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Multiscale Estimation of Electrification Rate Using
Night-Time Light Imagery

Miao He, Qiang Xu, Wenlong Wang, Zixuan Shao, and Xi Li

Abstract—Electrification rate is an internationally accepted in-
dex for electric power access. However, electrification rate data are
only commonly available at the national level in underdeveloped
countries. In this article, we proposed a power stability method
to estimate the electrification rate using night-time light data. The
essence of this method is constructing a power stability index viewed
as a key parameter, which is derived from daily night-time light
data, and the method considers both the reliability of electricity
supply and the average power supply which is represented by the
annual night-time light luminosity. We assumed that areas with
unstable night-time light had no reliable power supply, and the
Landscan population map was overlaid to estimate electrification
rates in different regions. As a study case, we used the method to
estimate the multispatial scale electrification rates in Zimbabwe.
We validated the estimated province-level electrification rates using
the statistical data. The overall accuracy was 85.42% with an R-
Square of 0.98, indicating the method is accurate for estimating the
electrification rate. Consequently, we generated an electrification
rate map at the district-level, which provides rich spatiotempo-
ral information of the electrification. This research highlights the
potential of using multisource night-time light imagery to locate
population without a stable electricity supply.

Index Terms—Electrification rate, multispatial scale, night-time
light, power stability, visible infrared imaging radiometer (VIIRS).

I. INTRODUCTION

E LECTRIFICATION is important to measure regional
economy [1], as electric popularization supports better

lives of human beings [2]. Therefore, electrification has been
ranked in the first place for development in a number of coun-
tries. The United Nations Sustainable Development Goal 7
(SDG 7) aims to ensure that all people have access to affordable,
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reliable, sustainable, and modern energy by 2030 [3]. Electrifi-
cation is a key priority under the SDGs [4], [5], [6]. Over the
next decade, global energy demand will grow exponentially [7].
Power outages occur frequently in underdeveloped countries
when demand for electricity exceeds supply [8]. Lack of access
to reliable and stable energy will be a severe constraint on the
achievement of SDG 7.

According to International Energy Agency’s World Energy
Outlook report in 2019 [9], there is a gap between the promise
of energy for all and the fact that nearly a billion people still do
not have access to electricity. It was predicted that 36% of the
population in sub-Saharan Africa will still be without electricity
by 2030 [10], [11]. For cities, governments are more concerned
about power stability than power supply [12]. Compared with
rural areas, higher population density and illegal connection to
the grid have led to electricity theft and power outages [13]. Take
Zimbabwe as an example, power outages caused by planned or
unplanned load shedding or faults in the country seriously affect
people’s lives and the economic development of the country
[14], [15], [16]. Therefore, understanding the electricity status
in countries such as Zimbabwe is of great significance as a case
to track the electrification process in sub-Saharan countries.

However, existing electrification data are available mostly
at the national-level, such as the data from the World Bank
[17]. The Demographic and Health Surveys (DHS) program has
provided electrification data at the province-level [18], but its
coverage is too limited in both time and space [19]. Therefore,
accurate electrification data at the subnational level is required
for monitoring the electrification process. Remote sensing is
an important means to estimate the electrification rate at a
fine-scale [20]. Human-related light at night can be monitored
through night-time light remote sensing, which provides a way
for estimating the electrification rate.

Studies have estimated the electrification rate based on night-
time light imagery and empirical statistical methods. Min and
Gaba [21] built a regression model based on night-time light im-
agery and ground survey data to evaluate the influence of street-
lights and electrified homes on the radiance in night-time light
imagery, and they proved the potential of night-time light remote
sensing to evaluate electricity. Falchetta and Noussan [22] col-
lected five-year panel data sets from night-time light images and
used panel regression to evaluate whether night-time light data
can capture the inter-annual changes in electricity consumption
in different countries around the world. Dugoua et al. [23] built a
multiple regression model based on the night-time light imagery
and the detailed rural electrification data of the Indian census and
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Fig. 1. Geography of Zimbabwe.

evaluated the accuracy of estimated electricity. Elvidge et al. [24]
combined night-time light data with population density maps
to calculate the ratio of the population in illuminated areas to
the total population to obtain the electrification rate, and they
generated the first global electrification rate map.

