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Abstract. Aerosols suspended in the atmosphere interacsee also a review by Lohmann and Feichter, 2005). The
with solar radiation and clouds, thus change the radiationrsecond pathway originates in the optical properties of the
energy fluxes in the atmospheric column. In this paper weaerosols. Aerosols scatter and absorb solar radiation, thus re-
measure changes in the atmospheric temperature profile asducing the amount of radiation reaching the ground, which
function of the smoke loading and the cloudiness, over thecools the surface (Hansen et al., 1997; Ackerman et al.,
Amazon basin, during the dry seasons (August and Septen2000). This affects the energy balance of the surface, de-
ber) of 2005-2008. We show that as the aerosol optical deptlereasing surface latent and sensible heat fluxes, which in-
(AOD) increases from 0.02 to a value of0.6, there is a hibits cloud formation. In addition, by absorbing solar ra-
decrease of+4°C at 1000 hPa, and an increase~ef.5°C diation, biomass burning aerosols heat the atmospheric layer
at 850 hPa. The warming of the aerosol layer at 850 hPa isn which they are located. Warming the layer may reduce
likely due to aerosol absorption when the particles are ex-convective cloudiness, which is the dominant cloud type in
posed to direct illumination by the sun. The large values ofour region, due to: (I) reduction of local relative humidity;
cooling in the lower layers could be explained by a com- (ll) creating a more stable atmosphere and producing less
bination of aerosol extinction of the solar flux in the lay- convection; therefore, a cooler surface and more stable at-
ers aloft together with an aerosol-induced increase of cloudnosphere may (l1l) reduce fluxes of moisture from the sur-
cover which shade the lower atmosphere. We estimate thdace (evaporation and evapotranspiration) to the atmosphere
the increase in cloud fraction due to aerosol contributes aboutKoren et al., 2004; Feingold et al., 2005). The reduction
half of the observed cooling in the lower layers. of moisture fluxes is also due to the closure of vegetation’s
stomata, in response to high smoke loading, as suggested by
Andreae et al. (2002). Process (lll) is of great importance
in the Amazonian atmosphere, wher&0% of the available
atmospheric moisture comes from evapotranspiration of the

Aerosol effects on clouds contribute the largest uncertain-"2"oPY (Salati, 1987).

ties in estimating the anthropogenic role in climate change n€ two pathway conceptual model was suggested by Ko-
(Forster et al., 2007; Stevens and Feingold, 2009, and refef€" €t al. (2008) who showed the relationship between cloud
ences therein). Aerosols can affect cloud properties througPToPerties and aerosol loading. Furthermore, a large body of
two separate pathways, the microphysical and the radiativé’bserva_t'onal ewdence_ supports the fundamentals of the mi-
(Kaufman and Koren, 2006; Koren et al., 2008). The first SroPhysical pathway (Jiang and Feingold, 2006; Andreae and
pathway follows aerosol-induced changes to the cloud conRosenfeld, 2008). However, the_ fundamentals of the second
densation nuclei (CCN) and ice nuclei (IN) concentrationsPathway, that aerosols are heating the atmosphere and cool-
and distributions, thus changing the microphysical proper—'ng the surface, are based on radiative transfer calculations.
ties of the cloud and stimulating related processes (Twomey, N€re have been no direct measurements, that the authors

1977: Rosenfeld. 2000: Albrecht. 1989: Koren et al.. 2005:aware of, of aerosol heating or cooling the atmospheric col-
' ’ ' ' ’ ’ 'umn, on a regional and seasonal basis.

. In this paper we directly measure the change in at-
Correspondence toA. Davidi mospheric temperature profile over the Amazon basin in
BY (amit.davidi@weizmann.ac.il) the presence of absorbing aerosols emitted from biomass

1 Introduction
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Mean AOD for August-September, 2007
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Fig. 1. Mean AOD values for the region analyzed in this work. The enclosed region (black line) encompass® km2. The AOD data
were taken from MODIS retrievals, on a dail§ @rid.

