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Against the backdrop of increasing pressures on food security and arable land 
resources, evaluating the consolidation potential of cropland in coastal saline–alkali 
areas and optimizing governance strategies carry significant strategic importance. 
Taking Dongying City as a case study, this research employed a grid-based assessment 
approach to systematically identify the quantity potential, quality potential, and 
their integrated patterns of cropland consolidation. Furthermore, differentiated 
governance pathways and policy optimization directions were explored in light 
of regional heterogeneity. The results indicate that: (1) cropland consolidation 
potential exhibits pronounced spatial heterogeneity, with a general distribution 
pattern of higher potential in the central–northern areas and lower potential in 
the south, reflecting significant scale effects and externalities; (2) a decoupling 
exists between quantity and quality potential—while Hekou District shows the 
largest increase in cropland area, its productivity gains remain limited, whereas 
Lijin County, despite its smaller area, contributes the highest quality potential; 
(3) the comprehensive evaluation delineates three gradients of high, medium, 
and low potential zones, suggesting resource prioritization for high-potential 
areas, pilot projects in medium-potential areas, and ecological protection as the 
focus in low-potential areas; (4) saline–alkali conditions determine differentiated 
consolidation pathways, with Hekou District requiring priority investments in 
desalination and infrastructure, while Lijin, Guangrao, and Kenli should emphasize 
salt-tolerant varieties and integrated agronomic technologies. Overall, the findings 
highlight the necessity of adopting region-specific, differentiated strategies for 
cropland consolidation in coastal saline–alkali zones, avoiding “one-size-fits-
all” approaches. Strengthened policy support, targeted large-scale investment, 
and localized adaptation of international experiences are essential to maximize 
consolidation benefits. This study not only provides scientific evidence for land 
consolidation planning in Dongying but also offers empirical insights for cropland 
management and food security strategies in China’s coastal saline–alkali regions.
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1 Introduction

Arable land is a critical material foundation for food production, 
and fluctuations in its quantity and quality can significantly impact 
food production and land use (Liu C. et al., 2023; Pravalie et al., 2024). 
This makes it a major issue concerning regional food security and 
environmental protection. The rational use and protection of arable 
land resources are closely tied to achieving several United Nations 
Sustainable Development Goals (SDGs) (Tom-Dery et al., 2023; Yang 
et al., 2024). These include “No Poverty” (SDG 1), “Zero Hunger” 
(SDG 2), “Sustainable Cities and Communities” (SDG 11), 
“Responsible Consumption and Production” (SDG 12), “Climate 
Action” (SDG 13), and “Life on Land” (SDG 15). Thus, the protection 
and potential exploitation of arable land are essential for ensuring 
future global food security (Zhang et al., 2024). Rapid global economic 
and social development, population growth, and changing dietary 
patterns are accelerating the demand for food (Kimsanova et al., 2024; 
Ritzel et al., 2024). This trend is further exacerbated by the COVID-19 
pandemic, which has disrupted supply chains and intensified food 
security challenges. According to the Food and Agriculture 
Organization of the United Nations, global food production in 2022 
reached 2.768 billion tons, a 36% increase from the 2.026 billion tons 
produced in 2002. However, the area of arable land has decreased by 
1.7% (Feng et al., 2023; Mmbando, 2023). Between 2010 and 2050, 
global food demand is projected to increase by 35–56%. Meanwhile, 
the population at risk of hunger is expected to grow by −91 to +8% 
during the same period (Falcon et al., 2022; van Dijk et al., 2021). This 
not only exerts tremendous pressure on existing arable land but also 
poses significant challenges to global food security in the future. The 
COVID-19 pandemic has exacerbated issues such as land 
abandonment and food surplus and shortage, and the global food 
supply–demand imbalance remains unresolved (Khan et al., 2023; 
Nath et al., 2023). Therefore, sustainable use of existing arable land 
and the exploration of potential arable land are crucial strategies to 
meet the growing food demand and prevent a global food crisis (Fayet 
et al., 2022; Ye et al., 2022).

China faces multiple constraints in arable land resources, 
including limited total area, low per capita availability, scarce reserve 
land, and insufficient high-quality farmland (Liu S. et al., 2024; Lu 
D. et al., 2024; Sun et al., 2023). These limitations have long hindered 
the country’s sustainable economic and social development. These 
limitations hinder the transition from high-speed to high-quality 
economic growth. Therefore, the current focus in China is on 
protecting existing arable land and exploring its potential (Lu et al., 
2024; Yuan et al., 2022). Enhancing and protecting existing arable land 
can effectively boost land productivity and ecological benefits, making 
it a critical component of China’s land conservation and food security 
strategies (Wang et al., 2024; Wei et al., 2023). By improving land 
consolidation practices, the potential for arable land can be increased, 
reducing land waste and easing the current pressure on land use (Rao, 
2022; Ye et  al., 2024). In the process of rural socio-economic 
development and transformation in China, arable land is increasingly 
compressed, showing significant regional disparities. Studying the 
potential for arable land consolidation and its spatial distribution is 
crucial for understanding changes in rural land use patterns, structure, 
and status in China. This research is also an important tool for 
analyzing land use changes on regional and global scales, playing a key 
role in optimizing land use in densely populated countries. Recent 

urban sprawl and rural construction have rapidly reduced arable land 
due to urbanization, land use adjustments, and land degradation (Liu 
S. et al., 2023; Zhou et al., 2022). Therefore, a deep understanding of 
the characteristics and patterns of arable land consolidation potential 
is essential. It is equally important to identify the driving factors 
behind spatial differences. Developing methods to optimize the 
measurement of consolidation potential and enhance the quantity and 
quality of arable land is of significant importance for China’s future 
sustainable development.

In recent years, increasing attention has been paid to the 
utilization and ecological improvement of coastal saline regions, 
which are widely recognized as both reserve land resources and 
ecologically fragile areas (Cassaway et al., 2024; Farinós-Celdrán et al., 
2017). Existing studies have explored the reclamation and amelioration 
of saline–alkali soils through engineering measures, biological 
improvement, and policy-driven land consolidation (Causapé et al., 
2023; Ringrose et al., 2014). These efforts have demonstrated that 
targeted consolidation practices can effectively enhance soil fertility, 
improve agricultural productivity, and alleviate land degradation. 
However, most of the current research has focused on soil 
improvement technologies or single-dimensional evaluations of land 
quality, while relatively limited attention has been given to the spatial 
heterogeneity of consolidation potential across large coastal saline 
regions. Moreover, traditional assessment methods often adopt 
administrative boundaries as evaluation units, which fail to capture 
the fine-scale variation in land quality and consolidation capacity. As 
a result, there remains a significant gap in accurately identifying 
consolidation potential and its spatial mismatches between land 
quantity and quality. Addressing these gaps through grid-based 
approaches is crucial for providing a more refined understanding of 
land resources and supporting precise decision-making in regional 
land use planning.

