�The Edinburgh Results

Overview

Description of the do minimum scenario Edinburgh

The Do-minimum transport strategy for Edinburgh contains the 

following assumptions :-



SCOOT signal control in inner areas

M8 extension to the West of Edinburgh

Increases in city centre parking charges 50% over 20 years

Switch from private to more public parking spaces

Greenways for buses on major radials

Fare inflation 1.29 over 20 years

Earnings index 1.8 over 20 years



Cost assumption 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 _Ref386605096 \* FORMATVERBINDEN �table 1�. These costs are then incorporated into the calculation of NPV. Fare changes and parking fee changes are assumed to be cost neutral.



Measure�Percentage

change�Capital costs

(Million ECU)�Operating costs

(Million ECU p.a.)��Guided Bus�� 35.40�2.87��LRT��564.38�8.75��Road Pricing�� 2.48�1.66�������Capacity measures�-20� 50.00�0.0���-10� 31.25�0.0���0� 0.00�0.0���5� 1.88�0.0���10� 15.00�0.0���20�33.75�0.0�������P.T. Frequency�-50�0.00�-15.94���50�3.99� 15.94���100�7.97� 31.88��table � SEQ table \* ARABISCH �1�: Cost assumptions - Edinburgh



Tablesection

Overview

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 �Runnumber (ascending)����IH�Infrastructure investment high�0�1��IM�Infrastructure investment low�0�1��CAP �Increasing/decreasing of road capacity (whole town)�-20�10��FREQ�Increasing/decreasing public transport frequency�-50�100��RP �Roadpricing �0�8��PCH �Increasing/decreasing of parking charges�-100�400��FARE�Increasing/decreasing public transport fares �-100�100��PVF�Present Value of Finance����NPV �Net present Value (objective function)����SOF�Sustainability objective function 

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

The model number, for example NPV- 19a, refers to the table „used Glim models“����table � SEQ table \* ARABISCH �2�: used abbreviations - Edinburgh



Edinburgh 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�GBUS�LRT�PVF�NPV�SOF�Regression Model Predictions

NPV�Regression Model Predictions

SOF��1�0�0�0.0�0�0�0�0�0�0�0����2�0�-10�2.5�100�-100�0�1�843�515�177����3�0�20�10.6�-50�500�1�0�3144�-849�50����4�-50�0�2.5�-25�-50�0�1�488�555�201����5�-100�-20�7.5�0�500�0�0�375�-702�116����6�-100�20�0.0�100�0�1�0�-2377�1062�184����7�50�0�7.5�100�-50�0�1�2445�-326�117����8�100�-20�0.0�-50�500�1�0�985�-2150�-1217����9�50�20�5.0�0�0�0�0�3318�468�122����10�0�0�10.6�-50�0�0�1�2450�-1454�42����11�0�-10�0.0�0�-50�1�0�-134�-334�-17����12�0�10�5.0�50�250�0�0�2366�706�164����13�-100�0�0.0�100�250�1�0�-2329�646�148����14�-50�-20�5.0�-25�0�0�1�888�-580�136����15�-50�10�10.6�0�-100�0�1�1488�-534�150����16�100�0�5.0�0�500�1�0�3916�30�76����17�50�-10�10.6�100�0�0�0�3579�-856�28����18�100�20�0.0�-50�-100�1�0�715�-898�-1124����19�0�20�2.3�100�500�0�0�1568�1442�195�1697 (N18a)���20�-100�20�2.3�100�500�0�1�-1349�1064�294�2730 (N18a)���21�-100�20�3.6�100�250�1�0�-616�1351�280�1443 (N18b)���22�-50�15�1.3�70�0�1�0�105�1720�240����23�-75�20�1.9�50�-100�0�0�-67�1587�252����24�-25�15�1.9�100�0�0�1�262�1286�242����25�-36�20�3.8�70�-100�1�0�1261�1425�245�2310 (N24)���26�-50�20�1.9�100�0�1�0�299�1809�260�1840 (N24)���27�-25�20�2.5�90�200�0�0�1177�1493�218����28�25�20�3.8�100�400�0�1�1584�852�206����29�-36�20�1.9�70�0�0�0�781�1568�221����30�-25�15�2.5�100�0�1�0�1090�1580�234����31�-40�20�1.7�60�0�1�0�589�1750�245�1880 (N30)���32�-30�20�1.9�100�-100�1�0�747�1739�240����33�-50�20�2.5�75�100�0�0�671�1534�239����35�-60�20�1.9�100�-100�0�0�119�1669�246����36�-60�20�1.9�100�-100�1�0�56�1835�270����37�-60�20�2.3�100�-100�1�0�191�1787�272�1853 (N35)���38�-60�20�3.1�100�0�1�0�432�1631�270����39�-60�20�2.8�100�-100�1�0�338�1703�272����40�-60�20�1.9�100�400�0�0�119�1669�246����41�-60�20�1.9�100�400�1�0�56�1835�270����42�-60�20�1.9�75�-100�1�0�150�1818�269����43�-50�20�1.9�70�-100�1�0�410�1785�259����44�-50�20�1.3�70�-100�1�0�98�1799�246����45�-70�20�1.7�100�0�1�0�-278�1802�272����46�-60�20�1.0�100�0�1�0�-399�1746�244����51�-60�20�1.6�100�-100�1�0�-51�1842�266�1817 (N45)���52�-60�20�1.6�75�-100�1�0�43�1838�266����53�-60�15�1.6�100�-100�1�0�-45�1769�259����54�-60�20�1.6�90�-100�1�0�-13�1847�266����55�-60�20�1.6�85�-100�1�0�5�1847�266����SOF Optimisation based on 45 initial runs��56�-100�20�5.0�50�-100�0�1�-569�618�279��344 (S45)��57�-100�20�3.7�100�-100�0�1�-1012�838�290��327 (S45)��58�-100�20�2.7�100�-100�0�1�-1230�1012�295����59�-100�20�3.3�85�-100�0�1�-1049�933�294��304 (S48)��table � SEQ table \* ARABISCH �3�: Table of measures and results - Edinburgh

