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Executive Summary 
To raise awareness of APIENs (Air Pollution Impacts on Ecosystems Networks) and to provide 

relevant direction to future work, UKCEH, Defra and Lancaster University convened a virtual 

workshop with stakeholders who have an interest in air pollutant impacts on biodiversity and 

ecosystems. This was the first stage in a two-stage process to progress analysis of APIENs data, the 

second of which is a hackathon in mid-December 2024 which will use identified workshop priorities 

as a foundation.  

Here, we present a summary of the discussions at the workshop and the stakeholder questions 

raised. We provide a preliminary assessment of which questions posed by policy makers, consultants, 

managers and academics can be answered by APIENs: (i) now (at/before hackathon), given currently 

available information; (ii) in the near future, for instance after better characterisation of the 

underlying data or rapid filling of data gaps; (iii) in the longer term. We also outline valuable 

questions that were raised but cannot be answered by APIENs since they are out of scope e.g. what 

constitutes harm, or what ecosystems and species-assemblages we ‘should’ be aiming for. Data from 

APIENs could inform potential answers to such questions, but ultimately, they require value 

judgements.  

Questions that can be answered now include:  

• What is the high-level overview relating to APIENs aims, currently and into the future? 

• What data streams APIENs brings together and their locations across (priority) habitats? 

• What are the gaps in data that need to be filled to enable a cost-effective and risk-based 

assessment of air pollution impacts on ecosystems, as required under the NECR?  

In the near future, with the aim to progress at least some of the areas identified below at the 

hackathon, there is potential for data from across the disciplines that constitute APIENs to investigate 

three main policy/science strands:  

• General understanding of ecosystem impacts (in relation to e.g. biodiversity metrics; and in 

regard to recovery trajectories) in response to changing air quality drivers and other 

environmental pressures e.g. climate change, land use change; 

• Understanding of how specific sites may respond to air quality policy measures, including 

with relatively small reductions in atmospheric pollutants and taking account of air pollution 

sources i.e. to demonstrate how local actions are having an impact; 

• Comparisons of modelled and measured data to improve confidence for decision makers in 

using modelled data. 

Answering some aspects will require the effective filling of data gaps, the implementation of robust 

methods to disentangle community change drivers, and the investigation of approaches to 

downscale data to the site level.   

In the longer term and working with areas that APIENs data can also value-add to (e.g. health, net 

zero, water quality) it may be possible to use APIENs data to inform predictions. This will likely 

require the use of other data sources such as earth observation approaches with drones/satellites 

and the potential to ground-truth and/or linking to the terrestrial Natural Capital and Ecosystem 

Assessment Programme. The sites in the network could also be used as the basis of “digital twins”, 

and thus enable predictive models of how the ecosystem will behave under different scenarios. For 

instance, what air quality/land use scenarios might halt declines in habitat condition in response to 

air pollution pressures or lead to biodiversity gains? How does atmospheric pollution affect the 
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resilience (“helpful” or “unhelpful”) of the ecosystem and/or nature-based solutions, and their 

functioning in response to climate/environmental change? There are also opportunities to use 

APIENs data to identify and investigate future science questions. “Data rescue exercises” and/or 

international collaboration may further extend air pollution gradient coverage (also in time, with use 

of historical data) to improve our understanding of risks in a cost-effective manner, as required by 

APIENs’ statutory duty.  

To improve data accessibility and broader awareness of what APIENs stands for, the pre-workshop 

questionnaire and subsequent discussions identified a stand-alone website as a priority. This would 

avoid confusion with the Air Pollution Information System (APIS) which hosts the current APIENs 

website. A dedicated APIENs website could include an overview of aims and structure of the 

network, case-studies of the integration and use of the data, and ability to download data in 

standard formats via an Application Programming Interface (API), e.g. gridded data for a 

Geographical Information System (GIS), together with clear guidance on how to avoid the misuse of 

the data. Summaries of available data and the trends and impacts they show, at the national as well 

as devolved government levels, would be useful, with the potential to include interfaces to statutory 

agencies to help them fulfil their duties.  

Additional suggested actions included providing a “systems map” of APIENs, to uncover relationships 

among stakeholders such as data contributors, analysts and users, as well as the properties of the 

submitted data.    

We are at the beginning of a journey to transform APIENs: from a submission of somewhat disparate 

data from a collection of networks using an unwieldy template, to a place where data from across 

multiple disciplines can be integrated and used to inform discussions around appropriate policy and 

management, explore fundamental system responses to air pollutant trajectories, and add value to 

other policy areas. This report provides an overview of the direction of this journey and aims to 

satisfy perceived stakeholder needs, now and into the future.  
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Introduction 
To raise awareness of APIENs (Air Pollution Impacts on Ecosystems Networks) and to provide relevant 

direction to future work, UKCEH, Defra and Lancaster University convened a virtual workshop with 

stakeholders who have an interest in air pollutant impacts on biodiversity and ecosystems.  

The main aim, until now, of APIENs has been to enable the Secretary of State for Environment, Food 

and Rural Affairs to fulfil one of their statutory duties under the National Emissions Ceilings 

Regulations. This involved the submission, on a four-year cycle, of atmospheric, freshwater and 

terrestrial data from a range of networks within the United Kingdom, so as to understand the 

pressures and impacts on ecosystems from air pollutants. However, there is a desire to improve 

integration and use of these submitted data, so that policy impacts can be demonstrated in the near- 

and longer-term i.e. incremental improvements, and so that stakeholders can use the data from 

within APIENs to support them in impact assessment, understanding of recovery of habitats, 

scientific discovery, and case law.  

The aim was to use learnings from the stakeholder workshop on such uses to feed into a subsequent 

‘hackathon’ (16th – 17th December 2024) to be held at Lancaster University with the support of CEEDS 

(The Centre of Excellence in Environmental Data Science). At the hackathon, specialists in describing 

and analysing sparse and complicated datasets from across disciplines (i.e. data that are typical of 

APIENs) will work with air pollution pressure and impacts researchers. Together, they will interrogate, 

visualise and analyse the data that have been collected within the frame of APIENs, and develop 

manuscript/report outlines as well as considering how to increase the accessibility and use of 

existing and future reported data. We intend the questions to be investigated at the hackathon to be 

informed by the findings from the virtual stakeholder workshop, as reported here. 

Stakeholders 
Open invitations were circulated around air pollution impacts stakeholder groups (e.g. CAPER: 

Community of Air Pollution Effects Researchers)) and across government departments. 38 

stakeholders with interests in air pollution impacts on ecosystems gathered in the virtual sphere, 

from across statutory organisations (Natural England, Nature Scot, Natural Resources Wales, National 

Highways, Joint Nature Conservation Committee), UK and devolved government departments such as 

Defra and the Department of Agriculture, Environment and Rural Affairs (Northern Ireland), 

consultants, and universities/research organisations. The full list of represented organisations, and 

numbers of participants per organisation, can be found in Annex 1: Represented Stakeholder 

Organisations.  

