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Abstract

Prospective environmental risk assessment (ERA) is central to regulatory decision-making for plant protection
products (PPPs) in the European Union (EU). Although the current framework is generally considered
procedurally mature and harmonised, concerns remain about its efficiency, growing complexity, and capacity
to reflect real-world environmental conditions. To explore these issues, this policy brief draws on a survey of
regulatory practitioners across Europe and follow-up workshops organised under PARC in collaboration with
PollinERA and SYBERAC. The survey collected responses from 114 practitioners, predominantly regulatory risk
assessors, from 31 regulatory organisations across 25 European countries and all three EU PPP regulatory zones.
Respondents generally considered PPP ERA effective in meeting formal regulatory requirements but expressed
only moderate confidence in its ability to predict and manage environmental impacts of PPP use under real-
world environmental conditions. They attached high importance to the scientific quality and societal relevance
of their work, while identifying limitations in the ecological realism of current approaches. Practitioners also
highlighted procedural complexity, the interpretative demands of guidance, fragmented data systems, limited
opportunities to reuse information across dossiers, and increasing workload pressures as major constraints on
assessment efficiency. Collaboration was viewed as essential for quality assurance, uncertainty management, and
harmonisation. However, while collaboration was generally well established within organisations, it was reported
to be less systematically embedded across organisations and Member States, limiting opportunities for harmonised
interpretation, knowledge exchange, and collective learning. Taken together, the findings portray a PPP ERA
system that is procedurally robust but increasingly challenged by operational complexity. Practitioners reported
devoting growing effort to navigating guidance, managing fragmented information, re-assessing information,
and conducting increasingly complex assessments, raising questions about whether greater complexity translates
into better regulatory predictions or decisions. The findings point to the need for clearer ERA objectives and
operational protection goals, stronger cross-organisational collaboration, and more proportionate, problem-driven
assessment approaches. Together, these changes could enhance ecological realism, efficiency, and regulatory
credibility while maintaining scientific rigour and legal robustness.
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Abbreviations
COVID-19 Coronavirus disease 2019

EFSA European Food Safety Authority

ERA Environmental risk assessment

EU European Union

PARC European Partnership for the Assessment of Risks from Chemicals

PERA Building a European Partnership for next generation, systems-based Environmental Risk
Assessment

PollinERA  Understanding Pesticide-Pollinator Interactions to support EU Environmental Risk Assessment
and Policy

PPP Plant protection product

SYBERAC Towards a Systems-Based, holistic Environmental Risk Assessment of Chemicals

ZAPID Zonal Authorisation Procedure Improvement and Development

Background and rationale

Environmental risk assessment (ERA) for plant protection products (PPPs) in the European Union (EU) is
conducted under Regulation (EC) No 1107/2009. Active substances are first evaluated by a Rapporteur Member
State and subsequently peer reviewed by the European Food Safety Authority (EFSA) and Member States before
a decision on EU-level approval is taken. PPPs containing approved active substances are then assessed for zonal
and national authorisation.

For a typical product use, such as a fungicide on winter wheat, the applicant specifies the intended conditions of
use, including the crop, application rate, frequency and timing of application, application methods and techniques,
and any specific use conditions. These parameters are used to estimate environmental exposure and assess risks to
non-target organisms. Predicted environmental exposure is compared with ecotoxicological and ecological effect
thresholds to determine whether the requirement of no unacceptable effects on the environment is met (Article
4(3)(e) of Regulation (EC) No 1107/2009). Assessments start with conservative (lower-tier) assumptions and
may subsequently be refined using additional data, higher-tier studies, or risk mitigation measures. Following
the zonal assessment, individual Member States decide whether the proposed use can be authorised at national
level and under which conditions.

PPP ERA has been described as a comparatively mature regulatory science domain in the EU. This maturity
reflects the progressive development of standardised data requirements, extensive and refined guidance, and
formalised assessment and decision-making frameworks. Guidance, understood as non-binding regulatory docu-
ments that set out agreed principles, data requirements, methodologies, and interpretative approaches, has played
a central role in supporting consistent implementation across organisations. Here, the term “organisations” refers
collectively to public bodies involved in regulatory PPP ERA, including competent authorities, EU and national
agencies, and other relevant institutions. Together, these elements have strengthened harmonisation, transparency,
and legal robustness across Member States. At the same time, the cumulative expansion of data requirements and
guidance has contributed to greater procedural rigidity, increasing the level of detail and complexity within the
PPP ERA process and potentially constraining flexibility and adaptation in regulatory practice [9].

This highly standardised and increasingly complex process has raised concerns that regulatory assessments
may, in some cases, prioritise procedural compliance over ecological relevance, place pressure on assessment
timelines, and require substantial resources, in terms of personnel, expertise, time and analytical effort, without
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commensurate benefits for environmental protection [9]. These challenges are exacerbated by fragmented data
sources, unvalidated or overly conservative assumptions, and the continued expansion and periodic revision of
data requirements and guidance intended to strengthen scientific robustness [1, 9].

At the same time, there is growing recognition that further tightening of authorisation criteria or reducing
product availability may not, in itself, lead to improved biodiversity outcomes [1]. Such measures may also
entail trade-offs, including delayed access to low-risk innovations and reduced crop protection options for minor
uses [9]. Reflecting these concerns, ongoing EU policy discussions, including the European Commission’s 2025
Food and Feed Safety Simplification Omnibus proposal [2], seek to improve procedural efficiency and reduce
regulatory workload while addressing challenges identified through the ZAPID (Zonal Authorisation Procedure
Improvement and Development) process [9].

