FEOJNOris. 2(113)/2026 ~ 83~

UDC 556
DOI: http://doi.org/10.17721/1728-2713.113.11

Moviud TEYMUROV', PhD (Geogr.), Assoc. Prof.
ORCID ID: 0009-0008-2038-2321
e-mail: movlud_teymurov@yahoo.com

Emil JABRAYILOV', Researcher
ORCID ID: 0000-0001-9391-4319
e-mail: emil.jabrayilov@gmail.com

Afag HAJIYEVAZ, PhD (Geogr.), Assoc. Prof.
ORCID ID: 0000-0002-9813-7835
e-mail: afag_hajiyeva@unec.edu.az

"Institute of Geography, Ministry of Science and Education, Baku, Azerbaijan
2Azerbaijan State University of Economics (UNEC), Baku, Azerbaijan
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Background. In arid and semi-arid regions like the Karabakh region of Azerbaijan, the efficient management of scarce
water resources is critically dependent on the natural regulation of river runoff. This process, which ensures a more balanced intra-
annual distribution of water, is traditionally understood to be influenced by climate and surface cover. However, the specific role
of underlying geological structures has often been assessed only indirectly, presenting a significant research challenge. This study
investigates the impact of both geological formations and surface cover characteristics on the natural runoff regulation of rivers
from 1999 to 2024, a period marked by climatic changes and significant landscape alterations.

Methods. An integrated approach combining hydrometeorological data, remote sensing, and GIS technologies was
employed. The study utilized long-term climate data (precipitation, temperature, etc.), satellite imagery (Landsat), and a digital
elevation model. Key methodologies included the application of the NRCS-CN (Natural Resources Conservation Service Curve
Number) method and the calculation of a "natural regulation ratio” (NRR), defined as the ratio of baseflow (Qu) to surface
runoff (Qs). Hydrologic Soil Groups (HSGs) and various indices (NDVI for vegetation cover, BSI for bare soil) were analyzed to
characterize land use/land cover (LULC) and its changes. The analysis focused on comparing river basins with similar climatic and
morphometric characteristics but differing geologies.

Results. The study confirmed that geological structure is a key factor in the rivers feeding. Rivers flowing through the highly
water permeable, fractured volcanic rocks of the Karabakh Plateau exhibited high NRR values (often above 1.0), with baseflow
(groundwater flow shares) exceeding 50 %. In contrast, rivers in the south, underlain by impermeable rocks, showed very low NRR,
with surface runoff dominating (70-90 % of rivers total flow). Overall, the regional average NRR was 0.97, indicating a near-equal
balance between surface and subsurface flow sources. However, a negative trend was observed: over the 25-year period, landscape
changes driven by aridification and reduced vegetation cover led to surface consolidation. This caused a 11.4 % decrease in initial
abstraction parameter (flow-forming potential of precipitation) and a 4.79 % decline in the regional NRR, signaling a reduction in
natural regulatory capacity.

Conclusions. Thefindings conclusively demonstrate that the geological foundation is a decisive controller on the natural
regulation of river flow in arid regions. The presence of fractured, permeable rocks facilitates high infiltration and substantial
subsurface flow, creating a natural reservoir that ensures water availability during dry periods. Consequently, assessing the
geological context is essential for effective water resource management planning. The identified decline in the natural regulation
ratio underscores the vulnerability of these water systems to ongoing climate change and land degradation. For rivers with
inherently low regulation, artificial measures like reservoir construction remain necessary. This study provides a critical framework
for prioritizing water management strategies based on a basin's specific hydro-geological characteristics.

Keywords: geological structure, land cover, river runoff regulation, baseflow, infiltration rate, initial abstraction.

Background

Global climate change and anthropogenic pressures are
leading to a progressive decline in the world's freshwater
resources (Mishra, 2023; Sivakumar, 2011). This
necessitates more efficient utilization and continuous
assessment of these vital supplies. A more acute reduction
in river water resources is observed in arid and semi-arid
regions (Wang et al.,, 2024), including the Republic of
Azerbaijan, where river flow constitutes the primary source
of water reserves. In arid regions, the scarcity of water is
compounded by the intra-annual uneven distribution of river
discharge, which creates additional challenges (El Kenawy,
2024). For instance, during the spring months when rivers
experience their highest discharge, water demand is
relatively low, and a significant volume of water often flows
unused without being stored. Conversely, the peak water
demand occurs during the summer irrigation season.
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However, during this critical period, water scarcity emerges
in the majority of rivers, with many even drying up completely
(Ministry of Ecology of Azerbaijan, 2021). Therefore, the
regulation of river flow is of paramount importance for the
integrated management of water resources (Ciampittiello,
Marchetto, & Boggero, 2024).

