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Abstract— This study presents the new version of
MODIS/Terra + Aqua Surface Radiation Daily/3-h downward
shortwave radiation (DSR) (MCD18A1 V6.2) and photosynthetic
active radiation (PAR) (MCD18A2 V6.2) product generated by
MODIS adaptive processing system (MODAPS) using the latest
version of the science algorithm developed by the NASA MODIS
land science team. Key improvements in the new algorithm
include using multiple bands covering visible, near-infrared, and
shortwave infrared to enhance the capability of characterizing
cloud optical characteristics, especially over snow-covered
surfaces, and adopting linear interpolation for temporal
scaling from instantaneous to 3-hourly retrievals. Comparative
validation against MCD18 V6.1 and clouds and the Earth’s
radiant energy system synoptic (CERES-SYN) demonstrates
that V6.2 significantly improves accuracy at instantaneous,
3-hourly, and daily scales, particularly in snow-covered regions.
The root mean square error (RMSE) (relative RMSE: rRMSE)
of V6.2 reaches 101.9 W/m2 (18.8%) and 48.4 W/m2 (20.8%)
for instantaneous DSR and PAR. The RMSE (rRMSE) reaches
29.9 W/m2 (16.9%) and 14.1 W/m2 (18.4%) for daily DSR
and PAR, respectively. Aggregated to 100 km, V6.2 matches
CERES-SYN accuracy using only polar-orbiting satellite data.
This study also explores the potential for future improvement
by integrating geostationary observations to enhance accuracy
further.

Index Terms— Downward shortwave radiation (DSR), look-
up table (LUT), photosynthetic active radiation (PAR), remote
sensing, satellite products.

I. INTRODUCTION

SOLAR radiation is a fundamental energy source for
the Earth, driving various natural processes essential for

life and the environment [1]. Downward shortwave radiation
(DSR), with wavelengths ranging from 300 to 4000 nm,
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fuels global ecological, hydrological, biophysical, and bio-
chemical processes. It plays a crucial role in weather and
climate change predictions [2], [3]. Additionally, it is an
important renewable energy source for photovoltaic (PV)
power generation [4]. Within this spectrum, photosynthetically
active radiation (PAR), spanning 400–700 nm, is vital for
photosynthesis, making it essential for terrestrial ecosystem
modeling, carbon cycle modeling, and agricultural growth
modeling [5].

Several global satellite products of surface radiative fluxes
have been produced. Many widely used products have a
coarse spatial resolution and have not been updated since
the 2000s, such as the International Satellite Cloud Cli-
matology Project (ISCCP) product on a 280-km equal-area
global grid from 1983 to 2008 [6], the global energy and
water cycle experiment (GEWEX) surface radiation budget
(SRB) product at a spatial resolution of 1◦

× 1◦ (∼110 km)
from 1983 to 2007 [7]. The clouds and the Earth’s radiant
energy system (CERES) are still in production but at a spatial
resolution of 1◦ [8]. In recent years, high-resolution radiation
products have been generated. The European Organization
for the Exploitation of Meteorological Satellites (EUMET-
SAT) published the CLARA-A3 radiation product at 0.25◦

(∼25 km) resolution. Still, it only includes the DSR variables
and the snow-covered regions are excluded [9]. Other products,
including DSCOVR/EPIC hourly DSR/PAR at 0.1◦ (∼10 km)
resolution [10] and breathing Earth system simulator (BESS)
at 5 km every four days resolution [11], are based on
data-driven methods.

MCD18 V6.1 (V6.1), a product generated by NASA’s
MODIS land science team, is the first version of the oper-
ational MODIS global daily DSR product [12]. It is based
on the combined MODIS Terra and Aqua observations and
applied the look-up table (LUT) approach originally proposed
by [13]. The reliability of the approach and data has been
fully validated [12], [14]. Since its publication in 2017, it has
been used as the input source for many other high-resolution
datasets, including land surface temperature [15], land surface
albedo [16], evapotranspiration [17], surface ozone [18], and
so on. It also has been extensively used to address global and
regional scientific issues, including vegetation net primary pro-
ductivity response to COVID-19 lockdown [19] and ecosystem
water use efficiency response to drought [20].
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Fig. 1. Algorithm description of MCD18 V6.2.

