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Abstract: The catastrophic twin earthquakes that struck southern Turkey and northern
Syria on 6 February 2023 caused massive casualties and extensive damage to infrastructure,
with Hatay Province of Turkey bearing the brunt of the impact. To swiftly and thoroughly
assess the damage caused by the earthquakes and the subsequent reconstruction efforts,
this study initially investigated the application of light change ratios between the pre-
earthquake monthly nighttime lights (NTLs) and the post-earthquake daily NTL data to
identify earthquake damage in Hatay Province. Next, the monthly NTL data were em-
ployed to calculate the time series average lighting index (ALI). Subsequently, random
noise and seasonal fluctuation were eliminated through data smoothing and seasonal
decomposition techniques. Pre- and post-earthquake regression models were then utilised
to establish a comprehensive framework for assessing economic recovery following the
earthquake. The findings indicated that (1) the seismic damage identification method based
on NTL data achieved an overall accuracy exceeding 71.55% in detecting building damage
after a disaster. This method provided a swift and effective solution for rapidly assessing
disaster-related destruction. (2) The reduced NTLs exhibited a strong correlation with the
area of severely and moderately damaged buildings while showing a weaker correlation
with areas of slightly damaged buildings. (3) The developed pre- and post-earthquake
regression models demonstrated a high degree of fit, making them valuable tools for assess-
ing regional economic recovery after the earthquake. At the county scale, such districts as
Erzin and Kumlu exhibited promising signs of recovery, while such severely impacted areas
as Antakya faced misconceptions of progress, primarily due to the brightening of NTLs
caused by reconstruction efforts. Additionally, such districts as Dortyol and Samandag
grappled with substantial short-term recovery challenges. Although the province experi-
enced gradual economic recovery, achieving complete restoration has remained complex
and time-intensive. The study offers valuable insights into earthquake damage assess-
ment and economic recovery monitoring while serving as a scientific reference for disaster
mitigation and post-disaster reconstruction efforts.

Keywords: NPP-VIIRS; nighttime light; Turkey earthquake; Hatay; damage degree;
post-earthquake economic recovery

1. Introduction

On 6 February 2023, at 01:17 Coordinated Universal Time (UTC), a catastrophic mag-
nitude 7.8 earthquake (37.23° N, 37.01° E) struck southern and central Turkey, along with
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northern and western Syria. The epicentre of this earthquake was situated 32 km northwest
of Gaziantep Province, Turkey, where the seismic intensity reached an astonishing magni-
tude of XI. Shortly after, at 10:24 UTC, a second powerful earthquake measuring magnitude
7.5 (38.01° N, 37.20° E) struck Kahramanmaras Province, Turkey, with its epicentre 96 km
northeast of the first earthquake [1]. The rupture of the first event originated in the East
Anatolian Fault Zone (EAFZ). The seismic rupture extended all the way to Antakya, Hatay
Province, in the south and ended in the Puturge segment in the north. The rupture ve-
locity of this earthquake was estimated to be 3.2-3.3 km /s, with a surface displacement
of 3-7 m [2]. The second event occurred along the Cardak fault, resulting in the rupture
of the northern branch of the EAFZ for approximately 150 km along the Savrun, Cardak,
and Dogansehir faults [3]. The velocity at which the event ruptured was estimated to be
2.5-2.8 km/s, causing a surface displacement of around 2-8 m. The impacts of this seismic
event were devastating. The United Nations Development Programme (UNDP) estimated
that approximately 3.3 million people were displaced by the earthquake, with more than
53,537 confirmed deaths, 313,000 destroyed buildings, and 650,000 new housing units to be
built to accommodate the affected populations [4]. Therefore, a statistical analysis of the
damaged buildings and economic recovery in the earthquake-affected regions of Turkey is
crucial for earthquake relief efforts, damage assessment, and post-disaster reconstruction.

Carrying out an on-site survey of the entire affected region immediately following
a powerful earthquake poses considerable challenges and risks. Strong earthquakes can
cause extensive damage to critical infrastructure, including power systems, communi-
cations networks, and transportation routes. Moreover, these earthquakes can trigger
secondary disasters, greatly complicating the execution of on-site surveys. Remote sensing
technology has been widely employed in the aftermath of major disasters, especially in the
early stages of post-disaster response [5]. The advantages of this technology—namely, low
cost, high efficiency, and extensive coverage—address the shortcomings and inefficiencies
associated with on-site surveys, providing a more effective solution to disaster assessment.
Although daytime imagery provides valuable disaster information, it does not directly re-
flect disaster-related losses associated with socioeconomic factors, such as human activities,
gross domestic product (GDP), and power outages.

Nighttime light (NTL) remote sensing provides a unique perspective on the intensity
and extent of human socioeconomic activities occurring on the Earth’s surface. This
technology is advantageous due to its high-frequency acquisition cycle, cost effectiveness,
and broad coverage, especially when compared to daytime remote sensing [6,7]. It is widely
used in various fields, such as urban expansion [8], economic development [9], population
distribution [10], conflict and war analysis [11], and monitoring of natural disasters [12].
Regions affected by significant human and natural disasters typically suffer from power
outages. Following a catastrophic event, nighttime illumination in impacted regions
frequently become even dimmer than before the disaster. Consequently, NTL images can
detect sharp reductions in nighttime illumination, which may indicate disaster-related
damage [13]. Levin [14] employed NTL change ratios to identify the regions impacted by
the earthquake in Turkey. Yuan et al. [15] investigated the relationship between changes
in NTLs triggered by the Turkey—Syria earthquake, considering various directions and
distances and their impact on population and building density. Fan et al. [16] utilised
the difference between pre- and post-earthquake NTL data to extract regions affected
by seismic damage. They concluded that extraction accuracy improves with increasing
seismic intensity.

Additionally, an increasing number of studies have sought to assess post-disaster
socioeconomic recovery through the analysis of time series NTL data. Xiao et al. [17]
analysed the damage and reconstruction following the Turkey—Syria earthquake using
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the concentric rings method based on NTL changes. Li et al. [18] conducted a time se-
ries analysis to investigate the distribution and intensity of variations in human activities
following the Haiti earthquake. Wang et al. [19] used NTL changes to assess the indirect eco-
nomic losses, the process of economic recovery, and the duration of recovery following the
Wenchuan earthquake. Jia et al. [20] analysed the recovery ratios of post-hurricane power
supply at various stages of recovery using corrected daily NTL time series data. Moreover,
several straightforward economic recovery models have been developed to analyse the
post-disaster recovery process, identify influencing factors, and predict the timeline for
economic restoration. Li et al. [21] introduced a post-disaster logarithmic recovery model
to predict the city’s economic recovery timeline following the Zhengzhou flood disaster in
2021. Gao et al. [22] introduced a piecewise linear model for analysing post-earthquake
economic recovery using monthly NTL data. This innovative model effectively captures
fluctuations in human activity following an earthquake and evaluates regional disparities
in economic recovery. Liu et al. [23] and Chen et al. [24] developed comprehensive models
for assessing earthquake resilience that utilise NTL resilience indicators to evaluate regional
economic resilience and its influencing factors.

