
Article Not peer-reviewed version

The First Dark Sky Map of Thailand:

International Comparisons and Factors

Affecting the Rate of Change

Farung Surina * , Thanayut Changruenngam * , Jinda Waikeaw , Suruswadee Nanglae , Saran Poshyachinda ,

Boonrucksar Soonthornthum , Michael F. Bode

Posted Date: 9 September 2025

doi: 10.20944/preprints202509.0832.v1

Keywords: dark sky conservation; environmental astronomy; light pollution; night sky brightness; satellite-

based monitoring; sustainable development; sustainability policy; Thailand; VIIRS DNB

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/3806252
https://sciprofiles.com/profile/4703641
https://sciprofiles.com/profile/4753204
https://sciprofiles.com/profile/4716062


Article

The First Dark Sky Map of Thailand: International
Comparisons and Factors Affecting the Rate of Change
Farung Surina 1,* , Thanayut Changruenngam 1,* , Jinda Waikeaw 1, Suruswadee Nanglae 1,
Saran Poshyachinda 2, Boonrucksar Soonthornthum 2 and Michael F. Bode 2,3,4

1 Faculty of Science and Technology, Chiang Rai Rajabhat University, Chiang Rai, Thailand
2 National Astronomical Research Institute of Thailand, Chiangmai, Thailand
3 Astrophysics Research Institute, Liverpool John Moores University, Liverpool, UK
4 Botswana International University of Science and Technology, Palapye, Botswana
* Correspondence: sc_farung@crru.ac.th (F.S.); thanayut.cha@crru.ac.th (T.C.)

Abstract

We present the first dark sky map of Thailand using calibrated zenith artificial night-sky brightness
from VIIRS satellite data covering 2012–2023. Results were compared with the United Kingdom,
Chile, and Botswana to provide international context. Maps identified 14 classes of dark-sky areas,
ranging from pristine sky to cone cell stimulation, with classes 1–9 designated as “potential” dark
sky. Influencing factors—including population, GDP, inflation rate, unemployment, time, and country
name—were analyzed using mathematical models. The number of potential dark-sky areas was best
predicted by a Decision Tree model with a relative error of 0.4% ± 0.3%. Risk assessment suggests
that Thailand’s potential dark-sky areas are significantly threatened and could disappear by 2068
without conservation. Since 2012, Thailand has lost 15.4% of its pristine skies, while the UK gained
0.8%. Botswana remained nearly stable (–0.7%), outperforming Chile (–5.3%). By 2023, 60% of Thai
residents had lost naked-eye visibility of the Milky Way, and one-fifth were exposed to very high
nighttime light intensities, preventing dark adaptation. These findings highlight Thailand’s rapid dark-
sky degradation and emphasize the value of satellite-based monitoring for conservation strategies,
sustainable development policies, and international efforts to protect the natural night environment.

Keywords: dark sky conservation; environmental astronomy; light pollution; night sky brightness;
satellite-based monitoring; sustainable development; sustainability policy; Thailand; VIIRS DNB

1. Introduction
Artificial light at night (ALAN) has become one of the most significant and fastest-growing forms

of environmental pollution. It affects not only the visibility of the night sky but also ecological systems
and human health [1,2]. A number of studies have demonstrated the increasing radiance and extent
of night-time lighting globally, with satellite-based observations revealing year-on-year increases,
particularly in developing regions [3].

In 2016, Falchi et al. [4] introduced the New World Atlas of Artificial Night Sky Brightness,
providing a global classification of sky brightness levels using a 14-class scale based on the ratio of
artificial light to natural night sky background. This framework has since been widely adopted for
characterizing dark sky conditions in both global and regional studies [5,6]. The atlas revealed that a
significant fraction of the world’s population now lives under skies too bright to observe the Milky
Way, raising concerns for both astronomy and conservation. Despite these advancements, relatively
few studies have focused on the Southeast Asian region, and none have systematically mapped sky
brightness conditions across Thailand.

In this work, we produce the first dark sky map of Thailand using VIIRS Day/Night Band data
from 2012–2023. The data are processed to align with the classification scheme of Falchi et al. [4] to
facilitate international comparison. We analyze both spatial and temporal patterns of sky brightness
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and compare Thailand’s situation with countries known for varying light pollution profiles: Chile,
Botswana, and the United Kingdom. By ranking Thailand’s 77 provinces based on their potential
dark sky areas, we aim to provide data-driven insights for both policy and the promotion of dark sky
tourism. Our work also sets the stage for integrating night sky quality into broader environmental and
economic planning.

2. Materials and Methods
To create a dark sky map, the measurements of the calibrated zenith artificial night sky brightness

collected from the Suomi National Polar-orbiting Partnership with the Visible Infrared Imaging
Radiometer Suite (NPP-VIIRS) from 2012–2023 of the four countries studied were acquired; therefore,
mathematical models were carried out to find the significant factors affecting the sky brightness.

2.1. Data acquisition

Data were collected on electric lighting present on the Earth’s surface observed by the Visible
Infrared Imaging Radiometer Suite (VIIRS) Day/Night Band (DNB) [7] over Thailand, the UK, Chile,
and Botswana during 2012–2023. The cloud, background noise, solar and lunar contamination, and
features unrelated to electric lighting (e.g., fires, flares, volcanoes) were first reduced by adopting the
data in extention _vcmsl (stands for VIIRS cloud mask, stray light, lunar correction. The NPP-VIIRS
data provided the ratio of artificial light to natural light [8]. Natural lighting levels are governed
by natural celestial sources, mainly the Moon, natural atmospheric emission (airglow), starlight, the
Milky Way light, and zodiacal light. Meanwhile, the artificial light levels are from man-made light
(predominantly electrical).

The raster file of each year in an average masked data extension covering Thailand, the UK,
Chile, and Botswana from NPP-VIIRS1 between 2012 and 2023 was collected and clipped according to
the shape of each country. This extension contains the lights from cities, towns, and other sites with
persistent lighting, including gas flares (which are not included in the other data extension), provided
in the average value of the most suitable data and masked average radiance, with background, biomass
burning, and aurora zeroed out. Ephemeral events, such as fires, have been discarded; the background
noise was also identified and replaced with values of zero, yielding the output data to range from
1-63. The resulting artificial/natural light ratios from imagery were then grouped into 14 classes as
presented in Table 1.