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 numbers enclosed in brackets specify the standard error. Blank cells indicate that the nominated parameter is not included in the regression model. In the first raw you can see to which models the coefficients are belonging to.



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

�

Parameter�Mod(N18a) NPV�Mod(N18b) NPV�Mod(N24) NPV�Mod(N30) NPV�Mod(N35)

NPV�Mod(N45)

NPV�Mod(S45)

SOF�Mod(S48)

 SOF��WEIGHT�W4�W4�W4�W8�W4�W4�WS4�WS4��GBUS�estimate

(st.error)��523.1

(109.1)�284.6

(59.04)�209.6

(62.47)�����LRT������-241.7

(79.86)�69.02

(17.05)�27.67

(10.12)��FARE��-3.93

(0.78)�-5.48

(1.34)�-4.83

(2.02)�-7.57

(1.41)�-6.91

(1.605)�-0.67

(0.11)�-1.44

(0.259)��FARE2�-0.024

(0.009)��-0.076

(0.016)�-0.063

(0.019)�-0.068

(0.014)�-0.086

(0.015)��-0.0056

(0.0016)��CAP�26.95

(2.86)�27.62

(4.30)�29.02

(4.90)�53.36

(8.15)�46.7

(7.45)�49.76

(7.32)�2.71

(0.44)�3.42

(0.89)��CAP2��-0.643

(0.28)��������RP�116.0

(29.82)�281.1

(36.64)�321.3

(55.60)�534.3

(96.8)�331.1

(61.25)�747.3

(90.65)�53.53

(5.71)�68.43

(5.91)��RP2�-31.34

(4.62)�-48.0

(5.72)�-54.1

(9.13)�-95.77

(21.36)�-53.23

(9.99)�-115.7

(19.02)�-5.96

(0.68)�-6.99

(0.737)��FREQ�7.56

(0.71)�3.44

(0.75)�10.73

(3.07)�8.60

(3.69)�2.66

(1.11)�3.48

(1.415)�1.75

(0.39)�1.41

(0.38)��FREQ2���-0.078

(0.029)�-0.071

(0.0286)���-0.0069

(0.003)�-0.0067

(0.0031)��PCH�0.59

(0.22)��-2.15

(0.596)����-0.127

(0.047)���PCH2���0.0048

(0.0014)����0.00026

(0.00012)���FARECAP����������FARERP��������0.14

(0.054)��FAREFREQ����������FAREPCH�����0.008

(0.0032)�����FAREGBUS������-3.00

(0.635)����FARELRT�-12.77

(1.856)���������CAPRP����-13.73

(3.421)�-6.59

(2.57)�-13.95

(3.70)��-0.34

(0.19)��CAPFREQ����������CAPPCH����������CAPGBUS����������CAPLRT����������RPFREQ������-1.704

(0.759)�-0.094

(0.042)�-0.13

(0.041)��RPPCH����������RPGBUS����������RPLRT����������FREQPCH����������FREQGBUS����������FREQLRT�������-0.63

(0.207)���PCHGBUS����������PCHLRT����������W=NPV+2500; WS=SOF+1500

table � SEQ table \* ARABISCH �4�: Regression Models - Edinburgh

�Summary sheet of the best NPV model run

Description of the table



The first part of the table shows the main results for NPV-calculation. The second part uses these results to estimate the SOF-value.