The regulation of river flow, meaning the relatively even
distribution of discharge throughout the year, is a very
important factor for the efficient use of their resources
(Nilsson et al., 2005). In Azerbaijan, the most extensive
consumer sector for river water is agriculture. Approximately
70-75 % of river water is used for irrigation farming.
However, during the intensive irrigation period (June-
August), only a small portion (15-21 %) of the annual flow of
most rivers occurs. In the spring months, a much larger
share of the flow, often 25-45 %, is utilized. Another
negative trend observed over the last 20 years is the overall

© Teymurov Movlud, Jabrayilov Emil Hajiyeva Afag, 2026



~ 84 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

decrease in precipitation and runoff during the warm months
(spring—summer) by up to 2.5-4 % relative to the annual
indicator (Makhmudov et al., 2024).

Consequently, a significant disparity arises between river
discharge and water demand during the consumption period
in arid regions. This necessitates additional interventions to
regulate river flow. The most viable approach for managing
river water is the artificial regulation of flow through the
construction of on-stream or off-stream reservoirs (Tonkin,
& Death, 2014). However, the construction of reservoirs not
only requires substantial financial investment but can also
lead to land submergence, salinization, and other
ecogeographical issues. Therefore, the parallel assessment
of the natural regulation of river flow is a highly important
procedure from both ecological and economic perspectives.

The primary indicator of natural river flow regulation is a
high proportion of groundwater in their recharge (Wang et
al., 2015). In rivers predominantly fed by surface waters (rain
and snow), the intra-annual distribution of flow exhibits
considerable variation. During spring and autumn, when
water demand is low, 60-70 % of the river's annual
discharge can occur. Furthermore, this flow is primarily
formed from surface (rain and snowmelt) sources.
Conversely, a higher share of groundwater contribution
leads to a more naturally balanced distribution of flow
throughout the year. The role of groundwater in river
discharge is manifested primarily in its natural regulatory
function, whereby it acts as a source of sustenance for the
river during dry periods. This creates favorable conditions for
the utilization of water resources in arid agricultural regions
where water demand is high.

Our research has determined that the geological
structure of a territory is a fundamental factor in the natural
regulation of river flow. Rivers within basins dominated by
fractured and porous rocks exhibit a high degree of natural
regulation. Conversely, the impermeability of the surface
cover plays a negative role in flow regulation. Specifically, in
areas with rich vegetation, the high water retention capacity
activates infiltration processes, thereby increasing the
natural regulation of the flow. In contrast, climate aridification
reduces vegetation density and accelerates land
degradation, which in turn increases surface impermeability.
Against a backdrop of declining precipitation, this conditions
the conversion of rainfall primarily into surface runoff.
Consequently, a weakening of infiltration and the natural
regulation process is observed.

The assessment of natural flow regulation holds
significant economic and ecogeographical importance. It can
yield effective results not only for the efficient use of river
water resources but also for the preservation of ecological
flow, agroclimatology, the determination of irrigation norms,
the construction of reservoirs, and other related fields.
Monitoring of main environmental components affecting
rivers groundwater feeding in the Karabakh region of
Azerbaijan allows assessing changes in the volume of water
resources and contributes to the prevention of emergencies.
The results obtained are also effective in terms of more
efficient use of water resources, especially in terms of
meeting the needs of irrigated agriculture, which is the main
area of water consumption in the Karabakh region.

Methods

The research methodology accounted for the influence
of the primary components shaping the land (soil) cover in
the study area. Input data were collected from satellite
imagery, a digital elevation model (DEM), and
hydrometeorological observation data spanning the period
1999-2024. For areas lacking direct observation stations,
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climate and river flow data were reconstructed using
interpolation, inverse distance weighting, and spatial
analogy techniques (Makhmudov, & Teymurov, 2024).

The hypsometric characteristics of the territory —
including elevation, slope degree, and aspect — were
analyzed using the DEM. Morphometric indicators, such as
river lengths, basin areas, flow direction, horizontal and
vertical surface fragmentation, and river network density,
were derived using the Surface, Density, and Hydrology
toolkits within ArcGIS software.

Fragments of Landsat-7 and Landsat-8 multispectral
satellite imagery were used to classify different landscape
types, soil-vegetation cover, and moisture conditions.
Vegetation indices (NDVI, SAVI) and the built-up index
(NDBI) were applied to the predominant land use and land
cover (LULC) types within the river basin to determine
vegetation cover density (Rianti, & Sari, 2024).

Soil cover analysis was conducted by integrating
normalized difference soil indices, specifically the Bare Soil
Index (BSI) and a normalized difference index for soil
erosion (NDBal). These indices are critical for determining
the level of soil degradation (Mammadov et al., 2025;
Nguyen et al., 2021).

Furthermore, The National Atlas of the Republic of
Azerbaijan was referenced for data on the soil's granular
composition and the geological structure of the study area
(National Atlas of the Republic of Azerbaijan, 2014).