Prior to the workshop, all those who had expressed an interest (i.e. beyond the 38 attendees) 

received an invitation to answer a series of pre-workshop questions (Annex 2: Pre-Workshop 

Questionnaire). The aim of these questions was to help inform discussions at the workshop itself. 

Themes covered included: the most important policy/management questions that stakeholders 

believe need answering in relation to air pollution impacts on ecosystems, key science questions that 

APIENs data could contribute to, whether APIENs data can contribute to answering questions beyond 

understanding air pollution impacts on ecosystems, and whether (submitted) monitoring data can be 

made more accessible to stakeholders, together with general awareness of CEEDS and APIENs. We 

summarise pertinent points later in the report, in the context of the wider discussions; a full list of 

anonymised responses to each of the questions, received prior to the workshop, can be found in 

Annex 3: Pre-Workshop Questionnaire Responses (unedited).    
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Agenda and Introductory Presentations 
The meeting agenda can be found in Annex 4: Workshop Agenda. The talks outlined below were 

circulated to all participants in the week following the workshop; they can be requested from Mike 

Perring (mikper@ceh.ac.uk). In due course (see Action Points) they will be available on the dedicated 

APIENs website.   

In brief, the UKCEH project manager, Mike Perring, provided the rationale (see Introduction) for the 

two-phase approach being adopted for the workshop and hackathon as well as introducing the Defra 

project manager (David Vowles) and joint workshop/hackathon organiser Carly Stevens from 

Lancaster University.  

The aim of the introductory talks was to set the policy context and the current status of APIENs, in 

part to temper expectations as to what it can deliver at the moment, but in the main to provide a 

basis for an informed discussion around key stakeholder questions that APIENs may be able to 

contribute to in future, as we move from data submission to data integration and use.   

David Vowles introduced the policy context, focusing especially on the National Emissions Ceilings 

Regulations (NECR) requiring reductions in nitrogen oxides (NOx) ammonia (NH3), and three other 

pollutants by 2030, and the 25 Year Environment Plan targeting improved biodiversity outcomes, 

underpinned by international initiatives such as the United Nations Sustainable Development Goals 

(e.g. Life on Land).  

This policy context explains the statutory duty, under the NECR that: “The Secretary of State must, 

taking a cost-effective and risk-based approach, monitor the negative impacts of air pollution at sites 

representative of the following habitats and ecosystems: (a) freshwater; (b) natural and semi-natural; 

(c) forest”. 

Ed Rowe (UKCEH), APIENs project manager 2022 - July 2024, explained how APIENs is the UK’s 

response to satisfy this statutory duty. Managed by UKCEH under a contract from Defra, APIENs 

provides data submissions on a four-year cycle, the latest submission being 2023. The year prior to 

the data submission, a submission of monitoring sites which will provide data is made. Prior to 

2022/2023, such submissions were communicated to the European Commission (EC) through the 

Eionet Central Data Repository of the European Environment Agency and followed a defined 

database template decided upon by the EC. UK submissions to Defra continue to follow this (and any 

updated) format since it satisfies the statutory duty and could aid transnational analyses in the 

future. However, as noted in more detail below, the spreadsheet format does not lend itself to easy 

data analysis and may, therefore, discourage exploration and understanding. 

To allow the Secretary of State to address their duty in full it is necessary for any network to collect 

evidence for pressures from air pollution (e.g. NH3 concentration, reactive (wet, dry and occult) 

nitrogen (N) deposition, acidity (N + sulphur (S)), phytotoxic ozone (O3) dose, particulates, heavy 

metals), responses of the ecosystem (to increasing and/or declining atmospheric pollutant(s) 

pressure), and ancillary data such as meteorology and/or bedrock.  

To be ‘cost-effective’, the aim of APIENs is to use existing networks that can inform on the above 

three properties, preferably with co-location so ecosystem responses can be understood in the frame 

of measured (or modelled) pressures and important context (ancillary) data.  

To be ‘risk-based’, it is important that sites, and particularly each focal habitat, cover as much of the 

appropriate gradient of pollution pressure(s) as possible. By appropriate, we mean that for a given 

habitat, there is representation within the network across the pollutant gradient to which the given 

mailto:mikper@ceh.ac.uk
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habitat is exposed. Overall, appropriate coverage will help elucidate the extent to which observed 

ecosystem responses relate to air pollution pressures. Ideally, continued monitoring allows 

trajectories of change in response to emissions reductions to be understood although it may alter 

the location of gaps along the pollution gradient. 

Currently, thirteen monitoring networks - together with two modelled datasets - covering a total of 

129 sites, have been brought together within the frame of APIENs, representing estimated properties 

in atmospheric, freshwater and terrestrial systems (Table 1). Networks may provide data that could 

be useful within the frame of APIENs, such as Countryside Survey or the National Plant Monitoring 

Scheme; currently, limited data are incorporated from such schemes. Indeed, the threshold for 

inclusion of data within APIENs and/or how broadly encompassing APIENs data needs to be (e.g. 

impacts on plants and animals) remains to be tackled explicitly. It could be that existing data needs to 

be structured so that it can be easily combined with other databases already holding such data.  

Some APIENs sites are regarded as ‘supersites’, having up to nine network locations within ~5km of 

each other i.e. considered to be ‘co-located’. However, and despite overlap in some instances, many 

sites have ecosystem but no atmospheric monitoring (classified as ‘’Level 3 sites”, n = 53) while there 

are other locations that have relatively intensive atmospheric monitoring (e.g. with high temporal 

resolution samplers) (“Level 1 sites” , n = 29) or those sites with atmospheric monitoring via passive 

samplers (“Level 2 sites” , n = 47). However, a ‘typical’ Level 1 or Level 2 site may have one 

atmospheric location while covering multiple ecosystem response plots, some of which will not be in 

the same habitat as the atmospheric monitoring location. The atmospheric properties recorded at a 

given monitoring site will also vary depending on the specific network(s) involved. Furthermore, 

there may be no ecosystem monitoring in the immediate vicinity of the atmospheric monitoring.  

The template for reporting data includes a free text field for the habitats at the site, and it is often 

not clear what habitat a given ecosystem monitoring plot is within. Access to the data would be more 

straightforward if a relational database structure was adopted, in which data for an overall location 

(for example the point where atmospheric monitoring is located) could be related to data for 

multiple ecosystem monitoring plots near this location, potentially in different habitats. 

Table 1: Networks reported by APIENs as of November 2024. Green shows sites that were in Ed and Philip’s talks, Orange in 
Philip’s talk only, Red in Ed’s talk only. As can be seen from the network description, some data were reported under a 
previous EC template but are no longer required.   

Monitoring 
Network / 
Modelled Data 

Number of 
Monitoring 
Locations 

(within 
APIENs) 

Included in 
2019 

submission? 

Included in 
2023 

submission? 

