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Decadal observations of global
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DSCOVR-EPIC

Yuekui Yang'*, Surendra Bhatta? and Alfonso Delgado-Bonal**

!Climate and Radiation Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD, United States,
2Morgan State University, Baltimore, MD, United States, *University of Maryland Baltimore County,
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This study presents a decadal analysis of global daytime cloud properties using
observations from the Earth Polychromatic Imaging Camera (EPIC) aboard the
Deep Space Climate Observatory (DSCOVR) satellite from July 2015 to December
2024. We focus on cloud fraction and cloud effective height (CEH) from the EPIC
standard Level-2 (L2) cloud products. Consistent with other satellite observations,
the EPIC-derived decadal global cloud fraction shows high cloudiness over
tropical convergence zones and midlatitude storm tracks and reduced cloud
cover over subtropical regions associated with the descending branches of the
Hadley circulation. Seasonal analysis shows greater variability over land, while
cloud fraction remains consistently higher over oceans. Trend analysis using the
Mann-Kendall and Theil-Sen methods identifies a statistically significant
decreasing trend in the cloud fraction over land (-0.0329 per decade, p =
0.014), primarily confined to the Northern Hemisphere. No significant trend is
found over ocean or in the CEH. Spatial trend maps highlight that the regional
cloud fraction decreases over the western tropical Pacific and central Africa and
increases over parts of the midlatitude oceans. These results demonstrate EPIC's
capability in tracking global and regional cloud variability and contribute to our
understanding of cloud-climate interactions.
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1 Introduction

Clouds play a critical role in Earth’s climate system by regulating the planet’s energy
budget (Boucher et al., 2013; Loeb et al., 2024; Voigt et al., 2021). Significant progress has
been made in the past decade in characterizing cloud properties at both the regional and
global scales through space-based observations (Stephens et al., 2018; Shang et al., 2018;
Yang et al,, 2020). Recent advances in cloud climatology increasingly highlight that changes
in cloud properties are contributing to Earth’s energy imbalance and climate variability
(Tselioudis et al., 2024). Using measurements from NASA’s Clouds and the Earth’s Radiant
Energy System (CERES), Loeb et al. (2024) showed that Earth’s energy imbalance has nearly
doubled since 2000, driven primarily by increased absorption of solar radiation due to
decreasing low- and mid-level clouds. Goessling et al. (2024) identified a record-low
planetary albedo in 2023 that can also be linked to a sharp decrease in low- and mid-
level cloud cover, particularly over tropical and northern midlatitude regions, which helped
explain the unprecedented surge in global surface temperatures that year.

Sustained observations on a global scale are essential for detecting trends in cloud
properties. In that regard, the Earth Polychromatic Imaging Camera (EPIC) aboard the
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Deep Space Climate Observatory (DSCOVR) provides a unique
dataset that complements observations from geostationary or polar-
Earth’s L1
approximately one million miles away, EPIC started to make
observations in June 2015 (Marshak et al., 2018). Since then,
except from July 2019 to January 2020 when DSCOVR was in
the safehold mode due to degradation of the inertial navigation unit

orbiting sensors. From the Lagrangian point

(gyros), EPIC has been providing continuous observations of the
sunlit side of the Earth with 10 spectral channels ranging from the
UV to the near-IR. These observations provided new opportunities
One
contribution of EPIC is the ability to observe and retrieve key

in atmospheric research and applications. important
radiative properties of clouds, which are of critical importance
for understanding the current Earth system and for predicting
future changes.

The EPIC Level-2 (L2) cloud products include cloud mask, cloud
effective pressure (CEP), cloud effective height (CEH), cloud optical
thickness (COT), most likely cloud thermodynamic phase, and
cloud effective temperature (Yang et al., 2013; Yang et al., 2019;
Meyer et al.,, 2016; Zhou et al., 2020; Zhou et al., 2021; Gao et al.,
2019). These products are derived using multi-spectral information,
particularly from oxygen A- and B-band absorption features, and
have been evaluated against colocated measurements from other
satellite sensors. Yang et al. (2019) demonstrated that the global
cloud fraction retrieved from EPIC agrees closely with collocated
observations from geostationary and low Earth orbit satellites, with
an average difference of 1.1%. The retrieved CEH values show good
consistency with results from radiative transfer simulations.

