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Abstract. Three independent datasets of Radiation Budgetl Introduction
at the top of the atmosphere (TOA) spanning two decades
are compared: the Scanner Narrow Field of View data (fromThe continuous global observations of the Earth from satel-
ERBE, ScaRaB, and CERES instruments, 1985-2005), thétes are becoming fundamental for climate and environment
ERBS Nonscanner Wide Field of View data (1985-1998) andstudies. However, compared to the temporal scales used for
the simulated broadband fluxes from the International Satelelimate studies, observations of the Earth from space are
lite Cloud Climatology Project (ISCCP-FD, 1983-2004). quite recent and are based on instruments with short life-
The analysis concerns the shortwave (SW) reflected flux, théimes (a few years). It is therefore difficult to perform inter-
longwave (LW) emitted flux and the net flux at the Top Of the annual comparisons and analyses of the climate variability
Atmosphere (TOA) over Africa and the surrounding oceansfrom space. Large efforts are necessary to ensure successive
(45° S-45 N/60* W-60° E), a region particularly impacted space missions with compatible instruments and data pro-
by climate variability. For each month, local anomalies cessing and to generate consistent multi-year dataset. Many
are computed with reference to the average over this largastudies using these datasets intend to infer global trends in
region, and their differences between the 2002—-2005 andlifferent parameters, as the cloud coverage or the compo-
1985-1989 periods are analysed. These anomalies are, forreents of the radiative budget of the Earth. This is difficult
large part, independent on the general observed trends (abobiecause the observed variations, due to mixing regions with
2.5W 2 per decade), which may be affected by possibledifferent behaviours, are very small and remain close to the
calibration drifts. Although the regional flux anomalies can accuracy of the retrieved products. Regional trends on ho-
be related to calibration through the scene identification andnogeneous climatic areas are more prone to be detectable,
the choice of the anisotropy correction, this effect is limited if especially in sensible areas as the Sahel, convective zones
the calibration drifts remains reasonable. Large inter-annuabf the ITCZ, or oceanic regions covered with stratocumulus
variations are observed locally. Over a part of the South Eastlecks. That is why the present paper concentrates on varia-
Atlantic (35%°-10 S/10 W-10C E), including the marine low tions observed over the African-Atlantic area.
cloud area off Angola, there is a decrease of the yearly means One of the best examples of a consistent multi-year data
of net flux estimated to 2.2, 3 and 6 Wrespectively for  set was derived from the the Earth Radiation Budget Exper-
the Scanner, Nonscanner and ISCPP-FD data. Over a naiment (ERBE; Barkstrom et al., 1989), the Scanner for Ra-
row strip of the Sahel Zone, the net flux increases by aboutliation Budget (ScaRaB; Kandel et al., 1998) and the five
5Wm 2. We believe that these observations are real. Theyinstruments of the Clouds and the Earth’s Radiant Energy
could be due to the impact of calibration drift but only if System (CERES; Wielicki et al., 1996). A second example
the drifts were significant{4%) and correlated between the s the International Satellite Cloud Climatology Project (IS-
datasets, which is highly improbable. CCP) with data collected from geostationary (mainly ME-
TEOSAT, GOES and GMS) and polar satellites (NOAA).
Both programs provide a large dataset spanning two decades

