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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 (MOD06) and Aqua (MYD06) satellites. The cloud products were collected daily from January 1, 2003 to December 31, 2014 (12 

years) with a spatial resolution of 5 km × 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 Mię-
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 

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 Miętus, 
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° × 2.5° spatial resolution, 
and surface observations were used to investigate cloud 
cover over China (Li et 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 cloud product 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 
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° × 1° (MOD08_D3; 
MYD08_D3) have been provided from MODIS cloud 
products (MOD06_L2; MYD06-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℃ to 50℃.  

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 

 

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 × 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° × 1° (MOD08-D3; MYD08-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 (MOD06 and MYD06, 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 × 5 km, based on the 
framework for Iran was prepared as a standard grid with 
dimensions of 353 × 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) 

Satellite 
Number of 
cloudy days 

Number of partly 
cloudy days 

Number of  
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 

Clear days Partly cloudy days Cloudy days Clear days Partly cloudy days Cloudy days Month 

Freq STD Freq STD Freq STD Freq STD Freq STD Freq STD 

January 13 4.4 4 1.5 14 4.9 14 4.2 3 1.6 14 4.7 

February 13 4.3 2 1.5 13 4.8 14 4.0 2 1.5 12 4.4 

March 17 4.7 2 1.4 12 4.1 18 4.5 2 1.4 11 4.9 

April 17 4.8 2 1.2 11 4.4 17 3.7 2 1.1 11 4.3 

May 21 4.2 2 1.3 8 4.6 22 4.1 2 1.2 7 4.5 

June 25 3.9 2 1.1 3 3.2 26 3.6 1 0.9 3 3.0 

July 27 4.0 1 1.1 3 3.4 27 3.7 1 1.0 3 3.1 

August 27 3.6 1 1.1 3 3.0 28 3.2 1 0.9 2 2.6 

September 27 3.8 1 1.0 2 3.2 27 3.4 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 1.3 10 4.8 19 4.2 2 1.3 9 4.6 

December 16 4.8 3 1.6 12 4.4 16 4.5 3 1.6 12 4.9 

 

 

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 

along the southern shores of the Caspian Sea, which is 
consistent with the findings of Rasooli et al. (2013) and 
Alijani (1995); in this region, Terra satellite data esti-
mated cloudy days for up to 239 d and Aqua satellite 
data estimated cloudy days up to 255 d. Data from both 
satellites indicated that the minimum number of cloudy 
days were observed in southeast Iran, Terra and Aqua 
satellite data estimates were as low as 35 and 37 d, re-
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,  

 

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% 



806 Chinese Geographical Science 2017 Vol. 27 No. 5 

(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. 5c 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. 5e 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 (MOD06) and Aqua (MYD06) 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 × 
5 km resolution to the standard grid for Iran, daily and at 
5 km × 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  
(d) 

Terra 
(%) 

Aqua 
(%) 

 Frequency range 
(d) 

Terra 
(%) 

Aqua  
(%) 

 Frequency range  
(d) 

Terra 
(%) 

Aqua  
(%) 

<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 4.2 

80–110 26.3 28.0  20–30 27.2 35.9  150–200 7.8 11.9 

110–160 16.8 22.5  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 32.9 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 
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