In response to these concerns, there is a need to better understand how the current PPP ERA system operates
in practice and where opportunities for improvement exist [6, 8]. This policy brief draws on a cross-European
mixed-methods study combining a survey and targeted follow-up workshops with regulatory practitioners, pri-
marily EU- and Member State-level risk assessors involved in PPP ERA, to examine their perspectives on the
functioning of the current system (Box 1).

The analysis was structured around four interrelated dimensions of ERA performance: effectiveness, efficiency,
collaboration and learning. These dimensions were used as a pragmatic framework to synthesise practitioner
perspectives and relate them to the priority areas identified in the PERA (Building a European Partnership for next
generation, systems-based Environmental Risk Assessment) Roadmap commissioned by EFSA [1, 6]. Effective-
ness refers to the extent to which ERA delivers reliable environmental protection (including biodiversity) through
scientifically robust, fit-for-purpose assessments that meaningfully predict real-world risks. Efficiency focuses on
whether these outcomes are achieved with a proportionate use of time, expertise and resources. Collaboration
refers to the extent to which coordination, knowledge exchange, and shared understanding across organisations
support consistent and harmonised regulatory outcomes. Learning refers to the extent to which PPP ERA system-
atically captures, retains, shares, and applies knowledge generated through assessments, monitoring, modelling,
risk mitigation, and regulatory practice to improve future assessments, decisions, and environmental protection
outcomes. Together, these dimensions provide a lens through which to examine current strengths, challenges,
and opportunities for improving PPP ERA in the EU.

Practitioner observations
How practitioners understand the role of PPP ERA

In an open-ended survey question, respondents were asked to reflect on ERA and describe what they consider its
key role. The survey responses on this question (n = 102) revealed several distinct and partly contrasting inter-
pretations, indicating that ERA is understood and framed in different ways across the practitioner community.
Some respondents emphasised ERA’s role as a gatekeeping mechanism, primarily aimed at excluding hazardous
substances from approval. Others emphasised ERA’s role in supporting agricultural production and authorisation
decisions, focusing on reducing risks to acceptable levels, in order to enable market access and practical use of
PPPs by farmers. Some respondents also framed ERA as a protective instrument, intended to safeguard non-target
organisms, ecosystems, and the environment through the identification and minimisation of risks. In contrast,
other respondents viewed ERA mainly as a science-based process, designed to inform risk management decisions
rather than to predetermine regulatory outcomes. Taken together, these responses point to divergent expectations
regarding the purpose of ERA and suggest an underlying lack of consensus on whether it should primarily function
as a regulatory gatekeeper, a benchmark for environmental protection, a decision-support tool, or a mechanism
to support agricultural production by enabling the authorisation and use of PPPs. This plurality of interpreta-
tions may create a risk of interpretive fragmentation, whereby practitioners may apply ERA according to varying
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Box 1 Methodological basis and practitioner engagement

This policy brief draws on a survey of regulatory practitioners conducted across the European Union (EU) in late 2024, complemented by tar-
geted follow-up workshops. Both activities were undertaken under PARC (European Partnership for the Assessment of Risks from Chemicals;
Activity 6.4.4), in collaboration with the Horizon Europe projects PollinERA (Understanding Pesticide—Pollinator Interactions to Support EU
Environmental Risk Assessment and Policy), and SYBERAC (Towards a Systems-Based, Holistic Environmental Risk Assessment of Chemi-
cals). The survey and workshops were conducted online using SurveyXact and Microsoft Teams, respectively. Data collection targeted regula-
tory risk assessors and managers directly involved in the environmental risk assessment (ERA) for plant protection products (PPPs) at EU and
Member State level. Invitations were sent to national Competent Authorities under Regulation (EC) No 1107/2009, relevant EU-level agencies
and regulatory expert groups involved in the peer review of active substances. Survey participants were recruited using established EU-level
and national regulatory contact lists (approximately 400 contacts) and were invited to participate by e-mail. The survey was conducted in Eng-
lish, reflecting its use as the common working language in the EU regulatory PPP ERA context.

The survey focused on day-to-day regulatory experience with the PPP ERA system and comprised 18 questions (see Electronic Supplemen-
tary Material), not all of which were mandatory to complete. Survey topics were defined before data collection based on the ERA improve-
ment areas identified in the PERA Roadmap and the objectives of the collaborating projects [1, 6]. Questions explored, among other topics,
confidence in ERA outcomes, ecological realism (i.e., the extent to which ERA reflects real-world environmental conditions and ecological
responses), procedural complexity and workload, and collaboration within and across organisations.

During analysis, the project team organised the survey findings into three interrelated performance dimensions: effectiveness, efficiency, and
collaboration. A fourth, learning, was added after open-text survey responses and the workshop discussions pointed to a cross-cutting issue that
the other three did not capture. These dimensions were developed inductively as a pragmatic framework for synthesising the results rather than
as a predefined or exhaustive classification of ERA performance. Together, they provide insights into both the functioning of the current PPP
ERA system and its perceived limitations.

Survey questions combined closed-ended items (e.g., using five-point Likert scales measuring importance or agreement) with open-ended
responses. This enabled comparison of responses across respondents, while also capturing more nuanced and contextualised perspectives.
Survey data were exported to Microsoft Excel and checked for duplicates, completeness, formatting, and consistency of response identi-
fiers. Open-text responses were retained verbatim, while blank responses and responses lacking sufficient substantive content for qualitative
analysis were excluded. Qualitative data were analysed inductively using first- and second-cycle coding [5]. Initial codes were developed from
recurring concepts in the responses and subsequently grouped into broader themes through an iterative process of comparison, discussion,
and refinement among the project team. The resulting themes informed the qualitative findings presented in this policy brief. A high degree of
convergence was observed across many responses; however, divergent and contrasting perspectives were retained and reflected where relevant.
Closed-ended survey data were analysed descriptively.

