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The purpose of this document is to inform users of the accuracy of this data product as determined by the CERES (Wielicki et al., 1996)
Science Team. This document briefly summarizes key validation results, provides cautions where users might easily misinterpret the data,
provides links to further information about the data product, algorithms, and accuracy, and gives information about planned data
improvements. This document also automates registration in order to keep users informed of new validation results, cautions, or improved
data sets as they become available.

This document is a high-level summary and represents the minimum necessary information for scientific users of this data product.
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Figure 1 CRS: CERES Surface and Atmosphere Radiation Budget (SARB) product

Nature of the CRS Product

Introduction

The CRS product (Figure 1) is designed for studies of the energy balance within the atmosphere, as well as climate studies which require
fields of clouds, humidity and aerosol that are consistent with radiative fluxes from the surface to the Top Of the Atmosphere (TOA). CRS
software is developed and managed by the CERES Surface and Atmospheric Radiation Budget (SARB) Working Group (WG). Like its parent
Single Scanner Footprint (SSF), CRS corresponds to an instantaneous CERES broadband footprint. The footprint has nominal nadir
resolution of 10 km for half power points but is larger at other view angles (Figure 2). The major inputs (Figure 3) to the CRS software are the
instantaneous scene identification, cloud and aerosol properties from the VIRS cloud imager pixels (nominal resolution of 1 km), and TOA
radiation (from the CERES instrument) contained on the respective SSF footprint; along with 6-hourly gridded fields of temperature, humidity,
wind, and ozone, and climatological aerosol data contained on the Meteorological, Ozone, and Aerosol (MOA) product. MOA products used in
the production of Edition2C CRS product contain meteorological data provided by the European Center for Medium-Range Weather
Forecasts (ECMWF, Rabier et al., 1998) and Stratospheric Monitoring Group Ozone Blended Analysis (SMOBA, Yang et al., 2000) ozone
profiles from NCEP. In cloudy footprints, most of the aerosol data is taken from the NCAR Model for Atmospheric Transport and Chemistry
(MATCH, an assimilation that employs AVHRR, see Collins et al., 2001). The CRS product contains the SSF input data; through-the-
atmosphere radiative flux profiles calculated by SARB algorithms that partially constrain to CERES TOA observations; adjustments to key
input parameters (i.e., optical depth for cloudy footprints and skin temperature for clear footprints); and diagnotic parameters. CRS fluxes are
produced for shortwave (SW), longwave (LW), the 8.0-12.0 pm window (WN), both upwelling and downwelling at TOA, 70 hPa, 200 hPa, 500
hPa, and the surface (Figure 3). To permit the user to infer cloud forcing and direct aerosol forcing, we include surface and TOA fluxes that
have been computed for cloud-free (clear) and aerosol-free (pristine) footprints. Charlock et al. (2002) compare time series of computed fluxes
at TOA with CERES observations and illustrate how the flux profiles are related to the tropical circulation. Rutan et al. (2002) point out that the
present results do not support "anomalous absorption" of SW by clouds. Rose and Charlock (2002) note further advances in the radiative
transfer code.

A full definition of each parameter will be contained in the CRS Collection Guide, which has not been written yet. The present lengthy
document should make the definitions clear to a reader having the CRS Data Product Catalog in hand. Informal extensions to the CRS Data
Quality Summary will be posted under "CRS Advice" at the CAVE web site.

The SSF parent of this data set is CER_SSF_TRMM-PFM-VIRS_Edition2B. Parameters CRS-1 through CRS-131 are equivalent to SSF
parameters SSF-1 through SSF-131. See SSF Data Products Catalog (PostScript). Before using these parameters, please consult the SSF
Quality Summary. Definitions of these parameters are available in the SSE Collection Guide.

When referring to a CERES data set, please include the satellite name and/or the CERES instrument name, the data set version, and the
data product. Multiple files which are identical in all aspects of the filename except for the 6 digit configuration code (see Collection Guide -
when available) differ little, if any, scientifically. Users may, therefore, analyze data from the same satellite/instrument (here the TRMM
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without regard to configuration code. This CRS data set may be referred to as "CERES TRMM Edition2C CRS".