burning during the dry seasons (August and September) odnd ocean (Olsen et al., 2007, and references therein). In par-
2005-2008. Apart from appreciating the Amazon as an im-ticular, the AIRS temperature profile over the Amazon basin,
portant place, there are a few good reasons to study the effecturing September—October, was shown to have an RMS (root
of smoke on clouds and the atmospheric temperature profilenean square) of about 1-2 K at pressure levels above 900 hPa
over the Amazon: and an RMS of up to 3K below 900 hPa (de Souza et al.,
2005). Another campaign in Natal/Brazil showed that the
1. During the dry season the ITCZ moves north andtemperature retrieval RMS was about 1K (de Souza et al.,
the study area is under an anticyclonic flow and a2006). Clouds were shown to have only a minor effect on
subsidence zone with very little meteorology variance poth the AIRS temperature profile (Susskind et al., 2006; To-
(e.g. Nobre et al., 1998). bin et al., 2006) and the surface air temperature (Gao et al.,

] ) i 2008). As far as we know, there has been no publication on
2. The fires during the Amazonian dry season are anthroihe effect of smoke — or aerosols in general — on the tem-

pogenic and their location depends on the farmers, thé,erature retrieval. However, the works done by de Souza et
farm location and on law enforcement. Therefore, they| (2005, 2006) in Brazil and Gao et al. (2008) in China may
source distribution does not depend on the regional Mesere as an indication for the performance of AIRS temper-
teorology. The smoke will be advected by the prevail- o¢re retrievals in hazy conditions. All the above mentioned
ing wind, which is mostly easterly in the east and cen-gjigations were done with radiosondes; however one must
tral Amazon turnl_ng northerly in the western part of the keep in mind that the AIRS footprint is 455 km at nadir,
basin when flow is blocked by the Andes. while radiosondes measure one point’s profile, therefore the

. L . above RMS values are upper bounds for the true errors (To-
The atmospheric temperature profile is measured with thei)in et al., 2006). In addition, several studies showed that

Atmospheric Infra-Red Sounder (AIRS), on Aqua (Aumann assimilation of AIRS temperature data can improve forecast-

e l, 2000) ARS is a igh specal resaluton naed o S0 e may rrer
' 9 P P P upport the validity of the retrieval.

ature and water vapor profiles. AIRS temperature retrievalS
has been validated in various campaigns that include differ-
ent geophysical conditions: polar, non-polar, day, night, land,
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Temperature and Delta Temperature Versus AOD
for 1000 hPa pressure level, Aug-Sep, 2007
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Fig. 2. Scatter plots of temperatur& ( blue line) andAT (magenta dashed line) vs. AOD, for the 1000 hPa pressure level, of August—
September 2007AT is the difference in the local temperature less the spatial mean of each day, as defined in the text.

2 Methodology which the temperature difference between the pixel in ques-
tion and its neighbors exceeded’20 This eliminated about
The analyzed region over the Amazon basin was chosen t6.5% of the data. The data were sorted according to AOD and
include the most polluted areas, while staying in a relativelybinned into~25 bins with equal number of samples in each
small region (see Fig. 1). Also, to take advantage of the stabin to maintain similar temperature variances. This way any
ble synoptic high pressure system (Nobre et al., 1998) with-change in the variances (and hence in the standard deviation)
out the complications of local geographically induced circu- could not be directly attributed to sample size. A scatter plot
lations, care was taken to not include the Andes and to bef the mean temperature of each bin versus the mean AOD
sufficiently far from the seashores (The area encompassesf each bin was plotted. An estimation of the error was cal-
~2x 108 km?). culated from the standard deviation in each bin. To minimize
We focus on the height of the biomass burning season, Aucloud contamination, the AOD values were restricted to 0.6
gust and September, for the years 2005-2008. Aerosol optiand below (Brennan et al., 2005).
cal depth (AOD) data were taken from the Moderate Reso- Since we want to focus on the aerosol regional effect, we
lution Imaging Spectroradiometer (MODIS) retrievals (Re- first examine the variance in the temperaturgque to daily
mer et al., 2008; Levy et al., 2007). We use Collection 5, meteorological changes, using the following scheme. For a
Level 3, 1-degree, daily data, and unless specified, all AODspecific day and pressure level, the spatial mean tempera-
is at 550 nm. Atmospheric temperature profiles are retrievedure (denotedT')ed was calculated. Then, this mean was
from the Atmospheric Infra-Red Sounder (AIRS) (Aumann Subtracted from each temperature in the corresponding day
etal., 2003). We use Daily Global Level 3 products (1-degreeand pressure level. Repeating this procedure for all days and
resolution). Both MODIS and AIRS fly on the Aqua plat- Pressure levels results with/eT", which is defined as:
form (~01:30 p.m. LT). In addition, we use total attenuated
backscatter (at 532 nm) images from Cloud-Aerosol Lidar
with Orthogonal Polarization (CALIOP), on Calipso, in or- —(T)area(day, press) @)
der to estimate the smoke layer height (Winker et al., 2003).Plotting AT versus AOD will show a functional relationship
We have analyzed the AIRS retrieved temperatures at 4 albetween temperature and aerosols, even if there are day-to-
titude levels: 1000, 925, 850, and 700 hPa. Occasionallyday variations in the regional temperature. Figure 2 shows
AIRS retrievals produce unphysical spikes in the temperaturdoth AT and T versus AOD, for pressure level 1000 hPa.
fields of a particular pressure level. We filtered out pixels in The close agreement betweA and7 is an indication for

