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Ab stract—The abil ity of the ground-based mi cro wave tem per a ture profiler to re trieve the lapse rates in 
the lower part of the at mo spheric bound ary layer is ver i fied by an a lyz ing the long-term ob ser va tion se -
ries. It is dem on strated that if the strat i fi ca tion of the whole bound ary layer is ei ther un sta ble or suf fi -
ciently ho mo ge neous, mea sured and re trieved with a mast lapse rates are quite sim i lar. If the strat i fi ca -
tion is sta ble, the re trieval algorithms require correction. Demonstrated is the po ten tial for the more ac -
cu rate re triev ing of the tem per a ture gra di ent over the sur face layer by means of the an gu lar scan ning.
This en ables us ing the data of tem per a ture profilers for es ti mat ing the bound ary layer sta bil ity and the
Monin–Obukhov scale. 
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1. IN TRO DUC TION

Recent decades are notable for the wide spread of high-tech instruments for remote measurements based 
on the physical principles which have not been used in meteorology before. Certainly, each new instrument
is calibrated and compared with traditional measurements; however, the meteorological parameters charac- 
terized by high spatial and temporal variability and measured by different methods may not correspond to 
each other in the spatial and temporal averaging and in the sensitivity and dynamic range. The random
variability of meteorological characteristics in the atmospheric boundary layer (ABL) is the well-known
phenomenon that attracts the attention of the hundreds of researchers of atmospheric turbulence [16];
however, this natural random variability is not always taken into account when comparing the traditional
and new methods of measurements. New instruments which also have the indirect measurement principle
can contain the large absolute but small differential error and, hence, need permanent routine calibration.
The calibration carried out in the laboratory or ideal environment (over the plane surface in summer) may
not correspond to the regime of routine measurements or to the conditions of a special experiment. 

The present paper analyzes the potential of the MTP-5 scanning temperature profiler which is rather
widely used at the network of meteorological observations in Russia [2, 4, 5, 9]. The calibration of such
high-tech instruments is the compulsory condition for their operation at meteorological stations; however,
such calibration sometimes uses not meteorological but radio-engineering criteria (frequency, pass band,
and sensitivity). Producers strive for keeping within the rather tough framework of manuals for
meteorological measurements; however, these manuals were issued rather long time ago and are not
focused on new measurement methods and the instrument potential. The paradoxical situation arises when
a new instrument can measure characteristics not standardized in meteorological regulations; however, the
accuracy of these measurements cannot be assessed using the rated criterion. The producers of high-tech
equipment are interested in the stressing of the advantages of their instruments; however, when comparing
the measurements by different methods and revealing systematic errors, the reason for these errors is not
always obvious if the measurement instrument is considered as “the black box.” Meteorologists often
believe that traditional measurement methods are more accurate than new ones and do not take into account 
the difference in measurement principles. Under conditions of pronounced turbulent variability in the ABL
new instruments can often measure the characteristics not measured by traditional equipment. 

The objective of the present paper is to demonstrate the accuracy of the temperature gradient retrieval
with  profilers, to outline the ways of increasing this accuracy, and to assess how the accuracy of temperature
gradient retrieval can be connected with the spatial resolution of temperature profilers. The data of long-term
routine measurements with the MTP-5 temperature profiler are compared with the data of parallel contact
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measurements at the meteorological mast. The accuracy of the measurement of lapse rates in the lower part
of the ABL by the profiler is estimated. The characteristics of the variability of the gradients measured with
profilers of different spatial resolution are compared. The method is proposed for estimating the thermal
instability in the lower part of the ABL, the Richardson balance number, and Monin–Obukhov scale [6]. 

2. MEA SURE MENT PRIN CI PLE AND THE EX PE RI ENCE OF CAL I BRA TION
OF MI CRO WAVE PROFILERS

Tem per a ture profilers such as MTP-5 [28] are the scan ning VHF re ceiv ers of at mo spheric self-radiation
in the fre quency band of ~60 GHz (5 mm) [8, 25]. The in ten sity of the re ceived sig nal at the in put of the re -
ceiv ing an tenna in ab sorp tion and emis sion lines of ox y gen mol e cules de pends on the tem per a ture and den -
sity of the me dium at the typ i cal ab sorp tion scale. In the case of the sens ing from the ground this scale is
~300 m. If  tem per a ture var ies with height at this scale, then, ad di tion ally as sum ing the hor i zon tal ho mo ge -
ne ity of the tem per a ture field, one can solve the in verse prob lem of the re triev ing of av er aged tem per a ture
profiles [7]. 

