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Abstract: A critical remote sensing approach illuminates the geopolitics of development within
Myanmar and across its ethnic minority borderlands. By integrating nighttime light (NTL) data
from 1992–2020, long-term ethnographic fieldwork, and a review of scholarly and gray literature,
we analyzed how Myanmar’s economic geography defies official policy, attesting to persistent
inequality and the complex relationships between state-sponsored and militia-led violence, resource
extraction, and trade. While analysis of DMSP-OLS data (1992–2013) and VIIRS data (2013–2020)
reveals that Myanmar brightened overall, especially since the 2010s in line with its now-halting
liberalization, growth in lights was unequally distributed. Although ethnic minority states brightened
more rapidly than urbanized ethnic majority lowland regions, in 2020, the latter still emitted 5.6-fold
more radiance per km2. Moreover, between 2013 and 2020, Myanmar’s borderlands were on average
just 13% as bright as those of its five neighboring countries. Hot spot analysis of radiance within
a 50 km-wide area spanning both sides of the border confirmed that most significant clusters of
light lay outside Myanmar. Among the few hot spots on Myanmar’s side, many were associated
with official border crossings such as Muse, the formal hub for trade with China, and Tachileik and
Myawaddy next to Thailand. Yet some of the most significant increases in illumination between
2013 and 2020 occurred in areas controlled by the Wa United State Party and its army, which are
pursuing infrastructure development and mining along the Chinese border from Panghsang to the
illicit trade hub of Mongla. Substantial brightening related to the “world’s largest refugee camp”
was also detected in Bangladesh, where displaced Rohingya Muslims fled after Myanmar’s military
launched a violent crackdown. However, no radiance nor change in radiance were discernible in
areas within Myanmar where ethnic cleansing operations occurred, pointing to the limitations of
NTL. The diverse drivers and implications of changes in light observed from space emphasize the
need for political and economically situated remote sensing.

Keywords: critical remote sensing; geopolitics; nighttime light; DMSP-OLS; VIIRS; borders; Myan-
mar; Southeast Asia

1. Introduction

Since the late 1990s, nighttime light (NTL) has been used to examine socioeconomic
patterns and processes including urbanization [1–3], population and economic activity [4,5],
and electrification [6–8]. Much of this research has focused on countries experiencing
growth in these trends, particularly China [9]. Less research has scrutinized places that
appear as literal “black holes” in global maps of NTL, such as North Korea, Cambodia, or
Myanmar, our area of focus (some recent exceptions are published elsewhere [10–12]). This
is a surprising oversight, for one of the advantages of NTL is that it can expose dynamics
in locations and at scales for which government data are scarce or unreliable. For instance,
whereas the World Bank estimated average annual economic growth of 10% in Myanmar be-
tween 1992 and 2006, the same rate approximated from NTL was only 3.3% [13]. Moreover,
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unlike many official statistics, NTL represents a globally consistent measure unconfined by
sovereign borders (although national differences in lighting practices exist [14]). The data
can thus help illuminate cross-border disparities in development [15,16], which can even
help predict where conflicts might occur [17]. Such insights are particularly relevant for
regions such as Southeast Asia, where inequalities across a range of human development
indicators both within and between countries are rising [18]. In the case of Myanmar, NTL
may also demonstrate the extent to which government officials’ efforts to integrate the
country with its more developed neighbors, namely China and Thailand, are materializing.

One of Southeast Asia’s poorest nations, Myanmar is characterized by heterogeneous
and unequal patterns of development that hinge on resource extraction and complex in-
ternal and international geopolitics. From General Ne Win’s military coup of 1962 until
the election of the National League for Democracy in 2015, successive military regimes
governed the country. Although the ideologies and leaders of these regimes varied, they
shared an isolationist stance and perpetuated a policy of “Burmanization”, advancing a na-
tional identity centered on Buddhist Burmans, the majority population concentrated within
seven centrally located and more urbanized lowland regions, while violently suppressing
ethnic minorities. Many of these groups reside within seven peripheral states and have
resisted outside domination for centuries [19–21]. The Government of Myanmar has never
fully controlled ethnic minority populations in the country’s resource-rich borderlands and,
since shortly after achieving independence in 1948, has been engaged in perpetual civil
war with dozens of Ethnic Armed Organizations (EAOs) ranging from modest militias to
well-armed bureaucracies with authority over autonomous territories. In the 1990s, the
signing of various ceasefires prompted new forms of extraction and export-oriented trade
in timber, opium and minerals between elites of various militias [22–26]. Fledgling reforms
and the 2015 election of a civilian government appeared to bring an end to a half-century
of military rule, spurring foreign direct investment. The February 2021 military coup, how-
ever, suddenly halted this liberalization. In the context of Myanmar’s long authoritarian
history and recent volatility, NTL data can offer powerful insights into geospatial patterns
of development during a decade of reform.

In the 2010s, Myanmar’s 53.7 million people resided under a diverse array of govern-
ing authorities and factions, from areas firmly under the control of the national government
to others controlled by EAOs, such as the autonomous tin-producing Wa Self-Administered
Division on the Chinese border, known as Wa State. This uneven geography of authority,
conflict, natural resource extraction, and informal migration has structured Myanmar’s
development prospects, especially along its borders with China, Thailand, Laos, India, and
Bangladesh. After reforms began, China’s Belt and Road Initiative (BRI), which launched
in 2013, targeted Myanmar’s borderlands at the crossroads of South and Southeast Asia
with ambitious plans for infrastructure projects ranging from domestic hydropower plants
to cross-border transportation corridors [27–31]. At the same time, the Myanmar military’s
violent persecution of the Rohingya in Rakhine State, in western Myanmar bordering
Bangladesh, led over 900,000 people to flee the country after the genocide intensified in
2017 [32].

Despite the lack of NTL-based studies to investigate dynamics in Myanmar, re-
searchers, think tanks, and multilateral and non-governmental organizations (NGOs)
have used multispectral and optical imagery to examine the country, often with a focus
on land use and land cover (LULC) change. Key areas of interest include agriculture—a
backbone of rural household livelihoods and Myanmar’s economy [33,34]—and forests
and soil health [35–37]. With the country losing 0.96% of its forests annually between
2010 and 2020, the world’s seventh-highest rate [38], deforestation has attracted particular
attention [39–49]. Remote sensing also has assisted drug production monitoring, as demon-
strated by Chinese- and Myanmar-state sponsored research to detect poppy fields near
the Chinese border by combining high-resolution satellite imagery and field surveys [50].
NGOs and other stakeholders have also leveraged remote sensing to expose illicit and clan-
destine activities, including violations by governments [51–53]. Such research highlights
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the potential to use geospatial technologies to expose undertakings that powerful actors
seek to hide, both in Myanmar and beyond.

