
Decarbonising Transport in Emerging 
Economies (DTEE) - Azerbaijan
National passenger model training session



Recalling the context

• The ITF team has worked with the Azerbaijan Ministry of Digital 
Development and Transport and the Baku Transport Authority to build 3 
tools that allow to assess the impact of policy measures on transport 
demand and related emissions to 2050. 

• The 3 tools are MS Excel-based and cover: 

– Passenger transport in Baku 

– Passenger transport in Azerbaijan (excl. Baku) [FOCUS OF THIS 
PRESENTATION]

– Freight transport in Azerbaijan

• The tools (incl. training material) are made available to any interested 
stakeholders
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Recalling the context

• The tools should help policy makers put in place efficient policy 
measures to reduce carbon emissions from transport. 

• Results may feed national or international policy documents (e.g. national 
transport plans or updates of Azerbaijan’s NDC).

• The tools were developed in the context of the Decarbonising Transport in 
Emerging Economies project (www.itf-oecd.org/dtee)
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https://www.itf-oecd.org/dtee


4

1. Introduction

2. Model components

Main functions

Scope

Modelling structure

Model Inputs

Model components



Purpose of this meeting

Present the passenger modelling tool in detail, explain its structure 
and how its components interact

Goal of todays meeting:

 Model users are able to understand and use the tool easily

 Model “handlers” are able to update modelling assumptions

 Use this presentation as a manual for future users

This manual should be used together with the model methodology 
note
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The Modeling tool



General information about the model

The model is built in Microsoft Excel (macro enabled workbooks)

A run takes a few seconds with a standard computer

The model estimates passenger transport for Azerbaijan, excluding 
Baku 

The model relies on local sources, such as national statistics. Where 
local data is unavailable, data from ITF global models or other 
external sources is used
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General information about the model

It is a strategic modelling tool allowing to assess the impact of 
CO2 mitigation measures, including:

 Infrastructure developments (e.g. new highways, new rail lines)

 Improvements in existing services (e.g. train line electrification, 
improved train frequency, improved bus service quality)

 Other policies (e.g. car sharing, eco-driving)

 Vehicle technology adoption (e.g. electric vehicle uptake)

Allows the user to develop different policy scenarios to 2050 and 
assess resulting transport activity, mode shares, and related 
emissions
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Level of disaggregation 

The model differentiates:

 11 zones

 4 modes of transport: Car, Rail, Bus, Air

 5 fuel types (gasoline, diesel, electric, methane, H2)

 5 years step from 2015 to 2050
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Model Zones (11)

Zonal System

Azerbaijan’s Economic 

Regions

 Models were 

calibrated on these 

zones

 Policies will have an 

effect at this level
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The principle of the
4-steps transport model

Generation step

Number of trips for the 

given population (mobility 

rate, car ownership, 

employment) from 

household surveys

Emissions Attractions

Distribution step

Choice of destination

(impedance function: 

distance or travel time)

=> OD matrix, controlled 

from OD surveys

Mode choice

Calculation of utility per 

mode to estimate mode 

shares

Car Public Transport

Loop on travel time

Demand modelling

(strategic)

(Traffic modelling)

Assignment

Choice of route according to 

generalised cost.

Comparison with traffic 

counts.



From transport activity to CO2 estimates
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Passenger 
flows 

between 
zones by 

mode

Passenger 
kilometers 

PKM by 
mode

Load 
factors

Vehicle 
kilometers 

VKM by 
mode

CO2 
emissions 
by mode

Vehicle stock 
modules



Main Model Sections
 Introduction

 Data explorer

 Scenario building and key output

 Model Inputs 

 Model components
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Before you run the model(!)
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Always enable manual calculation of formulas – otherwise each 

edits triggers a computation of the model.

How? Go to options, formulas, select manual. 

Also enable iterative 

calculation

Set your maximum 

iterations (5 is added 

by default)



Intro sheet
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Generic information about the 

model



Data Explorer
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Contains links to the various 

sheets of the model



Scenario builder
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 This sheet is used to define the 

two scenarios to be tested.

 The pre-agreed upon scenarios 

(baseline and alternative) are 

prefilled

 To calculate the results



Scenario builder
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 Always use the calculate button 

to run the model

 Input cells (in light blue) have 

instructions and dropdown 

menus to select. Error 

messages will block you from 

selecting a different value

 Zones are added as: “Zone 1” in 

all fields where a zone input is 

required



Outputs
[Outputs, Results city, results zone, visual outputs city, visual outputs zone]
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Results city – aggregated results for the 
entire country

Key outputs are 

summarized for the 

entire country for 

both scenarios
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Results zone – aggregated results for a zone

Outputs are 

summarized for the a 

zone. 

