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Abstract

The present paper presents a climatology of tdtaldccover (TCC) in the area of the
three inland Eurasian seas (Black, Caspian, antl &a). Analyses are performed on
the basis of 20 years of data (1991-2010), colteétem almost 200 ground stations.
Average TCC is 49%, with broad spatial and seasearahbility: minimum TCC values
are found in summer and to the southeast, whilemmax values correspond to winter
and to the northwest. For the whole area, lineardranalyses show that TCC did not
vary during the study period. We only detectedatisically significant positive trend
(+1.2% decadd in autumn. We obtained different results for thgions delimited by
means of a Principal Component Analysis: a cleare#se, both for the annual, spring,
and summer series, was detected for the southawkB3ea, while increasing TCC was
found for the annual, autumn, and winter seriesh@énorth Caucasus and the west and
north of Black Sea. We also analyzed the TCC dadm fglobal gridded products,
including satellite projects (ISCCP, PATMOS-x, CLAR reanalyses (ERA-interim,
NCEP/DOE, MERRA), and surface observations (CRU)hdugh all these products
capture the seasonal evolution over the study #neg,differ substantially both among
them and in relation to the ground observationsnag/ses produce much lower values
of TCC, while ISCCP and CLARA provide a summer minm that is too high. Trend
analyses applied to these data generally showeeceease in TCC; only CRU and
NCEP/DOE tally with the ground data as regardsaihgence of overall trends. These
results are discussed in relation to previous stigresenting trends of other variables
such as sunshine duration, diurnal temperatureerangrecipitation; we also discuss
the connections with changes in synoptic pattemmd anvironmental changes, in

particular in the Aral Sea region.
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1. Introduction

Clouds play a key role in the Earth’s energy bataand hydrological cycle, both at
global and local scales (Ramanathenal., 1989; Stevens and Bony, 2013). The
physical mechanism of the influence of clouds om tinderlying surface involves the
way they affect the heat balance, which determswetace temperature (Matuszko and
Weglarczyk, 2014). For example, a numerical expanmperformed using the

mesoscale hydrodynamical model COSMO for the Ewopart of Russia showed that
variations in the radiative fluxes between clousllesnd cloudy situations may be as

great as hundreds of WniYevteevet al., 2010).

Within the framework of current climate change, thecent report by the
Intergovernmental Panel on Climate Change emphddize uncertainties associated
with clouds in relation to past climate, particljyaregarding model simulations of
future climate (Nanet al., 2012; Boucheet al., 2013). Despite the advances made in
the modeling of the climate system, little progrdes been made with regard to
describing cloud-related physical processes innioelels. Phenomena such as cloud
formation, dissipation, precipitation, and effeat® radiative fluxes are usually
parameterized on the resolved scales. It is wallhknthat many processes in climate
systems are governed by cloud feedbacks througatiragland latent heat fluxes in the
atmosphere. Uncertainties in the simulation of @otherefore provide a wide range of
climate model results and may lead to noteworthyioreal errors relating to cloud

radiative effect (Flatet al., 2013).

Climatic studies of cloudiness are by far less camrthan studies concerning other
variables such as temperature or precipitations Tfiin part due to the difficulty

involved in obtaining reliable data on clouds: ptio the satellite era, the only way to
obtain cloud data was through visual observation eperienced meteorological

4
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personnel (Sanchez-Lorenebal., 2012). These observations were therefore limived
manned stations, so their spatial (and temporal)sitde is lower than other
meteorological variables. An additional issue referthe intrinsic subjectivity allocated
to these observations, in particular when distigigunig scattered or broken clouds and
classifying the cloud type. An example of this kifdproblemanvolves the U.S cloud
cover database, for which Free and Sun (2013, 2@&Mark the need for testing and
adjustment before it can be used with confidenagectonate trend assessment or
satellite product validation. This is due to therdption of such observations by the

introduction of automated observation systems dhdrartificial shifts.

As from the last three decades, satellite imageany affer a more complete view of
cloudiness, although several remarkable issuesdiggthe spatial/temporal resolution
and long-term homogeneity of these data have bdemtified (Norris, 2005; Evast

al., 2007; Cermaket al., 2010; Sunet al., 2015). Indeed, the satellite view is
complementary, but by nature different from claalsiground-based observations, in
terms of point of view and of spatial and tempeesiolutions (e.g. L’'Ecuyer and Jiang,
2010). Recently, sky cameras and other (active)cdevsuch as ceilometers or cloud
radars are being deployed to further charactetmeddoehavior from the ground (Long
et al., 2006; Costa-Surdat al., 2013; Klebeet al., 2014); radiosoundings can also be

used to describe cloud structure (Costa-Sarék, 2014).

Despite the above mentioned issues, there have fogaications providing several
climatic descriptions of cloud behavior within bdtie global and regional scopes. For
example, Warrewt al. (2007) developed a global climatology of cloudsdd upon the
so-called Extended Edited Cloud Report Archive (RBL dataset, which contains
synoptic observations for oceans since 1952 anddiatinents since 1971; moreover, they

studied the long-term changes. The aforementioatbet has been updated and a more in-
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depth analysis is given in Eastman and Warren (2@tBer studies are also of interest: at
continental scale we can mention the works of HesateSellers (1992) for Europe,
Dai et al. (2006) and Free and Sun (2014) for the USA, Kg2800) and Xia (2012)
for China, and Sun and Groisman (2000) for the &r8oviet Union (FUSSR) or
Chernokulskyet al. (2011) for Russia. At a more local scale, Callmd &anchez-
Lorenzo (2009) studied the cloud climatology of theerian Peninsula. Further
information on cloud climatology studies can berfdun Warren and Hahn (2002) and
a review of studies on long-term evolutions of dimess is presented by Sanchez-

Lorenzoet al. (2012).

The present study focuses on changes in cloudifsgeifically total cloud cover,
TCC), over the last 20 years, in and around the&an inland seas: the Black Sea, the
Caspian Sea and the Aral Sea. This area is thetatf]€CLIMSEAS (Climate Change
and Inland Seas: Phenomena, Feedbacks, and UntegaiThe Physical Science
Basis), a recent European project that involvegaehers from Russia, Spain, the
United Kingdom, and the United States. The belnafdle latitudes encompassing the
Black, Caspian, and Aral seas area is of particultarest due to its geographical
position, the presence of the three inland seascfimay affect climate at regional
scales), and the recent environmental changestirgsdtom strong anthropogenic
pressures, namely the shrinking of the Aral SeardKkevich and Zaitseva, 2003;
Shiklomanov and Vasilieva, 2003; Chub, 2007; AusBlecket al., 2011; Gaybullaev

et al., 2012; Zavialowt al., 2012; Frolov, 2014; Rubinsteghal., 2014).