Brief Network Description 

UKEAP AGANET 27       This network provided data for 
the previous version of the EC 
reporting template – sheet (5): 
“ozone - air quality-carbon 
flux-air concentrations of 
gaseous SO2” 

UKEAP AURN 12       Data for Ozone capture, NO2 
capture, SO2 capture, mean 
NO2 and SO2 in the former 
template, sheet (5).  
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Critical Loads / 
Critical Levels 
(modelled) 

129       Provided for any location using 
National Focal Centre data 

ECN (terrestrial 
sites) 

11       Representative of ecosystem 
pressures and response, 
providing atmospheric, soil 
and vegetation variables. 

UKSCAPE GHG 
Carbon Flux 

4    x This network records carbon 
balance but the recording 
frequency is too high for the 
data template. The solution 
was to use pre-generated 
yearly values (based on means 
across multiple years). The 
years the data cover varies 
across sites; only 4 are co-
located with NECD sites.  

ICP Forest Level 
II 

5    x Representative of ecosystem 
response, providing soil and 
vegetation variables. 

LTMN 37       Representative of ecosystem 
response, providing soil and 
vegetation variables. 

UKEAP NAMN 75       Ammonia data reported from 
this network, using a mix of 
Alpha and Delta samplers. 

UKEAP NO2-
NET 

23       The nitrogen dioxide 
measurements for sheet (5) in 
the old EC template.  

Ozone PODy 
(modelled) 

129       Provided for any location from 
EMEP model runs. 

UKEAP Precip-
net 

41       Chemistry precipitation data 
are derived from this network. 

UWMN 25       Upland waters monitoring 
network – lakes in various 
locations across the UK 
monitored for series of water 
quality and other abiotic 
parameters (e.g. temperature) 
and, historically, biotic 
responses to such drivers. 

Countryside 
Survey* 

26       Some vegetation impacts data 
were included from here. 58 
plots included which are 
matched to sites via a 
harmonizing script.  

ICP BioSoils 8    x Within the ICP Forests 
network, with the first 
submission (2019) utilising 
data.  
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NPMS (National 
Plant 
Monitoring 
Scheme) 

12 x     Harmonized vegetation data 
brought in via script.  

*There is the potential to include analogous vegetation survey datasets e.g. ERAMMP and/or Glastir 

(for Wales) and UKSCAPE, which will continue Countryside Survey.    

Philip Taylor and Cristina Martin Hernandez (both UKCEH) then explored the properties of the data 

submission sheets and APIENs datasets in more detail.  

They first noted how the reporting template under the National Emissions Ceiling Directive (the EU 

equivalent of the NECR previously noted) has changed from 2019 to 2021. In 2021, there were 3 

main sheets, with the first covering site details (i.e. their co-ordinates, their MAES (Mapping and 

Assessment of Ecosystems and their Services) classification, an optional column for a EUNIS code 

(note that this has recently been updated – see https://eunis.eea.europa.eu/habitats.jsp) and a 

Water Framework Directive site code and/or water body code. These site codes then transfer to 

sheets reporting freshwater conditions (e.g. physical, chemical parameters, acidification and 

eutrophication species) and vegetation (including e.g. soil horizon information, soil and soil 

porewater acidity and eutrophication indicators, nitrate leaching, ozone foliar damage and species 

richness and percentage cover of non-woodland species). Similar information was provided within 

the 2019 template, but over six rather than three reporting sheets. They highlighted how a 

standardised set of scripts are used for the processing of data for the various networks that make up 

APIENs, complementing the aim to adhere to FAIR principles (i.e. Findable, Accessible, Interoperable, 

Reusable), bearing in mind this can be difficult in practice with changes to data, format, network and 

template. 

Philip then provided a brief pilot study investigation into how the data within APIENs represent the 

risk gradient. This delved deeper into points first made in Ed Rowe’s introductory remarks, where a 

comparison of APIENs measured atmospheric NH3 concentration data with modelled data suggests 

that APIENs sites are, assuming correct measurements and models, in cleaner parts of a given grid 

square. However, comparing APIENs gridded modelled data with grid squares across the whole of the 

UK suggests APIENs grid squares are generally in more polluted parts of the landscape, at least in 

relation to ammonia. Such an approach only shows the overall distribution of the data, not specific to 

target habitats under the NECR.  

Philip’s example highlighted another point, relating to the importance to consider other 

atmospheric/environmental gradients, which may affect responses to atmospheric N pollution, for 

instance. Using precipitation conductivity, mainly associated with sea-salt deposition as an example, 

Philip showed how across all habitats, a gradient from close to 0 to >50 μS cm-1 is present in the UK. 

However, most sites were found between 10 and 30 μS cm-1. Splitting by habitat, it could be seen 

that acid and improved grasslands only have monitoring between 10 and 30 μS cm-1.  

Work in progress aims to increase the information content of such plots by understanding when level 

1 and 2 sites include ecological response and/or ancillary data. In addition, we are characterising 

where habitats represented within APIENs lie along expected pollution gradients (from modelled 

data) and thus how representative example habitats within APIENs are compared to the broader 

pollution gradient the given habitat is exposed to. Such an analysis of data properties and gaps will 

help inform the extent to which APIENs meets the ‘risk-based’ aim associated with the statutory 

duties required by the NECR. Ongoing preliminary analyses, not yet quality controlled and thus not 

presented at the workshop or herein, suggest that some key natural and semi-natural habitats are 

https://eunis.eea.europa.eu/habitats.jsp
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not represented at all within the most recent submission of APIENs data, while other data 

submissions fail to capture a given habitat’s exposure to the full pollution gradient across the UK.  

Such insights on data properties and gaps, including of measured response variables, will allow any 

future expansion of APIENs to be carefully targeted. Monitoring sites could be included, for example 

from existing networks such as the Countryside Survey, to fill gaps for particular habitats, for specific 

locations along pollution gradients, and/or for those response variables deemed important that may 

have been overlooked previously (e.g. certain recovery indicators as introduced in a recent report on 

N deposition recovery indicators by Perring et al. (2024); see Table 2 which highlights the difference 

between an array of potential recovery indicators and those so far reported in the frame of APIENs. 

Table 2: Comparison of a list of potential recovery indicators from N deposition in terrestrial habitats highlighted in a recent 
scoping report (Perring et al., 2024), and those indicators that have been submitted over 1 or more APIENs reporting cycles.  