AT (location day, press) = T (location day, press)

www.atmos-chem-phys.net/9/8211/2009/ Atmos. Chem. Phys., 9, 82212009



8214 A. Davidi et al.: Direct measurements of the effect of biomass burning over the Amazon

Temperature Versus AOD, for August — September, 2007
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Fig. 3. Temperature vs. AOD, at four atmospheric pressure levels: 1000 hPa (blue), 925 hPa (green), 850 hPa (red), and 700 hPa (cyan), fol
the months August—September 2007. Each point represents a mean temperature for a particular AOD bin, and error bars are the standar
deviation in each bin. The data consists of AIRS temperature profiles collocated with MODIS retrievals of AOD, on & dailly The

straight and dashed magenta arrows represent the atmospheric stability (between 1000 and 850 hPa) in clean and hazy conditions, respective
Note the cooling near the surface (1000 hPa, blue) and the heating at 850 hPa (red), as well as a decrease in atmospheric stability as the AOI
increases.

the stability of the meteorology during the period analyzeddry adiabatic lapse-rate 1s14°C. While the average temper-
in this work. We note that the other pressure levels (i.e. 925ature difference for the clean atmosphere (AQD03, solid
850, and 700 hPa) show similar agreement. Because no sigirrow, Fig. 3) is~18.2C, suggesting a non stable atmo-
nificance differences are observed, further analysis is donsphere, the average temperature difference for the polluted
with the “absolute” temperaturd’j, which will be more vi-  cases (AOB-0.55, dashed arrow, Fig. 3) is only12.7C in-
sually instructive later on. dicating a clear shift toward stable atmosphere. Thus, higher

values of AOD are associated with a more stable atmosphere

at 850 hPa and below as seen visually by the convergence of
3 Results the curves at 1000 and 850 hPa.

We note that a temperature difference~af8C between

Figure 3 shows the binned scatter plot of the temperature ver{ 000 hPa and 850 hPa seems too large, since convection is
sus AOD of the 4 pressure levels, for the months August-expected to be an efficient agent in restoring neutral stabil-
September 2007. As the AOD increases from the lowesfty. However, the “surface contamination” is not expected to
average value of 0.02 to 0.6, there is a decrease4C  pe AOD-dependent (although there is no direct evidence for
at 1000 hPa (blue curve), an increase~df.5°C at 850hPa  thijs), so at most the 1000 hPa curve will be shifted down-
(red), and no statistically significant change at 925 andwards but the trend will stay more-or-less the same. We do
700 hPa (green and cyan, respectively). Atmospheric soundhote that an instantaneous measurement of the temperature
ing data at the Manaus station in the Amazbti(://weather.  zt 13:30 could be unstable.
uwyo.edu/upperair/sounding.htmstation number 82332), In addition, the mean temperature difference between the
translates the AIRS pressure levels of 1000, 925, 850, andurface and 850 hPa over all AOD values (between 0 and 0.6)
700hPa to altitudesH) of ~110m, ~800m, ~1500m, s ~15°C. Although some uncertainties might exist in the
and ~3200m, respectively. The difference between thetemperature retrievals, especially near the surface where lo-
curves at 1000 and 850 hPa can serve as a good measutg| temperature gradients might be large, these biases are not

for the Stability of the lower atmosphere. The temperatureexpected to be correlated with AOD, as explained above.
difference between 1000 to 850 hRaH ~1400 m) along the

Atmos. Chem. Phys., 9, 8218221, 2009 www.atmos-chem-phys.net/9/8211/2009/
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Fig. 4. (a) The same as Fig. 3, but for CC (cloud cover) below @t8;for CC above 0.3{(c) change in CC as a function of AOD, for
CC<0.3;(d) change in CC as a function of AOD, for G®.3. Note the strong cooling near the surface (1000 hPa, blue) in the high cloud
cover case (b), compared with the mild, linear cooling in the low cloud cover case (a). The heating at 850 hPa is similar between the two
cases.