The components of the water and the heat budgelsesé enclosed and inland seas are
particularly dependent on local meteorological dmnirological conditions and are
therefore highly sensitive to climate change (Simknov and Vasilieva, 2003; Chub,

2007; Zavialowet al., 2012; Frolov, 2014; Rubinstea al., 2014). Hence, information
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on the temporal changes in the climate variableshefstudy area and their spatial
patterns is important. It can provide insights itite complex mechanism of interactions
and mutual feedbacks between local atmospherialaiton, heat fluxes, and the

components of hydrological cycles of the seas.

Much is now known of the ecological disaster inwofythe desiccation of the Aral Sea,
which resulted both from anthropogenic pressurefaomd the impact of climate change
(e.g. Kharet al., 2004; Rogett al., 2009; Zavialowt al., 2012). A variety of scientific
and practical issues exist referring to level clesngn the Caspian Sea that are
modulated by regional climate variability (e.g. Mesrskaya and Golod, 2003; Arge
al. 2012, 2014). More recent publications (e.g. IPZd4; Frolov, 2014) highlighted
the vulnerability and sensitivity of the Black Seeosystems in relation to climate-
mediated hypoxia, eutrophication, and pollution.eThkey question to be addressed
involves the extent to which human activity coulvé altered the physical, chemical
and biological characteristics of the seas, and Hmge changes impacted the local

climate.

Regarding time variations in cloudiness, Sun andigaran (2000) found an overall
increase in TCC in the FUSSR for the 1945-199000eron analyzing data from
surface stations. For the western part of the FUS&#Rre our study area is located),
the increase was statistically significant in sumii®e? %TCC decade where %TCC
means fraction of sky covered by clouds). A stugyTang and Leng (2012) used
daytime satellite-derived TCC data from PATMOS-wonfirming the general TCC
increase over most areas of Eurasia in the 1989-géflod. This latter paper, however,
shows that the increase in TCC is not as evideoumstudy area; specifically, for the
1995-2009 subperiod, a decrease in TCC (from -8ver -6 %TCC decad® affects

the northern regions of the area. A more detaitedysof clouds based upon visual
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observations at Russian meteorological stations av0-year (1991-2010) period
(Chernokulskyet al., 2011) shows that in the north of the Caucasesyden the Black
and the Caspian Sea, daytime TCC tends to incrpasiggularly in autumn and winter

(approximately 1 %TCC decadle and much less remarkably in summer and spring.

The present paper aims at presenting the climagaddd CC in the area of the inland
Eurasian seas, providing both the mean annual aadosal values and also the
interannual variability and trends during the lasb decades, based upon observations
from almost 200 ground meteorological stationshia &area. In addition, several global
gridded products (satellite, reanalysis, and serfdata) are also used for further study

of TCC in the area.

2. Data

2.1 Ground-based raw data

The basic data for the present study was provigetid Hydrometeorological Center of
the Russian Federation (RHMC) and consists of st@hslynoptic observations taken at
hundreds of stations in the area of interest (SN525-70°E; see Figure 1). The
stations currently belong to fourteen countriess$ta, Ukraine, Moldova, Romania,
Bulgaria, Turkey, Greece, Georgia, Armenia, Azgdmi Iran, Turkmenistan,

Uzbekistan, and Kazakhstan. The dataset covedatingary 1991- July 2010 period.

For each station, the corresponding files contagasurements and observations of
most meteorological variables. In relation to cloeds, all files provide observations of
TCC; depending on station and period, data are asdilable on cloud type or the
height of the lowest cloud. Due to the discontiegitand diversity of the latter

observations, the present study will only focusT&@C. This variable is provided both

8
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for daytime and nighttime, every 3 or 6 h, depegdifso on station/period. In order to
avoid bias resulting from the different observationes, we finally only employed the
four observations per day (at 00, 06, 12, 18 h UT&C, covering the whole daily cycle)
that were available for all stations and periodse Thethod used to register the TCC
was changed during the study period: from 19910@22 TCC was in oktas, whereas
after 2005, TCC is in tenths; during the 2003-0dqak some stations avail of a mixture
of records in oktas and tenths, and close inspediialata for these years was therefore
performed. Actually, we found that this simply imv@d a change in recording criteria:
observations were actually performed in oktas &vipusly, but then recorded on a
scale from 0-10, by means of direct conversiongekenths: 0-0, 1-1, 2-2, 3-4, 4-5, 5-
6, 6-7, 7-9, 8-10) which does not exactly follove #WMO recommendations (WMO,
2012). All TCC ground observations were converted pktas for this study. That is, as
from 2003, when some cloud observations were recbmd “tenths”, we changed the
units back to oktas, in order to provide coheremtes for the whole period analyzed.
The estimated uncertainty associated with thesagg®is less than 0.1 oktas (1.25

%TCC) for the monthly means of TCC.

An equivalent dataset compiled by Hahn, Warren Badtman (hereafter HWE, see
Hahn and Warren, 2003; Eastman and Warren, 2018)alga available for our study
and initially covers the 1971-2009 period. Thisadat was not used due to the lack of
available data for our main period of interest (I1-2809). Indeed, after application of
our strict quality control procedure (see SectiontlBe number of stations passing the
tests (185) was about three times higher with atalthse than with the HWE dataset;
in addition, the former presented more uniform igpabverage of our region of interest
than the latter (for example, many series of thren& Soviet Union countries are not

fully updated after 1997 in HWE). Moreover, the mleresults obtained from both
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datasets are very similar (not shown), which suiggoour choice. Nevertheless, the
HWE dataset may be very useful for extensive aralgamilar to those presented in our
paper, if applied to other regions and/or when $og on the longer period starting in

the 1970s.

2.2 Other datasets

Apart from the observations taken at meteorologstations, there exists a number of
global datasets providing information about clowtsa regular grid. A selection of
these datasets was considered in the present stodilly with the aim of
complementing the results obtained by means ofrdlae observations, thus giving a
more complete picture of the TCC climatology (Yeiwal., 2014). A side (yet relevant)
result of the use of these datasets involves amasss®nt of their usefulness and

shortcomings in relation to TCC in the area.