Table 1 presents 14 classes of sky brightness classified by the ratio between the artificial brightness
and the natural background sky brightness given by Falchi et al. [4], where the natural background sky
of 174 µcd m2 (or 22 mag arcsec−2) was assumed. We noted here that the up-to-date value of 271.28
µcd m-2 (or 21.5±0.4 mag arcsec−2) was reported in Grauer et al. [9], Alarcon et al. [10].

1 https://eogdata.mines.edu/products/vnl/
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Table 1. Sky brightness classification system used in this study, based on the 14-class framework introduced by
Falchi et al. [4]. Classes are defined by the ratio of artificial light to natural night sky brightness. This scheme
allows comparison with previous global studies and facilitates consistent tracking of sky degradation.

Class Colour Ratio Artificial brightness Approximate total sky Visual impacts
code [Art./Nat.] (µcd m−2) brightness(mcd m−2)

1 Black <0.01 <1.74 <0.176 Pristine sky
2 Dark gray 0.01-0.02 1.74–3.48 0.176–0.177 Degraded near horizon
3 Gray 0.02-0.04 3.48–6.96 0.177–0.181 Degraded near horizon
4 Dark blue 0.04-0.08 6.96–13.9 0.181–0.188 Degraded near horizon
5 Blue 0.08-0.16 13.9–27.8 0.188–0.202 Degraded to zenith
6 Light blue 0.16-0.32 27.8–55.7 0.202–0.230 Degraded to zenith
7 Dark green 0.32-0.64 55.7–111 0.230–0.285 Degraded to zenith - Natural sky lost
8 Green 0.64-1.28 111–223 0.285–0.397 Natural sky lost
9 Yellow 1.28-2.56 223–445 0.397–0.619 Natural sky lost

10 Orange 2.56-5.12 445–890 0.619–1.065 Natural sky lost - Milky Way lost
11 Red 5.12-10.2 890–1780 1.07–1.96 Milky Way lost
12 Magenta 10.2-20.5 1780–3560 1.96–3.74 Milky Way lost - Cone stimulation
13 Pink 20.5-41 3560–7130 3.74–7.30 Cone stimulation
14 White >41 >7130 >7.30 Cone stimulation

2.2. Modelling

The “potential” dark sky was designated as sky class 1–9 due to the visibility of the Milky Way
and was modelled to determine factors that affect the evolution of night sky brightness. We studied six
attributes of each country, including population, GDP, inflation rate, unemployment rate, time, and
country name, using several mathematical models.

Light pollution levels have often been suspected to have a positive correlation with the gross
domestic product (GDP), a measure of a nation’s economic output. As economies expand, urbanisation
accelerates and energy consumption increases, leading to a greater demand for artificial lighting. Stud-
ies have shown that countries with higher GDPs tend to exhibit higher levels of light pollution [11].
Population growth, particularly in urban areas, is another key driver of light pollution. Densely
populated regions typically have higher levels of artificial lighting due to increased residential, com-
mercial, and industrial activity. Research has consistently demonstrated a strong correlation between
population density and light pollution [12]. The relationship between inflation, unemployment, and
light pollution is more complex. Other economic factors often mitigate the impact of high inflation,
which theoretically could lead to reduced energy consumption and consequently, lower light pollution.
Unemployment rates can indirectly influence light pollution by altering urban development and
energy consumption patterns [3,4,13,14]. However, it is essential to note that this relationship is not
strictly linear, as factors like energy efficiency policies and technological advancements in individual
countries can influence the impact of economic growth on light pollution.

To effectively predict spatial data, various machine learning models are commonly used due
to their capability of capturing complex relationships within the data. Among these models are
the Decision Tree model, which is easy to interpret but prone to overfitting; the Gradient Boosted
Trees model, which sequentially builds trees to improve accuracy; the Random Forest model, which
reduces overfitting by using multiple trees; the General Linear Model, which extends linear regression
for different types of dependent variables; and Deep Learning models, such as convolutional neural
networks and recurrent neural networks, which excel at handling high-dimensional data and extracting
complex features. Each of these models offers unique advantages, making them suitable for different
aspects of spatial data prediction [12,15–18].

Rapid Miner was used for modelling to predict the dark sky potential areas using the General
Linear Model (GLM), Deep Learning, Decision Tree, Random Forest, and Gradient Boosted Trees
(GBT) models. The process was started by importing a dataset from 2012–2023 with six variables:
GDP, population, unemployment rate, year, and country name. Each model type was created, and
the weights of the factors affecting the forecast were extracted using operator-extracted coefficients
for GLM, deep learning, decision trees, gradient-boosted trees, and random forests, respectively. The
models were evaluated with operator performance to ensure their accuracy. These operations helped
in analysing and interpreting the results efficiently, as well as understanding the weight of factors
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affecting the prediction as the relative error defined by Equation 1. The relative error, as a proportion
of the true value, provided a comparative understanding of how close the measured value is to the
actual value [19].

e =
|expectedvalue − actualvalue|

actualvalue
× 100 (1)

3. Results
Dark sky maps of Thailand during 2012–2023 are presented in Figure 1 with colour codes defined

in Table 1. We can see that the sky has become brighter over time, with major cities like Bangkok
and its surrounding areas already experiencing sky classes 13–14 in 2012. However, the high level of
development in the city turned out not to be the reason for the brighter nighttime sky, which will be
explained later in the Discussion section.

The dark sky map for 2023, labelled with ranking numbers for 77 provinces of Thailand based
on the number of potential dark sky (class 1–9) areas, is presented in Figure 2. Meanwhile, Table 2
reveals the number of areas of 14 sky classes in each province of Thailand, filed in alphabetical order
with ranking by the number of potential dark sky areas in the last column. Future dark-sky tourism
could benefit from these ranking numbers. With the exception of cities ranked number 2 (Nakhon
Ratchasima), number 5 (Ubon Ratchthani), and number 7 (Chaiyaphum), which were known as the
largest area provinces, we might notice that the first ten ranked cities appeared to be the western border
cities with the Tanaosri mountain range, which extends in a north–south direction in the western
provinces of Thailand.
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Figure 1. Changes in sky brightness of Thailand from 2012–2023 presented in 14 color classes defined in Table 1.
The figure was generated using public domain data extracted from NASA Earth Observatory by this paper.
Generated from Elvidge et al. [7] under a CC BY license, with permission from the Earth Observation Group
(EOG), original copyright 2017.
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Figure 2. Dark sky map of Thailand in 2023. The 77 provincial ranking numbers correspond to the ranks presented
in Table 2. Data from NASA Earth Observatory public domain.
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Table 2. Percentages of areas of all Thailand’s 77 provinces under specified artificial sky brightness classes.

