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Abstract. The issue of drought has emerged as a significant challenge in the Khorezm oasis over recent
decades. Furthermore, the construction of the Kushtepa canal in Afghanistan is expected to exacerbate
the impact of drought in the region. It is of the utmost importance to evaluate the resilience of the oasis
to drought in order to ensure effective planning and mitigation strategies. This study employed geospatial
data, including the normalized difference of vegetation index (NDVI), land surface temperature (LST), nor-
malized difference of moisture index (NDMI), soil brightness, groundwater table, digital elevation model
(DEM), and distance to Amudarya river, derived from Landsat 5 TM, and Landsat 8 OLI/TIRS data (2000-
2023). A weighted overlay analysis was employed to identify the most influential factors, which were found
to be distance from the river, canal density, soil brightness, LST, and groundwater table. The findings indi-
cate that 3746 km? of the oasis is safe, while 4644.32 km?, 5563.77 km?2, 5486.17 km?2, 7832.64 km? are classi-
fied as dangerous, mid dangerous, high dangerous, and extreme dangerous, respectively. It is recommended
that agricultural use be prioritised in areas deemed safe, that construction be restricted, and that population
migration from high-risk regions to safer areas be facilitated.

Keywords: drought, LST, the main canals’ density, groundwater table, distance from Amudarya, drought safety levels assessment map.
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1. Introduction

The term “drought” is defined as a period of deficient
moisture conditions that disrupts normal climatological
and hydrological conditions. These conditions are influ-
enced by a combination of natural and anthropogenic ac-
tivities. Droughts are classified by researchers into three
main categories: meteorological, agricultural, and hydro-
logical (Hosseinzadehtalaei et al., 2023; Chen et al., 2022).
Other forms of drought, including those of an anthropo-
genic and ecological nature, have also been the subject of
research (Wilhite & Glantz, 1985). Drought is a distinctive
type of disaster with multifaceted impacts on human life
and the natural environment. The impacts of drought can
be wide-ranging and include water shortage, hunger, the
spread of various diseases, an increased risk of insect infes-
tations, desertification, reduced soil fertility and lower crop

yields (Lloyd-Hughes, 2014; Shah & Mishra, 2020). Moreo-
ver, the periodic and spatial characteristics of droughts, in
conjunction with their continuous nature, contribute to the
complexity of studying, preparing for and mitigating the
negative effects of droughts (Wu et al.,, 2013).

A number of geospatial technologies have been suc-
cessfully employed in the assessment of droughts, with
several methods proving particularly effective (Dubey
et al., 2023; Das et al,, 2023; Van Loon et al., 2022; Rac-
zynski & Dyer, 2022). McKee et al. (1993) introduced the
Standardized Precipitation Index (SPI), which identifies pre-
cipitation levels below the normal range as key indicators
of drought. However, in the Khorezm region, where the
mean annual rainfall is only 160 mm, the SPI method may
not be the most effective approach for assessment. In their
respective studies, Jang (2018) and Zarei (2018) employed
the reconnaissance drought index (RDI), incorporating
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potential evapotranspiration (PET) as an indicator. How-
ever, in the context of the 2000-year drought in the oasis,
no significant correlation was observed between PET and
soil moisture. In a recent study, Gongalves et al. (2023) em-
ployed a range of drought assessment methods, including
SPI, SWSI, EDDI, SDI, and RDI, in semi-arid regions of Bra-
zil, thereby demonstrating the utility of diverse approaches
in this context. Baniya et al. (2019) proposed the use of the
Vegetation Condition Index (VCI) as a means of evaluating
drought, with particular emphasis on vegetation cover as
a key indicator. However, in the Khorezm oasis, vegetation
cover is a consequence rather than a factor influencing
the situation. As observed by Hao et al. (2017), the occur-
rence, impacts and preparedness strategies for drought
vary across regions, emphasising the necessity for a be-
spoke drought assessment methodology that is specific
to the geographic characteristics of the oasis. This work
aims to develop a drought assessment methodology for
the Khorezm oasis and understand its territorial features.
Additionally, the distribution of safety levels in relation to
drought conditions and formulation recommendations to
mitigate its deleterious impacts were also planned.

