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2. UPDATE TO THE URBAN SPEED-DECAY FUNCTION 

2.1. Introduction 

2.1.1 As stated in the previous chapter, the previous ‘fixed speed adjustment for urban areas’ (thereby namely 
‘urban speed-decay function) process developed for the TfN SDC only produces reduction in speed as a 
result of flow increase in the context of the transformational growth scenarios as defined by the TfN, and 
therefore did not calculates increase in fixed speed as a  result of flow reduction.  

2.1.2 For the purpose of the TPTS+ work, it was identified that there would be no transformation growth scenario 
to be assesed, the previous urban speed-decay function as developed for the TfN SDC would therefore 
need to be refined to be able to deal with change in speed as a result of flow reduction in order to be used 
for the purpose of the TPTS+ studies. 

2.1.3 Following discussion with HE, it was agreed that WSP would further refine the urban speed-decay function 
to take into account the reduction of traffic on the network in order to provide a full response in travel 
speed as a result of flow changes. 

2.1.4 M60SM base year 2013 models that were used in the previous development of the urban speed-decay 
function have been used for the refinment purpose. 

2.2. Update of the Urban Speed-Decay Function 

2.2.1 The speed-decay function adopts the same curves as from the previous development, which is presented 
by the equation below: 

𝑉௡௘௪ = 𝐴 + 𝐵 ቆ2 − exp ൭𝜆 ൬
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where: 

 𝐴, 𝐵 and 𝜆 are parameters that could be calibrated from the ‘donor’ M60SM models in order to best fit 

the modelled data.  

 NF is the new flow (forecast flow) and RF is the reference (or base) flow.  

 𝐴 + 𝐵 = 𝑉ோி where 𝑉ோி is the speed at reference flow (base year speed). 

2.2.2 The equation derived above was based on the principle of the COBA speed-flow curve and the flow-delay 
curve that is implemented within SATURN software. And example of the COBA speed-flow curve and the 
flow-delay curve that is implemented in SATURN is provided in Figure 1 below. 

Figure 1 COBA Speed-Flow Curve and Flow-Delay Curve 
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2.2.12 It can be seen that the derived flow-delay curves were able to match very well the modelled delays 
produced from the M60SM base year models for different growth across all the three time periods and at 
each individual area levels. It is therefore concluded that the derived speed decay curves can be used for 
Step 2 as describe below. 

2.3. Improvements to Python Scripts 

2.3.1 As stated in previous section, the python script was required to be updated to allow for number of changes 
below: 

 Updated speed-decay curves to represent the full responses to travel speed as a result of both flow 
increase and decrease; 

 Change of the mechanisim to write out fixed speed adjustment in a form of free-flow speed in the card 
11111 as opposed to writting out as turn penalty in the card 44444 in the SATURN dat file (i.e. 
SATURN does not allow negative turn penalty in the card 44444, resulted by increase in speed if flow 
reduces); and 

 Other improvements to the python scripts (e.g. read in $include files to SATURN network, function to 
deal with network structure changes) 

2.3.2 The improved python script was then used for the Step 3 below. 

2.4. Verification of the Updated Curves on TPS RTM Model 

2.4.1 As the speed decay curves were calibrated from the M60SM Base year models for each of the zones 
defined, it was necessary to carry out tests on the TPS RTM base year models to: 

 Verify that the application of the speed-decay curves that was derived from the M60SM model can 
represent similar change in speed compared to the M60SM model as a result of the flow changes; 
and 

 Assess whether an issue with traffic routeing through city centre as previously observed in the original 
TPS model has now been improved. 

2.4.2 The updated base year 2015 TPS RTM Design Freeze 7 (DF7) which was issued to WSP for the purpose 
of the TPTS+ was used as the starting point and assignments were then carried out on demand matrices 
with similar growth. The process was carried out in the python script, with steps as below: 

 Initial assignments were carried out on the TPS RTM base year models with -50%, -40%, -20%, 20%, 
40%, 60% and 75% growth in demand matrices to represent change in flows on the network (it is 
noted that tests carried out with higher growth in demand on the TPS RTM models crashed therefore 
it was decided to stop at 75% growth in demand); 

 The python script was then employed to : 
a extract flows from the initial assignments, compare to the base year link flows for each of the 4 

areas; 
b calculate speed decay using the fitted curve for each area, then calculate delta change to the 

free-flow speed for individual links within each area; and 
c adjust free-flow speed to the simulation network coding (card 11111) and re-run the assignments 

with speed adjustment applied; 
 Extract data from the final assignments, calculate overall change in speed and compare against the 

change in speed as produced from M60SM models. 
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Refinement of the Speed Decay Curves’ Parameters 

2.4.3 During the realism test process, number of refinement was made to the original speed decay curve, 
preventing excessive increase in delays due to a) low traffic volume; and b) significant increase in forecast 
flows compared to the base year flow. The Ratios of NF/RF were refined by the equation below to take 
into account individual link flows against the area-based average flows. 
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Where: 

 LF is the base year flow on a particular link; and 
 AF is the base year average flow of an area that link belongs to 

2.4.4 A range of value of 
ேிᇱ

ோி
 was set between 0.5 and 2.5 to allow for differential change in demand at individual 

link level and also to prevent excessive delays being introduced to the system following analysis of the 
speed and demand changes resulted from the M60SM model tests.  