Viewing geometry and vertical profile of SARB fluxes
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Figure 2: Typical viewing geometry with small VIRS pixels within large CERES footprints

Constrainment (tuning)

In short, the SARB flux profile in the CRS product is the output of a highly modified Fu and Liou (1993) radiative transfer code. The code is run
at least twice for each broadband CERES footprint, in order to adjust inputs that determine the vertical profile of radiative fluxes. The
constrainment (or tuning) algorithm does NOT yield a perfect match to CERES broadband observations at TOA. Constrainment (Rose et al.
1997; Charlock et al. 1997) is an approach to minimize the normalized, least squares differences between (1) computed TOA parameters and
adjusted values for key inputs and (2) observed TOA parameters and initial values for key inputs. The algorithm assigns an a priori numerical
"sigma" (uncertainty) to each TOA parameter and key input parameter. The "sigmas" for TOA parameters (first group in Table 1) are the
anticipated rms differences between observations based on the core CERES instrument and the outputs of radiative transfer calculations. The
sigmas for key input parameters (the second and third groups labled "cloud" and "other" in Table 1) are the anticipated rms differences
between the initial (untuned) and final values of those key input parameters (tuned).

The inputs for radiative transfer calculations are depicted in Figure 3. The initial values of cloud parameters are taken from the SSF; they are
narrowband imager-based retrievals of cloud properties. Initial values of other key input parameters such as PW and UTH are based on
ECMWEF. Initial values of AOT are taken from either the VIRS-based retrievals on SSF or from the MATCH assimilation. VIRS retrievals of
AOT are available during daylight over the ocean, provided that the footprint is not heavily clouded or suspected to be contaminated by
sunglint. When AOT is not available from VIRS, MATCH is used.
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Figure 3. Inputs for determining the Surface and Atmosphere Radiation Budget (SARB)

If the reported fraction of cloudiness on the SSF file exceeds 0.05, the values of the third group of "other" (Table 1) parameters are frozen.
The cloud optical depth, cloud fractional area, and cloud top height (second group in Table 1) are adjusted instead. Cloud optical depth is
modified by adjusting liquid water path (LWP) or ice water path (IWP), rather than droplet or crystal size.

If the reported fraction of cloudiness on the SSF file is less than 0.05, the cloud parameters (second group in Table 1) are frozen, and the
constrainment algorithm adjusts parameters from the third ("other") group in Table 1. For such clear and almost clear footprints over the
ocean (note "ocean" column at the bottom of Table 1), the constrainment adjusts the surface skin temperature, lower tropospheric humidity
(LTH), upper tropospheric humidity (UTH), and aerosol optical thickness (AOT). For such clear and almost clear footprints over land, the
surface albedo is also adjusted; and the sigma (a priori uncertainty) for skin temperature is increased, causing a larger adjustment in skin
temperature over land than over ocean. The SARB algorithm does not adjust temperature above the surface.

Every CRS footprint has TOA parameters (first box in Table 1) with observed values taken from SSF, untuned values from the initial run of the
Fu-Liou code, and tuned values from the constrainment process. Every CRS footprint has input values for cloudy parameters (second box in
Table 1) which are taken from SSF. and "other" parameters (third box in Table 1); and it has slots for the adjustments to each of these
parameters by the constrainment process. This is summarized in Figure 1. For a discussion of observed TOA parameters (first box in Table 1)
or unadjusted cloudy or clear parameters (second and third boxes in Table 1), note the SSF TRMM Edition2B Quality Summary.

What is the implication of an assigned sigma of 1.0% for broadband LW flux versus 2.0% for window WN flux versus 5.0% for filtered window
radiance (top group in Table 1)? Among those 3 parameters, broadband LW flux (OLR) has the smallest sigma. Thus OLR is the tightest
constraint among those 3 parameters. Adjustable parameters like cloud optical depth and surface skin temperature are pulled more toward
new values causing a better match between computed and observed OLR (sigma 1%), than they are pulled to new values causing a better
match between computed and observed filtered window radiance (sigma 5%). The large sigmas of 5% for the broadband LW and filtered
window radiances in Table 1 in fact produce hardly any adjustments in direct response to the radiances. The smallest sigmas (1%) are
assigned to broadband reflected SW and to broadband LW fluxes, as they are the primary earth radiation budget (ERB) observables. If we
had less confidence in the inversion from radiance (Wmsr™) to flux (Wm™) on the CERES SSF record, the sigmas of broadband LW flux and
broadband LW radiance could hypothetically be reversed. There is no sigma for reflected SW radiance because our fast radiative transfer
code does not simulate SW radiance.