Since their public release, the EPIC L2 cloud products have been
used in a range of scientific and operational applications. These
include cloud diurnal cycle analysis (Delgado-Bonal et al., 2020;
Delgado-Bonal et al.,, 2021; Delgado-Bonal et al., 2022; Delgado-
Bonal et al., 2024), trace gas retrieval correction (Kramarova et al.,
2021; Huang and Yang, 2022), surface solar radiation studies (Hao
etal., 2019; Hao et al., 2020), and cloud complexity analysis (DeWitt
et al., 2024; Rees et al., 2024).

This study focuses on the use of EPIC L2 cloud mask and cloud
effective height products to examine global daytime cloud
characteristics and potential trends over the period from July
2015 2024, decade of
observations. The analysis provides new insights into global

to December spanning nearly a

cloud coverage and height variability.

2 Data and Methodology

Data used in this study are the standard EPIC Level-2 cloud
products, version 3 (available at https://doi.org/10.5067/EPIC/
DSCOVR/L2_CLOUD_03), covering the period from December
2015 to December 2024. EPIC observes the entire sunlit side of
the Earth and provides measurements with a native spatial
resolution of approximately 10 km at nadir and a temporal
sampling frequency of 60-110 min, depending on the season. All
the L2 cloud products are provided at the EPIC original temporal
and spatial resolutions.

To enable time-series analysis, the EPIC Level-2 cloud data were
first re-gridded onto a 0.5° latitude x 0.625° longitude grid, consistent
with the spatial resolution used by the Modern-Era Retrospective
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FIGURE 1
Global daytime mean cloud fraction map based on EPIC
observations from July 2015 to December 2024.

Analysis for Research and Applications, Version 2 (MERRA-2)
products. The resulting gridded data were then aggregated to
form monthly mean cloud fraction and cloud height fields for
each grid point.

Following the gridding and monthly averaging, we performed
trend analysis on the time series at each grid cell and for global/
regional averages. The Mann-Kendall trend test was used to detect
the presence of a statistically significant monotonic trend, with a null
hypothesis of no trend and a significance threshold of p < 0.05
(Kendall, 1975). The Theil-Sen estimator (Sen, 1968) was applied to
quantify the magnitude of the trend. This non-parametric method is
robust to outliers and does not require data to follow a normal
distribution, making it well-suited for satellite-derived time series.

Trend analyses were performed globally, separately for land and
ocean, and by hemisphere to evaluate regional differences. We also
generated spatially resolved maps of the Theil-Sen slope and
corresponding p-values to assess the geographic distribution of
statistically significant trends. To account for the known data gap
from July 2019 to January 2020, we excluded these months from
both the monthly mean time series and trend analysis. The
Mann-Kendall and Theil-Sen methods were applied to the
remaining non-missing monthly values. As both techniques are
non-parametric and robust to uneven sampling, no interpolation
was applied to fill the gap.

3 Results

3.1 Decadal global daytime cloud coverage
and trend

Figure 1 presents the mean daytime cloud fraction over the globe
derived from DSCOVR-EPIC observations between July 2015 and
December 2024. As expected, high cloud fractions are observed over
tropical convergence zones such as the Intertropical Convergence
Zone (ITCZ), midlatitude storm tracks in both hemispheres, and the
South Pacific Convergence Zone (SPCZ), which is a diagonally
oriented band of deep convection and cloudiness that extends
southeastward from the western Pacific warm pool into the

frontiersin.org
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TABLE 1 Global seasonal and annual mean cloud fraction from EPIC observations during the period of July 2015 to December 2024.

