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Policy text is critical for effective communication

 Policy text connects regulators, local governments, industries, and the public.
 These texts appear in heterogeneous forms, including laws, directives, guidelines, 

standards, plans, and permit documents.
 Most of them are qualitative and context-dependent, making large-scale 

assessment difficult.
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Policy text as an information carrier Policy texts as heterogeneous and qualitative materials



Governance lists communicate regulation through explicit and actionable items.
• List-based texts are widely used in governance, including directives, standards, 

catalogues, and permit lists.
• Their effectiveness depends on whether each item clearly specifies the regulated 

object, required action, applicable condition, and reference basis.

Governance list is a structured form of policy text
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Structuring policy text into actionable items
List-based policy text as an intersection 
of communication, control, and structure



The list of environmental permits in China
uUnder China’s environmental zoning-based regulation (EZR), the list of 

environmental permits specifies environmental access and control requirements.
• From objectives to provisions: zoning objectives → itemized regulatory provisions
     Regions · sectors · management units
• Regulatory aspects: spatial distribution constraint · emission control · environmental risk 

prevention · efficiency management
• Governance function: source prevention · environmental access control · industrial 

regulation · unit-level implementation
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spatial units policy list four regulatory aspects
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The list of environmental permits is large, layered, and heterogeneous

u In EZR, spatial 
units define where 
to regulate, while 
the list of 
environmental 
permits(LEPs) 
defines what and 
how to regulate.

• Integrated Ecological and Environmental Units divide territorial space into Protection in-Priority 
Units, Critical Regulatory Units, and Ordinary Restriction Units.

• As the core lever of EZR, the list of environmental permits assigns behavioral rules and control 
requirements to these units.

• Together, spatial units and permit lists translate zoning objectives into source prevention and unit-
level implementation.

Structural features of the list of environmental permits(LEPs)



Requirments of LEPs  
uCompleteness, accuracy, and differentiation are derived from the structure and 

function of the list itself.

• Completeness: large text volume and 
multiple regulatory aspects require sufficient 
content coverage.

• Local relevance: regulatory measures 
should match local industrial activities, 
regulated objects, and environmental 
conditions.

• Differentiation: regionally differentiated 
control requires distinct provisions for 
different units and regulated objects.

• Together, these dimensions require a 
method that can read, compare, and 
evaluate large volumes of qualitative policy 
text in a scalable and auditable way.

• This motivates an LLM-assisted framework for 
multidimensional LEP quality assessment.

7



Methodology & Data
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Overall framework of LLM-assisted LEPs assessment
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Study case
u The Beijing–Tianjin–Hebei region is selected as a strategic testbed for LEPs 

assessment because it combines national policy priority, complex cross-
boundary pressures, and a large-scale management-unit system.

• Governance challenge: 
spatial mismatch remains 
between industrial 
development and 
environmental capacity.

• Methodological relevance: 
around 3,000 management 
units provide a suitable case 
for scalable LEPs evaluation 
and refinement.
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Text and data processing
uRaw LEPs files were transformed into structured, retrievable, and spatially 

linked data for subsequent LLM-based assessment.
• Structure LEPs data: parse raw files into province–city–unit JSON records.
• Enhance domain evidence: retrieve upper-level provisions, regulatory references, industry rules, 

technology knowledge, and Best Available Techniques (BAT) knowledge.
• Link spatial evidence: connect management-unit boundaries with geocoded industrial enterprise 

POI data.
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LLM benchmarking and model selection
uAn expert-annotated benchmark of 150 management units was used to select the 

most reliable LLM for LEP semantic assessment.
• Benchmark sample: 150 management units with unit name, location, unit type, and regulatory 

measures.
• Expert labels: industry involvement and required content slots were annotated as binary labels.
• Knowledge-enhanced input: RAG completed upper-level regulatory context, while knowledge 

bases supported technical-standard reference and industry terminology alignment.
• Model comparison: candidate LLMs were evaluated against expert labels using performance, 

reliability, and efficiency metrics.
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Assessment dimension: completeness
uCompleteness assesses the extent to which LEPs provisions cover the required 

regulatory content and provide operational guidance.

• Target: industry-specific control 
requirements

• Criteria: process / 
technology · quantitative 
indicators · pollutant 
control · resource efficiency

• Output: unit-level completeness 
score, 0–100
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Assessment dimension: local relevance
uAn expert-annotated benchmark of 150 management units was used to select 

the most reliable LLM for LEPs semantic assessment.
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Assessment dimension: differentiation
uDifferentiation assesses whether LEPs provide distinct control measures 

according to the functional roles of different management units.

15



Toward an AI-supported system for LEPs assessment and refinement
u The proposed assessment framework can be operationalized as an AI-supported 

system that integrates query, assessment, diagnosis, optimization, and assisted 
drafting of LEPs.
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Results & Policy Implications
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Results: spatially uneven completeness of LEPs

u The map shows that LEP completeness is spatially uneven, indicating that 
some units contain more actionable regulatory content while others still 
lack sufficient detail.

Completeness: spatially uneven coverage

Ø darker red: more complete provisions
Ø light yellow: less complete provisions

Highlighted area: lower 
completeness

These units provide less complete 
provisions and should be prioritized for 

refinement.
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Results: local relevance of LEPs control measures

Industry–POI matching across steel, thermal power, 
petrochemicals, and building materials

Ø Coverage gap: enterprise 
present, no LEP control

Ø Over-coverage: LEP control, 
no enterprise present

u LEPs control measures for key industries are not always aligned with 
actual local enterprise presence.
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Results: limited differentiation among LEPs texts

u LEP texts are only partially separated in meaning, indicating that some 
unit categories still use similar or template-like provisions.

Semantic structure
• Each point = one unit-level LEP
• Overlapping clusters = similar provisions

Differentiation score
• Higher score = stronger category-specific control
• Lower / negative score = weak differentiation
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Toward a decision-support platform for LEPs assessment and refinement

uThe platform integrates multi-source information and generates 
interpretable assessment outputs to support evidence-based decision-
making for LEPs refinement.
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Policy implications: targeted refinement of LEPs
uCompleteness assesses the extent to which LEPs provisions cover the 

required regulatory content and provide operational guidance.

Assessment results can guide LEPs refinement by identifying gaps in quantification, 
localization, technical specificity, and dynamic updating.

Direction Key message

Quantification complement environmental thresholds, objective, quatified standard

Localization Translate upper-level requirements into unit-level control measures.

Technical specificity Link regulated industries with technology and Best Available Techniques(BAT) 
knowledge bases.

Dynamic optimisation Embed routine assessment into evidence-based LEPs adjustment cycles.
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