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One of the most crucial tasks of measuring top-of-atmosphere (TOA) radiative flux is to understand the relationships between radiances and fluxes, particularly for the reflected shortwave (SW) fluxes. The radiance-to-flux conversion is accomplished by constructing angular distribution models (ADMs). This conversion depends on solar-viewing geometries as well as the scene types within the field of view. To date, the most comprehensive observation-based ADMs are developed using the Clouds and the Earth’s Radiant Energy System (CERES) observations. These ADMs are used to derive TOA SW fluxes from CERES and other Earth radiation budget instruments which observe the Earth mostly from side-scattering angles. The Earth Polychromatic Imaging Camera (EPIC) onboard Deep Space Climate Observatory observes the Earth at the Lagrange-1 point in the near-backscattering directions and offers a testbed for the CERES ADMs. As the EPIC relative azimuth angles change from 168◦ to 178◦, the global daytime mean SW radiances can increase by as much as 10% though no notable cloud changes are observed. The global daytime mean SW fluxes derived after considering the radiance anisotropies at relative azimuth angles of 168◦ and 178◦ show much smaller differences (<1%), indicating increases in EPIC SW radiances are due mostly to changes in viewing geometries. Furthermore, annual global daytime mean SW fluxes from EPIC agree with the CERES equivalents to within 0.5 Wm−2 with root-mean-square errors less than 3.0 Wm−2. Consistency between SW fluxes from EPIC and CERES inverted from very different viewing geometries indicates that the CERES ADMs accurately quantify the radiance anisotropy and can be used for flux inversion from different viewing perspectives.
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1 INTRODUCTION
The Deep Space Climate Observatory (DSCOVR) was launched on Feb. 11, 2015 and is the first Earth-observing satellite at the Lagrange-1 (L1) point, about 1.6 million kilometers from Earth. DSCOVR is in an elliptical Lissajous orbit around the L1 point and is not positioned exactly on the Earth-Sun line; therefore, only about 92–97% of the sunlit Earth is visible to DSCOVR (Su et al., 2018). Onboard DSCOVR, the National Institute of Standards and Technology Advanced Radiometer (NISTAR) provides continuous full disc global broadband irradiance measurements over most of the sunlit side of the Earth at near-backscattering relative azimuth angles (Figure 1). DSCOVR also carries the Earth Polychromatic Imaging Camera (EPIC) which provides 2048 by 2048 pixel imagery 10 to 22 times per day in 10 spectral bands from 317 to 780 nm. DSCOVR’s elliptical Lissajous orbit is a quasi-periodic orbit and its distance and viewing geometries change from day to day. Figure 2 shows the relative azimuth angles between DSCOVR and the solar plane from 2017 to 2020. From January 2017 to June 2019, the relative azimuth angles show small month-to-month variations and the maximum value does not exceed 175◦. However, the relative azimuth angles of 2020 show large month-to-month changes (about twice the amplitude of previous years), with the maximum relative azimuth angle exceeding 178◦ in December.
[image: Figure 1]FIGURE 1 | DSCOVR viewing geometry, θ0 is the solar zenith angle, θ is the DSCOVR viewing zenith angle, and ϕ is the relative azimuth angle between DSCOVR and the solar plane.
[image: Figure 2]FIGURE 2 | Year-to-year variation of the relative azimuth angle for DSCOVR.
Su et al. (2018) developed a methodology to derive global daytime shortwave (SW) flux from EPIC spectral measurements. While EPIC does not measure the entire sunlit side of Earth, we refer to EPIC measurements as “global’ daytime for simplicity. Their approach includes three steps: 1) derive broadband SW radiances from the EPIC narrowband measurements using pre-determined narrowband-to-broadband regression relationships and calculate the global daytime mean radiances ([image: image]); 2) derive global daytime mean anisotropy factors ([image: image]) using angular distribution models (ADMs, Su et al., 2015a) developed by the Clouds and the Earth’s Radiant Energy System (CERES) project, and using cloud properties in the EPIC cloud composite product (Khlopenkov et al., 2017) for scene identification; 3) derive global daytime mean SW flux: [image: image]. These EPIC-based [image: image] agree with the CERES fluxes within the EPIC view to within ±2%, well within the calibration and algorithm uncertainties of each instrument. This is the first time that CERES ADMs have been applied to the near-backscattering direction to derive flux and the good agreement indicates that CERES ADMs accurately account for the Earth’s anisotropy in the near-backscattering direction.
