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ABSTRACT 
In this paper, we attempt to present the vertical characteristics of temperature, pressure, humidity and wind speed over Baghdad-
Iraq. Ten years of radiosonde data up to 10 km were processed, analyzed and used to investigate the behavior of the atmospheric 
boundary layer, in particular, the low-level atmosphere. Significant surface inversions found in the temperature and humidity 
profiles. A strong low level temperature inversion occurs during summer and winter nights at altitude of about 400 m while 
significant humidity inversion occurs in summer and winter daytime. The temperature inversion had a lower base hit than the 
humidity which has thicker layer and a higher top. Wind speed inversions were noticed during summer rather than winter in the 
range 1.5-3 km of height and 15-25 C of temperature. 
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1. INTRODUCTION 
Vertical sounding of the atmosphere has attracted many researchers in the past few decades. The published data and 
information summarizes much of what is known of specific aspects of the atmospheric boundary layers (ABL) including 
the temperature gradient, pressure, humidity, precipitation and circulation in the lower atmosphere. Jonathan D. (1992) 
[1] presents the climatological characteristics of the low level atmospheric temperature inversions in the Canadian Arctic 
using 10-40-year records of upper air meteorological data. It found that inversions presented 89% of the all sounding 
analyzed while the maxima in inversion depth and temperature difference across the inversion occurs in February or 
March with a minimum occurs in August or September. Conway H. (1995) [2] estimates that spatial and temporal 
variation of air temperature transitivity, wind speed and humidity at Blue Glacier using the data from twice daily 
radiosonde flights. It's shown that the atmospheric measurements from radiosondes provide much better estimates rather 
than from a low-altitude station, while the model obtained within the accuracy of stake measurement, and the approach 
could easily be coupled  to a predictive regional climate model and used to assess this response of possible future climate 
scenarios. Krammi G. (1996) [3] studies the stability function for momentum, heat, water vapor and the vertical transport 
of turbulent kinetic energy and pressure fluctuations estimated from measured profiles of wind speed, temperature and 
humidity. A simplified budget equation obeying Monini-Obukhove similarity laws and one and half order closure concept 
carried out for determination. It's found that the computed empirical coefficients appreciably depend on the thermal 
stratification in the atmospheric surface layer. Sempreviva A. and Gerying S. (2000) [4] investigate the mixing height 
over inner Danish water carried out from September 1990 to October 1992 to find out the influence of the mixed layer 
height on the correlation coefficient between temperature and humidity function. The results show that the evolution of 
the correlation coefficient follows the evolution of the mixing height. Pfluger U. (2005) [5] verifies that the upper air at 
Deutscher Wetlerdient uses all available radiosonde stations to verify the vertical structure of the relative humidity, 
temperature, wind speed and wind velocity. The seasonal and enter annual variation within the RMSE time series of 
vertical distribution of the monthly bias were also presented. It's found that there is a further increase of the positive bias 
of relative humidity in the middle atmosphere during the autumn and winter months and a slight decrease of the negative 
bias during the summer. Darmaraj T. (2006) [6] studies the vertical structure of the atmospheric layer and its variation 
over the Arabian sea and the West Coast Goa station during the weak phases of south-west monsoon using radiosonde. Its 
observed that depth of mixed layer over Goa and offshore was about 1 km while the first 200 m was showing super 
adiabatic lapse rate over Goa but not over the sea.  Bukhlova G. et al (2008) [7] present the results of the thermal 
structure of the atmospheric boundary layer from the data of acoustic sounding of Tomsik in different seasons between 
2005 to 2007. It is shown that the average height of the lower boundary of the elevated inversion in June was 70 m and 
that of upper boundary was 230 m. The ABL structure characteristic obtained with the acoustic radar can be used to 
predict climate prerequisites for atmospheric pollution events. Cortes L. and Cure M. (2009) [8] presents an evaluation of 
three meteorological models, the Global Forecast System, the European center for Medium-Range  Weather Forecast and 
Weather Research and forecasting for three sites located in northern Chile. The results show that vertical temperature 
profile at low levels better represented by the European Center for Medium-Range Weather Forecast than the two others, 
while the three models show a good agreement to reproduce the mean temperature vertical profile at the middle and upper 
level.  Yasmeen Z. (2011) [9]  correlate the radiosonde one year daily data of temperature and wind speed with the daily 
data of haze, mist, suspension dust, visibility and relative humidity over Karachi. It's observed that the greater 
frequencies' inversion layer at 0000 UTC and 1800 UTC mostly occurred during the summer months while the lower 
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troposphere temperature inversion, mostly at 950-850 hPa. Vihama T. et al. (2011) [10] characterize the temperature and 
humidity inversions and low level jet over Svalbard Fjords in spring. The air temperature and specific humidity were 
studied applying three tethersonde system. It's concluded that the tethersonde sounding practice with high vertical 
resolution was essential as it allowed detection of strong near surface inversion. The strongest individual temperature and 
humidity inversion observed in warm and moist air masses. Keevallika S. and Krabbib M. (2011) [11], Compares the 
temperature, humidity, and wind from Estonian and Finnish radiosonde data during 1993-2009. It's concluded that the 
profiles of the temperature and wind speed at the two stations are similar, but the relative humidity differs significantly. 
Muraaleedharan P. (2013) [12] investigates the vertical profile of temperature, humidity, pressure and wind speed in the 
troposphere and lower stratosphere. The data were recorded during active and break phases of the years 2009-2010 using 
high resolution GPS radiosonde from Goa. It's shown that the dynamic of the lower atmosphere in modulating active-
break cycles during contrasting year is not well understood. While strong low level temperature inversion occurring at the 
altitude of about 2.5 km and an equal strong inversion start appear at about 5.6 km with the established break phase. 
Bashair A. M. (2013) [13] studies the temperature inversion over Baghdad. Eleven years of radiosonde data analyzed, 
processed and used to find out the inversion characteristic of the vertical atmospheric layers. The result shows that the 
lower transition layer occurred at nighttime rather than daytime and lies between 200 to 400 meters with slop of five C  
per 100 m above the transition layer. Moreover, the average temperature inversion depth increased by 13% from winter to 
summer with an inversion strength of 1.5 % to 2 % respectively. The result also shows that double inversions are 
common during the winter season.  
In this work, we attempt to present the vertical characteristics of temperature, pressure, humidity and wind speed up to 10 
km over Baghdad-Iraq. Radiosonde data for ten years used to investigate the behavior of the atmospheric boundary layer, 
in particular, the low-level atmosphere. 
 
