Warrington Transport Model

Model Validation Report

Warrington Borough Council

Project Number: 60513762

06 December 2017




Warrington Transport Model:

Quality information

Prepared by Checked by Approved by

Laura Appleton Frank Mohan & lan Taylor Frank Mohan
Senior Consultant

Revision History

Revision Revision date Details Authorized Name Position

1 09/02/17 Draft contents list

2 18/04/17 1% Draft— Ch1 - 4

3 17/10/17 1* completed Draft

4 27/11/17 Updated Run053 results and
addressing comments from WBC /
WSP

5 04/12/17 Revised Version addressing
comments from WSP 30/11/17

6 06/12/17 FINAL VERSION

7 12/12/17 FINAL Version with final refinements

to VDM Section

Distribution List

# Hard Copies  PDF Required Association / Company Name

Prepared for: Warrington Borough Council

AECOM



Warrington Transport Model:

Prepared for:

Warrington Borough Council

Prepared by:

Laura Appleton

Senior Consultant

T: 0161 602 7540

E: laura.appleton@aecom.com

AECOM Limited
1 New York Street
Manchester

M1 4HD

UK

T. +44 161 601 1700
aecom.com

© 2017 AECOM Limited. All Rights Reserved.

This document has been prepared by AECOM Limited (“AECOM”) for sole use of our client (the

“Client”) in accordance with generally accepted consultancy principles, the budget for fees and the
terms of reference agreed between AECOM and the Client. Any information provided by third parties
and referred to herein has not been checked or verified by AECOM, unless otherwise expressly stated
in the document. No third party may rely upon this document without the prior and express written

agreement of AECOM.

Prepared for: Warrington Borough Council

AECOM



Warrington Transport Model:

Table of Contents

1.

T oo (8o i oo IR TR 14
0 R O] 1 (= PRSPPI 14
1.2 Scope Of thiS REPOIT .......eeeiiiiiee et e et e e e e e e naeeees 14
1.3 RElAtEd DOCUMENTS .. ..ttt e e e ettt e e e e e e st e e e e e e e e e e e snbbebeeeaeeesannnneees 14
S e 010 ] AR 1 U o (1 = 14
Model Description & SPeCIfICALION ........c..uuiiiiii i 16
2.1 Background to the MOGEL........coui et a e e 16
22 |V o T 1= B @ 1Yo 1Y USSR 16
AR T |V o T =1 IR odo ] o L= PR RUPPPURPRTT 16
PR T |V o T =1 I o = 11 {0 ] 1 1 FO PP PRT T RTPRUUPPRRTR 16
AR B 1= To o | £ o] a1 (ol ©F0) V=] - Vo - USSR 16
2.3.3 Highway NetWOIrK STIUCLUIE.....ccciii ittt e e e e e ibe e ee e e e e e e aaas 17
2.3.3.1 Buffer / sSimulation NEIWOIK............uueiiiiie e e e e 17
2.3.4 Highway Capacity Restraint MeChaniSmMSs ............cueeiieiiiiiiiiiiricc e e 19
2.3.4.1  Junction MOAEHING .......eueeiiiiieii e e e e e e e e e e e e 19
2.3.4.2  Speed/flow relatioNSNIPS .......c e 20
2.3.4.3  SPECIfiC TOI ASSUMPLIONS ...ceieeiiiiiiieiiie e e s erce e e e e s e e e e e e e s s e e e e e s snnnnreeeeeaeesanns 20
2.3.5 PuUblic TranSPort NEIWOIK .......ccoooiiiiiiiiiiii et e e e e e 21
2.3.6 ZONE SITUCTUIE ... . 21
2.3.7 MOdEl TIME PEIIOUS ....ceiiiiiirei ettt e e nn e e e nnee e 23
2.3.8 SEOMENTALION. ......eeiiiiie ettt ettt e e e e e s e bbbt e e e e e e e e saabbbeeeeaaeeeaannbnbeeeaaaeeaann 23
2.3.9 ASSIGNMENT COSES ..eiiiiiiiiiiitiiii ettt e e et e e e e e s e bbb et e e e e e e e saabbbeeeeaaeesaannbnbeeeaaaeaaann 24
22 TR R o [To 1,17 Y USRS 24
2.3.9.2 PT — RoUte ChOICE PAFAMELEIS .......eeiiiiiiiiiiiiiie ettt e e e e e e e e e e e e 25
2.3.10Relationships with Demand Model and Assignment Models............ccccceeiiiiiiiiiiiieeeinnens 28
2.3.10.1 Relationships with Demand Model and Highway Assignment Models ....................... 28
2.3.10.2 Relationships with Demand Model and Public Transport Assignment Models........... 28
[ [0Te [ IS =T g Lo F= 1o < S PP UPTPUEPTT 29
0 R [ 011 o [0 ox 1T o PSP PR PRRPTR 29
3.2 Count Data Verification Standards ... 29
3.2.1 QUAIILY ASSUIANCE ...ceiieiiiiiitiieeee e e e e ettt e e e e e e ettt e e e e e s e e bbb et e e e e e e e saabbbeeeeaaeeeaannbnbeeeaaaeeaann 29
3.2.2 Data Cleaning and OULIErs ChECKS ........cccciiiiiiiiiiiiie e e e e e 30
3.2.3 Vehicle Classification ProCESSING .........uuiiiiiiiiiiiiiiieea et e et ee e e eaere e e e e e e e 31
3.3 Matrix Verification Standards...........c.uueiiiiie i 31
3.3.1 VerifiCation CRECKS ......ciiiiiiiei ittt nnee e 32
3.4 Calibration & Validation CrtEIIA..........uueiieiee it e e e e e 35
3.5  Assignment CONVErgenCe CHEEIIA ... ....uuiiiiiaiiiiiiiieei ettt e et e e e e e eaebe e e e e e e e e aaas 35
3.6 Demand Model Realism Testing & Convergence Criteria ..........cccuvveereeeiiiiciieieeeeeesennnns 36
Summary Of Data COIBCLION ..........ueiiiiiiiiee e e e e e re e e e e e e e e 37
o R 0] 01 (=) (S PP PP PP PP PPPPPPPPPN 37
4.2  Summary of MDCR FINAINGS ..uueiiieeiiiiiiiiiee st ee e s st e e e e s s st e e e e e e s s snnnreeneeaeeeanns 37
4.2.1 Data QUANLY / ACCUFCY .......ueeeeeiiiaeieitiee e e e ettt e e e e ettt e e e e e e e sabb e b e e e aa e e s e sannbeeeaaaeasanns 37
4.2.2 Traffic COUNE DALA......cceiiiiiiiiiiiii ettt e e e e e s ettt e e e e e e s abbbeeeaaaeeaanns 37
4221 ATCS — NEeW AnNd EXISHNG....eeiieeiiiiiiiiieieeeiiiitiieee e e e e s ssisaeeeee e e s s snntnaeeeeeessnsnnnnenneeaessanns 39
4.2.2.2 Additional SWING Bridge SUINVEYS .......ccoiiiiiiiiiiiiaee ettt e e e e siabeeeaaae e 45
4.2.2.3  TRADS ...ttt bttt e bt ah b e be e e bt e e nabe e nhbe e sabeeeabeas 46
4.2.3 ROAASIAE INTEIVIEWS .....oiiiiiiiieeeiee ittt 51
4.2.3.1 MCC & Junction TUMMING COUNES.......cutiiiaiiiiiiiiitaae et ee e e e s eibere e e e e e e s e snnbeeeaaaaeeaans 52
4.2.4 Comparisons With ATC & MCC......coiiiiiiiiii ettt e e e e e e e e 55
o T 3] = o - T 1= (o o OSSR 58

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

4.2.5 Screenlines and COMJONS ........cueiiiiiiiiie ettt e et e e s srbe e e e s srbeeee s snbeeee e 61
4.2.5.1  COrdON SUMIMAIY ...cccoiiiiiiiieita e ettt e e e e e ettt ee e e e s e s asbebeeeaaaasaanbbeseeaeeeeaasannbeneaaaeesanns 64
4.2.6 JOUMNEY TIME DALA. .. cciiiiiiiiiiiiii ettt ettt e e ettt e e e e e e e e snbbe e e e e e e e e s aabbbeeeaaaeeaanns 71
4.2.7 PUDIIC TranSPOrt SUIMNVEYS......uuuiiiieeeiiiiiiiireeeeesisisieeeresesssssstateeeeeeesssnssreseeesesesasssnseneeeeeesanns 75
4.2.7.1  BUS COUNES..ciiiiiiiiiiiiiiiititieie ettt ettt ettt et et ettt ettt ettt ettt ettt ettt teeeteeeeeee et teeeeeteeeeeteeeeeeeeeaeaeees 75
4.2.7.2  BUS SUIVEYS ...ttt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt eeeeeeee et teeeeeeeeeeeeeeeeeeeeeaeaees 76
N T = 1V 1 o = 1] o I = SRS SRSR 77
N O S 3 |l D L | - PRSPPI 78
4.2.7.5 Bus and Rail INterviews EXPanSION..........cooiuuiiiiiiaiiiiiiiieie et aa e 79
S T (=TT || - SRR 81
4.2.9 ParkiNg DAtaA .........cuueeiiiieiiiiiii ittt e e e e e e e e e e e e e e e e e e e abrreeeaaaeeaann 82
4.3 Other DAt@ USEU.......eeiiiiiiiiiiie ettt e e e e e s ettt e e e e e e e anbbeeeaaaeeaanns 85
4.3.1 Highway Network Development Data..........cccuiiierieiiieeeeiiiiiiieeeee e s s siiereeeee e e s s snnsnneseaee e 85
4.3.1.1  OS Meridian2 Data..........uuveeiiiaeiiiiiiiie ettt e e e e e e et e e e e e e s e sannbeeeaaaeeeaans 85
4.3.1.2 Trafficmaster SPEEA Data .......ccouiiuuiiiiiiiie e 86
T T T o - I 7 | - RS USSRR 88
I T I = (o 11 1 o [ PP PUT P PPUUPRPUT 89
R R T = T 1 PSPPSR 89
e R 3 V| PP PSPPSR 98
4.3.5 Summary of Data used for Calibration & Validation ...............ccccceiiiiiiiiieeee 98
5. Model Development — NEIWOIKS .......ooi e e e e e e e e e 99
5.1 ZONE SHUCTUIE ....eteieeiee e ittt ettt e e e sttt e e e e e s e bbb e e e e e e e e sanbe b e et e e e e e s ssnnnrneeeeeeeaanns 99
5.2 NEIWOIK COUING ...ttt ettt e et e e e e e e e s nbabe e e e e e e e e anas 100
5.2.1 Z0NE CONIIOIAS ....eeiiiiieiiiititie it e ettt et e e e e ettt e e e e e e s e sabab e e e e e e e e e sanbbbeeeaaaeaaanns 102
I W 1| g D T | - PP PTPRPRPTISR 103
5.3 Public TranSPort NEIWOIK ........coooiiiiiiiiiiii et e e e e e 105
5.3.1 ZONES .. 105
5.3.2 NEIWOTK STIUCTUIE .....eeiiiiiiie ettt e sttt ettt e st e e s sab e e e e s snbeeeessnbeeeena 105
IR IRC T T 1RSSR 109
5.3.4 Fares (Average Yield)... ... i 109
TG J0 N = 11 PP PTPRRRPTIRR 109
I B = - | PSSP PRRPTISI 110
5.4 PT NEtWOIK ChECKS ...ttt e ettt e e e e e s sbbeae e e e e e e e aanes 111
5.4.1 Refinement & IMPrOVEMENL.........ciiiiiiiiiii e s e e e e e e s e e e e e e s srnrr e e e eeeeeeaanes 111
St O = 11 PP OUURPSURR 111
Yo A = - | PSPPSRI 112
N Y (Y 1 Tor= 1 1T o PP PPPPUPRPP PRSP 112
I o = 11 PSPPSRI 112
5.4.3 QUAIILY ASSUIANCE ....ceii ittt e e e ettt e e e ettt et e e e e e e b b et e e e e e e e e aababeeeeaaeeeaannbbeeeaaaaaaanns 112
6. Model Development — Prior HIghway MatriCeS..........cuvvieiiiiiiiiiiieee e ccciiiieee e e e s seineeee e e e e 113
6.1 CONIEXL ..o 113
B.1.1 DaAlA SOUICES ... . 113
6.2 MODIIE PRONE DALA ....ccciiiiiieiiiiie ettt e st e e s sebe e e s snbeee e 113
B.2.1 SPECIICALION ...ttt e et e e e e e e s et e e e e e e e e s nbbbeeeaaaeeeaans 114
6.2.2 Mobile Phone Data Limitations and BiaS.........c..uuiiiiiiiiiiiiiiieie et 115
6.2.3 Mobile Phone Data VerifiCation ...........coiuiiiiiiiiiieiiiiie et 116
6.2.3.1  ZONAl AlIOCALION ...ttt e e e e e e e e e e e e enn b e e e e e e e e e 117
B.2.3.2  THIP RAIES ... eeeeiiiiie ettt e e e et e e e e e e e bbb e et e e e e e e e nabbeeeaaaeaaaaa 119
6.2.3.3  THIP DIStIDULION ...eeeciiieee e e e e s e e e e e s s e e e e e e e anns 119
6.2.3.4  Trip Length Profile...........o e 120
6.2.3.5 TestF —Daily Profile ChecCK............ooiii e 121

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

6.2.3.6  Conclusion of Initial Verification TEStS.........ccoiviiiiiiie e 122
6.3  Synthetic Matrix / Gravity MOl PrOCESS..........uuuiiiiiiiiiiiiiieea et 123
RS I A I o I =t o - F PP PPUT R TTPUPPPPRT 124
6.3.2 THP COSt SKIMS ..ereiiiiie i e e s s s e e e e e e s e st e e e e e e s snsnnreneeeeeeeanns 125
6.3.3 DeterrenCe FUNCLIONS ........uuiiiiiiiiiiiee ettt e et e e e e e e s abbbe e e e e e e e e aaas 125
6.3.4 Constraining to Observed Data (RSIS) ........ooiiuiiiiiiiiiiiieee e 125
6.4  Prior Matrix Development — Stage L........cccooiiiiiiiiiiee e e s seee e e e e snnrene e e e 125
6.4.1 Development of Prior LGV MAaLtHCES .....ccuiiiiiiiiiiiiiiiee ettt a e 126
L o R I 110 I T [0 £SO PP UPUT TP PPRTT 126
6.4.1.2  Trip diStANCE SKIM ...iieiieiiiee e e st e e e e s e s e e e e e e s e s e e e e e e s snnnnnbeneeeeeeeanns 126
6.4.1.3  Trip Length DiStribULION .......ccoiiiiiiiie et a e 127
6.4.2 Development of Prior HGV MaLriCES ......cccoiiiiiiiiiiiiiei ittt 127
I R I 10 TN =1 o £ PSSR 127
6.4.2.2 Internal TriP BENAS ... a e e e e e e 127
6.4.2.3 SGVC (Specialised Goods Vehicle COUNL) .......cccoiiiiiiiiiiiiiiaeeiiiee e 127
6.4.2.4 VOA (Valuation Office Agency data) and Population Data ..........cccccceeeeevvicvviieneenenn. 128
6.4.2.5 Trip Length DiStribULION .......cooiiiiiiii e e e 128
6.4.2.6  Trip DIStANCE SKIM .....eeeiiiiiiii e a e e 128
6.4.3 Bias COITECON FACIOIS .......uviiieieiiie ittt e s 128
6.4.4 Reallocation of EAUCAION TFIPS ....ooueuiiiiiiieie ittt a e e e e e 129
6.4.5 Replacement of Short diStanCe trHPS ......cooiiiiiiiiiiii e 129
6.4.6 Removal of Non Car Trips from the Provisional Data Set............ccccccvvveveeeniiiciiieneeeenn, 129
6.4.6.1  PUDIIC TrANSPOI ..ottt e e e e et e e e e e e e s nabbeeeaaaeeeanns 129
6.4.6.2 Removal of LGV and HGV Trips from the Provisional Data Set.............cccovveeeeeennn. 130
B.4.6.3  SUMMMAIY ..o i 130
6.4.7 VENICIE OCCUPANCY ...coiiiitiiieit ettt e et e e e e e e s et e e e e e e e e s nbbbeeeaaaeeeanas 130
6.5 Matrix Assessment after STAgE L........uuiiiiiiiiiiiiiei e 131
6.5.1.1  THP LENGINS ..eeeeiiiie e a e s e e e e 131
6.5.1.2 Comparison of flow on cordons and Screenlines ............ccccceiiiiiiiiiiiieeen e 131
6.6 Prior Matrix Development - STAQE 2 .....ooiiii it 132
6.6.1 Adjustment tO Trip LENGLN .. ..o e e 132
6.7  Matrix ASSesSsment after STAGE 2.......uueiiiiiiii e 132
6.7.1 Trip Length diStribDULION .........eeiiii et 133
6.7.2 Comparison Of MatriX FIOWS .........coccuiiiiiiiie e e e e e e e e e e e e e 135
6.8 FiINAI Prior MAIICES ... ittt ettt e e e e e et e e e e e e e e s nbabeeeaaaeaeanas 137
7. Highway Model CaliDration .............ooo e 138
4 S O (= SO PP PRRRPPRIN 138
7.2 NEIWOIK CRECKS. ..ot e e e e e 138
7.2.1 Network Completeness CheCK ...........uviiiiiiii e 138
7.2.2 SATURN Compilation CheCK.........cccuuiiiiiiic e e e 138
7.2.3 Network ROULING CRECK ........eiiiiiiiiiiei et e e e 138
7.3 ASSIGNMENT CRECKS ...ttt ettt e e e e e e et e e e e e e e s nbbbeeeaaaeaeanns 139
7.3.1 ASSIGNMENT CONVEIGENCE ...veviieeeiiiiieiieieeeeeeiaitatteeraeesssssstaaeeeeeessasssntaeeeeeeessassnrenereeessanns 139
7.3.2 LINK SPEEA CNECKS ...ttt e ettt e e e e e s nbb e e e e e e e e e aans 140
7.3.3 DEIAY CRECKS. ...ttt e et e e e e e e s s bbb e e e e e e e e e aaas 140
T4 MAIIX CRECKS ..ottt nn e 141
7.4.1 Scope of MatriX ESHMEALION .....cccoiiiiiiiiiiii et a e e 142
A R o 1 (= VL (=1 = LT ] o PP PTT PR PPPTT 142
7.4.1.2 Second (and Subsequent) ITErations .........ccuuveveeeiiiiciiiieei e e e e e 142
7.4.2 Use Of MiNi-SCre@NlINES........eoiiiiiiie et e e a e e e 143
7.4.3 Matrix Estimation OULPUL ChECKS .........eeiiiiiiiiiiiiiiie et 145

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

10.

7.4.3.1  Matrix Zonal TriP ENAS ....coviiiiiiiiiiec et r e e e e e e e 146
7.4.3.2  Trip Length DiStribDULIONS ......cooiiiiiiiiiiicee et a e 147
7.4.3.3  SECION MAIIICES .coi ittt ettt e e e e e e e et e e e e e e e e e s nnbbeeeaaaeeeanns 147
T4 4 SHESS TESS ....eeeieeiiieie ettt e e e e e s e e e e s s e e e s s e e e s s e e e e s nnne e e e e ee e 149
745 SCREME TESHNG ...eeeiiiieiiititie ittt e e e e e e s e ab e e e e e e e e e s nbbbeeeaaaaaaanns 149
7.5 Highway Calibration ASSignment RESUILS .............ooiiiiiiiiiiiiee e 149
7.5.1 Comparison of Modelled Flows — Screenlines and Cordons ..........ccccccevveeeeiiciivieeneeennn, 150
7.5.2 Comparison of Modelled FIOWS — COUNE SIES .....ccviiiiiiiiiiiiiiiee e 161
7.5.3 Comparison of Modelled and Observed JOUrNeY TIMES ........cccoeriiiiuiiieieeeeeiiiiiieeeaaeenn 169
X A O o V= o[- o o] = 174
[ I oo (= T TP TP PP UUPTRPPPUPRTOPIN 175
8.1 CONIEXL .. 175
8.2 PT Model Key Guidance and ParametersS........ccuueeveeeiiiiiiiiieee e sesiiieeeeee e s sssnnseeeeaaeeennns 175
8.2.1 Validation Criteria and Acceptability Crteria..........ccccooiiiiiiiiiiiii e 175
8.2.2 Convergence Criteria and Standards ..........oooouuiiiiiiioiiiiieeee e 176
8.2.3 Time Periods MOUEIIEA ..........cooiiiiiiii e e 176
8.3 Trip MatriX DeVEIOPMENL.......eeiiiiiiiiiiiii et e e e eanbe e e e e e e e 176
8.3.1 BUS TYPE 1 SUD-MALIX ...eeeeiieiiiieee ittt e ettt e e e e e e e s abbbe e e e e e e e e anns 178
8.3.2 BUS TYPE 2 SUD-MALIIX ..uuveiieiieeee e ittt ie e e e e s sstte e e e e e e s s st e e e e e e s s snantaeeeeaeessnnnnnranneeeeeeanns 178
8.3.3 BUS TYPE 3 SUD-IMALIX ....eeieieiiiieee ittt e ettt e e e e e e s eabbe e e e e e e e e anas 178
8.3.4 BUS TYPE 4 SUD-IMALIX ....eeeiieiiiiee ettt ettt e e e sttt e e e e e e s naabeeeaaaeeeanns 179
SR TSI = V1 1 - U1 ) ST 179
8.3.6 CoMDINEA PT MALIIX ...ttt et e e e e e e s aab e e e e e e e e e anas 179
8.3.7 Prior MatrixX AQJUSTMENTS ........eiiiiiiiiiiiie ettt e e ettt e e e e e e s nbabeeeaaaeeeaans 180
8.4 NEIWOIK REVIEW......coiiiiiiiie ittt n e nnre e e e s 180
8.4.1 SEIVICE REVIBW ....eeiiiiiiiiiiitie ittt e e ettt e e e e e s e b et e e e e e e e s bbbbeeeaaaeeaanns 182
8.5 Assignment Calibration and Validation ................eeiiiiiiiiiiiii e 182
8.5.1 Assignment Calibration............cueii i 182
8.5.2 Trip MatriX ESHMEALION ...t e e e e e e e e e 182
8.5.3 AsSIgNMENt Validation ...........ooiiiiiiiiiiiie e a e 186
8.5.3.1  FIOW ValIdALION .....eeeiiiiiiiee et 186
8.5.3.2  PT ROULING CECKS ... .eetieiiiiiei ittt e e e e e e e e e e e e e 195
Validation ASSIGNMENE RESUILS..........uuiiiiiiiie e e e 197
L0 R [ 011 o [0 ox 1T o PSPPI 197
9.2 Comparison of Modelled FIOWS — SCreenline ...t 197
9.3 Comparison of Modelled FIOWS — COUNE SILES ......ceviiiiiiiiiiiiiiiieeee e 203
9.4 Overall Model PerforManCe..........coouiiiiiiiriieiie e e 207
Variable DemMand MOUEL........coii et e e e e e e e e e e snnbaaeeeaeas 210
O R /T To [T W BTV ZT (o] o] 4 =T o | PP PURP R 210
O I S0 101 T = TP PT PR PTROPIN 210
O 24 o 1Yo ] T PP RRRT 211
10.2  Structure Of DEMANG ........ooiiiiiie e e e e e e 211
02 Y=Y [ 41T o = L4 T TR 211
10.2.2Generalised CoSt CalCUIAtIONS .........eiiiiiiiiiiieieee e 211
10.3 Demand Sensitivity of Longer Distance Demand MOVEMENLS .........cccceeiiiiiviiiieeeennnnnns 212
O S I o N = [ 1= o o Y2 R 213
10.5 TiMe Period CROICE .......uuiiiiiiiiiieiee ettt e e e et e e e e e e 213
O G /T To [T @4 o o (o =T PP RRRT 214
L0 A I o N 1 1 1o oo R 214
ORI O 1] o] = 11T o F PP RTRT 215
10.8.1%GAP Demand Supply CONVEIGENCE .........uuuueieieeeiiaiiiieieeaa e e aiateeeaaa e s e aibeeeeeaa e e e e anneees 215

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

O3 J24 D T=T 0 4 F= U To IR 1 o o] i o1 1o T R 216
10.8.3Generalised COSt PAramMEtEIS ........uuiiiiiaiiiiiiiiii ettt e e e e e e e e e e e saeneees 216
10.8.3.1  ValUES Of TIMB.. ittt e e e e e e e e et e e e e e e e e nneeeee 216
10.8.3.2 Vehicle Operating COSES ......cccuuuuiiieeeiiiiiieii e e e e e ses e e e e e st e e e e e s e snbeae e e e e e e s e nnnnnees 217
10.8.3.3 MONELAIY CRAIGES ....eeiiiiiiiiiiiiiiiia ettt e e et e e e e e e s b e b e e e e e e e e s annbereeaaeeeaannnneees 218
10.8.4Choice Model Sensitivity Parameters..............eiiiioiiiiiieiieee e 218
10.8.4.1 TriP FrEQUENCY ....uueviiiieiee ettt Error! Bookmark not defined.
10.8.4.2 MaIN MOAE CROICE .....ueiiiieiiiteeeee et e e et e e e e e e e naneeees 218
10.8.4.3 TimMe Period CROICE......coiiiiiiiiiiiiie ettt e e e e e e anneees 219
10.8.4.4 Trip DIStIIDULION ... e e e e e e s s s e e e e e e s e nnnnnees 219
10.8.5MOAEl CONVEIGEINCE .....eeiiiiiieeieieittee et e e ettt e e e e e s ettt e e e e e e st ab e e e e e e e e e ansbabeeaaeeeaannnneees 219
ORI V= [T F- o] o EO TP RRRT 219
ORI I L= 1] o I =Y (] Vo PR 220
10.9.1.1 Car FUel COSt EIQSHCITY......ciieiieiiiiee ettt 220
10.9.1.2 Public Transport Fare EIaStiCIti©S. ........ccuuuuiiiiii et 222
10.9.1.3 Car Journey Time EIaStiCity ........ceuieeiiiiiiiiiieie s e r e e e 222
10.9.2Summary of REaliSM TESHING ........uuiiiiiieei it 223
10.9.3MOAEl RODUSINESS ...ttt ettt e e e et e e e e e e e sbb e e e e e e e e e e e nnneees 223
O o o Tod 1] To ] o R TTRPP R PRSI 224
A = 7Tl (o [ o 10 o F PP RRRT 224
11.2  OVEIVIEW Of MOGEL ... ...t e e e e e e 224
11.3  PerformanCe SUMMAIY .......cccciiiiiurieeeeeessiisieeeeeeessssssssteeeeeaessssnsssraeeeeeessannssneeeeeesssensssnnes 224
11.4  FItNESS O PUIMDPOSE . ...ttt e et e e e e e et e e e e e e e e nnneees 225
F Y o] 01T Lo [y A PP PPUPT 226
Al EXpansion Factors fOr RSI SItES.......cciiiiuiiiiiiee e iciiiieer e e e s e e e e e e e snnrnaneee s 226
P Y o] 01T Lo [l = TP PPPUPT 227
B.1 Observed Count Data TabIes ..........eooiiiiiiii e 227
Y o] 0 1= o )G SR 228
C.1  BUS EXPANSION FACIOIS......uuiiiiiiiiiiiiiii ittt ettt e e e e ettt e e e e e e s nnbbeeeaaaeeeanas 228
F Y o] 01T Lo [l I PP PPPUPTO 229
D.1 Variable Signal Timings EXample OUIPUL .........couveiiiiiiieieeee e ccciiieee e e e 229
F Y o] 01T Lo [l TP PUPT 230
E.1  WMMTM16 Coding MaNUAL..........cuuiiiiiiiiiiiiiie ettt e e e 230
Y o] 0 1= o )Gl SR 231
F.1  BUS Service ROULINGS — [P ..ot 231
F.2  BUS Service ROULINGS — PM ...ttt e e e 231
F.3  PT ROULING ChECKS......ciiiiiiiiiei ittt s s e e e et e e e e e e s s st ae e e e e e e s e nnnneees 231
F Y o] 01T Lo [ € F TP PPPUPTO 232
G.1 Telefonica Report — Mobile Phone Data..........c..ueeeiiiiiiiiiiiiiiiee e 232
Y o] 0 1= o )Gl SR 233
H.1  WSP Model ReView and ChECKS.......coiiiiiiiiiiiiie et 233
F Y o] 01T Lo )Gl TP PPPUPTO 234
.1 WMMTM16 Highway Calibration and Validation Dashboard — RUNO53.............c.c..ee.... 234
.2 WMMTM16 Highway Journey Time Dashboard — RUNOS3............coooiiiiiiiieeiiniiiieen. 234
.3  Stress Test — 10% increase in Matrix Flow - AM and PM Delay Difference Plots.......... 234
Y o] 0 1= o )G SR 235
J.1  Trip Length Distributions — Mobile Phone Data vS. RSIS ... 235
J.2  Chapter 6 — Trip Length Distributions — NTS vS. SYnthetiC.........coooviiiiiiiiiiiiiiiieeeeene 235
J.3 Chapter 7 — Trip Length Distributions — Prior vs. Post ME Matrices .............ccccvvvvreeennn. 235
J.4  Chapter 7 — Origins & Destinations Regression Plots — Prior vs. Post ME matrices..... 235
J.5 Chapter 7 — Cell Regression Plots — Prior vs. Post ME matrices.........ccccccovviiiiiieenenennn. 235

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

Y Y o] o 1=] oo 1)l PRSP OTPRPRTPRP 236
K.1 Test of Network Response to Scheme TeStNGA ......cccuuiiiiiiiiiiiiiiee e 236
Figures
Figure 1 WMMTML6 MOUEIEA ATE@ ......eeeeieeieiciiiieee e ettt s e e e e e e e s e e e e e e s snnnbnne e e e e e e s e nnnneees 17
Figure 2 Extent of Model SimuUIation AN a............uuuiiiieeiiiiiiiii et e s e e e e e e s r e e e e s srrre e e e e e e e e nnnneees 18
Figure 3 Simulation Nodes in Warrington by JUNCHION TYPE ...covveeiiiiiiiiiiiee e 19
Figure 4 Zones within Warrington BOTOUQGN .........uviiiiieoiiiiiiiicee e e e et e e e e e e 22
Figure 5 NOrth WeSt Z0ONE SIIUCTUIE ......vviiieii i e e e s s e e e e e e st nae e e e e e e s e nnnneees 23
Figure 6 Outliers REMOVAI PrOCESS .......uuuiiiiiiiiiiiiieie e e s s eiteee e e e e s s st e e e e s st e e e e e e e s snnbaeeeeaeeeeennnnnees 30
Figure 7 Telefonica Methodology for Producing Mobile Phone-Based Matrices ............ccccvvvvveeeeeiinnnnns 31
Figure 8 Count Data Coverage by Type - Final Dashboard.............cccccvviveiiiiiciiene e 38
Figure 9 Existing WBC 'GOlden RIVEI ATC SItES.....uiiiiiiiiririeeieeeieiiiiieeeeee s s ssetnteeeeeeesssnnntnneeeeeessessnnnns 39
Figure 10 WMMTM16 CommiSSIONEd ATC SUIVEYS......cciuvieiieieeeieiitieeeeeeeessssinsaeeseeesssnsnsnneesseessssnsnsnns 40
Figure 11 AM Observed FIOW SUMMATY ........ooiiiiiiiirie i e e e s s e e e e s s snnaee e e e e e e s snntneeeeaeeesesnnnnees 42
Figure 12 IP ObServed FIOW SUMMIAIY ........coiiiiiiiieeee i sciieeee e e e e e sssietee e e e e e s snsinaee e e e e e s s snssnneeeeeessensnssens 43
Figure 13 PM Observed FIOW SUMMAIY ..........cccuiiiiiieeiiiiiiiie e e e e s st ee e e e e s ssinaee e e e e e s s snnnneeeeeeeesennnnnens 44
Figure 14 Highways ENgland TRADS SItES.......c..uuuiiiieeiiiiiiiireee e s sssieiee e eee s s sninseeeeeeesssnnssnneeeeeessessnnsens 46
Figure 15 AM Observed FIOWS - TRADS SItES ....uuuiiiieiiiiiiiiiieee e e s et ee e e e s ssintee e e e e e s s snraaeeeee e e s e nnnnnees 48
Figure 16 IP Observed FIOWS - TRADS SItES .......uuiiiieeiiiiiiieieieeesesiiiieeree e e s ssinreeeee e e s s snnnsanneeeeeesennnnnens 49
Figure 17 PM Observed FIOWS - TRADS SItES ......uuiiieiiiiiiieiieie e e s esiiiieeeee e s s ssintneee e e e s s snnnsnnneeaeessennnnsnns 50
Figure 18 WMMTM16 CommisSioNed RSI SUIVEYS .......ccuviiiiiieeeiiiciiieie e seiiee e e e sinree e e e e e e 51
Figure 19 WMMTM16 Commissioned MCC Surveys - Junctions (yellow), Links (purple) ................... 53
Figure 20 WMMTM16 Commissioned MCC Motorway Slip-Road SUrveys .........ccccceeevvviiveeeeeeeciinnnns 53
Figure 21 Location of MCCs Used in Validation .............cocuuiiiiieeiiiiiiiiie e csiiiee e e e e sineee e e e e s 54
Figure 22 Junction Turning Link Counts Used in Calibration and Validation ...........cc.ccceeecvvieeeeeiiinnns 55
Figure 23 Final Set of Count Sites Taken Forward into Calibration / Validation ..............ccccccvvveeiiinnns 61
[T [ ST (=TSR o g - W @] (o (o] o SO 62
Figure 25 Sites on a Calibration SCreENlINE. ..........uuiiieiiiiiiiireee e e e e e nnneees 62
Figure 26 Sites on a Validation SCre€NliNe ...........uueiiieiiiiiiiiiee e e e e 63
Figure 27 Sites used in Matrix ESHMAtiON............uuiiiiieeiiiiiiiie e e e e e e s rre e e e e e e s e nnnnnees 63
Figure 28 Sites used for Independent Validation .............cccuviiiieeiiiiiiiiin e 64
Figure 29 Summary of Observed Flows - Inner Cordon, Inbound Direction - AM ..........ccccvveveeeeeiiinns 65
Figure 30 Summary of Observed Flows - Inner Cordon, Outbound Direction - AM .........ccccccvvveeeiiinns 65
Figure 31 Summary of Observed Flows - Inner Cordon, Inbound Direction - IP ............ccccvveveeeeeiinnns 66
Figure 32 Summary of Observed Flows - Inner Cordon, Outbound Direction - IP ..........cccccevveeeeiiinnns 66
Figure 33 Summary of Observed Flows - Inner Cordon, Inbound Direction - PM..........ccccocevvveeiiinnns 67
Figure 34 Summary of Observed Flows - Inner Cordon, Outbound Direction - PM ..........cccccceveeeiinnnns 67
Figure 35 Summary of Observed Flows - Outer Cordon, Inbound Direction - AM .........ccccovvveeeeiiinns 68
Figure 36 Summary of Observed Flows - Outer Cordon, Outbound Direction - AM..........cccccevveeeiiinnns 68
Figure 37 Summary of Observed Flows - Outer Cordon, Inbound Direction - IP ..........cccccvvveeeeeiinnns 69
Figure 38 Summary of Observed Flows - Outer Cordon, Outbound Direction - IP .........cccccccvvveeriinnnns 69
Figure 39 Summary of Observed Flows - Outer Cordon, Inbound Direction - PM .........ccccocvveveeiiinnns 70
Figure 40 Summary of Observed Flows - Outer Cordon, Outbound Direction - PM .........cccccceveeiiinnns 70
Figure 41 WMMTM16 Journey Time Routes (NON-MOtOIWAY) .......cocvrrrreieeeieiiiiiireeeeesessinineeeeeeeesnnnenes 71
Figure 42 WMMTM16 Journey Time ROULES (MOLOIWAY) .....uuvvveeeiiiiiiiiieeeeeeseiieeeee e e e s s ssnrnneeeeeeesesnneees 72
Figure 43 Example of Trafficmaster ISSUE FOUN ...........cccuviiiiiiie i 73
Figure 44 Bus Occupancy Cordon Boundaries (purple) and Points (YEllOW) .........covveeviiiiviiiieeeeeiiinns 76
Figure 45 Specialist Goods Vehicle COUNt SItES .....cviiiiiiiiiiiiiie e e e 81
Figure 46 Freight Operator Surveys - Depot LOCAtIONS .......uuuiiveeiiiiiiiiiiieee e s ceiiieeee e e e e s snnireee e e e e e s 82
Figure 47 WBC Car Park INVENTOIY ......uuiiiieii e cseee et e e e e s st e e e e e e e s snsbnaneeeeeesennnnnees 83
Figure 48 WMMTM16 Commissioned Car Parking SUIVEYS .........ccccuvviiieieeiiiiiiiieee e e s seineeeeee e e s 84
Figure 49 WMMTM16 Commissioned Car Park Surveys — Consistency Check of Car Parks............. 84
Figure 50 AM Peak AVErage SPEEUS ......uuiiiiiiiiiiiieet e e e s e eite e et e e e s s st e e e e e s anntna e e e e e e e s snnsbareeeeeeeeennnnrees 87
Figure 51 INter-Peak AVEIage SPEEUS .....cciiii ittt e e s e eceee e e e e e s e e e e e e s e e e e e e e e s snsbaeereeeeesennnnnees 87
Figure 52 PM Peak AVEIage SPEEUS ......uuiieiiiiiiiiiiei e e e s e ettt e e e e e s st e e e e e e s anntnae e e e e e e e s snsbnaeeeeeeesennnneees 88

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

Figure 53 All Signalised Traffic Junctions in Warrington ..o 89
Figure 54 Network Warrington BUS SEIrVICES - AM......coiiiiiiiiiiiie ettt 90
Figure 55 Network Warrington BUS SEIVICES - IP ....coooiiiiiiiiiiiie e 91
Figure 56 Network Warrington BUS SErviCes - PM .......oooiiiiiiiiiiiiie e 92
Figure 57 Bus Routes, All Peaks — Non-Network Warrington ServiCes..........occcuueeieiieiiiiiiiiieneee s 93
Figure 58 AM Bus Routes — Network Warrington Services (1/4) ...cccuuueeieiiiiiiiiiieieee e 94
Figure 59 AM Bus Routes — Network Warrington ServiCes (2/4) .....c.uueeueiiiiiiiiiieieieeeeiiieeee e 95
Figure 60 AM Bus Routes — Network Warrington Services (3/4) .....cuuueeiiiieiiiiiieieee e 96
Figure 61 AM Bus Routes — Network Warrington ServiCes (4/4) ... 97
Figure 62 Rail Routes in Model, All PEAKS............uuiiiiiii e 98
Figure 63 Zone Sector System USEed iN ANAIYSIS ....ceiiiiiiiiiiiiiieie e 99
Figure 64 Extent of Model SIMUIAtION AP a............uuiiiiiiiiiiiiiii e e e 101
Figure 65 Meridian2 and SATURN Link Distances (M) COMPAriSON ..........couicuvirieeeeanaiiiiiiieeaae e 103
Figure 66 LiNK ClasSIifICAtION .........coiiiiiiiiiiie ettt e e e e e s snbnbe e e e e e e e eanas 104
Figure 67 Bus Stop Network Development — additional node requirement identification................... 105
Figure 68 PT Network Link Types (FUll EXIENTL) ......eeiiiiiiiiiieeiiee et a e 106
Figure 69 PT Network Link Types (Medium ZOOIM) ......cooiiuiiiiiiiie et a e 107
Figure 70 PT Network Link Types (Warrington TOWN CeNIIe)........cooiiuvriiieieaaiiiiiieieee e e eeiiieeeeeae e 108
Figure 71 Bus Fare to Distance RegresSion ANAIYSIS........cc.uuiiiiiii it ee e 109
Figure 72 Rail Fare to Distance Regression ANAIYSIS........c..uuiiiiiiiiiiiiieie e 111
Figure 73 Process of Developing Prior MAtHCES. ......cuui ittt a e e 113
Figure 74 Extent of MOAEl COrON .........ueiiiiiiii ettt a e e e e e e e 114
Figure 75 First POl SCOMNG, LSOA LEVE .....ccoiiiiiiiiie ettt 117
Figure 76 Final POl Scoring, MSOA LEVEL ...t 118
Figure 77 Symmetry of MPD at MSOA level in the model area..............oooeieiiiiiiieeeeee 118
Figure 78 HBW From-Home vs. census JTW (all day district IeVel) ... 119
Figure 79 HBW To-Home vs. census JTW (all day district Ievel)...........coiiie s 120
Figure 80 Comparison of Trip Length Profiles between Mobile Phone Data and NTS data for Home-

Based THPS (L2-NOUE) ...ttt e e e e ettt e e e e e e st et e e e e e e e annnnneeeaaaeeaanns 120
Figure 81 Daily Profile — HOme Based WOrK TrPS. ....cuiaaiiiiiiiiieaee ettt e e e e 121
Figure 82 Daily Profile — Home Based Other PUIPOSES ..........cciiiiiiiiiiiiiiieiaee it 121
Figure 83 Daily Profile NOon HOmMeE BaSed TIPS .....ueuiiiieiiiiiiiiiieee ettt e e ee e e e e 122
Figure 84 Synthetic Matrix BUilding PrOCESS ........uuiiiiiiiiiiiiiiii et 124
Figure 85 Stage 1 MatriX BUIld PrOCESS....ccccciiiiiiiiiiiii ettt a e e 126
Figure 86 Trip Length Comparison for Home based Work Trips .........eeeiiiiiiiiiiiiieiieieeee e 131
Figure 87 Home-Based WOrk, StAQE 2 ......cooo ittt a e e 133
Figure 88 Home-Based Employers’ BUSINESS, StAgE 2..........uuiiiiiiiiiiiiiiiieeae e eeiiiieee e seiiiee e e e e 134
Figure 89 Home-Based Other, STAgE 2.t e e e 134
Figure 90 Non Home-Based Employers’ BUSINESS, StAJE 2 .....cooviiiiiiiiieeiiiiiiiieee e eeiiieee e e 135
Figure 91 Non Home-Based Other, StAge 2..........uuuiiiiiiiiiiiiiiiieee et a e e e e e e e e 135
Figure 92 Example of OD ROULE ChECKS.......ccoiiiiiiiiieiie et 139
Figure 93 Sites not on a Screenline or Cordon Used in Matrix Estimation...........ccccccoeviiiiieeneeiinnnns 144
Figure 94 All Sites Used in Matrix ESHIMAatioN ...........cooiiiiiiiiiiiiiee e 144
Figure 95 Matrix Estimation Mini SCrE@NIINES ..........ooiiiiiiiiiii e 145
Figure 96 AM Inner Cordon GEH Results — Inbound (left), Outbound (right) .........ccccoiiiiiiiiiiinniis 155
Figure 97 AM Outer Cordon GEH Results — Inbound (left), Outbound (right) ..........ccoooiiiiieeiiininnnns 156
Figure 98 Inter Peak Inner Cordon GEH Results — Inbound (left), Outbound (right)............ccc.oons 157
Figure 99 Inter Peak Outer Cordon GEH Results — Inbound (left), Outbound (right) ..........cccccoeones 158
Figure 100 PM Inner Cordon GEH Results — Inbound (left), Outbound (right) ..........coooioiiieeiieninins 159
Figure 101 PM Outer Cordon GEH Results — Inbound (left), Outbound (right) ..o, 160
Figure 102 AM GEH Summary - Total Vehicles, All CouNt SIHES........c..uviiiiiiiiiiieeiee e 163
Figure 103 Inter Peak GEH Summary - Total Vehicles, All Count SIteS .........ccuvveeiiiiiiiiiiiiiieee s 164
Figure 104 PM GEH Summary - Total Vehicles, All CouNt SItes ...........ccooeiiiiiiiiiiiiiieiiiieieee e 165
Figure 105 AM GEH Summary - Total Vehicles, Calibration Only Sites ... 166
Figure 106 Inter Peak GEH Summary - Total Vehicles, Calibration Only Sites...........ccccvvvieeieriinins 167
Figure 107 PM GEH Summary - Total Vehicles, Calibration Only Sites ..........cccveeieiiiiiiiiiiiieneee s 168
Figure 108 Summary of data and processes used to develop WMMTM16 PT Model Matrices ........ 177
Figure 109 Example of walk-only links in Warrington TOWN CeNtre ............oooocuiiieeieeeniiiiiiiieeee e 181
Figure 110 Example of walk-only connectors for rail stations (Warrington Bank Quay Station)......... 182
Figure 111 AM Peak Origin Zone Demand Comparison Between Prior and Post Calibration............ 183

