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Abstract. In this paper, a comparison of the standard atmosphere from ISO 4401-81 and sever-

al empirical models of the atmosphere obtained from sounding data is carried out. The main 

purpose of the work is to establish the influence of parameters of the atmosphere on the aero-

dynamic characteristics of an aircraft. 

1.  Introduction 

Many developers use the standard atmosphere (SA) ISO 4401-81 model in the design of aircraft. Ac-

cording to SA at the increase of altitude H  air temperature ta first linearly decreases from 15 
0
C to  

-56,5 
0
C (at H=0...11 km), then has a constant value -56,5 

0
C (at H=11...20 km) and then increases 

from -56,5 
0
C to -2,5

0
C (at H=20...47,4 km). The other parameters of the atmosphere in ) ISO 4401-81 

are determined using equations from a mandatory application. So, the parameters of the atmosphere 

are functions of altitude.  

However, the parameters in real atmosphere also depend on weather conditions established at the 

moment in an area. It means that SA gives only an average estimate of atmosphere parameters. This 

can lead to errors in the calculation of aerodynamic and flight characteristics of an aircraft for weather 

conditions different from the conditions of SA.  

More accurate data on parameters of the atmosphere corresponding to a specified time and speci-

fied place, may be obtained with sounding of atmosphere, which are the mart of meteorological obser-

vations. The use of such data makes it possible to improve the accuracy of calculations in problems 

that require the assessment of aerodynamic and flight characteristics of an aircraft, as well as in air-

craft parameter identification [1], aircraft control [2], onboard measurement errors estimation [3]. 

2.  Comparison of parameters of standard atmosphere and empirical models of the atmosphere  

We will carry out a comparative analysis of SA and several empirical models of the atmosphere 

(EMA) in the altitude range from ground level to H=30 km. To do this, we take the atmosphere model 

from ISO 4401-81 and four EMA defined on a basis of ta(H). The dependences ta(H) are taken from 

[4] and correspond to the data of serological atmospheric sounding carried out in January and July 

2017 at various meteorological observation stations. Information about these stations, as well as the 

dates and times of the sounding, is presented in table 1. 
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Table 1. Information of meteorological observation stations. 

Number of meteoro-

logical observation 

station 

Nearest town 
 

State 
Date and time of sounding 

24266 Verkhoyansk Russia 30 January 2017, 12.00 UTC 

34882 Astrakhan Russia 30 January 2017, 12.00 UTC 

34882 Astrakhan Russia 24 July 2017, 12.00 UTC 

40417 Dammam Saudi Arabia 24 July 2017, 12.00 UTC 

 

First, let's compare the dependence of the air temperature ta on the altitude. Figure 1 shows that all 

considered EMA have significant differences from the SA in nature of changes of air temperature in 

height. Indeed, both the rate of air temperature change in an troposphere and stratosphere and the loca-

tion of the boundaries between these atmospheric layers are different from the SA. 

 

 
Figure 1. The air temperature in SA and EMA 

If ta(H) is known, we can determine a dependence of the sonic speed and a dynamic air viscosity 

coefficient μa as a function of height 

                                            √                                                                              

                                  
          

        
           

 
                                                              

Formulas (1) and (2) are taken from the mandatory Appendix to ISO 4401-81. These formulae for 

considered height ranges are valid not only for SA, but also for any other model of the Earth's atmos-

phere. This is due to the fact that the proportional ratio of gases in the air is constant throughout the 

near-earth space up to H=90-95 km. The dependence a(H) determines the Mach number at a known 

velocity of the incoming air flow, and μа(H) determines the Reynolds number. The values of the Mach 

and Reynolds numbers are used in determining aerodynamic characteristics of aircraft. 

Let us determine atmospheric pressure pа and the density of air ρа as functions of height H for SA 

and the four models of EMA described above. To do this, we solve a system of two equations: the 

equations of state of an ideal gas (3) and the equations of atmospheric statics (4). 

                                                                                                                            

                       
   

  
     g,  H=H0, pa=pa0  ,                                                                       (4) 
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where H0 – height of ground level relative to sea level; pa0 – atmospheric pressure at ground level, g – 

acceleration of gravity, defined by the formula (5) 

                  g                                                                                         
where ΨΕ – geographic latitude, rad , H – height, km. 

Equations (3) and (4) are also taken from the mandatory Appendix   to ISO 4401-81. Similar to 

equations (1) and (2), these equations are applicable in the considered altitude range not only for SA, 

but also for any other model of the earth's atmosphere, including the considered EMA.  

The values of ΨE, H0 and pа0 are presented in table 2. 

