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INTRODUCTION

Air F'n:nlluticm* *  Air pollution from industry,
Crisis

vehicles, agricultural burning, and
transboundary haze.

_ o : .
Airsheds Severe health risks (respiratory &
cardiovascular diseases) demand

urgent monitoring and mitigation.
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Geographic zones where
pollutants accumulate due to
terrain and weather.

Better than administrative
boundaries for pollution

management and policy.
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Air Pollution
Crisis
Airsheds ,
® Uses satellite DEM and
_ _ _ meteorological data (wind,
Air Pollution Ve Data-Driven diat
; \ N _ : pressure, radiation).
Management in P(g\ > Delineation o whetine s o
Thailal‘ld MethDdS acnine learning tunsupervise
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Implications

WWW.GISTDA.OR.TH



dnanviuwmuninalulagooniAlia:NaIsauINed (@VANISUNIBU)
Geo-Informatics and Space Technology Development Agency (Public Organization)

INTRODUCTION

Air Pollution
Management in
Thailand

oD

G

'

® @ @

Air Pollution
Crisis

Airsheds

Data-Driven
Delineation
Methods

Classification

ApprnachesE:>

Policy &
Management
Implications

WWW.GISTDA.OR.TH

Geo-Informatic performance
Classification for delineating
airsheds in Thailand (Objective of

work).
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Supports localized airshed maps
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Management | .
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DATA COLLECTIONS
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21-year monthly meteorological data with topographical features
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DATA COLLECTIONS

PBL (m) TMAX (°C) 4 TMIN (°C) PPT (mm)
Meteorological Parameters Source
Boundary Layer Height (PBL) ERA5
Surface Pressure (SUR) ERA5
Precipitation (PPT) TerraClimate
Downward Surface Shortwave Radiation (SRAD) TerraClimate
Maximum Temperature (TMAX) TerraClimate
Minimum Temperature (TMIN) TerraClimate
Vapor Pressure (VAP) TerraClimate
Wind Speed (WS) TerraClimate
Digital Elevation Model (DEM) NASADEM HG Tv001
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21-year monthly meteorological data with topographical features
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MODEL PROCESSING

The Elbow Method is a fundamental technique for determining the optimal number of clusters (k) in

unsupervised machine learning applications.

Step Process Stage Description Role of Elbow Method

| Data Preparation Spatial data preprocessing (Object / Pixel level) Not yet applied

2 Feature Analysis Statistical parameter calculation (Mean / Mode) Not yet applied

3 Clustering K-Means / ISODATA implementation (testing k = 2-10)  Determines optimal k value

al Region Finalization  Definitive geographical boundary delineation Applies optimized k from Elbow
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MODEL PROCESSING

The Elbow Method is a fundamental technique for
determining the optimal number of clusters (k) in

unsupervised machine learning applications.

Within-Cluster Sum of Squares (WCSS) Calculation:

k
Wess =) 3l = wll?

=1 xeC;
Optimal Cluster Selection:
1. The optimal k corresponds to the elbow point

2. In this study: k=4 was identified as optimal for both

classification methods

Elbow Method Combined Object-based with Pixel-based
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MODEL PROCESSING
Step-by-Step WCSS Calculation Flowchart

1. Data Preparation 5. Aggregate Within-Cluster Variability
' o LT Organize variables; _— Sum squared distances
(2-score) awlailes]  Standardize to ensure within each cluster (measure
Tateeter]  equal weight. s 3 5 of compactness).
Multivariate Dataset \_Squared Distances Squared Distances Squared Distances J

2. Select Candidate Cluster Numbers 6. Computation of Total WCSS

2z Sum variability from all
m Define range of clusters z q% ]—o Total WCSS| | isters for t(t))t,al WCSS.

(e.g., 2 to 10) for evaluation.

7. Repetition Across Cluster Numbers

3. Clustering for a Given k C (Repeat for all k| Repeat steps 3-6 for all tested

Apply clustering algorithm; cluster numbers. i

ISODATA Centroid  Assign observations to
nearest centroid. 8. Determination of Optimal k (Elbow Method)

i provebibriy Plot WCSS vs. k; Identify
4. Distance Computation & Ve elbow point to balance
* , compactness and simplicity.
Calculate distance of each : -
Distance (Point, Centroid)  hservation from its L Number of Clusters (k) )

Centroid assigned cluster centroid.

Final Output: Optimal Number of Clusters Identified for Anal%is.
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RESULTS

99°0.00°E 102°0.00'E 105°0.00'E
J J '
T T T

Airshed Mode from
Pixel-Based Classification
Over 12 Months (K = 4)

z
g1
£

<
z J
g S
j
z
:

1
T
18°0.00'N

T
15°0.00'N

|
T
12°0.00°'N

300

990.00'N
i

T
9°0.00'N

Legend
Clusters
Cluster 1
Cluster 2
I Cluster 3

’

~ 0

b\\
X
_q ; Cluster 4
1. 1 Boundaries
} |

6°0.00'N
:

T
6°0.00'N

'
T 1 T
99°0.00'E 102°0.00°E 105°0.00'E

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4
DEM (m) 27.89 177.61 435.47 808.94
PBL (m) 556.08 188.48 434.99 427.62
PPT (mm) 174.36 154.87 133.94 113.59
SRAD 218.31 218.96 214.92 211.65
SUR (hPa) 1006.54 988.10 960.09 934.19
TMAX (°C) 32.37 31.84 31.41 30.12
TMIN (°C) 23.80 22.04 20.43 18.73
VAP 2.93 2.62 2.44 2.20
WS(ms 1) 1.84 1.41 1.21 1.28
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Cluster 1

Areas with low topographic elevation

Characterized by the lowest average elevation, with high
temperature and high relative humidity.