Beyond its practical importance, the study also draws on insights 
from land system science and social–ecological system governance 
frameworks, which provide an integrated lens for understanding 
human–environment interactions. Land system science emphasizes 
the coupled dynamics of land use, ecosystem services, and socio-
economic drivers, highlighting the need for cross-scale approaches 
that capture both biophysical constraints and institutional contexts 
(Verburg et al., 2015; Meyfroidt et al., 2022). Similarly, the social–
ecological systems perspective underscores the adaptive governance 
of land resources under uncertainty, emphasizing feedbacks, 
resilience, and trade-offs between production and ecological functions 
(Ostrom, 2009). Embedding the assessment of arable land 
consolidation within these frameworks strengthens the theoretical 
grounding of this study, allowing us to move beyond technical 
evaluations toward a more systemic understanding of how land 
potential can be realized through governance innovations, multi-actor 
coordination, and adaptive policy design.

Assessing the potential for comprehensive arable land 
consolidation is a crucial task in China’s land spatial planning and 
arable land protection strategies, with significant implications for 
national food security and ecological protection. Dongying City, 
a well-known resource-based city in China, faces severe arable 
land scarcity with an average of only 458.66 m2 per capita—just 
49% of the national average and 14% of the global average. This 
highlights the intense pressure on land resources and the strained 
relationship between people and land. Dongying City has long 
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experienced high-intensity land use and the impacts of climate 
change, leading to issues such as soil fertility depletion and 
functional degradation of arable land. Additionally, problems such 
as population outflow, land abandonment, inefficient use, and low 
levels of field precision exacerbate the region’s food security 
challenges. The city also grapples with rural hollowing, low 
utilization rates of agricultural facilities and field roads, and other 
significant land use inefficiencies (Nunoo et  al., 2023; Zheng, 
2024). Existing research indicates that irrational land use and 
policy design are major contributors to conflicts in arable land 
resource utilization and food security in China (Zhang et  al., 
2024). The root cause lies in the lack of accurate understanding 
and planning for regional arable land resources, resulting in the 
failure to scientifically plan land use and insufficient attention to 
the development of arable land consolidation potential. This has 
led to a disconnect between arable land use and socio-economic 
development. Furthermore, traditional approaches and methods 
for assessing arable land consolidation potential are often outdated 
and inadequate for meeting the current demands for high-
precision and efficient data. This not only reduces the effectiveness 
of macro-control policies for arable land but also hampers clear 
direction for optimizing land distribution (Liu Y. et al., 2023; Xu 
et al., 2023).

Therefore, scientifically assessing the potential for arable land 
consolidation in the Coastal Saline Regions of Dongying City, 
systematically analyzing the spatial characteristics and driving factors, 
and proposing effective optimization and management measures hold 
profound practical significance. These efforts are essential not only for 
improving the current utilization of arable land within this challenging 
coastal saline environment but also for strengthening national food 
security and advancing sustainable arable land management.

2 Study area and methods

2.1 Overview of the study area

Dongying City is located in the northern part of Shandong 
Province, within the central coastal saline region of the Yellow River 
Delta (Figure 1). The area is characterized by extensive saline–alkali 
soils, which account for approximately 94% of the total land area, 
while fertile river and black soils make up less than 5%. Soil 
salinization and alkalization are the most critical constraints on 
agricultural productivity, leading to low and unstable yields. Land-use 
conflicts are also prominent. Oil and gas extraction, transportation 
infrastructure, aquaculture, and expanding urban and industrial 
construction compete directly with arable land, resulting in 
fragmentation and degradation of farmland resources. In addition, 
abandoned mining pits and disused ditches further reduce the 
effective arable land base. Although Dongying is relatively flat and has 
a well-developed water system, water quality and sedimentation issues 
of the Yellow River affect irrigation reliability and soil improvement 
efforts. Given these conditions, Dongying represents a typical case of 
the coastal saline–alkali zone where land consolidation has both 
urgent necessity and substantial potential. Assessing the spatial 
heterogeneity of salinization and land-use conflicts provides a 
scientific basis for identifying areas suitable for consolidation and 
improving overall arable land quality.

2.2 Research methods

The potential for land consolidation in Dongying City is 
evaluated based on multiple land-use categories, including 
agricultural land, rural residential land, urban and industrial 
construction land, reserve land suitable for farming, and abandoned 
mine lands. Assessing and reclaiming these areas can simultaneously 
expand arable land resources and enhance ecological spaces such as 
forests and wetlands, thereby supporting both food security and 
ecological sustainability.

Arable land is a fundamental resource for agricultural 
production, and its quantity and quality are critical for ensuring 
national food security. In China, arable land consolidation serves as 
a central strategy for achieving a dynamic balance in the total amount 
of arable land, improving its quality, and enhancing 
ecological conditions.

A key methodological contribution of this study lies in its grid-
based evaluation framework (Figure 2). Unlike conventional analyses 
that rely on administrative boundaries, the grid-based approach 
enables a more fine-grained, spatially continuous assessment of 
consolidation potential. This improves analytical precision by reducing 
aggregation bias, captures local heterogeneity in salinization and 
land-use conflicts more effectively, and enhances policy relevance by 
allowing flexible scaling—from township-level zoning to cross-county 
planning. By overcoming the limitations of administrative-unit 
analyses, this framework provides a more robust scientific basis for 
targeted interventions and adaptive governance in land consolidation.

2.2.1 Data sources and preprocessing
The basic datasets used in this study were obtained from the 

Dongying Municipal Bureau of Natural Resources and include: (i) the 
Third National Land Survey data (2019, vector format, minimum 
mapping unit of 0.2 ha for arable land and 0.5 ha for construction 
land); (ii) the Arable Land Quality Classification dataset (2016, 
1,50,000 scale, evaluated using China’s Soil Quality Classification for 
Arable Land, GB/T 33469-2016); (iii) land use status maps (updated 
to 2020, 1:10,000 scale); and (iv) the Dongying Statistical Yearbooks 
(2018–2020), which provided grain yield and socio-economic 
indicators. All spatial datasets were projected into the unified 
CGCS2000 coordinate system and converted into both vector and 
raster formats (30 m resolution) suitable for grid-based analysis.

To ensure reliability, data cleaning involved removing duplicates, 
correcting topological errors, and aligning mismatched polygon 
boundaries. Land use categories were reclassified into arable land, 
rural residential land, construction land, facility agricultural land, 
ditches, and abandoned mine lands according to national land 
classification standards (MLR 2017). For grid analysis, the study area 
was divided into 2 km × 2 km and 10 km × 10 km grids, enabling both 
fine-scale precision and regional comparability.

