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Summary. This study applies a CFE model and Geospatial Analogue Transfer (GAT) technology
to assess ecogeographical and ecotourism conditions in Azerbaijan. Based on the heat-moisture princi-
ple, the CFE model partitions annual precipitation among surface runoff, effective infiltration, and ac-
tual evapotranspiration. The infiltration—evapotranspiration ratio is used to characterise landscape mois-
ture conditions, potential biological productivity, and ecosystem resilience. GAT transfers indicators
from reference areas to poorly studied areas with comparable environmental conditions. Hydrometeor-
ological, soil, land-cover, and terrain data from more than 70 measurement and monitoring sites were
Keywords: ecosystem resili- integrated in a geographic information system to estimate the CFE coefficients and examine relation-
ence, CFE model, Geospatial ships among environmental components. The approach was also used to assess landscape changes and
Analogue Transfer, landscape | distinguish areas requiring further investigation of possible anthropogenic impacts. Validation across
transformation, ecotourism, approximately 70 catchments yielded coefficients of determination (R?) of 0.74-0.93 and Nash-Sut-
Azerbaijan cliffe efficiency (NSE) values of 0.62—0.77. Application to the Nakhchivanchay catchment for 1999
2024 revealed contrasting spatial responses to climatic and anthropogenic influences, including sub-
stantial differences in vegetation cover, soil degradation, infiltration, evapotranspiration, and “green
water” resources. The combined CFE and GAT approach provides a quantitative basis for assessing
landscape resilience and recreational carrying capacity, identifying potential ecological corridors, and
informing the conservation and sustainable management of natural landscapes and ecological heritage.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

The acceleration of global climate change and growing anthropogenic pressures have increased the need
for methods that can assess ecosystem resilience. Resilience depends not only on a landscape’s morphological
and biological characteristics but also on the quantitative properties of its hydrothermal resources, particularly
the moisture cycle (Piao et al., 2020). Conventional macroclimatic indices based on temperature and precipi-
tation describe an area’s overall conditions but provide limited insight into changes at the micro-landscape
scale, such as reduced soil infiltration or changes in vegetation’s use of “green water”.

The CFE model examines how precipitation is distributed among surface runoff, infiltration and evapora-
tion, providing a basis for assessing the functional and dynamic state of landscapes (Makhmudov et al., 2023;
Teymurov et al., 2026). In particular, the f/e (infiltration—evaporation) ratio characterises the balance within
the soil-vegetation—water system and helps quantify landscape moisture and potential biological productivity.
In this study, the model is combined with geographic information systems (GIS) and geospatial analysis to
examine hydropedological (soil-water) and hydrometeorological (air—water) processes within a single frame-
work. Its sensitivity to changes in moisture conditions and landscape structure also provides a basis for as-
sessing and predicting the effects of anthropogenic disturbance on ecosystem resilience.

From an ecogeographical perspective, the balance between infiltration and evaporation influences soil
moisture, vegetation composition and ecosystem resilience. The CFE model can therefore help identify areas
that appear healthy but have a disrupted internal water balance, including areas at risk of hidden degradation
(“grey zones”) (Javed et al., 2020).
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From an ecotourism and ecological heritage perspective, maintaining the hydrological health of natural
monuments and landscapes helps preserve their aesthetic and recreational value. Reliable water availability in
mountain ecosystems is also important for maintaining the natural conditions on which ecotourism depends
(Zhang et al., 2023). Landscape planning informed by the CFE model can bring traditional silvopastoral prac-
tices together with contemporary scientific approaches to support the conservation of natural monuments for
future generations.

Materials and methods

The empirical basis of this study comprises data from more than 70 measurement and monitoring sites
across Azerbaijan. Hydrometeorological data, including precipitation, temperature, aridity indices and runoff,
were collected from observation stations. Missing climate data were obtained from the NASA POWER and
Copernicus Climate Data Store platforms. Maps depicting soil and atmospheric moisture conditions in the
National Atlas of Azerbaijan were also used to collect and compare data (State, 2014).

Geospatial data, including hypsometric and morphometric parameters, were derived from a digital eleva-
tion model (DEM). Land use and land cover (LULC) and landscape characteristics were determined from
satellite data. Multispectral analysis used vegetation indices (NDVI and SAVI), the bare soil index (BSI), the
normalised difference built-up index (NDBI), the normalised difference water index (NDWI), the normalised
difference moisture index (NDMI) and the normalised difference drought index (NDDI). In the ecogeograph-
ical analysis of LULC classes, soil and vegetation conditions, and biomass dynamics, NDV1 was used for arid
regions and SAVI for humid areas.

