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1. Executive Summary 

This report documents an initial attempt to value the cost of road congestion in 

Wellington City.  The costs of congestion are calculated based on the method 

presented in (Wallis and Lupton 2013) and use their definition of the costs of 

congestion (p24): 

The cost of congestion is the difference between the observed travel 

time and the travel time when the road is operating at capacity – plus 

schedule delay costs, reliability costs and other applicable social and 

environmental costs. 

The costs calculated include:  

• the value of time delay due to longer travel times,  

• the value to people from having to reschedule their travel to avoid 

congestion,  

• the increase in vehicle operating costs due to increased travel times, and  

• the implicit cost of greenhouse gas emissions due to increased travel times.   

 

The costs are based on traffic movement modelling results produced by the 

Ngauranga to Airport (N2A) Aimsun model developed as part of the Let’s Get 

Wellington Moving (LGWM) alliance.  The costs are based on traffic 

movements in Wellington City during a typical weekday that is neither a public 

holiday or during school holidays.  As such it does not account for any 

weekend traffic delays.  The modelling also does not account for any second 

round effects that might arise due to traffic congestion, eg loss of business 

opportunities.   

Health and safety implications, eg due to increased exposure to road accidents 

or due to higher exposure to traffic-related air pollution, have also not been 

accounted for in the current study.  There is some ambiguity about the impact 

of traffic congestion on road accidents (higher road density will increase the 

propensity for accidents, but lower speeds will reduce the harm caused in 

individual accidents).  However, it is clear that reducing congestion would 

reduce exposure to traffic-related air pollution and so would provide health 

benefits for the region’s population.  The implication of these missing factors is 

that the costs estimates produced in this report are more likely to understate 

rather than overstate the true cost of road congestion in Wellington City.  

Key results 

On a typical weekday in 2016 road congestion is estimated to have imposed a 

cost of $680,000 (in 2017 prices).  71% of this cost was associated with car 

traffic, 26% with buses and 3% with trucks.  74% of the cost was attributed to 

the cost imposed on people due to longer travel time, 17% to people having to 

rearrange their day to reduce their exposure to road congestion, and 9% due to 

higher vehicle operation costs associated with longer travel time.  Although the 

bulk of this congestion cost is associated with commuting (39% of the daily 

cost is associated with morning peak time travel and 46 % with afternoon peak 

time travel) there remains 16% of congestion costs associated with middle day 
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travel delays.  Based on an assumption of 195 days of congestion (ie weekdays 

outside of school and public holidays), these estimates imply an annual 

congestion cost of $133 million.  Monte Carlo distribution analysis, accounting 

for the uncertainty around many of the assumptions underpinning these 

estimates, suggest a one standard deviation margin around this central estimate 

of between $98m and $168m. 

Aimsun traffic projections indicate that with no change in the Wellington 

transport network, the annual cost of road congestion could increase to $180m 

by 2026, with a one standard deviation band of $133m to $226m. 

The uncertainty about point estimates of the cost of road congestion in 

Wellington means that the outlook for 2026 relative to 2016 ranges from a 

$35m decline to a $128m increase.  However, the most likely outcome is, in 

the absence of any transport initiatives, that the cost of road congestion will 

increase by around $50m between 2016 and 2026. 

  

2. Method 

The congestion cost estimates presented here are derived using methods based 

on (Wallis and Lupton 2013).  The estimates of road movements are based on 

the Ngauranga to Airport (N2A) Aimsun model developed as part of the Let’s 

Get Wellington Moving (LGWM) alliance.  The Aimsun model produces 

traffic measures for three vehicle types (cars, buses, trucks) in 15 minute 

periods within daily times zones (AM 6am-10am, IP 10am-2pm, PM 3pm-

7pm).  Model output used in the current analysis includes: 

• Flow (vehicle numbers) 

• Mean trip time (seconds/km) 

• Total distance travelled (km) 

• Mean speed (km/hour) 

• Mean delay (seconds/km) 

 

The model output is for the typical weekday that is neither a public holiday or 

during school holidays.  As such it does not account for any weekend traffic 

delays.   