In the pres ent pa per, the ac cu racy is stud ied of the re trieval of tem per a ture pro files at the re cep tion of ra -
di a tion only in the cen ter of this wide ab sorp tion band. The re cep tion in the cen tral part of the band is eas ier
from the point of view of tech ni cal re al iza tion and has higher sen si tiv ity to small vari a tions of tem per a ture
[18, 25]. The sens ing on the “wings” of the band of 60 GHz and in other fre quency bands en ables one to re -
trieve the tem per a ture pro file up to the height of sev eral ki lo me ters as well as the hu mid ity pro file and in te -
gral con tent of wa ter va por and liq uid wa ter in the clouds [21, 26]. Phys i cal prin ci ples of the op er a tion of
mi cro wave profilers are well known to ra dio phys i cists; how ever, a num ber of im por tant ques tions arise at
us ing such in stru ment in me te o ro log i cal prac tice; the pres ent re search fo cuses on their study. 

The con clu sions made in the pres ent pa per are based on the long-term (2008–2012) round-the-clock and 
year-round mea sure ments of tem per a ture pro files in the ur ban en vi ron ment (Mos cow, MSU, the
Vorob’ovy Hills) and in the coun try, at Zvenigorod sci en tific sta tion of the Obukhov In sti tute of At mo -
spheric Phys ics of the Rus sian Acad emy of Sci ences (ZSS IAP RAS) as well as in the Cen tral Aerological
Ob ser va tory (CAO). Tem per a ture pro files in the ABL were re trieved up to the height of 600 m us ing the
MTP-5 tem per a ture profiler. The data of these mea sure ments were pub lished in [3, 20]. Syn chro nous con -
tact mea sure ments of tem per a ture with ul tra sonic an e mom e ters (USA-1, METEK GmbH [29]) were car ried 
out at two lev els (6 and 56 m) in the coun try and at the height of 50 m above the ground and 20 m above the
mean roof level (over the build ing of the MSU De part ment of Phys ics) in the ur ban en vi ron ment.

Un like the rather short pe ri ods of the in ten sive com par i son with the data of mea sure ments at high-al ti -
tude masts such as in Obninsk [1], Boul der [27], or Lindenberg [14], the long-term con tin u ous mea sure -
ments en able one to study how the ac cu racy of tem per a ture gra di ent re trieval var ies in dif fer ent sea sons at
dif fer ent di ur nal am pli tude of sur face gra di ents. Such rou tine au to matic mea sure ments at me te o ro log i cal
masts can be rec om mended for the rou tine cal i bra tion as well as for the ad ap ta tion of al go rithms of tem per -
a ture pro file re trieval to the con crete mea sure ment point. 

The ex pe ri ence of cal i bra tion of tem per a ture profilers [14, 18, 24, 27] dem on strates that the de vi a tion of
re trieved tem per a ture pro files in the case of the com par i son with the data of up per-air sound ing is 0.6–1°C
(the stan dard de vi a tion) and de pends lit tle on the height (before 1000 m). The com par i son of re trieved tem -
per a ture pro files with the mea sure ments at the masts is also a tra di tional method of cal i bra tion of these in -
stru ments. Such com par i sons dem on strate that the er ror of tem per a ture pro file re trieval in the ABL is close
to homogeneous (before 300 m) and amounts to about 1°C [1, 14, 27]. More op ti mis tic es ti mates dem on -
strate that the ac cu racy of the tem per a ture pro file re trieval in the lower part of the ABL (before 100 m) is
equal to 0.3°C [15] and less; more cau tious re search ers keep to the es ti mate based on the stan dard de vi a tion 
(rms) equal to 1°C and more [14, 27]. The es ti mates of er rors vary de pend ing on the du ra tion, time, and
place of comparison and de pend ing on the used re trieval al go rithms. Sig nif i cant dif fer ences in the es ti -
mates of er rors can also be as so ci ated with the con stant en hance ment of the tech nol ogy of re mote mea sure -
ment of tem per a ture: us ing the nar rower di rec tional pat tern [17] and sev eral sound ing fre quen cies [23] and
with the im prove ment of the al go rithms of re trieval us ing at ten dant up per-air data [24]. 