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

Figure 112 Inter Peak Origin Zone Demand Comparison Between Prior and Post Calibration ......... 184
Figure 113 PM Peak Origin Zone Demand Comparison Between Prior and Post Calibration ........... 184
Figure 114 AM Peak Destination Zone Demand Comparison Between Prior and Post Calibration... 185
Figure 115 Inter Peak Destination Zone Demand Comparison Between Prior and Post Calibration. 185
Figure 116 PM Peak Destination Zone Demand Comparison Between Prior and Post Calibration... 186

Figure 117 AM Peak Period PT Validation — Graphical representation of individual counts............... 189
Figure 118 Inter-Peak Period PT Validation — Graphical representation of individual counts ............ 191
Figure 119 PM Peak Period PT Validation — Graphical representation of individual counts .............. 193
Figure 120 Example of primary assigned rOULE SEIVICE...........uiiiiiiiiiiiiiiiieee e e e e e e 196
Figure 121 Example of comparative ‘Google Maps’ suggested route options .........ccooccvveeeeeeeeinninns 196
Figure 122 Count Sites Used in Calibration / Validation ... 197
Figure 123 Validation Sites on a Validation SCreenline. ...t 198
Figure 124 AM GEH Summary - Total Vehicles, Validation Only SIteS ..o 204
Figure 125 Inter Peak GEH Summary - Total Vehicles, Validation Only Sites...........cccoecviiieeiiriinnins 205
Figure 126 PM GEH Summary - Total Vehicles, Validation Only SiteS...........cccuveeiieiiiiiiiiiieeeee s 206
Figure 127 AM Model Summary Performance StatiStiCS ..........ceuiiiiiiiiiiiiiiieeeiie e 207
Figure 128 AM Model Links Meeting GEH Acceptability Criteria............eueeiiiiiiiiiiiiiiieiiieeeeeeees 207
Figure 129 IP Model Summary Performance StatiStiCS ............coiiiiiiiiiiiiiiiieieec e 208
Figure 130 IP Model Links Meeting GEH Acceptability Criteria..............eueeiiiiiiiiiiiiiieeeeeeees 208
Figure 131 PM Model Summary Performance StatiStiCS ..........ccouoiiiiiiiiiiiiiia i 209
Figure 132 PM Model Links Meeting GEH Acceptability Criteria...........cccccoviiiiiiiieiiieiiiiiieeee e 209
Figure 133 ChoiCe MOUEI SITUCTUIE .......ueiiiii ittt e e e e e ebabe e e e e e e e e aans 210
Figure 134 Cost Dampening FUNCHON ..........oiiiiiiiiiii et e e e e e e e e e e e e 213
Figure 135 Overview of MOAEl SIFUCTUIE .......ooiieiiiiiiii e a e e 224
Tables

Table 1 Network Density and DEtail .............uuiiiiiiiiiiie e e e e eea s 18
Table 2 NEtWOIK SUMIMEIY ..ottt e ettt e e e e e e s bbb et et e e e e e ansbebeeeaaaeesannnbeneeaaeas 19
Table 3 Summary of Base Model Toll Charges APPlEd ... 21
Table 4 Modelled TiME PEIIOUS .......ouuiiieiiiit ettt e st e e s e s b e e s aaeee 23
Table 5 PCU FACIOrS USE........ueiiiiiiiiieiiiit ettt sttt e st e s e e s b e e s 24
Table 6 User Classes and Value of Time/Distance 2016 (perceived values) ..........cccccceeriniiiiiieneeenn. 25
Table 7 Frequency-based Wait Times Rationale ... 26
Table 8 ClasSIfyiNg COUNTS ...ttt e e e e e b e e e e e e e e e snabeaeeeaaaeeeannbeneaaaens 31
Table 9 Mobile Phone Data VerifiCation TESES.........ccuiiiiiiiiieiiiiiie et 33
Table 10 Validation Criteria and Acceptability Guidelines for Transport Models..........cccccoiiiiiienenenn. 35
Table 11 WebTAG Convergence Criteria and Acceptability Guidelines ... 36
Table 12 Summary of Counts used in the Calibration / Validation Dashboard (by Type) ........ccccceee.. 38
Table 13 ATC SIES SUMMIATY ......eiiiiiiie ettt e ettt e e e e e e s e bbb et et e e e e s aaababeeeeaaeessansbebeeeaaasasannbeneeeaens 41
Table 14 Comparison of Observed Bridge Crossing Flows - Northbound ..., 45
Table 15 Comparison of Observed Bridge Crossing Flows - Southbound .............ccoccceeiiiiiiiiiiienennnn. 45
Table 16 Canal Screenline Totals - ODSEIVEM.........oocuuiiiiiiiiie et 46
Table 17 Nationwide Data Collection RSI Data Validation Checks............cccoociiiiiiii i, 52
Table 18 RSI MCC - ATC 12-HOUFr COMPATISON .....coieiiiiiieaaaeiaititieeeeaeeeaaibabeeeeaa e e s sanbebeeeeaaeesannbeneeeaeas 55
Table 19 RSI MCC - ATC Directional COMPAIISON ........uuiiiiiaiiiiiiiiiieeae et ee e e e e e e e sneeaeeeeeas 55
Table 20 Comparison of Junction Turning Link Counts on A49 Screenlines - EB Direction................. 56
Table 21 Comparison of Junction Turning Link Counts on A49 Screenlines - WB Direction................ 56
Table 22 RSIATC SiteS OMIIIEA .......veiieiiiiie ettt e s b e e e aaeee 56
Table 23 RSI Data SAmMPIE RALES .....coooiiiiiiiiiiii et a e e e e e e e e sabaaeeeaeas 57
Table 24 RSI Dat@ ClEANING.........ueeiiiiie ettt e ettt e e e e e s ab bt e e e e e e e e s sansbeaeeeaaaeasannbeneeeaens 58
Table 25 RSI/MCC - ATC SiteS COrreSPONUENCE. ........uuiiiiiiie ettt e e e e ettt ee e e e e e abebee e e e e e e e snbeaeeeeeas 59
Table 26 Site 1 RSI Expansion Factors CalCulations............couiiiiiiiiiiiaiiiiiieie e 60
Table 27 Observed Journey Times for Motorway ROULES ............ueiiiiiiiiiiiiiiie e 74
Table 28 Observed Journey Times for NON-Motorway ROULES ...........cooiiiiiiiiiiiiiieiiiiieee e 75
Table 29 Bus Passenger Survey Sample RAtES ..........uuiiiiiiiiiiiiiiiee e 77
Table 30 Train Station Average Daily Passenger Entry / EXit NUMDErS. ..o 78
Table 31 Rail Station Survey Sample RALES ......coooiiiiiiiiiiee e 79
Table 32 Bus Services SUrVEYEd Cat@gOrIES . ....cuuuuiiiuuiiiiieiae ettt e e e e ettt e e e e e e e seibbbeeeea e e e s annbeneeeaeas 80

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

Table 33 Bus Interviews Expansion Factors EXample ... 80
Table 34 Sources Of NEIWOIK Data .......cccuviiiiiiiiieiiiiie ettt 85
Table 35 Number of Model ZONES DY SECLON........ccoiiiiiiiieii e 99
Table 36 Internal Network CheCkS SUMMAIY ........oooiiiiiiiiiai it e s 102
Table 37 Cruise Speeds Applied in the Model by Link TYPe ......cuuiiiiiiiiiiiiee e 104
Table 38 BUS TiCKet TYPE ANGIYSIS ...coeiiiiiiiiieiie ettt e e e e e e eb e e e e e e e e snbeeeeeaans 110
Table 39 Rail Ticket TYPE PrOPOrtiONS. .........uuiiiiieeiiiitieit ettt e e e e et e e e e e e s snanbeaeaaae s 111
Table 40 Correlation DY TP PUMPOSE.........uuiiiiieaeee ittt e et e e e e e e e snbeeeeeaeas 119
Table 41 All day from-home trip rates VS. NT S 119
Table 42 Comparison of Trip Purpose SPIitS — 24 HOUN .........c.uuuiiiiiiiiiieeieee e 121
Table 43 Results of Mobile Phone Data Verification TeStS..........ccooiiieeiiiiiie e 123
TADIE 44 SGVC ANAIYSIS ...eeiiiiiiiiiieie ettt e e e et e e e e e e e e e bbb e e et e e e e e s nbbbe e e e e e e e e annbnreeeaens 127
Table 45 Land USE ASSUMPLIONS ......ctiiia ittt ettt et e e et e e e e e e e s aaabeeeeaae e e sasbsbeeeaaaaeesnnbeseeeaens 128
Table 46 Bias Correction Factors Applied to Provisional Mobile Phone Data ............cccccceeeiiiiiiineen. 129
Table 47 Breakdown of Provisional dataset bY MOGe .........cooiiiiiiiiiiiiiie e 130
Table 48 Vehicle OCCUPANCY FACIOIS ..........uuiiiiiiieie ettt a e eeeeeeas 130
Table 49 Matrix Totals after StAgE L.......ooiiuiiiiiiie e e e e ee e s 131
Table 50 Flow Comparisons on Screenlines and CordoNS .............ceiieeiiiiiiiiieiee e 132
Table 51 AdJUSIMENT FACIOIS ... ...ttt e e e e e e st e e e e e e e s nb b b e e e e e e e e e annbeeeeeaens 132
Table 52 Weekly Flow by 15 Minute Intervals used to Derive Peak Period Factors............cccoccuvveeen. 133
Table 53 Comparison of Screenline flows — Prior Matrix AM Peak...........ccouuiiiiiiiiiiiiiiiee, 136
Table 54 Comparison of Screenline flows — Prior Matrix Inter Peak..........cc..ueevieiiiiiiiiiieieniieen. 136
Table 55 Comparison of Screenline flows — Prior Matrix PM Peak ..., 137
Table 56 Prior Matrix TOtals DY PUIPOSE ........ueiiiiiiiiiiiiiii e 137
Table 57 Assignment Parameters ABIE .........oooi i e e s 139
Table 58 WebTAG Convergence Criteria and Acceptability Guidelines...........cccccoviiiiiiiiiiiiiniiiiinen. 140
Table 59 Example of Delays in Base Model and Checks Undertaken............ccccccooiiiiiiiiiiiiniiniiinen. 141
Table 60 Significance of Matrix Estimation Changes ... 146
Table 61 Zone to Zone Statistics for Pre and Post matrix EStimation............c.ccccceeviiiveiiiiiec e 146
Table 62 Trip origin regressions — prior v post matrix @Stimation.............cccuveeieieeiiiiiiiieeeee e 146
Table 63 Trip destination regressions — prior v post matrix estimation ...........ccccccoviiiiiieeiieenninciiieen. 147
Table 64 Trip Length Distribution — Percentage Change — prior v post matrix estimation.................. 147
Table 65 Sector to Sector Changes in Matrix Estimation — AM Peak ...........cccccceeiiiiiiiiieii e, 148
Table 66 Sector to Sector Changes in Matrix Estimation — Inter Peak ...........ccccccoviiiiiiiiiiiinniiiiee. 148
Table 67 Sector to Sector Changes in Matrix Estimation — PM Peak............cccccciiiiiiinnniiiee. 148
Table 68 Stress Test SUMMANY RESUILS ........uiiiiiiiiiii e e s 149
Table 69 Screenline and Cordon Overall SUMMEAIY.........ccoii i 150
Table 70 AM Screenline Calibration SUMMEATY.........ocuuiiiiiiiaiiie e ereeee e 151
Table 71 IP Screenline Calibration SUMMAIY ... 152
Table 72 PM Screenline Calibration SUMMATY ........cccuuuiiiiiiiiii e 153
Table 73 AM Cordon Calibration SUMMATY .........cooiiiiiiiiiia e 154
Table 74 IP Cordon Calibration SUMMIAIY.........cuuaiiiiiiiiiiaa et a e e e e e e e e snbeeeeeeeas 154
Table 75 PM Cordon Calibration SUMMAIY.........cooi ittt e e e snbeeeeeee s 154
Table 76 Individual Count Site Summary — Calibration and Validation SitesS............ccccccceieeiiiiiiineen. 161
Table 77 Individual Count Site Summary — Calibration Sites ONly ..., 161
Table 78 Journey Time Routes Meeting Acceptability Crteria..........ccccooiiuiiiiiiiiiiiiieee e 169
Table 79 Observed AM Journey Times for Motorway Routes (in MiNUEES) .........cooviiiiieeeeeernniiiiieenn. 169
Table 80 Observed Inter Peak Journey Times for Motorway Routes (in minutes).........cccccooeveuvieeeen. 170
Table 81 Observed PM Journey Times for Motorway Routes (in MiNUES)..........ooooviiieeeeeenniiiiienenn. 170
Table 82 Observed AM Journey Times for Non-Motorway Routes (in minutes) ..........ccccceeeveviiineneen. 171
Table 83 Observed Inter Peak Journey Times for Non-Motorway Routes (in minutes)..................... 172
Table 84 Observed PM Journey Times for Non-Motorway Routes (in minute)............ccccceeveviivieneen. 173
Table 85 Final Four Assignment Loops before Convergence Reached ..........cccccooviiiiiiiiiiinniniiinen. 174
Table 86 Model Convergence Statistics — Final Assignment Converged LOOpP ........cccvveeveeeeiiiniienenn. 174
Table 87 WebTAG Validation MEASUIES..........cuuiiiiiiiiie ittt 176
Table 88 PT model time periods coNVEersion faCtors ...........coo it 176
Table 89 Quantity of Zones Adjusted During Calibration ................coiiiiiiiiiiiii e 183
Table 90 PT — Bus Trips Matrices Mini Screenlines Validation POINtS ...........ccccceeiiiiiiiieei i, 186
Table 91 AM Peak Period PT Validation SUmmary — BUS TFIPS .....ueetiaaiiiiiiiiiieieeeeiiiiieee e e sieieeeens 188
Table 92 AM Peak Period PT Validation Summary — Rail THPS .....ueeiiiiiiiiiiiiiieeee e 189

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

Table 93 Inter-Peak Period PT Validation Summary — BUS TriPS....ccccouiiiiiiiiiieiaeeiiiiiieee e 190
Table 94 Inter-Peak Period PT Validation Summary — Rail TripS........cooiiiiiiiiiiiiiiee e 191
Table 95 PM Peak Period PT Validation Summary — BUS THPS......ciiiiaiiiiiiiiieieee i 192
Table 96 PM Peak Period PT Validation Summary — Rail TriPS......cccooiiiiiiiiiiiiiiieieeee e 193
Table 97 PT Model Validation Summary StatiStiCS..........ceuiaaiiiiiiiiiieeeiieee e 194
Table 98 Screenline Overall Summary, Validation SiteS ONlY ... 198
Table 99 AM Screenline Validation SUMMAIY .........oocuuiiiiiiaiiiiiee e sreeee e s 200
Table 100 IP Screenline Validation SUMMATY .........oocuuiiiiiiiiiiiiiee e 201
Table 101 PM Screenline Validation SUMMAIY ........ocuuiiiiiiiiieiiee et 202
Table 102 Individual Count Site Summary — Validation Sites ONnly ..o, 203
Table 103 2016 Person Values of Time (pence per minute, 2010 PriCES) ......eevieeeriiiiiiriieeeeeneaiiiiieen 217
Table 104 Base Year (2016) Operating Cost Parameters, 2010 PriCES ........uueeiieeiriiiiiiiiieeeeeneiiiiieen 217
Table 105 Trip Frequency Theta Values........cccccceevvvvivieieee e Error! Bookmark not defined.
Table 106 Mode ChoiCe Theta VAIUES ..........coiiiiiiiiiie e 218
Table 107 Car Trip Distribution Lambda ValUES.............eiiiiiiiiiiiiie et 219
Table 108 Public Transport Trip Distribution Lambda Values ... 219
Table 109 Convergence Statistics for FUel COSt TEST .....cciiiiiiiiiiiiiiiee e 221
Table 110 Car Fuel Cost Elasticities — Matrix Based (Vehicle Kilometres) .........ccccoociiieeiiiiniiiiinnen. 221
Table 111 Car Fuel Cost Elasticities — Network Based (Vehicle Kilometres) ..........occcvveeeeeiiiiiiiininen. 221
Table 112 Convergence Statistics for Fares ElastiCity TESt...........ueeiiiiiiiiiiiiiieeeee e 222
Table 113 Public Transport Fare EIastiCitieS (TFPS) ....vueueeeaaaiiiiiiieeie ettt 222
Table 114 Car Journey Time Elasticities - Matrix Based (Vehicle Kilometres)..........ccococvieininiiiinnen. 223
Table 115 Car Journey Time Elasticities - Network Based (Vehicle Kilometres) ..........ccccccevviiiiiineen. 223

Prepared for: Warrington Borough Council AECOM



Warrington Transport Model:

1. Introduction

1.1 Context

Warrington Borough Council (WBC) has a requirement for a highway and public transport model to
help estimate and assess future year traffic conditions, inform transport related policy and scheme
decision making, as well as informing wider planning decision making. AECOM were appointed by
WBC to commence work on the development of the new transport model in July 2016. The model is
referred to as the Warrington Multi Modal Transport Model 2016 (WMMTM16).

There are two main issues that require evidence derived from a transport model covering Warrington:

e WBC is preparing a spatial strategy for the Warrington Local Plan which is currently under
review. This is expected to involve substantial development, comprising an additional 24,774
dwellings over the next 20 years. These are expected to impose significant pressure on the
transport network. It will be particularly important that soundly based evidence justifies the
associated transport strategy, for the final consultation of the preferred spatial strategy prior to an
Examination in Public (EIP).

e  The model is required to underpin the appraisal of a variety of transport proposals, notably a
major western route, “Warrington Western Link”, providing access to potential development along
the Manchester Ship Canal and providing improved connectivity to the west of the town centre,
together with relief and resilience to the town centre road system. Evidence will be required to
justify investment in this scheme; which is currently being developed.

In addition to these issues, which are fundamental to the Town’s growth strategy, there are
requirements to liaise with Highways England to identify and prioritise investment in the motorway
network; the operational performance of which is critical to Warrington’s own highway network. There
is also a need to consider and prioritise other investments and management plans for the transport
system.

1.2  Scope of this Report

This report sets out the work undertaken to develop the model and how well it performs against
observed data.

1.3 Related Documents

In the context of this project, no particular scheme is being appraised but there is a need to clearly set
out the context, background and technical requirements of the model to be built. Best practice is
therefore to produce a Model Specification Report (MSR). For more information on the specification of
the model, please refer to the AECOM report “Warrington Transport Model: Model Specification
Report (MSR), November 2016.”

In addition to the MSR, please refer to the AECOM report “Warrington Transport Model: Data
Collection Report (MDCR), January 2017” for more information relating to the methodology, collection
and analysis of existing data and the additional data collection exercise undertaken in June/July 2016.

1.4  Report Structure

Following WebTAG guidance, Unit M3.1, this Model Validation Report (MVR) covers the following:

o Chapter 2 details the model specification and overall design of the WMMTM,;
e  Chapter 3 sets out the criteria and standards against which the model will be assessed;

e Chapter 4 presents a summary of the data collected, quality assessment, and how the data has
been taken forward into calibration and validation;

e  Chapter 5 presents the key features of the highway and public transport model networks;
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e  Chapter 6 describes the methodology behind the production of the highway and public transport
prior matrices;

e Chapter 7 presents the results of the calibration exercise for the highway assignment;

e Chapter 8 presents the results of the calibration exercise for the public transport assignment;

e  Chapter 9 presents the results of the model validation against the criteria outlined in Chapter 3;
e  Chapter 10 describes the demand model process; and

e  Chapter 11 presents the conclusions and recommendations.
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2. Model Description & Specification

2.1  Background to the Model

This chapter covers the key features of the WMMTM16 model in terms of: scope, time periods,
demand segmentation, assignment methods; generalised cost assumptions, representation of
transport network capacity and the structure and interfaces of the model suite.

2.2  Model Objectives

The MSR sets out the requirements of the model. These can be summarised in terms of a need for a
tool that comprises highway and public transport assignment and variable demand modelling
capability, following the standard modelling structure defined in WebTAG M1.1.

There are particular pressures on the operation of the highway model reflecting the resilience of the
M6, M56 and M62 around Warrington and the funnelling of north-south routes crossing the
Manchester Ship Canal. Combined with the pressures to support substantial development in the
borough, the model must be capable of representing the effects of these pressures on an already
congested urban network as well as represent the capacity and constraints within Warrington.

The key model requirement is to support WBC's transport strategy and Local Plan development which
aims to deliver acceptable accessibility to support growth of the borough, and to help justify
investment in particular schemes.

2.3  Model Scope

The model is required to be sufficiently detailed and robust to accomplish the following:

e represent the existing transport networks within Warrington and performance at present;

e understand the traffic impact of the site specific allocations of the Warrington Local Plan on the
local highway network;

o develop realistic mitigation measures to support these allocations and test them to understand
their benefit and their impact on traffic patterns - these results can then be fed into a transport
strategy and associated infrastructure planning; and

e undertake detailed feasibility work on Warrington transport infrastructure projects such as
Warrington Western Link.

2.3.1 Model Platform

The WMMTM16 has been developed using SATURN modelling software, version 11.3.12U for
highway assignment modelling aspects integrated with EMME 4.29 software for public transport and
demand modelling aspects.

2.3.2 Geographic Coverage

Although the purpose of the WMMTM16 is to model demand and network conditions within the
boundaries of the Warrington Borough, the model itself extends outside of this area. As the distance
from the borough increases, the level of spatial detail reduces.

Following WebTAG M3.1 the resultant classification of modelled area type has been considered:

e Fully Modelled Area (FMA): the area over which proposed interventions have influence. This
can be further subdivided as follows:

— Area of Detailed Modelling. This is the area over which significant impacts of interventions
are certain. Modelling detail in this area is characterised by: representation of all trip
movements; small zones; very detailed networks; and junction modelling (including flow
metering and blocking back).
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— Rest of the Fully Modelled Area. This is the area over which the impacts of interventions are
considered to be quite likely but relatively weak in magnitude. It is characterised by:
representation of all trip movements; somewhat larger zones and less network detail than
for the Area of Detailed Modelling; and speed/flow modelling (primarily link-based but also
including a representation of strategically important junctions).

o External Area: In this area impacts of interventions would be so small as to be reasonably
assumed to be negligible. It is characterised by: a network representing a large proportion of the
rest of Great Britain, a limited representation of demand focused on trips to, from and across the

Fully Modelled Area; large zones; skeletal networks and simple speed/flow relationships or fixed
speed modelling.

The WMMTML16 consists of the three areas noted above (see Table 1 for more information)). This

area of Detailed Modelling is shown in Figure 1 and covers the area within the Warrington Borough
boundary.

The Rest of the Fully Modelled Area is the area between the Warrington Borough boundary and the
dotted line on Figure 1.

The external area is the remaining area outside the dotted line on Figure 1, covering the rest of the
country.

Figure 1 WMMTM16 Modelled Area
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2.3.3 Highway Network structure
2.3.3.1 Buffer / simulation network

Within the FMA the model needs to be capable of modelling the choice of routes available to the
driver. Therefore within this area, all motorway, A roads and B roads are included as well as a
substantial number of additional minor roads where these provide a through route. Additionally, some
minor roads have also been included to provide a means for trips to access the highway network from

zones and to represent public transport service routeing. The external area consists of motorways and
‘A’ roads only.
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The minor roads represented have been identified through an inspection of the network and an
assessment of the potential to serve through movements. These definitions were then reviewed by
WBC and an independent auditor to verify that the network representation included routes of local
concern where ‘rat running’ was observed or the potential was judged to exist. Table 1 summarises
the association between each model area and the road types included.

Table 2 provides a summary of the key network features. Figure 2 displays the extent of the model
simulation area and Figure 3 shows the simulation nodes within Warrington by junction type.

Table 1 Network Density and Detail

Area Sub - Area Network Density Network Detail
Motorway
Area of Detailed A Roads Simulation
Modelling B Roads
Fully Modelled Area Key Minor Roads
Rest of Fully Modelled oo™
est of Fully Modelle A Roads Simulation
Area
B Roads
Motorway
External Area External Area Buffer

Some A Roads

Figure 2 Extent of Model Simulation Area
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Table 2 Network Summary

Simulation Buffer Total
Number of Links 5,150 9,956 15,106
Number of Zones 498 88
586
No. of Zones in Borough 488 -
Number of Nodes 2,484 6,386 8,870
Dummy 36
Number of Junctions 2,447 - -
External Nodes 173 - -
Priority Junctions 2,053 - -
Roundabouts 87 - -
Signalised 135 - -

SOURCE: P1X, SATLOOK, Option 7

Figure 3 Simulation Nodes in Warrington by Junction Type
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2.3.4 Highway Capacity Restraint Mechanisms

2.3.4.1 Junction modelling
In the FMA, all junctions are modelled in full ‘simulation’ level detail to explicitly represent junction

delays.
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Section 4 of the Coding Manual (appendix E) details how the turn saturation flows can be calculated
and applied for each junction included within the SATURN simulation network. Saturation flow is
defined in the SATURN User Manual Section 6.4.6 as “the maximum number of pcu’s per hour which
could make that particular turning movement PROVIDED there were no other vehicles on the road, no
red lights to oppose it, etc.”

The calculation of the turn saturation flows is therefore based upon the physical characteristics of the
junction incorporating standard attributes such as:

e Junction type — including signalised junctions, roundabout and signals.

e  Major or minor arm

e No of lanes

e Lane Width

e  Turning Radius

e Position of lane — nearside and offside

e  Visibility; and

¢ Inclination (on hills).

Tables 2 to 14 in the Coding Manual (appendix E) provide details on the saturation flows applied in
the model by junction type and the attributes noted above.

2.3.4.2 Speed/flow relationships

For urban links within the simulation area, cruise speeds (based on DfT Trafficmaster data) have been
used on links. These have been extracted for the same time periods being modelled. This is in line
with best practice where it is felt that, in urban areas, capacities on links are a function of junction
operation; i.e. general activity on a link (for example parked cars, bus stops, side entrances,
pedestrians crossing etc.) has the primary influence on the standard “cruise” speed as opposed to a
speed/flow relationship typically used on rural links.

For rural links and motorways within the simulation area, speed/flow relationships are used on links
which are rural in character yet lie within the simulation area of the model.

Speed-flow curves were used to represent the relationship between link flow, speed and capacity and,
by defining a speed-flow relationship (or ‘curve’) enables the (observed) decrease in link speeds to be
estimated as the overall link flow increases. Those used in the WMMTM16 are listed in Section 4.4 of
the Coding Manual and have been derived from a technical note produced by the Highways England
TAME group. Appendix C of the Coding Manual contains a copy of the technical note.

All links in the external area (i.e. outside the FMA) have been coded using fixed speeds. This is to
allow more stable routeing of high volume trips between large external zones where neither capacity
nor demand are fully defined at a link level. These have been derived from the Highways England
Trans-Pennine South Regional Transport Model which has fixed speeds coded using observed data
from Trafficmaster by time period.

Section 8 of the Coding Manual provides more details on the methodology used to derive the fixed
speeds and cruise speeds used in the WMMTM16.

2.3.4.3 Specific Toll Assumptions

The following toll locations were identified and toll rates were implemented in the SATURN 44444
card:

e  Mersey Tunnels (Kingsway & Queensway); and
e  Warburton Bridge Rd.
For the Mersey Tunnels, tolls were derived from:

http://www.merseytunnels.co.uk/nossl/html/fees.php.
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Toll Class 3 was used to represent the cost to HGVs.
For the Warburton Bridge, tolls were derived from:

http://www.ajdor.co.uk/secondary/UK _TOLL BRIDGES.htm

In addition to the toll charges, Warburton Bridge and the Cantilever bridge crossing in Warrington also
carry a weight restriction of 3T. As such, a ban on HGV movements has been applied to the model
link.

A summary of the toll charges applied is shown in Table 3.

Table 3 Summary of Base Model Toll Charges Applied

Link Car Toll Car Toll (Other LGV Toll HGV Toll
(Commute) Users)
Kingsway Tunnel
£1.20* £1.70 £2.90 £4.35
Queensway Tunnel
Warburton Bridge £0.12 £0.12 £0.12 Banned

2.3.5 Public Transport Network

The public transport network uses the network developed for the highway model and allows bus
operation and walking on each link. Additional walk only links were coded to represent pedestrian
links within town centres and access to rail stations. Links were also coded to represent rail tracks
and access to the rail services operating to and from Warrington.

The public transport network was coded to represent:

e All bus services operating within, to and from the borough, except privately run (i.e. non-
scheduled) services and school buses; and

e Allrail services stopping at stations within the borough.

The bus network was initially coded using data from two sources; Traveline’s TransXchange data and
Basemap’s ATCO CIF data. This gave stopping sequences for most services, and allowed the model
to take account of route variations through the day with different stopping patterns. Following the
application of these datasets, manual headway and routing checks were conducted against
timetables.

Rail station locations were mapped using the Ordnance Survey Meridian2 dataset and services were
coded manually from timetables listed on the National Rail Enquiries website.

Centroid connectors were coded to link zone centres to the nearest point on the highway network to
allow walk access to any routes operating through the zone. Where appropriate, multiple connectors
were allowed for a single zone. It is assumed that core area centroid connectors are walk links,
however for external areas additional centroid connectors were coded directly to stations as drive
links with car travel times coded based on the distance from the zone centre to the station.

2.3.6 Zone Structure

The zone structure for WMMTM16 was developed specifically for this model in line with the guidance
in WebTAG M3.1, Section 2.3 and WebTAG M3.2, Section 1.5. This suggests a balance between the
size of the zones and the precision/accuracy of the model. The number of zones also has a significant
influence on model run times.

The same zone system has been used within all three elements (highway, public transport and
demand) of the overall model suite. The zones within the borough are disaggregated from Office of

! It was assumed that commutes would be regular users of the tunnels and were therefore more likely to have a ‘fast tag’
thereby having access to discounted charges.
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National Statistics (ONS) MSOA? Census boundaries to reflect proximity to bus stops and stations
and access to the modelled road network as well as natural boundaries (rivers, rail infrastructure,
highway network, etc.). Population and employment data was used alongside WebTAG
recommendation that specifies internal zones should contain around 200-300 highway trips per hour)
to estimate trip ends.

Outside the borough the zone system extends across the entire country with zones increasing in size
as distance from Warrington increases, formed by aggregating MSOAs for the rest of the country.
Once a set of highway zones were created to satisfy these highway access and natural boundary
criteria, they were further disaggregated to fit with the requirements of the public transport model
(linked to the walking catchment areas around stops and stations). These additional changes were
then applied back to the highway model zone system for consistency. The Warrington borough zone
structure and the zones covering the immediate areas surrounding Warrington are illustrated in Figure
4 and Figure 5.

Figure 4 Zones within Warrington Borough

2 Middle Super Output Areas (MSOAs) are one level of a geographical hierarchy used by the ONS designed to assist in the
consistent reporting of Census area statistics in England and Wales. The minimum population size for an MSOA is 5,000, the
average is approximately 7,200.
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Figure 5 North West Zone Structure

2.3.7 Model Time Periods

The base year for the model is 2016 and represents an average neutral “weekday” in June. It has also
been assumed that the swing bridges are not in operation and are open to traffic throughout the
modelled time period.

Analysis of ATC data collected for the purposes of model development and Google Live Traffic display
has revealed the peak hours for highway movements. These have been applied to the WMMTM16
and are shown in Table 4.

Please refer to the AECOM report “Warrington Transport Model: Model Specification Report (MSR),
November 2016” for more details.

Table 4 Modelled Time Periods

Period Name Model Time Period Average Modelled Hour
AM Peak Period 07:45 - 09:15

Inter-peak Period 10:00 - 16:00 Average hourly
PM Peak Period 16:30 — 18:00

The Public Transport (PT) survey data was categorised within the AM, Inter-peak and PM peak
periods of 07:00-10:00, 10:00-16:00 and 16:00-19:00. The PT model time takes an average of these
time periods to represent average time period hours, so as to enable use of all available survey data.

2.3.8 Segmentation

The demand model is more-heavily segmented than the supply models. It considers five modes of
travel:
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e Car,

e Rall

e  Bus and coach,

e  Freight (Light Goods Vehicles, LGV, and Heavy Goods Vehicles, HGV) and
e  Active modes (walk, cycle)

It models two person types based on categories of car-availability (car available / no-car available)
and five travel purposes:

e Home-based commuting

Home-based employer’s business;

e Home-based other;

e Non-home-based employer’s business; and
¢ Non-home-based other.

The highway model assigns the demand across five user classes:

Car (commuting);

Car (business);

Car (other purposes);
e LGV;and
. HGV.

Table 5 lists the Passenger Car Unit (PCU) parameter values that have been used in the highway
model to convert vehicles to SATURN PCUs.

Table 5 PCU Factors Used

Vehicle Type PCU Factors Source
Car 1.0
LGV 1.0
WebTAG M3.1, paragraph D7.2
HGV 20
Bus 2.5

The PT model represents bus and rail modes only (no split between fare/non-fare paying has been
used). As specified, the model does not include school buses, or coach services.

Surveys were conducted at each of the rail stations within the model simulation area, generating a
sample of boarders relating to any train operators.

Bus surveys were conducted on a selection of Network Warrington, Arriva and First operated
services. Other relevant bus operator services were included, but accounted for a small percentage of
demand.

The surveys were used to generate purpose specific PT matrices in line with the equivalent highway
purpose definitions. These were combined for assignment of a single PT demand matrix.

2.3.9 Assignment Costs

2.3.9.1 Highway

The assignment generalised cost formulations (expressed as PPM and PPK — pence per minute and
pence per kilometre) were derived using WebTAG's data book as published in March 2017. The
parameters PPM and PPK vary with each user class and time period and these are shown in Table 6.
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HGV values are twice as high as those originally quoted in the WebTAG data book Unit A1.3. This is
in accordance with WebTAG Section 3.1, paragraph 2.8.8 which states “...the value of time given in
TAG Unit A1.3 for HGVs relates to the driver’s time and does not take account of the influence of
owners on the routeing of these vehicles. On these grounds, it may be considered to be more
appropriate to use a value of time around twice the TAG Unit A1.3 values.”

Table 6 User Classes and Value of Time/Distance 2016 (perceived values)

AM Inter Peak PM

User Val_ue of \/_alue of Val_ue of Value of Val_ue of \/_alue of
Class Class Name Time Distance Time Distance Time Distance

(PPM) (PPK) (PPM) (PPK) (PPM) (PPK)
1 Car Commute 20.2 6.12 20.56 6.12 20.38 6.12
2 Car Business 30.17 13.45 30.97 13.45 30.71 13.45
3 Car Other 13.95 6.12 14.85 6.12 14.6 6.12
4 LGV 21.1 131 211 131 21.1 131
5 HGV 50.16 46.53 50.16 46.53 50.16 46.53

SOURCE: WebTAG Data Book, March 2017

During model calibration it was found that HGV routing was favouring cross town routes rather than
more realistic motorway routes. To encourage HGVs to travel on motorways where this was a more
realistic route, reductions of 10p per kilometre were made to HGV operating costs on motorway links
as suggested in WebTAG Module M3.1, paragraph 7.2.3. The value was adjusted until realistic cross
town routes were observed.

2.3.9.2 PT - Route choice parameters

The model assignment is carried out within EMME. The model includes a representation of the sub
mode choice between bus and rail. Route choice is based on a weighted sum of the various elements
of journey time, as shown in the formula below, which are refined during the calibration process.

As identified in the MSR, the model uses a standard cost function of the form;

Boarding penalty + in vehicle time + (a * wait time) + (b * (access + egress time))

+ (e  ntorchanges) + (£%)
*
(¢ * interchanges) VOT

Where:

- A, band c are constants;

- VOT is the value of time; and

- Boarding penalty is a mode specific constant
Access Time

Walk access has been included within the model, allowing travel along the highway network for walk
trips. Also walk journeys use the zone centroid connectors. During the network build, the need for
additional walk-only links has been considered, covering additional walkway links, connections
between the bus and rail networks and zone centroids. This had led to a small number of additional
walk-only links being added to ensure an appropriate representation of access to, and connection
between, the public transport networks.

In addition, it was necessary to disaggregate the rail demand into car and non-car access, given the
relatively even split, and significant difference in access options / times. Car-rail, zone-to-station
access link connectors were included and made available to be used by this part of the demand.

No similar disaggregation was required for the bus demand as the survey results showed very few
car-bus trips.
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All walk link speeds within the model are based on an assumed walk speed of 5kph (WebTAG Unit
A5.1, 2014).

Standard zone connectors have been assigned a speed of 25kph and car-rail access connectors
have been assigned a speed of 50kph.

A cost perception factor ranging from 1.4 to 1.65 was applied to the access time across the time
periods, accounting for the inherent physical inconvenience for walking, and congestion / parking
costs associated with access by car. The upper value was used in the IP period to account for the
greater degree of concessionary pass users, with an associated greater degree of reduced physical
mobility.

Wait Time
To represent wait time, there are two approaches which can be adopted within EMME, these are:

e  Schedule based, which are derived from actual service timings; and

e  Frequency based, which are based on service headways.

WebTAG M3.2 provides advice and recommendations on each of the two approaches. For the
purpose of this project, a headway based representation of wait time has been used in the model.
This was selected based on the review of WebTAG guidance presented in Table 7.

Table 7 Frequency-based Wait Times Rationale

Descriptor Schedule (S) Comments
/ Frequency
(F) Based

Service Frequency High Either Varies substantially, but many services in the peak

Low IS periods in particular are relatively frequent.
Passenger Information & High S Limited punctuality information. Though passengers
Service Punctuality Low = have access to full timetables there are questions of

reliability at peak times in particular.
Transfer choice-making Pre-trip S Given extent of network most trips are likely to be
by travellers En-route = planned in advance, but extent of interchange is also
expected to be relatively small.

Regular schedule Yes Either )

N S Services generally follow a regular schedule.

0

Crowding / congestion Yes S Crowding is not considered to be significant for most

No Either services.
Capacity problems Yes S o )

: Not aware of significant capacity problems.

No Either

Scale of network Large F Fully Modelled Area is relatively large, covering the
Small Either Borough area.
Day by day variations Yes S ,
: Service schedules are regular on weekdays

No Either

Significant dispersion of Yes Either Analvsed at or level
i nalysed at a sector level.

behaviour NO Either Y

Table 7 suggests a frequency based approached is more appropriate. Taking into consideration the
additional time to generate a timetabled representation and added complexities of maintenance with
respect to timetable changes and practicalities of use in forecasting scenarios, a frequency approach
was adopted.
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Given the relatively high frequency of many bus services a flat headway factor was applied,
depending on access type. This is incorporated within the model by using a wait time factor of 0.35 for
non-car-rail users and 0.25 for car-rail users. This identifies that for most passengers there is a
degree of planning and they don't arrive randomly at the station, as would be implied by a factor of
0.5. The car-rail travellers have a lower factor to represent the fact that they are making journeys
which typically are planned with the more reliable scheduling and lower frequencies for long distance
journeys.

A wait time perception factor of 1.85 was applied to the general PT users, to represent the fact that
people dislike waiting at bus stops and train platforms. For car-rail users a factor of 1 was used, given
the reduced headway factor and fact that people can remain in their cars should they wish to.

In Vehicle Time

To represent bus journey times, two approaches were considered. These are the representation of
bus journey times extracted from the highway network link speeds, or a timetable based approach
based on bus operator timetables. A timetable based representation of in vehicle time has been
derived to inform the base model. This approach was selected to allow for a dynamic link between
highway and bus link times. In forecasting, outputs from the highway model will be considered to
judge whether changes in bus in vehicle time should be represented.

Fare

A distance-based fare structure for bus trips has been derived for inclusion in the model. Bus fares
are calculated for single fare journeys by distance, which is calculated from data obtained from
Network Warrington. The average fares account for seasons, day, and concession fare types. Survey
responses and published fare data has been analysed. The model represents average fares and
takes into account concessionary users. Fares were converted to generalised cost minutes by
applying a value of time (V.O.T.) based on Office for National Statistics (ONS) data.

For bus users the fare applied, converted to generalised cost mins is:
e 6.6 +0.6mins/km

For rail users the equivalent is:

e 8.8+0.5mins/km

Boarding/Interchange Penalty

Boarding penalties have been applied on a mode basis. These, along with walk access links have
been used to represent the cost associated with accessing services within the study area of interest.
At external stations where the model structure is more aggregated, a combination of nhode connectors
and interchange penalties (ranging from 10-15 minutes) have been applied to calibrate access.

Egress Times
Egress times have been calculated in line with access time discussed above for access time.

Calibration of wait time factors, maximum wait times, and boarding penalties during the model and
matrix calibration are described further in Section 8.5.1.
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2.3.10 Relationships with Demand Model and Assignment Models

2.3.10.1 Relationships with Demand Model and Highway Assignment Models

The highway model provides costs of zone to zone travel in each of four times period (AM Peak, Inter
Peak, PM Peak and Off Peak®) for the demand model. Cost skims are carried out on each iteration of
the demand model to extract zone to zone:

e  Travel times;

e Travel distances; and

e Tolls incurred on tolled routes.

The demand model provides trip demand matrices for highway model assignment. The highway

model also provides changes in link travel times for the Public Transport model.

2.3.10.2 Relationships with Demand Model and Public Transport Assignment Models

There are two sets of data transferred between the demand model and the public transport model.
These are transferred in the format of zone-to-zone matrices for each element. The public transport
model is used to supply travel costs to the demand model. These are derived from the assignment
process and the following elements of cost are calculated separately and provided in terms of minutes
(except ‘fare’) without any generalised cost weights:

e Invehicle travel time;
e  Access/egress time;
e  Wait time;

e  Transfer time; and

e  Fare.

The demand model provides trip demand matrices to be used for public transport assignment.

% Off-Peak matrices were received from Telefonica in the same raw format as the other time periods. As such, the same
process was applied to remove freight and rail, apply the bias factors, and infill short distance trips. However, the trip length
distributions have not been adjusted for the Off-peak. Off peak costs were derived from assigning an average off peak hour
matrix to the inter peak network. The off peak assignment was not validated, as the matrix was used only to derive an estimate
of off peak travel costs.
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3. Model Standards

3.1 Introduction

This section discusses the following topics:

o Details on the verification criteria and standards used to check the quality of the data collected
and the mobile phone matrix;

e \Validation criteria and acceptability guidelines; and

e Convergence measures and acceptable values.

3.2 Count Data Verification Standards

The development of the WMMTM16 required the use of a substantial dataset for network and matrix
production, as well as traffic counts and journey time data for model calibration and validation. The
standards and checks applied below considered the suitability of different data sources and outlines
the approach used to process the count data and the vehicle classifications required for the model.

A comprehensive data collection exercise has been undertaken for the development of the base year
highway and PT models. Please refer to the AECOM report “Warrington Transport Model: Data
Collection Report (MDCR), January 2017” for more information relating to the methodology, collection
and analysis of existing data and the additional data collection exercise undertaken in June/July 2016.
In summary, data was collected for:

e Mobile phone data for the borough and surrounding area;
e 459 highway count sites;

o Trafficmaster data coverage for the whole borough to facilitate the analysis of 38 journey time
routes;

e 23 RSI surveys;
e 10 parking surveys;
e 8 specialised goods vehicle surveys and 19 freight operator interviews;

e  Bus ticket data for Network Warrington services alongside 22 bus passenger surveys and rail
access interviews at each station in the borough; and

e  Traffic signal data for 80 signalised junctions in the borough.

Each of these datasets has been checked and any anomalies found were removed where necessary
or corrected as appropriate as per the standards and processes described in this chapter.

