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Introduction

In order to determine the distribution of surface radiation over the globe, the CERES team relies
on radiative transfer model calculations initialized using satellite-based cloud and aerosol
retrievals and meteorological and aerosol assimilation data from reanalysis to characterize the
atmospheric state. The accuracy and stability in computed top-of-atmosphere (TOA) and surface
fluxes thus depend upon the quality of the input cloud and atmospheric data (e.g. Rose et al.
2012). The standard CERES data products (e.g., SYN1deg_Month) use cloud and aerosol
properties derived from MODIS radiances, meteorological assimilation data from the Goddard
Earth Observing System (GEOS) Versions 4 and 5 models, and aerosol assimilation from the
Model for Atmospheric Transport and Chemistry (MATCH; Collins et al. 2001).
In order to minimize the error in surface fluxes due to uncertainties in the input data sources, the
EBAF-Surface data product introduces several additional constraints based upon information
from other independent data sources, such as CERES TOA fluxes, AIRS-derived
temperature/humidity profiles, and CALIPSO/Cloudsat-derived vertical profiles of clouds.
This document describes the procedure used to determine EBAF surface fluxes and provides an
assessment of the uncertainty of the EBAF-Surface product.
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Description of Data Used for EBAF-Surface Production

Surface fluxes in EBAF-Surface are derived from two CERES data products: (i) CERES
SYN1deg-Month_Ed2 provides computed surface fluxes to be adjusted and (ii) CERES EBAFTOA_Ed2.6r (Loeb et al. 2009, Loeb et al. 2012) provides the CERES-derived TOA flux
constraints by observations.
SYN1deg-Month is a Level 3 product and contains gridded monthly mean computed TOA and
surface fluxes along with fluxes at three atmospheric pressure levels (70, 200, and 500 hPa).
Surface fluxes in SYN1deg-Month are computed with cloud properties derived from MODIS and
geostationary satellites (GEO). Each geostationary satellite instrument is calibrated against
MODIS (Doelling et al. 2012). The Ed2 CERES cloud algorithm (Minnis et al. 2011) derives
cloud properties (e.g. fraction, optical depth, top height, and particle size) from narrowband
radiances measured by MODIS twice daily from March 2000 through August 2002 (Terra only)
and four times a day after September 2002 (Terra plus Aqua). The Edition 2 two-channel GEO
cloud algorithm (Minnis et al. 1995) provides cloud properties (fraction, top height, and daytime
optical depth) every three hours between Terra and Aqua observations. Cloud properties are
gridded onto a 1°×1° spatial grid and interpolated to 1 hourly intervals (hour boxes) to fill hour
boxes with no retrieved cloud properties. Up to four cloud-top heights (cloud types) are retained
for each hour box within a 1°×1° grid box. Cloud properties (cloud top height, optical thickness,
particle size, phase etc.) are kept separately for four cloud types.
To treat horizontal variability of optical thickness within a cloud type explicitly, both linear and
logarithmic means of cloud optical thicknesses are computed for each cloud type. The
distribution of cloud optical thickness expressed as a gamma distribution is estimated from the
linear and logarithmic cloud optical thickness means (Barker 1996; Oreopoulos and Barker 1999;
Kato et al. 2005). Once the distribution of cloud optical thickness is estimated for each cloud
type, a gamma-weighted two-stream radiative transfer model (Kato et al. 2005) is used to
compute the shortwave flux vertical profile for each cloud type. The logarithmic mean optical
thickness is used in the longwave flux computation with a modified 2-stream approximation
(Toon et al. 1989; Fu et al. 1997). The cloud base height, which largely influences the surface
downward longwave flux in midlatitude and polar regions, is estimated by an empirical formula
described by Minnis et al. (2011).
Temperature and humidity profiles used in the radiative transfer model calculations are from the
Goddard Earth Observing System (GEOS-4 and 5) Data Assimilation System reanalysis (Bloom
et al. 2005; Rienecker et al. 2008). GEOS-4 is used from March 2000 through October 2007, and
GEOS-5 is used beginning November 2007. The GEOS-4 and 5 temperature and relative
humidity profiles have a temporal resolution of 6 hours. Spatially, the profiles are re-gridded to
1°×1° maps. Skin temperatures used in the computations are from GEOS-4 and GEOS-5 at a 3hourly resolution, the native temporal resolution of GEOS-4 skin temperature, although the
GEOS-5 product has a higher 1-hourly native resolution available. Other inputs used in
SYN1deg-Month include ozone amount (Yang et al. 2000) and ocean spectral surface albedo
from Jin et al. (2004). Broadband land surface albedos are inferred from the clear-sky TOA
albedo derived from CERES measurements (Rutan et al. 2009).
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Computed TOA fluxes from SYN1deg-Month do not necessarily agree with the CERES-derived
TOA fluxes from EBAF-TOA_Ed2.6r, partly because of the error in inputs used in the
computations. Input errors also affect computed surface fluxes. To minimize the error in surface
fluxes, we adjust surface, atmospheric, and cloud properties using CERES-derived TOA fluxes
as constraint. To constrain computed TOA fluxes by CERES-derived TOA fluxes, we first
determine the difference of the computed TOA fluxes from SYN1deg-Month and the CERESderived TOA fluxes from EBAF-TOA, using the monthly means on the 1°×1° grid. Second, we
correct the TOA longwave bias error caused by the upper tropospheric relative humidity error
using AIRS (AIRX3STM.005) data. We also correct for the bias error of the surface downward
longwave flux, which is caused by missing lower clouds of overlapping clouds. This bias
correction is based on computed surface fluxes that used inputs of CALIPSO- and CloudSatderived vertical cloud profiles (Kato et al. 2011). Third, we use a Lagrange multiplier procedure
to determine the perturbation of surface, cloud, and atmospheric properties to match the TOA
flux differences, assuming that changes applied to the input variables are small relative to their
respective monthly mean values. Jacobians that are needed to determine surface, cloud, and
atmospheric property perturbations, as well as surface flux adjustments, are computed separately
and used in the Lagrange multiplier procedure. Fourth, we compute the surface flux change
based on perturbed surface, cloud, and atmospheric properties. Subsequently, the surface flux
changes are added to 1°×1° monthly mean SYN1deg-Month fluxes.
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Cautions and Helpful Hints

