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ABSTRACT 

This study presents a novel, data-driven framework for estimating and forecasting 

vehicular emissions in Sri Lanka, addressing a critical gap in disaggregated emissions 

modelling on a national scale. While current estimations rely on a top-down 

methodology, this research introduces a bottom-up approach utilising vehicle-level 

data from the national Vehicle Emissions Test (VET) programme, spanning 2016–

2024. The study focuses on internal combustion engine (ICE) passenger cars, and 

processes raw VET data through cleaning, mileage estimation, and integration of 

vehicle technology/category classifications and emission factors as per EMEP/EEA 

Tier 02 guidelines. A Long Short-Term Memory (LSTM) neural network is developed 

to forecast average annual mileage using time-series data, including fleet composition, 

economic indicators, and disruption events. The model achieved a MAE of 121.81 km 

and an R-squared value of 0.85 during validation, showing strong predictive accuracy 

and a good fit. The trained model is used to predict two scenarios, with Scenario 01 

being the continuation of the national vehicle import ban and Scenario 02 being the 

lifting of the ban, allowing for modernisation with Euro 6-compliant vehicles. Using 

the predicted annual spanning mileage, annual spanning emissions of CO, NMVOC, 

NOₓ, N₂O, NH₃, and PM are estimated by multiplying by matched emission factors. 

Results indicate a divergence with Scenario 02 having higher total annual spanning 

emissions with an increase of 1.34% (CO), 3.68% (NMVOC), 1.62% (NOₓ), 10.5% 

(N₂O), 6.33% (NH₃) and 6.92% (PM), at the end of the prediction horizon, reflecting 

the impact of increased vehicle activity despite cleaner technologies. This study 

demonstrates the potential of regulatory datasets for predictive modelling in low-

resource environments and supports evidence-based air quality policy planning 

through a scalable methodology. 

Keywords: Vehicular Emissions, Emission Factors, LSTM Prediction, Scenario 

Analysis 

  



iv 

TABLE OF CONTENTS 

 

Declaration .................................................................................................................... i 

Dedication .................................................................................................................... ii 

Abstract ....................................................................................................................... iii 

Table of Contents ........................................................................................................ iv 

List of Figures ............................................................................................................ vii 

List of Tables ............................................................................................................ viii 

List of Abbreviations .................................................................................................. ix 

Chapter 1 ...................................................................................................................... 1 

Introduction .................................................................................................................. 1 

1.1 Background and Motivation .......................................................................... 1 

1.1.1 Approaches to Estimating Transport Emissions .................................. 2 

1.1.2 Sri Lanka Vehicle Emissions Test Program ........................................ 2 

1.1.3 Vehicle Imports Ban and Related Uncertainties .................................. 3 

1.1.4 Incorporation of Data-Driven Techniques for Vehicular Emissions 

Estimation and Prediction .................................................................................... 3 

1.2 Research Problem .......................................................................................... 4 

1.3 Research Scope .............................................................................................. 4 

1.4 Research Question and Objectives ................................................................ 5 

1.5 Contribution ................................................................................................... 5 

1.6 Thesis Structure ............................................................................................. 6 

Chapter 2 ...................................................................................................................... 8 

Literature Review ......................................................................................................... 8 

2.1 Bottom-Up Emissions Estimation ................................................................. 8 

2.1.1 Tiers of Emission Estimation (EMEP/EEA Guidelines) ..................... 8 

2.1.2 Selection of a Suitable Tier ................................................................ 10 

2.1.3 Selection of Emission Factors ............................................................ 12 

2.2 Integration of Machine Learning for Emissions Estimation and Prediction 15 

2.2.1 Traditional Models and Static Machine Learning Models ................. 15 

2.2.2 Limitation of Static Models and the Need for Temporal Forecasting 16 

2.2.3 LSTM Time-Series Forecasting Applications ................................... 17 

Chapter 3 .................................................................................................................... 19 

Long Short-Term Memory (LSTM) Models ............................................................. 19 

3.1 RNNs and the Vanishing/Exploding Gradient Problem .............................. 19 

3.1.1 Basic Architecture .............................................................................. 19 



v 

3.1.2 Backpropagation Through Time (BPTT) ........................................... 20 

3.1.3 The Vanishing/Exploding Gradient Problem ..................................... 21 

3.2 LSTM Architecture and Operation .............................................................. 22 

3.2.1 Basic Architecture .............................................................................. 22 

3.2.2 Memory Block Structure .................................................................... 22 

3.2.3 Forward Pass Computation ................................................................ 23 

3.3 LSTM Training ............................................................................................ 24 

3.3.1 Backward Pass using BPTT ............................................................... 24 

3.3.2 Training via RTRL ............................................................................. 25 

3.3.3 Training Complexity .......................................................................... 25 

3.4 Extensions and Variants of LSTM Networks .............................................. 26 

3.4.1 Bidirectional LSTM ........................................................................... 26 

3.4.2 Standard Stacked LSTM .................................................................... 26 

3.4.3 Grid LSTM ......................................................................................... 26 

3.4.4 Other Notable LSTM Variants ........................................................... 27 

Chapter 4 .................................................................................................................... 28 

Methodology I - Data Pre-Processing ........................................................................ 28 

4.1 Data Integration and Cleaning ..................................................................... 28 

4.1.1 Raw Data Structure ............................................................................ 29 

4.1.2 Data Harmonisation and Filtering ...................................................... 30 

4.1.3 Final Dataset Structure ....................................................................... 30 

4.2 Feature Engineering .................................................................................... 31 

4.2.1 Annual Mileage Estimation ............................................................... 31 

4.2.2 Integration of Euro Vehicle Category and Vehicle Technology 

Parameters .......................................................................................................... 32 