In total, 114 responses were received from 25 European countries, representing 31 organisations across all three EU regulatory PPP ERA zones.
Geographic coverage spanned all regulatory zones, with the Central zone most strongly represented (50%), followed by the Southern (24%)
and Northern (13%) zones. A further 13% of respondents fell outside the standard zonal classification (e.g., EU-level or non-EU organisations
not formally embedded in the zonal system but engaged in ERA activities). Participation was highest from Germany (24%) and France (17%),
followed by the Netherlands (6%), Finland (5%), Sweden (5%), Austria (5%), and Switzerland (4%). Respondents were predominantly regula-
tory risk assessors involved in EU-level active substance evaluation and national-level PPP authorisation, with an even distribution across these
two roles. Average professional experience was approximately ten years, indicating a highly experienced respondent group, with expertise
primarily in ecotoxicology and environmental fate, often spanning multiple domains and across organisations with varying technical capacity.
Only a small proportion of respondents reported holding a dual risk assessor/manager role, and just 2% identified primarily as risk managers,
highlighting that the survey largely reflects risk assessors’ perspectives rather than those of risk managers.

Survey findings were further explored in three half-day follow-up workshops, each involving approximately 1015 participants and open to all
survey respondents. Participation was voluntary and therefore self-selected rather than structured to achieve representation by organisation,
Member State or regulatory zone. Participants contributed in their individual professional capacities, and their responses should not be inter-
preted as representing the official positions of their employing organisations.

The workshops were designed to deepen and contextualise emerging survey findings and to explore challenges relating to PPP ERA effective-
ness, efficiency, and collaboration rather than to support comparisons between practitioner subgroups. A semi-structured format was used,
whereby preliminary survey findings were presented before facilitated breakout discussions guided by survey-informed questions and optional
probes, followed by plenary feedback and open discussion. Facilitators (members of the author group) encouraged participation while refrain-
ing from influencing the substantive content of the discussions.

Workshop discussions were audio-recorded. Participants were informed of the recording beforehand, and consent was obtained prior to the start
of recording. It was reiterated that recordings would be accessible only to the project team. These confidentiality arrangements were intended
to support open and candid discussion within a small and specialised professional community. For the present analysis, the primary data
sources consisted of extensive anonymised notes prepared by dedicated note takers and outputs from participatory exercises, including Men-
timeter responses. Audio recordings were not transcribed or systematically coded but were consulted where necessary to clarify the workshop
notes. The anonymised notes and participatory outputs were subsequently reviewed collectively by the core project team.

Quantitative survey results were analysed descriptively, while open-text responses, workshop notes, and participatory exercise outputs were
synthesised thematically. Survey-derived themes provided the initial framework for interpretation, while additional insights, qualifications, and
contrasting perspectives emerging from the workshops were also considered. The combined analysis was used to identify recurring constraints,
explanatory mechanisms, areas of agreement and divergence, and opportunities for improvement.
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underlying logics. Such fragmentation can undermine consistency, predictability, and shared expectations in the
assessment process, with implications for harmonised implementation across organisations.

Perceived effectiveness of PPP ERA: High commitment, limited confidence

When asked to rate what mattered most in their day-to-day work, survey respondents (n = 114) rated work quality
highest (mean: 4.8 + 0.5 (SD)). Other highly rated dimensions included the impact of their work (mean: 4.3 + 0.8
(SD)) and adherence to guidance (mean: 4.3 + 0.7 (SD)), whereas adherence to deadlines received lower ratings
(mean: 3.7 + 0.9 (SD)). In contrast, confidence in current ERA outcomes was more limited: agreement with the
statements that ERA adequately predicts environmental impacts and that ERA procedures ensure the safety of
authorised substances both averaged 3.1 out of 5 (mean: 3.1 + 1.0 (SD) and 3.1 + 1.0 (SD), respectively). These
questions capture two related aspects of effectiveness: confidence in the predictive performance of ERA and
confidence that regulatory decisions and risk management measures deliver environmental protection in practice.
The similar, mid-range scores indicate only moderate confidence in both. This contrasts with the high ratings
given to the quality and impact of respondents’ own work, suggesting that practitioners distinguish confidence in
their professional contribution from confidence in overall ERA outcomes. Workshop discussions linked this more
limited confidence to challenges in capturing landscape context, mixtures and interacting stressors, indirect and
long-term effects; uncertainty when extrapolating higher-tier assessments to field conditions, and the practical
implementation of risk mitigation measures. These findings reflect practitioner perceptions and should not be
interpreted as a direct evaluation of the predictive performance or protectiveness of PPP ERA.

Qualitative responses help to explain this gap. Survey respondents highlighted sustained time pressure
and increasing regulatory complexity—stemming from expanding scope, greater technical intricacy, and
rising analytical demand—as constraints on assessment quality, limiting opportunities for in-depth analysis,
reflection, and collaboration. Some respondents also reported that conclusions related to unacceptable risks
may be questioned or revisited at the risk management stage, a dynamic perceived as potentially undermining
the evidentiary basis and credibility of ERA outcomes. Taken together, these findings suggest that reduced
confidence in ERA effectiveness is driven less by a lack of professional commitment, and more by structural and
organisational constraints inherent to the current system.