Because temperature and precipitation alone do not adequately characterise ecosystem moisture regimes
and their capacity to adapt to change, the assessment considered dozens of hydropedological and hydromete-
orological parameters (Yaeger et al., 2019; Makhmudov et al., 2023). Alongside conventional variables such
as temperature, precipitation and aridity indices, parameters associated with the Budyko framework and the
SCS-CN, Lvovich, Crow and Horton approaches were considered to characterise soil-water relationships.

The SCS-CN method is based on the relationship between precipitation and soil infiltration capacity. By
accounting for hydrological losses, actual and maximum soil water retention, and hydrological soil groups
(HSGs), it enables the moisture regime to be assessed using soil properties as well as atmospheric conditions
(Ponce & Hawkins, 1996). HSGs reflect infiltration potential and are classified according to soil particle-size
composition. The USDA classification distinguishes four groups (A-D) based on the proportions of sand (S),
silt (Si), loam (L) and clay (C), with infiltration capacity decreasing towards group D (USDA, 2009).

Following Crow et al. (2017), the effective infiltration coefficient ((f)) was taken as the sum of the ground-
water runoff component and actual soil moisture content. The groundwater runoff component indicates water
movement and percolation through the soil, whereas soil moisture content indicates water retention. Their
combined assessment was used to characterise infiltration and annual moisture availability under the region’s
soil and climate conditions.

The annual water balance was expressed as (P=Q+U+E), where precipitation ((P)) is partitioned into surface
runoff ((Q)), effective infiltration ((U)) and actual evaporation ((E)). The corresponding CFE coefficients were
defined so that (c+f+e=1), where (c), (f) and (e) represent the respective fractions. Surface runoff was estimated
from observations; where measurements were unavailable, it was reconstructed using interpolation and an inverse
approach (Mahmudov & Teymurov, 2023). Effective infiltration was estimated using groundwater runoff meas-
urements and National Atlas data, together with an HSG-based Horton model, the Budyko hypothesis (“Baseflow
Curve”) and hydrograph separation (Sartika et al., 2020; Bondy et al., 2021). Actual evaporation was calculated
by subtracting surface runoff and infiltration from annual precipitation. These estimates were then compared with
results obtained using the Budyko framework, the Turc method and the Zhang method, which respectively ac-
count for the aridity index, annual precipitation and temperature, and landscape types.

Results and discussion

Assessment of the Hydrothermal Regime and Ecological Status of Landscapes

The components of geosystems (ecosystems) function through hierarchical relationships, so a change in
one component can affect the system as a whole. Climate is a major driver of these changes, particularly those
affecting landscapes. Accordingly, variation in the heat—moisture balance across landscape types is an im-
portant criterion for assessing ecological conditions (Hamdany et al., 2023).

Surface runoff is the portion of precipitation that reaches the drainage network without infiltrating the soil
and therefore does not directly contribute to soil moisture. In the proposed approach, the infiltration—evaporation
ratio ((f/e)) is used as an indicator of the moisture regime: infiltration represents water entering the soil, while
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evaporation represents water returned to the atmosphere. Temperature and precipitation alone do not fully
describe this relationship. The assessment therefore considers both the annual amount of precipitation and its
distribution among the three water-balance components. The (f/e) ratio is used to assess landscape moisture
conditions, ecological resilience and potential biological productivity (Zhang et al., 2025).

Vegetation can alter the balance between infiltration and evaporation. In arid areas, some trees may pro-
mote infiltration, whereas others may reduce groundwater availability through high transpiration. Afforestation
and other greening measures therefore require different approaches in arid and humid areas. The (f/e) ratio
should be considered when selecting plant varieties, particularly because excessively dense vegetation in arid
and semi-arid regions can increase transpiration and substantially reduce soil moisture (Zhan et al., 2022). For
desertification control and landscape planning, priority is therefore recommended for native species with low
water requirements.

In humid areas, anthropogenic deforestation can accelerate degradation. Forest restoration should there-
fore take biodiversity into account and maintain appropriate spacing between trees. Traditional silvopastoral
systems, which integrate trees, forage crops and livestock on the same land, are also considered an effective
means of supporting biodiversity in both arid and humid areas (Peri et al., 2024).