(1985 to 2005).
Time evolutions from these datasets have already been
Correspondence toA. Ben Rehouma studied by several authors. Looking to the ERBE/CERES se-
(asma.ben-rehouma@Imd.polytechnique.fr) ries between 1985 and 2000, Wielicki et al. (2002) found an
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increase of the tropical means of the emitted infrared radia2 Data
tion of about 3W m2. In parallel, they observed a decrease
of the SW reflected flux (about 2WTR). These observa- We use three independent datasets. The first called ‘Scanner
tions were found consistent with the decrease of cloudinesslataset’ contains data from the ERBE, ScaRaB and CERES
observed with ISCCP data (Chen et al., 2002). The relationinstruments of the satellite missions listed in Table 1. The
ships between ISCCP cloud properties and the TOA radiatiorihree instruments are different, but all have a scanning mech-
budgets have also been investigated in many studies (for exanism and observe the Earth with a swath of 400 to 2000 km
ample Ringer, 1997; Ringer and Shine, 1997; Hatzidimitriouand instantaneous field of view of 10 to 50 km, depending
et al., 2004; Robertson et al., 2004). However, the observedn the instrument optics and the satellite altitude. There are
LW and SW trends are as large as they cannot be easily sintwo main channels: total (0.2 to 1p@n) and SW (0.2 to
ulated by the climate models (Allan and Slingo, 2002). The5um). The day-time LW radiances are determined from the
accuracies of satellite datasets have been strongly debatedifference between both channels. Onboard calibration sys-
and the conclusions are being re-examined. For the ERB®ms (blackbodies, tungsten lamp, and solar diffuser plate)
Nonscanner, Wong et al. (2006) found two corrections whichand inter-channel consistency tests provide highly accurate
almost cancel the LW increase (from 3.1 to 0.7 W2n For  radiances. The ERBE and ScaRaB instrument calibration
ISCCP parameters, Campbell (2004) argues that the additioatudies estimate the absolute accuracies of the LW and SW
of new geosynchronous data has gradually changed the residgadiances respectively to 1% and 2% (Barkstrom et al., 1989;
ual angular errors which can cancel the decreasing trend itkandel et al., 1998). The accuracies of CERES are 0.5 and
cloud amount, both regionally and globally. 1% respectively (Wielicki et al., 1996). For CERES, a SW
calibration drift of 1.5% has been detected and seems to
Recently, the ISCCP and CERES data have also beehave occurred when the instrument operated in rotating scan
used to estimate the surface fluxes using different techniquesiode (Matthews et al., 2005). This drift is corrected in our
(Pinker et al., 2005; Wielicki et al., 1996). With similar or datasets. Furthermore cross-checking between two scanners
innovative methods, local long series are derived from eaci{Haeffelin et al., 2001) and between Scanner and Non scan-
geostationary data, for example from Meteosat (Rigollier etner (Smith et al., 2006) have shown differences at the 1%
al., 2004; EUMETSAT Satellite Application Facility on Cli- level. From radiances, fluxes are computed using an angu-
mate Monitoring). The data directly measured at surface statar model, and they are temporally averaged using diurnal
tions (mainly continental) have also been analysed for studymodels. All the Scanner data are available from ERBE-like
ing long-term variability. For example, Wild et al. (2005) algorithms. Note the new generation of CERES SRBAVG
conclude to a decline of the solar insolation at the Earth’s surimonthly means data is recently available to the public with
face (also called “global dimming”) between 1960 and 1990, higher monthly means accuracy from improved angular de-
which may be related to an increase of aerosol content in thggendence model (Loeb et al., 2005) and better diurnal cycle
atmosphere. of radiation using geostationary data (Young et al., 1998),
while the GERB mission (Harries et al., 2005) improves the
Certainly, all these datasets are not as accurate and homaccuracy of daily integrations. The outputs of ERBE-like
geneous as required. Differences in the local time of obserflux data consist of regional monthly means over 8 255
vations as well as in the viewing geometry, and drifts of the latitude and longitude grid. In that follows, we have used for
radiometric calibration introduce small errors which can eas-ERBE the combined monthly means from ERBS, NOAA-9
ily raise above real variations of the Earth radiation changesand NOAA-10, and for CERES the TRMM (ES4, Edition
This is specifically the case for the analysis of the global2) and Terra products (ES4, FM1, Edition 2 Revl). For the
means since the observed variations are close to the unceeommon Aqua-Terra period (July 2002 to December 2005)
tainty range (Kandel and Viollier, 2005). The differences for we have used the average of the two satellite products (FM1
smaller space and time intervals, however, can be more sigand FM3). For the SW analyses, the Terra alone products
nificant. First, they can frequently reach much higher levels.(until June 2002) are not taken into account to reduce the
Secondly, regional anomalies are mostly independent of thémpact of diurnal errors, since they correspond to only one
calibration drifts which mainly impact all the data in the same morning observation. Despite of differences in the instru-
way as far as the drifts remain reasonable (1-2%). When thenent designs and satellite orbits, the Scanner series should
calibration changes become larger, they can modify the scenke quite homogenous owing to accurate calibration and sim-
indentification and then the choice of the flux anisotropic cor-ilar ERBE-like data processing.
rection (see discussion in Sect. 3.4). With careful studies of The second dataset is the 15-year continuous record of the
the error sources, and comparisons between three indepeERBS WFOV (Wide Field of View) non scanning radiometer
dent datasets (Scanners, Nonscanner, and simulated broad-985-1999). The instrument uses two active cavity hemi-
band fluxes from ISCCP-FD), this paper points out regionalspheric sensors for measuring the total and SW radiations.
variations of ERB between 1985 and 2005 over Africa andRegular solar views allow the evaluation of the stability of the
its surroundings. total channel to 0.1% and the correction for the degradation
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Table 1. Summary of the radiation budget datasets. Column 5 gives the local time of ascending node (LTAN) for sun-synchronous orbits, or
the precession period (PP) for slowly drifting orbits.