Some com par i sons car ried out un der the most in con ve nient con di tions for the tem per a ture pro file re -
trieval, dem on strate dif fer ences be tween lo cal mea sure ments and re trieved val ues of tem per a ture equal to
2°C and more [11]. For ex am ple, such dif fer ences can be formed in raised in ver sions or at the mix ing of dif -
fer ent air masses (in the case of breezes). Such er ror is ab so lutely un ac cept able for the com par i son of mea -
sure ments at close points, for ex am ple, for the as sess ment of the in ten sity of ur ban heat is land and its ver ti -
cal ex tent. In this case, a new way to in crease the ac cu racy of the com par i son of close mea sure ments should 
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be sought. Bright ness tem per a ture has the ini tial max i mum ac cu racy for tem per a ture ra di om e ters; there -
fore, the com par i son of this in di rect in te gral char ac ter is tic mea sured, for ex am ple, “at ze nith” or “at ho ri -
zon” at close points is more ac cu rate than the com par i son of re trieved val ues of tem per a ture. 

As the research demonstrated, the use of attendant measurements at the masts (even not high ones)
enables one to achieve much higher accuracy by means of introducing the correction coefficients, i.e.,
taking account of the systematic error. In Fig. 1, an example is presented of the comparison of local acoustic 
and remote averaged measurements of temperature at the zero level (the level of instrument installation).
The mutual linear regression enables achieving the root-mean-square error of measurements with the
temperature profiler equal to 0.16°C. It should be noted that this comparison was carried out in the urban
environment being notable for the pronounced spatial variability of temperature. Even in this case, the
accuracy of measurements can be much higher than the rated one. Correction coefficients reveal the
significant deviation of the regression line from the single line and characterize the systematic
measurement error as well as its variations. It should be noted that such linear regression is not a fitting. The 
need in the correction is defined by the fact that the temperature profilers measure radiation temperature in
the lower layer of 50 m even in the case of the sounding in the horizontal direction whereas the vertical
variations of temperature in this lower layer of 10–50 m are more significant, especially in the case of the
stable stratification [16]. 

The anal y sis dem on strated that if some in stru men tal com po nents of the er ror of both acoustic an e mom e -
ters and tem per a ture profilers are not taken into ac count, this can re ally re sult in dif fer ences ex ceed ing 2°C
and more: acous tic an e mom e ters used for the com par i son have the con sid er able con stant sys tem atic er ror
which var ies at the switch ing-on of the heat ing of sen sors dur ing the cold sea son. The con trol sen sor of the
profiler can be over heated in hot weather if the in stru ment is in stalled on the roof of the build ing and ven ti -
la tion is in suf fi cient. The over heat ing of the body of a me te o ro log i cal mast re sults in ad di tional er rors in
mast sen sor mea sure ments. In the case of mea sure ments in the ur ban en vi ron ment, the lo cal fea tures of the
mea sure ment point with the spa tial scale of less than 300 m gain in high im por tance. There fore, the in tro -
duc tion of cor rec tion co ef fi cients en ables one to take into ac count in di rectly the fac tors which can hardly be 
fore seen dur ing the de vel op ment of the in stru ment. The reg u lar com par i son of the in stru ments tak ing part
in long-term rou tine mea sure ments in their lo ca tion and in the mode of their use is an es sen tial con di tion of
the in crease in the ac cu racy of such mea sure ments. 