In this vein, remote sensing has detected processes spilling over Myanmar’s borders,
from atrocities committed by the Myanmar military to resource extraction. Satellite im-
agery has been used to capture the burning of Rohingya villages [54–56] and estimate the
population of refugee camps in Bangladesh [57] and their ecological impacts [58,59], with
displacement and deforestation positively correlated [60]. Researchers have also tracked
natural resource extraction within the country’s borderlands, from mining in Shan State
bordering China [61] to oil palm and rubber plantations in the southeast [62,63], and along
the Chinese and Laotian borders [64]. Particularly relevant to our inquiry is Aung et al.’s
(2020) analysis combining satellite imagery and field observations to measure LULC change
spurred by the construction of the China–Myanmar oil and gas pipelines [65]. This research
into the environmental impacts of energy infrastructure also demonstrates the ability to
combine observations from above and below in order to connect locally situated insights
with national and international dynamics.

In this paper, our objective is to first examine the geography of uneven development
within Myanmar and along its borders using NTL and then identify the potential drivers
of dynamics observed from space by drawing on our field observations. This allows us
to “socialize the pixels” [66], linking NTL dynamics to processes of resource extraction
and international, often illicit, resource trade to development in border regions. We thus
overcome two key limitations apparent in previous remote sensing studies of Myanmar.
Firstly, most employ daytime rather than nighttime data and privilege changes to the
natural environment. One notable exception motivating our research is from Puttanapong
and Zin (2019). They show that NTL can be used to approximate socioeconomic conditions
in Myanmar’s townships and detect widening spatial inequality, especially between central
cities and borderlands [67]. A second limitation is that remote sensing studies often
neglect to embed their research questions and analysis within a wider interrogation of
geopolitics and development. Changes observed in satellite imagery, however, cannot be
understood separately from the historical trajectories and contemporary political economies
in which they are situated. This is especially the case for Myanmar’s borderlands, given
their centrality in longstanding regional conflicts and national political and economic
transformations [68,69]. Promisingly, work at the intersection of political ecology and
remote sensing examining connections between Rohingya refugees and deforestation
suggests that such inquiries may be emerging [70]. This would also further bridge remote
sensing of socioeconomic and environmental processes.

We apply a critical remote sensing approach [71] integrating satellite imagery and
qualitative data drawn from a review of scholarly and gray literature and ethnographic
fieldwork in Myanmar, where one of the article’s authors has conducted research on de-
velopment, environment, and governance since 2013 with attention to resource frontiers
in the country’s borderlands [72]. Our research brings geospatial data into conversation
with debates on borderlands, contested authority, and territory [73–75] to offer two main
contributions. Empirically, we build a more complete picture of the fractious geopolitics of
development in Myanmar and its borderlands, highlighting the continued importance of
resource extraction as well as the recent impacts of forced migration and internal displace-
ment. Methodologically, we demonstrate how long-term ethnography and other qualitative
studies can inform and contextualize NTL analysis of geopolitically complex spaces.

In the following section, we explain our methodology for analyzing the geopolitics of
development through critical remote sensing. Then, we discuss our findings, documenting
uneven brightening between ethnic majority central regions and ethnic minority states
before analyzing specific hot spots of resource extraction, trade, and refugee camps along
Myanmar’s borders with China, Thailand, India, and Bangladesh. Finally, we conclude
and offer some directions for future research, particularly in view of the 2021 military coup.
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2. Materials and Methods
2.1. Data Collection
2.1.1. Nighttime Light and Geospatial Data

We used two recently produced NTL datasets to analyze trends across two separate
time periods. First, to examine longer-term trends in Myanmar from 1992 to 2013 with
attention to regional disparities, we employed the Harmonized DMSP/OLS NTL (Version 4)
composites generated by Li et al. (2020) [76], in which aurora, ephemeral lights, and fires
have been removed. Second, to assess more recent trends from 2013 to 2020 with a focus
on Myanmar’s borderlands, we used the Annual VIIRS Night Lights (VNL) Version 2 (V2)
masked average radiance composites generated by Elvidge et al. (2021) [77]. A major
advantage of this annual dataset derived from monthly composites in which sunlit, moonlit,
and cloudy pixels, background light, aurora, and biomass burning have been eliminated
is that all processing steps and thresholds are identical across the series, enhancing the
reliability of interannual change estimates. VIIRS imagery also improves upon the spatial
resolution of DMSP-OLS because its pixel footprint is 45-fold smaller [78]. We more closely
inspected changes detected in the VNL composites with high-resolution daytime imagery
from Google Earth.

Although it would have been preferable to examine change across our study period all
at once, DMSP-OLS (1992–2013) and VIIRS (2013–present) data are not readily comparable.
The former reports relative values of radiance on a scale from 0 to 63, while the latter
reports absolute values of radiance in nW·cm−2·sr−1. Although the Harmonized DMSP-
OLS dataset attempts to seamlessly integrate the two types of imagery, the DMSP-OLS
simulated composites generated for 2013–2018 are unreliable for rural and dimly lit (Digital
Number (DN) < 30) areas [76]. Myanmar is sparsely illuminated and has a relatively low
(~30%) level of urbanization [79]; therefore, we expected that the DMSP-OLS simulated
composites generated from VIIRS data would hold less value for examining the country’s
dynamics. Inspecting the data confirmed this hypothesis, since the simulated composites
showed unusually high gains in NTL between 2012 and 2013 that appeared to be artefacts
of the intercalibration process rather than any sudden growth in actual lights (Figure S1).
Despite the difficulties with the simulated composites, the harmonized dataset’s actual
DMSP-OLS composites remained useful for examining dynamics from 1992 to 2013. The
harmonized composites were also intercalibrated using Southeast Asia as a reference point,
making interannual comparisons more reliable than estimations from data intercalibrated
using other parts of the world as a reference point, typically Sicily. Still, there was a
noticeable jump in the harmonized data in Myanmar between 2008 and 2009 (Figure 2),
which merits further investigation.

We obtained geospatial data on Myanmar’s 15 first-level administrative divisions
(among them seven regions, seven states, and one union territory comprising the capi-
tal) and six special administrative zones/divisions from the Myanmar Information Man-
agement Unit (MIMU) (http://themimu.info/ (accessed on 10 January 2021)), an entity
managed by the United Nations Resident and Humanitarian Coordinator in Myanmar.
Although we noted that these datasets were largely digitized at a 1:250,000 scale, and that
administrative boundaries remain contested on the ground [67], MIMU’s data provided
sufficient granularity and accuracy for our internal comparisons. Myanmar’s international
land borders, which it shares with five countries—China (2185 km), Thailand (1800 km),
India (1463 km), Laos (235 km), and Bangladesh (193 km) [80]—were delineated based
on the Food and Agriculture Organization’s Global Administrative Unit Layers (GAUL)
2015 version (Figure 1). We also supplemented our visualizations with road data from the
Open Street Map (2021), additional road and river data from Natural Earth (2021), and
ESRI topographical base maps.

http://themimu.info/
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descriptions of borders.

