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Abstract: Efficient utilization of agricultural land is vital for sustainable food security and rural development.
In Azerbaijan, however, the gap between potential and actual land productivity remains substantial due to
ecological degradation, institutional fragmentation, and outdated management systems. This study applies an
integrated descriptive—analytical approach to assess land-use efficiency across different ownership types and
agro-ecological zones. Using official datasets from the Ministry of Economy, the State Statistical Committee,
and the State Committee for Land and Cartography, a composite Land Efficiency Index (LEI) is developed,
incorporating land-use coefficients, soil bonitation scores, and irrigation adequacy indicators. Results show
that while 59.2% of Azerbaijan’s territory is classified as agricultural land, only 30%—-65% of its productive
potential is utilized. Spatial disparities are most significant in the Kura—Araz lowland and foothill plains, where
salinization, erosion, and irrigation deficiencies restrict yields. The study links soil quality with governance
and cadastral efficiency, offering a new framework for quantifying institutional impacts on productivity. Pol-
icy recommendations include (i) modernization of bonitation and valuation methods, (ii) digitization of cadas-
tral data via a unified National Land Information Platform, and (iii) creation of a State Land Bank to improve
land circulation and investment access. Economic feasibility analysis indicates that land rehabilitation and
irrigation modernization yield an Internal Rate of Return (IRR) of 16%—18% and a payback period of 5-6
years, confirming their viability for enhancing Azerbaijan’s ecological resilience and rural economic sustain-
ability.

Keywords: agricultural lands; land use conditions; land fund; potential productivity of land; existing problems;
efficient use of land

1. Introduction

Land is one of the main natural resources available to ensure human survival. Therefore,
throughout history, land use and protection, preservation of fertility, and enhancement have always
been at the center of attention for people who understand its value.

Although land is the primary guarantee of human existence, as society develops, anthropo-
genic impacts on land have intensified, leading to a decrease in productive lands. According to
estimates by the United Nations (UN), due to the increasing population and inefficient agricultural
practices, approximately 12 million hectares of arable land are lost globally each year. If this trend
continues, by the end of the 21st century, 1 billion hectares of productive land will become unusa-
ble. On the other side, global climate change, as one of the main factors affecting agricultural pro-
duction, contributes to the reduction of water resources, as well as the acceleration of desertification
and the expansion of salinization processes. As a result, the level of land supply per capita continues
to decline.

Taking into account the pace of population growth, global food production must increase by
25-30 million tons annually. For every newborn, approximately 0.3 hectares of land is required to
produce sufficient food (Rozov et al., 1984). According to rough estimates, 15% of the world pop-
ulation, around 250 million, are children, and nearly 1 billion people in total suffer from hunger.
Due to concerns about food security, many countries, especially developed ones, purchase or lease
agricultural land in other countries. In general, over the past few years, about 200 million hectares
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of land worldwide have been leased or sold. All these points provide a strong basis for the argument
that the maximum efficient use and preservation of land resources must be ensured unequivocally.

Recent research has further emphasized the interplay between land governance, digital agri-
culture, and sustainability transitions (Food and Agriculture Organization of the United Nations
[FAO], 2021; Valiyev & Mirzayev, 2023). These studies highlight that integrating institutional re-
forms with precision farming technologies can substantially enhance land productivity and resili-
ence.

Whether in countries around the world or in Azerbaijan, the role of land use in ensuring the
sustainable development of the agricultural sector holds significant importance. Therefore, consid-
ering that agricultural production is regarded as the main purpose of use within the overall land
fund of our country, studying the current status and quality of agricultural land use, identifying
existing problems in land usage, and proposing solutions for their elimination are among the key
directions for ensuring the sustainable development of the agricultural sector.

2. Materials and Methods

The research employed a descriptive-analytical design to evaluate the current status, con-
straints, and development potential of agricultural land use in Azerbaijan. Official data from the
Ministry of Economy, the State Statistical Committee, and the State Committee for Land and Car-
tography were utilized to describe the structure of the national land fund and the extent of lands
suitable for agricultural production. Information on irrigation, reclamation, and hydrogeological
conditions was obtained from reports of the Azerbaijan State Water Resources Agency (ASWRA).

Quantitative assessment involved calculating the land use coefficient (Ta = Sf : Sb), defined
as the ratio of the actual area in use to the total available area. Soil bonitation scores and crop-
specific productivity benchmarks were applied to determine the potential productivity capacity of
agricultural soils (Tmq) and the proportion of this potential realized in practice (Tih). These indi-
cators provided a basis for comparing theoretical yield potential with actual outputs. Soil bonitation
is a scientifically grounded system for evaluating the productive qualities of soils, expressed in
scores depending on the fertility level. An increase of 10 bonitation points on average leads to a
rise in cereal yields by 3—4 centners per hectare (Gavrilyuk, 1974).

The analysis also addressed the classification of agricultural land by ownership (state, munic-
ipal, private) using legislative and cadastral records. Methodological attention was given to issues
of land valuation, agro-industrial classification, soil salinization, erosion, and the adequacy of tech-
nical and material support to farms.

As the study relied exclusively on secondary statistical and documentary sources, no experi-
ments on humans or animals were conducted, and ethical approval was not required. No new da-
tasets or computer code were generated. Generative artificial intelligence (GenAl) tools were used
only to refine the clarity and coherence of language; they did not influence methodological choices
or analytical outcomes.

In addition to conventional descriptive statistics, a composite Land Efficiency Index (LEI)
was developed, integrating land-use coefficient, soil bonitation score, and irrigation adequacy ratio
to better quantify the productivity gap.

2.1. Analytical and Statistical Framework

To ensure analytical depth beyond descriptive evaluation, the study framework allows for
integration of advanced statistical techniques such as Structural Equation Modeling (SEM) to
analyze causal relationships between land productivity and institutional variables, and Cluster
Analysis to classify agro-ecological zones by efficiency levels. Future research can further employ
Bayesian estimation to evaluate uncertainty in productivity forecasts.

2.2. Data Sources and Validation

The data utilized in this study were derived from official national sources, including the
Ministry of Economy, the State Statistical Committee, and the Azerbaijan State Water Resources
Agency. To ensure transparency and methodological consistency, all figures were cross-checked
with external databases such as the Land Degradation Assessment report.

The apparent discrepancy between 351.4 thousand hectares and 348.8 thousand hectares of
irrigated land affected by salinization arises from the use of different classification years and
measurement methodologies across institutions. After harmonization, the validated estimate for the
2024 baseline year is approximately 350 thousand hectares. This unified figure reflects the most
recent and reliable assessment available for Azerbaijan’s irrigated agricultural lands.

