
Obituary 

ALEXANDER MIKHAILOVICH OBUKHOV, 1918-1989 

Alexander Mikhailovich Obukhov, a brilliant scientist and one of the founders of 
modern boundary-layer meteorology, died in Moscow on December 3, 1989, after 
a short severe illness. 

Obukhov was born in Saratov (a city on the Volga river) on May 5, 1918, - 
exactly one hundred years after the birth of Karl Marx. He finished high school 
in 1934 but was not admitted to the entrance examinations at Saratov University 
because he was too young (the Russian provincial universities are often quite 
conservative). Therefore he spent a year working at the Saratov Meteorological 
Observatory. An analysis of actinometric observations carried out by Obukhov 
during that period formed the basis for his first published paper (Obukhov, 1936). 
Thus, he encountered meteorology very early in his career. This subject later 
became his speciality and his permanent love. 

In 1935 Obukhov entered Saratov University where he studied mathematics and 
simultaneously tried to do some science. In 1937 a competition dedicated to the 
20th anniversary of the 1917 October Revolution was announced for young scien- 
tists of the USSR. A famous mathematician, Prof. A. N. Kolmogorov, was one 
of the judges and on his suggestion the first prize was given to an unknown young 
student from Saratov University for his paper on mathematical statistics. This 
paper (Obukhov, 1938) was inspired by Obukhov’s reflections about possible ways 
of treating wind observations. The paper was quite remarkable, since it contained 
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a strict derivation of a very general and simple canonical form of the correlation 
between two vectors of arbitrary dimensions. The results obtained by Obukhov 
are now the very core of the general theory of canonical correlations and variables, 
which is one of the most important parts of multivariate statistical analysis; this 
theory is presented in many dozens of text-books, manuals and monographs 
(including several special monographs on the subject, e.g., Gittins, 1985) and has 
many very diverse applications (including those in meteorology, see, e.g., Obu- 
khov, Fortus and Yaglom, 1987). The results obtained by Obukhov were found 
also by a famous American statistician Harold Hotelling but we should take into 
account the difference between an internationally known scientist at the peak of his 
creative abilities and a very young undergraduate student of a Russian provincial 
university. 

Prof. Kolmogorov was so impressed by Obukhov’s work that he suggested that 
Obukhov should continue studying at Moscow University. Later in 1940, Obukhov 
graduated from the Mathematical Department of Moscow University and began 
his graduate study there under the guidance of Prof. Kolmogorov. Simultaneously, 
he started working in the newly organized (by the famous mathematician and 
polar explorer, member of the USSR Academy of Sciences, Prof. Otto Schmidt) 
Institute of Theoretical Geophysics, USSR Academy of Sciences. In 1947 this 
Institute was amalgamated with the Institute of Seismology and became the Geo- 
physical Institute of the USSR Academy of Sciences, and in 1956 the latter was 
divided into three parts, one of which was the now existing Institute of Atmo- 
spheric Physics. So formally Obukhov worked in three different institutes of the 
USSR Academy of Sciences but, in fact, his main work place didn’t change from 
1940 until the end of his life. 

In the late thirties and early forties, Kolmogorov was deeply involved in the 
study of turbulence theory and he attracted Obukhov’s attention to this field. 
Turbulence theory in fact became Obukhov’s main speciality for many years. In 
1941 he defended the Candidate Dissertation (which is equivalent to a Ph.D. 
Dissertation in the USA) which was devoted to the statistical theory of small-scale 
turbulence (see Obukhov, 1941b). This dissertation together with the closely 
related and simultaneously published short papers by Kolmogorov (1941a,b) fun- 
damentally transformed the theory of turbulence and raised it to a much higher 
level. Until then, quantitative studies of turbulent flows had been based on some 
speculative semiempirical hypotheses that had limited accuracy and were appli- 
cable only to some quite specific types of flows. However, Kolmogorov and 
Obukhov showed that in fact completely disordered turbulent fluctuations satisfy 
some simple quantitative laws which follow from general physical considerations 
and are universal in the sense that they are valid for all turbulent flows at high 
enough Reynolds numbers. In Western literature, the theory of the universal 
equilibrium of the small-scale components of turbulent motion, developed in the 
above-mentioned papers, is usually considered as Kolmogorov’s invention: but 
Kolmogorov himself emphasized often that only the statement of the problem is 
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due to him while the main quantitative results were obtained independently by 
him and Obukhov during a period when they were separated. Therefore it is 
not surprising that the approach used by the two authors was quite different. 
Kolmogorov’s study was based on general dimensional arguments combined with 
some physical ideas about the mechanism of developed turbulence, related to 
ideas stated during the twenties by L. F. Richardson, while Obukhov considered 
a model semiempirical equation for the spectrum of turbulence (it was the first 
two-point closure in the mechanics of turbulence) and demonstrated an amazing 
physical intuition by extracting from this equation only the consequences which 
are, in fact, universal and do not depend on the particular closure hypothesis 
used. Formulation of the main result by Kolmogorov and Obukhov was also quite 
different. Kolmogorov described the small-scale structure of turbulence by the so- 
called structure function of the velocity field (i.e., by the dependence on r of the 
mean square of the velocity difference at two points spaced r cm apart) and 
derived the ‘2/3 power law’ for the structure function, while Obukhov used the 
power spectrum of the velocity field and obtained the spectral ‘-513 power law’. 
These two laws are mathematically equivalent but the simplicity of the spectral 
measurements made the ‘-5/3 power law’ the basic universal law of small-scale 
turbulence structure. This law has been repeatedly verified by many experimentors 
and the extensive data collected by them have confirmed its validity with very 
high accuracy. (Measurements of the structure functions are much more scarce 
but they also agree well with the theoretical predictions.) 

