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APPLICATION OF THE STANDARDIZED
PRECIPITATION INDEX FOR THE ASSESSMENT
AND FORECAST OF ATMOSPHERIC DROUGHTS

IN ALTAI KRAI

N.B. Maximova, N.M. Pochyomin,
G.G. Morkovkin, S.S. Slazhneva

The research objective is to identify and analyze the possibility of using the
Standardized Precipitation Index (SPI) in Altai Krai for agroclimatic and meteorological
research, including forecasting climate change and predicting the yield of various crops.
An agroclimatic assessment of atmospheric droughts within the conditions of Altai
Krai was performed using a method relatively new for national agrometeorology. At
the moment, in the Russian Federation and the CIS countries, the G. T. Selyaninov
Hydrothermic Factor (HF) is mainly used for assessing droughts, which makes it possible
to assess the territory water availability by the ratio of the period characteristics with the
temperature above 10°C. The authors have compiled the SPI calculator in the Microsofi
Excel software environment. The paper presents the graphs of the moisturization course
for the period of the active growing season for 31 meteorological stations of Altai Krai,
and the frequency of arid events is calculated for compiling a precipitation model for
the period of 1964-2020. The paper does not provide formulas described in detail in
literature sources. The research results can be used in planning activities in the sphere of
agriculture, developing an economic strategy for the region, and strategy in relation to
adaptation to climate change. Areas are highlighted that are priority-oriented for taking
measures to prevent the adverse consequences of climate change. General tendencies of
changes in agrometeorological indicators have been found in those areas where they are
the greatest ones. A comparison is made with the work results regarding other entities
of the Russian Federation and the near abroad, wherein the possibility of using the SPI
method for assessing droughts is analyzed.
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NMPUMEHEHUE CTAHIAPTHU3UPOBAHHOTO
UHJEKCA OCAJIKOB J1JIsl OUEHKHM U MPOTHO3A
ATMOC®EPHBIX 3ACYX B AJITACKOM KPAE

H.b. Maxcumosa, H-M. Ilouemun,
I'I' Mopxkosexun, C.C. Crasxcnega

Lenvio uccnedosaniis A6AEMC bIAGTIEHUE U AHATU3 BOIMONCHOCHIU UCTOTb308AHUSL
Cmanoapmuszuposannozo unoexca ocaokos (MCO) 6 Anmaiickom Kpae 0Jist az2poxkauma-
TMUYECKUX U MEMeOPON0SUIECKUX UCCTIEO0BAHUL, 8 MOM HUCTIE NPOHOZUPOBAHUS USME-
HEHUsL KIUMAMa u npocHO3UPOBAHUSA YPONCAUHOCIIU PAXTUYHBIX CEIbCKOXO3AUCTNBEHHBIX
KYIomyp. ASpOKIuMamu4eckyio oyenKy ammoc@epHuIx 3acyx 8 YCaogusx Anmatickoco
Kpasi npOGoOUNIU OMHOCUMENLHO HOBbIM OJisl OMEHeCHBEHHOU aspoMemeoponocUll Me-
mooom. B nacmoswee spevs 6 Poccutickou @edepayuu u cmpanax CHI™ 6 ocHogHom
ucnonvsyemes euopomepmuveckuti koopguyuenm I'T. Cenanunosa (I'TK) onst oyernku
3acyxu, 4mo NO360IAEm OYeHUN1b 600000eCneUeHHOCHTb MEPPUMOPUL 1O COOMHOUIEHUIO
Xapaxkmepucmux nepuoda ¢ memnepamypoti eviwie 10 °C. Aemopul no020mosui KaiwKy-
asimop SPI 6 npoepammmoti cpede Microsoft Excel. B cmamue npedcmasienul epagpuxis
X00a Y&1axdcHeHUs 3a nepuoo aKmUHO20 8e2emayuoHHo2o nepuooa oius 31 memeopo-
J02uteckol cmanyuu Anmaiickoeo Kpas, a makoice paccuumana 4acmoma 3acyunueblx
AeneHUll Ol COCMABIeHUs MOOe 0cadkos 3a nepuod 1964-2020 2ooos. B cmamve He
npusooamcst (hopmyivl, NHOOPOOHO onucantvle 8 IUMePamypHvix ucmoynuxax. Pesyo-
Mamol UCCIe006aHUs. MO2YM ObINb UCHONL30BANbL NPU NIAHUPOSANHUY 0eSMETbHOCTIU
6 cghepe cenbcko2o Xo3acmea, paspabome IKOHOMUUECKOU CIpamezuu pecuona u
cmpamezuu ¢ OmMHOWeHUY A0anmayuy K usmenenuio kiumama. Hcecneoosanue gvioe-
Jem oonacmu, KOmopble AGIAIMCS NPUOPUMEMHBIMU OIS NPUHAMILS Mep NO npeoont-
8pauyeHUI0 HeOIa2oNPUAMHLIX HOCIeOCMBuLl usvernenus kiumama. Obwue menoeHyuu
UBMEHEeHUsL a2POMEMeOPONOSUYECKUX noKasamenell Obilu GblAGIEHbL 8 TEX PAIOHAX,
20e onu Aenaomest naubonvuumu. Iposodumes cpagnenue ¢ pesyromamami pabom
6 omuouweHuu opyaux cyowvekmos Poccuiickou @edepayuu u Onudicrezo 3apyoedxrcvs, 6
KOMOPbIX QHATUSUPYEMCS BOIMOICHOCHTL UCHOTb308aHUs Memoda SPI 05 oyenku 3acyx.

