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Abstract: Clouds can influence climate through many complex interactions within the hydrological cycle. Due to the important effects
of cloud cover on climate, it is essential to study its variability over certain geographical areas. This study provides a spatial and tempo-
ral distribution of sky conditions, cloudy, partly cloudy, and clear days, in Iran. Cloud fraction parameters were calculated based on the
cloud product (collection 6 L2) obtained from the Moderate Resolution Imaging Spectroradiometer (MODIS) sensors on board the
Terra (MODO06) and Aqua (MYDO06) satellites. The cloud products were collected daily from January 1, 2003 to December 31, 2014 (12
years) with a spatial resolution of 5 km x 5 km. First, the cloud fraction data were converted into a regular geographic coordinate net-
work over Iran. Then, the estimations from both sensors were analyzed. Results revealed that the maximum annual frequency of cloudy
days occurs along the southern shores of the Caspian Sea, while the minimum annual frequency occurs in southeast Iran. On average,
the annual number of cloudy and clear-sky days was 88 and 256 d from MODIS Terra, as compared to 96 and 244 d from MODIS Aqua.
Generally, cloudy and partly cloudy days decrease from north to south, and MODIS Aqua overestimates the cloudy and partly cloudy
days compared to MODIS Terra.
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1 Introduction

Among other meteorological parameters, cloudiness is
often considered one of the most useful phenomena for
monitoring climate system changes (Filipiak and Mig-
tus, 2009). Clouds, which display a great variability in
space, time, and type, can influence climate through
many complex interactions within the hydrological cy-
cle. Clouds play a dominant role in controlling radiative
fluxes in the atmosphere (Schiffer and Rossow, 1983)
and have an important controlling influence on the ra-
diation balance (Griggs and Bamber, 2008). They are
also the strongest modulator of the solar radiant energy
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absorbed by the earth atmosphere system due to their
large spatial and temporal variability (Chen et al., 2012;
2016). Previous studies have shown that clouds and pre-
cipitation have feedbacks related to aerosol pollution in
developing countries, such as China (Guo et al., 2011;
2016a; Li et al., 2016) and India (Ramanathan et al.,
2001). The distribution of clouds remains elusive due to
complicated aerosol-cloud interactions (Koren et al.,
2014; Wang et al., 2014; 2015). Clouds in turn affect the
development of planetary boundary layer (Guo et al.,
2016b), which further exerts an non-negligible effect on
the geographic discrepancy of global warming (Davy
and Esau, 2016).
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When quantified globally at high spatial resolution,
cloud cover dynamics can provide key information for
delineating a variety of habitat types and predicting spe-
cies distributions (Wilson and Jetz, 2016). Many
cross-disciplinary studies have been conducted to re-
search cloud cover impacts on the natural world. For
instance, some researchers have described the impor-
tance of cloud cover in conjunction with radiant fluxes
(e.g., Spena et al., 2010; Chen et al., 2012). Others have
examined the spatial distribution of cloud cover on a
global scale; Clouds are most frequently found in the
intertropical convergence zone (ITCZ) and the mid-
latitude storm belts of the North Atlantic, North Pacific,
and Antarctic. In between are the subtropical high pres-
sure zones over the oceans and the subtropical deserts
over land where clouds are less frequent (Wylie et al.,
2005; Pincus et al., 2012; King et al., 2013). The trend
in cloud cover has been widely investigated on both
global and regional scales. In recent years, cloud cover
has decreased over East Asia (Wu and Liu, 2013) and
China (Xia, 2012). Similarly, a pronounced decreasing
trend has been observed over the western regions of the
United States, while there is increasing cloud cover over
western Canada, the eastern regions of the United
States, and Baffin Island (Tang and Leng, 2013). A large
decrease in cloud cover over South America, small de-
crease in cloud cover over Eurasia and Africa, and no
trend over North America have also been reported
(Warren et al., 2007). Additionally, although the annual
average cloud cover appears to be increasing in Amazo-
nia, there is a distinct seasonality, with a significant de-
crease in the dry season and increase in the wet season
(Butt et al., 2009). Arctic clouds change differently from
land to ocean, but the overall trend from 1971 to 2007
showed a slight increase in total cloud cover during all
seasons (Eastman and Warren, 2010). In Iran, the
maximum spatial changes in cloud cover appear in the
southern shores of the Caspian Sea and minimum spatial
changes in southern Iran; overall cloud coverage has ex-
hibited a decreasing trend (Rasooli et al., 2013). Further-
more, overcast days have been decreasing and clear days
have been increasing in northeast Iran; these data are
based on weather station data from Sabzevar, Torbate
Heydarie, and Birjand, and there is a reversed trend at
Mashhad station (Bannayan et al., 2011).