Since the spectra of turbulent fluctuations are now used very widely in a vast 
number of books and papers, young people may think that the concept of a 
spectrum was apparently known even to the ancient Greeks. However, this is not 
the case; the first attempt to give a strict definition of the spectrum of disordered 
oscillations was by N. Wiener (1930) and that attempt was not quite successful. 
The consistent statistical spectral theory of random fluctuations was developed by 
A. Ya. Khinchin, A. N. Kolmogorov and H. Cramer even later - in the late 
thirties and early forties; see, e.g., Yaglom (1987). As to the spectrum of a 
random field (a disorderly fluctuating function of spatial coordinates), that idea first 
appeared in a short note by Obukhov (1941a) devoted to the study of sound 
scattering by turbulent inhomogeneities. Here, in particular, the general form of 
the spectral tensor of an isotropic and solenoidal vector field (i.e., of a velocity 
field of incompressible isotropic turbulence) was given, This spectral tensor was 
expressed in that paper in terms of the corresponding correlation tensor, but in 
Obukhov (1941b) the spectral representation of the velocity field itself was also 
considered and used to derive the universal ‘-513 power law’. Since then, scientists 
have used spectral considerations in turbulence theory and little by little, the 
spectrum has become one of the central concepts of the mechanics of turbulence. 

In his paper (1941b), Obukhov also gave a very simple theoretical derivation 
of the ‘4/3 power law’ for the eddy diffusivity that characterizes relative turbulent 
diffusion. This law was established (purely empirically) by L. F. Richardson (1926); 
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and later Taylor (1959) expressed his surprise at the fact that such a brilliant 
scientist as Richardson had not hit upon Obukhov’s simple explanation of the law. 
However, in fact, Obukhov’s derivation required a deep physical intuition and 
very clear understanding of the turbulence mechanism; therefore the ‘4/3 power 
law’ is worth re-naming as the Richardson-Obukhov law. 

Obukhov’s next fundamental contribution to turbulence theory was made in 
1949 when he discovered the main universal law describing the small-scale structure 
of scalar fields (i.e., temperature, or concentration of any dynamically passive 
admixture) mixed by developed turbulence; see Obukhov (1949a). It was the 
famous Obukhov ‘U3 power law’ for the structure function of a scalar field which 
was equivalent to the ‘-5/3 power law’ for the spectrum of scalars. Now, when 
this law has become generally known, one can think that its derivation is a very 
simple task; note, however, that the problem of the structure of a scalar field was 
also studied by the Japanese meteorologist E. Inoue (1950, 1952) and the well- 
known American physicists F. Villars and V.F. Weisskopf (1954) who obtained 
two (different) conclusions which proved to disagree strongly with experimental 
data. (The correct answer was independently found also by S. Corrsin two years 
later than by Obukhov; see Corrsin, 1951). 

Very important results were obtained by Obukhov in his studies of wave propa- 
gation through the turbulent atmosphere. His first paper on this topic (Obukhov, 
1941a) has already been mentioned above but the most important paper was 
published in 1953. In this work, a very simple and elegant approximate method 
was proposed to evaluate the root-mean-square values of amplitude and phase 
fluctuations for a wave propagating through the turbulent atmosphere; the explicit 
results were given under the model assumption that the correlation function of 
refractive index inhomogeneities had a ‘gaussian’ form. Obukhov’s papers form 
the basis for a very important scientific field analysing fluctuation phenomena 
related to the sound, radio-wave and light propagation through the atmosphere 
and ocean; at present several dozens of special monographs are devoted to this 
field (one of the best known is by Obukhov’s student V. I. Tatarskii, 1971). 