2. METEOROLOGICAL PARAMETER'S RELATIONSHIP 
The vertical distribution of temperature, pressure, humidity, wind, and composition of the atmosphere constitutes the 
atmospheric structure. These quantities vary with season and location in latitude and longitude, as well as from night to 
day. However focus on the average variations with height is essential to understand the vertical structure. 
Air temperature can be used as a proxy for the sensible flux that is one of the factors that determines the temperature 
inversion growth. Higher temperature likely associated with stronger convection activity in the inversion which 
contributes toward developing large energetic eddies that penetrate the free atmosphere and lead to the rapid development 
of the inversion. 
Atmospheric pressure is the weight of the gases surrounding the earth. It is a function of height, density and gravity.  
Energy of motion on molecular level creates atmospheric pressure and prevents the atmosphere from collapsing on itself. 
Atmospheric pressure generally decreases exponentially with altitude. 
Relative humidity most often remains high across the temperature inversion, indicating that clouds are not confined by 
the inversion. This happened in many cases when relative humidity decreases. This seems to be a feature specific to night 
time for both winter and summer times [14]. 
Wind speed is used as a proxy for the momentum flux that in another factor drives the inversion growth when wind speed 
is low. In general, higher wind speeds lead to enhanced production of mechanical turbulence, which is related to the wind 
speed at daytime and lead to no temperature inversion [15]. 
 
3. TOPOGRAPHIC AND WEATHER DESCRIPTION 
Baghdad city is located on a vast plain bisected by the River Tigris. The land on which the city is almost entirely flat and 
low-lying, being of sediment origin due to the periodic large floods which have occurred in the river. The weather in 
Baghdad almost predicted over the seasons its semi desert weather, hot dry at summer wet and cold in winter while spring 
and autumn are short. Significant discrepancy in temperature is normally recorded. The average temperatures in Baghdad 
ranged from higher than 40 C  in July and August to below freezing in January. The majority of the rainfall occurs from 
December through April and may reach 100 millimeters a year in some places. The summer months marked by two kinds 
of wind phenomena: The southeasterly “AlSharqi” dry, dusty wind with occasional gusts to eighty kilometers an hour 
occurs from April to early June and again from late September through November.  The Northwesterly “Al Shemal” 
steady wind from the north and northwest, prevails from mid-June to mid-September [16]. 