The CERES Science Team notes several CAUTIONS and HELPFUL HINTS regarding the use
of CERES_EBAF-Surface_Ed2.6r:
•
•
•
•

•
•
•
•

•
•

•

•

The CERES_EBAF-Surface_Ed2.6r product can be visualized, subsetted, and ordered
from: (http://ceres.larc.nasa.gov).
The CERES team has significantly reduced GEO artifacts in CERES_EBAFSurface_Ed2.6r as compared to surface fluxes included in SYN1deg-Month.
CERES_EBAF-Surface_Ed2.6r does not contain TOA fluxes. Corresponding TOA fluxes
are included in CERES_EBAF-TOA_Ed2.6r.
Clear-sky surface fluxes are consistent with clear-sky TOA fluxes included in CERESEBAF-TOA_Ed2.6r. Therefore clear-sky fluxes are clear-sky fraction-weighted fluxes
instead of fluxes computed by removing clouds. Computed clear-sky fluxes are also
constrained by CERES-derived clear-sky fluxes that are included in CERES_EBAFTOA_Ed2.6r.
Global means are determined using zonal geodetic weights. The zonal geodetic weights
can be obtained from
(http://ceres.larc.nasa.gov/science_information.php?page=GeodeticWeights).
Cloud radiative effects are computed by all-sky flux minus clear-sky flux.
The net flux is positive when the energy is deposited to the surface, i.e. the net is defined
as downward minus upward fluxes.
The source of temperature and humidity profiles for surface flux calculations changes
from GEOS-4 to GEOS-5 starting in November 2007. When deseasonalized anomalies
are calculated separately for land and ocean, the time series of deseasonalized surface
fluxes shows a discontinuity between October 2007 and November 2007.
When clear-sky upward longwave fluxes are subtracted from all-sky upward longwave
fluxes, a large difference appears over Tibet due to the clear-sky sampling discussed in
Section 4.3 this document.
Clear-sky net shortwave flux is sometimes negative in polar regions (north of 60°N and
south of 60°S). In other words, the upward shortwave flux is greater than downward
shortwave flux. This is frequently caused by the constraint to the TOA flux near the
terminator where twilight flux (Kato and Loeb 2003) has been added to reflected
shortwave flux for EBAF-TOA. Note that the negative clear-sky net shortwave flux also
affects the cloud effect to the net shortwave surface flux.
Near surface temperature and humidity inaccuracies exist in GEOS-4 over tropics in 2000
and 2004. For this reason, deseasonalized anomalies of downward longwave irradiance
are larger than those found in other comparable global radiation products when 10-year
means are used to compute the deseasonalized anomalies.
An error exists in the regional 1°×1° gridded data. They typically are shifted eastward by
1 degree. The shift is larger near the poles because the shift is by 1 equal-area grid box.
Information on the correction is provided here. The correction package consists of an
ascii file containing both the incorrect and correct latitudes and longitudes (two 180×360
arrays) and an IDL code to implement the correction.