Potential Recovery Indicators Presented in Perring et al. 2024 Data included within 
APIENs submission (2019 

and/or 2023) 

Atmospheric NH3 concentration X 

Atmospheric NOx concentration X 

Nitrogen deposition (wet, occult, and dry) X 

Nitrogen deposition (cloud/fog/mist)  

Vegetation productivity  

Biomass  

Tree or shrub growth increment  

Vegetation height (ground measurement or LIDAR)  

Vegetation greenness e.g. NDVI  

Tissue N in mosses Discussed but not included 

Tissue N/P in mosses  

Tissue N/P in plants  

Soluble ammonium in plant tissue  

Tissue N in lichens  

Tissue N in vascular plants  

Tissue N through FTIR  

Litter N (total)  

Litter N (KCl-extractable)  

Soil pH X 

Soil %N or N stock  

Soil C/N  

Microbial C/N  

Soil soluble N  

Leaching of NH4
+ and NO3

-  

Soil base cation saturation (% of cation exchange capacity)  

Soil base cation / Al3+ ratio  

Mineralisable N  

Nitrification  

Denitrification (N2O emissions)  

Ecosystem respiration  

Metabolic quotient (respiration to microbial C)  

Biological N fixation rate  

Foliar 15N/14N ratio  

Moss phosphomonoesterase (PME) activity  
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Moss chlorophyll fluorescence (FvFm)  

Lichen chlorophyll fluorescence (FvFm)  

Vascular plant chlorophyll fluorescence  

Other enzymes e.g. nitrate reductase activity, phosphatase  

Litter phenol oxidase activity  

Plant species richness X 

Graminoid / forb cover ratio, or forb / total cover ratio. X 

Mean “Ellenberg N” score X 

Mean “Ellenberg R” score  

Plant CSR signature  

Lichen abundance (terrestrial)  

Lichen abundance (epiphytic)  

Lichen species richness  

Lichen trait and taxonomy  

Lichen/bryophyte health  

Bryophyte species richness  

Mycorrhizal assemblage  

Soil fauna assemblage  

Butterfly Community Nitrogen Index  

Mycorrhizal colonisation  

Indicator species – whether vascular plant, bryophyte, lichen, 
mycorrhizae or fauna 

 

Flowering, e.g. number of flowers per area  

Bioacoustics  

 

As well as the fundamental exercise in understanding what data are available from APIENs to date 

(that may go beyond those submitted in the frame of the statutory reporting template), the 

integration and use of these data are the next challenge.  

As Philip explained, integration is a work in progress; Philip highlighted the presence of APIENs on 

the APIS (Air Pollution Information System) website (https://www.apis.ac.uk/APIENs) detailing each 

of the different constituent networks, the types of data they contribute, as well as a mapping 

feature. As became apparent in the later discussions, this may have caused the conflation of APIENs 

and APIS in the stakeholder community. This led to a concrete action point on website development 

going forward (see Action Points). 

APIENs Data: Integration, Visibility, and Use     
The use that APIENs data can be put to, and what stakeholders need, was the focus of the workshop. 

It is to those discussions that the report now turns, synthesizing the discussions around questions 

posed in Annex 2: Pre-Workshop Questionnaire.  

We emphasize that this report, and more particularly the hackathon, will focus on those questions 

that APIENs has the capacity (or potential) to answer. As noted in relation to the website, the 

discussion highlighted a degree of confusion as to what APIENs is for, and how it can be distinguished 

from APIS. The discussion also led to the posing of some valuable questions that cannot be answered 

by APIENs, at least in the foreseeable future given the nature of the data available. There were 

further important questions that remain out of scope of APIENs. We summarize our interpretation of 

which policy and/or scientific questions that can, and cannot, be answered by APIENs, and over what 

timescales, in Table 3.       
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Q1.  What do you consider the most important question(s) you need answering in a 

policy / management context regarding air quality pressures and impacts on 

ecosystems? 

Q2.  Do you have ideas as to what (pure/applied) science questions could be 

answered in the frame of APIENs data?   
Answers to Q1 and Q2 prior to the workshop suggested a degree of overlap among important 

questions to answer. As such, discussions around here have been brought together for the report.  

In text boxes, we provide a summary of raw responses around particular issues that were raised, for 

instance, policy relevance in terms of what country X can do given the transboundary nature of air 

pollution or how the response to site-specific measures can be understood from APIENs. Table 3 

provides information on whether and how APIENs can answer specific questions that arose from 

these discussions and the pre-workshop questionnaire, and over what timescales.  

To aid analyses at the hackathon, we have asked virtual stakeholder workshop attendees and those 

who expressed an interest prior, to rate their top 5 priorities, from those questions shown in Table 3. 

These prioritised questions will be summarized in the hackathon report to be developed in early 

2025.    
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Discussion Points on Policy Relevant Questions 

Short- and long-term are important in policy setting. Can we observe incremental 

improvement? Assessing emissions reduction targets and whether they are effective. 

Need an aspirational target to work towards e.g. short term over the next 10 years 

even though longer term aims may take 100 years. Can also be used to inform on 

progress towards Environment Improvement Plan targets.  

Can APIENs data be knitted into policy and advice for consultants. How fit with 

guidance under Habitat Regulations – Critical loads (Clo) applied with professional 

judgement e.g. can a little more N be added to habitats already overloaded? And how 

tie into guidance for e.g. Natural England…and 1% idea…Screening thresholds are a 1% 

increase in process contribution along with an exceedance in critical load but these are 

just screening thresholds…whether this has an effect is a separate step, particularly 

challenging when there are uncertainties in amounts of deposited N and ecosystem 

responses. Currently not going through legal tests within Hab Regs…and this then 

avoids requirement for compensation where compensation can include changing 

management.  

Can we use insights from APIENs data to understand site specific responses i.e. better 

local knowledge of impacts (esp. where most habitats exceed critical loads and levels) 

(note point that very difficult to pull out response to small amount of change as small 

amount of change is subject to uncertainty, as well as responses themselves)…and thus 

can it build better understanding of data for local schemes to better defend challenge.  

Also a question thread (ahead of meeting) that asked, given the transboundary nature 

of air pollution, whether you can understand the proportionate pressure and impact 

on ecosystems in place X (and beyond X) as a result of emissions within X compared 

with emissions elsewhere.  

Rivers have trading system so allows development to go ahead if trade reductions 

elsewhere. Can APIENs feed into understanding what could be traded from 

atmospheric loading (as opposed to riverine loading) – but note this may be difficult 

for air given transboundary issues. And fact that river pollution has clear response 

indicators, less clear for terrestrial.  

How can we justify use of modelled data for case inspectors/allow legal challenge… 
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Discussion on Recovery or Resilience 

Appeared to be consensus that incremental increase not something to be 

supported…contrary to conservation ‘make things better’ principles. And if focus is on 

recovery and return to favourable status then extra N is ‘obviously’ harmful. But with 

limited data subject to uncertainty it becomes hard to object to developments where there 

is only a small increase (which may be subject to uncertainty anyway).  Note though idea 

that not only trying to maintain a site…should be enhancing it.  

Develop ecosystem resilience – i.e. is prioritising ‘recovery’ rather than ‘resilience’ a 

problem – recovery insinuates that we only need to try and fix the system, if we 

can…should we be aiming for ecosystems that are able to resist future perturbations e.g. 

multiple stressors instead…but good and bad resilience ideas. Policy for resilience is tricky, 

as is investigating resilience ‘on-the-ground’. Suggestion that air pollution makes systems 

less resilient – that is in frame of biodiversity loss?? Even reducing loads below critical 

thresholds is harmful…although that would go against definition of harm adopted –Do 

systems have evolutionary capacity to adapt – as air pollution impacts (esp. the amount of 

N) are ‘new’ pressures e.g. are plants locally adapted to a high N world?  