Prior studies investigating the application of NTL data for seismic hazard monitoring
primarily focused on assessing the reduction in NTL intensity. However, the presence of
noise in daily NTL data has constrained the exploration of the correlation between NTL
intensity reduction and the severity of earthquake damage. Moreover, the features of post-
disaster economic recovery vary significantly across districts, indicating that a single model
cannot adequately encompass the complexities of economic recovery at different scales in
diverse regions. This study aimed to investigate the extent of post-disaster damage after
the 2023 earthquake in Hatay Province, Turkey, using NPP-VIIRS NTL data. Furthermore,
this study attempted to assess the economic recovery of county-level municipalities in
the province after the disaster. The findings of this study will significantly assist local
government authorities in developing targeted emergency response and reconstruction
efforts following seismic events.

2. Study Area and Data Sources
2.1. Study Area

Hatay Province (Figure 1), situated at the eastern extremity of the Mediterranean Sea,
constitutes the southernmost province of Turkey. The province is bordered to the south
and east by Syria, to the northwest by Adana Province, to the north by Osmaniye Province,
and to the northeast by Gaziantep Province. The province is notable for its mountainous
terrain, with mountains comprising 46% of its land area, plains accounting for 33%, and
plateaus and hillsides making up the remaining 21%. The Nur Mountains, a north-south
trending mountain range, are situated in the western part of the province. The highest peak
is Migirtepe, which reaches an elevation of 2240 m. The province comprises 12 districts,
covering a total area of 5524 km?, with a population of 1,686,043 in 2022. The capital city of
Hatay Province is Antakya, and the second-largest city is the port city of Iskenderun [25].
The province is subject to a Mediterranean climate characterised by hot, dry summers
and warm, rainy winters. The province receives varying precipitation levels, with an
average annual rainfall ranging from 570 mm to 1160 mm. The coastal areas tend to receive
less rainfall. One of the most notable characteristics of this climate is the prevalence of
southwesterly winds.
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Figure 1. Elevation map of Hatay Province featuring major cities highlighted in cyan, with the centre
of each city marked by a black dot. Inset: location map of Hatay Province in Turkey.

The earthquake struck the seismically active zone known as the EAFZ, bordered by
numerous cities in Hatay Province, as shown in Figure 1. Hatay Province endured the
most devastating consequences of the 11 provinces in Turkey that were impacted by the
earthquake. In Hatay Province, the casualty count tragically rose to 54,909, representing
a staggering 34% of the total casualties across Turkey. Furthermore, the direct economic
losses in this region reached approximately $12.448 billion, accounting for 36% of the
overall direct economic losses experienced throughout the country [26,27].

2.2. Data Sources

NPP-VIIRS DNB data record daily images of visible and near-infrared (NIR) light
emitted from the Earth’s surface at night and are provided by the Level-1 and Atmosphere
Archive & Distribution System Distributed Active Archive Center (LAADS DAAC). With a
500 m spatial resolution and 16-bit radiometric resolution, NPP-VIIRS DNB captures a wide
range of wavelengths, from 500 to 900 nm. This enhanced capability enables better detection
of light originating from human activities and other anthropogenic phenomena [28]. The
VNP46A1 data, a product of the NPP-VIIRS DNB data, record the daily measurement
of surface radiation at the sensor (top of the atmosphere (TOA)). These data capture not
only light intensity in urban areas, but also various background noises such as fires, gas
flares, lightning flashes, volcanoes, and auroras [29]. Although the VNP46A2 data correct
for the effects of moonlight and the atmosphere, the DNB BRDF-corrected NTL data lose
some illumination information. Moreover, the gap-filled DNB BRDF-corrected NTL data
are generated by interpolating multitemporal VNP46A1 data. As a result, the VNP46A2
data do not entirely represent the actual illumination conditions of the city following the
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disaster. VNP46A3 data provide monthly composites derived from daily atmospherically
and lunar-BRDF-corrected NTL radiance, effectively eliminating external artifacts and
biases to improve the accuracy of NTL data. The brightness of artificial lights in urban
areas varies due to several factors, including atmospheric scattering, absorption, and
variations in scanning angles. By averaging daily NTL measurements, the VNP46A3 data
can minimise these fluctuations in daily NTL data, enabling the data to reflect the actual
light levels accurately. Therefore, this dataset is particularly suitable for analysing the
reconstruction of the regional economy following the earthquake. The Turkish economy
underwent significant changes due to the COVID-19 pandemic from 2020 to 2022, leading
to a unique pattern of economic development compared to the previous period. Given that
the COVID-19 outbreak began in Turkey in March 2020, this study analysed the economic
landscape from April 2020 to January 2023 as the pre-earthquake period and from February
2023 to November 2024 as the post-earthquake period.

The payload of the Landsat 8 satellite includes two advanced scientific instruments:
the Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). The OLI
sensor captures multispectral bands across visible, near-infrared, and short-wave infrared
wavelengths with a spatial resolution of 30 m. This capability makes it exceptionally suited
for generating high-quality normalised difference vegetation index (NDVI) data, which are
readily available for downloading from EarthExplorer [30]. The reference map for building
damage was derived from the building damage proxy map created for Hatay Province,
Turkey, by the NASA Jet Propulsion Laboratory ARIA team and Dr. Sang-Ho Yun of the
Earth Observatory of Singapore (EOS) [31]. These data categorise the building damage
into four levels: no damage, slight damage, moderate damage, and severe damage. Due to
the lack of reference data on earthquake damage in Yayladagi district of Hatay Province,
it was excluded from the accuracy assessment of building damage. The reference map of
earthquake-damaged buildings provided by Earth Engine Apps focuses exclusively on
structures that have sustained damage [32]. Field photographs documenting the structural
damage were provided by the Earthquake Engineering Research Institute (EERI) [33].
These images include details about the geographic locations where they were captured, the
sources of the photographs, and descriptions of the observed structural damage. Provincial
GDP statistics at current prices for 81 provinces in Turkey from 2012 to 2023 were sourced
from the Turkish Statistical Institute (TURKSTAT) [34]. The administrative divisions for
Hatay Province, Turkey, were sourced from the Global Administrative Areas (GADM) [35].
A detailed description of the data sources is shown in Table 1.

Table 1. Introduction of the data sources.

Data Type Data Description Time Range Source Purpose
NPP-VIIRS dPa(i)ls t_li?TrE;qll;r?gsr LAADS Assessment of potential
VNP46A1 DNB Y 12 February 2023 damage from the
less cloudy DAAC .
NTLs o earthquake disaster
conditions
Assessment of potential
NPP-VIIRS Pre-efﬁrlt hclgl,?ﬁ ¢ January 2023 ]]“)AAAADCS damage from the
VNP46A3 monthly S earthquake disaster
thly NTL i
monthly S Time series 2020—§p1;/11 mber LAADS Assets_srr;etlrlt of 1t<he
monthly NTLs ovembe DAAC posteatiiquate
2024 €Conomic recovery
Landsat 8 OLI image Post-earthquake 16 July 2023 EarthExplorer  Extraction of vegetation extent

multispectral image
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Table 1. Cont.
Data Type Data Description Time Range Source Purpose
Reference map of Last updated on EOS Validation of NTL-identified
Earthquake damage building damage 9 May 2023 building damage
reference data Reference map of Earth Engine Validation of NTL-identified
earthquake- February 2023 AbDS buildine damagce
damaged buildings PP & &
Field photographs of 3 April 2023 EERI Vahdatlc?n Qf NTL-identified
structural damage building damage
- . Analysis of the regression
Prov1nc'1a.l GDP Prp V.1nc.1al GDP 2012-2023 TURKSTAT  relationship between NTLs and
statistics statistics in Turkey . o
economic activity in Turkey
Administrative ﬁ;ﬁgjiztgf Assessment of the
divisions 12 districts in Hatay 2022 GADM post-earthquake economic

Province, Turkey

recovery across the districts

3. Methodology
3.1. Methods of Assessing Earthquake Damage

The processing steps for the post-earthquake VNP46A1 data under less cloudy condi-
tions were as follows:

1.  We extracted radiance, solar zenith angle, QF cloud mask, and moon illumination
fraction from the VNP46A1 data for each pixel within the study area.