No. Name Areas under specified total sky brightness classes (km2) Rank
Class 1 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

1 Amnat Charoen 1967 (50%) 579 (15%) 814 (21%) 357 (9%) 189 (5%) 39 (1%) 10 5 (0.1%) 0 56
2 Ang Thong 43 (4%) 0 34 (3%) 450 (40%) 341 (30%) 205 (18%) 52 (5%) 10 (0.9%) 1 (0.1%) 70
3 Bangkok 8 0 1 48 (3%) 200 (11%) 184 (10%) 304 (16%) 822 (43.7%) 313 (17%) 75
4 Bueng Kan 2760 (57%) 680 (14%) 800 (16%) 366 (8%) 172 (4%) 77 (2%) 10 3 (0.1%) 0 53
5 Buri Ram 5923 (49%) 1008 (8%) 2947 (24%) 1239 (10%) 720 (6%) 247 (2%) 55 13 (0.1%) 1 17
6 Chachoengsao 2340 (38%) 180 (3%) 856 (14%) 1254 (20%) 906 (15%) 379 (6%) 185 (3%) 99 (1.6%) 13 51
7 Chai Nat 948 (32%) 51 (2%) 792 (26%) 639 (21%) 370 (12%) 164 (5%) 35 (1%) 5 (0.2%) 0 62
8 Chaiyaphum 9849 (64%) 1228 (8%) 2580 (17%) 1022 (7%) 469 (3%) 140 (1%) 45 7 (0.0%) 1 7
9 Chanthaburi 4494 (59%) 180 (2%) 1223 (16%) 900 (12%) 477 (6%) 211 (3%) 71 (1%) 9 (0.1%) 0 34

10 Chiang Mai 21405 (79%) 1029 (4%) 2034 (7%) 1233 (5%) 830 (3%) 412 (2%) 188 (1%) 70 (0.3%) 14 (0.1%) 1
11 Chiang Rai 8565 (60%) 604 (4%) 2656 (19%) 1373 (10%) 720 (5%) 276 (2%) 66 14 (0.1%) 0 12
12 Chon Buri 808 (15%) 59 (1%) 461 (9%) 937 (18%) 1115 (21%) 743 (14%) 628 (12%) 412 (7.8%) 126(2%) 63
13 Chumphon 4877 (69%) 248 (4%) 865 (12%) 522 (7%) 345 (5%) 156 (2%) 56 (1%) 9 (0.1%) 0 35
14 Kalasin 3950 (47%) 851 (10%) 2191 (26%) 790 (9%) 417 (5%) 161 (2%) 29 11 (0.1%) 1 26
15 Kamphaeng Phet 6227 (60%) 536 (5%) 2028 (19%) 912 (9%) 464 (4%) 187 (2%) 59 (1%) 15 (0.1%) 1 23
16 Kanchanaburi 18028 (78%) 653 (3%) 2137 (9%) 1302 (6%) 746 (3%) 276 (1%) 84 21 (0.1%) 2 3
17 Khon Kaen 5580 (43%) 1041 (8%) 3429 (27%) 1515 (12%) 774 (6%) 367 (3%) 172 (1%) 42 (0.3%) 6 16
18 Krabi 3290 (58%) 282 (5%) 956 (17%) 598 (10%) 405 (7%) 117 (2%) 53 (1%) 4 (0.1%) 1 41
19 Lampang 11286 (73%) 771 (5%) 1708 (11%) 880 (6%) 450 (3%) 203 (1%) 74 13 (0.1%) 4 9
20 Lamphun 3662 (67%) 228 (4%) 584 (11%) 513 (9%) 349 (6%) 113 (2%) 39 (1%) 8 (0.1%) 2 43
21 Loei 9500 (75%) 1000 (8%) 1352 (11%) 496 (4%) 268 (2%) 94 (1%) 16 3 (0.0%) 0 14
22 Lop Buri 4024 (51%) 471 (6%) 1589 (20%) 1024 (13%) 445 (6%) 233 (3%) 64 (1%) 11 (0.1%) 0 33
23 Mae Hong Son 14581 (94%) 316 (2%) 438 (3%) 166 (1%) 39 11 3 0 (0.0%) 0 6
24 Maha Sarakham 2799 (41%) 594 (9%) 2102 (31%) 711 (10%) 396 (6%) 163 (2%) 37 (1%) 18 (0.3%) 0 38
25 Mukdahan 3271 (65%) 469 (9%) 696 (14%) 288 (6%) 191 (4%) 64 (1%) 23 8 (0.2%) 0 47

Continued on next page
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Table 2. Percentages of areas of all Thailand’s 77 provinces under specified artificial sky brightness classes (continued).

No. Name Areas under specified total sky brightness classes (km2) Rank
Class 1 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