Mission  Satellite Inclination®)  Orbit type LTAN or PP Period of operation
. Non-Scanner Nov 1984—-1999
ERBS 57 precessing 72 days Scanner Nov 1984—Feb 1990
ERBE  NoaA-9 99 Sun-synchronous  15:00 March 1985-Jan 1987
NOAA-10 99 Sun-synchronous  19:30 Dec 1986—-May 1989
ScaRaB Meteor-3/7 82 precessing 209 days Feb 1994—-March 1995
carab  Resurs-0 99 Sun-synchronous  22:00 Nov 1998—March 1999
TRMM 35 precessing 50 days Dec 1997-Sep 1998
CERES TerraFMland2 99 Sun-synchronous  22:30 March 2000-...
AquaFM3and4 99 Sun-synchronous  13:30 July 2002-. ..

of the SW filters. The Non-scanner then is considered asute uncertainty remains larger. The overall uncertainties of
the most reliable instrument, with a radiometric stability esti- the monthly means of the TOA fluxes result from a complex
mated to 0.5% for the SW and day-time LW. Contrary to the relation of uncertainties in the satellite analysis and radiation
scanning radiometers, the field of view is large, from hori- transfer computations. They are estimated to 5-10W.m
zon to horizon, with an effective diameter of about 1500 km. The data record is available since July 1983 to now.
The measurements are converted to TOA fluxes (Green and From this short presentation of complex projects, one can
Smith, 1991), temporally averaged over the pPecession realize how the three datasets are independent and comple-
cycle and ordered over a 1@rid (“S10” product). With  mentary. The Scanner series is based on moderate spatial
variable observation times due to the ERBS precessing orresolution (a few tenths of km) and on onboard calibration
bit, the temporally averaged fluxes are less sensitive to disystems. The data processing uses identical angular and di-
urnal sampling errors than those estimated from scanner inurnal models. But the records are not continuous due to the
struments (most on sun-synchronous orbits). Although conshort life time of the instruments (a few years). On the con-
sidered as the most reliable, these Nonscanner data, howeverary, the ERBS active cavity hemispheric sensors have been
faced SW calibration drifts and processing issues. They weravorking continuously from 1985 to 2000, but they have a
re-examined several times (Wong et al., 2006). We have usedoarse spatial resolution (1000 km) and the data processing
the latest version (Edition 3 Revision 1). uses specific inversion algorithms. The calibration and data
processing of the ISCCP-FD flux are quite different since

The third dataset consists of simulated broadband flux esthey are based on narrow-band radiances from weather satel-
timates from the International Satellite Cloud Climatology |ites every three hours.

Project (ISCCP, Rossow and Schiffer, 1991, 1999). The flux

products (ISCCP-FD, version ii, Zhang et al., 2004) are com-

puted from broadband radiative transfer code with global in-3  Analysis results

formation on cloud fields (ISCCP-DX-D1) every three hours

from weather satellite data as main input. Other inputs are3.1 Long term mean values and standard deviations