What portion of the temperature change is directly due to In low cloud cover (CC) skies (C€0.3, Fig. 4a), we see
the interaction of the smoke with the solar radiation and whata rise in temperature at 850 hPa similar to that in Fig. 3;
is the contribution of the feedback of the smoke changeshowever, at 1000 hPa the temperature decrease is reduced to
of the cloudiness? Koren et al. (2008) suggested that the-2.5°C, compared with~4°C in Fig. 3. In high cloud cover
cloud cover correlates logarithmically with the aerosols opti- (CC>0.3, Fig. 4b), the overall pattern is similar to the low
cal depth (AOD). These correlations are driven by the micro-CC case, but at 1000 hPa (blue) we see a rapid decrease of
physical effects of aerosols on clouds. When there are few~5°C as the AOD values reache$.27, and then a very mild
aerosol particles and AOD is low, small changes in the num-ncrease (although not significant with respect to the error
ber of aerosols acting as cloud condensation nuclei (CCN) obars) of the temperature as AOD values rise beysfd27.
ice nuclei (IN) can dramatically change the cloud propertiesThe heating at 850 hPa in both cases (red curves, Fig. 4a and
(fraction, vertical development, reflectivity; e.g. Feingold et b) looks similar to the heating in Fig. 3. A more detailed dis-
al., 2001; Kaufman et al., 2005; Koren et al., 2005). How- cussion about the heating at 850 hPa will be in the discussion
ever, the microphysical effects tend to saturate, meaning thagection.
additional particles will not change the cloud properties in  In order to further explore a possible microphysical effect
cases where the CCN concentrations are highO00 per  of these aerosols on clouds, we plot the change in the cloud
cm?®). The saturation of the microphysical effect was shown cover as a function of AOD for the two data groups. In low
to occur at AOD~0.25 for the Amazonian smoke (Koren et cloud cover case (Fig. 4c), the AOD has a mild effect on
al., 2008). the cloud cover, while in the high cloud cover case (Fig. 4d)

Both aerosol direct heating/cooling and indirect heat-there is a noticeable increase in cloud cover as AOD reaches
ing/cooling from aerosol-induced changes to cloud cover area value of~0.27 and then no significant change.
inherently bundled together into Fig. 3. In order to differenti- To further explore whether the apparent aerosol-induced
ate between aerosol direct heating/cooling of the atmospherghanges to the temperature profile are related to the di-
from aerosol-induced cloud cover effects, we repeated Fig. 3yect/heating cooling of the aerosol particles, we need to
but divided the data into two classes according to the cloudconfirm whether the aerosol layer corresponds to the altitudes
cover (CC) values: low cloud cover (G@.3) and highcloud  where we see the temperature profile change. CALIPSO
cover (CC-0.3); this is shown in Fig. 4a and b, respectively. packscatter data were used (Thomason et al., 2007) to

estimate the smoke layer altitude. Figure 5a shows

www.atmos-chem-phys.net/9/8211/2009/ Atmos. Chem. Phys., 9, 82212009
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Total Attenuated Backscatter [1/km*Sr] MODIS true-color image
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Fig. 5. (a) Calipso image of total attenuated backscatter at 532 nm (date: 17/8/2007, time: 17:@):T8)e color image from MODIS on

Aqua, red — Calipso’s route, blue — region studied (Fig. 1). These images are characteristic, chosen from 16 images spanning the 2 month:

period (August—September) analyzed in this work. The smoke top reaches an altitude of about 3.3 km above ground.