MAM JJA SON DJF Annual
Ocean NH 0.587 0.610 0.588 0.606 0597
SH 0.596 0.617 0.661 0.681 0.638
Global 0.594 0.614 0.631 0.660 0.622
Land NH 0522 0.596 0.602 0550 0.568
SH 0.662 0.458 0.619 0758 0.623
Global 0.563 0.566 0.614 0.658 0.584

Abbreviations: NH, Northern Hemisphere; SH, Southern Hemisphere; MAM, Mar-Apr-May; JJA, Jun-Jul-Aug; SON, Sep-Oct-Nov; DJF, Dec-Jan-Feb.
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FIGURE 2

Global monthly mean cloud fraction time series over land (blue), ocean (red), and overall (green) based on EPIC observations from July 2015 to
December 2024. Data gap (gray area) marks the period between July 2019 and January 2020 when DSCOVR was on the safehold mode.

central South Pacific. Lower cloud fractions are observed over
subtropical regions dominated by air subsidence, such as the
Sahara Desert and Arabian Peninsula. These cloud fraction zonal
structures reflect the influence of global circulation patterns such as
the Hadley cell. Overall, the figure captures fundamental features of
global cloud climatology, consistent with other satellite observations
(King et al.,, 2013; Rossow and Schiffer, 1999).

The EPIC cloud mask algorithm is designed separately for each
of the three surface types: land, ocean, and snow/ice (Yang et al.,
2019). Among these, cloud detection over snow- and ice-covered
regions carries larger uncertainty due to low surface-cloud contrast
and limited spectral information. As a result, retrievals over snow-
and ice-covered areas are excluded from analyses hereafter. Table 1
provides the values of seasonal and annual mean cloud fraction from
EPIC observations during the period from July 2015 to December
2024. As shown, global daytime mean cloud fraction is consistently
higher over oceans than over land across all seasons, with maximum
cloudiness during the December-January-February (DJF) season in
both regions. The seasonal cycle is stronger over land, reflecting
continental convection patterns.

Figure 2 provides the time series of monthly mean daytime cloud
fraction over land, ocean, and the global average (land + ocean).
These time series show a clear and consistent seasonal cycle in all
three domains, with peaks in the cloud fraction generally occurring
during boreal winter months. Ocean cloud fraction is consistently
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higher than that over land, likely due to persistent marine stratiform
cloud decks and less seasonal variability. The global mean closely
follows the ocean curve, reflecting the greater spatial extent of
oceanic observations. The land cloud fraction shows a broader
seasonal variation, with more pronounced peaks and troughs,
reflecting stronger seasonal variability in continental convection.

To assess potential trends in the cloud fraction over time, we
applied the Mann-Kendall test, a non-parametric method
commonly used to detect the presence of monotonic trends in
time-series data without assuming a specific distribution
(Kendall, 1975). If a statistically significant trend is identified
(p-value <0.05), the Theil-Sen estimator is then used to quantify
the trend magnitude (Sen, 1968). The Theil-Sen method calculates
the median of all pairwise slopes in the dataset, providing a robust
estimate that is less sensitive to outliers than traditional linear
regression.

These tests were applied to the cloud fraction time series over
land, ocean, and the combined land-ocean regions. Although no
trend was found over the ocean, a statistically significant trend was
detected over land, with a p-value of 0.014 and a decreasing trend
of —0.0329 per decade (Figure 3). This decreasing trend in cloud
coverage over land is consistent with that reported by Liu et al.
(2023), which is based on data from ERA5 reanalysis (1979-2020)
(Hersbach et al., 2020). They attributed the reduction in land cloud
cover primarily to declining near-surface relative humidity, a factor

frontiersin.org
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FIGURE 3

Same as Figure 2, but for the trend analysis of the global monthly mean cloud fraction over land.
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FIGURE 4

Global daytime mean cloud coverage trend analysis based on EPIC observations from July 2015 to December 2024. (a) p-value map for locations
identified as having a statistically significant trend (p < 0.05) and (b) corresponding cloud fraction trend values (per decade).

that limits cloud formation over land. Liu et al. (2023) also reported
an increasing trend in cloud coverage over ocean, but the increase
was observed mainly before 2001, which is before the EPIC era.
To identify geographic regions with significant long-term
changes in cloud coverage during the EPIC observational period,
the spatial distribution of statistically significant trends is shown in
Figure 4. As shown in the figure, although global means may show
weak or non-significant trends, spatially resolved analysis reveals
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regional variability and areas undergoing statistically significant
increases or decreases in cloudiness. Figure 4a shows the
locations where trends are statistically significant (p < 0.05), and
Figure 4b presents the corresponding trend values. Notable features
include statistically significant decreasing trends (blue in panel b)
over parts of the western tropical Pacific, East Asia, and Central
Africa, indicating reduced convective cloudiness in these regions.
Conversely, increasing trends (orange to red) are observed in parts
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FIGURE 5
Same as Figure 2, but for the trend analysis of Northern Hemisphere monthly mean cloud fraction over land.
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FIGURE 6

