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Abstract

Drought, one of the manifestations of emergencies, is a serious problem for Central Asia. Experts estimate that more than 70 per
cent of the region’s territory is considered vulnerable to natural disasters. Droughts are less frequent than floods, but affect more
people. Over the past decade, 60 per cent of the population exposed to extreme weather events has been affected by drought. The
most tangible impact of drought is on agriculture and food security in the region. Droughts are expected to become more frequent
in Tajikistan, Turkmenistan and Uzbekistan due to projected temperature increases and longer periods of extreme heat and
evaporation in areas with lower precipitation. In establishing drought monitoring and early warning systems in Central Asia and
adapting drought prediction models, the monitoring of climate indicators and the availability of a rich and deep database of years
is an important link. The purpose of this work is to monitor the probability of drought occurrence depending on the
meteorological conditions of the Kafirnigan River basin in Tajikistan. The formation and dispersion zones of the Kafirnigan
River differ significantly in their meteorological characteristics. The monitoring of droughts in the area of the river's formation
and dispersion and their comparison with meteorological conditions allows establishing the existence of certain regularity
between them. The results of such dependencies can form the basis for the development of drought early warning systems. A
characteristic feature of the drought indices (SPI and SPEI) in the southern Tajik lowlands is their decreasing nature and the
significant difference in the trends of change. Differences between SPEI-6 and SPI-6 are due to potential evapotranspiration
(PET), which is determined by the difference between precipitation and evaporation. The similarity between SPEI and SPI in
winter is reasonable because this is the period when PET tends to have the lowest ratio to precipitation, resulting in a functional
approximation of SPEI to SPI. According to the same principles, the largest difference is observed in November, which covers
the period from June to November, when PET is highest in relation to precipitation. It is found that for the period 1950-2023,
monthly mean precipitation values are significantly lower and temperatures are higher than the climatic norm of the southern
Tajik lowlands, leading to negative values of mean annual SPEI and SPI and favoring the occurrence of drought.
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1. Introduction

Drought, one of the manifestations of emergencies, is a
serious problem for Central Asia. Experts estimate that more
than 70 per cent of the region is considered vulnerable to
natural disasters. Droughts are less frequent than floods, but
they affect more people. Over the past decade, droughts have
affected 60 percent of the population exposed to extreme
weather events. This has had a significant impact on agricul-
ture and food security in the region. Droughts are temperature
increases and longer periods of extreme heat and evaporation
in areas with less precipitation.

Continued glacial melt and reduced snow cover will exac-
erbate water problems in Central Asia. In addition, high
temperatures and intense precipitation will lead to more fre-
quent and intense natural disasters such as droughts, heat
waves, floods, landslides, mudslides and avalanches. Over the
past decade, more than 2,500 people have died as a result of
natural disasters, and about 5.5 million people, or 10 per cent
of the population of Central Asia, have fallen victim to the
adverse effects of nature [1].

According to [1], the coming decade will be characterised
by cycles of natural disasters, alternating between drought and
flood years, as in 2000-2001 and 2002-2003.

The 2000-2001 droughts in Tajikistan and neighboring
Central Asian states is estimated to have been the most severe
natural disaster in recent decades. Much of Tajikistan's
densely populated territory falls within the drought zone. Mild
droughts are observed in isolated areas, while severe droughts
cover large areas. During the study period (70 years),
droughts covered most of the country's populated area sim-
ultaneously on eight occasions (1940, 1947, 1956, and 1971,
1980, and 1988, 2000-2001, 2007-2008). Particularly severe
droughts occurred in 1971 and 2000-2001. The southern
densely populated areas and the Gissar Valley suffer most
from drought, with the highest number of years with moderate
to severe drought. Due to climate warming, droughts are
likely to increase in intensity and frequency in Tajikistan.

According to [2], droughts have resulted in about 20 per-
cent of irrigated land regularly experiencing water deficits,
ranging from 35 to 40 percent in Tajikistan. Droughts have
had serious consequences for crop production and have also
affected other agricultural sectors. During the droughts of
2001, 2003, 2008 and 2011, water levels in reservoirs and
dams dropped sharply. As a result, a system of water re-
strictions had to be introduced throughout the country. In
particular, the drought in the winter of 2008 led to an emer-
gency situation with power cuts in Dushanbe.