Potential error sources include misclassification in survey data, 
temporal mismatches between different datasets (e.g., 2016 soil quality 
vs. 2019–2020 land use), and scale effects in aggregating from 30 m 
resolution to grid units. Based on national survey protocols, the 
overall accuracy of the Third National Land Survey exceeds 95%, but 
local deviations may still occur in areas with fragmented land use. 
These limitations were carefully considered when interpreting 
consolidation quantity and quality potentials, and results are presented 
as technically feasible estimates rather than guaranteed outcomes.
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2.2.2 Clarification of grid scale selection
In this study, both 2 km × 2 km and 10 km × 10 km grids were 

employed to capture land use heterogeneity and to balance fine-scale 
precision with broader spatial comparability. The 2 km × 2 km grid 
provides a sufficiently detailed resolution to reflect the localized 
distribution of ditches, rural roads, and facility agricultural land, 
thereby ensuring accuracy in identifying small patches of land suitable 
for consolidation. At the same time, using 10 km × 10 km grids allows 
for the aggregation of data to a coarser scale that is more consistent 
with regional land use planning and policy decision frameworks. This 
dual-scale approach is particularly important for coastal saline regions 
like Dongying, where land use patterns exhibit strong spatial 
heterogeneity at fine scales, but consolidation policies are often 
formulated and implemented at broader administrative or planning 

units. By integrating results across these two scales, the study reduces 
the risk of scale bias, ensures comparability across regions, and 
provides a robust foundation for both micro-level land improvement 
practices and macro-level strategic planning.

2.2.3 Evaluation of arable land consolidation 
quantity potential

When determining the scale of arable land to be consolidated, 
several factors are considered: previously consolidated arable land, 
land designated for construction, ecological protection boundaries, 
urban development limits, high-standard basic farmland, and arable 
land within protected areas are excluded from the consolidation zones.

The potential for arable land consolidation arises from converting 
land previously used for facilities, rural roads, and ditches into arable 

FIGURE 1

Location map of Dongying City.
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land. Using data from the third national land survey, we calculate the 
non-arable land coefficient for 2 km*2 km grids within the 
consolidation areas. The minimum non-arable land coefficient within 
10 km*10 km grids is determined as the coefficient for more intensive 
land use. For each 10 km*10 km grid, the new arable land coefficient 
is derived by subtracting the minimum non-arable land coefficient 
from the actual non-arable land coefficient of the 2 km*2 km grids. 
This new arable land coefficient is then used to estimate and aggregate 
the new arable land area for each township or district.

The city was divided into five potential levels: grids with a new 
arable land scale of ≥45 hectares were classified as high potential 
areas; grids with a new arable land scale of ≥24 hectares but <45 
hectares were classified as upper-middle potential areas; grids with a 
new arable land scale of ≥12 hectares but <24 hectares were classified 
as middle potential areas; grids with a new arable land scale of ≥3 
hectares but <12 hectares were classified as lower-middle potential 
areas; and grids with a new arable land scale of <3 hectares were 
classified as low potential areas.

The calculation formulas are as follows:

	(1)	 Non-arable land coefficient:

	 ( ) ( )/i i i i i i i iZ A B C D E F G= + + + + +

where:
Z is the non-arable land coefficient,
i is the grid number of the 2 km*2 km grid,
A is the area of ditches,
B is the area of facility agricultural land,
C is the area of rural roads,
D is the area of arable land,
E is the area of ditches,
F is the area of facility agricultural land,

G is the area of rural roads.

	(2)	 New arable land coefficient:

	 r ri riminY Z Z= −

where:
Y is the new arable land coefficient,
r is the grid number of the 10 km*10 km grid,
Zri is the non-arable land coefficient in the 10 km*10 km grid r,
Zrimin is the minimum non-arable land coefficient in the 

10 km*10 km grid r.

	(3)	 New arable land area:

	 ( )i r i i i iH Y D E F G= ∗ + + +

where:
H is the new arable land area for the 2 km*2 km grid i,
D is the area of arable land,
E is the area of ditches,
F is the area of facility agricultural land,
G is the area of rural roads.

2.2.4 Evaluation of arable land consolidation 
quality potential

This study evaluates the quality potential of arable land 
consolidation based on the 2016 arable land quality classification 
results for Dongying City. Given that soil quality tends to be relatively 
stable in the short term, it is assumed that soil quality has remained 
constant since 2016. The highest quality classification of arable land 

FIGURE 2

Basic logic for analyzing spatial characteristics of arable land consolidation potential.
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within each 10 km*10 km grid is used as the benchmark for the 
potential quality that can be achieved through consolidation. The 
increase in arable land productivity within each 2 km*2 km grid is 
calculated based on elevating its quality classification to the highest 
standard. The potential increase in productivity is determined using 
average grain yields for different counties from the 2018 Dongying 
City Statistical Yearbook.

The city was divided into five quality potential levels: grids with a 
comprehensive quality potential of ≥1,500 tons were classified as high 
potential areas; grids with a potential of ≥850 tons but <1,500 tons 
were classified as upper-middle potential areas; grids with a potential 
of ≥450 tons but <850 tons were classified as middle potential areas; 
grids with a potential of ≥150 tons but <450 tons were classified as 
lower-middle potential areas; and grids with a potential of <150 tons 
were classified as low potential areas.

First, the average utilization classification Ri for each grid is 
calculated using a weighted sum. Since a lower classification number 
indicates higher quality, the quality potential for existing arable land 
consolidation in each grid is calculated using the following formula:

	 ( ) 2
1 1.5 /i i imin iQ R R t hm W= − × ×

where:

	•	 Qi1 is the quality potential for existing arable land consolidation 
in each 2 km*2 km grid (in tons),

	•	 Rimin is the highest utilization classification in the 
10 km*10 km grid,

	•	 Wi is the area of existing arable land in each 2 km*2 km grid 
(in hm2),

	•	 The 1.5 t/hm2 standard for grain yield is a level specified in 
China’s “Soil Quality Classification for Arable Land” (GB/T 
33469-2016).

The total quality potential for arable land consolidation in each 
2 km*2 km grid is calculated as:

	 1 2 1i i i i i iQ Q Q Q H F= + = + ×

where:

	•	 Qi is the overall quality potential for arable land consolidation in 
each 2 km*2 km grid (in tons),

	•	 Hi is the area of newly added arable land in the 2 km*2 km grid 
(in hm2),

	•	 Fi is the average grain yield in the county where the 2 km*2 km 
grid is located (in t/hm2).

2.2.5 Comprehensive evaluation of arable land 
consolidation potential

Aggregate grid data on quantity and quality potential to town-
level data. Use the natural breaks method to classify each town’s 
quantity and quality potential into categories, then assign scores (1–5) 
based on these classifications. Finally, sum the scores for both 
potentials to determine the overall arable land consolidation potential 
for each town.