In parallel, survey respondents articulated clear expectations regarding what a more effective ERA outcome
should deliver. In open-ended responses, many respondents suggested a shift beyond single substance, product-
by-product assessments towards approaches better able to account for multiple stressors, combined effects
arising from the use of multiple products, indirect and long-term effects, and landscape context. While workshop
participants acknowledged the regulatory and methodological challenges of operationalising such perspectives,
many workshop participants agreed that ERA outcomes must be better aligned with real-world environmental
conditions. Importantly, workshop discussions emphasised that effectiveness should not be equated with increasing
analytical complexity. In this regard, workshop participants noted that higher-tier refinements may, in some
cases, reduce confidence rather than increase it: when based on experimental studies, assessments can become
highly representative of specific conditions, complicating extrapolation to other field situations; when based on
modelling, uncertainties arise from the validation of model outputs against real-world conditions.

Across workshops, risk mitigation emerged as a central determinant of ERA effectiveness. Participants stressed,
in their view, that environmental protection in practice depends less on increasingly refined assessment approaches,
whether experimental or model-based, than on whether mitigation measures are realistic, enforceable, and adopted
in the field. This led to calls for PPP ERA to be designed with greater attention to feasible risk mitigation options
from the start, and for stronger interaction between risk assessors, risk managers, and end users (i.e., farmers). In
this view, effectiveness depends on whether the assessment identifies decision-relevant risks and uncertainties and
supports practical conditions of use and risk mitigation measures that can be implemented in reality. Additional
technical refinement is valuable where it materially strengthens this decision basis, rather than as an end in itself.
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Post-registration environmental monitoring was widely recognised by practitioners as a potentially important
mechanism for strengthening the effectiveness of PPP ERA, particularly by providing feedback on ERA
assumptions and the performance of risk mitigation measures. In open-ended responses, survey respondents
viewed monitoring as valuable for identifying emerging issues, informing guidance development, and improving
the link between prospective assessments and real-world outcomes. Workshop participants similarly described
monitoring as a “reality check” for ERA, with particular relevance at system level, supporting learning,
recalibration of assessment factors, and evaluation of whether protection goals are being met.

At the same time, survey respondents highlighted significant challenges to the systematic use of environmental
monitoring data within PPP ERA. Limitations included difficulties with attribution, causal interpretation, and
relevance to individual products, often exacerbated by the lack of reliable and harmonised PPP usage data.
Respondents also pointed to the absence of coordinated monitoring and reporting frameworks defining what is
monitored, how data are collected, and how results are shared across Member States. These issues were reinforced
during workshop discussions, where participants emphasised that different types of monitoring serve distinct
purposes and that, without robust usage information, monitoring alone cannot resolve product-level questions
of causality.

As a result, feedback loops between prospective ERA, risk mitigation and environmental monitoring were
not perceived as fully operationalised within current practice. Compared to monitoring-focused discussions,
survey respondents in risk assessment roles generally viewed monitoring primarily as a strategic or contextual
source of information, rather than as a routine mechanism for validating or systematically adjusting ERA outputs.
This suggests that the potential of monitoring to function as a structured learning tool, linking assessment,
implementation, and outcomes, remains underexploited.

Overall, a recurring view among participating practitioners was that strengthening feedback loops between
ERA, models, risk mitigation, and environmental monitoring would be an essential step towards improving
confidence in PPP ERA outcomes. Achieving this would require clearer objectives for monitoring, greater
harmonisation of monitoring and reporting systems (including the systematic integration of PPP usage data),
and more explicit integration of retrospective evidence into PPP ERA processes. Without such developments,
the capacity of monitoring to enhance the real-world relevance of PPP ERA and support regulatory learning is
likely to remain limited.

Perceived efficiency of PPP ERA: Rising complexity, diminishing returns

Alongside concerns about effectiveness, respondents identified efficiency as a growing challenge within PPP
ERA. Guidance was widely recognised as central enabler of efficiency, as it provides legal certainty, structures
assessments, and supports harmonised implementation across Member States. At the same time, however,
respondents reported that the growing volume, fragmentation, and complexity of guidance has itself become
a major source of inefficiency. Guidance was frequently described as outdated, rigid, and slow to evolve, with
highly detailed and prescriptive requirements that are time-consuming to apply and, in some cases, constrain
expert judgement and problem-driven assessment approaches.

Respondents further noted that applying guidance often requires substantial interpretation, contributing to
variability across individuals, organisations, and Member States. This creates a recurring tension within PPP ERA:
instruments intended to support consistency and efficiency may in practice also encourage conservative behaviour
and divergent implementation. To navigate this complexity, practitioners reported relying on supplementary
sources beyond core guidance, including precedent cases, informal exchanges, and expert judgement, to progress
assessments.

This reliance on supplementary material reflects a broader feature of the regulatory landscape. Consistent with
practitioners’ experience, survey respondents and workshop participants reflected on the proliferation of regulatory
ERA outputs, such as draft guidance documents, statements, and scientific opinions. While these materials are
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valuable, their operational use was perceived to vary across organisations, further shaping interpretation in
practice. Although this aspect was not always raised explicitly in the survey, it aligns with workshop discussions
on fragmentation and the challenges of integrating multiple, partially overlapping regulatory ERA documents
into day-to-day workflows.

While such adaptive practices can improve efficiency at the individual level, they raise concerns regarding
transparency, reproducibility, and the systematic accumulation of regulatory learning. Workshop discussions
reinforced these observations and pointed to potential improvements, including better integration and cross-
referencing of guidance and related outputs, clearer decision pathways, more interactive formats, and targeted
training to reduce interpretative burden on risk assessors and help stabilise assessment practice across
organisations.