On a regional scale, investigating cloud cover using
synoptic meteorological data is routine in climatology; it

has been used in Japan (Nakamura et al., 1985), Spain
(Garcia et al., 2008), Poland (Filipiak and Migtus,
2009), Sweden (Congren, 2013), and eastern Romania
(Bostan et al., 2015) to identify spatial and temporal
distributions of cloud cover. In addition, the ISCCP D2
global data archive, which includes monthly mean
properties of cloud with 2.5° x 2.5° spatial resolution,
and surface observations were used to investigate cloud
cover over China (Li ef al., 2004). However, remote
sensing data for long period and high resolution studies
have been seldom used.

The objective of this paper is to present a procedure
for applying MODIS data at
high-resolution to a regional scale study. MODIS cloud
product data are not provided in a standard geographical
coordinate system, e.g., Mosaic packing, at 5-km and

cloud product

1-km spatial resolutions. Therefore, converting the data
to a standard coordinate system at a regional scale is an
additional feature of this research. Global scale data
with the spatial resolution of 1° x 1° (MODO08 D3;
MYDO08 D3) have been provided from MODIS cloud
products (MODO06 _L2; MYDO06-L2) (Platnick et al.,
2014), however, these data are at a low spatial resolu-
tion.

This paper is organized as follows. In the subsequent,
second section, approaches for converting data to a
standard coordinate system and classifying sky condi-
tions to quantify cloud information are proposed. These
sky condition classifications are important for designing
energy-efficient and sustainable buildings, and predict-
ing their energy consumption and daylight performance.
Sky conditions are commonly classified into overcast,
partly cloudy, and clear sky (Kong and Kim, 2013). In
the third section, we evaluate the spatial distribution of
sky conditions and their annual mean. Then, we com-
pare two datasets (Aqua and Terra) and sky conditions
trends across Iran. Finally, the main conclusions and
implemented procedures are summarized in the final
section.

2 Materials and Methods

2.1 Study area

The study area is the country of Iran (25°N—40°N,
44°E-63°E), a mountainous country bordering the
Oman Sea, Persian Gulf, and Caspian Sea (Javanmard et
al., 2010) (Fig. 1). Iran hosts a variety of climates,
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which are divided as follows: 35.5% hyper-arid, 29.2%
arid, 20.1% semi-arid, 5% Mediterranean, and 10% wet,
i.e., cold mountainous type. Therefore, > 82% of Iran’s
territory is located in the arid and semi-arid climate
zone. The mean annual precipitation in Iran is about 250
mm, which is less than one third of the mean annual
global precipitation, 860 mm. In addition, this sparse
precipitation is also unfavorable temporally and spa-
tially, and severe drought is recognized as a feature of
Iran’s climate (Amiri and Eslamian, 2010). Another im-
portant climatic element is extreme temperature changes,
which can range from —20°C to 50°C.

2.2 MODIS data

MODIS is a 36-band whisk-broom-scanning radiometer
currently flying on the National Aeronautics and Space
Administration (NASA) Terra and Aqua platforms
(Menzel et al., 2008). Aqua and Terra provide global
coverage every 1-2 d; therefore, they provide an impor-
tant global dataset of cloud properties for climate and
cloud process studies (King et al., 2013). In this study,
we use cloud fraction parameters from the MODIS
cloud product (L2), which are archived in a self- de-
scribed hierarchical data format (HDF). A 5-min file or
granule contains earth-located data ranging from ap-
proximately 2330 km cross-track (1354 1-km pixels) to
2000 km along-track. The Terra overpass time at the
Equator is around 10:30 and 22:30 local solar time in its
descending (daytime) and ascending (nighttime) modes,
respectively. The Aqua overpass time is around 13:30
and 1:30 local solar time in its ascending (daytime) and
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Fig. 1 Map of the Iran study area indicating the location be-
tween the Caspian Sea, Persian Gulf, and Oman Sea, and showing
a Digital Elevation Model (DEM) of terrain