To assess the heat-moisture regime of the area, several
indices were analyzed, including the Normalized Difference
Water Index (NDWI), the Normalized Difference Moisture
Index (NDMI), the Normalized Difference Drought Index
(NDDI), and Land Surface Temperature (LST).

The research methodology incorporated the scientific
and theoretical foundations of several leading global hydro-
pedological methods for studying land cover. Specifically,
the Ponce-Shetty, Lvovich, SCS-CN, and Rational methods
were employed (Gnann, Woods, & Howden, 2019; Hawkins
et al., 2020; Lvovich, 1974; Wang, Liu, & Yang, 2012).

The Rational Method and the NRCS-CN (Natural
Resources Conservation Service Curve Number) method
are considered among the most popular and effective
approaches for assessing soil-water relationships in a given
area (Makhmudov et al., 2025).

The Rational Method is widely used to estimate the rate
of precipitation conversion into surface runoff. Rational
(surface) runoff coefficients are variable quantities,
influenced by a range of runoff-forming factors. Key
determinants often include precipitation intensity, basin area
and slope, various landscape types, and soil infiltration
coefficients.

The NRCS-CN method is a fundamental model applied
to estimate both surface runoff and infiltration levels. The
methodology incorporates several critical parameters for
analyzing the influence of an area's geological structure on
runoff formation. These include initial abstraction, soil
moisture content, maximum soil retention, Hydrologic Soil
Groups (HSGs), and other components.

1) Maximum Soil Retention (S, mm) represents the
soil's maximum water retention capacity under specific
physio-geographical conditions. The relationship between
this parameter, precipitation (P, mm), and surface runoff
(Q, mm) is expressed as:

S=5x[P+2Q - (4Q? + 5PQ)"%2 ] (1)

2) Initial Abstraction (la, mm) is the portion of rainfall lost
before runoff begins, primarily to soil wetting. In other words,
it is the volume of water from a rainfall event consumed by
losses such as infiltration, evaporation, interception by
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vegetation, and depression storage, which does not contribute
to surface flow (Teymurov, 2022). This parameter is
functionally related to the maximum retention (S) by:

la=AS (2)

Here, A is an abstraction coefficient, a variable quantity
that is inversely proportional to the antecedent moisture
condition.

3) Actual Soil Moisture Content (F, mm) is the actual
volume of water stored in the soil under current conditions.
It is calculated using the water balance equation:

F=P-Q-la (3)

4) Hydrologic Soil Groups (HSGs) are a classification
system that indicates a soil's potential to generate surface
runoff based on its infiltration capacity and granular
composition. According to the USDA-NRCS classification,
soils are categorized into four main groups (A, B, C, D).
There is a clear tendency for infiltration rates to decrease
and surface runoff potential to increase from group A (lowest
runoff potential) to group D (highest runoff potential)
(Nielsen, & Hjelmfelt, 1998; Ross et al., 2018).

The study of HSGs within the process of assessing
infiltration and flow regulation allows for obtaining more
effective and accurate results.

For the delineation of HSGs, the Soil Texture Triangle
is applied, defining twelve distinct soil codes based on
mechanical composition: sand (S), loamy sand (LS), sandy
loam (SL), loam (L), silty loam (SiL), silty (Si), sandy clay
loam (SCL), clay loam (CL), silty clay loam (SiCL), sandy
clay (SC), silty clay (SiC), and clay (C).

Given that infiltration is primarily governed by the relative
proportions of sand and clay, their percentages serve as the key
transitional criteria between these soil codes and the broader
HSGs. The classification is as follows: Group A: Sand > 50 %,
Clay: 0—-10 %; Group B:Sand: 20-50 %, Clay: 10-20 %;
Group C: Sand: 40-60 %, Clay: 2040 %; Group D: Sand:
20-30 %, Clay: 40-60 % (Dewangan et al., 2023).

Table 1 (USDA, & NRCS, 2009) presents key
hydrogeological characteristics for the different soil
mechanical composition codes according to this

classification system.

Another important aspect included in the USDA soil
classification is the estimation of the infiltration capacity of
soils based on their granular texture, different slope degree,
and moisture content (Table 2).

Table 1
Hydrogeological characteristics of hydrologic soil groups (HSGs) (USDA-NRCS classification)
. I Infiltration level
HSGs Soil codes Porosity, % mmibr Rate
A S, LS, SL 43.7-45.3 >7.62 Very high
B SiL, L 46.3-50.1 3.81-7.62 High
C Si, SCL 39.8-48.2 1.27-3.81 Moderate
D SiCL, CL, SC, SiC, C 43.0-47.9 0.00-1.27 Low
Table 2
Changes in infiltration capacity depending on the granulometric composition of soils
Percent of slope
Soil texture types 0-4% | 5-8 % [ 8-12% | 12-16 % | Over 16 %
Infiltration rate, inches/hour
Coarse Sand 1.25 1.00 0.75 0.50 0.31
Medium Sand 1.06 0.85 0.64 0.42 0.27
Fine Sand 0.94 0.75 0.56 0.38 0.24
Loamy Sand 0.88 0.70 0.53 0.35 0.22
Sandy Loam 0.75 0.60 0.45 0.30 0.19
Fine Sandy Loam 0.63 0.50 0.38 0.25 0.16
Loam 0.54 0.43 0.33 0.22 0.14
Silt Loam 0.50 0.40 0.30 0.20 0.13
Silt 0.44 0.35 0.26 0.18 0.11
Sandy Clay 0.31 0.25 0.19 0.12 0.08
Clay Loam 0.25 0.20 0.15 0.10 0.06
Silty Clay 0.19 0.15 0.11 0.08 0.05
Clay 0.13 0.10 0.08 0.05 0.03
Results minimal differences in their formative climatic and other