Knwuesvie cnosa: ammocgepnvle 3acyxu; cmanoapmu3upo8aHHblil UHOEKC
0CaoKos (cuo); nuHetiHble MmpeHObl

Jna yumupoesanun. Maxcumosa H.b., [louemun H.M., Mopxoexun I'I, Cnaogic-
neea C.C. [Ipumenenue cmanoapmuzupo8anioco UHOEKca ocaoko8 Oas OYeHKu
u npoeHoza ammocgepuvix sacyx 6 Anmatickom xpae // Siberian Journal of Life
Sciences and Agriculture. 2022. T. 14, Ne3. C. 377-391. DOI: 10.12731/2658-6649-
2022-14-3-377-391
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Introduction

Extremely dangerous meteorological phenomena are atmospheric phenom-
ena that, in terms of their intensity, occurrence time, duration, or area of dis-
tribution, can cause or have caused significant damage to the economy and the
population. According to RD 52.04.563 —2013 [8], the general list of dangerous
phenomena includes, among other things, agrometeorological dangerous phe-
nomena: freezing, soil over-moisturizing, dry hot winds, atmospheric drought,
and soil drought, etc.

The research subject is atmospheric droughts, which act as an indicator of
climate change on the planet. The research relevance is due to the presence of
land aridization threats, to the factors of which researchers include atmospheric
droughts [2]. Land aridization is a real threat to the Altai Krai, which has signif-
icant areas of agricultural land. Besides, land aridization in a particular area is
a factor of human environmental safety violation [1], which creates a threat to
the favorability of its existence as a biological and social organism [6].

Atmospheric drought is conditions with a precipitation amount of no more
than 5 mm per day for at least 30 consecutive days at a maximum air tempera-
ture above 25°C (in the regions of the Russian Federation to the south of 54°
north latitude — above 30°C). On some days (no more than 25% of the period
duration), the presence of maximum temperatures below the specified limits is
possible [7].

At present, the Selyaninov Hydrothermic Factor (HF) is mainly used to as-
sess the manifestation of droughts in Russia. However, the Standardized Pre-
cipitation Index (SPI) is widely used in international practice to characterize
meteorological drought at various time scales [15]. There are also other meth-
ods that can be applied to assess atmospheric droughts under various condi-
tions [9; 14; 18].

SPI was recommended by the World Meteorological Organization (WMO)
for drought monitoring [20]. SPI quantifies observed precipitation as a stan-
dardized deviation from a selected probability distribution function that sim-
ulates initial precipitation data. We can interpret SPI values as the number of
standard deviations by which the observed anomaly deviates from the long-
term mean [12].

The possibilities of using the SPI to assess the manifestation of droughts are
confirmed by a number of national publications [5; 7].

E. A. Cherenkova, A. N. Zolotokrylin [ 7] emphasize that based on the prop-
erties of the normal distribution, droughts (as negative extremes of moisturiza-
tion) account for 15.9% of cases (regardless of their observation location). In
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comparison with the SPI, the recommended gradations of droughts in terms of
the HF do not consider the climate normal at each point. Thus, at their core, the
HF and SPI cannot define drought in the same way. Researchers have revealed
the usefulness of the SPI in terms of forecasting.

P. Zh. Kozhakhmetov, E. A. Iskakov and D. K. Baybazarov [4] also em-
phasize that the advantage of using it is that a sufficiently reliable precipitation
database has been created. The index values do not depend on the geographic
location of the territory, and when calculating it, normalization is performed
over time. The approach idea is due to the fact that the distribution of precipi-
tation is fairly well described by the gamma distribution.