 

Discussion on Aspiration 

For one contributor, it would be to have a tool that provides a live baseline condition of air 

quality, which is also capable of illustrating where the priority areas are for 

maintenance/enhancement - recovery/restoration (terms as may be preferred). From this 

data combined we can visualise and pinpoint where to target which land management 

measures and source control measures. It could then be used (perhaps) to inform Local 

Plans, development management decisions, (potentially others); where we target and 

direct funding for nature recovery projects (and fill monitoring gaps). It should/could also 

help track/report on progress in meeting EIP targets. Ultimately, “can we combine all 

measurements, models and ecosystem parameters to get a virtual health tracker for the 

UK”. Could be a ‘Living Environment Measure’, similar in idea to Indices of multiple 

deprivation, see: this infographic. 

https://assets.publishing.service.gov.uk/media/5d8b399a40f0b609946034a4/IoD2019_Infographic.pdf
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Table 3: List of summarized questions from pre-workshop questionnaire and arising from virtual stakeholder workshop discussions. Each question is allocated to different column(s) that refers 
to the extent to which APIENs can provide an answer to it, and over what timescales. 

Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

Policy relevant and/or science questions 

Can APIENs help improve confidence 
in both modelled and measured data?  

x x   One framing this was asked in was: “Can APIENs data help give 
confidence to decision makers at a site where confidence may 
be low in predictions/estimates from models?” 

Can we use APIENs to understand the 

ecosystem level impacts of particular 

pollutants?  

x x   The focus was on atmospheric NH3 concentrations and nutrient 
N loading (i.e. N deposition) but could be broader than this, e.g. 
ozone, heavy metals (and whether there are interactions)? 

Can we provide evidence, using 
APIENs, that 1% rule is important? 

 x x  This relates to the ‘rule’ that developments cannot add more 
than 1% process increase to an existing load (and with 
comparison to existing critical load) or need to be subject to 
greater scrutiny.   

Can we provide evidence, from APIENs 
data, that can answer short term / 
local scale issues including e.g. 
differing N deposition impacts at edge 
and core of forest? 

 x x  How quickly this can be answered will depend on identification 
of gaps and the ability to downscale. 

Can source apportionment be used, in 
conjunction with APIENs data, to 
understand what impacts are due to 
local emissions and what are due to 
(inter)national emissions to then 
understand what can be done 
domestically?  

  x  Requires integration of people with source apportionment 
expertise and impacts. Will require dedicated resource. 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

Can we provide evidence that there 
are (undesired) responses above the 
critical load? i.e. a clear applied 
science need to demonstrate pressure 
response above critical load i.e. 1kg 
more N even above CL does indeed 
drive more impact.  

  x  Note that this relates to 1% question…e.g. if a site is already 
200% exceeded what harm in another 1%. Answering this will 
require greater confidence in modelled/measured deposition 
data plus knowing how confidently we can apply such values to 
impact indicators 

APIENs has potential to assess 
deposition change on specific sites 
(where measurements have been 
taken) – and then assess impacts – 
especially over the course of time. Can 
it also answer things like: is ground 
level ozone affecting protected sites?  

  x  Probably better suited to general messages about what will 
happen under increasing/declining pollution pressure, including 
the longevity of impact of air pollution if data allow. 

Can we use APIENs data analyses to 
uncover metrics that show greater 
impact with more N (and with more N 
added to a lot of N already). This is 
because e.g. species richness responds 
at low end of N gradient, but what 
happens elsewhere along gradient e.g. 
leaching only occurs at higher end of N 
gradient (or, conversely, which metrics 
are responding most to reduced 
emissions). 

 x   Requires checking what metrics are in APIENs or could be in 
APIENs from datasets already available e.g. can we get leaching 
data? 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

Can we monitor at relatively ‘clean’ 

sites across habitats to show where 

there are differences elsewhere? 

 x x  In near term can identify gaps and/or understand whether 
relatively clean sites already included. In longer term, may 
require new monitoring to be set up.  

Reanalysis of existing data – e.g. 
survey sites used 5 km2 modelled data 
but current modelled data has better 
resolution – with different N dep load.  

 x x  See also Dwyer et al. (2022), where they modelled dune slack 
habitats and didn’t find an N deposition impact. 

Can we use APIENs to understand 
what are the most effective emissions 
reduction options to reduce pressures 
and impacts of air pollution on 
ecosystems? 

  x  Requires knowledge of emissions reduction options that are 
being implemented and then link those actions to emissions 
results and source apportionment.  

Can we use APIENs for prediction e.g. 

what will be future ecosystem health 

under different air quality scenarios? 

Or, under what air quality/land use 

scenarios can we be confident of 

halting decline in biodiversity 

attributable to anthropogenic air 

pollution pressures?1  

  x  Requires scenario development and implementing APIENs data 
within dynamic forecasting system.  

 
1:  To address these scenarios, it was raised that the following subquestions would need answering:  
Does APIENs have access to a central register and GIS with ‘location codes/points’ for all known/registered emissions to air (mapped authorised emissions from industry, 
roads (reflecting relative contribution from traffic according to road type/location), farming - land use where fertiliser is applied/slurry stored and spread)?  
If so, what is the common name of that system? [continued overleaf] 
If so, is this GIS capable of illustrating ‘Impact Risk Zones’ / trajectories / impact at distance from the emission (as may be modelled according to variables of wind 
direction/land cover/buildings/roughness etc) and where impact zones converge?  
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

Can we use APIENs to assess 

international policy e.g. are the critical 

levels and loads assigned to habitats 

appropriate? Are they not strict 

enough or too strict? 

  x  Critical levels have generally been set using experimental data. 
Critical loads do use some gradient and observational study 
designs, and this could also be incorporated in critical levels. It 
may be possible to use APIENs data to inform.  

Can we use APIENs to answer the 
question “What 
mechanisms/indicators can we use to 
demonstrate a meaningful 
contribution to habitat recovery, 
despite the time lag between impact 
and consequence?” 

 x x  A related question was “How can we demonstrate that any 
mitigation/compensation is good enough when there is no 
direct correlation between time we add/remove N and amount 
of time different species take to recover?” Both these questions 
will require predictive modelling and ability to downscale data. 

Can APIENs inform on ‘recovery for 

resilience’?  

  x  Need to be clear what resilience is – to some organisations 
resilience is about building connectivity, rather than inherent 
resilience of system. [Note some discussion about whether we 
already need to know what the end point is for this…i.e. to we 
want habitats that are resilient, or pretty, or acceptable 
quality?] Metrics that may help: Species covariance for network 
analysis/Beta diversity 

 
Do we have a way of discerning air composition/quality owed to natural and anthropogenic sources at a given location at any one time? 

Do we therefore have the capability to run models of what air quality would look like (and ecosystem condition) with and without those pressures based on existing 
habitats and land use? 