a characteristic CALIPSO total attenuated backscatter atemperature changes cannot be due solely to heating/cooling
532 nm image over the Amazon basin (from date: 17/8/2007py the aerosol absorption and scattering. The cooling due
time: 17:24:18). We distinguish smoke from cloud by the to aerosol extinction of solar radiation in the surface layer
fact that smoke is more homogeneous and with lower opti-is expected to be on the order of 2&as shown by Yu et
cal density compared with clouds. A true color image from al. (2002) and Koren et al. (2004) from radiative transfer
MODIS is shown in Fig. 5b, which helps identify smoke modeling. Here the observational analysis shows a cooling
and clouds in the CALIPSO image. The smoke layer ex-of ~4°C, about twice the theoretical values, suggesting that
tends from the ground to an altitude of about 3.3 km. Theseanother factor must come into play. By controlling for cloud
images are characteristic, chosen from 16 images spanningover (Fig. 4), thus lessening the cloud contribution, we see
the 2 months period (August—September) analyzed in thighat the magnitude of the cooling near the surface is cut in
work. Examination of these 16 CALIPSO images showsabout half. In addition, in the high cloud cover case, satura-
that the smoke reaches an altitude of83042km. How-  tion appears at AOB0.27 (Fig. 4b), which agrees with the
ever, CALIPSO does not provide the distribution of the saturation of the cloud cover at AOD abowv®.27 (Fig. 4d),
smoke concentration within the layer. The combination of while in the low cloud case, the temperature decrease is a lin-
the CALIPSO lidar and the Manaus sounding data indicateear function of AOD with no saturation point. Repeating the
that that the 4 AIRS pressure levels of Figs. 3 and 4 fallsame analysis for different cloud cover cutoff values (i.e. dif-
within the observed smoke layer, with the 700 hPa at the venferent from 0.3) gave similar results. Ideally we would like to
top of the smoke. further narrow the cloud cover ranges, but the sample sizes in
the narrow ranges became too sparse for statistical analysis.
The temperature rise at 850 hPa is primarily a result of the
4 Discussion absorption of solar radiation by the biomass burning aerosols
at this level. The magnitude of increase-of°C is consis-
Figures 3 and 4 present a compelling association between irtent with expectations of 1= formed from radiative trans-
creasing aerosol optical depth in the Amazon and measurabler modeling (Yu et al., 2002; Koren et al., 2004) and there
temperature changes within the lower atmosphere. While thés a steady rise in temperature as AOD increases. Do clouds
altitudes exhibiting the temperature changes lie within theinterfere with this absorption? On partly cloudy days, the ab-
characteristic smoke layer, as observed by CALIPSO, thesorption might be enhanced due to increased scattering from

Atmos. Chem. Phys., 9, 8218221, 2009 www.atmos-chem-phys.net/9/8211/2009/
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Time Series, Area Statistics
(Region: 69W-53W, 165-55)

Aerosol Optical Depth at 550 nm (MYD08_D3.005)
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Fig. 6. Mean AOD for the area of interest (Fig. 1) for the months June—September. The burning season clearly starts on August. The
Analyses and visualizations used in this figure were produced with the Giovanni online data system, developed and maintained by the NASA
Goddard Earth Sciences (GES) Data and Information Services Center (DISC).

clouds (termed 3-D effect; see Wen etal., 2006). On the OthGIrrable 1. A summary for the years 2005-2008. Temperature differ-
hand, clouds could also shed the aerosols below them, thug,ce petween hazy and clean conditions (i.e. from AOD values of
diminishing the absorption. From Fig. 6, there seems to be N most 0.6 to nearly zero) within pressure levels 1000 and 850 hPa.
difference in temperature increase at 850 hPa with increasin@ositive numbers correspond to heating, negative to cooling. The
AOD for the two cloud cover categories, implying that the standard deviation in all years is similar to those presented here for
chance of absorption is the same with and without clouds2007.

However, due to the large variablity of the data (as depicted
by the error bars), we cannot determine the role clouds play Year Temperature difference between hazy and clean condifi@ns (

in the absorption. 1000hPa 850hPa
The saturation point at AOB0.27 for high cloud cover ~ 2005 -5 2.5