3. TEM PER A TURE GRA DI ENTS IN THE LOWER PART OF ABL

Al though the close ness of com pared val ues of tem per a ture is the ba sic cri te rion for as sess ing the ac cu -
racy of the profiler, the im por tant me te o ro log i cal char ac ter is tic of the ABL is the pa ram e ter of tem per a ture
strat i fi ca tion, the lapse rate. The tem per a ture strat i fi ca tion in the bound ary layer can change rather quickly
both with height and time; there fore, the up per-air ra dio sound ing (twice a day) does not seem to be an ac -
cept able in stru ment for the con tin u ous mon i tor ing of the bound ary layer. The mea sure ment of tem per a ture
strat i fi ca tion in the ABL in “the dead area” of up per-air ra dio sound ing but above the sur face layer of con -
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Fig. 1. An ex am ple of the com par i son of tem per a ture from the data of lo cal and re mote mea sure ments at the zero level
in Mos cow on No vem ber 1–9, 2010. The pa ram e ters of lin ear re gres sion y = ax + b are the fol low ing: a = 0.928 ± 0.001,
b = 1.137 ± 0.006. Stan dard de vi a tion (rms) is 0.16°C.   



stant flows where the an a lytic for mu lae of the Monin–Obukhov sim i lar ity the ory are not al ready true, is the
main ob jec tive and the ba sic ad van tage of the use of tem per a ture profilers. The con tin u ous mon i tor ing is
needed for es ti mat ing the ac cu racy of parameterization of the tur bu lent trans fer of mo men tum and heat in
nu mer i cal mod els and for as sess ing air pol lu tion over the cit ies. In some tech ni cal prob lems, for ex am ple,
for pro vid ing air craft land ing safety, such mon i tor ing has no com pet i tors. There fore, the com par i son of
mea sure ments of lapse rates and their vari abil ity with height is the ma jor el e ment of cal i bra tion of tem per a -
ture profilers. It is well known that the ap er ture of the re ceiv ing an tenna de fines the area for which the mea -
sured bright ness tem per a ture is av er aged. This av er ag ing scale de fines to a sig nif i cant de gree the typ i cal
scale of ver ti cal tem per a ture inhomogeneities which can be re trieved with the mi cro wave profiler. Such
typ i cal av er ag ing scale for MTP-5 se lected by the pro ducer is 50 m. There fore, tem per a ture pro files of this
type are not able to mea sure the log a rith mic pro file of tem per a ture in the sur face layer or to reg is ter thin in -
ver sion lay ers with sig nif i cant lapse rates fre quently ob served using captive bal loons [13] or sodars (acous -
tic ra dars) [12]. 

Up to now the al go rithms of tem per a ture pro file re trieval have been mainly fo cused on achiev ing the
homogeneous min i mum of ab so lute er rors of re trieval of tem per a ture but not of its gra di ents be cause this
char ac ter is tic is pres ent in me te o ro log i cal man u als. Be sides, sta bil ity re quire ments for solv ing the in verse
prob lem of tem per a ture pro file re triev ing make them smoother, and this does not al ways correspond to the
real profile. Thus, profilers rather re trieve the most prob a ble ver ti cal dis tri bu tion of tem per a ture than the
ac tual one. 

The accuracy of temperature measurement equal to 0.5°C is sufficient for classic meteorological prob-
lems whereas this error should be divided into the systematic (along the vertical) and random components
for assessing  thermal stratification that affects the turbulence in the ABL and defines the transfer of heat, 
momentum, and pollutants to the free atmosphere. For example, if the error is random, the formal asses-
sment of the accuracy of temperature measurement equal to 0.7°C at the distance between the adjacent
measurement levels equal to 50 m results in the estimate of the root-mean-square error of lapse rates equal
to 1°C/50 m or 2°C/100 m that is absolutely inadmissible for meteorological problems as it exceeds the
difference between the isothermal and adiabatic stratification by twice.        

Infrequent launches of radiosondes do not enable studying to a sufficient degree the dependence of lapse 
rate retrieval error on the diurnal course of stratification. Besides,  radiosondes have the significant random
error in the lower part of the ABL (to 2–3°C (see [22])) associated with the fact that the radiosonde
measurements are carried out instantly when flying by the corresponding height mark whereas the
profiler retrieves spatially averaged and smoothed profiles according to the used algorithm. 