2. To minimise the impact of solar illumination, pixels with a solar zenith angle of
less than 108 degrees were excluded. On 12 February 2023, most pixels affected by
clouds were concentrated over the Nur Mountains and the Mediterranean Sea, where
their impact on urban illumination was minimal. Consequently, we could effectively
eliminate these cloud-contaminated pixels using the QF cloud mask.

3. To accurately identify cloud-contaminated pixels, we excluded all pixels with moon
illumination levels exceeding 60% [36].

4. The image was processed using two-dimensional linear interpolation techniques to
fill in the vacant pixels left by the masking manipulation.

5. Subsequently, the average value of the VNP46A1 image from the ocean, mountain,
and desert regions was calculated to determine an NTL threshold. This threshold was
used to eliminate background noise from the VNP46A1 image, as demonstrated in
the following equation:

NrLd =
NTL

for
for

where NTL and NTLY denote the raw NTLs and NTLs after removing the background noise
and T denotes the NTL threshold.

A dramatic decline in nighttime light brightness following a powerful earthquake

NTL<T

(1)
NTL >T

highlights the extensive destruction earthquakes can wreak on urban areas, particularly re-
garding widespread power outages. The NTL change ratio before and after the earthquake
could be expressed by the following equation [37]:

NTLY, — NTL4

before
d
NTLbefore
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where NCR denotes the NTL change ratio and N TL‘ZE fore and NTL4

after denote the pre-

earthquake NTLs and the post-earthquake NTLs, respectively.
The quantification of vegetation density was achieved by calculating the NDVI from
Landsat 8 OLI multispectral imagery using the following equation for NDVI:
NIR -R
NDVI = NIRTR 3)
where NIR and R denote the near-infrared and red bands of the image. A normalisa-
tion operation was applied to the NDVI, determining a threshold of 0.7 to identify areas
characterised by dense vegetation.

A post-earthquake damage map was subsequently generated using the vegetation-
masked NCR image. The Natural Breaks (Jenks) tool of the ArcGIS software was used to
classify NCRs in the study area into five categories: severe damage, moderate damage,
slight damage, invariant NTLs, and increased NTLs. The categories of severe, moderate,
and slight damage suggest the potential presence of severely, moderately, and slightly
damaged buildings. Increased NTLs imply enhanced illumination for everyday human
activities, production, and rescue operations following the earthquake. The Reclassify
tool of the ArcGIS software was employed to reclassify the category values for the three
aforementioned damage categories.

3.2. Method of Assessing Economic Recovery of Affected Regions

Recent research has revealed a positive correlation between NTL intensity and GDP as
a crucial indicator of economic activity. This implies that the higher the NTL intensity, the
greater the economic volume, indicating that the city is more economically prosperous [38—40].
To plot the regional economic resilience curve based on NTL data, it is first necessary to
calculate the average light intensity (ALI) using the following equation [41], which represents
the average brightness within the administrative district:

DN;

ALl =1

It

i @
where DN; represents the DN value of the NTL image for the ith pixel within the adminis-
trative district, while n signifies the total number of pixels in that district.

The monthly ALI values of the time series exhibit significant volatility due to seasonal
and irregular factors. Seasonal factors include holidays, vegetation cover, surface irradiance,
and snow cover, while irregular factors encompass natural disasters such as extreme
weather events. This variability poses challenges in identifying clear trends in economic
development from the data. The simple moving average (SMA) method was used to
effectively smooth out the random fluctuations present in the time series data [42], as
demonstrated by the following equation:

41 = 3 Y. i )

where y; represents the actual value of the time series at period i; t represents the current
time period; k represents the number of time periods of the time series data used to generate
the forecast; and #J;;1 represents the predicted value of the time series for the period ¢ + 1.

Minimising seasonal fluctuations in the ALI series is essential for providing a more ac-
curate representation of economic trends, resulting in findings that are both meaningful and
easy to interpret. To address this challenge, we employed the Seasonal-Trend decomposi-
tion using LOESS (STL) method to reduce noise effectively. The STL algorithm decomposes
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raw time series data into three distinct components: the trend component, which indicates
the long-term direction of the data; the seasonal component, which identifies recurring
short-term patterns; and the residual component, which captures random variations not
accounted for by the trend or seasonal patterns [43]. The fundamental structure of STL
decomposition is as follows:

=T +S++R t=1,---,N (6)

where 7j; denotes an observation series with N ALI data at period t and T}, S¢, and R; denote
the smoothed trend-cycle (STC) component, the seasonal adjustment factor (SAF), and the
residual component, respectively.

Economic recovery in earthquake-affected regions can be assessed by comparing the
actual economic trajectories with the corresponding counterfactual trajectory. Various
regression models, such as linear, quadratic polynomial, exponential, power function, and
logarithmic models, were utilised to conduct comprehensive analyses and comparisons
to determine the most suitable development model for the regional economy. Rigorous
statistical tests, such as F-tests, p-values, and coefficients of determination (Rz), were used
to determine the most effective regression models that accurately represented the economic
trajectory before and after the earthquake. The F-test serves as a statistical significance test
for the entire regression equation. It is calculated by taking the ratio of explained variance
to unexplained variance. An F-score exceeding 4.0 is typically regarded as statistically
significant. The p-value indicates a relationship between two variables in a regression model
and determines the statistical significance of regression analysis results. A p-value lower
than 0.05 indicates that the null hypothesis can be confidently rejected, which implies that
the regression model has significant explanatory power. The R? quantifies the proportion
of variance in the dependent variable that can be attributed to the independent variables
within a regression model. A higher R? value indicates a more effective model, as it explains
more significant variability in the data [44].

The assessment framework for regional economic recovery from an earthquake is
illustrated in Figure 2. The solid black line before time t; represents the pre-earthquake
ALI trajectory, while the dashed black line after time ¢y represents the business-as-usual
ALI trajectory, assuming no earthquake occurred. The solid black, green, blue, brown, and
red lines after time #( represent the post-earthquake potential ALI trajectories. These five
trajectories represent four distinct economic recovery patterns: strong growth, sustainable
growth, growth followed by decline, and decline. If the slope of the post-earthquake ALI
trajectories (k1) is greater than that of the pre-earthquake ALI trajectory (ko), it is reasonable
to assume that the regional economy will experience a rebound. If the post-earthquake
ALI trajectory exhibits a distinctive pattern of three stages—initial growth, a subsequent
decline, and then renewed growth—and the slope of the third stage (k, and k3) surpasses
ko, a promising short-term recovery for the regional economy can be expected. Conversely,
if the slope of the third stage is less than or equal to kg, the regional economy will probably
face significant challenges in achieving recovery in the near future. If the slope of the
post-earthquake ALI trajectory (ky) is first greater than kg and then less than or equal to ko,
it can be concluded that the regional economy will not recover within a specified period.
Similarly, if the slope of the post-earthquake ALI trajectory (ks) is less than 0, it can be
inferred that the regional economy is in recession and is not expected to recover in the short
term [45,46].
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Figure 2. A potential framework for economic recovery following a seismic event.