The costs of congestion are defined in (Wallis and Lupton 2013, p24) as: 

The cost of congestion is the difference between the observed travel 

time and the travel time when the road is operating at capacity – plus 

schedule delay costs, reliability costs and other applicable social and 

environmental costs. 

The costs calculated include:  

• the value of time delay due to longer travel times,  

• the value to people from having to reschedule their travel to avoid 

congestion,  

• the increase in vehicle operating costs due to increased travel times, and  
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• the implicit cost of greenhouse gas emissions due to increased travel times.   

 

A critical issue is that we are defining congestion as the difference between 

observed travel time and the time taken when the road is operating at capacity.  

The delay time provided by the Aimsun model relates to the difference with 

free flow travel times, ie when vehicle travel is unimpeded by other traffic.  

Although free flow travel times might reflect an optimal outcome from the 

perspective of individuals, the economic costs of congestion relate to the costs 

to society in general.  Obviously building sufficient capacity that all travel was 

free flowing would be prohibitively expensive and so free flow travel times are 

unlikely to be optimal for society as a whole.   

Instead the focus is relating actual travel times with the travel times that 

optimise the traffic throughput of the existing transport network.  This 

unobserved travel time at capacity operation is estimated by rearranging the 

BPR function and solving for K.  The BPR function relates travel times to 

traffic flows and the free flow time: 

𝑡 = 𝛼𝑡𝑓 ∙ (1 + 𝛽 (
𝐷

𝐾
)
𝜌
)     (1) 

Where 𝑡𝑓 is the free flow time, D is demand, and K capacity.  Following 

(Wallis and Lupton 2013, p37) the parameters were assumed to be 𝛼 = 1, 𝛽 = 

0.2, 𝜌 =4.  For each 15 minute period the free flow trip time, 𝑡𝑓 , was calculated 

as the mean time minus the mean delay and demand, D, as the 15 minute 

vehicle flow as derived from the Aimsun model.  The capacity, K, and 

associated capacity time, 𝑡𝑐 are then derived using equation 1.   

Cost of extra time spent travelling 

The principal cost of congestion is associated with the value of the extra time 

people spend travelling.  This is calculated for each 15 minute period as: 

𝐶𝑖 = (𝑡 − 𝑡𝑐) ∙ 𝑇𝐷/3600 ∙ 𝑜𝑖 ∙ 𝑣    (2) 

The cost for travellers in vehicle type i (car, bus or truck) equals the time delay 

compared with capacity (measured in seconds/km) multiplied by the total 

distance travelled (TD, km), converted into hours (by dividing by 3600 

seconds) and then multiplied by the average occupancy of type i vehicles and 

the value of time per hour (assumed to be $23.32 per hour, being our estimate 

of the 2017 equivalent of the base value of time recommendations in (New 

Zealand Transport Agency 2016, p5-201).  

For our central estimates assume that the average vehicle occupancy is:  

• 1.4 persons per car at all times 

• 35 persons per bus in the morning and afternoon peak periods and 17 

during the inter peak period 

• 1 person per truck at all times 
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Cost of schedule delay 

In addition to the extra time that some travellers take getting to their desired 

destination, congestion will also entice some other people to travel at times 

other than their true preference simply to reduce their exposure to congestion.   

Schedule delay cost is estimated as the value of travel time relative to free flow 

times for the entire period (AM, PM) less the peak time travel delay relative to 

free flow, multiplied by the same occupancy, time value and trip distance data 

used for the time delay calculation (equation 2) multiplied by a share factor, 𝜎, 

that accounts for the proportion of travellers that are travelling outside the peak 

time in order to avoid congestion. 

𝑆𝐷𝑖 = 𝜎(∑ (𝑡𝑖,𝑝 − 𝑡𝑓𝑖,𝑝)
𝑃
𝑝=1 − ∑ (𝑡𝑖,𝑝∗ − 𝑡𝑓𝑖,𝑝∗)

𝑃∗
𝑝∗=1 ) ∙ 𝑇𝐷/3600 ∙ 𝑜𝑖 ∙ 𝑣  (3) 

The current study makes relatively arbitrary judgements about the value of the 

share factor, 𝜎: 67% of travellers on cars and buses in the morning and 50% of 

travellers on cars and buses in the afternoon.  The impacts of these assumptions 

are tested in the Monte Carlo analysis described below.  It is assumed that there 

are no schedule delays during the inter-peak period.   