However, V6.1 exhibits degradation in high-latitude regions,
particularly over snow-covered and cloudy pixels [21]. This is
mainly due to the use of a single blue band in the original algo-
rithms, which easily saturates over highly reflective cases like
snow and clouds. Consequently, it becomes challenging to dis-
tinguish between surface and atmospheric reflections, leading
to significant biased estimation of radiation over snow-covered
areas. Additionally, systematic bias is observed in the 3-hourly
validations, stemming from the nearest-neighbor interpolation
methods used with the limited daily MODIS overpasses.

MCD18 V6.2 (V6.2) is derived from the same V6.1 branch,
addressing the previously identified issues by enhancing the
single-band LUT method used in V6.1. The updates include
the implementation of a multiband LUT algorithm and linear
temporal interpolation, which improve the retrieval accuracy.
Section II describes the revised method, validation data, and
validation metrics. Section III presents the validation results
of the new version. Section IV discusses the future directions
of the data, and Section V summarizes the study.

II. METHODS AND DATA

A. Algorithm Description

The algorithm of this new version is revised from the LUT
approach adopted in the previous version (Fig. 1). The original
LUT approach uses two LUTs generated from the numer-
ical atmospheric radiative transfer models. The theoretical
background of the method can be found in [12]. LUT one
aims to retrieve the atmospheric conditions by comparing the
satellite-observed top of atmosphere (TOA) reflectance Rsat
and the simulated TOA reflectance Rsimu based on surface
reflectance (r ), total precipitable water vapor (wv), elevation
(elev), geometry including solar zenith angle (sza), viewing
zenith angle (vza), and relative azimuth angle (raa). The
atmospheric condition is represented by the visibility index
vis. The retrieved vis from LUT one combined with additional
inputs including r , wv, elev, and sza are used for LUT two
to determine the surface flux F . For DSR and PAR, the
workflows are the same but separate tables are generated.

The main improvements in the current version are high-
lighted in blue in Fig. 1. First, the original method used only
the blue band of MODIS (band 3) to retrieve the atmospheric
conditions. However, the blue band will easily be saturated
over highly reflective regions [21]. Hence, it is prone to
degradation over cloudy and snow-cloud-mixed pixels. This

TABLE I
INPUT DATA SOURCES AND THEIR SPATIAL AND TEMPORAL RESOLUTION

method includes additional near-infrared bands (band 5) and
shortwave infrared bands (band 7) to address this issue. The
dual-band method for cloud properties retrieval is adopted,
inspired by the study [22]. When r is lower than 0.3, bands
3 and 5 are used; otherwise, bands 5 and 7 are used. The
threshold of 0.3 was chosen because it effectively distinguishes
between nonsnow and snow-covered cases across various
scenarios. The visk is selected where the sum of the differences
between Rsat_bi,k and Rsimu_bi,k , and Rsat_bj,k and Rsimu_bj,k are
the smallest:

visk = arg min
k

(
|Rsat_bi,k − Rsimu_bi,k |

+ |Rsat_bj,k − Rsimu_bj,k |
)
. (1)

Previous methods used the nearest neighborhood to inter-
polate the instantaneous visibility index (visinst to the 3-h
visibility index (vis3h). In this new version, the visibility index
at time t2 is linearly interpolated from visibility at time t1 and
t3 as the following equation:

vist2 = vist1 ∗ (t2 − t1)/(t3 − t1)

+ vist3 ∗ (t3 − t2)/(t3 − t1). (2)

After receiving visinst and vis3h , the corresponding fluxes Finst
and F3h are calculated separately using the LUT two. The
daily fluxes Fdaily take the average of F3h .

The input variables and data source remain the same as the
previous version, which is listed in Table I. All data are gridded
into the MODIS sinusoidal map projection before feeding into
the algorithm.