The distribution of precipitation among the CFE components was examined at more than 70 sites repre-
senting different natural and geographical conditions in Azerbaijan. Observed and reconstructed climate and
runoff data were integrated with other environmental variables in an ArcGIS database. The data were classified
and analysed using Field Calculator, Calculate Geometry, Spatial Statistics, Modeling Spatial Relationship,
Combine, Environments and Weighted Overlay.

First, surface runoff coefficients ((c)) were determined from measured river discharge for different com-
binations of runoff-generating factors. On an annual basis, effective infiltration was taken as the sum of actual
soil moisture and the groundwater contribution to river flow (Makhmudov et al., 2025). The CFE coefficients
reflect the combined effects of hydrometeorological conditions, elevation, terrain morphology, slope, aspect,
land use and land cover (LULC), lithology and rock permeability.

The methodological analysis examined correlations between the CFE coefficients and the natural compo-
nents associated with their variation. Dynamic components, including climate, landscape, soil and vegetation
cover, were treated as indicators of change. Relatively stable hypsometric and morphometric parameters pro-
vided a basis for comparing and classifying geosystems. The (c) coefficients were first grouped into intervals,
and their correspondence with the quantitative values of other components was assessed. Initial selections were
made using Select by Attribute. The Combine tool was then used to integrate multiple raster layers and record
their unique combinations in a single raster and attribute table. These combinations provided the basis for
comparing areas with available data (donor areas) with target areas and for examining the individual and com-
bined associations of environmental factors through sensitivity analysis.

Assessing ecogeographical and ecotourism conditions requires consideration of an area’s natural poten-
tial, environmental problems and the organisation of tourism activities (Imrani et al., 2025). In this study,
the assessment follows the sequence of natural potential, ecological sensitivity, tourism pressure, suitable
tourism activities and sustainable management. The constituent parameters of natural potential are assessed
first. Table 1 presents the CFE coefficients for selected landscape zones characterised by mean aridity indi-
ces of 0.75-1.50, mean slopes of 10-20% and different hydrological soil groups (HSGs).

The CFE approach combines multiple factors with observed data. In a validation analysis using ArcGIS
and data from approximately 70 catchments of different sizes, observed values and values estimated from the
CFE coefficients showed approximately 74-95% agreement. The coefficient of determination ((R*2)) ranged
from 0.74 to 0.93, while Nash—Sutcliffe efficiency (NSE) ranged from 0.62 to 0.77. These results indicate that
the model may be applicable to analogous catchments.

Landscapes are an important component of ecotourism, and changes in land use and land cover (LULC)
can indicate changes in environmental conditions. Distinguishing natural from anthropogenic changes helps
assess ecological pressure and natural recovery potential. The origin of some land-cover classes, such as set-
tlements, industrial areas and reservoirs, is readily identifiable, whereas changes in forests, meadows, semi-
deserts and pastures can have both natural and human causes. One approach to interpreting satellite observa-
tions is to estimate the climate-related component with a model and then examine the remaining abrupt or
geometrically distinct changes as possible effects of human activity (Imrani et al., 2025).

The proposed approach may also help identify “grey zones”: landscapes that appear similar but reflect a
combination of natural and anthropogenic influences. A departure of the (f/e) ratio from the characteristic
range for an area may signal a change in its internal water balance and warrant further investigation of possible
human impacts.
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Table 1
Distribution of average annual precipitation according to CFE coefficients
Landscapes CFE coeffjcients
(LULC) HSG Surface runoff, ¢ inflizlftfrgfité\rl]e(f) Evapotranspiration (e)
A 0.085 0.295 0.62
Forests B 0.10 0.26 0.64
C 0.115 0.215 0.67
D 0.125 0.185 0.69
A 0.17 0.27 0.56
Meadows B 0.20 0.22 0.58
C 0.215 0.205 0.58
D 0.24 0.16 0.60
A 0.145 0.255 0.60
Cropland B 0.15 0.22 0.63
C 0.165 0.175 0.66
D 0.175 0.125 0.70
A 0.26 0.26 0.48
B 0.23 0.21 0.56
Rural settlements C 0.20 017 0.63
D 0.18 0.14 0.68
A 0.84 0.080 0.080
Industrial areas B 0.85 0.065 0.085
C 0.855 0.050 0.095
D 0.86 0.040 0.10
A 0.56 0.11 0.33
Subnival and B 0.59 0.09 0.32
nival areas C 0.62 0.07 0.31
D 0.65 0.05 0.30
A 0.075 0.075 0.85
Semi-deserts and B 0.0825 0.0325 0.885
dry steppes C 0.085 0.015 0.90
D 0.09 0.008 0.902
A 0.00 0.38 0.62
. B 0.00 0.32 0.68
Closed water bodies C 0.00 004 0.76
D 0.00 0.18 0.82