Although transport and freight businesses might schedule deliveries to avoid 

peak times, it is assumed that this rescheduling does not impose any significant 

economic cost.  The implication is that the cost of congestion on transport 

companies is purely the extra hours they have to pay drivers and additional 

vehicle operating costs due to congestion increasing delivery times.  

Vehicle operation costs 

The increased travel time resulting from congestion will increase the cost of 

operating vehicles.  No allowance is made here for any accelerated vehicle 

depreciation that could arise due to congestion. So vehicle operation costs are 

estimated as additions to fuel use: 

𝑉𝑖 = (𝑡 − 𝑡𝑐) ∙ 𝑇𝐷/3600 ∙ 𝐹ℎ ∙ 𝑃𝐹    (4) 

The delay time in hours multiplied by fuel use per hour, 𝐹ℎ, multiplied by the 

price of fuel, 𝑃𝐹.  The central estimate for the price of fuel is taken as $2 per 

litre.  The fuel use, litres per hour is calculated as: 

𝐹ℎ,𝑖 = 𝑀𝑆𝑖 ∙ 𝐹𝐸𝑖       (5) 

The mean speed (km/hour) multiplied by fuel economy (expressed as 

litres/km).  Fuel economy data was sourced from http://rightcar.govt.nz/ for a 

range of vehicles.  The central estimate of fuel economy used here was 7 litres 

per 100km for cars, and 14 litres per 100km for trucks and buses.  These fuel 

economy assumptions are also relaxed in the Monte Carlo analysis. 

Environmental impacts 

As noted above no formal estimation is made here of the impact that 

congestion has on traffic related air pollution.  The impact of congestion on 

carbon emissions are valued, however.  The approach is analogous to that used 

http://rightcar.govt.nz/
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for calculating increases in vehicle operations costs, with carbon emissions 

replacing fuel economy and the spot price for carbon replacing the price of 

fuel.  Carbon emission data was also sourced from http://rightcar.govt.nz/.  The 

central estimate of car carbon emissions used in the calculations was 159 grams 

per km for cars and 322 grams for trucks and buses.  A price of $18 per tonne 

was used for the price of carbon based on information sourced from 

https://www.carbonmatch.co.nz/.    

Monte Carlo analysis 

As with any form of measurement, there is a degree of uncertainty surrounding 

the extent that our estimates approximate the true level of activity or value. To 

provide some sense of the precision of our estimates we augment our central 

estimates with Monte Carlo simulations that generate a probability distribution 

around the central estimate. This method comprises providing high and low 

estimates for each critical input, generating 20,000 simulations of each input 

assuming a Beta distribution around the low, central and high estimates, then 

combining 20,000 different random combinations of each of the inputs to 

generate a distribution of 20,000 potential outcomes. The net result is that our 

central estimates are augmented with confidence bands above and below, 

which may not necessarily be symmetrical.  

The strength of the Monte Carlo simulation is that it allows a wide range of 

combinations between the different items (eg one simulation could effectively 

assume that some assumptions are low but others are high). 20,000 simulations 

are in practice found to be sufficient to ensure that results are reasonably stable 

between different samplings (ie a redraw of random estimates do not change 

the distribution outcomes). 

The summary of key values for assumptions subject to Monte Carlo analysis 

are presented in Table 1. 

http://rightcar.govt.nz/
https://www.carbonmatch.co.nz/
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Table 1 

 

Key Values of Monte Carlo Assumptions 

Variable

Maximum 

Value

Minimum 

Value Average

Standard 

Deviation

Congestion time (Daily, hours)

Car

AM 7,507 859 3,451 2,140

IP 6,056 581 2,321 1,592

PM 10,361 1,269 5,092 3,037

Bus

AM 98 8 30 23

IP 48 3 12 10

PM 111 11 42 29

Truck

AM 356 46 185 105

IP 425 49 197 122

PM 333 47 188 101

Value of Time ($)

2016 27.55 20.13 23.35 0.91

2026 31.24 20.56 25.11 1.37

Vehicle occupancy rate (person per vehicle)