26 Nakhon Nayok 1035 (40%) 10 361 (14%) 682 (27%) 337 (13%) 121 (5%) 22 (1%) 3 (0.1%) 0 65
27 Nakhon Pathom 116 (4%) 0 63 (2%) 616 (24%) 874 (34%) 539 (21%) 283 (11%) 84 (3.3%) 5 (0.2%) 68
28 Nakhon Phanom 3381 (50%) 926 (14%) 1394 (20%) 607 (9%) 349 (5%) 121 (2%) 25 17 (0.2%) 2 37
29 Nakhon Ratchasima 12917 (52%) 1890 (8%) 5218 (21%) 2667 (11%) 1383 (6%) 670 (3%) 252 (1%) 55 (0.2%) 10 2
30 Nakhon Sawan 6218 (54%) 665 (6%) 2499 (22%) 1292 (11%) 550 (5%) 238 (2%) 77 (1%) 12 (0.1%) 2 19
31 Nakhon Sithammarat 7392 (63%) 245 (2%) 1729 (15%) 1197 (10%) 679 (6%) 297 (3%) 89 (1%) 17 (0.1%) 2 20
32 Nan 12466 (83%) 593 (4%) 1126 (8%) 472 (3%) 249 (2%) 70 15 0 (0.0%) 0 8
33 Narathiwat 3124 (60%) 138 (3%) 875 (17%) 608 (12%) 326 (6%) 102 (2%) 39 (1%) 12 (0.2%) 1 44
34 Nong Bua Lam Phu 2553 (51%) 601 (12%) 1106 (22%) 404 (8%) 186 (4%) 85 (2%) 33 (1%) 4 (0.1%) 0 49
35 Nong Khai 1797 (46%) 362 (9%) 838 (21%) 499 (13%) 298 (8%) 87 (2%) 33 (1%) 9 (0.2%) 1 57
36 Nonthaburi 0 0 0 40 (5%) 144 (19%) 135 (17%) 193 (25%) 241 (31.2%) 20 (3%) 77
37 Pathum Thani 19 (1%) 0 1 255 (14%) 466 (25%) 431 (23%) 407 (22%) 236 (12.8%) 28 (2%) 71
38 Pattani 431 (19%) 16 (1%) 599 (26%) 634 (28%) 418 (18%) 125 (6%) 34 (1%) 10 (0.4%) 3 (0.1%) 66
39 Phangnga 2995 (66%) 157 (3%) 545 (12%) 424 (9%) 245 (5%) 120 (3%) 34 (1%) 4 (0.1%) 0 54
40 Phatthalung 2422 (53%) 65 (1%) 810 (18%) 681 (15%) 410 (9%) 130 (3%) 32 (1%) 6 (0.1%) 0 55
41 Phayao 5322 (69%) 364 (5%) 1042 (14%) 536 (7%) 281 (4%) 84 (1%) 28 2 (0.0%) 0 32
42 Phetchabun 10437 (69%) 862 (6%) 2167 (14%) 910 (6%) 456 (3%) 192 (1%) 46 13 (0.1%) 1 11
43 Phetchaburi 4479 (61%) 135 (2%) 619 (8%) 761 (10%) 793 (11%) 393 (5%) 124 (2%) 25 (0.3%) 3 39
44 Phichit 2001 (38%) 168 (3%) 1700 (32%) 863 (16%) 403 (8%) 113 (2%) 25 2 (0.0%) 0 46
45 Phitsanulok 8637 (67%) 635 (5%) 1814 (14%) 975 (8%) 493 (4%) 197 (2%) 86 (1%) 19 (0.1%) 9 15
46 Phra Nakhon Si Ayutthaya 306 (10%) 0 183 (6%) 756 (25%) 851 (28%) 555 (18%) 299 (10%) 112 (3.6%) 15 67
47 Phrae 5783 (72%) 281 (4%) 826 (10%) 623 (8%) 296 (4%) 128 (2%) 38 4 (0.1%) 0 28
48 Phuket 30 (5%) 0 6 (1%) 96 (17%) 118 (21%) 114 (20%) 126 (22%) 75 (13.1%) 6 (1%) 72
49 Prachin Buri 2697 (44%) 103 (2%) 1070 (18%) 1143 (19%) 687 (11%) 261 (4%) 94 (2%) 23 (0.4%) 5 (0.1%) 42
50 Prachuap Kirikan 4378 (58%) 235 (3%) 993 (13%) 848 (11%) 633 (8%) 274 (4%) 100 (1%) 23 (0.3%) 0 36
51 Ranong 2599 (73%) 190 (5%) 368 (10%) 221 (6%) 148 (4%) 44 (1%) 9 5 (0.1%) 0 58

Continued on next page
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Table 2. Percentages of areas of all Thailand’s 77 provinces under specified artificial sky brightness classes (continued).

No. Name Areas under specified total sky brightness classes (km2) Rank
Class 1 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