Table 1: The a priori uncertainty ("sigma") for each adjustable parameter in the constrainment
(tuning) algorithm
that produces the Surface and Atmosphere Radiation Budget (SARB) for CERES footprints
Observed by CERES at TOA (SSF record)
TOA parameters Sigma (%) Minimum sigma Parameter
(MKS)
1.0 % 2.0 Wm? reflected SW flux
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1.0 % 2.0 Wm? broadband LW flux

20% 1.0 Wm™ window WN flux

5.0 % 0.3Wm?2srt broadband LW radiance

5.0% 0.3 Wm?Zsrt filtered window
radiance

From VIRS imager (SSF record)
Cloud parameters Sigma Adjustable parameter
0.15 d In(t) T = optical depth
2.0 cloud top temperature

0.05 total cloud fraction in
footprint

0.025 fraction swap of 2 types
in footprint

(i.e., increase Cu and
decrease Ci)

From various sources

Other parameters Ocean Land Adjustable parameter

1.0K 40K surface skin
temperature

0.15 0.10 d In(PW) PW: surface
to 500 hPa

0.15 0.10 d In(UTH) upper tropos.
humidity

0.002 0.015 surface albedo

0.50 0.10 d In(t) aerosol optical
depth

Definitions of SW, LW, and Window

CERES geophysical products define SW (shortwave or solar) and LW (longwave or thermal infrared) in terms of physical origin, rather than
wavelength. We refer to the solar energy which enters and exits (overwhemingly by reflection) the earth-atmosphere system as SW. LW is
regarded as the thermal energy which is emitted by the earth-atmosphere system. There is no wavelength of demarcation, for which all
radiation at shorter (longer) wavelengths is called SW (LW). Thus defined, roughly 1% of the incoming SW is at wavelengths longer than 4
pm. A small amount of radiation from the sun enters the troposphere at 10 um. This too is regarded as SW, and we strive to account for it in
successive SW products. Less than 1 Wm™ of OLR is at wavelengths below 4 pum. If the radiation was originally emitted by a thermal process
in the earth-atmosphere system, we regard it as LW, even if it is subsequently scattered. When a small amount of thermal radiation is emitted
from the surface of the Sahara at 6 um, and a portion of that is scattered upward to space through a cirrus cloud, said portion is regarded as
LW. The 8.0-12.0 pm window (WN) products are a repository of the thermal radiation in the window. We strive to eliminate any signal of solar
contamination in an 8.0-12.0 um window or broadband LW product.

The official CERES window (WN) spans 8.0 pm to 12.0 um (1250 cm™ to 833.333 cm™). The TOA observed SSF window products use this
interval, as do the TOA emulated window products. CRS users should be aware that the vertical profiles of window flux (these have dimension
of 5, representing surface, 500 hPa, 200 hPa, 700 hPa, and TOA) use a DIFFERENT spectral interval, 8.0 pm to 12.5 pm (1250 cm™ to 800
cm™), as explained in the next section.

Radiative Transfer Code

CRS uses a fast, plane parallel correlated-k radiative transfer code (Fu and Liou, 1993, Fu et al., 1998, 1999). An economical 2 stream
calculation is used for SW. The LW calculation employs a 2/4 stream version, wherein the source function is evaluated with the quick
2-stream approach, while radiances are effectively computed at 4 streams. Constituents for the thermal infrared include H,0, CO,, O3, CH,
and N,O. A special treatment of the CERES 8.0-12.0 ym window includes CFCs (Kratz and Rose, 1998) and uses the Clough CKD 2.4
version of the H,O continuum (the orginial Fu-Liou employed the Roberts continuum). In collaboration with Dr. Qiang Fu, the Fu-Liou code
was modified to include 10 separate bands between 0.2-0.7 um to better account for the interaction of Rayleigh scattering, aerosols, and
absorption by O3 and a minor band of H,O. In the near IR, the code computes absorption due to H,O. Absorption in the near IR by CO, and
O, is handled as an off-line correction with the Chou and Suarez (1999) parameterization. The original code included SW from 0.2 to 4 um.
We now cover the SW at wavelengths larger than 4 um by simply stuffing the solar insolation beyond 4 um into a near IR band with strong
absorption by H,O. Downwelling solar photons larger than 4 um are then mostly absorbed by the model before reaching the middle
troposphere. Scattering by cloud particles, aerosols, and a non-black surface is parameterized in LW, as well as SW. For example, the desert
surface has reduced thermal emission as it is non-black. As its emissivity is less than unity, the reduction in upward LW emitted by the surface
is partly compensated by reflection of the downwelling LW to the surface. The code has been extended with a new band to cover thermal



emission from 2200-2850 cm’™.

