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Who | am?
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Photogrammetry, and GIS) at Wuhan
University (2009-13)

Postgraduate study at Arizona State S Schoolof Geographical
. . . . Sciences and Urban Planning
University (both M.A. and Ph.D. in GIScience,  Anasiteunversiy
2013-17)
Postdoc training (Social Science and B o raecge xchange

Communlty ReS|||ence) at Arlzona State Arizona State University

University (2017-19) | L

' ' ' T groan  pem Universit S

glrban Stl(J;i(l)elsg(UBDC)dand Unl\./etr5|ty off2022 ?atat O Jyersity > 4
asgow onwards, associate pro , entre »

; ’ al

prof 2024)



My research interest and focus — Cities, Sensors, and Data

= New forms of data/smart data
= Create research-ready open/licensed/control datasets for the data service
= Showcase the possibility of working with these data to answer new or traditional questions in
cities
= (Open-source) Analytical methods
= QOpen source location modelling Python package (PySAL/spopt)
= Sensor-enhanced surveys (longitudinal housing survey, multilinguistic mobility survey)
= Open-source deep learning methods for 3D city modeling and building energy efficiency
prediction
= Impact driven research
= Hot-home project to look at heat inequality in London (Southwark Council and TBIJ)

= Glasgow Low Emission Zone traffic flow and air quality analysis

= Mobile phone app data to understand human movement during and after pandemic (Glasgow
City Council)

J g{é’a" = Analytical strategies for improving third-sector employability services in the post-COVID University

L, - 2ata  recovery (the Salvation Army) &, of Glasgow



Urban Sensing & Analytics - UBDC

=  Current Projects

®= Housing energy efficiency models from urban sensing — drive-by sensing, remote sensing,
and Al

Housing : . : : : .
= Sensor-enhanced housing survey — ambient sensing, hardware, and social survey/interview

= Glasgow 3D city modelling — LIDAR, deep learning, and data infrastructure

= Glasgow traffic flow and low emission zone analysis (lead by Dr Hyesop Shin)

Mobility  « New geographies of language in multilingual cities (lead by Prof Bernadette O'Rourke) —
portable sensing, Al, and privacy-preserving monitoring

= Exploring the use of urban greenspace by mobile sensing (lead by Dr Michael Sinclair)

IDEAMAPS: Urban slum modelling in Nigeria and Kenya (lead by Prof. Joao Porto
de Albuquerque) — remote sensing, participatory urban analytics

girgban University
. Data @ @FGlasgow

Centre https://www.ubdc.ac.uk/research-methods
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Objective 1: Air quality in the home environment

and its impact on health

people a year die prematurely from illness
3.8M attributable to the household air pollution (WHO,2021)
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Objective 2: Relationship between energy consumption,
building energy efficiency, and fuel poverty

Low Income %
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Objective 3: Extreme weather and urban overheating

SOUTHEAST AND CENTRAL ENGLAND

MEAN [WILY MAXINUM SUNMER TEMPERATURE
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Sensor-enhanced Housing Survey

" |ncorporate integrated indoor housing sensors with UK household
longitudinal social survey
= Arduino or Raspberry Pi based

= Measure indoor air temperature, relative humidity, and air quality (PM, NOx,
VOC, CO2, etc.)

= Light and sound

= Survey — energy consumption, energy performance, socio-demographics
= |deally at an affordable price to allow large scale sensor roll out in the future
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Phase 1: Sensor-enhanced Housing Survey - Indoor

Environment Monitoring (winter 2021, Glasgow)
SIMD: 3rd 25-

Income

24~

Fuel cost :
Turn it off when leave

Reduce heating whenzgas price high

Go to bed when feel cgld (not often)

‘ Naov 02 Nov 04 Mov 06

Social Rent Semi-detached

Double glazing
Gas central heat
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Phase 2: Sensor-enhanced Housing Survey - Indoor
Environment Monitoring (Summer 2023, London)

= Monitoring heat wave in the south of London Stomowavm

in 2023 from late July to mid-September (%0.,59 Aberdeen
ypothetica
H Gl W

" Focus on elderly people and people with 32 o Eﬂ
medical conditions = |

= Besides the physical sensor measurements I 202 i
and social survey, more in—depth interviews } IEGer mingham
around human health were done by TBlJ and | i caray EED