Part 1 - NPV-calculation:

This part of the table is divided vertically in three subsections - „travellers“, „operators/providers“ and „total“.

The first two subsections represent the actors of the transport system, the last summarise their results to get the whole transport system cost statement.

For each of the transport system actors their cost and benefits are calculated separately according to the cost-type listed in rows.



The cost-types are divided into three main-types:

The first group are capital cost. It is splitted in additional subgroups like highway, public transport and other cost. This type of cost occurs only on the provider/operator side. 

The second group shows all types of cost in the transport system where money is involved directly or indirectly. This group is splitted in subgroups, too. 

The third group called timesavings is more or less a theoretically calculated value which appears only on the traveller side. 



All these values except those in the „TOTAL“ column are measured in MECU and per target year. The values listed in the „TOTAL“ column are in MECU too, but discounted for the whole 30 year period.



Part 2 - Sustainability calculation:

For calculation of the SOF-value results of the NPV-calculation are used. Additionally the SOF-Value depends on the „alpha“ value. If alpha is equal to 1 the SOF-value is the same as the NPV-value. If alpha is set to zero only the benefits of the transport system actors are included in the calculation of SOF. Further on all SOF values between alpha =1 and alpha=0 are calculated for sensitivity analyses.



For more information of the exact calculation procedure please refer to OPTIMA WP10 REPORT.

�

This table shows all the information about the costcalculation, the output of the transport and cost calculation model are used as input.

Economic and 

financial benefits���Pedestrian time savings factor������    Run �55��1������    All entries are present values at 1990 prices���������Unit : Mio ECU���������������delta_1�11.26���Travellers�Operators/providers����Source of benefits (costs)�Non-

working�Working�Freight�All�PT operator�Parking�Toll �Govern-ment�All, adjusted�Total���Capital assets�������������Highway��������33,75�33,75�-33,75���Public transport�����6,77���35,38�42,15�-42,15���Other�������2,48�0�2,48�-2,48���Total capital

 assets�����6,77��2,48�69,13�78,37�-78,37���Money savings�������������Maintenance

 and other cost, highways�������-1,66�-1,25�-2,91�-32,79���Toll revenue�������125,94�-8,89�117,05�1317,72���Parking fee revenue�������������Fuel costs��������-16,38�-16,38�-184,39���Other vehicle operation��������-0,06�-0,06�-0,66���Sub-total highways�������124,28�-26,58�97,70�1099,88���Operating cost public transport�����-29,97����-29,97�-337,39���Other money savings public transport�����-81,59���12,09�-69,50�-782,45���Sub-total public transport�����-111,56���12,09�-99,47�-1119,83���new route benefits����16,66�10,82���-1,61�9,21�291,16���Total money savings����-13,24�-100,74��-124,28�-16,10�7,44�-65,35���Time savings����������0���Time savings highway����������0���Timesavings public transport����������0���Time savings cycling����������0���Time savings walking����������0���Total time savings����176,85������1990,96���ALL MONEY AND TIME����163,61�-100,74�0�124,28�-16,10�7,44�1925,61���NPV2����������1847,24���shadow price corr. if PVF -ve��������NPV/PVF

346,59��1847,24��Present value of finance(National)����������5,33���

���������Sustainability�Alpha�Shadow 

Fuel��Fuel 

benefit�Penalty�SOF=alpha*NPV+(1-alpha)(benefit+shadow*fuel-Penalty)�����1�4��23,82�0�1847,24�����0.9�4��23,82�0�1689,15�����0.8�4��23,82�0�1531,06�����0.7�4��23,82�0�1372,97�����0.6�4��23,82�0�1214,88�����0.5�4��23,82�0�1056,79�����0.4�4��23,82�0�898,70�����0.3�4��23,82�0�740,61�����0.2�4��23,82�0�582,52�����0.1�4��23,82�0�424,43�����0�4��23,82�0�266,34����fuel benefits includes 13% of PT operating costs

