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Climate Comfort in Urban Applications e

T PET (°C)
CONTEXT I ————

613 ool Modorate cod siross
13-18 Slightly cool Slight cold stiess
* Climate essential in modern city design 18-23

23-29 Slightly warm

Thermal Perception

Comfortabla Mo thermal stress

Slight heat stress

DATASETS * Conventional deterministic models (PMV, PET, UTCI)

UTCI stress category

B extreme cold
B very strong cold

* Good at generalisable standard value based on 4.9 pam
high-level weather parameters

METHODOLOGY

RESULTS

CONCLUSION

* But they miss personal human influences:

* activity
* clothing

e culture

e personal preferences
e eating habits

* body composition

Activity (MET)

= = NN
- ~ W o

40 -20 O

UTCI (°C)

—

il

o]
o
o

20 40

100

B strong cold

UTCI reference

B moderate cold

I slight cold

P no thermal stress
| moderate heat
[ strong heat
B very strong heat

Bl cxtreme heat

90 |~

80

70

60

50

40

30

20

™,

Vd

10

9

=

-2
Cool

-1

Slightly cool Neutral Slightly warm  Warm

"‘--_____________._,.-"'

0

PMV

1

Hot



Thermal Walk

| - Start point
| - Equipment/Sensors

Mobile
Weather Station

.....................

Human-centric Methods o

Apple Watch
+Cozie app

streetview segmentation and | |

i
sun position calculation. i - " Qm

]
1
:
' =t
AR S T . 2
1+ 3860 panorama video was i !
i recorded withGoPro Max for ’
1
1
1

1
| = Mobile WS recorded1-minute | !
3 L ]
interval of weathervariables ! l Waather Station Temperatures (C)
]

Ambiant Tamp

* Bottom-up approaches reverse this approach

1
physislogical parameters and |
walking data (heart rate,

(temperature, RH,wind,and
solarradiation). i ‘ Y oec RO
! 1
I

]
' elevation,walking pace,etc). A
! . E. P » J H ' Weather Sta}mn Global Horizontal Irradiance (W/m2)

* Use more personalized, low-level datasets to model -
human behaviour as it relates to climate g i i

1 Feedback input

i every50mwalk
/™ 1 through Cozie
d.- I

..............

* Usually using wearables and survey data

Brains for Buildings < Brains for buildings €  Brains for buildings
1. How do you feel right now? 5. How hot or cold do you feel? 8. Have you eaten recently? R
) ) . ' - - — One hourago ~
* Often limited to indoor spaces or to a small outdoors - B sgsoses
Hot Cold 9. Have you had a hot/cold beverage

l 2. How did you come to the HHS today? recently?
: ‘ i ST - B)
Sca e @@ @i® 6. Do you want to be warmer or cooler “ .
2,253 m
{ I am good } Cooler

X 10. What are you wearing today?

7. What do you think about the air ‘
quality? !

* There is a gap for this approach on an the urban scale! m &

4. How long have you been here

4 participants
EEEEE ] ErrEEEEENIEEEEEE EEENEEEEEE t___,_..--""" hﬂd r'E-IE—,'|'l'_i'||,||'E|'l‘|iII

R e ~ warmer
Thermal BN preferences
PrEferen':E : jite I..I:I:=E-..:-. :.. l: : .:=: -.:' :. = :: S a e
B Prefer Cooler RN R NNENN S S ERNEEREN AREEAERER R R R

Prefer No Change feicacia REEEEE EEEENENNEE
B Prefer Warmer  gscssigscsisissssstasimississatiessict issasa™™ 9 participants
i R S e eeessans had refatively
e e R e R e T L Lt {:-I:I-DIE-['

| III= =III || ENENEEEENEE |
preferences



CONTEXT

How to apply this approach to the urban scale?



Mobility!

CONTEXT

e Can record individual people’s movements
with similar bottom-up approaches

* Intrinsically includes personal influences

* Can be analysed along with climate




Urban Mobility Forecasting & GNNs

CONTEXT
* Wide application in modeling cities as graphs

e Spatial and Temporal dependencies can be captured

* Mostly used with static graphs:

KS

e Traffic sensor networ]

* Origin-destination networks

A
=
==
3
¢

e Point of Interest networks

* Gap with personal mobility network modeling




Research Questions

CONTEXT

How do urban climate factors impact people’s mobility choices
in the urban landscape of Seoul and how can this be captured using a STGNN model?

* To what extent and how reliably can a GNN model be used to predict urban
mobility?

* How is the STGNN graph structure constructed and how does this impact the
insights the model is able to give on mobility?

* How can a personal mobility dataset, like the Seoul Cozie dataset, be integrated in a
STGNN framework and what are its limitations?



CONTEXT

DATASETS

S-DOT

* temperature
e humidity
* PM,,

SEOUL
COZIE

e coordinates
* timestamps

URBAN
MORPHOLOGY

e building footprint
e green areas
e road network
e admin. boundaries

spatial
grouping and
clustering

climate data

interpolation

STGNN

CONSTRUCTION
NODES LINKS
survey chronological

responses agency

CLIMATE+URBAN

URBAN-ONLY

PERFORMANCE

COMPARISON




Seoul Cozie Dataset

e 22 particpants
CAU students 20-31yrs.