To enhance methodological transparency, it is important to clarify 
the underlying assumptions and the scientific rationale of the 
parameter settings used in this study. First, the assumption of stable 
soil quality since 2016 is based on the generally slow-changing nature 
of soil fertility and classification benchmarks in the absence of major 
land use transformations; however, localized degradation or 
improvement may have occurred, which could cause deviations in 
potential estimates. Second, the use of the highest-quality classification 
within each 10 km × 10 km grid as the consolidation benchmark 
follows the principle of maximizing achievable potential, but it 
implicitly assumes that management and infrastructural inputs can 
fully eliminate intra-grid quality disparities—a condition that may not 
always hold in practice. Third, the adoption of a 1.5 t/hm2 grain yield 
standard is derived from China’s official “Soil Quality Classification 
for Arable Land” (GB/T 33469-2016), ensuring consistency with 
national policy and technical standards, yet this benchmark may 
underestimate or overestimate local productivity given the variability 
in saline–alkali soil responses. Similarly, county-level average grain 
yields from the 2018 Statistical Yearbook were used to estimate 
productivity improvements, which provides an empirically grounded 
but spatially aggregated parameterization that may obscure within-
county heterogeneity. Finally, the classification thresholds for both 
quantity and quality potential were determined based on the 
distribution of local values and reference to existing literature on land 
consolidation potential evaluation, but different classification schemes 
might yield slightly different spatial patterns. Taken together, these 
assumptions and methodological choices ensure internal consistency 
and comparability with existing studies, while also highlighting the 
need for cautious interpretation of the results as technically feasible 
maxima rather than realized outcomes.

3 Results

3.1 Spatial distribution of arable land 
consolidation quantity potential

Based on the scale of newly reclaimed arable land, the coefficient 
frequency curve method was used in conjunction with cluster analysis 
to classify the potential levels for arable land consolidation. Based on 
the classification levels of grid potential, the data was aggregated at the 
township level. Using the natural breakpoint method, the townships 
were divided into zones. The types of land consolidation and the 
corresponding results are presented in Figure 3.

The total potential for arable land consolidation in the city is 
128703.88 hectares, with the potential to create an additional 2983.06 
hectares of new arable land, resulting in a new arable land coefficient 
of 2.32%. The primary areas with arable land consolidation potential 
in Dongying City are concentrated in: Damatou Town, Le’an Street, 
Daozhuang Town, and Lique Town in Guangrao County; Shengtuo 
Town, Xinglong Street, Kenli Street, and Yong’an Town in Kenli 
District; and Diaokou Township and Mingji Township in Lijin County. 
For details, see Table 1.

This study employs the coefficient frequency curve method to 
evaluate the distribution frequency of new arable land and 
combines it with cluster analysis for classification. This approach 
effectively categorizes different potential levels and identifies 

https://doi.org/10.3389/fsufs.2025.1690116
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Lin et al.� 10.3389/fsufs.2025.1690116

Frontiers in Sustainable Food Systems 07 frontiersin.org

areas with varying consolidation potential. Potential levels are 
defined based on the scale of new arable land, categorized from 
high to low into: high, upper-middle, middle, lower-middle, and 
low potential areas. This grading standard provides a clear, 
quantifiable basis for assessing the consolidation potential of 

different regions. The distribution indicates that areas such as 
Guangrao County, Kenli District, and Lijin County have higher 
consolidation potential and may therefore be  prioritized for 
reclamation. This data aids in resource planning and 
policy development.

FIGURE 3

Distribution of arable land consolidation types and quantity potential in Dongying City.
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Dongying’s potential for arable land consolidation exhibits 
marked spatial heterogeneity. High and relatively high potential areas 
are primarily concentrated in several townships in the southern and 
south-eastern parts of the city, and some blocks along urbanization 
belts or facility-agriculture corridors also show elevated potential—
likely due to the concentration of small fragmented plots, dispersed 
facility plots, or abandoned lands. Medium-potential areas are mainly 

distributed as scattered points or narrow belts that act as transitional 
zones between high- and low-potential patches. Low and relatively low 
potential areas are largely contiguous in the northeast and parts of the 
north-central region; these areas tend to have continuous or already 
scaled farmland with limited room for consolidation. In addition, 
some coastal saline-alkaline zones or areas constrained by natural 
conditions are classified as low potential because of severe salinization 

TABLE 1  Summary of arable land consolidation quantity potential in Dongying City.

Administrative district Area name Total area New arable land area New arable land coefficient

Dongying District East City Street 14.1 0.05 0.34%

Yellow River Street 191.09 2.25 1.18%

Liuhu Town 3603.66 59.2 1.64%

Longju Town 722.74 16.04 2.22%

Niuzhuang Town 2435.31 4.68 0.19%

Shengli Street 1217.62 13.53 1.11%

Shengyuan Street 8.8 0.1 1.15%

Shikou Town 1818.24 14.4 0.79%

Wenhui Street 90.39 2.82 3.12%

Xindian Street 720.69 17.47 2.42%

Subtotal 10822.63 130.53 1.21%

Guangrao County Chen Guan Town 3570.02 29.96 0.84%

Damatou Town 5451.43 72.02 1.32%

Dawang Town 1088.23 27.3 2.51%

Daozhuang Town 2362.76 27.99 1.18%

Dingzhuang Street 7134.06 140.07 1.96%

Guangbei Farm 2169.8 31.72 1.46%

Guangrao Street 1922.1 10.06 0.52%

Huaguan Town 4776.4 59.09 1.24%

Le’an Street 3176.63 13.7 0.43%

Lique Town 2103.08 2.43 0.12%

Subtotal 33754.51 414.34 1.23%

Hekou District Gudao Town 3237.73 179.69 5.55%

Hekou Street 10426.17 405.09 3.89%

Liuhe Street 4304.32 151.54 3.52%

Xianhe Town 6180.03 246.95 4.00%

Xinhou Town 2025.15 76.91 3.80%

Yihe Town 2687.92 44.55 1.66%

Subtotal 28861.32 1104.74 3.83%

Kenli District Dongji Town 1018.84 21.81 2.14%

Haojia Town 2268.56 8.67 0.38%

Yellow River Mouth Town 7549.13 185.53 2.46%

Kenli Street 4322.85 93.5 2.16%

Xinglong Street 792.99 25.5 3.22%

Shengtou Town 4721.58 16.29 0.35%

Yong’an Town 3640.6 53.06 1.46%

Subtotal 24314.54 404.35 1.66%

(Continued)
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or high reclamation costs. The large differences in potential between 
neighboring townships reflect rapid short-distance changes in 
land-use types (e.g., facility agriculture, rural residential land, ditches, 
abandoned mines) and in plot fragmentation.