Do we have the capability to model air quality and ecosystem condition with existing / anticipated pressures but changing variables like land use and climate change? 

If so, is this system / could the above data/system be used to model how existing and newly proposed land uses and new activities (source emissions and sinks) would 
interact and the resultant impact on different ecosystems in those zones, over different timeframes? 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

Could you use APIENs data to look at 

whole package of air pollution 

pressures and impacts?  

  x  Needs understanding of what gaps would need filling and 
working across other policy areas (e.g. health, net zero) 
depending on meaning of ‘whole package’. See also Gap Filling 
section and answers to Q3 e.g. where cross disciplinary 
evidence could be found.  

Can we frame as “What do we need to 

gain” (as opposed to “What have we 

lost due to air pollution”).  

  x  What have we gained since emissions reductions policies were 
put in place? i.e. using APIENs to investigate recovery. But note 
limitations of experiments…if you apply treatments to a site 
that already lost its interest years ago then you may not see 
change and interpret as resilience… 

Can APIENs inform on how 

management actions may affect 

response to emissions / be important 

for resilience.  

  x  As a specific example, when do we apply additional 

management to combat excessive nitrogen? This could be 

linked to e.g. Landscape Recovery Projects i.e. where local 

action has had an impact. Will require understanding of what 

management actions have been implemented and getting a 

good array of management actions across gradients. If linked to 

resilience, will require specified resilience. 

 

Can we use APIENs to separate 

relative importance of air quality in 

driving change compared to other 

factors important in terms of 

understanding habitat recovery.  

 x x  As a specific example, lowland raised bogs with high levels of N 
dep and historic drainage – poor habitat quality compounds the 
effect of N dep? Is acute damage in N. Irelands lowland raised 
bogs ‘just’ due to NH3 or if habitat quality improves (from 
blocking drainage) would occurrence of damage indicators 
reduce? This work could be linked with separating 
national/longer range emissions and their differing impacts. 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

How will air quality interact with 

climate change (and other drivers) to 

impact ecosystems – are there some 

hotspots of concern?  

 x x  Depending on distribution of independent and dependent 
variables as to how successfully interactions (or disentangling – 
see row above) can be investigated. Note also that ICP Forests 
are working across Europe with EU level data to analyse ICP 
forest datasets to produce detailed analysis of all inputs and 
responses of forests to N dep and climate and other 
disturbances. To be published as Ecological Series book in 2026. 

How might (poor) air quality and 

climate change affect nature-based 

solutions, red list species, biodiversity 

more generally. 

 

  x  As per row above and having knowledge of specific examples of 
nature based solutions, red list species etc and whether they 
are within the APIENs dataset already.  

What are the impacts of pollution 
across scales, on beta diversity, on 
species turnover, traits and ecosystem 
function. 

 x x  These response variables are not generally extracted at the 
moment, but this could be investigated. Depending on 
distribution of variables, progress on this could be sooner or 
later.  

Are plants locally adapted to N 
deposition? If so, how does this 
impact their response to N deposition 
reductions and to other environmental 
change drivers? 

  x  Requires work (experiments?) on adaptation. Then 
characterisation of recovery dynamics depending on degree of 
adaptation.  

Other queries raised in this section 

Do we want habitats that are resilient, 
or pretty, or acceptable quality etc? 

   x Value judgement 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

Which habitats should we be aiming 

to manage or create in the next 

decade?  

 

   x We need something to work towards. Initially we were working 
towards the timescales of the directive, but this doesn’t need to 
be the case now. Value judgement 

How do we collect reasonable data on 
sites to inform decision making? 

   x Likely informed by experts though including from APIENs e.g. 
what would be an appropriate sampling regime 

How do we attribute relative 

importance to ‘nitrophobic’ vs 

‘nitrophilic’ species? Is one type of 

plant species more or less important 

than another?  

 

   x Value judgement 

Do we need to prioritise Natura 2000 

sites and the local pressures around 

each one? Protect the most sensitive 

habitats from deteriorating further? 

 

   x Value judgement 

Encourage monitoring of schemes 
when implemented…many are meant 
to do this but comparatively few 
actually do…and usually with human 
health focus. 

   x Statutory agency to follow up. May be that such data could be 
useful within APIENs in due course if other datasets can be 
added 

Experiments on finer scale variation in 
N deposition to help answer questions 
e.g. around 1%, what happens with 

   x APIENs is a monitoring network – however, if monitoring of 
experiments were to be included in due course could be highly 
relevant 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

small amount of additional N when 
site is already exceeded 

How reduced speed limits are 
impacting vegetation at various 
proximities 

   X This may be in scope in due course and if data are submitted 
but more likely to be stand-alone investigation. 

Are there situations where air 

pollution has had such an impact that 

systems can never recover. Related, 

are there tipping points which prevent 

the creation of ‘thriving’ habitats.  

 

   x Could be that APIENs can help here but other factors can be 
reason for non-recovery. And, would likely only be apparent in 
future i.e. once air quality has improved but system does not 
show recovery.  

Why do regulators applying critical 

levels/loads for certain habitats to 

entire wildlife sites when it is clear 

those habitats are not present in the 

parts of the site in question and that 

less precautionary levels and loads 

could be more appropriate. Also there 

seem to be habitats listed in some 

wildlife sites which are not present at 

the site at all. Further, it also seems 

that if lichens are present at the site it 

is automatically given a precautionary 

critical level of 1 whether the lichen is 

   x Statutory agency / Regulator specific question 
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Question 

APIENs can answer… 

Comments 
yes…now 

yes…in the  
near future  
(e.g. after 
data gaps 
filled in) 

yes… 
at some 
point 

no…it is 
out of 
scope of 
APIENs. 

sensitive to air pollution or not which 

regulators take as gospel... 

Horizon scan of where (air quality) 

research going over next 5 years. 

   x Beyond APIENs but people within APIENs may be able to 
contribute to such an horizon scan 

For site management, is it more 

important to make existing 

ecosystems more resilient to nitrogen 

levels or global reduction in NOx and 

NH3 across the UK.  

   x Value judgement including what constitutes a resilient system 
and what the priority is between those options.  

What is the optimum and at the least 
minimum distribution, range/cover 
condition to ensure at those scales we 
have self-sustaining (albeit often 
managed) habitats/ecosystems 

   x This was framed at Local Plan level, regionally, England-wide, 
and/or UK as a whole. It is a conservation question. Whether air 
pollution could change the extent that is necessary may require 
consideration.  

What would it take to deliver air 
quality/land management scenarios 
that will prevent decline in and/or 
lead to enhancement in biodiversity, 
where decline would otherwise be 
attributable to air quality 

   x Question is about delivery of scenarios not the scenarios 
themselves. Note that scenarios is mentioned above as 
something that APIENs can feed into in due course. 