Changes in the EPIC relative azimuth angles in 2020 offer another opportunity to examine whether CERES ADMs can capture the changes in radiance anisotropy as the relative azimuth angles moved from 170° to 178°. Anisotropies at these near-backscattering angles are rarely used to invert fluxes for CERES cross track observations. Theoretically, radiative fluxes inverted from different viewing geometries at a given solar zenith angle should be identical. Thus, good agreement between global daytime mean fluxes from EPIC and CERES that are derived using observations from near-backscattering directions and side-scattering directions can be used as an indication of the validity of the ADMs, similar to the consistency tests that have been done to validate the CERES ADMs (Su et al., 2015b). This paper will examine how [image: image] and [image: image] vary with relative azimuth angles and compare [image: image] from EPIC derived at different backscattering directions with CERES counterparts to investigate if CERES ADMs capture the radiance anisotropy changes at different backscattering angles. Section 2 briefly describes the method used to derive EPIC-based broadband SW radiance and compares the radiances from EPIC under different relative azimuth angles. To convert radiances to fluxes, we rely on CERES ADMs which are functions of scene types defined using many variables (i.e., surface type, cloud fraction, cloud optical depth, cloud phase, etc). Section 3 describes the EPIC cloud composite product developed from cloud retrievals using imagers on low-Earth orbit and geostationary satellites. The EPIC cloud composite is used to provide scene identification for anisotropy characterization. Section 4 provides an overview of the CERES ADMs. EPIC-based SW fluxes and comparisons with CERES product are provided in section 5 and conclusions are in section 6.
2 DERIVING GLOBAL DAYTIME MEAN BROADBAND SHORTWAVE RADIANCES FROM EPIC MEASUREMENTS
EPIC channels of 443 nm, 551 nm, and 680 nm are used to derive the broadband SW radiances following the methodology developed by Su et al. (2018). The narrowband-to-broadband regression coefficients are derived using collocated Moderate Resolution Imaging Spectrometer (MODIS) narrowband reflectances (469, 550, and 645 nm) and CERES broadband reflectances within the CERES Single Scanner Footprint TOA/Surface Fluxes and Clouds (SSF) Edition 4 A product separately for ocean and non-ocean surfaces for all-sky conditions.
These narrowband-to-broadband regressions are then applied to the EPIC measurements to derive the “EPIC broadband” SW reflectance for each EPIC pixel. The pixel-level broadband SW reflectances are converted to radiances first, and the global daytime mean SW radiance at each EPIC image time is calculated following the simple average proposed by Yang et al. (2018).
Figure 3 shows the global daytime mean SW radiances ([image: image]) at the EPIC image times for May and December of 2017 and 2020. Relative azimuth angles are also included in Figure 3. The magnitude of [image: image] depends on many factors: fractions of land, ocean, snow, and ice within the EPIC image, amount of clouds and cloud properties (optical depth, thermodynamical phase, and particle size, to a lesser extent), and also the viewing geometries. For a specific observation time (same date and time of different year), EPIC views the same portion of the Earth disc. Thus, changes in clouds and viewing geometries are the dominant factors affecting the magnitude of [image: image]. For May, [image: image] of 2017 are greater than those of 2020 during the first half of the month when the relative azimuth angles differ the most between 2017 and 2020. Thereafter, the relative azimuth angles converge and the differences start to decrease. For December, [image: image] of 2020 are consistently greater than those of 2017 except for the last few days of the month, and the largest difference exceeds 10 W m−2sr−1 (>10%). Next we demonstrate why it is unlikely any changes in clouds and/or aerosols can cause radiance changes of this magnitude, changes in viewing geometries are therefore a more plausible reason. Note the relative azimuth angels are between 176◦ and 178◦ during early December 2020, while they are close to 170◦ for the same period of 2017. The radiances from many Earth scenes can be very different when viewed at these different azimuth angles (Gatebe and King, 2016).
[image: Figure 3]FIGURE 3 | Comparison of global daytime mean EPIC shortwave radiances (left axis, solid lines) and relative azimuth angels (right axis, dashed lines) between 2017 and 2020 for (A) May and (B) December. Blue lines are for 2017 and red lines are for 2020.