Three types of data were selected: satellite-déro&ta, reanalysis, and gridded data

from ground observations. The specific productsisistis are detailed as following:

e The International Satellite Cloud Climatology PajiISCCP) is a project of the
World Climate Research Programme (WCRP), whichngite to study the role
played by clouds in the Earth’s radiation baland wWe use of radiances measured
from polar and geo-stationary satellites. Data vesikected and processed from July
1983 to 2009 (Rossow and Schiffer, 1999; Rossowlarefias, 2004). In the present
study we consider the TCC monthly mean values (ped from initial data at a
temporal resolution of 3 hours) provided in the B&aset on an equal-area grid

(280%280 krf).
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« PATMOS-x (Pathfinder Atmospheres Extended) providata corresponding to
different variables, including TCC, since 1981 (eosand Heidinger, 2013).
Variables are retrieved from the two daily field®guced by the Advanced Very
High Resolution Radiometer (AVHRR) sensors onbodh# Polar-orbiting
Operational Environmental satellites (POES coreieth) operated by NOAA, and
more recently onboard the MetOp satellites operbyegUMETSAT. The resolution
of the PATMOS-x data as downloaded and used inptieeent research is 1°x1°.
Four observations per day (at 1:30, 7:30 am an@®, 17330 pm) were used to
compute daily, and subsequently monthly, averagesgpt in 1991, when only the
morning and evening observations were available.

« The CM SAF clLoud, Albedo & Radiation dataset (CLARAeveloped by the
EUMETSAT Satellite Application Facility on Climat®onitoring (CM SAF)
project, has a resolution of 0.25° x 0.25° anderily covers the period ranging
from 1982 to 2009 (Karlssoe al., 2013). It consists of TCC and other variables
derived from the AVHRR sensors on the same saeltionstellation as the
PATMOS-x products, although TCC values are produmedifferent algorithms. In
this case, the monthly averages as provided by EUBAH were used.

* ERA-Interim is the new generation of reanalysisvmted by the ECMWF
(European Centre for Medium-Range Weather ForecaBiRA-Interim has a
resolution of 0.75° x 0.75° and covers from 1978l uhe present at a temporal
resolution of 6 hours (Dest al., 2011), although the monthly means as provided by
ECMWEF were used in our study.

* The National Centers for Environmental Predictiodépartment of Energy
(NCEP/DOE) Atmospheric Model Intercomparison Proj@MIP-Il) Reanalysis 2

(R-2) project provides data since 1979 every 6 fiaair a spatial resolution of

11



244 approximately 1.9° x 1.9°; it uses an analysistfast system to perform assimilation

245 of past data (Kanamitset al. 2002). Again, the monthly means were directly take
246 from the developers of this dataset.

247 * MERRA stands for Modern-Era Retrospective Analy$éis Research and
248 Applications and is intended to constitute a clerqibality analysis that places
249 NASA'’s satellite observations within a climate aexit MERRA data are available
250 since 1979 on a 1/2atitude x 2/3longitude grid. As with the other products, the
251 monthly means were used in the present study, e fact that data at 1-hour
252 intervals are available (Rieneclatral., 2011).

253 * The Climatic Research Unit (CRU) TS (time-seriegfdped products provide
254 monthly data for different meteorological variabl@<C being one of these. The
255 datasets are based on an archive of thousandstebrolgical stations throughout
256 the world during the 1901-2011 period, and aredfiammed on a grid of 0.5° x 0.5°
257 over land areas (Harres al., 2014). CRU cloudiness data are based only ortidsg/-

258 observations.

259 It should be noted that all these datasets offeroduct that is labeled as TCC (or an
260 equivalent term), which does not mean that thendefn of clouds is exactly the same
261 for all of them, and moreover, satellites view dsudrom a different point of view. In
262  addition, the different time resolutions of thegimal data may affect the comparison to
263 a certain extent, although the latter issue shdddminimized when working with
264  monthly averages. The fact that the study regioterels across several time zones

265 could lead to slight differences in the way thdydeycle is captured in each region.
266

267
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3. Methods: quality control, regionalization, trend analysis

Initially, data files corresponding to several hredb of stations in the area were
available for this research. Several quality cdntmiteria were imposed upon each
station in order for them to be included in theafidatabase. First, we aggregated the
four values of TCC per day into monthly mean TCE, $imply performing an
arithmetic averaging. Months with over 50% of mmgsoriginal TCC data were labeled
as “no data”. We then discarded all stations witlero20% of missing months.
Subsequently, a quality control based upon visugpection of all monthly series was
also applied and some stations presenting obvieunspdral inhomogeneity were

removed from the database.

Like most meteorological variables, TCC exhibitsteong yearly cycle; in order to
remove this from some analyses (trends, regiortadiza we computed monthly TCC
anomalies. Anomalies are defined as the differdreteveen the actual monthly value

and the mean value for that month during the whkelees (1991-2009 period):

Nj .
TCCanom(j k) = TCC(, k) — Z1n+0100m> 0

whereTCC(j,k) is the TCC for montl of yeark, TCCanom is the corresponding anomaly

andNj is the total number of monthsvith available data.

It is well known that ground-based observations abdudiness present certain
limitations. On one hand, it is impossible to obsehigher clouds concealed by lower
ones. This is not an issue, however, when focusingattention on TCC. In addition,
there is the problem of observing clouds at nighgti(e.g., Hahret al., 1995). This
should not significantly affect our results, as siane observation times (which include
at least one night observation) were used fortatias and for the whole study period

(see Section 2.1), and given that the analysis per®rmed with monthly data.
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On the other hand, inherent uncertainty in the olad®n results from the subjectivity
of the observer. Even if the observer is well tedirand experienced, each particular
observation presents a degree of uncertainty afrak@1 okta. Exceptions to this are
the two extreme observations, that is, a totalyudless sky (0O oktas) and a totally
overcast sky (8 oktas). In these cases, the olismrvia easier, and the uncertainty is
very much attenuated. This fact justifies the deén of the so-called “parameter of
cloudiness”PC (Biel, 1963; Sanchez-Lorenza al., 2012), which is computed in %

according to the expression:

Novcst—Nclear
Ntot

PC =50+50 ()

where Novcst and Nclear are the number of overcast and cloudless obsensti
respectively, in a given period, ahltbt is the total number of observations available for
that period. Sanchez-Lorensb al. (2012) demonstrated the high correlation existing
between the monthly mean TCC amL anomalies. On the basis of this close
correlation,PC was computed for each station as a way to funtbafy the quality of
TCC observations: systematic biases may be detemterecording some particular

cloudiness situations, because they will produlcever correlation.