Obukhov was not a pure theoretician interested only in mathematical equations. 
Beginning in 1940 (cf. Obukhov, 1942) he participated in numerous experimental 
studies of atmospheric turbulence and headed many of them (and later headed also 
many laboratory experiments performed at the Moscow Institute of Atmospheric 
Physics). In particular, he made one of the first attempts to determine the values 
of the universal numerical coefficients in the ‘2/3 and -5/3 power laws’ from the 
data of wind fluctuation measurements (Obukhov, 1951). Later, analysing the data 
of such measurements he paid attention to the fact that all the spectral curves 
calculated for a number of subsequent lo-min runs were described sufficiently 
accurately by the ‘-5/3 power law’ of the form E(k)=Ck-“‘3 (where E(k) is the 
power spectrum and k is the wave number), but the dimensional coefficients C 
varied considerabIy from one run to another. He explained this variation by the 
variability of the rate of energy dissipation E in the Earth’s atmosphere. Based 
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on this, he proposed a refined theory for the local structure of turbulence taking 
into account the small-scale intermittency of turbulence, which produces strong 
fluctuations of energy dissipation rate (Obukhov, 1962). This refined theory was 
enthusiastically supported and developed further by Kolmogorov (1962) and later 
a lot of theoretical and experimental papers were devoted to the development and 
verification of the new theory; some of them were published in this journal. 

The last, but not the least, papers by Obukhov on turbulence theory which must 
be mentioned here are his classical works on turbulence in a thermally stratified 
atmospheric surface layer. The first of these is a remarkable paper prepared in 
the early forties and first published in 1946; its English translation was published 
in this journal (Obukhov, 1971) together with the comments by Businger and 
Yaglom (1971) explaining its real importance. As is typical of Obukhov, he based 
his considerations on a semiempirical model equation for the wind velocity profile; 
this equation implies a specific form of the universal function describing this profile 
and this form was rediscovered several times much later (see Businger and Yaglom, 
1971). However, Obukhov was mostly interested in the general results which did 
not depend on the concrete form of the model equation used. Thus, the famous 
Obukhov length L first appeared in this early paper. The length L is the most 
convenient characteristic of surface-layer stratification and it is used now in all 
studies of turbulence in a stratified medium. The general asymptotic laws for 
turbulence at z/L = 0, z/L <<-- 1 and z/L + 1 were also obtained in Obukhov’s 
paper of 1946. Finally some examples of the description of turbulence by the 
universal functions of dimensionless height z/L were presented in the same paper. 
The paper by Monin and Obukhov (1954) was a further development of Obukhov’s 
paper of 1946; here no semiempirical hypotheses were used but the general simi- 
larity theory of turbulence in a thermally stratified boundary layer was given. At 
present all studies of turbulence in the atmospheric surface layer, oceanic surface 
layer and oceanic bottom layer are based on Monin-Obukhov similarity theory. 

The results mentioned above are far from being all the scientific achievements 
of Obukhov. Many more results of importance related to turbulence are attributed 
to him, and turbulence was, in fact, only one of his several specialities. He wrote 
many classical papers on dynamical meteorology (e.g., Obukhov, 1949b, where the 
quasi-geostrophic approximation of the main dynamic equation for the barotropic 
atmosphere is derived; this equation filters out the fast wave motions and is now 
basic for most methods of numerical weather forecasting), statistics and applied 
mathematics (e.g., the derivation of the general form of a homogeneous random 
field on a sphere; see Obukhov, 1947), and fluid dynamics (e.g., profound studies 
of finite dimensional approximations of the fluid dynamics equations; see, e.g., 
Gledzer, Dolzhanskii and Obukhov, 1981). His most important papers are col- 
lected in Obukhov (1988) together with comments by some of his students and 
collaborators; I am sure that this book is worth translating into English. 

Obukhov’s scientific achievements resulted in many distinctions: he was elected 
to the USSR Academy of Sciences and also to the American Geophysical Union 
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and the Royal Meteorological Society; he was a member of a number of interna- 
tional institutions and editorial boards; in 1963-67 he was the President of the 
International Association for Meteorology and Atmospheric Physics (IAMAP) 
and a member of the IUGG Bureau; from 1972 to 1981 he was a member of the 
GARP Joint Scientific Committee; for 23 years he was the main editor of the 
Bull.Acad.Sci.USSR, Ser. Atmospheric and Oceanic Physics, and, last but not 
least, he was the founder of the Moscow Institute of Atmospheric Physics, USSR 
Acad. Sci., and the director of this Institute from its foundation until his death. 
For many years he was a professor at Moscow University and some of his students 
have become distinguished scientists. His educational, administrative and organiz- 
ing activities played an important role in the development of meteorology and 
fluid mechanics in the USSR. However, his real immortality is provided by his 
scientific discoveries. 
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