52 Ratchaburi 2538 (41%) 134 (2%) 748 (12%) 1213 (20%) 930 (15%) 432 (7%) 158 (3%) 40 (0.6%) 5 50
53 Rayong 740 (17%) 30 (1%) 556 (13%) 911 (21%) 786 (18%) 604 (14%) 417 (10%) 237 (5.4%) 103(2%) 64
54 Roi Et 3756 (40%) 1206 (13%) 2843 (30%) 914 (10%) 493 (5%) 220 (2%) 51 (1%) 7 (0.1%) 2 25
55 Sa Kaeo 4536 (56%) 478 (6%) 1622 (20%) 847 (10%) 455 (6%) 155 (2%) 62 (1%) 10 (0.1%) 2 31
56 Sakon Nakhon 6631 (57%) 1423 (12%) 2102 (18%) 802 (7%) 477 (4%) 173 (1%) 56 10 (0.1%) 0 18
57 Samut Prakan 31 (3%) 0 0 26 (2%) 122 (11%) 241 (21%) 267 (24%) 357 (31.5%) 91 (8%) 76
58 Samut Sakhon 19 (2%) 0 0 109 (11%) 320 (31%) 244 (24%) 221 (21%) 109 (10.6%) 7 (1%) 73
59 Samut Songkhram 32 (7%) 0 9 (2%) 74 (15%) 199 (41%) 111 (23%) 57 (12%) 8 (1.6%) 0 74
60 Saraburi 1017 (24%) 71 (2%) 565 (13%) 1113 (26%) 741 (18%) 415 (10%) 216 (5%) 64 (1.5%) 5 (0.1%) 60
61 Satun 1601 (49%) 51 (2%) 544 (17%) 502 (16%) 370 (11%) 141 (4%) 25 (1%) 3 (0.1%) 0 61
62 Si Sa Ket 5749 (54%) 1164 (11%) 2426 (23%) 809 (8%) 407 (4%) 138 (1%) 36 6 (0.1%) 0 21
63 Sing Buri 138 (14%) 0 136 (14%) 300 (30%) 238 (24%) 144 (15%) 30 (3%) 2 (0.2%) 0 69
64 Songkhla 4574 (52%) 242 (3%) 1408 (16%) 1278 (14%) 749 (8%) 401 (5%) 141 (2%) 67 (0.8%) 19 (0.2%) 29
65 Sukhothai 4909 (60%) 423 (5%) 1416 (17%) 807 (10%) 395 (5%) 165 (2%) 44 (1%) 8 (0.1%) 0 27
66 Suphan Buri 2214 (34%) 93 (1%) 1504 (23%) 1642 (25%) 696 (11%) 303 (5%) 92 (1%) 21 (0.3%) 3 40
67 Surat Thani 11398 (74%) 422 (3%) 1516 (10%) 1100 (7%) 523 (3%) 249 (2%) 115 (1%) 37 (0.2%) 1 10
68 Surin 5987 (56%) 1170 (11%) 1983 (19%) 802 (8%) 495 (5%) 173 (2%) 32 8 (0.1%) 0 22
69 Tak 17944 (86%) 533 (3%) 1182 (6%) 640 (3%) 347 (2%) 131 (1%) 53 15 (0.1%) 0 4
70 Trang 2671 (50%) 126 (2%) 1099 (20%) 794 (15%) 446 (8%) 158 (3%) 70 (1%) 11 (0.2%) 3 (0.1%) 48
71 Trat 2179 (66%) 168 (5%) 467 (14%) 282 (9%) 130 (4%) 46 (1%) 11 2 (0.1%) 0 59
72 Ubon Ratchathani 12103 (65%) 1980 (11%) 2499 (13%) 1161 (6%) 634 (3%) 203 (1%) 77 27 (0.1%) 7 5
73 Udon Thani 7121 (53%) 1485 (11%) 2977 (22%) 1128 (8%) 544 (4%) 163 (1%) 73 (1%) 32 (0.2%) 1 13
74 Uthai Thani 5531 (69%) 153 (2%) 1132 (14%) 670 (8%) 442 (5%) 93 (1%) 18 7 (0.1%) 1 30
75 Uttaradit 7048 (73%) 387 (4%) 1244 (13%) 582 (6%) 287 (3%) 125 (1%) 32 7 (0.1%) 0 24
76 Yala 3325 (64%) 131 (3%) 684 (13%) 603 (12%) 291 (6%) 103 (2%) 46 (1%) 13 (0.3%) 3 (0.1%) 45
77 Yasothon 2437 (49%) 671 (13%) 1078 (22%) 441 (9%) 232 (5%) 95 (2%) 25 (1%) 2 (0.0%) 0 52
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The changes in sky brightness classes 1–14 over Thailand, the UK, Chile, and Botswana during
2012 – 2023 are presented in Table 3. It was found that the number of potential dark sky areas among
the three countries (except Botswana due to its almost unchanged area of dark sky) was best predicted
by a decision tree model, as shown in Figure 3, with a relative error (e) of 0.4% ± 0.3%. While Gradient
Boosted Trees (e = 0.9% ± 0.4%), a Random Forest (e = 1.1% ± 0.5%), a General Linear Model (e = 1.2%
± 0.3%), and a Deep Learning (e = 2.3% ± 0.8%) all made small errors, they all agreed that the country
name attribute has the most significant effect on the rate of change, with an average weight of 0.24
± 0.01 as shown in Table 4. This implies that neither higher population, wealth, nor other economic
factors are the reasons for creating more light pollution, but the country’s dark sky reserve policy
appears significant, as we discuss below.

Figures 4 and 5 show the percent of area of the potential dark sky (class 1-9) of the four countries
during 2012-2023. In comparison with other countries, Thailand has been losing pristine dark sky at a
much higher rate (75.0% in 2012 - 59.6% in 2023) compared with the UK, whose dark sky area remained
almost unchanged also (62.6% in 2012 - 63.4% in 2023). Meanwhile, the percentage of pristine dark
sky sites in Botswana remains almost unchanged (99.1% in 2012 to 98.4% in 2023), and light pollution
seems to be one of the least in the world and even better than Chile’s (97.6% in 2012 to 92.3% in 2023),
where major international observatories are located.

Figure 3. Decision Tree model diagram.
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Table 3. Changing in sky brightness during 2012–2023 over Thailand, the UK, Chile, and Botswana.

Year Areas under specified total sky brightness 14 classes (km2)
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

Thailand
2012 466044 1672 3935 9100 18067 27898 30575 24528 16265 10397 6474 3822 1677 423

(75%) (0.3%) (0.6%) (1.5%) (3%) (4%) (5%) (4%) (3%) (2%) (%1) (0.6%) (0.3%) (0.1%)
2013 466667 98 502 3714 17615 35290 36390 26025 15770 9467 5516 2855 937 131

(75%) (0.0%) (0.1%) (0.6%) (3%) (6%) (6%) (4%) (3%) (2%) (%1) (0.5%) (0.2%) (0.0%)
2014 460791 12 136 1302 10829 33622 41715 31217 19054 10999 6385 3444 1191 180

(74%) (0.0%) (0.0%) (0.2%) (2%) (5%) (7%) (5%) (3%) (2%) (%1) (0.6%) (0.2%) (0.0%)
2015 452522 0 11 257 6824 31939 43345 34740 22772 13677 7834 4324 2150 492

(73%) (0.0%) (0.0%) (1%) (5%) (7%) (6%) (4%) (2%) (%1) (0.7%) (0.3%) (0.1%)
2016 443900 257 1006 4731 16260 32544 38592 32994 22445 13689 7665 4322 2035 437

(71%) (0.0%) (0.2%) (0.8%) (3%) (5%) (6%) (5%) (4%) (2%) (%1) (0.7%) (0.3%) (0.1%)
2017 433311 0 0 0 1 10317 59650 51003 31479 17875 9228 5093 2390 530

(70%) (0.0%) (0.0%) (2%) (10%) (8%) (5%) (3%) (%1) (0.8%) (0.4%) (0.1%)
2018 431548 0 0 9 430 22093 60598 47374 28674 16060 7997 4278 1558 258

(70%) (0.0%) (0.1%) (4%) (10%) (8%) (5%) (3%) (%1) (0.7%) (0.3%) (0.0%)
2019 422557 0 0 21 1596 25055 57272 47891 31537 18203 9175 4977 2139 454