Specifically, we computed the monthBC for each station and then the montRIg
anomalies (following the definition in Eq. 1), amadalyzed the correlation with the
monthly TCC anomalies. As stated above, the usaomalies is justified because they
avoid the high correlation already existent betw#®n raw monthly series resulting
from the seasonal cycle. In Figure 2 (left), théuga for a particular station (Chimbaj,
Uzbekistan) are plotted in order to show the tylpatase correlation existing between
TCC andPC (r* = 0.98 for this particular site). In contrast,cals Fig. 2 (right) the plot

for another site (Trabzon, Turkey) is presented: liehavior in this case is clearly
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different (¢ = 0.69), so this is an example of a station thas wot considered in the

final database.

Following application of the above mentioned crédethe database comprised a total of
185 stations. It is worth noting that for these aamng stations, most (97%)
determination coefficients between the anomalieB@®and TCC are greater than 0.80,
and many of them (69%) are greater than 0.90. ph&as distribution of these stations
is presented in Fig. 1: in general terms they aenky distributed in the area, although
there is a higher density in the West and NortthefBlack Sea and a lack of stations in
the East and South of the Caspian Sea. In pantjcwka were unable to maintain the
stations in Georgia, Armenia, Azerbaijan, and lranhe database, mainly because of
long gaps in the data. Most series from the sedestations are complete and the data
cover the whole time range; only 20 series (11%8%5) have over 10% (but less than
20%) of missing months. A table with the list o&tsins (including coordinates and

country), is provided as Supplementary Material.

In addition to the analyses applied to each indiaidstation, on one hand, and to the
study domain as a whole on the other, we paid éuaréittention to classifying stations
according to their TCC temporal variability. We doyed the Principal Component
Analysis (PCA) technique to this end. We perforntieel analysis using the series of
monthly-normalized anomalies (for mean to be equd and standard deviation equal
to 1); each station is considered as a variable @ach monthly anomaly, an
observation. We used all months of the year in rotdeobtain only one classification
result, thus avoiding finding different classificats for different temporal resolutions

(Sanchez-Lorenzet al., 2007).

The results of the PCA showed that 17 Empiricah@gbnal Functions (EOF) account
for more variance than each of the original vagali.e., their eigenvalues are greater
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than 1) and explain over 86% of the total varianteéhe dataset. As a compromise
between simplicity and explained variance, we setedhe first eight EOF, which
together explain over 78% of the variance (eacthef explains over 3%). In order to
redistribute the variance into the components amdlitain stable and physically
meaningful patterns, we applied a Varimax rotatiorihe selected EOF (Von Storch,
1995). Subsequently, each station was assignedeaatated component according to
the maximum loading obtained from the PCA (Sandmenzoet al., 2007). This
procedure sorted stations into eight relatively ezeht (from the geographical and
climatic points of view) regions. Figure 3 showsgeaphical representation of the
classes, which will hereinafter be referred toeggans. The assignation of a station to a
region is detailed in the table in supplementaryemal. The regions and their acronyms
used herein are NBS (North Black Sea), WBS (WesatBISea), SBS (South Black
Sea), NC (North Caucasus), NCAS (North Caspian/fmatl Seas), AAS (Around Aral
Sea), SeAS (Southeast Aral Sea), SeCS (SoutheagiiaBaSea). Despite these
denominations, note that three stations in or texthe Crimea Peninsula belong to the
SBS region, while one station on the eastern aufatste Caspian Sea is classified as an

NC region.

We computed the annual, seasonal, and monthly sexés for each region and for the
whole area by averaging all available data in eesam$e. For the trend analyses, we
computed the corresponding mean series of anomali¢kis case, missing data were
filled with zeros. Using mean series provides a emeynthetic description of the

climatic signal than one single station and pernatigher signal-to-noise ratio,

enabling better identification of long-term changése linear trends of the series were
calculated by means of least squares linear fittimg their significance estimated by the

Mann-Kendall nonparametric test (Sneyers, 1992).
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For each of the additional datasets (Section 2&)fivgt obtained the TCC monthly
value for the grid cells within the area of intérda addition to generating maps of
mean TCC, we also computed the average serietidowhole domain, as well as the
average series of monthly and seasonal anomalg# ge case of the observations,

we used these to assess possible trends.

Finally, it should be noted that, since ground datds in July 2010, and some gridded
products end in 2009, all annual analyses werepadd for the 1991-2009 period. On
the contrary, where possible, seasonal analysasded January and February 2010, in

order to use as many winters as other seasons.

4. Resultsand discussion

4.1. Climatology for the whole area on an annual and seasonal basis

Figure 4 shows the annual and seasonal mean T@& istudy area, for each station
and for the 1991-2009 period. In addition, Tabkhdws the average values of TCC for
the whole area both for the annual period and lagaes (winter: DJF; spring: MAM;

summer: JJA; autumn: SON). The mean TCC for tha m@&.9 oktas (49 %TCC), but

this value is produced by quite relevant spatial seasonal variability.

Thus, annual TCC shows a remarkable latitudinadigrd, as well as a moderate
longitudinal gradient. Sites with the lowest TCC 25 oktas) are located in the
southeast of the area, specifically to the soutih®fAral Sea. On the other side, stations
with the highest TCC (> 5 oktas) are located in tloethwest corner of the domain,
although a second similar maximum is found to tbgmof the Caucasus, between the

Black and the Caspian seas.
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Figure 4 also shows that all seasons follow appnakely the same pattern as the
annual mean, but present clearly lower values mmsar and higher ones in winter.
Certain specific characteristics, however, can érévdd from the seasonal maps. First,
the spring maximum is located in the Caucasus negsecond, summer values are
extremely low, especially in the south of the Bl&®#a and in the southeast of the area,
where summer TCC is lower than 1 okta at sevetat.sirhird, in winter there is a
relatively high mean TCC (> 5.5 oktas) in regiongls as between the Black and

Caspian Sea and the north of the Black Sea.

Figure 5 gives the mean annual TCC as seen inttiex datasets. It should be noted
that in this figure the units are %TCC, but thensfarmation from oktas to %TCC is
straightforward (1 okta = 12.5%TCC). The correspogdnean values for the whole
area are given in Table 1. It is also noteworthat tthe averages from the ground
observations and from the gridded datasets arestniotly comparable, since the area
covered by the latter datasets is somewhat lang@gnrecludes information referring to
the sea; in addition, the average of the TCC frbenground stations was computed by
assigning the same weight to all of them, desgi& thon-homogeneous distribution
across the area. Moreover, the definitions of aitlon terms of a satellite or of a
reanalysis product may differ from the standardnitedn for a ground observer; the

different temporal resolution of the original badata may also affect the comparison.

