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[1] The projects ISCCP and GEWEX-SRB compute
global data sets of radiation budget components at the top
of the atmosphere and at the surface. Time series range from
July 1983 to June 2001, and to October 1995, respectively.
Comparing monthly averages over broader zones we find
that the SRB underestimates the incident radiation at TOA
by more than 2—5 Wm™? over the tropics and up to
40 Wm ™2 over polar regions. The ISCCP infrared radiation
fluxes near the surface and at TOA, in particular over both
polar zones, are higher than those of the SRB. Clouds in the
ISCCP appear optically less effective than in the SRB.
Interannual and month-to-month variations are observed
indicating serious errors in ancillary data. Complete
reprocessing is recommended. End products need
validation within this large domain in space and time with
correlated radiation budget measurements at TOA and at
ground. Citation: Raschke, E., S. Bakan, and S. Kinne (2006),
An assessment of radiation budget data provided by the ISCCP
and GEWEX-SRB, Geophys. Res. Lett., 33, L07812, do0i:10.1029/
2005GL025503.

1. Introduction

[2] Climate monitoring needs information on radiative
energy fluxes within the climate system with an absolute
accuracy of about 3 Wm™? and better and a long-term
stability of 0.5 Wm ™2 [Ohring et al., 2005]. Our study is a
contribution to recent efforts of the GEWEX (Global
Energy and Water Cycle Experiment) to assess the available
radiation data-sets of the ISCCP (International Satellite
Cloud Climatology Project), of the SRB (Surface Radiation
Budget Project of GEWEX) and of others with respect to
their potential for long-term studies of climate variations.
Radiation fields, computed in both projects are compared
here to identify major discrepancies and their possible
sources.

[3] ISCCP and SRB were initiated during the years 1981
to 1983 by at that time existing relevant advisory bodies to
the World Climate Research Programme (WCRP) to
“determine the global cloud field characteristics from
operational satellite data” (ISCCP) and to “compute from
these and other data the radiation budget fields at the earth’s
surface” (GEWEX-SRB), respectively. ISCCP [Rossow and
Duenas, 2004, and references therein] uses various ancillary
data on the actual radiative characteristics of the atmosphere
and the surface to extract information on cloud field
properties from carefully normalized radiance data of oper-
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ational polar orbiting and geostationary satellites. It com-
putes [Zhang et al., 2004] often with the same ancillary and
cloud data all radiation budget components at the top of the
atmosphere (TOA), at the surface and also at three addi-
tional levels within the troposphere for clear and cloudy
skies. The SRB [Stackhouse et al., 2004; Cox et al., 2004]
uses besides the ISCCP cloud information also ancillary
data from other sources and also different radiative transfer
codes to compute the same radiation quantities at the upper
and lower boundaries of the atmosphere. Both projects use a
mean aerosol climatology and cannot yet incorporate infor-
mation on regional disturbances of the atmosphere by
volcanoes or biomass burning. These data-series are avail-
able since several years as grid averages on the respective
websites of both projects. They found already worldwide
use to study the time and space pattern of fields of the
radiation fluxes and the vertical flux divergence inclusive
the effect of cloud fields on them [e.g., Raschke et al.,
2005a] or to validate related products computed in separated
projects [e.g., Hatzianastassiou et al., 2004] or by general
circulation models [e.g., Gates et al., 1999; Jakob, 2004].
The data-sets used here remained unchanged at least until
about June 2005.

2. Methodology

[4] Both projects compute simultaneously for each grid
point the radiation fluxes for clear and cloudy (clouds and
clear atmosphere) skies to estimate the cloud effect (CE) on
radiative energy transfer as the difference between both.
Cloud fields are known to generally increase the planetary
albedo and to lower the down-welling solar radiation at the
surface. In the infrared they reduce the emission to space but
enhance the radiation to ground. Exceptions occur for
specific constellations.

