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Introduction 
 
   It should never be overemphasized that the tempo-spatial variations of all the forms of energy in the 
atmosphere and at the surface are vitally important to any branch of earth sciences as well as human lives. 
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Among all the forms of energy exchanges, radiative fluxes play a fundamental role as it is virtually the only 
way for energy exchange between the earth-atmosphere system and outer space and it is the primary driving 
force in the general circulation of the whole atmosphere-ocean system.  
 
   There are three main inference methods for estimating global radiative fluxes at the top of atmosphere (TOA), 
surface and in the atmosphere, namely, (1) regression methods based on satellite observations (see, e.g., Cess 
and Vulis, 1989) often with assistance of some radiation model, (2) so-called ‘Look-Up Table (LUT) 
approaches’ or ‘matching’ methods that match radiative transfer computations and satellite observations to infer 
the desired radiative fluxes at TOA and at the surface under various scenarios (see, e.g., Ma and Pinker, 2012) 
and (3) detailed flux calculation methods that use observation-based physical parameters as realistic as possible 
for all the associated atmospheric and surface properties as inputs to a detailed, relatively accurate and efficient 
radiative transfer model to calculate fluxes. This third method is probably the most comprehensive and more 
physically meaningful method that we have employed since the beginning of the ISCCP flux-calculation project. 
The project was pioneered by Rossow and Lacis (1990), but the production of an actual global flux product had 
to wait for a global, comprehensive cloud data product to appear, which is the first generation of the 
International Satellite Cloud Climatology Project (ISCCP) datasets, the C-series product, or ISCCP-C (Schiffer 
and Rossow, 1983; Rossow and Schiffer, 1991). This is because all of the global cloud climatologies prior to 
the ISCCP-C usually report on cloud amount only and do not contain sufficient information on cloud-top 
temperature (or altitude) and/or on the optical properties of clouds required by climate modelers to calculate the 
first-order effects of clouds on the earth's radiation budget or the climate feedbacks produced by cloud 
variations (Stockholm, 1975). The ISCCP-C product for the first time made it possible for us to use the detailed 
radiation model of the NASA Goddard Institute for Space Studies (GISS) GCM Model II (Hansen et al. 1983) 
to calculate global, satellite-observation-based radiative fluxes at TOA and surface, which is our first-generation 
global flux product, the ISCCP-FC (Zhang et al., 1995), where the acronym FC means Flux calculated (mainly) 
using C data (ISCCP-C, or C-series, and similarly for FD and FH for the second and third generation flux 
products as described below).  
 
   In the following years, ISCCP has developed two more generations of its products, D-series (Rossow and 
Schiffer, 1999) and the current H-series products (Young et al., 2018). The ISCCP-D product reported separate 
cloud properties for liquid and ice forms of low and middle-level clouds along with other many important 
improvements (Rossow and Schiffer, 1999) and, as the third generation product, the ISCCP-H has been more 
advanced. Instead of using every-30-km-sampled B3 for ISCCP-D, ISCCP-H uses 10-km-sampled B1. There 
are also other refinements in radiance quality control (QC), calibration, cloud detection (especially high, thin 
and polar clouds), cloud and surface property retrievals with more modern and more homogeneous ancillary 
datasets, e.g., more accurate surface type and topography, snow/ice datasets, reprocessed ozone data, etc. The 
cloud and surface retrievals are now based on more realistic atmospheric properties, with MACv1 aerosols 
(Kinne, 2013) included so the uncertainties are reduced as all the ancillary datasets have been improved. The 
temperature and humidity profiles with increased vertical resolution have been statistically adjusted to have 
diurnal variation wherever suitable. The new ISCCP H-series has also increased sub-data product categories 
(e.g., five for L3) with a new globally gridded pixel-level (L2) data.  
 
   Accordingly, we have developed and produced the next two generations of radiative profile flux products, 
namely, the ISCCP-FD (Zhang et al., 2004) and the current ISCCP-FH, which are based on improved NASA 
GISS radiation models of the GCM ModelD, or SI2000 (Hansen et al. 2002) and ModelE (Schmidt et al. 2006), 
respectively. All the three generations of the flux products are global, with the same temporal and spatial 
resolution as their corresponding ISCCP products. Moreover, FD and FH have added fluxes at three levels in 
the atmosphere (between TOA and the surface) as a cloud vertical structure (CVS) model is introduced to 
construct realistic vertical cloud layers instead of using single, fixed 100-hPa-thick cloud layers as in ISCCP-FC. 
The temporal coverage is the Earth Radiation Budget Experiment (ERBE) period for ISCCP-FC while ISCCP-
FD covered July 1983 to December 2009. The ISCCP-FH products now cover the period from July 1983 to 
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June 2017 (34 years) and will be extended whenever the ISCCP-H is completed. Both the ISCCP-FH (version 
0.0) and ISCCP-FD products (version 0.0 except 2001 of v. 0.01) are publically available online at: 
 
     https://isccp.giss.nasa.gov/projects/flux.html 
 
The ISCCP-FH product may also become publically available at NOAA National Centers for Environmental 
Information (NCEI). 
  