Non-map option for accessing critical 
levels and loads – like how it used to 
be 

   x This relates to the provision of gridded data in APIS, rather than 
APIENs. 
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Answering Questions 1 and 2: The Design of APIENs 
Linked to Questions 1 and 2 is a need to understand, and where necessary, improve the design of 

APIENs. Communicating the value of the design and/or making improvements to it, as well as 

answering some of the questions in Table 3, could be very important to make the case for e.g. the 

Long-Term Monitoring Network, if it was clear what benefit co-located data have.  

Various questions, with potential responses, were highlighted in the discussions here: 

➔ Incorporate other possible datasets?  

This could include older data that incorporate information on how lower (or higher) pollutant 

concentrations cause impacts. In addition, studies on combined impacts not used effectively, 

as well as linking (in the longer term) to datasets on health, net zero and so forth, given 

overarching ideas of ‘socio-environmental health metric’. This could also include pulling 

through Water Framework Directive and Habitats Directive data to light up the information 

around the UK to link across to non-APIENs sites linking to major habitat categories. Note 

potential to include UKSCAPE, ERAMMP, GLASTIR but licensing issues would need exploring. 

See next point also. 

 

➔ Can people feed in their own data and reports…citizen science, drone maps? 

This requires consideration of data quality rather than data quantity. We need to prioritise 

habitats and data requirements so that we are measuring the right things in the right places. 

Note discussion on drone and satellite – “where have decent amount of training data these 

models could be calibrated albeit we would sacrifice on the ground detail esp. lichens, 

mosses etc.”. How comparable would data be – can you get an idea of condition if lost 

detailed composition data. See also reports on precipitation and ammonia historic data 

assessment, submitted to Rob Keane at LTMN. Others raised the potential for earth 

observation (EO) to get at habitat condition and how EO feeds into APIENs analysis and 

decisions.  

 

➔ What is the statistical capability of the data and whether we need to change some 

monitoring locations?  

Discussion here includes consideration of how many vegetation/soil plots are required at a 

site to provide the data required – will depend on the question. Note that at LTMN usually 

have at least 50 veg plots with 5 soil plots per site. What is impact of reducing number of veg 

plots (not whole sites) but then allowing other sites to be incorporated? Can APIENs help get 

at whether there is redundancy in some areas, but lack of power for other habitats. This also 

links to gaps in data… 

  

➔ Gap filling exercises…anything obvious we could start with to help fill the gaps? 

Can we satisfy the reporting requirements for NECR? Are there monitoring gaps in air quality 

data – by habitat / by location? [Note – across EU, under-reported habitats are bogs, 

heathland and grassland] [EU level - Some talk of more parameters measured at same sites 

even if this is at expense of number of sites…] Check out ReSurveyEurope (Knollová et al., 

2024) (EVA Database – ReSurveyEurope – European Vegetation Survey) and Biotime 

(Dornelas et al., 2018) (BioTIME— Global database of biodiversity time series) to understand 

what data may already be available. Other data include: Long-term N manipulation 

experiments (such as Whim and Glencorse), N recovery data from e.g. Northern Ireland, and 

historic uncatalogued data (the last of which would likely require a specific project to 

https://euroveg.org/resurvey/
https://biotime.st-andrews.ac.uk/
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‘rescue’). This links to statements: “there is a major data rescue exercise to pull all UK 

ecosystem monitoring into a searchable/usable format”. This could include checking datasets 

are already integrated and stored in R packages.  

 

➔ Are we measuring the right air quality pressures, the actual impacts and in the right places? 

And do we have enough information to separate out air quality pressures from water quality 

change, land use change, climate change and meteorology? 

These queries link to questions identified in Table 3 and will require data distribution and 

gaps to be understood. It may also depend on identifying which air quality pressures are of 

most interest to statutory bodies, bearing in mind the potential for impacts from emerging 

pollutants as well as legacy effects of known pollutants. Some argue that will be important to 

adopt a ‘step-by-step’ approach here: it is a good idea to get the easy gaps filled first…fitting 

datapoints into regressions. Making datasets more available/interpretable. Gradually 

improve with a direction in mind. Also a suggestion to consider bilateral approaches rather 

than looking at whole EU dataset to improve regression/extend gradients that are looked at. 

Suggest focus on NW Europe given similar context, noting that few countries are really 

analysing NECD data, so clear opportunity here. We need to carefully select sites to maximise 

the gradient, otherwise the points will all be in the middle. Need to consider redundancy in 

some habitats and lack of power in others. 

 

➔ Can we do a full “systems map” to look at all things APIENs is potentially impacting? 

This relates to who needs what information, how they use it, and what is the end goal and/or 

benefit needed. Discussion that need to know what people want before you know what is 

best to do… Check out “clean air program for health” for something similar… NOTE – 

mapping may be helped by tools such as Kumu. Understanding the links and endpoint is the 

key to defining what is needed from a network and the evidence around it. What are 

connections between e.g. NAEI, APIS, Copernicus. And then in more detail, what 

instrumentation, type and range of data, how and by whom is APIENs data accessed, and in 

what decisions/research are data being used.  

  

➔ Can we use AI tools to help process and analyse complex and multi-variable datasets? 

This will require discussion at and beyond the hackathon, as knowledge around data 

distribution within and beyond APIENs builds up.  

 

➔ Characterise the resurvey distribution within APIENs (whether soils, vegetation) – i.e. how 

many sites/plots have resurvey data within them – can better understand N dep impacts on 

community dynamics cf. spatial one-off surveys. 

The data submission for APIENs has limited power to answer this at present i.e. data from 

2019 and 2023. However, the included datasets may have data beyond these dates that 

could be used to answer this important idea.  

 

https://kumu.io/
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Q3.  In relation to what you know at present, what use do you think APIENs data 

have beyond understanding air quality impacts on ecosystems? 
There was a varied discussion here, but with a particular focus on how APIENs data could feed into 

understanding human health links. Discussion included the benefits of a good environment for this, 

with reflections that “people enjoyed going to the environment during Covid but have forgotten 

about it now.” There was the highlighting of PM2.5, but a note that other pollutants can be 

important. Plus, an emphasis on the importance of a healthy environment for mental health…though 

do public understand what a healthy ecosystem is? Importantly, improving air quality for biodiversity 

will rarely be a driver of change, but for human health it can be. The discussions here also integrate 

with scenario ideas in Table 3, relating to how health, economic, social and cultural outcomes are 

projected to change with air quality changes, as well as environmental impacts.  

Specific actions in this sphere included: 

➔ Working with the social science discipline given specialism in public communication and co-

development of citizen science tools – this will also present the opportunity to understand 

the different public concerns/priorities to get buy-in.  

➔ Working with media to explain the ‘gestalt’ of lichen-rich woodland or flower-rich meadow. 

➔ Explicitly considering how to value the full impact of air pollution on ecosystems and 

biodiversity most effectively, accounting for environmental, health, economic, social and 

cultural considerations (see also Table 3) 

➔ Linking APIENs to Defra NCEA programme of monitoring habitats condition and change.  