Longitudinal cloud fraction Hovmoller diagram showing the 10° longitude-band mean cloud fraction based on EPIC observations from July 2015 to

December 2024.

of the midlatitude oceans, potentially linked to regional circulation
shifts or moisture flux changes (Liu et al., 2023; Lu et al., 2007). The
pattern reveals a mix of regional cloud changes, with ocean regions
generally showing more significant increasing trends than land.
These results highlight the importance of spatial analysis in
understanding cloud variability and demonstrate EPIC’s ability to
detect regional signals over a decadal timescale.

Figure 4 demonstrates that most of the decreasing trend over
land is in the Northern Hemisphere. Time-series analysis confirms
this observation. As shown in Figure 5, a statistically significant
trend was found over Northern Hemisphere land, with a p-value of
0.0041 and a decreasing trend of —0.056 per decade, while no trend
was detected over the Southern Hemisphere.

To investigate the spatiotemporal variability of the global
daytime longitudinal

cloud fraction, we generated both
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(longitude-time) (Figure 6) and zonal (latitude-time) (Figure 7)
Hovmoller diagrams. These diagnostics provide a representation of
how cloud fraction evolves seasonally and interannually across
different geographic bands.

The longitudinal Hovmoller diagram (Figure 6) illustrates
stable, structured patterns in the global daytime cloud fraction
across longitudes from 2015 to 2024. Persistently, cloudy regions
are evident over the central Pacific and Indian Ocean, while lower
cloud fractions occur over subtropical dry zones. The cloud
fraction patterns are stable over time, suggesting limited
interannual variability in zonal-mean cloudiness at this spatial
scale. No obvious large-scale transitions or regime shifts are
Wave-like longitudes (e.g.,
100°E) variability in

features at several

reflect the

evident.
approximately seasonal

cloud fraction.
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FIGURE 7

Zonal cloud fraction Hovmoller diagram showing the 5° zonal mean cloud fraction based on EPIC observations from July 2015 to December 2024.

The zonal Hovmoller diagram (Figure 7) reveals clear seasonal
migration of cloud belts, particularly in the tropics and subtropics.
The ITCZ, characterized by enhanced cloudiness near the equator,
shifts northward during boreal summer (JJA) and southward during
austral summer (DJF), reflecting the annual cycle of solar heating
and monsoon activity. The pronounced high cloud fraction regions
in midlatitudes reflect strong seasonal variability associated with
storm tracks. In contrast, subtropical regions (e.g., 10°-30° latitude)
exhibit more persistent low cloud fractions, consistent with the
descending branches of the Hadley circulation.

3.2 Decadal global daytime cloud
effective height

CEH is retrieved using the Mixed Lambertian-Equivalent
Reflectivity (MLER) model (Koelemeijer et al., 2001; Yang et al.,
2013). The MLER model assumes that a pixel contains two
Lambertian reflectors: the surface and the cloud. The cloud is
assumed opaque; hence, no photon transmission occurs. The
retrieved CEH reflects the mean altitude from which light is
scattered. The EPIC L2 cloud product system retrieves two CEH
values with observations from the O, A-band (779.5 nm and
764 nm) and B-band (680 nm and 688 nm) pairs. These two
values are highly correlated (Yang et al, 2013). This study uses
the A-band CEH. Due to photon penetration into the cloud, the
retrieved CEH generally corresponds to the effective scattering
height, which is typically lower than the physical cloud-top
height. The difference between the actual cloud top and CEH is a
function of the cloud extinction profile (Yang et al., 2019).

Figure 8 shows the global mean CEH retrieved by
DSCOVR-EPIC for the period July 2015 to December 2024.
Much of the oceanic regions (e.g., Eastern Pacific and South
Atlantic) show low effective cloud heights (1-3 km), indicating
marine stratocumulus and trade cumulus layers. The ITCZ is clearly
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observed as a band of elevated CEH (~5-8 km) near the equator. The
map shows distinct high-cloud regions over the Himalayas and the
Tibetan Plateau, consistent with orographic uplift and elevated
terrain influencing cloud height.