2.1.2. Ethnographic Observations and Secondary Sources

We defined our scope of inquiry and interpreted the results from our remote sensing
analysis through the lens of long-term ethnographic research on Myanmar’s politics and
development. One author’s previous research included over 150 interviews with farmers,
activists, and officials, and almost three years of participant observation in borderland
villages, government offices, and activist groups, with a focus on rural development,
land reform, and resource frontiers. This qualitative research guided the development
of our research, which ultimately focused on describing, analyzing, and contextualizing
Myanmar’s uneven brightening in relation to its internal and international politics of
development. After conducting preliminary NTL analysis, we drew on a selection of this
author’s interviews and ethnographic field notes to interpret our findings. In addition,
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we reviewed academic articles and gray literature on Myanmar’s development, natural
resources, and governance, focusing on sources that directly informed our discussion of
NTL hot spots located within the country’s borderlands.

2.2. Methods
2.2.1. Critical Remote Sensing

One of this paper’s key objectives is to demonstrate the power of integrating quali-
tative and NTL data to understand inaccessible and complicated geopolitical spaces. In
pursuit of this aim, we adopted a critical remote sensing approach [71], contributing to an
emerging subfield that interrogates the political economy of satellite data [81] and employs
remote sensing alongside ethnographic methods [66,82–85]. Such approaches are useful in
data-scarce environments such as Myanmar and across the Lower Mekong Region, where
a lack of geospatial infrastructure and accessible, standardized datasets inhibits mapping
efforts and geospatial analysis [86]. Efforts to quantify Myanmar’s natural resources, espe-
cially in terms of their exports, exemplify the deficiencies of existing statistics: Estimates of
the annual market value of the jade trade range widely from USD 1.5 to 31 billion: 2–50% of
Myanmar’s GDP [87]. To overcome such opacity, Connette et al. (2016) [61] used Landsat
and Google Earth imagery to map and classify mining areas across Myanmar, 71% of which
were concentrated in the gold- and jade-rich north [61]. While small-scale and underground
mining operations were difficult to detect (see also Kyba et al. (2019) [88]), the scientists
were able to identify sites more accurately from space through fieldwork and consultations
with local civil society actors. We followed a similar mixed-methods approach, combining
views from above and below to provide a widely scaled yet locally situated analysis of the
patterns and drivers of illuminated activities in Myanmar’s borderlands from 1992 to 2020.

2.2.2. Data Preprocessing

In ArcGIS 10.8.1, we transformed the Harmonized DMSP-OLS composites (1992–2013)
and the VNL V2 composites (2013–2020) to the WGS 1984 UTM Zone 46N projection and
resampled the DMSP-OLS data to 1000 m2 and the VNL data to 500 m2. DMSP-OLS values
in 2009 appeared unusually low; therefore, we replaced these values with the mean of the
2008 and 2010 composites. We also altered the MIMU data on Myanmar’s administrative
units, which divides large areas into sub-units for the purpose of targeting development
aid, to align with political realities, combining Bago East and Bago West into a single “Bago”
Region, and Shan (North), Shan (East), and Shan (South) into a single “Shan” State. This
generated seven regions, seven states, and one union territory (the capital of Naypyitaw)
for analysis, consistent with national designations.

2.2.3. Data Processing: Univariate Statistical Analysis and Optimized Hot Spot Analysis

To calculate total annual NTL for each of Myanmar’s administrative divisions, we
summed the preprocessed DMSP-OLS and VNL V2 data in each year from 1992 to 2020.
We also calculated total lights per km2 for each division, measured in DN in the DMSP-OLS
data (Table S1) and radiance in the VNL V2 data (Table S2). To examine change in lights
over time, we performed univariate statistical, geospatial, and visual analysis. First, we
calculated the annual rate of change in lights for each division from 1992 to 2013 and 2013
to 2020. Then, for our geospatial and visual analysis, we generated a difference image of
DMSP-OLS NTL from 1992 to 2013 and a tri-temporal composite of logged VNL data from
2013, 2016, and 2020, in which saturation was boosted equally across all three channels to
enhance visualization. We used the logged VNL data for our geospatial and visual analysis
to allow the detection of finer and dimmer features.

To examine dynamics along Myanmar’s borders from 2013 to 2020, we performed hot
spot analyses of radiance in 2013 and 2020 within a 50 km-wide area spanning 25 km of
each side of Myanmar’s land borders with Bangladesh, India, China, Laos, and Thailand.
We generated a 50 km-wide buffer in ArcGIS 10.8.1, and determined that each side of the
border covered a comparable area (117,143 km2 within Myanmar and 117,386 km2 outside
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the border). We then clipped the logged 2013 and 2020 VNL V2 rasters to the buffer and
converted each to a set of point features, with each 500 m2 pixel converted to a single point,
to permit geospatial analysis. To inspect hot spots and cold spots of change in radiance,
we also ran the hot spot analysis on a percent change raster, which was generated by
subtracting the unlogged 2013 VNL composite from the 2020 one, and then dividing the
result by the 2013 composite.

Next, we used the Optimized Hot Spot tool, which calculates the Getis–Ord Gi*
statistic, to identify hot spots, or statistically significant (p > 0.1) clusters of high radiance
values, within the 50 km buffer zone in 2013 and 2020. We chose a distance band of 10
km after determining that compared to 5 km, 25 km, and 50 km, it produced the most
meaningful insights, capturing local dynamics while still displaying broader regional
patterns. We also ran the Optimized Hot Spot tool on the 2013–2020 percent change
composite to identify hot and cold spots of change in radiance within this period. Here,
hot spots refer to clusters of areas experiencing a high percent change in radiance, while
cold spots are those experiencing a small percent change in radiance. Lastly, we inspected
the areas associated with hot spots of change in radiance from 2013 to 2020 using Google
Earth imagery.

3. Results and Discussion

The patterns of Myanmar’s illumination between 1992 and 2020 revealed highly un-
equal development. While these dynamics did not always align with central government
policy, they corresponded to existing ethnic and geographic divisions. Although Myanmar
brightened overall, especially in the 2010s, lights remained concentrated in the cities of
the central lowland plains, which stretch from the commercial hub of Yangon through
the administrative capital at Naypyitaw, newly constructed and established in 2005, and
onward north to Mandalay. Although the country’s peripheral states, which are less urban-
ized, more mountainous, and home to dozens of ethnic minorities, thus remained much
dimmer than its ethnic majority regions, they brightened more rapidly. Recent illumi-
nation was particularly apparent in and around the autonomous Wa Self-Administered
Division bordering China, revealing the complexity of uneven development in Myanmar
in which, alongside major cities, ethnic self-determination and illicit networks also fuel
economic activity.

