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The removal of one or two lanes from the Auckland Harbour Bridge (AHB) to provide an active mode facility will
significantly change the dynamics of how the Auckland motorway system operates. The current operational strategy
for the motorway network relies on the AHB having some spare capacity in at least one direction at all times of day
(through strategic bottlenecks some way upstream on each approach). This protects both regional mobility for general
traffic (including large numbers of commercial goods vehicles) as well as the level of service for the Rapid Transit
Network which crosses the AHB in both directions. The loss of one or two lanes will undermine this function and result
in the AHB (and St Mary’s Bay) becoming a critical bottleneck on the motorway system.

Loss of two general traffic lanes would have a severe impact on the operation of the motorway and strategic arterial
networks. Even allowing for highly optimistic behaviour change assumptions that would remove over 17,000 vehicles
per day from the AHB (including more than 2,000 vehicles per hour for three hours in each peak) this would fail to
prevent close to a doubling of motorway congestion hours along with a doubling of the total length of on<ramp queues
(compared to 2019 conditions). It is an open question whether additional trip suppression would occur. to attenuate
these impacts, however suppression of sufficient trips to significantly reduce the resulting congestioniwould itself impose
a heavy impact on the region’s economy. Even the assumed reduction of 17,000 vehicles per.day ‘would reduce the
AADT on the bridge to levels not seen since the year after northern busway opened, 15 years ago.

The impacts of the 1-Lane option are relatively modest compared to the 2-Lane option under typical (50" percentile)
demand but are still significant from a customer perspective. No adverse impacts on traffic are expected during the AM
peak (although the reliability of services on the Northern Busway maybe adversely affected). However, the loss of one
lane, for one or other direction at all times of day results a capacity shortfall during the middle of the day that is likely to
result in traffic backlogs that build up daily and extend into the PM peak (see graph below).

Although relatively modest.to_begin with the resulting backlog on the northern motorway will build rapidly into the
afternoon. Active management to mitigate this by delaying the AHB lane switch as late as possible each day would
mitigate this but would also risk the opposing backlog on the southern motorway triggering a cascading impact on traffic
conditions on that corridor into and through the PM peak (based on the sensitivity of the critical bottleneck at Green
Lane). This situation becomes more unstable on days when traffic demands are high and presents a risk of a significant
deterioration in.network reliability for the busiest road corridor and freight route in New Zealand. The following diagram
(overleaf) illustrates how extensive these impacts could be on high demand days on the network (90" percentile
demands, likely to occur around 25 times per year). Note the latest modelling for a congestion charge (based on AM
and PM period charges only) indicates a 6%-7% increase in inter-peak traffic which could exacerbate this situation
further.
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The Western Ring Route alternative to SH1 via SH18, SH16 and SH20 does not provide its function very effectively.
As well as being much longer it suffers from severe capacity constraints in a number of locations (most critically on
SH16 westbound and eastbound) and the ramp metering system does not currently manage SH16 inflows effectively.
This means at peak times when already congested it does not provide a viable alternative for customers unless
congestion on SH1 is extremely bad. When SH1 is extremely congested any re-distribution of traffic to SH16 or SH20
rapidly leads to these corridors also becoming severely congested. The net result of this redistribution of traffic would
be to significantly impact overall regional accessibility. While this would be an issue daily under the 2-Lane option it
would also significantly impact network resilience with the 1-Lane option, under circumstances such as a temporary
lane-blocking incident on the AHB (a situation that occurs once every few weeks).

The loss of resilience associated with the 1-Lane option could be partially mitigated through minor improvements.for
general traffic operation to address key capacity pinch-points and ramp metering (especially on SH16). A number of
potential projects to do this have already been submitted by the ASM to the Auckland Optimisation Programme.

The level of traffic demand reduction required to avoid network traffic congestion impacts entirely on all but the busiest
days does not seem credible through mode shift, trip rerouting and re-timing alone based on the assaociated reduction
in AHB AADT required. Additional demand management measures of a severity necessary to achieve-the large-scale
permanent suppression (cancellation) of cross-harbour trips needed to avoid these impacts would likely have significant
economic consequences for the Auckland region.
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1.1 Purpose

The purpose of this report is to inform Waka Kotahi and its operating partners of the likely impacts on traffic of introducing
a provision for active modes on the Auckland Harbour Bridge (AHB) that would require reallocation of either one or two
lanes of the southbound (eastern) clip-on.

This assessment is a follow up to a previous investigation undertaken in May and June 2021.

1.2 Scope
The scope covers

1. An estimate of traffic reduction on harbour bridge with following influences
a. Mode shift to active modes
b. Mode shift to PT
c. Working from Home
d. Trip re-routing and re-timing

2. Selection of “best-estimated demands” on the harbour bridge for each option.

3. Evaluation of overall magnitude of congestion, broader impacts on the motorway network, impacts on customer
journeys, and likely impact on network resilience.

The assessment uses the best available operational models and data. A cautious approach has been used to
incorporate recovery of traffic from COVID-19 restrictions. A risk-based approach_has been employed accounting for
uncertainties and opportunities to set ranges of minimum and maximum demands in short-term implementation
scenarios.

This document has been developed as a reference traffic impact assessment, to enable further discussion of possible
tactical operations for the enablement of active modes across the Auckland Harbour Bridge. The elements discussed in
this document are explorative and have been developed for the purpose of discussion only.

1.3 Previous Assessment

The previous assessment considered a wide range.-of options at a preliminary level only. This assessment carries
forward two of the options selected from the previous assessment for more detailed consideration. The relationship
between the assessment documented in this report'and the previous assessment is explained further in section 4.
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2.1 Network Operational Strategy and the role of the AHB

The Auckland Harbour Bridge (AHB) is part of the Auckland urban motorway system, which comprises five motorway
corridors that directly interconnect with each other: SH1 northern; SH1 southern; SH16; SH18 and SH20 (with spurs
SH20A and SH20B connecting to the airport).

SH1 is the spine of the motorway system running south from Puhoi via the North Shore, Auckland City Centre and
Manukau to Bombay where it enters the Waikato region. The Western Ring Route (WRR) is an alternative to the SH1
spine and comprises SH18 between the North Shore and Westgate, part of SH16, and SH20'. Both SH1 and the WRR
have Important national strategic roles in facilitating the movement of people, goods and services within the greater
Upper North Island. With the completion of the Northern Corridor Improvements (NCI) project at the SH18 and SH1
northern interchange, all connections between corridors will be via dedicated motorway-to-motorway links.

s Strategic general traffic and freight (motorway)

Strategic general traffic and freight (urban connector)
Regional or major cycle route

RTN within motorway / SH corridor
I strategic crossing points

I Western Ring Route

Busiest freight route

O Motorway-to-motorway interchanges

l:l Tunnels

L_ "] Urban fion*motorway State Highway network
Adjoining arterial and local road networks

Z_- “~ High concentration of employment

Auckland
Harbour Bridge

: - Onehunga / Penrose / Mt Wellington
E / Highbrook / East Tamaki

— Manukau centre

Auckland’'s unique geography means the region naturally divides into four main sub-regional sectors separated by
bodies of water that reflect the old pre-Auckland Council Territorial Local Authority boundaries: North; West; Isthmus
and South. It is operationally significant that the motorway network provides the primary (and in some cases the only)
road connectivity between the regional sectors via five strategic crossing locations. The Auckland Harbour Bridge forms

1 Note that while SH16 between the CBD and where it is joined by SH20 at Waterview is not formally part of the WRR,
in practice it is often used to fulfil the same strategic alternative route function when major incidents occur on the
Northern Motorway (SH1).
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one of the strategic crossings along with the SH18 Upper Harbour Bridge, SH16 Causeway, SH20 Manukau Harbour
crossing and SH1 at Mt Wellington.

Based on this geography, the national strategic role and the first decade strategic modal networks defined by Auckland
Transport's Future Connect, the structure and function of the motorway system is summarised in Figure 1.

The motorway system overall services a daily traffic demand of around 12.5 million vehicle-kilometres across the region
on a typical weekday (equating to around 1.3 million person-trips per day). Peak weekday traffic demands on the
motorway system significantly exceed its capacity, leading to extensive daily congestion.

Based on available data sources the ASM has derived a graph which relates the level of daily motorway demand {in
terms of the number of vehicle-kilometres travelled on the motorway network) to the level of customer delay hours-per
day due to congestion on the motorway mainline, across the entire motorway network (in terms of journey delays, over
and above free flow, see Figure 2). This graph essentially depicts the daily supply curve of the motorway for general
traffic movement — representing overall network capacity. At demand levels below 10 million vehicle-km per day no
significant delays occur anywhere on the network at any time of day. The network reaches a capacityof around 10-11
million vehicle-km per day. As daily demand rises beyond 11 million vehicle-km per day, daily congestion rises
exponentially. Typical motorway network delays ranged between 20,000 and 50,000 person-hours on weekdays in
2019.
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In 2019 a total of around 252,000 person-trips would use the AHB on a typical working day (across all modes in both
directions), see Figure 3.
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The typical distribution of congestion around the motorway network in the peak periods is illustrated in Figure 4.
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2.2 AHB Current Operation — Traffic Demand and Capacity

Before COVID-19 the AHB carried daily traffic volumes of between 180,000 and 190,000 vehicles on typical weekdays
and between 140,000 and 160,000 at weekends. -Before the August 2021 COVID Alert Level 4 lockdown demand had
returned to around 98% of pre-COVID levels. Vehicle trips across the bridge are more or less evenly split between
those to / from the CBD and those to / from SH16 to the west and SH1 to the south.

The eight total lanes of the AHB are arranged in one of three configurations using a Moveable Lane barrier System
(MLBS) to accommodate different traffic demand patterns in order to facilitate the bridge’s role as a critical traffic outlet.
Figure 5 summarises the different lane configurations and associated capacities.

Western clip-on Main truss Eastern clip-on
Northbound NB Reversible SB Southbound
Direction|3 lanes| T 4 <P 4 x]/ J 4 s]/ Slanes
AM Lane capacity.(veh/hr) AM

g 5,200 | 1,800 | 1,800 || 1,600 | 1,800 | 1,800 | 1,800 || 1,800 | 1,800 | 9,000
(Max Sustainable Flow-Rate)

Direction|4lanes| N g A ) 4 ¥ ¥ J|4lanes Inter

Lane capacity (veh/hr)

(Max Sustainable Flow-Rate)
Direction|5 lanes| * ™ 4N N T J 4 Js |3lanes

Ve Lane capacity (veh/hr)| o o0 | 3 ooo | 3 g00 B 1800 | 1800 | 1.800 | 1.600 | 1,800 | 1.800 | 5200 P™
(Max Sustainable Flow-Rate)| ™ ' ! f ' ’ ' " ! '

Inter
peak

7,200 | 1,800 | 1,800 || 1,800 | 1,800 | 1,800 | 1,800 || 1,800 | 1,800 | 7,200 | peak

Note that individual lane capacities vary in some configurations: in a 3-lane configuration the single, narrow, lane on
the main truss, captured as a bull run between the bridge structure and the MLB string provides around 12% lower
capacity than the other lanes.
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There is a second MLB string in St Mary’s Bay which varies the lane configuration on approach to the bridge in the
northbound direction to match the lane configuration on the bridge. In the PM peak this facilitates the opening of the
second (right hand) on ramp at Fanshawe Street which feeds its own lane through St Mary’s Bay.

Figure 6 and Figure 7 illustrate typical 2019 pre-COVID profiles of flows arriving at the bridge and the lane capacity
available on the bridge over the day, by direction for weekdays. These flows reach the capacity of the bridge in the
counter-peak direction (3 lanes) during the peak periods, indicated by the small red sections on the graphs in Figure 6
and Figure 7. In the peak direction at these times (5 lanes) there are upstream capacity constraints where congestion
forms - providing a measure of protection against the bridge itself reaching capacity. As a consequence, the flows
shown in the graphs do not fully reflect demand at these times, but rather the rate at which traffic can reach the bridge
itself (referred to as “arrival flows”). Figure 6 and Figure 7 include lane diagrams of the approaches to the bridge in.the
peak (5 lane) configurations illustrating the observed flow relative to capacity at these approach constraint locations.
Volume-to-Capacity (V/C) ratios in excess of 0.95 are essentially at capacity since capacity in practice is not a fixed
value and flows over this level cannot be sustained for long before flow breaks down and congestion starts to form?.

In the southbound direction the 5-lane bridge configuration in the AM peak is fed by four lanes upstream — three from
downstream of Esmonde Road, plus a lane gain at Onewa Road on ramp. The Esmonde on-ramp merge is one of the
primary critical bottlenecks on the motorway network, and along with the 5-lane AM peak configuration on the bridge
performs an important strategic function: it ensures no delays to AM peak PT services on the Rapid Transit Network
that use general traffic lanes from Onewa Rd to Fanshawe Street. The 4-lane capacity at the Onewa lane gain
(immediately prior to the addition of the AM fifth lane on the right-hand side) exceeds the 4-lane capacity of the bridge
itself, due to the bridge approach gradient and high lane changing associated with traffic joining at Onewa Road. As a
consequence, the AM peak arrival flows at the bridge exceed the capacity of a 4-lane bridge configuration.

