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Abstract. Results of calculations of temperature trends in the free atmosphere
(troposphere and lower stratosphere) are considered and analyzed by using quantile
regression device. Quantile regression, unlike a traditional procedure of estimating
trends by using regression based on the least square method, allows regression
parameters to be estimated for each quantile  of predictant values in the quantile
range from zero to one. The result of quantile regression application to estimating
climate change is a detailed picture of the climate trends dependence on the range
of variations in meteorological values in the quantile range of these meteorological
values from zero to one. Specifically, climate trends can be estimated for
meteorological values close to extremes. The paper uses the global radiosonde data
set from which the stations are selected whose data meet the requirements stated.
These radiosonde data are used to calculate, present graphically and analyze
dependences of climate temperature trends on the pressure surfaces on quantile
values (the so-called diagram process), as well as vertical quantile cross-sections of
climate trend values. For thirteen selected high-latitude stations in the Northern
Hemisphere, temperature trends are estimated by using both radiosonde data and
ERA 5/ERA 5.1 reanalyses.   

The analysis of the results suggests the non-uniform character of tropospheric
warming trends in the range of quantile variation, which is more apparent in the
winter season. The non-uniform (for  the range of quantile variation) character of
tropospheric temperature trends is in the fact that the tropospheric warming rate in
the “cold” part of the quantile range is higher than that in its “warm” part. This is in
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agreement with the results of analyzing surface temperature trends by the earlier
method of quantile regression.

The non-uniform character of cooling trends in the lower stratosphere is noted
for the range of quantile variations. In the winter and, to a lesser degree, in the
spring, at some of the stations in the northern latitudes, with the increase in quantile
values, the rate of stratospheric cooling decreases in absolute magnitude.
Moreover, for the quantiles close to 1.0, negative trends can change sign. This can
be both due to incomplete data on lower stratospheric temperature, which is
particularly inherent in the high-latitude regions of the Northern Hemisphere, and
due to the influence of more frequently occurring abrupt warming events in the
stratosphere on the temperature trends structure that is detailed within the range of
quantile values. 

The detailed structures of climate temperature trends that are obtained on the
basis of radiosonde data proved to be very similar to those obtained by ERA 5/ERA
5.1 reanalysis.

Keywords. Climate, climate change, climate trends, quantile regression,
troposphere, lower stratosphere.
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Figure 1. Dependence of the loss function on the residual for calculating the quantile regression 

for different values   of the quantile  
(Source: [Christian Viller Hansen. Efficient Numerical Methods for Adaptive Quantile Regression. 

Informatics and Mathematical Modeling, Technical University of Denmark, DTU. 2007. 
IMM-M.Sc-2007-62])
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Figure 2. Average number of observations at stations on isobaric surfaces of 850 (left) 
and 50 (right) hPa as a percentage of the maximum possible
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Figure 3. Temperature trends calculated using the quantile regression method for Lulea Kallax station 
(WMO index 02185) – for the winter season: a) An example of a family of process diagrams 

for different isobaric surfaces constructed using MCS b) Vertical-quantile distributions of trends, 
oC/10 years, constructed using MCS
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Figure 4. Time series of temperatures at Lulea Kallax station (02185) in winter on surfaces of 500 
and 850 hPa
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Figure 6. Vertical-quantile sections of temperature trends in the free atmosphere for four seasons 

at three aerological stations: 
left half – calculations based on radiosonde data, right half – calculations based on ERA 5/ERA 5.1 
reanalysis arrays at 0.25°x0.25°, grid points closest to stations top row: station 23205, middle row – 

station 01152, bottom row – station 71925
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