[s] We use here monthly averages of all radiation fluxes
at TOA and at the surface. To avoid the “noise” of regional
and local detail and to enhance the information on typical
climate zones, this data has been averaged over large
latitudinal belts (0—30, 30—60, 60—75 and 75-90 degrees
over both hemispheres representing 25, 18.3, 5, 1.7% of the
earth’s surface). Earlier comparisons [Zhang et al., 2004;
Cox et al., 2004] refer to smaller grid areas of 2.5 degrees
and less. Uncertainties were estimated there between 10 and
15 Wm 2. Our main results are summarized in Tables 1—3
as mean seasonal ranges of each quantity (fluxes and CE) as
computed in the ISCCP and their difference to SRB, and
also RMS-values of the deseasonalised components. The
latter contain the month-to-month variability of weather and
spurious inconsistencies, which are more visible in detailed
plots. Most differences between ISCCP and SRB data show
a pronounced seasonal periodicity. Considerable interannual
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% QQGQQ?Q§€:@68@:@QA variability and often abrupt month-to-month changes with
5 |£ dd@d@:’i:ig’@;@dddéé “unusual” large amplitudes have also been found. The
- g‘ = = = 2 Z % 2 SS 2t 8¢ E 2392 websites of both projects contain all data discussed here
% | 2 f =] § @ ﬁ 258528888 g and substantial documentation. They are for ISCCP: http://
= cielladewiieTi®eee iscep.giss.nasa.gov, and for SRB: http://eosweb.larc.nasa.
> gov.
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é) z 232333333&@53323%%3 3. Solar Radiation

§ S g; F‘\:; T § 5% TF E; T8 SR [6] ISCCP and SRB compute all solar radiation fluxes
TB) °cL 22588208 E i o2 f ﬁ £ ﬁ 2 ﬁ with different values for the Total Solar Irradiance (TSI =
2 |2 ;2:%%?5%*&"?7‘7’3?3‘? 1367 Wm™? in ISCCP; TSI = 1372 Wm ™ in SRB) and also
g . | with dil“fe}rlentd Vall}le;ls for .thgr (sIuSnC éarll)gl% gggxge d};(gr]::;
5 2 _ limiting the daylight perio : 0. ;
£ 5 CEaTE qn08028269 2 SRB: about 113 degrees). ISCCP includes a leap day af
2 % g §:§§§;§:§:§g :53’;92 the end of February every forth year. SRB does it not,
= ST ¥ Tatiegy J;; I Eﬁ : o ts ot causing an apparent 4-year periodicity in the differences
g ol 2 f e f Z2q ﬁ I " between both (Figure 1). The magmtuq% of suph dlffer'ences
5 2 & SEYNCRTITS gAY exceeds values of more than 15 Wm™~ at higher latitudes
= § due to the shorter daylight period in SRB data. Both do not
© 3 —_ = —_ o < include the observed natural Vaqabﬂlty of TSI [Fréhlich
£ 2 gﬁffi 3 f;ﬁ@fégﬁﬁggg 5 and Lean, 2004]. T.he. shorter dayhght length in SRB results
2 % g Z%Z:{g;g 2 IS’%: 2 f% aTZs agfgc(:)tsd all solar radllﬁtlont lfluxes at hlghfirolrzlltcl)tfugtehsepr)(élsxggd
SE|TFTe@ 1 J8SET 1T 18 1aigl@ 0 egrees, masking there an inspec -
% s é z gefeie f 5|3 2z z Z f 222~ i nents ofgthe radiation budget. Therefore we discuss here
= 2387 'g| k- Fe I =qF I oes | B only the solar results obtained between 60S and 60N.
=) E - [7] The ISCCP solar radiation budget at TOA (row 2) is
< E — o —_ E“ during almost all months smaller than. that' of SRB over the
g o famiZaaeg s a22%.8.8l & tropics and southern mid-latitudes. This might be partly due
E % g EQSZZZ&?ZZSv 5;93 Sh= 2 to the stronger effect of clouds, which seem in ISCCP over
25| 3T T IRFTIRTT 3T 2] £ that belt to be optically less dense than in the SRB. Clouds
2elglgeeeegece 222 2228 generally reduce the solar budget at TOA. Between 60S and
% 3 g ? T A :| N € DR a < N s 30N this effect is smaller in SRB thaq in ISCCP, while the
f e | % opposite occurs over northern mid-latitudes. '

