
1. INTRODUCTION

Outgoing Longwave Radiation (OLR) represents
total emitted radiance from the Top-of-the-Atmosphere
(TOA) from the Earth to space. A lack of the quality of
OLR data prevents proper representations of the Earth’s
energy budget in global scale and estimating
precipitations and extreme tropical meteorological
events in regional scales (Sandeepa and Stordala, 2013;
Haque and Lal, 1991). Emitted longwave radiation
from the surface can be explained with a simple relation

of radiative energy and temperature using a Stefan-
Boltzmann law. Baek et al.(2013) applied the law to
estimate longwave radiation from the surface over
South Korea. However, cloud-tops OLR detection is
more challenging than applying the simple Stefan-
Boltzmann law considering that the TOA OLR has
mixed signals (Han et al., 2005) that includes emitted
energy from the atmosphere, direct radiation from the
surface pass through the atmospheric window, as well
as re-emitted energy by greenhouse effect. In spite of
the complexity of atmospheric composition and
climatic variations, satellite observations offer the
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optimum solution to measure emitted energy from
space(Ba et al, 2003; Leroy et al., 2008; Wielicki et al.,
1996). Broadband satellites that have been operated
since 1970s, and their OLR products are regarded as
benchmark in climate monitoring since the satellite-
borne direct observations providing high quality data
with the global coverage(Huang and Ramaswamy,
2009; Sandeepa and Stordala, 2013; Leroy et al., 2008).
Although the observational evidence of OLR from
broadband satellite offers credible data, they do not
provide instantaneous TOA OLR radiative flux(Loeb
et al., 2007) that the geostationary satellite data has
advantages on instantaneous response from surface
temperature changes(Ba et al, 2003). In general cases,
the performance of TOA OLR data quality of the
geostationary narrowband data can be validated with
the polar-orbiting broadband OLR products(Wielicki
et al., 1996). In this study, we have taken a step further
that we have not only simply evaluated the overall data
quality of the narrowband OLR product with the
broadband product, but also we investigated the OLR
data quality by Spatio-Temporally Equalized Match-
up (STEM). The match-up selection was set by the
criteria of homogeneousness with standard deviation
of a narrowband channel that have the least
atmospheric interference, and changes of its magnitude
was compared to the broadband satellite OLR product.

2. DATA AND METHODOLOGY

The study period was set from April 1st, 2011 to
March 31st, 2014 and the study area covers extended
East Asia over 10.75°S - 67.25°N, 50.75 - 205.65°E (as
shown in Fig. 1). The OLR product was retrieved using
Communication, Ocean and Meteorological Satellite
(COMS) and Clouds and the Earth’s Radiant Energy
System (CERES) satellites. The COMS is the first
multi-purpose geostationary satellite of Korea which
has been in operation and releasing data since April

2011. It is at 36,000 km altitude from the equator and
at a longitude at 128.2 degrees East with 15 minute
intervals over the extended East Asia area. The area
includes East Area, southern Pacific, and Australia
where they have such meteorological events such as
monsoon, El Nino, and distinct seasonal changes
(NIMR, 2010) that their OLR product with high
temporal resolution has essential importance to observe
and assess the meteorological events. The COMS
Meteorological Imager sensor has five channels of
Level 1B data: one for visible (0.67 μm) and the rest
channels for shortwave infrared (SWIR, 3.7 μm), water
vapor (WV, 6 .7 μm), and infrareds (IR1, 10.8 μm; IR2,
12.0 μm). NIMR(2010) states that the COMS has 16
types of Level 2 products in operation using algorithms
from COMS Meteorological Data Processing System
(CMDPS) including OLR (hereafter referred as
OLRCMDPS).