4. Results
4.1. Earthquake Damage Map from NTLs

The confusion matrix, also known as the error matrix, is a critical metric used for
evaluating classification performance in machine learning. It accomplishes this by accu-
rately comparing the predicted values to the actual values within a given dataset. The
performance metrics in the confusion matrix, including commission error (CE), omission
error (OE), overall accuracy (OA), and Kappa coefficient (KC), are utilised to assess the
accuracy of the earthquake damage results. The CE is the probability that a category in the
image is incorrectly assigned to the actual category. In contrast, OE refers to the probability
that a category in the reference image is misclassified into other categories. OA reflects
the proportion of correctly classified results, while KC is the metric used to assess the
consistency of classification results.

A total of 1430 sample points from the “damage” category and 1430 sample points
from the “no damage” category were selected from the reference building damage map
provided by the EOS to accurately evaluate the earthquake damage results from NTLs
using a confusion matrix. The accuracy assessment of earthquake damage using reference
data from the EOS is shown in Table 2. The most significant CEs in the “damage” category
were concentrated in the southwestern region of Iskenderun District, possibly caused by
the temporary power outages resulting from the earthquake in the area. Meanwhile, OEs
in the “damage” category primarily occurred in small towns, such as Abalakli in Kirikhan
District, where their size was insufficient to generate a single pixel in the NPP-VIIRS image.
Similarly, a total of 1655 sample points from the “damage” category and 1655 sample points
from the “no damage” category were selected from the reference building damage map
provided by Earth Engine Apps to accurately evaluate the earthquake damage results from
NTLs using a confusion matrix. As shown in Table 2, the “no damage” category exhibited
the highest OE at 31.04%. This could be attributed to specific road sections marked by
darkened NTLs being misclassified as areas of building damage following the earthquake.
Consequently, these locations were mistakenly excluded from the “no damage” category.
Moreover, the low spatial resolution of 500 m of NPP-VIIRS imagery often fails to capture
smaller areas of building damage, leading to a large CE of 27.49% in the “no damage”
category. Based on the evaluation results from these two reference sources, the overall
accuracy of the NTL data exceeded 71.55%, with a Kappa coefficient greater than 0.43
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in identifying the building damage. This fundamentally validates the reliability of the
identification results.

Table 2. Accuracy assessment of building damage identified through NTLs using two refer-
ence sources.

Reference Source Category CE OE OA KC
Damage 26.66% 18.43% o
EOS Nodamage  1835%  26.56% ' 28% 035

Damage 29.30% 25.88%

No damage 27.49% 31.04% 71.55% 0.43

Earth Engine Apps

Additionally, 59 field points, which included site photographs and assessments of
building damage in Turkey’s Hatay Province, were utilised to further validate the findings
of NTL data in detecting building damage. Table Al in Appendix A.1 indicates that,
regarding the correspondence of building damage, only two points were unmatched,
resulting in an identification accuracy of 96.6%. In contrast, for the correspondence of
building damage levels, 11 points were unmatched, yielding an identification accuracy of
81.36%. At Point 158, a bridge with minor damage, the pixel representing the structure
was misclassified as severely damaged by NTL data due to its proximity to buildings that
sustained significant destruction. At point 79, a collapsed residential building, the pixel
representing the building was misclassified as slightly damaged by the NTL data due
to its proximity to lightly damaged structures. Among the two locations where severe
damage was incorrectly classified as “no damage”, point 135 is situated at the Bayezid-i
Bistami Tomb. The NTL data classified the pixel representing this historic site as “no
damage” due to its weak nighttime illumination and the minimal changes in the NTL
values before and after the earthquake. Point 40, a collapsed residential building, was
surrounded by structures that sustained light to moderate damage. As a result, the NTL
data misclassified the pixel representing the building as “no damage”. Among the seven
locations where severe damage was misclassified as moderate, points 34, 38, 87, 104, and
150 were buildings that sustained severe damage. Their proximity to structures exhibiting
slight and moderate damage contributed to the misclassification of their image pixels as
moderate in the NTL data. Point 33, a severely damaged building, was surrounded by
slightly damaged structures and intact roads. Point 37, which was also severely damaged,
was encircled by grassland and woodland. As a result, the pixels representing both
buildings were misclassified as moderately damaged in the NTL data.

As illustrated in Figure 3, Antakya and Iskenderun experienced the most extensive
earthquake damage, with affected areas measuring 130.50 km? and 72.00 km?, respectively.
Meanwhile, Kirikhan, Dortyol, Samandag, Altinozu, Hassa, Reyhanli, and Erzin faced
moderate damage, with affected areas ranging from 19.00 km? to 30.00 km?. In contrast,
Yayladagi, Kumlu, and Belen sustained relatively minor damage, with affected areas mea-
suring 11.00 km?, 8.25 km?2, and 4.00 km?, respectively. In terms of severely damaged
areas, Antakya experienced extensive destruction, affecting an area of 56.6 km?. In contrast,
Kirikhan, Samandag, Iskenderun, and Reyhanli sustained damage ranging from 2.25 to
8.00 km?2. Meanwhile, Hassa, Dortyol, Altinozu, Erzin, Belen, Yayladagi, and Kumlu en-
countered minor damage between 0.25 and 1.50 km?. In terms of moderately damaged
areas, the affected areas of Antakya and Iskenderun exceeded 35.00 km? and 20.50 km?, re-
spectively. Samandag, Hassa, Altinozu, Dortyol, Kirikhan, Reyhanli, and Erzin experienced
damage ranging from 3.75 km? to 9.00 km2. Meanwhile, Yayladagi, Kumlu, and Belen
sustained significantly less damage, with affected areas measuring 2.75 km?, 2.00 km?,
and 1.00 km?, respectively. Regarding slightly damaged areas, Iskenderun, Antakya, and
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Dortyol experienced damage across 47.75 km?, 39.00 km?, and 21.50 km?, respectively.
Meanwhile, Kirikhan, Altinozu, Erzin, Reyhanli, Hassa, and Samandag reported damage
ranging from 11.25 km? to 17.00 km?2. Additionally, Yayladagi, Kumlu, and Belen suffered
damage of 8.00 km?2, 6.00 km?, and 2.50 km?, respectively.
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Figure 3. Maps of the level of damage and damaged areas after the earthquake using NPP-
VIIRS NTLs.

4.2. Assessment of the Post-Earthquake Economic Recovery

Figure 4 illustrates the economic recovery framework of Hatay Province prior to the
earthquake, revealing a strong linear correlation and a trend of consistent growth. In
contrast, the post-earthquake economic model exhibits a power function growth pattern,
indicative of sustainable growth within the framework of economic recovery. Specifically,
this model reveals a phase of rapid growth lasting seven months, followed by nine months
of decline and a resurgence in growth. This pattern suggests that the economy of this
province is gradually recovering from the earthquake it experienced. However, a com-
parative analysis of the pre- and post-earthquake economic development models shows
that, as of November 2024, the economy of Hatay Province has not yet returned to its
pre-earthquake level.
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Figure 4. Post-earthquake economic recovery framework in Hatay Province.