* 6 weeks

ATACETS Oct./Nov. 2024

¢ 15000+ individual
recorded coordinates

e _
"' t.'_ M
e >
§: s,
v &
g .
4:17
Noise What kind n Thermally, what
distractions of noise? do you prefer
nearby? (without ' now? Outdoor
earphones) Talking
23l . (212) Transportation
None .
Traffic .
. No change i Back Abort
A little
Weather
Warmer




Seoul Cozie Dataset

° 271 nodes
of 4 types:

DATASETS : y * municipality node
¢ ” « N ‘ * sub-municipality node
: o T
§ MO O S e T8 By * main road intersection node
..:.0.“ .O. ... ® ... .. "
T (oL W Al P * local road intersection node
'.o..:‘ %‘ °® .o.. o’ '.o..O. ;
@ . ...0..\ 2 o. x 5 ..0 o} & 0 ...



S-Dol Dataset

Stations with missing values per bin (mean features)

n_microgma3

PM10_mea

n_pc

humidity_mea

n_C

temperature_mea

1000

DATASETS

1000+ weather stations

across Seoul:

* temperature
* humidity
e air quality




S-Dol Dataset

Stations with missing values per bin (Mon-Fri, start hour 08-23)
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METHODOLOGY

STGNN Structure

t-5

O

O\

t-4

\
A
-

nodes:

edges:

time
bin:

window
size:

grouped Seoul
Cozie positions

movements
between nodes

snapshot of graph
every 2 hours

5 bins used
for prediction
(10 hours)

e e e e e e e s

(prediction)

o e e e e e Em Em Em EE EE E Em o o o o e Em Em e e mm omm



Node & Edge Features

CLIMATE+URBAN URBAN-ONLY
STGNN STGNN

coords
urban feats
visit count

node
features
METHODOLOGY temperature
humidity |
M
GD: 13.13
edge visit count

features avg. transport method (from avg. speed)




STGNN Architecture

STGNN
ARCHITECTURE

INPUT /7 N
BINNED ENCODER
GRAPH
STRUCTURE EDGE-CONDITIONED MESSAGE PASSING GRU MODEL OUTPUT
-~ ~ MLP layer layer layer - ~
NODES
B B e PREDICTION
e count Sl ® o [o ° e | | | [Tl o
climate feats eag: bt el ilel/ el el e . A e * node visit coupts
- e T WetgrLs ol ol fiol fiol fiol il [ || ohfetf-olf oty at each test bin
® . \.,, \‘/ \./ \‘./'/ [ [ [ [ .%
EDGE FEATS A AT MODEL
> G P « trained weights
METHODOLOGY BRI
* time
\_ . Node Embeddings at t-1 \_ )
DECODER L z.€ R®*
NODE COUNT
PREDICTIONS (MLP)
L > Mean Square Error
- %




Results

CONFIGURATION NODE COUNT NODE PRESENCE NODE PRESENCE NODE PRESENCE
ACCURACY (MSE) ACCURACY (%) PRECISION (%) RECALL (%)

Climate+Urban 0.1250 98.09 76.41 56.51

Urban-only 0.1314 98.04 75.33 55.53

RESULTS



RESULTS

Results

CONFIGURATION NODE COUNT NODE PRESENCE NODE PRESENCE NODE PRESENCE
ACCURACY (MSE) ACCURACY (%) PRECISION (%) RECALL (%)
Climate+Urban 0.1250 98.09 76.41 56.51
Urban-only 0.1314 98.04 75.33 55.53
Climate-only 0.1240 97.77 67.16 56.27
Baseline 0.1174 97.99 74.33 54.79
02 - \\’%\}w 0 T

Training losses (MSE)

Validation losses (MSE)