Beyond guidance and interpretation, respondents pointed to a structural efficiency challenge within PPP ERA
linked to data management and reuse. In the absence of shared data infrastructures and systematic mechanisms
for reusing prior assessments, evidence is frequently re-assessed on a substance-by-substance basis and across
dossiers, leading to duplication of effort and increased workload. As a result, potential efficiency gains from
standardised requirements and guidance are not fully realised.

Concerns about diminishing returns also extended to modelling and refinement practices. Survey respondents
and workshop participants emphasised that increasing model sophistication does not automatically translate into
more robust regulatory decisions or improved environmental protection. While the scientific value of advanced
models was not questioned, practitioners highlighted that greater complexity frequently increases workload and
interpretative effort without changing regulatory conclusions. In this context, participants stressed the need for
systematic “reality checks” linking model outputs to monitoring evidence (see above), in order to focus assessment
effort on parameters that meaningfully influence risk. Complex models were described as resource-intensive,
difficult to explain, and sometimes weakly connected to real-world outcomes, creating a risk that refinement effort
is diverted away from the main decision-relevant uncertainties.

Collectively, these findings indicate broad support for fit-for-purpose modelling, understood as the use of
models and refinements that are explicitly linked to regulatory questions and decision points, proportionate to
the decision context, and sufficiently transparent to support communication with risk managers and stakeholders.
Fit-for-purpose was not equated with simplification; rather, it was framed in terms of proportionality. Increased
complexity was considered justified only where it delivered clear regulatory added value, such as changes in risk
conclusions, improved realism, more effective risk mitigation options, or better alignment with retrospective
evidence. Workshop participants identified benchmarking and feedback from monitoring as particularly promising
mechanisms for determining when additional complexity is warranted and when simpler approaches can provide
equivalent or superior decision support.

More broadly, survey respondents highlighted system-level efficiency constraints affecting PPP ERA, includ-
ing ambiguously defined protection goals, the absence of clear procedural stopping rules (i.e., predefined deci-
sion points that determine when further refinement is no longer required), expanding data requirements over
the course of assessments, and increasing procedural complexity. Respondents also noted an uneven guidance
landscape: while some risk areas are governed by an expanding and partly overlapping body of guidance, other
risk areas lack up-to-date or sufficiently developed guidance, creating challenges for harmonisation, consistency,
and efficient decision-making. Taken together, these conditions translated into substantial operational burdens,
including effort spent interpreting and navigating complex guidance, addressing areas where guidance is missing
or outdated, re-assessing information that is difficult to reuse across dossiers, and pursuing higher-tier refine-
ments or increasingly complex models that may not alter the regulatory conclusion. These observations point to
diminishing returns, where additional assessment effort and detail may provide limited added value for regula-
tory decision-making while consuming resources that could be directed towards other assessments or addressing
decision-critical uncertainties.
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Collaboration in PPP ERA: essential, but uneven

Collaboration was characterised as a practical necessity for PPP ERA, reflecting the multidisciplinary integration
required in assessments. Respondents emphasised a strong reliance on collaboration to complete assessments,
particularly within their own organisations and teams, and highlighted its importance for quality assurance through
peer consultation and second opinions. Internal collaboration was nearly universal and occurred frequently,
including interaction across focus areas within organisations, among team members with similar expertise, and
between ecotoxicology and environmental fate disciplines. This indicates that multidisciplinary exchange is
embedded in routine assessment practice. However, respondents also noted that increasing procedural demands
and time pressure often limit opportunities for exchange, thereby constraining the extent to which collaborative
working can be fully exploited.

Collaboration was perceived to be strongest and more routine within organisations, while cross-organisational
cooperation was more irregular and often informal or episodic rather than systematically embedded in workflows.
Interactions across Member States, operational levels, and with external scientists were reported to depend heavily
on individual initiative, availability, and existing personal networks. Engagement with risk managers, farmers,
and other stakeholders was comparatively limited and typically occurred at specific procedural stages rather than
throughout the assessment process. Respondents highlighted that collaboration serves different functions (e.g.,
quality assurance, harmonisation, workload sharing, problem-solving), which influences both its intensity and
form.

Within this context, workshop participants pointed to examples where growing regulatory strain, particularly
in terms of workload and resource pressure, has prompted deliberate organisational responses. In particular, some
Member States (notably the Netherlands and Sweden) have strengthened internal collaboration by establishing
small, interdisciplinary teams that meet regularly to discuss assessment progress, uncertainties, and emerging
challenges. These arrangements were described as improving efficiency, shared understanding, and internal
consistency, and were perceived as helping to address complexity through earlier issue resolution and collective
judgement. As such, they were seen as potentially instructive examples of how collaboration can be more
systematically embedded in national-level ERA practice.

Insights from the workshops further illustrated that well-functioning zonal collaboration for product
authorisations can act as a powerful enabler of efficiency. Participants described how routine meetings, shared
issue lists, and the codification of agreed solutions into zonal guidance reduce repeated interpretation and help
stabilise practice across Member States. In contrast, active substance assessments were often characterised as
lengthy, resource-intensive, and comparatively fragmented processes, with fewer opportunities for collaboration,
shared learning, and convergence across organisations. Personal connections and mutual trust, often established
through earlier in-person interactions prior to the coronavirus disease 2019 (COVID-19) pandemic, were
repeatedly highlighted as enabling faster problem-solving than formal procedures alone.