(68%) (0.0%) (0.3%) (4%) (9 %) (8%) (5%) (3%) (%1) (0.8%) (0.3%) (0.1%)
2020 426187 0 0 0 0 2156 52105 63106 38016 20841 10220 5353 2442 451

(69%) (0.0%) (0.3%) (8 %) (10%) (6%) (3%) (%2) (0.9%) (0.4%) (0.1%)
2021 388610 0 5 24 87 2863 65282 76209 41824 24300 12088 5860 3028 697

(63%) (0.0%) (0.0%) (0.01%) (0.5%) (11%) (12%) (7%) (4%) (%2) (0.9%) (0.5%) (0.1%)
2022 389176 0 0 0 0 781 52238 75710 48167 29403 14274 6900 3442 786

(63%) (0.1%) (8 %) (12%) (8%) (5%) (%2) (1.1%) (0.6%) (0.1%)
2023 369949 0 0 0 0 0 34240 94965 57895 35620 16274 7326 3756 852

(60%) (6 %) (15%) (9%) (6%) (%3) (1.2%) (0.6%) (0.1%)
UK

Continued on next page
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Table 3. (continued)

Year Areas under specified total sky brightness 14 classes (km2)
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

2012 303615 0 0 9 733 11755 38606 42030 29532 19900 15411 13897 7720 2154
(63%) (0.2%) (2.4%) (8%) (9%) (6%) (4%) (3%) (3%) (2%) (0.4%)

2013 448500 0 1 20 350 2996 7563 7760 5694 4556 3912 2805 1024 181
(92%) (0.1%) (0.6%) (2%) (2%) (1%) (1%) (1%) (1%) (0%) (0.0%)

2014 310696 0 0 0 2 1374 22107 50653 37224 22456 16149 13915 8258 2528
(64%) (0.0%) (0.3%) (5%) (10%) (8%) (5%) (3%) (3%) (2%) (0.5%)

2015 306510 0 0 0 0 365 21654 56316 37663 22165 16124 13661 8205 2699
(63%) (0.1%) (4%) (12%) (8%) (5%) (3%) (3%) (2%) (0.6%)

2016 309441 0 0 0 84 2855 23814 52002 36649 21623 15921 13216 7445 2312
(64%) (0.0%) (0.6%) (5%) (11%) (8%) (4%) (3%) (3%) (2%) (0.5%)

2017 313845 0 0 0 0 148 12651 57519 41434 22761 16031 12731 6404 1841
(65%) (0.0%) (3%) (12%) (9%) (5%) (3%) (3%) (1%) (0.4%)

2018 311402 0 0 0 0 75 10523 58424 44119 23572 16323 12598 6460 1866
(64%) (0.0%) (2%) (12%) (9%) (5%) (3%) (3%) (1%) (0.4%)

2019 313347 0 0 0 0 53 11546 58560 42677 23216 16191 12259 5840 1673
(65%) (0.0%) (2%) (12%) (9%) (5%) (3%) (3%) (1%) (0.3%)

2020 317159 0 0 0 0 134 10574 56712 43047 23036 15986 11802 5311 1601
(65%) (0.0%) (2%) (12%) (9%) (5%) (3%) (2%) (1%) (0.3%)

2021 306778 0 0 0 4 280 5767 58557 51131 25375 16855 12620 6205 1790
(63%) (0.0%) (0.1%) (1%) (12%) (11%) (5%) (3%) (3%) (1%) (0.4%)

2022 313578 0 0 0 0 0 9915 62444 42154 22594 16102 11673 5280 1622
(65%) (2%) (13%) (9%) (5%) (3%) (2%) (1%) (0.3%)

2023 307574 0 0 0 0 0 5455 65735 47678 23739 16504 11701 5242 1734
(63%) (1%) (14%) (10%) (5%) (3%) (2%) (1%) (0.4%)

Chile
2012 1087362 290 904 2808 6136 9230 9278 6942 4778 2994 2043 1548 1427 1016

(96%) (0.0%) (0.1%) (0.2%) (0.5%) (1%) (1%) (1%) (0.4%) (0.3%) (0.2) (0.1%) (0.13%) (0.09%)
Continued on next page
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Table 3. (continued)

Year Areas under specified total sky brightness 14 classes (km2)
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

2013 1086218 3 39 307 4385 10876 11395 8306 5414 3272 2301 1556 1419 1265
(96%) (0.0%) (0.0%) (0.0%) (0.4%) (1%) (1%) (1%) (0.5%) (0.3%) (0.2) (0.1%) (0.12%) (0.11%)

2014 1085341 18 74 804 4495 10168 11599 8607 5594 3415 2294 1621 1466 1260
(95%) (0.0%) (0.0%) (0.1%) (0.4%) (1%) (1%) (1%) (0.5%) (0.3%) (0.2) (0.1%) (0.13%) (0.11%)

2015 1083768 7 113 1157 5078 10282 11492 8878 5676 3496 2362 1670 1514 1263
(95%) (0.0%) (0.0%) (0.1%) (0.4%) (1%) (1%) (1%) (0.5%) (0.3%) (0.2) (0.1%) (0.13%) (0.11%)

2016 1082050 68 274 1461 5484 10402 11868 8970 5649 3622 2426 1716 1525 1241
(95%) (0.0%) (0.0%) (0.1%) (0.5%) (1%) (1%) (1%) (0.5%) (0.3%) (0.2) (0.2%) (0.13%) (0.11%)

2017 1081209 0 0 0 3 6810 17739 12824 7010 3968 2580 1766 1547 1300
(95%) (0.0%) (1%) (2%) (1%) (0.6%) (0.3%) (0.2) (0.2%) (0.14%) (0.11%)

2018 1079595 0 0 0 23 7678 17629 13111 7289 4114 2599 1785 1599 1334
(95%) (0.0%) (1%) (2%) (1%) (0.6%) (0.4%) (0.2) (0.2%) (0.14%) (0.12%)

2019 1078248 0 0 0 270 7997 17453 13399 7610 4271 2739 1788 1629 1352
(95%) (0.0%) (1%) (2%) (1%) (0.7%) (0.4%) (0.2) (0.2%) (0.14%) (0.12%)