The aforementioned electrification rate estimation methods
using night-time light data have common limitations, as they
ignore power stability, which is important in SDG 7 to ensure
reliable energy. This study proposed an electrification rate es-
timation method, named Power Stability Method, which intro-
duced daily night-time light images to represent the stability of
electricity supply. Therefore, we used this method to estimate
the multiscale electrification rate in Zimbabwe and validated the
accuracy. Finally, an electrification map at the district-level in
Zimbabwe was generated to locate less electrified regions.

II. STUDY AREA AND DATA

A. Study Area

Zimbabwe, officially named the Republic of Zimbabwe, with
Harare as its capital, is located in the southeast of Africa (see
Fig. 1). The whole territory of Zimbabwe is in north of the Tropic
of Capricorn, bounded by the Zambezi River and Limpopo
River with Zambia and South Africa. Zimbabwe is a part of the
South African Plateau. The country is divided into 10 first-level
administrative divisions, including 8 provinces and 2 cities with
provincial status (provincial municipalities). The provinces are
subdivided into 59 second-level administrative divisions (dis-
tricts) and 1200 third-level administrative divisions (wards).

In general, the electricity generation capacity in Zimbabwe
is too limited to meet demand from the industry and residents.
The power supply of Zimbabwe mainly relies on the Kariba
Hydroelectric Station on the Zambezi River and four thermal
power stations, which mainly include Hwange Thermal Power

Fig. 2. Annual composite of night-time light from EOG for Zimbabwe in
2015.

Station [25]. The Zambezi River has a tropical savannah climate,
with obvious flood periods and dry periods [26]. Abundant
precipitation provides the possibility of hydroelectric power, but
relying too much on the weather conditions can easily lead to
power shortages during the dry season. Furthermore, the difficult
economic situation of Zimbabwe has deteriorated the power
shortage to some extent, since power stations sometimes face
the problem of insufficient coal supply. On the other hand, the
economy is also hampered by an unforeseen energy situation
[27].

B. Data

Areas with electricity access normally have bright artificial
lights at night (ALAN), which is evidence of economic and
human activity. Many studies have proved night-time light data
can record ALAN under cloudless weather [28]. At present, the
main night-time light data are mainly acquired from Defense
Meteorological Satellite Program/Operational Linescan System
(DMSP/OLS) and National Polar-orbiting Partnership/Visible
Infrared Imaging Radiometer (NPP/VIIRS) [28], [29]. The
DMSP/OLS product has been no longer available since 2013,
while NPP/VIIRS has been more widely used in recent years.
The spatial resolution of NPP/VIIRS is higher than that of
DMSP/OLS, and the quantization level is 16 bit. NPP/VIIRS
is free from issues such as data saturation and blooming [30].

The critical data of our study is night-time light data. The
Annual VNL V2 product is provided by Earth Observation
Group (EOG). It can reflect the average night brightness level of
each location in a year [31]. The annual composites contain rich
spatial information related to the electrification. For example,
this annual composite image from EOG (see Fig. 2) shows the
night-time light of Zimbabwe in 2015.
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The Black Marble night-time light product VNP46A2 is
provided by the National Aeronautics and Space Administration
(NASA). This product takes VIIRS DNB data as input [32]. The
temporal and spatial coverage of VNP46A2 product is relatively
wide. With this data, our method can take into account the daily
fluctuation of electricity supply. In addition, the time series of
VNP46A2 also contains long-term trend information, which
provides a prerequisite to estimate power stability.

The Black Marble products have been finely preprocessed
including atmospheric correction, while the preprocessing steps
have screened out much weak light. The Annual VNL V2
product from EOG retains the weak light and records more
original information on night-time light, since it has not been
over-processed. Therefore, for the Black Marble, we only used
daily products instead of the annual products (VNP46A4). We
will combine the annual products from EOG and daily data from
Black Marble to generate more electricity-related information.

The population distribution data used in our study is LandScan
provided by the Oak Ridge National Laboratory in the United
States. It is produced using a multivariate population estimation
model [33]. The spatial coverage of LandScan data spans the
globe and it is updated annually.

The province-level electrification rate statistics used in our
study are obtained from the DHS program. The DHS program
is responsible to collect accurate and nationally representative
data on the health and population in various countries [34].
The electrification rate is one of the indexes. However, because
the survey was conducted infrequently in Southern Africa, the
electrification rate data is not continuously available, and that is
why remote sensing estimation is needed.