B. Validation Data

Given that V6.1 has already undergone comprehensive
global validation, this study includes data from seven surface
radiation budget network (SURFRAD) sites [23] to demon-
strate the improvements in V6.2 by comparison with V6.1.
Additionally, four Greenland climate network (GC-NET) [24]
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TABLE II
SUMMARY OF GROUND MEASUREMENT SITES

sites were chosen due to known issues in snow-covered areas
in previous versions, allowing us to assess the improvements
in V6.2. The specific locations of each site are detailed in
Table II. SURFRAD provides high-quality measurements of
DSR and PAR on a minute-by-minute basis. This compre-
hensive measurement of these radiation components enables
a thorough evaluation of V6.2 across various time scales.
GC-NET measures DSR hourly across Greenland regions,
which helps verify improvements in snow-covered areas. Data
from both SURFRAD and GC-NET have undergone rigor-
ous quality checks. Additionally, the data are preprocessed,
cleaned, and aggregated following the method described
in [21].

In addition to comparing V6.1 and V6.2, we also compared
them with clouds and the Earth’s radiant energy system synop-
tic (CERES-SYN) data which covers globally with a 1◦ spatial
resolution. It retrieves DSR from multiple sources including
polar orbiting CERES, MODIS, geostationary satellite obser-
vations, reanalysis data from the GEOS, and other sources [8],
[25]. The data have shown the highest accuracy among the
global DSR products [21] and are hence used as the baseline
results in many studies [26]. We will continue to explore new
products as they emerge to further enhance comparisons and
ensure rigorous validation of the MCD18 dataset.

C. Validation Metrics

In this study, we applied metrics R2, mean bias difference
(MBD), and root mean square error (RMSE) to validate the
satellite retrieved radiation Fs with ground-measured radiation
Fg . The relative RMSE (rRMSE) is also included to enable
a more fair comparison at different local times, regions, and
with other studies. The metrics are calculated as the following
equations:

MBD =
1
N

N∑
i=1

(
F i

s − F i
g

)
(3)

RMSE =

√√√√ 1
N

N∑
i=1

(
F i

s − F i
g

)2 (4)

rRMSE =
RMSE

Fg
. (5)

III. VALIDATION RESULTS

In this section, we comprehensively validate V6.2 and
compare it with V6.1 and CERES-SYN to demonstrate its

TABLE III
SUMMARY OF THE VALIDATION RESULTS OF INSTANTANEOUS AND DAILY

DSR AND PAR AT EACH SURFRAD SITE

Fig. 2. Comparison of V6.2 daily DSR over SURFRAD sites with
CERES-SYN after aggregating into 100 km.

enhanced accuracy. We assess these datasets across different
temporal scales and over Greenland regions, highlighting the
effectiveness of the new algorithms that utilize multiband data
and linear interpolation methods.

A. Overall Validation

The validation results of instantaneous and daily estimation
of DSR and PAR over SURFRAD sites are listed in Table III.
It is pronounced that V6.2 has a better performance of all vari-
ables at both instantaneous and daily scales. For instantaneous
DSR, the RMSE improves from 118.3 to 101.9 W/m2 and the
RMSE improves from 55.8 to 48.4 W/m2 for instantaneous
PAR estimation. At the daily scale, the RMSE of estimating
DSR improves from 37.5 to 29.9 W/m2, and of estimating
PAR improves from 16.9 to 14.1 W/m2. The rRMSE of both
DSR and PAR at different scales are all within 20%.

To further demonstrate the high accuracy of the new version,
we compared the daily DSR retrieval with CERES over
SURFRAD sites as shown in Fig. 2. Since CERES has a
resolution of 1◦, we aggregate V6.2 to 100 km for a fair
comparison. V6.2 and CERES present very similar results
in all metrics. The R2 are 0.951 and 0.949, the MBD are
−3.3 and 3.1 W/m2, and the RMSE are 22.7 and 22.6 W/m2

for V6.2 and CERES, respectively. It is noteworthy that
CERES-SYN used both polar-orbiting satellite data, such as
MODIS and CERES, and geostationary satellite observations
for temporal interpolation. It is promising that V6.2, which uti-
lizes only MODIS observations, achieves accuracy comparable
to that of CERES-SYN.