    The core of all the NASA GISS radiation models is the correlated K-distribution method as described in 
Hansen et al. (1983) for GCM Models I and II. Since then, the spectral resolution has been increased by 
increasing the number of the noncontiguous correlated spectral resolution intervals, K, to obtain higher accuracy 
from 12 and 25 to the current 16 and 33 for shortwave (SW) and longwave (LW), respectively, paralleling the 
evolution of the GISS GCM models I and II to SI2000 or ModelD (Hansen et al. 2002), and to ModelE 
(Schmidt et al. 2006). The radiation part of the GCM Model II, code-named RadII, was used for the ISCCP-FC 
production while ModelD's radiation part, code-named RadD, for the ISCCP-FD flux profile product (Zhang et 
al., 2004). Based on the radiation part of the GISS GCM ModelE (of 2011), code-named RadE, we have 
developed the current radiation calculation code, RadH. RadE	 (and	 therefore	RadH)	 has	 an	 accuracy	 of	 1	
W/m2	 for	 cooling	 rates	 (in	 degree/day)	 throughout	 the	 troposphere	 and	most	 of	 the	 stratosphere	 as	
compared	with	 line-by-line	 calculations	 (Lacis	 and	Oinas,	1991)	 for	LW,	and	 is	 close	 to	1%	 for	SW	 for	
RadE/RadH	now.	The major advanced features of RadH include: (1) reformulation of the SW line absorption 
for H2O, O2, CO2, CH4, N2O, etc. using the latest HITRAN2012 atlas (Rothman et al., 2013) with additional 
weak-SW-absorption values for H2O, O2 and CO2, (2) corrections of some H2O deficiencies, especially for 
large water vapor amounts (see, e.g., DeAngelis, et al., 2015), so it is improved in terms of accuracy, spectral 
coverage, additional absorption phenomena, and validity, (3) use of a new global aerosol data MAC-v2, based 
on AeroCom’s advances (Kinne, 2013), (4) improved LW modeling of the H2O continua, CFC absorption 
cross-sections, SO2 line absorption, CH4 and N2O overlap treatment and polar region (conditions) profile 
calculations, (5) improved vertical cloud layer construction using the Vertical Cloud Layer Configuration 
(VCLC) algorithm that uses 5-year CloudSAT-CLIPSO climatology (Stephens et al., 2002), and (6) new TSI 
(total solar irradiance) is introduced, which is a self-consistent daily time series based on SORCE V-15, Davos 
WRC composite and RMIB (from Dr. Shashi Gupta). The RadH is equivalent to the radiation code of the 
current NASA GISS ModelE2.1 (Kelley et al., 2020). 

  
   All the three generations of the radiation models (RadII, RadD and RadH) that we have adopted for ISCCP-
FC, FD and FH production have the following good features: (1) the atmosphere from the surface to the top of 
the atmosphere (TOA) can be physically divided into any number of layers at any pressure level so that, e.g., 
physical cloud layers can be positioned precisely at any altitude and interleaved with clear air layers just like in 
the real world, (2) all the input parameters are physical quantities that can be as realistic as possible and 
naturally and realistically variable in each cloud or air layer as well as at the surface (for example, each cloud 
layer has its own top and base temperatures and pressures, optical thickness, and microphysical model specified 
by the phase, particle shape, effective particle size and size distribution variance. All air/cloud layers can also 
have their own aerosol mixtures with different optical properties, i.e., all the constituents and their physical 
properties in the model can be specified vertically independently), (3) the corresponding output fluxes were 
calculated for all the specified interfaces of the air/cloud layers, including TOA and the surface, for all the 
downwelling and upwelling broadband shortwave (SW of 0.2 to 5.0 µm) and longwave (LW of 5.0 to 200 µm) 
component fluxes (with additional downward SW direct and diffuse fluxes at surface but for ISCCP-FH only) 
for all-sky, clear-sky and overcast scenes, (4) the model is detailed and complete (i.e., not for a "bulk" 
atmosphere, etc.) and is physically self-consistent at all wavelengths, i.e., SW and LW are all treated using 
correlated k-distribution (CKD) method, atmospheric and surface properties are from consistent data sources, so 
it can be used to diagnose/determine the radiative heating/cooling effects of any specific physical parameter(s) 
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and/or structure(s) of the atmosphere, clouds and surface in a consistent way (the self-consistency may help 
reduce some flux errors), (5) with improvements of the accuracy and knowledge of all input physical quantities, 
as well as the radiative transfer theory itself, the model can be relatively easily updated to incorporate any 
newly available information (for example, when ice cloud detection became feasible and better information 
about their properties became available in ISCCP-D data that had new, separated ice and liquid clouds, RadD 
was able to use this information to produce ISCCP-FD flux profile product with the better cloud information for 
both the ice and liquid clouds). 
 