In the northbound direction the 5-lane capacity of the bridge exceeds the 5-lane capacity of St Mary’s Bay due to the
significant curvature and lane changing of the St Mary’s Bay section. However, traffic entering from Curran Street
merges into the segregated 2-lane section leading up to the western clip-on of the bridge. The additional input of
demand from this on-ramp routinely leads to the 2-lane clip-on section reaching capacity during the PM peak - causing
localised flow breakdown and congestion while the 3 lanes on the.main truss have some capacity remaining. This
localised flow breakdown creates minor delays to peak PT services on the Rapid Transit Network that use general traffic
lanes on approach to the bridge. Note that since the start of construction of the Northern Corridor Improvements (NCI),
capacity constraints associated with the long-term traffic management at this work zone cause extensive queuing on
the northern motorway northbound in the PM peak. This often extends back to the bridge and may be limiting the peak
flows it achieves and resulting in more extensive congestion through St Mary’s Bay. This is expected to reduce once
NCI construction completes.

Figure 6 and Figure 7 also illustrate how many vehicles using the bridge use city exits (southbound) and how many
enter from the city (northbound), compared.to how many vehicles come from or continue onto the southern and
northwestern motorways. Vehicle flows are more or less evenly split both in the peak and over the whole day between
those to/from the city and those to/from other parts of the region.

At weekends when the bridge remains in a 4-northbound / 4-southbound configuration from Friday evening to Monday
morning, the bridge itself forms the capacity constraint on the SH1 corridor. Demands peak around 6,000 vehicles per
hour and are roughly sustained between about 11am and 4pm — meaning there is around half a lane of spare capacity
in each direction during this time.

2 Volume-to-capacity ratios more than 1.0 cannot occur in practice. In this situation observed volume is the actual
capacity achieved on that day (with the resulting V/C at, or very close to, 1.0). Excess arrival demand then queues
upstream of the constraint, waiting to be discharged at the capacity rate — in other words a bottleneck.
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AHB exisitng weekday northbound flows and capacities
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Figure 6 — Summary of typical weekday northbound
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AHB exisitng weekday southbound flows and capacities
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2.3 COVID-19 and demand changes expected in the coming years

Annual Average Daily Traffic (AADT) volumes over the AHB have been static since 2017, despite continued strong
population growth in this period. The corridor constraints associated with the long-term Northern Corridor Improvements
(NCI) worksite further along the northern motorway may be contributing to this through increasing congestion on the
corridor, constraining PM peak flow on the AHB. During the same period, patronage on the Northern Busway has grown
strongly (pre-COVID). Traffic volumes over Upper Harbour Bridge on the SH18 alternative route have continued to grow
indicating some displacement (see Figure 8) as overall cross-harbour trip demands grew. Note that, coinciding with the
AHB AADT levelling off, the Waterview Tunnel opened in 2017, making the SH18 / SH16 / SH20 alternative route more
attractive for some journeys.

e
The net impact of COVID-19 related behaviour change since the end of 2019 can be estimated roughly from vehicle
and PT trip numbers across the AHB during‘the period March 2021 up to the start of the most recent Alert Level 4
lockdown in August 2021. These are shown in Figure 9 below and indicate a 4% drop in daily trips across the AHB to
243,000 compared to 2019.

The 4% reduction in person-trips, which mainly occur in the peaks, can be seen as a rough estimate of the persistent
increase in Working From Home since 2019.
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Over the expected life of a cycle facility on the bridge® there are a number of factors that will influence both how the
overall traffic demand for the bridge and the profile of traffic arriving at the foot of the bridge over the day is likely to
change:

e Population growth over the expected lifespan of the options.
e Changes to the capacity of the Northern Busway over the expected lifespan of the options.

e Continuing impacts of COVID-19 over the expected lifespan of the options (including Traffic Light setting, the
emergence of new variants, ongoing reluctance to use public transport).

e Persistence of increased Working From Home (WFH) beyond COVID-19.

e The likelihood of a congestion charge being implemented during the lifespan of the options, the timing of its
introduction and the design of the charging scheme.

Forecasts of capacity on the Northern Busway supplied by AT show no increase in current capacity until 2028 and then
no further increase until 2038 (see Figure 10). Neither of these increases appears sufficient to accommodate the
forecast increases in PT demand over the same period based on recent modelling carried out.for AT by the Auckland
Forecasting Centre (see Figure 11). This leaves a question mark over the associated forecasts of no further increases
in AHB traffic demand as the population continues to grow.

Harbour Bridge Southbound AM Peak Public Transport Capacity

N

™ ax 2 o AN )
VSV Y & & ;
S
Year

mOnewa + Hillcrest mTakapuna mNX3

3 Itis assumed that the anticipated lifespan would be until the Additional Waitemata Harbour Crossing (AWHC) is complete, which
is unclear at this stage but not anticipated until the mid-2030s.
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Forecasted AM Peak Period Public Transport and Private Vehicles
Travel Demand across the Auckland Harbour Bridge

2016 2028 2038

m Private Vehicles Public Transport

the AH

The most recent modelling on the impact of a potential congestion charge on AHB traffic demands indicates a 15% to
18% reduction in peak flows across the whole network after the full introduction of the charge, with some corresponding
increase in traffic in the interpeak period of around 6%-7% (info supplied by Auckland Transport from the latest model
update prepared for the TCG Steering group — model refresh.27_1 2022). However, the earliest that any form of
congestion charge could realistically be implemented is 2025, (although this has not been confirmed - and it could be
later with political and technology issues being the main determinants).

The latest MoT Household travel modelling for 2057/58 indicates across all five of their scenarios that population growth
is expected to drive increased vehicle trips in Auckland over the coming decades, even accounting for planned PT
investment, vehicle fleet electrification and an-anticipated significant shift towards increased use of ride-share services
(see Figure 12). The MoT’s congestion charging scenario shows the lowest growth in traffic, but still indicates a 36%
increase in traffic generating trips over 40'years, over and above the 2017/18 level.

Notwithstanding the potential for current or future border restrictions associated with COVID-19 to depress immigration,
the current projected regional population growth over the next 10 years includes significant growth around Silverdale,
Orewa and Warkworth in the north of the Auckland region.

The implications of this uncertainty around future traffic demand on the AHB for assessing traffic impacts of the proposed
active mode options are considered in section 4.
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Figure 12 — MoT forecast trip growth for Auckland for the next 40 years
(note "close” scenario includes congestion charging)
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The lack of a connection between the North Shore and the Central City is a critical gap in the regional cycle network
with the primary regional cycle route running north-south on the North Shore currently being developed (the Northern
Pathway) lacking a direct connection to the regional cycle routes in the Central City and downtown areas.

Two options for the provision for active modes on the Auckland Harbour Bridge (AHB) intended to fill this gap have been
selected by Waka Kotahi from the previous assessment of a wider group of options carried out in May-June 2021 for
further investigation.

Both options are for a permanent 24/7 active mode facility on the southbound (eastern) clip-on. Both options would join
the motorway on the northern side of the bridge after the Onewa Road On ramp and bus shoulder merge downstream
of this. Both would leave the motorway at the Shelley Beach off ramp, which would be closed to traffic. The two options
are primarily distinguished as follows:

e 1-Lane option. Lane 1 of the southbound clip-on would be reallocated to active modes with-general traffic
remaining on lane 2 of the southbound clip-on, the main truss and the northbound (western) clip-on (seven
lanes in total).

o

The allocation of the remaining lanes would provide four lanes for peak traffic’(southbound in the AM
and northbound in the PM) with three lanes in the counter peak direction. “The lanes would be required
to switch in the middle of the day by means of the existing Moveable Lane Barrier System (MLBS) and
then revert again in the late evening or overnight prior to 5am the:next day.

The form of physical segregation between traffic in lane 2-and active modes in Lane 1 is yet to be
determined. The use of a TL-4 crash barrier is unlikely due to the additional dead load this would
impose on the clip-on structure and/or the difficulty in securing the barrier system to the bridge structure.
Light weight barriers, separators and delineators are.more likely, which would reduce the useable width
for both the active mode facility and the remaining traffic lane. It is possible a permanent reduced speed
limit would be applied to traffic using the remaining. traffic lane on the clip-on.

e 2-Lane option. Both lanes of the southbound clip-on. would be allocated to active modes with general traffic
using only the main truss and northbound clip-on'(six‘lanes in total).

o

The allocation of remaining lanes would provide three lanes in each direction all day, with no reversing
of lanes using the MLBS. Note that the Barrier Transfer Machine (BTM) would still be required to
regularly pass back and forth7across the bridge and through St Mary’s Bay to ensure the barrier blocks
do not remain out of position if struck, to maintain tension on the barrier strings and to ensure all plant
and systems that form part of the MLBS remain in good working order.

As the bridge structure provides complete separation of active modes from motorway traffic the issues
of physical segregation associated with the 1-Lane option would not arise with the option of the main
bridge structure." The design and layout of the transition of the active mode facility from running
alongside the.motorway south of Onewa Road on ramp onto the current left two running lanes will
require suitable segregation from adjacent traffic prior to the segregation of lanes on the bridge.
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4.1 Uncertainty and Constraints

The assessment is subject to considerable uncertainty as the analysis of traffic impacts are very sensitive to small
changes in the following two key input variables:

e The traffic demand on the AHB under each of the options.
e The resulting traffic capacity of the AHB and its approaches under each of the options.

The tools and technigues employed for the assessment are intended to aid in understanding the likely outcomes, given
the knowledge at the time the assessment was undertaken. They are not a crystal ball. The results of the assessment
are presented as ranges of values where possible to avoid inviting an interpretation of unwarranted precision.

The primary constraint on the assessment was the limited time available to complete it (January and February 2022).

4.2 Methodology

A methodology was developed based on two key elements to allow for the uncertainties and constraints identified above:
e Arisk-based approach that considered credible maximum-minimum ranges for key uncertain inputs.

e Multiple stages of progressively more refined assessment carried out on.a reduced number of options at each
stage.

The result was a three-tiered methodology, with each tier representing a filter or “gate” that was progressively more
demanding for an option to pass through (see Figure 13). This meant more detailed and time-consuming assessments
were only applied to the most promising options:

e Tier One Assessment: the previous assessment carried out in May-June 2021.

e Tier Two Assessment: further assessment of the two options selected from the May-June 2021 assessment,
based on “typical weekday” 50 percentile (P50)-traffic demands. If this assessment indicated excessive
network traffic impacts for either option, then.the assessment for that option was terminated at this point.

e Tier Three Assessment: more detailed assessment of any remaining options with enhancements in two areas:
o Consideration of day-to-day traffic'variability by testing options against 90" percentile (P90) demands.
o Fine-tuning of traffic capacities.and arrival flows on approach to the AHB in each direction

It is understood that if one of the active ' mode options is pursued it would be implemented within 2022, at least three
years before any congestion charge, which is assumed to be in 2025 at the earliest. Due to the uncertainty around the
trend in AHB traffic demands after. this point the assessment only considers the three-year period from 2022 to 2025.
On this basis the base traffic.demands are assumed to remain at 2019 levels for this period (AHB AADT values have
been more or less static from 2017 to 2019).

The likely changes in person trips and traffic demand across the AHB as a result of lane reductions for the active mode
facility options were estimated using a bottom-up approach where key values from relevant available data sources were
used to “anchor’”’maximum and minimum demand shift values for each of the options. Appropriate actual AHB traffic
volumes under previously experienced demand reduction scenarios (as well as the most recent congestion charging
modelling undertaken by Auckland Forecasting Centre) were used as a top-down “sanity check” on the reasonableness
of the resulting AHB traffic volume profiles.

The traffic analysis focuses on the following areas:

e Overall magnitude of congestion and delay impacts.

o Distribution of congestion and delay impacts across the motorway network.
e The impact on the reliability of customer journeys.

e The impact on network resilience.
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Phase 1: May-Jun 2021

Tier One Assessment. Initial coarse
‘assessment with a wide range of
options:

» 11 total Active Mode options

'+ Permanent and temporary
options

* Review of data from previous
AHB lane-reducing events
* Provisional assessment of

credible maximum-minimum
traffic demand ranges

* Review of previous modelling by
others and collaboration with
Auckland Forecasting Centre

(AFC) for additional runs with

regional models (MSM, ADTA)

' Initial CTM modelling of impacts

across the entire motorway
network for all 11options

6}}9 13 - The progressive, three-tier methodology adopted for the assessments
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A key feature the traffic analysis needed to capture was the interconnectedness of the motorway network and the way
that when it carries a heavy traffic load, congestion impacts spread rapidly over large distances across the system like
ripples on a pond in a way that can persist between time periods normally analysed in isolation (AM peak, inter peak
and PM peak). In other words, a change introduced at one location can cause impacts at other locations and times
remote from the original change. To best capture this effect a macroscopic traffic simulation model which covers the
entire motorway system, and the entire day, was used.