The general spatial behavior (Fig. 5) is well cagduby all datasets: in particular, they
all show the latitudinal gradient, as well as tbevést values in the eastern part of the
study area. Nonetheless, several particularitigholo be highlighted: the ISCCP mean
annual TCC (53 %TCC) is slightly higher than thiaeg by the ground stations (Table
1). CLARA exhibits the highest resolution of thiagtaset; this enables some local TCC

maxima to be identified, such as in the southe&sh® Black Sea, and in particular
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(perhaps erroneously) in the south of the Aral $4=an annual TCC from PATMOS-x

(48 %TCC) is very similar to that provided by thewgnd observations; indeed, the
spatial pattern described by this product fits gquitell with the ground observations.
Values from the CRU dataset are virtually identtcalhe ground observations; this was
to be expected, since the CRU dataset is built ypoond measurements, although it

only uses daytime observations and a set of sttluat is not necessarily the same.

The three reanalysis products clearly underestirttegeannual mean TCC in the area.
The range of values in the domain, from these tlpe®ucts, is 20-55 %TCC.
Computed as the deviation for the whole area of #mnual mean TCC,
underestimations from the reanalyses are gread@r th0 % TCC, reaching -15 %TCC
for NCEP/DOE when compared with the ground obsermat (see Table 1). These
values correspond to relative deviations (taking tjround observations as the
reference) of over -20%. This remarkable underegton has been previously reported
for other areas (e.g., Weageal., 1995; Bettst al., 2006; Bedachét al., 2007; Calbo

and Sanchez-Lorenzo, 2009;\stual., 2012; Naudkt al., 2014).

The values of mean annual TCC obtained from thergtmbservations (see Figure 4),
as well as from most of the gridded products (Fegbly, are in agreement with global
cloud climatologies (Warren et al., 1986; Warrewn &ahn, 2002) and correspond to
what is to be expected for such a mid-latitude .aFea example, the values for winter
plotted by Warren and Hahn (2002) in this areaagroximately 40-70 %TCC, in full
agreement with the values we found herein. Maxinaloudiness in the northwest is
associated with low pressure systems travellinghftbe west at these latitudes, while
the minimum in the south corresponds to the infteeof the subtropical high pressure
systems. Moreover, this minimum is enhanced inetlstern corner of the area because

of the distance to any large water mass.
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4.2. Variability and trendsfor thewhole area

Figure 6 (top) shows the evolution of the monthlgd mean for the whole area
throughout the analyzed years for all data sourddisdatasets suitably capture the
amplitude of the annual cycle, with the maximumwmter and the minimum in

summer. Relatively high values of TCC are ofteremssled through the springtime, a

pattern that is also captured by most products.

However, differences among the different datasets aso clear. For the ground
observations, the winter maxima and the summermarare approximately 5.5 and 2.5
oktas, respectively. Reanalysis products (in greefigure 6, top) show the above
mentioned large underestimation, with minimum valuweell below 2 oktas. Indeed,
NCEP/DOE maxima never reach 4 oktas, so the lamgienestimation of TCC with
NCEP/DOE data is mainly the result of underestintathe winter maximum. The three
satellite-based products (shown in blue) very tye&sllow the ground-based TCC
evolution, especially during the final years of #exies. These three products generally
tend to produce a narrower yearly range, with lomexima and higher minima. The
PATMOS-x data are in slightly better agreement, n@hs the minima provided by
CLARA are always clearly higher than the groundesbations. Among the gridded
datasets, CRU (pink line) is the best one with réda reproducing the variability of
observations, confirming our findings in relatiam the overall behavior presented in

Section 4.1.

Figure 6 (bottom) shows the anomalies (of the mEEL for the whole area) for all
datasets. The relationship among them is now notase: although the most important
anomalies are captured by most datasets (see &on@& the strong anomalies in the

second half of 1996, or in the 2008-2009 transiti@miod), sometimes a particular
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anomaly is not produced by all of them, and eveoosjte-sign anomalies can be seen.
Table 2 provides the correlations between the eres of monthly anomalies from
each gridded dataset and the monthly anomalies ftloen ground observations.
Strikingly, the highest correlations (0.58-0.64)yrespond to the reanalysis products;
this means that despite their systematic underasom(see Section 4.1), the reanalyses
quite correctly capture the temporal variabilitymé@ng the satellite products, the
highest correlation is found for PATMOS-x (0.55)hile CLARA reveals a very low
correlation (0.41). The latter results tally withose of Sun et al. (2015) for the
contiguous U.S. The correlation between anomaliesmf our ground-based
observations and those from the CRU dataset isivelya low (0.49), considering that
the latter was also developed on the basis of seinfi@aeasurements. The CRU dataset,
however, may be using different stations, and i lpon only diurnal observations;
moreover, it sometimes makes use of proxy magmnstydech as daily temperature
range and sunshine duration) rather than direarebtons of TCC (New et al., 2000;

Harris et al., 2014).

Table 2 also shows the linear trends of the anandlseasonal TCC anomalies during
the period analyzed, as derived from each datasethe whole area. Based on the
ground observations, the annual series show astatatly non-significant trend. The
only slightly significant (90%) trend is found ftite autumn data: +1.2 %TCC decade
By contrast, most other datasets show significagiative trends, both for the annual
series and also for most seasons, even in autumthid sense, the behavior of the
CLARA dataset is clearly anomalous: all seasonswskecreasing trends that are
greater (in the absolute sense) than -4 %TCC décadd the annual trend is -5.7
%TCC decadé If this is certain, this would result in an 11 @&T (almost 1 okta)

reduction for the 19-year period. Since the avefBG€ in the area (according to the
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CLARA data) is 53 %TCC, this would mean a relafi@C decrease of over 20%. The
exaggeratedly large decreasing TCC trend showhé{t ARA dataset was also found
in the U.S. by Suset al. (2015). The other satellite products provide negéatends too,
although much lower in absolute terms. The reamalystasets show a more moderate
evolution, which are therefore more similar to tgeound observations. Indeed,
NCEP/DOE is the only dataset that does not prodngesignificant trend, so from this
point of view, it is the one most parallel to thegnd data. ERA and MERRA give

negative trends, which are lower than those froenstitellite products.