4

CERES_EBAF-Surface_Ed2.6r
Data Quality Summary

4.0

11/1/2012

Accuracy and Validation

In this section, surface flux uncertainty and known problems of surface fluxes included in the
CERES_EBAF-Surface_Ed2.6r product are discussed.

4.1

Global Annual Mean Flux Comparison

Table 4-1 shows that the input adjustments discussed in Section 2 reduce the computed and
CERES-derived global annual mean TOA flux difference from -2.3 W m-2 to 0.1 W m-2 for
longwave and from -1.2 W m-2 to -0.1 W m-2 for shortwave. As a result, the global annual mean
surface upward and downward longwave fluxes change by 0.5 W m-2 and 1.9 W m-2,
respectively. Similarly, the surface upward and downward shortwave fluxes change by 0.8 W m-2
and -0.5 W m-2, respectively. These changes are within the uncertainties of the surface fluxes
estimated by Kato et al. (2012b), shown in Table 4-3. Note that computed TOA fluxes are not
included in the EBAF-Surface product. Users who need TOA fluxes should use the EBAF-TOA
product.

Table 4-1. Global annual mean fluxes using data from March 2000 through February 2010
(W m-2).
Flux Component

TOA

Incoming solar
LW (all-sky)
SW (all-sky)
Net (all-sly)
LW (clear-sky)
SW (clear-sky)
Net (clear-sly)
Surface LW down (all-sky)
LW up (all-sky)
SW down (all-sky)
SW up (all-sky)
Net (all-sky)
LW down (clear-sky)
LW up (clear-sky)
SW down (clear-sky)
SW up (clear-sky)
Net (clear-sky)

Ed 2
SYN1degMonth

EBAF-Surface
Ed2.6r

EBAF-TOA
Ed2.6r

339.9
237.3
98.5
4.06
263.7
52.5
23.6
341.8
397.6
187.2
23.3
108.1
313.5
396.6
242.4
28.7
130.6

339.9
239.7
99.6
0.64
265.8
52.5
21.6
343.7
398.1
186.7
24.1
108.3
314.1
398.3
243.4
29.6
129.6

339.9
239.6
99.7
0.57
265.9
52.5
21.5
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Table 4-2. Estimated uncertainties (1σ or k = 1) in the flux computed with satellite-derived cloud
and aerosol properties in W m-2 (Kato et al. 2012b).
Estimated uncertainty

Downward
longwave
Upward
longwave
Downward
shortwave
Upward
shortwave

4.2

Ocean+land
Ocean
Land
Ocean+Land
Ocean
Land
Ocean+Land
Ocean
Land
Ocean+Land
Ocean
Land

Mean
value

Monthly
gridded

Monthly
zonal

Monthly
global

Annual
global

345
354
329
398
402
394
192
190
203
23
12
53

14
12
17
15
13
19
10
9
12
11
11
12

11
10
15
8
9
15
8
8
10
3
3
8

7
7
8
3
5
5
6
5
7
3
3
6

7
7
7
3
5
4
4
4
5
3
3
6

Regional Mean All-Sky Surface Fluxes

The source of temperature and humidity profiles for flux computations in the SYN1deg-Month
product is switched from GEOS-4 to GEOS-5 starting in November 2007. As a result, when
deseasonalized anomalies are computed for land and ocean separately, the time series of
deseasonalized anomalies show a discontinuity between October 2007 and November 2007
(Figure 4-1). When anomalies are computed for land and ocean together, however, the
discontinuity is not apparent (Figure 4-3) because the artifacts over land and ocean cancel one
another. Even though the discontinuity is not apparent, users are advised to carefully analyze
such time series.
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Figure 4-1. Time series of deseasonalized anomalies of global ocean (top) and land (bottom)
surface net shortwave (blue) and net longwave (red) fluxes. The discontinuity from
October 2007 to November 2007 is apparent. Temperature and relative humidity
profiles from GEOS-4 are replaced by GEOS-5 beginning in November 2007.

