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[1] This study investigated variations in outgoing longwave
radiation (OLR) in response to changes in sea surface tem-
perature (SST) over the Pacific warm pool area (20�N–20�S,
130�E–170�W). OLR values were obtained from recent
(January 2008–June 2010) geostationary window channel
imagery at hourly resolution, which resolves processes
associated with tropical convective clouds. We used linear
regression analysis with the domain-averaged OLR and SST
anomalies (i.e., DOLR, DSST; deviations from their 90-day
moving averages). Results show that the regression slope
appears to be significant only with SST least-affected by
cloud radiative forcing, for which SST needs to be obtained
as daily average over cloud-free regions (DSSTclear). The
estimated value of DOLR/DSSTclear is 15.72 W m�2 K�1,
indicating the presence of strong outgoing longwave radia-
tion in response to surface warming. This atmospheric cool-
ing effect is found to be primarily associated with reduced
areal coverage of clouds (�14.4% K�1). Citation: Cho, H.,
C.-H. Ho, and Y.-S. Choi (2012), The observed variation in cloud-
induced longwave radiation in response to sea surface temperature
over the Pacific warm pool from MTSAT-1R imagery, Geophys.
Res. Lett., 39, L18802, doi:10.1029/2012GL052700.

1. Introduction

[2] In response to anomalous radiative forcing, changes in
the global mean surface temperature depend largely on the
strength of various radiative feedbacks. It is widely accepted
that some of the most important, but highly uncertain feed-
backs in the global climate system are those involving
clouds. Clouds effectively regulate the Earth’s top-of-
atmosphere (TOA) radiation budget by reflecting solar
insolation and trapping planetary infrared emissions; there-
fore, their response to surface temperature is of primary
interest. Previous observational studies of cloud longwave
(LW) influences on global warming varied widely [e.g.,
Lindzen et al., 2001; Stephens, 2005; Rondanelli and
Lindzen, 2008; Zelinka and Hartmann, 2010].

[3] One of major reasons for this uncertainty is that the
cloud feedback “signal” is not strong enough to be distin-
guished from the “noise” due to cloud variation in the
present observational data. In this context, cloud noise refers
to the variations that are not feedbacks to surface temperature
change. Over a short timescale, this noise tends to act as
considerable radiative forcing, randomly changing surface
temperature, whereas the cloud feedback signal is due to the
radiative response of cloud to change in surface temperature.
Obviously, this noise effect may bias estimations of the cloud
feedback, and yet cannot be eliminated by usual mathemati-
cal filtering.
[4] As the cloud’s non-feedback noise effect is mixed with

cloud feedback processes in the observed records, this study
attempts to separate the sea surface temperature (SST) var-
iations caused by clouds and those that change clouds. Only
the latter should be categorized as a cloud response to SST
change. We will show that it may be possible to minimize
the noise effect that exists in temporal variations in SST,
by using cloud fraction information from high temporal
resolution geostationary satellite data. Following previous
studies on tropical cloud response to local SST changes
[e.g., Ramanathan and Collins, 1991; Horváth and Soden,
2008; Rondanelli and Lindzen, 2008], we confined our
analysis to the Pacific warm pool region (PWP; 20�N–20�S,
130�E–170�W). The clouds over the PWP are known to be
the most sensitive to local SST change through convective
processes [e.g., Zhang, 1993].
[5] Compared to detailed cloud property retrievals from

satellites, radiative flux data are more directly associated
with the issue of determining “radiative” feedback pro-
cesses. Moreover, the large differences among the previous
results on tropical cloud feedback may be related to highly
uncertain cloud retrievals [e.g., Choi et al., 2005; Ohring
et al., 2005; Choi and Ho, 2009]. For these reasons, we
used the TOA longwave radiative fluxes that are calculated
from satellite-observed radiances, as shown below.