The Auckland Motorway Network Cell Transmission Model (CTM) uses a mathematical analogy of traffic to fluid flow in
a way that can accurately capture the growth and recovery of congestion by time and location across the whole
motorway network over a 24-hour period in a single model using 10-second time steps. It has been fully calibrated,and
validated as a 2018 base model, with a 2019 update (Appendix A explains the reasoning for selection of the CTM over
other available modelling tools). Minor adjustments were made to CTM traffic demands to adjust the AHB traffic arrival
profile in the model to better match the AHB traffic demands chosen from historical data as the base for. the demand
assessment (explained in sections 5 and 6).

The assessment considered best-case (maximum demand with minimum capacity) and worst-case (minimum demand
with maximum capacity) scenarios for each option.

Note there are several sources of traffic data that measure the level of traffic demand across the AHB on which the
impact assessment could draw to establish base traffic demands. The assessment and.selection of data sources for
the AHB used in this assessment are summarised in Appendix B.

4.3 Limitations

The primary limitations of the assessment that should be noted are as follows:

e The CTM is a simulation model only. It does not perform route.assignment. A manual iterative approach
was used to reassign trips away from the SH1 to the WRR where a comparison of modelled travel times (on-
ramp to off-ramp) indicated substantial travel time savings.

e The CTM does not include arterial or local roads.. However, it does accurately simulate the SCATS Ramp
Metering System (SRMS) through incorporating algorithms that replicate the coordinated and traffic responsive
functions of the system. Consequently, on-ramp queue lengths and delay times are captured and the relative
change in these results provide an approximate way to infer whether impacts on the arterial network are better
/ worse between options.

e Based on the input uncertainties discussed above a Quantitative Risk Assessment approach (using @RISK
software or similar) was initially considered, but subsequently rejected for 2 reasons:

o It was felt insufficient data was available to confidently define distributions for input variables — which
could lead to results’being interpreted with a false sense of precision.

o The CTM simulation tool is complex and not set up for Monte Carlo analysis with 000’s of iterations.
There was. insufficient time to enhance the CTM software with this capability for this assessment.
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5.1 Traffic Demands
5.1.1 Deriving Demands for the Assessment

The AHB traffic demands used in the assessment were derived in four steps as indicated in Figure 14. The mode shift
demand reduction steps include mode shift to active modes (on the new AHB facility); mode shift to public transport;
and working from home.

AHB Base Mode Shift Peak Resulting Option

Demands

Traffic Demand Re-Routing

Spreading

Demands Reduction

5.1.2 Base Traffic Demands

Considering the varied and in some cases inconsistent forecasts for vehicle demands on.the AHB in coming years and
decades reviewed in section 2.3 there remains a lot of uncertainty as to whether they will increase further from 2019
levels and if so, by how much. However, given daily AHB traffic had returned.to pre-COVID levels before the August
2021 lockdown, and no congestion charge is expected before 2025 at the earliest, it seems reasonable for the purposes
of this assessment to assume that traffic demands on the AHB remain at roughly 2019 levels over at least the next 3
years.

The current 4% reduction in daily person-trips across the AHB compared to 2019 levels indicated in Figure 9, which
mainly occur in the peaks, is taken to approximately represent a persistent increase in WFH since 2019, which was
“baked into” the base demand for the assessment as follows:

¢ Daily vehicle demands were assumed to be as per'the2019 50" percentile (P50), given demands were trending
upwards between March and August 2021, with peak flows returning to within 2% of 2019 levels by August
2021 (and daily demands exceeding 2019 levels).

e PT patronage was assumed to be at March.2021 levels — this provided some spare PT capacity to accommodate
mode shift from private vehicles within'a hard constraint on increasing PT capacity that was assumed for the
next 3 years based on Figure 10 in-section 2.3.

The base AHB vehicle demands profiles for the tier-two assessment were established as follows from traffic count data
for the whole of 2019:

e Establish total daily traffic’demands in each direction. Weekends, public holidays, and the Xmas / New year
period were excluded and the P50 of the remaining (working) days was taken as the base daily demand to
represent a “typical®. weekday.

e Determine distribution of traffic demands across the day. The average percentage of daily demand recorded in
each hour of the day across the remaining (working) days was taken as the percentage of daily demand arriving
at the-base-of the AHB in each hour.

e Generate base traffic arrival profiles. The percentages for each hour were applied to the typical daily demand
for each direction to generate the base northbound and southbound traffic arrival profiles (see Figure 15)
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The traffic demands in the CTM 2019 base model represent a heavy traffic day on the network (rather than the P50).
Therefore, to provide corresponding total daily demands for the AHB in the model demands were globally factored to
bring the AHB demands into line with 2019 observed P50 in each direction (see Figure 16).

=TIVAL (S

5.1.3 Mode shift to active modes

No significant change was made from the level of active mode uptake on the new facility assumed in the tier-one
assessment. The data used as the basis for the tier one assessment was reviewed again and supplemented with data
from additional’sources (see Figure 17)
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Bi-driectional daily count

NW cycle way Te Atatu - Apr-21

NW cycle way Kingsland - Apr-21

Burrard bridge Vancouver - opening year
Burrard bridge Vancouver - after 10 years
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Figure 17 — Range of daily active mode trips assumed on the proposed AHB facility and data from comparable\(silities

For the tier-two assessment the following levels of pedestrian and cyclist demand were adopted:

e Low — 1,000 trips per day (both directions, evenly split)
 High — 2,860 trips per day (both directions, evenly split)

Note that not all active mode use of the new facility will remove traffic demand from the bridge. Some of these trips will
shift from PT and some may be newly generated trips (many of these at weekends for recreational reasons). For the
purposes of this assessment, it has been assumed that all active mode trips using the bridge will be to/from locations in
or close to the Central City. As a result, the proportion of active mode trips shifting from PT (as opposed to private
vehicle) has been assumed to be 30% on weekdays during peaks - basedon AT patronage data (assuming all PT trips
are similarly to/from locations in or close to the Central City) and the proportions of vehicles using the bridge headed
to/from the Central City.

5.1.4 Mode shift to PT

The hourly patronage data for PT services over -+

the AHB for March 2019 and March 2021 that Historic AHB PT numbers
was used for the tier one assessment was re- S
examined to help establish (see Figure 18)
assumptions for mode shift to PT for the tier two

assessment. HHD
The primary change to the tier-one assessment 5 4000
was to review hourly patronage ‘data’ to ]

determine an “anchor value” for what the x 300
maximum shift to PT might be. As the northern = —_

busway was operating at capacity’ in the AM
peak in 2019, the peak hour-patronage in March 1,000
2019 was taken as the maximum achievable

hourly value for the -assessment, given the ;
indication of no additional PT capacity being 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
available on the AHB until 2028 in Figure 10. Hour of the day
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A return to March 2019 patronage across the whole day was initially taken as the maximum mode shift to PT across the
day (indicated by the blue sections of the bars

in Figure 18). However initial CTM testing of Assumed Max PT mode shift
the 2-Lane option indicated extremely high & 500 ®Mar-21  ® Assumed max achisvable
traffic impacts leading to a revision of this. '

Maximum mode shift to PT was increased to 5,000

the level indicated by the grey bars in Figure
19. This meant both peak hours achieve the
maximum hourly patronage from the March
2019 data (which aligns with the highest
service frequency for many of the bus services -

that cross the AHB), along with the trailing hour 0o =
of the AM peak (9-10am) increasing to the level i

seen in the 7-8am hour in the March 2019 data ' | oy 5 I
compared to the March 2021 data (with the — | N
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Ultimately a return to March 2019 levels across the day was anchored as the PT mode shift for the MAXIMUM?* demand
scenario for the 2-Lane active mode option, with the higher level indicated in Figure 19-being taken for the MINUMUM
demand scenario for the 2-Lane option. This target is very optimistic; however, it was still used to test how sensitive
the results were to a mode shift to PT that would result in patronage across the AHB being somewhat higher in the peak
than in 2019.

The MINIMUM demand scenario values for the 1-Lane option were set atjust-over half the increase assumed for the 2-
Lane MAXIMUM, with the 1-Lane MAXIMUM being half of this. Overall, the range of daily trips in both directions
assumed to shift to PT for each option were:

2-Lane option MINIMUM traffic demand — 10,000 trips shift to PT
2-Lane option MAXIMUM traffic demand — 7,500 trips shiftto PT
1-Lane option MINIMUM traffic demand — 4,000 trips shift to PT

1-Lane option MAXIMUM traffic demand — 2,000 trips shift to PT

The hourly breakdown by direction can be found in Appendix C.

5.1.5 Working from Home

Since the base PT patronage was taken as the‘level in March 2021 then an estimated level of Working From Home
(WFH) equal to the blue bars in Figure 18 was effectively “baked into” the base trip demands as indicated in Figure 9,
creating the spare PT capacity used up by the PT mode shift assumptions above. Therefore, any vehicle trips removed
from the base traffic demands would represent ADDITIONAL working from home. The current level of WFH was initially
assumed to continue in all scenarios (i.e., no removal of vehicle trips from the base demands). This “baked in” level of
WFH equated to around 7,400 trips per day (both directions) with a maximum of 1,300 per hour in the peak direction
(around 10% of March 2019 peak hour person-trips on the AHB).

However early testing of the 2-Lane option indicated very high traffic impacts, so this assumption was revised for the
MINIMUM traffic demand scenario to provide an additional:

e 12% of Central City trips switching to WFH — 6-10am southbound, 4-7pm northbound
* 5% of non-Central City trips - 6-10am southbound, 4-7pm northbound

The hourly breakdown by direction can be found in Appendix C.
5.1.6- Peak Spreading

Peak spreading was applied by smoothing out demands between specified times in the AM and PM periods — the total
demand across the defined period was averaged and this average value used in each hour of the period. In all cases
peak spreading was applied southbound between 6am and 11am in the morning and northbound between 2pm and
7pm in the afternoon.

4 Note — MAXIMUM is used to refer to the maximum remaining traffic demand on the AHB, associated with the minimum shift to
modes, routes.
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5.1.7 Trip Re-routing and Re-timing

The potential re-routing options for private vehicle trips across the bridge are limited to the use of SH18 by way of the
Upper Harbour Bridge, SH16 and depending on where the trip is to/from SH20. SH16 ramps at CMJ provide alternative
access to/from the CBD; links to SH1 (southern) via CMJ and SH20 via Waterview Tunnel provide motorway connectivity
for trips to/from further south.

In the tier-one assessment the re-routing via the SH18 Upper Harbour Bridge predicted by both the MSM and NCI
SATURN models for tests of a 1-Lane or 2-Lane reduction on the AHB was reviewed (see Table 1). The predicted re-
routing was inconsistent between these models, and in addition neither reflected the capacity constraints nor resulting
congestion on SH16 accurately which would significantly affect the attractiveness of the alternate routes.

Table 1 — MSM and SATURN re-routing indicated via Upper Harbour Bridge (SH18)

1-lane options 2-lane options
(vehicles/hr) MSM NCI SATURN MSM
AM peak (SB) <100 200 250-300
PM peak (NB) 100-200 800 600-650

For the tier-two assessment no re-routing was assumed for initial CTM runs. A manual.iterative approach was used to
reassign trips away from the SH1 to the WRR where comparison of modelled travel times for the following journeys (on-
ramp to off-ramp) indicated substantial travel time savings (in each case both journey. directions were considered):

o Onehunga/Penrose to Lincoln Rd
o Onehunga/Penrose to Albany
o Manukau to Albany

The level of travel time advantage required on the alternate route to attract traffic was guided by a comparison of relative
travel times between Albany and Onehunga / Penrose via SH1 (Constellation ramps to SEART ramps) and via
SH18/16/20 (Albany Highway ramps to Neilson Street ramps) from-September 2019 TomTom data (see Figure 20).

e \ |

Based on this‘the following total number of vehicle-trips was re-routed across the whole day (both directions) for each
scenario:

e “l-Lane option — none
e. “.2-Lane option MINIMUM traffic demand scenario — 3,400 vehicle-trips over 8 hours
e 2-Lane option MAXIMUM traffic demand scenario — 8,000 vehicle-trips over 8 hours

The hourly breakdown by direction can be found in Appendix C.
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5.1.8 AHB traffic demand reductions assumed in the assessment

The demand changes for each option were aggregated using an assumed average vehicle occupancy of 1.2 to
determine the net reduction in AHB traffic demand by each hour of the day (see Figure 21, Figure 22 and Figure 23).
The tables in Appendix C provide the full breakdown by mode and hour with aggregation to net reduced AHB vehicle
demands.