3.2.1 Quality Assurance

Post data collection (which is described in more detail in Chapter 4), the data has gone through a
three-stage quality assurance process:

e Internal sense / logic checks conducted by the survey company;
e Analysis of the data by AECOM on a day by day variance basis;

e  Cross-checking of nearby count sites. For the highway counts, this focused on checking the
automatic traffic counters (ATCs) against the manual classified counts (MCCs) and adjacent site
MCCs. Given that most locations had at least one or more roads in between them, no
generalised acceptance rules were adopted, but instead a logic check carried out on a site by
site basis to determine whether any differences in the flows were plausible. This included a
sense check on the ratios between car / LGV / HGV,;

e For the Public Transport (PT) model, services and routes were reviewed against timetables and
visual checks of the route followed by each coded service in the model were undertaken to
ensure that it reflected the existing public transport network as outlined in Section 5.4. Service

Prepared for: Warrington Borough Council AECOM
29



Warrington Transport Model:

headway by bus and rail service was also benchmarked against the timetables and survey data
to ensure consistency and prevent potential demand routing issues; and

e Reviews of model the zone connectors, public transport links and walk routes used by
passengers to access the transit network were also undertaken to ensure that the access to the
model network was adequate for a PT model. The model links have also been reviewed to
prevent excessively long walking distances on the network, as well as any missing walk links
from the Highway Model.

This process did not highlight any obvious anomalies at this stage. 338 ATC/MCC counts were initially
taken forward into the calibration dashboard where they have undergone further review against the
modelled outputs, with 280 remaining by the end of the calibration exercise. An additional 109
Junction Turning Link counts were added later during calibration to supplement the core dataset.
Further details on this can be found in Section 4.

3.2.2 Data Cleaning and Outliers Checks

In the case of ATCs, where data were collected across multiple days, the variance across those days
was analysed by each model period. Where the flow for a given period for a given day was identified
as being 2 standard deviations or more outside of the respective period average day, the flow for this
period was removed from the dataset and the mean for the site recalculated.

This ‘outlier’s removal’ process follows both the WebTAG guidance of unit M1.2, 3.3.37 (the removal
of outliers that arise from unusual events) and the Highways England TAME ACO Note V05 on ‘Data
Requirements for Traffic Models and Economic Review’ and is shown in Figure 6.

The outputs from this process are discussed in more detail in Chapter 4.

Figure 6 Outliers Removal Process

*Flow is calculated for each of the 3 model periods of every day surveyed

» An average weekday flow is calculated for each model period

*Outlier days are identified and removed (defined as days with averages larger than + 2
Standard Deviations)

*A new average weekday flow is calculated for each model period once outliers removed

«For the remaining counts, the confidence range is checked to see whether it exceeds
15%.

«Rather than disregarding the entire dataset for counts with confidence range greater
than 15%; such sites are identified and 'flagged’ as sites 'to be treated with caution' in
calibaration / validation stage

€C€€C€CECK
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3.2.3 Vehicle Classification Processing

The proportion of each vehicle class was calculated for each model time period and for the entire day
for sites where MCC data or classified ATC data were available. Table 8 sets out the approach
adopted for classifying different types of counts.

Table 8 Classifying Counts

Data Source
Vehicle Class

TRADS Data’ DfT Count Data ATC (No Vehicle Splits)

Use local splits (by road type
HGVs > 6.6m length Total HGV classification etc.) obtained from MCC or DfT
data

Lights
< 6.6m length n/a

(Cars and LGV) .
If no data available, use the

national default data by road

Cars Use local MCC splits Car classification
(e.g. DfT data) to type
LGVs split between cars LGV classification

and LGVs

Where there were no local data available to split the counts by vehicle class, regional factors (DfT
Traffic Forecasts of 2015) have been used.

3.3 Matrix Verification Standards

Mobile phone data (MPD) was required as the primary component for the generation of the highway
demand matrices. MPD has been used as it provides a larger dataset in terms of geographic
coverage and timeframe compared to using automatic number plate recognition (ANPR) or RSls in
isolation.

MPD was received directly from one of the main operators — Telefonica, the parent company of O2.
Figure 7 shows the methodology used by Telefonica, to develop their mobile phone based origin-
destination trip data.

Figure 7 Telefonica Methodology for Producing Mobile Phone-Based Matrices
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Results

1 As well as TRADS sites, any other sources of data that use vehicle lengths as the basis for their classification system will use
this guidance

Prepared for: Warrington Borough Council AECOM
31



Warrington Transport Model:

3.3.1 Verification Checks

The collection and use of MPD is a new technology and area of analysis and as such there is no
existing guideline at this stage on how to use mobile phone data to produce OD matrices. In fact there
is little guidance in WebTAG on matrix building and the merging of different data sources.

In addition to the checks undertaken by Telefonica on the MPD noted above, an approach has been
developed to use existing data sources to test and seek to establish at which resolution level (both
spatially and demand segments) the mobile phone data set should be used and then from there to
make use of other data sets to refine and disaggregate from this point.

A set of verification standards was developed, and the following key aspects of the MPD were
reviewed and verified through comparisons with independent data sources (see Table 9).

Prepared for: Warrington Borough Council AECOM
32



Warrington Transport Model:

Table 9 Mobile Phone Data Verification Tests

Test ID Demand Indicator

Data Check / Comparison

Indicative criteria

Purpose of Test

All day from-home trip origins and to-home trip
destinations vs. Census population

All day HBW from-home origins and to- home destinations

Regression Analysis

Verify usability of the
data

Trip-ends vs. Census JTW ‘home’ locations R2=0.90 Spatial accuracy of trip
allocation to MSOAs
All day HBW from-home destinations and to- home origins
A vs. Census JTW ‘work’ locations
From-home vs. to-home (all day, all purposes)
Rearession Analvsis Inform defining mobile data sectors as
Symmetry From-home vs. to-home (all day, HBW) 9 Y aggregations of
R2 > 0.95
MSOAs.
All origins vs. all destinations (all day, all purposes)
) , Review against Verify overall
All day from-home trip rates vs. NTS 95% CI of NTS data expansion of data
B Trip Rates
All day internal distribution of from-home trip rates No criteria, logic check Identn‘y.an)_/ localised
expansion issue
Trip Regression Analysis Verify trip pattern
C Distribution HBW from-home (all day) vs. census JTW (district level) R2 > 0.95 Invest|_gat_e inclusion of
any rail trip
. HBW all day from-home vs. JTW data . .
D Trip Length Review against Verify trip length distribution
Profile 95% CI of observed data, Cl 2 0.7 y
All day (all purposes, HBW, HBO) vs. RSI data
Verify purpose split
E Trip Purpose HBW/HBO/NHB split vs. NTS No criteria, logic check Investigate inclusion of
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Test ID Demand Indicator

Data Check / Comparison

Indicative criteria Purpose of Test

F Daily Profile Check

Daily profile of trips for AM, IP and PM periods (all
purposes, from-home) vs. NTS

No criteria, comparison only Verify daily profile

G Vehicle Flows

Assigned flows vs. counts across screenlines (all day
level)

Differences < +20% of observed
flows at individual screenlines and
+5% of observed flows across all
screenlines

Verify flow pattern and expansion
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3.4

Calibration & Validation Criteria

The validation criteria and acceptability guidelines for highway assignment models are set out in Table

10.

Table 10 Validation Criteria and Acceptability Guidelines for Transport Models

Model Indicator

Criteria Acceptability Guideline

Screenline Flows (1)

Differences between modelled
and observed values should
be less than 5%

All or nearly all of the
screenlines

Highway* Link Flows (2)

Individual flows within 100
veh/hr of counts for flows less
than 700 veh/hr

Individual flows within 15% of
counts for flows between 700
and 2,700 veh/hr

>85% of cases

Individual flows within 400
veh/hr of counts for flows
more than 2,700 veh/hr

GEH <5 for individual flows >85% of cases

Journey Times (3)

Modelled times along routes
should be within 15% of
surveyed times (or 1 minute,
of higher than 15%)

>85% of cases

Matrix zonal cell
values

Slope within 0.98 and 1.02
Intercept near zero
R2 in excess of 0.95

Change between
prior and post
matrix estimation

Matrix zonal trip-ends

Slope within 0.99 and 1.01
Intercept near zero
R2 in excess of 0.98

— highway model —
Trip length Means within 5%
distributions Standard deviations within 5%
Sector to sector level Differences within 5%
matrices

Differences between modelled All or nearlv all of the
Screenline flows and observed values should screenlinesy
. be less than 15%
Public — —
Transport= Individual flows within 25%

Link flows

counts except where observed
hourly flows are less than 150
passengers per hour

*SOURCE: WebTAG M3.1, Section 3.2, Tables 1, 2, & 3
*SOURCE: WebTAG M3.2, Section 7, Paragraph 7.1.6

3.5

Assignment Convergence Criteria

Before the results of any traffic assignment are used to influence decision making, the stability (or
degree of convergence) of the assignment model must be confirmed at the appropriate level. The
importance of achieving an appropriate level of convergence is driven by the need to provide stable,

consistent and robust model results.
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The WebTAG convergence criteria and acceptability guidelines are set out in Table 11. It is
acknowledged that to achieve a level of convergence which is sufficient to ensure that any scheme
benefits can be estimated robustly, a lower value of %GAP than the guidelines below may need to be
sought. Additionally, more iteration in the forecast years may be required to account for the higher
levels of demand and congestion.

Table 11 WebTAG Convergence Criteria and Acceptability Guidelines

Model Indicator Criteria Acceptability Guideline

% Gap <0.1% For final 4 assignment iterations
Highway
Convergence > 98% of cases in final 4 assignment

. - : 0
Link Flows % links changing by < 1% iterations

SOURCE: WebTAG M3.1, Section 3.3, Table 4

3.6 Demand Model Realism Testing & Convergence Criteria

Demand model performance criteria are as set out in WebTAG M2:

o Fuel cost elasticity between -0.25 and -0.35 (WebTAG M2 para 6.4.14);

e Car travel time elasticity less than -2.0 (WebTAG M2 para 6.4.28)

e Public transport fare elasticity between -0.2 and -0.9 (WebTAG M2 para 6.4.21); and

e Convergence gap of less than -0.1% (WebTAG M2 para 6.3.8).
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4, Summary of Data Collection

4.1 Context

Please refer to the AECOM report “Warrington Transport Model: Data Collection Report (MDCR),
January 2017” for more detailed information relating to the methodology, collection and analysis of
existing data and the additional data collection exercise undertaken in June/July 2016.

This chapter presents a summary of the MDCR and a review of the data quality. As noted in Chapter
3, a comprehensive data collection exercise has been undertaken for the development of the base
year highway and PT models. Data was collected for:

e Mobile phone data for the borough and surrounding area (please see Chapter 6, section 6.2 for
more information on this dataset);

e 459 highway count sites;

o Trafficmaster data coverage for the whole borough to facilitate the analysis of 38 journey time
routes;

e 23 RSl surveys;
e 10 parking surveys;
e 8 specialised goods vehicle surveys and 19 freight operator interviews;

e  Bus ticket data for Network Warrington services alongside 22 bus passenger surveys and rail
access interviews at each station in the borough; and

e  Traffic signal data for 80 signalised junctions in the borough (please see section 4.3.1.3 for more
details on this dataset).

The remainder of this chapter presents a summary of the count data collected (section 4.2), whist
section 4.3 presents a summary of the additional data collected to support the highway and PT
network development.

4.2  Summary of MDCR Findings

4.2.1 Data Quality / Accuracy

As noted in Section 3.2, the data processing has gone through a three-stage quality assurance
process including internal sense checks by the survey company in addition to checks and cross
analysis of data by AECOM, all of which presented no major anomalies. Upon completion of these
initial checks, the data underwent a final review; an outlier removal process, (as defined earlier in
Figure 6, Section 3.2.2) to ensure robust and valid data was used in the subsequent stages of
calibration and validation.

4.2.2 Traffic Count Data

The cleaned and processed data collected from traffic count sites was used in WMMTM16 for the
following purposes:

e  Expanding roadside interviews;
e  Calibrating trip matrices by means of matrix estimation; and
e \Validating the model.

Table 12 presents a comparison between the count sites (by type) taken forward from the data
collection cleaning stage into calibration against the final set of count sites used to calibrate/validate
the base model . The table shows that whilst a number of counts were removed during calibration as
a result of further detailed checking and verification, the final total used on calibration overall has
increased from the first assignment. Each of these count types are discussed in more detail in the
remainder of this chapter.
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Table 12 Summary of Counts used in the Calibration / Validation Dashboard (by Type)

Count Type Data Collected First Dashboard / Final Dashboard /
(no. sites) Initial Cal & Val Final Cal & Val

ATC (New) 134 132 130

e ontre St o o e
Extra Swing Bridge Surveys* 0 0 4

TRADS 88 88 58

MCC Slip Road Counts 24 24 18
Junction Turning Link Counts 109 0 109
Suppleeran Omega 2 2 2
TOTAL 459 342 389

* See Section 4.2.2.2 for more details on this dataset

Despite reducing the number of sites used in calibration and validation by 15%, the use of 389 count
sites for the calibration and validation of the WMMTM16 provides significant coverage across

Warrington (as shown in Figure 8).

Figure 8 Count Data Coverage by Type - Final Dashboard
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4.2.2.1 ATCs - New and Existing

Data was collected for 226 ATC sites (2-way); 92 existing from WBCs continuous monitoring sites and
134 new sites surveyed specifically for this project. Their locations are shown in Figure 9 and Figure
10 respectively.

Figure 9 Existing WBC 'Golden River' ATC Sites
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20 sites from WBCs continuous monitoring collection were removed from calibration:

e 4in the initial checking stage due to errors found in the processing of the data in the calibration
dashboard;

e 6 sites were found to be covering cycle ways and therefore not relevant for use in the model, and

e Theremaining 10 have been removed either because they are duplication of another data site, or
where the counts provided appeared questionable relative to nearby sites. Some examples
include:

—  GR539 - no eastings/northings provided so could not be allocated to a model link;

— GR104, 105, & 109 — initially discarded from analysis as duplication with WMMTM16
commissioned ATC surveys;

— GR108, 535 & 540 — issues identified which are believed to be due to an error of original
entry in the data set in regard to entering the Motor Cycle and Cars & Light Vans in the
wrong columns; and

— GR111A, 110A & 110B - discarded from analysis as duplication of count sites along the
same section of road. Contradictory flows found.

In the case of sites GR108, 535 and 540, it was identified that the car records had been allocated to
the motorcycle column in error. We have corrected each of these sites rather than remove them from
subsequent analysis as the locations are important in infilling a number of gaps to create a ‘watertight’
outer cordon. These sites have been retained and were flagged for ‘cautionary use’ within calibration.
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Figure 10 WMMTM16 Commissioned ATC Surveys
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Only 2 ATC sites were removed prior to the start of the calibration exercise (Site 22 Stockton Lane) as
this was not surveyed on the correct road by the survey company and also not represented in the
model.

For the remaining ATCs, sites were checked for exclusion from the calibration and a small number of
corrections were made:

e Some instances of low counts on unrepresentative days were identified and excluded as part of
the outlier checking and data processing/cleaning;

o Checks made against close proximity sites with contradictory flows; default decision was to
remove WBC ‘Golden River’ sites rather than the commissioned surveys (noted above);

e Dashboard corrections made where wrong sites allocated to incorrect screenline; and
e Checks and clarifications made on site descriptions and direction.

Within Appendix A of the MDCR is a summary table of the variation and ‘dispersal index’ for each site,
before and after outliers removed. Within this table, ‘N’ identifies the number of days of used data.
Typically this is 8, representing two weeks of Monday to Thursday day (Fridays and weekends
excluded for each site).

It is noted that of the sites where only one week of data (N = 4) is present, only site 16 has a notably
variable dataset across the days. This site is for Weaste Lane, which has a very low flow and is
unlikely to generate issues as a result. This site has been flagged for ‘cautionary use’ within
calibration.

Table 13 provides a summary of the average weekday flow totals for all the ATC sites (67 locations,
134 sites) over 12-hours and 24-hours periods; as it can be observed the average flows are
consistent in either direction of travel and provides no evidence of consistent bias for the ATCs.

AECOM
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Table 13 ATC Sites Summary

Period Analysed Direction LV HV Total LV/HV % Diff % Diff % Diff
LV HV Total
A(NB/EB) 323,17 7,831 330,946 2.4%
12 Hr Totals 3.0% 6.2% 3.1%
B(SB /WB) 332,821 8,313 341,132 2.5%
A(NB/EB) 400,374 9,831 410,203 2.5%
24 Hr Totals 2.7% 5.4% 2.8%
B(SB /WB) 411,279 10,359 421,621 2.5%

Figure 11 to Figure 13 show summaries of the observed flows for each of the 3 modelled time periods

for count sites used in either calibration or validation.
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Figure 11 AM Observed Flow Summary
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Figure 12 IP Observed Flow Summary
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Figure 13 PM Observed Flow Summary
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4.2.2.2 Additional Swing Bridge Surveys

During the review of the ATC data a gap was identified as a result of removing an ATC count site from
the A49 London Road Bridge as it found to be surveying a cycleway rather than the highway bridge
crossing. In order to ensure a ‘watertight’ Manchester Ship Canal screenline (see section 4.2.5 for
more information on counts allocated to screenlines and cordons), a second survey was undertaken
in May 2017. For completeness, all 4 Manchester Ship Canal crossings were re-surveyed in the event
of any incidents on the network that might have impacted movements across the borough.

No incidents were reported in the collection of the data. But due to the timing of the surveys with local
school holidays, only one week of data was collected.

These counts underwent the same cleaning and checking process used previously and no issues
have been reported. A comparison of the new survey results against the existing datasets are shown
in Table 14 and Table 15. The variability in flow at the Ackers Road count site is due to some
uncertainty over the precise location of the existing dataset. With this in mind, the final count sites
taken forward for use in calibration of the Canal Screenline were as follows:

e Existing ‘Original’ sites for Chester Road, Knutsford Road, Ackers Road, and Warburton Bridge;
and

e New count data for London Road.

A comparison of the total flows for this screenline is shown in Table 16. For full details on all
screenlines and cordons used in the calibration and validation of the model, please see section 4.2.5.

Table 14 Comparison of Observed Bridge Crossing Flows - Northbound

Original Dataset May 2017 Counts
Crossing Direction % Diff AM % Diff IP % Diff PM
AM 1P PM AM IP PM

Chester Road NB 908 680 883 986 689 773 859%  1.39%  12.42%
Ackers Road NB 451 262 404 625 340 592 3851% 29.72%  46.53%
Knutsford Road NB 967 814 014 1,023 862 1,044 576%  590%  14.22%
London Road NB - - )

- - - 931 639 598

Warburton Bridge NB 348 276 551 - - - - - -

Table 15 Comparison of Observed Bridge Crossing Flows - Southbound

Original Dataset May 2017 Counts
Crossing Direction % Diff AM % Diff IP % Diff PM
AM IP  PM AM P PM

Chester Road SB 944 888 1,058 966 788 1,106 2.33%  11.31%  4.54%
Ackers Road SB 428 370 573 555 411 672 20.75% 11.00%  17.28%
Knutsford Road SB 856 774 868 879 762 907  2.73%  153%  4.53%
London Road SB - - - 541 586 641 - - -

Warburton Bridge SB 446 287 495 - - - - - -
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Table 16 Canal Screenline Totals - Observed

Direction AM P PM
Northbound* 3,605 2,671 3,350
Southbound* 3,215 2,905 3,635

* Flows based on combined flows of 4 original bridge data plus newly surveyed London Road Site

4.2.2.3 TRADS

Data was downloaded for 88 Highways England TRADS sites;
e 10 sites along the M56 between Junctions 11 and 7;

e 50 sites along the M6 between Junctions 19 and 23; and

e 28 sites along the M62 between Junctions 7 and 12.
These are shown in Figure 14.

Figure 14 Highways England TRADS Sites
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Data for each TRADS site was downloaded using the following specification and then underwent the
same outlier’s removal process as outlined earlier:

e Daily report format;

e June 2016 (March, June or September 2015 if 2016 data not available);
e Flow by 15 minute intervals; and

¢ Flow split by vehicle classification.

30 TRADS sites have been removed from the calibration due to questions over the quality of the data
downloaded or the close proximity to another site:
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e 11 sites were deemed duplicates of other sites;

e 5 sites returned low or unrepresentative flows, for example TRADS 044 returned a flow of less
than 500 vehicles for the AM peak along the M62 westbound.

e The remaining 14 sites have been removed during the calibration process once additional checks
were undertaken and data quality reviewed:

7 of the sites were located on the Croft Junction. It was deemed that due to the unique
nature of delay-response movements between Croft, and junctions 9 of the M62 and 22
of the M6 it was not possible to accurately reflect these movement responses in the
model. A sensitivity test which assigned these count sites to matrix estimation
demonstrated no improvement in flow through these sites as a result of inclusion in matrix
estimation.

4 of the sites were located at the Lymm Interchange. Each were deemed to have low
unrepresentative flow relative to their location and in comparison to an
upstream/downstream count.

The remaining 3 sites were removed as they had not previously been allocated to
calibration or validation and deemed surplus to requirements.

Figure 15 to Figure 17 show summaries of the observed flows for each of the 3 modelled time

periods.
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Figure 15 AM Observed Flows - TRADS Sites
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Figure 16 IP Observed Flows - TRADS Sites

KEY
IP TRADS Flows

. > 5,000

. 4,000 to 5,000
3,000 to 4,000

@ 2000 to 3000

H @ 1,000 to 2,000
@® <1000

JA'HTR m;n

I\J‘\

© OpenStreetMap contributors, CC-BY-SA
~

Prepared for: Warrington Borough Council

AECOM
49



Warrington Transport Model:

Figure 17 PM Observed Flows - TRADS Sites
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4.2.3 Roadside Interviews

23 roadside interview (RSI) sites were originally identified for survey during the specification stage.
During the final specification discussions with the survey company, 2 sites were moved closer to
Warrington and combined (site 24 on Figure 18) and a total of 22 RSI sites were surveyed.

Figure 18 WMMTM16 Commissioned RSI Surveys

vt L]

ot Dby

lrees: Esrl MERE DeLotme, USGS, ntemnap, Acrement P Corp . NRCAN, Esr Janan, M
Thadend), and the GIS Liser Community, Contams
Lo dafabaeimght 2018

i Ching (Hong Wong), Esn

e | Town Fark ata © Crown Copyright and

Prepared for: Warrington Borough Council AECOM
51



Warrington Transport Model:

The following validation checks were conducted by the survey company:

Table 17 Nationwide Data Collection RSI Data Validation Checks

Data

Check Undertaken

Logic

Origin and destination postcodes are checked in relation to the geographical
location of the site. Any illogical or invalid trips are checked and removed
from the clean data set.

Serial Number

All data should be numeric only.

Interview Number

Face to Face Interview number on the sheet (maximum 2 surveys per
sheet).

Interview Date

All records should have the correct date for the site number.

Interview Time

All data should be in the range 07:00 to 19:00, in 15-minute intervals.

Vehicle Type

1to 3 only (Car, LGV, Van), as per the interview form.

Occupancy

1 to 14+ only, as per the interview form. No value greater than 7 in a car, no
value greater than 3 in an LGV or OGV.

Origin Postcode

All postcodes should be full and valid.

Postcode Validity

The number of characters from the left which are valid. Generated by
Maplnfo - O for invalid, 7 for full postcodes.

Origin Purpose

1 to 10 only, as per the interview form. No ‘Home’ to ‘Home’ or ‘Work’ to
‘Work’ trips are allowed

Destination Postcode

All postcodes should be full and valid. Cannot be the same as the origin.

Postcode Validity

The number of characters from the left which are valid. Generated by
Maplnfo - O for invalid, 7 for full postcodes.

Destination Purpose

1 to 10 only, as per the interview form. No ‘Home’ to ‘Home’ or ‘Work’ to
‘Work’ trips are allowed.

Two-Way Trip

Time in hh:mm for any two-way trips.

As part of the NDC highway RSI data collection / processing, grid reference co-ordinates were
generated and origin-destination relative to the RSI site sense checks conducted.

Initially, an RSI screenline was developed to assess the calibration of these count sites. However, this
was not a ‘watertight’ screenline but an accumulation of 9 smaller screenlines this screenline was
deemed unnecessary. Of the 26 count sites on the original screenline:

e 2 sites were removed due to quality concerns;

e 18 of the locations were duplications of sections on both the inner and outer cordon, these sites
were retained and analysed as part of the cordon calibration;

. The remaining 6 sites were allocated to independent validation.

4.2.3.1 MCC & Junction Turning Counts

Manual classified counts were conducted at:

e The same 22 RSl locations referred to in Figure 18 (one-day);

e 12 additional ‘one-day’ junction turning count surveys, and 4 ‘one-day’ link counts as shown in

Figure 19; and

e 24 motorway slip roads (five-day counts), shown in Figure 20.
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Figure 19 WMMTM16 Commissioned MCC Surveys - Junctions (yellow), Links (purple)
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Figure 20 WMMTM16 Commissioned MCC Motorway Slip-Road Surveys
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The 22 RSI MCCs were not used in calibration. These counts were instead used to calculate vehicle
type proportions and applied to the count data where this information was missing.
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18 of the 24 MCC slip road counts were used in calibration and validation of the model. 3 of these
sites (M56 J11 on-slips) were allocated to matrix estimation and the remaining 15 were used for
independent validation (Figure 21). 6 sites were removed from the analysis as they were either a
duplication of an ATC count or the flow calculated was unrepresentative relative to the direction being

reported.

Figure 21 Location of MCCs Used in Validation
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12 ‘one-day’ junction turning count surveys and 4 ‘one-day’ link counts were undertaken as part of the
data collection exercise. These turning movements have been converted to entry/exit link counts and
used in the model calibration. A total of 109 sites have been analysed; 81 for calibration, 28 for

validation (Figure 22);

e 24 of the 28 validation sites were allocated to validation of individual links. The remaining 4 sites

were used on the validation screenlines.

e 44 of the 81 calibration sites were used in matrix estimation. The remaining 37 were used to
create 2 new screenlines running parallel to the A49 to analyse movements east/west across the

A49.
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Figure 22 Junction Turning Link Counts Used in Calibration and Validation
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4.2.4 Comparisons with ATC & MCC

For MCCs no significant anomalies were identified. A comparison has been made between MCCs
(Link counts), MCCs (Junction turning counts) and ATCs where appropriate (without roads in-
between) in terms of total flow and heavy vehicle percentage. The comparison tables can be found in
Appendix A of the MDCR, and show that there is a close correlation overall in terms of total vehicles

across the total sites.

MCCs and ATCs corresponding to RSI survey sites were also compared and as shown in Table 18
and Table 19, there is no evidence of a consistent significant bias for the sites surveyed that could
affect the flows identified. A more detailed analysis table for each site can be found in Appendix A of

the MDCR.

Table 18 RSI MCC - ATC 12-Hour Comparison

Period Direction LV HV Total LV/HV LV HV Total LV/HV
Analysed
MCC Sites ATC Sites
12 Hour Interview 106 ,074 5,366 111,440 5.1% 108,599 3,035 111,634 2.8%
Totals
Non- 107,476 5,499 112,975 5.1% 106,550 3,397 109,947 3.2%
interview
Table 19 RSI MCC - ATC Directional Comparison
Period Analysed Type % Diff LV % Diff HV % Diff Total
MCC 4.4% 3.8% 4.4%
12 Hour Totals
ATC -1.9% 11.9% -1.5%
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Whilst not directly comparable, given the close proximity of the junction turning link count sites on the
two A49 screenlines, there is little variation between the junction turning link counts on West of A49
screenline and the East of A49 screenline.

Table 20 Comparison of Junction Turning Link Counts on A49 Screenlines - EB Direction

Screenline AM Flow (obs) IP Flow (obs) PM Flow (obs)

Car LGV HGV Total Car LGV HGV Total Car LGV HGV Total
West of A49: 2,873 485 177 3,635 2,229 346 140 2,715 4,435 299 68 4,802
Entry EB
Eiﬁté’émg: 2929 444 154 3527 2,148 300 111 2,559 4,336 312 62 4,710
Absolute
Difference 56 41 23 8 81 46 29 156 99 13 6 92

Table 21 Comparison of Junction Turning Link Counts on A49 Screenlines - WB Direction

Screenline AM P PM

Car LGV HGV Total Car LGV HGV Total Car LGV HGV Total
\é\ﬁgf\t/\;)éA@: 4,005 434 160 4,599 2,286 311 129 2,726 3,159 295 67 3,521
East of A49:
Entry WB 4,225 460 141 4,826 2,324 301 110 2,735 3,560 328 50 3,938
Absolute
Difference 220 26 19 227 38 10 19 9 401 33 17 417

While it was envisaged that all the ATC sites corresponding to RSI survey locations will include the
RSI day of the survey in their 2-weeks coverage, a limited number of sites did not fulfil this criteria due
to either damages to tubes or equipment failure on the particular day.

These sites were then omitted from the above comparative analysis; a total of five such sites were
identified as outlined in Table 22.

Table 22 RSI ATC Sites Omitted

RSI ID ATCID Comments

4 59 Day not surveyed in ATC surveys

7 62 Day not surveyed in ATC surveys

20 75 Day not surveyed in ATC surveys

22 77 Day not surveyed in ATC surveys

11 66 (I?SI survey day omitted as ATC surveys provide incomplete flows during the
ay

A detailed table of comparison for each site can be found in Appendix A of the MDCR where the total
volume over 12-hours for each MCC sites was compared to the corresponding ATC survey day total
volume. The comparative analysis showed no major anomalies.

While light vehicles could be surveyed as normal for each site, operational constraints and the quality
of responses meant that HGV clean survey quantities were low overall. For RSIs, the overall guantum
of interviews was in line with expectations. During the surveys it was noted that there was no
significant traffic incidents on the network. The overall quality of the highway data collection process
was therefore above expectations and judged acceptable for its designed purpose.

For HGVs it is acknowledged that sample rates are relatively low, but the reasons for this and
acknowledgement that the surveys were conducted satisfactorily, have been accepted by WBC. With
the RSI data available global checks on HGV trip length distribution have been conducted in addition
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to the RSI analysis, this along with extensive count data coverage and qualitative and quantitative
supporting information from the freight operator interviews is judged acceptable overall.

Table 23 displays the RSI to MCC sample rates for each RSI site and the ATC factors to convert the
RSI day to an average day total.

Table 23 RSI Data Sample Rates

Site  Name Day/ LV LV LV HV HV HV
D bate Interview  MCC Sample Interview MCC Sample
Total total
1 A57 SANKEY WAY 29/06 1,138 12,452 9.1% 4 421 1.0%
2 A574 CROMWELL 29/06 735 8,576 8.6% 2 145 1.4%
AVENUE
3 A49 RIVER ROAD 28/06 682 6,800 10.0% 9 205 4.4%
4 A5061 KNUTSFORD 28/06 992 7,663 12.9% 6 314 1.9%
ROAD
5 A50 KINGSWAY NORTH 27/06 890 7,631 11.7% 5 230 2.2%
6 A57 MANCHESTER ROAD 27/06 1,012 8,518 11.9% 11 331 3.3%
7 Birchwood way 20/06 955 5,509 17.3% 8 134 6.0%
8 CHARON WAY 22/06 871 5,866 14.8% 19 192 9.9%
9 BURTONWOOD ROAD 22/06 918 6,296 14.6% 24 262 9.2%
10 OMEGA 22/06 493 1,674 29.5% 14 74 18.9%
11 A57 WARRINGTON ROAD 21/06 792 5,810 13.6% 10 194 5.2%
12 A562 WARRINGTON 21/06 1,124 6,322 17.8% 22 403 5.5%
ROAD
15 A49 TARPORLEY ROAD  15/06 1,126 6,267 18.0% 0* 210 0.0%
16 ARLEY ROAD 15/06 523 998 52.4% 10 32 31.3%
17 B5356 GRAPPENHALL 14/06 731 3,289 22.2% 102 927 11.0%
18 A50 KNUTSFORD ROAD  14/06 651 4,965 13.1% 64 323 19.8%
19 A56 STOCKPORT ROAD  30/06 804 3,102 25.9% 14 100 14.0%
20 A57 MANCHESTER ROAD 30/06 956 6,993 13.7% 2 396 0.5%
21 B5210 WOOLSTON 30/06 1,118 9,152 12.2% 34 766 4.4%
GRANGE AVENUE
22 WINWICK ROAD 29/06 1,702 13,461 12.6% 31 1,079 2.9%
23 A5060 CHESTER ROAD 28/06 943 6,429 14.7% o* 329 0.0%
24 A56 CHESTER ROAD 20/06 830 7,737 10.7% 38 416 9.1%
TOTAL 19,986 145,510 13.7% 429 7,483 5.7%

* No HGV interviews undertaken at this location due to site constraints

Table 24 displays the results of the RSI data cleaning process. An overall percentage of 20% for light
vehicles and 11% for heavy vehicles, is within expectations. The lower HV rate is considered to be as
a result of increased driver knowledge of end points.
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Table 24 RSI Data Cleaning

Site  Name Day/ LV LV LV HV HV HV
ID Date Interview Cleaned % Interview Cleaned %
Total Surveys Remove total Surveys Remove

1 A57 SANKEY WAY 29/06 1,138 973 14% 4 4 0%

2 A574 CROMWELL 29/06 735 595 19% 2 2 0%
AVENUE

3 A49 RIVER ROAD 28/06 682 565 17% 9 9 0%

4 A5061 KNUTSFORD 28/06 992 739 26% 6 5 17%
ROAD

5 A50 KINGSWAY NORTH  27/06 890 696 22% 5 5 0%

6 A57 MANCHESTER 27/06 1,012 824 19% 11 7 36%
ROAD

7 Birchwood way 20/06 955 728 24% 8 8 0%

8 CHARON WAY 22/06 871 739 15% 19 18 5%

9 BURTONWOOD ROAD 22/06 918 702 24% 24 15 38%

10 OMEGA 22/06 493 422 14% 14 14 0%

11  A57 WARRINGTON 21/06 792 685 14% 10 10 0%
ROAD

12 A562 WARRINGTON 21/06 1,124 953 15% 22 22 0%
ROAD

15 A49 TARPORLEY ROAD  15/06 1,126 983 13% 0 0 0%

16 ARLEY ROAD 15/06 523 418 20% 10 9 10%

17 B5356 GRAPPENHALL 14/06 731 489 33% 102 90 12%

18 A50 KNUTSFORD ROAD 14/06 651 484 26% 64 60 6%

19 A56 STOCKPORT ROAD 30/06 804 681 15% 14 12 14%

20 A57 MANCHESTER 30/06 956 707 26% 2 1 50%
ROAD

21 B5210 WOOLSTON 30/06 1,118 747 33% 34 34 0%
GRANGE AVENUE

22  WINWICK ROAD 29/06 1,702 1,402 18% 31 31 0%

23 A5060 CHESTER ROAD  28/06 943 781 17% 0 0 0%

24 A56 CHESTER ROAD 20/06 830 638 23% 38 27 29%

TOTAL 19,986 15,951 20% 429 383 11%

4.2.4.1 RSI Expansion

As the RSI surveys will not capture an adequate sample of travel patterns, the MCC'’s and ATC'’s
corresponding to the 24 RSI sites were used to expand the flows generated by the RSI surveys.
Table 25 shows the correspondence list of RSI/MCC/ATC sites.

For Sites 15 and 23, where no HV interviews were captured, the intention was to use either
similar/adjacent roads levels or the respective LGV levels for the same sites as HV. However, due to
poor sample rates for LGVs at the same sites and the absence of similar/adjacent roads providing
reliable HV sample rates, both approaches were not appropriate and these two sites discounted from
use.
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Table 25 RSI/MCC - ATC Sites Correspondence

Site ID Name Day/ Date RSI/MCC Direction ATCID ATC Direction
1 A57 SANKEY WAY 29/06 EB 56 EB
2 A574 CROMWELL AVENUE 29/06 EB 57 SB
3 A49 RIVER ROAD 28/06 EB 61 NB
4 A5061 KNUTSFORD ROAD 28/06 EB 59 NB
5 A50 KINGSWAY NORTH 27/06 NB 60 NB
6 A57 MANCHESTER ROAD 27/06 wWB 58 WB
7 Birchwood way 20/06 SWB 62 WB
8 CHARON WAY 22/06 SB 63 EB
9 BURTONWOOD ROAD 22/06 SB 64 SB
10 OMEGA 22/06 SB 65 WB
11 A57 WARRINGTON ROAD 21/06 EB 66 EB
12 A562 WARRINGTON ROAD 21/06 EB 67 EB
15 A49 TARPORLEY ROAD 15/06 EB 70 NB
16 ARLEY ROAD 15/06 NWB 71 NB
17 B5356 GRAPPENHALL 14/06 wWB 72 WB
18 A50 KNUTSFORD ROAD 14/06 NWB 73 wWB
19 A56 STOCKPORT ROAD 30/06 wWB 74 WB
20 A57 MANCHESTER ROAD 30/06 EB 75 EB
21 B5210 WOOLSTON GRANGE AVENUE 30/06 EB 76 SB
22 WINWICK ROAD 29/06 SB 77 SB
23 A5060 CHESTER ROAD 28/06 NB 78 NB
24 A56 CHESTER ROAD 20/06 SB 79 SB

The RSI flows expansion process includes the following steps and criteria:

o First the RSI flows are expanded using the ratio of the MCC flows to the RSI flows for each site
(MCC Expansion Factor).

e Asecond expansion factor (ATC Expansion Factor) is applied using the ratio of the ATC average
representative weekday flows to the ATC flows of the RSI survey day.

e  Both expansion factors are calculated for each site covering a specific hour and/or time period as
well as a vehicle class.

e The MCC and ATC Expansion Factors used for the LGV and HGV category were a
representative average time period factors (AM, IP or PM) rather than hourly factors.

e For any site that exhibits an hourly MCC expansion factor for Cars category greater than 15, the
respective time period factors (MCC and ATC) are rather used; otherwise hourly factors were
used.

e The representative average time period expansion factors were calculated to account for high
hourly factors. However in some instances, due to poor sample rates and site conditions, these
time period factors were still high and in the absence of better survey data they were used, with
caution, in subsequent analysis and matrix building.

Table 26 shows an example of the Light Vehicles (LV) RSI Expansion factors calculations for site 1,
while Appendix A provides both the LV and HV expansion factor calculations for all sites.
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Table 26 Site 1 RSI Expansion Factors Calculations

RSI Interviews MCC ATC
Sparsen | Save oowy B
RSI/MCC ID ATC Site ID St. HR Time Car LGV Lv Car LGV Lv Car LGV Lv Lv Lv
Site 1 Site 56 7  07:00-08:00 180 3 183 1456 135 1591 8.09 45.00 1283 1450 1.13
Site 1 Site 56 8  08:00-09:00 154 2 156 1293 97 1390 8.40 48.50 826 1312 1.59
Site 1 Site 56 9  09:00-10:00 102 1 103 1175 110 1285 11.52 110.00 902 1044 1.16
Site 1 Site 56 10 10:00-11:00 88 3 91 760 110 870 8.64 36.67 800 796 1.00
Site 1 Site 56 11 11:00-12:00 64 2 66 765 111 876 11.95 55.50 789 779 0.99
Site 1 Site 56 12 12:00-13:00 60 1 61 700 83 783 11.67 83.00 727 780 1.07
Site 1 Site 56 13  13:00-14:00 55 1 56 797 76 873 14.49 76.00 788 808 1.03
Site 1 Site 56 14  14:00-15:00 50 3 53 825 93 918 16.50 31.00 837 828 0.99
Site 1 Site 56 15  15:00-16:00 43 4 47 865 79 944 20.12 19.75 866 876 1.01
Site 1 Site 56 16  16:00-17:00 74 0 74 843 89 932 11.39 817 893 1.09
Site 1 Site 56 17  17:00-18:00 39 2 41 908 58 966 23.28 29.00 893 925 1.04
Site 1 Site 56 18  18:00-19:00 41 1 42 963 61 1024 23.49 61.00 922 891 0.97
Site 1 Site 56 AM  (07:00-10:00 436 6 442 3924 342 4266 9.00 57.00 3011 3807 1.26
Site 1 Site 56 IP  10:00-16:00 360 14 374 4712 552 5264 13.09 39.43 4807 4867 1.01
Site 1 Site 56 PM  16:00-19:00 154 3 157 2714 208 2922 17.62 69.33 2632 2709 1.03

The expanded RSI data has been used to supplement the mobile phone data and comparisons made between respective trip length distributions; for more details
regarding the use of RSI data in matrices building refer to Chapter 6.
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4.25 Screenlines and Cordons

The 389 sites used in calibration and validation of the model have been analysed in a number of
ways:

e 277 sites used for calibration, 112 for validation (a 71% versus. 29% split), as shown in Figure
23;

e 216 of the 389 sites have been assigned to ether a screenline or cordon (55%) as shown in
Figure 24 to Figure 26;

e 103 sites as shown in Figure 27 have been used in matrix estimation (26%) and 4 sites are
individual calibration link counts not assigned to a screenline or cordon; and

e 66 sites used for independent validation sites (Figure 28) in addition to the 46 assigned to a
validation screenline (Figure 26).

Figure 23 Final Set of Count Sites Taken Forward into Calibration / Validation
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Figure 24 Sites on a Cordon
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Figure 26 Sites on a Validation Screenline
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Figure 27 Sites used in Matrix Estimation
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Figure 28 Sites used for Independent Validation
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4.25.1 Cordon Summary

Of the 389 sites used in the calibration and validation of the model, 74 sites are on 2 cordons; 24 on
the inner cordon (2-way), 50 on the outer cordon (2-way). Figure 24 displays the location of the count
sites on each cordon. Figure 29 to Figure 34 show the summaries of the observed flows for each of
the 3 modelled time periods by direction for the inner cordon, Figure 35 to Figure 40 show the
observed summaries for the outer cordon.
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Figure 29 Summary of Observed Flows - Inner Cordon, Inbound Direction - AM
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Figure 31 Summary of Observed Flows - Inner Cordon, Inbound Direction - IP
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Figure 33 Summary of Observed Flows - Inner Cordon, Inbound Direction - PM
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Figure 35 Summary of Observed Flows - Outer Cordon, Inbound Direction - AM
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Figure 37 Summary of Observed Flows - Outer Cordon, Inbound Direction - IP
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Figure 39 Summary of Observed Flows - Outer Cordon, Inbound Direction - PM
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4.2.6 Journey Time Data

Journey time data is required to calibrate the highway network. It is used for two main purposes:

1. By processing the data in such a manner as to extract the upper end of the range of vehicle
speeds, the ‘cruise’ speeds has been estimated; and

2. By processing the data so as to estimate ‘average’ speeds during specified peak and inter-peak
model time periods, it provides a benchmark dataset to compare the model performance against.

For the purpose of the WMMTM16 model development, the journey time data is sourced via
Trafficmaster, which provides a large dataset across a large number of the links and is therefore more
statistically robust than traditional moving observer methods.

AECOM and WBC have entered into a licence agreement whereby AECOM analyse the Trafficmaster
data on behalf of the Council using Basemap’s ‘Highway Analyst’ programme. This is a cloud-based
platform where users can quickly analyse, interrogate and download Trafficmaster data.

The model calibration / validation requires specific routes to be assessed. 19 journey time routes
(each route analysed by direction) have been identified and agreed with WBC; these are shown in
Figure 41 (non-motorway) and Figure 42 (motorway) below:

e 3 routes covering the 3 motorways surrounding Warrington;

e 4 ‘cross-town’ routes covering the key A roads across Warrington and motorway-to-motorway
connections; and

e 12 local routes covering other key movements in and around the town.

Figure 41 WMMTM16 Journey Time Routes (Non-Motorway)

Non-Motorway Routes
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Figure 42 WMMTM16 Journey Time Routes (Motorway)
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Data has been downloaded from Basemap under the following parameters:

e Data for all roads in the borough and a minimum 5km buffer around, ensuring all routes into
Warrington are covered. This included link data for the Runcorn Bridge.

o Data for the average month of June 2015 (corresponding June 2016 data was not as yet
available and delaying processing until it might be would unacceptably impact on the model
development). This was downloaded for both Mon-Fri and Mon-Thu average so analysis could be
undertaken on the potential impact of ‘peak-specific’ traffic.

e  Average Journey times and speeds for the 3 model time periods:

- AM 07:45 to 09:15;
- IP 10:00 to 16:00; and
- PM 16:30 to 1800.

e Data for all vehicles, and all road types.

o Data for average speed, free-flow (uncongested) speed, maximum and minimum recorded speed
and the standard deviation of the recorded time.