Investigating the influence of an area's geological
structure on runoff formation is considered one of the most
challenging research areas compared to other factors. In
traditional studies, the impact of geological structure on the
water balance was assessed only indirectly (Rustamov, &
Kashkay, 1978). The most original research method for
studying this influence involved comparing rivers with

physio-geographical factors, as well as the morphometric
indicators of their basins, but with significant differences in
their flow quantities. A comparison of the flow quantities of
two river basins (the Zabukh and Shamkir rivers) located in
the Karabakh region, which have approximately similar
physio-geographical and morphometric characteristics, was

conducted and is presented in Table 3.

Table 3

Comparison of selected physio-geographical and morphometric indicators of the Zabukh and Shamkir Rivers

Rivers Basin area, km? Mean Elevation, Precipitation, Evaporation, Fores_t _Coveir Slope,%
m mm mm Coefficient, %
Zabukh 896 1970 670 376 28 47
Shamkir 922 1897 650 374 25 48
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As evident from the table, the quantitative indicators of
the most important factors influencing runoff formation are
similar for both rivers. However, their flow quantities and the
proportions of surface and subsurface flow components
differ significantly.

The average annual runoff layer was 348 mm for the
Zabukh River and 294 mm for the Shamkir River. The
extensive distribution of fractured volcanic rocks within the
Zabukh River basin has created a substantial disparity in the
ratio of its surface-to-subsurface flow components, favoring
the latter. Specifically, the subsurface flow contribution was
53 % in the Zabukh River, compared to only 42 % in the
Shamkir River. Consequently, the infiltration rate was
approximately 45 L/day in the former, compared to just
36 L/day in the latter.

Fragment 168-32

01530 60 90 120
SOOI <

Karabakh
region

Modern hydrological approaches, combined with the
capabilities of remote sensing and GIS technologies, have
enabled a more in-depth study of an area's geological and
geomorphological structure. The geological structure of a
territory is of great importance for the more efficient
utilization of water resources, particularly from the
perspective of river feeding sources.

The influence of the geological structure and surface
cover on river flow was assessed using the Karabakh region
as a case study. This region is distinguished by its complex
geological and geomorphological structure, even within
Azerbaijan. The total area of the study region is 13,736 km>.
For the analysis, the geospatial coverage was defined by
fragments of Landsat satellite images with path/rows 188—
032 and 168-033 (Fig. 1).

Fig. 1. Location of the study area within the Republic of Azerbaijan and on satellite image fragments

The research process was carried out according to the
following sequence:

e Climate data (precipitation, temperature, humidity
coefficient, etc.) for the study area for the period 1999-2024
were collected from hydrometeorological observation
stations.

e The hypsometric and morphometric components of
the study area were assessed.

e Monitoring of changes in Land Use/Land Cover
(LULC) types, soil, and vegetation cover was conducted
using remote sensing data and GIS technologies.

¢ The spatial distribution of runoff across the basin was
calculated by applying runoff and infiltration coefficients.

e The spatial distribution and temporal variability of
components determining the area's moisture content and
infiltration levels were identified for the study period.

e Data for all components across the river basin were
integrated into a GIS database, and inter-component
relationships were analyzed.
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e The proportions of surface and subsurface flow
contributions to the rivers were estimated using ArcGIS
computational, comparative, and statistical software tools.

The processing phase encompassed every distinct
combination of these components. Consequently, the
moisture levels were refined according to various
component scenarios. The variability of runoff and infiltration
coefficients from precipitation for different moisture levels
(humid, dry, and average multi-annual periods) within
selected LULC types is presented in Table 4.

The validation of the assessment has also proven
successful. For over 30 river basins with diverse physio-
geographical conditions in the Karabakh region, the error
between the actual and the newly calculated surface and
subsurface flow components was within 10 % in 84 of cases,
and between 10-18 % in the remaining instances. This
indicates a high reliability of the obtained results. The results
we obtained using remote sensing methods and GIS
technologies were also compared with the results of
previous studies conducted in similar areas using traditional
methods and were completely justified (Imanov, &
Alakbarov, 2014; Aliyev, 2000).