3.2 Spatial distribution of arable land 
consolidation quality potential

Based on the comprehensive quality potential for arable land 
consolidation, the coefficient frequency curve method was used 
alongside cluster analysis to classify the quality potential levels. Based 
on the classification levels of grid potential, the data was aggregated at 
the township level. Using the natural breakpoint method, the 
townships were divided into zones. The detailed results are illustrated 
in Figure 4.

According to the latest third survey results, the city’s 
comprehensive quality potential for arable land (grain yield 
consolidation capacity) is 425569.94 tons. Arable land 
consolidation potential in Dongying City is primarily concentrated 
in: Liuhu Town in Dongying District; Dingzhuang Street and 
Huaguan Town in Guangrao County; Yellow River Mouth Town, 
Shengtou Town, and Kenli Street in Kenli District; and Chen 
Zhuang Town, Tingluo Town, Yanwo Town, and Beisong Town in 
Lijin County. Details are provided in Table 2. The classification of 
specific areas highlights potential differences across the city’s 
districts and counties. This is crucial for formulating precise 
consolidation plans and allocating resources effectively. High-
potential areas should be  prioritized for consolidation, while 
low-potential areas might require less investment or deferred plans. 
The calculated comprehensive quality potential indicates significant 
overall room for consolidation in arable land. Detailed 
segmentation of these potentials allows for more precise policy-
making and enhanced consolidation outcomes.

Dongying’s potential for improving arable land quality through 
consolidation shows pronounced spatial heterogeneity. High-potential 
areas are concentrated in several townships in the northeast and north, 
where the darkest blue patches (for example, near the Yellow River 
estuary and adjacent units) indicate substantial scope for quality 
improvement—likely due to underlying soil problems (e.g., remediable 
salinization) or abundant land types awaiting rehabilitation. Relatively 

high potential appears in some inland blocks and along urban fringe 
belts, represented by deep to medium-deep blue tones, likely driven 
by fragmented small plots or clusters of land heavily affected by human 
activities. Medium-potential zones occur as belts or scattered patches 
that link high- and low-potential areas, suggesting local parcels that 
can be improved through engineering or management interventions. 
Low and relatively low potential areas are mainly found in parts of the 
southern and southwestern jurisdiction, where contiguous light-blue 
zones imply inherently better soil quality or stable natural conditions, 
limited room or need for further improvement, or already completed 
remediation/scale-up that reduces marginal gains. Overall, sharp local 
contrasts between neighboring townships reflect rapid changes at 
short distances in land-use types, soil conditions, the distribution of 
facility agriculture, abandoned land, and ditch networks.

3.3 Spatial distribution of comprehensive 
arable land consolidation potential

Based on both the quantity and quality potentials for arable land 
consolidation, this study classified townships and streets into five 
potential levels. The process involved using the natural breaks method 
to categorize each township’s quantity and quality potentials, assigning 
scores accordingly. These scores were then summed to determine the 
comprehensive potential. Areas scoring 6–8 are classified as high 
potential zones, a score of 5 denotes upper-middle potential, 4 indicates 
middle potential, 3 represents lower-middle potential, and 2 signifies low 
potential. The results are detailed in Table 3 and illustrated in Figure 5.

From the Figure 5, it is evident that the key high-potential areas 
for arable land consolidation are primarily located in the central and 
northern regions of Dongying City. These areas are expected to 
become focal points for future arable land consolidation efforts to 
maximize their effectiveness. In contrast, the southern part of 
Dongying City, including some townships and streets, exhibits 
relatively lower potential for arable land consolidation and may only 
require moderate intervention. Resource allocation in these areas will 
need to be managed carefully to balance effectiveness with efficient 
use of resources. Dongying District, overall, has the smallest potential 
for arable land consolidation, with limited supplementary arable land 
resources available. Any consolidation activities in this area should 
be minimal and contingent upon favorable conditions.

TABLE 1  (Continued)

Administrative district Area name Total area New arable land area New arable land coefficient

Lijin County Beisong Town 3319.69 43.35 1.31%

Chenzhuang Town 8706.77 215.29 2.47%

Diaokou Township 1160.39 33.72 2.91%

Phoenix City Street 1441.31 22.73 1.58%

Lijin Street 1201.7 61.53 5.12%

Mingji Township 3140.39 56.04 1.78%

Tingluo Town 7940.56 298.33 3.76%

Yanwo Town 4040.07 198.09 4.90%

Subtotal 30950.88 929.1 3.00%

Total 128703.88 2983.06 2.32%

Units: Hectares, %.
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The use of the natural breaks method and comprehensive scoring 
approach ensures a scientifically sound and rational division of arable 
land consolidation zones. The natural breaks method avoids the 
subjectivity of manually set boundary points, while the comprehensive 
scoring provides a more holistic assessment of potential. Tailored 
consolidation strategies are proposed for different potential zones, 
offering clear guidance for future work. High-potential areas are 
prioritized for consolidation, while low-potential areas are addressed 
with moderate efforts as conditions permit. This approach and its 
results provide valuable guidance for arable land consolidation 
initiatives, aiding decision-makers in formulating effective strategies 
and enhancing land use efficiency.

4 Discussion

4.1 Spatial heterogeneity and governance 
implications

This study reveals pronounced spatial clustering in the potential 
for arable-land consolidation across Dongying City. High-value towns 
and townships are concentrated in the central-northern portion of the 
city—for example, Damatou, Daozhuang, Lean, Kenli Subdistrict, and 
Shengtuo—ranking among the top in both quantity and quality 
potential. For instance, Chenzhuang Town in Lijin County exhibits a 
quality potential exceeding 34,000 tonnes, while Hekou District 
contains 1104.74 hectares of newly available arable land. By contrast, 
most townships in Dongying District show relatively low potential, 
with less than 300 hectares of new area and quality potential below the 
city average. The north–south gradient in potential reflects not only 
differences in natural land endowments and infrastructure provision, 
but also uneven institutional and policy conditions within 
the municipality.

From a governance perspective, spatial heterogeneity provides a 
theoretical basis for differentiated policies. Arable-land consolidation 
exhibits path dependence and investment externalities: once drainage 
systems, field reorganization and soil improvement are implemented 
in a given area, neighboring towns can reap spillover benefits at lower 
marginal cost. For example, in the border zone between Lijin and 
Kenli, prioritizing infrastructure investment in high-potential patches 
would allow surrounding townships to share drainage networks and 
mechanization services. This approach could reduce unit investment 
costs by an estimated 15–20%. By contrast, a spatially uniform rollout 
would disperse funds and human resources and likely deliver lower 
overall returns than expected. Therefore, governance should respond 
to spatial clustering by prioritizing high-potential areas to exploit 
increasing returns to scale.