) Data was extracted for links that had a minimum of 10 observations recorded.

o Data was exported for the following percentile ranges so that analysis could be undertaken on
the variability of speeds, removal of extreme outliers, and any impact of the swing bridges on
speeds on the approaching links:

- Zero percentile;

- Second percentile;
- Fifth percentile; and
- Tenth percentile.

To mitigate against any potential biases in the calculations, these percentile ranges have been
analysed to understand the variability of the data. A percentile is the value below which a percentage
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of data falls. For example, if the user specifies a percentile value of 5, this means that if the counts for
a road link (number of speeds counted on a road link) were ordered from lowest to highest, the lowest
5% of the data and the highest 5% of the data will be removed from the analysis. This feature is used
to remove extreme speed values. By removing these ‘extreme’ fastest / slowest times from the
dataset the expectation is that this will address any possible swing bridge effects and abnormal
records.

Whilst the use of the Basemap platform provided a quick method of analysing and extracting journey
time information compared to the ‘traditional’ methods of processing the data when it was provided
directly by the DfT, a number of issues arose during the processing stage which has affected the
quality of the output:

e Anissue was found in determining the direction of any given Trafficmaster link based on its visual
representation on the Basemap platform and GIS shapefile export.

e Asthere is only one GIS polyline to represent the DfT’s ITN layer, Basemap ‘offset’ the display of
these links based on a formula provided by the DfT so that visually the lines appear on the
appropriate side of the carriageway thereby inferring a specific direction of travel.

o However, as Figure 43 illustrates, this offset does not always work perfectly where the link is at a
specific angle. This issue is then brought across on export of the data from the Basemap platform
to the GIS shapefile.

Figure 43 Example of Trafficmaster Issue Found

vvvvvv

Example of offset issue and the
‘flipping’ of links to the ‘wrong side of
the road’

e  Whilst this issue is purely a visual problem and the correct times and speeds appear on the
correct links via the A/B direction allocation, this makes defining a route (by direction) impossible
from the visual appearance and direct Basemap reporting as the A/B direction allocation within
the Trafficmaster data is inconsistent with respect to being specific to a particular direction. For
example, links along the same stretch of road that travel north-south or south-north can both be
assigned the ‘A’ direction. The A/B direction allocation is purely a means to differentiate one
direction from the other not to assign the actual direction of travel, as presented in the Basemap
outputs.

As a result of this visual inconsistency, an alternate approach was developed to assign the
Trafficmaster links to the correct direction, the appropriate SATURN network link, and calculation of
the respective journey times for the routes defined in Figure 41 and Figure 42 above.
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The revised methodology for assigning the Trafficmaster times and speeds to the SATURN network
was as follows:

1.

2
3
4.
5

Extract the first’ and ‘last’ co-ordinates for each link’s start and end node;
Transpose5 first/last co-ordinates if direction = ‘B’ to correct start/end nodes;
Calculate the difference between co-ordinates of start/end nodes;

Using trigonometry function tan™ calculate tangent of link;

Convert tangent to angle degrees and assign to quadrant of direction (north, south, east, west);

y
2 | o
B | o4
Correct for negative results by adding degrees based on quadrant assignment;
- 0OforQ1
— 180 for Q2 and Q3
- 360 for Q4
Repeat steps 1, 3-6 to each SATURN link; and

Using correspondence between SATURN link ID and Trafficmaster link ID from initial GIS buffer
query, allocate Trafficmaster data to SATURN links by direction using difference between
SATURN link angle and Trafficmaster link angle based on criteria (<90 degrees or >270
degrees).

Table 27 and Table 28 present the results of steps 1-8; observed journey time routes for both the
Motorway and Non-Motorway routes respectively.

Table 27 shows that in across all time periods, the M62 is the slowest of the 3 motorways, and the
M56 is the quickest.

Table 27 Observed Journey Times for Motorway Routes

ID Route Direction Length AM Time IP Time PM Time
(km) (mins) (mins) (mins)
M6 — Between Junction NB 23.3 14.6 13.7 27.0
MR 1 19 and 23
SB 24.5 17.9 14.0 15.7
R 2 M62 — Between Junction EB 28.6 22.3 17.4 25.2
6 and 12
an WB 30.4 17.8 176 22.2
R 3 M56 — Between Junction EB 22.3 13.6 12.5 14.1
7and 12 WB 21.6 122 12.0 12.9

® Step applies to Trafficmaster links only, not necessary to apply correction to SATURN links
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Table 28 Observed Journey Times for Non-Motorway Routes

ID Route Direction Length AM Time IP Time PM Time
(km) (mins) (mins) (mins)
XT1 Cross Town — Via A49 NB 16.5 23.3 23.2 28.3
SB 16.2 28.6 19.0 26.1
XT2  Cross Town — Via A57/A50 EB 17.8 30.9 27.0 32.3
WB 17.5 31.3 25.1 35.0
XT 3 Cross Town — Widnes / M6 EB 12.9 15.4 14.1 16.2
WB 12.7 15.3 13.2 15.5
XT4  Cross Town — M56 to M62 NB 159 25.7 22.2 275
SB 16.7 26.2 21.2 31.4
M56 J11 — Runcorn Bridge NB 18.5 18.8 18.1 24.4
Wton 1 M62 J7
- SB 18.5 18.5 15.7 16.2
Cromwell Avenue to CWwW 13.5 31.6 24.9 31.6
Wton 2 ch d
ester Roa ACW 13.7 315 28.2 34.7
M6 J21 to M6 J23 via local NB 13.3 22.8 17.4 20.1
Wton 3 t
route SB 13.6 19.7 17.2 20.3
Wton 4 Burtonwood to Winwick SB >.8 7.2 6.5 6.8
NB 5.8 8.6 7.3 8.7
Wton 5 A580 to Birchwood SB 8.3 13.6 1.7 17.6
NB 8.3 13.9 11.5 14.0
Wton 6 A56 to M56 J7 EB 16.1 21.4 19.1 20.0
WB 16.1 24.8 25.6 27.2
Wton 7 Burtonwood to Whittle Ave SB 7.0 116 10.6 112
NB 7.0 10.2 10.0 10.4
Wion 8 Lovely Lane to Marsh EB 3.5 8.2 8.1 9.3
House Lane WB 35 9.6 8.7 11.8
M6 J21 to Thellwall New CW 13.7 23.1 19.5 21.5
Wton 9 Road
oa ACW 13.7 19.7 18.7 23.9
Wton WB 10.4 16.8 13.9 17.2
10 Lymm to Daresbury
EB 10.3 14.1 12.4 14.0
NB 24.2 324 30.0 41.5
Wton Charon Way to Lingley SB 4.9 7.6 7.7 8.1
12 Green NB 5.0 7.9 8.1 10.0

4.2.7 Public Transport Surveys

4.2.7.1 Bus Counts

Two types of bus passenger count data were collected:

e Individual bus boarding / alighting counts; and
e  Cordon point bus occupancy counts.

The bus boarding and alighting counts are used for the expansion of the survey data sample and for
the calibration of the boarding and alighting of passengers in the WMMTM16.
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No technical issues were identified with respect to the execution and delivery of these counts.

Bus occupancy counts are used as an independent validation dataset for the assignment of bus
passengers through the WMMTM16. Three set of cordons were generated as identified in Figure 44:

e Anorth-eastern screenline, focusing on the movements on the edge of Birchwood; an adjacent
key employment area;

. An inner town centre cordon; and
e  An outer town cordon.

No technical issues were identified with respect to the execution and delivery out of these counts.

Figure 44 Bus Occupancy Cordon Boundaries (purple) and Points (yellow)
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4.2.7.2 Bus Surveys

Bus passenger surveys, along with bus ticketing data, provide the foundation for the bus passenger
origin-destination, prior demand matrix. The surveys are not as robust as the ticketing data in terms of
duration, being conducted over multiple days rather than weeks and for a sample of services, but
provide information on passengers origin and destination (as opposed to boarding and alighting
stage) and on travel purpose.

The passenger surveys were conducted for 22 service routes, and a target of 5,000 surveys in total.
In total, including postcards sent back by passengers, 5,580 interviewed records were generated by
TRACSIS. Of these approximately 1,300 related to interviewees refusing the survey part way through,
or the surveyor encountering a technical problem with their device, requiring restarting the survey on
the tablet or paper copy and therefore unusable. The 1,300 figure is above expectations, but given the
device restart related component and with a focus on the end sample rate, it is judged acceptable.

In addition to the face-face interviews, 1,683 interview forms were handed out on bus routes (where
passenger quantities were such that interviewers could not speak with everyone) and 395 returned,
raising the total sample to 4,353 or 36%.
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Table 29 Bus Passenger Survey Sample Rates

Route Total Total Face-face  Total Paper Total Total
Count Interviews Questionnaire Interviews Interviews to
s Returned Conducted Count Sample
%
All Routes 12,100 3,958 395 4,353 36%

Following the cleaning process by TRACSIS and AECOM, 2,866 bus passenger surveys were taken
forward to be used. The proportion of discarded surveys is above expectations, but the end sample
rate total; 24% of the total passenger count is accepted for the designed purpose, which is to be used
to add further passenger information to the larger bus ticket dataset.

The public transport data has gone through an extensive processing and cleaning process, with the
majority of this cleaning being done by AECOM rather than the survey company in this case, so as to
make best use of the data captured.

The passenger traveller survey data is more prone to potential error than the corresponding RSI data,
as passengers also have to identify their start and end bus stops / train stations. Further, the train
surveys are simpler than bus surveys in that:

e  The train stations are more easily identified and fewer in number than bus stops;
e  The surveyors were able to remain located at fixed locations; and

e  There were fewer stations and services than bus routes surveyed and therefore fewer staff
required.

As a result, the cleaning process for the bus passenger surveys was more extensive and time-
consuming compared to the train passenger surveys.

The following checks were conducted:

e Identifying of missing postcodes where possible from address descriptions. For areas external to
the simulation area, approximate locations were judged sufficient, i.e. the first part of postcodes.
Responders typically knew their home postcode but not their destination postcode and in some
cases identified their location as ‘Warrington Town Centre’. Given that the surveys are primarily
used for purpose splits (in conjunction with the Electronic Ticket Machine (ETM) data), which for
the town centre is to be a collective sector for public transport, this was judged acceptable.

e If origin and destination addresses were provided but a bus stop missing from the response, the
closest bus stop was allocated.

e  Survey responses were removed under the following conditions;

- No origin, destination, or associated purposes provided.

- Amaximum walking distance of 3km within the model simulation area. It was identified
that the majority of people walk significantly less than this, but in some cases people
would be willing to walk further and should not be discounted. If people travelled to the
bus by another mode, this distance limit was not applied. Similarly, if end points were
external to the simulation area, where locations were grouped in large zones, the limit
was not applied.

- If the origin and destination were the same according to the survey it was discounted.

- If the origin and destination purposes were both ‘Home’ the survey was discounted.

4.2.7.3 Bus Ticketing Data

Ticketing data were received from the two main operators within Warrington; Network Warrington and
Arriva. Both supplied 24-hour data; Network Warrington from 18th June (2016) to 1st July (inclusive)
and Arriva from 1st June to 8th July.
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The data contained limitations in their formats, neither showing specific boarding and alighting stops.
The Network Warrington data is constructed on a ‘stage’ basis, which shows the origin and destination
stage, but with stages containing a number of bus stops. The Arriva data identifies the boarding bus
stop stage, but not the destination and again, each stage contains a number of bus stops. Without a
destination, the Arriva data requires greater interpretation for the matrix development purpose.

These datasets contain data across a large timeframe and are therefore robust at a stage level. To
convert the stage data to a more disaggregated stop / model zone form as part of the matrix
development, the bus passenger survey data collected for this project, which was generated on a
stop-by-stop basis, has been used.

For more details on how these datasets have been processed, disaggregated, and issues identified,
please see Chapter 8.

4.2.7.4 Rail Data

Rail station access and exit counts were conducted on the same days as rail passenger interviews.
Table 30 shows the average entry and exit numbers across the 07:00 to 19:00 period for each of the
stations surveyed.

Table 30 Train Station Average Daily Passenger Entry / Exit Numbers

Location Entry Exit
Birchwood 1,407 1,266
Glazebrook 55 50
Newton-le-Willows 779 728
Padgate 357 229
Sankey 285 228
Warrington Bank Quay 1,666 1,854
Warrington Central 2,199 2,354

These surveys were initially conducted on a single day at each identified station. Due to the
condensed timeframe for the surveys, TRACSIS had lower than identified staffing levels to conduct
these station surveys and total interviews were as a result, below target levels. Therefore a second
day of surveys was conducted to supplement. In order to have added confidence in the survey
passenger number counts, additional counts were conducted at the second round of survey days.

For stations where a second survey was undertaken, the absolute difference between the two survey
days was on average 3%, for other stations the difference was higher, but that is largely as a result of
the potential variation across time periods. As a result of this cross check and on-site inspections, the
first days counts were kept, as opposed to an average of the two days, so as to ensure greater
correlation with the passenger interviews, which were predominantly on the first day.

For further details, refer to the Data Collection Report.
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Table 31 Rail Station Survey Sample Rates

Station Access  Surveyed Sample Target
Count Passengers Size

Birchwood 1407 404 29% 250

Glazebrook 55 26 47% 20

Newton-le-Willows 779 388 50% 275

Padgate 357 119 33% 50

Sankey for Penketh 285 182 64% 50

Warrington Bank 1,666 381 23% 300

Quay

Warrington Central 2,199 698 32% 500

4.2.7.5 Bus and Rail Interviews Expansion

Just like the RSI surveys data, the bus interviews data needed to be expanded to be used in PT
matrix development. The bus interviews expansion factors process included the following steps and
criteria:

e  There were 2 similar yet distinct methods adopted for Network Warrington bus services and
Arriva bus services, Table 32 provides a breakdown of which of bus routes surveyed are
classified as Network Warrington or Arriva Services.

e  Both methods provide different expansion factors for bus trips heading inbound (towards
Warrington Bus Interchange) and trips heading outbound (originating at Warrington Bus
Interchange).

e Both methods provide unique expansion factors for each bus service on an hourly basis and
finally as time period basis.

e Both methods start by calculating the ratio of the average hourly interview trips to the average
hourly bus boarding count (occupancy);

—  These hourly ratios are multiplied by the average bus service frequency during the
corresponding time period.

—  The adjusted hourly ratios are then summed together to provide the respective time period
ratio (for example 7:00 to 9:00 inclusive to account for the AM period factor). These time
period ratios are the bus expansion factors which are then applied.

e  For Network Warrington Bus services;
— For inbound trips, the same expansion factor is applied to the stops comprising the route.

—  For outbound trips, different expansion factors are applied to trips originating at either
Warrington Bus Interchange, remaining stops within the borough boundary and stops
outside the boundary.

. For Arriva bus services;

—  For inbound trips, different expansion factors are applied to trips originating at stops outside
the borough boundary and for the stops within the borough boundary.

—  For outbound trips, different expansion factors are applied to trips originating at Warrington
Bus Interchange, and stops outside the borough boundary.

Table 33 provides an example of both methods of calculating the bus expansion factors, while
Appendix C provides full details of calculating all the bus expansion factors.
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Table 32 Bus Services Surveyed Categories
Service Category Bus Service Number
3
3
5
7
18
19
22
25
Network Warrington Services 2?
45
46
11A
12A
17
29A
29C
32A
100
Arriva Services 110
329

360

Table 33 Bus Interviews Expansion Factors Example

Route No Direction Location AM P PM
Outside 3.64 2.65 0.00
Inbound Borough
Other Stops 0.25 2.00 0.13
329 -
Warrington 2.83 1.84 0.63
Outbound Interchange ' ' '
Other Stops 2.74 1.83 0.74
Inbound All Stops 1.03 0.86 3.89
Warrington 0.67 0.96 0.81
Interchange ) ) '
90C Remaining
outbound Stops within 0.97 1.48 1.00
Boundary
Other Stops
outside 1.00 1.00 1.00
Boundary

Similarly for rail passenger interviews survey the number of people surveyed whilst boarding a service
at a station has been expanded up to the total number of people counted boarding all services of
interest at that station during the time period.

AECOM
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4.2.8 Freight Data

Freight movements are typically difficult to capture in urban transport models with, for example,
capture rates at RSl locations often lower than that for cars. Supplementing the traditional data
collection methods with additional quantitative and qualitative information was identified as beneficial
in terms of supporting the model development. Section 6.4.2 provides more detail how elements of
the freight surveys were used in developing prior HGV matrices.

A separate freight report (under Appendix D of the MDCR) has been developed which covers the
implications of the specialist goods counts in more detail, but a summary of the count data collected
as well as the operator survey results and analysis is included here.

The three main freight specific elements are:

e The RSiIs discussed earlier in this chapter;
e 8 Specialist Goods Vehicle Counts (SGVCs) at roadside (locations shown in Figure 45); and
e 19 Freight operator interviews (locations shown in Figure 46), in person or over via telephone.

While the target number of freight operators surveyed was exceeded, a number of operators were not
willing to provide responses and therefore alternative operators were interviewed.

Figure 45 Specialist Goods Vehicle Count Sites
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Figure 46 Freight Operator Surveys - Depot Locations

Cantains OS data © CroWn Copyright and database right 2016

4.2.9 Parking Data

Parking data are required for an analysis of current conditions, as well as to help forecast potential
future year capacity conditions, as it may impact on trip patterns.

WBC hold an inventory of car park locations as shown in Figure 47. The latest spreadsheet and map
based logs have been compared with an independent check conducted to confirm any significant
recent changes and identify additional significant parking areas in relatively close proximity to the
town centre.

The main alteration to the log was the amendment to parking sites at Academy Way, following the
closure/demolition of the multi-storey car park and instalment of a temporary parking site. Additional
potential parking sites were identified primarily directly to the north, including Warrington Hospital to
the north-west and Cobden Street to the north-east.
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Figure 47 WBC Car Park Inventory
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Car parking surveys for ten sites were commissioned in and around the central area of Warrington.
Their locations are shown in Figure 48. The surveys were selected to cover a range of car parks of
different size, location and price. For more information see the Data Collection Report.

No technical issues were identified with respect to the carrying out of these counts by the survey
company and visual sense checks were made by AECOM against images recorded at the time. As
images were not taken at the start of the surveys for designated car park sites (only the on-street
parking), the survey company was asked to increase the robustness of these surveys by cross-
checking on a second day. The results from that showed a close correlation with the first day, as
shown in Figure 49, which includes occupancies recorded around 09:00 and 12:00;

In addition to these commissioned counts, it was identified that parking data from Golden Square
shopping centre might be obtained through WBC, however, the Council has not been able to obtain
this.

The primary use of the parking data has been to examine the split between paid for and non-paid for
parking to derive an estimate of average parking costs for use within the demand model.

In addition to this, the parking data entry/exit totals have been sense checked and compared to the
trip demand of respective model zones to ensure realistic trip patterns are represented in the highway
model.
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Figure 48 WMMTM16 Commissioned Car Parking Surveys
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4.3 Other Data Used

4.3.1 Highway Network Development Data

The WMMTM16 network data required can be categorised as follows:
1. Network Geometry;

2. Network traffic features including speed, restricted movements; and
3. Network operating features, including traffic signals.

A number of data sources have been identified within each of these categories. These are
summarised in Table 34 below.

Table 34 Sources of Network Data

Category Data Type Source Selection Criteria Use

_ - All Motorways, and A
- Highways

roads outside the :
Link alignment TPS Warringgton production of
Network Regional boghbs?ulatlon
Geometry - Other geometric Model - All Aroads, B roads an ukgr
attributes _ and selection of key network in
- Meridan2 C roads within the SATURN for
Borough of the WMMTM
Warrington.
- DT - Data} for all links
Trafficmaster ~ Within the Borough of 504 i the
Network - Vehicle travel time & Highways Warrington calibration and
Traffic _ England Weighted average validation of the
Attributes - Vehicle speed TPS weekday speed from modelled
Regional the Trafficmaster network
Model observed data
- Used for the
- All signalised representation
- Signal data junctions within of junction
} : Warrington capacity
(l\;etwotr_k - HGV restrictions \éVarnngt:on
perating _ . oroug - Allmodelled roads in - Used for the
Features . Bridge details and Council the Borough representation
restrictions assessed for of accurate
restrictions movements

across the town

4.3.1.1 OS Meridian2 Data

Meridian2 is a vector map dataset at a scale of 1:50,000 freely available from the Ordnance Survey
OpenData service under the terms of the Open Government Licence. This dataset has been used to
build the initial model network using GIS, which was then converted into the appropriate compatible
SATURN format. Whilst Meridian2 provides a useful start point at which to generate a model network,
there are 2 limitations:
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e Meridian2 contains a generalised road network and will therefore does not contain every road in
Great Britain; and

e Meridian2 does not contain information on drive restrictions such as one-way streets or prohibited
turning, for example.

Meridian2 was used to create the model simulation area and then merged with the Highways England
Regional Model coding for areas outside of Warrington. The process was as follows:

e Identification of areas of model required to use Meridan2 data;

e Using GIS, the coordinates were calculated for the start/end points of each Meridian2 link and
these were then exported to Excel alongside the link distance;

e  Creation of Saturn link IDs based on start/end points;
e  Creation of Saturn nodes using start/end points (duplicates then removed);

e Final list of nodes and links produced in text file format matching the required Saturn structure for
input to SATNET,

e Parameters (logical, integer and real) added to text file and run through SATNET facility; and

e Review and correction of any errors produced.
4.3.1.2 Trafficmaster Speed Data

Trafficmaster data is generated through in-vehicle GPS trackers. As of 2015, Trafficmaster actively
polled over 110,000 vehicles. The polled data is attached to Ordnance surveys ‘ITN’ road links and,
once checked by the DfT, it is then distributed to each Local Authority.

AECOM and WBC have entered into a licence agreement whereby AECOM will analyse the
Trafficmaster data on behalf of the Council using Basemap’s ‘Highway Analyst’ programme. This is a
cloud-based platform where users can quickly analyse, interrogate and download Trafficmaster data.

This data is updated annually, with changes to the ITN network being taken into consideration making
this an extremely accurate and valuable dataset.

Data has been downloaded under the parameters and methodology specified earlier in Section 4.2.5
(Journey Time Data).

Figure 50 to Figure 52 show the average speeds in Warrington during each model time period.
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Figure 50 AM Peak Average Speeds
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Figure 51 Inter-Peak Average Speeds
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Figure 52 PM Peak Average Speeds
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4.3.1.3 Signal Data

Signal timings for 80 junctions within the Warrington borough were provided from the Warrington
Urban Traffic Management Control (UTMC) team. Of the 80 junctions, 49 are part of the demand
responsive SCOOT network. As SATURN does not model demand responsiveness, the signal timings
and stages at these junctions were converted to a fixed-time format that SATURN can process and
were coded manually. The timings coded represented an average time for the model hour being
coded using a download of the variable times recorded at each junction. An example of this output is
shown in Appendix D.

Signals that did not fall under the jurisdiction of WBC were imported in the model from the Highways
England Regional Traffic Model or coded using the template guidelines set out in the Coding Manual
and further optimised during the calibration process.

Checks of all the traffic signal coding were conducted when importing to the network. Missing turn
pockets was the most common error (3 junctions identified — 4%). More serious errors i.e. turns not
allocated to any stage were picked by SATURN's internal checking (a total of 8 identified — 9%).
Further checks were undertaken by WSP; the external quality assurance reviewer on behalf of WBC
and a number of minor errors identified and corrected. Figure 53 displays the location of all the
signalised junctions in the borough that have been coded into the WMMTM16.
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Figure 53 All Signalised Traffic Junctions in Warrington
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4.3.2 PT Routing

4.3.3 Bus

Bus routes were generated using three methods. Firstly, data was first sourced from Translink which
enables an automated generation of routes in EMME / GIS based on a central ‘TransXchange’
database. The method involves assigning the bus services stops to the nearest model node and
including the service name / number and headway from the database.

The TransXchange database however contains known errors due to old services remaining in the
system having been replaced. Further, the database included service changes since the time of the
survey data collection and does not facilitate the production of historic lines. Therefore a secondary
‘CIF’ database was used. This database contains similar data as TransXchange and is available for
specific dates, but required more processing than the TransXchange approach.

In some cases routes were timetabled but did not appear in either database. A cross check was
conducted for their presence in the cordon occupancy counts and if confirmed, these service lines
were generated manually.

Figure 54 to Figure 56 displays the coverage of Network Warrington Bus Services in each time period.
They show very little route variation across the periods.

Figure 57 shows the coverage of Arriva bus services in Warrington in the AM. Figure 58 to Figure 61
show the routing of AM services in Warrington. IP and PM services can be found in Appendix F.
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Figure 54 Network Warrington Bus Services - AM
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Figure 55 Network Warrington Bus Services - IP
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Figure 56 Network Warrington Bus Services - PM
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Figure 57 Bus Routes, All Peaks — Non-Network Warrington Services
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Figure 58 AM Bus Routes — Network Warrington Services (1/4)
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Figure 59 AM Bus Routes — Network Warrington Services (2/4)
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Figure 60 AM Bus Routes — Network Warrington Services (3/4)
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Figure 61 AM Bus Routes — Network Warrington Services (4/4)
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4.3.4 Rall

Rail lines were generated between stations within the simulation area using a database, with station
locations being visually sense checked using aerial mapping. Representative lines were generated for
grouped stations within external areas.

Figure 62 shows the inclusion of rail routes, both within and external to the simulation area (with
aggregation of stations beyond the simulation area).

Figure 62 Rail Routes in Model, All Peaks
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4.3.5 Summary of Data used for Calibration & Validation

A comprehensive data collection exercise has been undertaken for the development of the base year
highway and PT models:

e 459 highway count sites, of which 389 went forward into calibration (85%) and 134 were specially
commissioned for this project (29%);

o Trafficmaster data coverage for the whole borough to facilitate the analysis of 38 journey time
routes;

e 10 parking surveys;
e 8 specialised goods vehicle surveys and 19 freight operator interviews;

e Bus ticket data for Network Warrington services alongside 22 bus passenger surveys and rail
access interviews at each station in the borough; and

e  Traffic signal data for 80 signalised junctions in the borough.

Each of these datasets has been checked and any anomalies found were removed where necessary
or corrected as appropriate.

Prepared for: Warrington Borough Council AECOM
98




Warrington Transport Model:

5. Model Development — Networks

51 Zone Structure

A hierarchical zone numbering system has been used in order to make it easier to present results
from the model and analyse outputs. 5 sectors have been identified. The number of zones in each of
these sectors in the model is set out in Table 35.

Table 35 Number of Model Zones by Sector

Sector Sector Name Number of Zones
1 Town Centre 82
2 Warrington North 205
3 Warrington South 111
4 External North 131
5 External South 57
TOTAL 586

Figure 63 shows the spatial groupings of the model zones into sectors that have been used in
analysis of the matrices.

Figure 63 Zone Sector System used in Analysis
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5.2  Network Coding

The model has been coded according to the specification and methodology set out in the WMMTM16
Coding Manual. Please refer to the AECOM report “Warrington MMTM Coding Manual, 20 September
2015 v1” for full details (see Appendix E).

The WMMTML16 coding manual has been developed based on the coding manual prepared for the
Highways England RTMs. The methods discussed have been derived from a variety of different
sources, and following guidance and best practice principles.

As the values defined within the coding manual are generated at the outset of the model development
process they should be considered as appropriate starting values. It is anticipated that during model
calibration the values will be modified to better fit local circumstances.

The coding manual provides detail and guidance on the following:

e  The coding principles to be adopted by the WMMTM,;
e Details of the SATURN Network Assignment Parameters to be used;

e  Specific details of SATURN simulation network coding such as; saturation flows, GAP
parameters, the treatment of Flare lanes and the representation of “exploded” roundabouts,
definition of speed flow relationships;

e  The approach to modelling motorway merging;

e Details of the zone coding procedures including the identification of centroid locations and
options for connecting the zones into the simulation and external networks;

¢ The methodology for coding of bus routes; and

e  The process of using the Trafficmaster data for the WMMTM16 development.

Figure 64 shows the extent of the model simulation area.

Athorough checking process was undertaken to ensure that the network coding was undertaken to an
acceptable standard.

Google Maps aerial photographs have been compared to the coding in the SATURN network to code
the number of lanes. Lane markings have been used to determine the turning movement allowed in
each lane. The SATURN coding has also been checked to ascertain whether all banned turns are
properly represented and correct priority markers have been used. Saturation flows per lane for each
turning movement have been calculated to a consistent standard in accord with the coding manual.

Roundabouts have been checked to make sure that they have been coded correctly. Common errors
when coding a roundabout in SATURN include coding each turn with a different saturation flow.
SATURN requires that roundabouts should be coded with a link saturation flow and this should be
applied to all turns. Time to circulate the roundabout and the saturation flow around the roundabout
has also been checked against observed Trafficmaster travel times for reasonableness.

A summary of the checks and errors found during internal checks is presented in Table 36.
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Figure 64 Extent of Model Simulation Area
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Table 36 Internal Network Checks Summary

Description Total Comment

Simulated Nodes 2,484 Including straight ahead, intermediate nodes and bus stop
nodes

No. of Junctions 2,447

Simulated 358 Primarily junctions

Junctions Checked

Percentage of 14%
Junctions Checked

Description of Number of Comment

Node Error Errors

Saturation Flow 64 All errors from .LPN file checked

Turning Filter 5 Errors regarding location of filter (nearside/offside)
(Pocket)

Priority Markers 12 All errors from .LPN file checked

Link Length 52 All errors from .LPN file checked and fixed

Banned Turns 8 Primarily errors in turns not clearly visible from satellite turns
High level of - Dummy matrix test has shown no excessive delays
delays

One way/No 3 One way links/bus only links coded correctly

entries

Semi-fatal errors 218 Total number of semi-fatal errors when merging RTM with

simulation network. Errors were mainly associated with
missing zone structure-external links. The introduction of a
zone structure reduced this significantly to less than 60 which
were also fixed (.LPN file)

Serious warning 2,150 Serious warnings in the simulation area were checked,
assessed and fixed when appropriate (.LPN file)

Network - Dummy matrix test showed no issues with network

connectivity connectivity between the zones

Buffer Network - Since the buffer and motorway box network was imported from

the RTM that has been checked and validated, no further in
depth checking was carried

5.2.1 Zone Centroids

Centroid connectors have been coded so that zone connectivity is represented in the model. Whilst
most zones have a single connector, where necessary, multiple centroid connectors have been
assigned to a single zone. The specific issues relating to the definition of centroid connectors are
given in TAG Unit M3-1, Section 2.4. These were taken into account when defining the centroid
connectors to take into account local access and egress from zones.

The placing of centroid connectors has been carefully designed in order to ensure the loading of traffic
onto the network is realistic. This has been achieved through the use of both spigots and spanning
connectors for the FMA. According to the SATURN User Manual, Chapter 15:

e  Spigot: Refers to a zone which is connected to an external simulation node which itself is
connected to a node in the middle of an internal simulation link; and
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e Spanning: Centroid connectors are connected to links, specifically the A and B node used to
define the link

Furthermore, loading has been focused on the road hierarchy where appropriate; to ensure that lower
order feeder roads are typically used as loading points. The number of centroids per zone has been
minimised to limit excessive reassignment effects through model calibration and forecasting. Around
90% of the zones use a single connector with 9% using two connectors. Only 1% of the zones require
3 connectors which is the maximum number found in the model.

Please refer to the AECOM report “Warrington MMTM Coding Manual, 20 September 2015 v1” for
more details (see Appendix E).

5.2.2 Link Data

The link data have also been verified by checking the location of each node using GIS and the coded
distance and speed/flow curve assignment to the links. These checks were primarily carried out on
the urban network and the motorway box. Figure 65 shows a scatter plot comparison of SATURN and
Meridian2 distances in metres. Only 5% of the distances do not match exactly. Outliers have been
investigated and corrected where appropriate.

It is important here to recognise the difference between free-flow speed and the mean cruise speed.
Within an urban area, many links suffer from delays that are independent of the flow along them.
These delays are caused by incidents along the link, e.g. buses stopped at bus stop, pedestrian
crossings, and vehicles manoeuvring into and out of parking spaces. In these cases it is appropriate
to set the SATURN free-flow speed to be equal to the mean “cruise” speed. This is the typical speed
at which traffic will travel along the link ignoring any delays caused by the junction at the end of the
link. The use of mean cruise speed allows the speed to be set independent of flow.

Figure 65 Meridian2 and SATURN Link Distances (m) Comparison
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Trafficmaster data and built-up area data were utilised to create a link classification for the simulation
area. It was decided that the 20 and 30mph zones would be coded in the model as they were. For the
rest of the simulation area a combination of rural, suburban and town centre links along with small
town, single and dual carriageway classification was used. Figure 66 displays the link classification
applied to the simulation network within Warrington.

In order to calculate the cruise speed for each link type the weighted average was used (Table 37).
Outliers were examined and links adjacent to junctions were removed from the calculations.
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Table 37 Cruise Speeds Applied in the Model by Link Type

Link Type Cruise Speed Applied (km/hr)
Dual Carriageway — Rural 60
Dual Carriageway — Suburban 55
Dual Carriageway — Town Centre 35*
Single Carriageway — Rural 60
Single Carriageway — Suburban 50
Single Carriageway — Town Centre 45
Small Town — Rural 45
Small Town — Suburban 40
Small Town — Town Centre 20

* low sample size affected weighted average

Figure 66 Link Classification
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5.3  Public Transport Network

5.3.1 Zones

For consistency, the public transport model uses the same zone system as the highway model.

5.3.2 Network Structure

The network structure for the bus element of the public transport model is the same as the highway
model for highway links within the simulation area. This final version of the joint network followed a
review of the draft highway network with respect to distance of nearest model nodes to actual bus
stop locations. A standard 50m threshold was applied within the simulation area and a visual sense
check conducted. This identified a number of locations where additional nodes were required and in
turn, added to the model network.

Figure 67 Bus Stop Network Development — additional node requirement identification

The PT model also contains some additional links:

e  Walking links where there are considered to be sufficiently high pedestrian flows walking along
non-highway paths, such as through the pedestrianised town centre;

e Rail links showing the approximate rail line routes within the simulation area and representative
combined routes to the external area; and

e Representative car specific centroid connectors to rail stations to cater for people who drive to
stations and then use the train.
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Figure 68 PT Network Link Types (Full Extent)
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Figure 69 PT Network Link Types (Medium Zoom)
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Figure 70 PT Network Link Types (Warrington Town Centre)
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5.3.3 Walk

Public transport users access bus or rail services directly from / to centroids or walk along highway or
‘walk only’ pedestrianised links. A review of pedestrianised areas within the simulation area was
conducted using aerial mapping to determine which links were considered appropriate to include.

5.3.4 Fares (average yield)

As recommended by WebTAG, a mode specific boarding penalty was generated to be applied to the
PT model assignment.

The penalties were derived from analysing the respective fares. Bus and rail fares comprise of a
combination of different fare types for different operators, but for the purpose of the model there is
required a simplified average yield (fare) per kilometre for each mode, therefore a representative yield
per kilometre is generated based upon observed data.

For the assignment purposes the fare-distance rates were converted to generalised cost minutes
using an average value of time derived from government data at;

https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours

5.34.1 Bus

Bus fare data has been sourced primarily from Network Warrington ETM data. This data is
disaggregated by stages and enables an average distance related fare to be approximated and used
in the model; this includes taking into account the proportion of users who have concessionary tickets.

Arriva ETM data has been used for comparison of the composition of ticket types, which showed a
close correlation with the Network Warrington data.

Figure 71 shows the line of best fit based on identified fare costs for standard single tickets between
known origin and destinations, sourced from the bus operator website. From this, a fixed constant
(boarding cost per journey) and variable parameter (cost per kilometre) were estimated based on the
regression analysis.

Figure 71 Bus Fare to Distance Regression Analysis
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Table 38 presents a breakdown of the proportions of different types of tickets purchased by bus users,
based upon the commissioned passenger survey data for the study. The relative price for the different
types, weighted by their respective proportions, produces an adjustment factor to generate an overall
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cost, taking into account that some people benefit from concessions. Bus trips incur a boarding
penalty of 6.60. The distance multiplier equated to 0.60 for bus users.

Table 38 Bus Ticket Type Analysis

Ticket Description Network Warrington Arriva
Standard Ticket (bought on bus) 37% 27%
Touch card 15% 25%
Proportion non-pass 52% 52%
Disabled pass 6% 7%
Other pass 2% 0%
Pensioner pass 32% 36%
Proportion pass 40% 44%
Child / student 8% 4%
Proportion Student 8% 4%
5.3.4.2 Rall

Average distance to fare (single) values were generated for a range of long and short distance rail
trips to generate a relationship based upon regression analysis as shown in Figure 72, sourced from

the national rail website. Peak specific fares were not used as the survey data showed that the

majority of tickets are season and returns. Of the single tickets, the majority across each time period
are 'anytime today', with very few 'off-peak’ specific. With this in mind as well as the unknown aspect
of how much people paid for advance train specific trains, it was not considered that this aspect was

significant to warrant time period specific variations in fares.

Taking these distance parameters and applying an overage VOT from the ONS data; for rail trips the

fixed component (boarding penalty) was approximated at 8.79 (minutes). The distance multiplier

equated to 0.49 for rail users.

Prepared for: Warrington Borough Council

AECOM
110



Warrington Transport Model:

Figure 72 Rail Fare to Distance Regression Analysis
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Table 39 Rail Ticket Type Proportions
Duration Duration % Concessionary Yes/No %
(Yes/No)
Single 18.7% Yes 13.7%
Return 70.7% No 86.3%
Season 10.6%
5.4 PT Network Checks
5.4.1 Refinement & Improvement
54.1.1 Bus

Bus services were checked by manually reviewing the model lines and time period specific headways
against timetables and maps pertaining to services as at June 2016. Any inconsistencies arising from
the assumptions within the automated process were subsequently corrected.

Bus stops were assigned to the nearest available stop which, as identified in 5.3.2, used a 50m
threshold in the simulation area, with some stops being grouped together. Outside of the simulation
area disaggregation was increased in line with the network detail.

A cross check of the services against ticket data (where ticket data available) to confirm all services
were accounted for and coded.

The coding of each service and route were checked against June 2016 timetables published by
Network Warrington to ensure accuracy in the model.

Finally, an independent review by WSP of the services was conducted and any identified changes
made.

Prepared for: Warrington Borough Council AECOM

111



Warrington Transport Model:

54.1.2 Ralil

Being relatively minor in terms of numbers of links, the rail network required only visual sense checks
by an independent analyst.

Service characteristics were reviewed through the input spreadsheet / service lines files again
independently, checking frequency / headway calculations and travel times between stops against
published timetables.

5.4.2 Verification

54.2.1 Bus

Sense checks carried out confirming that identified services were observed at cordon counts where
they were expected to be present.

5.4.3 Quality Assurance

Network reviews were conducted by an independent external consultancy and any amendments
identified and agreed to be required, carried out prior to ‘sign off’.
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6. Model Development — Prior Highway Matrices

6.1 Context

This section sets out how the prior trip matrices were developed for the WMMTM16 model. The
section covers three main processes:

e  The analysis and assessment of the mobile phone data set;

e  The creation of a set of synthetic matrices using gravity modelling; and

e The use of the mobile phone data and synthetic matrices to create the prior highway matrices
and comparisons against other observed datasets.

6.1.1 Data Sources

To develop the initial highway matrices, the following data sources have been used:

e  Mobile phone data, provided by Telefonica,;
e RSl data;

e ATC and MCC traffic counts;

e Census data;

e  Valuation Office data;

e NTEM data;

e NTS (National Travel Surveye) data;

e Local planning data and trip rates; and

e  Trafficmaster data.

The primary data source for matrix building is the mobile phone data but as this is a new source of
data where the strengths and weaknesses are still being realised and understood, a number of RSI
surveys were added to the data collection programme to assess whether the mobile phone data was
consistent with other forms of data and provide confidence in the output. Please refer to the AECOM
report “Warrington Transport Model: Data Collection Report (MDCR), January 2017” for more
information relating to the methodology, collection and initial analysis of each of these datasets.

The remaining sections in this chapter detail how each of these datasets have been used in the
development of the WMMTM16 matrices.

6.2 Mobile Phone Data

Mobile phone data (MPD) has been used as the primary component for the basis of prior highway trip
matrices. Figure 73 summarises the prior matrix development process.

Figure 73 Process of Developing Prior Matrices

Mobile phone Initial MPD
data matrices

Prior matrices

Survey data,
Demographic
data

Synthetic
matrices

® The National Travel Survey (NTS) data that has been used was received from UK Data Services. We obtained individual
survey records from 2007-2015 which covered household records, individual person and trip records. Data was received for
Cheshire, Greater Manchester and Merseyside. The data was used to generate trip length distributions, trip rates and trip
purpose splits. All references to NTS data in this report refer to this raw dataset and not the standard tables produced as part of
the Annual Report.
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Telefonica were commissioned by AECOM to prepare origin-destination matrices for travel in the
Warrington area. A cordon area was defined and trips were included if they penetrated this cordon, as
shown in Figure 74. The key benefit to using MPD is that it provides a larger dataset in terms of
geographic coverage and timeframe than an automatic number plate recognition (ANPR) based
approach or RSils in isolation.

Figure 74 Extent of Model Cordon

The trips were allocated to a start and end zone based on a Lower Super Output Area (LSOA)-level
zoning system with the returned data from Telefonica then being aggregated to match the model
zoning system as described in Section 2.3.6. A total of 714 zones were provided to Telefonica.

6.2.1 Specification

Telefonica provided the mobile phone data according to the following specification:

e  Trips were sampled using neutral days (Monday to Friday, excluding bank holidays and school
holidays) in April, May and June 2016 — 43 days in total (out of a possible 91).

e  Trips were segmented as follows:
— By mode —road, rail, and HGV, with walk/cycle trips removed;
— By purpose:
—  Home based work — from home
—  Home based work — to home
—  Home based other — from home
— Homebased other — to home

—  Non home based
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- Bytime period7:
—  Early off-peak (00:00-07:00)
—  AM peak period (07:00-10:00)
—  AM peak hour (08:00-09:00)
— Interpeak (10:00-16:00)
—  PM peak period (16:00-19:00)
—  PM peak hour (17:00-18:00)
—  Late off-peak (19:00-00:00)

Trips starting outside the cordon were segmented based on the time they entered the model cordon.
Trips starting inside the model cordon were segmented according to their start time.

For more details on the methodology of how the mobile phone data was collected by Telefonica, and
subsequent verification undertaken by Telefonica, please refer to refer to the Telefonica report
“AECOM Warrington Report v0.1” in Appendix G.

6.2.2 Mobile Phone Data Limitations and Bias

Origin-destination matrices estimated from mobile phone data have certain strengths compared to
conventional data sources, which are of particular relevance to the model. The mobile data provides a
wider geographical coverage, a higher sample size and captures day to day variability of trips giving
potential time and cost savings for data collection and processing.

However this is a relatively new source of data which are not collected exclusively for transport
planning. There are key weaknesses, uncertainties and biases associated with origin-destination
matrices derived from mobile phone data which the initial review and verification completed by
Telefonica highlighted:

e Park and ride rail trips are represented in the mobile data as rail trips from the initial origin to the
final destination.

e  Comparisons with trip length distributions from NTS indicate that trips below two miles are likely
to be under-represented in the mobile phone data. However, this will depend on the cell
resolution — in urban areas (e.g. Central Manchester) short distance trips are more likely to be
represented, while in rural areas the threshold may be slightly higher.

e  Comparisons with NTS on trip start times indicate that education trips are likely to be under-
represented in the mobile phone data. This will partly be a natural consequence of the short-trip
bias (since many education trips are short), but may also be due to some education trips being
made by people who do not carry phones. Where education trips are included in the mobile
phone data, they are likely to be counted as home-based-work trips as it is very difficult to
differentiate between work and education trips due to similar numbers of ‘long’ hours being spent
in a single location (work trips are classified as where the mobile phone is located for daytime
hours in a minimum of 18 of 20 weekdays in a month).