2. Materials and methods

2.1. Study area

The Khorezm oasis is a 31 885.41 km? geographic region
situated between the Qyzylkum and Qaraqum deserts in
Central Asia (Matchanov et al., 2016; Boymurodov et al.,
2024). The size of the oasis is susceptible to fluctuations
due to an inherently unstable irrigation water regime. It
is recommended that drought assessments be conducted
during June and July, when irrigation water demand for
agriculture and vegetation is at its highest, and the impact
of drought also is most severe. The climate of the oa-
sis is arid (the highest annual mean temperature +28 °C),
characterised by low precipitation levels (92 mm) and
high rates of evapotranspiration. The region’s economy
is significantly reliant on the Amudarya river's water flow.
Therefore, factors such as LST, NDMI, NDVI, and ground-
water table becomes consequence factors that in the as-
sessment of drought conditions. The proximity of the river
and the density of the main irrigation canals exert a main
influence on the vegetation cover of the oasis. The region
of Khorezm has a long history of irrigational agriculture,
with over three millennia of experience and a landscape
that has been shaped by intensive land use. As a result,
droughts have a deleterious effect on the population’s in-
come and quality of life, as evidenced by the 2000, 2001,
2008, and 2012 severe droughts. Furthermore, contradic-
tory events, such as floods in small canals (Mansourian
et al.,, 2023) also impact the region.

2.2. Data

A variety of techniques were used employed in the col-
lection and preparation of geospatial data. The principal
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canals were digitized from highly accurate analog topo-
graphic maps. The line densities were subsequently cal-
culated then and a raster with a density of km. kv/m was
created.

The annual mean LST data, covering the years 2000-
2023, were downloaded from the Climate Engine plat-
form and mosaiced into a new raster (Climate Engine,
2023). The Landsat 4-5 TM (band 6), Landsat 8 OLI/TIRS
(bands 10, 11) data were used to calculate LST, using the
following formula:

LST = Tb/[1 + (a0 x Tb / C2) x In(¢)] (Tajudin et al., 2021).

The NDVI has been a popular index in research proj-
ects assessing droughts (Brown et al, 2008; Crippen,
1990; Gorelick et al., 2017). Defining an appropriate time
for NDVI-drought analysis is typically dependent on a few
factors, including geographical region, specific character-
istics, and the type of the drought. In the Khorezm oasis,
drought reached a dangerous level in July, a period when
plants and agricultural fields require substantial irriga-
tion. The annual mean NDVI data covering 2000 to 2023
were downloaded from the same platform which cited
above and mosaiced into a new raster (Climate Engine,
2023). Landsat 4-5 TM (bands 3, 4), Landsat 8 OLI/TIRS
(bands 4, 5) data were used to calculate the NDVI values,
using the established formula (Crippen, 1990):

NDVI = (B04 - B0O3) / (BO4 + B03), Landsat 4-5 TM;
NDVI = (BO5 — B04) / (BO5 + B04), Landsat 8 OLI/TIRS.

Landsat 4-5 TM, Landsat 8 OLI/TIRS data from 2000 to
2023 were downloaded from Google Earth Engine plat-
form (Gorelick et al., 2017) and used to calculate NDMI
using the following formulas (Gao, 1996):

NDMI = (B0O4 — B0O5) / (BO4 + BO5), Landsat 4-5 TM;
NDMI = (BO5 - B06) / (BO5 + B06), Landsat 8 OLI/TIRS.

Soil brightness, which is influenced by a range of earth
features (Salleh et al.,, 2014), has also been employed by
some researchers as a means of detecting drought (Wang
et al, 2004; Yao et al., 2008). Consequently, soil brightness
was calculated from thermal bands of Landsat 4-5 TM and
Landsat 8 OLI/TIRS from 2000 to 2023, downloaded from
Earth Explorer database, using the following formulas (Li
et al., 2004; Schneider & Mauser, 1996):

TB = (k2 / In[k" / INO) + 1]).

Landsat 4-5 TM: k' = 607.76 Wm=2 sr~! um~', and k2
1260.56 K.