The Fu-Liou code covers the window with 3 bands from 8.0 pm to 12.5 pm (1250 cm™ to 800 cm™); window flux vertical profiles (CRS
parameters having dimension of 5 for the sequence representing the surface, 500 hPa, 200 hPa, 70 hPa, and TOA ) use this interval. A
different window interval, 8.0 pm to 12.0 pm (1250 cm™ to 833.333 cm™), is used for TOA observations on SSF and for the formal TOA
emulations on CRS-182 through CRS-185. The 8.0 um to 12.0 um TOA window parameters on SSF are emulated (modeled) as follows with
the Fu-Liou code. First, the code produces window radiance and flux for 8.0 um to 12.5 um at TOA, the modeled radiance and flux constitute
a theoretical Angular Distribution Model (ADM relating radiance to flux) for the footprint. Second, a straightforward parameterization based on
MODTRAN4 (Anderson et al.) is then applied; the inputs are view zenith angle and radiance. The parameterization maps the 8.0 um to 12.5
pum Fu-Liou radiance to an "unfiltered" (geophysical) 8.0 um to 12.0 um emulated radiance and also to a "filtered" 8.0 to 12.0 yum emulated
radiance. Recall that the spacecraft itself observes a filtered radiance, a signal which includes the effect of the spectral response of the
instrument. It is the task of SSF to account for the spectral response and produce an unfiltered radiance. In the second step here, the spectral
response (filter function) of the instrument is modeled, producing an emulated filtered window radiance; this is CRS-183. Third, the theoretical
ADM (based on 8.0 um to 12.5 um) converts the unfiltered 8.0 um to 12.0 um emulated radiance into an emulated window flux, which is
reported as CRS-184. The unfiltered, emulated window radiance is not archived.

While the original Fu-Liou code offered empirical droplet size spectra based on early field campaign data, we now use theoretical, gamma
distributions for the radii of cloud water droplets (Hu and Stamnes, 1994), consistent with the Minnis et al. (1998) retrievals on CERES SSF
input stream. The code treats all ice cloud crystals as randomly oriented hexagons characterized by a generalized effective diameter Dge.
The SSF cloud retrievals also assume randomly oriented hexagons but express them as effective diameter De. Caution is advised when
interpreting CRS results for ice clouds, as both the input cloud retreivals (SSF) and the radiative transfer calculations do not account for the
enormous variation of crystal shapes found in nature.

The typical CRS calculation uses 30 atmospheric layers with fixed thickness layers of 10 hPa and 20 hPa nearest the surface. The remainder
are placed on a sliding scale following the input value for surface pressure. Additional layers, at levels "custom made" for each footprint, are
inserted in the radiative transfer calculation for cloud top and cloud bottom. Edition2C CRS places the cloud top as per the pressure top
retreived by SSF. The SSF estimate for cloud geometrical thickness is used to specify cloud bottom.

Reflection of SW by Surface

The spectral dependence of surface reflectivity for land surface albedos are specified according to the CERES Surface Properties maps (from
CERES/SARB Surface Properties) following Rutan and Charlock (1997 and 1999). CRS uses the Wilber et al. (1999) surface LW spectral
emissivity maps (which are available at the same URL). Both SW and LW surface maps are keyed to International Geophysical Biospherical
Project (IGBP) land types.

Ocean spectral albedo is obtained using a look up table (LUT) based on discrete ordinate calculations with a sophisticated coupled ocean
atmosphere radiative transfer code (Jin et al., 2002, Jin and Stamnes, 1994). Inputs to the look-up table for ocean spectral albedo include
cosine of the solar zenith angle (cosSZA), wind speed (from ECMWEF), chlorophyll concentration (which has a minor effect on broadband flux),
and SW optical depth of clouds and aerosols (from SSF) for the respective spectral interval. There is an empirical correction for surface foam
based on wind speed.