3 GLOBAL CLOUD PROPERTY COMPOSITE FOR EPIC
The Earth’s surface and atmosphere are anisotropic reflectors resulting in a relatively complex variation of radiance leaving the Earth as a function of the viewing and illumination angles. Thus, converting radiances from EPIC to fluxes requires the use of ADMs to account for the reflectance anisotropies. We use the most comprehensive ADMs developed by the CERES team (Su et al., 2015a) and these ADMs are functions of scene types defined using many variables (i.e., surface type, cloud amount, cloud phase, cloud optical depth, etc). The EPIC cloud composite was developed to provide scene identifications for each EPIC pixel to determine the anisotropy factors (Khlopenkov et al., 2017; Su et al., 2018, 2020). The composite data include cloud property retrievals from multiple imagers on low Earth orbit (LEO) satellites (including MODIS, VIIRS, and AVHRR) and geostationary (GEO) satellites (including GOES-13, -15, -16, and -17, METEOSAT-8, -9, -10, and -11, MTSAT-2, and Himawari-8). All cloud properties were determined using a common set of algorithms, the Satellite ClOud and Radiation Property retrieval System (SatCORPS, Minnis et al., 2008a, 2016), based on the CERES cloud detection and retrieval system (Minnis et al., 2008b, 2011; 2010; Trepte et al., 2019). Cloud properties from these LEO/GEO imagers are optimally merged together to provide a seamless global composite product at 5-km resolution by using an aggregated rating that considers five parameters (nominal satellite resolution, pixel time relative to the EPIC observation time, viewing zenith angle, distance from day/night terminator, and Sun glint factor to minimize the usage of data taken in the glint region) and selects the best observation at the time nearest to the EPIC measurements. The global composite data are then remapped into the EPIC field of view by convolving the high-resolution cloud properties with the EPIC point spread function (PSF) defined with a half-pixel accuracy to produce the EPIC composite. PSF-weighted averages of radiances and cloud properties are computed separately for each cloud phase, because the LEO/GEO cloud products are retrieved separately for liquid and ice clouds (Minnis et al., 2008a). Ancillary data (i.e. surface type, snow and ice map, skin temperature, precipitable water, etc.) needed for anisotropic factor selections are also included in the EPIC composite. These composite images are produced for each observation time of the EPIC instrument (typically 300 to 600 composites per month).
Figure 4 shows retrieved liquid and ice cloud properties for January 4, 2017 at 11:15 UTC. The EPIC RGB image taken at this time is shown in Figure 5. At this image time, 56% of the daytime portion of the Earth is covered by clouds and about 2/3 of the clouds are of liquid phase. The optical depths of liquid clouds are mostly less than 6, but there are some very thick clouds with optical depth exceeding 22 in the Southern Ocean. The effective cloud heights of these liquid clouds are between ∼ 1 and 6 km and the effective radii are less than 25 μm. The optical depths of ice clouds are of similar magnitude as liquid clouds. As expected, the ice clouds are higher and with larger radii than liquid clouds.
[image: Figure 4]FIGURE 4 | Cloud properties retrieved from the LEO/GEO EPIC composite for January 4, 2017 at 11:15 UTC. Figures from left to right show cloud fraction (%), cloud optical depth, cloud effective height (km), and cloud effective droplet radius (μm) for liquid phase clouds (top row) and ice phase clouds (bottom row).
[image: Figure 5]FIGURE 5 | The RGB image from EPIC observation taken at 11:15 UTC on January 4, 2017.
Cloud fractions for the EPIC pixels can be averaged to provide the global daytime mean cloud fraction ([image: image]) at each EPIC image time. Figure 6 shows [image: image] at each EPIC image time for May and December using data from 2017 to 2020. Strong diurnal cycle is evident for [image: image], this is because the sunlit side of the Earth is centered over the Pacific Ocean where clouds are prevalent during earlier UTC hours and centered over Africa where there are few clouds over Sahara desert around 12 UTC. Cloud fractions within the EPIC views are a few percent higher in December than in May. This is because the very cloudy Southern Ocean and Antarctic are not within the EPIC view in May. The overall [image: image] are fairly consistent from year to year, though there are some small variations in [image: image] due to transient weather systems. Thus, cloud change is not the cause for the large variations of [image: image] shown in Figure 3.
[image: Figure 6]FIGURE 6 | Comparison of global daytime mean cloud fraction derived from EPIC composite between 2017 and 2020 for (A) May and (B) December. Blue lines are for 2017 and red lines are for 2020.