B. Validation at 3-Hourly Scales

The new temporal interpolation methods have significantly
improved MCD18 performance at 3-hourly and daily scales.
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Fig. 3. Validation results of V6.1 and V6.2 3-h DSR in local time over SURFRAD sites.

Fig. 4. Validation results of V6.1 and V6.2 instantaneous and daily DSR
over GCNET.

Fig. 3 shows validation results over SURFRAD sites at
a 3-hourly scale. For both versions, the best performance
is observed at UTC 18, with accuracy decreasing as time
moves away from this point. This is partly because UTC
18 corresponds to a smaller solar zenith angle, contributing
to more accurate estimations, and more likely, it is closest
to the MODIS overpass time at 1 PM local time. Temporal
interpolation introduces increasing uncertainties over time.
The new version shows less skewing across all UTC times.
The absolute MBD exceeded 100 W/m2 in the old version,
except at overpass time, while V6.2 remains within 10 W/m2

for all times. Although the trend of lowest rRMSE at overpass
time persists in the new version, its magnitude is much
lower, with rRMSE within 60%. These results demonstrate
the effectiveness of the linear interpolation method applied in
V6.2.

C. Validation Over Greenland

We also evaluated the estimated DSR over Greenland to
show the improvement of the new multiband algorithm over
snow-covered cases. The validation results of both daily and
instantaneous DSR are shown in Fig. 4. For instantaneous
estimation, the RMSE (rRMSE) improves from 147.7 W/m2

Fig. 5. Correlation between ABI and MODIS retrieved errors.

(46%) to 104.6 W/m2 (32.6%). The MBD was previously
65.8 W/m2, largely due to the inability to distinguish between
cloud and snow, and has been improved to −1.2 W/m2. At a
daily scale, the RMSE (rRMSE) improves from 80.7 W/m2

(39.7%) to 33.6 W/m2 (16.5%). The MBD also largely
improves from −43.1 to −13.0 W/m2. It is noticeable that the
magnitude of improvement for both daily and instantaneously
estimation over GCNET is larger than it is over SURFRAD
stations, demonstrating the superior performance of the new
algorithm over snow-covered regions.

IV. DISCUSSION

Although MCD18 V6.2 has shown high accuracy with high
spatial and temporal resolutions, further improvements can
be achieved by incorporating geostationary sensors such as
the advanced Himawari imager (AHI) and advanced baseline
imager (ABI). As introduced in [21], the LUT has been
applied to both MODIS and ABI observations and com-
bined estimations from both sensors using the optimization
approach proposed in [27]. The combined results show higher
accuracy compared to applying the method individually to
each sensor [21]. This enhancement is due to the low cor-
relation between ABI and MODIS retrieved errors (R2

=

0.038) as shown in Fig. 5, which arises from differences in
radiometric calibration, geometric registration, spectral con-
figuration, view geometry, and ground footprint for the two
types of sensors. By integrating retrievals from both sen-
sors, future improvements can leverage the high temporal
resolution of geostationary sensors and the global coverage
of MODIS, effectively enhancing accuracy in overlapping
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areas and providing comprehensive global coverage with high
temporal resolution.

V. CONCLUSION

This study introduces the new version of MODIS/Terra +

Aqua Surface Radiation Daily/3-h DSR/PAR data (MCD18
V6.2). The original algorithm is refined mainly in two ways:
first, by using multiple bands, including both visible, NIR,
and SWIR, rather than the single blue band in the existing
LUT approach to better distinguish cloud from snow; second,
by replacing the nearest neighbor method with linear interpola-
tion for temporal interpolation from instantaneous retrieval to
3-hourly retrieval. We validated and compared the V6.2 with
V6.1 and CERES-SYN data. The overall validation results
at instantaneous and daily scales are significantly better than
V6.1 for both DSR and PAR. After aggregating into 100 km,
the accuracy of MCD18 V6.2 is comparable to CERES-SYN
but with only polar-orbiting satellite observations as input.
Additionally, V6.2 shows notable improvements at the 3-h
scale and over snow-covered regions. Future directions will
incorporate geostationary observations to further improve
MCD18’s accuracy.
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