For clear footprints during daytime, the broadband surface albedo is explicitly retrieved using TOA observations and iterations of the Fu-Liou
code with the constrainment algorithm; the broadband albedo is then simply a ratio of upwelling to downwelling SW at the surface. When a
CRS footprint contains clouds, the broadband surface albedo is assumed using the Surface Albedo History (SAH) procedure. The SAH
algorithm is run at the start of each month of CRS processing. SAH identifies the clear SSF footprints during the month with the most
favorable geometry for the retreival of surface albedo: those with large values of cosSZA. SAH uses a quick table look-up to the Fu-Liou code
that relates TOA albedo, surface albedo, cosSZA, precipitable water (PW), and aerosol optical thickness (AOT). Using the nearest 6-hourly
AOT from the MATCH aerosol assimilation, the look-up retrieves a first guess surface albedo for the month. This first guess surface albedo
corresponds to a clear SSF/CRS footprint. The monthly value for the first guess surface albedo is then written to a SAH file for each of the 10
by 10 minute gridded tiles, whose center points are contained in the clear footprint. Each 10 by 10 minute gridded tile of land is thus given an
initial broadband surface albedo for the month. The SAH albedo is stored internally as a reference value A, using the Dickinson (1982)
relationship

A(cosSZA) = A,(1 + d)/(1 + 2d cosSZA)

where d is specified for each IGBP type and A, is the albedo at cosSZA of 0.5. The look-up, first guess values of A, for the various 10 by 10
minute tiles are then available to construct a fixed broadband surface albedo as an input for radiative transfer calculations with any cloudy
footprint, for which we assume A(cosSZA=0.5). When a land footprint is clear during daylight, the surface albedo is explicitly retrieved with the
CRS constrainment algorithm by iterating the Fu-Liou code (not as a quick table look up) with ECMWF and MATCH inputs. The quality of the
surface albedo retrieval depends heavily on the realism of the MATCH simulation of AOT and the CRS assignment of the corresponding
single scattering albedo (see _Treatment of Aerosols and Table 2). The most reliable CRS values of surface albedo are expected for clear
footprints under high sun, in regions and seasons with low AOT.

The Photosynthetically Active Radiation (PAR) product (CRS-132), which is generated only at the surface, is simply the SW output of Fu-Liou
from 437.5 to 689.6 nm. To date, we have not compared CRS-132 with any surface observations.

Treatment of Aerosols

Each footprint accounts for the effect of aerosols on SW fluxes, LW fluxes and 8.0-12.0 um window fluxes at all levels, and on broadband LW
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and filtered window radiance at TOA. The SSF product for 0.63 pm aerosol optical depth (AOT), which is based on cloud-screened VIRS
imager data over the ocean, is used when available. Otherwise, we uses visible AOT from the Collins-Rasch MATCH, which is an advanced
aerosol assimilation. When lacking MATCH (this is rare), a monthly mean AOT is assumed from the GFDL global aerosol model (courtesy of
Brian Soden). The MATCH is available for the TRMM record of January-August 1998, but not for the spotty CERES TRMM record after
August 1998. MATCH provides AOT according to 7 types (Table 2) on a 6-hourly basis over the globe for all sky conditions. Sources of
aerosol in MATCH include formation from industrial emissions (as a climatology). More timely MATCH AQOT inputs include AVHRR-based
retreivals over clear regions of the ocean and wind-blown dust. MATCH itself accepts the NCEP analysis as an meteorological input. MATCH
advects aerosols and removes aerosols with wet (cloudy) and dry processes. For economy in transferring MATCH files from NCAR, we take
on the column AOTSs of each type (rather than the profile) and assume vertical scale heights (Table 2).The aerosol type is always taken from
MATCH or the GDFL monthly model (first column of Table 2). The selection of types then yields the scale heights and translation from visible
AOT to AOT in all other SW and LW bands. The spectral single scattering albedos and asymmetry factors are assumed from the Tegen and
Lacis (1996) and OPACS-GADS (Hess et al., 1998; d'Almeida et al., 1991) models. Footprints with significant amounts of Tegen and Lacis
2.0 pm dust and/or OPAC soot will have strong absorption by aerosols in the computed SW. As CRS has coarse vertical resolution (i.e.,
outputs at surface and 500 hPa), the assignment of scale height should have a small effect on SW in most clear footprints. But if a dust
outbreak spreads to say 6 km, the CRS aerosol forcing in the LW will not be realistic at either the surface or at TOA.

