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Abstract  

Studying clouds is a top priority among many atmospheric scientists because clouds are one of the greatest unknown factors 

in predicting changes in the Earth’s climate. Clouds play an important role in maintaining the energy balance because they 

can reflect, absorb, and radiate energy. The aim of this research is to investigate the properties of clouds over Iraq using data 

acquired by the Moderate Resolution Imaging Spectroradiometer (MODIS)on board Aqua Satellite for water and ice clouds. 

The results showed that daily mean cloud top pressure patterns during spring months are higher than other months and cloud 

top temperature patterns reached their highest values during summer months. The results also indicated that the ice cloud 

effective particle radius is relatively large during summer while cloud optical thickness assume its largest values in winter 

months. It was found that the highest values of precipitation rate over Iraq occurred during March to mid-April. Correlation 

aanalysis between optical thickness and liquid water path over Iraq that these two parameters are positively correlated and the 

correlation for water cloud was better that that for ice clouds. Case studies of heavy precipitation events over Iraq showed 

that the maximum values of the most cloud properties variables were located ahead of the storm center. 
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Introduction 

During the past decades, significant advances have been 

made in measuring cloud properties of clouds using in site 

and remote sensing techniques, and these measurements 

made a great improvements in understanding the micro and 

macro physics processes inside clouds. Cloud affects many 

areas of meteorology of the earth such as weather 

forecasting, atmospheric radiation, weather modification, 

climate, aerosols, atmospheric chemistry. In addition, cloud 

can also affects many areas that interacts with the 

atmosphere including aviation, remote sensing, 

communication systems, agriculture, and water resources 

(Smith and Owens, 2003). 

The formation of clouds depends on various factors and 

variables that mainly determine type of clouds and control 

the amount of  precipitation at any given place. Warm clouds 

form in regions where air temperature is above freezing level 

while cold clouds are initiated in colder regions. 

Microphysical properties such as cloud size distribution, 

cloud effective radius, and liquid water content  directly 

determine the type and amount of precipitation (Stull,  

2016).Numerous research have been carried out on the 

microphysical properties of clouds. Most recently, Hazra et 

al. (2013) studied cloud microphysical properties over India. 

Cecchini et al. (2014)investigated typical droplet size 

distributions for different types of precipitation systems and 

cloud condensation nuclei concentrations in southeastern 

Brazil using numerous instruments. Iwabuchi et al. (2014) 

have developed an IR method to retrieve cloud optical 

thickness and cloud-particle effective radius by using the 

8.5, 11, and 12 μm bands of the Resolution Imaging 

Spectroradiometer (MODIS) on board the Aqua satellite. Li 

et al. (2015) used active remote sensing instruments and 

reported the occurrence of a globally averaged multilayered 

cloud was  25 to 28 %. Iwabuchi et al. (2016) reported on 

the retrieval of radiative and microphysical properties of 

clouds from multispectral infrared measurements. The aim 

of this research is to investigate the properties of clouds over 

Iraq using data acquired by the Moderate Resolution 

Imaging Spectroradiometer (MODIS) on board Aqua 

Satellite for water and ice clouds. 

Materials and Method 

Iraq lies between 29°5- to 37°15- N latitudes and 38°45- 

to 48° 45-E longitude. Iraq is a country in Western Asia 

spanning most of the northwestern end of the Zagros 

mountain range, the eastern part of the Syrian Desert and the 

northern part of the Arabian Desert. Iraq shares borders with 

Jordan to the west, Syria to the northwest, Turkey to the 

north, Iran to the east, and Kuwait and Saudi Arabia to the 

south. Iraq has a narrow section of coastline. The average 

annual temperature is varies from 8.5ºC to 49°C. The 

summer temperature range is between 16ºC– 49ºC while the 

winter temperature range is between 8.5ºC - 14ºC.Rainfall is 

low in central and southern of Iraq (100-200mm) but it 

concentrates in northern of Iraq which reach about 1000mm 

and falls in November to April (Al-Falahi, 2008). Roughly 

90 percent of the annual rainfall occurs between November 

and April, most of it in the winter months from December 

through March. The remaining six months, particularly the 

hottest ones of June, July, and August, are dry. Except in the 

north and northeast, mean annual rainfall ranges between ten 

and seventeen centimeters. 