These findings, elaborated below–-first with attention to dynamics in Myanmar and
then to its borders—point to the ways in which critical remote sensing can reveal dynamics
beyond state control that might evade official statistics or media reports in authoritarian
countries. As we discuss in the context of the Rohingya in Section 3.3.3, however, other
populations and processes, generally those not associated with development or growth,
can be difficult to detect with satellite imagery. Low levels of economic activity, such as
artisanal mining, can also be challenging to spot using NTL alone [88]. By leveraging a
mixed-methods approach integrating satellite observations with qualitative knowledge,
we generated rich, politically and economically contextualized results that directly inform
contemporary debates over ethnic federalism and democratic governance in Myanmar. In
the wake of the country’s military coup, addressing infrastructural disparities, determining
relative autonomy, and delineating control over natural resources are central political
questions with domestic and international relevance.

3.1. NTL Dynamics within Myanmar

Although Myanmar brightened overall, the stark difference between its seven central
regions home to its three, brightly lit major cities and its dark borderlands persisted
throughout the last three decades (Figures 2 and 3). Yangon, Naypyitaw, and Mandalay—
all located within the predominantly ethnic majority (Burman) regions—emitted 52% of
Myanmar’s radiance in 2020, despite containing only ~30% of Myanmar’s citizens [89].
Encouragingly, lights brightened more quickly in Myanmar’s rural, largely ethnic minority
states than in its more urbanized regions. On average, the seven states exhibited an annual
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rate of NTL change of 9.4% between 1992 and 2013 compared to 7.6% per year for regions
(Table 1). From 2013 to 2020, states continued to brighten more rapidly each year (25.6%)
than regions (15.6%) (Table 1). Due to differences between the DMSP-OLS and VIIRS
sensors, it is difficult to explain whether the large increases in the magnitudes of change
between 1992 and 2013, and 2013 and 2020 were because of measurement techniques or
actually faster growth in radiance during the recent period of reform and liberalization.
Regardless, in 2020, Myanmar’s regions were still on average 5.6-fold brighter per km2

than its seven states (regions: 0.85 nW·cm−2·sr−1/km2; states: 0.15 nW·cm−2·sr−1/km2).
This divergence confirms the entrenched underdevelopment of Myanmar’s ethnic minority
states [90].
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Table 1. Rates of change in lights in Myanmar’s administrative divisions (1992–2013 and 2013–2020). Rows in light gray are
regions, while the row in dark gray is the capital.

Name Division Type
Annual Rate of Change

in DN
(1992–2013)

Annual Rate of Change
in Radiance
(2013–2020)

nW·cm−2·sr−1/km2

(2020)

Ayeyarwady Region 8.0% 16.5% 0.20
Bago Region 10.0% 11.7% 0.31
Chin State 0.4% 60.7% 0.01

Kachin State 12.9% 16.9% 0.05

Kayah State 7.7% 20.6% 0.13

Kayin State 14.6% 18.5% 0.09
Magway Region 3.5% 12.9% 0.22
Mandalay Region 9.0% 16.3% 1.16
Mon State 11.0% 18.2% 0.60
Naypyitaw Union territory 21.3% −4.5% 2.02
Rakhine State 5.5% 29.0% 0.07
Sagaing Region 8.4% 19.2% 0.16
Shan State 13.6% 15.0% 0.11
Tanintharyi Region 8.4% 22.2% 0.07
Yangon Region 5.8% 10.8% 3.87
All regions 7.6% 15.6% 0.85
All states 9.4% 25.6% 0.15

Myanmar’s cities outshone its rural hinterlands up to the present, exemplifying
disparities in rural versus urban development (Figure 4). Strikingly, the new capital of
Naypyitaw emitted more radiance than all states combined each year from 2013 to 2015
(Figure 3). Although the city actually dimmed 4.5% annually from 2013 to 2020, the contrast
between its sudden illumination after being chosen and erected by senior military generals
and the persistent darkness over Myanmar’s rural areas encapsulates deep inequalities
between a small class of elites and the country’s large, historically agrarian, population.
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3.2. NTL Dynamics in Regional Context

Both the DMSP-OLS and VNL data captured Myanmar’s lack of infrastructure and
economic activity compared to its Southeast Asian neighbors. From 1992 to 2013, Myanmar
remained darker than China and Thailand to the east and Bangladesh and India to the
west (Figure 5). Only Laos—a largely agrarian and underdeveloped country—stayed
similarly dark and unchanging. Lights in China and Thailand brightened up to the border,
particularly along a corridor stretching from the Chinese city of Kunming towards the
Myanmar border town of Muse, and north of the Thai cities of Chiang Mai and Chiang
Rai towards the Myanmar border town of Tachileik. In contrast, Myanmar’s borderlands
remained relatively unlit, with brightening instead concentrated in the central lowland
cities of Yangon, Naypyitaw, and Mandalay.
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These regional NTL dynamics changed from 2013 to 2020, as Myanmar appeared to
brighten more recently than its neighbors. In the tri-temporal VNL composite (Figure 6),
yellow and red pixels within Myanmar indicated brightening between 2013 and 2020,
with redder hues conveying consistent and recent brightening. In contrast, southwest
China, characterized by bluish pixels, generally dimmed, although areas with purple pixels
suggest that declines in 2016 were followed by brightening again in 2020. There was
also a smattering of red pixels near the China–Myanmar border. In Thailand, while the
green pixels centered on Bangkok suggested brightening until 2016 followed by dimming,
there were many red pixels in the country’s northeast verging on Myanmar. Likewise,
Bangladesh contained red pixels around Cox’s Bazar, to where many Rohingya Muslim
refugees from Myanmar have fled. Finally, India appeared generally green and blue,
meaning lights were dimmer in 2020 than in previous years. This trend may be due to
the country’s particularly severe economic downturn and lockdowns associated with the
COVID-19 pandemic.
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Within Myanmar, yellow and red pixels were apparent around Yangon, Mandalay,
and the two highways connecting the urban centers, as well around the smaller cities of
Taunggyi and Monywa. Although these interior cities are located far from Myanmar’s
borders, outside the scope of our study, resource extraction and trade in the borderlands
fund substantial investments in their infrastructures [91]. Red pixels were also noticeable
in Wa areas and around the Myawaddy–Mae Sot crossing on the Thai border, although
most pixels were concentrated on the Thai side. Around Naypyitaw, blue pixels suggested
consistent dimming since 2013. In 2015, one newspaper headline noted of the hastily
constructed city, which failed to attract a population befitting its size and grandiosity: “The
lights are on but no one’s home in Myanmar’s capital” [92]. In fact, it appeared the lights
were already being turned off.