Figure 4-2. Time series of deseasonalized anomalies of global (top) and tropical (bottom) surface
net shortwave (blue) and net longwave (red) fluxes.
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Cloud properties derived from geostationary satellites (GEO) are used between 60°N to 60°S to
resolve diurnal cycles. Although most GEO artifacts are removed, they are apparent when flux
differences are computed, such as atmospheric flux (TOA net minus surface net) or cloud
radiative effects (all-sky minus clear-sky fluxes). Figure 4-5 (left plot) shows an example of an
artifact that appears south of Australia. In addition, when the trend of flux is derived from 1°×1°
gridded deseasonalized anomalies, artifacts are often apparent (Figure 4-5 right).

Figure 4-3. (Left) Annual mean within-atmosphere absorbed shortwave cloud radiative effect
(W m-2) that are computed by first taking the TOA shortwave net flux minus surface
shortwave net flux for both all-sky and clear-sky conditions and by then taking allsky minus clear-sky values. The cloud effect is computed using 1°×1° gridded 10
years of data. (Right) Trend derived from absorbed shortwave flux by the
atmosphere. The trend is expressed in W m-2 per month.

4.3

Regional Mean Clear-Sky Surface Fluxes

To be consistent with CERES_EBAF-TOA, the 1°×1° gridded monthly computed mean surface
clear-sky fluxes are averaged by weighting by the clear-sky fraction. As a result, the monthly
gridded mean clear-sky surface flux can be significantly different from the clear-sky flux
computed by removing clouds. Figure 4-7, Figure 4-9, and Figure 4-11 show the difference of
clear-sky surface fluxes computed using clear-sky fraction weights and those computed by
removing clouds. The difference of longwave fluxes is caused by a smaller water vapor amount
in clear-sky atmospheres than the amount in all-sky conditions (e.g. Cess and Potter 1987; Sohn
et al. 2010). Relatively larger differences of shortwave fluxes predominantly occur over polar
regions and are caused by the different sampling of the cryosphere surface; if clear-sky
predominantly occurs over open ocean versus sea ice, surface shortwave fluxes would be
different from those computed by removing clouds.
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Figure 4-4. (Top) Difference, defined as clear-sky fluxes computed with clouds removed minus
clear-sky fraction-weighted fluxes, of clear-sky surface downward shortwave (left)
and downward longwave (right) fluxes in W m-2. Differences are computed using 10
years of monthly 1°×1° gridded mean fluxes from March 2000 through February
2010. (Bottom) RMS difference of cloud-removed and clear-sky fraction-weighted
surface downward shortwave fluxes (left) and surface downward longwave fluxes
(right) in W m-2, also computed using 10 years of monthly 1°×1° gridded mean
fluxes.
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Figure 4-5. (Top) Difference, defined as clear-sky fluxes computed with clouds removed minus
clear-sky fraction-weighted fluxes, of clear-sky surface upward shortwave (left) and
upward longwave (right) fluxes in W m-2. Differences are computed using 10 years
of monthly 1°×1° gridded mean fluxes from March 2000 through February 2010.
(Bottom) RMS difference of cloud-removed and clear-sky fraction-weighted surface
upward shortwave fluxes (left) and surface upward longwave fluxes (right) in
W m-2, also computed using 10 years of monthly 1°×1° gridded mean fluxes.
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Figure 4-6. (Top) Difference, defined as clear-sky fluxes computed with clouds removed minus
clear-sky fraction-weighted fluxes, of clear-sky atmospheric net (TOA net minus
surface net) shortwave (left) and clear-sky atmospheric net longwave (right) fluxes
in W m-2. Differences are computed using 10 years of monthly 1°×1° gridded mean
fluxes from March 2000 through February 2010. (Bottom) RMS difference of cloudremoved and clear-sky fraction-weighted atmospheric net shortwave fluxes (left)
and atmospheric net longwave fluxes (right) in W m-2, also computed using 10 years
of monthly 1°×1° gridded mean fluxes.
Constraining clear-sky fraction-weighted computed flux instead of cloud-removed clear-sky
fluxes helps to achieve a better agreement with CERES-derived clear-sky TOA fluxes. However,
some regions over land (e.g. Tibet shown in Figure 4-13 bottom) show a large difference in
surface upward longwave fluxes between clear-sky and all-sky conditions. As a result, when the
clear-sky flux is subtracted from the all-sky flux, the apparent cloud effect on surface upward
longwave fluxes is large. This is caused by an independent constrainment of TOA clear-sky and
all-sky fluxes, which also show a large difference over Tibet (Figure 4-13 top). The reason for
the large clear-sky and all-sky TOA upward longwave flux difference is sampling. The day-night
temperature difference over Tibet is relatively large. Because of more cloud cover during
nighttime Terra overpasses, most clear-sky samplings come from warmer daytime (Figure 4-15).
This gives a large clear-sky TOA upward longwave flux over Tibet. A large flux difference of