International experience corroborates this governance logic. In 
Punjab, India, research found that concentrating irrigation 
infrastructure delivered an 18% improvement in irrigation efficiency 
compared with dispersed layouts (Bhatia and Singh, 2024). In the 
Ethiopian highlands, FAO projects (FAO, 2020) demonstrate that 
prioritizing intensive cultivation in high-potential zones can produce 
broader food-security gains under constrained fiscal budgets. 
Conversely, in some African countries, efforts to pursue spatially even 
land governance without accounting for spatial heterogeneity have 
yielded per-capita yield gains of less than 5% and significantly lower 
investment returns than the global average (Ji et  al., 2023). These 
lessons suggest that Dongying should adopt a “concentrated 
breakthrough—diffusion-driven” approach in regional governance 
rather than pursuing uniform, evenly distributed interventions.

Based on the identified spatial heterogeneity, differentiated 
promotion strategies should be adopted for different potential zones. 
For high and relatively high potential areas (priority advancement), 
demonstration-oriented land consolidation and large-scale 
improvement projects should be carried out, combined with land 

FIGURE 4

Distribution map of arable land consolidation quality potential in Dongying City.
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transfer, the merging of farming units, and efficiency-oriented 
intensification. Infrastructure upgrading in irrigation, rural roads, 
electricity, and mechanization services should be accompanied by 
fiscal subsidies and technical support to lower integration costs. In 
peri-urban areas, clear mechanisms for land-use conversion and 
compensation are needed to encourage homestead concentration and 
the transition of facility agriculture toward intensive development. For 
medium potential areas (steady advancement), fine-grained and 
classified integration strategies should be  applied, focusing on 

eliminating fragmented obstacles within contiguous farmland (e.g., 
ditches, scattered road segments) and coordinating with farmland 
water conservancy projects. Cooperative organizations, land 
trusteeship, and land transfer platforms should be mobilized to attract 
social capital and optimize the structure of operating entities. For low 
and relatively low potential areas (protection and optimization), 
emphasis should be placed on safeguarding high-quality contiguous 
farmland and maintaining basic grain production capacity, while 
avoiding unnecessary forced consolidation. For saline–alkali land, 

TABLE 2  Summary of arable land consolidation quality potential in Dongying City.

Administrative district Area name Improved capacity New arable land 
capacity

Comprehensive quality 
potential

Dongying District East City Street 3.74 0.27 4.01

Yellow River Street 779.41 12.76 792.18

Liuhu Town 12329.63 336.24 12665.87

Longju Town 4235.95 91.09 4327.04

Niuzhuang Town 10760.64 26.56 10787.20

Shengli Street 3129.60 76.85 3206.45

Shengyuan Street 57.51 0.57 58.08

Shikou Town 11058.28 81.81 11140.09

Wenhui Street 433.97 16.02 449.99

Xindian Street 3447.78 99.22 3547.00

Subtotal 46236.50 741.4 46977.90

Hekou District Gudao Town 5145.61 992.6 6138.21

Hekou Street 7666.65 2237.74 9904.39

Liuhe Street 8387.29 837.13 9224.42

Xianhe Town 4629.09 1364.16 5993.25

Xinhou Town 3059.29 424.86 3484.15

Yihe Town 9056.34 246.1 9302.44

Subtotal 37944.27 6102.59 44046.86

Kenli District Dongji Town 4144.84 126.57 4271.41

Haojia Town 12008.86 50.34 12059.20

Yellow River Mouth Town 30172.53 1076.62 31249.16

Kenli Street 14598.54 542.55 15141.09

Xinglong Street 2299.50 147.96 2447.46

Shengtou Town 19272.41 94.54 19366.95

Yong’an Town 10118.83 307.89 10426.72

Subtotal 92615.51 2346.47 94961.98

Lijin County Beisong Town 14547.46 248.69 14796.16

Chenzhuang Town 51345.47 1235.13 52580.61

Diaokou Township 869.19 193.48 1062.67

Phoenix City Street 8948.84 130.39 9079.23

Lijin Street 7094.02 353.02 7447.05

Mingji Township 9644.13 321.52 9965.65

Tingluo Town 42273.32 1711.54 43984.86

Yanwo Town 22450.12 1136.46 23586.58

Subtotal 157172.57 5330.24 162502.81

(Continued)
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wetlands, or ecologically sensitive areas, cautious improvement should 
be prioritized, and where costs or ecological trade-offs are too high, 
ecological restoration or “returning farmland to wetlands” should take 
precedence. Cross-regional and institutional measures should include 
a multi-scalar planning framework that integrates plot–township–
county–municipal levels, embedding consolidation outcomes into 
regional development and industrial planning to minimize duplication 
and conflict. Differentiated fiscal and technical support mechanisms 
should provide key subsidies for high-input and high-potential zones. 
At the same time, digital land management (grid-based parcel 
databases, remote sensing/GIS monitoring) should be enhanced to 
improve decision-making accuracy and oversight efficiency, while 
refining land transfer, homestead withdrawal, and compensation 
systems to protect farmers’ interests and strengthen their willingness 
to participate.

4.2 Decoupling between quantity and 
quality potentials and policy implications

Our analysis reveals a clear spatial decoupling between quantity 
potential and quality potential for arable-land consolidation in 
Dongying. For example, Hekou District offers 1104.74 ha of newly 
available arable land (about 37% of the city’s total area potential), yet 
its quality potential is only 44046.86 tonnes—only slightly above the 
city average. By contrast, Lijin County, with a smaller new-area 
potential of 929.10 ha, accounts for the city’s highest quality potential 
at 162502.81 tonnes (38% share). Guangrao and Kenli also show 
relatively high quality potentials (roughly 94,000–95,000 tonnes) 
despite having only 404–414 ha of newly available land.

This pattern indicates that different constraints govern the two 
dimensions of potential. Areas with large quantity potential are mainly 
limited by soil salinization and hydraulic conditions. In contrast, areas 
with high quality potential are constrained by the degree of farm 
intensification and the current level of production technology.

The policy implication is that interventions must be  place-
sensitive rather than one-size-fits-all. In zones with high quantity but 
limited quality potential, priority should be given to foundational 
works such as drainage, salt leaching and land leveling. For instance, 
if Hekou were to reduce soil salinity below 0.4% through drainage and 
amelioration measures, theoretical productivity could increase by 
more than 30%. Conversely, in areas with high quality potential but 
limited new area—such as Chenzhuang and Dingluo—policy should 
emphasize intensification: consolidated management, precision inputs 
and the dissemination of salt-tolerant varieties. For example, 
promoting the salt-tolerant rice cultivar “Dongdao-5” could raise 
yields by about 8–10% at the same input level.