2. Data and Method

[6] Estimation of cloud response to SST change should be
supported by observations with a timescale that is short
enough to resolve the cloud processes in the atmosphere. For
the PWP analysis region, the lifetime of cloud process
associated with cumulonimbus is known to range from hours
to days. It is difficult to observe fast cloud processes from
monthly data for SST and radiative flux. Thus, we try to
concentrate on short-term variations at a timescale of less
than a few days.
[7] Cloud variations in the PWP have been monitored

hourly by the Japanese Multi-functional Transport Satellite
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(MTSAT-1R) on the geostationary orbit centered at 140�E.
The window channel (centered at 11 mm) imagery of
MTSAT-1R is useful to capture longwave variations due to
changes in both clouds and surface temperature, because the
effects of other factors, such as column-integrated water
vapor and vertical structure of atmospheric temperature,
barely interfere with radiance at that wavelength. The data
period used is January 1, 2008 to June 30, 2010. The SST
data is the National Oceanic and Atmospheric Administra-
tion’s 0.25� daily optimum interpolation SST version 2,
using microwave satellite measurements from the Advanced
Microwave Scanning Radiometer and infrared satellite
measurements from the Advanced Very High Resolution
Radiometer [Reynolds et al., 2007]. Unlike the near-all-
weather coverage of microwave measurements, the infrared-
based SSTs are obtained only over clear sky areas. This
spatial inhomogeneity of the SST data between clear sky and
cloudy sky may have influences as the observational noise,
however, we focus on the physical noise effect.
[8] We calculated OLR values on a pixel basis (�4� 4 km2

resolution at nadir) of the MTSAT-1R dataset, as a third-order
polynomial function of 11-mm radiance (L11; equation (1)):

OLR ¼ 44:95þ 50:97L11 � 4:02L11
2 þ 0:15L11

3; ð1Þ

where the four constant coefficients of the polynomial func-
tion in equation (1) are obtained by a regression least-square
fit of OLRs against L11 simulated by a radiative transfer
model with various environmental conditions; each of the
840 simulations incorporates every combination of 7 satellite
zenith angles (0�–60�, 10� interval), 8 cloud top heights
(2–16 km, 2 km interval), and 15 cloud optical thicknesses
(20–48, 2 interval). For the radiative transfer simulations, the
discrete ordinates radiative transfer (DISORT) model “Santa
Barbara DISORTAtmospheric Radiative Transfer” (SBDART)
[Ricchiazzi et al., 1998] is used. The root-mean-square dif-
ference between L11-inferred OLRs and OLRs measured
directly from broadband satellite instruments is known to be
less than approximately 10 W m�2 [Ohring et al., 1984; Ba
et al., 2003]. The bias of L11-inferred OLR may stem
largely from water vapor because L11 does not involve
absorption by water vapor, but by cloud particles and surface.
Therefore, it should be noted that our OLR only represents
longwave variations induced by cloud and surface properties
by excluding the other infrared channels of MTSAT-1R in
OLR calculations. Other biases due to instrumentation fac-
tors, algorithms, etc. are also relevant for estimation of
feedback, and they may eventually reduce the statistical sig-
nificance of the regression (e.g., coefficient of determination:
R2). In many previous studies, R2 between SST and OLRwas
found to be very low in monthly-observed data.
[9] A single-channel threshold test using 11-mm channel-

brightness temperature (BT11) is employed to determine the
presence of cloud at each pixel in the MTSAT-1R data.
As most opaque clouds represented in the longwave radia-
tion can be distinguished by this BT11 test [e.g., Rossow and
Garder, 1993; Choi et al., 2005; Horváth and Soden, 2008],
many previous cloud studies using geostationary observations
have employed the single-channel test for identification of
cloudy pixels. As discussed later, the present study tested
various threshold values for BT11, and the major conclusion in
this study was found to be robust and remained unchanged,
regardless of the threshold values within a certain range.

[10] We generate daily SST and OLR time series that are
area-averaged over the PWP, but for selective cases of cloud
conditions. The detailed methodology for generating the
time series is given by equations (2a) to (4c):
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where i indicates the i-th SST grid; m the m-th MTSAT-1R
pixel (with spatial resolution of �4 � 4 km2 at nadir); q the
satellite zenith angle; f the latitude; ⋂ the intersection of
two sets. As cos�1 q is proportional to the size of MTSAT-
1R pixel, we calculate an hourly cloud fraction of each i-th
0.25� SST grid Acloud

hour (i) via equation (2a), using cloudy
pixels within the grid. A daily cloud fraction of each SST
grid, Acloud

day (i) is calculated by simple time averages
(equation (2b)). Note that in the results, different threshold
values were used for ‘cloudy’ pixel detection (BT11 < 270 K)
and ‘clear’ pixel detection (BT11 ≥ 280 K), so that Acloud