3.3. NTL Dynamics in Myanmar’s Borderlands

The recency and higher resolution of the VNL data allowed closer, more current
inspection of NTL dynamics in Myanmar’s peripheral states and borderlands. While
Myanmar government statistics emphasized a tripling of cross-border trade between 2012
and 2018 [93], NTL imagery suggested that the geography of this trade was highly uneven.
From 2013 to 2020, the 25 km edge of Myanmar’s domestic borderlands was, on average,
just 13% as bright as the 25 km-wide area just across the border. This disparity recently
narrowed: in 2013, Myanmar’s domestic borderlands were only 10% as bright as its foreign
borderlands; in 2020, they were 17% as bright (Table S3).

This persistent difference in illumination levels was corroborated by our finding that
nearly all of the hot spots of both radiance and change in radiance were located across from
rather than inside Myanmar’s borders (Figures 7 and 8). In both 2013 (Figure 7a) and 2020
(Figure 7b), most hot spots were located on the foreign side of official border crossings and
infrastructural corridors connecting the country with China and Thailand. Other hot spots
associated with cross-border economic and geopolitical processes ranging from mining
to infrastructure development and refugee flows were also concentrated in Myanmar’s
foreign borderlands, with the notable exception of Wa State. The many hot spots along
the borders with China, Thailand, and Bangladesh revealed an overall intensification and
concentration of activities in the country’s eastern and southern borderlands. In contrast,
the country’s northern borderlands had relatively minimal growth in lights since 2013, as
depicted by the proliferation of cold spots of radiance change (Figure 7c).
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To unpack the complexity of on-the-ground activities as well as the mismatch between
hot spots and official border crossings, especially in terms of where radiance increased the
most (Figure 7c), we situated our remote sensing results within their local and regional
political and economic contexts. The following subsections analyze recent NTL dynamics
along the four borders where hot spots were prevalent: China, Thailand, India, and
Bangladesh. Although we do not explore the Laotian borderlands given their paucity of
hot spots, we stress that their darkness did not necessarily indicate an absence of activities.
Instead, the complex geopolitics of remote, less-connected frontiers may be better explored
through fieldwork than satellite imagery.

3.3.1. Northeastern Border with China

China plays a key role in Myanmar’s borderlands as well as within its national
economy and politics. Historically, the Chinese government has provided support for
armed organizations in the borderlands, particularly the Communist Party of Burma. Today,
China is an important mediator between EAOs and the Myanmar government. Between
1988 and 2011, Chinese capital accounted for 26.6% of official foreign investment [94].
A large proportion of Beijing’s recent and proposed investments have been slated for
infrastructure development, including a high-speed railway from Yunnan to the proposed
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Kyaukphyu Deep Sea Port in Rakhine State on the Bay of Bengal, hydropower projects such
as the contested Myitsone Dam in Kachin State, and three border economic cooperation
zones [95]. Many of these undertakings are associated with China’s multitrillion-dollar BRI.

China’s importance to Myanmar’s infrastructure development manifested in our
analysis along the countries’ shared border. Two of Myanmar’s three states bordering
China, Shan and Kachin, experienced the third- and fourth-highest annual NTL growth
rates of all of Myanmar’s divisions between 1992 and 2013 (Table 1). In Shan State, much
of this increase was concentrated along Highway 3 between Mandalay and the city of
Lashio (Figure 6). While the highway leads to the border town of Muse, brightening
was more noticeable in the direction of Mandalay rather than the border, perhaps due to
the continuation of armed conflict around the northern stretch of the road. This unrest,
however, does not seem to have diminished Chinese influence in the area. During field
visits to this area in 2016 and 2017, one of the authors saw signs written in Chinese, among
them advertisements of land for sale, along the highway, including just 50 km outside
of Mandalay. Around Lashio, the author also observed corn planted on large swaths of
farmland adjacent to the road to Muse (Figure 9). Interlocutors explained that Chinese
investors usually finance these new plantations. These changes to both land use and
ownership were made in anticipation of planned BRI investments along the corridor, which
may contribute to future activities (and illumination) driven by and oriented towards China.

Remote Sens. 2021, 13, x FOR PEER REVIEW 15 of 27 
 

 

China, Shan and Kachin, experienced the third- and fourth-highest annual NTL growth 
rates of all of Myanmar’s divisions between 1992 and 2013 (Table 1). In Shan State, much 
of this increase was concentrated along Highway 3 between Mandalay and the city of 
Lashio (Figure 6). While the highway leads to the border town of Muse, brightening was 
more noticeable in the direction of Mandalay rather than the border, perhaps due to the 
continuation of armed conflict around the northern stretch of the road. This unrest, how-
ever, does not seem to have diminished Chinese influence in the area. During field visits 
to this area in 2016 and 2017, one of the authors saw signs written in Chinese, among them 
advertisements of land for sale, along the highway, including just 50 km outside of Man-
dalay. Around Lashio, the author also observed corn planted on large swaths of farmland 
adjacent to the road to Muse (Figure 9). Interlocutors explained that Chinese investors 
usually finance these new plantations. These changes to both land use and ownership 
were made in anticipation of planned BRI investments along the corridor, which may con-
tribute to future activities (and illumination) driven by and oriented towards China. 

The border town of Muse is Myanmar’s largest cross-border trade hub, accounting 
for approximately half of official border commerce [96]. The VNL data reflected this im-
portance, with Muse having one of the highest concentrations of hot spots along Myan-
mar’s borders. The city is also important within a Chinese context; other research has 
shown it to be a hot spot along China’s own borders with 12 countries [71]. One key com-
modity traded at Muse is jade, of which production is driven by Chinese consumer de-
mand [97]. Muse’s illumination is thus likely connected to the Hpakant mine nearly 200 
km inland. Although the mine site brightened substantially between 1992 and 2013 (Fig-
ure 3), it dimmed between 2016 and 2020, as indicated by the green pixels in the VNL tri-
temporal composite (Figure 4). The Chinese government reported USD 2.6 billion in jade 
imports from Myanmar between 2012 and 2016, a number that almost certainly underes-
timates the volume of trade, much of which is illicit [98]. The distance between the Hpa-
kant mine and the border town at Muse where the precious stone “resurfaces”, often after 
being traded in the markets of the interior Myanmar cities of Myitkyina and Mandalay, 
belies the fact that cross-border patterns of illumination are often connected to develop-
ment processes extending both within and across multiple countries. 