descending (nighttime) modes, respectively (Platnick et
al., 2014). In Collection 6, cloud products are provided
at both 1-km and 5-km resolutions (Menzel et al., 2013).
The cloud fraction parameter is computed from a cloud
mask product. The cloud mask cloudiness flag has the
following settings: 0 = confidently cloudy, 1 = probably
cloudy, 2 = probably clear, and 3 = confidently clear. In
the computation of cloud fraction, the first two flags are
assigned 100% cloudy, and the last two flags are as-
signed 100% clear. Therefore, cloud fractions have val-
ues of 0, 4%, 8%, 12%, and 16% to 100% in cloud
product L2 at 5 km x 5 km resolution. Terra (Aqua) uses
a MOD (MYD) prefix (Hubanks et al., 2015). We
downloaded both sets of daily satellite cloud product
data over Iran from the website: ftp://ladsftp.nascom.
nasa.gov/ for the period from January 1, 2003 to De-
cember 31, 2014. Then, we selected the cloud fraction
parameters from both satellites to analyze sky condi-
tions over Iran.

2.3 Methods

2.3.1 Converting cloud fraction data to a standard
coordinate system

A regular network on a global scale with the spatial
resolution of 1° x 1° (MODO08-D3; MYDO08-D3) has
been provided for MODIS cloud products (Platnick et
al., 2014), but it is inappropriate for regional studies.
MODIS cloud products from the Terra and Aqua satel-
lites (MODO06 and MYDO06, respectively) are not pro-
vided in a regular geographical coordinate system (Mo-
saic packing) at 5-km and 1-km spatial resolutions.
Therefore, it is essential that the desired parameter data
be transferred to a regular coordinate system by apply-
ing appropriate methods. We applied a new method to
transfer cloud fraction data to a standard coordinate
system based on the geographical coordinate system for
Iran. First, a network of geographical coordinates with
spatial resolution arrays of 5 km x 5 km, based on the
framework for Iran was prepared as a standard grid with
dimensions of 353 x 618 pixels (353 rows and 618
columns). Subsequently, the data in the granule were
transferred to the standard grid over Iran for each day. A
radius of approximately 7.5 km was applied as a fixed
coordinate around each pixel in the standard grid. Then,
the coordinates of MODIS granules, which lay within
this radius, were selected, and according to the nearest
distance method, one cloud fraction value was transmit-
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ted to the pixel in the standard grid. Therefore, for each
day during the study period, cloud fraction data pro-
jected on a standard grid were obtained.

2.3.2 Sky conditions classification

Sky conditions are defined as the descriptions of the
appearance of sky and can be evaluated either auto-
matically with instruments or manually with or without
instruments (U.S. Department of Commerce/National
Oceanic and Atmospheric Administration, 1995). In this
study, to identify sky conditions over Iran, cloud frac-
tion data (Terra and Aqua) were classified as follows:
cloud fractions 0% to 25.0% (0-2 oktas) were defined
for clear days, 25.0% to 62.5% for partly cloudy days
(2-5 oktas), and 62.5% to 100.0% (5-8 oktas) for
cloudy days. One okta is equal to 12.5% cloud fraction
(Kotarba, 2009). Data obtained from the Terra satellite
(morning and evening time) and Aqua satellite (night
and forenoon) were separately combined daily. Subse-
quent to combining the data, the frequency of sky con-
ditions was estimated at monthly and annual time scales
over Iran. Many researchers have used different ap-
proaches to classify sky conditions, but no consensus
has been reached on classification in this discipline.
Therefore, the classifications provided here manifest the
spatial and temporal distributions of sky conditions and
are in general agreement with the classifications defined
by Dai et al. (1999), Xia (2012), Bannayan et al. (2011),
and Calbo and Sabburg (2008).

2.3.3 Analysis of sky condition trends

According to data availability, we calculated the spatial
distribution of sky conditions trends for the period
2003-2014. To identify spatial trends, we applied
a confidence interval (CI) for the slope of a simple lin-
ear regression model with 95% confidence levels.

3 Results and Discussion

3.1 Long-term climatological features

The long-term means of sky condition classifications for
Iran were calculated. The frequencies of cloudy and
partly cloudy days were respectively calculated as 88
and 21 d based on the Terra satellite data and 96 and 25
d based on the Aqua satellite data. The frequency of
clear days was 256 d and 244 d based on Terra and Aqua
satellite data, respectively. Overall, the Aqua satellite
provided larger numbers of calculated cloudy and partly
cloudy days compared to the Terra satellite (Table 1).