3. Results
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3.1. Current Land Use Status of Agricultural Lands

The relief of Azerbaijan is complex, and according to its formation, it is divided into two
parts: mountainous and lowland. The mountainous part constitutes 60% of the total area of the
republic. The lowland area makes up 40% of the total territory and 18% of it lies up to 28 meters
below sea level.

Similar to its relief, Azerbaijan is characterized by diverse climate and vegetation. In the
plains and foothill regions—intensively used for agriculture—annual precipitation is very low
(200-300 mm), decreasing further to 150 mm eastward. Most precipitation falls in spring and
autumn, with only 10%—-15% occurring in summer, and the humidity coefficient is below 0.5
(Eyyubov, 1975; Shikhlinsky, 1969). These regions also have 2,000-2,700 sunny hours annually,
accumulating significant heat that favors the development of various agricultural sectors, though
summers are hot. All these factors necessitate irrigated farming: about 98% of irrigated lands are
located here, and 85%-90% of agricultural products are produced on these lands. According to
Kovalev (1966), the regional climate and vegetation also influence soil formation, resulting in
diverse soil types such as yellow soils, brown soils, chestnut soils, and steppe.

The complex relief and climatic features of the Republic have led to the formation of a rich
vegetation cover. Over 4,100 plant species can be found in Azerbaijan, of which 9% are endemic,
meaning they are found exclusively in Azerbaijan (Gadzhiev, 1970; Prilipko, 1970).

A number of scientists, as a result of their research, have determined that Azerbaijan’s natural
geographical conditions are so rich and complex, along with the influence of ancient agricultural
traditions, that they have led to the formation of various types and varieties of soils. At the same
time, in some cases, the soils reflect azonal characteristics, that is, they display the principle of
vertical zonation. These scientists, in their studies, showed that various soil types such as mountain-
black, mountain-brown, mountain-gray-brown, meadow-brown, gray meadow, gray, gray-brown,
and alluvial meadow soils are widely distributed in the territory of Azerbaijan and are extensively
used in agricultural production (Aliev, 1994; Salayev, 1991; Volobuev, 1963).

In Azerbaijan, the diversity of natural and geographical conditions is evident not only in the
formation of various soil types and varieties but also in the quality (fertility) characteristics of the
soils. In order to determine how suitable soils are for the development and productivity of
agricultural crops, bonitation (quality evaluation), one of the components of soil cadastre, has been
conducted. It was established that the quality score difference among the mentioned soil types
ranges between 40 and 100 points (Babayev et al., 2006). This indicates that these soils belong to
the high, good, and medium-quality groups. This group of soils constitutes approximately 56% of
the country’s total land fund.

In terms of land suitability, Azerbaijan ranks among the countries with limited arable land in
the world. The total area is 8 million 655 thousand 481 hectares, or 86.6 thousand sq. km. The
national land fund is divided into 7 categories based on purpose and legal regime. One of these
categories includes lands designated for agricultural use, with a total area of 5,121.2 thousand
hectares (59.2%). According to 2024 data from the Ministry of Economy of the Republic of
Azerbaijan, 4,779.6 thousand hectares (93.3%) of these lands are directly used for agricultural
production, while the rest are used for other agricultural purposes.

17.1% |

93.3%
—— \J
8655,5 - "
51212 4779.6 %
v
1481,2
Total area Agricultural land (designated Directly used in agricultural Irrigated areas
for agriculture) production

Figure 1. Agricultural lands and irrigated areas in Azerbaijan’s total land fund (in thousand hectares and %).
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Source: Compiled by the authors based on data from the Ministry of Economy of the Republic of
Azerbaijan.

According to information of State Committee for Land and Cartography of the Republic of
Azerbaijan (2024), the land suitable for agriculture in Azerbaijan amounts to 4,779.6 thousand
hectares, of which 1,873.9 thousand hectares (39.2%) are arable land, 205.0 thousand hectares
(4.3%) are perennial plantings, 54.3 thousand hectares (1.1%) are fallow lands, 108.9 thousand
hectares (2.3%) are hayfields, and 2,305.5 thousand hectares (48.2%) consist of pasture and
grassland lands. Among the arable lands, 948.3 thousand hectares are used for cereals and legumes,
93.7 thousand hectares for cotton, 2.7 thousand hectares for tobacco, 49.5 thousand hectares for
potatoes, 61.2 thousand hectares for vegetables, and 17.2 thousand hectares for melon crops.
Among the perennial plantings, 134.5 thousand hectares are orchards, 49.7 thousand hectares are
vineyards, 6.4 thousand hectares are tea plantations, and 14.5 thousand hectares are other perennial
crops.

1,481.2 thousand hectares of agricultural land are irrigated in Azerbaijan. Of the irrigated
agricultural lands, 1,144.8 thousand hectares (77.3%) are arable land, 133.9 thousand hectares
(9.0%) are perennial plantings, 17.1 thousand hectares (1.2%) are fallow lands, 5.7 thousand
hectares (0.4%) are hayfields, 37.7 thousand hectares (2.5%) are pastures and grasslands, and the
remaining 142.0 thousand hectares (9.6%) are other agricultural lands.

Hayfields Pastures and Other
0.4% grazing lands agricultural
2.5% lands

Fallow lands

1.2%
Perennial
plantation

9.0%

Arable land
(sown area)
77.3%

= Arable land (sown area) = Perennial plantations
Fallow lands Hayfields
= Pastures and grazing lands = Other agricultural lands

Figure 2. Structure of irrigated agricultural land area in Azerbaijan (%).
Source: Information on the distribution of agricultural lands suitable for farming in the Republic of
Azerbaijan by natural-economic regions.

Across the country, a total of 680.8 thousand hectares of agricultural land have been under
occupation for more than 30 years. Of the agricultural lands under occupation, 489.0 thousand
hectares belonged to quality groups I (high) and II (good); 163.4 thousand hectares belonged to
group III (medium); 27.1 thousand hectares to group IV (low); and 1.3 thousand hectares to group
V (conditionally unsuitable). Even based on soil quality classification, these lands were considered
high-value compared to other regions of the republic. This difference in soil quality was reflected
in the productivity of crops. For example, in the occupied areas, crop yields per hectare were higher
compared to other regions: 10—18 quintals for cereals, 15-35 for potatoes, 4065 for vegetables,
30-50 for melons, 40-55 for grapes, and the same for fruits. Unfortunately, it should be noted that
during the occupation, these fertile lands were neglected, subjected to harsh exploitation, and
degraded due to mine contamination. As a result, many have become unsuitable for production.
Currently, significant measures are being implemented to rehabilitate these lands and return them
to productive use (Valiyev, 2020).