Narrow-band satellites rely on water vapour and
infrared channels to produce OLR; in this study of
producing OLR from the COMS data, the water vapour
(WV) and infrared channels (IR1 and IR2) and are
selected with 3-hour intervals to produce OLRCMDPS.
There are mainly two phases to produce radiance from
the selected channels to produce OLR. The first step is
converting radiance (W m-2 μm-1 sr-1) to irradiance (W
m-2 μm-1) through the angular integration process. A
sole direction of radiance and all-directional irradiance
have a simple relation of multiplied π radiance as to
irradiance under the assumption of Lambertian
conditions. However in real-life, radiance-irradiance
conversion has an anisotropic surface that each channel
of radiance should be integrated with corresponding
satellite viewing angles and considering the empirical
limb darkening effect. The limb darkening coefficients
for radiance-irradiance flux conversion were provided
by the COMS data provider, National Meteorological
Satellite Centre (NMSC) of Korea. The latter phase of
irradiance-OLR convergence needs its narrowband
radiative flux (W m-2 μm-1) spectrally integrated to the
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broadband radiative flux (W m-2). The second phase is
a necessary step for narrowband satellite data that the
coefficients are either found using empirical relations
or radiative transfer models. The irradiance-OLR
conversion coefficients were derived by a radiative
transfer model and were provided by the NMSC. The
OLRCMDPS is estimated from three narrow spectral
intervals with two equations: one is the Meteosat-based
approach using the water vapour (WV) and infrared
channels (IR1) which was developed by Schmetz and
Liu in 1998, another is the split-window method using
the difference of infrared channels (IR1 and IR2)
introduced by Inoue and Ackerman in 2002 (NIMR,
2010). The WV irradiance shows the least correlation
with OLR especially prominent if larger than 3 W m-2

μm-1, which is due to the fact that the water vapour
absorption is sensitive with vertical column of humidity
level than other COMS infrared channels (Park et al,
2015). The Meteosat method is applied if the water
vapour radiative flux is less than 3 W m-2 μm-1, if it
exceeds 3 W m-2 μm-1, then alternative split-window
approach was used.

In NMSC’s Quality Product Report published in
May 27, 2013, the NMSC validated their OLRCMDPS

product from May 2012 to April 2013 using the
CERES product. The validation results were 17.35 W
m-2 RMSE and -7.38 W m-2 bias. In the report, it was
stated that the OLRCMDPS tend to be underestimated
(NMSC, 2013) compared to the reference OLR
product. The data used to validate COMS-based OLR
product was from the CERES sensor with algorithms
based on the Earth Radiation Budget Satellite (ERBE).
One of the ERBE-like geographical averages (ES-4)
products provide global daily mean fluxes of longwave
radiation (Loeb et al., 2007). The CERES compose
three spectral bands: they measure the shortwave (0.2-
5 μm), thermal radiation from the surface of the earth
through the atmospheric window at 8-12 μm, and total
broadband radiation at a range of 0.2-100 μm (Wielicki
et al., 1996). In order to retrieve the TOA fluxes, the

measured broadband radiance (W m-2 sr-1) is converted
to radiative flux (W m-2) using the Angular Dependence
Models (ADMs) (Wielicki et al., 1996). Loeb et
al.(2007) found that the CERES Terra longwave
ADMs has regional RMS errors remaining smaller than
0.7 W m-2 of and bias ranged from 0.2 to 0.4 W m-2,
which confirms its data quality validity as reference
data.

In this study, we have developed the STEM
approach to assess the OLRCMDPS product. The
conventional non-selective match-up approach is
inadequate to reflect the instantaneous COMS OLR
subpixels corresponding to daily averaged, low spatial
resolution CERES grids. The radiative flux presented
by the COMS has their advantages of high temporal
resolution; however, the instantaneous COMS data
require selection of grids that have homogeneous
representation to collaborate with the CERES ES4 data,
which already has been temporally and spatially
averaged longwave TOA fluxes. The ERBE-like
CERES ES4 data had been spatially averaged on the
equal-angle grid of 2.5° and temporally interpolated
into daily from instantaneous CERES data. In response
to the need of selective match-up by selecting
homogeneous pixels in COMS ends, we have selected
fluxes at 10.8 μm (F10.8) because it has the least
atmospheric interference compared to other
narrowband channels provided by the COMS.

3. RESULTS AND DISCUSSION

In order to determine thresholds of the homogeneity
of the COMS data, we found standard deviation of the
representative radiative forcing at 10.8 μm in a subpixel
scale, also referred to as F10.8 σ, for each grid and set
thresholds in accordance of their distribution. The
thresholds of F10.8 σ were set as COMS radiative fluxes
from 3.0, 2.0, 1.5, 1.0, and to the most strict threshold
0.5 W m-2 μm-1, and the number of grids for validation
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were counted 133145, 97512, 70494, 37993 and 8315,
respectively in total validation grids of 568646. We
validated the selected COMS irradiance corresponding
to the thresholds of F10.8 σ, and examined the results of
RMSE and bias by comparing the CERES data which
are presented in Table 1. Scatterplots are presented in
Fig. 2(a)~(f) that show as threshold becomes smaller,

the distribution of scatters are narrowed and focused.
As shown in Fig. 2(e) high values of OLRCMDPS,
approximately 275 to 300 W m-2, are poorly aligned
with the one-to-one fit line of the reference and
retrieved OLR products.