Car

AM 1.7 0.8 1.4 0.3

IP 1.7 1.1 1.4 0.2

PM 1.7 0.8 1.4 0.3

Bus

AM 44 26 35 2.3

IP 30 9 17 2.8

PM 45 27 35 2.3

Schedule delay impact (ratio)

AM 1.0 0.4 0.7 0.2

PM 0.8 0.4 0.5 0.1

Fuel price ($/litre)

2.15 1.63 2.00 0.13

Carbon price ($ per tonne)

2016 26.04 9.47 17.98 2.50

2026 48.20 7.41 24.93 5.54

Vehicle Fuel Economy (litres/100km)

Car 13.0 2.7 7.0 1.6

Bus 22.5 1.9 14.0 3.6

Truck 23.6 6.5 14.0 2.4

Carbon emissions (g/km)

Car 185 131 159 7

Bus 400 200 322 27

Truck 362 285 322 10

Congestion days per year

203 188 195 2
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3. Estimates for 2016 

A summary of the estimates of the costs of road congestion in Wellington on a 

typical weekday in 2016 (expressed in 2017 prices) are presented in Table 2.  

Based on the Aimsun modelling and our central assumptions the total daily 

cost imposed by road congestion is estimated to be $682,500 (in 2017 prices).  

This is the estimated cost of road congestion relative to the road system’s 

capacity level of traffic throughput.  The cost associated with car traffic, 

estimated at $486,600, is 71% of the daily cost.  Buses are associated with 26% 

of the daily cost: $176,000.  Trucks are associated with just 3% of the cost or 

$19,900. 

Longer travel times are the most important cost associated with road 

congestion, accounting for 74% or $502,900 of the daily cost.  People 

rearranging their day to reduce exposure to road congestion is estimated to 

have accounted for 17% or $117,000 of the daily cost.  Higher vehicle 

operation costs associated with longer travel times accounts for a further 

$61,300 or 9% of the daily cost.  The social cost imposed by higher greenhouse 

gas emissions adds a further $1,255 to the cost estimate, just 0.2% of the total 

estimate. 

Although the bulk of this congestion cost is associated with commuting (39% 

of the daily cost is associated with morning peak time travel and 46 % with 

afternoon peak time travel) there remains 16% of congestion costs associated 

with middle day travel delays.  This congestion during the inter-peak period is 

likely to reflect delays associated with traffic movements within Wellington 

City during the middle of the day.  The demand for middle day road travel may 

also contribute to peak time congestion as the need to travel by car during the 

middle of the day will encourage some people to commute into town by car.  

As noted in the introduction, the estimates presented here do not include any 

estimates of the health impact of extra traffic related air pollution or of any 

indirect second round impacts from road congestion, such as implications for 

business activity or job levels.  Including these factors would increase 

estimates of road congestion costs.  

 



 

 
PAGE 8 OF 22 ESTIMATES OF COSTS OF ROAD CONGESTION IN WELLINGTON REPORT V1 
  

Table 2 

 

 

Table 3 presents estimates of the implied annual congestion costs.  These 

annual estimates are based on the results from Table 2 over 195 days.  The 

assumption of 195 days of congestion is based on the number of weekdays 

outside of school and public holidays.  These estimates imply an annual 

congestion cost of $133 million.   

Being based purely on traffic movements on week days, the estimates exclude 

costs imposed on residents due to congestion during the weekend.  

Estimate of daily congestion costs in Wellington in 2016
Typical weekday, $, 2017 prices

Congestion 

time

Schedule 

delay

Vehicle 

operating 

cost

Environment 

impact Total

AM

Cars $112,200 $52,500 $17,400 $355 $182,500

Buses $45,900 $28,900 $200 $4 $75,000

Trucks $4,300 $0 $2,000 $42 $6,400

Total $162,500 $81,400 $19,600 $400 $263,900

IP

Cars $76,000 $0 $12,000 $246 $88,200

Buses $11,600 $0 $100 $1 $11,700

Trucks $4,600 $0 $2,300 $49 $7,000

Total $92,200 $0 $14,400 $296 $106,900

PM

Cars $165,800 $24,500 $25,100 $513 $215,900

Buses $78,000 $11,000 $200 $5 $89,300

Trucks $4,400 $0 $2,000 $42 $6,400

Total $248,200 $35,600 $27,300 $559 $311,700

All Day

Cars $354,000 $77,000 $54,500 $1,113 $486,600

Buses $135,500 $40,000 $500 $10 $176,000

Trucks $13,300 $0 $6,400 $132 $19,900

Total $502,900 $117,000 $61,300 $1,255 $682,500
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Table 3 