FEONOris. 2(113)/2026

~ 87 ~

Table 4

Distribution of runoff and infiltration coefficients from precipitation under three moisture conditions

(I: humid period, II: dry period, lll: average multi-annual period)
LULC HSG Situation Surface runoff coefficient Infiltration coefficient
| 0.11 0.55
A Il 0.10 0.39
1l 0.085 0.295
| 0.14 0.51
B Il 0.13 0.34
1l 0.10 0.26
Forests and gardens I 016 047
(¢} 1] 0.14 0.31
1l 0.115 0.215
| 0.20 0.41
D 1] 0.17 0.27
11l 0.125 0.185
| 0.18 0.46
A Il 0.17 0.33
11l 0.145 0.255
| 0.22 0.38
B Il 0.20 0.27
Cultivated areas 1l 0.15 0.22
| 0.27 0.28
(¢} 1] 0.24 0.21
11 0.165 0.175
| 0.32 0.25
D 1] 0.27 0.17
1l 0.175 0.125
| 0.67 0.10
A Il 0.16 0.06
11l 0.075 0.075
| 0.68 0.08
B Il 0.185 0.045
Semi-deserts and dry 11 0.0825 0.0325
steppes | 0.70 0.06
(¢} 1] 0.205 0.035
11 0.09 0.11
| 0.72 0.05
D 1] 0.22 0.03
1l 0.086 0.011

When mapping the main components influencing
groundwater flow, an entirely new approach was applied for
interpolating and extrapolating hydrometeorological data. In
ArcGIS, the maps of key components were reclassified,
integrated through overlay analysis, and compared with
runoff indicators. The combination of components via
overlay and the assessment of their interactions represent
an innovative methodological contribution to geoinformation
mapping. Figures 2 and 3 display the most critical factors
determining infiltration intensity and subsurface flow

LEGEND
Precipitation, mm

LEGEND
Hydrologic Soil Groupes
(HSG)
B
=-C
=D

formation in the Karabakh region. Fig. 2 illustrates the river
network and land cover (LULC) characteristics of the study
area, whereas Fig. 3 highlights the principal climatic and
hydrogeological drivers affecting both surface and
subsurface river flow.

The trends in soil and vegetation cover, landscape
changes, water resources, and the key climatic factors
influencing them within the Karabakh territory from 2000 to
2023 are presented in Table 5.

LEGEND
Infiltration coefficiont s 0,18
) -0,185
0,125 -02
013 =021
=014 -0215
=015 -022
-0,17 -024
-0,175

Fig. 2. Key climatic and hydrogeological components influencing subsurface flow formation in the rivers:
1 — Precipitation; 2 — Hydrologic soil groups (HSG); 3 — Infiltration coefficient
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Fig. 3. Rivers network (1) and LULC (2) components of the Karabakh region

Table 5

Changes of hydrometeorological and land cover components in 1999-2024

Study subjects 1999 2024 Difference, %
Air temperature, °C 8.26 9.03 +8.53
Atmospheric precipitation, mm 579.3 528.7 -7.08
Potential evapotranspiration, mm 778.4 849.5 +8.46
Actual evaporation, mm 420.5 382.0 -9.16
Air humidity coefficient 0.744 0.622 -16.4
Factual soil moisture, mm 196.3 171.9 -12.4
Initial abstraction 268.9 304.1 +11.6
Maximum soil water retention, mm 1043.2 1119.7 +6.83
Area of dense vegetation cover, km? 2251.3 1919.1 -14.8
Areas with poor infiltration capacity (HSG "D"), km? 6119.4 6623.3 +7.61
Areas with high surface runoff, km? 1850.2 1453.7 -21.4
Surface runoff coefficient 0.1322 0.1215 -8.13
Infiltration coefficient 0.1351 0.1182 -12.5
Ratio of infiltration to surface runoff 1.022 0.973 -4.79

The changes observed in both climate and surface cover
from 1999 to 2024 have been unfavorable for the natural
regulation of river flow. Negative shifts in climatic parameters
have further consolidated the surface layer, adversely
affecting soil moisture and infiltration processes. During this
period, the actual water retention capacity of the soils
decreased by 12.4 %, while the maximum retention potential
increased by 6.83 %. Furthermore, a decrease of 11.6 % was
observed in the initial abstraction parameter, which is critical
for determining the runoff and infiltration potential of the area.

Landscape types and vegetation density also
significantly influence infiltration and the natural regulation of
rivers. Landscapes with dense vegetation cover, such as
forests and meadows, slow down the conversion of
precipitation into surface runoff through root systems and
enhance infiltration. Conversely, in areas deprived of or poor
in vegetation — such as deserts, semi-deserts, dry steppes,
nival and subnival zones, and badlands - the impermeability
of the surface weakens the infiltration process (Antoneli,
Thomaz, & Bednarz, 2019; Zhu et al., 2022).