The com par i son of lapse rates mea sured by the profiler with the con tin u ous se ries of con tact mea sure -
ments at two lev els gives the de tailed be hav ior pat tern of mea sure ment er rors. Fig ure 2a pro vides the ex am -
ple of the com par i son of lapse rates dur ing sev eral days in sum mer in the case of an ti cy clonic weather with
the day time con vec tion and noc tur nal cool ing. It is clearly ob served that in the day time lapse rates in the
lower part of the ABL are de ter mined by the tem per a ture profiler quite sat is fac to rily. At the pres ence of
cloud i ness at night (June 20), the lapse rate mea sured by acous tic an e mom e ters is sim u lated by the tem per -
a ture profiler with suf fi cient ac cu racy. How ever, in the case of fair weather, ra di a tion cool ing, and sta ble
strat i fi ca tion in the lower part of the ABL (at pos i tive lapse rates of more than 1°C/100 m), the es ti mates of
lapse rates based on the data of con tact mea sure ments and the profiler dif fer con sid er ably. 

This example also agrees with other in situ comparisons at meteorological masts which demonstrate the
systematic underestimation of lapse rates at stable stratification [14]. The errors of temperature profile ret-
rieval at stable stratification are well known to the developers [25] because they proceed from the
measurement principle. The revealed systematic error may depend on the used algorithm of temperature
profile retrieval and measurement strategy. However, there is no research giving the accuracy charac-
teristics of the estimation of lapse rates. Some examples of the comparison of temperature gradients based
on measurements at meteorological masts do not provide the complete picture so far. 

Can the diagnosis of the stably stratified ABL be improved using the scanning profiler measurements?
The direct comparisons of the difference in brightness temperature measured at the angles of 1° and 3° to
the horizon answer this question. In Fig. 2b, the comparison is presented of temporal variations of this
difference reduced (using the linear regression) to the temperature difference at the height of 6 and 56 m. It
is clear that this difference correlates well with positive lapse rates in the lower part of the ABL according
to contact measurements. The difference in brightness temperature in the case of sounding at small angles is 
not certainly an accurate characteristic of the lapse rate in the surface layer; however, the high degree of
their correlation indicates that the temperature profiler not only can measure average temperature in the
lower 50-m layer but can also give the more accurate estimate of its thermal stratification. 
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This stratification can also be expressed through the dimensionless criterion ( / )( / )c g T zp z
¶ ¶

= 0
 if differ-

ence in the values of brightness temperature measured at the angles of 1° and 3° and reduced to the
difference in the values of temperature between the standard height of 2 m and the height of 100 m, is taken
as the measure of the temperature gradient near the surface but above the surface layer (where the laws of
the similarity theory are true). As known, the linear approximation of the temperature profile above the
surface layer at stable stratification corresponds to the Monin–Obukhov theory. At unstable and quasine-
utral stratification, this estimate corresponds to the observed difference in the values of temperature, i.e.,
characterizes the temperature jump across the surface layer of constant flows. It should be noted that the use 
of the Monin– Obukhov theory above the surface layer is hampered significantly (for example, see [10]). 

Using this strat i fi ca tion bal ance cri te rion, the Rich ard son num ber can also be as sessed if, be sides ther -
mal strat i fi ca tion, the wind speed is mea sured at the spe cial mast or at the me te o ro log i cal sta tion (at the
height of 10 m):
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where U10 is the av er age wind speed at the height of 10 m (H10). Al though this bal ance es ti mate char ac ter -
izes the tur bu lent mix ing in the ABL qual i ta tively only, it en ables as sess ing the re la tion ship be tween the
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Fig. 2. An example of the comparison of (a) temperature gradients DT (the difference between measurements at the heights
0 m and 50 m) in the lower part of the ABL as derived from (1) differential contact and (2) remote measurements and (b)
(3) difference in the temperature measured at the mast and (4) difference in brightness temperature measured by the profiler at 
small elevation angles of 1° and 3°. Countryside, June 20–25, 2010 (ZSS IAP RAS). The difference in brightness temperature
is reduced to the difference in local measurements (°C/50 m) using  linear regression. 



heat flux in the lower part of the ABL and me chanic mix ing. Using this sim ple char ac ter is tic, it is pos si ble,
for ex am ple, to com pare the model com pu ta tions with in situ ob ser va tions. The sim i lar in dex-based es ti ma -
tion is also pos si ble for the Monin–Obukhov scale:
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with the ac cu racy up to the cer tain em pir i cal con stant. 