The source of data consists MODIS measurements 

process on board Aqua Satellite from Giovanni site for 14 

years from 2003-2016. MODIS is a key instrument board the 

Aqua satellite. Aqua's orbit around the Earth is timed so that 

it passes from south to north over the equator in the 

afternoon. Aqua MODIS is viewing the entire Earth's surface 
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every 1 to 2 days, acquiring data in 36 spectral bands, or 

groups of wavelengths. These data will improve our 

understanding of global dynamics and processes occurring 

on the land, in the oceans, and in the lower atmosphere. 

MODIS is playing a vital role in the development of 

validated, global, interactive Earth system models able to 

predict global change accurately enough to assist policy 

makers in making sound decisions concerning the protection 

of our environment. The online software package was used 

to extract the data is Aqua Giovanni display system. The 

system provide maps and digital data stored in NetCDF. The 

microphysical parameters selected for this study include; 

Cloud Top Pressure (CTP), Cloud Top Temperature (CTT), 

Cloud Liquid Water Path (CLWP), Precipitation Rate (PR), 

Ice Cloud Effective Particle Radius (ICEPR), Liquid water 

Cloud Effective Particle Radius (WCEPR), Ice Cloud 

Optical Thickness (ICOT), and Liquid water Cloud Optical 

Thickness (LCOT). These monthly means of these cloud 

microphysical parameters were averaged over the entire 

country and averaged over the northern, central, and 

southern regions of the country. The bounding of these three 

regions is illustrated in Figure 1. 
 

Fig. 1. Map of Iraq 

  

  

Fig. 2. Monthly means of cloud top pressure, cloud top tempearture, cloud liquid water path, and precipitation rate over Iraq 

for the period 2003-2016 

Figure 2 shows the variations of CTP, CTT, CLWP, and 

PR monthly means, averaged over the entire country,   

during the 14 years period. It is seen that the CTP spans 

between 500 hPa and 800 hPa. The lowest values occur 
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during the spring months (Mar-May).  The CTT extends 

from -20oC to 15oC and the lowest values occur during the 

spring months (Mar-May).  The CLWP ranges from 80 g/m2 

to 200 g/m2 and usually small value occurrence usually 

happen during summer month (Jun-Aug). The PR variations 

shows the period from mid-winter to end of spring is 

characterized by heavier precipitation that higher 

precipitation while no precipitation falls during  the period 

from Jun to Sep. The results also show that no distinct 

increasing or decreasing trends are apparent in all four 

parameter but there is fluctuations from one to year to 

another.  

  

  

Fig. 3. Monthly means of ice cloud effective particle radius, water  cloud effective particle radius, ice cloud optical thickness, 

and water cloud optical tickness over Iraq for the period 2003-2016. 

Figure 3 gives the variations of ICEPR, WCEPR, ICOT, 

and LCOT.  ICEPR ranges between 22 and 38 µm while 

WCEPR ranges between 9 and 16 µm. Normally, ICEPR is 

larger than WCEPR.  

 

Fig. 4 Continued...... 
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Fig.4.  Seasonal and annual correlations between ice  cloud optical thickness and cloud liqud water path over Iraq. 

 

The results indicate that ICEPR is large during summer 

while WCEPR is large during spring. The ICOT spans from 

4 to 28 and the WCOT extends from 9 to 30. The maximum 

value of ICOT can be reached during any month of the year 

but most likely during relatively warm months while the 

maximum WCOT happens during winter months. In order to 

investigate the relationship between cloud effective particle 

radius and liquid water path plots between these parameters 

were established for seasonally and annually means 

averaged over an area bounded by 28-38oN and 38-50oE 

which covers the entire Iraq. Figure 4 shows the correlations 

between ICOT and CLWP for winter, spring, summer, 

autumn, and annual. It is seen that ICOT is weakly 

correlated with CLWP. The correlation coefficients were 

0.42, 0.27, 0.16, and 0.40 for winter, spring, summer, and 

autumn respectively indicating that the fair correlations 

existed during winter and autumn. The annual correlation 

coefficient was 0.23.  Figure 5 gives the correlations 

between WCOT and CLWP for winter, spring, summer, 

autumn, and annual. It is obvious that WCOT is better 

correlated with CLWP than ICOT. The correlation 

coefficients were 0.87, 0.83, 0.47, and 0.82 for winter, 

spring, summer, and autumn respectively indicating that the 

high correlations existed during winter, spring, and autumn. 