E. K. Isaev and Sh. A. Omurzakova rightly state in their paper [3] that SPI
calculations can be made for any period — month, season, year, that is, in win-
ter, where it is ensured that the frequencies of emergency events at any place
and at any time scale are agreed.

Based on the materials of the paper by A. 1. Strashnaya, V. A. Tishchenko,
O. V. Bereza, and N. A. Bogomolova [5], it may be said that the SPI is applica-
ble for revealing and analyzing droughts in Russia.

The approach to measure atmospheric droughts based on the SPI assess-
ment is used not only in Russia but also in other countries. It is confirmed by
the works of such researchers as M. Karatayev et al. [11], S.-J. Sohn et al. [19],
D. Khadka et al. [13], I. Chitedze and S. R. Chikabvumbwa [10], Z.M. Yaseen
et al. [21], P. Mahmoudi et al. [16].

Materials and Methods

The paper aims to analyze the possibility of using the SPI within Altai Krai.

The research tasks include calculating the SPI, identifying regional features
of the index distribution, detecting the frequency of droughts regarding this
indicator, describing the power of dry phenomena, and making a short-term
forecast based on the revealed regularities.

The following research methods were used in the course of the work: liter-
ature analysis, logical analysis, and synthesis, as well as statistical, descriptive,
comparative-geographical, cartographical, and geoinformation system methods.
The index being researched was obtained by the method of T. B. McKee, N. J.
Doesken, and J. Kleist [17], first-ever applied in 1993. To interpret the obtained
index, we compare it with the HF in order to identify the regional drought cri-
terion in the paper.

The basis for calculating the index is a mathematical gamma function that
converts the precipitation amount into an index with due regard to a series of
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corrections for the completeness of the data series for successful interpolation
of the values missing in the array. The skips in the series were due to the break-
down of equipment at the observation posts.

The initial data for writing the paper were the archive materials of the Altai
Center for Hydrometeorology and Environmental Monitoring. Agrometeoro-
logical annual books are the main information sources.

For the period of 1964-2020 being researched, the calculation of the pre-
cipitation amount has been performed for the April-October period as for the
growing season months, within which active temperatures above 10°C are ob-
served. These values serve as a key indicator for calculating the standardized
precipitation index.

The hypothesis and applicability of the index being researched were tested
using statistical methods — by checking for Student’s t-test and the Kolmogor-
ov-Smirnov test. The above-mentioned techniques made it possible to confirm
the normal distribution of both precipitation and index. This fact means the
correct selection of calculation tools and the reliability of a meteorological in-
dicator selected from the archive materials.

Results

When conducting these studies according to the methodology [5], the pre-
cipitation time series was transformed into a standardized normal distribution
through a theoretical cumulative probability distribution using the gamma dis-
tribution to obtain the SPI.

Since precipitation has extremely large spatial and temporal variability, a
transformation is applied to make the precipitation values follow a normal dis-
tribution first of all. The SPI was developed to clearly express the fact that it is
possible to experience wet conditions on one or more-time scales and dry con-
ditions on other time scales simultaneously. According to the SPI algorithm,
a comparison is made with a precipitation rate (via subtracting the precipita-
tion amount from the rate) for the region being researched and their distribu-
tion according to the possibility of a particular hazardous phenomenon from
over-moisturizing to drought (ratio to the standard deviation). The research
task is to trace the cycle of droughts and predict whether the precipitation level
will rise or fall.

The SPI analysis (Fig. 1) has made it possible to determine the interval with
which precipitation predominantly decreases (negative extremes) —a two-year/
three-year cycle: 1965, 1968, 1971, 1974, 1977, 1981, 1983, 1986, 1988, 1991,
1993, 1997, 1999, 2001, 2003, 2005, 2008, 2010, 2012, 2015, 2017, 2019 The
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onset of drought is considered to be a decrease in the SPI from —1, and its end is
considered to be an overcoming 0 in the recommendations of Mc Kee et al. [17].
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Fig. 1. SPI for meteorological stations of Altai Krai for 1964-2020

These values will shift for Altai Krai: the beginning of the drought will be
a decrease in the SPI by —0.5 and less.