day (i) +
Aclear
day (i) < 1. Over the PWP, BT11 values between 270 K and

280 K are generally regarded as the cloudy-sky signal, but
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the range can be avoided to eliminate ambiguity of cloud
masking. During the study period, Acloud

dayr (i) varies between
5% and 35% (standard deviation 4.9%), and Aclear

day (i) varies
between 41% and 86% (standard deviation 7.7%).
[11] The daily SST and OLR time series are then calcu-

lated by equations (3) and (4), respectively. SST
day
entire is the

daily average of SSTs in the PWP (equation (3a)), while

SST
day
cloud is the cloud-weighted average of SSTs in the PWP

(equation (3b)). The weighting factors in equations (3b)
and (3c) are proportional to the daily cloud and clear cov-
erage, respectively. For instance, in equation (3b), the
weighting factor would be 1 for a grid where all pixels are
overcast in a day, and 0.5 where half the pixels are overcast

in a day. Calculation of SST
day
clear values follows the consis-

tent rule (equation (3c)). Cosine values are multiplied with
due consideration of the size of each MTSAT-1R pixel or
SST grid. As the temporal resolution of SST data is lower
than that of MTSAT-1R OLR, temporal degradation of OLR
is also unavoidable in order to compare with SST data; daily
OLR values are averaged from 00:00 UTC to 23:00 UTC
(equation (4)).
[12] To remove low-frequency variations whose time-

scales are considered to be longer than that of tropical cloud

processes, the daily OLR
day
x and SST

day
x (x = entire, cloud,

or clear) anomalies (DOLRx and DSSTx) are calculated by
subtracting their moving average values with a 90-day cen-
tered smoother, which effectively isolates short timescale
fluctuations [e.g., Zhang et al., 1995]. The smoother also
filters out the annual-cycle climatology, which is difficult to
obtain from data series of less than three years. The choice of
the 90-day smoother is to remove seasonality, but not to
remove meaningful 1–3 month fluctuations associated with
dynamics. Nevertheless, the change of the smoother length
within 30–90 days does not affect the main conclusion of
this study. We expect that the variations in both DSSTentire
and DSSTcloud are more influenced by radiative forcings

(mostly associated with cloud changes), than that ofDSSTclear
(equation (3c)). It is noted that extraction of DSSTclear is
allowed only using hourly clear-sky detection from geosta-
tionary satellites, such as the MTSAT-1R data used in this
study.
[13] Linear regression slopes (DOLR/DSST) are calcu-

lated for each set of anomalous DOLR and DSST time
series. To overcome the limitation of linear regression slope
in determining causality between OLR and SST, we also
examined the cross-correlation coefficients for different time
lags between DOLR and DSST. For comparison with results
from daily data, the monthly-mean DOLRx and DSSTx
values are also calculated by simple time-averaging.

3. Observed Response of OLR and Cloudiness
to SST Change Over the PWP

[14] Initially, the instantaneous (coincident) relationship
between DOLRentire and DSSTentire was calculated on daily
and monthly timescales. The linear regression slope
(DOLRentire/DSSTentire) from monthly data was 4.20 � 5.84
W m�2 K�1 (mean � standard error). As the regression
slope is greater than the Planck response of longwave
emission (3.3 W m�2 K�1), the obtained slope may imply
that the Earth’s climate has a slight longwave cooling effect
for increased SST. This result is consistent with most pre-
vious studies using monthly-mean data [e.g., Lindzen and
Choi, 2009], but raises concerns about the wide uncertainty
range of the slope, mostly owing to the small sample size.
Interestingly, using daily-mean data, we found much higher
regression slope (DOLRentire/DSSTentire = 8.31 � 1.76 W
m�2 K�1), implying strong release of longwave radiation for
increased SST.
[15] The positive correlation between DOLRentire and

DSSTentire would not only be a consequence of SST-induced
OLR change, but also of OLR-induced SST change. That is
to say, it is feasible that the strong positive correlation would
be induced solely by SST contaminated by non-feedback
cloud noise. For instance, it is natural that the decrease in
cloud fraction leads to the increase in SST by allowing
greater solar heating of the surface; at the same time, OLR
would increase owing to warmer emission temperature (i.e.,
more infrared emission from the surface). Hence, the process
finally gives positive correlation between OLR and SST.
However, as mentioned, unless the increased SST eventually
affects clouds, this does not represent feedbacks between
SST and cloud.
[16] The non-feedback cloud process may often occur over