Additionally, from our experience in using mobile phone data for the Highway's England Regional
Models development the following factors needed careful consideration:

o Definition of a ‘trip’: To translate the mobile phone data records into matrix trips, Telefonica
have defined a number of rules. A ‘trip’ was defined as beginning when a phone is detected
moving from one cell to another and ending when the phone remained within a single cell for at
least half an hour. Clearly these rules limit the types of trips that can be identified, limiting the
recognition of short distance and short stop-over trips and can also register false trip-ends if a
phone fails to move between cells for 30 minutes on its journey.

e  Spatial resolution and data accuracy: The translation of cell records into zones depends on a
perfect linkage between cell locations and MSOAs. It is known that phones can sometimes link to

" The time periods requested are different to the modelled time periods as Telefonica could not provide a breakdown lower than
hourly totals.
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different cells from the same location at times and there is an imperfect match between cells and
MSOAs, particularly in urban areas in cases where cell masts are close to MSOA boundaries.

o Identification of short trips: The identification of trips depends on identifying movement of
phones between mobile cells. Trips made entirely within a cell would thus not be identified. In
addition short trips of a short duration which do not stay at the destination zone for a sufficiently
long time would not be identified as a trip, it is possible in this way that several short trips are
chained into a single longer trip.

e Identification of mode, vehicle type and vehicle occupancy: Telefonica developed algorithms
to identify rail trips and remove these from the dataset; other public transport and freight trips
cannot be identified. Trip matrices represent person trips rather than vehicle trips and the
technology is unable to produce occupancy rates for trips.

e Identification of trip purpose: Trip purposes are defined in the dataset in terms of home/non-
home and work/non-work based trips. The home zone is defined within the process as the
location where the phone appears to be overnight on most days and the work zone as the
location where the phone appears to remain through most of the working day on most weekdays.
Clearly whilst this is realistic for a large majority of trips it will fail to correctly place shift workers
and education trips would be identified as work trips.

e Expansion of mobile data sample: The mobile sample was expanded by Telefonica to total
population at an MSOA level on the basis of Telefonica’s estimates of their market share in the
MSOA. Issues to be considered were how representative of the total population were the trip
records captured and the accuracy of Telefonica estimates of market share, which may vary
significantly across a city or county, at a local level.

Together these limitations informed the development of the verification tests designed to assess the
robustness of the data supplied. The key problems anticipated with the data were that it might
potentially:

o Fail to accurately represent short trips due to zonal allocation and identification of the end of a
trip;

e  Misallocate trips between neighbouring zones due to zonal allocation;
e  Misrepresent trip purposes due to the definition of trip end purposes; and/or

e  Misrepresent actual trip numbers due to methodology of sample expansion and market share.

6.2.3 Mobile Phone Data Verification

Section 3.3 presented the challenges faced with using mobile phone data in modelling. The collection
and use of mobile phone data is a new technology and area of analysis and as such there is no
existing guideline at this stage on how to use mobile phone data to produce origin-destination
matrices. In fact there is little guidance in WebTAG on matrix building and the merging of different
data sources in doing so.

In addition to the checks undertaken by Telefonica noted above, an approach has been developed to
use existing data sources to test and seek to establish at which resolution level (both spatially and
demand segments) the mobile phone data set should be used and then from there to make use of
other data sets to refine and disaggregate from this point.

These tests were designed to examine:

e  The accuracy of the technology to identify trip origins and destinations at a zonal level;
e  The ability of the technology to identify trips as measured by observed trip rates; and
e  The ability of the technology to identify ranges of trips as measured by trip length.

The results of this investigation were used to inform how the data were used and changes that had to
be made to the data in developing the prior trip matrices.
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The investigation covered:

e  Zonal allocation;
e  Trip rates;

e  Trip distribution;

e  Trip lengths;

e  Trip purpose; and
e  Daily profile.

6.2.3.1 Zonal Allocation

At AECOM'’s request Telefonica undertook analysis of the accuracy of the spatial allocation of trips
within the survey data. This was carried out through an investigation of Points of Interest (POI).

Where a user has multiple dwells which overlap each other, these will be associated with a particular
Point of Interest (POI). By analysing all of the dwells associated with a particular POI the position of
the POI can be identified with a higher degree of accuracy, because more information will be
provided. All of the events associated with a POl were analysed and the relevant cell geographies
were compared to the zone system supplied by AECOM, so that each POI was associated with a
zone. Every time a user visited a cell associated with one of their POIs, this was recorded as a trip to

the associated zone.

Categorisation of POls is based on the temporal patterns of a user’s dwells at each POI throughout
the study period. POls where users spend a large amount of time overnight are classed as home
POls. All users must have a home POI. POIs where users spend long periods of time during the
working day are defined as work POls. All other POls are defined as ‘other’ POls.

The first set of POIs scoring was analysed and processed at an LSOA level within the study area and
the result is shown in a thematic map in Figure 75.

Figure 75 First POI Scoring, LSOA Level
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As can be seen in Figure 75 much of the central model area had low POI scores which demonstrates

low level of accuracy of allocation. Therefore further analysis was undertaken to aggregate the LSOAs
with low scores to a level of MSOA or group of MSOAs level in order to increase the confidence in the
mobile phone data. A thematic map of the final set of POls scoring is shown in Figure 76.

Figure 76 Final POI Scoring, MSOA Level
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The results provided guidance on the level of spatial aggregation at which the allocation of trip ends
could be used with a high degree of confidence. This informed the matrix development process and
defined the aggregation level at which the Telefonica data was used to produce the prior matrices.

To investigate the zone allocation consistency within the data set scatterplots were produced to
examine the symmetry between the “from home” matrices and the “to-home” matrices at an MSOA
level. The results showed a very high degree of correlation and fit suggesting a consistency between

from home origins and to home destinations.

The regression for combined purpose trips is shown in Figure 77 and the correlation by trip purpose in

Table 40.

Figure 77 Symmetry of MPD at MSOA level in the model area
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Table 40 Correlation by Trip Purpose

Slope R?
Work Trips 0.96 0.99
Non-Work Trips 1.00 0.99

6.2.3.2 Trip Rates

A comparison was made between the average person trip rates from the NTS data and trip ends in
the mobile data. This is shown in Table 41. The results show a close correspondence between the
observed and modelled trip rates, although the rates in the mobile phone data are lower than the NTS
rates. The primary difference is an overstatement of work trips and understatement in other trips in the
mobile dataset. This relates primarily to the treatment of education trips discussed in section 6.2.3.5
below.

Table 41 All day from-home trip rates vs. NTS

HBW HBO All HB NHB
Mobile Phone 0.68 0.78 1.46 0.38
NTS 0.36 1.19 1.55 0.35

6.2.3.3 Trip Distribution

A comparison was undertaken of work trips between Warrington and neighbouring local authority
areas with journey to work data from the 2011 Census. The results are shown in Figure 78 and Figure
79. The result shows that the mobile data broadly match the observed data.

Figure 78 HBW From-Home vs. census JTW (all day district level)
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Figure 79 HBW To-Home vs. census JTW (all day district level)

25.0%
20.0%
15.0%
10.0%
5.0% -
0.0% -
& S & & A o & ;\b & & >
R S S S - ¥ &
& @ & & & Qe}Q <& c.,'b{\ RO «‘\K RS
S @ T
PN > )
% B Mobile
&
o) M Census

6.2.3.4 Trip Length Profile

Figure 80 shows a typical comparison between the trip length profile derived from the NTS data with
that derived from the mobile phone data. A consistent finding for all purposes was that the shortest
distance trips were under represented within the mobile data set. This is consistent with the findings of
other studies of mobile phone data. It was concluded that it would be necessary to infill the prior
matrices to represent the missing short distance trips.

Figure 80 Comparison of Trip Length Profiles between Mobile Phone Data and NTS data for
Home-Based Trips (12-hour)
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Trip Purpose

A comparison was undertaken of the trip purpose split between the provisional data set and
independent data from NTS and is set out in Table 42. The results suggest an over-representation of
commute trips and an under-representation of non-home based trips. This is similar to findings
elsewhere and may be explained by home based education trips being categorised as work trips
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rather than other purpose trips. The correction made for this misallocation is discussed in section

6.5.9.

Table 42 Comparison of Trip Purpose Splits — 24 Hour

Trip Purpose NTS NTEM Mobile Phone Data
HBW_From_Home 10% 13% 19%
HBW_To_Home 10% 13% 18%
HBO_From_Home 31% 31% 21%
HBO_To_Home 30% 31% 21%
NHB 20% 12% 21%

6.2.3.5 Test F — Daily Profile Check

Checks were carried out to examine the split in total demand by time period, comparing the time of
day distribution in the NTS survey data with the mobile phone data. Profiles for each trip purpose are
shown in Figure 81 to Figure 83. The results show that the mobile data profiles provide a reasonably

good fit to the observed daily profiles.

Figure 81 Daily Profile — Home Based Work Trips

35%

30%

25%

15%
10%
5%

0%

ﬂ : ' : E
AM IP PM oP

20%
= MPD
15% BNTS
10%
5%
0% T T
AM 1P PM OP
Figure 82 Daily Profile — Home Based Other Purposes
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Figure 83 Daily Profile Non Home Based Trips
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6.2.3.6 Conclusion of Initial Verification Tests

A summary of the comparisons made is shown in Table 43. The primary conclusions drawn from the
assessment of the data were that:

e Zonal allocation at an LSOA level was insufficiently accurate for use in developing prior matrices.
Mobile phone data should be treated at a level of MSOA or MSOA group as indicated by the POI
analysis and disaggregated to model zone using demographic data.

e  The variability of trip rates and the trip length distribution tests show that there is a consistent
under-reporting of short distance trips within the data, which may vary from area to area in
response to the size of the mobile cells.

e Allocation to purposes demonstrates an over-reporting of work trips and under-reporting of non-
home based trips.

Thus while the data set may be considered relatively representative of longer distance travel within
the study area, there is a need for corrections to the data to allow for:

e  Processing the data into the appropriate spatial resolution;
e Underestimation of short distance trips; and
o Reallocation of trips between work and education purposes.

To achieve the necessary trip infilling and disaggregation, it was considered necessary to supplement
the mobile phone data with a set of synthetic matrices. The development of the synthetic matrices is
discussed in Section 6.3.
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Table 43 Results of Mobile Phone Data Verification Tests

Test Data Check / Comparison RESULTS/Comment

High level of symmetry shows that zonal allocation of
Symmetry of origins to trips is consistent for a given trip maker. This provides
destinations confidence in the consistency of the method used to

allocate trip ends to the Mobile phone data zones.

The analysis shows that zonal allocation is inaccurate at
the LSOA level. Allocation improved significantly with
aggregation to MSOA and above. The data should not
be used at the zonal level at which it was initially
supplied, but should be used at the grouped MSOA
level and disaggregated using observed data.

All day trip origins and
destinations against
customised NTEM trip ends

Overall the implied trip rates within the mobile data set
are slightly lower than the reported trip rates from NTS;

B Trip Rates although there is a mismatch by purpose. This provides
a degree of confidence in the identification of individual
person trips within the mobile data set,

Generally good overall fit between observed and

C Trip Distribution modelled data for work trip destinations.

As anticipated prior to analysis the results show an
under representation of shorter distance trips and
overestimate of longer distance trips. This should be
corrected by replacing the short distance trips with
synthetic trips and making further adjustments to trip
length patterns

D Trip Length Profile

Generally good fit however there is an over-allocation of
trips to the commute category at the expense of HBO
trips. This should be corrected during the prior matrix
development.

E Trip Purpose

Generally good fit, any overall mismatch would be
F Daily Profile Check corrected in adjustments will be made during matrix
estimation.

6.3  Synthetic Matrix / Gravity Model Process

As discussed in section 6.2 above, it is concluded that additional synthetic matrices would be required
to compliment the mobile phone data in the development of the prior matrices. Synthetic matrices
would be required to:

o Disaggregate the mobile data to model zones and by trip purpose, and
e Infill the missing short distance trips in mobile phone data.

Consequently a set of synthetic matrices were developed, using a gravity modelling process, at the
level of the zoning system created for the model and for car trips at a 24 hour level for each of five trip
purposes:

e  Home-based work;

e Home-base employer’s business;

e Home-based other;

e Non home-based employer’s business; and

. Non home-based other.
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In each case the home based purpose matrices were further split by from home and to home journey
legs. Matrices were constrained to the observed movements from the roadside interview data for fully
observed movements.

The gravity models were calibrated against trip length distributions derived from local NTS data. Trip
distances for input to the gravity model were skimmed from a copy of the highway model using fixed
link travel times controlled to observed Trafficmaster data. Comparisons of the NTS data and the fitted
gravity model functions are shown in Appendix J.

The inputs to the synthetic matrix building process were:

e  Trip ends (attractions and productions)

e  Trip cost skims; and

e  Calibrated deterrence function.

The process for developing synthetic matrices is shown in Figure 84.

Figure 84 Synthetic Matrix Building Process
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Zone to Zone Costs

Estimate Trip Length
Distributions

Fit TLD to Trip Ends to produce SYNTHETIC
MATRICES

6.3.1 Trip Ends

Trip ends for each zone were estimated using the Department for Transport’'s National Trip End Model
(NTEM), Valuation Office Agency (VOA) data and 2015 Census population. The VOA data provided
non-domestic land-use information such as Gross Floor Area (GFA).

The home-based trip end productions were disaggregated to the model zones using the total of
postcode-based 2015 population for each zone in the study area. 2015 postcode population was
derived by factoring the 2011 values provided by UK Data Services website to 2015 values using the
mid-2015 population from the Office for National Statistics (ONS).
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The home-based trip end attractions and none-home based trip ends were estimated by undertaking
regression analysis between the NTEM trip ends and total GFAs of various land uses at MSOA level.
In order to estimate the trip ends for the model zones, the coefficients derived from the regression
analysis were then applied to the total land-use GFAs of each zone.

6.3.2 Trip Cost Skims

Cost skims were derived from a preliminary fixed link speed version of the WMMTM SATURN
network. Link travel times were sourced from 2015 Trafficmaster data. Costs were calculated in terms
of generalised minutes generated from the network model.

6.3.3 Deterrence Functions

Deterrence functions were calculated for each trip purpose by fitting log-normal functions to observed
distributions of trip numbers within each generalised cost band derived from NTS. For this purpose,
NTS data was obtained for Cheshire, Greater Manchester and Merseyside, and to ensure current
travel patterns were reflected only survey records collected during the period 2008 to 2014 were
used. Units were converted to minutes and the parameters expressed in a standard lognormal form.

1 <_(lnCi — p)? )
———ex
Cio\2m P 207

Where C is the generalised cost
o and p are the fitted distribution parameters

For each trip purpose the gravity model carries out a balancing process to fit a trip matrix that satisfies
the trip length distribution constraints and the trip end constraints. The process iterates to improve the
fit to the trip length distribution on each iteration.

Comparisons of the trip length distributions for each purpose are included in Appendix J. The results
show a good fit between the synthetic matrices and the NTS data for home based trips. However, due
to smaller sample sizes, the fit for non-home based trips is not as good in some distance bands.

6.3.4 Constraining to Observed Data (RSIs)

The roadside interview data provided fully observed trip information for specific sector to sector
movements. For fully observed movements the synthetic matrices were constrained to reflect the
observed levels of demand.

6.4  Prior Matrix Development — Stage 1

This analysis has been undertaken in three stages, each of which is described in more detail below
e  Prior matrix development — stage 1, initial data processing;

e  Prior matrix development — stage 2, further refinements; and

e  Matrix estimation.

The first stage of the matrix development consisted of the following tasks:

Aggregate rail, bus and freight matrices to a MSOA level;

e Remove rail trips from the mobile phone dataset;

Remove bus trips from the mobile phone dataset;

Remove freight trips from the mobile phone dataset;

Disaggregate the car only trips to the model zones using synthetic matrices;

Re-allocate education trips; and

Replace short distance trips with synthetic data.
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The sequence of steps is illustrated in Figure 85. This stage was specifically designed to target the
issues identified with the expansion of the mobile phone data sample, mode identification, and short-
trip bias discussed in Section 6.2.2.

Figure 85 Stage 1 Matrix Build Process
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6.4.1 Development of Prior LGV matrices

The matrices were developed using a gravity model process taking as inputs the LGV demand
matrices from the Highways England Trans Pennine South Regional Transport Model (TPS Model).
These in turn were initially derived from Trafficmaster data collected across the whole of the UK and
matrix estimated across Northern England

6.4.1.1 Trip ends

Trip ends were input at a WMMTM16 zone level. To create them the TPSRTM zones were aggregated
as appropriate to an MSOA or a group of MSOAs level. Post code population and Valuation Office
(VOA) data were then used to disaggregate the origin and destination trip ends into the WMMTM16
model zones in the study area. Elsewhere the number of jobs from NTEM was used to disaggregate
the trips.

6.4.1.2 Trip distance skim

The distance skims were obtained by skimming link distance from the WMMTM16 SATURN network.

8+ LGV and HGV data was obtained from the Highways England Trans-Pennine South Regional Model (TPS Model)
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6.4.1.3 Trip Length Distribution

For the LGV gravity model process, the total number of trips and distances travelled by individuals
were extracted from the NTS data for LGVs and summarised into distance bands.

6.4.2 Development of Prior HGV Matrices

A combination of observed and synthetic data underpinned the matrix build for the HGVs. The prior
HGV demand matrices were derived from the HGV matrices of the Trans Pennine South Regional
Transport Model. The matrices were developed using the gravity model process.

The method of creating the three input files that fed into the gravity model process is described below.
6.4.2.1 Trip Ends

The trip ends from the TPS model were used in this process. The trip ends were aggregated into 12
internal and 68 external sectors. The internal trip ends were then disaggregated into model zones
using the VOA, population and SGVC (Specialised Goods Vehicle Count) data. The external trip ends
were disaggregated into the model zones using the total number of jobs in MSOAs. The process and
method of using the various data sources are explained in detail below.

6.4.2.2 Internal Trip Ends

The primary data source for domestic freight movements on road is CSRGT (Continuing Survey of
Road Goods Transport) which has been provided by the DfT for 2013, 2014, and 2015. Data was
provided at two different geographical levels:

e NUTSS3: Cheshire, Greater Manchester, Merseyside and Lancashire; and

) NUTS2: Other counties.

Based on CSRGT, total number of trips to/from and within Warrington was 6,500 vehicles a day. This
value was disaggregated into the model zones based on an analysis of SGVC (Specialised Goods
Vehicle Counts), VOA and population data. The process of disaggregating the trip ends was
completed in two stages explained below.

6.4.2.3 SGVC (Specialised Goods Vehicle Count)

Counts from 23 operators with highest number of HGVs were analysed to indicate the depot of the
start or end of the observed trip and then proportion of counts for each location was estimated over
the total number of observed HGVs which was 6,000 vehicles. The SGVC were located across the
Warrington network and this was taken to be a reasonably representative observation. Table 44
shows a summary of the analysis.

Table 44 SGVC Analysis

Operator Count Proportion
Royal Mail 242 0.040
ASDA 196 0.033
ICELAND 191 0.032
DHL 116 0.019
Eddie Stobart 115 0.019
Winwick Road Skip Hire 113 0.019
BT Skip Hire 112 0.019
Warrington Borough Council 96 0.016
Marks and Spencer 43 0.007
Next 43 0.007
Secured Mall 35 0.006
ABC Mix 33 0.006
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Operator Count Proportion
Speedy Hire 32 0.005
XPO Logistics 30 0.005
Hope Construction Materials 29 0.005
Biffa 28 0.005
NLC Transport 27 0.005
DFS 26 0.004
Veolia 20 0.003
Beesley & Fildes 14 0.002
Horizon Platform 13 0.002
TNT 9 0.002
Stapletons 7 0.001
Total 1,570 0.262

6.4.2.4 VOA (Valuation Office Agency data) and Population Data

The remaining number of HGVs was disaggregated into the model zones using the population data
and also the VOA data for certain land uses in each model zone. There was insufficient data formally
to calibrate a relationship between land use and trip ends and assumptions were made and assigned
to the land uses which are shown in Table 45.

Table 45 Land Use Assumptions

Land Use Type Ratio HGV counts
Factory 0.166667 738
Storage, Warehouse, Depot 0.333333 1477
Shops, Showroom, Retail 0.25 1108
Restaurant 0.083333 369
Office 0.083333 369
Residential 0.083333 369
Total 1 4430

Initially the total number of HGVs was derived from the CSRGT data, however due to the lack of
information and poor quality of the data the total number of trips were increased to match the totals in
the TPS model.

6.4.2.5 Trip Length Distribution
For the prior HGV matrix development, trip length distributions were extracted from the TPS model.
6.4.2.6 Trip Distance Skim

The trip distance skim was drived from the link distance from the WMMTM16 SATURN network.
The gravity model process was run for five iterations and the matrices from the fifth interation were
used as prior LGV and HGV matrices.

6.4.3 Bias Correction Factors

A piece of research, carried out on behalf of the Technical Control Group for the Highways England
Regional Transport Models in 2016, and the mobile phone data providers identified a number of
consistent and significant biases inherent in mobile phone trip data as a function of the method in
which the mobile phone data is collected and analysed. As a part of this research, detailed NTS data
was used to derive a set of factors to correct the bias introduced by the issues relating to trip rate and
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trip length described earlier. This approach was adopted across all the Regional Models. Two specific
sources of bias were considered particularly critical and a process was applied to correct for these:

e  Trip Rate —to correct for the assumption that trips by mobile phone users are representative of
the total UK population in terms of frequency of trip making; and

e Trip Length — to correct for differences in trip length distribution between mobile users and the
general population.

Given that the data collection process used to obtain mobile phone data was the same as that used
for the Regional Transport Models the same biases were found to be present and the same actions
were taken to correct for these biases. For this reason, the factors in Table 46 were applied to the
each of the matrices received from Telefonica, using distances skimmed from the model network, prior
to any further processing.

Table 46 Bias Correction Factors Applied to Provisional Mobile Phone Data

Distance band (km) Bias correction factor
Trip Length Trip rate Total
0-5 1.088 0.935 1.017
5-10 0.957 0.935 0.895
10-15 0.926 0.935 0.866
15-20 0.910 0.935 0.851
20 - 30 0.898 0.935 0.840
30-40 0.888 0.935 0.830
40 - 50 0.881 0.935 0.824
50 - 100 0.875 0.935 0.818
100 - 300 0.874 0.935 0.817
300+ 0.890 0.935 0.832

6.4.4 Reallocation of Education Trips

Telefonica are not able to specifically identify trips made by users aged under-18, so they do not
segment education trips in their outputs. However, some pay-as-you-go users were included in the
sample, and many of these are associated with people in education. Education trips made by these
users will usually be included in the home-based work trips, because they are trips between home
and a place where the user regularly spends long periods of time during the time. To reallocate these
trips, an education trip matrix, based on school records, was provided by Warrington Borough
Council.

The education trips were removed from the HBW trips and added to the HBO trips.
6.4.5 Replacement of short distance trips

The comparison of trip length distributions between the provisional data and the synthetic matrices
showed that the provisional data set under-represented shorter distance trips. To correct for this
problem short distance trips in the provisional data were removed for trips up to 5km and replaced by
trips from the synthetic matrices.

6.4.6 Removal of Non Car Trips from the Provisional Data Set

6.4.6.1 Public Transport

The public transport matrix development is discussed in more detail in Section 8.3. Rail and bus trips
were aggregated to the level of an MSOA or a group of MSOAs and then subtracted from the
appropriate trip purpose matrices from the 24 hour prior mobile phone data.
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6.4.6.2 Removal of LGV and HGV Trips from the Provisional Data Set

The LGV and HGV matrices described above were aggregated to an MSOA or a group of MSOAs
level and removed from the 24 hour mobile phone data.

6.4.6.3 Summary

The trips removed from the provisional data set at each stage are shown in Table 47.

Table 47 Breakdown of Provisional dataset by mode

Person Trips Percentage
Initial matrix total 8,194,983 100%
Ralil trips 29,235 0.36%
Bus trips 19,413 0.24%
LGV trips 362,799 4.43%
HGV trips 174,791 2.13%
Remaining car trips 7,608,744 92.85%

6.4.7 Vehicle Occupancy

The demand matrices are calculated in terms of person trips. For assignment to the network and
comparison against traffic counts, it is necessary to convert the matrices to vehicle trips using an
estimate of the number of people per vehicle. The values in Table 48 were derived from the March
2017 WebTAG databook and a comparison is provided with the RSI data collected. Although the
differences are not that great (between -3% and -15%), the RSI sample represents only a proportion
of the trips in the model. It was therefore deemed more appropriate to retain WebTAG standard
values.

Table 48 Vehicle Occupancy Factors

Purpose Average occupancy Average Occupancy

(WebTAG) (RSI Data)
HBW 1.170 1.090
HBEB 1.190 1.150
HBO 1.670 1.470
NHBEB 1.190 1.160
NHBO 1.670 1.420

Prepared for: Warrington Borough Council AECOM
130



Warrington Transport Model:

6.5  Matrix Assessment after Stage 1

The matrix totals at the end of Stage 1 are shown in Table 49.

Table 49 Matrix Totals after Stage 1

Time Period Commute Business Other LGV HGV

AM (3 hour) 602,435 64,288 385,461 107,319 41,950
IP (6 hour) 469,216 166,457 1,043,088 204,586 87,395
PM (3 hour) 522,998 78,913 558,886 107,378 31,462
OP (12 hour) 360,695 77,904 624,165 73,532 15,731

Once this process had been completed the output matrices were once again compared with observed
data to examine the fit in terms of:

e  Trip length distribution and

e  Overall trip volumes.
6.5.1.1 Trip Lengths

An example of the trip length comparison is shown in Figure 86 for home based work trips. The
results showed a much improved fit between the trip length profile in the prior matrix and the observed
data. However there remains a mismatch between the observed trip length profile and the prior matrix
in the middle distance bands.

The results show a much improved fit between the trip length profile in the prior matrices and the
observed trip lengths reflected in the synthetic matrices The results demonstrate that the data sets
derived from the mobile phone data, once the short trips had been replaced by synthetic matrices
produce a good fit to observed trip lengths.

Figure 86 Trip Length Comparison for Home based Work Trips
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6.5.1.2 Comparison of flow on cordons and Screenlines

In addition comparisons were made between the overall observed volume of traffic crossing the outer
and inner Warrington cordons with the volumes in the prior matrices. Differences between observed
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and modelled flows aggregated over the screenlines and cordons are shown in Table 50. The results
show that overall there was a shortfall of between 10% and 15% in demand across the network.

Table 50 Flow Comparisons on Screenlines and Cordons

AM Peak Inter Peak PM Peak
Screenlines (total) -15% -13% -13%
Outer Cordon -10% -10% -10%
Inner Cordon -11% -11% -11%

6.6  Prior Matrix Development - Stage 2

To improve the fit between the provisional data and observed travel characteristics further analysis
was carried out. It is acknowledged at this stage that these steps will necessarily distort the mobile
phone data such that it no longer represents pure observed data; however the tests have shown that
the data set does not fit other observed data sets so these changes are inevitable.

6.6.1 Adjustment to Trip Length

Adjustments were made to match the trip patterns observed within the RSI dataset. These were
additional adjustments which were made only to fully observed trips through the RSI sites. Differences
between fully observed RSI data and the mobile phone data for each trip purpose are shown in
Appendix J. To correct for errors by distance, factors were derived by comparing the provisional data
to the fully observed RSI data and then applied to the matrices depending on trip length. Table 51
shows the factors applied to each band by purpose and direction.

Table 51 Adjustment Factors

Band (km) HBW_FH HBW _TH HBEB_FH HBEB_TH HBO FH HBO TH NHBEB  NHBO

0-5 1.049 0.637 0.678 0.254 0.651 0.658 1.268 0.954
5-10 0.997 1.016 1.974 1.406 1.819 1.585 1.280 1.274
10-25 0.928 0.972 0.911 0.790 0.858 0.889 0.555 0.541
25-50 0.965 1.190 0.467 2.118 1.223 1.129 0.506 0.590
50-100 1.336 0.770 0.434 0.871 0.273 0.498 1.000 1.000

100-300 1.000 0.802 1.000 0.577 1.000 1.179 1.000 1.000

6.7  Matrix Assessment after Stage 2

This point represented the end of Stage 2 of the matrix building process.

The 24 hour matrices were converted back to three hour period matrices and the between peak
periods using the ratio of peak to 24 hour trips in the mobile phone data matrices. Three hour peaks
were converted to the model peaks using ATC data across the modelled area. Firstly, the survey data
was used to convert the 3 hour matrices into the model peak periods. Then the matrices were divided
by two thirds to get the hourly trip matrix required for assignment.

The factors for converting the 3 hour matrices to 1.5 hour peak period from the survey data were:

e 0.576 for the AM peak; and
e 0.547 for the PM peak.
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Table 52 Weekly Flow by 15 Minute Intervals used to Derive Peak Period Factors

AM Total Demand (weekly) PM Total Demand (weekly)
07:00 29,338 16:00 45,650
07:15 35,012 16:15 48,698
07:30 43,332 16:30 56,727
07:45 50,628 16:45 54,123
08:00 52,461 17:00 55,483
08:15 48,050 17:15 57,309
08:30 53,647 17:30 59,210
08:45 49,975 17:45 56,912
09:00 45,958 18:00 53,352
09:15 40,170 18:15 48,407
09:30 38,185 18:30 44,129
09:45 35,692 18:45 41,665

FACTOR 0.576 FACTOR 0.547

The final matrices are shown in Table 56.

At this stage the comparisons carried out on the original provisional data and the Stage 1 were
repeated to verify the matrices against observed data. This involved an assessment of:

e  Trip length distribution; and

e  Flows on major screenlines.

6.7.1 Trip Length distribution

A comparison between the trip length distribution in the adjusted matrices and the trip length
distributions derived from RSI data are shown in Figure 87 to Figure 91. Since the relationship
between RSIs and the Stage 2 matrices is largely dependent on the factors applied then the close fit
demonstrated by the results shows that the adjustments had the desired effect and brought the
distribution in the matrices closer to the RSIs observed values. These distribution plots represent only

the fully observed movements within the RSI data.

Figure 87 Home-Based Work, Stage 2
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Figure 88 Home-Based Employers’ Business, Stage 2
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Figure 90 Non Home-Based Employers’ Business, Stage 2
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6.7.2 Comparison of Matrix Flows

A comparison of the assigned and observed flows across the main cordons and screenlines following
the matrix adjustments are shown in Table 53, Table 54 and Table 55. The results show that the
differences on the main town centre cordons are close or lower than 10%. Differences on other
screenlines are of a similar level although, some particularly in the inter peak are higher. Differences
are both positive and negative suggesting that there is no consistent over or under estimate of
demand.

There are no strict guidelines covering acceptable difference but the purpose here is to get the prior
matrices in to as good a position as possible before commencing matrix estimation. It is also worth
noting that some of the screenlines used here are relatively short and therefore quite high percentage
differences are possible.
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Table 53 Comparison of Screenline flows — Prior Matrix AM Peak

Observed Modelled %age
Screenline Direction Volume Volume Difference Difference
A49 North / Northbound 2,864 3,212 348 12.1%
South Southbound 3,145 3,124 21 -0.7%
] Northbound 4,270 3,795 -475 -11.1%
Birchwood
Southbound 4,133 4,586 453 11.0%
Northbound 3,565 3,525 -40 -1.1%
Canal - NEW
Southbound 2,942 2,813 -129 -4.4%
) Eastbound 2,125 2,340 215 10.1%
Rail EW
Westbound 1,622 1,781 159 9.8%
) Northbound 5,233 5,233 0 0.0%
Rail NS
Southbound 4,609 4,873 264 5.7%
Inbound 12,668 11,782 -886 -7.0%
Outer Cordon
Outbound 14,137 13,342 -795 -5.6%
Inbound 8,776 8,660 -116 -1.3%
Inner Cordon
Outbound 6,268 6,017 -251 -4.0%
Table 54 Comparison of Screenline flows — Prior Matrix Inter Peak
Observed Modelled %age
Screenline Direction Volume Volume Difference Difference
A49 North / Northbound 1,975 2,308 333 16.9%
South Southbound 2,177 1,893 -284 -13.0%
] Northbound 2,580 2,290 -290 -11.2%
Birchwood
Southbound 2,364 2,561 197 8.3%
Northbound 2,531 2,471 -60 -2.4%
Canal - NEW
Southbound 2,547 2,537 -10 -0.4%
) Eastbound 1,802 1,245 -557 -30.9%
Rail EW
Westbound 1,751 1,220 -531 -30.3%
) Northbound 3,457 2,722 -735 -21.3%
Rail NS
Southbound 3,361 2,848 -513 -15.3%
Inbound 9,410 8,973 -437 -4.6%
Outer Cordon
Outbound 9,525 8,538 -987 -10.4%
Inbound 6,824 6,290 -534 -7.8%
Inner Cordon
Outbound 6,934 6,398 -536 -71.7%
AECOM
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Table 55 Comparison of Screenline flows — Prior Matrix PM Peak

Observed Modelled %age
Screenline Direction Volume Volume Difference Difference
A49 North / Northbound 2,846 3,092 246 8.6%
South Southbound 2,756 3,115 359 13.0%
] Northbound 4,542 4,279 -263 -5.8%
Birchwood
Southbound 3,489 3,785 296 8.5%
Northbound 3,007 3,233 225 7.5%
Canal - NEW
Southbound 3,326 3,446 120 3.6%
) Eastbound 2,056 2,386 330 16.0%
Rail EW
Westbound 2,127 2,499 372 17.5%
) Northbound 4,916 5,162 246 5.0%
Rail NS
Southbound 5,233 5,353 120 2.3%
Inbound 14,127 14,665 538 3.8%
Outer Cordon
Outbound 13,424 14,426 1002 7.5%
Inbound 7,190 7,934 744 10.3%
Inner Cordon
Outbound 9,235 10,234 999 10.8%

6.8 Final Prior Matrices

The prior matrices have been developed using the Telefonica mobile phone data, disaggregated to
zone and trip purpose using the synthetic matrices. Given this and on the basis of the analysis of trip
patterns and overall volumes, it was concluded that the prior matrices reflected the broad demand for
travel within Warrington, and that the matrices should be taken forward to matrix estimation for further

refinement.

Table 56 Prior Matrix Totals by Purpose

Time Period Commute Business Other LGV HGV

AM (3 hour) 606,088 64,686 391,235 107,319 42,681

IP (6 hour) 470,980 167,648 1,052,659 204,584 88,930

PM (3 hour) 526,589 79,566 566,123 107,378 32,009

OP (12 hour) 361,739 78,252 626,720 73,532 15,731
AECOM
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7. Highway Model Calibration

7.1 Context

Whilst the tests described in Chapter 6 were focused on the preparation of the matrices, additional
checks have also been undertaken on both the model network and assignments to ensure that once
the matrix was assigned, the outputs from the model were representative of travel conditions in the
study area and could be assessed against the relevant WebTAG acceptability criteria.

WSP have also conducted two reviews of the model network; V91 in February 2017 during the initial
network development stage and a second review on V109 in August 2017 as part of the calibration
stage. Please refer to the report ‘Warrington SATURN Model: Model Review’, October 2017 for more
details on this final review. A summary of these findings is also included below.

7.2 Network Checks

The model network checks broadly fall into 3 categories:

e  Network completeness;
e  SATURN compilation tests; and
e  Network routing.

Each of these checks are discussed in more detail below.

7.2.1 Network Completeness Check

The purpose of this check was to prove that the network produced is structurally complete, including
both the simulation and buffer network. The network was checked for basic connectivity to ensure that
there was a possible path between each OD pair. This was done by careful checking of the error
messages generated by SATURN. SATURN also provides error checking of the link distances relative
to the straight line distance between the nodes. This of course assumes that the node locations are
accurately defined in the model. The error messages from SATURN have been checked to try and
ensure that individual link lengths are coded correctly.

The WSP review of the ‘Warning 32’ errors within the model LPN files to determine differences in two-
way links identified 13 links where there was a discrepancy between link lengths. These have all been
reviewed by AECOM and corrected. The main cause of error was where a link had been split and the

new distance had not been updated.

7.2.2 SATURN Compilation Check

The purpose of this test was to ensure that the network (including buffer) compiled in SATURN with
the option “WRIGHT = TRUE” without any unacceptable errors. The test also confirmed that the initial
network development was successfully built using SATNET.

Prior to this test it was ensured that the networks had been prepared with no FATAL or Semi-Fatal
errors. This was completed as part of the Network Completeness Check. Major warnings and serious
warnings were addressed during this acceptance test. Some of these warnings were further
addressed during the main calibration stage. All other warnings and serious warnings were
investigated and remedial measures were undertaken where necessary.

7.2.3 Network Routing Check

This test was undertaken by WSP to check the key routes in the model area. As part of this network
routing test 28 O-D pairs were identified and checked in each time period. The routes shown in the
networks were then compared against Google route planner. The routing comparisons between
SATURN and Google are presented in Appendix H and an example is shown in Figure 92.

Where routing in the model was not correct, it is normally associated with the flow on one corridor
being higher than the count while the neighbouring corridor is low. A number of instances of this were
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identified in the model and a closer inspection of the coding in these corridors was undertaken
compared to conditions on the ground. Where there was evidence of local conditions influencing

speeds and / or capacity, these were taken into account in the network coding.

Figure 92 Example of OD Route checks

ros T —F

s

7.3  Assignment Checks

T —tii

Once the network checks were complete, assignments were undertaken with the initial prior matrices
to identify and fix any additional network-related issues. Focus was on ensuring that convergence of
the assignment / simulation loops was being achieved. The following checks were undertaken and

appropriate corrections made:

e  Assignment convergence;

e Link speed checks;

e Node convergence; and

e Node delays.

7.3.1 Assignment Convergence

This check involved altering some of the assignment parameters within SATURN, more specifically
those relating to the termination criteria. The final parameters applied are shown in Table 57.

Table 57 Assignment Parameters Altered

Assignment Parameter

Description

Value Applied

PCNEAR

Percentage change in flows judged to
be “near” in successive assignments

Default 1%

ISTOP

The loops stop automatically if ISTOP
% of the link flows change by less than
“PCNEAR” percent (default 1%) from
one assignment to the next.

Default 98%

99

MASL

Maximum number of
assignment/simulation loops

Default 15

200

NISTOP

The number of successive loops which
must satisfy the “ISTOP” criteria in the
test for convergence of the
assignment/simulation loops

Default 4

NITA

Maximum number of assignment

30
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Assignment Parameter Description Value Applied

iterations
Default 20

NITS Maximum number of simulation
iterations 50

Default 20

RSTOP The loops stop automatically if RSTOP
% of the link flows change by less than
“PCNEAR” percent (default 1%) from 985
one assignment to the next.

Default 97.5%

STPGAP Critical gap value (IN %) used to
terminate assignment-simulation loops
when KONSTP = 1 or 5 0.05

Default 1%

SATURN includes a number of options that allow the user to control how SATURN models the
movement of traffic within the highway network. At the very simplest level, these can be left at default
values but it is generally recommended that the user consider changing these values to suit the
characteristics and requirements of the model being built. The convergence of the model has been
improved significantly as a result of this process.

The convergence requirements for highway assignment models are set out in WebTAG and shown in
Table 58.

Table 58 WebTAG Convergence Criteria and Acceptability Guidelines

Model Indicator Criteria Acceptability Guideline

For final 4 assignment

% GAP <0.1% . .
iterations

Highway Convergence

% of links changing by less  >98% of cases in final 4

Link Flows than 1% assignment iterations

The results of the model convergence as part of the calibration and validation exercise can be found
in Section 7.5.4.

7.3.2 Link Speed Checks

During the model build stage work was undertaken to establish cruise speeds within the urban area
and to assign these to the various link types. These were sense-checked against a review of speed
limits in the area using Google StreetView.

7.3.3 Delay Checks

This formed part of the network review undertaken by WSP of the delay incurred at junctions. It is a
function of the volume of traffic travelling through that junction and key to ensuring that the route
choice in the model is sensible. Once the matrix had been assigned, it was possible to undertake the
following assessment:

e Identifying locations where very high delays were being modelled or very low flows. Each one
was checked and the reason for it identified. Where this was due to network coding errors these
were corrected.

WSP have produced junction delay plots have been produced for junctions / nodes which show
delays in excess of 60 seconds, to help identify whether there were any potential issues with junction
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coding, signal timings or other factors which could cause issues within the model. 32 junctions were
identified for further review by AECOM. Please refer to Table 1 of the WSP report ‘Warrington
SATURN Model, Model Review, October 2017’ for full details.

Each of these junctions has been reviewed by AECOM and the key patterns noticed where delays
occurred was in relation to:

e  Of the 32 junctions identified, 23 are in the node area 80,000 i.e. outside of the Borough.
Information for these junctions has been derived from the Highways England Trans-Pennine
South Regional Model and so may contain template coding information where junction data was
not available or provided by the respective local authority. Delays at these locations are a
function of the number of zone load points in the vicinity loading high demand onto sparser
network. No further action taken at this stage but it is important to note that these areas will have
been reviewed from a capacity perspective during the early stages of calibration to ensure
demand could access the network and many of these junctions have had delays significantly
reduced already.

e  Of the 9 remaining junctions listed, each of these has been reviewed in more detail and the
following noted:

—  The timings applied at signalised junctions — either at a location where no data was
collected and/or available, or a signalised junction that is part of the SCOOT network and
therefore timings have to be converted to fixed within SATURN; or

—  Delays appear highest on minor arms where green time (and demand) is low relative to the
rest of the junction.

An example is shown in Table 59.

Table 59 Example of Delays in Base Model and Checks Undertaken

Node no. Junction AM P PM Maxturn Comment
delay

Delay is on minor arm exit from
A49 junction with Hawleys 231 secs Retail Park. Known delay area
Lane / Long Lane due to ahead/right turn
blocking left turn filter.

1482

. Delay is on minor arm exit from
1179 A562 Penketh Road with 466 secs Thornton Rd. Fixed timings

Liverpool Road coded as per observed data.

Delay is highest on minor arm
(David Lloyd arm). AM demand
is approximately 150 compared
to 900+ for other arms.

2614 Cromwell Avenue with A57 456 secs

7.4 Matrix Checks

The purpose of this section of the report is to demonstrate that the calibration of the WMMTM16 trip
matrix has not substantially distorted the prior matrices (those matrices as described in Chapter 6).
The calibration process from prior to final matrices, and the comparisons made were as follows:

e Assigned model flows using the prior matrix were compared with counts;

o  Afirst estimation starting with the prior matrix was run using controls from calibration counts
grouped into mini-screenlines;

e Acomparison was made between the prior and post estimation matrices;

e Acomparison was made between model flows and counts at calibration and validation
screenlines; and

e Acomparison was made between the observed and modelled journey times.
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This process was repeated each time the matrix was estimated following a change.

7.4.1 Scope of Matrix Estimation

The purpose of matrix estimation (ME) is to improve the fit of the prior matrix against observed flows.
The main features of the matrix estimation process were as follows:

o For all user classes matrix estimation is only applied to the prior matrix; it is never the case that
ME is applied to a previously matrix estimated matrix.

e ME is applied to all user classes simultaneously. This ensures that, for all user classes, the
output from the ME process will be (a) based on the best available information and (b) have been
derived on a consistent basis.

e ME was applied on model links only; no turning count data was used (though link data derived
from turning counts was used).

The application of ME within SATURN provides the user with a range of flexibility in terms of how the
process is set up and constraints set on adjustments to the prior matrices. The approach adopted is
outlined below.

7.4.1.1 Initial Iteration

Step 1 - Initial Assignment- An initial assignment was run (SATALL) using the “prior” matrix to create
an assigned highway network with modelled link volumes on each section of the network (UFS file). A
path file containing the assigned paths for each iteration of the assignment model was also an output
from this process (UFC).