This consistent pattern was calculated by comparing the SPI with the per-
centage deviation from the precipitation rate along the edge and at the station. In
cases of 0 mm precipitation, the SPI was equal to various negative values. That
is, the major problem of the SPI for the region being researched is the correct
interpretation of the indicator and the correct gradation of phenomena. The SPI
value always lies between the precipitation rate percentages at the station and
along the edge — the exceptions are the cases of severe droughts and over-mois-
turizing — in such conditions, the SPI becomes less than the percentages of the
rate. In terms of intensity, the 1997 drought was the most severe. Qualitative
data analysis is hampered by the general coverage of all meteorological stations,
a large area of the territory with various precipitation distributions.

If a significant decrease in the precipitation amount occurred once every
three years in the period of 1964-1997, then this interval had decreased to
two years since 1997. It can be assumed that the decrease in the precipitation
amount will continue in the future. If we calculate the ratio of the number of
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droughts occurring every two years, then the drought continuation probability
is estimated as 52.4% in 2021. There were 11 cases of a significant decrease in
precipitation with a recurrence of two years, 8§ cases for three years, | case for
four years, and 1 case for five years; 11/21*100=52.4% — the drought probabil-
ity onset once every two years.

The likelihood that there will be an increase in aridity — 90.5% during the
period of 2021-2022.
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Fig. 2. Climatic phenomena frequency distribution by observation points
for the period of 1964-2020

As can be seen from the histogram (Fig. 2), the edge is generally charac-
terized by mild moisture conditions. The moving average method was applied
for the Kulunda station. Analysis of the correlation between the five-year SPI
moving averages and the calculated SPI for 1964-2020 showed satisfactory
results in general (K corr. = 0.702461).
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After linear trends are constructed, it is possible to make a long-term fore-
cast of a climatic situation for the specific territories.

Thus, an increase in atmospheric moistening is expected within the service
area of the following meteorological stations: Shipunovo, Ust-Kalmanka, Kly-
uchi, Kulunda, and Mamontovo.

An increase in aridity is expected in the area of meteorological stations:
Slavgorod, Volchikha, Zmeinogorsk, Gornyak, and Biysk-Zonalnaya. Most of-
ten, droughts were observed within the following territories: Ust-Pristan, Tse-
linnoe, Kamen-na-Obi, Soloneshnoe, and Uglovskoe. Years of the most severe
drought manifestation are as follows: 1974, 1997, and 2010. The SPI signifi-
cantly differs according to the moving averages of the Zarinsk meteorological
station, where no aridity phenomenon was observed over the entire observa-
tion period.

Discussion

The SPI is a widely used index to characterize meteorological drought at
various time scales. We can compare the SPI in various regions with markedly
different climates. For the operational community, the SPI has been recognized
as a standard index that should be available globally for quantitative assessment
and meteorological drought reporting (4 — John Keyantash). The key strong
points of the method are the use of precipitation only and the fact that it can
characterize drought or anomalous moisture at different time scales.

The methodology of T. B. McKee, N. J. Doesken, and J. Kleist [ 17] assumes
a certain aridity and moisture phenomena gradation. After our attempt to apply
the SPI, new features of its use were revealed; that is, we assume that droughts
are recorded at the SPI from —0.5 under our conditions. Furthermore, we have
determined that the SPI can be smoothed down no more than by a five-year
cycle. Besides, we can supplement the description of the McKee methodology
[17] with a description of the SPI ratio and precipitation rate percentages at the
station and along the edge.

We managed to compile a series of atmospheric droughts on an annual basis
and identify their frequency and severity, which was not done in other papers
known to us.

Comparative research of the applied approaches that are highlighted in the
current paper with other territories of the near abroad and Russian regions
demonstrated that for Kazakhstan, the authors [4] revealed acceptable adequacy
of identification of territories’ droughts and humidification by SPI, compared
to HF for the Kazakhstan territory.
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To determine the gradations of drought intensity according to HF data, E.A.
Cherenkova and A.N. Zolotokrylin [7] suggest using the intervals of values cal-
culated for each weather station for the plain territory of the European part of
Russia (550’ N to the south). The calculation is performed in such a way that
the data for different stations become comparable with each other and compa-
rable with the statistics of droughts according to the SPI index.

Besides, we confirm the possibility of detecting droughts by the SPI like
other researchers mentioned in the paper.

We have not analyzed the papers related to global warming, but the research
results incorporated into the framework of this well-known theory.

Conclusion

Based on the aforesaid, it may be concluded that the transition to the SPI
drought assessment is complicated due to the use of meteorological data record-
ing methods in Russia, which are not congruent with the software developed by
the WMO. Concurrently, the studies have shown the possibility of using the SPI
index to assess and predict the onset of droughts within the territory of Altai Krai.
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