the PWP region, and may readily prevent appropriate inter-
pretation of the regression slope relevant to the radiative
feedback strength. Therefore, it is necessary to investigate
how the cross-correlation coefficient changes according to
the time lag between OLR and SST, in order to get a better
idea of whether the regression slope at zero lag is represen-
tative of radiative feedback strength, i.e., OLR change
induced solely by SST change. Figure 1 shows the cross-
regression between daily-mean DOLR and DSST, where
negative lag indicates that OLR leads SST; positive lag
indicates that SST leads OLR. It is known that, in the case
that OLR leads SST, the maximum R2 tends to appear at
negative lag, and R2 at zero lag tends to be non-significant
[Spencer and Braswell, 2010]. This case is seen in Figure 1a;
the maximum R2 between DOLRentire and DSSTentire (thin

Figure 1. Lagged linear (a) correlations and (b) regression
slopes between DOLRentire and DSSTs. Positive abscissa
value indicates that DSSTs lead DOLRentire. DSSTs are the
anomalies against the area-averaged SSTs over the entire
domain of analysis (thin solid), cloudy area (dashed), and
clear-sky area (thick solid).
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solid line) is observed for a lag of approximately minus-5
days, and the value of R2 decreases with increasing time lag,
indicating that longwave radiative forcing affects SST.
This effect is more evident for the further analysis with
DSSTcloud, which is expected to be more strongly influenced
than DSSTentire by cloud radiative forcing. The corresponding
cross-correlation coefficient betweenDOLRentire andDSSTcloud
is represented by the dashed line in Figure 1a, showing that
the OLR–SST relationship is almost uncorrelated at around
zero lag, similarly to the case with DSSTentire.
[17] However, OLR variations in response to SST are

revealed by comparison of DSST with preceding (or at least
coincident) DOLR (i.e., at zero or positive lags). Interest-
ingly, unlike the analysis with DSSTentire and DSSTcloud, the
maximum R2 between DOLRentire and DSSTclear at zero lag
appears as the top of the convex shape in the graph (thick
solid line in Figure 1a). The value ofDOLRentire/DSSTclear at
zero lag is 15.72 � 1.02 W m�2 K�1 (thick solid line in
Figure 1b). It is known that this convex shape in the lead–lag
relationship gives the desired signal of the cloud response to
SST change from the regression slope at “zero” lag [e.g.,
Frankignoul et al., 1998; Lindzen and Choi, 2011] once
ignoring the possibility that the feedback effect can be
delayed by ocean/atmosphere processes. This convex shape,
however, would not occur with strong cloud contamination
of the SST variation data [Lindzen and Choi, 2011]. We note
that, for monthly data, the results (DOLRentire/DSSTclear) do
not show the convex shape. This may be because monthly
DOLRentire/DSSTclear allows various processes at different
timescales that may contaminate the signal of the exact
cloud response to SST change.
[18] It is also worth examining whether DSSTclear is

physically meaningful in relation to tropical cloud processes.
Taking clear-sky SST, however, does not exactly mean that
we only consider SSTs outside of convection. This is
because clear-sky SST at time t can also be SST below
clouds at time t + 1. Strong correlation between DSSTentire
and DSSTclear (R = 0.73) assures that DSSTclear can also
represent essentially the SST variability over the PWP.
Fundamentally, the role of dynamics is to reduce horizontal
variations in SST. Convection, by contrast, increases hori-
zontal variations in SST, de-correlating DSSTentire and

DSSTclear. To clarify this, we separated the SST anomalies
into low- and high frequency data with a 7-day centered
smoother. The correlation between the low-frequency
DSSTentire and DSSTclear is higher (R = 0.77) than that
between the high-frequency DSSTentire and DSSTclear (R =
0.51). This suggests that the time scale of dynamics is longer
than that of convection over the PWP. DSSTclear indeed
contains intrinsic dynamics over the PWP, but with reduced
cloud noise effects.
[19] Despite the strong correlation between DSSTentire and