Importantly, collaboration was not viewed as undermining professional independence. On the contrary,
survey respondents consistently described it as supporting informed judgement, robustness, and confidence
in assessments. Across both survey responses and workshop discussions, there was strong consensus that
better resourced, more structured, and more systematic collaboration would improve efficiency, consistency,
transparency, and trust in PPP ERA outcomes. Workshop participants emphasised that such collaboration should
be seen as part of the regulatory infrastructure of PPP ERA, rather than as an informal or optional add-on.

Building a learning-oriented PPP ERA system
Across the workshops, participants drew attention to a broader issue that extends beyond issues of effectiveness,

efficiency, or collaboration. They pointed to a more fundamental limitation of the current PPP ERA system: its
limited capacity to function as a cumulative, learning-oriented regulatory system. While large volumes of data
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are generated, evaluated, and discussed over time, these outputs are not systematically consolidated, reused, or
fed back into future assessments in a structured manner.

A recurring theme was the fragmentation of regulatory knowledge. Data relevant to ERA (e.g., study results,
endpoints, metabolite assessments, model outputs, rationale behind regulatory conclusions) appear to remain
distributed across dossiers, static documents, and organisation-level systems. This fragmentation makes it difficult
to trace how past evidence has informed decisions, to compare conclusions across assessments, or to build on
earlier judgments in a transparent and reproducible manner. As a result, learning remains largely local and case-
specific rather than embedded at the organisational level.

Workshop participants also highlighted limitations in the governance and stewardship of models and methods.
Although modelling tools are central to PPP ERA, their regulatory implementation is often characterised by
parallel evaluation, inconsistent evaluation practices, and limited shared ownership across organisations. This
reinforces a situation where effort is repeatedly invested in scrutinising similar tools or refinements without
generating a shared and durable knowledge base that could support future assessments or methodological
evolution.

In the absence of integrated infrastructures for data and knowledge reuse, risk assessors rely heavily on informal
memory, internal notes, precedent awareness, and ad hoc exchanges to navigate recurring issues. While such
practices enable the system to function in practice, they remain inherently fragile: they rely heavily on individual
expertise that is difficult to document, are insufficiently embedded in organisational memory, and are vulnerable to
staff turnover, which undermines the retention of tacit knowledge and continuity over time. Workshop participants
stressed that this affects not only efficiency and consistency, but also the system’s ability to demonstrate learning
and improvement over successive regulatory cycles.

These limitations were seen to directly constrain the operationalisation of feedback loops discussed in earlier
sections. Without structured mechanisms to link environmental monitoring results, modelling assumptions, and
past regulatory decisions, feedback remains diffuse and largely qualitative. Knowledge that could be mobilised to
improve and update guidance, adjust refinement strategies, or define/revisit protection goals is generated, but it
is not systematically captured or translated into decision frameworks. In this sense, monitoring and retrospective
evidence exist alongside ERA rather than being embedded within it as drivers of adaptive change.

Workshop discussions therefore framed the challenge not as a lack of scientific expertise or regulatory intent, but
as a gap in system design. Workshop participants emphasised that transforming PPP ERA into a genuine learning
system would require deliberate investment in shared data infrastructures, clearer ownership of methodological
tools, and governance arrangements that embed reuse and reflection at the organisational level. Without such
changes, PPP ERA risks remaining a sequence of technically robust but largely disconnected case assessments,
with limited capacity to accumulate insight, adapt to emerging evidence, or demonstrably improve over time.

Scope and interpretative considerations

Several limitations should be considered when interpreting the findings. First, the results reflect practitioners’
perceptions and experiences and do not constitute a direct evaluation of the predictive performance or regulatory
effectiveness/efficiency of PPP ERA outcomes. The survey relied on self-reported information, meaning
that responses depend on individual judgement and willingness to disclose. Moreover, as the responses were
interpreted and analysed by the authors, the findings are inevitably shaped by author judgement and may therefore
be subject to interpretive bias.

Second, respondents were recruited through non-randomised channels and invited to provide anonymous
reflections based on their professional experience. As a result, the findings are not statistically generalisable
and reflect the views of the participating sample rather than the full population of regulatory risk assessment
practitioners. In addition, the use of Likert-scale questions may have simplified complex practices and judgements,
potentially obscuring nuances that characterise day-to-day regulatory work.
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Third, the survey was administered exclusively in English, which may have resulted in differences in how
questions were interpreted by respondents with varying English language proficiency. This may have affected
the consistency and precision of some responses.

Finally, the geographical distribution of respondents was uneven, with a small number of Member States
contributing a comparatively large share of responses. Although all regulatory zones were represented, the sample
was not designed to be geographically representative. Country and zonal distributions should therefore be viewed
as descriptors of participation only and not as a basis for comparisons between countries or zones. This imbalance
may have influenced the overall emphasis of the findings and should be considered when interpreting broader
conclusions. Similarly, the synthesis of follow-up workshop discussions reflects the perspectives expressed by
participants and may give greater prominence to issues that were particularly salient during the discussions.

Conclusion and recommendations

The survey and workshop findings depict a PPP ERA system that is procedurally mature and widely valued
by practitioners, yet increasingly strained in day-to-day regulatory practice. Participating practitioners broadly
recognised PPP ERA as essential for regulatory decision-making and environmental protection in the EU. At
the same time, they expressed only moderate confidence in the system’s ability to predict and manage real-world
environmental impacts and raised concerns about its proportionality. They also highlighted growing challenges
related to procedural complexity, workload, fragmented knowledge, ecological realism, and limited opportunities
for systematic learning, knowledge sharing, and feedback across assessments and organisations. Collectively,
these constraints were perceived as limiting the system’s ability to deliver ecologically meaningful protection
under real-world environmental conditions.

