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Ab stract—Data of strato spheric ozone mea sure ments with the AK-3 lidar over Obninsk in 2012–
2015 are com pared with Aura/MLS and Aura/OMI sat el lite data and par al lel sur face ob ser va tions of
to tal ozone (TO) with the Brewer spectrophotometer. The max i mum dif fer ence in mean ozone
concentration be tween the lidar and Aura/MLS data in the al ti tude range of 13 to 32 km does not ex ceed 
0.2 ́  1012 mol./cm3 (or the maximum of 9% at the al ti tude of 13 km). At the same time, Aura/OMI data
have a pos i tive bias of about 20% rel a tive to lidar data in the range of 13 to 20 km that is as so ci ated with
OMI mea sure ment er rors ac cord ing to lit er a ture data. To tal ozone val ues cal cu lated from lidar mea sure -
ments jointly with the known cli ma tol ogy data are com pared with those mea sured with the Brewer
spectrophotometer. It is dem on strated that the cor re la tion be tween the re sults of mea sure ments obtained 
by two meth ods is close to lin ear, and the mean rel a tive dif fer ence in the over all mea sure ment range
does not ex ceed 5%.     
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1. IN TRO DUC TION

Ozone concentration variations are associated with many processes in the atmosphere, for example,
with the formation of polar stratospheric clouds which provoke ozone holes [1] or with the Brewer–Dobson 
circulation which favors the ozone transport to different latitudes and to its vertical stratification [13]. The
importance of the ozone layer is obvious, because it protects all the Earth life from hard ultraviolet solar
radiation, absorbs light radiation with the wavelength below 300 nm, and directly affects the stratospheric
radiation balance. In view of this, regular measurements of ozone in different atmospheric layers as well as
of total ozone (TO) in the air column are of great importance. It is desirable that the measurements are
conducted by independent methods, because it allows revealing the possible sources of errors as a result of
the comparative analysis of data and enhances the reliability of information. Lidar measurements of ozone
profiles have been conducted in Taifun Research and Production Association (Obninsk, 55.1° N, 36.7° E)
since 2012 using the AK-3 lidar developed in this organization. Besides, TO measurements with the Brewer
spectrophotometer have been carried out during a long period. The present paper provides the comparison
of lidar data on ozone concentration for the period of 2012 to 2015 with Aura/MLS and Aura/OMI satellite
data as well as with TO data. The main objective of the paper is to control the quality of measurements with
the AK-3 lidar by the comparison of their results with data obtained by the well-known and tested
instruments and methods. 

2. IN STRU MENTS AND METHODS 

In 2011, the AK-3 net lidar was de vel oped in Taifun Re search and Pro duc tion As so ci a tion. It is in -
tended for the mea sure ment of tem per a ture and aero sol and ozone con cen tra tion (here in af ter, the par ti cle
con cen tra tion is meant which is ex pressed by the num ber of ozone mol e cules per unit vol ume of air). The
ba sic char ac ter is tics of the lidar are pre sented in the ta ble. Ozone mea sure ments are con ducted by the
method of dif fer en tial ab sorp tion at two wave lengths (308 and 355 nm) in the dark time in clear weather at
the al ti tude of 12 to 35 km. The spa tial ver ti cal res o lu tion of ob tained pro files is 1.6 km in the range of 12 to 
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INSTRUMENTS, OBSERVATIONS, AND PROCESSING



25 km and grad u ally de creases to 5.8 km at the al ti tude of 32–35 km. The mea sure ment du ra tion is one
hour. Dur ing the pe riod from the be gin ning of 2012 till March 2015, 313 ozone mea sure ments were con -
ducted at Obninsk lidar sta tion. 

 Let us write the well-known equa tion for the de ter mi na tion of ozone con cen tra tion C
O3

in the fol low ing
form:
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where z is the dis tance along the sound ing route; Ds O3
( )z  is the dif fer ence in the ozone ab sorp tion

cross-section at wave lengths lon = 308 nm (in the ab sorp tion band) and loff = 355 nm (off the ab sorp tion
band); DlnF(z) is the dif fer ence in the log a rithms of sig nals at the same wave lengths; A(z) = Dsm(z) is the
dif fer ence in the Ray leigh ex tinc tion co ef fi cients. The pa ram e ters D(z) and B(z) were in tro duced to take
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where R(loff, z) is the backscattering coefficient at loff; ba and aa are the coefficients of aerosol backscat-
tering and aerosol extinction. 

The pa ram e ters m(z) and v(z) in the ex pres sions for D(z) and B(z) are com puted us ing the op tic
microphysical model [2] based on the data of aero sol mea sure ments at the wave lengths of 355 and 532 nm
con ducted be fore ozone mea sure ments. 

Ozone absorption cross-sections for the sounding wavelengths were selected from data of [4, 9, 12]
taking into account the results of other measurements presented in the MPI-Mainz-UV-VIS Spectral Atlas
database at the website [11]. 