For non-selective match-up for the entire study
period of 3 years showed 15.2174 W m-2 and a cold
bias of -7.0510 W m-2. The RMSE and bias improve as
selection of a threshold of F10.8 σ becomes smaller that
the most limited threshold of F10.8 σ has RMSE and bias
of 9.8226 and -7.7859 W m-2. As shown in Fig 3 (a)
and (b), the RMSE gradually reduces and bias increases
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Fig 2.  Subpixel thresholds of F10.8 σ and their validation results with the CERES OLR product. (a) 3.0 W m-2 μm-1, (b) 2.0 W m-2 μm-1,
(c) 1.5 W m-2 μm-1, (d) 1.0 W m-2 μm-1 ,and (d) 0.5 W m-2 μm-1. The grey scatters represent total non-selected grids
whereas black scatters represent the selected by each threshold.

Fig. 1.  COMS OLR product (OLRCMDPS) on Jan. 8th, 2013 over
extended East Asia area of 10.75°S - 67.25°N, 50.75 -
205.65°E in the GEOS projection. The scale bar
indicates the OLR values from 0 to 350 in W m-2.

Table 1.  Subpixel F10.8 σ thresholds and their corresponding
validation results with the CERES OLR products

Homogeneous
Conditions

OLRCMDPS

RMSE(W m-2) Bias(W m-2)
Non-Selected 15.2174 -7.0510

F10.8 subpixel σ < 3.0 11.8078 -9.1223
F10.8 subpixel σ < 2.0 11.4568 -9.0988
F10.8 subpixel σ < 1.5 11.1838 -9.0025
F10.8 subpixel σ < 1.0 10.5432 -8.4947
F10.8 subpixel σ < 0.5 9.8226 -7.7859

(a) (b)



toward zero as threshold of F10.8 σ shifts from 3.0 to 0.5
W m-2 μm-1. The biases at total validation grids occurs
lower than the homogeneous grids since higher
variance of the OLR in non-selected analysis cancels
out acute bias of OLR distribution ,which the
homogeneity test enables to demonstrates precisely the
symmetrical distribution of homogeneous values.
Although, the lowest threshold 0.5 W m-2 μm-1 shows
the best results of RMSE, we recommend to evaluate

OLRCMDPS in case of F10.8 σ is 1.0. This is due to the fact
that if the threshold of F10.8 σ is 0.5 which as shown in
Fig. 2(f), it has scarce distribution of samples to
inadequately represent overall distribution of the
OLRCMDPS product in scatter plotting analysis.

We selected a pixel located at 165°E, 12.5°N and
analysed in time series over one year period from
December 2012 to November 2013 splitting them by
four seasons. Fig. 4(a)~(d) shows the seasonal and
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Fig 2.  Continued.
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interannual variability of OLRCMDPS and reference
OLR from the CERES. As shown in the graph, the
OLRCMDPS tends to underestimate OLR than the
CERES. The homogeneous pixels with threshold 1.0

W m-2 μm-1 are marked with axes, and the homogeneity
are more prevalent of the OLR product are in high
values.
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Fig. 4.  Time Series analysis over 165°E, 12.5°N during periods of (a) Dec. 2012 ~ Feb. 2013, (b) Mar. 2013 ~ May. 2013, (c) Jun.
2013 ~ Aug. 2013, and (d) Sep. 2013 ~ Nov. 2013.

Fig 3.  The changes of (a) RMSE and (b) bias as the homogenous thresholds of subpixel (F10.8 σ) change from 3.0, 2.0, 1.5, 1.0 and
0.5 W m-2 μm-1.



4. CONCLUSIONS

The OLR produced by the COMS with their original
algorithm was validated through the STEM, a match-
up approach equalizing spatially and temporally. We
could evaluate the OLR product in depth by observing
the uneven distribution and bias of homogeneous grids
which were not identifiable with non-selective
approach. For instance, we found the asymmetrical
distributions of high valued homogeneous OLR ranged
from 275 to 300 W m-2 in homogeneity test. The
homogeneous threshold of the subpixel (F10.8 σ) equal
to 1.0 W m-2 μm-1 has sufficient number of data for
portraying overall distribution of the data as well as
examining bias of homogeneous grids; thereby, the
STEM technique is recommended to set its threshold
of the subpixel at 1.0 W m-2 for validating the
distributions and performance of COMS-based OLR
products. For further studies, this STEM technique
can be used for selecting homogeneous grids of
OLR products which is applied to evaluate other
satellite-based OLR products.
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