(Fig. 4b) corresponds to the point at which the aerosol effects ggg? :i 115

on cloud cover switch from primarily the microphysical path- 5558  _55 1

way to the radiative pathway (Koren et al., 2008). In a very
pristine atmosphere, addition of aerosol in the form of cloud
condensation nuclei (CCN) introduces substantial changes to
the cloud microphysics. More numerous but smaller dropletsan analytical model that describes this transition point at
form, and this affects cloud extent and lifetime. The resultAOD~0.25, and supported this model by observations over
is a rapid increase of cloud cover as AOD increases fromthe Amazon. Another work of interest on this topic is Rosen-
near zero to around 0.25 (Koren et al., 2008). At that pointfeld et al. (2008). A full discussion of this transition is out-
the microphysical pathway reaches a saturation point. Addi-side the scope of this paper, and will be addressed in the fu-
tional CCN do not further increase cloud cover, and insteadure.
the radiative pathway becomes dominant. The pressure level 925 hPa can be viewed as a transition
The fact there is a transition in clouds properties at a cer-altitude. Its specific response would be determined by the
tain AOD level was shown previously by both observation vertical distribution of the smoke, which we cannot know
(Breon et al., 2002) and modeling (Wang, 2005). Jiang ancat the moment. On the other hand, the 700 hPa level is at
Feingold (2006), another modeling study showed that thisthe very top of the smoke layer (Fig. 5), where the smoke is
transition point occurs when both microphysical and radia-concentrated very thinly. Because the very top of the smoke
tive processes are included in the model, but not when the ralayer is heated less, this pressure level is expected to be less
diative processes are shut off. Koren et al. (2008) developedffected by changes in the smoke loading.

www.atmos-chem-phys.net/9/8211/2009/ Atmos. Chem. Phys., 9, 82212009
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Temperature Versus AOD, for June — July, 2007
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Fig. 7. The same as Fig. 3, but for the months June—July. Note there is no apparent temperature change at 850 hPa pressure level (red curve
The cooling near the surface (1000 hPa, blue curve) is similar to the cooling observed for the months August—-September (Fig. 3).

The relationship between temperature and AOD of thecorrespond to Fig. 3). Small differences are expected due
4 pressure levels taken as a whole (Fig. 3) shows clearlyo interannual variation in meteorological conditions and
the stabilizing effect of the smoke on the lower atmo- biomass burning policies. The response to cloud cover re-
sphere. The temperature differenéd’) between the low-  strictions is similar for all the years, as it was for 2007 and
est atmospheric layer at 1000 hPa and the 850 hPa layeshown in Fig. 4.
8T=T (1000hPa—T (850hP3a, can serve as an indication Could the correlation between the atmospheric stability
of the stability of the atmosphere. The dry adiabatic lapseand AOD be due to a third agent, namely meteorology? The
rate Cgry) is ~1°C/100m, and therefore yields a dry adi- fires during the Amazonian dry season are anthropogenic and
abatic temperature change between the 2 pressure levetheir location depends on the farmers, the farm location and
of 8Tary=Taryx AH~14°C. Figure 3 shows that for the on law enforcement. Therefore the source distribution does
clean atmosphere (AOE0.1) 7 ~18.2°C>4§Tyry, suggest-  not depend on the regional meteorology. Nevertheless, the
ing an unstable atmosphere, but for the more hazy casesull hypothesis should be that atmospheric stability favors
(AOD=>0.5) §T~127°C<éTqgry, suggesting a transition to the formation of aerosols, which results in the correlation
a stable atmosphere. This stabilization is partly due to theseen in Fig. 3. Under the null hypothesis, performing the
direct interaction of the smoke with the solar radiation andsame analysis — a scatter plot of the temperature versus AOD
partly due to the feedback in which smoke increases cloud- with a much less absorbing aerosols, should give the same
cover. Thus, the microphysical pathway in which aerosolresults as seen in Fig. 3. During the months June-July (the
particles increase cloud cover is self-limiting: more clouds beginning of the dry season), the meteorology is stable and
lead to a more stable atmosphere, which will eventually re-similar to the months August—September, however since the
duce cloudiness. biomass-burning starts only on August (Fig. 6), the aerosols

We note that an implicit assumption in the above discus-are mostly biogenic, which absorb solar radiation much less
sion is that aerosol optical properties vary less than aerosdSchafer et al., 2008). Figure 7 shows the same scatter plot,
loading. However, this can be seen in AERONET retrievalsbut for the months June—July. During these months, the cool-
beginning with the SCAR-B experiment (Dubovik et al., ing near the surface (1000 hPa) during June—July is similar
1998) and subsequent years (Dubovik et al., 2002). to the cooling during August-September. However, there

We have done the same analysis also for the years 20053 0 heating at 850 hPa, compared to the months August—
2006, and 2008. Table 1 summarizes the results for all theSeptember, which is in contrast with the null hypothesis.
years for unrestricted cloud cover (i.e. for 2007, the numbers
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