4.  VARI ABIL ITY OF LAPSE RATES AND ER RORS OF TEM PER A TURE
PRO FILE RE TRIEVAL

The systematic error of temperature profile retrieval is not constant along the vertical and depends on 
synoptic conditions and, for example, on the time of the day. The estimation of correlation between the
errors of temperature measurement at different levels could be the consistent statistical approach; however,
such data have not been given in the papers dealing with the calibration of microwave profilers. Since
comparisons with  measurements at large heights were not carried out in the present research, the natural
variability of lapse rates was analyzed using the data of remote measurements. The synoptic variations of
lapse rates for the long observation period were computed. One summer month was taken as the test period. 
At the same time, the stratification of the ABL (especially in the lower part) at the mid-latitudes of Russia
varies more significantly. Lapse rates were computed between adjacent levels with the step of 50 m. In
Fig. 3a, the profiles are demonstrated of the mean values of lapse rates and their variations in June 2010. It
is clear that the spread in the values of lapse rates above 300 m becomes small that can indicate the errors of
lapse rate retrieval at large height. 

The vari a tions of tem per a ture at rather large height (above 200 m) cause small con tri bu tion to the vari a -
tions of bright ness tem per a ture at the in put of the re ceiv ing an tenna of MTP-5. Al though this sig nal ex -
ceeds the sen si tiv ity thresh old of the in stru ment, it can also be com pared with the nat u ral ran dom vari abil ity 
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Fig. 3. Ex am ples of (a) ver ti cal vari a tions of (1) the mean lapse rate DT  and (2) its stan dard de vi a tion (rms) ac cord ing to the
mea sure ments of the MTP-5 profiler in June 2010 (ZSS IAP RAS) and (b) com par i son of the stan dard de vi a tion of the lapse
rate from Feb ru ary 12 to March 12, 2010 ac cord ing to the mea sure ments of two re mote sens ing in stru ments with dif fer ent

ranges of mea sure ment height: (3) MTP-5 (ZSS IAP RAS) and (4) MTP-5HE (Dolgoprudny). 



at the an tenna in put, namely, the heat ing of the in stru ment body or ex ter nal con trol sen sor; the vari a tions in
the band of so lar spec trum at the cloud i ness vari abil ity; the tem po ral nonstationarity and spa tial
inhomogeneity of the tem per a ture field, etc. Since the al go rithms of tem per a ture pro file re trieval should
take ac count of all this noise, the re trieved pro files are char ac ter ized by the high de gree of smooth ness.
Rapid vari a tions of ther mal strat i fi ca tion at the height of hun dreds of me ters ob served and reg is tered by
radiosondes, cap tive bal loons, and sodars (us ing the vari a tions of tur bu lence in ten sity) are con sid ered at the 
profiler in put as ran dom vari a tions and are fil tered by the re trieval al go rithm (see [14], Fig. 6). 

The comparison between the variances of lapse rates at the large height measured by the profilers of two
“generations” revealed the same. In Fig. 3b, the computation is presented of the profiles of variance of lapse 
rates for two profilers: MTP-5 with the sounding height of 600 m and MTP-5HE with the sounding height
up to 1000 m. These measurements were carried out synchronously at the IAP RAS Zvenigorod scientific sta-
tion (Zvenigorod) and Roshydromet CAO (Dolgoprudny). The distance between the measurement points is 
less than 100 km. The similar monthly mean variability of lapse rates could be expected above 300 m.
However, the profile of variations of lapse rates in these synoptically close points differs considerably if
instruments with different modifications are used. 