   Various methods have been used to validate/evaluate our flux products (ISCCP-FC, FD and FH) mainly using 
observations of ERBE and the Clouds and the Earth’s Radiant Energy System (CERES, Wielicki et al., 1996) at 
TOA and the Global Energy Balance Archive (GEBA, Ohmura and Gilgen, 1991) and the Baseline Surface 
Radiation Network (BSRN, Ohmura, 1998) at surface and other flux products [see Rossow and Zhang (1995) 
and Zhang et al., (2004), respectively, for the validation of the ISCCP-FC and FD, and see accompanying slides 
for ISCCP-FH]. Based on our previous validation and for regional, monthly mean fluxes, the ISCCP-FC has 
overall uncertainties of 10 – 15 W/m2 at TOA and 20 – 25 W/m2 at surface while the ISCCP-FD has been 
improved to smaller 5 – 10 W/m2 at TOA and 10 – 15 W/m2 at surface (The latter probably underestimated, see 
slides 2 and 18 – 19). The preliminary uncertainties of the ISCCP-FH are overall slightly better than FD 
(especially	for	atmospheric	SW	absorption	and	surface	fluxes) with FH’s increased spatial resolution of 110-
km from FC’s and FD’s 280 km. 
  
   Since ISCCP-FC and FD products were released, they have been used worldwide by researchers in numerous 
research studies and have inspired/promoted a number of new avenues in cloud-radiation research. The 
following are a few of examples for most important applications of ISCCP flux data in several research areas 
based on work by various authors. 
 
   (1) Validation/evaluation and comparison studies for radiative flux datasets. 
   All datasets are subject to some kind of validation/evaluation before they can become useful. As stated above, 
the uncertainty estimates for ISCCP flux products are obtained through various validation/evaluation procedures. 
Similarly, other radiative flux products need go through such processing by comparing them with various 
observed fluxes (such as GEBA, BSRN) and observation-based-calculated flux products such as ISCCP, and 
GEWEX-SRB (Stackhouse et al., 2011). Indeed, there have been extensive uses of the ISCCP flux datasets by 
various authors that have promoted the improvements of both climatological data production and radiative 
models, e.g., Oreopoulos et al. (2012) have found our RadD-based atmospheric SW absorption has ~5 W/m2 
low bias in inter-comparison of about a dozen of radiation models with identical input datasets; the finding led 
to our improvement for RadH, Another example is that CERES has improved its Angular Distribution Models 
(ADM) for Top-of-Atmosphere radiative flux estimation (Loeb et al., 2007) over the ADM of ERBE (see, e.g., 
Barkstrom and Smith, 1986) as inaccuracies of ERBE’s ADM were pointed out by many authors, including 
Rossow and Zhang (1995). The most comprehensive flux assessment activities were organized by WCRP 
GEWEX Radiative Flux Assessment (RFA) conducted over several years with more than a dozen of institutes 
and their datasets involved (see Raschke, et al., 2012a and 2012b). The RFA activities have benefited all the 
participated institutes in improving their flux datasets.   
 
   (2) Sensitivity study of flux calculation to atmospheric and surface physical properties or models. 
   In radiative flux calculation, there are many physical parameters to represent, such as sun’s spectral incoming 
flux intensity at TOA, radiative properties of atmospheric constituents (gases, aerosols, etc.), atmospheric 
temperature and humidity, macrophysical and microphysical properties of clouds (morphology, particle size, 
phase, etc.), surface properties (albedo, temperature, etc.) that are imported to a radiation model to produce total 
flux results (broadband SW and LW fluxes). This means that we can relatively easily quantify the radiative flux 
changes due to changes of individual (or group of) properties by changing one or several physical input 
parameters or even atmospheric structure and model’s parameterization in the flux calculations to diagnose their 
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respective influences on flux results that would help understand their separate roles in the radiative energy 
distribution in the earth-atmosphere system. Because in the real world we can only measure the total flux results, 
it is difficult to separate the radiative flux components according to their individual contributions and properties. 
Sensitivity studies have provided a powerful tool to estimate the roles of individual contributions of physical 
properties and how they affect the radiative fluxes or cooling/heating rates in the atmosphere, ocean and land, 
etc. Furthermore, the calculated fluxes are not without errors or uncertainties since there are always 
uncertainties/errors coming with input datasets and even the radiation model itself. Accordingly, the sensitivity 
test is also useful to break down how and how much these errors/uncertainties are caused by different 
components, either from input variables or from radiation modeling so as to improve the input data and 
radiation model in order to have more accurate flux results. We have systematically conducted various 
sensitivity tests on ISCCP radiation fluxes, e.g., Table 2 in Zhang et al. (1995) shows a list of typical sensitivity 
tests for ISCCP-FC; also see Zhang	et	al.	(2004,	2006	and	2007a)	and	Chen	et	al.	(2000a	and	2000b).	   
 