- § —~ " E [8] At the sulrcfache ((riows 3 znd 14) thed' dtl‘f(ff,rei;l;;s/
E-| |eeacl-R8 5288455 ISCCP-SRB) of the downward solar radiati

o) % » 553333333333933333 é‘ %)etween -6 )and +7 Wm™? over the zone .6ON to 6QS.
Sl ETeT gy TegaTderTS| 8 Clouds reduce the downward solar radiation but with
g2 é 2202220 ¢c¢e E 222,282 £ different strength in both data-sets. The disagreement
&7 g el N é ga ® s Ziaae 3% between values of the solar radiation budget ranges
z 8 T . T P i between about —7 to +8 Wm 2. Clouds tend to decrease
'§ é" £ it. Over the tﬁopic? th:;' effect is l(lighers)in. ISCC}:l thlan 161:
= oo ~5 e~ _ac- 8 SRB data. The solar divergence (row 5) is mostly low
<OC - n 35?533935323335333 E in ISCCP data. Clouds increase it ogly slightly, since they
Sl i’:%:g o 3;‘? 23S T A % el E reflect a large fraction of the insolation back to space and
§ 5 :,\‘ TQY c|> e Te E =3 2 ;2 5 282 also shield the lower moist troposphere.

MmzZ|Q e a2 o=

|t ergoundGnRsnsse . .

