�
The Merseyside Results


Overview


The procedure for arriving at an optimal set of policies varied slightly from the “standard” OPTIMA method. Essentially, this was because a full optimisation (based on 70 transport model runs) was carried out before it was discovered that there was an error in the process for calculating NPV/SOF.  The main effect of this error was (generally) to underestimate the NPV/SOF of packages of measures without LRT (i.e. packages with Smart buses or without any public transport infrastructure).  However, the output from the transport model for these runs (as opposed to the output from the subsequent NPV calculation) was not in error.  Thus the seventy runs could be used (with the corrected method of calculating NPV/SOF) to provide a basic set of runs for the optimisation process, and were thus analogous to the “18 runs” in the standard method.





Description of the do minimum scenario Merseyside





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 _Ref377437922 \* FORMATVERBINDEN �table 7�. These costs are then incorporated into the calculation of NPV and SOF. 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.)�
�
SMART Bus�
�
40�
0�
�
LRT�
�
360�
13.25�
�
Road Pricing�
�
3.75�
2.5�
�
�
�
�
�
�
Capacity measures�
-20�
176�
0�
�
�
-10�
88�
0�
�
�
-5�
44�
0�
�
�
5�
44�
0�
�
�
10�
194�
0�
�
�
20�
494�
0�
�
�
�
�
�
�
P.T.  Frequency�
-50�
0�
-69.38�
�
�
50�
17.44�
69.38�
�
�
100�
34.88�
138.75�
�
table � SEQ table \* ARABISCH �7�: Cost assumptions - Merseyside





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�
�
Minimum 


Value�
Maximum 


Value�
�
RUN �
Runnumber (ascending)�
�
�
�
FARE�
Increasing/decreasing public transport fares �
�
�
�
CAP�
Increasing/decreasing of road capacity (whole town)�
�
�
�
FREQ �
Increasing/decreasing public transport frequency�
�
�
�
EXFREQ�
Increasing/decreasing extra public transport frequency in peak�
�
�
�
LTP�
Increasing/decreasing of long term parking charges�
�
�
�
STP�
Increasing/decreasing of short term parking charges�
�
�
�
IM�
Infrastructure investment medium�
�
�
�
IH�
Infrastructure investment high�
�
�
�
PVF �
Present Value of Finance�
�
�
�
NPV�
Net present Value (objective function)�
�
�
�
SOF�
Sustainability objective function 


(alpha value = 0)�
�
�
�
table � SEQ table \* ARABISCH �8�: used abbreviations - Merseyside





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. 