2020 1079041 0 0 0 0 3486 17514 15750 8526 4785 2805 1885 1680 1284
(95%) (0.3%) (2%) (1%) (0.8%) (0.4%) (0.2) (0.2%) (0.15%) (0.11%)

2021 1070930 3 3 8 42 3611 22296 17707 9236 5026 2913 1962 1724 1295
(94%) (0.0%) (0.0%) (0.0%) (0.0%) (0.3%) (2%) (2%) (0.8%) (0.4%) (0.3) (0.2%) (0.15%) (0.11%)

2022 1068600 0 0 0 2 1489 22624 19866 10331 5515 3082 2075 1755 1417
(94%) (0.0%) (0.1%) (2%) (2%) (0.9%) (0.5%) (0.3) (0.2%) (0.15%) (0.12%)

2023 1049765 0 1 2 11 982 29580 28089 12983 6266 3353 2221 1786 1717
(92%) (0.0%) (0.0%) (0.0%) (0.1%) (3%) (2%) (1.1%) (0.6%) (0.3) (0.2%) (0.16%) (0.15%)

Botswana
2012 723856 158 266 503 773 1011 960 738 619 422 291 177 81 9

(99.2%) (0.02%) (0.04% (0.1%) (0.1%) (0.1%) (0.1%) (0.10%) (0.08%) (0.06%) (0.04%) (0.02%) (0.01%) (0.001%)
2013 723358 0 0 83 997 1488 1277 921 691 475 297 193 73 11

(99.1%) (0.0%) (0.1%) (0.2%) (0.2%) (0.13%) (0.09%) (0.07%) (0.04%) (0.03%) ( 0.01%) (0.002%)
Continued on next page
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Table 3. (continued)

Year Areas under specified total sky brightness 14 classes (km2)
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13 Class 14

2014 723491 72 186 494 957 1196 1060 801 639 446 280 170 68 4
(99.1%) (0.01%) (0.03% (0.1%) (0.1%) (0.2%) (0.1%) (0.11%) (0.09%) (0.06%) (0.04%) (0.02%) (0.01%) (0.001%)

2015 722826 15 113 502 1071 1388 1249 944 696 492 300 193 71 4
(99.0%) (0.00%) (0.02% (0.1%) (0.1%) (0.2%) (0.2%) (0.13%) (0.10%) (0.07%) (0.04%) (0.03%) (0.01%) (0.001%)

2016 722801 116 255 554 931 1249 1184 910 723 542 317 194 82 6
(99.0%) (0.02%) (0.03% (0.1%) (0.1%) (0.2%) (0.2%) (0.12%) (0.10%) (0.07%) (0.04%) (0.03%) (0.01%) (0.001%)

2017 722276 0 0 0 15 1917 2236 1342 843 616 335 190 86 8
(99.0%) (0.0%) (0.3%) (0.3%) (0.18%) (0.12%) (0.08%) (0.05%) (0.03%) (0.01%) (0.001%)

2018 721714 0 0 0 0 1696 2507 1530 904 670 348 204 84 7
(98.9%) (0.2%) (0.3%) (0.21%) (0.12%) (0.09%) (0.05%) (0.03%) (0.01%) (0.001%)

2019 721401 0 0 0 235 1986 2232 1565 966 715 418 237 98 11
(98.8%) (0.0%) (0.3%) (0.3%) (0.21%) (0.13%) (0.10%) (0.06%) (0.03%) (0.01%) (0.002%)

2020 721642 0 0 0 1 1075 2629 1847 1164 746 423 230 94 13
(98.9%) (0.0%) (0.1%) (0.4%) (0.25%) (0.16%) (0.10%) (0.06%) (0.03%) (0.01%) (0.002%)

2021 720177 0 0 0 1 1188 3489 2167 1274 785 457 228 92 6
(98.7%) (0.0%) (0.2%) (0.5%) (0.30%) (0.17%) (0.11%) (0.06%) (0.03%) (0.01%) (0.001%)

2022 719615 0 0 0 0 1166 3653 2381 1346 852 507 240 95 9
(98.6%) (0.2%) (0.5%) (0.33%) (0.18%) (0.12%) (0.07%) (0.03%) (0.01%) (0.001%)

2023 718527 0 0 0 0 649 4329 2916 1546 948 562 263 107 17
(98.4%) (0.1%) (0.6%) (0.40%) (0.21%) (0.13%) (0.08%) (0.04%) (0.01%) (0.002%)
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Table 4. Relative errors and weights delivered from mathematical models.

Model Relative Attribute weight
error (%) Name Time Population Inflation* GDP Unemployment*

GLM 1.2±0.3 0.257 0.022 0 0 0 0
Random forest 1.1±0.5 0.232 0.030 0.019 0 0.004 0
Decision trees 0.4±0.3 0.237 0.012 0.005 0 0 0
Deep Learning 2.3±0.8 0.242 0.018 0 0.019 0 0
GBT 0.9±0.4 0.251 0.025 0.016 0 0 0
Average 0.24±0.01 0.021±0.007 0.008±0.009 0.004±0.008 0.001±0.002 0

*rate

Figure 4. Spatial changes in potential dark sky (class 1–9) from 2012 to 2023 in the four countries studied. Values
are expressed as the percentage of area in sky classes 1–9 relative to the total area across all 14 sky classes. The
figure was generated using public domain data extracted from NASA Earth Observatory by this paper. Generated
from Elvidge et al. [7] under a CC BY license, with permission from the Earth Observation Group (EOG), original
copyright 2017.
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Figure 5. Changes in the potential dark sky (class 1–9) area of four countries from 2012 to 2023.

4. Discussion
Our findings indicate that neither population size, GDP, nor other economic factors explain

national trends in sky brightness. Instead, country-level policy on dark sky reserves and lighting
regulations appear decisive. For example, while Bangkok and its surrounding provinces rapidly
deteriorated, other countries with active policies (e.g., the UK) have stabilized their skies despite
comparable urbanization.

We also noted that VIIRS data for the UK in 2013 were incomplete, detecting only the southern
part of the country. This limitation suggests that caution should be applied when interpreting that
year’s results.

Although time itself was not a strong predictor in our machine learning models, we found
Thailand could lose all potential dark skies by 2068 if no conservation policies are implemented. Risk
assessments therefore highlight an urgent need for immediate conservation action.