The other statistical data on electrification rate used in our
study is obtained from the World Bank, which records the electri-
fication rate at the national scale. The World Bank collects large
amounts of data and generates them on the basis of economic
models [35].

III. METHODS

A. Power Stability Method

The purpose of this study is to estimate the electrification
rate (EA), that is, the percentage of the number of people with
electricity access in a region (Pelectrified) to the total number of
people in the region (Ptotal). The formula is as follows:

EA =
Pelectrified

Ptotal
. (1)

This study proposed a method to estimate the electrification
rate based on the power stability index. The way our method to
estimate the electrification rate consisted of two principles. First,
we considered the brighter areas in night-time light images as
likely to have a power supply. Second, if the power supply was
stable enough, the area was considered to be electrified. In other
words, the electrified area should not only have an electricity
supply but also with stability. Therefore, we introduced a key
index into our method, named power stability index (PSI). We
defined it as the proportion of the number of days in a year
with light emissions (Nbright) to the total valid days in that year

(Ntotal). The calculation formula is as follows:

PSI =
Nbright
N total

. (2)

If the brightness of a pixel is larger than a threshold, we view
the pixel in that day emit light at night, and the Nbright is the
summation of all the days with light emission for that pixel.
Therefore, each pixel in each year has a PSI value.

The power stability method contains four steps.
1) The radiance threshold for the EOG annual composite was

set. We used 0.1 nW/cm2/sr as the radiance threshold to
detect bright region at night. This threshold was used to
pre-screen areas without electricity access.

2) Power stability index in each pixel was generated. Be-
fore calculating the power stability index at each pixel,
a screening step was required: the number of valid days
of VNP46A2 product in a year needed to exceed 15. The
pixels that did not meet the requirement will be screened
out. Then, we calculated the power stability index based
on the daily data of VNP46A2, and the threshold was also
0.1 nW/cm2/sr.

3) An electrification map was generated. We set 0.85 as the
threshold for the power stability index. For each pixel, the
pixel was considered to have a reliable power supply if the
power stability index was larger than the threshold.

4) Finally, the electrification rates were estimated. The
above-generated electrification map was overlaid with
the Landscan population map. Based on the electrified
population from the electrification map in step 3 and the
total population from the Landscan population map, the
electrification rates of different regions (i.e., provinces and
districts) were estimated.

A flowchart of power stability method is shown in Fig. 3.

B. Brightness Threshold Method

Brightness threshold method is a conventional empirical sta-
tistical method [36], which is used for comparison in this study.
It is based on an annual composite of night-time light, population
data, and statistical data to estimate electrification rate. First, this
method treats brighter areas in night-time light images as having
power supply. Second, it preferentially allocates the population
with electricity access to the area with power supply. In this
study, the brightness threshold method was used for comparison
to evaluate the performance of the power stability method. The
brightness threshold method contains three steps.

1) Radiance threshold was set: For any threshold on the
radiance of the annual composite of night-time light, the
electrified regions were extracted, which was then overlaid
with the Landscan population map, and therefore the elec-
trified population was estimated. We adjusted the thresh-
old to find the estimated electrified population closest to
the statistical data at the national scale from the World
Bank, and the most proper threshold was determined.

2) Map electrified regions: For each region, we compared its
radiance of the annual composite of night-time light with
the radiance threshold determined in step 1. If its radiance
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Fig. 3. Flowchart of power stability method to estimate electrification rate.

was greater than the threshold, we mapped this area as the
electrified region.

3) Estimate subnational electrification population: We ag-
gregated the population with power supply from each
region to the subnational level, and estimated the elec-
trification rate.

C. Spatial Autocorrelation Analysis

Spatial autocorrelation refers to the correlation of the same
variable at different spatial locations. It is a measure of the
degree of clustering of spatial unit attributes [37], [38]. It can
be used to estimate whether the characteristics of the object are
spatially correlated, and can quantitatively determine the extent
of its correlation. Normally, Moran’s I can measure the overall
clustering of spatial data. It is sensitive to the geographical char-
acteristics and phenomena of continuous distribution. Therefore,
we used Moran’s I index to analyze the spatial autocorrelation
characteristics of the electrification rate in various districts of
Zimbabwe. The value is between [−1, 1]. Larger than 0 means a
positively correlation, less than 0 means a negatively correlation.
The larger absolute value of Moran’s I indicates more obvious
of the aggregation.