Importantly, these challenges were not framed primarily as a lack of commitment, expertise, or scientific rigour.
On the contrary, practitioners demonstrated a strong professional ethic, placed high importance on the quality and
impact of their work, and expressed broad support for harmonisation across Member States. Reduced confidence
in outcomes was instead linked to structural characteristics of the PPP ERA system itself, notably how problems
are framed, how complexity accumulates over time, how uncertainty is managed, and how regulatory knowledge
is retained, shared, and reused.

Across discussions of effectiveness, efficiency, collaboration, and learning, a common message emerged:
PPP ERA is largely doing the right things, but not always in the right way or at the right level. Practitioners
generally called not for greater detail or refinement, but for a recalibration of the system toward greater clarity,
proportionality, ecological relevance, and cumulative learning.

Drawing on the survey and workshop findings, the authors propose a strategic rebalancing of PPP ERA. The
recommendations below reflect recurring concerns and improvement opportunities identified by practitioners,
combined with the authors’ interpretation of their implications for future regulatory practice. Specifically, the
findings point to seven priority areas for action: (1) clarifying ERA objectives and operationalising protection
goals; (2) introducing greater ecological realism in a selective and proportionate manner; (3) modernising guid-
ance to better support judgement and usability; (4) strengthening PPP ERA as a system-level learning framework
through improved data, and modelling governance; (5) strengthening monitoring and feedback loops; (6) investing
in capacity and knowledge management; and (7) reinforcing structured collaboration across organisations and
Member States (see Table 1). Collectively, these priorities address two overarching themes identified in the study:
the need for greater clarity regarding the purpose and objectives of PPP ERA, and the need for stronger collabo-
ration across the regulatory system. Greater clarity regarding the aims of ERA would provide a more consistent
basis for assessment and decision-making, while enhanced collaboration would support shared interpretation,
learning, and implementation across organisations. As many of the identified challenges transcend organisational
and institutional boundaries, implementation will require coordinated action among the actors involved in PPP

&\ Springer Environmental Sciences Europe


https://doi.org/10.1186/s12302-026-01538-x

Article in Press

//doi.org/10.1186/512302-026-01538-x

https

Kyrenb
VIH JO SIUSWA[0 2109 Sk SWA)SAS JUIUIITeUr 9FPA[MOUY [9AJ]

-uonestuegio pue ‘Sururen ‘asntodxd isiferoads ‘Fuyjels ur 3SoAuf juowSeurw a3pajmouy pue Ajoede)

Q0UBUIAOT
eyep paroidwr Aq pajzoddns ‘systx SurSiouwrs AJnuopt pue ‘soue
-pin3 9jepdn ‘suondwnsse 9)eIqI[EII 0) WSTUBYOIW JOBqPI)

B st yyyd 0} SuLI0jIuowW [BJUSWIUOIIAUL YU A[[EonewaIsAS sdoo[ yoeqpasy pue SULIOIUOIA

soonoeld
UONJEN[BAD pUE S[OPOUW JO 90UBUIA0S uayiSuans pue ‘sdajs
JUSWISSISSE QUNNOI JO uonewoine [enied a[qeus ‘sarmonnsejur

BIep o[qeIadoIo)ur ‘paIeys pue SMITAIIAO [IA[-WSAS doferaq 9SNaI BJep pue JUIUIB] [QAJ[-WISAS

Sururen payeSie; ySnoayy juswadpnl 11adxa jo asn [euontodoid
110ddns ¢sjuawnoop ssoloe uoneI3aul 19y3eq pue ‘sofni Jurd

-do3s ‘semyred UOISIOOp JIBI[O YIIM 20UBPING Y H 9SIUIPOIA Aypiqesn pue u3Isap aouepInn

JUBAQ[QI-UOISIOAP 1dYM A[UO $)99J9
ur19)-SUOT puE J02IIPUT pue ‘1x0Ju0d adeospuey ‘armsodxo oan
-B[AWND ‘SAIMIXIW SSAIPPE 0} sayoeoidde uoarip-woqord Sursn

‘K[eAn309[9s swidipered aoueisqns-o[3uls puokaq vy uspeorq (uorsuedxa djeuontodoid) wsiear [ed130[007

so[eos [erodwa)

pue [erjeds yoTym ISA0 pue ‘[oAd] [eJ130]0Iq YOTyM I ‘pajoajord

st Jeym Surkjroads ‘speo3 uonodjoid jueadfar A[[eo130[099 ‘Teuon
-e1odo ojur way) Se[suen pue Y JO SaA103[qo ay) Ajire[)  s[eod uonoajoid [euonerado pue saands[qo vy AJlrerD

JIoAOUIN) JJe)S O 9[qeIoU[nA QIe
oIy ‘SoSUBYOXD O0Y PB PUB ‘SSAUATRME JUaPada1d ‘sajou [eu
-IoJUl ‘KIOWOW JEWLIOJUT UO AIARSY A[OX SIOSSOSSE YSII :SUlInay