The 2011 drought was severe, causing US$63 million in
damage to the agricultural sector and affecting 2 million
people. The agricultural sector was almost destroyed by the
drought in Khatlon province, where the sector has yet to fully
recover. The drought also reduced wheat, barley and rice
production in agricultural areas receiving water from the
Nurek reservoir by at least 75% compared to previous years.
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Precipitation and temperature scenarios using three climate
models (CCSM3, ECHAMS5 and CSIRO) and three green-
house gas emission scenarios (A1B, A2, B1) show insignifi-
cant changes in precipitation in the Vakhsh and Pyanj river
basins, with increased variability in high and low precipitation
periods. At the same time, the composition of precipitation is
expected to change, with an increase in rain and a decrease in
snow. Intense precipitation with a frequency of once in 50
years will increase in a number of areas, particularly in the
Pamirs. Geographically, annual precipitation is expected to
decrease in southern Tajikistan. Summer and winter precipi-
tation in Tajikistan is likely to increase, while spring and
autumn precipitation may decrease. Temperature increases
will be observed in all parts of the country. Winter and
summer temperatures are likely to increase more in the Pamir
and Hindu Kush mountains than in the valleys and desert
plains.

By the end of the century, warming could be particularly
pronounced in the southern parts of the country, the moun-
tains of central Tajikistan and the western Pamirs. Daily
maximum temperatures and heat waves will gradually in-
crease, especially in the lowlands of southern Tajikistan. The
risk of drought will increase due to increased evapotranspira-
tion and earlier snowmelt.

Operational strategies, programmers and similar disaster
management planning processes are relatively rare today,
despite the obvious importance of drought in the region and
the apparent trend towards increased vulnerability to drought.
However, there are examples of good practice. In Tajikistan,
the concept of participatory forest management has been
tested in several projects and, once proven, was incorporated
into the Forest Code and the relevant law in 2011 and 2012
respectively.

To ensure the sustainable development of the agricultural
sector, the Government of the Republic of Tajikistan has
adopted a number of measures to support and stimulate farms,
and several sectoral programmers have also been adopted:
"Horticulture and Viticulture Development Programme for
2016-2020" and "Comprehensive Livestock Development
Programme for 2018-2022", the implementation of which has
contributed to a significant increase in production, enrichment
of the country's consumer market and export growth.

The "Programme for the Development of Horticulture and
Viticulture in Tajikistan (2016-2020)", which prohibits the
use of flat arable land for horticulture, has encouraged the
widespread use of rainfed land on hillsides and in mountain-
ous areas.

The minimization of the risks of climate change and natural
disasters (floods, avalanches, droughts, etc.) is carried out
through the development of institutional mechanisms and com-
mitments, which are disseminated among various governmental
structures, agencies and non-governmental associations.

Currently, the Government of the Republic of Tajikistan
has adopted more than 50 laws and regulations in the field of
climate change and environmental protection. More than 10
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state programmers and action plans have been approved,
national centers for coordination and resolution of environ-
mental problems of national and global scale have been es-
tablished: the National Action Programme on Desertification
in Tajikistan, the National Strategy of the Republic of Tajik-
istan for Disaster Risk Reduction for 2019-2030, the National
Strategy of the Republic of Tajikistan on Adaptation to Cli-
mate Change for the period up to 2030.

The Republic of Tajikistan lacks a centralized structure for
research and applied work on drought and its prediction. Most
of the organizations mentioned above are not properly involved
in research. At the government level, there is some political
interest in promoting drought management mechanisms, but at
the institutional level there is little understanding of the prob-
lem. In addition, the lack of coordination and cooperation be-
tween key ministries and agencies means that operational and
archival data on all aspects of drought are scattered across
ministries. It should be noted that data on drought has been
accumulated in individual ministries as a result of international
projects that partially cover the drought problem.