It should be noted that the 20—year period is sdma¢wghort for a truly meaningful
trend analysis. However, the results are in goodegent with other research dealing
with the decadal variability of cloudiness in anduand the area. In this sense, the
statistically non-significant evolution of TCC olpged in the study area is in line with
the trends of ground-based records since the eE880s over global land areas
(Eastman and Warren, 2013). Likewise, the glolmétseries of satellite-derived TCC
do not show a clear trend over the last two decééaiée and Laken, 2013; Stubenrauch
et al., 2012, 2013), or over the ocean during the lasade March and, 2013)indeed,
stability in TCC since the 1990s is also observedother regions of the World
(Jovanovicet al., 2011; Sanchez-Lorenzet al., 2012; Sanchez-Lorenzo and Wild,
2012; Free and Sun, 2014) despite the fact thaesores a decrease (Sanchez-Lorenzo
et al., 2012; Eastman and Warren, 2013) or an increase @hd Sun, 2014) has been
described for previous years. For example, Eastarah Warren (2013) reported a
statistically significant decrease of -0.4 %TCC atk#* over global land areas from
1971 to 2009 but this was caused by high positive anomaliesnduthe 1970s and

early 1980s. It should be pointed out that, basgdnuthe results of these authors
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(Eastman and Warren, 2013), we can infer a meareaserof -0.7 %TCC decatitor

the study area and for the 1971-2009 period.

As previously mentioned, the TCC trends generatgdother products show big
discrepancies as compared with ground observatloms.worth noting that the study
area is located at the edge of the geostationaejlisaview. This is known to produce
spurious negative trends in ISCCP records (Estab., 2007; Norris, 2007; Norris and
Slingo, 2009) that are no longer obvious when tiiéaats have been removed from the
data (Norris and Evan, 2015). Equally, other sizgetlerived products such as CLARA
and PATMOS-x have also been reported to show spsin@gative trends during the
last few decades, possibly due to an orbital drifthe sun-synchronous satellites used
for the retrieval of their products (Norris andrfgio, 2009; Karlssogt al., 2013). Thus,
the results of the present study highlight the needsalidate trends derived from
satellite and reanalysis records of clouds by intenparing them (Stubenrauehal.,
2013), and also by including traditional grounddzhsbservations of clouds, which can

help to distinguish between real climate variapidind artifacts.

4.3. Climatology and trends on regional scale

Herein we describe the behavior of TCC in the eigigions defined by the PCA
method (Section 3). We first computed the meareseari monthly TCC for each region
by averaging the data from the corresponding statidMoreover, we derived a mean
annual cycle for each region by averaging the nigrithta over all years. These mean
annual cycles are displayed in Figure 7, whiledghaual and seasonal means for each
region are given in Table 1. Two regions (NBS an@) Nxhibit the highest TCC

throughout the whole year, with a winter maximuntafktas and a summer minimum
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greater than 3.5 oktas. Two other regions (WBS B@RAS) show a slightly lower
summer minimum, while TCC is almost 1 okta lowerwmter. The region with the
lowest annual mean TCC (3 oktas), SeAS, has a summmémum of approximately 1
okta (and < 1 okta in August), while the winter nmaxm is around 4.5 oktas. The other
three regions (SBS, SeCS, AAS) lie somewhere iwdt. As a common feature for
all regions, the summer minimum is reached in Audust it tends to be extended into
September in the eastern regions (SeCS, SeAS, AKRS) and into July in the
Western regions (NBS, WBS, SBS, NC). As for the tainmaximum, values for

December and January are very similar in all region

Subsequently, we computed and scrutinized the &rnamd seasonal anomalies to
search for trends. Table 3 shows the results, windicate that the averaging of
anomalies for the whole area was hiding severabnad trends of TCC. The most
notable ones are found for the NC region: it presansignificant positive trend on an
annual basis (+2.2 %TCC dec#ilewhich is the result of large trends in autumad an
winter (and also, but non-significantly, in sprindgjor some stations in this region,
where cloud type data were available, we foundttiaincrease in TCC is coupled with
an increase in low cloud cover, which is also mmagked in autumn and winter (not
shown). Other neighboring regions (NCAS, WBS, NB&p show positive (but non-
significant) trends of TCC on an annual basis.wo ©f these latter regions (WBS,
NBS) the annual positive trends result from largad( mostly significant) trends in

autumn and winter. In the latter regions, howewen-significant trends in spring and
summer are negative. In the region NCAS, the anpasitive trend is mainly generated
by the evolution of TCC in spring, which shows gnglicant trend. A similar positive

trend in spring is found in the other north-eastegion (AAS).
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On the other hand, the three southern regions leetpaite differently. In SBS we found
an annual negative trend (-2.2 %TCC de€adggnificant) which results from negative
trends in all seasons except autumn (although theemtrend is non-significant). The
other two southern regions (SeAS, SeCS) do notatemsy significant trend, although
the tendency indicates an increase in TCC in wiated spring and a decrease in

summer and autumn.

Thus, the above results show that in spring thera clear separation between the
western regions (i.e., the three regions aroundBilek Sea), where TCC trends are
negative, and the other regions, where trends aséiye. On the contrary, in autumn
and winter there are positive (and mostly signifi¢atrends in the three northern
regions around the Black Sea, whereas in the atgions trends are inexistent or
slightly negative. In summer, there is no cleandren any region, with the exception of

one (SBS); however, the tendency, if any, is towardlecrease in TCC.

We also applied trend analysis per regions to thlielgd products. That is, the values of
TCC from the satellite, reanalyses, and CRU wereraged for the grid points

approximately corresponding to the regions. Subsetly; anomalies were computed
on an annual and seasonal basis, and trends wematesl. The results (not shown) are
hardly compatible with what the ground observatimuscated. For example, for region
NC, where ground observations give mainly increa3i@C trends, all products (except
CRU) generate negative trends. The exception imme§BS, where TCC trends are
negative according to ground observations, andadsording to most gridded products
(although with different values and levels of sfgraince). Surprisingly, the only

product that produces contradictory trends for tagion is CRU.

The trends found herein (or the lack of trendsame regions) can be compared with
previous studies. For example, Eastman and Wageh3] found clear reductions in
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the southwest regions (up to -1.8% decddevhich is in good agreement with our
result for SBS, while they found smaller reductioms even an increase (+0.3%
decad&) in the northeast areas, i.e. in agreement with rmn-significant trend in
NCAS. It should be pointed out that a longer pel(b@71-2009) was studied by these
authors. Chernokulskst al. (2011) analyzed the same period as us (1991-2alliBit
only Russian stations, and found, as we did, arease in TCC in the northeast of the
Black Sea and the north of the Caucasus, partlgularautumn-winter. This is not
surprising because the ground observations of clesd are likely the same or very

similar.

