
Changes in Tropical Clouds and
Radiation

Two potentially important papers by
Wielicki et al. (1) and Chen et al. (2) dealt
with aspects of how clouds and radiation vary
and change, and whether climate models sim-
ulate the changes correctly. There is ample
prior evidence suggesting that models have
difficulties in correctly simulating clouds,
and clouds are regarded as the biggest source
of uncertainty in reports by the Intergovern-
mental Panel on Climate Change (IPCC) (3).
However, an alternative interpretation of the
disagreements shown between observations
and models is that the analyses of the obser-
vations may be flawed.

Making observations from space that are
stable over time is difficult. Most satellites last

only a few years before they are replaced, orbits
of satellites decay, and heating extremes are
experienced as the satellite platform moves into
and out of sunlight. Therefore, calibration and
ground truth validation are vital for accurate
measurements. In the case of outgoing long-
wave radiation (OLR), there are no trends ob-
served like those by the Earth Radiation Budget
Satellite (ERBS) (1) in the operational NOAA
series of satellites (4, 5). It seems likely that the
highly unusual OLR observations during the
1997–98 El Niño were real (6) and failure of
models to represent this climatic variation sug-
gest their inadequacy. Because values from in-
struments on different satellites cannot be trust-
ed without overlapping measurements, the real-

ity of the increase in OLR in the 1990s hinges
on the continuity of the ERBS measurements.
However, there was a three-month hiatus in
those measurements in 1993, after which sub-
stantial changes in calibration occurred and an
offset of 2.5 W m22 was introduced (7). With-
out that offset, the decadal increase in OLR
would not exist. At the very least, this raises
questions about the reality of the decadal varia-
tion reported in (1, 2).

Another contributing factor to a flawed
analysis could be the way the data were
processed. Because the ERBS satellite pre-
cesses with about a 36-day period, monthly
averaged data alias the diurnal cycle onto
6-month periods (5 3 36 days). Hence, it is
likely that the appearance of the semiannual
cycle in the record is spurious and a result of
interference between the diurnal and annual
cycles. It is not surprising that this scenario is
not simulated by current climate models.

Chen et al. (2) suggested that the hydrolog-
ical cycle is changing, that the Hadley and
Walker cells are strengthening, and that other
variables, including upper-tropospheric humid-
ity and cloudiness, are changing in consistent
ways. Changes in satellites, however—specifi-
cally, the late 1991 introduction of NOAA-
12—have introduced spurious variability into
the cloud record. In addition, the challenge is to
ensure that the changes in the variables are
quantitatively consistent and not transient. A
latitude–time series of the zonally averaged
mean annual cycle and the anomalies of the 500
millibar (mb) vertical motion [Fig. 1 and (8, 9)]
from the National Centers for Environmental
Prediction (NCEP) reanalyses (10) for 1979 to
2000 place the Chen et al. period of January
1985 to August 1994 in context. Because a
prolonged but modest El Niño event occurred
from mid-1990 to mid-1995 (11–13), changes
found by (2) are real, but small and short-lived.
El Niño and interannual variability are domi-
nant regardless of the analysis source (10), and
decadal trends are not significant.

The overall conclusion is that there is
great difficulty in obtaining reliable time se-
ries from space unless satellite records over-
lap, the orbits are stabilized, and calibration
and validation are given much more atten-
tion. The results presented by Wielicki et al.
and Chen et al. reveal the shortcomings in the
current climate observing system and the
need for a new approach to making stable
homogeneous climate observations.
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Fig. 1. Latitude–time sections for (A) mean annual cycle and (B) anomalies of the zonally averaged
vertical motion at 500 mb in 10-2 Pa s21, from NCEP analyses. Blue indicates upward motions; red
indicates downward motions.
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Response: We have carefully considered
Trenberth’s concerns regarding our papers
(1, 2) and have reached the following
conclusions.

First, Trenberth is concerned that there
was an ERBS calibration shift while the in-
strument was powered down for 4 months
from July to November 1993, during a space-
craft battery system anomaly. When the in-
strument resumed operation, the total channel
offsets (zero-level instrument reading) used
to provide longwave (LW) fluxes had
dropped by about 3 W m22, roughly the
magnitude of the decadal tropical mean in-
crease in LW flux. It is to be expected from
both the physics of active-cavity instruments
and past experience that changes in offsets
will occur after extended power-down peri-
ods because of the change in thermal state of
the instrument (3, 4). The validity of the
ERBS offset change in late 1993 was verified
using two independent tests. Offsets deter-
mined using the onboard blackbody were ver-
ified by direct observations of deep space
four times between 1984 and 1999. All four
cases agreed with blackbody-determined off-
sets to within 0.3 to 0.7 W m22, while pre-
and post-1993 values agreed within 0.5 W
m22. In addition, 6-month averages of Ad-
vanced Very High Resolution Radiometer
(AVHRR), High-Resolution Infrared Radia-
tion Sounder (HIRS), and ERBS LW fluxes
before and after the period in question agreed

to within 0.5 W m22. For a 6-month period,
AVHRR and HIRS orbit and calibration drift
are expected to be small. We conclude that
there is no evidence that a change in the
ERBS calibration after the 4-month shutdown
explains the decadal variations. We also note
that both HIRS and AVHRR are only indirect
measures of broadband LW flux.