Table 1 Long-term average of sky condition classification (d)
. Number of Number of partly Number of
Satellite
cloudy days cloudy days clear days
Terra 88 21 256
Aqua 96 25 244

Data from both satellites indicated that the maximum
monthly frequency of cloudy days was 14 d, which oc-
curred in January. In contrast, the minimum monthly
frequency of cloudy days was different between satellite
data sets, occurring in September based on Aqua satel-
lite data, and in August and September based on Terra
satellite data. The maximum monthly frequency of clear
days in the Aqua satellite data was approximately 27 d,
which largely occurred in August, September, and July.
The frequency was 28 d in August based on Terra satel-
lite data. The minimum monthly frequency of clear days
was 13 d, in January and February, based on Aqua satel-
lite data. In contrast, the frequency of clear days in-
creased in these months and reached 14 d per month
based on Terra satellite data. The maximum monthly
frequency of partly cloudy days occurred in January, 4
d, based on Aqua satellite data, but it was 3 d in January
and September based on Terra satellite data. The mini-
mum monthly partly cloudy days from both satellites
occurred in July and continued to October. The review
of standard deviation data per monthly period indicated
that the standard deviation from both satellites was
3.2-4.9 d on clear days, 2.6—4.9 d on cloudy days, and
0.9-1.6 d on partly cloudy days. Accordingly, partly
cloudy days had the minimum data dispersion compared
to clear and cloudy days, and data dispersion was not
significantly different between cloudy days and partly
cloudy days from the individual satellite data (Table 2).

Annual frequencies of sky conditions calculated us-
ing data from both satellites from 2003 to 2014 over
Iran are shown in Figs. 2a, 2b, and 2c. As shown, the
maximum frequency of clear and cloudy days occurred
in 2010 and 2009 based on Aqua satellite data; addition-
ally, the maximum occurrence of clear days based on
Terra and Aqua satellite data was similar in 2000. The
annual frequency of partly cloudy days from data from
both satellites showed that the minimum and maximum
number of partly cloudy days occurred in 2010 and
2012, respectively. In total, the annual frequency of
cloudy days, clear days and partly cloudy days was
79(83)-99(104) d, 247(239)-269(262) d and 18-24 d
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Table 2 Monthly frequency (Freq) and standard deviation (STD) of cloudy, partly cloudy, and clear days

Aqua satellite

Terra satellite

Month Clear days Partly cloudy days Cloudy days Clear days Partly cloudy days Cloudy days
Freq STD Freq STD Freq STD Freq STD Freq STD Freq STD
January 13 4.4 4 15 14 4.9 14 42 3 1.6 14 4.7
February 13 43 2 15 13 48 14 4.0 2 15 12 44
March 17 4.7 2 1.4 12 4.1 18 4.5 2 1.4 11 49
April 17 48 2 1.2 11 4.4 17 37 2 1.1 11 43
May 21 42 2 13 8 4.6 22 4.1 2 1.2 7 45
June 25 39 2 1.1 3 32 26 3.6 1 0.9 3 3.0
July 27 4.0 1 1.1 3 34 27 3.7 1 1.0 3 3.1
August 27 36 1 1.1 3 3.0 28 32 1 0.9 2 26
September 27 3.8 1 1.0 2 3.2 27 34 1 0.9 2 2.9
October 25 4.8 1 1.2 5 4.1 25 3.5 1 1.1 5 3.9
November 18 4.4 2 13 10 4.8 19 42 2 13 9 4.6
December 16 4.8 3 1.6 12 4.4 16 4.5 3 1.6 12 4.9
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Fig. 2 Annual frequency of clear days (a), partly cloudy days
(b), and cloudy days (c) based on data from the Terra and Aqua
satellites

for Terra (Aqua) satellite data. Generally, MODIS Aqua
data overestimated the cloudy and partly cloudy days
compared to MODIS Terra data.

MODIS Aqua data overestimated the long-term mean
of cloudy and partly cloudy days compared to MODIS
Terra (Fig. 3) data. This difference between the data
from the two sensors is possibly due to the differences
in the sensor design and time differences between the
satellite over passes ( Kumar et al., 2015).