The annual correlation coefficient was 0.69.  These results 

reflects the nature of cloud activities over Iraq. Clouds 

mostly forms  during winter, spring, and autumn and most of 

these clouds   are products of warm cloud processes. 

 

Fig. 5 Continued...... 
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Fig. 5.  Seasonal and annual correlations between water  cloud optical thickness and cloud liqud water path over Iraq 

Fig. 6 Continued...... 
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Fig. 6.  Seasonal and annual correlations between ice  cloud optical thickness and cloud liqud water path over northern, 

central, and southern regions of Iraq. 

 
Fig. 7.  Seasonal and annual correlations between water  cloud optical thickness and cloud liqud water path over northern, 

central, and southern regions of Iraq 

To assess the characteristics of the cloud microphysical properties at different regions in Iraq, the data were extracted 
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for the three climatically distinct regions; the northern, the 

central, and the southern.  Figures 6 and 7 gives the annual 

correlations of the cloud microphysical properties for the three 

regions for the ice and water clouds respectively.  

It can be   that the correlation between the optical thickness 

and the liquid water path for the water type clouds is better than 

that for ice clouds. The correlation coefficients for water clouds 

were 0.77, 0.75, and 0.83 for the northern, central, and southern 

regions respectively. 

 Two extreme rain events occurred over Iraq were 

considered to investigate the behaviors of the cloud parameters 

inside rainstorm.  
 

  

  

  

Fig. 8. Precipitation rate and cloud microphysics parametes for rainstrom event over Iraq on Jan 27, 2014 
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Fig.  9. Precipitation rate and cloud microphysics parametes for rainstrom event over Iraq on Oct 28, 2014 

Figure 8 shows the daily rainfall and cloud parameters for 

Jan 27, 2014. During that day, two rainstorms merged over Iraq. 

The first storm developed over the Red Sea and crossed Saudi 

Arabia towards Iraq and the second storm came from the 

Mediterranean Sea. These two storms resulted in rainfall of 

more 60 mm on the southern region, the eastern strip with Iraq, 

and the northwestern borders with Syria.    It is obvious that the 

higher values of CLWP, WCEPR, and WCOT are located 

outside the heavy rain areas. 

The CLWP and WCOT are a head of the storm while the 

WCEPR values are scattered over north, center, and west 

areas.It is believed that this behavior of WCEPR may 

attributed to the fact that those areas are good sources of 

cloud condensation nuclei. The CTP indicates that the clouds 

in southern part of the storm were warm clouds (temperature 

above freezing level) while the northern part of the upper 

levels of the storm contained cold clouds. The CTP patterns 

are similar to the patterns of CTP, that is warm temperature 
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are associated with high-pressure levels (low altitudes). 

Figure 9 illustrates the results for the second extreme rain 

event. This event which occurred on Oct 28, 2015,  came 

from the Red Sea.  Rain of more than 60 mm covered the 

eastern border area with Iran. It is seen that the behaviors of 

the cloud parameters are quite similar to those of the 

previous case.  

Conclusions  

In this work, some water and ice cloud properties 

measured by MODISover Iraq for the period 2003 to 2016 

were analyzed and correlations wereestablished between 

cloud optical thickness and cloud liquid water path. It was 

found that the lowest cloud top pressure and lowest cloud 

top temperature occur during spring month. This may be 

attributed to the strong convections processes inside clouds 

that usually initiated and developed during that time of the 

year. Cloud liquid water path and precipitation have their 

lowest values during summer months. The cloud effective 

particle radius for ice cloud are larger than those of water 

clouds due to their nature of origins.  The cloud optical 

thickness for water reaches their higher values during winter 

while for ice the higher values can happen in any time of the 

year. The monthly means of the cloud properties showed no 

district increasing or decreasing trends over the 14 years 

period but fluctuations from one to another usually occur. 

Correlations analysis indicated that optical thickness for 

water is better correlated with liquid water path than ice. 

Analysis of two extreme rainstorm event over Iraq indicated 

that the maximum values of the cloud properties variables 

were located outside the heavy rain area. This due to the fact 

that the fall of rain drops affect those variables.  
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