So sig nif i cant dif fer ences can be ex plained through the un der stand ing of the at mo spheric strat i fi ca tion
struc ture. For ex am ple, in the case of the un sta ble strat i fi ca tion of the ABL, the gra di ents of po ten tial tem -
per a ture within the con vec tive mix ing layer are very low [19]. How ever, this con vec tive mix ing layer
shields the more sta ble in ver sion layer with small thick ness. This layer can be sit u ated at dif fer ent heights
de pend ing on the con vec tion in ten sity. The height of this layer is the key (steer ing) pa ram e ter of the con -
vec tive bound ary layer but it also goes be yond the bound ary of the up per range of mea sure ments of a
temperature profiler [16]. There fore, the profiler ac tu ally mea sures not real but the most ex pected or most
prob a ble tem per a ture gra di ent at the up per bound ary. 

In view of this, the ques tion arises: should the ref er ence points of tem per a ture pro file re trieval be lo -
cated evenly? The ac cu mu lated ex pe ri ence of mea sure ments dem on strates that it is rea son able to take the
height range be tween the re trieval points pro por tional to ad sT

Tz
/ , where dT is the er ror of tem per a ture re -

trieval; a is the co ef fi cient de fin ing the ra tio of the ran dom er ror to the to tal one; s
Tz

 is the char ac ter is tic of
the nat u ral vari abil ity of ver ti cal gra di ents of tem per a ture Tz (stan dard de vi a tion). The key points of tem per -
a ture pro file re trieval for MTP-5 can be de fined as 400, 200, 100, 50, and 0 m. Then, the dif fer ence in the
re trieved val ues of tem per a ture in the up per part of the ABL, be tween 200 and 400 m, will dem on strate si -
mul ta neously the mean lapse rate in this layer. The er ror of the re trieval of this lapse rate will be about
1°C/200 m. In other words, the sen si tiv ity of the profiler to  tem per a ture vari a tions at large height should be 
agreed with the nat u ral vari abil ity of lapse rates which dic tates  rea son able re quire ments to their mea sure -
ment.

5. CONCLUSIONS

MTP-5 tem per a ture profilers have the potential that goes far be yond the rated es ti mates. How ever, the
use of these op por tu ni ties re quires the un der stand ing of phys i cal prin ci ples of the in stru ment op er a tion. 

Firstly, the ab so lute er ror of tem per a ture re trieval can be sig nif i cantly re duced as a re sult of the com bi -
na tion of re mote and con trol con tact mea sure ments above the sur face layer. Mea sure ments at me te o ro log i -
cal masts make this pos si ble. The use of the sim ple lin ear re gres sion en ables tak ing  ac count of sys tem atic
er rors as so ci ated with the mea sure ment prin ci ple, sig nif i cant av er ag ing scale of a temperature profiler, and
inhomogeneity of un der ly ing sur face at the mea sure ment point. 

Sec ondly, the tem per a ture profiler en ables mea sur ing the ef fec tive in dex of strat i fi ca tion in the ABL 
( / )( / )c g T zp z

¶ ¶
= 0

 at the con ven tional bound ary of the sur face layer of con stant flows or the log a rith mic
tem per a ture jump in the sur face layer. This dimensionless pa ram e ter can also be used for ver i fy ing the
model fore casts. The syn chro nous mea sure ment of the wind speed at the ob ser va tion point also en ables as -
sess ing the Monin–Obukhov scale.  

Thirdly, the er rors of lapse rate re trieval in the up per part of the ABL need the agree ment be tween the
profiler sen si tiv ity and dis crete ness of re trieval lev els. The great num ber of height lev els does not au to mat i -
cally mean the higher ac cu racy of lapse rate mea sure ment. The smaller num ber of re trieval lev els can make
the es ti ma tion of av er age lapse rates in the up per part of the ABL more re li able. Such ap proach is sim i lar to
the cer tain de gree to the use of the fi nite el e ment method, when the re trieved tem per a ture in each height
range is char ac ter ized by two in de pend ent pa ram e ters: the av er age value and the lapse rate. 

The in du bi ta ble ad van tages of new high-tech in stru ments for me te o ro log i cal mea sure ments in clude the
con ti nu ity of mea sure ments (such mea sure ments can be car ried out for years) and high mo bil ity in the case
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of spe cial mea sure ments (ex pe di tions). At the same time, the de vel op ment of new mod i fi ca tions of such in -
stru ments needs the reg u lar cal i bra tion of these mea sure ments in or der to keep the con tin u ous se ries be ing
ho mo ge neous. 
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