3.2 Spatial distribution of sky conditions

The spatial distribution of sky conditions, cloudy, partly
cloudy, and clear days, in Iran was evaluated separately
for the Terra and Aqua satellite data. The annual fre-
quency of cloudy day spatial distributions from Terra
and Aqua satellite data (Figs. 4a and 4b) demonstrates
that the maximum occurrence of cloudy days occurred

spectively. The maximum occurrence of partly cloudy
days (40-58 d) were in the high elevation Alborz
Mountain based on Terra satellite data and in the high
elevation Zagros Mountain based on Aqua satellite data.
The minimum annual frequency of partly cloudy days
based on data from both satellites was < 10 d, and ob-
served in southeast Iran (Figs. 4c and 4d). The annual
frequency of spatial distribution of clear days, according
to Terra and Aqua satellite data (Figs. 4e and 4f) indi-
cated that the regions with maximum clear days gener-
ally occurred in south and southeast Iran. Furthermore,
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0 — I |
Partly cloudy day
Sky condition

Difference (d)
b

LoL
[T

Cloudy day Clear day

Fig. 3 Differences in the mean annual frequency of calculated
sky conditions between the Terra and Aqua satellite data. Positive
values indicate that Aqua data estimated more clouds than Terra
data
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Fig. 4 Spatial distribution of annual cloudy day frequency based on data from Terra (a) and Aqua (b), partly cloudy day frequency
from Terra (c) and Aqua (d), and clear day frequency from Terra (e¢) and Aqua (f)

the minimum clear days based on both sets of satellite
data were observed along the southern shores of the Cas-
pian Sea, where the Terra satellite recorded more clear
days (100-150 d) than the Aqua satellite (69-100 d).

The sky conditions were calculated based on the total
land areas of the country according to the Terra and
Aqua satellite data (Table 3). The estimates indicated

that cloudy days for more than 200 d covered more than
1.1% (2.5%) of the country according to Terra (Aqua)
satellite data. Cloudy days for 50-80 d covered 39.1%
(36.0%) of the country based on Terra (Aqua) satellite
data. Partly cloudy days for 7-10 d covered 5.1%
(0.9%) based on Terra (Aqua) satellite data. In com-
parison, partly cloudy days for 10-20 d covered 59.3%
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(48.4%) of total land area according to Terra (Aqua)
satellite data. Clear days for > 280 d covered 32.9%
(22.9%) of total area based on Terra (Aqua) satellite
data. However, both satellites indicated that > 200 clear
days covered approximately 85% of the land area of
Iran; generally, cloud coverage was very weak in most
regions of Iran.

3.3 Analysis of sky condition trends

We employed a simple linear regression to compute
pixel-based trends in Iran. Slope values less than —0.1 d
were defined as decreasing trends, between —0.1 and 0.1
d were defined as no trend, and more than 0.1 d were
defined as increasing trends. The annual spatial trend on
clear days for both sets of satellite data (Terra and Aqua)
indicated that the number of clear days had an increas-
ing trend along the eastern shores of the Caspian Sea
and parts of south and northeast Iran; however, there
were no other trends in other parts of the country (Figs.
5a and 5b). The cloudy day trends from both satellite
data sets indicated a decreasing trend along the eastern
shores of the Caspian Sea and parts of south and north-
east Iran, while there were no trends in other parts of the
country (Figs. 5¢ and 5d). The annual trends for partly
cloudy days from both sets of satellite data showed in-
creasing trends for mountain tops, while other parts of
the country had no trends (Figs. Se and 5f).

4 Conclusions

In this study, we analyzed the spatial and temporal
characteristics of cloud coverage over Iran, based on
classification methods for sky conditions (partly cloudy,
cloudy, and clear days) developed here. In particular, we
selected cloud fraction parameters from MODIS sensors