DSSTclear, DSSTentire and DSSTclear (as well as DSSTcloud
and DSSTclear) have remarkably different lead–lag relation-
ships with DOLRentire. This provides an important reason
why the slope DOLRentire/DSSTclear is not an artifact of
uneven horizontal distribution of SST field over the PWP.
If the slopes were artifacts from the SST field, then the lead–
lag relationship between DOLRentire-DSSTcloud would be
similar to that of DOLRentire-DSSTclear because DSSTclear
and DSSTcloud would only reflect the variations in cloud
coverage. Thus, we usedDSSTclear as the noise-reduced SST
that can correctly indicate the magnitude of forcing that
changes clouds.
[20] In order to examine how clouds are involved in OLR

variations, we further investigated the OLR variability in
association with clouds by separation of cloudy-sky OLR
and clear-sky OLR. The OLR variations are regulated
mostly by the longwave emission, especially from clouds
and the Earth’s surface, because the OLR is inferred from
11 mm radiation only. Beside the contribution of the surface
to the variation in OLR via the Planck response, the varia-
tion in OLR is regarded as a function of (1) cloud-top tem-
perature (Tcloud), and (2) horizontal coverage of clouds
(Acloud). The Tcloud mainly determines OLRcloud which cal-
culation is confined within cloudy-sky area only, while both
Tcloud and Acloud determine OLRentire. Our cross-correlation
analysis between DOLRcloud and DSSTclear indicates that
cloud thermal emission associated with Tcloud is uncorrelated
with the variation in SST (not shown in the figure). This
potentially supports the hypothesis that the cloud top tem-
perature is insensitive to SST [Hartmann and Larson, 2002].
[21] More importantly, DAcloud and DSSTclear had signif-

icant negative correlation with its minimum peak of cross-
correlation coefficient at zero lag (thick solid line in
Figure 2a); the corresponding regression slope, DAcloud/
DSSTclear is�14.4� 1.0%K�1 (thick solid line in Figure 2b).
In this case, the convex shape with a peak at zero lag is
revealed, confirming the validity of the slope. Of course, this
shape does not appear when using cloud-affected SST
anomalies,DSSTentire and DSSTcloud. DAcloud/DSSTentire (and
DAcloud/DSSTcloud) is negative at negative lag, and becomes
positive at positive lag. This probably results because
increased Acloud cools the SST owing to the cloud dimming
effect. Consequently, the result of DAcloud (Figure 2) is very
consistent with that of DOLRentire (Figure 1).
[22] As mentioned in the previous section, these results are

based on the BT11 threshold value of 280 K for clear-sky
pixel detection. To check the dependence of the result on the
choice of the threshold, we applied various threshold values
between 270 K and 290 K for clear-sky pixel detection.
Irrespective of the selected threshold, the convex shape of
the correlation with respect to time lag was maintained. If
this threshold is less than 270 K (allowing excessively larger
clear-sky area), the maximum R2 between DOLRentire and

Figure 2. The same as Figure 1 but for DAcloud versus
DSSTs.
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DSSTclear shifts to negative lags, implying that the influence
of OLR on DSSTclear becomes important. The slopes at zero
lag for the thresholds of 270, 280, and 290 K are shown in
Table 1. It is shown that, for more rigorous threshold for
clear-sky detection, the value of DOLRentire/DSSTclear is
lower. This may result from less sampling of clear-sky
SSTs, as well as from excluding more of the influence of
cloud on SST.
[23] On the other hand, for thermally colder clouds with

BT11 < 260 K, DAcloud/DSSTclear was smaller by �3% K�1

compared to the cloud with BT11 < 270 K, irrespective of
clear-sky SST. This implies that relatively thin clouds
(corresponding to BT11 between 260 K and 270 K) would
decrease by �3% K�1. Table 1 also shows the results from
the reduced major axis (RMA) method (the numbers in
parentheses), which is known to be more appropriate for
relating two co-dependent variables, or for an independent
variable that includes errors [Smith, 2009]. We note that a
slope from simple linear regression may bias toward zero
value, in comparison to the RMA method. Although this
RMA gives more intensified slopes without changing the
sign, the different slopes obtained from different statistical
approaches is an issue to be addressed; however, this is
beyond the scope of the present paper.
[24] Lindzen et al. [2001] also used geostationary satellite