daily atmospheric profiles of temperature and humidity and

climatology of numbers of parameters (cloud vertical layer From the average of all available Scanner data between 1985
distributions, cloud particle size, stratospheric water vapourand 2005, the spatial distributions of the LW flux (W f)
aerosols, diurnal cycle of near-surface air temperature, spe@re shown on Figs. 1a and b for two months: January and
tral dependence of surface albedo and emissivity). CloudAugust. These months correspond respectively to the win-
characteristics are retrieved from high resolution data (1-ter and summer seasons of the Northern latitudes and to the
5km) sampled at 30 km with data collected from passive vis-dry and wet seasons over the Tropical West Africa. In Jan-
ible and infrared imaging radiometers on board geostationaryary, over the continent, maxima are located along a zonal
(mainly METEOSAT, GOES and GMS) and polar satellites band stretching around 18I, from Senegal to Sudan, par-
(NOAA). The visible channel calibration uses vicarious cal- ticularly marked to the east of Lake Chad. For the same
ibration. In both spectral ranges, careful inter-comparisonamonth, minima occur over South America and South Africa,
between the different satellite data (Desormeaux et al., 1993etween 35S and 20 S corresponding to deep convective
Brest et al., 1997) allow to derive the relative uncertainty (or clouds. Over the Atlantic, ITCZ is observed betweérafid
stability): 3% in the visible and 1% in the infrared. The abso- 5° N. In August, the northern area of the largest LW fluxes
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Fig. 1. Means of the LW fluxes (W m?) over Africa and surrounding oceans for the available Scanner data in January and @uglist
and corresponding standard deviatigo,sd).

extends over the Sahara and Arabia deserts and the southIn a broad sense, the maps of SW reflected fluxes (Figs. 2a
Mediterranean Sea. The ITCZ is more continuous betweerand b) reveal the same patterns, but with opposite sign, mean-
ocean and continent than for January and has moved slightling that flux variations are mainly driven by the cloud cover,
northwards up to 10N. colder and brighter than the surface. One exception, the ma-
From the same data set, the corresponding standard dewine boundary layer clouds clearly appear over the ocean to
ations are presented for the same months (January and Auhe west of Africa, specifically off Angola in August, due
gust) on Fig. 1c and d as the first step to emphasize the areds low clouds which are not detected by thermal differences.
of large inter-annual variability. For both months, the stan- The SW standard-deviations (Figs. 2c and d) also reveal high
dard deviations are relatively lower over the African conti- variability over these areas. Over the whole area and for both
nent than over other regions, except for January close to thenonths, the standard deviations are larger than for the LW
Southern Hemisphere Tropic. In August, the most variabledomain.
parts of Africa are: Maghreb, Sudan, and South coast of West
Africa (Guinean zone). The highest deviations are observed 5  gstatistical differences between datasets
over the Atlantic around the ITCZ and SACZ (the south-east
extension of the convective band that originates in the Ama- .
zon Basin) and over Indian Ocean. Note that these extremg he maps (not shown) of averages a n_d standard-deviations
values are lower than those observed in Pacific Ocean and ré>' the ISCCP-FD fluxes exhibit similar patterns as pre-

lated to EI Nfo events (Cess et al., 2001; Allan et al., 2002).sented on Figs. 1 and 2 for the Scanner series. This is
also true for those of the Nonscanner data, although the

patterns are strongly smoothed by the coarse resolution.
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Fig. 2. Same as Fig. 1 but for the SW fluxes.

Quantitatively, each pairs of datasets are highly correlated, .
The lower coi/relation?ezo.?O) is found for the gVyScanner- ;rable 2. Mean and rms differences Of. LW and SW FIU).( W

. . or each pair of datasets over the Africa and surrounding® $45
Nonscanner comparisons, and the higher{.98) for the 45° N/B0° W=60 E) for the common period 1985-1989.
LW Scanner/ISCCP-FD pairs. However, there are significant
biases between the three datasets. Table 2 summarizes the
mean and rms differences between each pair of datasets for
the LW and SW fluxes over the area presented on Fig. 1. Due Flux Difference (W n2) mean rms mean rms
to gaps in the series, only the common period 19851989 is Scanner — Nonscanner 274 161 190 21.0
considered. In the LW domain, the largest difference does gcanner — 1ISCCP FD +3.04 58 _574 9.2
not rise above 4 W ? (or 1.5%). In the SW domain, differ- ISCCP-ED — Nonscanner —0.66 14.5 7.64 20.3
ences are more significant: ISCCP-FD fluxes are higher by
about 7W nt? (or 7%) compared to Scanner and Nonscan-

ner data. The rms differences between ISCCP and scanner

data are rather low 5.8 W (LW) and 9.25 W 2 (SW) represented on Figs. 1 and 2. The monthly anomaly is cal-
but they are larger wi';h the Nonscanner. ' culated with reference to a monthly climatology, mean value

of the data from the complete years between 1985 and 2005.
For each dataset, Figs. 3 and 4 show the time-series respec-
3.3 Time variability tively for the LW and SW domain. They show the same
trends as observed by several authors for the global and trop-
In this section, we examine temporal flux anomalies of theical means (Zhang et al., 2004; Wong et al., 2006): an in-
whole area centred over Africa (45-4% N/60° W-6C E) crease of the LW fluxes (+5Wm) and a decrease of the