The Brewer spectrophotometer (BREWER MKII model was used) pro vides high-precision au to matic
mea sure ment of sur face ul tra vi o let ra di a tion as well as of TO and to tal sul fur di ox ide. The di rect-sun TO
mea sure ment er ror is ±1%. The in stru ment was in cluded to the NDACC (Net work for the De tec tion of At -
mo spheric Com po si tion Change) global net work and is one of sev eral Brewer spec tro pho tom eters on the
ter ri tory of the Rus sian Fed er a tion. Its data are stored in the Rus sian da ta base as well as in the WOUDC
(World Ozone and Ul tra vi o let Ra di a tion Data Cen tre) da ta base. 

3. COM PAR I SON OF LIDAR AND SAT EL LITE DATA

At pres ent, op er a tional in for ma tion is avail able on ozone pro files mea sured with the Ozone Mon i toring
In stru ment (OMI) and Mi cro wave Limb Sounder (MLS) in stru ments in stalled at Aura sat el lite [10]. OMI 
is the nadir in stru ment for mon i tor ing TO and ozone pro files, it con ducts mea sure ments of back scat tered
radiation in three spec tral bands (UV-1: 270 to 310 nm; UV-2: 310 to 365 nm; vis i ble: 350 to 500 nm)
with the spectral res o lu tion from 0.42 to 0.63 nm. OMI has a wide field of view with the transversal view of 
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The ba sic char ac ter is tics of the lidar

Trans mit ter Re ceiver

Pa ram e ter Value Pa ram e ter Value

Mean power:
  Nd:YAG, 532 nm
                 355 nm
  XeCl, 308 nm
Pulse duration
Radiation divergence:
  532, 355 nm
  308 nm

2.8 W
1.1 W
2.5 W
10–20 ns

0.2 mrad
0.2 ́  1.0 mrad

Telescope scheme
Main mirror diameter
Mechanical near-zone cutoff
Field of view
Number of optical channels
Number of photoreceivers 
Photoreceiver type
Operation mode

Newton scheme
635 mm
Available
1. ¢5 – ¢5
2 ́  4
4
R7201-01
Photon counting



2600 km and with the res o lu tion of 30 pix els in the UV-2 band and 60 pix els in the UV-1 band. This
provides the global daily view with the spa tial res o lu tion of 13 ́  24 km (along and across the route, re spec -
tively) in the UV-2 band and 13 ́  48 km in the UV-1 band. OMI data are pre sented for the al ti tude range of
0 to 57 km with the res o lu tion of 3–5 km. OMI mea sure ment er rors are an a lyzed in de tail in [6]; it is noted 
there that the main source of er rors is scat tered light in the spec trom e ter of the in stru ment. In gen eral, mea -
sure ment data agree with other mea sure ment data for the mid dle strato sphere within 20%. Starting from the 
al ti tude of 22 km and at lower lev els, OMI gives a pos i tive bias reach ing 20% at the al ti tude of 16 km and
in creas ing fur ther to 25–70% (de pend ing on the mea sure ment point co or di nates) to the height of 11.5 km.

The Aura MLS in stru ment pro vides limb mea sure ments of ther mal mi cro wave ra di a tion in the fre -
quency range of 118 GHz to 2.5 THz. Aura/MLS data on ozone con cen tra tion are pre sented at the above
website for the al ti tude range of 10–75 km (261–0.02 hPa). The ozone mea sure ment er ror is within 10%
[8], the ver ti cal res o lu tion is about 3 km. The Aura/MLS data file is formed once a day and con tains the re -
sults of 3495 mea sure ments with the tem po ral res o lu tion of 24.7 s each re lated to the cer tain lat i tude and
lon gi tude. The mea sure ments which sat is fied the fol low ing spatiotemporal con di tions were se lected from
all mea sure ments con ducted by the Aura in stru ments: the dis tance is not more than 500 km from the lidar
lo ca tion; the time is ±17 hours from the lidar mea sure ment time. 

Fig ure 1 pres ents the com par i son of ozone pro files de rived from lidar and sat el lite data av er aged over
the pe riod of 2012 to 2015. The pro file based on the HALOE model [5] and the stan dard de vi a tion in the
frame work of the model are also pre sented for com par i son. As clear from Fig. 1a, the max i mum dif fer -
ence is observed for the com par i son of lidar and OMI data at the al ti tude of 13 to 20 km: the dif fer ence is
0.6 ́  1012 mol./cm3 or 20% that is con sis tent with data from [6]. This means that dif fer ences be tween lidar
and Aura/OMI sat el lite data are largely as so ci ated with bi ases in sat el lite mea sure ments. At the same time,
the com par i son with MLS data (Fig. 1b) gives the max i mum dif fer ence of 0.2 ́  1012 mol./cm3 (or 5%) at the 
height of 22 km. The ozone pro file de rived from MLS data is in the better agree ment with lidar data on
ozone (this is es pe cially clear for the al ti tude range of 13 to 20 km). The max i mum rel a tive dif fer ence of re -
sults for all al ti tudes does not ex ceed 9% that is a rather good re sult tak ing into ac count the dif fer ences in
the spatiotemporal scales of av er ag ing and mea sure ment shifts in time (by 7 hours on av er age) and in space
(by 300 km on av er age). 
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Fig. 1. The com par i son of mean (2012–2015) ozone pro files de rived from lidar data and sat el lite mea sure ments with (a) OMI
and (b) MLS in stru ments for the lat i tude of Obninsk (55.1° N, 36.7° E). (1) Lidar data; (2) sat el lite data; (3) HALOE model;
the dot ted line is the bound aries of the max i mum per mis si ble val ues of the model at the level of 1s. 