   The methodology of (1) and (2) has been substantially generalized and widely used over the past two decades 
in the Model Inter-comparison Projects (MIP or MIPS) for different Global Circulation Models (GCMs), as 
well as for other climate and radiation models such as RFMIP (for Radiation Forcing, see, e.g., Piers et al., 
2016), CMIPS (for Climate, see, e.g., Eyring et al., 2015)), CFMIP (for Cloud Feedback, see, e.g., Webb et al., 
2017), etc. These inter-comparisons have been invaluable for model and climatological feedback evaluation and 
for a better understanding of climate modeling and improving its prediction capabilities.  
 
   (3) Earth radiation balance and budget at TOA and surface. 
   Our earth-atmosphere system has been in a quasi-equilibrium state for geologically long-time period with a 
fluctuation within a moderate temperature range (e.g., 0.8 million years, as described in Hansen and Sato, 2011, 
https://www.giss.nasa.gov/research/briefs/hansen_15/PaleoImplications.pdf). It is under such quasi-equilibrium 
conditions, that the human beings and other living things have been able to survive. Since the earth-atmosphere 
system’s energy source is the sun alone, while the system’s energy sink is only through thermal radiation at 
TOA (OLR for Outgoing Longwave Radiation) emitted to outer space, the TOA incoming SW and OLR fluxes 
must be approximately balanced in order to maintain such a quasi-equilibrium state. In other words, the earth 
radiation budget’s balance at TOA is fundamentally vital for all the life on Earth, and thus has been long drawn 
scientific interest since Simpson (1929). As the radiation budget at TOA and the surface of earth are closely 
related, it is no wonder that the ISCCP-FD results have been widely used for the radiation budget studies at both 
TOA and surface, see, e.g., Ohmura (2014), Trenberth et al. (2009), Wong et al. (2006) and Loeb et al. (2009). 
Furthermore, how can the earth-atmosphere system be maintained to have at such a status for such a long period 
that has not been possible on the other planets? Can this status be destroyed by today's increasing human 
activities or natural disasters? All such important scientific questions are what the climatologists and other 
scientists now working on in order to address and answer them.      
 
   (4) Global energy transports and the derivation of surface turbulence fluxes. 
   The differential distribution of the TOA total net flux with latitude can be used to derive the required global 
meridional total energy transport (see, e.g., Carissimo et al., 1985). The total energy transport of the earth-
atmosphere system can be partitioned into atmosphere and ocean as shown in Peixoto and Oort (1992).  Zhang 
and Rossow (1997) suggested using the boundary fluxes, i.e., surface radiative and turbulent fluxes, to do such 
partitioning instead of direct measurement in the atmosphere or/and ocean which prompted SeaFlux projects, in 
which, turbulent fluxes are produced (see, e.g., Curry et al., 1999; Curry et al., 2004, Yu and Weller, 2007). Our 
earth-atmosphere system is similar to a (low-efficiency) heat engine that takes input energy from the Sun (SW 
flux) to drive all kinds of dynamic processes in the system and expel the energy through OLR, which is exactly 
what the General Circulation Model (GCM) has been developed for in order to simulate to study all the 
dynamic processes in the system, including global energy transport and how turbulence affects planetary 
boundary layer.    
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   (5) Long-term energy trends and variations of the atmosphere-earth system 
   As human beings, we are concerned about how long the current climate system can be maintained in its quasi-
equilibrium status that enables human beings to survive. The temporal variations of the TOA radiation budget is 
what the climatologists have been working on in order to study long-term energy trends and variations of the 
atmosphere-earth system and to refine the ability to predict the future climate change, see, e.g., Hansen et al. 
(1997), Romanou et al.(2007), Zhang et al. (2007b), Wong et al. (2006).  
 