=
Southampton

multiple media stories and academic outputs

©
Plymouth

will be generated. THE B“HEA"
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Location
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We worked with people in Southwark, in

inner London, to place monitors in g ﬁ

households from late July to early

September, which will measure heat, Ay W
humidity, sound and light intensity, and air e \
pollution. o
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Sensors

We utilized Smart Citizen kits
developed by Fablab Barcelona to

monitor and record the indoor
environment data.
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Temperature

Sensor comparison and validation

Recorded Temperature Comparison Between SCK-52 and HOBO
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Some survey findings

Where participants said was the hottest room in their home What our participants said gives their home shade

@ Bedroom
@Living room
@ Office/study/spare room
Kitchen No, it doesn't have any shade
@Dining room
@ Upstairs hallway

Surrounding buildings

Trees or other plants

Building features

S :TBIJ
ource survey Source: TBIJ survey

https://www.thebureauinvestigates.com/stories/2023-12-05/stifling-suffocating-unliveable-life-in-a-overheating-home
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Communal/district heating

Out of the 40 available Smart Citizen Kit Boxplot of Mean Temperature with Communal Heating System or Not
sensors: T

4

e 25 households provided information 2
about their communal heating status.

R
(4]

15 households have no communal
heating system.

Median™ Z4.60
® Mean: 24119

Temperature (°C)

[ ]
-

* Among the 10 households with a
communal heating system, only 5
households can turn off their system 2
during the summer.
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No Yes, it's on in summer Yes, but it's off in summer



Communal/district heating

The sustained heat period here is Boxplot of Heat Periods Percentage with Communal Heating System or Not
defined as more than 3 continuous E -1 | *
days of average daily rolling mean | * . i
. . 50 (—4 . |
temperature higher than 25 Celsius ; i
degrees. o [ .t ;
O | I
The households who cannot turn §% i o
. a : ! ] '
the communal heating off 5 |1 | | Median,25.08
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Housing energy efficiency and summer heating

Counts of Household with Various EPC
12

12

Out of the 40 available Smart Citizen Kit
Sensors: 10

* 33 households have valid Energy
Performance Certificates (EPC).

7 households have no EPC information.

Count
b s3]

M3




Housing energy efficiency and summer heating

In the UK, most of the attention
has been given to winter heating
and there is no AC system.

Well-insulated houses can “trap”
heat inside if there is no effective
ventilation during the summer

Assumption: the temperature in
better energy efficiency houses
(with higher EPC) will fluctuate
less compared to poor energy
efficiency houses

EPC E houses have almost 3
Celsius degree higher maximum
temperature than EPC B houses

32
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Boxplot of Max Temperature with Various EPC
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Housing energy efficiency and summer heating

EPC C/D houses have about 2.5
Celsius degree higher Minimum

temperature compared to EPCE
houses

Poorly insulated houses cool
down quickly at night during the
summer but become much
hotter during the heat wave.

Temperature (°C)

Boxplot of Min Temperature with Various EPC
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From the WHO guidelines,
a building should maintain
a relative humidity below
75% to limit fungal growth.

The finding from the
sensor reading opens the
door for using this type of
indoor environment sensor
to establish a mould
growth warning system.
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Temperature

Mould detection

Indoor Temperature and Humidity from Sensor BLO07-35
Flat/apartment (high-rise, on a mid to high floor), EPC: C

—— Temperature (°C)
-—- 25°C

Humidity (%)
274 === 75%

A

Max Hum: 89.61%
Date: 2023-08-18 23:14:03
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Data availability

* We have published open Data and Metadata
. ombined survey, EPC, and sensor ID look up table
dataSEtS IN Our UBDC data Eomzinefsurvey,y;’zf:anddsensorIDIIE:)CI)k ukp t:t:le'.)lDuring the summer months...
Y It Contalns the 40 Indoor Combined survey, EPC, and sensor ID look up table metadata

Combined survey, EPC, and sensor ID look up table metadata

sensor measurement data

a n d the IOO k-u p ta b Ie to I In k % Household indoor sensor measurement data
the sensor data With the TBU : During the summer months from July 2023 to September 2023 (including a mini...

survey and EPC.

% Household indoor sensor measurement metadata

Metadata for Household indoor sensor measurement data.