Landsat 8 OLI/TIRS: k' = 480.89 Wm= sr' um™, and k2
1201.14 K.

k' and k2 are correction coefficients.

The annual mean groundwater table (AMGWT), typi-
cally obtained through field observations, was identified
as a crucial element in the assessment of drought condi-
tions in the case of the oasis. However, it is also a result
factor formed by Amudarya river flow, with a decrease to
between 5 and 10 meters observed during the drought



Geodesy and Cartography, 2025, 51(2), 67-80

years of 2000 and 2001. The data were gathered from by
ZEF/UNESCO project (1990-2004) and from hydrogeologi-
cal stations in Khorezm and Karakalpakstan (2018-2021).
The point data were averaged and converted into raster
data by IDW interpolation methods.

The researchers also employed DEM data to exam-
ine drought (Dubey et al., 2023; Mirmohammad Hosseini
et al., 2020). This data originated from the SRTM database
(NASA JPL, 2020) and, when compared to other open-
source DEM data, demonstrated greater accuracy even in
small agricultural regions (Matchanov, 2020).

The impact of rivers on drought was demonstrated
by researchers (Van Loon et al., 2022; Raczynski & Dyer,
2022). This factor was of great consequence for the study
area, as the existence of the oasis was contingent upon
the flow of the Amudarya river. The Takhiatash hydro post
was selected as the river's terminus, beyond which the
river's water was fully distributed to canals. Buffer zones
were established to quantify distances from the Amudarya
river. Each buffer distance was calculated based on the
field observations during the 2000 drought and under
normal conditions in 2022, utilizing LST, NDVI, and NDMI
values. The following Landsat 5 TM and Landsat 8 OLI/TIRS
data were employed to make comparisons and to analyse
correlations (Table 1). The negative effects of drought are
most evident and reach their maximum in July. Therefore,
it is possible to determine the weight of the influencing
indicators in July.

Table 1. Landsat images used

Data features
LTO5_L1TP_159031_20000723_20161214_01_T1
LTO5_L1TP_160030_20000730_20180922_01_T1
LTO5_L1TP_160031_20000730_20180922_01_T1
LTO5_L1TP_161030_20000721_20180913_01_T1
LC08_L1TP_159031_20220720_20220726_02_T1
Landsat 8 OLI/ | LCO9_L1TP_160030_20220719_20230406_02_T1
TIRS LC08_L1TP_160031_20220711_20220722_02_T1
LCO8_L1TP_161030_20220718_20220726_02_T1

Name

Landsat 5 TM

2.3. Methodology

The methodology employed in this study is illustrated in
Figure 1. The influence of the indicators on the drought
was assessed in comparison between the drought in year
of 2000 and normal year of 2022. This comparison fa-
cilitated the identification of the primary, secondary, and
other indicators that exerted a significant influence on the
situation.

3. Results and discussion

3.1. Correlations

The correlations between the influencing and consequence
indicators were subjected to analysis in the following man-
ner. The density of canals was a pivotal factor in the pro-

The drought safety levels assessment

\%

Identifying influencing factors

%

Data collection/DB creation

vV Vv

Comparing factors in the Preparing data/Conversion to
drought and the normal years raster

vV VvV

Correlation of the factors

N2

Standardization of the
factors

%

Weighted sum overlay
analysis

\%

The drought safety levels assessment
map

Figure 1. General workflow methodology for the drought
safety levels assessment

vision of irrigation water to agricultural fields, exerting a
considerable influence on soil moisture and temperature,
the water balance of wetlands, vegetation cover, and the
needs of the local population. There was a relationship
between the density and LST for the months of July in
both 2000 and 2022 (Figure 2a, 2b). A negative correla-
tion was identified between those two factors, with cor-
relation coefficients of —0.49 and -0.57 for the two years
2000 and 2022. This indicated that as the density of canals
increased, the LST values decreased. In both years, high-
temperature points of 50 °C were observed in areas where
the density of the main canals was higher (when 1 km sq.
has 200-300 meters canals). The aforementioned points
indicated that no agricultural activities were conducted in
the selected fields during the specified years.