Merseyside Optimisation Process


RUN�
FARE�
CAP�
RP�
FREQ�
EX-


FREQ�
LTP�
STP�
IM�
LRT�
PVF�
NPV�
SOF�
NPV Estimate from regression�
SOF estimate from regression�
�
1�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
�
�
�
2�
0�
-10�
2�
100�
0�
-100�
0�
0�
1�
-1492�
-1942�
-1131�
�
�
�
3�
0�
20�
8.5�
-50�
0�
500�
0�
1�
0�
413�
-966�
79�
�
�
�
4�
-50�
0�
2�
-25�
0�
-50�
0�
0�
1�
-362�
216�
145�
�
�
�
5�
-100�
-20�
6�
0�
0�
500�
0�
0�
0�
-2460�
-1187�
52�
�
�
�
6�
-100�
20�
0�
100�
0�
0�
0�
1�
0�
-4618�
739�
174�
�
�
�
7�
50�
0�
6�
100�
0�
0�
0�
0�
1�
-841�
-2537�
-1185�
�
�
�
8�
100�
-20�
0�
-50�
0�
500�
0�
1�
0�
894�
-3881�
-1353�
�
�
�
9�
50�
20�
4�
0�
0�
0�
0�
0�
0�
491�
-1460�
-21�
�
�
�
10�
0�
0�
8.5�
-50�
0�
0�
0�
0�
1�
540�
-1599�
-16�
�
�
�
11�
0�
-10�
0�
0�
0�
-50�
0�
1�
0�
-233�
23�
20�
�
�
�
12�
0�
10�
4�
50�
0�
250�
0�
0�
0�
-336�
-849�
1�
�
�
�
13�
-100�
0�
0�
100�
0�
250�
0�
1�
0�
-4016�
214�
60�
�
�
�
14�
-50�
-20�
4�
-25�
0�
0�
0�
0�
1�
-681�
-1738�
6�
�
�
�
15�
-50�
10�
8.5�
0�
0�
-100�
0�
0�
1�
-1284�
-634�
112�
�
�
�
16�
100�
0�
4�
0�
0�
500�
0�
1�
0�
1291�
-2362�
-173�
�
�
�
17�
50�
-10�
8.5�
100�
0�
0�
0�
0�
0�
-599�
-3400�
-285�
�
�
�
18�
100�
20�
0�
-50�
0�
-100�
0�
1�
0�
93�
-622�
-1008�
�
�
�
19�
-100�
14�
0�
15�
0�
172�
0�
0�
1�
-3307�
450�
188�
�
�
�
20�
-100�
20�
0�
0�
0�
0�
0�
0�
1�
-3290�
979�
263�
�
�
�
21�
-100�
14�
1�
15�
0�
172�
0�
0�
1�
-3079�
234�
199�
�
�
�
22�
-90�
15�
1�
10�
0�
100�
0�
0�
1�
-2594�
360�
209�
�
�
�
23�
-100�
14�
0�
15�
0�
172�
0�
1�
0�
-2947�
1194�
229�
�
�
�
24�
-80�
10�
0.5�
20�
0�
300�
0�
0�
1�
-2296�
162�
144�
�
�
�
25�
100�
20�
8.5�
40�
0�
400�
0�
0�
1�
-421�
-3077�
-152�
�
�
�
26�
-100�
20�
8.5�
-50�
0�
500�
0�
0�
1�
-2511�
-837�
188�
�
�
�
27�
-100�
12�
0�
-12�
0�
-100�
0�
1�
0�
-2648�
2657�
348�
�
�
�
28�
-100�
-20�
0�
88�
0�
-100�
0�
1�
0�
-4279�
481�
93�
�
�
�
29�
-100�
20�
0�
0�
0�
0�
0�
1�
0�
-2924�
1707�
303�
�
�
�
30�
-100�
20�
0.5�
0�
0�
0�
0�
0�
1�
-3108�
777�
265�
�
�
�
31�
-100�
20�
0�
-50�
0�
-100�
0�
0�
1�
-2648�
1554�
320�
�
�
�
32�
-100�
20�
0�
75�
0�
-100�
0�
0�
0�
-4314�
1600�
238�
�
�
�
33�
-100�
10�
0�
0�
0�
0�
0�
0�
1�
-2924�
1108�
232�
�
�
�
34�
-100�
15�
0�
25�
0�
0�
0�
0�
1�
-3531�
898�
225�
�
�
�
35�
-100�
0�
0�
0�
0�
-100�
0�
0�
1�
-2906�
1766�
253�
�
�
�
36�
-100�
20�
0.5�
0�
0�
-50�
0�
0�
1�
-3152�
1076�
290�
�
�
�
37�
-100�
8�
0�
-28�
0�
-100�
0�
0�
1�
-2595�
1900�
295�
�
�
�
38�
-100�
20�
0�
-20�
0�
-100�
0�
0�
1�
-3172�
1809�
336�
�
�
�
39�
-100�
4�
0�
-10�
0�
-100�
0�
0�
1�
-2779�
1918�
276�
�
�
�
40�
-100�
20�
0�
-40�
0�
-100�
0�
0�
1�
-2827�
1690�
331�
�
�
�
41�
-100�
0�
0�
-10�
0�
-100�
0�
0�
1�
-2739�
1783�
258�
�
�
�
42�
-100�
20�
0.5�
-20�
0�
-100�
0�
0�
1�
-3233�
1167�
280�
�
�
�
43�
-100�
6�
0�
-20�
0�
-100�
0�
0�
1�
-2658�
1941�
287�
�
�
�
44�
-100�
20�
0�
-30�
0�
-100�
0�
0�
1�
-3001�
1772�
336�
�
�
�
45�
-100�
4�
0�
-25�
0�
-100�
0�
0�
1�
-2527�
1894�
279�
�
�
�
46�
-100�
0�
0�
-20�
0�
-100�
0�
0�
1�
-2571�
1773�
261�
�
�
�
51�
-100�
6�
0�
-20�
0�
-100�
-100�
0�
1�
-2966�
1718�
253�
�
�
�
52�
-100�
6�
0�
-20�
0�
-50�
-100�
0�
1�
-2758�
1315�
224�
�
�
�
55�
-100�
6�
0�
-20�
20�
-100�
0�
0�
1�
-2730�
2031�
295�
�
�
�
56�
-100�
6�
0�
-10�
10�
-100�
0�
0�
1�
-2862�
1984�
287�
�
�
�
57�
-100�
8�
0�
-30�
40�
-100�
0�
0�
1�
-2709�
2073�
311�
�
�
�
58�
-100�
6�
0�
-40�
50�
-100�
0�
0�
1�
-2501�
2098�
307�
�
�
�
59�
-100�
4�
0�
-25�
25�
-100�
0�
0�
1�
-2618�
2019�
290�
�
�
�
60�
-100�
6�
0�
-20�
15�
-100�
0�
0�
1�
-2714�
2007�
293�
�
�
�
61�
-100�
10�
0�
-50�
50�
-100�
0�
0�
1�
-2475�
2021�
320�
�
�
�
62�
-100�
6�
0�
-50�
70�
-100�
0�
0�
1�
-2400�
2109�
310�
�
�
�
63�
-100�
8�
0�
-40�
55�
-100�
0�
0�
1�
-2592�
2104�
316�
�
�
�
64�
-100�
6�
0�
-50�
60�
-100�
0�
0�
1�
-2363�
2083�
308�
�
�
�
65�
-100�
4�
0�
-50�
79�
-100�
0�
0�
1�
-2386�
2102�
304�
�
�
�
66�
-100�
6�
0�
-50�
80�
-100�
0�
0�
1�
-2436�
2132�
312�
�
�
�
67�
-100�
6�
0�
-40�
70�
-100�
0�
0�
1�
-2573�
2146�
311�
�
�
�
68�
-100�
5�
0�
-40�
65�
-100�
0�
0�
1�
-2518�
2141�
306�
�
�
�
69�
-100�
5�
0�
-40�
65�
-100�
100�
0�
1�
-2371�
2140�
316�
�
�
�
70�
-100�
5�
0�
-40�
65�
500�
500�
0�
1�
-2218�
608�
195�
�
�
�
71�
-100�
5�
0�
-40�
65�
100�
100�
0�
1�
-2236�
934�
216�
�
�
�
72�
-100�
6�
0�
-40�
70�
-100�
50�
0�
1�
-2490�
2156�
317�
�
�
�
73�
-100�
5�
0�
-40�
65�
-100�
50�
0�
1�
-2435�
2153�
312�
�
�
�
77�
-100�
6�
0�
-40�
70�
-100�
0�
1�
0�
-2209�
2906�
352�
�
�
�
78�
-100�
6�
0�
-40�
70�
-100�
0�
0�
0�
-2169�
2486�
305�
�
�
�
79�
-100�
20�
0�
-40�
70�
-100�
0�
0�
1�
-3088�
2003�
359�
�
�
�
80�
-100�
13�
0�
-23�
123�
-100�
220�
1�
0�
-2690�
2779�
378�
4008 (N70)�
�
�
81�
0�
13�
0�
-23�
123�
-100�
220�
1�
0�
-322�
1312�
179�
�
�
�
82�
-100�
8�
0�
-20�
80�
-100�
50�
1�
0�
-2572�
2913�
359�
�
�
�
83�
-100�
0�
0�
0�
0�
0�
0�
0�
0�
-2279�
1355�
190�
�
�
�
84�
0�
0�
0�
0�
0�
-100�
0�
0�
0�
-331�
589�
-954�
�
�
�
85�
0�
0�
1�
0�
0�
0�
0�
0�
0�
443�
-270�
10�
�
�
�
86�
-100�
10�
0�
-30�
100�
-100�
100�
1�
0�
-2484�
2902�
373�
�
�
�
87�
-100�
5�
0�
-40�
100�
-100�
50�
1�
0�
-2199�
2954�
356�
�
�
�
88�
-100�
5�
0�
-40�
100�
-50�
50�
1�
0�
-2076�
2478�
319�
�
�
�
89�
-100�
5�
0�
-40�
100�
0�
50�
1�
0�
-2028�
2118�
289�
�
�
�
90�
-100�
5�
0�
-40�
100�
50�
50�
1�
0�
-2022�
1869�
269�
�
�
�
91�
-100�
5�
0�
-40�
100�
100�
50�
1�
0�
-2039�
1683�
253�
�
�
�
92�
-100�
5�
0�
-40�
100�
500�
50�
1�
0�
-2043�
1383�
226�
�
�
�
93�
-100�
6�
0�
-35�
61�
-100�
220�
1�
0�
-2009�
2835�
360�
3042 (N83)�
�
�
94�
-100�
6�
0�
-35�
61�
220�
220�
1�
0�
-2020�
1397�
238�
�
�
�
95�
-80�
6�
0�
-35�
61�
-100�
220�
1�
0�
-1274�
2678�
330�
�
�
�
96�
-100�
6�
0�
-35�
61�
-100�
100�
1�
0�
-2113�
2898�
359�
�
�
�
97�
-100�
8�
0�
-30�
80�
-100�
100�
1�
0�
-2341�
2910�
367�
�
�
�
98�
-100�
5�
0�
-30�
90�
-100�
50�
1�
0�
-2331�
2959�
353�
�
�
�
99�
-100�
20�
0�
-40�
60�
-100�
50�
1�
0�
-2598�
2717�
400�
�
�
�
100�
-100�
9�
0�
-23�
43�
-100�
200�
1�
0�
-2271�
2787�
365�
2907 (N90)�
�
�
101�
-100�
9�
0�
-23�
43�
-100�
50�
1�
0�
-2424�
2857�
361�
�
�
�
102�
-100�
5�
0�
-30�
90�
-100�
30�
1�
0�
2361�
2963�
352�
�
�
�
103�
-100�
7�
0�
-20�
60�
-100�
60�
1�
0�
-2449�
2868�
352�
�
�
�
104�
-100�
4�
0�
-40�
80�
-100�
70�
1�
0�
-2091�
2898�
352�
�
�
�
105�
-100�
20�
0�
-30�
90�
-100�
50�
1�
0�
-2875�
2770�
401�
�
�
�
106�
-100�
9�
0�
-27�
127�
-100�
-16�
1�
0�
-2776�
2887�
355�
2985 (N96)�
�
�
107�
-100�
20�
0.75�
-44�
87�
-100�
210�
1�
0�
-2232�
2165�
386�
�
431(S96)�
�
108�
-100�
9�
0�
-27�
127�
-100�
0�
1�
0�
-2744�
2898�
358�
�
�
�
109�
-100�
20�
0�
-44�
87�
-100�
210�
1�
0�
-2465�
2663�
406�
�
�
�
110�
-100�
5�
0�
-30�
130�
-100�
20�
1�
0�
-2523�
2944�
348�
�
�
�
111�
-100�
20�
0�
-40�
80�
-100�
50�
1�
0�
-2507�
2668�
406�
�
�
�
112�
-100�
6�
0�
-35�
95�
-100�
40�
1�
0�
-2316�
2954�
358�
�
�
�
114�
-100�
5�
0�
-30�
80�
-100�
20�
1�
0�
-2341�
2954�
350�
�
�
�
116�
-100�
20�
0�
-46�
93�
-100�
157�
1�
0�
-2495�
2694�
407�
�
�
�
117�
-100�
5�
0�
-40�
140�
-100�
30�
1�
0�
-2073�
2951�
352�
�
�
�
118�
-100�
20�
0�
-40�
140�
-100�
100�
1�
0�
-2679�
2748�
406�
�
�
�
119�
-100�
4�
0�
-35�
120�
-100�
30�
1�
0�
-2373�
2952�
349�
�
�
�
120�
-100�
20�
0�
-42�
101�
-100�
144�
1�
0�
-2604�
2722�
407�
�
408 (S108)�
�
table � SEQ table \* ARABISCH �9�: Table of measures and results - Merseyside