Recent studies with AERONET (Dubovik et al., 2002) suggest that absorption is too high in the Tegen and Lacis 2.0 pm dust. If Dubovik et al.
are correct, both our computed atmospheric absorption for desert dust and our retrieved desert surface albedos would then be high, too. But

dust optical depths in the MATCH assimilation are overwhelmingly of the 0.01-1.0 um class (Table 2), for which we assign the radius 0.5 pm.

Single scattering albedoes for the Tegen and Lacis 0.5 pm dust are closer to the values reported by Dubovik et al.

The user is advised that fluxes based on satellite retreivals of aerosols are not expected to have the relative veracity of say, fluxes based on
satellite retreivals of SST. Further caution is advised when an aerosol assimilation (MATCH) or a climatology (GFDL) is employed, as here.

Table 2: Assighment of aerosol characteristics

MATCH aerosol type CRS aerosol optics scale height
dust (0.01-1.0 um) dust (0.5 pum) Tegen-Lacis 3 km
dust (1-10 pm) dust (2.0 ym) Tegen-Lacis 1km
dust (10-20 pm) dust (2.0 um) Tegen-Lacis 1km
dust (20-50 pm) dust (2.0 um) Tegen-Lacis 1km
hydrophilic black carbon soot (OPAC) 1 km
hydrophobic black carbon soot (OPAC) 1km
hydrophilic organic carbon soluble organic (OPAC) 1km
hydrophobic organic carbon insoluble organic (OPAC) 1km
sulfate sulfate (OPAC) 1 km
sea salt sea salt (OPAC) 0.5 km

Results for Clear and Cloudy Footprints

Clear footprints are those having no clouds identified by the VIRS imager (see SSF Collection Guide). For such footprints, TOA radiation
parameters (first matrix in Table 1) and clear-sky parameters (third matrix in Table 1) are then adjusted. As simple, raw arithmetic means of
the CERES footprints (averages of both day and night for SW and LW, not spatially gridded or time smoothed) for April 1998, the computed
and observed fluxes at TOA are within a few Wm™ over the ocean and land (Table 3). Rms differences of Mean adjustments to upper
tropospheric humidity (UTH), total precipitable water (PW), and surface temperature over ocean (SST) are small. This indicates that the
ECMWEF humidity profile, which is based on an assimilation of TOVS radiances (i.e., HIRS/2 on the operational satellites), is consistent with
our radiative transfer calculations and CERES observations; and provides some confidence in the CRS LW fluxes at 500 hpa, 200 hPa, and
70 hPa for clear ocean footprints. Over the ocean, the standard deviation (typical adjustment) to AOT is 0.084, which is almost as large as the
mean AOT of 0.097 (Table 3). This suggests that the aerosol forcing in CRS (the difference of clear and pristine computed flux outputs) is not
consistent, on a footprint by footprint basis, with the forcing that would be inferred from the VIRS (SSF) and MATCH (the aerosol assimilation).
The distinction of the CERES, VIRS, and AVHRR instruments must account for some of the difference in aerosol forcing. But we suspect a
significant impact by different treatments of ocean optics, which pose another uncertainty (see the CAVE web site and select "CLAMS" for a
relevant field experiment). Specular reflection from the ocean surface (sunglint) is highly directional and variable. Effects related to glint
generate considerable noise in the SSF inversion of radiance to flux over the clear ocean.

Table 4 shows results for all-sky and overcast footprints. As for the clear footprints, the mean biases to TOA fluxes and adjustments of the
radiative transfer parameters are small. But here we show the standard deviations of the adjustments to the key cloud parameters. The
standard deviations of the adjustments to cloud visible optical depth are quite large: 27.4 for all sky and 11.5 for overcast. This is due to in
part to the adjustments of cloud fields that have high initial optical depth. For example, an initial optical depth of 150 tuned t0170 is an
absolute adjustment of 20 in optical depth, but a modest fractional change. For a solar zenith angle of 40 degrees, this would increase
reflection at TOA by only 4 Wm™. The standard deviations of difference between untuned, initial calculations for TOA flux and CERES
footprint observations are here 17.3 Wm for reflected SW and 7.3 Wm™ for OLR, under all sky conditions. A primary achievement of tuning is
a factor-of-two reduction of these large instantaneous, footprint scale differences to 9.7 Wm™ for SW and 4.0 Wm™ for OLR, under all sky
conditions. Statistics in Tables 3 and 4 are based on both day and night for all parameters. This effectively reduces the bias for SW
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