In order to develop a science-based structure for drought
monitoring and early warning, it is necessary to define a me-
dium- and long-term strategy, which can be achieved by re-
forming the powers of the institutions with a clear distribution
of functions and responsibilities, as well as by developing
schemes for their communication.

The Hydrometeorological Agency of the Committee for
Environmental Protection under the Government of the Re-
public of Tajikistan performs the functions of information
collection and drought forecasting. However, these activities
are based on meteorological data only and do not take into
account the agricultural aspects of drought.

Traditionally, scientists have focused on biophysical and
environmental vulnerability, and research on institutional,
political, social and human aspects has been rare. This has led
to an implicit neglect of social vulnerability, which refers to
socio-economic and demographic factors [2-9]. The concept
of social vulnerability in the context of disaster management
was introduced in the 1970s [10, 11]. Studies have shown that
socially vulnerable populations are likely to be more exposed
and disadvantaged by disasters, and that this social vulnera-
bility is often related to a country's level of development and
environmental quality [8, 12-15]. As social vulnerability has
become increasingly important in vulnerability research, there
has been a need to reflect today's complex systems and soci-
eties. Thus, different aspects of vulnerability are being studied
as it becomes more complex. Recent studies have combined
and analyzed the different characteristics of vulnerability,
together with the compilation of its structure, including social,
physical, environmental and economic aspects [3, 7, 15].

Vulnerability and risk have a similar evolutionary history
and their discussion focuses on the integration of so-
cio-economic factors in their conceptualization. In addition,
vulnerability is integrated into the concept of risk, which
should be included in the definition of risk [16, 17].
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In recent decades, the concept of risk has emerged as an
appropriate concept for addressing vulnerability. However, no
clear and consistent terminology is used to define vulnerabil-
ity, risk and their components, and abstract and vague con-
cepts in this area have been criticized [18-20]. A consistent
conceptualization of vulnerability and risk is necessary for
interdisciplinary cooperation and clear communication be-
tween scientists from different scientific fields [21-23].

Tajikistan can be affected by two main types of drought:
meteorological (usually associated with precipitation deficits)
and hydrological (usually associated with surface and
groundwater flow deficits, which can occur in the large river
basins of the region) [24]. Currently, Tajikistan has an aver-
age annual probability of severe meteorological drought of
about 3% as measured by a Standardised Precipitation Evap-
oration Index (SPEI) of less than -2. The smoothing effect of
glacier and meltwater contributions to runoff has historically
provided some protection against hydrological drought [25].

According to the results of this paper, the Central Asian
region may be one of the countries most affected by the ef-
fects of climate change on the probability of drought. With
global warming of 2<C, a drought that previously occurred
once every 100 years is projected to occur about once every
15 years, and this threshold is likely to be exceeded under both
RCP6.0 and RCP8.5. This view is supported by ensemble
projections from the SSCR model for Tajikistan, which show
a significant increase in the annual probability of meteoro-
logical drought from 3% to over 25% for all emission path-
ways by the 2050s [26].

Droughts have resulted in about 20 percent of irrigated land
regularly experiencing water scarcity, ranging from 35 to 40
percent in Tajikistan. Droughts have had serious consequences
for crop production and have also affected other agricultural
sectors. It is also likely that droughts in Tajikistan will become
more intense and frequent due to ongoing climate change.

Tajikistan's strong continental character, i.e. the large am-
plitude of annual air temperature variations, and its highly
developed mountain orography affect meteorological condi-
tions, resulting in several distinct climatic zones within a single
river basin. Under the conditions of climate change, these pe-
culiarities may be exacerbated and have a significant impact on
the functioning of the components of the ecosystem.

Agriculture, along with other economic sectors, is particu-
larly sensitive to such meteorological cataclysms, which can
affect the productivity of crop varieties. In the current situa-
tion, therefore, it is particularly important to plan the devel-
opment of the agricultural sector on a scientific basis, taking
strict account of the results of forecasts of climatic conditions
and the selection of crop varieties that are resistant to climatic
disasters and have a high level of productivity.