Considering the specific characteristics of the lands used for agricultural production, as well
as the country’s food security and the need to meet the population’s demand for food products, it
is important to determine the extent to which these lands are used in agricultural production. For
this purpose, the following formula is proposed:
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Ta=S 7S ()

where: T, - land use coefficient; Sy - actual area of land used, ha; Sy - total area of that land,
ha.

Based on this formula, it has been determined that the land use coefficient for the main types
of agricultural lands in the republic ranges between 0.52 and 0.98. This indicates that some types
of land are still not being fully used. Research shows that the majority (65%—70%) of the unused
agricultural lands are of good quality, and if irrigation and supply conditions are improved, they
can be widely used for agricultural production.

The indicators mentioned above characterize the usage status of agricultural lands in terms of
area. It is known that each soil type has a potential productivity capacity based on its fertility
(quality). To determine the productivity capacity of the lands used for agricultural production and
their utilization level, the soil quality score (bonitet score) of each soil type and the maximum
productivity potential of each agricultural crop were taken as the main criteria. Based on this data
and using the proposed formula below, the potential productivity capacity of land under each crop
has been determined:

M, x T,
Tng = 100

where: T - potential productivity capacity of the soil, quintals/ha; M, - potential productivity
of agricultural crops, quintals/ha; Ty, - soil quality (bonitet) score.

Using the proposed formula, the productivity capacity of arable lands suitable for agriculture
has been calculated, and it has been determined that as the soil quality score decreases, crop
productivity also declines.

Research shows that the potential productivity capacity of arable lands suitable for agriculture
is quite high; however, in reality, the amount of produce obtained is significantly lower than this
potential. To prove this, it is possible to determine the extent to which the potential productivity of
the land is used by using the formula we propose below.

_ My - 100

T. [ —
ih Mp (3 )

@)

where: Ty, - the percentage of used of the land’s potential capacity, %; Mr - the actual yield
produced in the specific land area, tons/hectare; M, - the potential productivity capacity of
agricultural crops, tons/hectare.

Calculations show that the level of used of the potential productivity capacity of soils for
various agricultural crops ranges between 30%—65%. While the potential productivity of high-
quality soils under cereals is 7.0 tons/ha, in reality only 2.5-3.5 tons/ha is produced. Accordingly,
this indicator is 3.0 and 1.0—-1.5 tons/ha under cotton, 30.0 and 9.0-10.0 tons/ha under potatoes,
and 40.0 and 12.0-15.0 tons/ha under vegetable crops (Valiyev, 2019).

According to the Constitution of the Republic of Azerbaijan, land ownership is divided into
state, municipal, and private property. The total land fund amounts to 4927.0 thousand hectares, of
which 56.9% is retained under state ownership (including territories formerly under occupation).
Out of the total land reserves, 2026.9 thousand hectares, or 23.4%, have been allocated to municipal
ownership, while the remaining 1701.6 thousand hectares, or 19.7%, have been granted to private
ownership. The lands granted to private ownership are designated for agricultural use.
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Figure 3. Structure of land fund in Azerbaijan by ownership forms (%).
Source: Data from the Ministry of Economy of the Republic of Azerbaijan.

Under the leadership of National Leader Heydar Aliyev, agrarian reforms implemented in
Azerbaijan served as a model for several CIS countries. As a result of these reforms, significant
achievements were made in the development of agriculture and the establishment of new land
ownership relations in the republic. Despite existing difficulties in the post-reform period, the
provision of state support to agricultural producers, application of tax incentives, assistance in
resource supply, and the formation of a new agrarian structure created a foundation for the
sustainable development of agriculture (Agricultural Research Center, Ministry of Agriculture of
the Republic of Azerbaijan, 2023).

The ecological dimension of agriculture is related to issues such as biological diversity,
shrubland and forest areas, rural landscapes, the environment, pastures and meadows, underground
and surface waters, soil resources, and wildlife (Huseyn, 2011). During the COVID-19 pandemic,
the stable share of agriculture in GDP is a clear example of the successful continuation of these
achievements. However, despite such positive outcomes, there are still certain problems in land
use. The majority of these problems (soil salinization and desertification, erosion, pollution,
degradation, inefficient use in some cases, etc.) are caused by anthropogenic factors and their
negative impact on the ecological environment. As a result of the conducted analyses, existing
problems have been identified and grouped as follows.

These data collectively suggest that land-use intensity remains uneven across agro-ecological
regions, with the Kura—Araz lowland representing the highest underutilization gap.

3.2. Existing Problems in Land Use

One of the problems is related to the assessment of soil quality (bonitation). During bonitation,
the main criteria used are the internal quality indicators of the soil, such as humus, nitrogen,
phosphorus, potassium, water-holding capacity, porosity, soil pH, etc. A soil with the highest values
for all indicators is accepted as the “etalon” and is rated at 100 points, while the scores of other
soils are calculated relative to this “etalon”. Our research shows that although this method has been
in use for a long time, it often does not reflect reality: soils that receive high scores based on their
quality indicators may in fact have low productivity. In our opinion, although some of the reasons
are related to natural or socio-economic factors, the main reason is the acceptance of certain soil
quality indicators as the sole “etalon.”

According to their quality indicators, arable lands suitable for agriculture are grouped into
five agro-productive categories based on a 100-point bonitation scale: I group - high quality (81—
100 points); IT group - good quality (61-80 points); III group - medium quality (41-60 points); IV
group - low quality (21-40 points); V group - conditionally unsuitable (1-20 points). As seen, the
difference between the bonitation scores of lands in each agro-productive group is 20 points.
However, land is not a simple object, and from the perspective of its usability, a 20-point difference
in bonitation score does not necessarily reflect a 20-point difference in quality or agricultural
productivity. When calculating the value of each point for different plant species in monetary terms,
it is observed that the price of one point of soil quality ranges between 15 and 30 manat. Therefore,
assuming a 20-point difference for lands within the same agro-productive group would result in an
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unrealistic assessment. All this demonstrates the need to improve the method of soil quality
assessment (bonitation).

The conducted analyses clearly show that, in addition to the evaluation of soil quality, there
are also inconsistencies in the methods of economic and value-based assessment of soils. These
methods require improvement (CabMin Aze., 1988; Valiyev, 2008).

Approximately 25%—-30% of agricultural lands granted to private ownership remain unused.
The reasons include weak irrigation capabilities and water scarcity, remoteness of the land from
residential areas and its dispersion across different locations, indifference toward land use, lack of
financial resources among landowners, and personal circumstances.

In some cases, land parcels granted to private ownership were not allocated in physical form
(on-site), as required by legislation. As a result, the designated land area on paper (maps or
diagrams) does not match the actual location on the ground; the coordinates and turning points
defining the parcel boundaries do not align. It is commendable that work has already begun toward
resolving this issue.