   In short, the above incomplete list of research has shown how important a good flux product can be.The 
ISCCP-based flux products like ISCCP-FH (and GEWEX-SRB) are especially valuable because there is no 
other product that has global coverage and minimum-required diurnal sampling (eight times a day) with 
temporal coverage period longer than ISCCP period of 34 years.   
 
   In the following slides, we focus on the fundamental features of the current ISCCP-FH Radiative Profile Flux 
Production and its validation/evaluation. We provide some necessary comparisons with other products, past and 
present, so that readers can understand how it has been developed and what its current status and uncertainty 
estimates are.  
 
   The slides begin with an overall background introduction (slides 2 – 3) and outline (slides 4 – 9) for the 
ISCCP-FH product, and then give a description of overall improvements of ISCCP-FH (slides 7 – 11) and 
specific, important improvements (slides 10 – 12). Slides 13 – 16 compare fluxes of ISCCP-FH and FD with 
CERES at TOA and in the atmosphere, respectively, and 17 – 18 are for surface validation for ISCCP-FH (and 
FD and CERES) against BSRN. The last two slides (19 – 20) provide an overall uncertainty estimate of ISCCP-
FH and conclusions, respectively. 
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Slide 1:  Cover 
 
Slide 2:  Earth’s Radiation Budget (from global, 2007 mean ISCCP-FH) 
 This earth-atmosphere budget cartoon is created from the actual global, annual mean ISCCP-FH product 
for 2007 (after downgrading to 280-km resolution for a fully covered global map of 110-km resolution). It 
shows that the energy at TOA is perfectly balanced (sum = zero): the incoming SW of 100% for 341.9 W/m2 is 
balanced by reflected SW (31%) and OLR (69%), i.e., the earth-atmosphere system neither loses to nor gains 
energy from outer space in global, 2007 annual mean. The non-reflected SW flux is absorbed partly by the 
atmosphere and partly by the (land + ocean) surface while all the emitted/reflected LW flux from surface and 
atmosphere are combined into the 69% of OLR flux with net (= upward minus downward) LW flux of 15% 
emitted to atmosphere from surface. The atmosphere has various constitutents such as clouds, aerosols, gases, 
water vapoers that all contrbute to the flux redistribution, including also the surface albedo and temperature for 
different terrains. Even in this cartoon picture, it shows how complicated the radiation calculation can be.    
 
 
Slide 3:  Why ISCCP FLUX Calculation? 
 Listed are the seven most important reasons why we need flux datasets such as this ISCCP-FH product 
as we have explained for the ISCCP-FC anf FD products in the introduction.  
 
 
Slide 4:  Evolution of the ISCCP Flux Products Through Three Generations      
 Columns 2, 3 and 4 (Left to Right) outline the basic characteristics of the three generations of the ISCCP 
flux products to illustrate their evolution history: from the earliest ISCCP-FC, to ISCCP-FD and  to the current 
ISCCP-FH with their corresponding three generations of the NASA GISS GCM radaition models (RadII, RadD 
and RadH), which are what the ISCCP flux products are based on. The ISCCP-FH data are now available for 
online-access for July 1983 to June 2017 at:  
 
     https://isccp.giss.nasa.gov/projects/flux.html   
 
and may become available to the public at NOAA National Centers for Environmental Information (NCEI). The 
widely used ISCCP-FD product for July 1983 to December 2009 is still available online at the above same site. 
      
 
 
Slide 5:  Main Radiation-model Improvements of ISCCP-FH 
 The radiation code for ISCCP-FH production, RadH, is based on the GISS ModelE’s radiation code (of 
2011), RadE. It has been revised to add several new improvements, of which the most important items are listed 
here. Among these listed features, adding new values of SW weak line absorption for H2O, O2 and CO2, and 
update of line absorption for CH4, N2O, etc. has virtually removed the low bias (about 4 – 5 W/m2 in global 
average) of atmospheric SW absorption of ModelE as found by Oreopoulos et al. (2012). Thus, it is a 
significant improvement (see Slide 16 for more specific information). In the meanwhile, the increases of the 
base atmospheric vertical resolution to a 43-layer standard atmosphere (from original 24 layers) and the 
treatment for water vapor amount above and below a given layer as well as the water vapor gradient have 
improved the LW accuracy, especially in the Polar Regions. There are also a few other improvements that will 
be mentioned later. The RadH code is equivalent to the radiation code of the current NASA GISS ModelE2.1 
(Kelley et al., 2020). 
 