The occurrence of drought in arid and semi-arid conditions,
which are characteristic of the Central Asian region, is con-
sidered one of the tangible negative phenomena that can
damage food security.

In order to reduce the probability of droughts, it is necessary
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to organize a consistent and systematic monitoring of meteor-
ological conditions in river basins, which is of great importance
for maintaining the productivity of agricultural land.

The Kafernigan river basin is located in Central Asia, be-
tween 37<and 39 “north latitude and 68 “and 70 “east longitude.
It is one of the northwestern tributaries of the Amu Darya and a
transboundary river between Tajikistan and Uzbekistan. The
climate of Tajikistan is determined by its geographical position
within the Eurasian continent on the border of subtropical and
temperate belts. The river basin is characterised by high inten-
sity of solar radiation, aridity, low cloudiness, long hours of
sunshine, large daily and seasonal temperature fluctuations, and
considerable dustiness of the air.

The climate of the Kafirnigan River Basin ((KRB) is con-
tinental with prevailing westerly winds, with very high local
contrasts due to the geographical relief. The Kafirnigan River
Basin has a mountain climate in most areas, characterised by
temperate winters in mountainous dissected terrain, cold
winters in mountainous areas and summers with relatively
large annual temperature variations [27].

The mountainous Kafirnigan River Basin in Central Asia
has a strong local contrast [27, 28]. The Kafirnigan River, a
tributary of the Amu Darya River, flows through the capital of
Tajikistan and several densely populated areas where people
obtain drinking water and irrigate their land.

According to [29], global winter precipitation increased in
the second half of the 20th century, associated with the in-
creasing role of rising humidity in counteracting the weak-
ening circulation. A decreasing trend in precipitation in the
Kafirnigan River Basin was found according to most of the
meteorological stations in the basin [30].

The manifestation of climatic peculiarities of the upper and
lower Kafirnigan River on the occurrence of drought in the
river basin is important for the efficient use of land resources by
selecting crop varieties resistant to local climatic conditions.

3. Results and Discussion

SPI 6

3 ¥ =10.0009x -0.3981
R2=0.0518

2. Materials and Methods

To monitor evapotranspiration processes and drought con-
ditions in the Kafirnigan River basin, data from the meteor-
ological stations of Bustonabad and Ayvaj, located upstream
and downstream of the river respectively, were used.

The Bustonabad area is located in a zone with an insuffi-
ciently humid climate, with warm summers and moderately
mild winters. The average annual temperature is 7.6 <C.

The annual rainfall is 679 mm. Bustonabad is characterised
by an annual rainfall pattern with a maximum in March-April
and almost complete absence in August-September. Its main
amount - 373 mm falls in the spring period, in the winter
months falls 182 mm, in autumn - 79 mm and in summer - 45
mm. The average annual relative humidity is 53% and the
average monthly relative humidity varies from 33 to 75%.

The total annual drought distribution is estimated for the
period from May to September. The long-term average SPEI
from April to September varies slightly (-0.63 to 0.58) and is
close to normal humidity. The climate of Ayvaj is dry, with
very warm summers and mild winters and average annual
temperature is 17.2<C.

The average temperature of the coldest month (January) is
1.8<C. The average minimum temperature is -2.4<C. The
average temperature of the warmest month (July) is 31.4<C. In
the hottest months, the air warms up to 35-40<C during the
day, and the absolute maximum is 47 <C.

The annual rainfall is 170 mm. In the wettest years it can be
up to 252 mm, in the dry years about 60 mm. The station is
characterised by an annual pattern of precipitation with a
maximum in March-April and almost complete absence in
June-October. Most of the precipitation (more than 50%) falls
in spring and 39% in winter.

Westerly winds prevail in the Ayvaj area. The average
monthly wind speed during the year is 2.8 - 4.0 m/sec.

SPEL6 b

Figure 1. SPI 6 (a) and SPEI 6 (b) values of Bustonabad for the period 1950-2023.
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The dynamics of the standardized precipitation index (SPI)
and SPEI indices for the Bustonabad area for the period
1950-2023 is shown in Figure 1, which shows an increase in
the values of the drought indices, probably related to in-
creasing humidity over the period considered.