table � SEQ table \* ARABISCH �5�: Summary sheet best NPV run - Edinburgh

�Output table of the transport model



� EINBETTEN Excel.Sheet.5  ���

table � SEQ table \* ARABISCH �6�: Transport model output - Edinburgh



�Optimisation of NPV

The � REF _Ref377887812 \* FORMATVERBINDEN �table 3� shows the optimisation process in run order. Runs 1-55 are optimising with respect to NPV. The table gives the measures, the change in present value of finance PVF, the change in NPV, and the change in SOF (Sustainability Objective Function with (=0) from run 1 and the GLIM model predictions for the appropriate runs. The GLIM regression models are summarised in � REF _Ref386605200 \* FORMATVERBINDEN �table 4� with N representing an NPV model and S representing a SOF model.



Model N(18a) based on the first 18 runs suggested runs 19 and 20 as the optimum combination of measures, one with LRT and one without LRT. However, the model contained a cross-product term between fare and LRT; of the six LRT observations two of these also contained zero fare changes hence any cross product term could be unreliable. A second model N(18b) was used to specify run 21. At this point there is a degree of uncertainty about the fares, frequency, parking charges and infrastructure measures; runs 22-24 were specified with this in mind. All runs 19-24 improved upon the previous best NPV (run 6). 



Model N(24) was then used to specify runs 25 and 26 both including guided bus; run 26 being based on the previous best runs. It was noticeable that the GLIM regression model predictions were usually better when the prediction was closer to previous recorded values as shown by the predictions for runs 25 and 26.



The process was applied using models N(30) and N(35) with sensitivity tests around the best runs to investigate the effect of certain measures. The regression models did not predict the exact optimum at this stage, it was the sensitivity runs which gave improvements in NPV.



Runs 40 and 41 were paired with runs 35 and 36 respectively to investigate the effect of parking charges as these were difficult to include in a regression model. These pairs of runs gave identical pairs of results indicating that the change in parking charges had had no effect. When the results were viewed in more detail it was found that for all these runs the demand for long stay parking had been reduced to zero, even with free parking. Other results were studied and it was concluded that the parking charges were having the desired effect but that when coupled with fare reductions and road pricing the effects of these other measures were dominant and effectively reducing the demand for long stay parking to zero. This implies that around the NPV optimum any charge could be set for long stay parking as it has no effect. Indeed the spaces could be used for short stay parking.



Model N(45) specified the optimum as run 51 and improved upon the current optimum (although under-estimating the NPV). Notice that the present value of finance (PVF) tends towards zero as the NPV tends towards its optimum value. Runs 52-55 were sensitivity tests around run 51 for frequency and road capacity. These gave a very slight improvement in terms of overall performance in the order of 0.3% indicating that the process had converged.

�Interpretation of the NPV results



The � REF _Ref386605335 \* FORMATVERBINDEN �table 6� shows the results ranked by NPV and � REF _Ref386605365 \* FORMATVERBINDEN �table 5� gives an example of the NPV calculation for run 55. As NPV is increased the number of trips increases by less than 1% (from run 1) with the car share being reduced from 63% to 52%; the trip-km increases by 4% (from run 1) with the car share being reduced from 72% to 59%. The present value of finance tends towards zero as the NPV increases. It can be seen that the top ten strategies produce a change in NPV within 3% of the optimum strategy (run 55). The optimum combination of measures is therefore defined in terms of ranges of measures; the NPV being less sensitive to changes in some measures than others. The following ranges form the top ten strategies :-



Guided Bus

Capacity +20%

Fares -50 to -70%

Road pricing 1.3 to 1.9 ECU

Public transport frequency +70 to +100%

Long stay parking charges - irrelevant



Guided Bus

Guided bus is beneficial in terms of NPV. 



Road Capacity 

The road capacity measure is on the upper limit of +20%. It can be seen from the cost assumptions in � REF _Ref386605096 \* FORMATVERBINDEN �table 1� that the capacity measures were more expensive for a decrease in capacity than for an increase in capacity. Also these costs seem to be low compared to the benefits obtained over the whole study area. 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 fares in real terms but this reduction is limited by the introduction of the shadow price on the PVF if the PVF is negative. Notice that the higher NPV values tend to have a positive or near zero PVF.



Road Pricing

The road pricing charge can be set within 1.3 to 1.9 ECU, higher charges tending to work better with higher frequencies of public transport. (Note that the road pricing charge is reported in ECU but that the regression models were calculated with the charge in pounds sterling).