©® MORE INFORMATION § ©® DOWNLOAD

https://data.ubdc.ac.uk/dataset/sensor-enhanced-housing-survey-data-for-urban-heat-investigation



https://data.ubdc.ac.uk/dataset/sensor-enhanced-housing-survey-data-for-urban-heat-investigation

Data availability

We have linked the sensor
data with the building EPC
data if it exists in the open
EPC database.

We published licensed data
that includes the building
age and building insulation
conditions from EPC. You
can apply it via the UBDC
data service.

This licensed dataset comprises building insulation and building age
data in our survey households, linking with the open EPC dataset. You
can access the open dataset to link them together for further usage.
The unique ID is utilized as a linking mechanism between the SCK
sensor data and the TBI) survey data.

Existing Energy Performance Certificate (EPC) data is used to create this
licensed dataset, based on the participants’ home addresses and
Unique ID, providing the energy conditions of homes. The EPC data was
collected from Energy Performance of Buildings Search Results

Data and Metadata

§‘ Sensor-Enhanced Housing Survey Data for Urban Heat Investigation

Metadata record for Sensor-Enhanced Housing Survey Data for Urban
Heat...

lul PREVIEW | ® DOWNLOAD

https://data.ubdc.ac.uk/dataset/sensor-safeguarded



https://data.ubdc.ac.uk/dataset/sensor-safeguarded

Data availability

You can cite our dataset and conference paper as follows:
Zhao, Q., Hu, C., Ou, Y., Livingston, M., Wang, M., Hamada, R., & Eccles, P. (2023).
Sensor-enhanced housing survey data for urban heat investigation [Data

Collection]. Urban Big Data Centre. https://data.ubdc.ac.uk/dataset/sensor-
enhanced-housing-survey-data-for-urban-heat-investigation

Ou, Y., Hu, C., & Zhao, Q. (2024). Investigating the Impact of Housing Energy
Efficiency on Indoor Environment at the Overheating Summer — A Study in
Southwark, London. 32nd Annual Geographical Information Science Research UK
(GISRUK), Leeds, United Kingdom. https://doi.org/10.5281/zen0do0.10926876



https://data.ubdc.ac.uk/dataset/sensor-enhanced-housing-survey-data-for-urban-heat-investigation
https://data.ubdc.ac.uk/dataset/sensor-enhanced-housing-survey-data-for-urban-heat-investigation
https://doi.org/10.5281/zenodo.10926876

Open methods and news reporting

Data

There are three dataset in the data folder: Household Indoor Sensor Measurement Data,

SensorlD_EPC_Survey Open_Data, and LIMBO (Weathe

Please note that, for a specific section of the analysis in
'Analysis_for_UBDC_Report.ipynb' file, the communal h
directly, we have showcased the plots and results.

Household Indoor Sensor Measurement Dat:

This folder includes a variety of environmental paramete
as air temperature, relative humidity, air quality, CO2 lev

SensorlD_EPC_Survey_Open_Data

This csv file includes the IDs of the sensors, selected su
Energy Performance Certificate (EPC) ratings.

LIMBO (Weather Station) Data

This csv file contains outdoor weather observation data

News, Reports, and Resources

Find our detailed findings and analysis in the following news reports:

e The Bureau of Investigative Journalism (TBIJ): 'Stifling, suffocating, unliveable': Life in an overheating

home; Revealed: escalating effects of hot summers on UK housing; The rising danger of hot summers;

District heating leaves London residents sweltering during heatwave

Urban Big Data Centre (UBDC): UBDC data analysis reveals concern for the UK's overheating homes and
Sensor-enhanced housing survey for urban heat investigation

Mirror: UK's overheating summer health crisis as half of UK homes hit 'sauna-like' temperatures

Southwark Council: £1 million of funding to combat flooding and overheating in Southwark

Impact on Urban Health: How overheating homes are turning the climate crisis into a health crisis

University of Glasgow: Data Analysis Reveals Concern for the UK's Overheating Homes