Between 1999 and 2024, significant landscape
transformations occurred in the Karabakh region under the
influence of climate change and human activity. This is
particularly evident in the reduction of areas with dense
vegetation cover, such as subalpine and alpine meadows,
which decreased by 13.4 %, and forests, which saw a 15.5 %
reduction. Conversely, areas characterized by semi-desert
and dry steppe landscapes increased by 12.4 %, while
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unproductive lands and badlands expanded by 13.3 %.
Overall, these land use and land cover (LULC) changes have
led to a further consolidation of the region's surface layer and
a weakening of its infiltration capacity. In this process, the
military landscapes (belligerative) created as a result of the
prolonged conflict have also had a notable impact.

The distribution of the ratio between surface and
subsurface flow for the rivers in the Karabakh region over
the average multi-annual period covering 1999-2024 is
presented in Table 6.

In most rivers, the surface flow component typically
predominates over the subsurface contribution. The ratio of
subsurface flow to surface flow (k=Qu/Qs) is considered an
indicator of a river's natural regulation. The higher this value,
the more naturally regulated the flow is considered. A natural
regulation index of k=1.0 indicates highly regulated flow, a
value between 0.5-1.0 indicates moderate regulation, and a
value of 0.5 indicates poorly regulated flow.

As can be seen from Table 6, the subsurface flow
contribution in most of the largest and most abundant rivers
of the Karabakh region (e.g., Tartar, Hakari, Bazar) and their
tributaries (e.g., Tutgun, Turagay, Zabukh) is either greater
than or approximately equal to the surface flow contribution.
This is related to the fact that the formation areas of these
rivers are largely situated within the Karabakh volcanic
plateau, which is predominantly composed of fractured rocks
(Mukhtarov et al., 2015).
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The level of surface and underground feeding of major Karabakh rivers (with %)

Rivers Catchment Precpitation, Runoff Surface runoff, Baseflow, Ratio
area, km? mm coefficient Qs, mm Qu, mm Qu/Qs

Tartar 2650 623.4 0.4135 46.0 54.0 1.174
Levchay 367 764.5 0.5932 50.4 49.6 0.984
Tutgun 522 617.1 0.4426 46.2 53.8 1.165
Turagay 172 728.7 0.6751 44.3 55.7 1.257
Khachin 657 547.2 0.2918 54.1 45.9 0.848
Qargar 1490 413.1 0.1925 70.0 30.0 0.429
Kondelen 536 432.6 0.1107 71.6 28.4 0.397
Quruchay 512 478.6 0.1928 62.6 374 0.597
Bazar 2711 587.3 0.3418 47.3 52.7 1.114
Hekeri 2570 602.2 0.3223 42.2 57.8 1.369
Zabukh 527 689.3 0.4471 474 52.6 1.109
Okhchu 1175 594.7 0.2443 50.7 49.3 0.972
Besit 354 536.2 0.1745 48.3 51.7 1.071
Bartaz 33.5 471.8 0.1332 56.3 43.7 0.776
Injachay 351 453.3 0.0814 74.9 251 0.335
Chaylak 190 461.1 0.1036 75.7 24.3 0.321
Chakmakh 110 376.3 0.0462 70.0 30.0 0.428
Jebrail 78.3 403.6 0.0579 86.4 13.6 0.157
Qozlu 99.8 382.7 0.0843 77.3 22.7 0.297
Chereken 134 352.1 0.0628 715 28.5 0.398
Garasu 168 326.4 0.0389 80.6 19.4 0.241
Khanashin 234 411.2 0.0743 80.2 19.8 0.247
Qabart 96.8 544.3 0.1808 60.1 39.9 0.663
Karabakh 13736 541.5 0.2633 50.7 49.3 0.972

The high porosity of the widespread rocks in this area
increases the proportion of precipitation allocated to
infiltration. This water subsequently contributes to the river's
total discharge, facilitating natural regulation. A significant
portion of rivers with a natural regulation index above 0.4 are
also located in areas dominated by rocks with high water-
conducting properties.

In contrast, rivers flowing through the southern and
southwestern parts of the Karabakh region (e.g., Injachay,
Chaylag, Chakhmagq, Jabrayil) generally exhibit very low k-
values. The headwaters of these rivers are situated
significantly downstream from the fractured rocks of the
volcanic plateau. Their basins lie in an arid climate zone
where 65-85 % of precipitation is lost to evaporation. Due to

m Turagay @

Levchay

the prevalence of impermeable and non-porous rocks, the
remaining precipitation (20-30 %) contributes primarily to
surface runoff. In these rivers, surface runoff often
constitutes 70-80 %, and sometimes up to 90 %, of the total
discharge. The poor regulation of flow, coupled with the fact
that many of these rivers dry up in summer, creates
additional challenges for utilizing their water resources.
Consequently, artificial regulation of river flow is prioritized
here, typically achieved through the construction of on-
stream or off-stream reservoirs.