�
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).


Merseyside Regression Models


Parameter�
N70


NPV�
N83


NPV�
N90


NPV�
N96


NPV�
S96


SOF�
S108


SOF�
�
�
�
WEIGHT�
WN2�
WN2�
WN8�
WN8�
WS8�
WS8�
�
�
�
SMART�
590.3


(72.9)�
444.0


(56.55)�
486.5


(46.22)�
499.8


(49.37)�
39.42


(4.792)�
38.44


(2.518)�
�
�
�
LRT�
-252.3


(66.95)�
-385.4


(54.93)�
-237.0


(43.58)�
-230.8


(48.47)�
42.25


(13.7)�
�
�
�
�
FARE�
-19.69


(0.9302)�
-17.8


(0.8559)�
-17.53


(1.613)�
-14.02


(0.9287)�
-1.981


(0.04782)�
-2.385


(0.1043)�
�
�
�
FARE2�
-0.07324


(0.01224)�
-0.03695


(0.00898)�
-0.03855


(0.01553)�
�
�
-0.003556


(0.00106)�
�
�
�
CAP�
90.77


(8.1)�
69.0


(6.719)�
42.66


(5.246)�
42.77


(5.542)�
4.257


(0.228)�
3.977


(0.2057)�
�
�
�
CAP2�
-1.993


(0.1777)�
-1.859


(0.1769)�
-1.525


(0.1452)�
-1.478


(0.1358)�
-0.04516


(0.0129)�
-0.03585


(0.00988)�
�
�
�
RP�
-338.2


(41.42)�
-289.9


(39.18)�
-434.9


(72.71)�
-393.2


(74.17)�
13.29


(3.67)�
�
�
�
�
RP2�
24.66


(5.13)�
19.17


(5.073)�
29.11


(9.925)�
24.79


(9.964)�
-1.047


(0.4936)�
�
�
�
�
FREQ�
-2.288


(0.8165)�
-3.322


(0.6791)�
-3.367


(-0.6037)�
-3.725


(0.5542)�
-0.5639


(0.06474)�
-0.5947


(0.0602)�
�
�
�
FREQ2�
-0.06949


(0.00932)�
-0.06369


(0.00843)�
-0.07184


(0.00807)�
-0.06879


(0.0077)�
-0.006402


(0.00087)�
-0.0071


(0.00078)�
�
�
�
EXFR�
3.43


(0.6171)�
6.744


(1.166)�
3.523


(0.9231)�
-9.925


(3.213)�
0.5326


(0.1238)�
0.3663


(0.09336)�
�
�
�
EXFR2�
�
-0.05554


(0.01097)�
-0.01468


(0.00868)�
-0.01712


(0.00755)�
-0.004143


(0.00092)�
-0.00264


(0.00059)�
�
�
�
LTP�
-5.551


(0.4462)�
-5.373


(0.3043)�
-5.386


(0.2058)�
-5.381


(0.2062)�
-0.4159


(0.03494)�
-0.3973


(0.01675)�
�
�
�
LTP2�
0.01055


(0.00113)�
0.009353


(0.00056)�
0.0104


(0.00046)�
0.01047


(0.00046)�
0.0007441


(0.00005)�
0.000853


(0.00005)�
�
�
�
STP�
1.367


(0.3598)�
1.168


(0.3745)�
1.526


(0.3433)�
8.532


(1.718)�
0.1621


(0.03086)�
0.2096


(0.03886)�
�
�
�
STP2�
-0.003103


(0.00124)�
-0.002569


(0.00086)�
-0.001936


(0.00085)�
-0.004186


(0.00107)�
-0.000744


((0.00009)�
-0.000662


(0.00014)�
�
�
�
FARECAP�
0.3129


(0.0519)�
0.1706


(0.04261)�
�
�
�
�
�
�
�
FARERP�
�
�
�
�
�
0.1089


(0.01499)�
�
�
�
FAREEXFR�
�
�
�
-0.1325


(0.03075)�
�
�
�
�
�
FARELTP�
0.00984


(0.00299)�
0.006657


(0.00209)�
�
�
0.0006913


(0.00027)�
�
�
�
�
FARESTP�
�
�
�
0.07179


(0.01672)�
�
�
�
�
�
FARELRT�
�
�
�
�
0.4183


(0.1436)�
�
�
�
�
CAPRP�
-9.024


(1.631)�
-6.296


(1.613)�
�
�
�
�
�
�
�
CAPEXFR�
�
�
�
�
0.009518


(0.00453)�
�
�
�
�
CAPLTP�
0.06625


(0.01806)�
0.05583


(0.01759)�
�
�
0.004255


(0.00107)�
�
�
�
�
CAPSMAR�
-27.08


(5.7)�
-22.57


(5.52)�
-15.67


(5.809)�
-17.49


(5.922)�
�
�
�
�
�
CAPLRT�
-17.87


(5.558)�
-15.75


(5.589)�
-17.65


(5.734)�
-19.15


(5.987)�
�
�
�
�
�
RPFREQ�
0.7886


(0.2689)�
0.8562


(0.2783)�
�
�
�
0.06332


(0.02556)�
�
�
�
RPLTP�
0.3189


(0.06928)�
0.2437


(0.04344)�
�
�
�
�
�
�
�
RPSMAR�
-76.39


(33.48)�
�
�
�
-11.72


(3.549)�
�
�
�
�
RPLRT�
�
�
�
�
-14.03


(3.023)�
�
�
�
�
FREQLTP�
0.009529


(0.00429)�
0.01114


(0.00296)�
�
�
�
�
�
�
�
EXFRLTP�
�
�
-0.01252


(0.00275)�
-0.01434


(0.00264)�
�
-0.001683


(0.00021)�
�
�
�
EXFRSTP�
�
�
-0.01797


(0.00515)�
-0.009011


(0.00417)�
�
�
�
�
�
LTPSTP�
�
�
�
0.001885


(0.00075)�
�
0.0001892


(0.00009)�
�
�
�
Constant�
�
�
�
-44.35


(89.93)�
�
�
�
�
�
WN=NPV+4000;  WS=SOF+1500


table � SEQ table \* ARABISCH �10�: Table of used  Regression Models - Merseyside





�
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.