 
Figure 9. Chinese agribusiness investment is one factor catalyzing land conversion from swidden 
plots to contract-farmed corn along the road to Muse, north of Lashio. Author’s photo, June 2016. 
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The border town of Muse is Myanmar’s largest cross-border trade hub, accounting for
approximately half of official border commerce [96]. The VNL data reflected this impor-
tance, with Muse having one of the highest concentrations of hot spots along Myanmar’s
borders. The city is also important within a Chinese context; other research has shown it
to be a hot spot along China’s own borders with 12 countries [71]. One key commodity
traded at Muse is jade, of which production is driven by Chinese consumer demand [97].
Muse’s illumination is thus likely connected to the Hpakant mine nearly 200 km inland.
Although the mine site brightened substantially between 1992 and 2013 (Figure 3), it
dimmed between 2016 and 2020, as indicated by the green pixels in the VNL tri-temporal
composite (Figure 4). The Chinese government reported USD 2.6 billion in jade imports
from Myanmar between 2012 and 2016, a number that almost certainly underestimates the
volume of trade, much of which is illicit [98]. The distance between the Hpakant mine and
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the border town at Muse where the precious stone “resurfaces”, often after being traded
in the markets of the interior Myanmar cities of Myitkyina and Mandalay, belies the fact
that cross-border patterns of illumination are often connected to development processes
extending both within and across multiple countries.

Although Muse emitted a large amount of radiance, the most significant hot spots of
radiance change between 2013 and 2020 lay farther south in Shan State in areas associated
with the Wa people (Figure 8). Within Myanmar, the so-called “Wild Wa”, a Mon-Khmer
speaking tribe, enjoy a ferocious reputation and the greatest level of territorial autonomy
of any minority ethnic group [99]. One significant agglomeration of rapidly brightening
lights was associated with the town of Mongla, an unofficial border crossing in the “Golden
Triangle” region between Yunnan (China) and Thailand that facilitates illegal trade in
products such as opium, ivory, and elephant parts [100,101]. These hot spots were unusual
in that there are more on the Myanmar than Chinese side, reversing the typical pattern of
Myanmar’s borderland development (Figure 8). Indeed, the location of Mongla’s casinos
and markets outside of China’s legal jurisdiction is part of the city’s appeal for Chinese
visitors seeking to engage in illegal activities or buy illicit goods. In Mongla, Chinese
businessmen negotiate trade and development with local elites, often connected with
armed conflict and drug trade [102]. Since 1989, the surrounding area, known as Special
Region 4, has been controlled by the National Democratic Alliance Army (NDAA) as part
of a ceasefire with the Myanmar military. Although Special Region 4 falls outside the
Myanmar government’s recognized boundaries of the Wa Self-Administered Division,
historically, the ruling United Wa State Party (UWSP) and its United Wa State Army
(UWSA) have been close allies of the NDAA, sharing roots in the Communist Party of
Burma and entering into ceasefires with Myanmar at similar times. Myanmar citizens need
a special visa to visit Mongla, which operates on Beijing time, uses Chinese language and
currency, and employs Yunnanese workers. The complexities of this economic activity
highlight the challenges of attributing growth in NTL to any one country, particularly in
border zones [71]—and especially in those where the national government’s sovereignty
is contested.

Another agglomeration of hot spots of change in radiance that was also located in
Special Region 4 was around the town of Mongpauk, located ~10 km from the border in
Mongyang township. Although dispersed networks of mining and opium production
have long sustained Wa autonomy in relation to powerful neighbors and colonial pow-
ers [103], since the late 1980s, the group has also pursued more conventional forms of
development supported by international agencies and the governments of countries such
as China and Japan [104,105]. In 1988, the UN Drug Control Programme and the Myanmar
Government’s Central Committee for Drug Abuse Control launched the Wa Alternative
Development Project, mirroring national and international development efforts to the north
in Wa State [106]. More recently, large tracts of forest were cleared to make way for new
infrastructure, as captured in Google Earth imagery (Figure 8). This land use change may
have been driven by the UWSP’s relocation of hill tribes from farther north in Wa State
to new riverside housing estates it built within areas it controls, where the hill tribes will
need to share land with farmers already living there [107]. While NTL can therefore help
identify the construction of illuminated, modernized settlements, it can obscure the forced
relocations driving their construction, whether of hill tribes in Shan State or Rohingya
fleeing from Myanmar to Bangladesh.

Just beyond the 50-km-wide borderlands we studied, one area of note within Wa
State that merits future investigation is the Man Maw tin mine (Figure 10). Its sudden
opening in 2014 propelled Myanmar to become the world’s third-largest producer of the
commodity (after China and Indonesia) [108,109]. Tin ore is sent to China for smelting
through the Myanmar border town of Panghsang [20], which is associated with a concen-
tration of hot spots following the road into China. In the 1992-2013 DMSP-OLS change
composite, the mine appears as an area experiencing an increase in light, likely reflecting
the start of operations in the 2010s. In the 2013-2020 VNL composite, however, the mine is
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characterized by green pixels (Figure 6), indicating dimming since 2016. This decline in
radiance corroborates reports from the same year of rapidly slowing production that could
be “depleted in two to three years” [110]. Despite technically being “artisanal”, in that
the tin mine is owned by senior UWSA and UWSP officials rather than well-established
mining companies [111], its visibility in NTL imagery suggests industrial operations, es-
pecially because artisanal mines have been found to be generally undetectable in VIIRS
imagery [88]. In short, the activities managed by the UWSA and UWSP ranging from
infrastructure development to mining are of such a scale that their illumination is visible
from space. When analyzed in combination with other data sources, NTL imagery can
therefore help expose the supposed “shadow networks” enveloping these groups [112],
which extend across Myanmar’s borders and below its surface.
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3.3.2. Southeastern Border with Thailand

Rapid development within Myanmar’s three states (Shan, Kayah, and Kayin) and
one region (Tanintharyi) bordering Thailand and along the border itself was clearly visible
in NTL data throughout the entire time period. From 1992 to 2013, after Naypyitaw,
Kayin State was the second-fastest brightening division in Myanmar. Illumination radiated
outward from the regional capital of Hpa-An, lying on the Thanlwin (Salween) River at
the junction of National Highway 8 (part of Asian Highway 1) leading to Mae Sot, just
over the border in Thailand, and the highway leading upriver towards Yangon. In the
2010s, economic zones and transportation infrastructure were developed on both sides
of the Myawaddy–Mae Sot crossing [113], driving a robust border trade with Thailand.
Border capitalism is not merely confined to the exchange of goods, but also includes the
movement of workers, as anthropologist Stephen Campbell shows in his account of how
precarious, low-wage migrant labor from Myanmar fuels burgeoning Thai factories across
the border [114]. This phenomenon is visible in the proliferation of hot spots across from
Myawaddy in Mae Sot (Figure 8).

Dynamics in Myanmar’s borderlands near Thailand demonstrate that illumination and
infrastructure development within a country should not always be attributed to its national
government’s actions. The brightening observed along Kayin’s domestic transportation
corridors, for instance, can likely be attributed to Thai government financing. In 2005,
Thailand funded construction of an 18-km highway from Myawaddy to Thingan Nyi
Naung. For the next decade, the following 38 km remained a narrow, one-way road that
alternated between east- and west-bound traffic each day [115]. Improvements to this
section, again financed by the Thai government, were completed in 2015, likely catalyzing
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its illumination. Yet even with direct Thai investment within Myanmar, cross-border
development remains highly spatially unequal, as captured by the disproportionate number
of hot spots on the Thai side (Figure 8).