4.2.3 Emission Factor Assignment ............................................................. 34 

4.2.4 Monthly Aggregation of Vehicle-Level Data .................................... 34 

4.2.5 External Covariates ............................................................................ 35 

4.2.6 Forward Projection of Covariates for Scenario Analysis ................... 36 

4.3 Model Input ................................................................................................. 37 

Chapter 5 .................................................................................................................... 38 

Methodology II - Model Development and Evaluation ............................................. 38 

5.1 LSTM Network Architecture and Hyperparameters ................................... 38 

5.2 Data Preparation and Preprocessing ............................................................ 40 

5.3 Recursive Forecasting and Postprocessing .................................................. 41 

5.3.1 Forecasting Configuration .................................................................. 41 

5.3.2 Postprocessing and Output Transformation ....................................... 42 



vi 

5.4 Model Evaluation and Validation ................................................................ 42 

Chapter 6 .................................................................................................................... 44 

Results ........................................................................................................................ 44 

6.1 Training Results and Model Validation ...................................................... 44 

6.2 Model Performance Evaluation ................................................................... 45 

6.3 Scenario-Based Forecasting Results ........................................................... 46 

6.4 Tier 02 Emissions Estimation ...................................................................... 47 

Chapter 7 .................................................................................................................... 51 

Conclusions and Future Research .............................................................................. 51 

7.1 Conclusions ................................................................................................. 51 

7.3 Limitations and Future Work ...................................................................... 52 

References .................................................................................................................. 53 

Appendix A – Tier 02 Exhaust Emissions for Passenger Cars (EMEP/EEA) ........... 59 

 

  



vii 

LIST OF FIGURES 

Figure No. Title       Page 

Figure 2.1 Decision tree for exhaust emissions from road 

  transport       11 

Figure 2.2 Schematic representation of a chassis dynamometer 

  test facility       12 

Figure 3.1 Simple RNN structures     20 

Figure 3.2 RNN unrolling process     20 

Figure 3.3 An LSTM memory block     22 

Figure 4.1 Example range for cross-matching    31 

Figure 5.1 Custom function for sequence creation   41 

Figure 6.1 Training and validation loss (MAE)    44 

Figure 6.2 Actual vs. predicted mileage (Validation set)   45 

Figure 6.3 Average annual mileage predictions  

(Validation and recursive prediction)    46 

Figure 6.4 Average annual mileage  

  (Training, validation and forecast horizon)   46 

Figure 6.5 Comparative CO emissions (Metric tons)   48 

Figure 6.6 Comparative NMVOC emissions (Metric tons)  48 

Figure 6.7 Comparative NOx emissions (Metric tons)   48 

Figure 6.8 Comparative N2O emissions (Metric tons)   49 

Figure 6.9 Comparative NH3 emissions (Metric tons)   49 

Figure 6.10 Comparative PM emissions (Metric tons)   49 

 

  



viii 

LIST OF TABLES 

Table No.  Title       Page 

Table 2.1 Emission factors for Indian road vehicles   13 

Table 2.2 Passenger car type and legislation combinations  

  covered by the tier 02 methodology    14 

Table 2.3 Comparison of the regional variation of emission  

factors (ICE passenger cars)     15 

Table 4.1 Raw data column headers from CleanCO and Laugfs 

  Eco Sri        29 

Table 4.2 Representative portion of the filtered data   30 

Table 4.3 Engine size and power output ranges for Euro vehicle 

  categories       32 

Table 4.4 Representative portion of matched make/model and 

  Power output combinations     33 

Table 4.5 Implementation years of the European emission 

  standards for ICE passenger cars    33 

Table 4.6 Summary of model features     37 

Table 5.1 LSTM model hyperparameters    39 

Table 6.1 Summary of total emissions under scenario 01  50 

Table 6.2 Summary of total emissions under scenario 02  50 

  

  



ix 

LIST OF ABBREVIATIONS 

ANN    Artificial Neural Network 

ARIMA Autoregressive Integrated Moving Average 

BPTT Backpropagation Through Time 

CEC Constant Error Carousel 

CO Carbon Monoxide 

COPERT Computer Programme to Calculate Emissions for Road 

Transport 

CO2 Carbon Dioxide 

DMT    Department of Motor Traffic 

EMFAC   Emission Factors (Model) 

EF Emission Factor 

EMEP/EEA European Monitoring and Evaluation Program/ 

European Environment Agency 

FFNN Feed Forward Neural Network 

GDP Gross Domestic Product 

GHG    Greenhouse Gas 

GRU Gated Recurrent Unit 

ICAP Indian Clean Air Programme 

ICE Internal Combustion Engine 

IPCC Intergovernmental Panel on Climate Change 

LSTM    Long Short-Term Memory 

MAE Mean Absolute Error 

MRV    Monitoring, Reporting and Verification 

MSE Mean Square Error 

N2O Nitrous Oxide 

NH3 Ammonia 

NMVOC Non-Methane Volatile Organic Compounds 

NOx Nitrogen Oxides 

PEMS Portable Emission Measurement System 

PM Particulate Matter 

RNN Recurrent Neural Network 

RTRL Real-Time Recurrent Learning 

SVR Support Vector Regression 

UNFCCC United Nations Framework Convention on Climate 

Change 

VET    Vehicle Emissions Test 

VKT    Vehicle Kilometres Traveled 

VSP Vehicle-Specific Power 

WLTC World Harmonised Light Duty Vehicle Test Cycle 

YOM Year of Manufacture 

 