According to legislation, the majority of forest fund lands and general pasture lands (winter
and summer pastures) are entirely under state ownership. However, observations and conducted
surveys show that there are serious problems in the use of these lands. In some areas, there are cases
of illegal seizure and unauthorized change of land designation. Additionally, in certain regions,
there is a need to precisely define the boundaries of lands allocated to state and municipal ownership
on the ground (in natura).

According to the data from the Azerbaijan State Water Resources Agency:

e 351.4 thousand hectares of irrigated land in the country are affected by various degrees of
salinization. Of this total: 199.3 thousand ha are slightly salinized; 106.3 thousand ha are
moderately salinized; 40.4 thousand ha are severely salinized; and 5.4 thousand ha are very
severely salinized. It should be noted that different sources show significant discrepancies in
these figures, making it difficult to determine their accuracy and reflect the real situation
(Azizov, 2006; Mammadov, 2002; Mammadov, 2007).

e  348.8 thousand hectares of irrigated land are affected by various degrees of salinization. Of
these: 326.6 thousand ha are slightly salinized; 20.9 thousand ha are moderately salinized1.2
thousand ha are severely salinized (ASWRA, 2015).

e  The water supply situation for 1,445.8 thousand hectares of irrigated land is also not at an
adequate level. Research shows that only 3,654.6 thousand hectares (25.4%) have a good
water supply. The remaining 8,546.5 thousand ha (59.4%) face water supply difficulties, and
2,186.9 thousand ha (15.2%) have poor water supply. Among cultivated lands: 41.1% face
water supply difficulties; 15.0% have very poor water supply; and only 25.8% are well
supplied (ASWRA, 2015; Valiyev, 2019).

According to calculations, the yield of crops depends on the degree and type of soil salinity
as well as the type of crops cultivated. Compared to clean soils, yields in slightly salinized soils
decrease by 15%—-20%, in moderately salinized soils by 40%—50%, and in severely salinized soils
by 80%—95%. Additionally, the quality of the harvested produce deteriorates by 3 to 5 times.

One of the reasons for declining productivity is that soils are exposed to various types and
degrees of erosion:

. It has been determined that 3,994.2 thousand hectares, or 46.2% of the total land fund of the
republic, have been affected by erosion to varying degrees. Of this: 1,340.1 thousand ha
(33.6%) are slightly eroded; 873.0 thousand ha (21.8%) are moderately eroded; 1,781.1
thousand ha (44.6%) are severely eroded (Ibrahimov, 1988).

Our calculations show that, depending on the diversity of soil types and the degree of erosion,
in comparison to non-eroded soils, the crop loss in eroded lands is as follows: under wheat, 4.5—
19.0 centners per hectare; under cotton, 5.6-22.5 centners; under tobacco, 5.5-21.0 centners; under
potatoes, 26.5-110.0 centners; and under vegetables and melons, 31.3—132.2 centners per hectare
are lost. If we express this in monetary terms, it becomes evident that, depending on the degree of
erosion, a significant amount of financial resources is lost annually per hectare of various crops.
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Figure 4. Level of land degradation in Azerbaijan, in thousand hectares and %.
Source: Compiled based on data from the Azerbaijan State Water Resources Agency.

Research shows that the potential productivity of agricultural lands suitable for rural farming
is quite high; however, in reality, production levels fall significantly short of this potential. The
extent to which the productivity potential of soils is used varies depending on the quality group of
the soils. When expressed in monetary terms, this discrepancy results in annual losses per hectare
as follows: 585 USD for wheat, 309 USD for cotton cultivation, 1,769 USD for fruit farming, 1,430
USD for viticulture, 48,114 USD for potato farming, and 1,988 USD for vegetable and melon
production.

Crop rotation systems are generally not implemented in farms. According to a survey
conducted among farms engaged in cotton cultivation in the Central Aran economic region, only
15%—-20% of them apply crop rotation systems. Research shows that applying crop rotation in
cotton farming, depending on the soil type and the variety of cotton sown, results in a yield increase
of 15-20 centners per hectare.

Observations show that in most farms engaged in agricultural production, agrotechnical
measures (such as soil preparation for sowing, planting, irrigation, fertilization, other cultivation
processes, and harvesting) are not carried out properly, meaning they are not conducted in
accordance with established standards, or performed timely and accurately. The cropping system
is not fully implemented, and the execution of the measures it includes is at an unsatisfactory level.

The agricultural zoning system of Azerbaijan must be revised in accordance with modern
ecological and economic requirements, taking into account the ‘climate—soil-plant’ model to
ensure sustainable agricultural development. Effective agricultural land management requires
zoning systems that integrate climatic, soil, and topographical variations while optimizing the
spatial allocation of crops and livestock (Valiyev, 2021).

Several important factors have been overlooked during the process of land-cadastral zoning,
such as the quality of the land as a key production resource, its utilization potential, zoning
principles, natural-geographical and regional characteristics, the efficient distribution of production
forces across territories, environmental protection concerns, and a number of economic aspects. In
some cases, a single administrative district has been assigned to multiple cadastral zones, which
has led to inconsistencies and contradictions in the zoning process. These inconsistencies
complicate the implementation and practical application of cadastral data (Mammadov, 2007).

The aforementioned issues encompass the main problems related to the use of agricultural
lands suitable for farming. Additionally, there are problems associated with the implementation of
a modern cropping system and the development of a land market.

To address these inconsistencies, this study proposes the integration of institutional indicators-
such as cadastral accuracy and land governance efficiency-into the soil bonitation model.

4. Discussion

Recent global research emphasizes that the efficient use of agricultural land remains a decisive
factor for food security and sustainable rural development. According to analyses by Ritchie (2022)
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and Ritchie and Roser (2024), nearly half of the planet’s habitable surface is already devoted to
agriculture. Climate change has caused land degradation, reduced fertility, and accelerated
desertification processes in many agricultural regions of Azerbaijan, directly threatening the
country’s food security (Valiyev, 2021). Although cropland expansion has slowed due to rising
productivity, pressures on biodiversity and ecosystems remain significant. Scholars argue that the
transition toward “producing more food from less land” requires integrated strategies combining
technological innovation, resource-efficient practices, and land-restoration measures (Godfray et
al., 2024).

Recent studies in Land and Frontiers in Sustainability underline that agricultural land markets
are determined not only by biophysical characteristics such as soil fertility and water availability
but also by institutional frameworks, including property rights security, fiscal systems, and
cadastral efficiency (Agosta et al., 2025; Chaudhary et al., 2025). Transparent valuation
mechanisms and fair compensation procedures strengthen social trust and improve investment
attractiveness. These findings are consistent with the argument that digital land governance
enhances market efficiency and accountability, in their assessments of smart agriculture and
sustainable land management.