Overlaying our maps with Thailand’s 2023 population census reveals that more than 60% of the
Thai population (living in 4.5% of land area) have already lost naked-eye visibility of the Milky Way.
Within this group, over one-fifth of the population (living in less than 1% of land area) are exposed to
extremely high nighttime light intensities that prevent dark adaptation. These findings emphasize the
societal relevance of dark sky degradation.

Limitations of VIIRS Sensitivity to LED Wavelengths

One limitation of the VIIRS Day/Night Band (DNB) sensor is its reduced sensitivity to short-
wavelength (blue-rich) emissions from white LEDs [20]. As Thailand increasingly adopted LED
lighting during the study period, VIIRS may underestimate actual upward-directed light. This could
explain why VIIRS-derived trends sometimes appear stable even when ground observations indicate
worsening conditions [3,6]. Future work should combine VIIRS data with ground-based photometry
or new sensors with broader spectral response.
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5. Conclusions
In this study, we have introduced the first comprehensive dark sky map of Thailand, utilising

data from the Suomi National Polar-orbiting Partnership’s Visible Infrared Imaging Radiometer Suite
(NPP-VIIRS), spanning from 2012 to 2023. Our analysis of artificial night sky brightness relative to
natural light has highlighted significant trends in the degradation of Thailand’s nocturnal environment
compared to the UK, Chile, and Botswana.

The findings indicate a troubling decline in the number of pristine dark sky areas in Thailand,
with a loss rate of 15.4% since 2012; a stark contrast to the slight increase in the UK’s pristine skies by
0.8% over the same period. This discrepancy underscores the critical impact of dark sky conservation
policies, which are notably absent in Thailand. The data also reveal that while Botswana and Chile
have managed to retain relatively stable levels of dark sky, Thailand’s potential dark sky areas are
projected to diminish significantly by 2068 if no intervention is made.

Our tests of different models show that the Decision Tree model, with the lowest error, is the
best at predicting the number of possible dark sky areas. However, all of the models agree that
country-specific dark sky conservation practices are a big part of how much light pollution there is.
This suggests that the observed increase in light pollution is not solely due to population or economic
growth but rather to the absence of effective conservation measures.

The risk to Thailand’s dark skies is further highlighted by the fact that over 60% of its residents
have lost the ability to view the Milky Way with the naked eye, and more than 20% are exposed to very
high nighttime light intensities. These findings call for immediate and robust dark sky conservation
strategies to prevent further deterioration of Thailand’s night sky and preserve its remaining natural
nocturnal heritage.

A dramatic increase in nighttime sky brightness in Thailand could be due to the introduction of
new street lighting technologies. The country began to replace older, conventional street lamps with
more energy-efficient LED lights around 2015. The government launched several initiatives aimed
at modernising street lighting to reduce energy consumption and maintenance costs since then. The
move was part of a broader push towards sustainability and efficiency in public infrastructure. Over
the years, this initiative has expanded to include more cities and rural areas, reflecting a growing
commitment to energy conservation. However, these LEDs usually have a different colour temperature
and brightness compared to the older high-pressure sodium lamps they replaced. The transition to
LED lighting resulted in a rise in skyglow, a phenomenon where atmospheric particles scatter artificial
light, brightening the night sky. This change in lighting technology significantly altered the nighttime
sky’s brightness.

This paper suggests that the only significant factor that affected sky brightness over time was
public policy. In the UK for example, overall sky brightness decreased during the past decade. The
United Kingdom addresses light pollution through various policies aimed at reducing its environmen-
tal and social impacts. The UK has implemented laws and regulations to address light pollution issues,
although there are some gaps in the existing policies. The Clean Neighbourhoods and Environment
Act 2005 brought certain forms of exterior lighting under statutory nuisance control, indicating a step
towards managing light pollution. Furthermore, the UK government recognises the detrimental effects
of light pollution on wildlife, human health, and astronomy [21]. Policies emphasise the adoption of
energy-efficient lighting technologies, such as LEDs, to minimise light spill and glare while conserving
energy [22].

There has been a trend in the UK towards increasing the number of dark sky areas, and this
could be primarily driven by a growing awareness of light pollution and its effects. We might suspect
here a few reasons behind this trend: 1.) Environmental Concerns: Light pollution affects not only
stargazing but also wildlife and ecosystems. Increased awareness of these impacts has led to efforts to
reduce artificial light in natural areas. 2.) Public Awareness and Interest: There’s a growing public
interest in astronomy and dark sky experiences. As more people become aware of the beauty of dark
skies and the effects of light pollution, there’s more support for preserving these areas. 3.) Dark
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Sky Reserves and Parks: Organisations like the International Dark-Sky Association (IDA) work to
designate and protect dark sky reserves and parks. 4.) Community and Local Government Initiatives:
Local communities and governments are increasingly involved in initiatives to reduce light pollution.
This includes adopting better lighting practices, such as using shielded fixtures and lowering light
levels during the night. 5.) Tourism: There’s also an economic incentive. Dark sky areas attract tourists
interested in stargazing and astrophotography, which can benefit local economies.

We encourage local authorities in Thailand and other countries without such policies to implement
lighting strategies and planning policies to mitigate light pollution in sensitive areas, such as Dark Sky
Reserves. People would realise that the implementation of lamp shields alone can lead to significant
reductions in electricity consumption of over 30%, as proposed in [23]. Public awareness campaigns
could promote responsible lighting practices among businesses and individuals.

These findings demonstrate that dark-sky conservation should be considered not only an astro-
nomical or environmental concern but also a pillar of sustainable development. Protecting dark skies
directly supports SDG 11 by promoting sustainable cities and communities, while also contributing to
SDG 7 through more efficient energy use and SDG 15 by reducing ecological disruption to nocturnal
species. Remote-sensing approaches provide a scalable monitoring framework for policymakers to
evaluate progress and adjust strategies. Beyond environmental protection, reducing light pollution can
lower electricity costs, improve human health, and foster eco-tourism opportunities such as dark-sky
tourism. Therefore, integrating dark-sky policies into national sustainability agendas represents a
cost-effective and multi-benefit pathway toward a more resilient and sustainable future.
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