R T S - 4. Terrestrial Radiation

é g —~ —_ g [o] In the infrared I.SCCP computes poleward of 60°
5 kS sacstsesacat Qaﬁfgg 3 during most months higher emission to space (OLR) at
v & g dii@;;’di’i@;%ﬁ =z g%:’,;’ 2ol o TOA than SRB, but lower values are found over the tropics.
=29 FaETen88 ot et 2 Clouds geduce systematically the OLR less in ISCCP (up to
o = ?@88892883333:::9:‘5;% 6 Wm )thanmSRB.Overthezonebetweenabout60N
EE SCeTTNe T I~ a1 1% | 2 and 60S the ISCCP cloud tops are possibly lower (warmer)
g 2 % and at higher latitudes higher (colder) than the SRB clouds.
£ ~ = The ISCCP computes higher values for the down\yard
S g|< g atmospheric radiation at the surface (row 2) over all regions
k= § é <2 S 8 2.2 232 2 o 2 B 5 except over the tropical belt and th.e southern mid-latitudes
Z g £ 2 [:5 2z t‘”: G %D: 282 Z° (30—-60S). SRB clouds seem to increase the downward
~ g g § 0T0mO 0w f, 0w g Owo| 3 atmospheric radiation by 4 to 8 Wm * more than the ISQCI;
= E E§AEARORQRAURAGRORAR0A g clouds possibly due to lower base heights or lower optica
S E|S
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& 28588~ -0 R3% ~aumq thickness. At higher latitudes this effect is masked by a
n A s s
zldeooe 4 2 2dTIGc o>y stronger seasonal signal
) 5 o - e NC JTF 0o g gnal.
S| Nen S en 2= TR g e .. .
E RN R R R B el ~ N [10] The upward emission at the surface (row 3), is
~ YT ggguoaa l+vy 141 o ) > ; .
O % 2 :ro Se82ecgce2g82g8g828] during almost all months in particular over the poles, higher
o~ A — . . . . . . .
9 Toa—~4RE2TEnE2RaS8 =R« in ISCCP than in SRB. This bias in ancillary skin temper-
2] == IS Gt ey
o . . . .
o ' | atures is also contained in the lower tropospheric temper-
Q . . . . .
g atures and is possibly due to a bias in the ISCCP retrieval of
3 ~ER NS © -39 surface temperatures. Over the tropical belt the ISCCP
— TN N - ST A5 G
” Zld2=2 < cassgecy I-aad surface temperatures show a tendency to decrease of about
5] o anm T T ol T a~C s ~ . .
% 2l dgT « 2o SarT e b 2K over 19 years (not shown.her{:) with a sharp increase
= ‘é c2ggc2cfc2cceo®cs between 1992 and 1994, which is an artifact (Pinatubo
3 = = =S = = = S S = = = .
= NG —_ — © v - = 9
= LSS TIRgSn Y ¥e e dust' 7). Both changes nee':d' urgent correction. Clouc}s
° R Sl I dominate the terrestrial radiation budget at surface again
f somewhat less in ISCCP than in SRB data except over the
5 ) .
~ ~ —_ poles. Indeed the retrieval of skin temperatures [Emery et
o) ARS8 o~ 2T an YA~ ] . K - ..
= Cs20ne 52232852024 al., 2001] might be possible only within a limit of +£0.3K
< N AT sT AT = 4 P
T T Q0 LT T T o . . . .
%\ % clnSan-longe=y ey > over ice-free oceans and with a much wider uncertainty over
<+ = 2 O o T A d : ; ;
o PIIF TSR0 ST ; Sy <|:"’ continents. Cloud fields, which are not correctly recognized
= |n/eg2s2e2ececs22e28cc2 8¢ in the retrieval :
g Rl iz 2rzasioec in the retrieval, cause major errors.
A SRS A S fﬁl rre [11] In the infrared component of the total flux diver-
5 gence (last row), the disagreement between ISCCP and SRB
S0 _ ranges between about £20 Wm ™2, corresponding to often
= =N c=%cs foZg9geoz - SN more than 5% of the individual components. Clouds tend to
o _og z|S=Sse i IeT \:j Nt = 35’ ) decrease the net cooling over all extra-tropical regions, while
) = N N H N} . o Y . . o
CElRETTSFrITETT CoYTTSR they seem to enhance it over the tropics (positive CE). But,
g0 é eceeee2C2es8s o‘;'ee;oge this cloud effect in ISCCP is 5 to 8 Wm ™2 lower over the
o q - — e .S . . o1 . .
ﬁ =z 37 QI PR % = ; I $ i% Tx ; S ° tropics. It shows a large seas.onal variability, which might be
= ®© I dug to low quality of ancillary data and also some real
2 variations.
— >
O3 = ~ . ~Y
= SaY~a c x5
23| |22cSdcA=4gTea=4aa 5. Radiation Budgets
S| Fe-EogTIEganaTETmnn ’ ‘ o
gAlpQl ladF gl s [Pl 1353 2 [12] These various errors in the individual fluxes propagate
So|loleegeggeeceetogeeegg= . :
= ] IRl R - T DR into the total (solar + terrestrial) budgets at TOA and also at
2 o IR PR LR M R . . . .
= 2 A IR A NS ground. Partial cancellations keep the magnitude of differ-
o5 ences of ISCCP and SRB data between about 220 Wm 2 with
é a _ . strong seasonal variability at all latitudes. At both boundaries
~ ~ (=) & —_~ & n —~ .
> %;n 82258 siasd2daDA the ISCCP computes mostly higher values than the SRB.
882 TneSSncesSavcey g Clouds dominantly reduce the TOA budget except at high
TLYRYVERI9TR - TEeTT BT latitudes. This effect seems to be stronger in ISCCP than in
S >l oLl oocgc o000l o00g*ao* :
< Z|§l2l2ge 28220200, 8 SRB results. Differences between the net 2ﬂuxes at surface
< SENREIESh SR O RN range between about —10 and +18 Wm™~. Clouds reduce
| | . .
= ' ' both budgets over the tropics only, they enhance it over the
< 9
[ . .
= O poles. Here again the SRB computes higher values of CE over
an ~ ~
=82 P e N kY the belt between 60S and 60N.
2= T B o I e o AT
CQM % :;vgggrﬁ;@vv@(ﬁgovvw
En|loladloe-adalslticngds .
2 g ST T8 aTR?TYRY TN 6. Final Comments
27|zl e2eceee2ez2e2e222z2 . .
3 3| % o, 0o MO @SSO [13] This comparison of two data sets shows several
[~ S~ NS Tt = [ TSI Q N . .