 
Slides 6:  Contents of the ISCCP-FH Product 
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 Beginning with ISCCP-FD, the content of the ISCCP flux product was extended from TOA and SRF 
only (as in ISCCP-FC) to the whole atmospheric flux profile (PRF), TOA and SRF inclusive, as we were able to 
climatologically construct the cloud vertical structure (CVS) based on a 20-year rawinsonde dataset  (Wang et 
al., 2000; also see slide 11 for ISCCP-FH). Moreover, we have added two more subproducts, MPF and INP, to 
meet current research needs: there are totally five subproducts, simplified as TOA, SRF, PRF, MPF and INP as 
shown here. Among them, MPF is more convenient for those users who are only interested in monthly mean 
values while INP is a virtually complete dataset that can be used to reproduce profile flux products; this is 
especially useful for in-depth study on cloud-radiation interaction as well as other radiative effects. In addition, 
beginning with ISCCP-FH, four of the subproducts (excluding INP that remains in binary format) are now 
available in NetCDF-4 format for even wider access in response to the requests from ISCCP-FD users.  
 
 
Side 7:  Summary of Input Data for ISCCP-FH Production 
 Here we give a list of all the important input datasets that are used for ISCCP-FH production; all of them 
reflect the research progress recently achieved since ISCCP-FD was produced. Among them, new atmospheric 
temperature and humidity profile (nnHIRS) is produced using neural network by NOAA to replace the old 
TOVS profile for ISCCP-D and ISCCP-FD production, which shows inhomogeneities in the temporal LW flux 
variations as explained in Zhang et al. (2006). This change does reduce the inhomogeneity. ISCCP-H produces 
aerosol-corrected surface reflectance based on MACv1 aerosol climatology at 0.65 micron but RadH is based 
on 0.55 micron and MACv2 so ISCCP-FH has to first remove the aerosol effects on surface reflectance (from 
ISCCP-H) and then apply the 0.55-micron aerosol effects based on MACv2 to the processed reflectance. In 
addition, the ISCCP-FH now uses more accurate TSI data that is based on the best SORCE daily solar constant 
as well as instantaneous earth-sun distance that removes the leap-year errors in ISCCP-FD solar constant that is 
based on a climatology of 365 days a year. 
 
 
Side 8:  Summary of Output Variables in ISCCP-FH Product 
 Besides all downwelling and upwelling, SW and LW fluxes at five atmospheric levels for all-, clear- and 
overcast-sky scenes, the ISCCP-FH product now includes additional surface direct and diffuse downward SW 
fluxes that are useful for surface validation and other applications (see, e.g., Zhang et al., 2010). 
 
 
Slide 9:  Comparison of main Global, Long-term flux products 
 As CERES, GEWEX-SRB and ISCCP-FH (and FD) are the principal and most widely used long-term, 
global flux products, it is necessary to understand their basic similarities and differences as shown here for 
people to select right one(s) they need to explore. 
 
 
 
Slide 10:  Improvement by New MACv2 Aerosol Climatology: Example 
 As mentioned in (3) and (9) of the Slide 7, introducing new MACv2 aerosol data has overall improved 
our SW flux results. Here we compare surface clear-sky downwelling diffuse and direct flux difference with 
surface observation (‘SRF_OBS’) for the original ISCCP-FD (‘FD’) that uses NASA GISS ModelD’s monthly 
aerosol climatology and revised FD (‘MACv2-FD’) with aerosol-only change to MACv2 to see how much the 
improvement could be. The surface observational data are from ten high-quality controlled surface stations that 
are climate-representative and arranged as from south-most (lowest) to north-most (uppermost): from the South 
Pole (SPO) to the North Polar Region (FPE) (Zhang et al., 2010). The comparison (differences with SRF_OBS) 
is for all 2004 monthly means. The left column is for original FD and the right column revised FD; the upper 
row is for clear-sky diffuse flux (‘CDif’) and the lower row clear-sky direct flux (‘CDir’). Because the NASA 
GISS ModelE’s aerosol input data is not substantially different from ModelD’s, this slide may be taken as the 
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demonstration of the advantage of new MACv2 aerosol data used in ISCCP-FH production. From this slide, we 
can see substantial improvements for essentially northern hemisphere (all stations above NAU station on Y-axis) 
but not much change for the southern hemisphere. Note that the total SW downward flux is also improved 
somewhat (up to 10 W/m2) but not as much as the separated diffuse and direct fluxes because these two fluxes 
somewhat compensate each other when they are added up to be total SW flux. 
 