In the 2000 drought, areas with low soil temperatures
were primarily observed in regions with very low canal
density. As a result of more consuming groundwater by
more utilized farmers (Figure 3a, 3b). To further investi-
gate this, we tested the correlation between the AMGWT
and land surface temperature (LST) (Figure 2c, 2d). The re-
sults in Figure 2c showed no significant correlation during
the 2000 drought. To determine where these correlations
were absent, HotSpot method was applied (Getis & Ord,
1992) (Figure 3¢, 3d). The non-significant points identified
in the HotSpot maps were compared with aerial photos,
NDVI values, and experimental field data. The analysis con-
firmed that groundwater was used for agriculture in these
areas, explaining the lower LST values in regions where



the groundwater level was also low. However, due to high
costs, not all farmers could access this water. As shown
in Figure 3, groundwater was consistently used across all
tested years in the Khorezm region of the oasis.

It can be theorized that as the AMGWT rises closer to
the surface, increased evapotranspiration leads to a de-
crease in surface temperature. This hypothesis was sup-
ported by observations from the oasis in both 2000 and
2022. The correlation between AMGWT and LST was 0.29
in 2000 and 0.45 in 2022, indicating a weaker relation-
ship during the 2000 drought. During the drought, farm-
ers relied on groundwater for irrigation, leading to surface
temperatures reaching 35-45 °C in areas where the AMG-
WT was recorded at 3.5-4.5 meters (Figure 2c, 2d). The
HotSpot analysis identified cold spots in non-agricultural
areas in the southern part of the oasis (Figure 3¢, 3d). In
these regions, the AMGWT was closer to the surface due
to the natural decrease in elevation towards the south and
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southwest, which directed both ground and surface water
flow in that direction. Additionally, the correlation between
canal density and AMGWT was weaker due to these hy-
drological conditions (Figure 2e). The Khorezm region, in
particular, exhibited a higher groundwater table compared
to the Karakalpakstan region (Figure 3e, 3f). However, dur-
ing the 2000 and 2001 droughts, groundwater levels de-
clined significantly to 5-10 meters, highlighting the impact
of prolonged drought conditions and other environmental
factors. Additionally, canal density showed a correlation
with NDMI in both years, emphasizing its role in water
distribution and drought mitigation.

There were no correlation between NDVI and the main
canals’ density (0.01), AMGWT (0.01), or LST (-0.01) during
the drought of 2000. These values were slightly higher in
2022, with correlations of 0.44, -0.29, and -0.78 respec-
tively. The correlation values for all other indicators were
similar in 2022 (Table 2).
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Figure 2. Correlations of factors that were used for drought assessment
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The findings indicate that the density of the main ca-
nals and the Amudarya River play a pivotal role in influ-
encing drought conditions in the oasis. Furthermore, the
river exerts a substantial impact on the AMGWT within the
region (Figure 2f).

The correlation between soil brightness and LST was
stronger in both years. This is likely due to the fact that

both indicators were calculated from the same Landsat
5 TM and 8 OLI/TIRS bands. Furthermore, regions exhib-
iting adequate moisture levels demonstrated lower soil
brightness values. Once more, the density of canal was
found to exert a considerable influence on these factors
too. NDMI which indicates the moisture content of veg-
etation (Gu et al., 2008; Assal et al., 2016), demonstrated
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Figure 3. Hot Spot analysis of LST, the main canals’ density, NDMI, and the AMGWT

Table 2. Correlation table of indicators influencing the drought in 2000 and 2022 years