Second, Trenberth suggests that the 36-
day period required for the ERBS orbit to

precess through 12 hours of local time sam-
pling could alias diurnal cycle sampling er-
rors into an apparent semiannual cycle
change in shortwave (SW) flux. We tested
this by constructing 36-day averages instead
of monthly means, and found that Trenberth
is correct: this removed roughly two-thirds of
the semiannual signal. The reason for this
error was an interaction between the monthly
data processing and a slow drift in the phase
of the precession by 6 hours over the period
from 1985 to 1995. The 36-day average

Fig. 1. ERBS satellite 36-day precession cycle
averages are used to replace traditional month-
ly means. These results for tropical mean (20°S
to 20°N) solar reflected fluxes (SW in blue) and
Earth emitted fluxes (LW in red) reduce SW
aliasing of diurnal and seasonal cycles and
should be compared to figure 3 of (1). The gray
region bounds the climate model results.

Fig. 2. ERBS satellite 36-day precession cycle
averages are used for tropical mean SW, LW,
and net radiation anomalies in comparison to
climate model simulations. Compare with
figure 4 of (1). Elimination of the diurnal-
cycle aliasing signal results in a clearer dec-
adal radiation signal in SW and net fluxes,
although some increased variability in the
1990s remains.
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Fig. 3. Anomalies in frequency of occurrence of 500 mb vertical velocity (left, Pa s21), cloud
amount (%), and upper troposphere humidity (%) versus time. Red and blue indicate increased and
decreased occurrence, respectively. Major ENSO events are indicated by horizontal lines. Time
series are smoothed with a (1, 1.5, 2, 3, 4.5, 6.5, 8.5, 9.5, 10.5, 11.3, 12, 12.5, 13, 12.5, 12, 11.3, 10.5,
9.5, 8.5, 6.5, 4.5, 3, 2, 1.5, 1) annual average filter; the x axes are smoothed with a (1-2-4-2-1) filter.
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ERBS anomaly records are shown in Figs. 1
and 2, which should be compared with fig-
ures 3 and 4 of (1). The decadal variation in
SW flux is now clearer, without a strong
seasonal component. Some evidence for in-
creased SW and net flux variability in the
1990s remains.

Third, we agree that interannual variabil-
ity dominates, as indicated previously (2).
The weaker decadal signal emerges only in
the frequency domain. We plotted the time
series of anomalies in frequency of occur-
rence of several parameters (Fig. 3). The El
Niño–Southern Oscillation (ENSO) weakens
the Walker cell, increasing occurrences of
near-zero vertical velocity omega, mid- to
high-range cloud amount, and midrange up-
per-troposphere relative humidity (UTH).
Decadal variation is seen instead as shifts
from near-zero to extreme high and low ome-
ga, and from higher to lower cloud amount
and UTH, between the 1980s and 1990s. The
early to mid-1990s do not resemble ENSO in
frequency space. Our decadal subtropical
omega (27.6 3 1024 Pa s21) and LW flux
(-2.8 W m22) changes (2) are each ;1.5% of
their mean values, suggesting that increased
subsidence warming balances increased radi-
ative cooling. The observed cloud decrease
from 1985–89 to 1996–99, input to a general
circulation model (GCM) radiative transfer
model, implies a SW flux decrease of 3.0
W m22, similar to the 2.5 W m22 decrease
observed. Although relationships among the
variables in Fig. 3 are complex and require
further study, real evidence exists for consis-
tent decadal variation in fluxes and indepen-
dently observed climate parameters.

Finally, like Trenberth, we also call for
more rigorous future observations of climate
change. Current global observations are typical-

ly designed either for short NASA research
missions or for NOAA weather missions at
lower accuracy. For example, there is a planned
gap in the radiation time series between the end
of the NASA Aqua research mission in 2008
and the restart of the National Polar Orbiting
Environmental Satellite System (NPOESS)
weather system in 2012. Until a continuous
climate observing system is established, both
climate models and observations will remain
uncertain.
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