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PHYSICS OF ATMOSPHERE

Analysis of Trends in Aridity Changes for the Southern Ural Region
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Abstract—A statistical analysis of extreme episodes of aridity and humidity for the territory of the Southern
Urals was performed. The calculations were based on the average daily air temperature and daily precipitation
from 11 stations over the period 1960—2019. The spatial temporal characteristics of the summer droughts were
studied on the basis of the station observations and calculated quantitative parameters. It has been established
that the frequency of droughts in the Southern Ural region has increased over the past 19 years, the spread of

the phenomenon reaches its peak in July.
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Over the past several decades, global climate
change has led to significant imbalances in hydrother-
mal conditions in natural ecosystems in many regions
of the Earth. As a consequence of this, droughts [1],
which are caused by a lack of moisture, are becoming
increasingly frequent [2]. As the intensity, frequency,
and duration of droughts has increased, this trend has

become one of the most serious issues for many coun-
tries around the world [3—5]. In accordance with the
official statistics of the World Meteorological Organi-
zation (https.//public.wmo.int/ru), hydrometeorologi-
cal disasters represent 70% of the total number of nat-
ural disasters; droughts are estimated to be responsible
for half of all those disasters. The increase in the num-

Table 1. The main characteristics of the observation network used

Meteorological station Geographical coordinates Elevatiop .
(synoptic code) of the meteorological site, m
Yanaul (28419) 56°16’ N 54°58’ E 98
Kushnarenkovo (28624) 55°05’ N 55°20" E 98
Aksakovo (28719) 54°01" N 54°08" E 358
Ufa (28722) 54°42’' N 54°48’ E 104
Tukan (28823) 53°50’ N 57°29' E 551
Sterlitamak (28825) 53°36’ N 55°56’ E 136
Sorochinsk (53011) 52°26’ N 53°08" E 102
Zilair (35026) 52°14'N 57°27"E 522
Orenburg (35121) 51°45’ N 55°06”" E 109
Akbulak (35127) 51°01’ N 55°38'E 143
Dombarovskii (35223) 50°47' N 59°32"E 276
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ANALYSIS OF TRENDS IN ARIDITY CHANGES
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Fig. 1. The periods of (red) droughts and (blue) humidity
in the Southern Urals over the period of 1960—2019:
(a) SPDI, (b) SPI, (¢) Ped index, and (d) Selyaninov
index.

ber and duration of droughts has led to significant
change in the spatial temporal distribution of humidity
of the territories. The purpose of this work is to study
the spatial temporal trends in the aridity changes
through the example of the Southern Urals. A great
number of indicators can be used to analyze the spatial
temporal features of aridity/humidity. They are gener-
ally divided into two groups, single indicators and
multiple indicators. The first ones generally character-

Table 2. Correlation analysis of the temporal series of the
aridity indexes over the period of 1960—2019

Index HTC S SPI PDSI
Selyaninov 1 0.33 0.79 0.69
Ped 0.33 1 0.32 0.22
SPI 0.79 0.32 1 0.80
PDSI 0.69 0.22 0.80 1

Note. Statistically significant values of the Pearson’s correlation
coefficient r at a level of p = 0.001 at » = 60 are indicated in bold.
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ize the dynamic of droughts on the basis of the main
factor, which, as a rule, is precipitation. The second
group of indicators takes into consideration a great
number of physical parameters, which involve, besides
precipitation, data on evaporation, air temperature,
soil moisture, etc.

In hydrometeorological practice, the most com-
monly used aridity indexes are the following:

The Ped Index S [6] is the difference between the
standardized values of air temperature anomalies  and
atmospheric precipitation P:

S =T/o(T) — AP/S(P), (1)

where © is the mean square deviation of the mean val-
ues of temperature and precipitation.

The Selyaninov Hydrothermal Coefficient (HTC)
or Selyaninov Index [7] is generally calculated as the
ratio of the total precipitation R to the sum of active
temperatures 7' (an indicator characterizing the active
vegetation phase of agricultural crops) reduced ten
times for the same periods of time:

HTC = R/O.lz T. )

The Palmer Drought Severity Index (PDSI) [8] has
the final formula

PDSI, = 0.897PDSI._, + Z,/3, 3)

where i is the time range, as a rule, a month; Z is the
Palmer index of the moisture anomaly, which is calcu-
lated as

Z =Kd, 4

where Kis the weighted climatic indicator and param-
eter d is the difference between the total atmospheric
precipitation and the water-balance equation.

The Standardized Precipitation Index (SPI),
which is calculated by means of transformation of data
on atmospheric precipitation to the normal (Gauss-
ian) distribution, where the mean value of the index
over the period considered is equal to zero and the
mean square deviation is equal to one [9].

The indexes were calculated using the mean daily
data on the surface temperature and the total daily
atmospheric precipitation over the period from 1960
to 2019. The data were obtained from the Unified
State Fund of the Federal State Budgetary Institution
All-Russia Research Institute of Hydrometeorological
Information-World Data Center (RIHMI-WDC),
Roshydromet (http://www.meteorf.ru) from 11 mete-
orological stations located in the Southern Ural
region. Table 1 shows the basic characteristics of the
station network used in this work. The related compu-
tational procedures for the aridity index determina-
tions were carried out in [10]; after that, the aridity
index arrays for the Southern Urals were formed [11]
and averaged for the desired area, similarly to what was
done in [12, 13].
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Fig. 2. The spatial distribution of the aridity indexes over the period of 1960—2019: (a) Selyaninov index, (b) Ped index, (c) SPI,

and (d) PDSI.
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Fig. 3. The wavelet analysis of the Selyaninov index (HTC): (a) local spectrum, (b) power spectrum. A border of 95% statistical
significance and the respective cone of influence are indicated by the dashed line.