 
Slide 11:  Improvement by New Vertical Cloud Layer Configuration 
 In developing ISCCP-FD production code, we have introduced a Cloud Vertical Structure (CVS) model 
to construct climatologically realistic vertical profile clouds so as to calculate realistic flux profile through the 
entire vertical atmospheric column for the first time on a global scale (Zhang et al., 2004). For ISCCP-FH 
production, we have improved the vertical cloud profile construction by building up the Vertical Cloud Layer 
Configuration (VCLC) algorithm. As shown here, it consists of two parts: (1) CVS, essentially the same as the 
one used for FD but now for 18 original cloud types from ISCCP-H data, and (2) Cloud Layer Thickness 
Configuration (CLTC) using a combination of previous 20-year rawinsonde climatology and new 5-year 
CloudSat-CALIPSO climatology. In (1) of this slide, all the 18 original ISCCP-H cloud types are categorized 
into one of the nine cloud classes, from Ci, Cs, … to St as shown in Column 2, based on cloud top pressure of 
the 3 ranges of surface – 680, 680 – 440 and 440 – 0 hPa for Low, Middle and High Cloud, denoted as LC, MC 
and HC, respectively, and cloud optical thickness, τ, with 3 ranges of 0 – 3.6, 3.6 – 23 and 23 – 450 (see 
Rossow et al., 1996, for ISCCP-D, but whose largest τ is 379 instead of the current 450 for ISCCP-H). There 
may be some Sub-cloud classes, Thin and Thick (Column 3), based on τ values subdivided at τ = 1.3 for low τ 
of 0 – 3.6 and at τ = 9.4 for middle τ of 3.6 – 23, for MC and HC classes, respectively, if necessary. Column 4 
shows such cloud-class-based, eight CVS types, e.g., 1H for one high cloud layer, HML for three separated 
High, Middle and Low cloud layers and 1 H-M-L for one cloud layer from high through middle to low pressure 
layer. The original total column τ will be redistributed, proportional to the sum of the new cloud layers’ 
thickness if there are two or more cloud layers for a determined CVS type. The total column τ is conserved 
except for the two special CVS types, HM* and HL*, for which we have to redistribute the original 1-layer-
based τ to new two-cloud-layer based, consistent with assumed satellite detection. The cloud top position of all 
the cloud layers for a determined CVS type is based on either current cloud top temperature (if available) or 
climatological cloud information from ISCCP-H. In (2), the cloud thickness (therefore cloud base) is now a 
function of cloud optical thickness τ, longitude, latitude, ocean/land, and month, where τ and longitude are new 
variables that ISCCP- FD did not use because of lack of cloud profile data (like CloudSat-CALIPSO) at that 
time. By these steps, we are able to construct a vertical profile of clouds with all cloud layers interleaved with 
possible clear-air layers for a determined CVS, for which cloud phase and particle size are also determined 
based on all available information from ISCCP-H and climatology before calculating the flux profile. 
 
 
Slide 12:  Improvement by new VCLC: Example -- Vertical Cloud Fraction Profile: 0707 Ocean & Land 
 Here is an example of monthly-mean vertical profile of cloud amounts for ocean (left) and land (right), 
respectively, for July 2007, to see how the new VCLC algorithm performs versus the old one. The slide 
compares the monthly vertical profiles of cloud fraction (in %) for the CloudSAT-CALIPSO, the original FD, 
the revised FD using new VCLC, and new FH (also using new VCLC), respectively with their symbols shown 
in the legend box. The pressure level is arranged such that the Y-axis is from the ground surface (1000 hPa) to 
TOA (~0 hPa).  Compared with CloudSat-CALIPSO (black solid line), overall both the revised FD (blue 
upward empty triangle) and FH (brown empty diamond with dashed line) outperform the original FD’s cloud 
profile (red solid circle), especially for middle clouds and, in addition, FH has better high cloud profile than the 
revised FD showing the improvement in high-cloud detection in ISCCP-H product. The CALIPSO lidar has 
much higher sensitivity to detect high clouds, thus CloudSat-CALIIPSO’s high cloud amount is higher than 
FH’s, but those high clouds (mainly thin cirrus, see Rossow and Zhang, 2010) may have very low τ value that 
may not affect the flux much. For low clouds CloudSAT-CALIPSO may have some difficulty to determine an 
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accurate low cloud profile because of attenuation, so its uncertainty is larger. Given all of these issues for both 
ISCCP and CLoudSat-CALIPSO datasets, the current VCLC is in need of further improvement. 
 