They are grouped for 

the zone as origin, as 

destination, and for 

intra-zonal trips

Zone is selected in 

the scenario built 

sheet
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Inputs
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Has information about inputs 

that do not come from ITF 

calculations or the Azerbaijan 

statistics



Model parameters
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Includes coefficients and 

variables for the various models, 

as well as the formulas for each 

one
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Trip generation
[zone_generation_bl, zone_generation_ScA]
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Trip Generation & Attraction

Zone Trips

1 …

2 …

3 …

i …

Trip Generation

The trip generation module estimates the number of trips an 
average individual will do based on their zones’ population, 
average income, travel time to other zones, and their own age 
group.



Trip generation and attraction
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Trip Distribution
[OD_distribution_bl, OD_distribution_sca]
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Trip Distribution
Zone Trips

1 …

2 …

3 …

i …

O/D 1 2 3 j

1 … … … …

2 … … … …

3 … … … …

i … … … Tij

Trip Distribution across zones

Trip Generation

Note: O/D = Origin/Destination

𝑻𝒓𝒊𝒑𝒔𝒊→𝒋 ∝
𝟏

𝒊𝒎𝒑𝒆𝒅𝒂𝒏𝒄𝒆𝒊→𝒋



Trip Distribution
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Trip Distribution - recalibration
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For a change in OD flows, the distribution must be recalibrated using the solver (default 

add-in in Microsoft Excel, in the data tab). Set solver parameters like the picture below 

and run it.



Mode Choice
[Mode_choice, Mode_choice1]
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Note: PT = Public Transport
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Mode ChoiceTrip DistributionTrip Generation

Car

Taxi

PT

Bike

Walk 

Mode Choice



Mode choice1 – utility estimation for all modes
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Computes utility for each mode 

for all the years



Mode choice – all mode summary

39

Computes probability of 

choosing each mode for each 

OD pair
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Load factors[load factors]

Load factors coming from input sheet and changing based on policies



Vehicle stock model

& CO2 estimation
[pc_stock_model_bl, pc_stock_model_sca, PT_stocks_emissions]
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Car vehicle stock

The two sheets (one for Baseline and one for Alternative) have multiple 

elements each:

 Total stock by vehicle age (also by fuel type)

 CO2 per VKM (also by fuel type and age)

 Survival curve

 Sales shares based on user input 
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Total stock by vehicle age

1. Stock by vehicle age

2. Average distance by 

vehicle in each age 

category [the two 

numbers must be 

equal]

3. Vehicle stock 

decomposition by 

fuel type and age 

(further down on 

sheet)

1

2

3
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Co2 per VKM and survival curve

1. CO2 per VKM

2. Computation for CO2 

per VKM using IEA 

CO2 per VKM by fuel 

type and age (further 

down)

3. Survival curve

1

2

3
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New vehicle sales

1. Sales targets 

(defined by user 

or adoption of 

IEA scenarios)

2. Fuel efficiency of 

new vehicles 

(IEA)

3. CO2 emissions 

of new vehicles 

(calculated)

1

2

3
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Buses and Taxis

CO2 factors for:

1. Buses Intercity ; 2. Buses Urban ; 3. Trains ; 4. Aircrafts

1

2

3

4
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Buses detailed – similar for other modes in 
sheet

1

2

3

1. CO2 per vkm resulting 

from below

2. Fuel per 100km (IEA)

3. Target based fleet (user 

input)



Developer related sheets
[hidden sheets]
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Inputs_aze

This sheet includes data that were created by the ITF to compute the mode 

choice model.

 It serves as the basis for the variables in the mode choice sheets

 The data come from ITF estimations and were combined with data from 

Azerbaijan statistics and other sources to estimate the mode choice model 

parameters

 If you want to change/update this data please get in touch with ITF
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Control_2

This sheet works as the sheet where the measures, the scenario built, and 

the models interface

 The different measures affect this sheet and create multipliers or 

additions/subtractions that affect parameters in the models

 It primarily affects mode choice sheets but also distribution (directly and 

indirectly)
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Control_2

 These interfaces are included in the OD matrices by mode [the right part of 

control_2] through long IF statements and links to other sheets.

 Please do not change them directly unless you understand how they work 

as they might render the model non-functional

 They often link to another sheet, OD_zone_measures
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OD_zone_measures

This sheet identifies which OD pairs are affected when a new infrastructure is 

put in place between two zones. 

 For example if a new rail line is done between zones 1 and 3 would affect 

all zone pairs that would use that line.



53

Adding a policy measure

 Need to understand the impacts of this new policy (e.g. will it affect travel 

time, cost, people perception)

 Measures are basically added via IF statements, where the first part has a 

lot of conditions and safeguards. Then there is the impact in absolute or 

relative terms

 Whole country measures are easiest to add, zone measures are less easy, 

OD measures are the hardest