UBDC Research Page: Sensor Enhanced Housing Survey

https://github.com/congying-hu/SensorEnhancedSurveyHeatInvestigation



Research impact generation

THEBUR
OF INVESTIGATIVE
JOURNALISH

Home > News > 2024 > February

£1 million of fundina to

com bat A detailed action plan has been produced with a number of actions that
OVerhea build on resident feedback - such as developing an approach to address
‘hot homes'in the borough. Something also highlighted by engagement g\

with the Bureau of Investigative Journalism, whose landmark study

6 FEbrual‘y revealed the escalating effects of summers on UK housing.

Southwark Council will invest £1 million in climate change projects that will
protect the borough’s most vulnerable areas against the worst impacts of
the climate crisis. This announcement is to help deliver the Climate
Resilience and Adaptation Strategy, which after a period of consultation in

the autumn, has been adopted by cabinet.
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Phase 3: Understanding Society Innovation
Panel (July 2024 to April 2025, ongoing)

We have rolled out our sensors to 190 households through the Understanding
Society Innovation Panel (UK “gold-standard” longitudinal social survey).

Besides the social survey from USoc, we also collaborate with the UCL Smart
Energy Research Lab/Energy Demand Observatory and Laboratory. We will link
environmental sensor reading, social survey, and smart metre reading as a brand-
new dataset.

A new design of the sensor from Fablab Barcelona is used in this year’s survey,
and they did the sensor lab calibration for our project.

The final working paper and data will be released in summer 2025. ( : -
Understanding Society

THE UK HOUSEHOLD LONGITUDINAL STUDY

https://www.understandingsociety.ac.uk/partici e .
pants/projects/sensor/ gerrel
https://edol.uk/

https://serl.ac.uk/

ol iize Un1ver51ty
@
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SMART ENERGY
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https://www.understandingsociety.ac.uk/participants/projects/sensor/
https://www.understandingsociety.ac.uk/participants/projects/sensor/
https://edol.uk/
https://serl.ac.uk/

Phase 3: Understanding Society Innovation
Panel (July 2024 to April 2025, ongoing)
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Future work

= We are developing a new generation of SCK sensors with the LoRa-
capability. It will allow zero infrastructure sensor network

communication, and make it possible to do long-term and low-cost
environmental monitoring.

= Further work will be devoted to analysing the collected dataset, to
understand emerging research questions including fuel poverty,
working from home efficiency, and indoor health monitoring.
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Building energy efficiency

Energy Efficient Scotland

(Scoflond) Reguiations 2020 ond Droft Associated Gudance

° Withln EU Business and Regiulofory Imfgt A;essmenf
The building sector accounts for around 40% of the union’s energy consumption 2 ‘ Qg@
and 36% of its greenhouse gas (GHG) emissions. Mi
* EPC Regulations in Scotland ;‘ff’ff = }
The Scottish government has dropped the original EPC minimum regulations. By U Dgu %, /IJ&:
2028 (private landlords) and 2033 (owner-occupiers), they need to meet i /\i“ |
minimum energy efficiency standards (still in consultation). - =i {ﬁ

The consultation proposes that this list could be: 00NN @ af]

e 270 mm loft insulation;

e cavity wall insulation; i Current | Potential

e draught-proofing;

o heatﬁ\g ch))ntroIs? @ 73

e 80 mm hot water cylinder insulation; ::3 D :

e Suspended floor insulation G
il P TR | P University

Big gv-performance-of-huildings-directive-adopted-buildings-full: entakimpactnowsto-be: g of Glasgow
Centre . ichlandlord ews-and-campaigns/news/new-ener gy-efficiency-proposa =



https://eu.bellona.org/2024/03/12/press-release-energy-performance-of-buildings-directive-adopted-buildings-full-environmental-impact-now-to-be-addressed/
https://eu.bellona.org/2024/03/12/press-release-energy-performance-of-buildings-directive-adopted-buildings-full-environmental-impact-now-to-be-addressed/
https://scottishlandlords.com/news-and-campaigns/news/new-energy-efficiency-proposals/

Background

e Current methods for energy analysis and estimation
Engineering calculation
Simulation model-based benchmarking
Data-driven statistical modellings
- Multiple Linear Regression
- Artificial Neural Networks (deep learning)

Limitations:
Data availability at large scale
Hard to incorporate human factors such as occupants’ numbers without survey

Missing energy consumption data

Seyedzadeh, S. et al. (2018) ‘Machine learning for estimation of building energy consumption and performance: a review’, Visualization in Engineering,

Urb 6(1), p. 5. doi:10.1186/s40327-018-0064-7. : :
\I , rban Hong, S.-M. et al. (2014) ‘Improved benchmarking comparability for energy consumption in schools’, Building Research & Information, 42(1), pp. 47-61. UnlverSIty
[

Big doi:10.1080/09613218.2013.814746. Of Glascow
. Data Ascione, F. et al. (2017) ‘Artificial neural networks to predict energy performance and retrofit scenarios for any member of a building category: A novel g
Centre , F. . p gyp y g gory:
approach’, Energy, 118, pp. 999-1017. doi:10.1016/j.energy.2016.10.126.