�



Economic and 


financial benefits�
�
�
Pedestrian time savings factor�
�
�
�
�
�
    Run �
102�
�
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�
�
�
�
�
�
�
�
55,00�
55,00�
-55,00�
�
�
Public transport�
�
�
�
�
40,06�
�
�
0,00�
40,06�
-40,06�
�
�
Other�
�
�
�
�
�
0,00�
0,00�
0,00�
0,00�
0,00�
�
�
Total capital


 assets�
�
�
�
�
40,06�
0,00�
0,00�
55,00�
95,06�
-95,06�
�
�
Money savings�
�
�
�
�
�
�
�
�
�
�
�
�
Maintenance


 and other cost, highways�
�
�
�
�
�
�
�
�
�
�
�
�
Toll revenue�
�
�
�
�
�
�
�
�
�
�
�
�
Parking fee revenue�
�
�
�
�
�
�
�
�
�
�
�
�
Fuel costs�
�
�
�
�
�
�
�
�
�
�
�
�
Other vehicle operation�
�
�
�
�
�
�
�
�
�
�
�
�
Sub-total highways�
�
�
�
60,96�
�
�
-30,01�
-4,85�
-34,85�
293,92�
�
�
Operating cost public transport�
�
�
�
�
15,75�
�
�
0,00�
15,75�
177,31�
�
�
Other money savings public transport�
�
�
�
�
-211,50�
�
�
29,33�
-182,18�
-2050,93�
�
�
Sub-total public transport�
�
�
�
264,17�
-195,75�
�
�
29,33�
-166,43�
1100,37�
�
�
new route benefits�
�
�
�
191,06�
0�
�
�
0,00�
0,00�
2151,00�
�
�
Total money savings�
�
�
�
516,19�
-195,75�
�
-30,01�
24,48�
-201,28�
3545,28�
�
�
Time savings�
�
�
�
�
�
�
�
�
�
0�
�
�
Time savings highway�
�
�
�
�
�
�
�
�
�
0�
�
�
Timesavings public transport�
�
�
�
�
�
�
�
�
�
0�
�
�
Time savings cycling�
�
�
�
�
�
�
�
�
�
0�
�
�
Time savings walking�
�
�
�
�
�
�
�
�
�
0�
�
�
Total time savings�
�
�
�
9,19�
-195,75�
�
�
�
�
103,49�
�
�
ALL MONEY AND TIME�
�
�
�
525,38�
-195,75�
�
-30,01�
-24,48�
-20128�
3648,77�
�
�
NPV2�
�
�
�
�
�
�
�
�
�
3553,71�
�
�
shadow price correction if PVF -ve�
�
�
�
�
�
�
�
NPV/PVF


-1,51�
�
2963,45�
�
Present value of finance(National)�
�
�
�
�
�
�
�
�
�
-2361,06�
�
�



�
�
�
�
�
�
�
�
�
Sustainability�
Alpha�
Shadow 


Fuel�
�
Fuel 


benefit�
Penalty�
SOF=alpha*NPV+(1-alpha)(benefit+shadow*fuel-Penalty)�
�
�
�
�
1�
4�
�
19,48�
0�
2963,45�
�
�
�
�
0.9�
4�
�
19,48�
0�
2702,28�
�
�
�
�
0.8�
4�
�
19,48�
0�
2441,10�
�
�
�
�
0.7�
4�
�
19,48�
0�
2179,93�
�
�
�
�
0.6�
4�
�
19,48�
0�
1918,76�
�
�
�
�
0.5�
4�
�
19,48�
0�
1657,59�
�
�
�
�
0.4�
4�
�
19,48�
0�
1396,41�
�
�
�
�
0.3�
4�
�
19,48�
0�
1135,24�
�
�
�
�
0.2�
4�
�
19,48�
0�
874,07�
�
�
�
�
0.1�
4�
�
19,48�
0�
612,89�
�
�
�
�
0�
4�
�
19,48�
0�
351,72�
�
�
�
Fuel benefit includes 13% of PT operating costs!


table � SEQ table \* ARABISCH �11�: Summary sheet best NPV run - Merseyside


�
Output table of the transport model





� EINBETTEN Excel.Sheet.5  ���





�
� EINBETTEN Excel.Sheet.5  ���


table � SEQ table \* ARABISCH �12�: Transport model output - Merseyside








Optimisation of NPV


Following the explanation given above (in Section 1) for diverting from the “standard method”, the results of the optimisation method are presented in two parts.  Firstly, the optimisation procedure for the first 70 runs is summarised. If this were not done, it would be difficult to understand the logic of why certain runs were carried out.  However, the regression results used in this process are of course omitted since they are affected by the error in calculating NPV/SOF.  Secondly, the optimisation process for the second set of runs (of which there were 38) is described.  Since this process used correct calculations of NPV/SOF, the regressions results are included. 