Tier 2 Assessment — Summary of Option Demand Scenarios

Base AHB Mode shift Peak
Traffic Demands Demand reduction Spreading Re-routing

Demand Averaged ' . 1-Lane Option ~
SB 6-11am = None - Maximum Demands
NB 2-7pm _ (181,700 vpd)

Level 1
(2,300 vpd)

Demand Averaged ' . 1-Lane Option -
SB 6-11am ; Minimum Demands
NB 2-7pm _ j! (179,000 vpd)

P50
(184,000 vpd)

Demand Averaged 2-Lane Option —
NB + SP. -
SB 6-11am (8,000 Vod) Maximum Demands
NB 2-7pm NP (169,000 vpd)

Level 3
(7,000 vpd)

Demand Averaged 2-Lane Option —
SB 6-11am NE+30 Minimum Demands

NB 2-7pm AN (166,600 vpd)

Level 4
(14,000 vpd)

Figure 21 — Summary of de@pd 3cenarios used in tier-2 assessment
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Figure 22 — AHB southbound — maximum and minimum reductions in traffic demands assumed for each option
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Once initial reduced AHB vehicle volume profiles were generated a number of top-down “sanity checks” were performed
to test their reasonableness. These checks were based on relevant observed AHB flow profiles from the following actual
demand reduction scenarios, combined with the latest AFC modelling results-in.relation to a potential congestion charge
(see Figure 24 and Figure 25):

e COVID Alert Level 3 step 1 (October 2021)
e COVID Alert Level 3 step 2 (November 2021)
e The incident of September 2021 when two lanes on the AHB were closed for two weeks.
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It seems reasonable that the demand reductions for 1-lane option are substantially less than are anticipated for a
congestion charge, given that congestion charging is considered the most effective-demand management tool°. It also
seems reasonable that the peak demand reductions for the for 1-lane option do not-reduce the demand to below 4-lane
capacity (as doing so would reduce congestion below 2019 levels, which it is\Clear travelers are already prepared to
tolerate).

The reduced demand range for the 2-Lane option aligns well with the’demand reductions anticipated under congestion
charging — if congestion charging is expected to deliver this level of peak demand reduction it was judged unreasonable
for a 40% reduction of peak capacity alone (a loss of two out of five lanes) to achieve much more.

The most recent two periods of COVID Alert Level 3 also alignreasonably well with the 2-lane option demand reduction
range. This would indicate the assumed demand reductions for the 2-lane option are likely on the generous side as
they are intended to represent a permanent demand reduction as opposed to the temporary reductions achieved in
periods of Alert Level 3. In every period of Alert Level'3 AHB demands consistently trended upward over the period
(see Figure 26).

Finally, the two-week period during which the AHB was reduced to two lanes in September 2020 (as a result of the truck
impact incident) resulted in a flow profile across the AHB of below the reduced demand range for the 2-lane option
(noting that the peak flows during the incident period are reflective of capacity, not demand). This seems reasonable to
two reasons: firstly, the September 2020 incident occurred in during COVID Alert level 2, meaning a degree of demand

5 The Congestion Question — Technical Report, July 2020
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reduction was already in place on top of which the additional demand reduction occurred. Secondly this was also a
temporary situation with the demands trending upward over the two week period — indicating that the same level would
be unlikely to achieved on a permanent basis (the profiles in Figure 24 and Figure 25 are based on the average for the
two-week period).

5.2 Traffic Capacity

The capacities in Table 2 were adopted for the AHB and St Mary’s Bay were adopted in the tier two assessment.

1-Lane Option 2-Lane Option
Location 3-Lane (veh/hr) 4-Lane (veh/hr) 5-Lane (veh/hr) 3-Lane (veh/hr) 4-Lane (veh/hr)
Maximum Maximum Maximum Maximum Maximum
Minimum Minimum Minimum Minimum Minimum
St Mary’s Bay 4,650 6,200 7,750 n/a 6,200
NB 4,650 6,200 7,750 6,200
5,273 7,030 4,991
AHBNB 5,273 7,030 n/a 5,202 n/a
Onewa to AHB 4,920 6,560 n/a 4,920 n/a
weaving area 4,920 6,560 4,920
4,920 7,030 4,997
AHB SB 4,750 6,840 n/a 5,202 n/a

Determination of actual traffic capacity from traffic detector data-is only possible when the location in question forms a
bottleneck. In other words, when demand reaches capacity at (or.very close to) the measured location — leading to flow
breakdown and congestion forming upstream of this, while.unimpeded free-flow continues downstream. This situation
only occurs on the AHB in the 3-lane configuration. An empirical evaluation was undertaken to validate base values for
the 3-lane capacity values utilised (See Appendix D for details). Base values mean without layout modifications to
accommodate the active mode facility. Based on the.initial layout drawings produced a reduction was applied to the 3-
lane capacity of the options to account for friction effects at the entry point to the modified layout. The maximum
reduction applied was 5% of the total 3-lane base capacity.

NZ TRANSPORT AGENCY AUCKLAND SYSTEM MANAGEMENT REVISION 3 // PAGE 30 OF 90



NZ TRANSPORT
AGENCY

E\NA KA KOTAHI

5.3 Network Traffic and Customer Journey impacts
5.3.1 Overview of Network Traffic Impacts

Figure 27 below summarises the anticipated impacts on the level of network congestion across the entire motorway
network (including on-ramp queuing delays).

CIS O

The 1-Lane option results are in line with the results of the tier one assessment for the equivalent option (option 3a in
the tier one assessment), showing a moderate increase in overall network congestion delays. The 2-Lane results, whilst
showing considerably lower impacts than the tier-one assessment are still (predictably) much larger than the 1-Lane
option impacts.

Figure 28 and Figure 29 indicate the relative distribution of AM and PM peak congestion across the network for the
BEST case for each option (Minimum Demand —Maximum Capacity) compared to a typical day in 2019.

In addition to the expected large increase in” congestion on SH1 in the 2-Lane option (northern motorway in the AM
peak, northern and southern motorways in the PM peak), traffic re-routing to the WRR generates considerable additional
congestion on SH20 and SH16. This reflects what the tier-one assessment showed from examination of data from the
period 2-lanes were unavailable on the AHB for two weeks in September 2021. Analysis of data from this event indicated
that loss of two lanes for traffic on the-AHB reduces network capacity to a level similar to before the Waterview Tunnel
was opened. This underlines the strategic importance of the AHB’s traffic capacity to regional accessibility.

The 1-Lane option leads to increased SH1 congestion in the PM peak in both directions approaching the bridge, but to
a much lower extent than the 2-Lane option. The AM peak congestion on the northern motorway appears slightly
improved compared to 2019, indicating the assumed mode shift reduces AM peak demand enough to offset the loss of
1 lane of capacityon the bridge at this time of day. The output summaries for each scenario in Appendix E provide
more detailed results‘of corridor congestion patterns over the whole day.

These impacts.also spread onto the arterials adjoining the motorway, with Figure 30 indicating how the total amount of
vehiclesqueued around the network at on ramps would be impacted in the BEST case for each option (Minimum
Demand = Maximum Capacity). The 2-lane option would likely lead to more than a doubling of on ramp queues in the
PM-peak from a peak of around 4,400 vehicles in the base model to over 10,000 vehicles in the 2-Lane option. This
would-have a severe impact on the operation of the network and would seem to signal the likelihood of a broader impact
on travel behaviour beyond just trips that cross the harbour. Although this may involve some broader mode shift it would
mean reduced regional mobility as the price of a strategic active mode connection across the AHB. If this involved a
significant magnitude of trip suppression (cancelled trips) this may even have adverse impacts on the region’s economy.
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5.3.2 Impacts.on Economic Productivity

The 2-Lane option is likely to have a considerable impact on freight both in the inter peak as well as PM peak periods.
Between~12pm and 8pm around 5,000 heavy commercial vehicles traverse the AHB each day. In the BEST case
(minimum demand — maximum capacity) delays on the approaching corridors of SH1 in each direction are around 20-
30 minutes over this period.

In the 1-Lane option the impacts to freight are much less, but still likely of economic consequence. Delays on the
approaching corridors are around 5-8 minutes between 4pm and 8pm affecting some 2,000 heavy commercial vehicle
movements across the bridge each day.
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5.4 Outcome of Tier Two Assessment

The main outcomes of the tier three assessment can be summarised as follows:

e The impacts of the 2-Lane option on congestion, delay and emissions across the motorway and adjoining arterial
network are likely to be very high. On this basis the 2-lane option was not carried forward to the tier three
assessment.

e The impacts of the 1-Lane option appear to be moderate based on the tier two assessment:

o

There are no impacts in the AM peak - the demand assumptions and modelling indicate a slight
improvement in congestion southbound on the northern motorway may be possible. However, the loss
of one general lane on the AHB is likely to adversely impact the travel time reliability of services on-the
northern busway. The spare capacity currently provided by the 5-lane capacity of the AHB at'this time
of day protects busway services from the delays general traffic experience further upstream. A loss of
PT travel time reliability is likely to undermine the attractiveness of this mode — which-is assumed as
constant in the demand shift assumptions.

In the PM peak congestion levels are increased both southbound and northbound on approach to the
AHB (results in Appendix E indicate this starts in the middle of the day when demand in both directions
exceeds 3 lanes capacity — with congestion building as demand continues to increase in BOTH
directions into the PM peak). Note this issue could be exacerbated by a.congestion charge if it applies
only in the peak periods as the latest modelling indicates a 6%-7% increase in interpeak traffic
demands®.

e The 1-Lane option warranted a more detailed investigation and was carried forward to the tier three assessment.

8 Info supplied by Auckland Transport from the latest model update prepared for the TCG Steering group — model refresh

27 1 2022
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6.1 Traffic Demands
AHB traffic demands used for the tier three assessment were enhanced in two ways:

1. Improvement to the P50 base AHB demands in the CTM to better match observed values from 2019 at the
hourly level. For tier-two the CTM demands had only been adjusted to match the observed 2019 P50 daily
demands by globally factoring down the CTM demands across the whole day. For tier three more precise
demand changes to CTM demands were undertaken better match the observed P50 hourly profile in each
direction over the day.

2. A 90" percentile (P90) equivalent set of demands for the CTM were developed using the same approach as
above to adjust the original CTM demands hour-by-hour without any global daily factoring (as these were
already close to the observed 2019 P90 demands on the AHB — see Figure 31 and Figure 32).

Initial tests of the 1-Lane option with the adjusted P50 demands and enhanced capacities showed no.substantial change
in results from the tier-two assessment. Therefore, for brevity this section will only present results‘for the additional
assessments based on using the P90 demands. Note that the actual impacts associated with the 1-Lane option would
be expected to fall somewhere between the tier two assessment results and the tier three assessment results 40% of
the time.

In the southbound direction the tier-two CTM arrival profile was low in the AM peak and high in the early inter peak
period and was adjusted to better match the observed 90" percentile profile from 2019 data.

In the northbound' direction the tier-two CTM arrival profile was already a good match to the observed 90" percentile
profile from 2019 data and was used for tier three unadjusted.
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Figure 32 - 90™ percentile southbound CTM profiles used in tier threg\a§sessment

Initial tier three CTM tests used the P90 demands with the same maximum-minimum demand reductions as the tier two
assessment for the 1-Lane option (Level 1 and Level 2 mode shift demand reductions, with peak spreading). This
resulted in large congestion impacts across the network, indicating additional demand shift would be likely to occur as
a consequence. Given the constrained timeframe it was decided to.re-run the tier three P90 assessment using the
Level 3 mode shift demand reduction (with peak spreading, but with no re-routing).

This meant there was only one set of demands to test the 1-Lane option with at tier three. However, this allowed the
sensitivity of the forecast impacts to the small variations in ‘capacities through St Maty’s Bay and across AHB to be
demonstrated more easily (see next section). Figure 33 summarises how the tier demands were derived.

Tier 3 Assessment — Summary of Option Demand Scenarios

Base AHB
Traffic Demands

Mode shift
Demand reduction |

Peak

Spreading Re-routing

=

SB 6-11 -Lane Option — P50 assessment
o Maximum Demands (181,700 vpd)

Demand Averaged i
(2,300 vpd)

Level 1 |

P50 adjusted

(184,000 ypd)

|

|

|

|

Demand Averaged |
SB 6-11am —>]
|

[

=

-Lane Option — P50 assessment

NB 2-7pm Minimum Demands (179,000 vpd)

el S O e L U S e

Results in Appendix E only

Demand Averaged 1-Lane Option — P90 assessment
} SB 6-11am : — Demands (187,000 vpd)
NB 2-7pm Results in main report + Appendix E

P90 adjusted Level 3

(194,000 vpd) (7,000 vpd)

Figure 33 — Summary of tier three demand scenarios

Figure 34 and Figure 35 illustrate the resulting demand profiles (shown compared to the demands used for the 1-Lane
option in the tier two assessment).
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6.2 Traffic Capacity

For the tier three assessment the capacity of the critical sections of SH1 from Onewa Road to Shelley Beach Road
(southbound) and Victoria Park Tunnel to Stafford Road (northbound) were investigated in more detail to ensure the
base and option models were calibrated as closely as possible to relevant observed values.