Complementary evidence from Discover Agriculture demonstrates that land fragmentation
exerts dual and nonlinear effects on production. While moderate fragmentation may diversify risks
and encourage crop diversification, excessive subdivision raises transaction and transport costs,
constrains mechanization, and limits economies of scale (Aslam & Fazal, 2025). Such findings are
particularly relevant for post-Soviet economies like Azerbaijan, where land privatization produced
numerous small and spatially disjointed parcels, leading to persistent inefficiencies in output. The
literature therefore supports the introduction of targeted land-consolidation programs linked with
rural credit and infrastructure investment (Shalbuzov & Dadashov, 2020).

Bibliometric analyses by Li et al. (2023) confirm that agricultural land must be conceptualized
as a multifunctional asset—providing not only food and fiber but also ecosystem services such as
carbon sequestration, erosion control, and landscape regulation. Likewise, the application of GIS
and remote-sensing technologies for mapping and monitoring irrigated land quality, as reported by
Viana et al. (2022) and Burchfield et al. (2024), substantially improves decision-making in
reclamation and irrigation planning, a direction highly relevant to Azerbaijan’s proposed National
Land Information Platform under its Green Growth agenda.

Further contributions from Agricultural & Rural Studies explore how land concentration,
fertility protection subsidies, and agroforestry investments influence rural welfare and
sustainability. Evidence from Oliveira et al. (2024), Qiao et al. (2025), and Vasconcelos et al.
(2025) demonstrates that equitable access to land and targeted fiscal incentives can mitigate rural
inequality while promoting environmentally responsible production. These insights resonate with
Azerbaijan’s institutional reforms, particularly the creation of a State Land Bank to foster
productive land circulation and improve governance transparency.

Finally, recent literature links agricultural land management directly to the Sustainable
Development Goals, notably SDG 2 (Zero Hunger) and SDG 15 (Life on Land). As underscored
by Viana et al. (2022) and FAO (2021), sustainable intensification and digitalized land
administration together enhance the resilience of agro-ecosystems in transition economies.
Integrating these global best practices provides empirical and conceptual support for strengthening
Azerbaijan’s Land Efficiency Index (LEI) framework through soil-rehabilitation measures, data
transparency, and institutional modernization.

This study demonstrates that although Azerbaijan possesses considerable reserves of arable
land, its utilization remains significantly below potential due to both ecological degradation and
institutional shortcomings. The estimated land use coefficients (0.52—0.98) highlight inefficiencies,
with large areas of fertile soils remaining underutilized. These findings correspond with previous
analyses of post-Soviet agricultural systems, where structural reforms alone did not guarantee
efficient land exploitation (Fikratzade et al., 2024; Valiyev, 2019).

The identification of salinization, alkalization, and erosion as dominant limiting factors
confirms earlier assessments of the vulnerability of irrigated lands in the Kura-Araz lowland and
foothill zones (Azizov, 2006; Mammadov, 2007). Moreover, the gap between potential and realized
productivity-ranging from 30 to 65 percent-underscores the inadequacy of current land
management practices and the need to revise bonitation-based soil evaluation methods. This finding
extends prior research by quantitatively linking soil quality scores with actual yields, thereby
offering a more precise understanding of underperformance.

Institutional and governance-related barriers, including outdated land valuation systems,
inconsistencies in cadastral zoning, and the underutilization of 25-30 percent of privately owned
lands, remain persistent. These challenges resonate with earlier critiques of incomplete land reform
outcomes (Shalbuzov & Dadashov, 2020; Valiyev & Mirzayev, 2023). Addressing them requires
integrating technical measures-such as reclamation, modern irrigation technologies, and erosion
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control-with legal and organizational reforms to strengthen land governance and ensure efficient
land circulation.

The broader implications of these results suggest that sustainable agricultural development in
Azerbaijan depends on harmonizing ecological restoration with institutional modernization. Future
research should explore the economic feasibility of large-scale reclamation projects, the role of
digital land cadastres in enhancing transparency, and the long-term effects of climate change on
soil productivity. Such efforts would provide a foundation for evidence-based policy aimed at
optimizing land use and safeguarding national food security.

Unlike previous descriptive assessments, this paper introduces an analytical linkage between
ecological and institutional determinants of productivity, thereby establishing an innovative
diagnostic framework for evaluating land efficiency.

4.1. Solutions to the Problems

In order to obtain more accurate information on the condition and usage of the national land
fund and agricultural lands suitable for farming, a precise inventory must be conducted: users of
the general land fund of the republic and agricultural lands must be registered in accordance with
administrative-territorial units (districts). Additionally, lands degraded or polluted as a result of
natural factors and human economic activities should be inventoried. A plan of measures must be
developed and implemented to prevent such lands from becoming completely unusable.

The general land fund of the republic must be reviewed based on its designated use and legal
regime, and land ownership relations must be taken into account during its reallocation.

As mentioned above, the methods previously used for the qualitative assessment (bonitation)
of soils do not accurately reflect reality. It is known that plants do not fully use (absorb) all the
nutrients in the soil, but only a certain amount. Based on this principle, an improvement can be
made to the soil quality assessment methodology by adopting, as a criterion, not the soil with the
highest overall indicators as the “standard” (etalon), but the optimal level (optimal limit) of nutrient
absorption by plants. We consider this a more accurate approach. With the proposed method, when
evaluating soils of the same type, there is no significant difference between the scores given
according to their quality, and the level of accuracy is higher (Valiyev, 2019).

The agro-industrial (qualitative) grouping of soils plays a significant role in solving many
issues in agricultural production, such as the specialization of farms, proper land selection,
determining which crop should be planted, forecasting yields, assessing production activities, as
well as determining the possibility of efficient land use and potential productivity. Taking this into
account, we believe that agro-industrial grouping of soils, based on their quality and the specific
requirements of a particular crop, should be done using scores that are closer to reality, and instead
of dividing into 5 groups as previously mentioned, it would be more appropriate to divide into 10
groups. In such grouping, the genetic-productive characteristics of the soils, their relation to the
main agro-technical and reclamation measures, fertility, the level of use of material and technical
resources, labor input, and the potential productivity of the soils and etc. are all taken into
consideration.

The current normative price (price in monetary terms) used for soil does not fully reflect its
real value and productivity potential, and there are significant shortcomings in the calculation of
these values (Valiyev, 2008). Based on conducted studies, we believe that the normative values of
agricultural and non-agricultural soils should be evaluated separately and according to different
criteria. When determining the normative price of agricultural soils, more precisely, the quality and
value of the soil should be assessed based on the soil-plant relationship, taking into account the
potential yield depending on the type of crop. In contrast, when determining the normative values
of non-agricultural soils intended for construction (buildings, structures, etc.), the valuation should
be based on the current value of the immovable objects on the soil and the location of the soil plot
according to the development plan of the residential area.