Figure 5 depicts the economic recovery framework for the 12 districts of Hatay
Province. The economic development models of these districts prior to the earthquake
reveal distinct patterns: Altinozu, Belen, Dortyol, Hassa, Iskenderun, Kirikhan, and
Samandag exhibit a linear growth model. In contrast, Erzin, Antakya, and Reyhanli
follow a power function growth model, while Kumlu showcases a logarithmic growth
model. Furthermore, Yayladagi demonstrates an exponential growth model. Overall, the
pre-earthquake economies of these districts displayed diverse growth trajectories. The
economic recovery models of these 12 districts following the earthquake exhibit distinct
patterns: Altinozu, Belen, Erzin, Hassa, Iskenderun, Kirikhan, Kumlu, Reyhanli, and Yay-
ladagi demonstrate a “sustainable growth” pattern. Antakya reflects a “strong growth”
pattern, while Dortyol exhibits a “growth followed by decline” pattern. Finally, Samandag
showcases a “decline” pattern in its economic trajectory.

Additionally, while the less-affected Belen demonstrated resilience with sustained
growth for four months following the earthquake, Antakya, the hardest-hit district, contin-
ued to experience economic expansion. The other ten districts, including Hatay Province,
experienced seven to eight months of growth before facing economic downturns. This
economic development pattern can be attributed to the rising uncertainty in the Turkish
economy and escalating construction costs, which gradually led to a decrease in govern-
ment financial support for post-disaster recovery efforts eight months after the disaster [47].

Antakya endured the most extensive damage from the earthquake, garnering the most
substantial assistance in emergency relief and post-disaster reconstruction. Remarkably,
this district’s economic recovery has entered a robust growth phase. As illustrated in
Figure 5i, as of April 2024, the economy of Antakya has successfully rebounded. In contrast,
as detailed in Section 4.1, Kumlu and Erzin faced comparatively minor damage, with their
economies recovering in October and November 2024, respectively. While the economies
of Altinozu, Belen, Hassa, Iskenderun, Kirikhan, Reyhanli, and Yayladagi—classified
under the sustainable growth pattern—did not show recovery during the study period,
projections indicate that they are likely to rebound in November 2025, March 2025, February
2025, December 2025, January 2025, December 2024, and March 2026, respectively. The
economies of Dortyol and Samandag are experiencing a pronounced decline, making it
difficult to forecast when they might recover from the impacts of the recent earthquake in
the near future.
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Figure 5. Post-earthquake economic recovery framework in (a) Altinozu, (b) Belen, (c) Dortyol,
(d) Erzin, (e) Hassa, (f) Iskenderun, (g) Kirikhan, (h) Kumlu, (i) Antakya, (j) Reyhanli, (k) Samandag,

and (1) Yayladagi.

5. Discussion
5.1. Relationships Between Reduced NTLs and Damaged Buildings

The reference building damage map for Hatay Province revealed incomplete data
for the damaged buildings in Yayladagi District. Therefore, the sum of the reduced NPP-
VIIRS NTLs (SRNPPNTLs) (Figure 6) in the remaining 11 districts of Hatay Province was
used to establish linear relationships with the area of slightly damaged buildings, the
area of moderately damaged buildings, the area of severely damaged buildings, and the
total number of damaged buildings, respectively. Figure 6 demonstrates strong linear
correlations between the SRNPPNTLs and the aforementioned three indicators of building
damage, except for the area of slightly damaged buildings. The correlation between
SRNPPNTLs and the area of slightly damaged buildings is only 0.251. This low correlation
is due to the fact that slightly damaged structures can still receive electricity and remain
habitable after an earthquake, resulting in minimal impact on nighttime illumination levels.
Consequently, SRNPPNTLs can serve as a dependable indicator for identifying severely and
moderately damaged buildings following an earthquake; however, they are inappropriate
for assessing slightly damaged buildings.



ISPRS Int. ]. Geo-Inf. 2025, 14, 149

15 of 25

(a) Ta(®

IS
1

y=-0.04071x + 0.42045
R*=0.756

y=-0.05077x + 0.9491
R*=0.251

w
L

[
L

Area of slight damage (km?)
Area of moderate damage (km?)
L3S

(=]
(=]

Slightly Damaged NTL (nW-cm2-sr'") Moderately Damaged NTL (nW-cm™-sr™)
©

(=}
)

(d)  y=-95.08198x+4552.68965
R*=0.835

»=-0.02928x +0.31935
R*=10.907

30,000

N
L

20,000

o
L

10,000 4

Area of severe damage (km?)

Total number of damaged buildings

-

0 T T T T T .
—200 —-150 -100 =50 =300 —200 -100 0
Severely Damaged NTL (nW-cm2-sr™) SRNPPNTL (nW-cm2-st™)

Figure 6. Linear correlations between the SRNPPNTLs and (a) the area of slightly damaged buildings,
(b) the area of moderately damaged buildings, (c) the area of severely damaged buildings, and (d) the
total number of damaged buildings.

5.2. Reliability Analysis of NTL Data Reflecting the Level of Regional Economic Development

As illustrated in Figure 7, twelve quadratic polynomial models were developed using
81 provincial GDP data points alongside annual provincial NTL data from 2012 to 2023
in Turkey. These models exhibit an impressive R? range of 0.938 to 0.975, with an average
value of 0.955. This indicates the ability of quadratic polynomial models to explain 95.5% of
the variation in GDP, significantly surpassing that of traditional linear models. This finding
suggests that the nonlinear relationship between NTLs and GDP is statistically significant.
The high R? values demonstrate that NTL data effectively capture the essential aspects
of economic development across provinces in Turkey, particularly during the phases of
industrialisation and urbanisation, where the intensity of NTLs closely correlates with
levels of economic activity.

5.3. Validation of the Effectiveness of the Post-Earthquake Economic Recovery
5.3.1. Validation of the Effectiveness of the Post-Earthquake Economic Recovery Framework

The approach to developing the economic recovery framework for time series ALI
was consistent across all districts. To assess the validity of the time series ALI process data,
we analysed and compared them using Altinozu as a case study. Figure 8 presents the time
series data of ALI, SMA-smoothed values, STC, and SAF from April 2020 to November
2024 for Altinozu. Time series ALI data are often plagued by random noise and seasonal
fluctuations, making it challenging to effectively identify trends in regional economic
development. This random noise can be smoothed out by applying the SMA algorithm,
which can reveal the long-term trends in regional economic development. Following this,
the seasonal decomposition method eliminates seasonal effects, i.e., SAF, resulting in a
more refined and precise representation of the economic development trends.
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Figure 8. Time series data for ALI, SMA-smoothed values, STC, and SAF in Altinozu District, covering
the period from April 2020 to November 2024.

To evaluate the validity of the regression models, the p-values, F-scores, and R? of the
regression models for each district of Hatay Province during the pre- and post-earthquake
periods are shown in Table 3. The pre-earthquake and post-earthquake regression models
have a p-value of 0.00, significantly lower than the 0.01 significance level. This compelling
evidence rejects the null hypothesis, confirming that all regression models are statistically
significant. The F-scores for the regression models in Hatay Province during the pre-
and post-earthquake periods were 522.86 and 117.34, respectively, highlighting the strong
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significance of both models. Their R? values of 0.94 and 0.85 demonstrate a remarkable fit,
indicating that these two regression models accurately explain the ALI data.