4 ANGULAR DISTRIBUTION MODELS
Angular distribution models (ADMs) describe the relationship between radiance (I) and flux (F):
[image: image]
where θ0 is the solar zenith angle, θ is the satellite viewing zenith angle, ϕ is the relative azimuth angle between the instrument and the solar plane, and R is the anisotropic factor that relates radiance to flux. For isotropic surfaces, the radiance does not depend on viewing geometry (θ, ϕ) and R is reduced to one for all viewing geometry. However, all surfaces on Earth exhibit anisotropic characteristics that can vary drastically from one scene to another which make determining the radiative flux from radiance measurement very challenging. Thus, quantifying the relationships between radiance and flux over different scene types is a critical part of determining fluxes from satellite radiance measurements.
Currently the most comprehensive ADMs available are the ones developed by the CERES team (Loeb et al., 2005; Su et al., 2015a). Realizing the importance of quantifying the anisotropies over different scene types and the deficiencies of the 12 scene-type ADMs developed for ERBE (Suttles et al., 1988), the CERES instruments are designed to fly together with an imager (MODIS for Terra and Aqua) and are also equipped with a special rotating azimuth plan (RAP) scan mode (Wielicki et al., 1996). When an instrument is placed in RAP mode, the instrument scans in elevation as it rotates in azimuth, thus acquiring radiance measurements from a wide range of viewing combinations. There are two CERES instruments on Terra and Aqua. At the beginning of their missions, one of the CERES instruments was always placed in RAP mode to maximize the angular coverage, while the other instrument was in cross track mode to maximize the spatial coverage. Figure 7 shows the logarithm sample number distributions using Aqua flight model 3 (in RAP mode) and Aqua flight model 4 (in cross track mode) observations of April 2004 when solar zenith angles are between 40◦ and 50◦. When CERES instrument is placed in RAP mode, the observations are almost evenly distributed across all (θ, ϕ) bins, except when θ > 80◦. However, when CERES instrument is in cross track mode, the observations are concentrated in limited side-scattering angular bins. The sample distributions of RAP and cross-track mode are very similar for other solar zenith angle ranges. Figure 7 illustrates the critical role that RAP scan mode plays in collecting data for developing R(θ0, θ, ϕ). It also indicates that only a small angular fraction of R(θ0, θ, ϕ) is used in the CERES radiance-to-flux conversion.
[image: Figure 7]FIGURE 7 | Logarithm of sample numbers in each 5◦ viewing zenith angle and 5◦ relative azimuth angle bin of all observations within 40◦ and 50◦ solar zenith angles for the Aqua CERES instrument in RAP mode (A) and in cross track mode (B) using data of april 2004. Grey color indicates no observations.
As mentioned early, DSCOVR at the L1 point observes the Earth in near-backscattering directions and offers a testbed for the CERES ADMs in these unique directions. Su et al. (2018) used the CERES ADMs and the scene identification provided by the EPIC cloud composite product to derive the global daytime mean anisotropy factors to convert the global daytime mean radiances to fluxes. They derived the EPIC SW fluxes for 2017. These fluxes agree with those derived from CERES synoptic products to within ±2% and demonstrate that the CERES ADMs accurately account for the Earth’s anisotropy in the near-backscatter direction.
Note the relative azimuth angles range between about 170◦ and 174◦ during 2017, whereas the relative azimuth angles can be as large as 178◦ during 2020 (see Figure 2). As the EPIC observation moves closer to the due backscattering directions, the radiance anisotropy increases for liquid cloud due to glory feature and for clear vegetated surface due to hot spot feature (Gatebe and King, 2016). CERES ADMs capture these changes when viewing geometries move from near-backscattering directions to backscattering directions. Figure 8 shows how anisotropic factors change as the relative azimuth angle moves from 170◦ (near backscatter) to 179◦ (backscatter) for clear cropland (a) and water clouds over ocean (b). For clear cropland, the CERES ADMs are constructed using the Ross-Li model (Roujean et al., 1992; Li and Strahler, 1992) that accounts for the hot spot effect (Maignan et al., 2004) on regional and calendar month basis. The clear cropland anisotropic factor increases by up to 30% around θ = 40◦ (the hot spot) when the relative azimuth angle moves from 170◦ to 179◦. For liquid clouds, the CERES ADMs are constructed as a function of ln (fτ) using measured radiances with an angular resolution of 2◦ (Su et al., 2015a). Figure 8B shows the anisotropic factors for ln (fτ) = 8, they increases by up to 9% around the glory (θ = 60◦) when the relative azimuth angle moves from 170◦ to 179◦.