11

CERES_EBAF-Surface_Ed2.6r
Data Quality Summary

11/1/2012

surface upward longwave flux under clear-sky and all-sky conditions at the coast of Antarctica is
caused by a relatively large adjustment of surface temperatures to match CERES TOA clear-sky
fluxes.

Figure 4-7. (Top) TOA cloud longwave radiative effect computed by subtracting clear-sky TOA
upward longwave flux from all-sky TOA upward longwave flux for March 2000.
(Bottom) The difference of the surface upward longwave flux under all-sky and
clear-sky conditions (all-sky minus clear-sky) for March 2000. Large negative
values over Tibet are caused by matching TOA CERES-derived longwave flux to
the EBAF-TOA value independently for all-sky and clear-sky conditions. Clear-sky
samplings occur predominantly during daytime when surface temperatures are high,
resulting in a large surface upward longwave flux difference between clear-sky and
all-sky conditions.
12
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(Left) Monthly mean clear-sky CERES-derived TOA flux over Tibet as a function
of month from EBAF-TOA (black line). Daytime and nighttime averages are
shown by red and blue circles. (Right) Daytime and nighttime clear-sky fraction
derived from MODIS over Tibet. Nighttime clear-sky scenes occur infrequently
during spring, fall, and winter, causing daytime clear-sky sampling to dominate.
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Comparison with Surface Observations

Figure 4-17. (Left) Comparison of computed surface downward shortwave flux with observed
fluxes at 26 surface sites. Each dot represents a monthly mean value. Twenty-six sites located on
relatively uniform terrain are selected. Ten years of data from March 2000 through February
2010 are used.
9 summarizes the bias and RMS difference of fluxes from CERES_EBAF-Surface_Ed2.6r
compared with surface observations at 26 surface sites. The RMS differences of monthly mean
surface downward shortwave and longwave fluxes are less than the uncertainty of monthly
gridded fluxes shown in Table 4-3.

Figure 4-9.

(Left) Comparison of computed surface downward shortwave flux with observed
fluxes at 26 surface sites. Each dot represents a monthly mean value. Twenty-six
sites located on relatively uniform terrain are selected. Ten years of data from
March 2000 through February 2010 are used.
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Attribution

When referring to the CERES EBAF-Surface product, please include the data set version and the
data product as “CERES EBAF-Surface_Ed2.6r.”
The CERES Team has made considerable efforts to remove major errors and to verify the quality
and accuracy of this data. Please provide a reference to the following paper when you publish
scientific results with the
CERES EBAF-Surface_Ed2.6r
Kato, S., N. G. Loeb, F. G. Rose, D. R. Doelling, D. A. Rutan, T. E. Caldwell, L. Yu, and R. A.
Weller, 2012a: Surface irradiances consistent with CERES-derived top-of-atmosphere
shortwave and longwave irradiances, J. Climate, in press.
When CERES data that are obtained via the CERES web site are used in a publication, we
request the following acknowledgment be included: "These data were obtained from the NASA
Langley Research Center CERES ordering tool at (http://ceres.larc.nasa.gov/)."
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Feedback and Questions

For questions or comments on the CERES EBAF-Surface Data Quality Summary, please contact
For
questions
about
the
CERES
Dr.
Seiji
Kato,
seiji.kato@nasa.gov.
subsetting/visualization/ordering tool at http://ceres.larc.nasa.gov/order_data.php, please click on
the “Feedback” link on the left-hand banner.
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