Other studies in the area focus not only on cloessn but also on other variables that
may be used as proxies. For example, Rahimzatledd. (2014) studied sunshine
duration (SD) and diurnal temperature range (DTRjan, as well as TCC. They found
no DTR trends as from 1991 in northern Iran (arslight non-significant decrease in
TCC in summer), which is in line with the lack ogsificant trends that we found in the
nearest region (SeCS). Furthermofidirim et al. (2013) studied the behavior of SD in
Turkey for the 1970-2010 period; specifically, amgarding the estimation of trends,
they focused on two different subperiods, 1970-1880 1991-2010, the latter being
coincident with our study period. They did not fiady clear overall trend of SD for
Turkey as a whole for the 1990-2010 period, buy tfeaind that several sites in the
northern part of Turkey showed positive trends.sTémea coincides with region SBS,
where we find a negative trend of TCC, which mastiplly explain the increase in SD.
Even at seasonal resolution, the agreement istatinadily good, since Yildirimet al.
(2013) found significant positive trends at sevetations in northern Turkey in spring
and summer (thus corresponding with our negatmeds of TCC in SBS for these two

seasons).
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Changes in TCC should be associated with changatsnospheric circulation, provided
that most cloudiness is of synoptic origin. Actyathis is not strictly so in the study
area, where many clouds of mesoscale origin (cenvective clouds, orography-
induced clouds, sea-breeze induced clouds) may, @xiparticular in the warm part of
the year. Nevertheless, some of the trends detexjege with changes in cyclonic
activity in the area (Tilininat al., 2014), specifically a decrease in cyclones tosthwh

of the Black Sea, especially in winter, and a matiemcrease in cyclones to the north
of the Black Sea, especially in summer. In genterahs, these changes can be linked to
the northward shift of the subtropical high presssystems (Siedet al., 2008; Hu and

Fu, 2007; Lwet al., 2007).

In particular for the Aral Sea zone, cloud and jmiéation are also modulated by
invasion of cyclones from the south and south-westye activity, and western and
north-western cold air intrusions. These types ghoptic activity along with
topography and regional changes related to Aral @&ssaccation may be playing an
important role in cloud variability in the AAS regi. Due to the presence of a
significant positive trend of TCC in spring in thAsal Sea region, we analyzed the time
evolution of mean sea level pressure (MSLP) andijpitation fields as described by
the NCEP/NCAR reanalysis. This revealed a tendesfcMSLP to decrease in the
region (up to -2.5 hPa decatjewhile precipitation also showed an increasepinng
for the last two decades (4 mm decdde\ll these results agree well with each other:
increased cloudiness and precipitation in sprirey agsociated with intensification of
activity of the South-Caspian, Murgab and Upper Aamnya cyclones, which is

reflected in the pressure field configuration.

During the summer period, non-significant negatirends are revealed in the AAS,

SeCS and SeAS regions. This fact is compatible thighstatement by Chub (2003) that
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the proportion of summer and winter precipitatiaerothe Aral Sea has changed. Prior
to the desiccation period, the maximum of prectmtawas in summer and this is now
observed during the winter. Moreover, a significd@etrease in relative humidity and an
increase in DTR, especially in the south and e&dsh® Aral Sea region, has been
documented for summertime (Chub, 2003). The ineré@DTR can be explained by
the reduction of TCC, by means of modulation ofiatde (both shortwave and

longwave) fluxes.

5. Conclusions

The present study provides a description of theaatiic behavior of total cloud cover
(TCC) in the area of the three inland Eurasian ¢isBlack, Caspian, and Aral seas).
On the basis of data collected at almost 200 gratations in the area, we found that
average TCC is 3.9 oktas (49 %TCC). This figureyéwer, hides a large spatial and
seasonal variability with minimum (maximum) TCC wa$ in summer (winter) and in

the southeast (northwest).

According to the temporal behavior of TCC, eightfedent regions are defined by
means of a Principal Component Analysis. Theseteagfions share some common
patterns, in particular a marked seasonal cyclealso big differences as far as average
TCC is concerned. Differences exceed 2.5 oktas%3CC) in summer between the
regions in the north of the Black Sea and the Caugaountains and the region located

to the southeast of the Aral Sea.

Linear trend analyses of the ground-based obsenstf TCC have shown that for the
whole area, TCC did not vary during the study peobalmost 20 years (January 1991

— July 2010). Only in autumn, a weakly signific&@®%) trend of +1.2 %TCC decatle
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is detected over the whole domain. Again, the megjibehavior is quite different. In the
south of the Black Sea, clear decreasing trendsdetected, both for the annual
anomalies and also for spring and summer (valuesdo -4.3 %TCC decad} In the
north of the Caucasus, and the west and northedBliack Sea, increasing TCC is found
for the annual series, mainly due to significangipee trends in autumn and winter (up
to +5.0 %TCC decad®. In general, despite the relatively short peroalyzed in the
present research, all the findings regarding treasin good correspondence with
previous studies developed in different regionstled study area, either based on
cloudiness data or based on proxy data such akiserduration or diurnal temperature

range.

In addition to the ground observations, we alsdyaiea TCC data from a number of
products offering gridded values. These productdude satellite projects (ISCCP,
PATMOS-x, CLARA), reanalyses (ERA-interim, NCEP/DO¥ERRA), and a dataset
based on surface observations (CRU). Althoughhaéé¢ products are able to capture
the seasonal evolution over the study area, thi#grdubstantially both among each
other and in relation to the ground observatiormisT for the whole area all reanalyses
produce much lower values of TCC, while satellitggdad(ISCCP and CLARA) involve
difficulties with regard to capturing the valuetbeé summer minimum. Only CRU and,
to a lesser extent, PATMOS-x data appear to aguée gell with the original surface
observations referring to mean TCC, although mgntmhomalies of all datasets
correlate with the ground data anomalies (the lsghkerrelations being found for the
reanalyses). Global products should therefore Insidered with caution when used to
describe cloudiness, at least in this area. Monmedkes point is confirmed by the trend
analyses applied to these data: most products @eneegative trends, some of them

being oddly large (CLARA gives a reduction of -34TCC decadé). The relative

29



686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

performance of PATMOS-x, ISCCP, and CLARA in theiternanual variations and
trends found in in this work is similar to that fauby Sun et al. (2015), indicating that
issues of the retrieval systems for those threellgatproducts are fundamental to the
systems, independent of geographic regions. OnlyU Cdhd NCEP/DOE agree
relatively well with the ground data regarding #i®sence of overall trends. It should be
noted that direct comparison of these products whth ground-based data involves
inherent limitations: first, because of the differ@oints of view and even the different
definition of what a cloud is; second, becausénhefdifferent time sampling, which may
hinder or enhance the description of the daily e€ythird, because each dataset has a