amssaid 90Inosar pue
PEOIOM JO SULId) UT urens A1ojen3ar SuImois :uonun.ioqnijo)
UOILIOQR[[0d PUE ‘UONISPI ‘sisAreue yydop-ur
10§ sontunyzoddo syt aInssard own paureIsng :ssauaa1I2ffq
M UIIM PApPaquUd Suldq Uey) Jauel v
OpIS3UO[E ISIXd Q0UIPIAD 9A130ads0n01 pue SULIONIUOW . SUIUIDIT
pasteuonerado A[[nj se paareorad jou ore Jurioyruow
[BIUSWUOIIAUD PUR UONESNIW YSLI ‘v 2anoadsord usomioq
sdooy yoeqpaag ‘ejep afesn Jdd posIUOULIEy pue J[qer[al Jo
OB B pue UOHNQLIYE Y)IM SON[NOLYIP I8 1Y) Ing VI
10§  O9yd AJITeal,, & Se paqLIosap s1 SULIONUOIA] :SSaUAI2[[T
suonesIuesIo ssoroe dIysioumo pareys pajrui
pue ‘soonoerd uonen[eAs JU9ISISUOOUT ‘UonenyeAd [o[fered oy
103[qns a1e S[00) SUI[[OPOUW {SWIA)SAS [9AS[-UONBSIULTIO puL
‘SJUWNOOP O1ILIS ‘SIASSOP SSOIOR PANQLISIP Y YH O JUBAI[I
BIEP [IIM ‘pojudwITeI] ST 9Fpajmouy K1oye[n3ar :Sunuinay
SIQISSOP SSOIo.
pUE sISeq doue)sqns-£q-20ue)sqns B U0 passasse-a1 Apuanbaiy st
QOUQPIAL ‘sjuauussasse Jo1id Jursnal J0J SWSTUBYOIW JIJRW)SAS
PUE SOINJONISLIJUI BIeP PAIBYS JO 90USqe dY) U] -Aouaoyffy
S9JBIS JOQUISJA Ss01oe donoeld asi[Iqe)s sday doue
-pmS [eUOZ 0JUT SUOTIN[OS PAAISE JO UOHBIYIPOD UODLOGD]]0)
$Je)S JOQUISJAl pue
‘suonesIuesIo ‘s[enpIAIpUl sSOIoe AJI[IqeLIeA 0) SurnqrIuod
‘uonerardiour fenueisqns saxmnbar uayjo souepins Surkjdde
{Aduaroyjaur Jo 921n0s Jofew € 9w099q J[9sI seY 2ouLpIns jo
Axardwos pue ‘uoneuswFey ‘ouwnjoa uimois Y], -Louaiolffq
SUOISN[oU0d A103B[N321 FUISURYD INOYIIM 1I0JJ2 dAneIdIojur
pue peopIom sosearoul Apuanbaiy Ayrxerdwos 10jea13 Aouaronf
SJUOWISSISSE
jonpoid-£q-1onpoid ‘aour)sqns 9[3urs puokaq JIys € palsad3ns
sjuopuodsar Auew {s9oueISqNS PISLIOYINE JO KIoFes oY) AINSUd
saInpasoid yyH eyl pue syoedwl [BJUSWUOIIAUD s)O1pald
A[o1enbape v yd 18y} 90UdPYUO0d AJRIPOIA - SSaUIAII
sreo3 uonodjoxd pauyep Ajsnoniquie LouaoLffy
paimded A[eonewd)sAs jou st sjeo3 uonosdjord
JISIAQI/QULAP 0) PASI[IqOW q P[NOJ Jey) AFpa[mouy {yYH Jo
asodand a3 SurpreSar suoneioadxe JUISISAI(T JUOIDIOGD]]0)

UOTJEPUWIOII 210D vare AJLIoLg

s3uipuy siouonnorid

(sddd) s1onpoid uonodjoid jueld Jo (VYH) JUSWISSISSE JSLI [RIUSWUOIAUR AU} SUTURISuans Jof seare Ajuond :sSurpuy 1ouonnoeld Jo SIsayuAs Joyny | ajqel

pringer

As

Environmental Sciences Europe


https://doi.org/10.1186/s12302-026-01538-x

//doi.org/10.1186/512302-026-01538-x

https

Article in Press

Environmental Sciences Europe

Jouapuadapur reuorssojord
Suratesaid o[ym saonoeld [eUOZ [NJSS0oNS UO SUIP[ING ‘[OAJ]
N e UOIRIOQR[[0d [BUONESIUBSIO-SSOIO PAINoNIs UayiSuans

douapuadapur [euors
-sojoxd SuruturIopun St paMalA JOU ST UOHBIOQR[[0D (P
-e1y A[oAneredwod Te SJUSWISSISSE QOUBISQNS AR SBAIOYM
£oUIoL JO 19[qeuD [nj1omod e Se o' UBd UONBIOQE[[0D [BUOZ
Suruonounj-[fom $orposids Jo [eWIOJUT U)JO pue Je[nSoll dIouW
s1 uone1adood [BUOTIBSTURTIO-SSOID J[IYM ‘SUOIIBSTURSIO UTYIIM
UONBIOQR[[0J paInionng QunNNoI 210Ul PUE JsAFUOMS SI UONRIOGR[0D) ‘UOUDLOGD]]0)

uonepuaWIoddr 10D

vare AJLIoLd s3uipuy siouonnorid

-t
L
o0
=
‘g
=¥
)
4l

(ponunuod) | 9jqeL


https://doi.org/10.1186/s12302-026-01538-x

https://doi.org/10.1186/512302-026-01538-x Article in Press

ERA. Consistent with the transition strategy outlined in the PERA Roadmap [6], progress will depend on a com-
bination of strategic leadership and sustained collaboration across the PPP ERA system.

Taken together, these recommendations point towards a more purposeful PPP ERA system: one that is guided
by clearer objectives and protection goals, proportionate in analytical effort, better aligned with ecological reality,
and capable of learning from regulatory experience. Such a recalibration could strengthen both environmental
protection and regulatory credibility without undermining scientific rigour or legal robustness.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1186/
s12302-026-01538-x.
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