The observed decoupling between consolidation quantity and 
quality potentials arises from the interplay of natural, infrastructural, 
and institutional factors. First, natural resource endowment 
determines the basic trade-off: coastal saline–alkali soils in Dongying 
can provide large tracts of newly reclaimed land once drainage and 
leveling are implemented, but their intrinsic fertility and organic 

TABLE 2  (Continued)

Administrative district Area name Improved capacity New arable land 
capacity

Comprehensive quality 
potential

Guangrao County Chen Guan Town 8164.73 191.43 8356.16

Damatou Town 11464.15 460.12 11924.27

Dawang Town 1571.32 174.45 1745.77

Daozhuang Town 8135.67 178.81 8314.47

Dingzhuang Street 25010.19 894.93 25905.12

Guangbei Farm 3749.16 202.63 3951.79

Guangrao Street 7233.18 64.27 7297.45

Huaguan Town 11793.67 377.52 12171.19

Le’an Street 9690.26 87.51 9777.77

Lique Town 4788.77 15.55 4804.32

Subtotal 91601.09 2647.22 94248.31

Total 425569.94 17167.91 442737.85

Units: Tons.

TABLE 3  High potential zones for arable land consolidation in Dongying 
City.

Administrative district Area name Total score

Guangrao County Damatou Town 8

Daozhuang Town 7

Le’an Street 7

Kenli District Kenli Street 8

Shengtou Town 8

Yellow River Mouth 

Town

6

Yong’an Town 6

Lijin County Chenzhuang Town 7

Tingluo Town 7

Diaokou Township 6

Mingji Township 6
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matter levels remain low, limiting quality gains even after 
consolidation. Second, historical land-use legacies and infrastructure 
distribution shape divergent trajectories. Areas with long-established 
irrigation networks, soil amelioration projects, and relatively stable 
farming systems can achieve substantial improvements in quality 
without much scope for further expansion, while areas previously 
underutilized or degraded may expand rapidly in area but struggle to 
close the productivity gap. Third, institutional zoning and policy 
regimes reinforce the decoupling: ecological redlines, high-standard 
farmland designations, and restrictions on construction land 
conversion often reduce the space for quantity expansion in regions 
with better soils, channeling resources instead toward technological 
upgrading and intensification. Finally, socioeconomic dynamics such 

as land transfer markets and cooperative organization affect the 
feasibility of quality-oriented improvements. In regions with 
fragmented tenure and weak collective action, even large tracts of 
reclaimed land may not translate into significant productivity gains 
due to inefficiencies in scale management.

International evidence shows similar quantity–quality decoupling. 
In the Netherlands, northern regions with limited new land have 
achieved 20–25% increases in yield per hectare through efficient 
intensification and precision fertilization (van der Veer et al., 2024). 
By contrast, some Indian states that expanded arable area extensively 
did not concomitantly improve soil fertility, so actual yield gains on 
newly brought-into-production land reached less than 60% of their 
theoretical potential (Birthal et al., 2021). These lessons suggest that 

FIGURE 5

Arable land consolidation potential zones in Dongying City.
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Dongying should align resources and policy instruments with regional 
endowments to convert spatial potentials into realized productive 
capacity efficiently.

4.3 From potential diagnosis to 
prioritization: methodology and policy 
instruments

We developed a composite scoring system that integrates quantity 
and quality potentials to produce a scientifically grounded 
prioritization scheme. Primary priority zones (scores 6–8), such as 
Damatou, Kenli Subdistrict and Chenzhuang, combine substantial 
available new area with high capacity-increase potential and should 
receive concentrated fiscal support and policy resources. These areas 
are suitable for rapid implementation of combined engineering and 
agronomic packages to accelerate the conversion of potential into 
productive capacity. Secondary zones (scores 4–5), for example some 
townships in Guangrao, are appropriate for a “pilot first, scale later” 
approach to contain costs and manage risks. Tertiary zones (scores 
2–3), mainly clustered in Dongying District, should be spared large-
scale investment and instead prioritized for ecological functions or 
risk-buffering measures.

On methods, our approach synthesizes coefficient-frequency 
curves, cluster analysis and Jenks natural breaks classification to 
balance spatial precision with the administrative operability of 
township governance units. Classifying at the township level improves 
practical manageability of budget allocation, engineering contracting 
and supervision. Nevertheless, the modifiable areal unit problem 
(MAUP) remains a potential source of sensitivity: for example, raising 
the “high quality potential” threshold from 45,000 t to 50,000 t could 
change the rank positions of 3–4 townships. International studies 
report similar scale sensitivities; for instance, research on land 
consolidation in the U. S. Midwest shows that different grid sizes and 
administrative delineations materially affect the identification of 
priority areas (Birthal et al., 2021).

Accordingly, future work should strengthen prioritization 
robustness through sensitivity testing, multi-scenario simulation and 
threshold perturbation analysis, thereby increasing the reliability and 
transferability of priority maps and related policy recommendations.

4.4 Adaptive pathways under saline-alkali 
conditions and outlook

The natural conditions of coastal saline-alkali zones determine 
both the complexity and dynamism of arable-land consolidation. 
Dongying’s total assessed potential amounts to 2983.06 ha of newly 
available arable land and 425569.94 tonnes of quality potential; the 
new area is concentrated in Hekou District, while quality gains are 
mainly located in Lijin, Kenli and Guangrao. Policy emphasis in 
Hekou should therefore be  placed on drainage and salt-leaching 
systems: lowering the groundwater table to about 1.2–1.5 m and 
reducing soil salinity by 20–30% are necessary to ensure that newly 
reclaimed land is converted into sustainable productive capacity. 
Areas with concentrated quality potential, such as Lijin and Kenli, 
should prioritize deployment of salt-tolerant cultivars, integrated 
nutrient management and mechanization; for example, adopting 

salt-tolerant rice varieties could raise yields by some 8–10% at the 
same input level.

In low-potential townships (for instance, parts of Dongying 
District), the marginal value of ecosystem services and social benefits 
may exceed that of additional food output. Measures such as wetland 
conservation, buffer-strip construction and on-farm water storage can 
indirectly support regional food security while maintaining ecological 
function. International evidence from coastal saline regions in the 
Netherlands and Israel shows that promoting salt-tolerant crops 
combined with precision irrigation can boost yields by roughly 
15–20% in land-limited settings (Kan and Rapaport-Rom, 2012; 
Zhang et al., 2024).

Despite the promising technical pathways, several barriers may 
constrain effective implementation. First, high upfront investment 
costs for large-scale drainage, desalination, and mechanization 
infrastructure often exceed the fiscal capacity of county-level 
governments, especially under tight budgetary conditions. Second, 
institutional fragmentation between agricultural, water conservancy, 
and ecological protection departments can lead to overlapping 
responsibilities and inconsistent policy signals, weakening 
coordination in project design and execution. Third, farmer 
participation and adoption willingness remain uncertain: smallholders 
may be  reluctant to engage in land transfer or adopt salt tolerant 
cultivars due to perceived risks, insufficient subsidies, or lack of 
technical support. Fourth, market and value-chain limitations reduce 
incentives for cultivating saline-tolerant crops, as stable procurement 
channels and price premiums are not yet fully developed. Finally, 
environmental uncertainties—including fluctuating groundwater 
levels and increasing climate variability—may compromise the long-
term effectiveness of engineering-based reclamation. Addressing these 
obstacles requires not only differentiated technical measures but also 
supportive institutional reforms, financial mechanisms, and farmer-
oriented incentive schemes to ensure that consolidation potentials can 
be translated into durable productivity gains.