A valuable source of data to assist in this was the real-time and historic dashboard set up by the ASM that track AHB
volumes and speeds in each direction every five minutes (see Figure 36). This dashboard was set up to assist in
optimising the time of the MLB moves. It was particularly useful as in addition to tracking traffic volume every five
minutes in each direction, it also tracks the average speed on approach to the bridge from 2-3km upstream to the foot
of the bridge. This allows periods of the bridge flowing at capacity to be readily identified.

In addition, in the final week of COVID Alert Level 3 in December the AHB remained in 4-4 configuration 24 hours per
day. On several occasions that week the northbound direction reached capacity in the afternoon - providing useful data
to help validate capacity assumptions for the 4-lane configuration for the tier three assessment.

Capacity conditions are reached daily in the 3-lane configuration both northbound and southbound, which allowed values
from the historical dashboard to be used to establish a suitable capacity range for the base model.. A full stochastic
capacity assessment using 12 months of empirical data was carried out to validate these values (see Appendix D).

Calibrating the capacity through Saint Mary’s Bay northbound was harder given maximum combined flows that the
Victoria Park Tunnel and the Fanshawe / Beaumont signals at the top of the Fanshawe street on ramp can discharge is
slightly less than the capacity of St Mary’s Bay in either 4 or 5 lane configurations. The capacity through Saint Mary’s
Bay was ultimately calibrated using Victoria DoT’s recommended Maximum Sustainable Flow Rates (MSFRs) and
comparison to maximum observed flows rates from historic detector data through'St Mary’s Bay.

Select Dute

WAKA KOTAHI Auckland Harbour Bridge - Real Time Traffic Flows
b N TRANSPORT 12/10/2021
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MLB OPTIMISATION - Version 0.1

Cumulative Traffic Volames.(Both directions combined )

Hourly Traffic Volume Averages
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Traffic Speeds (NB approach from Vic Park Tunnel) Traffic Speeds (3B approach from Esmonde Rd)
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For the 1-Lane option, the northbound capacities were taken the same as the current operation in 3-lane and 4-lane
configurations:” This assumes the Fanshawe right-hand peak on ramp remains CLOSED in the PM peak with St Mary’s
Bay operating at'4-lanes and Fanshawe Street on ramp operating at one lane. It was assumed the ramp meter at the
left hand'Fanshawe Street on ramp would remain OFF in the PM peak.

In the.southbound direction estimating relevant capacities for the 1-lane option was more difficult, given the active mode
facility would be implemented in lane one of the southbound clip-on. Relevant factors considered in the assessment of
southbound capacities were:

e The likely lane width for the general traffic lane adjacent to the active mode facility
e The nature and width of separation between the traffic lane and the active mode facility

e The type of physical separation between the traffic lane and the active mode facility (barrier, kerbed separation,
safe-hit post, etc)
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e The potential for a reduced speed limit to be applied to the traffic lane adjacent to the active mode facility (we
understand it has been suggested a 50km/hr speed limit could be applied to the remaining clip-on traffic lane
only)

e The location of the gateway treatment where the active mode facility moves laterally from the shoulder into the
existing lane 1. In particular whether it is co-located with the area of intense weaving between where Onewa
Road on ramp joins and the start of the red chip separating the clip-on lanes form the main truss lanes

The impact of a lower speed limit on motorway lane capacity is not well established. Research in the area has produced
a wide range of potential impacts: a review of the research by Soriguera et al. (2017)7 indicates range of capacity on.a
motorway at 50km/hr of anywhere between 1,800 and 1,500 vehicles per hour per lane (see Figure 37 below).-This
means it is unclear whether the friction of the other aspects of the layout or a 50km/hr speed limit would dominate.

The resulting ranges of capacity values for the AHB and St Mary’s Bay used for the tier three assessment are
summarised in Table 3.

Speed limit rate [Fraction of unit]
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P — = Carlson et al. (2010a,b) Model [ 030
500 4 // — - = Aimsun (simulated) [Miiller et al. (2015)] 0.20
s
! /
250 5 0.10
" ; ‘ 0.00
0 20 40 60 80 100
Speed limit [km/h]
SHipNe
U 3¢
3-Lane 4-Lane
(veh/hr) (veh/hr)
Location Notes

Maximum | Maximum

Minimum Minimum

Potential minimum established from max AHB PM flows at 5-lanes observed
St Mary’s 4,800 6,400 from AHB dashboard when the approach to AHB is flowing freely - less
Bay NB 4,725 6,300 observed flow joining at Curran St.

Max value incremented to align with MSFR recommended by Victoria DoT

3-lane based on max-min range of sustained NB capacity flow observed via
AHB dashboard.

5,200 7,200
AHB NB 4-lane based on max-min sustained NB capacity 4-lane flow in Dec-21 observed
>,000 7,040 via AHB dashboard.
Assume no impact of active mode facility on NB capacity.
Onewa to 4,920 7,040 3-lane maximum/minimum based on observed sustained SB capacity flows via
AHB 4,920 6,840 AHB dashboard. No allowance for effect of active mode layout as concept layout

7 Soriguera F, Martinez I, Sala M, Menendez M. “Effects of Low Speed limits on Freeway Traffic Flow”, Transportation Research
Part C 77 (2017)
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3-Lane 4-Lane

(veh/hr) (veh/hr)

Location R R Notes
Maximum | Maximum

Minimum | Minimum
weaving from May-June 2021 assessment shows the active mode facility does not move
area SB into lane 1 until clip-on and truss lanes are already physically segregated.

4-lane values set equal to AHB capacity values as lane-changing is less intense
without RHS lane drop.

5 040 7,040 All values based corresponding NB values with a 200vph reduction applied to
AHB SB ’ ’ the lane adjacent to the active mode facility (equivalent to between an 11%
4,800 6,840 and 14% reduction for this lane).

6.3 Network Traffic and Customer Journey impacts
6.3.1 Overview of Network Traffic Impacts

Figure 38 below summarises the anticipated impacts on the level of network congestionacross the entire motorway
network (including on-ramp queuing delays) for the higher demand days assessed at tier three. As the demand level is
fixed between the two scenarios this difference is entirely due to the uncertainty in.capacity that might be achieved in
either direction on the AHB. The difference between the best and worst case is.considerably wider than the tier two
assessment of the 1-Lane option, indicating the sensitivity of the assessment to.minor changes in capacity assumptions.

36™%

Figure 39 and.Figure 40 on the following pages illustrate the differences in distribution of the increased congestion
around the network in the AM and PM peaks between the Maximum and Minimum capacity scenarios compared to
2019. Atthe higher-than-average levels of demand tested the impact of removing a single lane on the bridge is clearly
very sensitive to the ultimate capacity that could be achieved with the new layout, given the change in total AHB capacity
between maximum and minimum scenarios is only around 3%-4%.

This.sensitivity also carries over to impacts on the arterials, with Figure 41 indicating how the total amount of vehicles
gueued around the network at on ramps would vary between maximum and minimum capacity assumptions for the
AHB. In the worst-case total on ramp queues could be over 30 lane-km longer than in 2019 (almost entirely along the
SHA1 corridor between Highbrook and SH18).

At higher demand levels there is also a risk of substantial increased queuing on Fanshawe and Beaumont Streets (see
Figure 42). At the lower capacity level queues back up on the on-ramp and would add up to 350 vehicles to existing PM
gueues back toward the Central City (around 3 lane-km). Note these queues are not due to ramp metering as the meter
at Fanshawe on ramp remained off in the model for these tests. As the higher demand shift assumed for the 1-Lane
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option at tier three has taken up existing spare PT capacity, rather than further mode shift, the resulting delays are more
likely to lead to traffic leaking onto other routes, including Curran Street on ramp, Grafton Gully and Wellington Street
(all with undesirable consequences). Any additional shift to active modes on the new facility to avoid the delays out of
the city is unlikely to be high enough to address the problem.

There is also the possibility that with the high level of impacts in the low-capacity scenario some traffic would re-route
to SH16/ SH18 /SH20. Time constraints prevented any further modelling to test this — however the lack of capacity on
these routes (as illustrated by the tier-two results for the 2-Lane option) means this would likely add to problems
elsewhere on the network.
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Figuﬁ%etwork-wide on ramp queues - option 1 90" percentile demands

(Maximum capacity - top; um capacity — bottom. In each case model 2 is the option and model 1 is the base model)
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Figure 42 SFawe Street on ramp queues - option 1 90™ percentile demands
(Maximum capacity - top; Mini apacity — bottom. In each case model 2 is the option and model 1 is the base model)
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6.3.2 Impacts on Network Reliability

The analysis of the 1-Lane option with higher demands revealed a major issue that is likely to severely impact the
reliability of customer journeys in the inter peak and PM peak periods. During the middle portion of the day AHB traffic
demand exceeds three lanes in each direction at the same time for a period of several hours, yet the layout the 1-lane
option will only permit four lanes in one of the directions (with the MLBS changing the changing the configuration from
four lane southbound to four lanes northbound before the PM peak). This is true in all demand scenarios used for the
1-Lane option in the tier two and tier three assessments (see Figure 43), however the potential for a large deterioration
of network reliability as a result manifests as demand levels become relatively high.

GlLO

Whilst the delays for customers in the middle of the day would-only be moderate as a result of the capacity shortfall,
there will be a knock-on effect into the PM peak for both directions: the backlog is unable to clear as arriving traffic
demand continues to increase in both directions into the PM peak and remains above three lanes capacity until at least
6pm (note the current daily buildup of congestion southbound in the afternoon when the bridge is in the 3-lane
configuration means the demand is higher than shown in the graph for this period — the graph represents capacity over
this period). Delaying the southbound lane reductionfrom four to three lanes will help to limit the southbound buildup
but will increase the risk that the northbound. backlog also won’t be able to clear — despite the northbound direction
gaining a lane. The northbound trigger point appears to be the upstream critical bottleneck at Greenlane — if the queue
from the AHB that builds prior to the opening of the fourth lane reaches Greenlane then that critical bottleneck will
activate up to two hours earlier than usual. This will cause a cascading impact on conditions on the southern motorway
for the rest of the afternoon with queues potentially extending as far as SH20 as the Greenlane bottleneck is unable to
clear its own backlog before PM.peak demands hit.

Figure 44 illustrates the dynamics of this situation and highlights the importance of optimising the timing of the MLB shift
to limit congestion build-up-on the northern motorway, whilst simultaneously avoiding triggering a collapse in the
southern motorway.

If the 1-Lane option is implemented, it will result in the AHB forming a critical bottleneck in the middle of the day in both
directions where _one currently doesn’t exist. The net result of this will be a less reliable network: on higher demand
days the backlog on the southern motorway won'’t be able to clear, whereas on lower demand days it will. In addition,
varying the times of the AHB lane shift to manage this is likely to lead to more highly variable congestion levels on the
northern motorway in the PM peak. However, not varying the times will require a consistently early switch time to limit
the risk of'causing conditions on the southern motorway to collapse. This in turn will lead to some very high PM peak
congestion on the northern motorway. The consequence of trying to actively manage and balance these issues is likely
to'be much wider variability of congestion levels on both corridors leading to the AHB at the same level of variation in
day-to-day traffic demands as 2019. This would be likely to significantly reduce network reliability and predictability of
customer journeys on the busiest stretch of road in the country.
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Figure 44 — Sensitivity of Northern and Southern motorway to AHB barrier change time
— P90 Demands, MAX CAPACITY SCENARIO
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It is considered unlikely that the congestion created during the middle of the day would prompt sufficient further
behaviour change to eliminate the issue:

o PT provides a much lower level of service at this time of day than during the peaks, with lower service
frequencies and park and ride facilities being full after the AM peak. This means customers would have to rely
on local feeder services to reach a busway station and then change service to continue into the city.

* The alternative route via SH16, SH18 and Upper Harbour Bridge is considerably longer for most journeys that
start or end on the North Shore.

Data from 2019 suggests most customers are likely to accept considerable delay on SH1 before considering switching
routes or modes. Figure 20 indicates in 2019 daily congestion persisted on SH1 southbound between 3pm and 6pm
whilst the SH18 route enjoyed up to a 12-minute advantage over SH1 for trips between Albany and the exits for the
Onehunga / Penrose. Figure 18 indicates PT patronage southbound over the AHB was very low during the whole
afternoon whilst this congestion occurred.

6.3.3 Impacts on Economic Productivity

The reliability issue discussed above would have a large adverse impact on freight with some 5,000 heavy commercial
vehicle movements across the AHB between 12pm and 8pm each day. The southern motorway between Mt Wellington
and Grafton Gully which is heavily impacted by the reduced reliability is the busiest freight route in the country. More
widely varying and less predictable delays on this corridor would create significant problems for freight operators and
industry logistics.