 
Slide 13:  Preliminary validation against CERES for 2017 Monthly means: All-sky at TOA 
 As preliminary validation, we use all 2017 monthly means to compare the ISCCP-FH, ISCCP-FD with 
the Clouds and the Earth’s Radiant Energy System (CERES) and the Baseline Surface Radiation Network 
(BSRN) for TOA and surface validation, respectively. We also compare with CERES and in-atmosphere for 
ensemble-based validation (Zhang et al., 2006) since CERES is also a flux product for atmospheric fluxes. This 
slide shows the comparison for all-sky net (‘net’) fluxes, cloud effects (‘ce’) and albedo at TOA, where, Stdv, 
cor coef, intercept, Nrm dev and Eq cell # stand for standard deviation, correlation coefficient, intercept, normal 
standard deviation calculated based on the distance of a reference dataset (here FH or FD) to their regression 
line (with CERES) that is a measure of rms scattering for the reference dataset, and total equal-area cell number 
of all available 2017 monthly means (if it is different in original spatial resolution, a higher-resolution equal 
area map is downgraded to the same as a low-resolution dataset). From the table, we can see that FH is better 
than FD by a fraction of a percent for all bias (‘mean difference’), standard deviation (Stdv) and Nrm dev for 
albedo while only slightly better for SW_net. For SW_ce, although FH has ~3 W/m2 lower bias than FD, its 
variation is worse than FD by ~2 W/m2. For LW fluxes, FH is actually worse than FD by up to ~4 W/m2 in 
LW_net bias (but FH’s LW_net has slightly smaller Stdv and Nrm dev than FD). Note that FH is now has the 
same higher spatial resolution of 110 km as CERES while FD has 280 km resolution so its comparison with 
CERES is for downgraded 280-km resolution that usually would result in better agreement through the average 
for CERES 
 
 
Slide 14:  Preliminary validation against CERES for 2017 Monthly means: Clear-sky at TOA 
 For clear-sky fluxes at TOA, FH seems slightly worse than FD by about half percent and ~2 W/m2 for 
albedo and SW_net, respectively. For LW_net, FH is nearly ~4 W/m2 worse than FD in bias, but again its Stdv 
and Nrm dev are slightly better than FD. Note, however, that the meaning of ‘clear sky scene’ is different 
between  CERES and the calculated global clear-sky scene which is the same as all-sky scene except that all 
cloud τ is set to zero in clear-sky calculation, i.e., there are environmental differences between the two clear-sky 
concepts.  
 
 
Slide 15:  Preliminary validation against CERES for 2017 Monthly means: In-atmosphere all-sky 
 For all-sky SW fluxes in the atmosphere, FH is closer (than FD) to CERES by up to ~5 W/m2 (in 
SW_net bias) except Stdv and Nrm dev of SW_ce for which FD has better agreement with CERES. For 
LW_net, FD is closer to CERES by 3.5 W/m2 in bias but FH has smaller Stdv and Nrm dev than FD; for LW_ce. 
FH has smaller bias with CERES than FD but FD has smaller Stdv and Nrm dev. The fact that the FH’s SW_net 
is ~5 W/m2 closer to CERES than FD demonstrates much improved SW’s atmospheric absorption in RadH code 
as mentioned above.  
 
 
Slide 16:  Preliminary validation against CERES for 2017 Monthly: In-atmosphere clear-sky  
 For atmospheric clear-sky fluxes, FH has a better agreement with CERES than FD, especially 
substantially improvement for SW_net by 5.6 W/m2 as a demonstration of improved atmospheric absorption of 
RadH code. 
 
 
Slide 17:  BSRN Stations used for Surface-flux Validation (39 are data-available for 2007) 
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 We now compare all the monthly mean surface fluxes from CERES, FD and FH for 2007 with the 
ground-based measurements, the observed data from BSRN. Here is the list of the 39 BSRN stations, whose 
2007 data is used for surface validation here; the ten red-colored stations are what were used in Slide 10 for 
demonstrating the effects of aerosol data change from NASA GISS’ climatology to MACv2.  
 
 
Slide 18:  Preliminary validation against BSRN: for 2017 Monthly Mean 
 With BSRN as ground ‘truth’, overall CERES seem to have the best performance, though ISCCP-FH 
outperforms CERES by 3 W/m2 for SWdn in bias and 5 W/m2 for LWup in bias. ISCCP-FD has the worst 
performance. ISCCP-FH is overall improved over ISCCP-FD: by up to ~13 W/m2 for SWup bias while by ~2-3 
W/m2 for SWdn and LWdn bias, Stdv and Nrm dev.  
 
 
Slide 19:  Preliminary Uncertainty Estimate for monthly/regional ISCCP-FH 
 We summarize the above validation results. Overall ISCCP-FH is slightly better than FD but their 
uncertainties are virtually about the same. 
 
 
Slide 20:  Conclusions 
 Based on the above presentation, we make several concluding remarks as stated here. We mention ‘limit’ 
based on the current error estimates for all the input variables of the atmospheric and surface physical properties, 
which we think are unlikely to have substantial improvement in near future. Accordingly, the current flux 
uncertainty may not change much in a short time.   