Step 2 - Calculate PIJA Factors- PIJA factors are the proportion of trips from each origin and
destination which use a particular link. They are generated by the program SATPIJA which takes as
its input the UFS and UFC files from an assignment. PIJA factors were calculated for the initial
assignment run in Step 1.

Step 3 - Matrix Estimation (SATMEZ2) -The ME process adjusts the “prior” matrix in an attempt to
better reflect observed traffic volumes at key locations on the network. The update to the “prior” matrix
takes into account the relationship between observed and assignment volumes at selected locations
on the network and the proportion of trips between each origin-destination pair at these locations. This
process required the “prior” matrix, the PIJA file and the observed count data and an ME control file.

Step 4 — Re-run of Assignment Model- The final step in this stage was to re-run the assignment model
with the updated matrix and check the comparison of observed and modelled flows to see if the
calibration/validation of the model is improved and met calibration/validation criteria.

7.4.1.2 Second (and Subsequent) Iterations

When the updated matrix is reassigned, often an acceptable level of calibration/validation is still not
achieved, and further assignments are needed. This is because the PIJA factors and demand are
interrelated. A specific level and pattern of demand, in this case the “prior” matrix, will result in a
specific set of PIJA factors. If a different level of demand is assigned this would result in a different set
of PIJA factors.

As the updated matrices are generated from the “prior” matrix PIJA factors, these factors will not be
representative of the level of demand in the updated matrices, and hence when the updated matrix is
assigned to the network improved validation is not achieved.

The approach adopted to overcome this was to use the updated matrices to generate a new set of
PIJA factors, which should represent a scenario where modelled traffic flows are closer to the
observed traffic flows compared to the assignment of the "prior” matrix, and hence the PIJA factors
will be more representative of traffic levels closer to the observed.

The following steps (5 to 7) reflect subsequent iterations of ME to improve the model
calibration/validation.
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Step 5 - Calculate Revised PIJA Factors- A revised set of PIJA factors were calculated that reflect the
assignment of the updated matrix to the network. These factors reflect a situation where assigned
volumes are closer to the observed compared to the initial assignment of the “prior” matrices.

Step 6 - Matrix Estimation- The ME process is rerun. This process always uses the original “prior”
matrix as the starting matrix, but uses the PIJA factors from the assignment of the updated matrix to
the network.

Step 7 — Re-run of Assignment Model - The assignment model is re-run again with the latest updated
matrix. The observed and modelled traffic flows are compared again to see if the calibration/validation
of the model is improved and meets calibration/validation criteria.

Steps 5 to 7 were repeated for 10 iterations to generate an updated matrix that results in an improved
model calibration / validation. For each subsequent iteration, the starting point is always the original
‘prior’ matrix and the PIJA factors generated from the previous iteration.

7.4.2 Use of Mini-Screenlines

As per WebTAG guidance (Unit M3.1 Para 8.3.5}, the ME process was undertaken across mini-
screenlines; either breaking down the main calibration and validation screenlines into smaller
sections, or grouping a number of neighbouring counts. Use of grouped screenlines is consistent with
WebTAG (where it is recommended that HGV counts need to be grouped in order to increase the
overall level of confidence). It is noted that using mini screenlines loses the resolution that is required
to improve the individual link performance.

Validation data are intended to be an independent dataset which are used to prove the validity of the
model. These data generally would not be used in building the model however they have been used in
the second estimation process; it was found that we could achieve an improved validation by
including the validation counts in estimation without having any significant additional changes to the
demand matrices.

Atotal of 19 (2-way) mini screenlines (groupings of 2 or more individual sites) have been used and
their location is shown in Figure 95. 10 of the mini screenlines have 3 or more sites assigned.

Figure 93 shows the 103 individual sites (not allocated to a screenline or cordon) that went into ME.
Figure 94 shows all sites that went into ME (277).
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Figure 93 Sites not on a Screenline or Cordon Used in Matrix Estimation
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Figure 95 Matrix Estimation Mini Screenlines
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7.4.3 Matrix Estimation Output Checks

The impact of ME has been assessed using the guidelines presented in WebTAG M3-1, Section 8.3.

The following outputs have been produced:

e  Sector to sector level matrices by vehicle type — prior and post ME, with absolute and percentage

changes.

e  Scatter plots of matrix zonal cell values, prior and post ME, with regression statistics (slopes,

intercepts and R® values) — See Appendix J for scatter plots.

e  Scatter plots of zonal trip ends, prior and post ME, with regression statistics (slopes, intercepts

and R? values) — See Appendix J for scatter plots.

e  Trip length distributions - cars, prior and post ME, with means and standard deviations.

e  Trip length distributions - LGV and HGV, prior and post ME, with means and standard deviations.

WebTAG unit M3.1 Table 5 presents a set of criteria against which to assess the WMMTM16 matrices

against. These are presented in Table 60.
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Table 60 Significance of Matrix Estimation Changes

Measure Significance Criteria

Matrix Zonal Cell Values Slope within 0.98 and 1.02
Intercept near zero
R?in excess of 0.95

Matrix Zonal Trip Ends Slope within 0.99 and 1.01
Intercept near zero
R”in excess of 0.98

Trip Length Distributions Means within 5%
Standard Deviations within 5%

Sector to Sector Level Matrices Differences within 5%
SOURCE: WebTAG M3.1 Table 5

Matrix Zonal Cell Values

Correlation statistics were calculated on for the changes in matrices at a zone to zone level for each
purpose and time period. The results are given in Table 61. Please see Appendix J for the scatter
plots. When compared with the WebTAG criteria stated above, the majority of matrix changes fall
within the required bounds. The gradients for commute trips for the inter peak and evening peak
periods fall marginally outside the required limits, while the peak hour HGV trips fall outside the
required boundary.

Table 61 Zone to Zone Statistics for Pre and Post matrix Estimation.

Purpose AM IP PM
Gradient R? Gradient R? Gradient R?
Commute 0.99 0.96 0.96 0.95 0.97 0.97
Business 1.00 1.00 1.00 1.00 1.01 1.00
Other 1.01 1.00 1.00 1.00 1.01 1.00
LGV 0.99 0.97 1.02 1.00 1.03 1.00
HGV 0.91 0.98 0.96 0.98 0.91 0.98

7.4.3.1 Matrix Zonal Trip Ends

Table 62 and Table 63 give a tabulation of the regression values for the post and prior trip end totals.
For each comparison the intercept value has been forced to zero. The results show that for car trips
the values are within or close to the WebTAG requirements For HGV trips, where there was less
confidence in the prior matrices the R? values are high although the slopes vary from the required
values.

Scatter plots comparing the profiles of prior and post estimation zonal trip end totals are included in
Appendix J for each purpose and time period.

Table 62 Trip origin regressions — prior v post matrix estimation

Purpose AM IP PM
Gradient R? Gradient R? Gradient R?
Commute 1.00 1.00 1.00 1.00 1.00 1.00
Business 1.01 1.00 0.99 1.00 1.01 0.99
Other 1.01 1.00 1.00 1.00 1.00 1.00
LGV 1.03 1.00 1.02 1.00 1.04 1.00
HGV 0.92 0.99 0.98 0.99 0.93 0.99
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Table 63 Trip destination regressions — prior v post matrix estimation

Purpose AM IP PM
Gradient R? Gradient R? Gradient R?

Commute
Business

7.4.3.2 Trip Length Distributions

Table 64 shows the percentage changes for the mean and standard deviation of trip lengths as a
result of matrix estimation. One value lies outside the range given in the guidelines for the mean trip
length for LGVs during the PM peak period.

Trip length distribution plots comparing the profiles of prior and post estimation trips are included in
Appendix J for each purpose and time period.

Table 64 Trip Length Distribution — Percentage Change — prior v post matrix estimation

Purpose AM IP PM

Mean SD Mean SD Mean SD

Commute
Business
Other
LGV
HGV

7.4.3.3 Sector Matrices

For the purposes of sector to sector checks we have assessed five areas as defined earlier in Section
5.1. The WebTAG guidelines indicate that changes should generally be less than 5%, the percentage
changes shown below are in many cases greater than this. Two key factors responsible for this are:

e  The nature of the prior matrices, for which the area to area trip patterns were derived from fully
observed data but for which the splitting to a fine zonal level was based on synthetic data; and

e The large number of controlling counts, which provided for a very fine level of tuning of trip ends.

Thus the results show that while broad observed trip length and origin and destination patterns were
unchanged, there was a larger readjustment of origin-destination movements within the area.
Changes, in terms of percentage and GEH values for each sector to sector movement are shown in
Table 65, Table 66 and Table 67.
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Table 65 Sector to Sector Changes in Matrix Estimation — AM Peak

Town Warrington N Warrington S External S External N
Centre
% Change 4.4% 36.1% 3.4% 9.8% 16.6%
Town Centre
GEH 2.3 10.9 4.6 2,3 5.3
Warrington %Change 20.7% 25.7% 33.0% -6.3% 4.5%
North GEH 9.2 16.4 8.4 2.4 3.0
Warrington %Change 17.4% 17.0% 9.6% 5.2% 1.5%
South GEH 4.4 4.4 4.6 2.1 0.5
External %change -25.4% -3.8% 2.5% -0.1% 4.0%
South GEH 9,1 1.3 0.8 0.5 6.9
External %change 15.1% 1.9% -4.4% -2.3% 0.8%
North GEH 6.7 1.2 1.4 3.9 4.1
Table 66 Sector to Sector Changes in Matrix Estimation — Inter Peak
Town Warrington N Warrington S External S External N
Centre
% Change -22.3% 15.8% 9.2% -11.5% -5.2%
Town Centre
GEH 9.1 6.5 2.3 3.3 2.1
Warrington %Change 19.4% 27.4% 27.5% 11.4% 27.7%
North GEH 7.8 13.9 6.0 33 13.5
Warrington %Change 18.0% 16.4% 12.7% 15.0% 14.4%
South GEH 4.3 3.8 4.7 41 35
External %change -6.3% -21.2% -2.0% -0.9% -3.5%
South GEH 1.8 7.0 0.6 2.6 5.1
External %change 3.0% 18.7% 1.2% -1.1% 0.8%
North GEH 1.1 9.4 0.3 1.6 3.3
Table 67 Sector to Sector Changes in Matrix Estimation — PM Peak
Town Warrington N Warrington S External S External N
Centre
% Change 4.2% 28.9% 7.8% 9.3% 9.0%
Town Centre
GEH 2.2 13.4 2.2 2.9 4.2
Warrington %Change 20.5% 24.0% 11.9% -4.5% 20.0%
North GEH 8.2 14.0 3.1 1.5 11.7
Warrington %Change 10.1% 21.6% 20.0% 28.0% -1.3%
South GEH 2.4 5.7 8.5 8.4 0.4
External %change -11.2% -17.5% 4.5% -0.3% -5.2%
South GEH 3.6 7.1 1.5 1.2 9.2
External %change 7.0% 19.4% 19.9% 0.3% 1.4%
North GEH 2.7 12.0 6.3 0.6 7.0
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7.4.5 Stress Tests

Stress tests were carried out on the AM and PM peak during calibration to further review network
coding. The test requires increasing total network demand by 10%, the objective being to identify
which junctions become overloaded with the increased flow, and which junctions, despite increased
demand continue to experience no significant congestion.

The tests were repeated at the end of the matrix estimation process with the following results.

Table 68 Stress Test Summary Results

AM Peak PM Peak
0, 0,
Final Model 10% Flow Final Model 10% Flow
Increase Increase
Iterations to convergence 38 57 63 73
Total Travel time
Simulation network 24,479 27,925 24,937 28,036
(+14%) (+12%)
(pcu hrs-hr)
Average speed (simulation network 53.8 51.8
(kmh) 57.6 (-7%) 55.5 (-7%)
. 5,138.7 5,616.3
Transient queues (pcu) 4,220.2 (+22%) 4,595.5 (+220%)

Delay difference plots are provided in Appendix I. From the final stress tests it was concluded that the
key areas of congestion in the network are identified appropriately by the model.

7.4.6 Scheme Testing

Atest has also been carried out using a notional highway improvement scheme in order to check how
the model responds. The key features of this test were:

e VDM assignments undertaken for both 2026 and 2036;

e Demand derived from NTEM 7.2 growth factors; and

e Assessment of both a Do Minimum and a Do Something option.

The Do Minimum network assumed the inclusion of the following committed schemes:
e  M62 Junction 8 Improvements Scheme;

e Omega Local Highway Improvements Scheme;

e Omega Zones 3-6 Junction Improvements Scheme;

e  Warrington East Phase 2 Scheme; and

Centre Park Link.

The Do Something network then added a generic option for an additional crossing for the Ship Canal
and the Mersey, relieving congestion within the town centre and providing additional options for traffic
between North and South Warrington.

The model outputs were reviewed to identify the changes in trip patterns between the Do Minimum
and Do Something. Results for the test are included in Appendix K.

7.5 Highway Calibration Assignment Results

We have reported the results against a number of criteria in order to show how close the model is to
meeting WebTAG acceptability guidelines (as presented earlier in Section 3.4 and 3.5). The results of
this assessment is described below.
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The use of a flow and journey time dashboard to record and present the model outputs against the
observed data is provided in Appendix I.

7.5.1 Comparison of Modelled Flows — Screenlines and Cordons

Chapter 4 presented the locations of the count sites used in the calibration and validation of the
highway model and those which have been used on a screenline or cordon.

Summaries of the screenline performance are shown in Table 70 to Table 72 for each modelled time
period. Cordon summaries for both the inner and outer cordon are presented in Table 73 to Table 75
and on Figure 96 to Figure 101

The overall statistics of how well the calibration screenlines or cordons met WebTAG actability criteria
is shown in Table 69 where 16 screenlines, and 4 cordons have been assessed.

Table 69 Screenline and Cordon Overall Summary

Criteria T'”.“e Pass Near* Fail
Period
AM 10% -
Percentage of Screenlines or Cordons where o o
the Flow Difference < 5% P 10% 5%
PM 5% -
AM - -
Percentage of Screenlines or Cordons where P 5% i
GEH <4
PM 5% -

*Definition of ‘Near’ and ‘Fail’ categories — for flow difference this is a percentage between 5% and 10%, for GEH, this is a vale
between 5 and 7.5. Fail represents GEH > 10 and flow difference > 10%

In the AM, 2 screenlines fall outside the 5% flow target but by less than 1% at 5.3% and 5.6%. In the
Inter-peak, 2 screenlines fall outside the 5% flow target, and one screenline outside of the 10% target.
The maximum reported flow difference percentage for the Inter-peak is 10.1% across a screenline. In
the PM, only 1 site falls outside the 5% target and this is only 6.3%. All 3 time periods report an 85%
‘pass rate’ or higher.
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Table 70 AM Screenline Calibration Summary

Screenline Direction Observed Modelled Difference % Difference GEH TOTAL Flow
Diff Meeting

Lights HGV Total [Lights HGV Total [Lights HGV Total |Lights HGV Total

A49 North Northbound 2,754 110 2,864 | 2,764 100 2,864 | 10 -10 0 0% -9%
/ South Southbound 3,061 84 3,145 | 2,896 83 2,979 | -165 -1 -166 | -5% -1% -5.3%
West of  Eastbound 3,358 177 3,535 (3,281 128 3,409 | -77 -49 -126 | -2%  -28%
A49 Westbound 4,439 160 4,599 | 4,432 116 4,549 -7 -44 -50 0% -27%
Eastof  Eastbound 3,686 156 3,842 | 3,636 127 3,763 | -50 -29 -79 1% -19%
A49 Westbound 5,023 144 5,167 | 5,103 126 5,229 | 80 -18 62 2%  -13%

Birchwood Northbound 4,019 251 4,270 | 3,835 197 4,032 |-184 -54 -238 | 5% -22%
Southbound 3,947 186 4,133 [3,778 186 3,964 |-169 -0  -169 | -4% 0%
Northbound 3,565 40 3,605 [ 3,668 93 3761 | 102 53 155 | 3% 133%
Southbound 3,152 63 3,215 (3,173 88 3,261 | 21 25 46 | 1%  40%
Rail East/ Eastbound 2,050 75 2,125 [2,050 55 2104 | -0 20 21 | 0% -27%

West  \westbound 1565 57 1622|1578 59 1638 | 13 2 16 | 1% 4%
Rail North / Northbound 5,114 119 5233 | 4,895 100 4,994 |-219 -19 239 | -4% -16%
South o0 thbound 4,473 136 4,609 | 4415 131 4546 | -58 -5 63 | -1%  -4%

Canal

The AM calibration results indicate that the model is reflecting base conditions well against the observed results at a screenline level. The maximum observed
percentage difference is a 5.6% underestimation of demand across the northbound screenline at Birchwood. The maximum reported GEH across a screenline is also
low at 6.51 heading northbound across the Canal screenline where the model is reporting an additional 155 trips compared to the observed.
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Table 71 IP Screenline Calibration Summary

Total

Screenline Direction Observed Modelled Difference % Difference
Lights HGV Total |Lights HGV Total |Lights HGV Total |Lights HGV
A49 North Northbound 1,883 92 1,975 1,917 75 1,993 34 -17 18 2% -18%
ISouth  gouthbound 2,086 91 2177 |1,883 75 1,957 | -203 -16  -220 |-10% -18%
West of Eastbound 2,575 140 2,715 |2,589 111 2,700 14 -29 -15 1% -21%
A49 Westbound 2,597 129 2,726 [2,596 111 2,708 -1 -18 -18 0% -14%
Eastof  Eastbound 2,767 113 2,880 [2,919 106 3,025 | 152 -7 145 5% -6%
A49 Westbound 2,957 113 3,070 |3,006 102 3,108 | 49 -11 38 2%  -9%
Birchwood Northbound 2,364 216 2,580 |2,417 217 2,634 | 53 1 54 | 2% 0%
Southbound 2,149 215 2,364 (2,205 232 2,438 56 17 74 3% 8%
Canal Northbound 2,642 29 2,671 |2,718 75 2,793 | 75 46 122 3% 160%
Southbound 2,847 59 2,905 [2,843 70 2,913 -4 11 8 0% 19%
Rail East/ Eastbound 1,735 67 1,802 [1,735 50 1,785 -0 -17 -17 0% -25%
West Westbound 1,689 62 1,751 (1,690 62 1,753 1 0 2 0% 0%
Rail North / Northbound 3,343 114 3,457 |3,386 109 3,495 43 -5 38 1% -4%
South  gouthbound 3,259 102 3361 |3.278 109 3387 | 19 7 26 | 1% 7%

GEH

Lights HGV Total

TOTAL Flow
Diff Meeting
WebTAG

The Inter peak calibration results also indicate that the model is reflecting observed conditions well although there is one screenline with a percentage difference of
10.1%. 5 of the 8 sites that make up this screenline are underestimating demand between 20-40 trips. It is the cumulative effect of this that is driving the overall
difference compared to the observed. The GEH value for this screenline however is less than 5 indicating that this is within tolerance and still a good reflection of
observed conditions overall.

The Canal screenline southbound and the outer cordon outbound both are within the 5% tolerance range indicating that the overall volume travelling across the
screenline and cordon in this area is reflecting observed conditions well. It is likely that there are not enough localised trips in the area of the A49 north-south screenline
that could be affecting the volume of demand.
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Table 72 PM Screenline Calibration Summary

Screenline Direction Observed Modelled Difference % Difference GEH TOTAL Flow

Diff Meeting

Lights HGV Total |Lights HGV Total |[Lights HGV Total |Lights HGV Total |Lights HGV Total WebTAG
A49 North Northbound 2,738 108 2,846 |2,800 51 2,851 62 -57 5 2% -53%
ISouth  goithbound 2,699 57 2,756 [2684 47 2731 | -5 -10  -25 | 1% -18%
West of  Eastbound 4,734 68 4,802 | 4,669 63 4,732 | -65 -5 -70 -1% -7%
A49 Westbound 3,454 67 3,521 |3,461 67 3,528 7 0 7 0% 0%
East of Eastbound 5,055 63 5,118 |5,042 66 5,108 -13 3 -10 0% 4%
A49 Westbound 4,306 54 4,360 | 4,295 52 4,347 -11 -2 -13 0% -4%
Birchwood Northbound 4,410 132 4,542 |4,386 136 4521 | -24 4 21 | -1% 3%
Southbound 3,341 148 3,489 |3,462 149 3,612 121 1 123 4% 1%
Canal Northbound 3,315 35 3,350 |3,335 47 3,382 20 12 32 1% 33%
Southbound 3,572 63 3,635 (3,560 51 3,611 -12 -12 -24 0% -19%
Rail East/ Eastbound 2,004 52 2,056 |2,005 52 2,056 1 -0 0 0% -1%
West Westbound 2,076 51 2,127 (2,103 47 2,150 27 -4 23 1% -8%
Rail North / Northbound 4,838 78 4,916 | 4,737 85 4,821 | -101 7 -95 -2% 9%
SOUN  gothbound 5,140 93 5233 (4930 93 5023 |-210 0  -210 | 4% 0%

In the PM model, no screenline falls outside the 5% target. The maximum recorded GEH in the PM is 6.46 for HGVs on the A49 north-south screenline where the model
is underestimating HGV demand by approximately 60 trips. The total demand overall is well within GEH and percentage flow difference.

Of the 12 reported cordon results shown in Table 73 to Table 75, only two; inner cordon outbound in the Inter peak model is outside the 5% flow difference target at 6%
and a GEH of 5.22, and inner cordon inbound in the PM model is outside the 5% flow difference target at 6.3% and a GEH of 5.42 All light vehicles report a GEH less
than 5 with 5 HGV results showings a GEH >5. In most instances, the model is underestimating HGV demand across the cordons. Only the outer cordon (inbound
direction) is reporting positive demand in all time periods, indicating that the right volume overall is entering the borough and it is likely that localised routing is having an
effect. Overall, the cordon results for all three time periods are reflecting observed data well with model results within acceptable tolerances.
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Table 73 AM Cordon Calibration Summary

Screenline Direction Observed Modelled Difference % Difference GEH TOTAL Flow
Lights HGV Total |Lights HGV  Total |Lights HGV  Total [Lights HGV  Total |[Lights HGV  Total Di\j\flé\:lﬁre:ieng
Outer Inbound 12,262 674 12,936 (12,128 749 12,877 | -134 75 -59 -1% 11%
Cordon outbound 13,156 713 13,869 12,728 618 13,346 | -428 95 523 | -3%  -13%
Inner Inbound 8,327 449 8,776 (8,532 302 8,834 | 205 -147 58 2% -33%
Cordon - outbound 5,993 275 6,268 5844 248 6,092 | -149 27  -176 | -2%  -10%
Table 74 IP Cordon Calibration Summary
Screenline Direction Observed Modelled Difference % Difference GEH TOTAL Flow
Lights HGV Total |[Lights HGV  Total |Lights HGV  Total |[Lights HGV  Total |Lights HGV  Total Di\;\iel\g(_aritgg
Outer Inbound 8,711 690 9,401 |8,722 794 9,517 11 104 116 0% 15%
Cordon - outbound 8834 700 9534 8,867 659 9526 | 33  -41 -8 0%  -6%
Inner Inbound 6,441 383 6,824 |6,437 233 6,669 -4 -150  -155 0%  -39%
Cordon " outbound 6615 319 6934 6,286 220 6506 | 329 -99  -428 | -5% -31%
Table 75 PM Cordon Calibration Summary
Screenline Direction Observed Modelled Difference % Difference GEH TOTAL Flow
Lights HGV Total |Lights HGV  Total |Lights HGV  Total [Lights HGV  Total |[Lights HGV  Total Di\];\];xgitgg
Outer Inbound 13,345 538 13,883 (13,270 547 13,818 | -75 9 -65 -1% 2%
Cordon  outbound 13,154 514 13,668 12,798 450 13,248 | -356  -64  -420 | -3%  -12%
Inner Inbound 6,919 271 7,190 |6,614 123 6,738 | -305  -148 -452 -4%  -55%
CoroN - outhound 8986 249 9,235 9,063 135 9,198 | 77  -114 -37 | 1%  -46%
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Figure 96 AM Inner Cordon GEH Results — Inbound (left), Outbound (right)
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In the AM for both directions, at least 10 out of the 12 individual sites on the inner cordon return a GEH value of less than 5. Only one site in the inbound direction has a
GEH greater than 10. This is site ATC_126 on Longshaw Street which has a GEH value of 11.09. This site is reporting an underestimation of trips. However, in this
instance, the adjacent site on A49 Winwick Road is reporting a corresponding over-estimation in the number of trips along this link but is reporting a GEH just less than
5 at 4.97. Overall, the volume of trips crossing the inner cordon is accurate, however the site specific results show some minor variability.
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Figure 97 AM Outer Cordon GEH Results — Inbound (left), Outbound (right)
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Comparing the outer cordon results, again the model is reflecting observed conditions well. In both directions, 20 out of the 25 individual sites report a GEH < 5, with
only 3 out the 50 greater than 5; one in the inbound direction, and two in the outbound direction. The maximum recorded GEH is 18.6 along Omega Boulevard in the
outbound direction where the model is underestimating car demand by 200. Some of this variance is accounted for at the adjacent site along Skyline drive which is
over-estimating car demand by 100 (and reporting a GEH of 7.6). It is likely that this is a result of using simplified zone loading points in the area and demand
alternating between routes during the assignment.

Warrington Borough
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Figure 98 Inter Peak Inner Cordon GEH Results — Inbound (left), Outbound (right)
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In the Inter peak, the Longshaw St site is now over-estimating demand and the A49 is under-estimating demand. Both sites in the inbound direction return GEH values
between 5-10 at 7.82 and 5.77 respectively. Overall, 10 out of the 12 sites report GEH values of less than 5.

In the outbound direction, there is more variability, with 7 out of 12 sites reporting a GEH less than 5, with 5 sites reporting a GEH between 5 — 10. Performance across
this screenline is still positive relative to observed data but there are 2 instances where parallel routing and route choice are affecting individual site performance;

e Hallfields Road and Smith Drive — GEH of 8.47 and 9.42 respectively but Hallfields Road is under estimating the number of trips by 120 whilst Smith Drive is over
estimating demand by approximately 140 trips; and

e  Knutsford Road and Wilderspool Causeway — GEH of 6.10 and 5.19 respectively. Here, Knutsford Road is reporting 150 fewer trips, whilst Wilderspool Causeway
is 130 too many.

These examples indicate that the number of trips and overall volume crossing the cordon is reflecting observed data well, there is some variability at the individual site
level.
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Figure 99 Inter Peak Outer Cordon GEH Results — Inbound (left), Outbound (right)
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Across the outer cordon, 41 of the 50 sites all report a GEH less than 5. As in the AM, only 3 out of the 50 sites return a GEH greater than 10. The maximum reported
GEH in the Inter peak is 14.03 along Charon Way heading outbound. The adjacent site along Burtonwood Road also reports a GEH greater than 10 in the outbound

direction (10.07). Again, here we are seeing parallel route choice affecting flow. The Charon Way site is under estimating demand by roughly the same volume that is
being overestimated along Burtonwood Road.

Warrington Borough

Similarly, in the inbound direction, Weaste Lane returns a GEH of 11.59 whilst the adjacent site on Stockport Road returns a GEH of 7.07. The Weaste Lane site has
approximately 100 too many trips whilst Stockport Road is under estimating demand by 120.
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Figure 100 PM Inner Cordon GEH Results — Inbound (left), Outbound (right)
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In the PM model, the inner cordon inbound has the most instances of parallel route choice affecting headline performance. 2 out of the 12 sites have a GEH greater
than 10 and the maximum reported GEH is 11.71 along Farrell Street. Here, the poorly performing sites are impacted by parallel route choice; with Smith Drive reporting
too many trips relative to the observed data and Hallfields Road under reporting the number of trips relative to the observed data. The same trend along Longshaw
Street and A49 Winwick Road is also noted in the PM.

In the outbound direction, all sites report a GEH of less than 10. Only 1 site out of the 12 has a GEH greater than 5; Knutsford Rd at 8.09 . Again, this site is being
impacted by parallel route choice but the overall volumes crossing the cordons in the PM are accurate to observed data.
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Figure 101 PM Outer Cordon GEH Results — Inbound (left), Outbound (right)
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Across the outer cordon, only 2 sites out of the 50 return a GEH greater than 10; Mill Lane inbound, and Charon Way outbound. Mill Lane is affected by A49 Winwick
Road attracting a higher number of trips compared to the observed, whilst Charon Way is again affected by demand along Burtonwood Road and Mill Lane north.

Overall, the number of individual sites returning a GEH greater than 5 across both cordons is low. Out of a possible 74 sites in a given time period and across both the
inner and outer cordons:

. In the AM - 4 sites have a GEH > 10 — 3 on the outer cordon, 1 on the inner cordon;
e Inthe Inter peak — 3 sites have a GEH > 10 — all 3 are found on the outer cordon; and
. In the PM — 4 sites have a GEH > 10 — 2 on the outer cordon, 2 on the inner cordon.

In each instance where GEH performance for an individual site is > 5, the reason for the variance is primarily due to parallel route choice affecting site-specific volume.
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7.5.2 Comparison of Modelled Flows — Count Sites

In addition to assessing the performance of the model at a screenline and cordon level, individual
count sites have also been analysed. A summary of the overall performance by time period is shown
in Table 76. This table presents results for all counts sites used either for calibration or validation. A
summary for sites used for calibration-only is shown in Table 77.

Table 76 Individual Count Site Summary — Calibration and Validation Sites

Time

Criteria . Pass Near* Fail
Period

AM 82% 8% 10%
Eercentage of Individual Counts where GEH < P 83% 10% 8%

PM 81% 10% 9%

AM 81% n/a 19%
Percentggg of Individual Count Sites meeting P 86% n/a 14%
Flow Criteria

PM 83% n/a 17%

AM n/a 15%
Percentage of individual Count Sites o
meeting either FLOW or GEH criteria P na 13%

PM n/a 15%

*Definition of ‘Near’ and ‘Fail’ categories — for GEH, this is a value between 5 and 7.5, Fail is for sites where GEH >10

Table 77 Individual Count Site Summary — Calibration Sites Only

Criteria T'”."e Pass Near* Fail
Period

AM 85% 6% 8%
gercentage of Individual Counts where GEH < P 86% 8% 50

PM 83% 9% 8%

AM 85% n/a 15%
Percentggg of Individual Count Sites meeting P 90% n/a 10%
Flow Criteria

PM 86% n/a 14%

AM n/a 12%
Percentage of individual Count Sites 0
meeting either FLOW or GEH criteria P n/a 10%

PM n/a 13%

*Definition of ‘Near’ and ‘Fail’ categories — for GEH, this is a value between 5 and 7.5, Fail is for sites where GEH >10

Figure 102 to Figure 104 present the GEH results for each count site by time period. Table summaries
of individual count site results can be found in Sections 3 & 4 of the Highway Dashboard (Appendix I).
Figure 105 to Figure 107 show the same GEH summaries but only for sites used in calibration.

The results illustrate the geographic spread of sites used in the model calibration exercise, with all
areas of the borough assessed. Of the 389 individual sites assessed, in any given time period,
between 314 and 322 have a GEH of less than 5 (this is a minimum of 80% of individual sites) and
there are no obvious clusters of poor performance.

Prepared for: Warrington Borough Council AECOM
161



Warrington Transport Model:

Only 18 sites recorded a GEH greater than 5 in all 3 time periods and 10 of these sites are junction
turning link counts or one-day MCC counts where the reliability of the observed data is lower due to
the short duration.
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Figure 102 AM GEH Summary - Total Vehicles, All Count Sites
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Figure 103 Inter Peak GEH Summary - Total Vehicles, All Count Sites
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Figure 104 PM GEH Summary - Total Vehicles, All Count Sites
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Figure 105 AM GEH Summary - Total Vehicles, Calibration Only Sites
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Figure 106 Inter Peak GEH Summary - Total Vehicles, Calibration Only Sites
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Figure 107 PM GEH Summary - Total Vehicles, Calibration Only Sites
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7.5.3 Comparison of Modelled and Observed Journey Times

Section 4.2.6 presented the 19 journey time routes (each route analysed by direction) that have been
identified and agreed with WBC covering:

e 3 motorways surrounding Warrington;

e 4 ‘cross-town’ routes covering the key A roads across Warrington and motorway-to-motorway
connections; and

e 12 local routes covering other key movements in and around the town.

The overall performance of the routes meeting the WebTAG acceptability criteria is presented in Table
78.

Table 78 Journey Time Routes Meeting Acceptability Criteria

Route Type AM IP PM

Motorway Routes (6) 67% 67% 83%
Cross-Town Routes (8) 100% 100% 100%
Other Local Routes (24) 79% 83% 75%
TOTAL (38) 82% 84% 82%

A breakdown of the individual journey time results by each route and time period are presented in
Table 79 to Table 81 for the 3 motorway routes, and Table 82 to Table 84 for the 4 cross-town routes,
and the 12 local Warrington routes. In the Inter peak, the only route that does not meet the
acceptability criteria is the M6 northbound, where the model is estimating a journey time over 2.5
minutes longer than observed.

Table 79 Observed AM Journey Times for Motorway Routes (in minutes)

ID Route Length AM Time AM Time Difference % WebTAG
Direction (km) OBS MOD (Mins) Difference Compliant
M6 — NB 23.3 14.6 17.7 3.1 21% NO
MR Between
1 Junction19 gp 24.5 17.9 18.2 0.3 1%
and 23
M62 — EB 28.6 22.3 19.8 -25 -11%
MR Between
2 Juncton6 g 304 17.8 21.9 4.1 23% NO
and 12
M56 — EB 22.3 13.6 13.8 0.2 2%
MR Between
3 Jdunction7 g 216 12.2 13.9 17 14%
and 12

In the AM, the two routes that fall outside of the acceptability criteria are both showing longer journey
times compared to the observed; over 3 minutes additional time along the M6 northbound, and 4
additional minutes along the M62 westbound. Along the M6 northbound, over half of the additional
delay is being generated along the section between Junction 19 (Knutsford) and the Thelwall Viaduct,
with a further additional minute to travel over the viaduct up to Junction 21. Along the M62
Westbound, 3 of the 4 additional minutes of delay are being generated between the M60 and Junction
11 at Birchwood.

Both of these routes are highly variable in terms of journey time.
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Table 80 Observed Inter Peak Journey Times for Motorway Routes (in minutes)

ID Route Length IPTime IP Time Difference % WebTAG
Direction (km) OBS MOD (Mins) Difference Compliant
M6 — NB 23.3 13.7 16.3 2.6 19% NO
MR  Between
1 Junction1d s 245 140 163 2.2 16% NO
and 23
M62 — EB 28.6 17.4 19.3 1.9 11%
MR Between
2 Junction® wp 304 17.6 19.3 1.7 10%
and 12
M56 — EB 22.3 125 13.2 0.8 6%
MR  Between
3 duncion7 - wp 216 120 @ 124 0.4 4%
and 12

In the Inter peak, the only route that does not meet the acceptability criteria is the M6, where the
model is estimating a journey time over 2 minutes longer than what has been observed in each

direction. This delay is being generated along the section between J19 at Knutsford and J21.

Table 81 Observed PM Journey Times for Motorway Routes (in minutes)

ID Route Length PM Time PM Time Difference % WebTAG
Direction (km) OBS MOD (Mins) Difference Compliant
M6 — NB 23.3 27.0 20.4 -6.5 -24% NO
MR Between
1 Junction
SB 24. 15.7 16.7 1. %
19 and 23 ° ° 6 0 6%
M62 — EB 28.6 25.2 23.3 -1.9 -71%
MR Between
2 Junction6 \yg 30.4 22.2 23.8 1.6 7%
and 12
M56 — EB 22.3 14.1 13.5 -0.6 -4%
MR Between
3 Junction7 g 21.6 12.9 13.1 0.1 1%
and 12

In the PM model, the M6 northbound trend seen in the AM and IP models, is reversed. In this time
period, this route is being modelled over 6 minutes quicker than observed times. 5 minutes of this is
along the section between J19 and the Thelwall Viaduct.

We have not sought to have time period specific adjustments to the networks and therefore there is a
compromise to be reached in the performance by time period. The motorway network is volatile in this
context and the results presented above reflect a good compromise overall given the software and

data constraints.

Prepared for: Warrington Borough Council

AECOM
170



Warrington Transport Model:

Table 82 Observed AM Journey Times for Non-Motorway Routes (in minutes)

D Route Length AM Time AM Time Difference % WebTAG
(km) OBS MOD (mins) Difference Compliant
Cross Town — NB  16.5 23.3 23.2 -0.1 0%
XT1 =
Via A49 SB  16.2 28.6 27.3 1.3 4%
Cross Town — EB 178 30.9 31.1 0.2 1%
XT 2 \/ia A57/A50
1a WB 175 31.3 275 -3.9 -12%
Cross Town — EB  12.9 15.4 16.6 1.2 8%
XT3 \idnes / M6
ikanes WB 127 15.3 15.2 0.0 0%
Cross Town — NB 159 25.7 26.9 1.2 5%
XT4 V56 to M62
0 SB  16.7 26.2 26.4 0.1 0%
M56 J11 — NB 185 18.8 17.7 1.1 -6%
Wton .
1 Runcorn Bridge
- M62 J7 SB 18.5 18.5 18.1 -0.4 -204
Cromwell cw 13.5 31.6 28.5 -3.1 -10%
Wton
5 Avenue to
Chester Road ACW 13.7 315 29.0 -2.5 -8%
M6 J21 to M6 NB  13.3 22.8 20.9 -1.9 -8%
Wton .
3 J23 via local
route SB 136 19.7 22.0 2.4 12%
Wion Burtonwood o SB 5.8 7.2 8.6 15 21% NO
4 Winwick NB 58 8.6 9.3 0.7 8% -
Wion  A580 to SB 8.3 13.6 10.6 -2.9 -22% NO
5 Birchwood NB 83 13.9 10.4 3.6 -26% NO
EB  16.1 21.4 22.0 2.1 -9%
\é"m” A56 to M56 J7
WB  16.1 24.8 23.1 1.0 4%
Wion Burtonwood to  SB 7.0 11.6 11.4 -0.2 -2%
7 Whittle Ave NB 7.0 10.2 10.2 0.0 0%
Lovely Lane to EB 3.5 8.2 8.1 -0.2 -2%
Wton
8 Marsh House
Lane WB 3.5 9.6 9.8 0.2 2%
M6 J21 to CW 137 23.1 21.4 1.7 7%
Wton
9 Thellwall New
Road ACW  13.7 19.7 20.8 1.1 5%
Wion Lymm to WB  10.4 16.8 19.7 2.9 18% NO
10 Daresbury EB 103 14.1 16.8 2.7 19% NO
SB 242 32.7 33.8 1.1 3%
\ﬁto” A580 to M6 J20
NB 242 32.4 32.9 0.5 2%
Wion CharonWayto SB 4.9 7.6 8.3 0.7 9%
12 LingleyGreen  Ng 5 7.9 8.1 0.2 2%
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Table 83 Observed Inter Peak Journey Times for Non-Motorway Routes (in minutes)

D Route Length IP Time IP Time  Difference % WebTAG
N (km) OBS MOD (Mins) Difference  Compliant
w1 Cross Town - NB 16.5 23.2 22.4 -0.8 -3%
Via A49 SB  16.2 19.0 20.9 1.9 10%
Cross Town —  EB 17.8 27.0 28.4 1.4 5%
XT 2 \jia A57/A50
1a WB 17.5 25.1 25.1 0.0 0%
Cross Town —  EB 12.9 14.1 15.6 1.5 10%
XT3 Widnes / M6
anes wB 127 13.2 14.0 0.8 6%
Cross Town —  NB 15.9 222 23.6 1.5 7%
XT4 " V156 to M62
o SB 16.7 21.2 24.4 3.2 15%
M56 J11 — NB 18.5 18.1 15.8 2.3 -13%
Wton .
1 Runcorn Bridge
— M62 J7 SB 18.5 15.7 17.6 1.9 12%
Cromwell Ccw 13.5 24.9 25.9 1.0 4%
Wton
5 Avenue to
Chester Road ACW 13.7 28.2 26.2 -2.0 -7%
M6 J21to M6  NB 13.3 17.4 18.9 1.5 8%
Wton )
3 J23 via local
route SB 13.6 17.2 18.2 1.0 6%
4 Winwick NB 5.8 7.3 9.3 1.9 26%
Wion  A580 to SB 8.3 11.7 10.3 -1.4 -12%
5 Birchwood NB 8.3 115 10.3 1.2 -10%
EB 16.1 19.1 21.7 -0.9 -4%
\é"m” A56 to M56 J7
WB  16.1 25.6 22.8 0.7 3%
Wion Burtonwood to  SB 7.0 10.6 11.8 1.2 11%
7 Whittle Ave NB 7.0 10.0 10.2 0.2 2%
Lovely Laneto  EB 3.5 8.1 7.4 0.7 -8%
Wton
8 Marsh House
Lane wB 35 8.7 8.4 -0.3 4%
M6 J21 to cw 137 19.5 21.1 1.6 8%
Wton
9 Thellwall New
Road ACW 137 18.7 20.8 2.1 11%
Wion  Lymm to WB  10.4 13.9 19.0 5.0 36%
10 Daresbury EB 10.3 12.4 16.3 3.9 31%
SB 24.2 30.0 33.8 3.8 13%
\ﬁto” A580 to M6 J20
NB 24.2 30.0 33.1 3.1 10%
Wton CharonWayto SB 4.9 7.7 8.2 0.5 6%
12 Lingley Green  ng 5.0 8.1 7.9 0.2 2%
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Table 84 Observed PM Journey Times for Non-Motorway Routes (in minute)

PM .
Length . PM Time Difference % WebTAG
ID Route (km) ggg MOD (Mins)  Difference Compliant
4y CrossTown - Via NB 165 283 25.4 2.9 -10%
A49 SB 162  26.1 25.4 0.7 -3%
Cross Town —Via EB 178 323 31.3 1.1 -3%
XT2  A57/A50
WB 175  35.0 32.2 2.8 -8%
Cross Town — EB 129 162 17.0 0.8 5%
XT3 \idnes / M6
ikanes WB 127 15.5 17.8 2.3 15%
4 CrossTown M6 NB 159 275 26.3 1.2 -5%
to M62 SB 167 314 30.7 0.7 2%
Wion M5S6 J11 — Runcorn NB 185 24.4 22.9 15 -6%
1 Bridge—M62J7  gg 185 162 18.5 2.2 14%
Wion Cromwell Avenue CW 135 316 28.8 2.9 -9%
2 toChesterRoad  ,cy 137 347 33.3 1.3 4%
Wion M6J2ltoMsJ2s NB 133 201 24.4 43 21%
3 via local route SB 136 203 20.8 0.5 3%
4 Winwick NB 5.8 8.7 10.3 1.6 18%
SB 8.3 17.6 10.3 7.3 -42%
\5Nton A580 to Birchwood
NB 8.3 14.0 10.6 34 -24%
EB 161  20.0 221 1.3 -5%
\é‘“on A56 to M56 J7
WB 161  27.2 221 1.8 -8%
7 Whittle Ave NB 7.0 10.4 10.0 04 4%
Wion Lovely Lane to EB 3.5 9.3 8.8 05 5%
8 Marsh House Lane \wg 35 11.8 9.2 2.6 -22%
Wton M6 J21 to Thellwall cw 137 21.5 22.8 13 6%
9 New Road ACW 137  23.9 20.9 3.0 -13%
Wion WB 104 172 17.9 0.7 4%
10 Lymm to Daresbury
EB 103  14.0 15.7 1.8 13%
SB 242 348 35.1 0.3 1%
\ﬁto” A580 to M6 J20
NB 242 415 33.9 7.6 -18%
Wion Charon Way to SB 4.9 8.1 9.3 1.2 14%
12 Lingley Green NB 5.0 10.0 9.0 -1.0 -10%
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7.5.4 Convergence

As identified in Section 3.5, the WebTAG convergence criteria and acceptability guidelines are set out

in Table 11. To summarise:

e % Gap for final 4 iterations to be < 0.1%; and

e  Percentage of link flows changing by < 1% to be > 98% of cases (in final 4 iterations).

A summary of the convergence performance for each modelled time period is shown in Table 86
whilst Table 85 presents the assignment results for the 4 preceding loops before convergence is

reached. The results indicate a stable model that meets convergence criteria for all 3 time periods.