Table 3. Statistical test of the regression models before and after the earthquake.

Pre-Earthquake Post-Earthquake

District R F » District R2 F »
Hatay 0.94 522.86 0.00 Hatay 0.85 117.34 0.00
Altinozu 0.93 455.05 0.00 Altinozu 0.95 114.41 0.00
Belen 0.91 341.40 0.00 Belen 0.86 36.56 0.00
Dortyol 0.92 375.68 0.00 Dortyol 0.76 18.73 0.00
Erzin 0.74 91.19 0.00 Erzin 0.70 13.72 0.00
Hassa 0.98 1633.23 0.00 Hassa 0.96 128.72 0.00
Iskenderun 0.97 957.90 0.00 Iskenderun 0.81 26.17 0.00
Kirikhan 0.98 1923.83 0.00 Kirikhan 0.91 60.62 0.00
Kumlu 0.89 271.01 0.00 Kumlu 0.91 60.38 0.00
Antakya 0.87 209.03 0.00 Antakya 0.94 318.92 0.00
Reyhanli 0.95 559.58 0.00 Reyhanli 0.94 94.06 0.00
Samandag 0.97 930.72 0.00 Samandag 0.55 11.50 0.00
Yayladagi 0.95 631.81 0.00 Yayladagi 0.94 89.17 0.00

The F-scores of the regression models for the 12 districts of Hatay Province before the
earthquake vary significantly, ranging from 91.19 to 1923.83, with an average of 698.37. The
R? values range from 0.74 to 0.98, with an average of 0.92. These metrics demonstrate that all
12 regression models are highly significant and provide an excellent fit for the data. Notably,
Erzin has the weakest fit, while Kirikhan demonstrates the strongest performance among
the models. The F-scores of the regression models for the 12 districts in Hatay Province
after the earthquake vary significantly, ranging from 11.50 to 318.92, with an average of
81.08. Meanwhile, the R? values range from 0.55 to 0.96, with an average of 0.85. Samandag
exhibits the poorest regression fit, marked by an R? value of just 0.55, which is attributed to
large data fluctuations, causing the regression model to only partially reflect the data trend.
In contrast, the regression models for the other 11 districts demonstrate strong significance
and high fit. Overall, these regression models effectively illustrate the trends in economic
development following the earthquake for all 12 districts. Additionally, the statistical tests
indicate that the pre-earthquake regression models demonstrate a significantly superior fit
compared to post-earthquake models. This can be attributed to more sample data available
during the 34 months preceding the earthquake, in contrast to the 22 months available
afterward. Therefore, as more monthly NTL data from the post-earthquake period become
available, the fit of the post-earthquake regression model is expected to improve.

5.3.2. Verification of Economic Recovery Across Various Districts Post-Earthquake

Antakya emerged as the city most devastated by the earthquake, with a staggering
90% of its buildings destroyed. According to the Hatay Planning Centre, over half of the
reconstruction investments—>51.3%—were allocated to Antakya in the aftermath of the
disaster [48]. By 2024, the built-up area of the city had increased by 21.1% compared to 2023.
Figure 5i illustrates that while the ALI data have risen significantly since the disaster, many
residents continue to live in precarious container housing. This stark reality indicates that,
despite ongoing reconstruction efforts, the district’s complete economic recovery could still
be years away [49].

Erzin and Kumlu experienced minimal impact from the earthquake, and the govern-
ment did not initiate large-scale post-disaster construction investment projects in these
areas. Following the earthquake, Erzin witnessed an influx of new residents [50]. Ac-
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cording to the ALI data presented in Figure 5d, the city’s economy was highly active
and significantly recovered during the study period. In contrast, Kumlu’s economy, as
indicated by the ALI data in Figure 5h, remained relatively stable, continuing its steady
growth trajectory similar to pre-earthquake levels. This finding aligns well with the results
obtained by Xiao et al. [17].

Compared to the southern districts of Hatay Province, the Dortyol area was less
affected by the earthquake. However, in the aftermath, farmers struggled to find workers
to harvest and sell their crops, which caused significant damage to the district’s agricultural
economy [51]. According to the ALI data in Figure 5c, the area’s economy experienced
approximately one year of positive growth before showing a substantial decline, with
the timeline for recovery remaining uncertain. The finding aligns well with the results of
Xiao et al. [17].

The earthquake heavily damaged Samandag, destroying many factories and commer-
cial centres. As of February 2024, the demolition of ruined buildings was still ongoing,
and many victims were still residing in tents, containers, and prefabricated houses [51].
According to the ALI data in Figure 5k, the district’s economy is in decline, making the
timeline for economic recovery uncertain.

Iskenderun’s city centre faced a significant wave of building demolitions in the af-
termath of the earthquake, and debris removal efforts are still ongoing. The disaster also
triggered a massive fire at the main port, causing damage to one-third of the containers [52].
Furthermore, post-quake flooding along the coastal strip severely hindered the district’s
economic growth. Nevertheless, with the support of government reconstruction funding,
steel mills, and automobile manufacturing facilities have fully resumed operations [51].
According to the ALI data in Figure 5f, the city’s economy is anticipated to recover steadily
in the coming years.

The urban centre of Belen suffered significant building damage from the earthquake.
However, the roads and industrial facilities remained intact, and the overall economic
impact was less severe than in other areas [51]. According to the ALI data in Figure 5b, the
city retains strong potential for a swift economic recovery.

Kirikhan suffered significant impacts from the earthquake, with numerous farmers
facing damage to their machinery and warehouses. In urban areas, active efforts are under-
way to demolish or dismantle damaged structures. Despite these challenges, commercial
activities in Kirikhan remain robust [51]. Government investment projects account for
10.3% of the total, while large-scale industrial investments are poised to drive economic
growth in the district further. According to the ALI data in Figure 5g, a swift economic
recovery is anticipated in the near future.

Hassa, situated near the EAFZ, endured extensive damage, leading to the demolition
and removal of numerous compromised mid- and high-rise buildings. Nearly seven months
into the post-earthquake reconstruction efforts, the pace of urban renewal began to wane.
As depicted in Figure 5e, the ALI data reached its lowest point in June 2024. However,
with the support of international humanitarian organisations and the Turkish government
for small businesses and agricultural ventures, Hassa is steadily rebuilding its economic
foundations, with projections indicating a robust recovery in the years ahead [53,54].

The earthquake caused relatively minor damage in Reyhanli, leaving most buildings
intact, with none demolished or dismantled. Commercial, healthcare, educational, and
agricultural activities have continued to operate fully [51]. As depicted by the ALI data in
Figure 5j, Reyhanli’s economy appears well-positioned for a swift recovery. This finding
aligns well with the results obtained by Xiao et al. [17].

Altinozu sustained minimal damage during the earthquake, with its population
growing by over 6000 in the aftermath. The city’s commercial activities have remained
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stable, continuing without disruption following the earthquake [51]. Analysing the shifts
in the ALI data depicted in Figure 5a, it is clear that the city’s economy is well-positioned
for recovery in the years ahead.