different spatial resolution and representativeness

In the future, there is a need to address two guressput forward by the current study.
The first one entails establishing the causes andexjuences of the trends in TCC that
we have detected in some regions. That is, theedsirg cloudiness in some regions
and the increase in other regions must be relaith@reto changes in atmospheric
circulation or atmospheric state (which could lmdkéid to global climate change) or to
variations in local conditions (land use/land covier example). In addition, these
changes also have an impact at the local/regiaadés, through modification of the
energy balance. The second question refers toetison why global gridded products,
and in particular reanalyses, quite poorly repredgcound observations of TCC.
Despite the fact that several studies, appliedth@roregions, have already described
this weakness, which may in part be related todifferent definitions of clouds by
different products, no conclusive results regardhregr origin have been established. In
this sense, continuity of ground-level observatimsnportant with regard to detecting
temporal changes. Finally, it is worth making ather effort to analyze cloud type

behavior, i.e. temporal changes in low, middle, &rgh clouds, since this might be
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more informative of land-atmosphere interactiond aauld help to answer the other

two questions.
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977 Table 1. Mean TCC for the 1991-2009 period (in %)@ the whole area and from
978 the different datasets (rows 2 to 9). Idem for eatkhe regions defined by the PCA
979  (see text), but only from the ground observationsvé 11 to 18). For the ground-based

980 values, the corresponding amount in oktas is alseiged (nitalics).

Dataset Annual Spring | Summer | Autumn | Winter
Ground stations 4B0O) | 53@.2) | 34@R7) | 4738) | 656.2
ISCCP 53 59 40 49 62
PATMOS-x 48 55 33 43 62
CLARA 53 58 41 50 61
ERA-Interim 39 43 21 35 58
NCEP/DOE 35 38 24 32 44
MERRA 38 43 21 35 52
CRU 49 54 34 46 63
Regions
NBS 604.8) | 59@.7) | 453.6) | 60@.8) | 756.0)
WBS 55¢.4) | 58@4.6) | 42B3.4) | 55@.4) | 66(.3)
SBS 45(3.6) | 50(4.0) | 25(2.0) | 42(3.4) | 62(5.0)
NC 604.8) | 626.0) | 45@.6) | 584.6) | 73(.9)
NCAS 52¢.2) | 52@4.2) | 4133) | 50@4.0) | 64(.1)
AAS 41B.3) | 46B.7) | 26@.1) | 3502.8) | 57@.6)
SeAS 388.0) | 4939 | 16(1.3) | 29@2.3) | 58(4.6)
SeCS 4.2) | 473.8) | 22(1.8) | 33@.6) | 55@.49)

981
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982  Table 2. Linear trends (in %TCC decd)lef the mean anomalies for the whole study

983 area, on an annual and seasonal basis, durin@#1e 2009 period. The second column

984 is the regression coefficient between the seriemofthly anomalies of each dataset

985 and that derived from the ground observations.

Dataset R Annual | Spring | Summer | Autumn | Winter

Ground stations n.t. n.t. - 12 # +
ISCCP 047, -24%* -3.1* -3.8 % 2.7* n.t.
PATMOS-x 0.55| -2.2* -3.7 ** -1.6 -1.2 -2.3
CLARA 041| -5.7* -7.3** -5.0 ** -6.5 ** -4.1 **
ERA-Interim 0.64| -1.8* -3.1* 1.2 # -1.4 2.2 #
NCEP/DOE 0.60 n.t. - n.t. n.t. +
MERRA 0.58| -1.9* -3.5** -1.1 -1.9 -1.4
CRU 0.49 — -1.1 -1.4 -1.0 1.2

986 Note: significance is indicated by # (90%), * (95%i)d ** (99%). Other non-significant

987 trends greater than 1 (in absolute value) are geakilower trends are indicated only by

988 their sign (+, increase; —, decrease). “n.t.” magangrend at all (i.e. slope of regression

989 line less than 0.05).
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991 Table 3. Linear trends (in %TCC decdiief the mean anomalies for the regions
992 defined in the study area, on an annual and selsasia, during the 1991-2009 period.
Regions Annual | Spring | Summer | Autumn | Winter
Wholearea n.t. n.t. - 1.2 # +
NBS + -2.6 - 29 3.5#
WBS 1.1 -2.6 - 25# 5.0*
SBS -2.2# -4.3* -3.0# n.t. -1.8
NC 2.2* 1.8 n.t. 4.4 # 26#
NCAS 1.3 3.7# n.t. + n.t.
AAS n.t. 3.7# - n.t. -
SeAS n.t. + -1.3 - 1.6
SeCS n.t. 3.0 - -1.2 n.t.
993 Note: significance is indicated by # (90%), an®5%). Other non-significant
994 trends greater than 1 (in absolute value) are geakilower trends are indicated
995 only by their sign. “n.t.” means no trend at ake(islope of regression line less
996 than 0.05).
997
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1005

Figure captions

0 1000 2000 3000

Figure 1. The study area, showing the contours of three thiseas, the main rivers,
and the topography (color scale, in meters). Nbogt the profile of the Aral Sea
corresponds to before-desiccation times. The logatf the 185 stations with the

cloudiness data considered is shown by means afentification number as given in

Table S1 (Supplementary Material).
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1007  Figure 2. TCC anomaly vsPC anomaly for the stations of Chimbaj, Uzbekistagit|
1008  and Trabzon, Turkey (right).
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Figure 3. The study area, showing the classification of theians into the eight
regions defined by the Principal Components Analy8cronyms used for regions are
as follows: NBS (North Black Sea), WBS (West Bl&#a), SBS (South Black Sea),
NC (North Caucasus), NCAS (North Caspian and Aedsy, AAS (Around Aral Sea),

SeAS (Southeast Aral Sea), SeCS (Southeast CaSe&n
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1018  Figure 4. Mean TCC for the 1991-2009 period, for the whaodary(top) and for each
1019  season (bottom). Units are oktas.
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1991-2009 Yearly ISCCP TCC (%) 1991-2009 Yearly ERA TCC (%)

1991-2009 Yearly PATMOS TCC (%) 1991-2009 Yearly NCEP TCC (%)

1991-2009 Yearly CLARA TCC (%) 1991-2009 Yearly MERRA TCC (%)
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1022

1023  Figure 5. Mean annual TCC for the 1991-2009 period, as caetpfrom different
1024 global gridded products, from satellite (left), mal/ses (right), surface data (bottom).
1025  Units are %TCC (1 okta = 12.5 %TCC).
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1029  Figure 6. Evolution of the average monthly TCC for the whalea, as provided by

1030 each analyzed dataset (top). Evolution of the @eemmonthly anomaly of TCC, as

1031

1032

produced by each analyzed dataset (bottom).
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1034  Figure 7. Mean annual cycle of TCC, i.e. monthly means lher 1991-2009/10 period,

1035 for each region defined by the PCA.
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