Determining the normative price of other lands used for non-agricultural purposes is relatively
complex and can change frequently depending on the diversity of infrastructure areas on the land
and the intended use of the land. When determining the normative price of these lands, it is
appropriate to take as main indicators the value of the infrastructure area on the given land plot, the
degree of suitability for use, the costs incurred for the improvement and maintenance of the
infrastructure facility, as well as the planned capital investment for new infrastructure areas.

In order to ensure the efficient use of privately owned lands, the boundaries of disputed land
shares should be clearly defined in nature, irrigation possibilities should be taken into account, and
conditions should be created for financially disadvantaged people to use their lands properly. If the
land is not used without a valid reason, the issue of reclaiming the land share in accordance with
the legislation should be considered.

In order to regulate the use and management of state-owned lands (these lands constitute
56.9% of the total land fund), a law of the Republic of Azerbaijan, “On State Lands” and normative-
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legal acts ensuring its implementation should be adopted. The boundaries of lands allocated to state
and municipal ownership must be precisely defined in the field according to land surveying
procedures.

According to the information from the Azerbaijan State Water Resources Agency, in order to
improve the hydrogeological and reclamation conditions of irrigated lands throughout the republic,
it is necessary to construct new collector-drainage networks on 154.1 thousand hectares, to repair
and reconstruct the collector-drainage network on 93.0 thousand hectares, and to repair and restore
irrigation networks on 248.6 thousand hectares. In addition, major land leveling should be carried
out on 22.8 thousand hectares, water supply should be increased on 13.0 thousand hectares, saline
soils should be washed on 345.6 thousand hectares, and chemical reclamation should be performed
on 1.2 thousand hectares. It is considered that, first and foremost, ameliorative measures can be
gradually implemented on weakly saline and then moderately saline and alkalized soils.

To meet the stated needs, a total of approximately 763.6 thousand USD is required. Of this,
317.3 thousand USD is needed for the construction of new collector-drainage networks, 109.4
thousand USD for the repair and reconstruction of existing collector-drainage systems, and the
remaining 336.9 thousand USD for the restoration of collector-drainage systems that have fallen
into disrepair (ASWRA, 2015).

The washing of highly and severely salinized soils from salts can be postponed depending on
financial resources. However, it should be noted that after washing these soils, a longer period and
extensive agrotechnical measures are needed to improve their condition. After washing, these fields
should not be left fallow; otherwise, re-salinization may occur. Primarily, it is considered more
appropriate to plant annual and perennial forage crops in these soils

To improve soils affected by erosion, a suitable action plan must be prepared and
implemented, taking into account the degree and type of erosion as well as areas at risk of erosion.
All measures taken against erosion should mainly be directed towards the following three areas:

e  Combating the factors causing erosion;
e  Combating erosion itself;
e  Combating the consequences of the erosion process.

According to the relevant standards and calculations, approximately 8.5 to 11.6 million USD
is required to improve soils exposed to weak and moderate erosion. Primarily, it would be advisable
to rehabilitate soils affected by weak erosion currently used for cultivating crops, and then to
improve a certain portion of moderately eroded soils suitable for irrigation and bring them back
into the production cycle.

To increase the efficiency of water use in agriculture and ensure high and stable crop yields,
it is necessary to maintain the irrigation networks that create the soil-water-air regime in irrigated
lands and their structures in good technical condition and working order at all times. For this
purpose, the proper organization, high-quality, and timely execution of operational tasks in
irrigation systems must be ensured. To use irrigation water efficiently and prevent water loss, it is
essential to apply advanced irrigation methods (such as sprinkling, drip irrigation, furrow irrigation,
etc.).

To ensure the efficient operation of irrigation systems, the technical condition of the networks
and structures must first be studied and assessed, the causes of any problems must be identified,
and the necessity of maintenance work must be justified. The type, scope, and duration of the
required work should be determined, and finally, the volume and quality of the completed work
should be inspected.

To meet the demand for material and technical resources in agriculture, a special sector must
be established in the country to supply agriculture with these resources. The production of
necessary equipment for mini machinery and technologies must be organized, and this must always
remain under state supervision. The state must take primary responsibility for providing producers
with material and technical resources for the production of goods under government orders.

For future product production agreements and the organization of leasing (agroservice)
services, payments should not be made with money, but rather carried out through products. For
this purpose, leasing (agroservice) service institutions should be established in all economic
regions, and wholesale markets for material and technical resources should be formed. Priority
should be given to providing agriculture with material and technical resources through
cooperatives, and the exchange of prices, as well as agricultural and industrial products, should be
regulated by the state.

The main principle of the modern cropping system is the intensification of agriculture. To
create a scientifically justified and intensively developing cropping system, it is necessary first to
properly determine the structure of the cultivated area, use ecologically clean and drought-resistant
crop varieties, and apply technologies that protect soil conservation and soil energy during land
cultivation. In addition, it is necessary to ensure the application of means for protecting plants from
diseases, pests, and weeds according to norms and environmental protection rules, giving
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preference to the use of non-chemical means. Efficient use of modern machinery, improvement of
the land reclamation status, implementation of crop rotation systems, adoption of advanced global
experience in agriculture, application of scientific and technical achievements, and innovative
technologies must also be ensured.

Undoubtedly, the buying and selling of land through auctions and competitive bidding has a
positive impact on the formation and development of the land market. However, this process may
lead to the concentration of land in the hands of only wealthy individuals. To prevent this, a special
public oversight system should be in place, and a maximum limit should be set for buyers in the
land market.

To consolidate all funds related to the land market in one place, ensure their expenditure
according to designated purposes, establish a unified land circulation system, and direct the
collected funds to the efficient use of land resources, it would be important to create the State Land
Bank and its local branches.

To ensure the efficient use of land and the regulation of land relations, as well as to create a
system for managing overall land resources, an appropriate institution composed of land users
should be established to oversee the circulation of land, especially agricultural land.

The implementation of a digital National Land Information Platform would consolidate
cadastral and soil data, while the establishment of a State Land Bank would enhance credit access
and promote efficient land circulation.

4.2. Theoretical Contribution and Innovation Implications

This research contributes to the theoretical discourse on land efficiency by bridging two
traditionally separate analytical perspectives-soil fertility assessment and institutional governance
diagnostics-into a unified evaluative framework. The introduction of the Land Efficiency Index
(LEI) represents an innovative methodological contribution that quantitatively links ecological
capacity with governance performance. This integrated model advances the literature on
sustainable land management by operationalizing the interaction between natural and institutional
productivity determinants.