The results were analysed using the Nakhchivanchay catchment in Azerbaijan as a case study. Differences
in geographical characteristics and in the intensity of climatic and anthropogenic influences provided the basis
for dividing the catchment into three regions: southern, central and northern (Fig. 1).
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Fig. 1. The Nakhchivanchay catchment and its division into three distinct regions
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The CFE coefficients were used to assess moisture conditions in the catchment, estimate its “green water”
potential, and examine natural and anthropogenic influences over 1999-2024. The relevance of these changes
to ecotourism was assessed through trends in climate, runoff, soil and vegetation cover (Table 2).

Ecotourism depends on the sustainable use and conservation of landscapes’ natural potential. Figure 2
shows selected environmental components of the three regions in 2024, while Table 3 presents changes in the
areas of the predominant landscape types between 1999 and 2024.

Plant diversity contributes to the attractiveness of landscapes for ecotourism and recreation. Changes in vege-
tation cover in the Nakhchivanchay catchment were therefore examined over the period 1999-2024 (Fig. 3).

Table 2

Quantitative changes in moisture and soil-vegetation resources in the Nakhchivanchay catchment, 1999-2024

Indicator Southern region Central region Northern region

Change % Change % Change %
Air temperature, °C +1.4 10.2 +1.01 8.77 +0.43 581
Precipitation, mm -38.7 11.3 -42.9 9.92 -48.2 6.95
Aridity index +0.41 15.1 +0.26 12.7 +0.061 7.15
Surface runoff, mm -1.83 6.21 -7.24 23.9 -13.3 115
Infiltration, mm +12.4 21.9 -12.1 27.3 -10.8 7.21
Actual evapotranspiration, mm -15.7 8.23 +34.3 11.8 +24.1 8.87
Change in vegetation cover, km? +61.9 20.1 -98.7 13.9 -25.5 421
Soil degradation, km? -47.4 15.2 +87.3 12.3 +41.5 7.87
“Green water” resources, million m? +8.71 35.7 -36.2 13.1 -21.1 8.97
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Fig. 2. Maps of selected environmental components in the three regions of the Nakhchivanchay catchment (2024)

Table 3

Changes in landscape area across the three regions of the Nakhchivanchay catchment, 1999-2024 (km?)

Southern region Central region Northern region
Landscapes

1999 2024 1999 2024 1999 2024
Meadows 61.5 104.2 103.1 61.8 386.9 367.2
Cropland 95.8 71.6 214.7 158.1 57.4 74.9
Forests 28.4 47.6 5.08 5.95 92.6 86.8
Subnival and nival areas 17.8 11.2 24.2 20.3 28.4 26.7
Closed water bodies 2.21 3.08 3.18 6.29 0.545 0.502
Semi-deserts and dry steppes 78.9 32.9 357.8 454.1 35.2 42.7
Residential areas 23.3 37.3 2.73 4.24 4.55 6.85
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Fig. 3. Spatial and temporal changes in vegetation cover in the Nakhchivanchay catchment between 1999 and 2024

Following the analysis of changes in vegetation cover across the Nakhchivanchay catchment, changes in
infiltration ((f)) and evapotranspiration ((e)) under natural and anthropogenic influences were assessed, to-
gether with their effects on “green water” resources.

Table 4

Changes in the (f) and (e) coefficients and “green water” resources in the Nakhchivanchay catchment, 1999-2024

i Area, Precipitation, mm Change in coefficients Change in “green Wgter volume,
Regions kM2 min. m
1999 2024 f e f e Total
Southern 307.9 342.4 303.7 +0.041 -0.052 +3.85 +4.86 +8.71
Central 710.8 432.3 389.4 -0.043 +0.088 -11.9 -24.3 -36.2
Northern 605.6 693.7 635.5 -0.017 -0.038 -6.54 -14.6 -21.1

Changes in moisture conditions and soil and vegetation cover under climatic and anthropogenic influences
are summarised below for the three regions of the Nakhchivanchay catchment over 1999-2024.