6.3.4 Impacts on Network Resilience

The loss of one traffic lane from a strategic link like AHB is likely to have a substantial negative impact on network
resilience and resulting customer journey reliability. To assess this the following incident scenario was run in the CTM
on both the base (current) situation and the 1-Lane option®.

e One northbound lane on the AHB blocked for 1-hour 4pm to 5pm
 AHB northbound in 4-lane configuration before the incident

The heatmaps in Figure 45 indicate worse and prolonged impacts on the southern motorway. An incident of this type
happens fairly regularly in the afternoon in or just prior-to the PM peak.
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8 This is the same analysis that was reported on for the tier one assessments. Time constraints prevented additional incident
scenarios being tested. However, the resilience impact is considered important, so the results of this assessment are repeated here.
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6.4 Outcome of Tier Three Assessment
The main outcomes of the tier three assessment can be summarised as follows:

e The average impact of the 1-lane option at higher-than-average traffic demand levels is likely to vary between
moderate and severe, being heavily dependent on the level of traffic capacity the layout of the remaining lanes
on the AHB and its approaches is able to achieve.

e Under the 1-Lane option interpeak and PM peak congestion is likely to vary much more widely between average
and high demand days than it did pre-COVID, resulting in a less reliable network and less predictable journeys
for people, goods and services. Freight and commercial trips on the SH1 corridor between SH18 and' Mt
Wellington would likely be heavily impacted by this.

e Enhanced optimisation of the MLB timing would help to mitigate the increased unreliability, using real-time data
analytics to adapt the timing of the move to prevailing conditions.

e The loss of one lane for traffic on the AHB is likely to have a major impact on network resilience. 1Even a short
blockage of a single lane anytime between 12pm and 6pm on an AHB with only seven totallanes of general
traffic capacity is likely to create delays of a substantially higher magnitude than the same incident under current
operation, and the network is likely to take longer to recover to normal conditions.
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All of the scenarios assessed in tier 2 and tier 3 indicate adverse impacts on traffic across the network to a greater or
lesser degree. This leaves the question of what level of demand reduction would be required to avoid all adverse
impacts to traffic, and is this level of demand reduction credible? This is not a straightforward question to answer, but
an idea can be gained by considering two different approaches. Firstly, the minimum theoretical demand reduction to
achieve no impact for each option — in other words if just enough traffic demand was removed at just the right times of
day to avoid any remaining excess demand, how much would this be?

To avoid traffic impacts practically all of the time, this was assessed using the P90 demand profiles from 2019 (implying
there would only be adverse impacts to traffic on 10% of weekdays — approximately 25 occasions per year). This was
combined with the minimum capacity values for the AHB, its approaches and the active facility layout.

Figure 46 and Figure 47 provide a diagrammatic indication of the required minimum demand removal (with the orange
shaded areas representing the minimum level of demand across the day that would need to be removed.on a permanent
basis). Inthe case of the 2-Lane option the required demand reduction across the day would be 30,000 vehicles, and
in the case of the 1-Lane option it would be 11,000 vehicles.

A second way torlook at this is to revisit the observed daily demand and congestion impacts experienced during the
extended period of 2-lane closure following the truck strike incident on the AHB in Sep-2020 that were initially reviewed
in the phase I-report (tier 1 assessment). Figure 48 below indicates that AHB demands reduced on average by 44,000
vehicles per.day compared to the 2019 pre-COVID (P50) baseline during the period when 2-lanes were closed following
the truck-bridge strike in September 2020 (with around 10,000 vehicles per day re-routing to the alternative route via
Upper. Harbour Bridge on SH18). However as indicated in Figure 49 and Figure 50, despite this level of demand
reduction extensive congestion was still experienced on SH1 in both directions approaching the AHB over 8-10 hours
per-day, with queue lengths reaching up to 6km heading southbound and 16km heading northbound. Hourly flow profiles
indicate the capacity throughput achieved on the bridge during the congested periods varied between 4,800 and 5,000
vehicles per hour (with this being limited by the Temporary Traffic Management layout on each approach).

On this basis it could be estimated that in practice, given the shape of the resulting demand profile across the day, it
would likely take a demand reduction of somewhere between 45,000 and 50,000 vehicles per day to avoid all congestion
impacts if two lanes on the AHB were removed permanently. This represents between 150% and 167% of the theoretical
minimum value based on Figure 46. If it is assumed the same multiplier would be required for the one lane option, this
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would mean a reduction of between 16,500 and 18,400 vehicles per day to avoid any congestion impacts for the one
lane option under high (P90) demands.

For comparison, the maximum demand reduction used for the tier 2, 2-lane option assessment was 17,000 vehicles,
and for the tier 3, 1-Lane option assessment it was 7,000 vehicles.

Weekday daily traffic demand across Waitemata Harbour
- during Sep-20 AHB bridge strike closures
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Figure 48 - Daily traffic demand across Wafremﬁq"fﬁamow during Sep-2020 AHB truck strike closures
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2020 truck strike incident SH1 southbound traffic congestion with 2 lanes closed and daily demand reduction of
44,000 vehicles (bidirectional) compared to typical 2019 (pre-COVID) levels
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To assess how credible these rough estimates of demand reduction to avoid all' congestion impacts are, consider the
trend in Annual Average Daily Traffic (AADT) across the AHB since 1990 (Figure 51). The only significant reduction in
AADT on the AHB occurred in 2008 - the year following the opening of the Northern Busway. This resulting in a 7.5%
reduction in AADT, before it began to rise again the following year (returning to pre-Northern Busway levels seven years
later, despite patronage on the Northern Busway almost tripling over the same period). The required reductions in daily
AHB demand for no adverse traffic impacts compare to this reduction as follows?:

» The 2-Lane option would require equivalent to a 26% reduction in AADT (over three times that achieved by the
Northern Busway in its first year, returning the AHB AADT to 1994 levels).

* The 1-Lane option would require equivalentto'a 5.4% reduction in AADT (70% of that achieved by the Northem
Busway in its first year, returning AHB AADT to 2013 levels).

AHB AADT over time (pre-COWID) - and future reduction required to avoid ALL traffic impacts
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9 This assumes that AADT equates to 88% of typical weekday daily velumes (based on 2019 data for the AHB) and using the demand
reductions required under P50 2019 base demands — as these would represent the reductions required on average throughout the
year to avoid impacts (on higher demand days, higher reductions would be required).
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The magnitude of these demand reductions does not seem credible in this context: if provision of a new high-quality
rapid transit corridor is required to attract 7.5% of AHB demand away from private vehicle use it seems highly improbable
similar levels would be achieved by removal of the 1-Lane of traffic capacity to provide an active mode facility, with no
improvement in other alternatives. The active mode facility has been assessed based on the available evidence that in
the best-case scenario it is only likely to attract 17% of the required demand reduction for the 1-Lane option (and 6%
for the 2-Lane option).

These observations also offer some additional validation of the levels of demand reductions adopted for the tier 2 and
tier 3 assessments. It is something of an open question whether additional strong demand management measures
such as significant Central City parking supply reduction and/or price increases and congestion charging (post 2025)
could reduce demand enough to avoid much of the congestion impacts assessed in tier 2 and tier 3. However, @iven
the practical constraints on the quantity of demand that could switch to other modes this would require a significant
amount of permanent cross-harbour trip suppression (against the background of expected continued regional population
growth). A glance at Figure 51 indicates that demand suppression of the scale needed to largely avoid additional
network congestion for either option would likely impose a heavy impact on the region’s economy.

NZ TRANSPORT AGENCY AUCKLAND SYSTEM MANAGEMENT REVISION 3 // PAGE 54 OF 90



NZ TRANSPORT
AGENCY

E\NA KA KOTAHI

The AHB currently operates largely free of congestion (including during peak periods) as a consequence of upstream
“strategic” bottlenecks that throttle the arrival of traffic to the bridge. This current situation aligns well with the Auckland
Network Operating Plan the Auckland Motorway Operational Strategy (AMOS) that is currently being developed. A key
concern with both options would be the impact on PT services that use the AHB if one or two lanes are reallocated as
the AHB itself would consequently become a critical bottleneck in each direction. The upstream bottlenecks currently
ensure a good LoS for PT on the AHB and its immediate approaches where buses use general traffic lanes.

Loss of two general traffic lanes would have a severe impact on the operation of the motorway and strategic arterial
networks. Even allowing for optimistic behaviour changes assumptions that would remove over 17,000 vehicles per
day from the AHB (including more than 2,000 vehicles per hour for three hours in each peak) this would fail to'prevent
close to a doubling of motorway congestion hours along with a doubling of the total length of on-ramp queues (compared
to 2019 conditions). It is an open question whether additional trip suppression would occur to attenuate these impacts,
however suppression of sufficient trips to significantly reduce the resulting congestion would itself impose a heavy impact
on the region’s economy. Even a reduction of 17,000 vehicles per day would reduce the AADT on the bridge to levels
not seen since the year after northern busway opened, 15 years ago.

The impacts of the 1-Lane option appear relatively modest compared to the 2-Lane option but are still significant from
a customer perspective. The loss of one lane for one or other direction at all times of day.is 'likely to result in traffic
backlogs that build up daily during the middle of the day. Although relatively modest to begin with the resulting backlog
on the northern motorway will build rapidly into the afternoon. Active management to mitigate this by delaying the AHB
lane switch as late as possible each day would risk the opposing backlog on_the southern motorway triggering a
cascading impact on traffic conditions on that corridor into and through the PM peak. This situation becomes more
unstable on days when traffic demands are high and presents a risk of a major deterioration in network reliability for the
busiest road corridor and freight route in New Zealand.

The Western Ring Route alternative route to SH1 via SH18, SH16 ‘and SH20 does not provide its function very
effectively. As well as being much longer it suffers from severe capacity constraints in a number of locations (most
critically on SH16 westbound and eastbound) and the ramp metering system does not currently manage SH16 inflows
effectively. This means at peak times when already congested it.does not provide a viable alternative unless congestion
on SH1 is extremely bad. When SH1 is extremely congested any re-distribution of traffic to SH16 or SH20 rapidly leads
to these corridors also becoming severely congested.. 'The net result of this redistribution of traffic would be to
significantly impact overall regional accessibility (see .SH20 congestion heatmaps in Appendix E for 2-Lane option).
While this would be an issue daily under the 2-Lane option it would also significantly impact network resilience under
the 1-Lane option, under circumstances such as a‘lane blocking incident on the AHB (a situation that occurs once every
few weeks).

The loss of resilience associated with the 1<Lane’option could be mitigated to some extent through minor improvements
for general traffic operation to address key capacity pinch-points and ramp metering (especially on SH16). A number
of potential projects to do this have already been submitted by the ASM to the Auckland Optimisation Programme.

The level of traffic demand reduction required to avoid network traffic congestion impacts altogether does not seem
credible through mode shift, trip rerouting and re-timing alone based on the required reduction in AHB AADT. Additional
demand management measures of a severity necessary to achieve the large-scale permanent suppression
(cancellation) of cross-harbour trips needed to avoid these impacts would likely have significant economic
consequences for the Auckland region.
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This is taken from the report of the previous assessment that was carried out in May — June 2021
“All models are wrong, but some models are useful.”

The statistician George Box is known for this aphorism — and he goes on to say that the question you should ask is not
“is the model true?”, but “is the model good enough to be helpful for a particular application?”

There are a number of available traffic modelling tools that can help to answer the question of what will happen to the
excess traffic demand if one or two traffic lanes on the AHB were re-purposed as a cycling and walking facility. However,
none of these tools are ideally suited to the job, and none on their own can give a fully robust answer. However, they
all provide some help in trying to understand the likely impacts on traffic.

The available modelling tools are:

e Auckland Macro Strategic Model (MSM)

e Auckland Dynamic Traffic Assignment Model (ADTA)

e Northern Corridor Improvements (NCI) SATURN model

e Auckland Motorway Network Cell Transmission Model (CTM)
¢ AHB Queuing model (AHB-Q)

The Auckland Macro Strategic Model (MSM) covers the region’s entire road network and Public Transport system. It
is operated by the Auckland Forecasting Centre and its primary role is to understand-how major changes to the transport
system affect mode choice between private vehicles and public transport, and"how private vehicles distribute themselves
across the road network. The model evaluates the network in 2-hour blocks_of time (there are three 2-hour blocks to
cover AM peak, interpeak and PM peak). The representation of the motorway network is coarse, and congestion is
represented through delays on individual links and intersections, whichis suited to large models used for strategic
planning purposes. However, this type of model is not well suited to replicating small-scale operational changes
because it does not provide realistic propagation of congestion and'queues in a way that realistically affects performance
of upstream sections of the network.