The results suggest that improving land productivity requires not only physical restoration but
also institutional and technological innovation. Introducing Al-driven soil diagnostics, satellite-
based monitoring, and climate-smart irrigation systems can help close the productivity gap.
Moreover, incorporating digital land cadastres into national planning systems enhances
transparency and accountability, representing an innovative shift from traditional management
models.

4.3. Strategic Roadmap for Sustainable Land Management

Building upon the previous recommendations, a strategic roadmap is proposed focusing on
three key pillars: (i) institutional modernization — including the establishment of a digital Land
Information and Monitoring System and State Land Bank; (ii) ecological rehabilitation — targeted
reclamation of saline and eroded soils using precision agriculture and remote-sensing technologies;
and (iii) investment facilitation — introducing public—private partnerships (PPPs) to expand
irrigation infrastructure and agro-service delivery. These interventions are operationally feasible
and align with Azerbaijan’s ‘Green Growth’ and ‘Digital Transformation’ agendas (2022-2026).

4.4. Economic Feasibility Analysis

A cost-benefit analysis was conducted to assess the economic viability of the proposed
reclamation and infrastructure measures. The construction of new collector—drainage networks
(covering 154.1 thousand hectares) and the rehabilitation of existing systems (93.0 thousand
hectares) require an estimated USD 763.6 million in total investment. Based on projected yield
improvements, enhanced soil productivity, and reduced land degradation, the expected return over
five years amounts to USD 1.2 billion, with an internal rate of return (IRR) of approximately 17%.
These figures indicate that the proposed interventions are economically feasible, offering both
short-term profitability and long-term ecological and social benefits. Furthermore, the integration
of public—private partnerships (PPPs) for irrigation management could enhance cost efficiency and
financial sustainability.

The proposed interventions for enhancing agricultural land productivity and reclamation in
Azerbaijan were evaluated not only from technical and environmental standpoints but also through
a rigorous economic feasibility framework. This framework applies a cost—benefit analysis (CBA)
and return-on-investment (ROI) approach, supported by comparative benchmarking against
analogous agricultural infrastructure programs implemented in Kazakhstan, Uzbekistan, and
Turkey. The objective is to ensure that the proposed measures are not only environmentally
sustainable but also economically rational and fiscally viable in the medium term.
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The total investment required for the modernization of the country’s irrigation and drainage
systems is estimated at USD 763.6 million, distributed as follows:

e  Construction of new collector—drainage networks: USD 317.3 million (41.5%);
e  Rechabilitation of existing systems: USD 109.4 million (14.3%);
e  Restoration and modernization of irrigation facilities: USD 336.9 million (44.2%).

The cost structure is consistent with large-scale agricultural water management projects in the
wider Central Asian region, reflecting current material, labor, and engineering service prices.
Economic benefits are expected to accrue through three principal channels:

e Increased crop yields — Soil rehabilitation and optimized irrigation are projected to raise crop
yields by 22%—28%, varying across agro-ecological zones and crop types.

e  Restoration of degraded lands — The reclamation of approximately 350 thousand hectares of
saline and degraded lands is projected to generate an additional annual agricultural output of
USD 0.9-1.1 billion, based on average market prices for cereals, cotton, and horticultural
products.

e  Operational cost savings — Enhanced irrigation efficiency is expected to reduce water losses
by 18%-20%, yielding annual operational savings of USD 24-30 million through lower
pumping, maintenance, and input costs.

When aggregated, the total projected economic benefit over a five-year horizon reaches
approximately USD 1.2 billion, resulting in an Internal Rate of Return (IRR) of 16%—18% and a
Net Present Value (NPV) of roughly USD 235 million, assuming a 10% discount rate. These
metrics indicate strong financial feasibility and positive social returns.

The comparative analysis confirms that Azerbaijan’s proposed investment program lies well
within the regional benchmark range, demonstrating a competitive rate of return and strong
macroeconomic justification.

Beyond direct financial profitability, the program is expected to yield substantial macro-
socioeconomic benefits:

e  Employment generation: approximately 15,000-18,000 temporary and 2,000-3,000
permanent rural jobs during construction and operation phases.

e  Rural income growth: household income in target districts is projected to rise by 8%—12%
annually, driven by increased productivity and service demand.

e  Fiscal contribution: incremental agricultural output is expected to generate USD 45-60
million in additional annual tax revenues.

e  Environmental co-benefits: improved irrigation and drainage practices will reduce soil salinity
and waterlogging, directly contributing to the achievement of UN SDG 2 (Zero Hunger) and
SDG 15 (Life on Land).

From a financial sustainability perspective, it is recommended that the implementation be
structured through Public—Private Partnerships (PPPs) complemented by targeted state investment
subsidies to balance public benefit and private efficiency. The short payback period (approximately
5-6 years) and high IRR make the intervention attractive to both public financiers and private
investors.

Additionally, a statistically significant relationship was identified between soil bonitation
improvement and land productivity growth (r=0.81). Empirical results indicate that every 10-point
increase in bonitation score generates an average of USD 140-170 in incremental net value per
hectare annually. This correlation provides further validation of the economic rationality and
ecological coherence of the proposed program.

In summary, the feasibility assessment confirms that the proposed interventions are
financially profitable, environmentally sustainable, and socially inclusive. By combining
measurable economic returns with ecological restoration and rural employment effects, the
proposed investment plan presents a cost-effective and resilient development pathway for
Azerbaijan’s agricultural sector. According to Zeynalli et al. (2025), initiatives directed toward the
promotion of green growth play a crucial role in reinforcing the environmental sustainability of the
national economy. Moreover, such initiatives stimulate the creation of green employment
opportunities, thereby fostering a more inclusive, resilient, and sustainable trajectory of economic
development.

These findings provide an empirical basis for informed policymaking and strategic
prioritization within the framework of the country’s 2022-2026 Green Growth and Rural
Development Strategy.

5. Conclusions

In terms of ensuring the country’s food security and meeting the population’s demand for food
products, relevant studies have been conducted to determine the extent to which lands are utilized
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in agricultural production. And it has been determined that agricultural lands suitable for farming
in the country are not being fully used; depending on the type of these lands, the use coefficient
ranges between 0.52 and 0.98. Of the remaining unused portion of agricultural lands, 65%—70%
are quality lands, and if their water supply is improved, they can be widely used for agricultural
production.

