have already a fairly good public transport infrastructure with both a subway system and suburban railways, which is unusual for a city of Oslo’s size.



Road Capacity 

The road capacity measure is on the upper limit of +20. The assumptions about cost can influence where or if a maximum occurs within the given range for each measure.



Fares

The fares policy is to reduce PT fares with 70%. Public transport fares are average figures. Cost for each trip are difficult to calculate because monthly, half yearly and yearly passes are common. Average cost for a trip vary from 1.4 to 5.5 ECU, with weight on the 1.4 for adults in the municipality of Oslo. Sensitivity analyses in � REF _Ref383408278 \* FORMATVERBINDEN �table 39� indicates that it is beneficial to have a lower fare in peak than off-peak (run 182).



Road Pricing

Road pricing charge 1.2 ECU each direction. This is partly a substitute to parking charges, because its influence the same car trips to Oslo centre. In addition it affects the traffic through the city. Sensitivity analyses in � REF _Ref383408278 \* FORMATVERBINDEN �table 39� indicates that it is beneficial to have higher RP in peak than off-peak (run 184).



Public Transport Frequency

The public transport frequency should be decreased with 26%. As can be seen from � REF _Ref383407806 \* FORMATVERBINDEN �table 33�, changes in frequency have a rather high cost. Sensitivity analyses in � REF _Ref383408278 \* FORMATVERBINDEN �table 39� indicates that it is beneficial to have a higher FREQ in peak than off-peak (run 186).



Parking Charges

No parking charge. Parking charge is only used in the Oslo centre zones. Parking charges are average figures because some people have free parking at work (employer pays the cost). In do-minimum we uses a hourly rate at 0.3 to 0.6 ECU for 8 hours for peak travellers, and 2 hours at a hourly rate of 0.4 to 1.1 ECU for off-peak travellers. Parking charge is modelled in a simplified way. Average parking duration time does not depend on the parking charge. Increased parking charge will not give shorter parking duration time in the model, as it most likely would do in reality. 



One conclusion that seems to be quite clear is that public transport fares are too high, specially in peak and that too high public transport frequency, specially in off-peak, is provided in «do-min». The benefit of public transport users and non users when car users shifts to public transport can defend increased subsidy in terms of low fares, even with the shadow price on public funds that are used  in the calculation of NPV. The fare reduction should be larger in the SOF optimum, due to less fuel consumption. The frequency should be reduced by 1/4 in the NPV optima and by 1/5 in the SOF optimum. This implies that the users disbenefit from increased waiting time does not defend the operating cost associated with the frequencies in the «do-min». The operating cost for increased public transport frequency is rather high. Rail constitutes a big portion of this cost. We have in � REF _Ref386604562 \* FORMATVERBINDEN �table 40� tried to study changes in public transport keeping the rail supply unchanged. This makes it «optimal» (other factors constant) with approximately 15% decrease in the frequency for the NPV (run 172).



A question here is obviously if the public transport system then will have the capacity to meet the demand in peak periods. The sensitivity tests with differentiated measures (� REF _Ref383408278 \* FORMATVERBINDEN �table 39�) indicates that it is beneficial to decrease frequencies less in peak periods. Run 186 is identical to the optimal NPV (run 52), except that the frequency is reduced by 5% more off peak and 6% less in the peak periods. 

This lead to a 5% raise in the NPV, the PVF shifts from negative to positive and the SOF remains at the fairly high level of above 200.



For the car traffic, the results indicate that it is beneficial to increase road capacity by the maximum of 20% with our cost assumptions. Higher cost assumptions for improved capacity could modify this result. 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.



It seems to be quite clear from the process that some form of pricing of traffic to and through the city centre gain both the NPV and the SOF. In NPV and SOF optimum we have RP on trips to and through the city and no parking charge (run 52), but for NPV no RP and some parking charge gave almost equally good NPV (run 62).



The main differences from the NPV optimum strategy and the SOF are the inclusion of the PT investment and high road pricing charges. These are as expected from the extreme SOF case where initial investments are not valued and the function is determined by user benefits in the target year and fuel costs alone.



In optimum SOF we have a high road pricing - obviously larger than what the model can handle in a good way. A road price of 7.0 ECU should maybe decrease the car travel through the toll more than the model do. As a matter of fact, the high road price was achieved for a run of the model where we had ignored changes in destination and trip generation.



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)��PT investment run 99�528.8�139.6�-3.1��

As ( increases the fuel cost shadow price gets less weight in the SOF function and initial investment gets into account. Compared to the sensibility analysis of SOF with respect to a in run 99 (table above) obtain a lower value of SOF than the optimal NPV (run 52) in � REF _Ref383408083 \* FORMATVERBINDEN �table 37� when a has the value of 0.1 or higher.



The optimum SOF (run 99) is not a realistic one, because the used transport model does not handle the capacity restriction on the public transport service. Free fare and high road pricing increase the public transport share of total trips in the area from 21.7 to 37.6%. This happens with a decrease in the capacity of the service or drop in the frequency of 20%. From a practical point of view, this will not be possible for the peak hour. The sensitivity analysis (� REF _Ref383408278 \* FORMATVERBINDEN �table 39�) indicates that the decrease in FREQ should be less in peak. If we keeps the rail supply unchanged it is beneficial (other factors constant) for the SOF measure not to decrease public transport frequency at all. Decreasing rail frequency with 20% (run 107, � REF _Ref386604562 \* FORMATVERBINDEN �table 40�) makes it «optimal» for the SOF (other factors constant) with a 25% increase in the frequency for the rest of the public transport system.



Another doubtful point is whether it is favourable to have free public transport. The most price elastic car drivers will already have switched to public transport when the car costs are raised. The additional effect from a reduction in fare can be debatable.