1. Southern region. Despite an arid climate and annual precipitation of 303.7 mm in 2024, the analysis
attributes 60.3% of the observed change to positive anthropogenic influences, compared with 39.7% to adverse
climatic influences. Following greening and afforestation measures, vegetation cover increased by 61.9 km?,
including an increase in forest area from 28.4 to 47.6 km?. Although residential areas expanded from 23.3 to
37.3 km?, the area affected by soil degradation decreased by 47.4 km?. These changes were accompanied by
higher infiltration, lower actual evapotranspiration and an estimated increase of 8.71 million m* in “green
water” resources. According to the study’s counterfactual estimate, forest and meadow area would have de-
clined by an average of 14% without targeted human intervention. Small-scale ecotourism routes could be
developed to make use of the region’s natural potential.

2. Central region. Arid conditions and anthropogenic pressures have contributed to ecological degradation
in the central region. Both climatic and human factors had adverse effects, with climatic factors accounting for
65.1% of the estimated influence. VVegetation cover declined in areas affected by nomadic livestock grazing
and, to a lesser extent, mining, while the share of semi-desert landscapes increased to 21.2%. Plant communi-
ties became sparser across 98.7 km?, and the area affected by soil degradation increased by 87.3 km?. Biomass
gains were observed only in localised areas along rivers and around reservoirs. The estimated loss of “green
water” resources was 36.2 million m*. Cropland declined from 214.7 to 158.1 km?, indicating a reduction in
the area available for agriculture. Under these conditions, ecotourism development appears feasible only at
selected local sites; degradation associated with land use is a major constraint.

3. Northern region. Landscape degradation was also observed in the northern region despite annual pre-
cipitation of 635.5 mm and an aridity index of 0.95. As in the central region, both climatic and anthropogenic
factors had adverse effects, although the estimated share of climatic factors was higher, at 76.5%. The areas of
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forest, meadow and lake ecosystems declined slightly. Despite an estimated infiltration potential of 149.8 mm,
steep slopes and terrain characteristics limited moisture retention in the soil. Over 1999-2024, the region’s
“green water” resources decreased by an estimated 21.1 million m*. Although the region’s climatic conditions
may support recovery, unregulated settlement and infrastructure development place additional pressure on
ecological resilience. Its climate, forests, meadows and lakes remain attractions for ecotourism.

Selection of comparable geospatial areas and their practical significance

Environmental processes are shaped by interacting factors; analysing a poorly understood area therefore
requires these factors to be considered together rather than separately (Polazzo et al., 2024). Comparable geo-
spatial areas share relevant physical and geographical characteristics. Remote sensing, geographic information
systems (GIS) and other analytical methods can be used to identify such similarities.

The proposed Geospatial Analogue Transfer (GAT) approach transfers environmental indicators from
well-studied reference areas to target areas with comparable conditions but limited observations. The trans-
ferred information may include physical and biological characteristics relevant to ecogeographical and eco-
tourism assessments. Reference areas should preferably have long observation records and documented envi-
ronmental characteristics.

GAT may help reduce the need for intensive monitoring in every target area and support ecosystem man-
agement, site selection and the assessment of water, soil and biomass resources. It may be particularly useful
for remote or difficult-to-access areas, provided that the similarity between reference and target areas is as-
sessed and the transferred estimates are validated where observations are available.

The role of comparable geospatial areas in ecogeographical and ecotourism assessment

GAT may support ecotourism planning and ecological heritage conservation by identifying areas with
terrain and vegetation characteristics comparable to those of established ecotourism routes. Transferring infor-
mation between such areas can help prioritise potential destinations, plan further surveys and consider envi-
ronmental sensitivity before infrastructure is developed. In areas with limited data or difficult access, GAT
may provide an initial assessment of habitats, natural features requiring protection and the potential pressure
associated with tourism. This can inform route selection and preventive conservation measures. Decisions
concerning biodiversity and the carrying capacity of sensitive ecosystems should, however, be checked against
local observations before implementation.

Multispectral analysis of satellite imagery and geospatial processing in ArcGIS identified nine ecosites
with similar natural characteristics (Fig. 4). Their locations and selected geospatial attributes are presented in
Table 4.

Four of the selected ecosites are in Azerbaijan, while the other five are in resort and recreational areas of
neighbouring countries. They were selected for comparative ecogeographical, ecotourism and ecological her-
itage (“green heritage”) assessments (GreenHeritage, 2023; Imrani et al., 2024).

The selection considered mountain and riverside scenery, forest landscapes, climate and moisture condi-
tions, slope aspect, geological structure, slope gradient and other comparable characteristics (Fig. 5).