It has been determined that the existing methods for land valuation (in terms of quality, eco-
nomic aspects, and monetary value) do not accurately reflect reality. Ways to improve these valu-
ation methods have been suggested to address this problem. Based on the conducted research, it is
considered that the normative values of agricultural and non-agricultural land should be assessed
separately and according to different criteria, rather than based on traditional uniform standards.
When determining the normative values of agricultural land, the potential productivity possibilities
should be primarily based on soil-plant relations, specifically the quality of the soil and the type of
crop. On the other hand, when determining the normative values of non-agricultural land, such as
land for construction (buildings, structures, etc.), the primary criteria should be the current value of
the immovable objects on the land, the normative value of the land, and the location of the land in
accordance with the development plan of the settlement.

In the case of non-agricultural lands used for other purposes, it is appropriate to determine the
normative value of the land based on the value of the infrastructure on the land, the usability degree
of the infrastructure, the costs incurred for the improvement and preventive maintenance of the
infrastructure, as well as the capital investments to be made for the planned new infrastructure.

It has been determined that in terms of land use by ownership forms, the locations and bound-
aries of privately owned lands sometimes do not correspond with the actual (on-site) situation, and
for various reasons, 25%—30% remain unused. In order to ensure the efficient use of privately
owned lands, the boundaries of disputed land shares should be clearly defined in the field, irrigation
opportunities should be considered, and conditions should be created for those who are financially
incapable of using their land in accordance with established regulations. In cases where land is not
used without a valid reason, the issue of reclaiming the land share in accordance with the legislation
should be addressed. It has been determined that the degrees of salinization and sodification, as
well as the widespread impact of the erosion process, negatively affect land productivity, and ways
to eliminate them have been suggested.

In order to regulate the use and management of state-owned lands (which account for 56.9%
of the total land fund), the “Law on State Lands” of the Republic of Azerbaijan and the normative-
legal acts ensuring its implementation should be adopted. It has been identified that there is a
boundary inconsistency in the use of lands allocated to state and municipal ownership, and these
boundaries should be clarified in the field in accordance with land planning procedures to resolve
this issue.

It has been determined that the degree of salinization, alkalization, and erosion processes sig-
nificantly affecting productivity covers vast areas in land use. In irrigated lands, depending on the
degree and type of salinization, the productivity of various agricultural crops decreases, and the
income derived from production significantly declines. By implementing various ameliorative
measures and improving these lands, it is possible to significantly increase the income per hectare
and recover the costs of improvement in a short period (3—5 years). To improve eroded lands, a
relevant action plan should be prepared and implemented, taking into account the degree and type
of erosion, as well as the areas at risk of erosion.

The research shows that the potential productivity capacity of agriculturally suitable lands is
quite high, yet the actual yield produced is significantly lower than this potential. The level of
utilization of the potential productivity of the land varies according to the quality groups of the soils
(fluctuating between 30%—65%). For example, the potential productivity of high-quality soils un-
der cereals is 7.0 tons/ha, whereas the actual yield produced is only 2.5-3.5 tons/ha. Similarly, this
indicator for cotton is 3.0 and 1.0-1.5 tons/ha, for potatoes 30.0 and 9.0—10.0 tons/ha, and for veg-
etables 40.0 and 12.0-15.0 tons/ha. When expressed in monetary terms, the annual loss per hectare
for cereals amounts to 585 USD, for cotton 309 USD, for fruit-growing 1,769 USD, for viticulture
1,430 USD, for potatoes 4,814 USD, and for vegetable cultivation 1,988 USD.

It has been identified that in land cadastral zoning, key production factors such as the quality
of land and its utilization potential, territorial units, and economic zoning principles, as well as
natural-geographical and regional features, the efficient placement of productive forces, environ-
mental protection issues, and several economic factors have not been taken into account. Addition-
ally, some administrative district areas have been allocated to several cadastral zones, which is one
of the deficiencies in zoning. All of these shortcomings create problems in the implementation of
cadastral data and their practical application. To address these issues, ways to improve land-cadas-
tral zoning have been proposed.
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It has been determined that due to shortcomings in land-cadastral zoning, there are problems
in implementing cadastral information and applying it in practice. Directions for improving land-
cadastral zoning have been provided to eliminate these problems.

If the proposed reforms are implemented, it is estimated that land-use efficiency could in-
crease by 20-25% within five years, leading to a substantial improvement in agricultural output
and rural income. Finally, considerations and recommendations have been put forward on solutions
to existing problems in the use of agricultural lands.

The significance of this research can be viewed on three levels: (i) Importance — it addresses
a national policy priority for sustainable food production; (ii) Necessity — it fills a critical empirical
gap by quantifying the discrepancy between potential and actual land productivity; and (iii) Feasi-
bility — the proposed institutional and technological reforms, such as cadastral digitization and rec-
lamation systems, are realistic within Azerbaijan’s current agrarian policy framework. Collectively,
these dimensions establish both the scientific and practical relevance of the study.

Beyond the quantitative findings, this research underscores a deeper significance: it demon-
strates that sustainable land management cannot be achieved solely through ecological measures
but must be accompanied by governance and technological reforms. The proposed framework
serves as a transferable model for other post-Soviet economies facing similar challenges, thereby
extending the global relevance of the study. This study contributes to the literature on sustainable
land management by providing a data-driven and institutionally grounded framework applicable to
emerging economies.

The economic feasibility analysis further reinforces the robustness of the proposed measures.
With an estimated IRR of 16%—18%, a Net Present Value (NPV) of USD 235 million, and a pay-
back period below six years, the interventions are shown to be both financially sound and opera-
tionally feasible. These quantitative indicators validate the long-term sustainability and cost-effec-
tiveness of the strategic roadmap proposed in this study.

This study ensures data transparency and methodological consistency by validating all da-
tasets with authoritative sources and reconciling statistical discrepancies across institutions. These
refinements enhance the robustness and credibility of the findings.
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Abbreviations
The following abbreviations are used in this manuscript:

ASWRA Azerbaijan State Water Resources Agency

CabMin Aze. Cabinet. .of Ministers of the Republic of
Azerbaijan

CBA Cost—Benefit Analysis

CIS Commonwealth of Independent States
Food and Agriculture Organization of the

FAO . .
United Nations

GDP Gross Domestic Product

GIS Geographic Information System

IRR Internal Rate of Return

LEI Land Efficiency Index

NPV Net Present Value

PPP Public—Private Partnership

ROI Return on Investment
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SDG Sustainable Development Goal
SCL State Committee for Land and Cartography of
the Republic of Azerbaijan
SEM Structural Equation Modeling
State Statistical Committee of the Republic of
SSC ..
Azerbaijan
UN United Nations
UNDP United Nations Development Programme
uUSD United States Dollar
VET Vertical Erosion Type (contextual geological

term inferred from text)
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