Table 85 Final Four Assignment Loops before Convergence Reached

Time Period Criteria Iteration 4 lteration 3 Iteration 2 lIteration 1

No. Loops 34 /200 35/200 36/ 200 37/200

AM % Delays that change <1%  99.4 99.6 99.6 99.7

assignment loops % Flows that change < 1% 98.3
34-37

% GAP (< 0.1)
No. Loops 13/ 200 14/ 200 15/200 16/ 200

P % Delays that change <1% 99.8 99.7 99.7 99.7

assignment loops % Flows that change < 1% 98.3

13-16
% GAP (<0.1)
No. Loops 59 /200 60/ 200 61 /200 62 /200
PM % Delays that change <1% 99.4 99.4 99.5 99.5

assignment loops % Flows that change < 1%

59-62
% GAP ( < 0.1)

98.4

Table 86 Model Convergence Statistics — Final Assignment Converged Loop

Criteria AM IP PM
No. Loops 38/200 17 /200 63 /200
% Delays that change <1% 99.6 99.7 99.5

% Flows that change < 1%

% GAP ( < 0.1)

The convergence statistics reported in Table 86 show that each model reaches convergence within 70
iterations (well within the 200 assignment limit set). The results comply with WebTAG criteria set out in

Unit M3.1.
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8. PT Model

8.1 Context

This chapter outlines the development of the WMMTM16 PT Model and the calibration / validation
guidelines against which the model was assessed.

8.2 PT Model Key Guidance and Parameters

The WMMTM16 PT Model has been developed in accordance with the DfT's WebTAG guidance
which provides detailed information on the development of transport models, validation criteria and
acceptability guidelines and assessment of fithess-for-purpose with specific emphasis on WebTAG
Unit M3.2: Public Transport Assignment Modelling (January 2014) during the development of the PT
model.

8.2.1 Validation Criteria and Acceptability Criteria

Observed data have been collected and collated from a number of different sources and relate to both
bus and rail demand and travel time as detailed previously in Section 4.2.7. For full details on the data
collection exercise, please refer to the AECOM report “Warrington Transport Model: Data Collection
Report (MDCR), January 2017” for more information relating to the methodology, collection and
analysis of existing data and the additional data collection exercise undertaken in June/July 2016

The differences between modelled and observed data need to be quantified against criteria that
enable an assessment to be made to determine the acceptability of the model performance with
respect for its intended use. WebTAG unit M3.2 Section 7 provides a set of acceptability guidelines
against which model performance should be assessed; these criteria and guidelines have been
adopted.

There are three main criteria detailed in WebTAG M3.2 Section 7 that have been applied to the
WMMTM16 PT Model.

Guidance WebTAG M3.2 Sections 7.1.2-7.1.5
The validation of a public transport assignment model should include comparisons of the following:

Validation of the trip matrix should involve comparisons of assigned and counted passengers across
complete screenlines and cordons (as opposed to individual services).

Validation of the network should involve checks on the accuracy of the coded geometry and
times/speeds in the model (i.e. for in-vehicle, access and interchange times).

Validation of the services should involve comparing the modelled flows of public transport vehicles
with counts (as well as other features such as stopping patterns for rail, etc.).

Validation of the assignment should involve comparing modelled and observed:

» Passenger flows across screenlines and cordons, usually by public transport mode and
sometimes at the level of individual bus or train services; and
» Passengers boarding and alighting in urban centres.

WebTAG unit M3.2 details a set of criteria that have been adopted in the model calibration and
validation process, which are reproduced in Table 87.
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Table 87 WebTAG Validation Measures

Measure WebTAG M3.2 Criteria Acceptability Guideline

Trip Matrix Validation Difference between assigned and > 95% of cases
counted flows across complete
screenlines or cordons should be
less than 15% of the counts

Assignment Screenline Validation Difference between assigned and  All cases
counted flows across screenlines
should be less than 15% of the

counts
Assignment Individual Link Difference between assigned All cases, except where
Validation and counted flows at individual observed flows are less than

links should be less than 25% 150 passengers per hour
of the counts

Source: WebTAG M3.2 Sections 7.1.2 and 7.1.6

8.2.2 Convergence Criteria and Standards

Assessment of the levels of demand and capacity on the bus and rail networks within Warrington has
not identified crowding as a problem on any services. Therefore the public transport model does not
assess the impacts of crowding and no crowding function has been incorporated.

On this basis, a single assignment iteration loads the demand onto the network, and no convergence
criteria are required.

8.2.3 Time Periods Modelled

Three periods are separately modelled as recommended by WebTAG M3.1 Section 2.5.2.
Specifically, the model represents an average Monday-Thursday ‘typical’ weekday in 2016. The peak
periods along with the inter-peak modelled represent a single average hour of the respective periods:

e AM peak period average hour representing 07:00 — 10:00;
e Inter-peak period average hour representing 10:00 — 16:00; and
e PM peak period average hour representing 16:00 — 18:00.

The modelled time periods have been altered for the PT model to best suit the survey data collected,
as the sample rates for the bus and rail surveys using the highway model specified time periods were
too low to provide a robust dataset. To aid with the transferability between the PT, highway and
demand models the following factors were developed using the bus occupancy counts and ralil
stations ingress and egress counts:

Table 88 PT model time periods conversion factors

Time Period Factor*
AM Period 1.39
IP Period 1.00
PM Period 1.59

* The same factors are used for both bus and rail matrices

8.3  Trip Matrix Development

While the PT model ultimately deals with a combined bus and rail trip matrix, each respective mode
trip matrix was developed separately. Figure 108 provides a summary of the PT modes matrix build-
up process. Both sets of matrices use the expanded sets of passenger interviews, as described in
section 4.2.7, during the build-up process.
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Figure 108 Summary of data and processes used to develop WMMTM16 PT Model Matrices

Bus Matrices Rail Matrices

ETM Data & Passenger Passenger Interviews

Interviews

( Type 1 \

= Network Warrington Services
= UsesETMdata for trips
(includes only relevant
services, dates, and adult
passengers)
= Route stages identified &
assigned to corresponding
bus stops
= Zonesassigned tothe nearest
bus stop (min distance)
= Assigning the proportion of
observed boarders of each
stage to model zones
= Proportions depend on
zonal population
weighted by the
probability of walking
the observed distance
to stop
= ETM Data stage pair
(boarding-alighting) used to
generate the zonal

\ distribution /

Type 2 \

Arriva and First Services
Uses bus passenger interviews
= Arriva Expansion Factor
adjusted interviews
Applied to model zones
directly

Type 3 \

Other Services

Uses bus passenger interviews

(adjusted using expansion

factors) & Occupancy counts

Uses the identified twin route

zonal distribution

®=  Constraining flows to

occupancy counts
totals at cordon
crossing points

Applied to model zones

directly

Type 4 \

Arriva X30 Service

No ETM or Interview data
Uses Occupancy Counts totals
(at cordon crossing point)
Assumed as end-end for zonal
distribution

4

Combined PT Matrices

Car + Rail \

Uses Expanded Rail Passenger
Interview data split by the
proportion of respondents
who used car as part of the
journey

Applied to model zones
directly

Other + Rail \

Uses Expanded Rail Passenger
Interview data split by the
proportion of respondents
who used non car modes as
part of the journey

Applied to model zones
directly
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As shown in Figure 108, the bus trip matrix consisted of four sub-matrices that vary in terms of the
database and subsequent steps used to develop them.

Across each of the types, child tickets and school buses have been removed from the trip generation
as identified in the specification.

8.3.1 Bus Type 1 Sub-Matrix
Services included

Type 1 constitutes nearly 86% (on average across all time periods) of the total bus trips matrix. It
includes all Network Warrington operated bus services and uses the Network Warrington ETM
database as a basis for the volume of bus trips.

Demand generation

The ETM database utilises a stage-based ticketing system rather than by individual bus stops. The
corresponding bus stops have been identified by matching the stage names and the bus stop. This list
was independently reviewed and sense checked during its generation and during the course of the
matrix development.

The ETM data is then proportionally assigned to the zones which sit within / adjacent to the stage bus
stops. The zonal proportions depend on the zonal populations, inversely weighted by the walking the
observed distance to the assigned bus stop. As zonal population increase the associated bus stop will
have a larger share of the stage demand, but if the zone centroid is far away from the bus route /
stop, a smaller proportion will be willing to walk and therefore it will have a smaller share of the stage
demand.

Each model zone has been assigned to a single bus stop, with zones being sufficiently disaggregated.
The walk distance likelihood is based up a distribution derived from the passenger survey data.

8.3.2 Bus Type 2 Sub-Matrix

Services included

Type 2 constitutes approximately 7% (on average across all time periods) of the total bus trips matrix.
The Type 2 matrix includes the trips made using the following Arriva and First bus services:

e  Service 7,

e  Service 100;

e  Service 110;

e  Service 360; and
e  Service 329.
Demand generation

Arriva ETM data was provided as a database in a similar form to that as the Network Warrington data.
However, the database only recorded the origin stage, not the destination and was therefore of limited
application.

Therefore, where available, expanded bus passengers’ interview records were used to develop the
majority of the Arriva matrix, utilizing the provided origin and destination addresses and/or postcodes
to identify the respective zone pairs of the trips.

8.3.3 Bus Type 3 Sub-Matrix
Services included

Type 3 constitutes approximately 6% (on average across all time periods) of the total bus trips matrix.
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The Type 3 matrix includes trips made using the following bus services by Link Network and Halton:

. Service 62; and
. Service 110.
Demand generation

For these services there was no ticket data, nor any passenger interviews. However, these services
have routes similar to other routes which are included in Type 1 or Type 2, having the same service
number.

Therefore the distribution was taken from the associated Type 1 or Type 2 corresponding route and
calibrated to the cordon crossing values for the respective services, which recorded passenger
numbers for every service.

8.3.4 Bus Type 4 Sub-Matrix
Services included

Type 4 constitutes approximately 1% (on average across all time periods) of the total bus trips matrix.
The Type 4 matrix includes trips made by the Arriva X30 bus service.

Demand generation

As there was no ETM data or bus interviews for this service, the cordon totals at the crossing points
were identified and the matrix was developed by assuming the service as an end-to-end service and
assigned to the respective zones.

While this type employs the greater degree of uncertainty, for completeness of the model, it along with
the other three types, were included in the overall demand generation.

8.3.5 Rail Matrix

The rail trip matrices have been separated into ‘car+rail’ matrices and ‘other+rail’ matrices, as some of
the passengers interviewed indicated that they used a car as travel mode during a part of the
surveyed trip and had distinctly different characteristics as a sub-group compared to the non-car
users. The ‘other’ modes comprised of primarily access by foot, wheelchair, pedal cycle, or bus.

A separate rail matrix was developed for these car user trips and this demand split was assigned
separately from the main public transport demand. The car-rail demand was provided with additional
connectors to/from the identified zones to stations, to represent the car access element of their trip.
These connectors were not accessible to the non-car users. The number of identified car-bus trips
was marginal based upon passenger interviews, to the point that no similar disaggregation was
deemed necessary for those travellers.

Both types of rail matrices we generated by factoring the passenger survey responses in line with the
observed station boarding and alighting counts, with expansion factors being low, as identified in the
data collection report.

The ‘car+rail’ matrix comprised approximately 48% of the total rail trips and ‘other+rail’ comprised
approximately 52%.

8.3.6 Combined PT Matrix

The bus (non-car element) and rail matrices were combined and assigned as a joint ‘public transport
only’ matrix. The car-rail matrix was assigned separately and the two sets of assigned flows
aggregated within EMME automatically.
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8.3.7  Prior Matrix Adjustments

Bus Matrix

Within the Network Warrington ETM dataset, a significantly larger number of same stage origin to
destination trips were identified in the IP and PM peak compared to the AM peak. This was due to
most second leg return trips and concessionary trip movements being identified only with the boarding
stage, with the same stage being repeated as the destination.

Alternative methods to account for the approximate distribution of these trips were investigated,
including reversing the AM trip distribution for return trips or simply factoring up specific services. The
anomalous data did not necessarily follow the same trip patterns as the known data though.

The most balanced outturn approach was identified to be a combination of factoring up the individual
services which contained the anomalous data entries by 25%, followed by an overall matrix sector-
sector adjustment. The second part of this adjustment involved splitting the zones into 3 broad sectors
(based on the validation count cordons) and making sector-to-sector level adjustments to bring the
overall level of demand in line on a cordon basis.

This two-stage approach countered the ‘missing’ concessionary ticket data, while making changes in
a structured manner.

The offsetting of concessionary tickets resulted in a net increase of non-same stage to stage data
trips of approximately 5% in the AM peak, 74% in the IP and 17% in the PM peak, compared to the
unadjusted matrix. The 74% in the IP period is reflective of the high proportion of concessionary
travellers in that period in particular.

Rail Matrix

At a broad level, the amount of rail users assigned in the model was found to be too large when
initially assigned collectively along with bus. The cause for this was identified as being primarily a
result of double counting bus-rail trips generated from the two sets of bus and rail data.

To counter this effect, an 8% reduction was applied to each of the three rail matrix time periods.

Rail boarding’s at the two primary stations of Warrington Bank Quay and Warrington Central were
identified as having a consistent over-modelling of boarding’s and alighting’s, further to sensitivity
testing of assignment parameters. The primary component behind this was identified as being a
particular level of double counting at these locations from the demand generation. This is in terms of
passengers that initially board at other modelled stations and then cross the town centre to access
either Warrington Bank Quay or Warrington Central, and also a larger propensity for bus-rail double
counting at these stations.

To counter the impact of this, expansion factors for these two stations were reduced consistently by
22% for each of the three time periods.

8.4 Network Review

The public transport network has been reviewed to verify that it is a realistic representation of the bus
and rail services as indicated in TAG Unit M3.2. This review was also required to ensure that the
model calibration and validation is not affected by routeing issues that can result in an incorrect
balance of public transport demand by corridor or access point. The network checks in this phase
comprised; a review of the zone connectors, public transport links and walk routes used by
passengers to access the transit network.

Areview of zone connectors focused on ensuring that the access to the model network was adequate
for a public transport model. Whilst car users generally park close to their origin and destination,
public transport users often access and egress the public transport stop by a different mode (car, taxi,
cycle, walking). The area of influence or catchment of transit stops increases in size with the level of
service and attractiveness of the stop. TAG Unit A4.2 establishes that the typical catchment of a bus
stop is about 400 metres. The TAG unit also explains that rail stations attract passengers from a
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larger catchment of at least 800 metres around the station (major stations tend to have an even larger
catchment area).

In this context, and based on observed trip patterns, adjustments of connectors during the network
validation stage were required, for example at Birchwood rail station through provision of additional
walk-only connector links to the network to facilitate accessing trips to/from the station.

The model links have also been reviewed to prevent excessively long walking distances on the
network, as well as any missing walk links from the Highway Model. This exercise focused mainly on
incorporating links that were relevant for the accessibility of the public transport network and that were
not included initially in the model. Figure 109 provides an example of a number of walk only links,
such as 2112-10002, 2764-1004 and 1003-2283, that were identified while developing the PT model,
which were not previously coded in the SATURN highway model. Likewise Figure 110 provides an

example of the walk-only link added to provide connectivity between the rail stations within the FMA
and the nearest bus stop or network node.

Figure 109 Example of walk-only links in Warrington Town Centre

‘“a'(rmﬂ“ TReer
2383 Gala 9 Cockhen
F o ASD
I Lingg Centrd
Legh Street
@J?Q,‘,q S
o,
P
& ¢
v B de 209 A
S s % & oway o
™ o d =
ETM Courtyard = £, ot 5
5 10003 5 % A\ =
ark % g = 5 »
4z 1 @
gath swreet % iI 2 oel Towr b
a
- i % ¥ N Buttermi
Bathi Strant
£ a1l
i Heatih £ ”’J; i g Bort
M g _‘5_..' :“ﬂ, Fr- Alg Haou
: 5 F B
= P
a8 e =}
.
) nt Srree’
Reg®! S
A 2 % P
. -3
(= i %
Golden = = q’a 2
Gates o Y, P f‘.‘
Bonk-— g >onkey Street = UU; oy z
Quoy £ « B
House F] "
e v | S A i
% ' = ¥
W 5} Warnington *1"\
b n T Market & "
® are Nort s DW Spo
"y . palmyra Sa % & Bl
3764 W itnes
1
8 = 8, ‘
Henry Street $ #s, /
e .
= A 19 o V y & ¢
iy e 7 ® it _ o
A 3 i 3 T v '-.h "y Vary
> o Zies 1004 % P = I © y
o Hanover Sty & @ SHOWLAT = | China Ching ﬁ\p
] = PareHall i ¥ o ¥ | R . Sbé
w £ b g S - i 4 J
Prepared for: Warrington Borough Council AECOM

181



Warrington Transport Model:

Figure 110 Example of walk-only connectors for rail stations (Warrington Bank Quay Station)
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From the rail passenger surveys, station access movements by car were identified and based on this,
zone-to-station car access links were added as a final element. These were included as a separate
set of links for transparency and provided an additional means by which the car-rail demand could
access stations, but which the non-car-rail demand were prohibited from using.

As part of the model calibration, visual sense checks of the links were conducted, and any unrealistic
or unrepresentative movements which impacted on model assignment were removed.

8.4.1 Service Review

TAG Unit M3.2 indicates that the validation of a public transport model should involve service checks.
Visual checks of the route followed by each coded service in the model were undertaken to ensure
that it reflects the existing public transport network as outlined previously in Section 5.4. Service
headway by bus and rail service was also benchmarked against the timetables and survey data to
ensure consistency and prevent potential demand routing issues.

8.5  Assignment Calibration and Validation

8.5.1 Assignment Calibration

Initial assignment parameters were presented in Section 2.3.9.2. This section details the refinement of
these parameters during the calibration process to improve model performance and ensure that it fits
the observed data in line with WebTAG guidance.

8.5.2 Trip Matrix Estimation

While the prior matrix adjustments approximate the demand matrices overall, it incorporated a
number of broad assumptions in part of the service demand distribution and in accounting for some of
the anomalous ETM data.
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Therefore, it was necessary to make some minor modifications on a specific zone basis during the
calibration process. This was done by factoring zones net origins or destination movements up / down
by a maximum of 50%.

Zone specific adjustments were made only to the bus component when greater localised uncertainty
occurred, whilst no corresponding rail component changes were required.

Across the time periods, of the 586 zones, the number of zones adjusted was as follows;

Table 89 Quantity of Zones Adjusted During Calibration

Time Period Origin Destination
AM 21 18
P 20 21
PM 19 15

This represents approximately three to four percent of the zone origins and destinations which
required some adjustment. The net matrix total changes were as follows;

e AM-3.1%;
. IP -2.7%; and
e PM-3.6%.

This reduces some of the prior matrix adjustment increases which offset ‘missing’ concessionary
ticket, but by a relative small margin and with a greater level of specification, appropriate to serve its
calibration purpose.

Comparing the resultant R? values from the prior and post matrix estimation for bus, each time period
maintains an R value of approximately 0.99 for both origin and destination totals.

Figure 111 AM Peak Origin Zone Demand Comparison Between Prior and Post Calibration
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Figure 112 Inter Peak Origin Zone Demand Comparison Between Prior and Post Calibration
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Figure 113 PM Peak Origin Zone Demand Comparison Between Prior and Post Calibration
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Figure 114 AM Peak Destination Zone Demand Comparison Between Prior and Post Calibration
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Figure 115 Inter Peak Destination Zone Demand Comparison Between Prior and Post
Calibration
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Figure 116 PM Peak Destination Zone Demand Comparison Between Prior and Post Calibration
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8.5.3 Assignment Validation

8.5.3.1 Flow Validation

Guidance on validation standards was set out in Section 8.2.1. However, due to the relatively low
patronage of the bus network in Warrington, many of the links and screenlines used in the WMMTM16
PT Model have flows below 150 passengers per hour threshold for which WebTAG defined a link
based criterion. The validation has therefore been undertaken by applying a more stringent link based
criterion that +/- 25% of 150 passengers, i.e. +/- 38 passengers per hour, should also be satisfied for
all individual links including those below 150 passengers per hour.

Screenlines are defined by a collection of links, and implicitly the WebTAG criterion relates to flows
that would be considerably in excess of a single link. We have assumed the same link based
tolerance of +/-38 passengers, where screenline flows are below 150 passengers.

The validation points and screenlines used for the PT model validation have been defined in Section
4.2.7. During the model calibration and validation however, the two bus trips cordons were further split
into mini screenlines to better analyse trip movements and provide a more robust model. Table 90
outlines the new definitions of the bus screenlines and the points they contain.

Table 90 PT — Bus Trips Matrices Mini Screenlines Validation Points

Screenline ID Survey Point ID

Inner Cordon

2.1
2.2
2.3
2.4
25
2.6
2.7
2.8

Inner North

Inner South
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Screenline ID

Survey Point ID

Outer Cordon

Outer North East

31

32

33

3 4

35

3.6

Outer South

3.7

38

39

310

31

2 12

3 13

Outer North West

3 14

3 15

3 16

317

3 18

Table 91 and Table 92 set out the observed and modelled values for the AM Peak period, whilst
Figure 117 presents this analysis in graphical form, including the upper and lower bounds of

acceptability. Table 93 and Table 94 and Figure 118 then present this same analysis for the Inter-Peak
period, whilst Table 95 and Table 96 and Figure 119 cover the PM Peak period. Meanwhile Table 97

provides a statistical summary of the PT model validation.

As can be seen from these results, all cordon and link based flows are within both the WebTAG

criteria and the additional criteria we have adopted for lower flow corridors. We have reviewed the
largest deviations between modelled flows and counts and judge that these modest variations are

consistent with residual uncertainties in the demand data and routeing parameters.

Prepared for: Warrington Borough Council

AECOM
187



Warrington Transport Model:

Table 91 AM Peak Period PT Validation Summary — Bus Trips

AM PEAK
Fully Modelled Area Cordon Inbound Outbound
Roadname Inbound Direction %?::st?:: Observed | Modelled | Diff':el:):rlu:e Dli::er:::nn;e GEH Observed | Modelled | Dif::el(r)emrlwe D:foerrcee:ée GEH
Inner North Screenline
A49 Lythgoes Lane_Owen Street South North 126 139 13 10% @ 1.13 77 45 -32 -41% @ 4.06
Orford Lane_Clegge Street West East 51 32 -19 -38% @ 3.00 7 9 2 23% @ 058
Battersby Lane_The Albion South North 79 69 -10 -13% @ 1.20 34 25 -9 -26% @ 1.66
Chrurch Street_Parish Church West East 113 122 9 8% @ 0.83 46 60 14 30% @ 192
Total 370 362 -8 -2% =] 0.40 164 139 -25 -15% @ 2.03
Inner South Screenline
40 39 -1 -3% @ 0.16 16 2 -14 -88% @ 473
74 92 18 25% @ 2.01 67 72 5 7% @ 0.60
17 4 -13 -76% @ 4.01 16 5 -11 -68% @ 332
254 279 25 10% =] 1.51 137 171 34 25% @ 2.77
385 414 29 8% @ 1.45 236 250 14 6% @ 0.92
Inner Cordon Total 755 776 21 3% O 0.77 400 389 -11 -3% 0.54
Outer North East Screenline
A49 Winwick Road_Sandy Lane West South North 102 111 9 8% @ 0.84 26 37 11 44% @ 2.02
Northway_Locker Avenue West East 47 31 -16 -34% @ 251 8 1 -7 -88% @ 3.39
Fisher Avenue_Cossack Avenue South North 32 46 14 42% @ 2.18 14 18 4 26% @ 0.91
Poplars Avenue_Derek Avenue South North 53 34 -19 -35% @ 2.84 12 8 -4 -35% @ 136
Hilden Road_Hilden Place West East 45 33 -12 -27% @ 1.97 27 31 4 13% @ 0.68
Padgate Lane_Mason Avenue West East 39 24 =il5 -39% @ 272 23 47 24 107% @ 412
A57 Manchester Road_Dog & Partridge West East 57 63 6 11% @ 0.77 24 28 4 17% @ 0.78
Total 376 342 -34 -9% @ 1.78 f1535] 170 35 26% @ 286
Outer North West Screenline
A562 Penketh Road_Brookside Avenue East West 78 93 15 19% @ 1.58 53 38 -15 -28% @ 222
A57 Liverpool Road_Highfield Avenue East West 26 30 4 14% @  0.69 84 51 -33 -39% @ 3.98
Lingley Green Avenue_Post Office Sorting Centre East West 5 1 -4 -79% @ 2.18 18 10 -8 -45% @ 221
Whittle Avenue_Thatch Cottage South North 14 17 3 21% @ 0.76 5 2 -3 -57% @ 1.46
A574 Cromwell Avenue_Ladywood South North 39 32 -7 -17% @ 1.12 31 46 15 48% @  2.42
Total 162 173 11 7% @ 0.85 191 147 -44 -23% @ 3.36
Outer South Screenline
26 30 4 17% @ 0.82 49 31 -18 -37% @ 2.85
5 4 -1 -20% @ 0.47 14 4 -10 -71% (] 3.25
3 3 0 -10% @ 0.19 4 0 -4 -100% @ 271
0 0 0 CHECK 0 0 [0] CHECK
9 3 -6 -68% @ 2.55 7 12 5 71% @ 162
27 15 -12 -45% @ 2.68 16 10 -6 -36% @ 1.58
71 55 -16 -22% @ 1.98 89 57 -32 -36% @ 375
Outer Cordon Total 608 570 -38 -6% () 158 414 374 -40 -10% ) 2.03
[ Fully Modelled Area BUS Total | 1363 | 1346 | -17 1%  |© 0.46 534 559 25 500 |© 105 |
Other (Birchwood) Screenline
Southworth Lane_Southworth Lane West East 28 27 =il -2% @ 0.3 12 18 6 46% @ 146
Locking Stumps Lane_Golf Club South North 17 19 2 14% @ 0.55 36 32 -4 -12% @ 0.74
A574 Birchwood Way_Roberts Fold West East 20 19 =il -5% @ 0.23 35 71 36 103% @ 491
Total 64 65 1 1% o 0.08 84 121 37 45% @ 3.69
Prepared for: Warrington Borough Council AECOM
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Table 92 AM Peak Period PT Validation Summary — Rail Trips

Inbound Outbound
) . Outbound Flow Percent Flow Percent
Rail Stations Inbound Direction Direction Clieaiee odkellied Difference Difference e Clbeaed NMedelied Difference Difference GEh
Birchwood Entry Exit 139 121 -18 -13% @ 154 179 179 0 0% @ o0.01
Glazebrook Entry Exit 11 10 -1 -9% @ 031 1 4 3 500% @ 218
Newton-le-Willows Entry Exit 169 163 -6 -3% @ 044 9 12 4 41% @ 1.09
Padgate Entry Exit 54 35 -19 -35% @ 285 12 7 -5 -39% @ 148
Sankey for Penketh Entry Exit 48 21 -27 -56% @ 4.60 8 4 -4 -51% @ 169
Warrington Bank Quay Entry Exit 202 195 -7 -3% @ 049 177 201 24 13% @ 172
Warrington Central Entry Exit 308 334 26 9% @ 147 193 174 -19 -10% @ 1.39
Fully Modelled Area RAIL Total 930 879 -51 -5% ) 1.68 578 581 3 1% ) 0.13
| Fully Modelled Area Both Modes Total [ 2203 | 2225 | 68 | -3% |D142 | 1112 | 1140 | 28 3% |00.83 |
Figure 117 AM Peak Period PT Validation — Graphical representation of individual counts
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Table 93 Inter-Peak Period PT Validation Summary — Bus Trips

Fully Modelled Area Cordon Inbound Outbound
Roadname Inbound Direction %T::ztﬁjg: Observed | Modelled | DiffFe“rJev‘rIme D::;fe;rceer?(:e GEH Observed | Modelled | DifZ?eV\rgce D::;:er::::;e GEH
Inner North Screenline
A49 Lythgoes Lane_Owen Street South North 155 163 8 5% @ 0.62 120 89 -31 -26% @ 3.02
Orford Lane_Clegge Street West East 45 32 -13 -28% @ 2.05 57 34 -23 -40% @ 337
Battersby Lane_The Albion South North 69 46 -23 -33% @ 297 90 58 -32 -36% @ 3.75
Chrurch Street_Parish Church West East 93 93 0 0% @ 0.02 99 88 -11 -11% @ 1.09
Total 361 334 -27 -8% @ 1.46 365 269 -96 -26% O 5.41
Inner South Screenline
34 32 -2 -6% @ 0.38 28 15 -13 -47% @ 2.83
94 117 23 25% @ 2.27 95 132 37 39% @ 3.46
34 13 -21 -62% @ 4.33 27 7 -20 -74% @ 4.79
248 264 16 7% @ 1.01 254 258 4 1% @ 0.23
410 426 16 4% @ 0.80 404 412 8 2% @ 0.38
Inner Cordon Total 771 760 -11 -1% ) 0.39 770 681 -89 -12% O 3.29
Outer North East Screenline
A49 Winwick Road_Sandy Lane West South North 79 102 23 29% @ 242 70 63 -7 -10% @ 0.86
Northway_Locker Avenue West East 45 25 -20 -44% @ 3.38 30 8 -22 -74% O 5.10
Fisher Avenue_Cossack Avenue South North 18 15 -3 -17% @ 0.78 23 58 10 41% @ 1.82
Poplars Avenue_Derek Avenue South North 35 40 5 15% @ 0.84 49 27 -22 -45% @ 3.52
Hilden Road_Hilden Place West East 37 40 3 9% @ 0.51 40 Sl £ -22% @ 1.48
Padgate Lane_Mason Avenue West East 32 37 5 14% @ 0.79 36 35 -1 -3% @ 0.20
A57 Manchester Road_Dog & Partridge West East 28 33 5 16% @ 0.84 41 36 = -13% @ 0.86
Total 275 292 18 6% @ 1.04 290 233 -57 -20% @ 3.51
Outer North West Screenline
A562 Penketh Road_Brookside Avenue East West 82 87 5 6% @ 0.56 75 84 9 12% @ 0.97
A57 Liverpool Road_Highfield Avenue East West 27 26 -1 -3% @ 0.13 28 12 -16 -57% @ 3.52
Lingley Green Avenue_Post Office Sorting Centre East West 16 1 -15 -94% O 5.08 4 2 -2 -54% @ 131
Whittle Avenue_Thatch Cottage South North 9 6 =3 -35% @ 1.15 14 3 -11 -79% @ 3.77
A574 Cromwell Avenue_Ladywood South North 33 29 -4 -11% @ 0.66 32 59 27 83% @ 3.97
Total 166 149 -17 -10% @ 135 154 160 7 4% @ 0.52
Outer South Screenline
51 38 -13 -25% @ 1.90 22 45 23 101% @ 391
12 4 -8 -66% @ 278 7 7 0 5% @ 0.13
4 7 3 68% @ 1.20 3 4 1 41% @ 0.63
3 0 =5 -100% @ 224 3 3 0 6% @ 0.10
14 13 -1 -8% @ 0.32 19 22 3 18% @ 0.74
20 6 -14 -70% @ 3.95 22 27 5 21% @ 094
104 68 -36 -34% @ 3.85 76 108 32 43% @ 3.37
Outer Cordon Total 544 509 -35 -6% @ 1.53 519 501 -18 -3% O 0.79
[ Fully Modelled Area BUS Total | 1315 | 1269 | -46 3% |© 128 | 1289 | 1182 -107 8% |@ 3.03 |
Other (Birchwood) Screenline
Southworth Lane_Southworth Lane West East 17 26 9 50% @ 1.86 17 12 -5 -28% @ 1.23
Locking Stumps Lane_Golf Club South North 24 8 -16 -67% @ 4.00 17 37 21 124% @ 3.96
A574 Birchwood Way_Roberts Fold West East 27 31 4 16% @ 0.81 21 41 20 98% @ 3.66
Total 68 65 -3 -4% @ 0.37 54 90 36 67% @ 4.26
Prepared for: Warrington Borough Council AECOM
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Table 94 Inter-Peak Period PT Validation Summary — Rail Trips

Inbound Outbound
: . Outbound Flow Percent Flow Percent

Rail Stations Inbound Direction Direction Claearvel iedleied Difference Difference ©=H Clisaived Madieled Difference Difference s
Birchwood Entry Exit 69 87 18 26% @  2.02 48 38 -10 -21% @ 1.50
Glazebrook Entry Exit 2 3 1 80% @ 0.87 1 4 3 336% @ 197
Newton-le-Willows Entry Exit 30 26 4 -13% @ 074 17 21 4 25% @ 0.98
Padgate Entry Exit 20 15 -5 -24% @ 112 8 8 0 2% @ 0.06
Sankey for Penketh Entry Exit 17 6 -11 -64% @ 3.17 10 13 3 31% @ 091
Warrington Bank Quay Entry Exit 97 113 16 17% @ 158 107 132 25 23% @ 225
Warrington Central Entry Exit 117 130 13 11% @ 1.15 130 153 23 18% @ 1.96

Fully Modelled Area RAIL Total 351 380 29 8% @ 151 320 369 49 15% |@ 2.62
| Fully Modelled Area Both Modes Total [ 1666 | 1649 | -17 | -1% [Do042 | 1609 | 1551 | -58 4%  |01.46 |

Figure 118 Inter-Peak Period PT Validation — Graphical representation of individual counts
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Table 95 PM Peak Period PT Validation Summary — Bus Trips

Fully Modelled Area Cordon Inbound Outbound
Roadname Inbound Direction %T:z;?g: Observed | Modelled | Dif;:el:)ev‘r/we D?ffgf::ée GEH Observed | Modelled ‘ Dif::?:rl*lce D::;fe;f:nn:e GEH
Inner North Screenline
A49 Lythgoes Lane_Owen Street South North 75 84 9 13% @ 1.05 124 100 -24 -20% @ 2.30
Orford Lane_Clegge Street West East 12 7 -5 -42% @ 1.62 39 17 -22 -56% @ 4.16
Battersby Lane_The Albion South North 46 27 -19 -42% @ 3.19 60 42 -18 -30% @ 256
Chrurch Street_Parish Church West East 49 50 1 3% @ 0.19 85 89 4 4% @ 0.39
Total 182 168 -14 -8% (] 1.03 309 248 -61 -20% @ 3.66
Inner South Screenline
17 8 =L -52% @ 247 36 27 -9 -25% @ 1.60
58 76 18 31% @ 2.20 77 101 24 31% @ 254
13 1 -12 -92% @ 4.54 14 5 -9 -64% @ 292
134 148 14 10% (=] 1.15 234 257 23 10% @ 1.47
222 233 11 5% @ 0.73 361 390 29 8% @ 1.50
Inner Cordon Total 404 401 -3 -1%  |© 0.13 670 638 -32 5% O 1.25
Outer North East Screenline
A49 Winwick Road_Sandy Lane West South North 41 70 29 72% @ 3.9 71 94 23 32% @ 249
Northway_Locker Avenue West East 12 3 -9 -75% @ 3.29 27 7 -20 -74% @ 491
Fisher Avenue_Cossack Avenue South North 22 23 1 6% @ 0.28 24 26 2 10% @ 047
Poplars Avenue_Derek Avenue South North 13 8 -5 -38% @ 154 33 16 -17 -52% @  3.43
Hilden Road_Hilden Place West East 27 22 5 -18% @ 0.95 28 26 -2 -8% @ 0.45
Padgate Lane_Mason Avenue West East 27 19 -8 -30% @ 1.67 24 18 -6 -25% @ 131
A57 Manchester Road_Dog & Partridge West East 28 30 2 8% @ 0.43 30 47 17 55% @ 2.68
Total 169 175 6 4% @ 0.48 238 234 -4 -2% @ 0.26
Outer North West Screenline
A562 Penketh Road_Brookside Avenue East West 41 26 -15 -37% @ 2.59 94 100 6 6% @ 0.61
A57 Liverpool Road_Highfield Avenue East West 41 39 -2 -4% @ 0.26 25 31 6 22% @ 1.07
Lingley Green Avenue_Post Office Sorting Centre East West 7 4 -3 -43% @ 1.28 5 2 -3 -57% @ 1.46
Whittle Avenue_Thatch Cottage South North 7 6 =1 -14% @ 0.39 7 6 -1 -18% @ 0.52
A574 Cromwell Avenue_Ladywood South North 30 32 2 7% @ 0.36 31 53 22 73% @ 3.45
Total 126 107 -19 -15% @ 1.73 162 192 30 19% @ 225
Outer South Screenline
19 24 5 26% @ 1.08 17 43 26 158% @ 4.82
2 3 1 50% @ 0.63 5 7 2 50% @ 0.97
5 4 -1 -14% @ 0.32 3 2 -1 -25% @ 0.44
0 0 0 CHECK 1 0 =il -100% @ 1.63
5 11 6 136% @ 2.26 8 8 0 4% @ 0.12
16 20 4 22% @ 0.86 30 9 -21 -70% @ 4.70
47 62 15 33% 2.08 63 69 6 10% @ 0.78
Outer Cordon Total 341 344 3 1% ) 0.16 463 495 32 7% () 1.48
[ Fully Modelled Area BUS Total 745 745 0 0% |@ o001 | 1133 | 1133 | 0 0% |© oo01 |
Other (Birchwood) Screenline
Southworth Lane_Southworth Lane West East 10 21 11 117% @ 2.89 19 20 1 3% @ 0.15
Locking Stumps Lane_Golf Club South North 28 25 -3 -10% @ 0.52 12 28 16 140% @ 3.67
A574 Birchwood Way_Roberts Fold West East 31 25 -6 -18% @ 1.07 18 23 5 25% @ 1.03
Total 68 71 3 4% @ 0.36 49 71 22 44% @ 2.79
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Table 96 PM Peak Period PT Validation Summary — Rail Trips

Inbound Outbound
) . Outbound Flow Percent Flow Percent

Rail Stations Inbound Direction Direction Claesnvel iedeied Difference Difference ©=H Clieed Madielied Difference Difference GiEH
Birchwood Entry Exit 192 198 6 3% @ 042 147 133 -14 -10% @ 121
Glazebrook Entry Exit 4 4 0 0% @ 0.00 14 11 -3 -21% @ 0.85
Newton-le-Willows Entry Exit 31 26 -5 -16% @ 094 201 182 -19 -9% @ 134
Padgate Entry Exit 26 10 -16 -61% @ 3.68 49 52 3 6% @ 0.40
Sankey for Penketh Entry Exit 14 12 -2 -11% @ 042 48 41 -7 -14% @ 1.03
Warrington Bank Quay Entry Exit 160 193 33 21% @ 251 226 197 -29 -13% @ 197
Warrington Central Entry Exit 191 199 8 4% @ 057 332 360 28 8% @ 150

Fully Modelled Area RAIL Total 617 642 25 4% ) 1.00 1017 976 -41 -4% 0 1.29
| Fully Modelled Area Both Modes Total [ 1362 | 1387 | 26 | 2% [Do069 | 2149 | 2109 | -40 2% 0087 |

Figure 119 PM Peak Period PT Validation — Graphical representation of individual counts
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Table 97 PT Model Validation Summary Statistics

Failing Flow Validation Criteria (No of Counts/Screenlines/Cordon per Passenger Flow Category)

Inbound Trips
AM IP PM
Passengers <50 50-100 [ 100-150 >150 SubTot Total <50 50-100 [ 100-150 >150 SubTot Total <50 50-100 [ 100-150 >150 SubTot Total
Counts 0 0 0 0 0 29 0 0 0 0 0 29 0 0 0 0 0 29
Bus Screenlines 0 1 0 0 1 6 0 0 1 0 1 6 1 0 0 0 1 6
Cordons 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2
Rail Counts 0 0 0 0 0 7 0 0 0 0 0 7 0 0 0 0 0 7
Cordon 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1
Outbound Trips
AM IP PM
Passengers <50 50-100 [ 100-150 >150 SubTot Total <50 50-100 [ 100-150 >150 SubTot Total <50 50-100 [ 100-150 >150 SubTot Total
Counts 0 0 0 0 0 29 0 0 0 0 0 29 0 0 0 0 0 29
Bus Screenlines 0 2 1 2 5 6 0 2 0 2 4 6 1 0 0 2 3 6
Cordons 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 2
Rail Counts 0 0 0 0 0 7 0 0 0 0 0 7 0 0 0 0 0 7
Cordon 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 1
Passing Flow Validation Criteria (No of Counts/Screenlines/Cordon per Passenger Flow Category)
Inbound Trips
AM IP PM
Passengers <50 50-100 100-150 >150 SubTot Total <50 50-100 100-150 >150 SubTot Total <50 50-100 100-150 >150 SubTot Total
Counts 19 6 3 1 29 29 21 6 0 2 29 29 26 2 1 0 29 29
Bus Screenlines 0 1 0 4 5 6 0 1 0 4 5 6 0 1 1 3 5 6
Cordons 0 0 0 2 2 2 0 0 0 2 2 2 0 0 0 2 2 2
Rail Counts 2 1 1 3 7 7 4 2 1 0 7 7 4 0 0 3 7 7
Cordon 0 0 0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 1
Outbound Trips
AM IP PM
Passengers <50 50-100 [ 100-150 >150 SubTot Total <50 50-100 [ 100-150 >150 SubTot Total <50 50-100 [ 100-150 >150 SubTot Total
Counts 24 4 1 0 29 29 21 6 1 1 29 29 22 5 1 1 29 29
Bus Screenlines 0 0 0 1 1 6 0 0 0 2 2 6 0 1 0 2 3 6
Cordons 0 0 0 2 2 2 0 0 0 2 2 2 0 0 0 2 2 2
Rail Counts 4 0 0 3 7 7 5 0 2 0 7 7 3 0 1 3 7 7
Cordon 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 1 1 1
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8.5.3.2 PT Routing Checks

As an initial sense check, the component PT matrices (‘bus only’, ‘non-car rail’ and ‘car-rail’) were
assigned individually. This enabled a high level confirmation that in general the appropriate modes
and routes were being used, such as rail services for long distance trips to London and that car
access to station was only being used by that part of the demand. These high level checks confirmed
at a broad level the appropriateness of the respective demand modes.

Further to the flow checks, specific routing checks were made, focusing on areas of potential query.
This was conducted using the full assignment, one of the main demand components identified above,
or specific groups of zones either side of a screen line, such as Birchwood. Using an increasingly
refined level of analysis, specific movements to and from zones were reviewed in this manner as part
of the calibration / validation process.

Finally, as confirmation of the final set of assignments for each of the time periods, a selection of
origins and destinations covering a spread of local and long distance trips, were chosen to check the
operation of the model, including;

e  Warrington centre

e  Penketh (west Warrington)

e  Omega (north west Warrington)

e  Stockton heath medical centre (South Warrington)
e  Woolston (east Warrington)

e  Warrington collegiate (north Warrington)
e  Thellwall

e  Birchwood

e London

e Liverpool

e  Altrincham

e Runcorn

e  Manchester

For each of these routes the proportional split of routes was output through EMME, including the PT
service(s) used, for example, from Warrington to Penketh (zone 8009), 72% were proportioned to bus
service 110, 25% to bus service 7 and 3% to bus service 32A.

These service proportions have been sense checked by comparing routes which reported substantial
proportions, in terms of the directness of the route between the origin and destination in the model
(Figure 120). Further, a comparison against ‘Google Maps’ route suggestion was made as a sense
check.

In addition to the proportional splits to and from Warrington for the identified sample locations, an
EMME output was generated for the cross movements between each of the locations, for the route
options with the highest proportion.

The above analysis suggests that the routing is operating sensibly, with some spread of services used
between locations, but primarily the most direct service options being used. Cross checks against
‘Google Maps’ highlighted no anomalies. Being a fairly radial system into Warrington, there was little
interchange required to / from Warrington itself, but a transfer more apparent between locations such
as Woolston and Penketh - with people interchanging between bus services previously identified to /
from Warrington at the Interchange in this example.

With no particular anomalies identified during these checks, the routing is considered to be operating
sensibly within the model.
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Figure 120 Example of primary assigned route service
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9. Validation Assignment Results

9.1 Introduction

The 389 sites used in calibration and validation of the WMMTM16 have been split by:

e 277 sites used for calibration; and

e 112 for validation (a 71% versus 29% split).