Republic of Azerbaijan 3
=

@ Analogue recreational-tourism terrains
o 52 S -

Fig. 4. Locations of the analogous ecosites
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Table 4
Geographical coordinates and selected geospatial attributes of the ecosites
Ecosites Country Region X coordinate Y coordinate Area, m?
El Azerbaijan Qabala 47.844 41.032 539
E2 Azerbaijan Astara 48.757 38.435 496
E3 Azerbaijan Zagatala 46.785 41.661 547
E4 Azerbaijan Kalbajar 46.314 40.143 463
E5 Georgia Akhmeta 45.149 42.186 522
E6 Armenia Tavush 45.351 40.825 507
E7 Russia Alania 43.723 43.211 553
ES8 Georgia Batumi 41.973 41.580 482
E9 Turkiye Artvin 41.554 41.369 518

Fig. 5. Analogous ecosites selected from different regions

Considering a wider range of environmental factors can improve the selection of comparable ecosites.
Monitoring conducted during 2023-2025 indicated substantial similarity among the selected sites in climate,
landscape and vegetation cover, soil and geological characteristics, slope gradient, aridity index and slope
aspect. Table 5 presents selected morphometric, climate, moisture, soil and vegetation characteristics of the

ecosites.
Table 5
Comparison of key ecogeographical characteristics of the ecosites
Ecosite | Elevation (m) | Slope (%) g(\;\é?iﬁ;ﬁt Templerature Precipitation Mois'tu're co- Forest
HSGs (°O) (mm) efficient cover (%)
El 681 19.2 BC 11.2 962 1.31 84.2
E2 -21 11.7 CD 14.3 1236 1.57 86.4
E3 496 22.5 BC 11.9 958 1.43 88.7
E4 1575 31.2 DC 8.2 728 0.96 77.6
E5 563 16.4 BC 11.7 795 1.07 85.8
E6 976 25.3 CB 10.2 635 1.22 91.2
E7 1165 28.5 DC 7.4 842 1.18 85.5
E8 -5 17.8 DC 14.0 2340 2.48 86.3
E9 342 18.3 CD 12.3 945 1.42 79.6

GAT can support comparisons of the historical ecogeographical development of ecosystems and geosites
that appear similar but have followed different trajectories, provided that suitable records are available. Such
comparisons may help distinguish climatic from anthropogenic contributions to landscape change and inform
assessments of ecosystem resilience and recreational carrying capacity.

11


https://doi.org/10.33677/GGIANASCONF20230300009

Z.T.Imrani et al. | ANAS Transactions, Earth Sciences, Special Issue /2026, 4-14; DOI: 10.33677/GIANASCONF20260300001

With appropriate wildlife movement and land-use data, geospatial analysis could also help identify poten-
tial ecological corridors between fragmented habitats and assess pressures from human activity. These appli-
cations may support geomonitoring, geoheritage assessment and planning to restore favourable moisture con-
ditions, but proposed corridors and management measures require validation with local evidence.

Conclusion

The CFE approach uses the balance among surface runoff, effective infiltration and actual evapotran-
spiration to assess landscape moisture conditions. The infiltration—evapotranspiration ratio ((f/e)) provides
an indicator for examining changes in soil moisture and ecosystem conditions. Analysis of the Na-
khchivanchay catchment showed that climatic and anthropogenic influences varied across its three regions
during 1999-2024.

In the southern region, greening and afforestation coincided with an estimated increase of 8.71 million m?
in “green water” resources despite declining precipitation. In the central region, where the estimated contribu-
tion of climatic factors was 65.1%, vegetation loss and soil degradation accompanied a decrease of 36.2 million
m?. In the northern region, the estimated climatic contribution was 76.5%, and “green water” resources de-
clined by 21.1 million m* despite comparatively higher precipitation.