Figure 4 provides an example of three rivers in the
Karabakh region (Turagay, Levchay, and Khanashin) that
exhibit distinct differences in their subsurface flow
contributions.

@ Khanashin

m Surface runoff = Baseflow

u Surface runoff

= Baseflow m Surface runoff = Baseflow

Fig. 4. Distribution of surface and subsurface flow for selected characteristic rivers

As llustrated in Figure 3, the subsurface flow
contribution to the Turagay River's discharge is higher than
its surface flow component. This is primarily related to the
dominance of fractured volcanic rocks within its basin. While
the Levchay River basin is situated at a high elevation,
leading to a significant contribution from snow and rain, it
also features extensively distributed, highly permeable rocks
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that promote substantial infiltration. Consequently, the
contributions of surface and subsurface flow to the
Levchay's discharge are approximately equal. In contrast,
the Khanashin River, representing rivers that flow primarily
through low-lying plains, exhibits virtually no natural
regulation. As shown, surface runoff constitutes over 80 %
of its total discharge.
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Discussion and conclusions

The research has established that the geological structure
of a territory plays a crucial role in river flow composition.
Specifically, rivers' draining areas with highly permeable rocks
exhibit a greater subsurface flow component. This, in turn,
creates favorable conditions for the natural regulation of river
discharge. Significant variations in flow sources are observed
among rivers across different parts of the Karabakh region.
Despite this, the overall natural regulation index for the study
area was calculated at 0.97. This indicates that surface and
subsurface contributions to the total flow of the region's rivers
are approximately equal. Rivers originating from the Karabakh
volcanic plateau, where fractured rocks are widespread,
demonstrate a high degree of natural flow regulation. In the
majority of these rivers, the subsurface flow contribution
exceeds the surface flow.

In addition to geological structure, the character of the
surface cover also significantly influences the natural
regulation of river flow. In areas with impermeable surfaces,
the rate of precipitation spreading over the basin increases,
consequently weakening flow regulation. During the study
period (1999-2024), a trend of climatic aridification and
vegetation thinning has led to a further consolidation of the
surface cover in the Karabakh region. As a result, the initial
abstraction (the potential for precipitation to generate runoff)
decreased by 11.4 %, and the natural regulation index (the
ratio of infiltration to surface runoff) declined by 4.79 %.
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"IHcTUTYT reorpadii, MiHicTepcTBo Hayku Ta ocsitu, Baky, Asep6aimkaH
2A3epbanaxaHCcbKuil AepxaBHUN eKoHOMiYHMIA yHiBepcuTteT (UNEC), Baky, Asep6aingxaH

BMJIMB MNOKPUBY 3EMJI TA FEONIOMNYHOI CTPYKTYPU HA MPUPOAHE PEMYNIIOBAHHSA PIYKOBOIO CTOKY

BcTyn. Y nocywnueux ma Hanienocywnueux pezioHax, makux sik Kapabacbkuli pezioH A3ep6alioxaHy, egpekmueHe ynpaeniHHs degiyum-
HUMU 800HUMU pecypcaMu Kpumu4Ho 3anexums 8i0 npupodHo20 pe2yrio8aHHs1 piykogoz2o cmoky. Ljel npouyec, sikuii 3abe3neyye 6inbw 36anaHco-
8aHull éHympiwHbopiYyHUl po3nodin eodu, mpaduyiliHo esaxkaecsi makum, Ha siKuli eniuearoms KiiMmam i noeepxHeeaul nokpue. OAHak cneyugiyHa
POJIb 2€0/102i4HUX CMPYKMYP, WO Jiexxamb 8 0CHO8I, Yacmo oyiHrogasnacs suwe ornocepedKoeaHo, W0 CmaHo8umMb 3HaYyHUl 8UKNUK Onsi docli-
OxeHHs1. Lje docnidxeHHs1 aHani3ye ennue sk 2eono2iyHUX ¢hopmayili, mak i xapakmepucmuk MoeepxHee8o20 MoKpuey Ha NPUpPoOHe pe2ysIto8aHHs
piukosoao cmoky 3 1999 no 2024 poku — nepiod, No3HavyeHUl KliMamu4YyHUMU 3MiHaMu ma 3HaYyHUMU 3MiHamu naHowagmy.