2.4.5 The adjusted free-flow speed were then calculated using the following formula: 

 𝑉 = 𝑉௙௙ − 0.5 ∗ (𝑉௥௘௙ − 𝑉ௌ஽஼) 

Where: 

 𝑉௙௙ is the free flow speed from the original model, 

 𝑉௥௘௙ is the reference speed from the speed flow curve calculated when 
ேி

ோி
= 1  and 

 𝑉ௌ஽஼ is the value calculated from the speed-decay curves. A minimum speed value of 10kph was used 

in order to prevent very low traffic speeds from occurring.  

2.4.6 The ‘half of the delta change’ method in the formula above was adopted as a simplified mechanism to 
account for responses in rerouteing effects of traffic travelling on the network when the fixed speed 
adjustment has been applied. 

2.4.7 Figure 6 below shows the comparison in terms of speed reduction between the M60SM model and the 
TPS RTM Model, in response to similar demand growth. 
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Figure 8 Flow Difference: with vs. without Speed-Decay Function – DM2041 AM Peak 

 

Figure 9 Flow Difference: with vs. without Speed-Decay Function – DS2041 AM Peak 
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Figure 10 Flow Difference: with vs. without Speed-Decay Function – DM2041 Inter-Peak 

 

Figure 11 Flow Difference: with vs. without Speed-Decay Function – DS2041 Inter-Peak 

 

  



 

Page 15 

Figure 12 Flow Difference: with vs. without Speed-Decay Function – DM2041 PM Peak 

 

Figure 13 Flow Difference: with vs. without Speed-Decay Function – DS2041 PM Peak 

 

 

2.5.10 For both Do-Minimum and Do-Something models, across all three modelled periods, the adjustment of 
fixed speed in urban areas implemented in the updated speed-day function produced similar response to 
the original curves that was developed for the TfN SDC i.e. resulted in more using the motorway rather 
than routing through the urban areas, for example, on the M60 in Manchester and on M1 near Sheffield. 
The extra traffic travelling on the motorway network compared to the ‘without fixed speed adjustment’ 
explain why the benefits produced do not increase an initially anticipated. This was due to the fact that 
extra traffic correctly routed via motorways results in more delays on the network, thus reducing the 
benefits claimed for the WTCA schemes. 
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2.6. Conclusion and Proposed Approach for the TPTS+ 

2.6.1 Overall, with the updated speed-decay function with taking into account the flow reduction and further 
enhancement, WSP view is that the speed-decay function generally produces plausible outcomes in terms 
of routeing and impacts on travel times on the network and therefore recommend to adopt the updated 
speed-decay function for the purpose of the TPTS+ assessment. 

2.6.2 WSP therefore proposes, following the Option 2 as recommended in the note ‘TfN RTM Fixed Speed 
Network Update’ (i.e. applying speed-decay function post-VDM runs), the approach to adopt the updated 
speed-decay function for th purpose of the TPTS+ as below: 

 Step 1 : Carry out VDM runs without speed-decay function application; 
 Step 2 : Use the final assignments and demand matrices produced from the VDM, carry out speed-

decay function to produce revised assignments with fixed speed adjustment applied. 
 Step 3 : Use the revised assignments from step 2 as final outputs and for appraisal purpose 
 

3. SUMMARY 

3.1.1 Following the eralier development of the speed-decay function in urban areas for the purpose of the TfN 
SDC studies, it was agreed that WSP would futher refine the speed-decay curves to account for the 
impacts on to travel speed as a result of reduction in traffic. 

3.1.2 A number of additional tests were carried out on the ‘donor’ M60SM highway models to derive te second 
half of the curve in order to represent the full responses to travel speed as flow changes. 

3.1.3 During the verification process against the TPS RTM models, number of changes have been made so 
that the updated speed-decay function was able to produce better fit in representing the speed decays as 
the flow changes resulted from the TSP RTM models. 

3.1.4 TUBA analysis was also conducted on the TPT+WTCA models to provide an indication of increase in 
benefits as a result of the fixed speed adjustment to the urban areas. 

3.1.5 The outcome from these tests show that the fitted curves produced plausible speed decays leading to 
improved routingcompared to the original model assignments, paricularly in terms of traffic routeing 
through the urban areas. The outcome has also demonstrated modest additional economic benefit. 
Although by virtue of the process adopted there are some risks around assurance to suit WebTAG style 
analysis the technique provides a plausible and proportionate approach. 

3.1.6 WSP proposes to adopt option 2: applying the fixed speed adjustment to post-VDM assignments to help 
reduce risks and provide extra information where applicable.The proposed option offers reduced risks of 
repetitive works, loss of additional time required to setting up model runs, thus keeping up with the planned 
devilvery of the projects. Furthermore, it also offers potential comparison of economic appraisal results 
between ‘with’ and ‘without’ fixed speed adjustments to the urban areas. 
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4. APPENDIX 

 