The key finding of this study is the aridization the
Southern Ural region over the past several decades. All
four aridity indexes for the summer season clearly
showed two of the most dramatic cases of extreme
droughts in 1975 and 2010. In Fig. 1, the periods of
extreme aridity are shown with deep red; a blue color

DOKLADY EARTH SCIENCES

indicates the areas of extreme humidity. Blocking
anticyclones were the main reasons for these cata-
strophic phenomena. Under the influence of these
anticyclones, hot and dry weather with the preceding
abnormally cold winter, which caused deep soil freez-
ing, was observed in the Southern Ural region. There-
Vol. 494
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Table 3. Classification of droughts on the basis of the Selya-
ninov Index [7]

Drought type HTC
Excessive humidity or drainage zone more than 1.3
Sufficient humidity 1.0—1.3
Dry 0.7—1.0
Dry agriculture 0.5-0.7
Irrigation less than 0.5

fore, most of the atmospheric precipitation of the win-
ter—spring period was transformed into stream flow,
thereby accelerating the beginning drought. The long-
term dry periods, which were observed over the past
19 years, are related to the changes in the interannual
distribution of atmospheric precipitation, namely, an
increase in the share of the fall—winter precipitation in
comparison with precipitation of the spring—summer
season.

Figure 2 shows the areal visualization, which was
made for the spatial estimation of all four indexes. The
distribution of the arid zones and zones with excessive
humidity is similar for all four indexes on the territory
of the Southern Urals. The wetlands involve the
mountain—forest region and some areas of the forest—
steppe zone. Drier lands occupy most of the forest—
steppe zone, the steppe zone, and the Trans-Urals.
The distribution of the aridity/humidity areas is
explained by the features of the physical geography of
the Southern Urals, primarily, the barrier effect of the
Ural Mountains, the presence of large highlands, and
latitudinal zoning on the Earth in general.

On the basis of impartial analysis, it is important to
establish which index of the four calculated is the most
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Fig. 4. The histograms of the extreme droughts during the
summer season for separate months and climatic periods
indicated in the Southern Urals.
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suitable for the study area. For this purpose, compar-
ative and correlation analyses were conducted. The
results of the correlation analysis are represented in
Table 2. The highest value of the Pearson’s correlation
coefficient was revealed for the Selyaninov Hydro-
thermal Coefficient in comparison with all three arid-
ity indexes.

The comparative analysis was based on comparison
of the extreme values of the aridity indexes and the
instrumentation data of the surface meteorology. This
analysis showed results similar to those obtained by
the correlation analysis. Therefore, the further fre-
quency—temporal analysis was conducted only on the
basis of the Selyaninov Index. The frequency—tempo-
ral analysis itself was based on calculations of the main
statistical characteristics and the wavelet transform
(Fig. 3), similarly to [14, 15].

A quasi-ten-year harmonic is a dominant and sta-
tistically significant cycle on the temporal interval rep-
resented. Figure 3b clearly shows the global power
spectrum of the analyzed signal on an index periodo-
gram. To reveal the trends in HTC variations, further
comparisons of the variability were made for the
decades taking into consideration this result. In our
case, the 60-year series of data on the Selyaninov
Index was divided into six quasi-ten-year periods
(I, from 1960 to 1970; 11, from 1971 to 1980; I1I, from
1981 to 1990; IV, from 1991 to 2000; V, from 2001 to
2010; and VI, from 2011 to 2019). Then, the calculated
values of the Selyaninov Index were rated on the basis
of the generally accepted hydrometeorological prac-
tice of the Selyaninov Index gradations [7], which is
represented in Table 3. The values of the Selyaninov
Index, which are equal to 0.6 or less, were selected.
These values are equivalent to extremally dry condi-
tions for the summer season as a whole and for the
three warm months separately. The results of this
selection are represented in diagrams in Fig. 4, where
a decrease in aridity in June and August and an
increase in aridity in July for the Southern Ural region
are observed. Generally, during the summer season,
there is a trend toward an increased number of
droughts.

In conclusion let us note that the spatial—temporal
analysis with the use of the aridity indexes of Selyani-
nov, Ped, SPI, and PDSI allowed us to provide a com-
plex estimation of the humidity dynamics for the terri-
tory of the Southern Urals. A strong close relation
between the Selyaninov index and the other aridity
indexes was established. This made it possible to use
the Selyaninov index to solve the problems on analyz-
ing droughts and humidity conditions and to forecast
climate change. The analysis showed that the Selyani-
nov index adequately represents the aridity and
humidity for the Southern Ural region from 1960 to
2019. It was established that, over the past 19 years, the
number of droughts generally increased in July and
over the summer period; however, in June and August,
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aridization decreased. The results of this study may be
used for validation of climatic models and long-term
forecasting.
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