MeToau. Byno eukopucmaHo KOMIIEKCHUU nidxid, wjo noedHye 2iopomemeoposio2iyHi daHi, daHi ducmaHyiliHo2o 30HOyeaHHs1 3emsii ma
rIC-mexHonoeii. [JocnidxeHHsi rpyHmMyesanocsi Ha 30820CmMpPOKO8UX KiliMamuyHux daHux (onadu, memnepamypa), cynymHukosux 3Himkax (Landsat)
ma yugppoeiii modeni penvegy. Knroyuoeumu memodukamu 6ynu 3acmocyeaHHsi Memody NRCS-CN (Natural Resources Conservation Service Curve
Number) ma po3paxyHok koegiyicHma npupodHozo pezyntoeaHHsi (NRR), eusHa4yeHo20 sik crnieeiOHOWeHHs1 nid3eMHo20 6a3oeo2o0 cmoky (Qu) do
noeepxHeeo2o cmoky (Qs). lFidponoziyxi 2pynu rpyHmie (HSGs) ma pi3Hi iHdekcu (NDVI dns pocnuHHocmi, BSI dnsi oeconeHozo rpyHmy) aHanizyea-
nucs 0ns xapakmepucmuku eudie 3eMHO20 MoKpuey ma ix 3MiH. AHani3 3ocepedxyeaecsi Ha NopieHsIHHI piYkoeux b6aceliHie i3 cxoxumu Knimamuy-
HUMU ma MopghoMempuUYHUMU XapaKkmepucmuKamMu, ase Pi3HOIo 2e0J102i€r0.

Pe3ynbTarTtu. fJocnidxeHHss nidmeepdurso, wo 2eono2iyHa cmpykmypa € nepuioyep208UM YUHHUKOM. Piuku, wjo dpeHyroms mpiuyuHysami
synkaHi4Hi nopodu Kapabacbkozo ninamo, deMoHcmpyseanu eucoki 3Ha4yeHHs1 NRR (vacmo noHad 1,0), npu4oMy eHecokK nid3eMHO20 CMOKy csi2ae
53 %, a weudkicmb iHhinbmpayii cmaHosuna ~45 n/0o6y. Ha npomueazy ybomy, piyku Ha nigdHi, Wo sexxamb Ha 8000HENPOHUKHUX Nopodax, rno-
ka3anu dyxe Husbkuli NRR, i3 nepesaxaHHsIM nosepxHeaoao cmoky (70-90 % 3a2anbHo20 cmokKy). 3a2aniom cepedHbopezioHanbHUl nokasHuk NRR
cmanoeue 0,97, wo eka3ye Ha Malbxe pieHoga2y MiX noeepxHeeuMu ma nidzeMHUMu Axepenamu cmoky. OOHaK cnocmepizanacsi HecamueHa MeH-
OeHuyisi: npomsizoM 25-pi4Ho20 nepiody 3miHu naHOwaghmy, cnpuvuHeHi apududpikayicro ma 3MeHWeEHHSIM POCJSIUHHO20 MOKpusy, npu3eesiu 60 KOH-
conidauyii nosepxi. Lje cnpu4uHuio 3MeHwWeHHs1 nomeHyiany noyamkoeoi abcmpakuii Ha 11,4 % ma 3HwkeHHs pezioHanbHo20 NRR Ha 4,79 %, wo
c8i04Yumb npPo 3MeHWeHHs1 NMPUPOOHOI peaynrogasnbHOI 30amHocmi.

BucHoBKM. Pesynbmamu ocmamo4yHo GeMOHCMpPYomb, WO 2e0s102i4Ha OCHO8a € 8UpiwanbHUM YUHHUKOM NpupodHO20 pe2ynto8aHHs pi-
4KO08020 CMOKY 8 apudHuUX pezioHax. HassieHicmb mpiujuHyeamux, MPOHUKHUX MOPId crnpusie 8ucokil iHghinbmpayii ma 3Ha4HOMy nid3eMHOMY CMOKY,
cmeoproro4u npupodHe cxosuuie, sike 3abesneyye HasisHicmb eodu 8 nocywnuei nepiodu. Omxe, oyiHKa 2e0/102i4H020 KOHMeKcmy € Heob6XiOHOHo
onsi egpekmueHO20 niaHyeaHHsi 00HUX pecypcie. BusieneHe 3HUXeHHs1 KoeghiyieHma npupodHo20 pez2yrntoeaHHs1 NiOKpectoe epasnugicms Yux
800HUX cucmeM G0 mpueasnux 3MiH Knimamy ma dezpadauii 3emenn. [Qns pidok i3 epPOOKeHO HU3LKUM pe2ysIroeaHHsIM WmMmy4Hi 3axo0u, maki siK
6ydieHuymeo eodocxoeul, 3anuwaromscsi HeobxiOHumu. Lje docnidxeHHs1 Hadae KPUMUYHO 8aXK/lugy ocHoey Onsi npiopumu3ayii cmpameeitl yn-
passiHHS1 800HUMU pecypcamu Ha OCHO8I crieyugidyHuUx 2i0po2eosio2iYHuUX xapakmepucmuk 6acelHy.

Knio4yoBi cnoBa: e2eosoeivHa cmpykmypa, nokpue 3emsi, peaynoeaHHsi pi4ykoeo20 cmokKy, 6aszoeull cmik, weudkicmb iHghinbmpaui,
noyamkoea abcmpakuisi.
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