�
Optimisation procedure for first 70 runs





The procedure for the first 70 runs can itself be split into two parts. The first 46 runs were carried out using the “standard” OPTIMA method. As can be seen from � REF _Ref386605533 \* FORMATVERBINDEN �table 9�,  the first 18 runs tested the same combinations of measures as in all other OPTIMA cities.  Further batches of between 6 and 8 runs were carried out, based upon the estimated optima from linear regressions (as normal).  By the end of 46 runs the process was considered to have converged, given the initial measures being considered.  Although the method was flawed for calculating NPV/SOF for packages including Smart buses or without any public transport infrastructure, the method was correct for packages including LRT.  It can be seen from � REF _Ref386605533 \* FORMATVERBINDEN �table 9� that if only such packages are considered, the optimisation process worked effectively.  Only one run including LRT in the first 18 (Run 4) had a positive NPV,  whilst NPVs for the last runs in the process were typically above 1700 million ECU’s. 





After Run 46, runs were carried out to assess whether new variables should be included in the optimisation process.   The conclusion to be drawn from these runs was that public transport frequency changes should be disaggregated into peak and off-peak changes, and that short-term parking should be included as a new variable.  Runs testing the effects of disaggregating road pricing and public transport fares by peak and off-peak found that no improvement in NPV or SOF could be made by doing so�.





Thus new variables EXFR (extra public transport frequency in the peak) and STP (% change in short-term parking charges) were added to the optimisation process, and the variable PCH (% change in long-term parking charges) was renamed LTP in order to avoid confusion.








Subsequent optimisation procedure.





Using the results of the first 70 runs as a base set, a new optimisation procedure was carried out (including the “new” variables).  The first step of this procedure was to carry out a linear regression for NPV, and the results can be seen in � REF _Ref386605533 \* FORMATVERBINDEN �table 9� as “N70”.  The run testing the estimated optimum from this regression was Run 79.  Further regressions for NPV were carried out after Run 92 and Run 99: the results are shown in � REF _Ref386605533 \* FORMATVERBINDEN �table 9� as “N83” and “N90” respectively.  Regressions for both NPV and SOF were carried out after Run 105: the results are shown in � REF _Ref386605533 \* FORMATVERBINDEN �table 9� as “N96” and “S96” respectively. Twelve more runs were then made to make a total of 108.  A regression was attempted for NPV at this point but it was impossible to get an adequate regression that ordered correctly the seven best runs, which had values “close together” (between 2951 and 2963).  In particular it was impossible to find a regression that put Run 102 (with the best NPV of 2963) on top.  Considering the range of NPV for the runs (from -3881 to 2963) it is perhaps not surprising that such a regression was impossible, given the closeness of the best results.





Optimisation of SOF


Unlike the optimisation of NPV, the optimisation procedure for SOF worked in “text-book fashion”.  A regression for SOF was made successfully after 108 runs, and it is shown in � REF _Ref386605533 \* FORMATVERBINDEN �table 9� as S108.  The optimum set of measures from this regression was then tested in Run 120.  Whilst the regression model predicted an SOF of 408, the actual (transport model) value of SOF was 407.





It should be noted that Runs 83 to 85 were sensitivity tests on the do-minimum case, testing the “single-measure packages” of free public transport, free long-term parking and road pricing of 1.25 ECU’s respectively.  Furthermore, Runs 88 to 92 tested the sensitivity of a “good” package of measures (from Run 87 which yielded an NPV of 2954) to variations in increase/decrease of long-term parking charges.





Interpretation of the NPV results





The � REF _Ref386605777 \* FORMATVERBINDEN �table 11� gives an example of the NPV and SOF calculation for Run 102 (the run leading to the highest NPV)and � REF _Ref386605793 \* FORMATVERBINDEN �table 12� shows the results ranked by NPV.





General comments





   (I)	The first point to make about Merseyside is that it is an economically depressed area with relatively little congestion.  Thus it would not be expected to obtain the “typical” results gained by other (wealthier) cities in OPTIMA.





   (ii)	All the best results in � REF _Ref386605777 \* FORMATVERBINDEN �table 11� incorporate free public transport and free long-term parking.  At the same time, all such measures are expensive in terms of public finance, as can be seen from the PVF figures for runs testing packages that include these two measures: all PVF figures for such runs are all higher than 2000 million ECU’s.





Given current restrictions on public spending it is highly unlikely that any package costing this amount would be seriously considered in the short term.  However, OPTIMA has not attempted to apply fixed spending constraints to packages of measures�: its purpose is simply to estimate how to get the best values of NPV and SOF.  The application of fixed finance constraints to the optimisation process is the work of a subsequent project. 





However, it is worth pointing out here that all the measures with positive NPV had negative PVF: i.e. public/private money must be invested in order to improve the transport situation from the do-minimum. 





Another point about PVF is that Run 95 (where public transport fares are decreased by 80% rather than 100%) has a much lower PVF (of the order of 1000 million ECU’s lower) than runs with a comparable NPV.  This suggests that the application of spending constraints could simply lead to optimum measures which go in the same direction as suggested by OPTIMA, but not quite so far.





  (iii)	The � REF _Ref386605793 \* FORMATVERBINDEN �table 12� shows the total number of trips made in each run.  In the do-minimum situation (Run 1), there were 3911 thousand trips per day.  The lowest number of trips was 3885 thousand in Run 8 (which incidentally had the worst NPV and the worst SOF).  The highest number of trips was 3966 thousand in Run 6.