on the board Terra (MODO06) and Aqua (MYDO06) satel-
lites. Because level 2 Collection 6 cloud products from
MODIS were not transformed to a standard coordinate
grid at high spatial resolution, 1-km or 5-km, we first
transformed the cloud fraction parameter data at 5 km x
5 km resolution to the standard grid for Iran, daily and at
5 km x 5 km resolution. Using this gridded data, trends
in cloud fraction were evaluated for a 12-year time pe-
riod. We first classified sky conditions using the fol-
lowing criteria: 0-26.0% for clear, 26.0%—62.5% for
partly cloudy, and 62.5%-100.0% for cloudy days.
Subsequently, we analyzed the spatial and temporal dis-
tributions of different sky conditions over Iran. Results
revealed that the average frequency of cloudy days was
approximately 88(96) d for Terra (Aqua) satellite data
compared to 244(256) d for clear day frequency. Maxi-
mum cloudy days tended to occur along the southern
parts of the Caspian Sea, up to 240(255) d based on
Terra (Aqua) satellite data. Both satellites recorded
maximum clear day frequencies in south and southeast
Iran, at more than 280 d. Generally, Aqua data provided
higher estimates of cloudy and partly cloudy days than
Terra data; this is due to differences in pass over times
and sensor designs. However, the spatial pattern of
cloudy, partly cloudy, and clear days recorded by both
satellites were structurally almost identical, which sug-
gests that they have similar capabilities for revealing
cloud cover over Iran. More generally, the frequency of
cloudy days decreased from north to south, indicating
that the spatial distribution of sky condition trends were
not the same regionally. This diversity of cloud cover
spatial patterns and trends can be attributed to different
climatic systems entering the country, global climate
change, and the considerable latitude extension from
northern to southern Iran.

Table 3 Percentages of land areas with different sky conditions and their frequency

Land area with cloudy days

Land area with partly cloudy days

Land area with clear days

Frequency range Terra Aqua Frequency range Terra Aqua Frequency range Terra Aqua
(d) (%0) (%0) (d) (%) (%) (d (%) (%)

<50 13.1 6.2 7-10 5.1 0.9 <100 0.0 0.9
50-80 39.1 36.0 10-20 59.3 48.4 100-150 2.5 42
80-110 26.3 28.0 20-30 272 359 150-200 7.8 11.9
110-160 16.8 225 30-40 6.6 11.9 200-250 27.2 30.7
160-200 3.6 4.8 >40 1.8 2.8 250-280 29.6 29.5
>200 1.1 2.5 >280 329 22.9
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Fig. 5 Spatio-temporal trends in annual number of clear days with Terra (a) and Aqua (b), cloudy days with Terra (c) and Aqua (d), and
partly cloudy days with Terra (e) and Aqua (f) satellite data

References

Aljjani B, 1995. Climate of Iran. Tehran: Payame Noor Publica-

tions, 236.

Amiri M J, Eslamian S S, 2010. Investigation of climate change
in Iran. Journal of Environmental Science and Technology,

3(4): 208-216. doi: 10.3923/jest.2010.208.216
Bannayan A M, Mohamadian A, Alizadeh A, 2011. On climate
variability in north east of Iran. Journal of Water and Soil,

24(1):

118-131.

Bostan D C, Manea E F, Stefan S, 2015. Total and partial cloudi-
ness distribution in eastern Romania. Romanian Reports in



808 Chinese Geographical Science 2017 Vol. 27 No. 5

Physics, 67(3): 1117-1127.

Butt N, New M, Lizcano G et al., 2009. Spatial patterns and re-
cent trends in cloud fraction and cloud-related diffuse radiation
in Amazonia. Journal of Geophysical Research: Atmospheres,
114(D21): D21104. doi: 10.1029/2009JD012217

Calbo J, Sabburg J, 2008. Feature extraction from whole-sky
ground-based images for cloud-type recognition. Journal of
Atmospheric and Oceanic Technology, 25(1): 3-14. doi:
10.1175/2007JTECHA959.1

Chen L, Yan G J, Wang T X et al., 2012. Estimation of surface
shortwave radiation components under all sky conditions:
modeling and sensitivity analysis. Remote Sensing of Envi-
ronment, 123: 457-469. doi: 10.1016/j.rse.2012.04.006

Chen T M, Guo J P, Li Z Q et al., 2016. A CloudSat perspective
on the cloud climatology and its association with aerosol per-
turbations in the vertical over Eastern China. Journal of the
Atmospheric Sciences, 73(9): 3599-3616. doi: 10.1175/JAS-
D-15-0309.1.

Congren C, 2013. Spatial and Temporal Variation of Cloud Free
Days in Sweden. Gothenburg: University of Gothenburg, 1-26.