LW SW
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Fig. 3. Evolution of the LW monthly flux anomaly based on the Scan(iagr Nonscanne(b) and ISCCP-FD serief), averaged over

Africa area and the surrounding oceans®(8545 N/60° W—60° E). Monthly anomalies are defined with respect to all available years.
Data versions: Terra FM1 Edition 2 Revision 1 for CERES Scanner, average of the two satellite products (FM1 and FM3) for the common
Aqua-Terra period (July 2002 to December 2005), Edition 3 Revision 1 for ERBS Nonscanner, version ii for ISCCP-FD.

SW fluxes (about-5Wm~2) for the 20 years. However, reference to the whole area. Then we have applied a simple
the LW increase is not confirmed by the last version (Editionlinear least-square regression between regional flux anoma-
3 Revision 1) of the Nonscanner series (Fig. 3b). With thelies and year, and plotted (not shown) the geographic dis-
exception of these real or spurious trends, the most strikingribution of the corresponding slopes and correlation coeffi-
variations are related to the Pinatubo eruption in 1991 (Min-cients. We have also computed the differences between two
nis et al., 1993). They are observed between 1989 and 199@eriods (2002—2005 and 1985-1989). The range of variation
showing SW positive (+5W m?) and LW negative anoma- lies between—2 and +2Wnr2year?, —0.8 to +0.8 and

lies (—4 W m~2). On the contrary, the impacts of ENSO are —20 to +20 W n72, respectively for the slopes, correlation

not marked, for example in 1998. coefficients and period differences. The spatial distributions
of these three parameters are similar, so that we only present
3.4 Spatial variability of time changes the maps corresponding to the period differences (Figs. 5 and

6). The same months as on Figs. 1 and 2 (January and Au-
Are the trends similar whatever the regions? To answer thiUSt) are selected, although large changes can be observed
question, we have first computed the local anomalies with‘crom one month to another.
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Fig. 4. Same as Fig. 3 but for the SW fluxes.

In the hypothesis that the mean drifts observed on Figs. 3neans are then computed and compared to the original re-
and 4 are not real, their main impacts have been removed bgults. In order to be coherent with the method used in the
calculating the local anomalies with reference to the wholesubmitted paper, the regional differences are first estimated
area. Yet, regional anomalies can be related to calibraand then the mean difference over the large area is removed.
tion through the scene identification and the choice of theThe worse cases correspond to opposite changes: decrease
anisotropy correction. However, because the flux is first re-of SW (—2%) and increase of LW (+1%), both concurring to
lated to the radiance, this secondary effect is limited if theshift the scene identification towards less cloudiness. In this
calibration errors are reasonable. To check this assertion wease, simulations were carried out for four months (March,
have simulated these errors by applying the ERBE-like pro-May, September, December 1994) corresponding to differ-
cessing to Radiation Budget data (several months of ScaRaBnt local times of the ascending node (the orbit was slowly
data, Kandel et al., 1998). We change the SW and LW radiprecessing). Shown in Table 3, the standard deviations of
ances respectively by 2% and 1% corresponding to the nomithe regional differences range from 0.57 to 0.81 WA(BW)
nal accuracy of the absolute calibration of the scanner instruand from 0.23 to 0.27 W r? (LW), respectively smaller by
ment. These modifications impact the scene identificationa factor 10 and 20 compared to the standard deviation of the
and the instantaneous flux estimate. New monthly regionaftegional anomalies shown Figs. 5 and 6. In the SW domain,

www.atmos-chem-phys.net/7/2617/2007/ Atmos. Chem. Phys., 7, 26292007
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(b)

(d)

Fig. 5. Temporal change of LW fluxes (Wnf): 2002—2005 period minus 1985-1989 period, over Africa and surrounding oceans, from
Scanner in Januarfa) and August(b). Corresponding results for ISCCP FD détyand(d). The correlation coefficient R between the
distributions from the two datasets are 0.79 and 0.83 respectively for January and August.