It should be emphasized that the potentials estimated here are 
technically feasible maxima; their realization depends on fiscal 
capacity, governance quality and farmers’ willingness to adopt new 
practices, and coastal environments are highly dynamic. Future 
research should integrate socioeconomic variables and climate-
change scenarios to develop a dynamic decision-support system 
that strengthens the foresight and adaptability of 
policy interventions.

5 Conclusions and management 
implications

This study used a gridded assessment framework to systematically 
identify the quantity potential, quality potential and their combined 
spatial patterns for arable-land consolidation in the coastal saline-
alkali areas of Dongying. It further explored differentiated governance 
pathways and policy optimization options. The results show that 
potential for arable-land improvement exhibits significant complexity 
and regional variation in spatial distribution, the relationship between 
quantity and quality, and preferred reclamation pathways. These 
findings provide empirical support for accurately identifying high-
potential zones and allocating reclamation resources, and they offer 
guidance for subsequent policy design, zonal governance and 
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international benchmarking. Based on the analysis, we summarize the 
key conclusions and derive practical management recommendations.

5.1 Major findings

5.1.1 Significant spatial heterogeneity in 
consolidation potential

Overall, consolidation potential in Dongying displays a north-
center-high to south-low pattern. High-potential areas are 
concentrated in parts of Guangrao County (e.g., Damatou, 
Daozhuang, Lean), Kenli District (e.g., Shengtuo, Kenli Subdistrict) 
and Lijin County (e.g., Chenzhuang, Dingluo, Yanwo), while most 
townships in Dongying District show relatively low potential. This 
spatial clustering indicates strong scale effects and externalities in 
consolidation benefits.

5.1.2 Decoupling between quantity potential and 
quality potential

Hekou District has the largest new-area potential (1104.74 ha) but 
only limited per-unit capacity gains, whereas Lijin County, with a 
smaller new area (929.10 ha), contributes the city’s highest quality 
potential (162502.81 t, 38% of the total). This pattern suggests that 
quantity potential is primarily constrained by soil salinization and 
hydraulic conditions, while quality potential depends more on 
farming intensity and the adoption of production technologies.

5.1.3 Prioritization from the integrated 
assessment indicates zonal governance 
directions

Based on combined quantity–quality scores, three gradients 
emerge: high-priority areas (e.g., Damatou, Kenli Subdistrict, 
Chenzhuang) should receive front-loaded resource allocation; 
medium-priority areas are suitable for “pilot first, then scale up” 
approaches; low-priority areas should focus on ecological protection 
and risk buffering rather than large-scale investment.

5.1.4 Saline-alkali conditions determine 
differentiated remediation pathways

Newly available land is concentrated in heavily saline Hekou, 
where priority must be given to salt-removal and core infrastructure 
works. By contrast, areas like Lijin, Guangrao and Kenli should 
concentrate on yield enhancement through salt-tolerant varieties, 
precision fertilization and mechanization integration.

5.2 Management implications

5.2.1 Adopt place-based, differentiated 
consolidation strategies

In high-quantity potential zones such as Hekou District, priority 
should be  given to foundational engineering measures already 
emphasized in Dongying’s ongoing saline–alkali land consolidation 
projects, including subsurface drainage, soil amelioration, and land 
leveling. In high-quality potential zones like Lijin and Kenli, 
governance should focus on integrated management—promoting salt-
tolerant crop varieties listed in Shandong’s Saline-Alkali Tolerant 
Cultivar Catalogue, alongside balanced fertilization and mechanized 

operations. These differentiated approaches align with the Shandong 
Province Saline-Alkali Land Utilization Plan (2021–2030), which 
stresses zoning-based remediation pathways.

5.2.2 Concentrate investments to realize 
economies of scale

Building on Dongying’s “high-standard farmland construction” 
program, investment should be  concentrated in high-potential 
townships to expand drainage networks and field restructuring 
projects. This can create spillover effects across adjacent areas, 
reducing per-unit costs and improving overall efficiency, consistent 
with the fiscal allocation principles set in Shandong’s provincial 
consolidation initiatives.

5.2.3 Build a tiered policy support system
Policy implementation should follow the logic of phased 

promotion. For high-priority zones, increased fiscal transfers and 
technical services (e.g., subsidies for salt-tolerant rice and wheat) can 
accelerate consolidation outcomes. For medium-priority zones, pilot 
demonstration projects should be emphasized, with gradual scaling 
up as performance evidence accumulates. For low-priority zones, 
Dongying’s ecological protection policies should guide the shift 
toward wetland conservation, water regulation, and ecological 
restoration, ensuring that land consolidation contributes not only to 
food security but also to the goals of the Yellow River Delta Ecological 
Protection Strategy.

5.2.4 Increase the adaptability and dynamism of 
planning

Since the calculated potentials represent technical maxima, their 
realization depends on fiscal capacity, governance quality, and farmer 
adoption. Integrating scenario simulations into Dongying’s Territorial 
Spatial Master Plan can enhance policy foresight. In particular, 
coupling saline–alkali remediation plans with climate adaptation 
measures (e.g., sea-level rise, extreme precipitation) will strengthen 
resilience in policy execution.

5.2.5 Strengthen international learning while 
localizing applications

Coastal saline regions such as the Netherlands and Israel 
demonstrate that salt-tolerant cultivars and precision irrigation can 
raise yields by 15–20%. However, failures in India illustrate the risks 
of neglecting soil amelioration. Dongying should localize these lessons 
by scaling up salt-tolerant rice varieties (e.g., “Dongdao” series tested 
in the Yellow River Delta) and precision water–salt regulation, while 
embedding them within existing governance frameworks to ensure 
effective implementation.

5.3 Future research directions

While this study provides a comprehensive assessment of 
consolidation potential and governance strategies in coastal saline–
alkali regions, further research is needed to capture the dynamic nature 
of land systems. Future work should incorporate dynamic simulations 
that integrate climate change scenarios, sea-level rise risks, and socio-
economic drivers such as urban expansion, agricultural market shifts, 
and rural labor mobility. Coupling these drivers with system dynamics 
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and agent-based models will enable a deeper understanding of trade-
offs between food security, ecological resilience, and socio-economic 
sustainability. Such approaches will not only refine the accuracy of 
potential assessments but also strengthen the foresight capacity of land 
consolidation planning under conditions of uncertainty.
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