Dai A G, Trenberth K E, Karl T R, 1999. Effects of clouds, soil
moisture, precipitation, and water vapor on diurnal tempera-
ture range. Journal of Climate, 12(8): 2451-2473. doi:
10.1175/1520-0442(1999)012<2451:EOCSMP>2.0.CO;2

Davy R, Esau I, 2016. Differences in the efficacy of climate forc-
ings explained by variations in atmospheric boundary layer
depth. Nature Communications, 7: 11690. doi: 10.1038/
ncomms11690

Eastman R, Warren G S, 2010. Interannual variations of arctic
cloud types in relation to sea ice. Journal of Climate, 23(15):
4216-4223. doi: 10.1175/2010JCLI3492.1

Filipiak J, Migtus M, 2009. Spatial and temporal variability of
cloudiness in Poland, 1971-2000. International Journal of
Climatology, 29(9): 1294-1311. doi: 10.1002/joc.1777

Garcia P, Benarroch A, Riera J] M, 2008. Spatial distribution of
cloud cover. International Journal of Satellite Communica-
tions and Networking, 26(2): 141-155. doi: 10.1002/sat.899

Griggs J, Bamber J, 2008. Assessment of cloud cover characteris-
tics in satellite datasets and reanalysis products for Greenland.
Journal of Climate, 21(9): 1837-1849. doi: 10.1175/2007
JCLI1570.1

Guo J P, Zhang X Y, Wu Y R et al., 2011. Spatio-temporal varia-
tion trends of satellite-based aerosol optical depth in China
during 1980-2008. Atmospheric Environment, 45(37): 6802—
6811. doi: 10.1016/j.atmosenv.2011.03.068

Guo J P, Deng M J, Lee S S et al., 2016a. Delaying precipitation
and lightning by air pollution over the Pearl River Delta. Part
I: Observational analyses. Journal of Geophysical Research:
Atmospheres, 121(11): 6472—6488. doi: 10.1002/2015JD023257

Guo J P, Miao Y C, Zhang Y et al., 2016b. The climatology of
planetary boundary layer height in China derived from ra-
diosonde and reanalysis data. Atmospheric Chemistry and
Physics, 16(20): 13309-13319. doi: 10.5194/acp-16-13309-2016

Hubanks P, Platnick S, King M et al., 2015. MODIS atmosphere
L3 gridded product algorithm theoretical basis document

(ATBD) & users guide. ATBD reference number ATBDMOD-
30, NASA. Available at: https://modis-atmos.gsfc.nasa.gov/
docs/L3_ATBD C6 2015 _05_06.pdf. Cited 6 May 2015

Javanmard S, Yatagai A, Nodzu M I et al., 2010. Comparing
high-resolution gridded precipitation data with satellite rainfall
estimates of TRMM 3B42 over Iran. Advances in Geo-
sciences, 25: 119-125. doi: 10.5194/adgeo-25-119-2010

King N J, Bower K N, Crosier J et al, 2013. Evaluating MODIS
cloud retrievals with in situ observations from VOCALS-Rex.
Atmospheric Chemistry and Physics, 13(1): 191-209. doi: 10.
5194/acp-13-191-2013

Kong H J, Kim J T, 2013. A Classification of real sky conditions
for Yongin, Korea. In: Hakansson A et al. (eds). Sustainability
in Energy and Buildings. Smart Innovation, Systems and
Technologies, vol 22. Berlin, Heidelberg: Springer.

Koren I, Dagan G, Altaratz O, 2014. From aerosol-limited to in-
vigoration of warm convective clouds. Science, 344(6188):
1143-1146. doi: 10.1126/science.1252595

Kotarba A Z, 2009. A comparison of MODIS-derived cloud
amount with visual surface observations. Atmospheric Re-
search, 92(4): 522-530. doi: 10.1016/j.atmosres.2009.02.001

Kumar S V V A, Babu K N, Shukla A K, 2015. Comparative
analysis of chlorophyll-a distribution from SEAWIFS,
MODIS-AQUA, MODIS-TERRA and MERIS in the Arabian
Sea. Marine Geodesy, 38(1): 40-57. doi: 10.1080/01490419.
2014.914990.

Li Z, Cribb M C, Chang F L et al., 2004. Validation of MODIS-
retrieved cloud fractions using whole sky imager measure-
ments at the three ARM sites. Proceedings of the 14th ARM
Science Team Meeting. Albuquerque, New Mexico: ARM.

Li Z Q, Lau W K M, Ramanathan V et al., 2016. Aerosol and
monsoon climate interactions over Asia. Reviews of Geophys-
ics, 54(4): 866-929. doi: 10.1002/2015RG000500

Menzel W P, Frey R A, Baum B A, 2013. Cloud Top Properties
and Cloud Phase Algorithm Theoretical Basis Document,
Collection 006 Update. Space Science and Engineering Cen-
ter, 1-70.