Table 3. Standard deviation of the regional flux anomalies due to athese error estimates are maxima, since they are based on

change in the radiometric calibration:2% (SW) and +1% (LW). only one observation per day. When several observations per
The simulations correspond to 4 months of ScaRaB. Since the orbiflay are involved, these errors decrease by compensation ef-
was slowly precessing, each month has different local time of thefects. We have also studied the case of an extreme calibration
ascending node (second column). The results must be compared drift (LW +2%, SW —4%). In that case, the impact is higher
the standard deviation of 8 and 5 Whof the SW and LW distri-  and increases the risk of misinterpretations. For example,
butions shown on Figs. 5 and 6: they are smaller by a factor 10 andt can be confused with a decrease of the net flux over the
20 respectively. southern hemisphere. However, even in that extreme case,
these errors are significantly smaller than the observed tem-
ScaRaB data 1994  Standard Deviation of the impact (Vf)m poral change (by a factor 5).

SW flux LW flux The impact of the calibration on the regional anomalies
March 22:.00 057 0.24 then is limited and the observed changes (Figs. 5 and 6)
May 1500  0.86 0.25 most probably are real, specifically if the possible calibra-
September  01:30  0.76 0.27 tion drift is reasonable (1-2%) as expected. The spatial pat-
December  15:15 0.81 0.23

terns for both datasets (Scanner and ISCCP) are remarkably
similar specifically for LW (Fig. 5), with correlation coeffi-
cients equal to 0.8 and 0.6 respectively for LW and SW do-
mains. For January, the largest LW increases (+20W&)m

Atmos. Chem. Phys., 7, 2612629 2007 www.atmos-chem-phys.net/7/2617/2007/
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(b)

(d)

Fig. 6. Same as Fig. 5 but for the SW fluxes. The correlation coefficiBriistween the distributions from the two datasets are 0.58 and 0.65
respectively for January and August.

are observed over the South-eastern Africa (around Mozamand d), opposite LW trends are observed for some oceanic re-
bique) and a long strip crossing the Atlantic from Guyana togions (Indian Ocean, ocean off Southern Brazil and ocean off
Morocco. Negative values-5 to —20 W m2) form a cir- Southern Africa), but not for the continent. Surprisingly, a
cle surrounding the Gulf of Guinea, composed of the Africanfew inland parts of the Guinean zone even show both LW and
coasts, of a strip crossing the Atlantic around the Tropic of SW positive differences, outlining both warmer and brighter
Capricorn and of the Eastern Brazil. These patterns, busmall areas.

with opposite sign, can also be discerned on the SW maps
(Fig. 6), more clearly with ISCCP. On the SW pattern, posi-
tive anomalies reach +20 WTA over the marine low cloud
areas off Angola.

Finally, similar distributions of the same two-period dif-
ferences, but for the yearly means are presented on Figs. 7a
(LW) and 7b (SW). Due to the yearly averaging calculations,
the differences are smoothed and the ranges of variation are
For August, the distributions are totally different. Pos- smaller than for individual months. In the LW domain, pos-
itive LW trends are observed over a large part of the In-itive variations (7—10 W m?) are observed over the Eastern
dian ocean, around the Persian Gulf, over a small oceani®razil. The SW variations range from12 W m~2 (Brazil)
area off Southern Brazil (around 38 latitude), and over the to 15W n1 2 (Atlantic, below 35). Positive differences are
Guinean Coast. This last feature is not widely extended butlso observed over Atlantic ITCZ and the marine low clouds
clearly appears on both datasets. Slight negative LW trendsff Angola. This information is important since the marine
are observed over Mediterranean area, over the Eastern pasbundary layer clouds are considered as the heart of tropical
of Sahel, over the Southern Africa and the adjacent areas ofloud feedback (Bony and Dufresne, 2005). The robustness
the Atlantic and Indian Ocean. On the SW maps (Figs. 6bof this observation is examined in Fig. 8 which shows that the
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(b)

(d)

Fig. 7. Temporal change of yearly fluxes (W'r%): 2002-2005 period minus 1985-1989 period (all months): LW @)xSW flux from the
ISCCP-FD datdb), net flux from the scanner seri@, net flux from ISCCP-FD daté).