Public Transport Frequency

The public transport frequency should be increased within the range 70-100% with an apparent optimum at 85% although the NPV seems fairly insensitive to changes around this value.



�Long Stay Parking Charges

The parking charge for long stay was discussed above and is irrelevant around the optimum as the effect of the other measures such as fare reduction, frequency increases and road pricing acts to reduce the demand to zero in any case.



The insensitivity to certain combinations of measures explains the difficulty in forming the regression models. As the number of data points is increased then it is important to keep some degree of variability in the measures around the latest optimum.



Optimisation and Interpretation of SOF



Runs 56-59 were based on the optimisation of SOF with (=0. Models S(45) and S(48) were based on 45 initial runs and the initial 45 plus runs 56-58 respectively. Again the SOF is rather flat around the optimum for some measures which causes problems when trying to identify a maximum from a regression model.



The main differences from the NPV optimum strategy are the inclusion of the high investment LRT package, free fares and slightly higher road pricing charges. All 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.



A sensitivity test was conducted for values of (=0.1 and 0.2 for the best LRT strategy (run 58) and the best guided bus strategy (run 21) in terms of SOF. The results are shown in the table below:-



�SOF (( = 0)�SOF (( = 0.1)�SOF (( = 0.2)��Guided bus run 21�280�387�494��LRT run 58�295�367�438��

As ( increases then initial investments are taken into account and for ( = 1, SOF = NPV. It can be seen from the above table that LRT would only feature in the most extreme sustainability objective function where initial investments are not valued and as ( is increased then the optimum strategy would tend to change towards the optimum NPV strategy including guided bus instead of LRT.



3. 	Sensitivity Tests

3.1	Short stay parking charges



This section reports sensitivity around the current optimum run to changes in short stay parking charges alone.  The current optimum run 55 could have any value for long stay parking charges without affecting the NPV as all the demand for long stay parking has been reduced to zero by other measures such as road pricing and fare reductions.  The short stay charges were varied within the range -100% to +500% with all other measures being held as in run 55 i.e. the current optimum.  The following table shows the sensitivity of the NPV, PVF and SOF measures with a change in short stay charge, it also shows the percentage utilisation of the short stay parking spaces.

�

�Run number�% change short stay charge�% utilisation of spaces�change in PVF

(millions ECU)�change in NPV

(millions ECU) �change in SOF

(millions ECU)��60�-100�96�-91�1775�261��55(current opt.)�0�92�5�1847�266��61�100�88�94�1889�271��63�250�84�214�1940�277��62�500�77�386�2000�284��

As can be seen from the above table increasing short stay parking charges increases the NPV, PVF and SOF whilst decreasing the utilisation of the short stay spaces.  A new optimum strategy would be possible with short stay charges as a new measure; even without re-optimising the other measures. The change in NPV has been increased from 1847 to 2000 million ECU.  However the optimum value is likely to be at +500% which is the upper limit imposed on parking charge increases.



3.2	Costs of changes in capacity

Under the original set of cost assumptions for changes in capacity in Edinburgh the optimum run included an increase of 20% which is the upper limit.  It was also noted that the cost estimates were low compared to the Merseyside cost estimates for changes in capacity.  Therefore a revised set of estimates have been used to test the effect of the cost assumptions with increases in capacity being the original costs multiplied by a factor of 10 and decreases in capacity costed as before.  This in effect creates a new baseline for the change in NPV.  Three of the previous runs were re-evaluated along with sensitivity tests 65-69 with capacity changes from +15% to -5%, all other measures as for the current optimum run 55.  The following table shows the results for the change in NPV, PVF and SOF.

Run number�% Change in

 capacity�New change in PVF

(millions ECU)�New change in NPV

(millions ECU) �New change in SOF

(millions ECU)��55 (previous opt.)�20�-298�1469�266��26 (old run)�20�-4�1504�260��53 (old run)�15�-265�1495�259��65�15�-208�1500�259��66�10�-119�1522�252��67�5�7�1578�243��68�0�19�1478�234��69�-5�-28�1297�220��

As can be seen from the table run 67 provides the best change in NPV with a change in capacity of 5%.  The higher changes in capacity have been seen to be too costly with a ten-fold increase which reduces the NPV by approximately 380 million ECU for run 55 (20% change in capacity).  Note also that the zero change and a decrease in capacity produced a lower change in NPV even though the costs for a decrease remained as before.  The previous costings have to be in error by a factor of approximately ten before a significant change in the measure is recommended.