Northern Corridor Improvements (NCI) SATURN (Simulation and Assignment of Traffic to Urban Road Networks)
model. The primary role of this tool is to determine how a fixed amount of traffic routes itself from a series of journey
start locations (origins) to series of corresponding end-locations (destinations), accounting for delays along the way. In
other words, it determines how traffic is distributed across a congested network. By accounting for capacity constraints
of a network (primarily at intersections) SATURN-incorporates “flow metering” which provides a realistic spread of
congestion across a network — including how.queues can block flows at upstream intersections. SATURN is normally
used to model large areas (thousands of links), although it is capable of analysing the effects of relatively minor network
changes. However, it is limited in relation to analysing motorway operation in two ways:

e |t was not originally designed-to model motorways and as such is limited in how motorway capacity can be
represented. Additionally; most effort to calibrate a SATURN model is devoted to operation of intersections on
the arterial network (which usually govern the routing if traffic), often leading to the use of “typical’ capacities
across most motorway links, where in reality individual links may differ considerably from this.

e SATURN is normally used to model the peak hour as a single one-hour block of time, which limits the ability to
accurately ‘reflect the growth of congestion spatially across the network. The buildup of queues throughout the
peak can-be approximated through use of an additional 1-hour “pre-peak” model — which effectively “loads” the
network with queues before the peak model is run.

The NCI SATURN model has the added limitation that it only covers the Auckland network north of CMJ and the
Waterview' Tunnel — SH20 and the Southern Motorway are not included. This means any congestion impacts of
madifying the lanes on the AHB on the operation of the southern motorway will not be represented.

The Auckland Dynamic Traffic Assignment Model (ADTA) is also operated by the Auckland Forecasting Centre.
Dynamic Traffic Assignment models also determine the routing of traffic through and its resulting distribution across a
network, but they consider the growth and spreading of congestion over time and space in a more realistic way, using
multiple, smaller time periods. However, because of this Dynamic Traffic Assignment Models are extremely complex
models - which is compounded when they are used to represent very large networks (the ADTA, like the MSM, covers
the entire of Auckland’s road network). They are very difficult to calibrate to observed data, which means that not all
parts of large models will respond realistically.

NZ TRANSPORT AGENCY AUCKLAND SYSTEM MANAGEMENT REVISION 3 // PAGE 56 OF 90



E\NA KA KOTAHI

NZ TRANSPORT
AGENCY

The Auckland Motorway Cell Transmission Model (CTM). This tool was designed and built by the AMA Network
Performance Team specifically for analysing congested operation of the Auckland motorway network and is now
operated by the ASM. The CTM simulates macroscopic traffic behavior on a corridor network by dividing it into short,
homogeneous sections (called cells) and calculating traffic behavior in each cell at each discrete time-step using
concepts from theories of fluid flow. It has the following strengths:

e It accurately captures the formation, spreading and clearing of congestion in time and space and models an
entire 24-hour period in one continuous model, using incremental 10-second time steps.

e |tis simple and quick to set up and run compared to traditional models (micro, meso or macro).
e Itis easy and quick to run large numbers of scenarios to sensitivity test input assumptions.

e |t has been calibrated for all parts of the motorway network and validated against 2018 observed data. It is
easy to incrementally improve calibration against continuously collected loop detector data.

e It realistically models the traffic responsive and coordinated operation of ramp signals, including realistic growth
of queues waiting at on ramps. The ramp signals within the model have used configuration-data from the
SCATS Ramp Metering System implemented in Auckland achieve realistic operation.

There are two primary weaknesses of the CTM:

e it only simulates the traffic impact of a given, fixed demand pattern — it does not re-route traffic when congestion
delays get high. However, it is quick and easy to incrementally modify demand patterns manually and run
multiple scenarios quickly.

e It only covers the motorway network and does not include arterial or local roads and therefore cannot directly
simulate the impact on them of changes to the motorway network or.its operation. However, through the
operation of ramp signals in the model changes in on ramp queues.can be used to infer likely impacts on the
arterial and local road network. This is limited by the fact that the impact on through traffic on adjoining arterials
getting caught up in ramp signal queues that block back ento these routes is not captured. Nevertheless,
changes in queuing at the on-ramp, corridor and network level-between modelled options is still a useful proxy
for relative arterial impacts.

AHB Queuing model (AHB-Q). This simple spreadsheet-based queuing model was built by the ASM following the
truck strike of the AHB in September 2020, to allow the.impact of alternative MLB operations on traffic flows in both
direction over the bridge to be assessed rapidly. By using accurate, detailed arrival profiles for the foot of the bridge in
each direction under a range of daily demand levels,.combined with accurate capacities for each lane configuration, a
clear picture of the growth and dissipation of backlogged traffic in either direction can be attained. However, it does not
track the progression of queues spatially along.the adjoining corridor and cannot account for the interaction of queues
with upstream congestion, on / off ramps or adjoining arterials.

Figure 52 provides an overview of the relative strengths and weaknesses of each of these modelling tools. The tools
were used in the following ways in.the assessment of the options:

e The AMN-CTM was used as the primary tool for evaluating the impact on motorway traffic congestion. The
capacity of the options was represented as accurately as possible from the preliminary layout designs available
at the time of the<assessment. Multiple demand scenarios were tested, with changes in demands comprising
the following components.

o Targeted mode shift (removal of traffic between specific on and off ramps)
o _'Re-routing (manual reassignment of traffic away from AHB to SH16/SH18/SH20)

e The-MSM was used to guide the magnitude of targeted mode shift to PT. We engaged with AFC who ran
several AHB lane reduction scenarios to represent the range of options.

e . The MSM and NCI SATURN model were use guide the magnitude of re-routing and the broad entry and exit
locations of these trips to/from the motorway. In addition to engaging with AFC, we discussed the NCI SATURN
model with Flow Transportation Specialists and conducted several tests with the model.

e The AHB-Q was used as a “common sense” check on the duration of congestion generated in the AMN-CTM
at the foot of the bridge in each direction for different options, and to a lesser extent the spatial extent of the
resulting congestion.
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e Itwas intended to use ADTA to better understand the potential propagation of congestion onto arterial and local
road networks. However, the timeframe was too short for us to agree with AFC what tests to run and for them
to prepare and run them in time for inclusion in this report.
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APPENDIX B — AHB TRAFFIC DATA SOURCES

There are three loop detector sites that the ASM uses to establish AHB traffic volumes for analysis purposes (see Figure

53 and Figure 54):

1. Classifier site (official TMS count site)
2. SCATS Ramp Metering System (SRMS) loops adjacent to the old toll plaza

3. BlackCat loops — old Odyssey site upgraded with BlackCat detector unit.

SCATS Ramp Metering System (SRMS) loop detectors — see next page

BlackCatloop detectors — see next page

Classifier site loop detectors (immediately below gantry)
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Figure 53 — Location of detectors used to establish AHB volumes
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The Classifier site has had various problems since December 2018 when the controller was upgraded which has led to
gaps in the data and periods with data for one or more lanes have not been recording data reliably. The BlackCat site
is relatively new and due to related system issues the data is not readily accessible in the way that it is for the other two
sites. Figure 55 provides a comparison of daily flows by direction for all three sites over the period Feb-Mar 2022, with
SRMS data from equivalent days in 2019 to illustrate on going impacts of COVID restrictions.

The Classifier. and'SRMS sites both show the same pattern of demand rising back towards pre-COVID levels over this
period, however the SRMS site delivers values that are consistently a little higher than the Classifier site (around 4%
northbound, ‘3% southbound or 3,000 and 2,000 vehicles per day respectively). Over this period the BlackCat data
seems to agree more closely with the Classifier data. However, at other times the BlackCat site seems to agree more
closely. with the SRMS site — such as during August 2020 (see Figure 56)
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Given the good continuity of SRMS data over many years a check-of AADT generated from SRMS data for the whole
year against official AADT figures was carried out for the last 3 available years of data, which showed close agreement
between SRMS data and the official AADT figure, especially for pre-COVID-19 (see Table 4).

Year Official AADT SRMS AADT Difference % Difference
2018 171,393 171,473 -44 -0.03%
2019 171,300 170,507 793 0.46%
2020 139,477 145.028 -5,551 -3.98%

Note that due to the issues with the Classifier site following the controller upgrade in late December 2018 the following
two years official AADT figure was established as follows:

e 2019 - supplementing available valid Classifier site data with data from the official TMS-continuous count
stations immediately up and downstream at Esmonde Road and St Mary’s Bay (including standard methods to
balance the differences) .

e 2020 — with only 8-9 months of useable Classifier data and extreme variations of flows in both‘directions the
AHB site was treated as a virtual site with AADT generated entirely from adjacent sites: the ‘official TMS
continuous count stations immediately upstream at Esmonde Road and a different SRMS site south of the AHB
in St Mary’s Bay (as the St Mary’s Bay TMS site itself had 210 days of invalid or missing data).

Based on the continuity of data from the SRMS site and its close agreement with official AADT figures pre-COVID the
SRMS site was used for the analysis to establish base demands for 2019. In addition, as data from the same site was
also used to establish AHB capacity estimates for the analysis (see Appendix D) this would mean any systematic bias
in volume data at the site would be accounted for in the analysis (as the impacts depend on the difference between
estimated demands and capacities).
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There are three important features of motorway traffic capacity:

1. Capacity has a “dual nature”: the capacity prior to flow breakdown is higher than the capacity after flow
breakdown (see Panel 1 and Figure 57 below)

2. Capacity is not a constant value but varies stochastically leading to a distribution of values (see Panel 2). This
applies to both pre-breakdown and post-breakdown capacity (see Figure 58).

3. Capacity can only be directly observed at locations that are active bottlenecks — where demand levels cause
flow breakdown to occur while traffic is free-flowing and unimpeded downstream.

Panel 1: Motorway capacity - flow breakdown and capacity drop
i ™

1. Motorway flowing at capacity

The motorway is running “full” - slightly slower than free flow speed with minimal gaps.

Average headway 1.8 seconds = 2,000 vehicles per hour per lane

i & Direction-of flow :>

e 7
T e N

2. Minor disturbance causes flow breakdown

A lane changing manoeuvre in heavy traffic causes the vehicles behind to brake slightly. Vehicles further behind are

forced to brake progressively more, until traffic several hundred metres back comes to a standstill, and a backlog of

queuing vehicles begins to form.

Directian of flow |:>
- & s T EDESEEEmEE BB, 8 &5 =5 =
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3. Queues grow as capacity drops

As vehicles pull away from the front of the queue variations in acceleration due te differing capabilities of vehicles and
differing driver behaviour leads to the average gap being greater than when the traffic is flowing, reducing the flow rate
to less than it was before. This is known as Congested Capacity Drop and means that the motorway performs worst
when needed the most. If traffic continues to arrive at the back of the queue faster than it is discharging from the front,
the queue grows backwards rapidly along the motorway, like a series of dominos falling. This congestion will only clear
when the traffic arriving ot the back of the queue reduces to less than the discharge rate at the front of the gqueue. At
peak times on an unmanaged motorway this can take several hours.

Average headway 2.0 seconds = 1,800 vehicles per hour per lane

|- » Direction of flow [:>
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4. Motorways can “absorb” disturbances when flows are lower (and gaps are larger)

At times when the motorway is not running “full” the gaps between cars are larger — allowing the flow disturbance
caused by lane changing and/or braking to be more easily absarbed. The larger gaps act as “buffers”, allowing cars to
compress and temporarily get closer without progressively harder braking and without much (if any) loss of speed. This
is like dominos being so far apart that a cascade s avoided when one falls.

Average headway 3.6 seconds = 1,000 vehicles per hour per lane

II J Direction of flow |::>
|

- J
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Panel 2: Motorway capacity is not a fixed value

The traditional approach to determining ‘capacity’ is to fit a curve to a point cloud represenfmg individual speed-flow
measurements. Capacity is then defined as the highest flow rate of that curve. The preblem of randomly selected
high traffic volumes (‘assumed capacity’) versus an appropriate representation of all points in the relevant area
(‘average’) is illustrated above for a 4-lane motorway (source: Gaffney et al. 2019)_'.' It needs to be understood that
the speed-flow combinations in the ‘capacity range’ are widely spread and need to be interpreted in @ meaningful
way.
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The concept of stochastic capacity.is based on observations of the demand flow that results in flow breakdown at a
bottleneck location. Numerous studies have indicated that the demand velume that causes breakdown is not a
constant value and varies in.real traffic flow and that the flow rate of a breakdown depends on the behaviour of
several factors combined with the specific local configuration of the motorway (see Brilon et. al. 2005).

85% probability of flow breakdown
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All three of these features are important when trying to establish the current capacity of the AHB.

Due to upstream bottlenecks limiting traffic arrival rates at the bridge capacity flow rates are not observed when the
bridge is in a 4-lane or 5-lane configuration (notwithstanding rare situations such is illustrated in Figure 36 when the
AHB remained in 4/4 configuration as the late 2021 COVID lockdown was eased, and demand levels rose day-by-day).