The earthquake caused significant damage in the rural areas of Yayladagi, where
temporary settlements were less prevalent than in other districts. Nevertheless, the city’s
commercial activities remained largely unaffected and continued to operate as usual. In
the aftermath, the Hatay provincial government initiated investments to establish two
industrial parks in Yayladagi and Senkoy [51]. As depicted by the ALI data in Figure 51,
the city’s economy is anticipated to recover steadily in the coming years.

Overall, Hatay Province experienced catastrophic damage during a powerful earth-
quake, with 80% of its buildings destroyed and a 9% reduction in population [55]. Both the
industrial and service sectors were severely affected. To expedite post-disaster reconstruc-
tion, the Turkish government implemented a comprehensive aid program, which included
the establishment of a $1.41 million relief fund for small and medium-sized enterprises,
the allocation of $3.74 million in agricultural subsidies, and the distribution of $2.9 mil-
lion in emergency assistance to 24,400 affected households [56]. By 2024, the province
showed strong signs of economic recovery, with foreign trade exports increasing by 35%
year-on-year to $3.48 billion [57]. However, significant challenges remained: as of October
2024, over 420,000 residents still lived in temporary container housing and urgently needed
permanent accommodation solutions. Additionally, the earthquake-induced price hikes
placed further pressure on low-income groups. The restoration of Hatay Province’s infras-
tructure and the rebuilding of its social safety net continue to require sustained investment.
According to the ALI data in Figure 4, the province is struggling to recover from the trauma
of the earthquake.

5.4. Strengths, Weaknesses, and Prospects of the Study

This study evaluates earthquake damage and the subsequent economic recovery in
Hatay Province, Turkey, utilising both daily and monthly NPP-VIIRS NTL data. The
NTL data demonstrate significant advantages over traditional high-resolution optical and
synthetic aperture radar (SAR) imagery, including speed, efficiency, extensive coverage,
and relative accuracy. While high-resolution NTL sources such as Jilin-1 and SDGSAT-1
are available, their high costs, accessibility challenges, and quality concerns constrain
their usefulness for timely assessments of seismic hazards. Despite the valuable insights
provided by the NPP-VIIRS NTL data, their low resolution presents several challenges in
accurately evaluating earthquake damage and tracking economic recovery:

1. The 500 m resolution of the data presents challenges in identifying earthquake damage
within residential areas smaller than 0.25 km?. The mixed-pixel nature of the data
generates composite signals that encompass various land covers, including structures
with differing levels of damage. This blending diminishes the accuracy of assessing
the specific damage status of individual structures. Moreover, illumination from
interfering light sources—such as highway landscape lights, emergency rescue lights,
and temporary warming fires—further compromises the accuracy of damage assess-
ments. Notably, variations in NTL illumination exhibit a strong linear relationship
(R? > 0.7) with moderate to severe structural damage, yet only a weak linear correla-
tion (R? < 0.3) with slight structural damage. This disparity highlights the dual nature
of NPP-VIIRS NTL data in seismic evaluations: while it excels in macro-level moni-
toring of significant building damage across large areas after major seismic events,
its ability to detect minor damage—such as cracks or localised collapses—is limited
by its low spatial resolution and the mixed-pixel effect, reducing its effectiveness in
identifying low-intensity seismic damage scenarios.
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2. NTL data serve as a crucial proxy for gauging the intensity of human socioeco-
nomic activities. However, its application in assessing economic recovery after an
earthquake faces significant challenges due to its multidimensional complexity. Cer-
tain post-disaster economic behaviours can heavily interfere with NTL signals. For
instance, the increased brightness from temporary settlement relief facilities and night-
time construction efforts can easily be misinterpreted as indications of short-term
economic recovery. On the other hand, factors such as population migration and
workforce loss can suppress NTL signals, reflecting a more profound decline in eco-
nomic activity in the affected regions. Informal economic activities that emerge after
disasters—such as unlit temporary markets and mobile vendors—are often excluded
from NTL data analysis, potentially leading to a systemic underestimation of the
resilience and recovery capacity of the post-disaster economy. Furthermore, data
collected over the 22 months following the earthquake may primarily represent
trends from the initial stages of economic recovery, thereby limiting the reliability of
the findings.

Due to the limitations of the NPP-VIIRS NTL data, future studies should pursue
multi-source collaborative technological optimisation strategies. Firstly, such methods
as random forest area-to-point kriging interpolation (RFATPK) or deep learning-based
super-resolution models could be utilised to enhance the original 500 m resolution to a
100 m scale, thereby significantly improving the detection of damage features in small-scale
building clusters [58]. Secondly, integrating convolutional neural networks (CNNs) with
SAR coherence change maps and NTL data could establish multimodal feature fusion
models, improving the precision of building damage assessments. Simultaneously, by
applying daily temporal sequence analysis, interference signals could be filtered out, en-
hancing data reliability within the critical two-week post-disaster period. Thirdly, merging
population distribution data, points of interest (POI), social media, and mobile signaling
trajectory data could enable the development of a “human activity intensity-light variation”
correlation model. This model would help rectify biases in NTL signals introduced by
non-economic factors and facilitate the dynamic calibration of economic recovery. Fourthly,
to tackle the issue of limited data duration, future studies should leverage longer time
spans or dynamically track various stages of economic recovery, integrating post-disaster
field survey data with economic statistics to enhance the reliability of findings. Finally,
leveraging socioeconomic indicators such as employment rates, county-level GDP, elec-
tricity consumption, and retail sales of consumer goods would allow for a comprehensive
evaluation of the effectiveness of NTL-based economic recovery prediction models.

Natural disasters drastically disrupt human activities and infrastructure, directly af-
fecting the distribution and intensity of NTLs in urban areas with stable power supplies.
Such events as earthquakes, floods, and hurricanes often lead to significant alterations in
NTL data, making them a valuable indicator for tracking disaster progression and assessing
subsequent economic recovery, especially when these disasters profoundly impact human
society. However, due to the weak NTL signals in rural or remote areas, NTLs need to
be integrated with other data sources, such as optical remote sensing and population
distribution data, to conduct disaster damage assessments. To ensure accurate and com-
prehensive disaster analysis, integrating NTL data with diverse data sources is essential.
For example, combining water level monitoring with rainfall data for flood assessments or
layering wind speed and trajectory information for hurricane analyses can provide a more
nuanced understanding of disaster impacts. Additionally, the data smoothing and seasonal
decomposition techniques utilised in this study successfully mitigate noise and seasonal
fluctuations, enhancing the stability of economic prediction models. These methods also
show potential applicability for evaluating other disasters.
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6. Conclusions

This study introduced a comprehensive methodology for creating earthquake damage
maps for Hatay Province of Turkey, utilising the pre- and post-earthquake NPP-VIIRS data.
Additionally, it assessed the economic recovery across 12 districts of the province following
the earthquake. Finally, this research drew the following conclusions:

(1) Earthquake damage maps were created by analysing monthly NTL data before
the earthquake and daily NTL data following the event. This analysis achieved an overall
accuracy exceeding 71.55%, as validated by two reference datasets. The primary sources
of error in the damage classification stemmed from misidentification of slightly damaged
buildings and darkened road segments outside urban areas. Furthermore, omission errors
primarily resulted from the low 500 m resolution of the NPP-VIIRS image.