SW increase is captured by the three datasets, however, witbf Africa. Both figures show some similar increases (5 to
different uncertainty levels. The slope and2incertainty 7 W m~2) over the African continent, particularly over the
of the trends have been calculated according to Weatherhea8ahel zone, mainly due to SW decrease. For a better under-
et al. (1998) by taking into account the variance and autocorstanding, we have calculated the’ 38 to 10 E flux average
relation in the data. The three slopes are positive. The inas a function of latitude and we have studied each month.
crease can be estimated to about 2.2, 3 and 6 Wmaspec-  The increase of the net radiation is specifically marked for
tively for the Scanner, Nonscanner and ISCPP-FD series (exthe beginning of the rainy season (April to August). The
trapolated from 15 years for Nonscanner). However, whervariation in the Net flux results from different LW and SW
taking into account the 2-uncertainty, only the ISCCP-FD variations. For the May monthly mean for example, the Net
case shows a significant increase (slope 3Wi/decade, 2-  flux difference reaches about +10 Waround 15N. It
0=1.6 WnT?2/ decade). results from negative differences for both LW and SW. Ob-
. o served both with ISCCP-FD and Scanner data, the LW and
Since the LW variability is small except over the Eastern g\n/ minima occur respectively between 10 and NSand
Brazil, it is not surprising that the net variations (I_:ig_. 7C — petween 15 and 2(N. The decrease of the SW flux is not
Spanners gnd _7d B ISCCP_’ FD) rgflect t_he SW variation, bUtassociated with the increase of LW flux suggesting complex
with opposite sign. The artificial discontinuity line at3% 3 iation of low and high clouds and of surface albedo. The
(Fig. 7d) is present in the original SW ISCCP-FD data. Both o |2 ation could be the surface darkening linked to the posi-

patterns (from Scanners and ISCCP-FD) are not very siMiyye yrand of the vegetation index observed between 1982 and

!ar in details. However a similar decrease (abeBtwW m~2) 1999 (Eklundh and Olsson, 2003).
is observed over the ocean along the South-western coasts
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Fig. 8. Differences of the monthly SW flux anomalies between the South East Atlanfie185S/10° W-10° E) and the whole studied

area, for the three datasets, Scanrf@jsNonscannefb) and ISCCP-FO(c). Data versions: average of the two satellite products (FM1
and FM3, Edition 2 Revision 1) for the common Aqua-Terra CERES period (July 2002 to December 2005), Edition 3 Revision 1 for ERBS
Nonscanner, version ii for ISCCP-FD.

4 Conclusions 5W m~2 corresponds to the observed LW and SW changes
of the mean flux value observed over the large African area

. . . . ._under study. It is then difficult to assert that the observed
This study was looking for consistencies between the spatia] . . .
L - rends are real or linked to an instrument drift. The second
distributions and temporal changes of radiation budget from

three independent datasets over a 20-year period. IndeeBrOblem is the differences in the observation time, which lo-

the Scanner series (ERBE, ScaRaB, CERES), the WFO\?ar"{‘t"gimrc:]uTe b'f‘ses_’rr? Ver ?rﬁi?fitwét? ?%rs]ter;attlcv\?nﬁ ?/'f'
Nonscanner series and the ISCCP-FD datasets have comq € urnal cycles. €y are edlorthe gata we have

pletely different characteristics: time and space sampling considered: the ERBS dataset (precessing orbit), the ISCCP-

sensor type, calibration method, flux calculation approachFD data (observations each three hours) and the average of

! ..~ _the morning and afternoon data for CERES.
Intercomparisons are necessary because the uncertainties in

each dataset are larger than required. The main uncertainty In order to make the observations less dependent on
comes from the radiometric calibration. The uncertainty ofthe true or spurious observed drifts, we studied spatial
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anomalies, differences between the local flux and the reEdited by: A. Nenes
gional mean. Yet, the distribution of these spatial anomalies
can also related to calibration through the scene identifica-
tion and the choice of the anisotropy correction for the flux
computation. But the sensibility studies show that the im-

pact of the calibration on the regional anomalies is smallerA”an’ R. P., Slingo, A., and Ringer, M. A.: Influence of Dynamics

thar! the (.)bs-erved change, specifically if the.possmle cali- on the Changes in Tropical Cloud Radiative Forcing during the
bration drift is reasonable (1-2%). Large regional changes 1998 E| Niio, J. Climate, 15, 1979-1986, 2002.

between 1985-1989 and 2002-2005 periods have been d@flan, R. P. and Slingo, A Can current climate model
tected, for two selected months (January and August) and forcings explain the spatial and temporal signatures of
for the yearly means. They reveal at least two findings. decadal OLR variations?, Geophys. Res. Lett.,, 29(7), 1141,
The first is the increase of the SW flux over a part of the doi:10.1029/2001GL014620, 2002.