2022 year
LST 22.07 | NDVI 22.07 | CANALS DENS | AMGWT DEM SRTM | Soil brightness | Distance river| NDMI
LST_22.07 1
NDVI 22.07 -0.78 1
CANALS_DENS -0.57 0.44 1
AMGWT 0.45 -0.29 -0.46 1
DEMSRTM -0.18 0.02 0.19 -0.55 1
SoilBrightness 0.95 -0.78 -0.52 0.45 -0.16 1
Distance_River 0.52 -0.34 -0.58 0.72 -0.68 0.48 1
NDMI -0.81 0.91 0.45 -0.27 0.00 -0.79 -0.31 1
2000 year
LST 20.07 | NDVI 20.07 | CANALS DENS | AMGWT | DEM SRTM | Soil brightness | Distance river| NDMI
LST20.07 1
NDVI 20.07 -0.01 1
CANALS_DENS -0.49 0.01 1
AMGWT 0.29 0.01 -0.47 1
DEMSRTM -0.08 0.00 0.20 -0.55 1
SoilBrightness 0.84 -0.03 -0.43 0.1 0.07 1
Distance_River 0.36 -0.02 -0.59 0.72 -0.69 0.10 1
NDMI -0.87 0.01 0.41 -0.17 -0.04 -0.77 -0.24 1
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a stronger correlation with NDVI in 2022 year and no cor-
relation during the 2000 drought. Additionally, NDMI ex-
hibited a weak positive correlation with canal density in
both drought and normal years (Table 2; Figure 3f).

As demonstrated in Table 2, all factors exerted a de-
gree of influence on the drought. The weakest factor was
SRTM DEM, which demonstrated only a significant corre-
lation with the AMGWT. However, the DEM played a sig-
nificant role in the Khorezm region part of the study area,
where a reduction in elevation groundwater becoming
more accessible. This resulted in the formation of numer-
ous lakes and wetlands, which in turn led to an increase
in vegetation cover in the southern regions. Based on the
aforementioned observations, the following sequence of
influences can be proposed for assessment: distance from
the river, main canal density, soil brightness, LST, AMGWT,
NDVI, NDMI, and DEM.

3.2. Assessment

In order to evaluate the impact of drought conditions on
the oasis, a weighted overlay technique were employed.
Initially, all factors were converted to raster with an iden-
tical pixel size. Subsequently, each factor was assigned
a grade on a scale of 1-5, based on field observations,
conditional spatial autocorrelations, and comparisons be-
tween the years 2000 and 2022 (Table 3). The safety levels
were chosen conditionally. The presence of any amount
of threats indicates that the situation on the ground is
unsafe. Therefore, even a good NDVI value of 0.5-0.7 cor-
responds to a dangerous situation in the oasis.

The grades and levels for each factor were assigned
specific, conditional, and equal values in accordance with
the prevailing circumstances. The safe level for the 10 km
distance from the river was indicated by the presence of
stable and dense vegetation cover (NDVI 0.6), continuous
LST below 35 °C (from 2000-2022), a main canal density of
250-320 meter/km?, and uninterrupted distribution of an-
nual mean groundwater table up to 2 meters (Figure 4a).

However, the right bank of the river, the higher eleva-
tion resulted in slightly lower values for these factors, with
NDVI ranging from 0.3 to 0.6 and a more variable LST.

This geographic variation affected the grades of all factors
across different parts of the oasis, necessitating a multi-
criteria analysis. Field observations from the 2000 drought
indicated that AMGWT decreased by an average of 0.5-
1 m for every 20 km. At a distance of 10 km, AMGWT
was recorded at 3.5-4 m, at 30 km it was 4-4.5 m, and at
50 km it was over 5 m.

Anthropogenic factors, including political influence,
traditional agricultural practices, and local needs exerted
a significant influence on the oasis. The aforementioned
factors precluded the possibility of discerning clear dis-
tinctions in main canal densities. In practice, the oasis was
entirely covered by a multitude of canal levels. The results
of the field observations indicated that the main canals
only had water available during drought years. Following
a series of evaluations and comparisons, it was determined
that equal intervals should be established for main canal
density. Areas with densities of 250-320 meters/km? were
found to correspond to locations within 10 km distance
from of the river (Figure 4b). However, in the Chimbay
region, the AMGWT was observed to be up to 2 meters
AMGWT with a main canal density of 100-150 meters,
which was similar to other 10 km distance area from the
river. Therefore, subsequent levels of the main canal den-
sity were assigned conditional grades.