Figure 2 shows the number of extreme and severe droughts
at Bustonabad for each decade of the period 1950-2023. From
Figure 2 it can be seen that the periods 1970-1979 and
2000-2009 were the driest periods on the upper Kafirnigan
River (Bustonabad), characterised by 12 severe and 4 extreme
droughts and 13 severe and 3 extreme droughts respectively.

8 extreme drought

B severe drought

number of months with SPEI drought

Figure 2. Number of extreme and severe droughts at Bustonabad in
each decade of the period 1950-2023.
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From Figure 3, which shows the trends in mean annual
temperature, rainfall and drought, it can be seen that while
temperature tended to increase from 1970 to 1985, rainfall
also decreased. This is probably the reason for the drought at
Bustonabad during the period 1970-1979.
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Figure 3. Trends in mean annual temperature, rainfall and number
of months with drought (extreme and severe) in Bustonabad district
for the period 1950-2023.

In the upstream of the Kafirnigan River (Bustonabad me-
teostation) in 2001, May, June, July and August are charac-
terised as severe drought months. For the months of May and
June, there is a positive deviation of the mean monthly surface
air temperature from the norm of 4.3<C and 2.7<C, respec-
tively (Figure 4).

150 -

m5mg 7EZ WG

100 A

average norm

003 2009 2012 2015

Precipitation deviation from a monthly

-100 -

Figure 4. Deviation of mean monthly temperature (a) and rainfall (b) in the growing months from May (5) to September (9) from the annual
norm at Bustonabad for the period 2001-2003 (5-May, 6-June, 7-July, 8-August, 9-September).
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At the same time, the precipitation availability for the
growing season from May to August was 41%, 73%, 195%
and 438% of the monthly averages, respectively. The rainfall
values for the months of May and June are lower than the
monthly average by 72 mm and 9 mm, while in July and
August they exceed the norm by 20 mm and 27 mm (Figure 4,
b).

Figure 4 shows the excess of precipitation values from the
monthly average norm in May, June and a slight deficit in July
and August of 2009 and 2012. Characterised by negative
deviations of mean monthly temperature from the norm in
May and June of 2009 by -0.5<C and -2.5<C respectively and
in 2012 by -0.37<C and -0.74<C, positive values of the
standardized precipitation and evapotranspiration index and
the standardized precipitation index are obtained (Figure 4, a).

m5mG 7TEZEO

SP1

2009

2012 2015

-3 -

The driest years in recent decades in the middle reaches of
the Kafirnigan River were 2021 and 2023, characterised by
severe drought. The monthly mean temperature exceed in
May, June and July of 2021 were 2.81<C, 1.60<C and 2.0C
with precipitation deficits of -57.2 mm, -22.8 mm and -9.3
mm, respectively. In 2023, the mean monthly temperature in
May, June and July exceeded the mean monthly norm by
1.3<C, 3.2<C and 1.5<C, respectively, with precipitation defi-
cits of 89.3 mm and 11.5 mm in May and June, respectively
(Figure 4, a, b).

Figure 5 shows the SPEI and SPI values from May to
September of the period 2001-2023 calculated from the data
of the Bustonabad weather station. As can be seen from Fig-
ure 5, the SPEI and SPI values in 2003, 2009, 2012 and 2015
are positive, i.e. no drought threat.

E5EG 7HEEG

Figure 5. SPI and SPEI values of Bustonabad during the growing months of May (5) to September (9) for the period 2001-2023 (5-May, 6-June,

7-July, 8-August, 9-September).
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Figure 6. Variation of annual mean values of temperature, SP1 and
SPEI according to data from Bustonabad weather station for the
period 2001-2023.
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To explain this process, we refer to Figure 6, which shows
the dynamics of SPI and SPEI and the annual mean temper-
ature values for the period 2001-2023. From Figure 6 it can be
seen that the years 2003, 2009, 2012 and 2015 are character-
ised by lower temperature values compared to the rest of the
years. Therefore, it can be assumed that this will lead to pos-
itive values of SPI and SPEI.