South East Atlantic (35-10° S/10 W-1C° E), including the ~ Barkstrom, B. R.: The Earth Radiation Budget Experiment (ERBE),
marine low cloud area off Angola, found to be equal to 2.2, B- Am. Meteorol. Soc., 65, 11701185, 1984. .
3 and 6 W12 respectively for the Scanner, Nonscanner andBarkstrom, B. R., Harison, E. F., Smith, G. L., Green, R. N., Ki-
ISCPP-FD series. The second is the increase of the net flux 2€" J-» Cess, R., and the ERBE Science Team: Earth Radiation
(about Ssz) over a narrow strip in the Sahel zone. These Budget Experiment (ERBE) Archival of April 1985 Results, B.

b i hould h i links with th Am. Meteorol. Soc., 70, 1254-1262, 1989.
two observations shou ave important links with the evo'Bony, S. and Dufresne, J.: Marine boundary layer clouds at the

lution of the climate system, since they introduce significant  peart of tropical cloud feedback uncertainties in climate models,
changes of the regional net fluxes. Important LW and SW  Geophys. Res. Lett., 32, L20806, doi:10.1029/2005GL023851,
differences (up to 10 W rr?) with opposite sign are also ob- 2005.

served over the Eastern Brazil. Because of the changes caGampbell, G. G.: View angle dependence of cloudiness and the
culated from the Scanner and ISCCP series are highly corre- trend in ISCCP cloudiness, 13th AMS Conference On Satel-
lated, we believe that these observations are real. They could lite Meteorology And Oceanography, Norfolk, VA, 9/20/2004—
be due to the impact of calibration drift, but only if the drifts  9/23/2004, 2004. -

are significant £4%) and correlated between both datasets,C€SS: R D., Zhang, M., Wielicki, B. A., Young, D. F., Zhou, X., and
which is highly improbable. Nikitenko, Y.: The Influence of the 1998 EI b upon Cloud-

The regional changes of the yearly net flux which have Radiative Forcing over the Pacific Warm Pool, J. Climate, 14,
. . 2129-2137, 2001.
been.deteCted’ re%Ch UD.tO 6 W rin 20 years, with an .un- Eklundh, L. and Olsson, L.: Vegetation index trends for the
certainty of 4 W< referring to the scatter of the three inde-  african Sahel 1982-1999, Geophys. Res. Lett., 30(8), 1430,
pendent estimates. Changes are still larger when considering 4oi:10.1029/2002GL016772, 2003.
the shortwave and longwave fluxes separately, leading to sigsreen, R. N. and Smith, G. L.: Shortwave Shape Factor Inversion
nificant changes in the repatrtition of radiative heat sources of Earth Radiation Budget Observations, J. Atmos. Sci., 48, 390—
and sinks in the atmosphere. This should be linked to vari- 402, 1991.
ations of other atmospheric and surface parameters, whichtaeffelin, M., Wielicki, B. A., Duvel, J. P., Priestley, K., and Viol-
will be the subject of further investigations. Beyond the re- lier, M.: Intercalibrat.ion of CERES and ScaRaB Earth radiation.
gional analysis over Africa and surroundings this study illus- Pudget datasets using temporally and spatially collocated radi-
trates the difficulty for detecting changes or trends in satellite | 21C€ measurements, Geophys. Res. Lett., 28(1), 167-170, 2001.
datasets and emphasizes the need of improved radiometr,E:'ameS'J' E.: R.usseII,J. E., Hgnafln,J.A., et al.: The Geostationary
. . Earth Radiation Budget Project, Bull. Am. Meteor. Soc., 86(7),
calibration. 945-960, doi:10.1175/BAMS-86-7-945, 2005.
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