When the AHB is in 3-lane configuration however peak traffic arrival rates in that direction do exceed capacity leading
to observable flow breakdown events daily, allowing a quantitative-stochastic assessment of capacity.

The concept of stochastic capacity employs ideas from reliability engineering, with breakdown of traffic flow into
congested conditions being considered a “failure” of a localised section of motorway to process traffic demand efficiently
analogous to the failure of a component in an electrical or mechanical system.

If motorway traffic-flow breakdown is regarded as.a failure event, methods for lifetime data analysis can be used to
estimate the capacity (C), which is analogous‘to component lifetime (T). Plotting the cumulative distribution of flow-
rates immediately preceding each flow breakdown event characterised by bottleneck behaviour at the measurement
location should thus give an estimate of the-expected local capacity based on the 50™ percentile value, see Figure 59.
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However, this approach ignores the large proportion of flow-rate values that are not immediately followed by flow
breakdown — thus much of the available data is ignored. As a result, the capacity of the motorway at this point it
substantially underestimated. This is because all flow-rate values not followed by a flow breakdown imply that the
capacity at that point in time was greater than that measured flow. The greater the number of non-breakdown flow
values that exceed a given breakdown flow value, then the more the significance of that flow breakdown value
diminishes.

Ideas from reliability engineering and studies from lifetime analysis can assist here. Component lifetime analysis
employed in reliability engineering uses distributions for Mean Time Before Failure (MTBF) based on experiments_of
limited duration. Therefore, a similar situation to traffic flow breakdown arises, where the lifetime of numerous individual
components in the sample exceed the duration of the experiment and cannot be measured. It is only possible to state
that the lifetimes of these components are longer than the duration of the experiment. This “censored data” can be used
to improve the estimate of expected lifetime (or motorway capacity) through use of statistical methods originally
employed in studies which examined human lifespan data (Minderhoud et. al. 1998).

Table 5 is adapted from Brilon et al. 2005 and provides a direct analogy between lifetime analysis and-motorway traffic
capacity analysis.

Analysis of Lifetime Data

Motorway Capacity Analysis

Parameter

Time, t

TrafficVolume, q

Failure Event

Death at time t

Flow breakdown at q

Lifetime variable | Lifetime, T Capacity, C
Censoring | Tis longer than study period Cis greater than traffic demand
Survival Function S(t) =1- F(t) S(q) =1—-F(q)

Probability density function

f(t)

f(q)

Probability distribution function

F(t)

Fc(q)

The Product Limit Method (PLM) is a statistical technique that utilises the value of censored data to improve lifetime
estimates or in this case capacity estimates (Minderhoud-et. ‘al. 1998). Without entering into a detailed technical
description of the PLM, essentially it generates a survival function which weights the importance of each failure value
according to how many recorded non-failure values exceed it. This survival function will be shifted to the right of the
cumulative breakdown function as shown in Figure 60:
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However, the maximum value of the PLM function will be less than 1 unless the maximum observed value was, in fact,
immediately followed by a flow breakdown event. Therefore, in many cases only a partial survival function is generated
which terminates at Fc(q) < 1 at its upper end, making estimate of the expected value of capacity problematic (as
illustrated in Figure 60).
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Reliability analysis provides a solution to the incomplete survival function. The Weibull distribution is frequently used in
analysis of component failure rates and provides a good fit to the partial survival function provided by the PLM
(Geistefeldt 2010). Visual calibration of the Weibull shape and scale parameters to fit the PLM data allows a good
estimate of the expected value of capacity based on the 50th percentile value of the resulting Weibull curve (see Figure
61). Note that the in the example of Figure 61 the expected value of capacity based on the Weibull curve is around
2,000 vehicles per hour per lane compared to around 1,450 vehicles per hour per lane based on the distribution of pre-
breakdown flow rates.

il i il

[N -]
[~ Ve ]
~—
™~

go7
: /]

06
g / / Product
Z 05 Limit-M&thod
:‘SI: 0.4 - IJ / = Dist ribution of
£ / / Breakdown Vols
J a8 _

/ f/ S Weibull
0.2 + / Distribution

T D T TEEEE s S TR T T Y D S Y 4 7 e R
L OO D

PFFFPFFLFLFEELPFLESLPLS S SLE
VWG BT LOT A AR DT AT ADT AV AR 4RGP

Flow-rate per lane (vph)

fButd

The Product Limit Method has also been applied to post-breakdown (discharge) capacity flow distributions (Brilon et al
2005) although the logic here is flawed as comparison to life-time analysis shows: prior to flow breakdown traffic flow
(comparable to age) keeps rising until flow breakdown (comparable to death) occurs. It is the rising of traffic flow to
reach an unknown and variable capacity level (like aging towards an unknown point of death) that makes the logic of
the analogy work. However, under post-flow breakdown discharge capacity conditions the flow rate varies but it is not
continually rising (aging) towards a recovery from congestion but varying around an average value - meaning there is
no reason to expect that flow rate immediately before the recovery from congestion is censoring higher values.

Observed data from multiple loop<detector sites were used to quantitatively assess the capacity of the 3-lane
configuration in each direction.(see‘Figure 62). Data from the whole of 2019 was used. As the AHB remains in 4/4
configuration on weekends.and Public Holidays, and for long periods during December and January only weekdays
from February to November-(excluding Public Holidays) were used — resulting in 210 days of data which was filtered to
times when the AHB-was 'in the 3-lane configuration in each direction (6am to 1lam northbound, 3pm to 9pm
southbound). The data was analysed at 5-minute granularity.

Volume — Occupancy-graphs of 5-minute data for the 210 days indicated above were plotted for all detectors sites (lane
data aggregated in each case), see Figure 62. Congested and non-congested conditions determined by visually
estimating the critical occupancy values based on these plots (see vertical black line on each graph). Sensitivity testing
of the critical occupancy values indicated the final results were insensitive to changes of +/- 0.02.

Afterfiltering out any situations where the downstream detectors indicated congestion, cumulative pre-breakdown and
post-breakdown distribution curves were plotted for each direction (see Figure 63). Note that due to the differences in
the.volume values between the three northbound sites, the highest set of volume values (NB downstream site) were
substituted in, to ensure capacity was not underestimated.

The Product Limit Method was then applied to the pre-breakdown distributions to generate a partial survival function
and a Weibull curve fitted to the resulting plot (see Figure 63).
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Fi@( — Cumulative distribution curves for: pre-breakdown flow rates, post-breakdown flow rates, Product Limit Method survival
Q~ function and fitted Weibull curve (Southbound is top graph, northbound is bottom graph)
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Given that the peak traffic arrival at the foot of the bridge in the 3-lane configurations (northbound in the AM peak and
SB in the PM peak) exceeds the flowing (pre-breakdown) capacity of the 3-lane layout, flow breakdown becomes
inevitable!!. As a result, the congested (discharge) capacity that occurs following flow-breakdown is relevant to the
analysis of wider traffic impacts over the course of a typical peak period, not just the pre-breakdown (flowing) capacity
represented by the Weibull function.

The data indicate that over 210 days there were 194 breakdown events in the southbound direction, around one per
day and inspection of the data confirms that on 155 of the 210 days once breakdown occurred at the beginning of the
PM peak period there was no recovery until the end of the peak period. This reflects the nature of the bottleneck on the
southbound approach to the bridge in 3-lane configuration: a right-hand land drop followed by an uncontrolled-high
volume on ramp and a section of intense weaving — meaning there is little means to directly and adaptively manage
congestion to aid recovery once breakdown has occurred. When all the 5-minute periods across 2019 that were either
pre-flow breakdown or congested are considered together, pre-breakdown flows only represented 2% of the time.

In the northbound direction there are 1,042 breakdown events over the 210 days, indicating an average of five cycles
of breakdown and recovery over the average AM peak period. This also reflects the nature of the bottleneck in the
northbound direction when the bridge is in the 3-lane configuration: a merge bottleneck at Curran Street on ramp
affecting 2 of the 3 lanes, with the third lane physically segregated at the point of breakdown.-There is a right and lane
drop through St Mary’s Bay, but the input of additional traffic further downstream at Curran Street means the merge
becomes the more critical of the two. All upstream entry points are fully controlled — Curran Street is ramp metered and
the Fanshawe Street ramp meter operates in the AM peak — this means the coordinated.operation of the ramp metering
system provides a degree of direct influence in response to flow breakdown events making recovery more likely. Only
18 out of 210 days consisted of a single breakdown event followed by persistent congestion where the discharge
capacity distribution is solely relevant. In total when all the 5-minute periods<across 2019 that were either pre-flow
breakdown or congested are considered together, pre-breakdown flows only represented 17% of the time.

A further consideration relevant to the determination of 3-lane capacity.formodelling purposes is the average throughput
achieved at the bridge bottleneck during an entire congested peak period. While the 50" percentile (expected value) of
the post-breakdown curve reflects this — higher or lower percentiles of this curves do not since it treats each 5-minute
period as independent. In other words, for the 90" percentile value.of the post-breakdown curve to represent congested
throughput over the peak every 5-minute period for several-hours would need to achieve the 90" percentile level.

Since the modelling is concerned with determining the’ size of the traffic backlog that forms and then clears in each
direction over a peak for a specific demand level (including how far upstream this backlog reaches and what other
bottlenecks may be impacted by it), the distribution of the bottleneck throughput achieved over the entire congested
period becomes important in setting an appropriate capacity level in the model. Figure 64 and Figure 65 below uses
data from May 2019 to display time-space corridor congestion heatmaps in the top panels — with the solid black vertical
line in each case illustrating the typical period over which a backlog of congested traffic formed when the AHB was in a
3-lane configuration.

The bottom panels of Figure 64 and'Figure 65 display the cumulative curves for three different measures of capacity for
the 3-lane configuration of the AHB:

e Pre-breakdown (flowing) capacity (red line)
e Post-breakdown (congested) capacity (blue line)
e Congested peak total 2-hour throughput (black dotted line)

As expected, the curve of the 2-hour peak throughput coincides with the post-breakdown (congested) capacity curve at
the 50" percentile (expected) value, but in each case gives a tighter overall distribution (narrower range).

Overlaid on each graph is the capacity range used in CTM base model for the AHB when in 3-lane configuration (light
blue vertical band). In both cases the CTM capacity bands cover a broad range of the post breakdown and 2-hour
congested throughput curves above the 50" percentile and a substantial range of the pre-breakdown curves below the
50™ percentile. Note that in both cases the modelled range covers the 90 percentile of the 2-hour congested throughput
curve.

Given that the capacity analysis shows that when demand has reached the capacity of the 3-lane bridge bottleneck 98%
of the time in southbound direction and 83% of the time in the northbound direction it operates under congested capacity
conditions, the capacity ranges adopted in the CTM for the 3-lane configuration of the AHB seem appropriate.

11 Arrival demands exceed 3-lane capacity northbound in the AM peak and southbound in the PM peak. The Co-
ordinated ramp metering system is unable to manage arrival demands to below this due to a combination of uncontrolled
entry points upstream (Onewa Road) and insufficient queue storage collectively at the relevant upstream on ramps.
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Distribution of impacts by time and location are shown in visual summaries on following pages comprising:

o Network overview congestion heatmaps for AM peak (left side off the page) and PM peak (right side of the
page) for each option (based on P50 speed for each location over the 3-hour peak). This includes an insert
graph of total on ramp queues across the network in both peaks compared to typical values for 2019.

e Corridor congestion heatmaps for each option over whole day (right side of the page) compared to typical
congestion patterns for the same corridor from 2019 (left side of the page). For the one lane options'where
impacts are confined to the SH1 corridors upstream of the AHB only heatmaps for these corridors are
shown. For the 2-Lane options where impacts are also spread across the WRR (SH16 and/SH20) these
heatmaps are shown on the following page
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Tier 2: 2-Lane Option — Best Case (Minimum Demand — Maximum Capacity)
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Tier 2: 2-Lane Option — Worst Case (Maximum Demand — Minimum Capacity)
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lier 2: 2-Lane Option — Worst Case (Maximum Demand — Minimum Capacity)
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lier 2: 1-Lane Option — Best Case (Minimum Demand — Maximum Capacity)
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Tier 2: 1-Lane Option — Worst Case (Maximum Demand — Minimum Capacity)
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Tier 3: 1-Lane Option — Worst Case (Maximum Demand — Minimum Capacity)

Adjusted P50 demands + Level 1 mode shift + Peak Spreading
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Tier 3: 1-Lane Option — Best Case (Minimum Demand — Maximum Capacity)

Adjusted P50 demands + Level 2 mode shift + Peak Spreading
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Tier 3: 1-Lane Option — Worst Case (Tier-2 1-Lane Minimum Demands — Minimum Capacity)
Adjusted P90 demands + Level 3 mode shift + Peak Spreading
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Tier3: 1-Lane Option — Best Case (Tier-2 2-lane Max. Demands. excl re-routing — Max. Capacity)
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