Efficient wind circulation promotes good atmospheric
ventilation.

As a result, this airshed exhibits the lowest susceptibility to

PM2.5 pollution among all sroups.
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Cluster 2

Regions with flat topography and moderate elevation

The average topographic elevation corresponds to flat terrain
with moderate elevation.

Meteorological variables show a decreasing trend compared
to Cluster 1.

This group exhibits a higher susceptibility to PM2.5 impacts

when compared to Cluster 1.
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Regions with flat topography and moderate elevation

Note: Several areas in Northern Thailand are classified as Cluster 3
and 4, which are characterized by terrain surrounded by high
mountains. This topographic configuration can form basin-like
environments, potentially enhancing pollutant accumulation and

worsening air quality conditions.



dnanviuwmuninalulagooniAlia:NaIsauINed (@VANISUNIBU)
Geo-Informatics and Space Technology Development Agency (Public Organization)

RESULTS

N e B Cluster 3
- ¢ Areas in this group are characterized by hilly terrain or highland
; areas.
Z f - ® The average topographic elevation is higher than that of Cluster
fzj : 1 and 2.

® Mean climatic variables across all factors show a declining

: 15 trend compared to Cluster 1 and 2.
— e This group exhibits a clearly higher susceptibility to PM2.5
x|, impacts than Cluster 1 and 2, which is closely associated with
geRa the increasing topographic elevation.
:-'E:d WWW.GISTDA.OR.TH
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A | | { Cluster 4
Airshed Mode from
Pixel-Based Classification
Over 12 Months (K = 4)
. . Areas in this group are characterized by high mountainous
terrain.
1 ® The average topographic elevation is the highest among all four
b |® groups.
® Climatic variables across all factors are at the lowest levels.
1 15 ®  This group exhibits the highest susceptibility to PM2.5 impacts,
reflecting a clear relationship between topographic elevation
i L O e | and meteorological factors.
: Legend :
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Month Cluster 1 Cluster 2 Cluster 3 Cluster 4
PM2.5 March 33.16 49.23 65.24 68.45
PM2.5 April 25.63 35.21 48.06 52.58

® Additional conditions may be required, particularly the inclusion of
qualitative criteria. This is because several areas in Northern Thailand are
classified as Cluster 2, while their surrounding terrain is dominated by high
mountainous regions (Cluster 3 and 4).

® Such topographic settings can create basin-like environments, where air
circulation is restricted. Consequently, these areas may experience PM2.5
impacts influenced by Cluster 3 and 4, despite being classified as Cluster 2

based on quantitative indicators.
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REMARK

®* The analysis is based on 21-year monthly meteorological data combined with static topographical

features, which may not fully capture short-term atmospheric variability.’

®* The use of monthly agerecated data limits the ability to represent sub-monthly or daily dynamics,

particularly during extreme pollution episodes or transient meteorological conditions.

®* The current airshed delineation is therefore not fully dynamic, as it does not explicitly account for

temporal changes in wind patterns, boundary layer evolution, or inversion events.
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FUTURE PROCESSING

Workflow for Inversion Map Generation

Phase 1: Input Data Phase 2: Preprocessing
& Preparation & Alignment
Input Data Preparation
Air Temp Data Surface Air
(Pressure Levels: Temp Data —>» Spatial Subsetting
850-950 hPa) (2-m)
| | il
v
Time Adjustment to
Dieg) Suvclie Local Time (UTC+7)
Spatial Subsetting Temporal Alignment

to Thailand Domain

National Boundary

of Datasets

Phase 3: Multi-level
Analysis Loop

Multi-level Analysis Loop
(Repeat for each Pressure Level)

Derivation of
—> Inversion Strength

(Tpress - Tsurf)

Daily Aggregation
(Max Intensity)

v

Classification of
Inversion Intensity

(e.g., None, Weak,

Moderat(?. Strong)

Map

Generation

& Output

Continuous
Inversion
Intensity Map
(High-res Image)
. J

= o

Classified
Inversion Map
(High-res Image)

Shapefile
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FUTURE PROCESSING

o : : : : ® The 900-850 hPa levels represent the lower troposphere,
3500 -~ " where elevated temperature inversions commonly occur and
ol directly influence near-surface air quality.

® These levels typically correspond to altitudes around 900-

D00 1 1,300 m, matching the inversion layers observed in the vertical

i a0k temperature profile.

" ® Inversions at 900-850 hPa act as a capping layer that
e i Blevated Inversion & suppresses  vertical mixing, thereby enhancing PM2.5
1000 - 4 accumulation near the surface.

500 -~

Surface Based Inversion

=P
@ 15 10 5 0 5

Temperature (°C)
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FUTURE PROCESSING
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FUTURE PROCESSING

Inversion Strength (AT)
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