  (iv)	The � REF _Ref386605793 \* FORMATVERBINDEN �table 12� also shows the breakdown by mode for both trips and distance travelled.  In the do-minimum situation 62% of trips are made by car.  In the runs with the highest NPVs, this figure is reduced to 58 or 59%, whilst the public transport mode share increases from 15% to 22%.  The highest percentage of trips made by car was 65% (in Run 18), whilst the lowest was 55% (in Run 5).  The highest percentage by public transport was  25% (in Run 13), whilst the lowest was 10% (in Runs 8 and 18).  It is worthwhile noting that all these extremes were obtained in the first 18 runs, and that the final solution did not result in “boundary values” for mode shares for car or public transport. On the other hand, the percentage of trips made by pedestrians and cyclists was generally lowest for runs with high NPV and highest for runs with low NPV.  A factor probably affecting this result is that the positive benefits of cycling and walking (in terms of health and quality of life) are not accounted for fully in the evaluation process. 





  (v)	In all 109 runs, the “hard” fuel consumption penalty function in SOF only needed to be applied five times.  Thus all the other packages of measures lead to an overall reduction in fuel consumption from the do-minimum case.





   (vi)	There was strong correspondence between the NPV results and the SOF results, with high-scoring NPV packages scoring highly on SOF and vice-versa.  The main difference between the two indicators was that SOF favoured higher road capacity increase (to be discussed further below).





  (vii)	The � REF _Ref386605777 \* FORMATVERBINDEN �table 11� shows the cost/benefit summary for Run 102 (which had the highest NPV).  The term “new route benefits” is a correction term which includes both time and money benefits to travellers, and cannot be disaggregated further.  The figure in � REF _Ref386605777 \* FORMATVERBINDEN �table 11� can be seen to be 191.06 million ECU’s per year: it follows that the (corrected) figure of total time savings is substantially higher than 9 million ECU’s per year (probably of the order of 100 million ECU’s per year).





Public transport infrastructure





For both NPV and SOF,  SMART buses score more highly than LRT.  This result is more marked with respect to NPV: under the “dictatorship of the future” assumptions of SOF, the capital costs of building an LRT are not taken into account.   





Road Capacity  





For NPV, the optimum road capacity measure is an increase of about 5%.  This is the amount of increase that would be achieved from relatively low cost traffic management schemes such as traffic signal measures. For SOF, the optimum road capacity measure is an increase of 20%.  Since it has been assumed that there is no annual maintenance cost associated with increased road capacity, this result is not surprising (given the fact that present day capital costs are ignored in calculating SOF).





�
Fares





As pointed out above, the optimum public transport fares policy is to have free fares.  The regression equations show that this measure is the main contributor to high NPV and SOF.  Run 83 shows that this measure on its own contributes 1355 million ECU’s.  Furthermore, the regression equation N96 (in � REF _Ref386605533 \* FORMATVERBINDEN �table 9�) shows that there is a strong synergy between low public transport fares and  high increases in frequency in the peak.





The free fare policy is the one most relevant to the comments above about PVF.  It can be seen from � REF _Ref386605793 \* FORMATVERBINDEN �table 12� (Run 83) that this measure on its own costs 2279 million ECU’s in PVF.





The final point about public transport fares is that no package of measures with an increase in public transport fares was able to improve either NPV or SOF from the do-minimum.





 Road Pricing





No package of measures without road pricing could be improved by adding road pricing , whatever the level.  Take, for example, Run 107 which has a road pricing charge of £0.75 (as was estimated to be optimum by regression equation S96).  Run 109 tests exactly the same package without road pricing, getting an improvement of approximately 500 million ECU’s in NPV and 20 million ECU’s in SOF. The conclusion is that, in the relatively uncongested Merseyside situation, road pricing should not be charged.





Public Transport Frequency





As mentioned above, it was found that it was useful to disaggregate public transport frequency changes into peak and off-peak changes.  The reason for this is simply that high NPVs and SOFs are gained by increasing peak frequencies whilst decreasing off-peak frequencies.  The top seven runs for NPV had off-peak frequencies being decreased by between 30% and 40%, with peak frequencies being increased by between 50% and 100% (calculated by adding “extra peak frequency” to off-peak frequency in � REF _Ref386605793 \* FORMATVERBINDEN �table 12�).





Parking Charges





Runs consistently showed that long-term parking should be made free. This was probably the most controversial optima for Merseyside and so a number of sensitivity tests were made in order to examine it more fully.  Run 84 tested free long-term parking without any other measures and found an NPV of 589 million ECU’s. Runs 88 to 92 tested various increases in long-term parking charges based upon the “high NPV” Run 87 (which had free long-term parking).  The results from the latter runs showed that there was a progressive reduction in NPV and SOF with higher long-term parking charges.  These results are best understood by examining the percentage utilisation figures for Liverpool city centre long-term parking spaces (the zone with the highest long-term parking charges in the do-minimum case). It was found that: under free long-term parking the utilisation was 95%; in the do-minimum level of charging it was 55%; and with a 100% increase in charges the utilisation was 30%.  On the other hand there was virtually no difference in total car trips for each level of parking charge although there was a small but steady increase in both car-kms and ped-kms as charges were raised (probably associated with drivers going to neighbouring zones than the ones they wanted and having to walk or take a bus to their final destinations). As said above, these results all take place in a scenario with relatively small congestion.  Thus the benefits to commuters of being able to go directly to the zone that they wanted outweighed the loss of income to the parking authorities.





With respect to short-term charges, the picture is very different.  The top seven runs (for NPV) had short-term parking charges increasing by 20% to 50%.  Comparison of Runs 68, 73 and 69, with short-term parking charge increases of 0%, 50% and 100% respectively (keeping other measures fixed) shows a small overall decrease in both number of trips and trip-kilometres as short-term parking charges are increased.  For short-term parking charge increases in the order of 20-50%, the benefit of reduced congestion outweighs the disbenefit of suppressed trips.  The explanation for the difference between this result and the result for long-term parking charges is that trips using short-term parking (e.g. shopping and entertainment trips) are often less “essential” than trips involving long-term parking (e.g. commuter trips).  Trips in the former category can either be redirected to a closer destination or suppressed altogether which is not generally the case for trips in the latter category. 