4. COMPARISON OF LIDAR DATA
WITH BREWER SPECTROPHOTOMETER TO DATA

To compare lidar data with Brewer spectrophotometer data, lidar data were integrated over the whole
altitude range (12–35 km) and were reduced to Dobson units. However, as the spectrophotometer measures
TO in the whole air column, the values of integral ozone concentration in the altitude ranges of 0–12 and
35–70 km were added to lidar data. For this purpose, monthly mean values for the latitudinal zone of
50°–60° N from [7] were utilized. In this paper, measurement data were summarized over the period of
1988 to 2002; the results of ozone sonde measurements were taken as a basis to the height of 10 km and
Sage II and MLS satellite data were used for higher levels. The following correction to lidar data (DU) was
obtained depending on a month and altitude range:

Month

0–12 km
 >35 km

Janu-
ary

43.4
26.4

Feb-
ruary

50.9
28.6

March

55.0
30.3

April

59.4
30.2

May

56.3
29.1

June

53.7
27.2

July

50.5
26.1

August

44.9
27.9

Sep-
tember

40.7
28.9

Oc-
tober

38.3
29.5

No-
vember

38.4
28.6

De-
cember

40.2
27.1

Lidar data were corrected taking into account the monthly mean values presented above. The mean
correction was equal to 47.7 DU or 13.7% at the altitude of 0 to 12 km and 28.3 DU or 8.1% at the altitude
of 35 km. Consequently, ozone derived from lidar data for the layer of 12–35 km makes up 80% of total
ozone. The mean value of TO for all measurements is 348 DU.

Figure 2 presents temporal variations in TO values obtained by two different methods. A good
qualitative and quantitative agreement is observed. Seasonal variations in ozone concentration and
interseasonal differences are strongly pronounced in lidar data. 

The correlation between the results of TO determination by two methods for 222 days of parallel
observations is presented in Fig. 3 (as well as in the previous case, climatology data were added to lidar data 
for the layers below and above). The dependence between the data obtained by the two methods was close
to linear; the linear regression equation is: y = 0.861x + 51.40, where y is TO derived from lidar data; x is
TO measured with the Brewer spectrophotometer. The large bias is obviously related to the certain
nonlinearity of the dependence y(x). To reveal it, the squared regression equation was taken (see Fig. 3); in
this case, the bias was 8 DU and was evidently associated with the measurement error and with the error of
lidar data reduction to TO according to zonal mean climatology. The coefficient of determination R2 for the
analyzed nonlinear regression is 0.83, the standard deviation is 17.44 DU. 
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Fig. 2. Tem po ral vari a tions in TO over Obninsk in 2012–2015. The red dots are the cal cu la tion based on lidar data in the al -
ti tude range of 12–35 km jointly with the known cli ma tol ogy [7]; the blue dots are Brewer spectrophotometer data.



The mean relative difference between the corrected data of the lidar and Brewer spectrophotometer for
separate ranges is:

TO range, DU
D

250–300
–0.046

300–350
–0.016

350–400
–0.01

400–450
0.032

i.e., its absolute value does not exceed 5%.
Thus, the to tal ozone value de ter mined from lidar mea sure ments (with ad di tion of climatology data) is

in a good agree ment with Brewer spectrophotometer data. In this case, Brewer spectrophotometer data can
be con sid ered as ref er ence ones rel a tive to lidar data, be cause they are based on nu mer ously tested and in -
ter na tion ally ac cepted pro ce dures. 

5. CONCLUSIONS

The lidar measurements of ozone concentration over Obninsk in 2012–2015 were conducted using the
method of differential absorption at the wavelengths of 308 and 355 nm. The comparison of mean (over
the measurement time) ozone profiles derived from lidar data with Aura/MLS satellite data revealed their 
qualitative and quantitative coincidence in the altitude range of 12–32 km, with the maximum difference of 
not more than 0.2 ́  1012 mol./cm3 (or 9% in relative units at some heights). The comparison with Aura/OMI 
data revealed the difference of about 20% at the altitude of 13 to 20 km that may be explained by the bias of
ozone measurements with OMI [6].

It was found that the de pend ence be tween TO val ues de ter mined from lidar data jointly with cli ma tol -
ogy data [7] and from the data of par al lel mea sure ments of TO with the Brewer spectrophotometer is close
to lin ear one, with the co ef fi cient of de ter mi na tion equal to 0.83, and the mean rel a tive dif fer ence does not
ex ceed 5%. 
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