Geospatial Analogue Transfer (GAT) offers a way to use information from well-studied areas when as-
sessing comparable areas with limited observations. Combined with the CFE approach, it can support the
identification of areas requiring conservation or more detailed ecotourism assessment. Its application to other
regions depends on the comparability of their environmental conditions and validation against local data.
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3KOTEOIPAOUYECKAS U SKOTYPUCTHUECKAS YCTOMUYUBOCTh: IPOCTPAHCTBEHHAS OIIEHKA
JAHAMMKH YBJAKHEHHUS TEPPUTOPHAN U TPAHC®OPMAIIUU JIAHJIIIIAPTOB

Hmpanu 3.T.1*, Imunos A.H.2, Teiimypos M.A.!
YUncmumym zeozpaguu Munucmepcemea nayku u obpazosanus Azepbaiiosicarnckori Pecnybnuxu
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Pe3siome. B uccnenosanuu ucnosns3osans! Mozenb CFE 1 TexHOIOrHS reonpocTpaHCTBEHHOTO aHaIoroBoro nepexoca (Geospatial
Analogue Transfer, GAT) st oeHKH 9K0JI0T0-reorpaduueckux yCIOBHI U YCIOBHH pa3BUTHS SKOTypH3Ma B Azepbaitpkane. OcHO-
BaHHasl HA TIPUHIIMIIE COOTHOIIEHHUS Teruia 1 Biaru Mozens CFE mo3BosisieT olieHHBaTh pacipe/eeHie rofoBoi CyMMBI aTMOC(HEpPHBIX
0CaJIKOB MEXK/Ty TOBEPXHOCTHBIM CTOKOM, 3 (QeKTHBHON HHpMIbTpanuel 1 GakTnieckoil sBanorpancnupanueil. CooTHONIEHHE MH-
(GUIBTPAIMH ¥ BATIOTPAHCIIMPALINH HCIIOIB3YETCs AT XapaKTePUCTHKN PEeXKUMA yBIaXHEHNS JTaHIa(TOB, X MOTSHIMAILHON OHO-
JIOTHYECKOH MPOYKTUBHOCTH U yCTOWYNBOCTH 3KkocucTeM. TexHomorus GAT npemycMaTpuBaeT NepeHoc MoKa3aTeeil ¢ XOpoIo u3y-
YEHHBIX ITATOHHBIX TEPPUTOPHH HA HEIOCTATOYHO H3YUCHHBIE TEPPUTOPHHU CO CXOAHBIMH IPUPOIHBEIMHU yCIOBHAMH.

Hns onpenenenns koaddummentoB CFE n ananmsa B3anMocBszeil MeXIy KOMIIOHEHTaMH TIPHPOJHOM Cpelbl B TeOnH(pOpMAaIH-
OHHOM cHcTeMe ObIIM MHTETPUPOBAaHBI ITHPOMETEOPOJIOTHUECKUE JaHHBIE, CBEICHUS O II0YBAX, 36MJICTIOJIb30BAaHUH U 3€METEHOM MO~
KpOBE, a TaK)Ke XapaKTePHCTUKH peibeda, monyueHHble 0ojee yeM Ha 70 MyHKTaX H3MEpeHUi 1 MOHUTOpUHTa. [Ipe1ioskeHHbIH mo1-
XOJ1 TAKKe IPUMEHSIICS JUIsl OLCHKHU TpaHChopMaliy JaHAMAGTOB U BELIBJICHHUS TEPPUTOPHUIL, TPEOYIOIINX JONOIHUTEILHOTO H3yde-
HYSI BO3MOXKHOTO aHTPOIIOTEHHOT0 Bo3eHCTBU. [IpoBepKka Moenu Ha JaHHbBIX NMpUOan3uTensHo 70 BOZoCOOpHBIX OacCeitHOB MoKa-
3aja 3Ha4eHus Kodpunuenta nerepmunanyn (R?) B quanasone 0,74-0,93 u xospdunumenra spdexrnBHoctr Hama — Carkmudda
(NSE) B npenenax 0,62-0,77.

[Ipumenenune pazpaboTaHHOTO MOAX0/A K OacceitHy pexn HaxusiBangait 3a mepuoz 1999—2024 rr. BEISIBUIO IPOCTPAHCTBEHHYIO He-
OJTHOPOHOCTH N3MEHEHHN IPUPOJHBIX YCIOBUH IT0]] BIUSHIEM KINMAaTHIECKUX W aHTPOIIOT€HHBIX (DaKTOPOB, BKITIOYAst CyIIECTBEHHbIS
paziInuus B COCTOSIHUHM PAacTUTENILHOTO MOKPOBA, JETPajlalliy M0YB, HHWIBTPALUK, BAOTPAHCIIMPALIMH H 3aI1acax «3eIEHON BOABD).
KommexcHoe npumenenne Monenu CFE u Texnonorun GAT ¢opMupyeT KOJIM4ECTBEHHYI0 OCHOBY JUIS OLEHKH YCTOWYHBOCTH JIAH-
madToB U peKpeanoHHOH EMKOCTH TEPPUTOPHIA, BBIBICHHS TIOTEHIMAIBHBIX YKOJIOTMYECKUX KOPHIOPOB, a TAKKe HAYIHOro 000CHO-
BaHUA MEP 110 COXPAHCHHUIO U yCTOl\/'I‘lPIBOMy YHOpaBJICHUIO NPUPOAHBIMU .]'laH)IIJ_la(bTaMPI H 3KOJIOTHYECCKHUM HACJICIHUEM.