From 2013 to 2020, Kayin continued to brighten rapidly at 18.5% per year, while
Tanintharyi to its south brightened even more, at 22.2%. Growth in this region appeared
driven by brightening in the coastal cities of Kawthoung, an official border station with a
ferry crossing to the Thai town of Ranong, and Dawei, which is linked by an unimproved
mountain road to Myanmar’s second most active border trade town, Htee Khee [96].
Another site of significant activity within the Thai borderlands, this time in Shan State,
was at Tachileik, adjacent to the Thai town of Mae Sai. Although under the control of
the Myanmar government, Tachileik’s economy, like that of Mongla to its north, has been
built on illicit industries controlled by EAOs, including trade in wildlife, timber, opium,
and, increasingly, methamphetamines. While the border crossing around Tachileik had
numerous hot spots in 2020, it brightened less rapidly than Mongla, as illustrated by the
prevalence of cold spots of change in radiance (Figure 7c). Gold and platinum mining
that has been reported just north of Tachileik [61] also did not appear in the NTL imagery,
suggesting smaller scales of extraction than at the Man Maw tin mine.

Finally, to Shan State’s immediate west is Kayah. Unlike Kayin and Tanintharyi,
the highly rural state lacks any infrastructural corridors or formal border crossings with
Thailand. However, the dearth of radiance, as noted before, corresponds to a lack of
illuminated infrastructures rather than socioeconomic activity. Describing the border zones
in Kayah and Shan States, Grundy Warr and Wong (2002) write: “Until recently . . . Pa-O,
Shan, Chinese, Indian and Karenni merchants carried on a thriving cross-border trade,
wending their way along jungle-paths, mule-tracks, or riverbeds to avoid the few routes
controlled by the Myanmar/Burma Tatmadaw [main army]” [116]. On the one hand, such
informal activities are unlikely to be brightly lit. On the other, the Myanmar government’s
efforts to fortify and formalize its borders may genuinely undermine the vibrancy of such
networks, especially when people are forcibly displaced. In the most dimly lit of spaces,
granular, grounded research is required to grasp complex political and economic dynamics
unrecognized and often repressed by the state.

3.3.3. Western Borders with India and Bangladesh

Myanmar’s states bordering India and Bangladesh to the west are home to some of
the country’s most marginalized and sometimes persecuted populations. The region of
Sagaing and the states of Chin and Rakhine are also poorly connected to their neighbors,
reflecting both the national government’s indifference to infrastructure development and
an absence of powerful and well-resourced autonomous actors that could fill that void, as
in Wa areas.

With a population of three million people, the Indian city of Imphal in Manipur
province is one of the largest metropolises in close proximity to any of Myanmar’s borders.
Imphal also has a road connection to the India–Myanmar border town of Moreh, through
which 99% of official overland trade with Myanmar flows (although extensive smuggling
is conducted elsewhere around the porous border) [117]. However, NTL imagery suggests
that Imphal does not seem deeply integrated with the neighboring Myanmar state of
Sagaing in any formal way, as reflected by the dark border (Figure 6), and the proliferation
of cold spots reflecting slow growth in radiance (Figure 7c). In 2001, the Indian govern-
ment built and financed the India–Myanmar Friendship Road connecting Moreh and the
adjacent Myanmar border town Tamu (Figure 11) to the interior towns of Kalaymyo and
Kalaywa. While regional powers have discussed extending the road 1360 km all the way
to Myawaddy as part of the India–Myanmar-Thailand Trilateral Highway Project [118],
onward connections from Tamu to the rest of Myanmar were not yet perceptible in VNL
imagery (Figure 6). Nevertheless, one author’s fieldwork in Kalaymyo revealed that many
local merchants and some farmers frequently cross into India to sell local delicacies such
as “monkey tear” beans and imported goods. They sometimes spend their earnings from
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this cross-border trade on building infrastructure, such as a multi-story concrete home
in Kalaymyo in which the author rented a room in September and October 2018. The
owner, who also owned a house in Imphal, explained that she had hitched rides through
Mandalay and Lashio to the eastern border at Muse to buy cheap clothes and household
goods in China, and then carried them back across Myanmar to sell at a profit in India. She
recounted walking back into Myanmar through the jungle with cash hidden in her clothing
to avoid military taxes and harassment, explaining that it was through decades of these
journeys across not one, but two borders, that she had financed the house’s construction.
These intimate and informal linkages, often facilitated by relatives on both sides of the
India–Myanmar border, remain invisible to satellite imagery.
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Figure 11. Myanmar vendors sell vegetables and Indian women wash laundry at the official (left)
and unofficial (right) international border crossings between Myanmar and India at Tamu–Moreh.
Author’s photos, December 2018.

Farther south along the borders with both India and Bangladesh, Chin State, home
to Myanmar’s second-smallest population (~479,000 in 2014), brightened the least of any
division between 1992 and 2013 (0.43% per year) (Table 1). Located in the isolated Arakan
Mountains, Chin State has been described as “literally a Southeast Asian frontier . . . it is
where Southeast Asia ends, and where South Asia begins” [119]. In recent years, however,
Chin State received more poverty-related grants from the central government than any
other [119]. In a remarkable reversal that perhaps reflects these transfers as well as the role
of NGO projects and remittances, from 2013 to 2020, Chin State brightened 60.7% per year,
more than any other division. However, the state continued to be much dimmer than the
rest of the country. In 2020, on average, Myanmar emitted 0.25 nW·cm−2·sr−1 per km2,
whereas Chin state emitted a negligible 0.01 nW·cm−2·sr−1 per km2.