 
4. RADIOSONDE DATA  
Radiosonde meteorological data from the Baghdad airport station analyzed for interval levels up to 10 km, where the 
height of the radiosonde interpolated for 100 m. The station altitude is 34 m above the sea level and located at 20 Km 
distance southwest from the city center. The following meteorological parameters are considered: air temperature, air 
humidity, wind speed and air pressure. 
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The radiosonde data recorded by the Iraqi meteorological office for the period 1973-1980 and 1989-1990 were selected, 
filtered, processed and analyzed. The radiosonde routinely carried out at two synoptic hour’s 0000 and 1200 local time for 
each day. As the meteorological data has been restricted since the first gulf war, few and limited publications released due 
to the situation of war since early eighties.  In order to characterize the ABL parameters, More than 7900 data sets of ten 
years processed and used to identify the boundary layers from the surface up to 10 km height. The inversion layer located 
as a sudden change in the potential parameter. The inversion depth is the difference in height between the surface and the 
height at which the lapse rate is negative for more than 100 meters, The inversion difference is therefore, the temperature 
gradient that exists from the surface to the top of the inversion, and the inversion strength is the temperature difference 
divided by the inversion depth [13]. 
 
5. RESULTS AND DISCUSSIONS  
The detailed state of the atmosphere described better with the presence of the meteorological data parameters during the 
period of observation. It's expected that those parameters impact the ABL feature, in particular, the inversion layers. The 
initial data analysis performed on the radiosonde measurements which cover height, temperature, humidity, pressure and 
wind speed during the period 1973-1980 and1989-1990. The analysis starts with a series of steps that enable efficient 
parsing of the twice daily observations. The observed vertical profile also examined and interpolated for heights to 
establish whether there is evidence that profiles were changing on a daily, monthly and annual basis. Fig (1) shows the 
vertical profile of the pressure, humidity, temperature and wind speed up to 10 km. It's clearly shown that no significant 
variation in pressure profiles either in summer and winter or during the day and night time as in (Fig.1.a) while 
significant inversions shown in the temperature and humidity profiles (Fig.1.b, c).  The temperature inversion had a 
lower base hit than the humidity which has thicker layer and a higher top.  The reason for the temperature inversions not 
reaching a high altitude as humidity is the adiabatic cooling when the ground surface loses the heat quickly at night due 
to the cooling air lies beneath warmer air and shut off any connection between the warm and cold air [10], while no 
comparable mechanism affects the specific humidity in an unsaturated air. It's also shown that humidity inversion occurs 
at daytime when the sun rise and temperature inversions disappear. This may be due to heat flux affected the surface 
layer, and the water vapor starts moving up until it reaches a colder layer. These layers lie within the height of 5.5 km in 
summer and 2 km in winter. The wind speed profile (Fig.1.d) shows that the speed increases rapidly after 2 km height in 
winter and may reach 80 knots at top height while it's only 25 knots in the summer. 
  

             

             
Figure.1 Vertical profile over Baghdad a) Pressure b) Humidity c) Temperature d) Wind speed 

 
Moreover, it’s interesting to find the wind speed inverted in an elevated layer in the range 1.5-3 km in summer days and 
nights. This may associated with the low speed of wind and the high temperature during the summer season. 
The vertical atmospheric parameters variation with the temperature during the summer and winter (days and nights) 
shown in Fig.2. It's clear that the temperature inversion occurs during nights both in summer and winter with wind speed 
less than 10 knots (Figs.2.a, b). The inversion layer seems to be destroyed by higher wind speed above 15 knots. Thick 
humidity transition layer occurs in summer days of about 3 km associated with low humidity whiles it about 1 km in 
winter with     high humidity as in (Figs.2. c, d). Moreover, the wind speed inverted in summer for the temperature range 
15-25 C, while the humidity remains constant during the wind speed inversion. 
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Figure.2 Variation of height, pressure, humidity and wind  speed with temperature during 

a) winter nights b) summer nights c) winter days d) summer days. 
 

6. CONCLUSION 
Vertical profiles of temperature, pressure, humidity and wind speed from radiosonde were analyzed and processed for ten 
years over Baghdad. The most important finding as follows: 
1. The surface atmospheric boundary-layer inversions are strongly associated with the surface temperature, humidity and 

wind speed. 
2. Inversions occurred often in temperature; humidity and wind speed over Baghdad. 
3. A strong low level temperature inversion occurs during summer and winter nights at altitude of about 400 m . 
4. Significant humidity inversion occurred in summer and winter daytime. The transition layer starts growing just after 

the temperature inversion layer disappears. In summer, the transition layer is thick and associated with low inversion 
depth, while it is thinner with higher depth during winter. 