Existing Research
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Sun, M., Han, C., Nie, Q,, Xu, J.,, Zhang, F., & Zhao, Q. (2022). Understanding building energy efficiency with
administrative and emerging urban big data by deep learning in Glasgow. Energy and Buildings, 273, 112331.
https://doi.org/10.1016/j.enbuild.2022.112331
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e Performance & Confusion Matrix

Input

Test Accuracy

Existing Research

Street View
Images Only
(External)

EPC Features
Only (Internal)

Combined
dataset (Extenal
+ Internal)
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Existing Research

. .- . / \
° Usmg aerial Images, street view / \
images, 30 m thermal image from Astiel Vi _—
(2048,)
Landsat, and open street map as
the building footprint. et view — - V_
,i \5/ Ourpryul: Efficiency Class J
* [t was only classified into two : iy TS
. . ;k; | Mean, Variance, and Count per Footprint \\\
classes at a precision of 68%. = bl | E g
Feature Voo ;
OpenStreetMap Footprint Area > & -
% Z . MLP Classifier
\J OI:::\Z: Efficiency Class /
Fig. 5. End-to-end deep learning approach.
7 Urban Maver, K., Haas, L., Huang, T., Bernabé-Moreno, J., Rajagopal, R., & Fischer, M. (2023). Estimating building M Universit
energy efficiency from street view imagery, aerial imagery, and land surface temperature data. Applie
\/? Big fficiency fi iew i ial d land surf data. Applied ik asgowy

J 7. O
& . gg;[\?re Energy, 333, 120542. https://doi.org/10.1016/j.apenergy.2022.120542 e



https://doi.org/10.1016/j.apenergy.2022.120542

Research Objectives

* Design a feature-fusion deep convolutional neural network to
estimate building energy efficiency by multi-source data such as
EPC, high-resolution thermal images, and Google Street View in
large-scale

e Compare the model performance with multiple data sources and
potentially predict all the remaining building energy efficiency by
using deep learning framework

Urban o i :
I . A university
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Data

Satellite Images » Street View « Land Surface Temperature




Data - HotSAT-1 and EPC

* Thermal Satellite Image

High solution (3.5m) land surface temperature data is captured by Satellite-VU

Cropped building-
level image

Sample size
Glasgow: 315,656

160000 -
140000 -
120000 -
100000 -
80000 A
GO000 A
40000 A

20000 1
Glasgow 0-
March 2022 A B t D E F

Glasgow EPC Distribution
(aggregated ABC and DEFG)

https://www.bbc.com/news/science-environment-67010377




Building Area
Building Height
Building Type
Building Age

Data — Building Features

Res Building Class Type Res Building Class Type Text Age Values
1 Very Tall Flats (point block) HISTORIC
2 Tall flats 6-15 storeys (slabs)
3 Medium height flats 5 — 6 storeys MIXED AGE PART HISTORIC
4 Lower 3-4 storey and smaller flats, detached and linked
5 Tall terraces 3-4 storey INTERWAR
6 Lower terraces, 2 storey with large T rear extension
7 Lower terraces, small MIXED AGE PART INTERWAR
8 Linked and step linked, 2-3 or mixed 2 and 3 storey
9 Planned balanced mixed estates POSTWAR
10 Standard size semi-detached houses
11 Semi type houses in multiples of 4,6,8 etc. MIXED AGE PART POSTWAR
12 Large semi-detached houses
13 Standard size detached houses SIXTIES SEVENTIES
14 Large detached houses
15 Very large detached houses MODERN
16 Mixed houses in small settlements NON BUILDINGS STRUCTURE
17 Non-residential building
18 Probably residential building, unknown classification TEMPORARY BUILDING

https://www.verisk.com/en-gb/3d-visual-intelligence/products/ukbuildings/

UNCLASSIFIED




Energy Rating
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Result — Ablation Test