The grades for soil brightness were tested a variety of
reclassification methods, including Natural Breaks, Equal
Interval, Defined Interval, Quantile, Geometric Interval, and
Standard Deviation. The Natural Breaks method provid-
ed the most logical, practical representation for physical
geography, and land use justifications in the oasis (Fig-
ure 4c). The safe areas based on the soil brightness factor
aligned with the safe areas identified for LST, NDVI, and
NDWI. The buffer zones within 5 km around the oasis were
classified as extreme-dangerous areas. The intermediate
safety grades for other factors showed mixed and irregular
patterns across the region.

In previous research, LST values were also employed
for the assessment of drought conditions, with the select-
ed values being informed by regional geography and the
specific research objectives (Das et al., 2023; Patil et al.,

Table 3. The factors influencing to the drought: safety levels, weights, values and grades

Weights
0.2 0.18 0.15 0.13 0.11 0.09 0.08 0.06
Distance The main Soil AMGWT
Safety levels from the | canals density | brightness LST (°C) (m) NDVI NDMI DEM Grades

river (km) (km?2/km) (%)
Safe 10 0.25-0.32 19.0-32.8 26.03-35 0.87-1.5 0.7-1 0.13-0.27 | 95-320
Dangerous 30 0.20-0.25 32.8-36.1 35-40 1.5-2 0.5-0.7 | 0.09-0.13 85-95 4
Mid- 50 0.15-0.20 36.1-394 40-45 2-2.5 0.3-0.5 | 0.05-0.09 75-85 3
dangerous
High- 70 0.1-0.15 39.4-42.8 45-50 2535 | 01-03 | %9977 | g5.75 2
dangerous 0.05
Extreme- 154 0-0.1 42.8-48 50-60.75 35-5  [-006-01| 227 | 3565 1
dangerous 0.007
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Figure 4. Safety grades for distance from: a — the river; b — the main canals density; ¢ — the soil brightness; d — LST; e — NDVI;
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2021). In consideration of the oasis's location within an
arid region, the safety levels higher threshold than in pre-
vious studies. A land surface temperature of up to 35 °C
was deemed safe in this study (Figure 4d) due to the
alignment of NDVI and NDMI safe areas within this range.
Conversely, inner sandy areas and the 5 km buffer zones
of the oasis, which reached up to 50 °C, were classified as
extreme dangerous. Various reclassification methods were
tested, and Natural Breaks produced values that closely
matched these observations. Intermediate values were
compared to the real cases and found suitable.

The safety levels for NDVI were determined based on
field observation. NDVI values up to 0.1 were indicative of
nearly plantless areas in the buffer zone and inner sandy
regions, while values between 0.1 and 0.3 indicated the
presence of sparse vegetation, such as a few trees, shrubs,
and grasses (Table 4). The safe NDVI areas were found to
correspond with the safe areas for LST, soil brightness, and
NDWI (Figure 4e). Intermediate NDVI safety levels were
observed to be variable and subject to change over time.

NDMI values are widely acknowledged as a key indi-
cator for drought detection (Gu et al., 2008; Assal et al,
2016), with notable regional variations. It should be noted
that not all NDMI values were present in the oasis. Conse-
quently, the safety levels for this factor were selected on a
conditional basis and compared with NDVI, LST, and oth-
er factors. The Natural break reclassification method was
employed, with adjustments based on filed observations.
Values between 0.13 and 0.27 were indicative of areas of
intensive agriculture, and were thus considered safe. NDMI
values with —0.2 to 0.007 idexes indicated sparse vegeta-
tion, and dry conditions or weak vegetation.

NDMI values between 0.05 and 0.09 are indicative of
inner sandy areas with minimal vegetation and unused ag-
ricultural fields with a sparse vegetative cover (Figure 4f).