Figure 7 shows the dynamics of the annual mean values of
SPI and SPEI of the South Tajik lowlands for the period
1950-2023. The characteristic feature of the drought indices is
their decrease and the significant difference in their decreas-
ing trend.

Figure 8 shows the monthly means and the difference be-
tween the Standardised Precipitation and Evapotranspiration
Index (SPEI) and the Standardised Precipitation Index (SPI).
From Figure 8 it can be seen that the difference between SPEI
and SPI is negative in the winter period (XII - I1) and positive
in the spring-autumn period (111 -X). The difference between
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SPEI and SPI is mainly due to potential evapotranspiration

SP1 G

g

Figure 7. Dynamics of changes in SPI (a) and SPEI (b) of the southern Tajik lowlands for the period 1950-2023.
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Figure 8. Annual mean monthly values of SPI and SPEI and differ-
ences SPEI and SPI (4) of the southern Tajik lowlands.
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SPEI is an important and useful tool for comparing mete-
orological droughts, as it takes into account the temperature
regime - as a factor leading to evapotranspiration - in addition
to precipitation. The inclusion of PET makes a noticeable
difference in the index values, confirming that SPEI is a
drought index that is significantly different from SPI. The
largest differences between SPEI and SPI are observed in
summer, when PET accounts for most of the climatic water
balance.

In order to establish the relationship between the stand-
ardized drought indices and the meteorological conditions
of the southern Tajik lowlands, the long-term mean
monthly values of precipitation and temperature were
compared with the climatic norms for the area shown in
Figure 9 (a, b).

b

200 Precipitation, mm

m Climatic annual norm

160 -

120 A

o0
(=}

40 A

I II oI Iv Vv VI VIIVII IX X XI XII

Figure 9. Monthly averages of temperature (a) and precipitation (b) in the South Tajik Lowlands for the period 1950-2023.
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As shown in Figure 9(a), the monthly mean temperature
values of the South Tajik Lowlands are significantly higher
than the monthly mean climatic norms in all seasons. This is
naturally reflected in the values of the drought indices and, as
can be seen from Figure 9, negative values of SPI and SPEI
dominate almost throughout the year.

A similar picture is observed in the dynamics of changes in
the monthly mean values of atmospheric precipitation (Figure
9, b).

The characteristic feature of the drought indices (SPI and
SPEI) in the South Tajik Lowlands is their decreasing nature
and the significant difference in the trends of change. Differ-
ences between SPEI-6 and SPI-6 are due to potential evapo-
transpiration (PET), which is determined by the difference
between precipitation and evaporation. The similarity between
SPEI and SPI in winter is reasonable because PET tends to have
the lowest ratio to precipitation during this period, resulting in a
functional approximation of SPEI to SPI. Conversely, the
largest difference is observed in November, which covers the
period from June to November when PET is highest in relation
to precipitation. It is found that for the period 1950-2023,
monthly mean precipitation values are significantly lower and
temperatures are higher than the climatic norm of the southern
Tajik lowlands, leading to negative values of mean annual SPEI
and SPI and favoring the occurrence of drought.

It was assumed that the potential drought condition should
be determined by the ratio of rainfall to the norm of the sum of
annual averages of a given locality. For example, the sum of
annual mean rainfall in Ayvaj is 178 mm and in the Faizabad
basin area it is about 840 mm. In Ayvaj, there is initially a
large deficit in rainfall, and for this area with stressful climatic
conditions, even sufficient changes in meteorological param-
eters do not have a noticeable impact. On the contrary, in
Faizabad district, where the norm for the sum of the average
annual rainfall is high, even a slight downward deviation of
the rainfall from the norm can create favorable conditions for
the occurrence of drought.

To verify this assumption, the changes in precipitation for
the period 1950-2023 at the Ayvaj (a) (Figure 10) and
Bustonabad (Figure 3) meteorological stations were com-
pared with the frequency of extreme and severe droughts in
the respective areas where the meteorological stations are
located. Figure 10 shows that an increase in the frequency of
extreme and severe droughts is observed in the southern areas
of the Kafirnigan River basin in the last decade of the period
under consideration, 1950-2023.