Performance & Confusion Matrix

Table 1. Ablation study (Glasgow)

Table 2. Ablation study (Edinburgh)

Data Precision Recall F1 Score

Single source
GSV 0.71 0.51 0.59
Thermal 0.52 0.70 0.60
Sate 0.67 0.56 0.61

Double source
GSV + Satellite 0.73 0.58 0.65
GSV + Thermal 0.69 0.62 0.66
Sate + Thermal 0.66 0.56 0.61

Multiple source
GSV + Sate + Thermal 0.72 0.57 0.63
GSV + Sate + Thermal + Socio 0.75 0.55 0.64

Data Precision Recall F1 Score
Single source
GSV 0.60 0.78 0.68
Thermal 0.52 0.91 0.67
Sate 0.59 0.68 0.63
Double source
GSV + Satellite
GSV + Thermal 0.62 0.67 0.64
Sate + Thermal 0.63 0.73 0.68
Multiple source
GSV + Sate + Thermal 0.63 0.70 0.66
GSV + Sate + Thermal + Socio 0.61 0.81 0.69
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Discussion — Energy Rating vs Deprivation

The most deprived neighborhoods have best building energy performance

"tnily [l

Building Ratio

High Performance

Glasgow Prediction Result Edinburgh Prediction Result
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SIMD Decile SIMD Decile

Glasgow Ground Truth Edinburgh Ground Truth



Prediction results

« The most deprived neighborhoods have best building energy performance

(a) (b)
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Next step — Thermal Street view images

Tuesday, S November

Data-driven Decarbonisation
in Scotland

Join us for this workshop exploring data-driven insights into decarbonisation of heat in housing.

By College of Social Sciences, University of Glasgow - 468 followers m
6.9k attendees hosted ~/

Date and time

e Tue, 5Nov202409:30-13:00 GMT

. . Innovate
https://www.xri.online/ UK

A/

104375016383 72aff=oddtdtcreator Q]f_ B

Centre



https://www.xri.online/
https://www.eventbrite.co.uk/e/data-driven-decarbonisation-in-scotland-tickets-1043750163837?aff=oddtdtcreator/
https://www.eventbrite.co.uk/e/data-driven-decarbonisation-in-scotland-tickets-1043750163837?aff=oddtdtcreator/

Next step — SpaceEPC
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Glasgow 3D City Modeling — basis of the digital twins

Ve T K =5 :

J g{gban Li, Q., & Zhao, Q. (2023). Weakly-Supervised Semantic Segmentation of Airborne LiDAR g@ University
Vi . Data Point Clouds in Hong Kong Urban Areas. 2023 Joint Urban Remote Sensing Event (JURSE), 1- [&EEh; of Glasgow

CeNt'® " 4. https://doi.org/10.1109/JURSE57346.2023.10144215 GITY COUNGIL



https://doi.org/10.1109/JURSE57346.2023.10144215

Prediction Result and Accuracy

www.ubdc.ac.uk

University of Strathclyde, Glasgow

Predicted Class
Car Cat Dog

nlc

52 18 16

14

13 167 5

15

4 5 38

Actual Class
Dog | Cat | Car

3

Accuracy = =——rr—

# classified

Area of Overlap

loU

Area of Union .

Overall accuracy (OA) and intersect over union (loU)

OA% = 97.32 MloU % = 89.83
loU %
Ground Trees Buildings Others
97.25 94.13 96.15 71.79

J lBeran

19

v’ Data
Centre




Workflow of construction Glasgow 3D city model from
LIDAR Point Clouds

Point cloud

Raw LIDAR
point clouds

| classification

Weakly-supervised SQN,
Annotate 0.1 % points

a

Ground

www.ubdc.ac.uk

\ 4

filtering
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:' ___________________ Trimesh P
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| { SQN input, sparse point clouds (.ply &.pkl) | ~