To further analyze the detailed spatial distribution pattern
of the electrification rate in Zimbabwe, we calculated Local
Moran’s I index. It was used to detect the place where the spatial
aggregation phenomenon existed.

D. Accuracy Assessment

Our study used the DHS statistical data to verify the accu-
racy of the model at the province-level. We assumed that each
province had the same power stability thresholds every year, with
the threshold value of 0.85. Then we estimated the electrification
rates of all the provinces in Zimbabwe. Finally, we compared the
estimation results with the statistical data from DHS to evaluate
the model accuracy. Our study used average relative error as the
accuracy assessment index for both the power stability method
and brightness threshold method. The formula of the relative
error E in each province is as follows:

E =
|EAstatistical − EAestimated|

EAstatistical
(3)

where EAstatistical is the electrification rate from statistical data,
and EAestimated is the estimated electrification rate.

Then we calculated the average relative errors Eaverage based
on the relative error E in each province to estimate the total
accuracy of Zimbabwe

Eaverage =

∑
E

n
(4)

where n is the number of provinces in Zimbabwe.

IV. RESULTS

A. Accuracy of Models at Province-Level

We estimated electrification rates in Zimbabwe by power sta-
bility method and brightness threshold method respectively. To
evaluate the accuracy of power stability method, we calculated
the relative errors for ten provinces and used the brightness
threshold method for comparison. Table I shows the estimated
results and relative errors of aforementioned two methods re-
spectively, where BTM represents brightness threshold method,
and PSM represents power stability method. For the PSM, the
average relative error reached 14.58%, indicating that the overall
accuracy rate was 85.42%. At the provincial scale, the relative
error in some provinces reached below 5%. This indicated our
method could estimate the electrification rate accurately.

In Table I, Harare has relatively large errors compared to other
provinces. One possible reason might be the complex distribu-
tion of areas with and without electricity supply in Harare. We
used the pixel of remote sensing data as the unit of calculation.
Therefore, when we estimated the electrification rate, the areas
with and without electricity supply were mixed within a pixel.
This may lead to the relatively large errors in Harare.

The comparison between the estimated results by PSM with
statistical data is shown in Fig. 4. The electrification rates of
Harare and Bulawayo were over 95%, twice of the national
average. Provinces with low electrification rate were Mashona-
land Central, Matabeleland South and Masvingo, which needed
power grid planning and electricity assistance.

By comparing the two methods (see Table I), we found that
the average relative error of the BTM was 16.71%, while the
average relative error of the PSM was 14.58%. This indicated
the proposed PSM was better than BTM. For example, compared
with the BTM, PSM reduced the relative errors by 14.04%
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TABLE I
COMPARISON OF THE TWO METHODS IN ELECTRIFICATION RATE AT PROVINCE-LEVEL

and 10.89% in Mashonaland Central and Mashonaland East,
respectively. In Midlands, the relative error of PSM was as low
as 0.25% compared to 5.24% from BTM.

Furthermore, we calculated the spatial clustering of errors us-
ing Local Moran’s I index. As shown in Fig. 5, the errors between
the estimated electrification rate and statistical electrification
rate were spatially non-autocorrelated (Local Moran’s I index
is −0.111), indicating that the model satisfied the assumption
of independence of the error terms. There were no missing
spatial variables in the model, indicating that the model had
good performance and could explain the spatial information of
the estimated electrification rate.

B. Results of Temporal Analysis at Province-Level

Fig. 6 shows the estimated electrification rates of 10 provinces
in Zimbabwe from 2013 to 2019. In general, electrification
rates varied greatly among the 10 provinces. The electrifica-
tion rates of Harare and Bulawayo were much higher than
other provinces. The rankings of electrification rates in the
rest of the eight provinces did not change much over time.
The electrification rate in Harare, the capital, remained al-
most unchanged over the seven years, with each year above
99%. The electrification rate in Bulawayo decreased slightly
in 2014, with each year still above 95%. It was obvious that
the electrification rate in almost all provinces showed a trend
of decreasing at first and then recovered. It reached its lowest
level in 2014 and then gradually returned. This was likely
due to the significant drop in the water level of Lake Kariba
caused by a drought [39]. This resulted in reducing the power
generation capacity of the Kariba Hydroelectric Station, and
further exacerbated the existing serious power shortage of
Zimbabwe.