observations, and demonstrated significant reduction in
cloud coverage with increasing SST over the similar analysis
region. It is noted that Lindzen et al. hypothesized that
proper estimation of the cloud feedback essentially requires
normalization by “cumulus area” to distinguish changes in
the amount of convection from changes in detrainment per
unit convection. The cumulus area, as defined by Lindzen et
al., can be extracted by BT11 < 220 K. Based on this defi-
nition, we also examined the response of the cumulus area to
SST change (i.e., DAcloud(BT11 < 220 K)/DSSTclear). How-
ever, we find neither a significant change in cumulus area
nor a robust quantity owing to the distorted shape of cross-
correlation. This is possibly because we related the cumulus
area with the SST anomaly, not with the ‘absolute value’ of
SST that actually affects the cumulus area. We also suspect
that most of the PWP is occupied by convection, and the
amount of convection remains relatively constant with little
influence of moisture convergence into or out of the PWP.
Despite all these possibilities associated with normalization,
the cloud shrinkage is evident in this study without any
normalization procedure [e.g., Lindzen et al., 2001; Rapp
et al., 2005]. Beside the issue of the normalization effect,
this study suggests that the analysis by Lindzen et al. [2001]
and subsequent studies [e.g., Lin et al., 2002; Choi et al.,
2005] would remain unsatisfactory, in that they have

examined only coincident relations between cloud and SST.
Moreover, their cloud-weighted SST is similar to SSTcloud
defined in this study, which, as we demonstrated, can
bring about differing interpretation of cloud response to
SST change.

4. Summary and Discussion

[25] It is important to better understand the longwave
response to surface temperature change in order to infer
tropical longwave feedback. Here, we focused on the short-
term longwave response of cloud over the PWP using
observations of geostationary satellite TOA longwave radi-
ation and SST. We have shown that great care is needed
when interpreting linear regression slopes of OLR and SST.
This study demonstrates that clouds always have a strong
influence on SST variations, and consequently there is
potential underestimation of cloud response to SST change
when using unfiltered cloud-contaminated SST data. In
addition, for successful extraction of noise-reduced SST
forcing, short-timescale data is necessary. Perhaps geosta-
tionary satellite observation may be the most helpful mea-
surement to achieve this.
[26] The linear regression slope of OLR and SST

(DOLRentire/DSSTentire) differs according to the timescale:
4.20 � 5.84 W m�2 K�1 for monthly-mean data, and 8.31 �
1.76 W m�2 K�1 for daily-mean data. We also used SSTclear
(noise-reduced SST), and obtained the slope, DOLRentire/
DSSTclear = 15.72 � 1.02 W m�2 K�1. This value was
obtained by zero-lag regression slope of OLR on SST with
maximum correlation at zero lag, which accurately represents
longwave response to SST change. This cooling effect is
found to be primarily associated with the shrinkage of the
areal coverage of clouds (about �14.4 � 1.0% K�1).
[27] Despite the importance of this issue in reducing the

uncertainty of climate prediction, it should be noted that our
results in the PWP do not directly indicate climate sensitivity
or total cloud feedback on the global scale. As to climate
sensitivity, the strong cooling effects of clouds over this region
may be reduced once scaled globally. As to total cloud feed-
back, possible longer-term feedbacks may be present in asso-
ciation with other meteorological elements and large-scale
dynamics with long-term persistence. In addition, positive
shortwave (albedo) feedback would be expected owing to
shrinkage of cloud coverage, and this might offset longwave
feedback [Zelinka and Hartmann, 2011]. The shortwave cloud
feedback involves the response of optical properties of clouds
[Chang and Coakley, 2007]. It would be useful to employ our
proposed methodology to verify these previous findings.

Table 1. The Value � Standard Errors of DOLRentire/DSSTclear and DAcloud/DSSTclear From Simple Linear Regression With Different
BT11 Thresholds for Clear-Sky/Cloudy Pixel Detectiona

Variables

Clear-Sky Detection Test

BT11 ≥ 270 K BT11 ≥ 280 K BT11 ≥ 290 K

DOLRentire/DSSTclear, Wm�2K�1 16.63 � 1.19
(39.37 � 1.14)

15.72 � 1.02
(34.53 � 1.00)

11.76 � 0.77
(25.80 � 0.74)

DAcloud(BT11 < 270 K)/DSSTclear, % K�1 �15.1 � 1.2
(�38.7 � 1.1)

�14.4 � 1.0
(�34.0 � 1.0)

�11.0 � 0.8
(�25.4 � 0.7)

DAcloud(BT11 < 260 K)/DSSTclear, % K�1 �12.3 � 0.9
(�30.2 � 0.9)

�11.6 � 0.8
(�26.4 � 0.8)

�8.8 � 0.6
(�19.8 � 0.6)

aAll the anomaly values are daily means. The results from the reduced major axis method are shown in parentheses.
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