[image: Figure 8]FIGURE 8 | Anisotropic factors at near-backscattering directions for relative azimuth angle of 179◦ (red), 175◦ (blue), and 170◦ (green) for (A) clear cropland in December with solar zenith angle of 40◦ and (B) for liquid clouds (ln (fτ)=8) over ocean with solar zenith angle of 60◦.
Figure 9 shows the anisotropic factors at the EPIC pixel level for December 5 for 2017 and 2020 at UTC hours around 06:00 and 11:00. As shown in Figure 3B, the relative azimuth angle for December 5, 2017 is around 170◦ and is around 177◦ for December 5, 2020. Shifting to larger relative azimuth angles in 2020 results in larger anisotropic factors, most notably over land regions due to the hot spot effects. For the two EPIC image times, [image: image] are 1.343 and 1.375 for 2020 compared to 1.241 and 1.254 for 2017, representing 8–10% increase in radiance anisotropy.
[image: Figure 9]FIGURE 9 | Anisotropic factors at the EPIC pixel level for December 5, 2017 (top row) at image time of 05:32 UTC (A), and 10:56 UTC (B), and for December 5, 2020 (bottom row) at image time of 06:10 UTC (C), and 11:34 UTC (D).
5 EPIC SW FLUX
Using [image: image] and [image: image] described above, we can calculate [image: image] for each EPIC image time. Figure 10 compares [image: image] between 2017 and 2020 for May and December. Despite the large differences in [image: image] between these 2 years, especially for December (see Figure 3), [image: image] are similar. For May 2017, [image: image] is 198.6 Wm−2; and for May 2020, [image: image] is 196.5 Wm−2. For December 2017, [image: image] is 223.4 Wm−2; and for December 2020, [image: image] is 220.1 Wm−2.
[image: Figure 10]FIGURE 10 | Comparison of global daytime mean EPIC shortwave fluxes between 2017 and 2020 for (A) May and (B) December. Blue lines are for 2017 and red lines are for 2020.
As there are no direct TOA flux measurements, global daytime mean SW fluxes from EPIC are compared against CERES Edition 4 Synoptic radiative fluxes and cloud product (SYN1deg, Doelling et al., 2013). SYN1deg data product provides hourly cloud properties and fluxes for each 1◦ latitude by 1◦ longitude. Hourly fluxes within SYN1deg are from CERES observations at the CERES overpass times and for the hours between CERES observations they are inferred from hourly GEO imager measurements. The GEO visible and infrared measurements are used to derive broadband radiances using observation-based narrowband-to-broadband regression relationships and radiance-to-flux conversion algorithms. These GEO derived fluxes are used to fill in the hour boxes between CERES observations between 60◦S and 60◦N. For regions in the high latitudes, CERES instruments on the polar-orbiting Terra and Aqua satellites provide sufficient temporal coverage. Several procedures are implemented to ensure the consistency between the MODIS-derived and GEO-derived cloud properties, and between the CERES fluxes and the GEO-based fluxes. These include calibrating GEO visible radiances against the well-calibrated MODIS 0.65 μm radiances by ray-matching MODIS and GEO coincident radiances; applying similar cloud retrieval algorithms to derive cloud properties from MODIS and GEO observations; and normalizing GEO-based broadband fluxes to CERES fluxes using coincident measurements (Doelling et al., 2013).
The hourly gridded SYN1deg fluxes are integrated by considering only the grid boxes that are visible to the EPIC to produce the global mean daytime fluxes that are comparable to those from the EPIC measurements following the method developed by Su et al. (2018). Figure 11 compares the global daytime mean hourly fluxes from EPIC and SYN1deg for May 2017 (a) and May 2020 (b). The biases and root-mean-square (RMS) errors are comparable for the EPIC SW fluxes for both May 2017 and May 2020, despite changes in EPIC viewing angles. For May 2017, the relative azimuth angle at the beginning of the month is 173◦ and decreases to about 171◦ near the end of the month. For May 2020, the relative azimuth angle starts around 168◦ and increases to close to 174◦ near the end of the month (see Figure 3A). Figure 12 compares the global daytime mean hourly fluxes from EPIC and SYN1deg for December 2017 (a) and December 2020 (b). Similar to the comparison results for May, both Decembers compare favorably with the global daytime fluxes from SYN1deg with the mean biases less than 0.6 W m-2 and RMS error less than 3 W m-2, despite that December 2020 has the largest relative azimuth angles (∼ 178◦) seen during the entire DSCOVR observational period. Additionally, the relative azimuth angles are quite different for December 2017 and December 2020. For December 2017, the relative azimuth angle stayed close to 170◦ until December 22 and then started to increase slightly. For December 2020, the relative azimuth angle started around 175◦ and reached the maximum around December 10 before decreasing to about 172◦ by the end of the month. The good agreement shown in Figures 11, 12 demonstrate that the CERES ADMs used for radiance-to-flux conversion capture the radiance anisotropy changes for EPIC observations taken at different relative azimuth angles from 168◦ to 178◦.