After 2015, the interannual variation of the electrification rate
in most provinces showed a fluctuating and slowly increasing
trend. However, some provinces such as Matabeleland North
and Matabeleland South showed a slight decreasing trend. This
was probably caused by the El Niño in Zimbabwe in 2019
[40]. Insufficient precipitation led to a sharply drop in power
generation of the Kariba Hydroelectric Station. Power cuts
became normal that people and companies in Zimbabwe had

to face in that year. Hydroelectric station was overly dependent
on the weather condition, coupled with factors such as aging
equipment, poor management, and technical limitations, causing
the electrification rate to fluctuate greatly between years in
provinces of Zimbabwe [41].

C. Estimated Electrification Rate at District-Level

The electrification rate map at the district-level (see Fig. 7)
shows some hidden energy poverty areas. The district with the
lowest electrification rate in 2015 was only 1.47%. There were
26 out of all the 59 districts with electrification rates less than
10%. As shown in Fig. 7, some electrified provinces still had
districts with low electrification rates. The electrification rate of
Wedza (area A) in 2015 was only 4.47%, which was far lower
than that of its adjacent districts. For example, the electrification
rate of Marondera was 41.59%, which is adjacent to the north of
Wedza. Wedza belongs to Mashonaland East and is only 127 km
away from the capital Harare. Due to the “Land Reform Policy,”
the roads in Wedza have depreciated in quality [42]. This leads
to serious disruptions in industry and vast amounts of locally
employed people lost jobs and livelihoods [43], [44]. Therefore,
due to various factors such as geography, transportation, and
policies, areas such as Wedza with lower electrification rate
appeared in the relatively electrified province.

Interestingly, some provinces with low electrification rate had
higher electrified districts. These districts were critical for power
grid construction and electricity assistance. For example, Beit-
bridge (area B in Fig. 7) is a border city located in Matabeleland
South. It borders South Africa in the south. It is one of the busiest
border cities in Southern Africa. In 2015, the electrification
rate of Beitbridge was 32.99%, while the average electrification
rate of all districts in Matabeleland South was only 12.39%.
Another example is Hwange (area C in Fig. 7) which is located
in Matabeleland North. The electrification rate of the whole
province was 11.85% in 2015, which was far lower than the
national average. However, the electrification rate of Hwange
was as high as 54.11%. This was because Hwange borders
Zambia, Botswana, and Namibia. As early as the late 1990s, the
power grid of Zimbabwe was connected to the Southern African
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Fig. 4. Electrification rates in Zimbabwe’s ten provinces in 2015. (a) Estimated
data from PSM. (b) Statistical data.

power pool for power supply. South Africa is among the major
electricity importers of Zimbabwe [45], [46], [47].

We calculated Global Moran’s I index to analyze the spa-
tial distribution characteristics of the electrification rate in 59
districts of Zimbabwe. Global Moran’s I index was 0.39, with
the Z statistic value of 2.53 (P < 0.05). The result showed
that the distribution of the electrification rate in Zimbabwe had
an aggregation pattern, and the spatial correlation among the
districts was obvious and positive.

Fig. 5. Moran scatter plot of errors in ten provinces of Zimbabwe. The dashed
line indicates the case where the value is 0.

Fig. 6. Estimated electrification rates of the ten provinces in Zimbabwe from
2013 to 2019.

Fig. 7. Spatial distribution of electrification rate at district-level of Zimbabwe
in 2015.
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Fig. 8. LISA map of estimated electrification rate at district-level. (a) LISA
cluster map. (b) LISA significance map.

To further analyze the spatial cluster heterogeneity of electri-
fication rate at the district-level, we calculated Local Moran’s I
index. From the Local Indicator of Spatial Association (LISA)
cluster map in Fig. 8, the distribution of electrification rate at the
district-level had obvious spatial agglomeration characteristics.
The High-High Cluster is concentrated in Mashonaland West,
where districts with above-average electrification rates were
surrounded by districts with above-average electrification rates.
The low-low cluster showed the aggregation of districts with
below-average electrification rate. These findings suggested that
the electrification rate varied widely between districts in Zim-
babwe.