Kntoueevie cnosa: ycmoiiyusocms sxocucmem, moodenv CFE, ceonpocmpancmeennuiii anano2o8blii nepeHoc, mpamcopmayus
aanowagmos, sxomypusm, Azepbariodxcan

EKOCOGRAFI VO EKOTURIZM DAYANIQLILIGI: REGIONAL RUTUBOT DINAMIKASININ VO LANDSAFT
TRANSFORMASIYALARININ MOKAN UZRO QIYMOTLONDIRILMOSI
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Xiilasa. Todgigatda Azorbaycanda ekocografi goraitin vo ekoturizmin inkisaf imkanlarinin qiymotlondirilmasi mogsadilo CFE

modeli vo Geomokan Analoq Transferi (Geospatial Analogue Transfer, GAT) texnologiyasindan istifada edilmisdir. Istilik vo riitubat
arasindaki qarsiligh slago prinsipinoe ssaslanan CFE modeli illik atmosfer yagintilarinin sothi axim, effektiv infiltrasiya vo faktiki
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evapotranspirasiya arasinda paylanmasim giymotlondirmays imkan verir. Infiltrasiya vo evapotranspirasiya arasindaki nisbatdon
landsaftlarmn riitubat rejiminin, potensial bioloji mohsuldarliginin vo ekosistemlorin dayaniqliliginin saciyyslondirilmesi tigiin istifado
olunur. GAT texnologiyasi yaxsi Oyronilmis etalon orazilorin gostoricilorinin oxsar tobii soraito malik, lakin kifayot godor todgiq
edilmomis oarazilors ko¢iiriilmasini nozards tutur.

CFE omsallarinin miiayyonlogdirilmasi va tobii mithit komponentlori arasindaki qarsiligli alagolorin tohlili mogsadilo 70-dan ¢ox
6lgma vo monitoring montagosindan sldo edilmis hidrometeoroloji molumatlar, torpaqlar, torpagdan istifads vo yer ortityii, eloco do
relyef xiisusiyyatlorino dair gostoricilor cografi informasiya sisteminds inteqrasiya edilmigdir. Toklif olunan yanagma landsaft
transformasiyalarinin qiymotlondirilmasi vo miimkiin antropogen tasirlorin slave todgigini talob edan orazilorin miisyyonlogdirilmasi
tiglin do totbiq edilmisdir. Toxminon 70 su hovzasinin molumatlar: asasinda aparilmis modelin yoxlanilmasi naticesinds determinasiya
omsalinin (R?) 0,74-0,93, Nes—Satkliff somarslilik omsalinin (NSE) isa 0,62-0,77 intervalinda dayisdiyi miiayyan edilmisdir.

Hazirlanmig yanagmanin 1999-2024-cii illor iizro Nax¢ivangay hovzasina totbiqi iglim vo antropogen amillorin tasiri altinda tobii
soraitdo bag veron doyisikliklorin mokan tizro geyri-borabor xarakter dagidigini izo ¢ixarmigdir. Bu doyisikliklor bitki ortiiyiiniin
vaziyystindo, torpaq deqradasiyasinda, infiltrasiya vo evapotranspirasiya proseslorinds, homg¢inin «yasil su» ehtiyatlarinda ohomiyyotli
forglorlo miisayiot olunmusdur. CFE modeli ilo GAT texnologiyasinin kompleks totbigi landsaftlarin dayanighiliginin vo orazilorin
rekreasiya tutumunun giymatlondirilmasi, potensial ekoloji dohlizlorin miiayyanlogdirilmasi, elaca da tobii landsaftlarin vo ekoloji irsin
miihafizasi Vo davamli idara olunmasi todbirlorinin elmi asaslandirilmast tigiin kamiyyat asasli metodoloji baza formalagdirir.

Agar sézlar: ekosistem dayamqlihigi, CFE modeli, Geomakan Analog Transferi, landsaft transformasiyast, ekoturizm, Azarbaycan
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