On the other hand, extreme and severe droughts in the
northern part of the Kafirnigan River basin (in Bustonabad
district) cover almost all decades of the period under consid-
eration (Figure 3).

Figure 10 shows the mutual correlation of the SPEI values
of the northern (Bustonabad) and southern (Ayvaj) parts of
the Kafirnigan River basin, which shows that there is a mod-
erate relationship between them with a correlation coefficient
of 0.5.
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Figure 10. Dynamics of mean annual precipitation, number of
months with drought in the southern (a) and northern (b) parts of the
Kafirnigan River basin for the period 1950-2023.

The total number of months with drought for the period
1950-2023 despite the large difference in mean annual pre-
cipitation between the northern and southern parts of the
Kafirnigan River Basin, the total number of different types of
drought is similar.

The results obtained suggest that the occurrence of drought is
probabilistic in nature and manifests itself under certain com-
binations of meteorological parameters, and that the local cli-
matic conditions of the area are not dominant in this process.

4. Conclusion

The geographical location of the Republic of Tajikistan
determines the country's high vulnerability to various cli-
mate-related natural disasters, such as floods, droughts and
mudslides, which significantly affect sustainable develop-
ment and people's living conditions, including their access to
adequate food and drinking water.

Droughts, especially in their extreme forms, accelerate the
development of desertification, the main cause of which is
excessive anthropogenic pressure, which increases under con-
ditions of prolonged and intense drought. In this context, the
issue of developing and improving modern systems for moni-
toring and predicting droughts, as well as preparing for and
mitigating their consequences, becomes extremely important.

The dynamics of changes in annual mean temperature,
precipitation and drought in the upper reaches of the
Kafirnigan River (Bustonabad) showed that an increase in
temperature was accompanied by a decrease in precipitation
during the period from 1970 to 1985. This was probably the
reason for the aridity of Bustonabad for the period 1970-1979.

In recent decades, the driest years in the middle reaches of
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the Kafirnigan River were 2021 and 2023, characterised by
severe drought. The monthly mean temperature exceedances
in May, June and July of 2021 were 2.81<C, 1.60C and 2.0C
with precipitation deficits of 57.2 mm, 22.8 mm and 9.3 mm,
respectively. In 2023, the mean monthly temperature was
1.3<C, 3.2<C and 1.5<C above the mean monthly norm in May,
June and July, respectively, with rainfall deficits of 89.3 mm
and 11.5 mm in May and June, respectively.

In the lower reaches of the Kafirnigan River, seasonal pre-
cipitation occurs mainly in winter and spring, but in small
amounts, with an annual mean of 68-79 mm. The dynamics of
precipitation and temperature show opposite trends. The in-
significant trend of decreasing precipitation at altitudes up to
400 m a.s.l in the southern parts of the Kafirnigan River basin
is mainly related to local meteorological phenomena.

It was found that the average monthly temperature values of
the southern Tajik lowlands are significantly higher than the
average monthly climatic norms in all seasons. This is naturally
reflected in the values of the drought indices, i.e. negative
values of SPI and SPEI dominate almost throughout the year.

A characteristic feature of the drought indices (SPI and
SPEI) in the southern Tajik lowlands is their decreasing na-
ture and the significant difference in the trends of change.
Differences between SPEI-6 and SPI-6 are due to potential
evapotranspiration (PET), which is determined by the dif-
ference between precipitation and evaporation. The similarity
between SPEI and SPI in winter is reasonable because this is
the period when PET tends to have the lowest ratio to precip-
itation, resulting in a functional approximation of SPEI to SPI.
According to the same principles, the largest difference is
observed in November, which covers the period from June to
November, when PET is highest in relation to precipitation. It
is found that for the period 1950-2023, monthly mean pre-
cipitation values are significantly lower and temperatures are
higher than the climatic norm of the southern Tajik lowlands,
leading to negative values of mean annual SPEI and SPI and
favoring the occurrence of drought.

Abbreviations

SPEI Standardized Precipitation and
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PET Potential Evapotranspiration
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