 

 

Monte Carlo distribution analysis, accounting for the uncertainty around many 

of the assumptions underpinning these estimates, suggest a one standard 

deviation margin (67% confidence band) around this central estimate of 

between $98m and $168m (see Figure 2).  These are based on daily cost 

margins of $503,000 to $860,000 (see Figure 1).  Graphical representation of 

the Monte Carlo analysis of the sub-components of daily congestion costs are 

presented in the Appendix. 

 

Estimate of annual congestion costs in Wellington in 2016
195 weekdays, $m, 2017 prices

Congestion 

time

Schedule 

delay

Vehicle 

operating 

cost

Environment 

impact Total

AM

Cars 21.9 10.2 3.39 0.069 35.6

Buses 9.0 5.6 0.04 0.001 14.6

Trucks 0.8 0.0 0.39 0.008 1.2

Total 31.7 15.9 3.82 0.078 51.4

IP

Cars 14.8 0.0 2.34 0.048 17.2

Buses 2.3 0.0 0.02 0.000 2.3

Trucks 0.9 0.0 0.45 0.010 1.4

Total 18.0 0.0 2.81 0.058 20.8

PM

Cars 32.3 4.8 4.89 0.100 42.1

Buses 15.2 2.1 0.04 0.001 17.4

Trucks 0.9 0.0 0.39 0.008 1.3

Total 48.4 6.9 5.32 0.109 60.8

All Day

Cars 69.0 15.0 10.63 0.217 94.9

Buses 26.4 7.8 0.10 0.002 34.3

Trucks 2.6 0.0 1.23 0.026 3.8

Total 98.0 22.8 11.95 0.245 133.0
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Figure 1 

 

Figure 2 

 

 

 

4. Forecasts for 2026 

 

Forecasts of the costs of congestion in Wellington in 2026 are based on 

Aimsun modelling of traffic flows that assume no changes to transport 

networks in Wellington.  Like the 2016 estimates the cost modelling for the 

2026 forecasts uses 2017 prices, with two exceptions:  

• An allowance is made for an 8% increase in the value of time, reflecting 

the pace of real wage growth over the last decade.  

• The price of carbon is increased from $18 to $25 per tonne. 
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Allowing for these relative price changes and Aimsun traffic projections 

indicates that with no change in the Wellington transport network, the daily 

cost of road congestion could increase by 35% from $682,500 in 2016 to 

$921,700 in 2016 (see Table 4 and Table 5).   

On an annual basis the forecasts indicate that the cost of road congestion could 

increase by $47m to $180m by 2026 (see Table 6 and Table 7).  Monte Carlo 

analysis indicates that the one standard deviation band around the central 

forecast ranges from $133m to $226m (see Figure 4). 

The uncertainty about point estimates of the cost of road congestion in 

Wellington means that the outlook for 2026 relative to 2016 ranges from a 

$35m decline to a $128m increase.  However, the most likely outcome is, in 

the absence of any transport initiatives, that the cost of road congestion will 

increase by around $50m between 2016 and 2026. 

 

Table 4 

 

Forecasts of daily congestion costs in Wellington in 2026
Typical weekday, $, 2017 prices

Congestion 

time

Schedule 

delay

Vehicle 

operating 

cost

Environment 

impact Total

AM

Cars $186,800 $59,200 $25,400 $722 $272,100

Buses $62,200 $29,000 $200 $6 $91,500

Trucks $8,200 $0 $3,300 $94 $11,500

Total $257,200 $88,200 $28,900 $822 $375,200

IP

Cars $109,900 $0 $15,900 $452 $126,300

Buses $14,100 $0 $100 $2 $14,200

Trucks $7,200 $0 $3,200 $92 $10,400

Total $131,200 $0 $19,200 $546 $150,900

PM

Cars $215,100 $37,500 $29,600 $841 $283,100

Buses $89,000 $13,400 $200 $7 $102,700

Trucks $7,000 $0 $2,800 $80 $9,800

Total $311,100 $50,900 $32,600 $928 $395,600

All Day

Cars $511,800 $96,700 $71,000 $2,015 $681,500

Buses $165,300 $42,500 $500 $15 $208,300

Trucks $22,300 $0 $9,300 $266 $31,800

Total $699,400 $139,200 $80,800 $2,296 $921,700
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Table 5 