[image: Figure 11]FIGURE 11 | Comparison of global daytime mean shortwave flux between EPIC and CERES SYN for May 2017 (A) and May 2020 (B).
[image: Figure 12]FIGURE 12 | Comparison of global daytime mean shortwave flux between EPIC and CERES SYN for December 2017 (A) and December 2020 (B).
Figure 13 compares SW fluxes from CERES SYN1deg product with those from EPIC at all coincident hours of 2017–2020. Excellent agreements are found between these two datasets with the mean biases of 0.5 Wm−2 and RMS errors less than 3 Wm−2, despite large changes in viewing geometries (Figure 2). The SW flux agreement between these two data sets is within the uncertainties from CERES calibration, EPIC calibration, narrowband-to-broadband regression, and the angular distribution models. This comparison indicates that the method developed to calculate the global anisotropic factors from the CERES empirical ADMs using the EPIC cloud composites for scene identifications is robust and that the CERES angular distribution models accurately account for the Earth’s anisotropy in the near-backscattering to due-backscattering directions.
[image: Figure 13]FIGURE 13 | Comparison of coincident hourly SW fluxes from EPIC and CERES SYN1deg for 2017–2020.
CONCLUSION
DSCOVR is the first Earth-observing satellite at the Lagrange-1 (L1) point with two Earth observing instruments aim to provide continuous observations of the sunlit side of the Earth. DSCOVR is in an elliptical Lissajous orbit around the L1 point where the EPIC and NISTAR view the Earth from a small range of relative azimuth angle from 168◦ to 178◦. This viewing geometry is unique to EPIC as instruments (i.e., MODIS and CERES) on Terra and Aqua view the Earth mostly from side-scattering angles. Thus applying the CERES ADMs to EPIC observations offers an opportunity to test the performance of radiance-to-flux conversion in the near back-scattering angles.
Previous study by Su et al. (2018) demonstrates that the CERES ADMs accurately account for the Earth’s anisotropy using 2017 EPIC observations when the relative azimuth angle is between 170◦ and 174◦. However, the relative azimuth angle in 2020 shows large month-to-month variations, changing from 168◦ to 178◦. The SW radiances change rapidly within these angular ranges and can increase significantly for many scene types, most notably for liquid clouds and vegetated surface. EPIC observations indeed show that the global daytime mean SW radiances can increase by as much as 10% as the relative azimuth angle increases from 170◦ to 178◦. The increase in SW radiance is the result of EPIC viewing angle shifts closer to due-backscattering direction, and it is not because the Earth is more reflective (which could happen with significant increases of aerosols and clouds). When the anisotropies of the radiance fields are considered the resulting fluxes are very similar and do not show systematic differences.
The EPIC SW fluxes derived at different relative azimuth angles are compared against the CERES SYN1deg hourly SW fluxes. The biases of monthly mean fluxes (EPIC-SYN1deg) are less than 1.3 Wm−2 and RMS errors are less than 2.7 Wm−2 between EPIC and SYN1deg SW fluxes. These biases and RMS errors are independent of the EPIC viewing geometries, even for the largest relative azimuth angle differences observed between December 2017 and December 2020. The comparison is extended to include all coincident hours for data collected from 2017 to 2020. The annual global daytime mean SW fluxes from these two datasets agree to within 0.5 Wm−2 and the RMS errors are less than 3.0 Wm−2. This study demonstrates that the CERES ADMs capture the anisotropy changes for relative azimuth angles between 168◦ and 178◦. Furthermore, CERES instruments view the Earth mostly from side-scattering angles and the good agreement between global daytime mean fluxes from EPIC and CERES SYN1deg shows that fluxes inverted from different viewing angles are consistent with each other. Flux consistency is an indication that the CERES ADMs provide accurate characterization of the anisotropy for different Earth scenes and can be used for flux inversion from different viewing perspectives.
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