o S =T a [ e I systematic errors, which need to be corrected before a
il further and more detailed assessment may start. The uncer-
° g _ o tainty ranges in monthly means averaged over large frac-
£ 2| |208280 503226274080 tions of the earth are too large and cannot be accepted for
= N ATTTLL IR Qo DR ot :
g fg SleaTeac R - 3 global monitoring of rad1at10n budget components [Oﬁrzng
£5|7 2 ; S=gE@Ta : ‘O T P et al., 2005]. We obtained quite complex results with a
S 9 28 g8 2g¢
C=|i|2elcfefesl o822z strong seasonal component.
EEn AT IS T 2T TS T2y S [14] The following major uncertainties could be
] . . . .
2 é ! identified, whose correction should lead to a stepwise
5= reprocessing:
5 :
SR m m B m m .. . . . .
<Z 5 < g 2o ggg 5 & g 5% 2 [15] a.) I.nd1v1dual dlff.erences in values of the incoming
A :; é‘ e 6 6 2 6 6 s E)L g 5 6 A 6 6 solar radiation at TOA glgure 1).and at ground re.ach values
) = .
E &m) 3 g Swmy z O w3 58 2QmO § S w3 of more than 40 Wm™ = over high latitude regions. They
LOZLAL0OLODLRZ20LFL20Z
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= o~ e e~
g z EQQQQESS ) = e >
Sl T Twow Incident solar radiation
& & &'J E TREYYE M h ” et M I
g op ) ; ges8e 8 ; 15 b1
= Lozl Ta |
- [ B N
s : | ‘u"_“gdlf'%‘ bkl
= —~ | Al
3 e R , W
[ =T & ‘ 1 LRR Ml 8 IiE B
Z| T o= % o T - 1983 ‘j logg o#g ‘ lhasgl 983 I Modd |legs “feos
o | o o« =< T U
2 |e[¥399T¢F% . A '
wn | 8 8 9 8 8 oo o |+75-&)5 +N755 30-60S 00305 ——0030N —&— 30-60N —+—60-T5N —=—T75-80N
T |Blecgnnss _
: TTIITesYs Figure 1. Differences between monthly zonal averages of
S incoming solar radiation at TOA (in Wm ™ ?); global annual
1% averages of the TSI are recomputed for the ISCCP 1367 and
g ase-aRaq for the SRB 1357.5 Wm 2, respectively. Each year begins
o AN T aa =T
dz-=—-aCc at its number.
Z |£lecage=as
aa} ol o ¥ [l
% A Zcfetece
5 @l @S o :; £ v — ; .
5 TET A 003 make a further assessment of all other solar products, which
% ' ! are computed over hig'her' latimdeg, useless. .
) [16] b.) There is a significant discrepancy in surface and
£ T e canns) lower atmospheric temperatures causing higher emission in
= SSToET ST the ISCCP over higher latitudes and somewhat lower
oZ o — o s . . . .
= 22977 S i emission over the tropical and mid-latitude belts, with a
© J22g2 E 258 small tendency to decrease there with time. The ISCCP is
g < llr are % 229 °:° significantly “colder” than the SRB over the belt between
T 30 and 60S.
s . . .
E [17] ¢.) ISCCP clouds appear to be optically thinner in the
o P _ solar range than the SRB clouds, although both projects use
S mooodess cloud characteristics as provided by the ISCCP. Also the
zZ2 2 8‘ 5 g vy upper and lower cloud boundaries need a closer inspection.
E T e =t ('33 N [18] d.) The large interannual variations of all differences
~8|slegeeglg8c2 b h i h
& g|® R DS etween ISCCP at}d SRB, suggest, that various other
=8 ISTT=20T 0 an.cﬂ.lary data vary in their quality over the time period of
5 o this intercomparison.
o S . .
Eﬁ o [19] We recommend, that in a first step both projects
g2 8 a® _gaq must reprocess their solar radiation components agreeing
S =y (:v';::@ ‘325 in the same insolation at TOA and in the same onset and
8_5 B YT o offset of the daylight period over each area. Similarly
e 28 ¢ A .
_g glelce2iores also other radiation budget projects (e.g., CERES
§58|7 1{ 2 gl S & - [Wielicki et al., 1996]; not shown here) and also all
22 o climate models should adjust their insolation to same
) . .
< o values for the same time periods [Raschke et al.,
g g ~Sss@ o 2005b]. Both projects need to correct their ancillary skin
EAal, dTdaTgag temperature values. They also must reconsider their cloud
z §D bl g3y 2 SRS characteristics. ISCCP clouds are known for their low
Sel|lestett L accuracy over both poles. Further also all other ancillary
2o|gn28lec88 . A :
s Z SeEdoa®s data of both projects should be inter-compared and if
g > PET T necessary corrected. Final results must again be validated
= with independent data sets on the radiation budget at
=8 TOA and at the surface [e.g., Ohmura et al., 1998; Cox
gé CRae8doF et al., 2004]. ’ ’ ’
%) C=-C— g . .
2als §| Adasano [20] Both data-sets are at present not suited for conclusive
N [ I i’ T o a . . . . .
g E Jlelro T iog analyses to identify slow changes. But their scientific value
o238 2E L aEe is high for qualitative studies of regional pattern and for the
S s —_—— T s X h
T8 I S development of methods to monitor globally most or all
Ko components of the energy budget at ground. Future data sets
£ %” require in particular more accurate information on cloud and
Fel 2358 o 28 2 aerosol characteristics and on the surface properties and its
“F|EED F2E & iability with cl i
S8l RLR ¢ variability with cloud cover over continental surfaces. Of
o o &8 0 DA A . .
= 2| & Z S 979 O particular concern are cloud and temperature retrievals over
EAlC|E2C2E282 both polar regions.
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[21] A report with more details in pictorial form is
available from the authors.
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