(2) The areas of severely and moderately damaged buildings, as well as the total
number of damaged buildings, strongly correlated with reduced NPP-VIIRS NTLs. In
contrast, the relationship between the reduced NPP-VIIRS NTLs and slightly damaged
buildings was less pronounced. This relationship suggests that slightly damaged buildings
do not significantly contribute to the decrease in urban nighttime illumination.

(3) Economic recovery frameworks for the 12 districts of Hatay Province after the earth-
quake were developed through the smoothing and seasonal decomposition of time series
ALI data. The results of statistical tests revealed that the regression models created pre- and
post- earthquake were statistically significant, demonstrating robust overall significance.
These frameworks are now poised to analyse post-earthquake economic trends effectively.

(4) The economic recovery framework established after the earthquake reveals distinct
regional disparities throughout Hatay Province’s recovery process. Erzin, Kumlu, and An-
takya show encouraging signs of economic revival; however, insights from recent surveys
indicate that Antakya, which was heavily impacted by the disaster, was misinterpreted.
The lights illuminating reconstruction efforts at night were mistakenly perceived as indi-
cators of economic resurgence, while the reality is that the city’s economy continues to
face significant challenges. Dortyol and Samandag are confronting considerable short-term
obstacles to economic recovery, primarily due to extensive damage to their agricultural
and industrial sectors. In contrast, the economies of the remaining seven districts, less
affected by the earthquake, are on track for economic recovery by March 2026. Overall,
while the economy of Hatay Province is gradually rebounding, achieving full recovery
will require a significant amount of time, and the outlook for future economic growth
remains unpredictable.
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Appendix A
Appendix A.1

Table A1. Comparison of the field data and NTL assessment of damaged buildings.

Point  Latitude  Longitude City Structure Field Assessment NTL Assessment

33 36229135 36165190  Antakya  Residential buildings ~Severely damaged N([i‘)derately
amaged
34 36.231058  36.165816 Antakya  Residential buildings Severely damaged Ng:jf;gteeéy
35 36.230311  36.169230 Antakya  Residential buildings Severely damaged  Severely damaged
36 36.229718  36.168989 Antakya  Residential buildings Severely damaged  Severely damaged
37 36.229971  36.167919 Antakya  Residential buildings Severely damaged  Severely damaged
38 36.229917  36.164761 Antakya  Residential buildings Severely damaged Néoderately
amaged

39 36.231030  36.166230 Antakya  Residential buildings Severely damaged Né(;if;;teiy
40 36.227029  36.163210 Antakya  Residential buildings Severely damaged No damage
41 36.238769  36.175664 Antakya  Residential buildings Severely damaged  Severely damaged
44 36.239264  36.175192 Antakya  Residential buildings Severely damaged  Severely damaged
45 36.239587  36.174556 Antakya  Residential buildings Severely damaged  Severely damaged
46 36.239842  36.174091 Antakya  Residential buildings Severely damaged  Severely damaged
47 36.240405  36.173694 Antakya  Residential buildings Severely damaged  Severely damaged
48 36.240463  36.173423 Antakya  Residential buildings Severely damaged  Severely damaged
49 36.240688  36.173581 Antakya  Residential buildings Severely damaged  Severely damaged
50 36.240839  36.173702 Antakya  Residential buildings Severely damaged  Severely damaged
51 36.239997  36.173350 Antakya  Residential buildings Severely damaged  Severely damaged
52 36.240112  36.173131 Antakya  Residential buildings Severely damaged  Severely damaged
53 36.240274  36.173241 Antakya  Residential buildings Severely damaged  Severely damaged
54 36.240429  36.172994 Antakya  Residential buildings Severely damaged  Severely damaged
55 36.240267  36.172886 Antakya  Residential buildings Severely damaged  Severely damaged
56 36.240550  36.172784 Antakya  Residential buildings Severely damaged  Severely damaged
57 36.240416  36.172655 Antakya  Residential buildings Severely damaged  Severely damaged
58 36.240745  36.172505 Antakya  Residential buildings Severely damaged  Severely damaged
59 36.241039  36.172805 Antakya  Residential buildings Severely damaged  Severely damaged
60 36.241110  36.172623 Antakya  Residential buildings Severely damaged  Severely damaged
61 36.240215  36.172083 Antakya  Residential buildings Severely damaged  Severely damaged
62 36.240042  36.172413 Antakya  Residential buildings Severely damaged  Severely damaged
63 36.239851  36.172581 Antakya  Residential buildings Severely damaged  Severely damaged
64 36.239735  36.172734 Antakya  Residential buildings Severely damaged  Severely damaged
65 36.241418  36.172778 Antakya  Residential buildings Severely damaged  Severely damaged
66 36.241354  36.172972 Antakya  Residential buildings Severely damaged  Severely damaged
83 36.241648  36.173339 Antakya  Residential buildings Severely damaged  Severely damaged
77 36.582782  36.169085 Iskenderun Residential buildings Severely damaged  Severely damaged
78 36.206695  36.152426 Antakya  Residential buildings Severely damaged  Severely damaged
79 36.230528  36.150281 Antakya  Residential buildings Severely damaged Slightly damaged
80 36.241316  36.174080 Antakya  Residential buildings Severely damaged  Severely damaged
81 36.241375  36.174252 Antakya  Residential buildings Severely damaged  Severely damaged
82 36.240990  36.173876 Antakya  Residential buildings Severely damaged  Severely damaged
67 36.241648  36.173339 Antakya  Residential buildings Severely damaged  Severely damaged
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Point  Latitude  Longitude City Structure Field Assessment NTL Assessment
84 36.241127  36.175161 Antakya  Residential buildings Severely damaged  Severely damaged
85 36.239203  36.174925 Antakya  Residential buildings Severely damaged  Severely damaged
86 36.239916  36.177123 Antakya  Residential buildings Severely damaged  Severely damaged
111 36.185111  36.121000 Antakya School buildings Severely damaged  Severely damaged
0 36.569031  36.166170  Iskenderun  Medical buildings  Severely damaged  Severely damaged
116 36.270309  36.223331 Antakya Medical buildings Slightly damaged Slightly damaged
124 36.240469  36.174834 Antakya Critical buildings Severely damaged  Severely damaged
130 36.591100  36.168200 Iskenderun Religious buildings  Severely damaged  Severely damaged
148 36.361587  36.286585 Antakya Airports Severely damaged  Severely damaged
150 36.231208  36.166476 Antakya Roads and bridges  Severely damaged Ng;i?;;tejy
26 36.195933  36.158567 Antakya  Residential buildings Severely damaged  Severely damaged
87 36.589400  36.178200 Iskenderun Residential buildings Severely damaged Né(;(jf;gteeéy
104 36245400 36569900  Reyhanli  Residential buildings ~Severely damaged hﬁ‘ﬁ;;teﬂy
119 36.235400  36.169500 Antakya Medical buildings Severely damaged  Severely damaged
126 36.201500  36.165500 Antakya Religious buildings ~ Severely damaged  Severely damaged
133 36.201500  36.165500 Antakya Historic buildings ~ Severely damaged  Severely damaged
135 36.531637  36.364843  Kirikhan Historic buildings ~ Severely damaged No damage
136 36.201900  36.162100 Antakya Historic buildings =~ Severely damaged  Severely damaged
158 36.200000  36.159000 Antakya Roads and bridges Slightly damaged Severely damaged
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