I ~ | Training data

Labels (.txt)

| ™ 1 km grid x 4 tiles

https://researchdata.qgla.ac.uk/1642/

|
I
|
—1 | Annotated Training data , : I
| ooint clouds | classified by SON | — Full point clouds predicted by SQN (.las) . Licensed :
I - | SON input, sparse point clouds (.ply &.pkl) | = data I
| |
| - | Vvalidation data | 4 | Labels (:txt) — 0.5km grid x 4 tiles I
I

i _ | Annotated full point (.1as) - I
e e e e e e e R _____==========:
Source data: I - | DTM, 0.5m spatial resolution (.tif) - I
raw LiDAR data | _] | ) I

| Terain <4 | DSM, 0.5m spatial resolution (.tif)
: products |
i L | nDSM 0.5m spatial resolution (.tif) |
I |
I | Tree canopy Canopy height model, 0.5m spatial resolution (.tif) Open |
- . I

roducts _ _ — 5kmgrid
: b || Treetop location, points (.shp) ari data I
I Li, Q., Zhao, Q., Quintas Zon, M., Jablon, P, |
_ BUlIdlng fOOtprintS, pOlygonS (Shp) E., Wang, M., Hu, C., Ou, Y and Sen, S. (2024), A I
| Buildi large-scale Glasgow 3D city models derived |
- ulaing ) - . . from airborne LiDAR point clouds

: products LoD1 building mesh (.obj & shapefile) Urban Big Data Centre I
I |
|

= | LoD2 building mesh (.obj & shapefile)) -


http://researchdata.gla.ac.uk/view/author/67323.html
http://researchdata.gla.ac.uk/view/author/50844.html
http://researchdata.gla.ac.uk/view/author/74239.html
https://researchdata.gla.ac.uk/1642/

Traffic flow datasets from road sensors (SCOOT)
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Li, Y., Zhao, Q., & Wang, M. (2025). High-resolution traffic flow data from the urban traffic control system in
T girgba” Glasgow. Scientific Data, 12(1), 253. https://doi.org/10.1038/s41597-025-04494-y
V; " Data Li, Y., Zhao, Q., & Wang, M. (2024b). High-resolution traffic flow data in Glasgow [dataset]. Zenodo.
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Glasgow Low Emission Zone Analysis

Table 2. Wilcoxon signed rank test results for daily traffic by week groups and years

Observations Median Counts o
Area Week Group W-statistics p-value
2022 2023 2022 2023
High Street Core Weekdays 27 27 709 617 359 <0.001***
Other Weekdays 17 17 745 609 122 0.03*
Weekends 16 16 670 664 106 0.051
Table 3. Wilcoxon test results for normalized NO, by week groups and years
Observations Median NO3 (ug/m3) o
Area Week Group W-statistics p-value
2022 2023 2022 2023
High Street Core Weekdays 27 27 195 14.2 373 <0.001***
Other Weekdays 17 17 191 14.3 153 <0.001***
Weekends 16 16 184 11.9 130 <0.001***
Hope Street Core Weekdays 27 27 374 32.6 338 <0.001***
Other Weekdays 17 17 36.9 335 141 0.0017**
Weekends 16 16 34.9 30.9 128 <0.001***

Shin, H., Silverman, E., Li, Y., Tian, Y., & Zhao, Q. (2024). Did the Implementation of Low Emission
Zone in Glasgow Change the Traffic Flow and Air Quality? Findings.
https://doi.org/10.32866/001c.123382

University
& of Glasgow


https://doi.org/10.32866/001c.123382

Simple analysis, but the media likes it...
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The street where Scotland's first low
emission zone has had the biggest
impact on pollution Air quality improving from Glasgow's Low 2I0B/

Emission Zone

E News » Glasgow News » Glasgow City Council

Glasgow LEZ impact 'encouraging’ as report shows air
pollution dro

The first annual report since JEjie8 G LASG OW

: CHAMBER OF COMMERCE
m By Drew Sandelands Local |

13:42, 19 SEP 2024
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= V‘ New research exploring the effects of the Low Emission Zone (LEZ) in Glasgow has found that

while traffic flow has remained largely unchanged since the Zone was enforced, air quality has - 0
improved. e
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" Limited understanding of the use of minority

= |dentify a better strategy for promoting the

= Leverage the existing portable sensing

Integrated Geospatial Methods for Multllmgual Cities

languages in cities.

use of minority languages and creating more
inclusive minority communities.

technologies, new forms of data and methods
to analyse language usage patterns in cities.
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Thank you!
Questions?

Email: Qunshan.Zhao@glasgow.ac.uk

Staff Website:
https://www.gla.ac.uk/schools/socialpolitical/staff/qunshanz
hao/
UBDC website: https://www.ubdc.ac.uk/
Urban
& v
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