�
SUBSEQUENT RUNS  (MERSEYSIDE)





Section added on to previous Merseyside sections





Following the completion of the optimisation procedure, as described in previous sections, a number of sensitivity test were carried out.  The results of these tests are shown in � REF _Ref383410954 \* FORMATVERBINDEN �table 13�. 


�


table � SEQ table \* ARABISCH �13�: additional transport model runs - Merseyside





 There were three main purposes for these tests:





(i).  To understand more fully the effects of short-term parking charge changes (Runs 121, 122 and 129).  Since short-term parking charge changes were introduced at a relatively late stage to the optimisation process, there was not sufficient opportunity to carry out sensitivity tests for this measure within the optimisation process (as was done for long-term parking charges and public transport fare changes).





(ii).  To test combinations of measures suggested by the city authority (Runs 125 and 126).  Two packages of measures were suggested during the interview process carried out in WP 50: on to optimise NPV and one to optimise SOF.  





(iii).  To try to find packages that had high NPVs and SOFs but with less extreme PVFs than in the optima (Runs 123, 124, 127 and 128).  One of the main problems with the optimum results described in previous sections is that they are very expensive, i.e. they have high negative values of PVF.  Tests were carried out to try to find packages that were based upon the optimum packages but which had improved PVFs. 





The � REF _Ref383410954 \* FORMATVERBINDEN �table 13� also gives results from Run 1 (do-minimum), Run 102 (NPV-optimum) and Run 120 (SOF-optimum) for reference purposes.





Short-term parking





Run 121 shows the results of removing the short-term parking charge increase from the optimum-NPV Run 102.  As can be seen from � REF _Ref383410954 \* FORMATVERBINDEN �table 13� there is a small decrease of 6 Mecus in NPV.  Since Runs 121 and 102 are both “PVF-negative”, there is a shadow contribution to NPV of 25% of PVF.  Therefore the decrease in NPV can largely be explained by the worsening of PVF of 52 Mecus (from -2361 Mecus in Run 102 to -2413 Mecus in Run 121).  However, worsening PVF would by itself lead to a reduction in NPV of 13 Mecus.  The fact that the reduction in NPV is only 6 Mecus can be accounted for by the “convenience” effect to motorists of having no increase in short-term parking charges and thus not being forced to suppress their journeys or use public transport.





Runs 122 and 129 show the effects of increasing short-term parking charges by 50% and 30% respectively from the do-minimum.  It can be seen (by comparing with do-minimum results in � REF _Ref383410954 \* FORMATVERBINDEN �table 13�) that these changes decrease both the number of trips and trip kilometres. A detailed examination of these results by trip purpose shows that the main decrease in trips is due to reduced shopping trips by car in the am peak, thus confirming the hypothesis given in Section above.





Suggestions from Merseyside 





Runs 125 and 126 were suggested by Wirral Metropolitan Borough Council (which lies within Merseyside).  Run 125 involves: no change in fares, an increase of 5% in road capacity, no road pricing, an increase of 20% in off-peak public transport frequency, an increase of 50% in peak frequency, 50% increase in long-term parking charges, 20% increase in short-term parking charges and SMART buses.  It can be seen from � REF _Ref383410954 \* FORMATVERBINDEN �table 13� that this package led to a modest increase in NPV of 294 Mecus at a cost of -308 Mecus in PVF.  Thus the NPV/PVF ratio is slightly worse than in the optimum-NPV runs, but of course the absolute value of PVF is far more economically acceptable.  For SOF, Run 125 resulted in a very slight decrease in car-kilometres from the do-minimum state.  However, due to the increase in public transport frequencies, fuel consumption was greater than in the do-minimum case and thus the strong penalty was invoked.





Run 126 was the same as Run 125 except that road capacity was reduced by 5% instead of being increased by this figure.  The intention here was to achieve a good SOF result by decreasing fuel consumption.  It can be seen from � REF _Ref383410954 \* FORMATVERBINDEN �table 13� that Run 126 did in fact lead to a decrease in car-kilometres from Run 125, but the decrease from the do-minimum was still not enough to offset the extra fuel consumption due to extra public transport frequencies: thus the strong penalty in SOF was again invoked.  








Runs with improved PVFs





Runs 123, 124, 127 and 128 all tested variations on the NPV-optimum Run 102.  The intention here was to test smaller reductions in public transport fare and long-term parking charges in the hope that high NPV results could be obtained for acceptable values of PVF.





The � REF _Ref383410954 \* FORMATVERBINDEN �table 13� shows that this exercise was extremely successful.  All four runs have PVFs higher (less negative) than -900 Mecus, which compare well with the figures of around -2500 Mecus for the optimum results.  On the other hand, NPVs were are all above 1400 Mecus.  In terms of NPV/PVF ratio, all runs had NPVs more than twice as high as the absolute values of PVF.  In particular, Run 128 yielded an NPV of 1465 Mecus at a cost of -281 Mecus in PVF, a ratio of  5.2.  Furthermore, all runs had high values of SOF.





� The runs testing these disaggregations are not included in Table 2.  This explains the “gaps” in run numbers in the table.


� Optima has though taken into account a shadow price of public finance, which applies a partial brake on schemes with high PVF. 