V. DISCUSSION

Electricity is related to the survival and well-being of people
[48], [49]. In Zimbabwe, load shedding is routine and some
rural areas have no electricity for long time [50], [51]. However,
the country is rich in hydropower and thermal power resources
[52]. The electricity supply of Zimbabwe mainly comes from the
Kariba Hydroelectric Station on the Zambezi River, of which
capacity is 750 MW [53], and four thermal power stations,
of which Hwange Thermal Power Station is the largest with
a theoretical capacity of about 920 MW [54]. The other three at
Harare, Bulawayo, and Munyati have a total capacity of 270 MW
[55]. This is consistent with our findings of the electrification
rate map at the district-level. Districts with power stations had
a relatively high electrification rates. In addition, due to dete-
riorating infrastructure, the capacity of power stations was less
than half of the total installed capacity. These facts may explain
why the electrification rate did not increase significantly and
fluctuated greatly in 2013–2019 of 10 provinces in Zimbabwe.
The electrification rates from 2013 to 2019 showed a rising trend
in general, which was consistent with the socioeconomic stabil-
ity in Zimbabwe. We performed a correlation analysis based on
the electrification rate and gross domestic product (GDP). The
results showed a strong correlation between the electrification
rate and GDP, with R-square of 0.62. This indicated that the
electrification rate increased as the socioeconomic situation
improved in Zimbabwe.

The Kariba Hydroelectric Station had low water levels due to
droughts in recent years [56]. Its electricity generation capacity
was only 34% of the normal level [57]. The Kariba Dam entered
the maintenance period, some units needed to be shut down, and
the power generation decreased significantly. Without Kariba
Hydroelectric Station, there were about 3 million households
facing power outages [58], [59]. However, relying too much
on hydroelectricity could easily lead to unstable power supply.
Because precipitation decreases during the dry season led to
lower power generation from dams. Therefore, we supposed
that there may be seasonal variations in the electrification rate
in Zimbabwe. This may be a direction for future research to
further analyze the temporal variations in the electrification rate
in Zimbabwe.

Many underdeveloped countries have low rates of access
to reliable energy, with frequent power outages. Some schol-
ars carried out research work on power fluctuation. For ex-
ample, Min identified outage-prone areas by detecting ex-
cess fluctuations in light outputs, and generated the PSI in-
dex to estimate the electrical instability of a region, then
indicated the areas where the electricity system was unsta-
ble in India [60]. Different from that research, we estimated
the power stability index, which was derived from the daily
night-time light data, and thereby estimated electrification
rates.

However, our study also had some limitations. First, although
the power stability method had satisfactory accuracy in esti-
mating the electrification rate, it still had the potential to be
optimized. It is evident that our method may overestimate the
results of some areas with high electrification rate, and may also
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underestimate the results of some areas with low electrification
rate. This might be due to the threshold determined by our
current method was not yet optimal. Optimizing thresholds and
combining the strengths of multiple models may improve the ac-
curacy of existing estimation models. Second, the quality of raw
night-time light data may affect the accuracy of the model. In the
future, better algorithms can be developed for the raw night-time
light data to remove noises such as fires, thereby improving the
estimation method. Third, in the future, we can use the power
stability method at finer spatial and temporal scales, making
the model more efficient and insightful for the specific area. For
example, based on the estimated results of the electrification rate
and Google’s high-resolution remote sensing images, we found
provinces with small changes in electrification rate were mainly
composed of residential areas. In the future, land use data can
be introduced into the model to further analyze the changes in
electrification rate in different land types. In general, there are
still many potentials in estimating the electrification rate using
night-time light [61], [62], [63], [64].

VI. CONCLUSION

Explicit spatial data on electricity access and usage is critical
for effective decision-making and infrastructure planning in
low-income and data-poor regions. The SDG 7 aims at ensuring
reliable energy for all, which suggests the importance of a stable
power supply for global electrification. This study proposed the
power stability method for estimating the electrification rate. We
constructed a power stability index, and extracted areas without
stable power supply. In addition, we introduced daily night-time
light images into our method, which recorded more effective
information about power stability. We used this method for
multiscale estimation in Zimbabwe. The overall accuracy was
85.42% and the R-Square was 0.98, indicating that the proposed
method was satisfactory.

Furthermore, we conducted a spatial and temporal analysis
of the electrification rate in Zimbabwe from 2013 to 2019 and
generated maps of the electrification rate at the subnational level.
Through the fine-scale electrification rate map, we could see
some detailed information, which helped to gain insight into
areas where electricity was scarce and unreliable. Our research
could provide support for the decision of electrification plans.
Therefore, the proposed methodology provides new opportuni-
ties to study the electrification progress under the background
of the SDG 7.
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