 

 

Expected change in congestion costs in Wellington, 2016 to 2026
% Change

Congestion 

time

Schedule 

delay

Vehicle 

operating 

cost

Environment 

impact Total

AM

Cars 66% 13% 46% 103% 49%

Buses 36% 0% 0% 50% 22%

Trucks 91% 0% 65% 124% 80%

Total 58% 8% 47% 106% 42%

IP

Cars 45% 0% 33% 84% 43%

Buses 22% 0% 0% 100% 21%

Trucks 57% 0% 39% 88% 49%

Total 42% 0% 33% 84% 41%

PM

Cars 30% 53% 18% 64% 31%

Buses 14% 22% 0% 40% 15%

Trucks 59% 0% 40% 90% 53%

Total 25% 43% 19% 66% 27%

All Day

Cars 45% 26% 30% 81% 40%

Buses 22% 6% 0% 50% 18%

Trucks 68% 0% 45% 102% 60%

Total 39% 19% 32% 83% 35%



 

 
ESTIMATES OF COSTS OF ROAD CONGESTION IN WELLINGTON REPORT V1 PAGE 13 OF 22 
 

Table 6 

 

 

Forecast of annual congestion costs in Wellington in 2026
195 weekdays, $m, 2017 prices

Congestion 

time

Schedule 

delay

Vehicle 

operating 

cost

Environment 

impact Total

AM

Cars 36.4 11.5 4.95 0.141 53.1

Buses 12.1 5.7 0.04 0.001 17.8

Trucks 1.6 0.0 0.64 0.018 2.3

Total 50.2 17.2 5.64 0.160 73.1

IP

Cars 21.4 0.0 3.10 0.088 24.6

Buses 2.7 0.0 0.02 0.000 2.8

Trucks 1.4 0.0 0.62 0.018 2.0

Total 25.6 0.0 3.74 0.106 29.4

PM

Cars 41.9 7.3 5.77 0.164 55.2

Buses 17.4 2.6 0.04 0.001 20.0

Trucks 1.4 0.0 0.55 0.016 1.9

Total 60.7 9.9 6.36 0.181 77.1

All Day

Cars 99.8 18.9 13.83 0.393 132.9

Buses 32.2 8.3 0.10 0.003 40.6

Trucks 4.4 0.0 1.81 0.052 6.2

Total 136.4 27.1 15.74 0.448 179.7
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Table 7 

 

 

Expected change in congestion costs in Wellington, 2016 to 2026
$ m

Congestion 

time

Schedule 

delay

Vehicle 

operating 

cost

Environment 

impact Total

AM

Cars 14.55 1.31 1.56 0.07 17.49

Buses 3.18 0.02 0.00 0.00 3.20

Trucks 0.76 0.00 0.25 0.01 1.02

Total 18.49 1.33 1.81 0.08 21.71

IP

Cars 6.61 0.00 0.76 0.04 7.41

Buses 0.49 0.00 0.00 0.00 0.49

Trucks 0.51 0.00 0.18 0.01 0.69

Total 7.61 0.00 0.94 0.05 8.59

PM

Cars 9.61 2.54 0.88 0.06 13.09

Buses 2.15 0.47 0.00 0.00 2.61

Trucks 0.51 0.00 0.16 0.01 0.67

Total 12.27 3.00 1.03 0.07 16.37

All Day

Cars 30.77 3.84 3.20 0.18 37.99

Buses 5.81 0.49 0.00 0.00 6.30

Trucks 1.77 0.00 0.59 0.03 2.39

Total 38.36 4.33 3.78 0.20 46.67
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Figure 3 

 

Figure 4 
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5. Appendix 

 

2016 Estimate Charts 
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2026 Forecast Charts 
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