Menzel W P, Frey R A, Zhang H et al., 2008. MODIS global
cloud-top pressure and amount estimation: algorithm descrip-
tion and results. Journal of Applied Meteorology and Clima-
tology, 47(4): 1175-1198. doi: 10.1175/2007JAMC1705.1

Nakamura H, Oki M, Hayashi Y, 1985. A study on the estimation of
the relative frequency of occurrences of the Clear Sky, the Inter-
mediate Sky and the Overcast Sky in Japan. Journal of Light &
Visual Environment, 9(2): 22-31. doi: 10.2150/jlve.9.2_22

Pincus R, Platnick S, Ackerman S A et al., 2012. Reconciling
simulated and observed views of clouds: MODIS, ISCCP, and
the limits of instrument simulators. Journal of Climate,
25(13): 4699—4720. doi: 10.1175/JCLI-D-11-00267.1

Ramanathan V, Crutzen P J, Kiehl J T et al., 2001. Aerosols, cli-
mate, and the hydrological cycle. Science, 294(5549): 2119—
2124. doi: 10.1126/science.1064034

Schiffer R A, Rossow W B, 1983. The international satellite cloud
climatology project (ISCCP): the first project of the World
Climate Research Programme. Bulletin of the American Mete-



Khodakaram HATAMI BAHMANBEIGLOU et al. 1dentifying Sky Conditions in Iran from MODIS Terra and Aqua Cloud Products 809

orological Society, 64(7): 779-784. doi: 10.1175/1520-0477
(1991)072<0002:ICDP>2.0.CO;2

Spena A D, D’Angiolini G, Strati C et al., 2010. First correlations
for solar radiation on cloudy days in Italy. In: ASME-ATI-UIT
Conference on Thermal and Environmental Issues in Energy
Systems. Sorrento, Italy.

Tang Q H, Leng G Y, 2013. Changes in cloud cover, precipitation,
and summer temperature in North America from 1982 to 2009.
Journal of Climate, 26(5): 1733—1744. doi: 10.1175/JCLI-D-
12-00225.1

U.S. Department of Commerce/National Oceanic and Atmos-
pheric Administration, 1995. Surface Weather Observations
and Reports. Federal Meteorological Handbook No.1. OFCM
U.S. Department of Commerce/NOAA, 94. Washington, D.C:
U.S. Department of Commerce/National Oceanic and Atmos-
pheric Administration.

Wang F, Guo J P, Wu Y R et al., 2014. Satellite observed aero-
sol-induced variability in warm cloud properties under differ-
ent meteorological conditions over eastern China. Atmospheric
Environment, 84: 122—-132. doi: 10.1016/j.atmosenv.2013.11.
018

Wang F, Guo J P, Zhang J H et al., 2015. Multi-sensor quantifica-

tion of aerosol-induced variability in warm clouds over eastern
China. Atmospheric Environment, 113: 1-9. doi: 10.1016/j.
atmosenv.2015.04.063

Warren S G, Eastman R M, Hahn C J, 2007. A survey of changes
in cloud cover and cloud types over land from surface obser-
vations, 1971-96. Journal of Climate, 20(4): 717-738. doi: 10.
1175/JCLI4031.1

Wilson A M, Jetz W, 2016. Remotely sensed high-resolution
global cloud dynamics for predicting ecosystem and biodiver-
sity distributions. PLoS Biology, 14(3): ¢1002415. doi: 10.
1371/journal.pbio.1002415

Wau Jian, Liu Jia, 2013. Variations of cloud fraction over East Asia
under global warming conditions in the past 20 years. Journal
of Tropical Meteorology, 19(2): 171-180. doi: 1006-8775
(2013)02-0171-10

Wylie D, Jackson D L, Menzel W P et al., 2005. Trends in global
cloud cover in two decades of HIRS observations. Journal of
Climate, 18(15): 3021-3031. doi: 10.1175/JCLI3461.1

Xia X, 2012. Significant decreasing cloud cover during 1954—
2005 due to more clear-sky days and less overcast days in
China and its relation to aerosol. Annales Geophysicae, 30(3):
573-582. doi: 10.5194/angeo0-30-573-2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