© 1 o 1n o
o ~ 7o) ~ o LN C b o
N — — — — M~ N (@Y o
1 ]
e _
_—
=" 1
{
// ..// p.\.,r.l -
A\ S ﬂ T
) e L O
o A
../ o ] DO ra .
s N k, 1 P o o] )
- — -, H v o 0 © n._”
m R N OO Q o e
i 8] o] le) o - O
o o
m ° %5 o o © LA .
,.f, 0© © o o [e] M
\ o © 0° ©
.w.L o o] o © o 7
w“ Q m o] [e] fe] Q O | Q
3 o O O o s =
n,i\.\ o ° o ° ° o { N O O
/ o] oo o o \
g o 0% 4% e Oo ] O O c
L ©oo 0 o , 0o ~ @ O .h O
- \ o e °© © o N
N e 0] o o © -
N - . 00 o % ° OOO ,// O ......_..... — O
o
L 09%8 8 o . _ Jr 8™
~ o O ° 5 = " dy] ——n
- o o (0] ] °® (o) 3 p
{ & 8 © o \ A
o |
%, : & 1) (0] o (o] o \..rl. O . \\
N o o OO ° @ o < - ay ¥/ @
\ ° %o, OO.O 5 ° > ® N [ | o [ O
) o ol
/e~ 0.0 © o0g L0 ~ 0)
T o O@ 00 O O _ rel O .
{ o fo) o n@ o] o i )
o] o] o o] o (o o
N o o o
Y o 2~ O @
/dv o o © o /./ o
/ 00 o~
o o o o — @
o @)
° e S — o ﬂw O O
\_...I rrH \\.__ -
\ ® - yi @)
- .A_, _\-_
y )
S o O
I ~
——]
|
™ A
A N / - .
\ ' S O
o { ...\_
Y o o e} /
_// 0 |.// O
f v \ e — _ o © ) .
— ~ __ H - R O o ﬂ.“_
[T N\ o © 0° ~_
B o o o o
( 0 o © ° 6 o ] O
,.._f o O o (o] o] N
/.__q O Q 0o o OO \
i, o o] o o
— o] o] o © o e
< o oo o °© o5 © oy ! o
) o o 0 s -
> o © R & o o oo ~ O O
o oo o
. o 0% % o® ° \._ O O C
— 00 o
“. o o 5 %o C o @ ' ’ ®
Ny, e} ° 4 o o o \
- . o o -
Nt 09, § o °° % . O e @)
. L5 A
\.\w \ ¥ §50
o }
\ @ o \ —n
L\,_.\ 1 . -~
L a4 -
N = o mNe Y i
™ o © o S 08 © S d @
__ o ° o So05 ° % N R s 0
/NN 0@0 o o0¢g o°° N O
T O
\ ﬁ [ RN e] le) o o] o] o o O O
o 0% o ]
X © o o o, O
. o o
- . o @Hr...\.... O O O
<
i o o © © ,.,/. O
/ 00 g
© o o] o |- @
7
o f )
o ~ O
/ P e =T e 0\.\)r .dw O
\ m_ p O
|
% O
— - [
b —\I
e
< pet o
[ ~

Results

RESULTS

Peak values

Mean values



Scenario Definition

Time-of-day Weather
* Morning  08:00-10:00 * Hot days > 23°C
* Mid-day  12:00-14:00 * Cold days <10°C
e Afternoon 16:00-18:00 * Humid days = 70%

RESULTS e Evening  18:00-20:00



Time-of-day Scenarios Mean (Urban+Climate)
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Time-of-day Scenarios Peaks (Urban+Climate)

00-20:00

18

00-18:00

16

00-14:00

12

:00-12

8

<
o
N

17.5

15.0

12.5

10.0

7.5

- 5.0

- 2.5

— 0.0

v §%50
... ..Q.Q.. -
o ==

RESULTS

T



Weather Scenarios 12:00-14:00 Peaks

Hot days Cold days Humid days
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RESULTS

Weather Scenarios 16:00-18:00 Peaks

Cold days
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Weather Scenarios 18:00-20:00 Peaks

Cold days
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Takeaways

 Stable next-bin predictions, but “inactive” is over-predicted
* Class imbalance between visited and unvisited nodes greatly impacted
 Climate and Urban features yield small gains, but not decisive effects

* Intersection-based node grouping led to workable graph, but still left strong
class imbalance

* Time and weather scenarios show some qualitative mobility trends

* Framework shows feasibility of fusing personal GNSS, climate and morphology
with a STGNN pipeline

CONCLUSION



Limitations

* Small, short dataset (22 participants, 6 weeks)

* GNSS irregularities and timestamp issues required cleaning,
noise likely remained

* Intersection-based node grouping reduced place-level detail and feature impact
* Sparse graph and class imbalance biased learning toward zeros

* Simple encoder (edge-conditioned + GRU) and short input window (10h) limited
temporal pattern capture

 Climate inputs were restricted to Temp, Humidity, PM10. TIN smoothing missed
micro-scale microclimate.

* Omitted times when most mobility choices might differ (nights and weekends)
CONCLUSION



Future Work

* Larger, longer, more diverse datasets with standardized coordinate sampling
* Improve localization (Wi-Fi fingerprinting) and indoor/outdoor labeling frequency

* Explore alternative graph structure (dynamic/event-based) to limit class
imbalance

* Additional graph features: distance-aware edges, expanded urban features
(terrain, SVF, shading, tree cover)

* Additional climate metrics (wind, solar radiation) and higher-resolution
microclimate data

CONCLUSION



oe

- S
T = . _\\
i - B & PR
i ¥ at{“ =
¢ E B s 0 -l
T g,:f : £ Uiy
I ;mf * h LES
I E (B e [
I E fiy i
i E i H';g g ; ”ﬂ
- FE E ‘am n 5y
,'~f£ | 4 ! r & i
ik F i n iy
% - F E W n Bl
" n -
£ B C .ol
g o £l

L ' i“l “' 'l
it e A7 DAL

Thank you

for your attention!