The AMGWT proved to be a significant contributor
to mitigation of the adverse effects of the drought. The
AMGWT was employed extensively during the drought
years 2000, 2001, 2008, and 2016 to support local harvest.
Furthermore, it facilitated the formation of lakes, wetlands,
and natural vegetation cover. The establishment of safety
levels for this factor was informed by traditional and prac-
tical knowledge (Figure 4g). A depth of up to 1.5 meters
was deemed safe from drought, but posed challenges
due to high salinity for agricultural, construction and road
purposes (Matchanov, 2021). AMGWT was subject to a
number of influencing factors, including proximity to the

Table 4. Safety levels for NDVI
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Tuyamuyun water reservoir, the Amudarya River, density
of main canals, and local agricultural practices. By way of
illustration, the depth ranged from 0.87 to 1.5 metres in
Khorezm and from 3.5 to 5 metres in the vicinity of the
Aral Sea. The Tuyamuyin reservoir, constructed at an eleva-
tion of 130 meters above the sea level, provided irrigation
water for the oasis. The AMGWT, exhibited a decline with
increasing distance from the elevation in question, a phe-
nomenon that can be attributed to anthropogenic influ-
ences. This resulted in a negative correlation between DEM
and AMGWT, as deeper water tables were formed even
below sea level. Furthermore, the AMGWT was manually
lowered around cities like Urgench and Khiva for struc-
tural protection. The safety level for DEM was set using
equal intervals (Figure 4h). The Ustyurt hills, Sulton Uvays
eroded mountains, and some other hills were identified as
safe areas from drought but did not significantly affect the
overall results due to their buffer zone location.

A variety of statistical methodologies exist for the pur-
pose of weight assessment. In this study, weights were
assigned based on field observations, comparative judg-
ment, and expert evaluations. A multitude of weight value
combinations were tested, with adjustments continuing
until the pixel values aligned with field observation data.
The control points consisted of three groups of land areas.
The first group included agricultural fields that consistently
received irrigation water without experiencing shortages
in any given year. These points were initially identified
through a farmer questionnaire on irrigation water avail-
ability. Subsequent field observations, particularly during
drought years, were conducted to verify the data. Once
all first-group control fields were classified within the safe
zone, the final weight value combinations were deter-
mined.

The second group consists of agricultural fields where
irrigation water is available until June in any given year. Af-
ter this month, irrigation water becomes unavailable, and
farmers resort to using groundwater to protect the crops.
However, once groundwater is depleted, the fields are left
fallow during the summer. More than 90% of the high-risk
areas fall into this group.

The third group consists of desert transition and desert
areas, which include the most hazardous and extremely
dangerous regions. Medium and high-risk areas appeared
in an irregular spatial pattern and became evident once
the conditions for the previous three groups were met.
Based on expert evaluations, the following weight values

Safety levels NDVI Description Grades
Safe 0.7-1 Dens and high trees, gardens, shrubs, dens and irrigated agri-fields, 5
: lakes, wetlands, and their surroundings with natural reeds
Dangerous 05-0.7 M|c!—dense apd high trees, gardens, dense shrubs and grasses, 4
agricultural fields
Mid-dangerous 0.3-0.5 Rare and high trees, shrubs and grasses, agricultural fields 3
High-dangerous 0.1-0.3 Very rare trees, shrubs and grasses 2
Extreme-dangerous -0.062-0.1 Almost plantless areas 1
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were assigned: Distance from the river 0.2, canal density
0.18, soil brightness 0.15, LST 0.13, annual groundwater
table 0.11, NDVI 0.09, NDMI 0.08, and DEM 0.06. These
weights were calculated using the weighted overlay equa-
tion (Rahman et al., 2014).
n
Req = i=1Wi X X;,

where R, — drought condition, w; — weight factor of ;
and x; —criterion score of factor ;, and ,, is the total number
of factors. The final result was the drought safety levels
assessment map created and it was given Figure 5.

3.3. Discussions

The safe areas on the left banks of the Amudarya, pro-
tected from drought risk, covered 3746 km2 and mainly
found in the Khorezm 2352.59 km?2 (Table 5). This was due
to anthropogenic factors. Farmers applied greater quanti-
ties of irrigation water, and the soil fertility and quality
scores were higher in this region. This pattern persisted
even during the drought years of 2000 and 2001. The safe
areas within 10 km of the river showed a continuous distri-
bution and extended around the main canals, with only a
small area present in the Karakalpakstan part of the oasis.
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Figure 5. The drought safety levels assessment map of the Khorezm oasis
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Table 5. The safety levels in the drought point of view in the oasis administrative parts