Table 2. Initial conditions for solving the system of equations (3), (4) 

Atmospheric 

model 

 

Town 
 

Month 
 

ΨΕ, degree
 

 

H0, km 
 

pа0, Pa 

SА --- --- 45,3 0 101325 

EМА Verkhoyansk January 67,6 0,138
 

98800 

EМА Astrakhan January 46,3 -0,022
 

103100 

EМА Astrakhan July 46,3 -0,022
 

101200 

EМА Dammam July 26,4 0,012 99400 

 

Having solved the system of equations (3) and (4), we compare the differencies in pа(H) and ρа(H) 

between SA and the considered EMA. To do this, imagine the values of pа and ρа in EMA as a per-

centage deviation with respect to pа and ρа in SA. These deviations δpа(H) and δρа(H) are shown in 

figure 2 and 3. 

 
Figure 2. Atmospheric pressure in EMA relative to atmospheric pressure in SA 

As shown in figure 2, atmospheric pressure in the EMA is markedly different from pа in the SA. In 

this case, the highest value │δpа│ are obtained at medium and high altitudes. The decrease in pа rela-

tive to SA is typical for January EMA, and the increase – for July. Function pа(H) is used in the calcu-

lation of the characteristics of the aerial vehicle as a value that determines the altitude correction to the 

thrust of the engine. 
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Figure 3. Density of air in the EMA relative to the density of air in the SA 

For figure 3 are also visible differences between the density of the air ρа in SA and EMA. At low alti-

tudes, the highest ρа values are reached in the EMA for Verkhoyansk, and the lowest-in the EMA for 

the city of Dammam. At large H the most ρа is in the city of Dammam and the city of Astrakhan in 

July and the lowest over the city of Verkhoyansk. The ρа(H) dependence is used to determine the dy-

namic pressure and Reynolds number.  

Based on the comparative analysis of SA and EMA, we conclude that the considered models of the 

atmosphere have significant differences. As it turned out, for a range of heights from ground level up 

to H=30 km, the difference in speed of sound between the SA and EMA is in the range -11...7%, in 

dynamic coefficient of viscosity is in the range of -17...11%, atmospheric static pressure – in the range 

-17...14% and the air density – in the range of -22...26%. The greatest deviations from the standard pа 

values are observed in EMA, appropriate to the city of Verkhoyansk and the city of Dammam. 

3.  The algorithm for calculating the aerodynamic forces acting on the aircraft in flight. 

When considering the flight of an aircraft in the speed coordinate system vector of the total aerody-

namic force can be divided into two components: the drag force of the aircraft Qa (directed along the 

velocity vector of the aircraft) and the lift of the aircraft Ya (directed perpendicular to the velocity vec-

tor of the aircraft). The values of Qa and Ya are determined according to the formulas (6) and (7). [5] 

                    (                             )                                            

                                                                                                  

where схp – resistance pressure coefficient of aircraft, схf – resistance friction coefficient of an aircraft, 

схаibal – inductive resistance coefficient of an aircraft, M – Mach number (determined by the formula 

(8)), Re – Reynolds number (determined by the formula (9)), α –angle of attack, q – dynamic pressure 

(determined by the formula (10)), Sm – characteristic surface of aircraft, сyаbal – lift coefficient of the 

aircraft. 

                                              
 

 
                                                                                          

                                            
    

  
                                                                                   

                                           
     

 
                                                                                  

where V – air speed of the aircraft. 

From formulas (6) - (10) it may be seen that at the same values of the parameters V, H and α in dif-

ferent models of the atmosphere aerodynamic forces of the aircraft are be different. These differences 
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are determined by differences in the values of the aerodynamic coefficients and the dynamic pressure 

q, which depends on the air density ρa. The coefficients of схf vary between different models of the 

atmosphere due to differences in the numbers of M and Re and the coefficients схp, схr, схаibal and суаbal – 

due to differences in M. Because of the difference in aerodynamic forces of aircraft for different mod-

els of the atmosphere, it follows that flight characteristics of aircraft will also depend on the model of 

the atmosphere. As shown by the study of the flight characteristics hypothetical aircraft, conducted for 

the SA and four previously considered EMA, the values of the aircraft maximum range Dmax between 

the SA and the EMA are different. Thus, when considering the flight of a hypothetical aircraft in Janu-

ary EMA the values of Dmax at low altitude H=0.5 km are smaller than in SA up to -6%, and at H=11 

km – greater more than to 14%.  

When considering the flight of a hypothetical aircraft in July EMA, the opposite situation is ob-

served: at low altitudes Dmax is greater than in SA up to 6% , and at high altitudes – smaller up to -9% 

at H=15 km.  

Therefore, when solving problems that require the precision in calculating the aircraft aerodynamic 

and flight characteristics, the use of EMA is more preferable than the SA of ISO 4401-81. 

4.  Conclusion 

As a result of comparison of SA and four EMA it is established that the difference between parameters 

of the atmosphere in SA and considered EMA is in the range from -22% to 26%. Considering the 

model of aerodynamic forces it was found that in different models of the atmosphere aerodynamic 

characteristics of an aircraft are different from each other. For a hypothetical aircraft, the values of the 

maximum ranges Dmax for SA and four EMA show the difference in the range from -9 to 14%.  
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