5. Wind speed inversions noticed during summer rather than winter in the range 1.5-3 km of height and 15-25 c of 
temperature. 

6. The temperature inversion layers seem to be destroyed by the wind speed above 15 knots. 
7. The strength and depth of the temperature and humidity increased with decreasing the relative humidity and wind 

speed. 
8. Humidity inversion occurred as often as temperature inversion but humidity inversion had a larger base height and 

thicker than the temperature inversion. 
 
REFERENCES 
[1] D. Jonathan “Tropospheric Low-Level Temperature Inversions in in the Canadian Arctic” Atmosphere-Ocean 30 (4), 

511-529 1992. 
[2] H. Conway, L.A. Rasmussen  and P. Hayes “On the use of radiosondes to model glacier ablation” Annual Glaciology 

21 1995. 
[3] G. Krammi, F. Herbert, K. Bernhart, H. Muller, P. Were, T. Foken, and S. Richter “Stability functions for 

momentum, Heat and water vapor and the erticle temperature transport of TEK and pressure fluctuations estimated 
from measured vertical profiles of wind speed temperature and humidity” Beitr. Physical Atmosphere 464-475 1996. 

[4] S.M. Sempreviva and S.E. Gerying “Mixing high over water and its role on the correlation between temperature and 
humidity fluctuations in the unstable surface layer” boundary layer Meteorology 97 273-291 2000. 

[5] U. Pfluger “ Operational verification of vertical profile at DWD” Comos newsletters No. 5 2005 
[6] T. Darmaraj, B.S. Murthy and Silvaramakrishnan “vertical structure of the lower atmosphere over Arabian sea and 

West Coast station during weak phase of the Indian summer monsoon” Indian Journal of Radio and space Physics 
Vol. 35 418-428 2006. 

[7] G. Bakhlava, N.P. Krasnenko and P.G. Staff “ Dynamics of the thermal structure of the lower atmosphere above 
Tomsk from the date of acoustic sounding” 14th international symposium of the advancement of boundary layer 
remote sensing 2008.    



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 9, September 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 9, September 2013 Page 11 
 

[8] L. Cortes, M. Cure “Validation of the vertical profiles of three meteorological models using radiosondes from 
Antofagastaortes, Paranal and Llano de Chajnantor” Astrometeorology group university de Valparaiso Chile 2009. 

[9] Z. Yassmeen “Inversion layer and its environmental impact over Karachi” Pakistan Journal of meteorology Vol. 4 
issue 14 2011. 

[10]  T. Vihma, T. Kilpelainen, Manninen M ,Syblom A, E. Jakobson, T. Palo and J. Jaagus “Advance in meteorology 
Hindawi publication corporation vol. 1-14 2011 

[11]  S. Keevallika, and M. Karabbib “Temperature, humidity and wind from Estonian and finish radiosonde data (1993-
2009)” Estonian journal of engineering 19,4 345-358 2011. 

[12]  P.M. Muraaleedharn, K. Mohankumar. and K.U. Sevakumar “Study on the characteristic of temperature inversions 
in active and break phases of Indian summer monsoon“ Journal of atmospheric, solar terrestrial physics Vol. 93 11-
20 2013. 

[13]  A.M Bashair “Characteristics of the vertical temperature profile over Baghdad” Indian Journal of applied research 
vol. 3 issue 3 2013.  

[14]  M. Tjernstorm, C. Leck, P. Persson, M.P. Jenssen, S.P. Occley and A. Targino “The summertime arctic atmosphere: 
meteorological measurements during the Arctic ocean experiment “ AOE 2001. 

[15]  A.K. Georgoulias,  D.K. Papanastasiou, D. Melas, V. Amiridis and G. Alexandri” Statistical analysis of boundary 
layer heights in a suburban environment” Meteorol Atmos Phys 104:103–111 2009. 

[16]  A.M. Bashair “Application of ANN technique for rainfall forecasting over Iraq” International Journal of Energy and 
Environment (IJEE), Volume 3, Issue 6, 2012, pp. 961-966. 
 
 
 
  
 

Bashair Abdul Rahman Mohammed: Graduated from the department of physics University of Al 
Mustansiriyah BSC 1983 and MSC 1990.  She has been working for scientific research council/ Space 
Research Center (1983-2003). She has conducted and published many researches related to ionospheric and 
tropospheric layers. She is now working in the department of physics at university of Baghdad. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