Immediately south of Chin State lies Rakhine State, which experienced the third-
slowest growth in NTL (5.6%) of any division between 1992 and 2013. From 2013 to 2020,
however, in a similar reversal as Chin State, Rakhine brightened more rapidly than all
other states and regions (29.0%). Most of this growth was concentrated in the coastal city
of Sittwe and towns such as Kyauktaw and Mrauk-U, while rural areas remained dark.
In 2015, the central government forced an estimated 50,000 Rohingya, largely living in
rural villages, to flee, continuing six generations of persecution against a people rendered
stateless by a 1982 law [120]. After attacks by a Rohingya armed group in August 2017, the
Myanmar military began a concerted campaign of violent ethnic cleansing, forcing 900,000
Rohingyas across the border to Bangladesh. The growth in hot spots between 2013 and 2020
on the outskirts of the city of Cox’s Bazar in Bangladesh attests to the rapid construction
of what is often declared “the world’s largest refugee settlement” [121]. Meanwhile, the
lack of hot spots on Myanmar’s side discloses a continued dearth of facilities or services
such as electricity (Figure 8). The Myanmar Government has failed to develop this area in
any meaningful way, producing bleak material conditions that can accelerate and enable
racialized violence against the Rohingya [122].
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A final point is that because many rural villages are “off the grid”—just two-thirds of
Myanmar’s population had access to electricity in 2018 [123]—changes to these settlements
are often invisible in NTL imagery (Figure 12). This data is thus severely limited in its
ability to capture changes resulting from the Myanmar military’s clearance operations
targeting Rohingya settlements, because most of these impoverished rural villages would
never have appeared as illuminated pixels in the first place. In contrast, high-resolution
optical imagery starkly illustrates the burning of villages such as Tula Toli in August 2017
(Figure 12), which has also been documented by Human Rights Watch [124]. Analyzing
NTL data in concert with other types of satellite imagery and ethnography can provide a
more complete picture of the geographies of development and violence, which includes
both illuminated populations and those left in the dark.
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Figure 12. VNL imagery (left) shows no changes over Tula Toli (Rakhine State) before, shortly after,
or 2.5 years after the burning of the Rohingya village, demonstrating the limits of NTL imagery. In
contrast, high-resolution Google Earth imagery (right) does capture differences between the tree-
lined village (25 March 2016), the burnt landscape two months after clearance operations (25 October
2017), and the reforested, seemingly abandoned village 2.5 years later (23 February 2020).
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4. Conclusions

Given Myanmar’s dearth of reliable official statistics and restricted research access,
satellite imagery provides a compelling if incomplete resource to understand socioeconomic
patterns and trajectories alongside the country’s more typically studied environmental
problems. In order to enrich space-borne observations of geopolitically complex and
volatile areas, we adopt a critical remote sensing lens integrating NTL analysis with
qualitative studies, particularly long-term ethnography. Our mixed-methods approach
generates new insights into the geopolitics of development in Myanmar from 1992 to 2020,
from the local to cross-border and regional scales.

By analyzing the Harmonized DMSP-OLS data from 1992 to 2013 and the VNL V2
Annual Composites from 2013 to 2020, we identified persistent spatial inequality in lights
in Myanmar. Even though ethnic majority lowland regions brightened more slowly than
ethnic minority states over this nearly three-decade period, they still emitted 5.6-fold
more radiance per km2 in 2020. Myanmar was also strikingly dimmer than its neighbors,
although this difference slightly narrowed. In 2013, while Myanmar’s domestic borderlands
were on average just 10% as bright as the 25-km-wide frontier across its borders with
Bangladesh, India, China, Laos, and Thailand, by 2020, they were 17% as bright.

With higher-resolution VNL composites from 2013 to 2020, we examined hot spots of
development in Myanmar’s borderlands, tracing some of the processes of international
investment, resource extraction, illicit trade, and forced migration, which both produce
and elude NTL data. The vast majority of hot spots were located on the foreign rather
than Myanmar side of the borders. This trend was replicated at local scales, even at
official border crossings such as Muse (China) and Tachileik (Thailand). In the context of
Myanmar’s substantial and often illicit mining, timber, and drug production, brightening
across the border points to the ways in which resources extracted from Myanmar spark
accumulation and development elsewhere. At the same time, there were also hot spots at
unofficial crossings, namely Mongla, where some of the most significant change in radiance
within all of Myanmar’s borderlands occurred in areas controlled by the Wa Army and its
allies. When historically and politically situated within a critical remote sensing approach,
NTL imagery powerfully illustrates how Myanmar’s economic geography defies official
policy, attesting to the complex relationships between state-sponsored and militia-led
violence, extraction, and trade.

At the time of our initial research, Myanmar was moving forward with ambitious
infrastructural plans and a second term for the civilian government. As of the February 2021
military coup, however, the country’s future is uncertain. If slated investments continue,
NTL data may enable an evaluation of promises of economic growth without reliance on
government statistics. Proposed projects that could be studied with remote sensing include
road improvements from Hpa’an to the Thai border funded by the Asia Development
Bank, special economic zones (SEZ) such as the China-backed Kyaukphyu Deep Sea port
in Rakhine State, the Thai- and Japanese-funded Dawei SEZ and improved road to Htee
Khee in Tanintharyi Region, and the expansion of the country’s largest city through the
New Yangon project.

In the more immediate wake of the coup, NTL can provide rapid insights into condi-
tions on the ground, for example by tracking the military’s alleged electricity and internet
blackouts. These could be investigated using NTL data in tandem with location-based
social media data (or lack thereof) to see which neighborhoods and populations are being
cut off from power or communication, while recognizing the ethical sensitivity of such
research [125]. NTL data can also be leveraged to measure the ongoing establishment and
expansion of refugee camps, not only outside the country’s borders but also for internally
displaced people in Rakhine, Kachin, and Shan States. Qualitative research into the ongo-
ing ethnic and religious conflicts that drive displacement can inform future remote sensing
analyses as part of an iterative process that, in turn, guides ethnographic fieldwork.

Our critical remote sensing approach demonstrates that NTL imagery can be analyzed
in combination with fieldwork, high-resolution daytime imagery, and analysis of media
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reports to generate multiscalar insights into the dynamics and geopolitics of development
in countries such as Myanmar, which are lacking statistical and political transparency.
Plans to extend the DMSP-OLS dataset from 2012 to 2018 using recently uncovered pre-
dawn nighttime data collected by the DMSP F15 satellite [126] may facilitate longer-term
studies of socioeconomic activity. In Myanmar’s case, this would be especially useful for
understanding how illumination changed before and during the reform period. Remote
sensing can also provide quick and precise insights to urgent political questions when
fieldwork is not possible, from tracking village burning associated with the Rohingya
genocide [52] to the aftermath of the 2021 coup.

However, satellite imagery alone cannot offer answers to political problems. In
explaining the limitations of digital tools for environmental monitoring in Myanmar,
for instance, Goldstein and Faxon (2020: 16) write: “Satellite imagery can capture the
expanding scale of deforestation, but cannot address the issues of who profits, who suffers,
and who decides” [127]. This insight emphasizes the importance of critical remote sensing
for understanding the geopolitical significance of changing pixels. Ascertaining the reasons
for remotely sensed change demands knowledge built from on-the-ground experiences
and relationships.

As a final note of caution, although NTL is increasingly a go-to data source for
understanding socioeconomic dynamics, it often fails to capture the most marginalized
populations—those who might lack access to electricity, live in small villages that do not
produce much light, or which, at worst, may have been extinguished by brutal geno-
cides. The international development sector is embracing data-driven solutions, machine
learning, and algorithmic governance [128], but if the satellites observing socioeconomic
development cannot perceive certain populations, they may be left out of policy solutions.
The geopolitics of remote sensing thus must consider the implications of not only what
satellites can see, but what they cannot see, too.
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year for each administrative unit (1992–2013). Table S2. Total DMPS-OLS (in DN) by year for each
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and foreign borderlands (2013–2020).
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