The distribution of this split is shown in Figure 122.

Figure 122 Count Sites Used in Calibration / Validation
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9.2  Comparison of Modelled Flows — Screenline

Of the 112 sites used for independent validation, 46 were assigned to a screenline.

Summaries of the screenline performance are shown in Table 99 to Table 101 for each modelled time
period. 5 screenlines have been used for independent validation of the WMMTM16. The sites and
screenlines used for validation are shown in Figure 123.

The overall statistics of how well these validation screenlines meet WebTAG actability criteria is
shown in Table 98.
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Figure 123 Validation Sites on a Validation Screenline
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Table 98 Screenline Overall Summary, Validation Sites Only
_— Time .
Criteria Period Pass Near* Fail
AM 70% 20% 10%
Percentage of Screenlines or Cordons where
X IP 20% 50% 30%
the Flow Difference < 5% 0 ° 0
PM 50% 20% 30%
AM 90% 10% 0%
Percentage of Screenlines or Cordons where
g P 50% 30% 20%
GEH <4
PM 70% 0% 30%

*Definition of ‘Near’ and ‘Fail’ categories — for flow difference this is a percentage between 5% and 10%, for GEH, this is a
value between 5 and 7.5. ‘Falil’ represents GEH > 10 and flow difference > 10%

Although the performance of the validation screenlines is lower compared to those used in calibration,
there is a large proportion of screenlines that fall within the ‘near’ category indicating that the results
are very close to targets being aimed at, for example, in the AM, 2 screenlines achieve a flow
difference of 5.9% and 5.8% and therefore fall within the ‘near’ category. The greatest flow difference
achieved on the validation screenlines for each time period is as follows:

e AM-16%;
. IP — 23%; and
e PM-22%.

AECOM
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The maximum GEH recorded for a screenline in each time period is as follows:
e AM-7.50;

e |IP-8.72;and

e PM-17.69.

Of the 46 sites that are allocated to a validation screenline:

e Inthe AM - 36 sites have a GEH < 5, and only 4 sites have a GEH> 10;

e Inthe IP — 35 sites have a GEH < 5, and only 5 sites have a GEH > 10; and
¢ Inthe PM - 33sites have a GEH < 5, and 7 sites have a GEH > 10.

Prepared for: Warrington Borough Council AECOM
199



Warrington Transport Model:

Table 99 AM Screenline Validation Summary

Screenline Direction Observed Modelled Difference % Difference GEH
Lights HGV Total |[Lights HGV  Total |Lights HGV Total |Lights HGV Total |[Lights HGV Total
Diagonal Northbound 5,047 68 5,115 |4,782 119 4,902 | -265 51 -213 -5% 75%
NW
Southbound 3,541 72 3,613 |3,312 154 3,467 | -229 82 -146 -6%  114%
Diagonal Northbound 2,157 13 2,170 | 2,090 18 2,108 -67 5 -62 -3% 41%
NE
Southbound 2,524 31 2,555 2,432 38 2,470 -92 7 -85 -4% 22%
North Inbound 4,862 455 5,318 | 4,567 436 5,003 | -295 -19 -314 -6% -4%
Outbound 3,825 465 4,290 (3,788 414 4,201 -37 -51 -89 1% -11%
East Inbound 2,046 74 2,120 (1,704 85 1,789 | -342 11 -331 | -17% 15%
Outbound 1,713 65 1,778 |1,709 86 1,795 -4 21 17 0% 33%
Diagonal Eastbound 2,805 89 2,894 |2,757 65 2,822 -48 -24 -72 2%  -27T%
SE
Westbound 2,393 56 2,449 | 2,253 55 2,307 | -140 -1 -142 -6% 2%  -5.8%
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Table 100 IP Screenline Validation Summary

Screenline Direction Observed Modelled Difference % Difference GEH TOTAL
Flow Diff
. . . . ) Meets
Lights HGV Total [Lights HGV  Total |Lights HGV Total |Lights HGV Total |Lights HGV Total WebTAG
Criteria
Diagonal Northbound 3,242 62 3,304 | 3,448 89 3,537 | 206 27 233 6% 44% 7% 3.57 3.12 3.99 NO
NW
Southbound 2,814 53 2,867 | 3,050 93 3,143 | 236 40 276 8% 76% 10% 4.36 471 5.04 NO
Diagonal Northbound 1,936 14 1,950 | 1,853 25 1,879 -83 11 -71 -4% 81% -4% 1.90 2.57 1.62
NE
Southbound 2,005 19 2,024 | 1,969 29 1,998 -36 10 -26 -2% 55% -1% 0.81 2.12 0.57
North Inbound 3,645 489 4,134 |3,335 421 3,756 | -310 -68 -378 9% -14%  -9% 5.25 3.18 6.01 NO
Outbound 3,606 561 4,167 |3,240 436 3,676 | -366  -124 -491 | -10% -22% -12% | 6.26 5.56 7.83 NO
East Inbound 1,217 67 1,284 | 888 102 990 -329 35 294 | -27%  52%  -23% 3.80 8.72 NO
Outbound 1,255 63 1,318 |1,322 80 1,402 67 17 84 5% 28% 6% 1.86 2.05 2.28 NO
Diagonal Eastbound 1,634 61 1,695 |1,857 56 1,913 | 223 -5 218 14% -8% 13% 535 | 0.64 5.14 NO
SE
Westbound 1,526 48 1,574 |1,617 39 1,656 91 -9 82 6% -19% 5% 2.29 1.35 2.03 -
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Table 101 PM Screenline Validation Summary

Screenline Direction Observed Modelled Difference % Difference GEH TOTAL
Flow Diff
Meets
Lights HGV Total |Lights HGV  Total |[Lights HGV  Total |Lights HGV Total [Lights HGV Total WebTAG
Criteria
Diagonal Northbound 3,995 32 4,027 | 3,894 49 3,943 | -101 17 -84 -3% 53%
NW
Southbound 5,636 55 5,691 |5,514 60 5,574 | -122 5 -117 -2% 9%
Diagonal Northbound 2,562 12 2,574 2,172 19 2,191 | -390 7 -383 | -15% 60%
NE
Southbound 2,535 25 2,560 |2,470 27 2,497 -65 2 -63 -3% 7%
North Inbound 5,146 320 5,466 |4,342 338 4,680 | -804 18 -786 -16% 6% 11.04
Outbound 5,508 408 5,916 | 4,336 295 4631 (-1,172 -113 -1,285 |-21% -28% 6.01 FVAGL)
East Inbound 1918 54 1,972 (1,730 59 1,789 | -188 5 -183 -10% 9%

Outbound 1,799 44 1,843 (1,825 68 1,893 26 24 50 1% 56%

Diagonal Eastbound 2,524 23 2,547 | 2,652 24 2,676 128 1 129 5% 3%
SE

Westbound 2,693 35 2,728 (2,683 30 2,714 -10 -5 -14 0% -13%
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9.3 Comparison of Modelled Flows — Count Sites

The remaining 66 sites not assigned to a screenline have been used as independent validation sites.

A summary of the overall performance by time period is shown in Table 102. This table presents
results for all counts sites used for validation (both on a screenline or independent).

Figure 124 to Figure 126 present the GEH results for each count site by time period for validation
sites only. Table summaries of individual count site results can be found in Section 5 of the Highway
Dashboard (Appendix I).

Table 102 Individual Count Site Summary — Validation Sites Only

Time

Criteria Period Pass Near* Fail
AM 73% 13% 13%
Eercentage of Individual Counts where GEH < = 24% 13% 13%
PM 75% 14% 11%
AM 71% n/a 29%
Percentgge_ of Individual Count Sites meeting = 7506 n/a 5506
Flow Criteria
PM 75% n/a 25%
AM 7% n/a 23%
Percentage of individual Count Sites meeting o o
either FLOW or GEH criteria P 79% na 21%
PM 79% n/a 21%

*Definition of ‘Near’ and ‘Fail’ categories — for GEH, this is a vale between 5 and 7.5, Fall is for sites where GEH >10

Again, this performance is lower than the calibration dataset but still a strong performance given the
scale of data being assessed.
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Figure 124 AM GEH Summary - Total Vehicles, Validation Only Sites
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Figure 125 Inter Peak GEH Summary - Total Vehicles, Validation Only Sites
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Figure 126 PM GEH Summary - Total Vehicles, Validation Only Sites
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94 Overall Model Performance

Although the performance of the independent validation dataset is lower than the calibration dataset,
the overall model robustness and performance is judged on the combined results. These are
presented in the remainder of this section.

Figure 127, Figure 129, and Figure 131 present a summary of the performance statistics for each time

period.

Figure 128, Figure 130, and Figure 132 show the majority proportion of model links meeting GEH
acceptability criteria in each time period. Over 310 links (out of 389) in each modelled time period

return a GEH result of less than 5.

Figure 127 AM Model Summary Performance Statistics

Overall Statistics - AM

mPass = MNear mFail
Counts GEH < 5 (ALL)
Counts Flow Criterion (ALL)
Counts GEH or How
Criterion (ALL)
CAL Screenlines Flow Diff. <
5%
CAL Screenlines GEH < 4
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure 128 AM Model Links Meeting GEH Acceptability Criteria
Links - GEH Range
350 |
300
250
200
150
100
50
0 - || .
w Cal-Total mval- Total
GEH GEH GEH GEH TOTAL
<5 5-75 7.5-10 >10
CAL Links 85% 6% 5% 3% 85%
VAL Links 73% 13% 4% 9% 73%
TOTAL 82% 8% 5% 5%
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Figure 129 IP Model Summary Performance Statistics

Overall Statistics - IP mPass mNear m Fail
Counts GEH <5 (ALL)
Counts Flow Criterion (ALL)
Counts GEH or How
Criterion (ALL)
CAL Screenlines Flow Diff. <
5%
CAL Screenlines GEH < 4
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure 130 IP Model Links Meeting GEH Acceptability Criteria
Links - GEH Range
350
300
250
200
150
100
50
0 - | —
w Cal-Total mVval- Total
GEH GEH GEH GEH TOTAL
<5 5-75 7.5-10 >10
CAL Links 86% 8% 4% 2% 86%
VAL Links 74% 13% 7% 6% 74%
TOTAL 83% 10% 5% 3% 83%
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Figure 131 PM Model Summary Performance Statistics

Overall Statistics - PM mPass mNear m Fail
Counts GEH <5 (ALL)
Counts Flow Criterion (ALL)
Counts GEH or How
Criterion (ALL)
CAL Screenlines Flow Diff. <
5%
CAL Screenlines GEH < 4
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure 132 PM Model Links Meeting GEH Acceptability Criteria
Links - GEH Range
350
300
250
200
150
100
50
0 - _— .
w Cal-Total mVval- Total
GEH GEH GEH GEH TOTAL
<5 5-75 7.5-10 >10
CAL Links 83% 9% 5% 4% 83%
VAL Links 75% 14% 2% 9% 75%
TOTAL 81% 10% 4% 5% 81%
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10. Variable Demand Model

10.1 Model Development

This chapter discusses the development, calibration and validation of the Variable Demand Model
(VDM) for WMMTM16.

A key objective of the WMMTM16 project is to provide a multi-modal platform for transport scheme
assessment. The VDM approach that has been adopted adheres to WebTAG Unit M2 guidance and
models the key travel choices of:

e Route (trip frequency) — This choice process adjusts total demand from each production zone
based on the changes in the cost of travel from that zone.

e Time period - This choice process adjusts, for each production zone, relative proportions of
demand assigned to each time period, based upon the relative changes in cost of travel from that
zone and time period.

e Mode choice (car vs. public transport) - This choice process adjusts, for each production zone
and time period, relative proportions of demand assigned to each of the two modes, car and
public transport, based upon the relative changes in travel cost for these zones, time periods and
modes.

e  Trip distribution (destination choice) - This choice process adjusts, for each production zone,
mode and time period, relative proportions of demand assigned to each attraction zone, based
upon the relative changes in cost of travel in that time period and by that mode between those
two zones.

The choice models are applied to all person trips and to freight demand. The demand model choice
structure, which is consistent with guidance provided in WebTAG Unit M2, is illustrated in Figure 133.

No-car-available and freight demand segments do not have the main mode choice process (car vs.
public transport) available to them. Following WebTAG advice, the sensitivity of trip frequency for
business trips (including freight) is zero.

Figure 133 Choice Model Structure

CarAvailable Trips No Car Available Trips Freight
Trip Frequency Trip Frequency Trip Frequency
Time Period Choice Time Period Choice Time Period Choice

Mode Choice

(carvs. public transport)

Car Public Transport Public Transport

Trip Distribution Trip Distribution

10.1.1 Software

The software required to run the VDM comprises:
e  SATURN Version 11.3.12W — Highway Assignment Software;

e EMME Version 4.2 — PT Assignment Software; and
e EMME Version 4.2 — VDM software.

Prepared for: Warrington Borough Council AECOM
210



Warrington Transport Model:

10.1.2 Pivoting

The WMMTM16 demand model is a pivot-point incremental model which estimates changes in trip
patterns relative to a ‘reference’ matrix based upon observed data. The predicted relative changes
reflect changes in travel costs and journey times. Changes in travel demand due to external factors
(population, employment and personal income) are applied separately to establish the ‘reference’
matrices from base year matrices. In other words, the demand model seeks to forecast changes in
demand in response to changes in cost, rather than attempting to estimate all demand based purely
on costs of travel. This is considered to be practically preferable as this model form is generally more
robust, and is thus recommended by WebTAG Unit M2.

In forecasting mode, the demand model pivots from the base year model, evaluating cost changes
relative to the base year and adjusting the reference demand matrix to create do minimum scenarios.
Do something scenarios then pivot from the appropriate year’s do minimum reference.

10.2 Structure of Demand

The demand model is a trip rather than tour-based model. A tour-based approach, when data are
available, would provide more accurate forecasts in cases where policies involve parking restraint or
other measures which introduce significant cost differences by time period. However, a tour-based
approach would significantly increase the effort required both to develop and operate the model. Refer
to Chapter 6 for details on demand matrix development.

10.2.1 Segmentation
Consistent with the base year demand matrices, the demand model has the following trip purposes:

e  Commuting;

e  Employers’ Business;

. Other;
. LGV; and
e HGV.

Within the demand model, business and other trips are considered to be either home-based (where
one end of trip is permanent residence) or non-home-based (where neither end of trip is permanent
residence). For home-based trips, from-home factors, reflecting the proportion of trips originating from
home, are used to convert demand from origin-destination (OD) format to production-attraction (PA)
format. Two modes of transport are modelled within the demand model: highway and public transport.
Public transport trips are disaggregated by car ownership as follows:

e No car available trips (approximated as traveller belongs to a household owning no cars); and

e  Car available trips (traveller belongs to a household owning one or more cars).

The model includes the following time periods, representing an average weekday:

e  AM peak period — 07:45 — 09:15

e Inter-peak period — 09:15 — 16:30

e  PM peak period — 16:30-18:00

e  Off-peak — 18:00 — 07:45

The SATURN matrices are expressed in terms of hourly flows and so the peak period matrix is divided

by 2/3 for output to the assignment process.

10.2.2 Generalised Cost Calculations

The WMMTM16 demand model is an incremental model that responds to changes in generalised
cost. For the highway generalised cost calculations, the functions specified below are used, derived
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from WebTAG Unit M2. The data are expressed in minutes, pence and kilometres, except where
otherwise stated:

a
FuelCost=F*D*i*<%+fb+fcv+fdv2)

nb
Non Fuel Cost = D * (na + (7)> for employers'business and freight trips

Hiah G lised Cost = Pure Time + (Fuel Cost + Non Fuel Cost+ChargeS)
1gWay Generaised Lost = Fure time Value of Time * Vehicle Occupancy

Where:
F = fuel cost, pence per litre;
D = assigned distance, kilometres;
\% = average assigned speed for the matrix cell, kilometres per hour;
i = fuel efficiency improvement factor, which reduces fuel consumption over time;
fabcd = fuel cost parameters;
nab = non-fuel cost parameters (assumed to be zero for non-work trips); and
charges =tolls and parking costs.

Public transport calculations used generalised costs (expressed in minutes) that are skimmed from
the public transport model and used within the demand model.

Fare
Gen Cost = In Vehicle Time + Walk Time + Wait Time + Transfer Penalty + (—)
Value of Time

Within the highway and public transport generalised cost calculations the parameter values used vary
by purpose and car availability. The parameter values adopted are discussed later in this chapter.

Within the demand model, the demand for home based trips is represented in production-attraction
format. For these trips the costs for travel between productions and attractions are weighted by the
proportions of trips observed travelling from and to home, thus resulting in generalised cost changes
in PA format, separately for each time period. For non-home based trips, which are handled by the
demand model in an origin-destination format, costs are taken directly from the origin destination cost
skims.

The highway generalised cost matrices are derived from the demand model's SATURN highway
supply model, which assigns five user classes; commuting, other, employers’ business, LGV, and
HGV. The public transport generalised cost matrices are derived from the embedded public transport
supply model, using EMME software, which assigns a single demand user class. The cost skims from
this single user class are used for all demand segments. Values of time, however, do vary, so overall
generalised cost for public transport travel will vary by demand segment.

10.3 Demand Sensitivity of Longer Distance Demand Movements

The functions in the following three sections illustrate how incremental composite (logsum) costs are
used throughout the demand model, ensuring that choices in the higher levels of the model hierarchy
reflect the incremental composite cost of choices lower down the choice hierarchy.

The demand model, in common with any model representing the whole of the UK, albeit crudely
outside the core area contains a wide range of trip lengths, from less than 1 kilometre to over 450
kilometres. The sensitivity of response to a ten-minute change would be expected in reality to be
larger for a 30-minute journey than a six-hour journey, but in a pure logit model this ten-minute change
would result in a similar demand response irrespective of trip length.
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The following formula has therefore been developed to reflect the variation in response sensitivity to
trip length:

. . Vvdl
Cost Dampening Factor = min(——, 1)

Vdistance'

Where d1 is a calibrated parameter, set to 30km in the WMMTM16 demand model. this is consistent
with advice in WebTAG Unit M2.

The function is plotted in Figure 134. Cumulative generalised cost changes that are used within the
demand model are multiplied by the factor implied by this function. The distance used for each
movement is the assigned distance on an uncongested base year highway network. This distance
matrix remains constant and is used for all modelled years.

Figure 134 Cost Dampening Function
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10.4 Trip Frequency

According to WebTAG Unit M2 (para 4.6.3), “where the active modes of walk and cycle are not
explicitly included then trip frequency may be thought of as, mainly, the transfer between the active
modes and the mechanised modes”. Where active modes are included then “overall trip rates will be
fairly stable and there will often be no need to model the response of trip frequency to changes in
travel cost since the effect of trip frequency is likely to be small. It may therefore be proportional to
omit this response, particularly since the frequency effect is markedly less important than the other
choices and there is little evidence to justify the scale of frequency parameters and elasticities by
purpose.”

Following this guidance trip frequency responses are excluded from the model process.

10.5 Time Period Choice

The demand model simulates demand responses between the time periods. The model includes a
mechanism for the reallocation of trips between these time periods on the basis of the respective cost
changes for travel in different periods. There is no mechanism for reallocation of trips in time within a
single modelled time period. i.e. the demand model does not have a micro time period choice
mechanism.
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The approach adopted aggregates trips by direction of travel and thus assumes that PA trips travelling
from home have a similar sensitivity to trips returning to home in the same time period.

AC!*E* = loge

10.6 Mode Choice

Mode choice (car vs. public transport) is forecast as a function of cost change for all non-freight and
car available demand, applied separately for each time period:

2 : 8,.AC,
D "e " n”ds
A o tmif

D D'f i Z D e gmACmJ i*
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10.7 Trip Distribution

Trip distribution is forecast as a function of cost change for all demand segments:

. ‘q'd Actm.i,r'

A A D, .
_ tmij
Dtmfj_Dtml* — A AC -
Z D d > tmif
j L‘mije

Where 2¢mii are cumulative generalised PA cost differences, with incremental cost differences being
accumulated throughout each demand-supply iteration of the WMMTM16 demand model. These are
cost changes, output by the supply model and for home based trips converted from OD to PA, for non-
home based trips OD changes are retained.

Following guidance in WebTAG Unit M2, commuting trips are doubly-constrained within the demand
model, ensuring that each zone produces and attracts a fixed total number of trip-endsg. All other trips
are singly-constrained, with no constraint on the attractor zone. The double-constraint function is
applied across modes, time periods and segments and is iterated until the two following criteria are
achieved.

® There is therefore no trip frequency effect, implying no allowance for potential diversion between active and motorised modes
for commuting.
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ZM i Dfmff' o Zrmj Dfmff
-~
Zrmi tmij tmi ]

The commuting double-constraint is applied by accumulating trips by mode to establish total trips by
destination D'i*j*. Segment and mode specific proportions are calculated before the double-constraint
process so that the doubly-constrained output total demand matrix (total demand across all segments
and modes) can be disaggregated into demand by mode and segment, reflecting the distribution of
these demand matrices before the double-constraint. These proportions are calculated using:

D, ..

= fmi
%Dy =
Zrm Dtmzj

The destination specific target totals are then calculated for use in the constraining process and the
demand matrix is balanced to ensure that the double-constraint criteria (above) are enforced.

10.8 Calibration

The highway and public transport supply (assignment) models and the demand model are run in
sequence iteratively until the demand model is deemed to have converged. The costs from the supply
models and functions are fed into the demand calculations, with the resulting demand used to
recalculate the costs. This process continues until convergence.

10.8.1 %GAP Demand Supply Convergence

The measure of convergence of the demand and supply models is the demand-supply %GAP function
as recommended by WebTAG Unit M2. This %GAP statistic is calculated using the following function:

¥ C(Dy;) Dy~ DDy, )| *100
G = ijtc
Z C( D{,r'FcJ'D:jrc
ijic
Where:
D_  =0D demand;

ijtcm

C(Dmm) = generalised OD cost generated by the assignment of .. on the network;

ijfcm
CA.'(Df.,.m”) = smoothed generalised OD cost generated by the assignment of D, ~on the network combined

with the previous estimate of cost;
D(C(DWH)) = OD demand generated by the demand model in response to cost changes created from

C(‘D{'f.rcm) ; and
i = origin, j = destination, t = time period, ¢ = purpose, m = mode.
All modes are included in this calculation. It is also performed separately for each mode (car, public

transport, freight). Car trips do, however, dominate the calculation; they are also generally the slowest
to converge within the demand model.

In calculating the %GAP, the demand model aggregates across time periods, aiming for a %GAP
target of 0.1% overall demand segments and modes as specified in WebTAG guidance.
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10.8.2 Demand Smoothing

Demand matrices are provided to the supply (assignment) models, which generate costs to feed into
the demand model (unaltered). This in-turn generates a new set of demand matrices, from which a
%GAP is calculated prior to the application of a smoothing process. The smoothing process adjusts
the output demand matrices before they are assigned in the supply models in the next demand/supply
iteration.

The demand smoothing uses the following function:

ﬁx _ 2Dy i (X-2)Dy,
X X

Where:

X =the current iteration of the demand model;

DX = the demand matrix produced by the demand model in iteration X; and

X = the averaged demand matrix used as input to the supply model in iteration X.

Demand smoothing is only applied from the third iteration of the model onwards. The construction of
the function is such that more recent iterations are given more weight in the calculation of an
averaged demand matrix than earlier iterations; we have found in practice that this tends to result in
faster convergence than a “straight” average of all previous iterations.

10.8.3 Generalised Cost Parameters

The functions used to calculate generalised cost were provided above. This section presents the
parameters used in these functions.

10.8.3.1 Values of Time

A process has been introduced to modify value of time by trip length in accordance with WebTAG Unit
M2, paragraph 3.3.10; a second form of cost, the cumulative effect of which yields plausible model
sensitivity.

The non-work value of time is calculated as thus:
D ??j' _DC ??j'
VoI =max| VoI| — | ,Vol|—
D

0 0

Where:

VoT = value of time used by the model;
VoT, = central value of time given in table A1.3.2 in the WebTAG Data Book;

D = length of trip; and
D,, D, 7, = parameters.

The elasticities (ns) used are as defined in WebTAG Unit M2a and are shown in Table 103. In
calculating these values, D has been taken as the assigned distance on an uncongested base year
highway network. The distance skim used is static, ensuring that the value of time for any given
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segment for any given origin-destination pair remains the same for all WMMTM16 demand model
tests.

The reason for the use of D is that the model contains a large number of intra-zonal trips with
approximate, estimated distances, generally very short (<4km). It was felt that arbitrary increase in
sensitivity of these trips was undesirable. A value of 4km for D, was thus adopted. Dy values were
calibrated using the trip length distribution from the model to ensure that the average VoT weighted by
distance matched the national averages used in the model.

Table 103 Value of Time Calculation Parameters

Purpose Elasticity (ns) Do (km)
Commute 0.248 20
Business 0.387 29
Other 0.315 23

The central base year (2016) values of time, VOT,, used as inputs to the function above were derived
from the WebTAG Databook and are shown in Table 103, expressed as person values.

Table 104 2016 Person Values of Time (pence per minute, 2010 prices)

Purpose Value of Time
Commuting 17.883
Business 26.708
Other 8.167
LGV 18.383
HGV 43.337

SOURCE: WebTAG Databook, March 2017

The HGV values of time used deviate from WebTAG guidance (Unit A1.3) to reflect operators’ rather
than drivers’ value of time. This adjustment produces HGV values that are twice as high as those
originally quoted. This is in accordance with WebTAG Section 3.1, paragraph 2.8.8 which states
“...the value of time given in TAG Unit A1.3 for HGVs relates to the driver’s time and does not take
account of the influence of owners on the routeing of these vehicles. On these grounds, it may be
considered to be more appropriate to use a value of time around twice the TAG Unit A1.3 values.”

10.8.3.2 Vehicle Operating Costs

Vehicle operating costs (VOCs) have been implemented using WebTAG Unit M2 guidance, and are
summarised in Table 104.

Table 105 Base Year (2016) Operating Cost Parameters, 2010 prices

Value Car Car LGV LGV Car HGV
(Petrol)  (Diesel) (Petrol) (Diesel) (Electric) (Diesel)

Work Fuel Cost, pence per 87.8549 87.8549 87.8549 87.8549 13.5387 87.8549

litre

Non-Work Fuel Cost 105.4259 105.4259 105.4259 105.4259 14.2156 105.4259

Fuel VOC A-Factor 1.11932  0.49215 1.950833 1.396883 0.0000 2.353097
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Fuel VOC B-Factor 0.044 0.06218 0.034528 0.033477 0.1260 0.465133
Fuel VOC C-Factor -0.00008 -0.00059 0.000068 -0.00023 0 -.006792
Fuel VOC D-Factor 0.000002 0.000005 0.000004 0.000008 0 0.000054
Non- Fuel Cost A-Factor 495368 4.95368 6.34744 6.34744 4.95368
(work)
Non- Fuel Cost B-Factor 135.946  135.946 41.45944 41.45944 135.946
(work)
Non- Fuel Cost A-Factor (non- 10.50325 10.50325 6.34744 6.34744 10.50325
work)
Non- Fuel Cost B-Factor 409.91133 409.91133 41.45944 41.45944 409.91133
(non-work)
Fleet Proportion (Petrol / 0.471 0.526 0.003
Diesel)
Fuel Efficiency improvement 0.882 0.874 0.971 0.851 1.004 1
factor

SOURCE: : WebTAG Databook, March 2017

The vehicle operating costs reported in Table 104 are perceived costs in 2016 prices and 2010
values. These values have been derived from the 2016 values specified in WebTAG using the
forecast changes in fuel cost, fuel efficiency and fleet mix (diesel, petrol and electric).

10.8.3.3 Monetary Charges

The demand model generalised cost function includes a monetary cost matrix for highway demand
segments. All monetary charges are converted to generalised minutes using value of time and
occupancy, i.e. monetary costs are assumed to be shared by all vehicle occupants.

10.8.4 Choice Model Sensitivity Parameters

The demand model uses theta and lambda values in its choice functions, reflecting response
sensitivity. The values used are given in the following paragraphs, along with discussions as to their
origin. Following WebTAG guidance, lambda parameter values are specified for trip distribution; all
other choice processes above distribution (frequency, mode, time period) use theta parameter values,
which are scaling parameters. Theta parameters indicate the relative sensitivity of a choice process
when compared with the next process down in the choice hierarchy. As the sensitivity of choice
parameters should not increase when moving up the choice hierarchy, theta values will never be
greater than unity.

10.8.4.1 Main Mode Choice

The main mode choice theta values are taken directly from WebTAG Unit M2 and shown in Table 106.

Table 106 Mode Choice Theta Values

Purpose Theta
Commuting 0.68
Home Based Business 0.45
Home Based Other 0.53
Non Home Based Business 0.73
Non Home Based Other 0.81
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10.8.4.2 Time Period Choice

Time period choice and main mode choice have identical sensitivity in the WMMTM16 demand model,
and the time period choice parameters are equal to 1. WebTAG Unit M2 advises that the two choice
mechanisms should have similar or identical sensitivity, indicating that there is no conclusive evidence
as to whether individuals give preference to their choice of mode or their choice of time period of
travel.

10.8.4.3 Trip Distribution

The lambda values for trip distribution used in the WMMTM16 demand model are shown in Table 107.
The initial values were derived from WebTAG Unit M2 and adjusted during calibration. The WebTAG
guidance notes that the minimum and maximum values are not targets, and are indicative. It does
state that parameters should usually fall within +25% of the median value. All parameters used in the
WMMTM16 fall within this criterion.

Table 107 Car Trip Distribution Lambda Values

Purpose WebTAG Min Actual WebTAG Max
Commuting 0.054 0.065 0.113
HB Business 0.038 0.067 0.106
HB Other 0.074 0.078 0.160
NHB Business 0.069 0.081 0.107
NHB Other 0.073 0.077 0.105

SOURCE: WebTAG Unit M2
Table 108 Public Transport Trip Distribution Lambda Values

Purpose WebTAG Min Actual WebTAG Max
Commuting 0.023 0.041 0.043
HB Business 0.030 .0.043 0.044
HB Other 0.033 0.045 0.062
NHB Business 0.038 0.045 0.045
NHB Other 0.032 0.034 0.035

SOURCE: WebTAG Unit M2

10.8.5 Model Convergence

WebTAG Unit M2 advises that a %GAP of 0.1% should be achieved, and this is the gap that has been
implemented as the requirement for convergence.

10.9 Validation

The WMMTM16 demand model is an incremental demand model that uses cost changes to estimate
changes in demand from a base year or reference matrix. The validation of the demand model is a
consideration of the realism tests and recommended acceptable values or ranges of values for model
sensitivity, generally derived from WebTAG. A number of realism tests have been undertaken to
demonstrate that the modelled demand responses are plausible, both in the direction and scale of
change. Data from these tests are presented below.
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Where elasticities are discussed, these are, except where otherwise specified, based on changes in
vehicle kilometres with respect to changes in some element of cost, and are calculated via the arc-
elasticity formula:

k‘r‘ni
log,
.. km,
elasticity = ————==
log,|
Oge e
Vi
Where:

km, is the vehicle kilometres in the test case;
km,, is the vehicle kilometres in the base case;

V, is the base value of the variable for which the elasticity is being calculated (fuel cost, rail fares,
journey time, etc.); and

V; is the test value of that variable.

An alternative formulation, used where specifically noted, for consistency with the data available, is
that of the trip elasticity, which is given by:

t

log, | —

. . t
elasticity = ———<
Vt

log.| —

Vi

Where:

t. is the total trips in the test case; and

t, is the total trips in the base case.

10.9.1 Realism Testing

Elasticities have been calculated in two ways, in accordance with WebTAG guidance:

e Ata matrix level, using demand matrices and OD distance skims, including only demand
produced in the Warrington borough area. This ensures that a complete range of trip lengths is
included in the calculation but that wholly external demand, which is modelled quite crudely and
is of little interest, is excluded.

e At a network level, using link flows and link distances, including only links in the internal
(simulation) area of the model.

10.9.1.1 Car Fuel Cost Elasticity

The main measure of the model highway sensitivity is the change in car vehicle kilometres with
respect to a change in car fuel cost. Car fuel cost was increased by 10%, the resulting change in car
vehicle kilometres was measured, and the elasticities were calculated.

WebTAG Unit M2 provides guidance on car fuel cost elasticities. They are expected to be in the range
of -0.25 to -0.35, at a plausible level given the modelled area’s characteristics relative to the UK as a
whole. The elasticity is expected to be weaker in the above range (closer to -0.25) where trip lengths
are shorter than average, car driver mode shares are higher than average, and the proportion of
business trips are higher than average, and the elasticity is expected to be stronger (closer to -0.35)
where the opposite applies.
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The model was run to convergence and converged after four iterations. Convergence statistics are
shown in Table 110.

Table 109 Convergence Statistics for Fuel Cost Test

Sector Car PT
Commuting 0.10 0.02
HB Business 0.09 0.02
HB Other 0.10 0.01
NHB Business 0.10 0.04
NHB Other 0.10 0.02
Aggregate 0.08

Table 110 shows the final car fuel cost vehicle kilometre elasticities for all trips originating in the model
internal area, as derived from the test increase in car fuel cost by 10%.

Table 110 Car Fuel Cost Elasticities — Matrix Based (Vehicle Kilometres)

Purpose AM Peak Inter Peak PM Peak 24 hr
Commuting -0.18 -0.18 -0.17 -0.18
Business -0.15 -0.15 -0.16 -0.15
Other -0.37 -0.38 -0.33 -0.37
Overall -0.25 -0.29 -0.25 -0.28

Table 111 Car Fuel Cost Elasticities — Network Based (Vehicle Kilometres)

Purpose AM Peak Inter Peak PM Peak 24 hr
Commuting -0.10 -0.14 -0.11 -0.11
Business -0.05 -0.08 -0.04 -0.05
Other -0.20 -0.22 -0.18 -0.20
Overall -0.12 -0.15 -0.15 -0.14

The results show a low level of elasticity for non-discretionary commuting and business trips
suggesting a small modal shift for these trips, while the discretionary trips exhibit a much higher
response to cost changes. Overall the results fall within the bounds set out by WebTAG.

Considering the network based results the elasticities are significantly lower for business trips,
although similar for non-business trips. It should be noted that the network based calculations have
been carried out using trips on the whole of the simulation area network, which extends beyond the
boundaries of Warrington and carries external to external traffic. The zoning in these areas is less well
defined and thus the responses for such trips may not be so well represented, as a result the overall
reported elasticities may be expected to be lower.
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10.9.1.2 Public Transport Fare Elasticities

WebTAG Unit M2 states that public transport fare elasticity test is required in all cases where changes
in public transport generalised costs, including changes in fares, are modelled. Accordingly, the
elasticities of public transport trips to fare have been calculated, presented in Table 113, where fares
were increased by 10% for this test. The model was run to convergence and converged after 3
iterations. The overall elasticity is within the suggested range of -0.20 to -0.90. The breakdown by
purpose shows lower elasticities for non-discretionary trips and much higher rates for discretionary
trips. The elasticity for business trips is high, but this is based on a very small number of business
trips observed using public transport within the Warrington area.

Overall the values are at the lower end of the range. This is primarily driven by the fact that the fare
element of the PT generalised cost represents a relatively small proportion of the total cost, thus a
10% increase in fare represents a very small increase in the modelled journey cost. This reflects the
high use of season and concessionary fares in the model, particularly for commuting trips which
reflects the high use of season and concessionary fares in the model.

The model was run to convergence and converged after three iterations. Convergence statistics are
shown in Table 114.

Table 112 Convergence Statistics for Fares Elasticity Test

Sector Car PT
Commuting 0.08 0.02
HB Business 0.05 0.01
HB Other 0.07 0.01
NHB Business 0.08 0.03
NHB Other 0.07 0.02
Aggregate 0.06

Table 113 Public Transport Fare Elasticities (Trips)

Purpose AM Peak Inter Peak PM Peak 24 hr
Commuting -0.22 -0.12 -0.17 -0.17
Business 015 -0.13 -0.19 -0.15
Other -0.63 -0.25 -0.44 -0.30
Overall -0.37 -0.23 -0.18 -0.27

10.9.1.3 Car Journey Time Elasticity

WebTAG also requires calculation of elasticity of car demand (at the trip level) to journey times. Here
the requirement is merely that the elasticities do not exceed -2 in magnitude, and that they are
negative (as is logical). Journey times were increased by 10% for this test, and the demand and
supply models were not iterated to convergence but run for a single iteration only, as advised in
WebTAG M2.

The overall elasticities, shown in Table 114, range between -0.03 and -0.21, overall the elasticity is
low and thus falls well within the suggested range. When measured on a network basis the values are
higher as shown in Table 115, although still within the appropriate bounds. The differences between
the two measures are as discussed above, that the network based measure will include some
external to external trips
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Table 114 Car Journey Time Elasticities - Matrix Based (Vehicle Kilometres)

Purpose AM Peak Inter Peak PM Peak 24 hr
Commuting -0.15 -0.03 -0.21 -0.09
Business 012 -0.04 -0.06 -0.03
Other -0.10 -0.07 -0.10 -0.06
Overall -0.13 -0.06 -0.15 007

Table 115 Car Journey Time Elasticities - Network Based (Vehicle Kilometres)

Purpose AM Peak Inter Peak PM Peak 24 hr
Commuting -0.34 -0.35 -0.40 -0.37
Business -0.37 -0.38 -0.42 -0.39
Other -0.51 -0.49 -0.50 -0.50
Overall -0.41 -0.44 -0.45 -0.44

10.9.2 Summary of Realism Testing

The results of the realism testing show demand responses fall within the bounds suggested within
WebTAG Unit M2, in general they fall toward the lower end of the range.

Primary responses to changes in costs are driven by trip redistribution with a lesser response in
modal transfer. Existing trip making within Warrington is largely car based, with a relatively low
observed market share for public transport.

The results suggest that the model responds in an appropriate way to changes in costs within the
Borough area.

10.9.3 Model Robustness

The WMMTM16 demand model is a fully functioning variable demand model, designed to be
compliant with WebTAG guidance. The sensitivity of the demand model is consistent with WebTAG
guidance. The demand elasticities of the model to changes in car fuel cost, journey time and public
transport fares are credible, varying by demand segment and time of day.

The car fuel cost sensitivity of the demand model is consistent with current research and guidance.
Inter-peak model sensitivity is highest, reflecting lower levels of highway congestion which constrain
the effects of the fuel cost change in the peak periods. The car journey time elasticity of the demand
model is also consistent with WebTAG guidance, within the range of the values suggested for low to
high modal competition.

Overall public transport fare sensitivity is within the range specified by WebTAG, with variation
between demand purposes. Good demand-supply %GAP convergence is achieved, comparable with
that required by WebTAG, and this demonstrates that the WMMTM16 demand model is converging to
a level proportionate with the WebTAG guidance and appropriate for the scale of schemes to be
tested in the model.

The demand model is currently suitable for estimating the highway demand response as a result of
changes in highway travel costs (changes in value of time or fuel costs) and changes in journey time
(e.g. from new infrastructure, changes in capacity, and changes in congestion related delays).
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11. Conclusion

11.1 Background

This LMVR documents the development of a new transport model for WBC, referred to as the
Warrington Multi Modal Transport Model 2016 (WMMTM16). The model is designed to support the
development of a spatial strategy for the Warrington Local Plan which is currently under review, and
also to underpin the appraisal of a variety of transport proposals, notably a major western route,
“Warrington Western Link”, which is currently in development.

11.2 Overview of Model

The WMMTML16 has been developed using SATURN modelling software, version 11.3.12U for
highway assignment modelling aspects integrated with EMME 4.29 software for public transport and
demand modelling aspects.

The WMMTM16 covers the whole of the Borough in detail with a buffer area of reduced detail and
then an external area covering the rest of the country. The base year for the model is 2016 and it
represents an average neutral “weekday” in June. The model includes AM, Inter-peak and PM peak
periods for assignment purposes and a 24-hour demand model. The structure is illustrated in Figure
135.

Figure 135 Overview of Model Structure

Demand Model — 24 Hour

Home Based Work
Home Based Employers Business
Home Based Other
Non Home Based Employers Business
Non Home Based Other

Car

Bus

Rail
Cycle / Walk

Car Owning
Non-Car
Owning

Assignment Model

Car — Home Based Work
AM Peak Highway Car — Employers Business
Inter Peak Bus Car — Other
PM Peak Rail Light Goods Vehicle
Heavy Goods Vehicle

11.3 Performance Summary

The ability of the model to reflect observed conditions has been tested in accordance with advice
provided in WebTAG, the Department for Transport’s guidance on the conduct of transport studies.

For the highway assignment model, the key criteria are the ability to reproduce traffic flows on the
network and journey times to pass through the network.

Traffic flows on the network have been checked at 389 individual sites across the whole Borough and
also in terms of groups of sites known as screenlines and cordons.
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The percentage of screenlines and cordons meets or exceeds the WebTAG criteria in all three time
periods. The proportion of individual sites meeting the performance requirement is 85% in the AM,
87% in the inter peak and 85% in the PM peak against a desired WebTAG target of 85%.

Journey times have been assessed against 32 routes within the Borough and 6 on the surrounding
motorway network. In total, 82% of the routes in the morning and evening peak and 84% in the inter
peak meet the required criteria against a desired WebTAG target of 85%.

The public transport model was calibrated / validated against observed bus patronage levels and
observed railway station patronage levels for bus routes and railway stations within Warrington.
Although there is no strict guidance available for validating public transport models, the model meets
the DMRB criteria set for highway models in terms of patronage levels measured in GEH and
percentage flow.

Whilst no validation criteria exists for demand models the results of the realism tests presented in this
report demonstrate a demand model that accurately reflects the transport demand characteristics of
Warrington. The demand model has been checked and shown to meet the realism tests as set out in
WebTAG.

11.4 Fitness for Purpose

This report has demonstrated that the WMMTML16 reflects existing travel patterns and transport
network operating conditions very well across the Borough.

Modelled highway traffic flows meet or exceed WebTAG guidance criteria in all time periods and
modelled journey times, although slightly below WebTAG requirements, show a high degree of
correlation against observed across all time periods.

The public transport network reflects observed levels of patronage and delay and the demand model
meets the realism tests as set out in WebTAG.

Taken in combination, these show that the model either meets, or is very close to meeting, WebTAG
criteria in all the key areas: modelled flows/passengers; journey times and demand responsiveness.
The limited areas in which the model fails to meet the required criteria are generally in locations
where either the observed data is subject to high levels of variation (e.g. motorway journey times or
specific one-off manual classified counts) or there are local specific conditions (e.g. route choice
between parallel routes) which are not possible to reflect in the model.

We believe the model can be used with confidence to assess the impacts of planned land use
changes in the Borough and to test potential infrastructure changes.
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Appendix A

A.1 Expansion Factors for RSI Sites
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Appendix B

B.1 Observed Count Data Tables
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Appendix C

C.1 Bus Expansion Factors
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Appendix D

D.1 Variable Signal Timings Example Output
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Appendix E

E.1 WMMTM16 Coding Manual
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Appendix F
F.1 Bus Service Routings — IP
F.2 Bus Service Routings — PM

F.3 PT Routing Checks
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Appendix G

G.1 Telefonica Report — Mobile Phone Data
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Appendix H

H.1 WSP Model Review and Checks
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Appendix |

.1  WMMTM16 Highway Calibration and Validation Dashboard —
RUNO053

.2 WMMTM16 Highway Journey Time Dashboard — RUNO053

1.3  Stress Test — 10% increase in Matrix Flow - AM and PM Delay
Difference Plots
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Appendix J

J.1 Trip Length Distributions — Mobile Phone Data vs. RSIs

J.2 Chapter 6 — Trip Length Distributions — NTS vs. Synthetic

J.3 Chapter 7 — Trip Length Distributions — Prior vs. Post ME Matrices

J.4 Chapter 7 — Origins & Destinations Regression Plots — Prior vs.
Post ME matrices

J.5 Chapter 7 — Cell Regression Plots — Prior vs. Post ME matrices
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Appendix K

K.1 Test of Network Response to Scheme Testing
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