Table 2 presents the seasonal and annual mean CEH. Across all
seasons, CEH is consistently higher over land than over ocean, likely
due to the deeper daytime convection over continental regions. CEH
over land exhibits relatively little seasonal variability, ranging from
3.41 km to 3.55 km.

Figure 9 presents the monthly mean effective cloud height over
land, ocean, and the globe (land + ocean) from EPIC observations
spanning July 2015 to December 2024. The figure reinforces the
results presented in Table 2, illustrating that CEH is consistently
higher over land than over ocean and that seasonal variability is
more pronounced over the ocean. Additionally, the global mean
CEH closely follows the oceanic signal, reflecting the greater data
volume contributed by ocean observations relative to land. The
Mann-Kendall trend test was applied to these time series, and no
statistically significant trends were detected.

4 Summary

This study presents a decadal analysis of global daytime cloud
fraction and effective cloud height using observations from the EPIC
aboard the DSCOVR satellite, from July 2015 to December 2024.
The analysis is based on standard EPIC L2 cloud products, re-
gridded to a 0.5° x 0.625° Modern-Era Retrospective Analysis for
Research and Applications, Version 2 (MERRA-2) grid and
aggregated into monthly means for trend assessment.

The global mean cloud fraction map reveals well-known
climatological features, including high cloudiness over the ITCZ,
midlatitude storm tracks, and the SPCZ and reduced cloud cover
over subtropical regions associated with the descending branches of
the Hadley cell. Seasonal and regional contrasts are evident, with
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TABLE 2 Global seasonal and annual mean effective cloud height from EPIC
observations during the period of July 2015 to December 2024.

MAM  JJA  SON DJF  Annual
Ocean NH 313 353 3.86 329 3.45
SH 3.07 238 219 2.58 254
Global 3.11 3.01 2.84 2.77 2.94
Land NH 338 3.16 341 3.16 344
SH 351 3.76 3.40 3.76 343
Global 342 341 341 355 343

consistently higher cloud fractions over ocean than land and greater
seasonal variability over land,
convection patterns.

consistent with continental

Time-series analysis indicates a statistically significant
decreasing trend in daytime cloud fraction over land, with a
Theil-Sen slope of —0.0329 per decade (p = 0.014). This trend is
confined to the Northern Hemisphere, where the decline is more
pronounced (-0.056 per decade, p = 0.0041), while no significant
trend is observed over ocean or the Southern Hemisphere. These
findings are broadly consistent with previous results based on
ERAS5 reanalysis (Liu et al., 2023), which attributed the decline in
land cloudiness to reductions in near-surface relative humidity.
The lack of a trend over the ocean in the EPIC record may reflect
both a shorter observational period and the fact that the increase
in ocean cloud reported by Liu et al. (2023) largely occurred
before 2001.

Spatially resolved trend maps reveal additional regional trends,
including statistically significant decreases in cloud fraction over the
western tropical Pacific, East Asia, and Central Africa, and localized
increases in parts of the midlatitude oceans. These regional changes
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may be associated with shifts in large-scale circulation or moisture
flux patterns.

Longitudinal and zonal Hovmoller diagrams highlight the
spatiotemporal structure of cloud fraction variability. The ITCZ
migration is clearly visible in the zonal diagram, while the
longitudinal diagram reveals persistent cloud belts and wave-like
seasonal variations. The absence of large-scale shifts in zonal
cloudiness suggests that the underlying spatial structure of
daytime cloud coverage remained stable during the study period.

CEH results show consistently higher values over land (annual
mean ~3.43 km) than over ocean (~2.94 km), due to generally
deeper convection over continental regions. CEH over land exhibits
minimal seasonal variability, while oceanic CEH displays a more
pronounced seasonal cycle. No statistically significant long-term
trend in CEH was found globally.

In summary, this study demonstrates EPIC’s capability to
monitor daytime cloud properties at a global scale. The results
provide new insights into regional and hemispheric differences in
cloud fraction trends. Although the EPIC record is still relatively
short, its unique perspective from the L1 vantage point offers
valuable continuity in global cloud monitoring and can
complement other satellite datasets in studying climate variability
and cloud feedback processes.
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