Safety levels Total Karakalpakstan Khorezm Buffer area
Safe 3746.0 1139.15 2352.59 254.26
Dangerous 4644.32 2484.61 1426.19 333.52
Mid-dangerous 5563.77 3974.16 328.59 1261.02
High-dangerous 5486.17 3682.5 62.18 1741.4
Extreme-dangerous 7832.64 2894.51 0 4938.13

Policy and practice implications of the results: The
government exercises control over the designated safe
area, utilising it in a strategic manner for wheat produc-
tion. The implementation of crop rotation with vegetables
could prove advantageous. It would be prudent to restrict
the use of land for residential, commercial, and other pur-
poses, in order to safeguard agricultural lands. This area is
sufficiently expansive to produce the annual wheat harvest
required by the oasis population.

The total dangerous area was 4644.32 km2, with
2484.61 km? situated within the Karakalpakstan portion
of the oasis. This region formed in the southern areas of
the Khorezm region (1426.19 km2). The dangerous region
is prone to drought and is characterised by inconsistent
irrigation water supply, which has resulted in instability.
The lack of an early warning system meant that the region
faced a significant risk of severe drought impacts. Farmers
and dehkans used their lands for agricultural purposes, but
drought typically began after mid-May due to a range of
analysed factors. For instance, in wheat cultivation, mid-
May coincided with winter wheat flowering and a reduc-
tion in river water supply. Water needs were met using
drainage, lakes, and underground sources, which led to
costly harvesting efforts and soil degradation from saline
water. Due to necessity, people accepted these risks.

The implementation of drip irrigation, a common prac-
tice in regions such as Andalusia in Spain is recommended
for the cultivation of apricots, apples, and Elaeagnus L. in
the oasis. While residential, commercial, and other land
use should be permitted, they must adhere to established
restrictions.

A region of Mid-dangerous, spanning 5563.77 km?
was identified, with a significant portion situated within
the Karakalpakstan portion of the oasis. This region was
characterised by sparse vegetation and land utilised for
non-permanent agricultural activities. Only the southern
regions of the Khorezm area exhibited mid-dangerous
encompassing 328.59 km2. These regions were recom-
mended for utilisation in animal husbandry, with regular
scientific monitoring.

High and extremely high dangerous areas were identi-
fied in the buffer zone, the inner sandy regions, and pre-
dominantly in the northern parts of Karakalpakstan. The
areas designated as extreme-high dangerous areas were
situated entirely within the Karakalpakstan region of the
oasis, encompassing a total area of 2894.51 kmZ. The total
high-dangerous area was 5486.17 km?, and 3682.5 km? lo-
cated in the Karakalpakstan region (Table 5). This increase

in dangerous level was linked to the decreasing Amudarya
water levels over the years, which heightened the risk of
drought, as confirmed by previous research (Matchanov
et al, 2016). These areas required ecological protection
and no land-use activities were recommended. The region
was highly vulnerable to desertification, and it was sug-
gested that the population be gradually relocated to more
ecologically stable areas of the country.

4. Conclusions

The oasis has been experiencing drought issues since the
1960s, yet no scientific-based strategies have been devel-
oped by the government to address the negative impacts
of this phenomenon. Furthermore, recent shifts in the geo-
political landscape of Central Asian have prompted altera-
tions in the governance of transboundary river water re-
sources, with the Kushtepa canal in Afghanistan serving as
a case in point. The methodology proposed in this study
for assessing the safety of oases in the event of drought
can be employed to develop more effective plans for their
preparation for such an eventuality.

The indicators examined in this study, along with their
proposed weights were analysed in a variety of combina-
tions. These factors exert a direct influence on one another
in different parts of the oasis at varying levels. However,
the distance from the river and the density of the main
canals were identified as the primary factors influencing
the drought safety levels in the region.

To mitigate the negative impacts of drought, it is im-
perative that early warning systems are developed. This
would assist in optimising the use of agricultural land in
the dangerous areas of the oasis. It is incumbent upon the
government to take immediate action to gradually relo-
cate populations from high-dangerous areas and to imple-
ment more effective management of agricultural activities
in safer zones, with the aim of ensuring food security.
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