➔ Exploring other cross-disciplinary evidence. The digital solutions hub project could be a 

useful alternative location for all the data to really explore the cross-discipline evidence. 

https://www.digitalfutures.manchester.ac.uk/about-us/case-studies/nerc-dsh/ 

Other value from APIENs could include: 

• Identification of future science questions  

• Resource for risk assessment-based methodologies 

• Connections to other relevant networks, databases and communities. 

• Ground-truthing of satellite observations (see earlier notes about use of satellite/drone 

surveys).   

• Data for augmenting digital twins for experiments/scenarios 

• Education and public awareness 

• Examining changes in community structure in time, not necessarily in frame of air quality 

• Aiding policy development and air quality regulation. This also links with comment that 

scientists/academics should be involved in development of policy, as well as e.g. users, those 

affected by policy, consultants. 

https://www.digitalfutures.manchester.ac.uk/about-us/case-studies/nerc-dsh/
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Q4.  Are there ways that ecosystem impacts monitoring data (reported in the frame 

of APIENs or elsewhere) could be made more accessible and useful for you? 
There were clearly communicated concerns here, and suggested ways forward. Discussion centred 

on the need to have a format and output for data that is understandable. For instance, to know what 

is in APIENs and how to access in a clean way, with explanations as to how the APIENs data would be 

useful for e.g. statutory organisations. An overall goal was identified: “data that makes clear the 

changes in air quality and habitats over time would be vastly helpful”. 

As outlined in response to Q1, there is a clear desire for using APIENs data to build more localised 

data to help answer site specific queries in the short term. In other words, to provide a constructive 

framework that everyone can follow rather than using the 1% guidelines. Bring expertise together to 

produce a more cohesive set of guidelines. Some argue that academic community needs to be 

involved in commenting/writing policy and guidance documents for decisions to development of 

sites.  

There are datasets available to map co-located sites but linking the data would involve handling 

complex spreadsheet. Part of what we are working on right now is making the data easier to handle 

so providing a spatial output could be part of that.  

Concrete actions that were identified included: 

➔ Clear guidance on avoiding misuse of APIENs data.  

➔ Clarify APIS vs APIENs…but note idea that APIS tends to be the main air quality resource used 

when doing HRAs etc…it is effectively mandatory to check within the guidance. 

➔ Make data available as GIS layers…help with planned work looking at resilience. 

➔ API to easily download air pollution data. 

➔ Provide examples of how APIENs data has been/can be used. Both at national scale and at 

local level e.g. could data be used to tell a story of what happened at local level and thus 

used to engage local teams.  

➔ Can APIENs data be ‘downscaled’ to allow the site-specific queries of management 

practitioners / consultants etc to be looked at?  

➔ A user-friendly interface would be useful for management practitioners if they are able to 

slot site-specific data in and see where vulnerable areas within their site lie.  

➔ Option for user input e.g. is a habitat relevant and/or what is the critical level or load to 

apply. Help with consistency across consultants. 

➔ Link data to internal NE (or other agency systems) to make more accessible? 

➔ Can data be published as a complete dataset making clear from where it originates. 
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Website Design 
When considering a website design, the following points were raised.  

➔ Make it clear what APIENs stands for. A high-level explanation of what APIENs is and what is 

its overall goal. Then where APIENs is reported and how to access those reports. It was noted 

that within the EU, the network aim is to see whether emissions ceilings are working to bring 

down emissions and to see if this then gives improvements in ecosystems/ecosystem 

indicators. They are not using it to look at science questions, which is something we can 

address, and could be highlighted on the website as well as the policy/management 

relevance. 

➔ Overview of data collected, why collected and how it is used – plus understanding how 

different networks interact. Summaries of available data by nation so as to enhance 

accessibility to policy makers. This can include an explanation of what can/could be done 

with the data. 

➔ What is available and how to access – ease of use? Gridded datasets would also be v. useful. 

➔ Examples to consider included: User Friendly Dashboards, Data Visualisation/Integration 

with Other Data Sources/Enhanced Reporting for Non-Experts/Mobile friendly/app based 

tools/Citizen Science Integration/Open Data and API access/GIS story maps 
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Action Points 
AP 1:  Provide useable dataset(s) for CEEDS-APIENs hackathon. 

AP 2:  Create an independent APIENs website – build in stakeholder functionality over time. 

AP 3:  Clearly articulate aim(s) of APIENs on website and other media, raise awareness of what 

APIENs can and can’t do (see Table 3). 

AP 4:  Understand data gaps – focal habitats, along pollution gradients, response variables. 

AP 5:  Develop data submission template that meets the needs of stakeholders – while retaining 

EU-style template for future comparative studies.  

AP 6:  Consider mapping exercise to describe stakeholders interacting with APIENs. 

AP 7:  Prior to, and at, CEEDS-APIENs hackathon consider priority questions raised and how to 

address. Consider groups that address data gaps and groups that address data analyses i.e. 

demonstrate the use case. 
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Annex 1: Represented Stakeholder Organisations 
Organisation Number of 

Representatives 

UKCEH 12 

Defra 1 

Lancaster University 1 

Loughborough University 1 

York University 1 

Manchester Metropolitan University 1 

Liverpool John Moores University 1 

Joint Nature Conservation Committee 1 

Environment Agency 1 

Natural England 4 

Nature Scot 3 

Natural Resources Wales 2 

DAERA (Northern Ireland) 1 

Forest Research 1 

National Highways 2 

Air Pollution Services 1 

Ricardo 1 

AS Modelling 1 

Baker Consultants 1 

Independent 1 

TOTAL 38 
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Annex 2: Pre-Workshop Questionnaire 
• Q1. What do you consider the most important question(s) you need answering in a 

policy/management context regarding air quality pressures and impacts on ecosystems?  

  

• Q2. Do you have ideas as to what (pure/applied) science questions could be answered in 

the frame of APIENs data?   

  

• Q3. In relation to what you know at present, what use do you think APIENs data have 

beyond understanding air quality impacts on ecosystems? 

  

• Q4: Are there ways that ecosystem impacts monitoring data (reported in the frame of 

APIENs or elsewhere) could be made more accessible and useful for you?   

  

• Q5. Were you aware of CEEDS prior to receiving the initial invitation e-mail to the virtual 

workshop? [Yes/No]  

  

• Q6. Were you aware of APIENs prior to receiving the initial invitation e-mail to the virtual 

workshop? [Yes/No]  
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Annex 3: Pre-Workshop Questionnaire Responses (unedited) 
Q1. What do you consider the most important question(s) you need answering in a 

policy/management context regarding air quality pressures and impacts on ecosystems? 

How will air quality interact with climate change to impact ecosystems; are there some hot spot 

areas of concern? 

How might poor air quality (and climate change) affect nature based solutions  

How do impacts relate to local vs national/international emissions (i.e. what can be done 

domestically to improve the situation) 

What are the impacts at ecosystem level of current ammonia concentrations (in Wales)? What are 

the impacts at ecosystem level of the current nutrient nitrogen loading (in Wales)? How can the 

answers to those two questions help demonstrate the need for action to reduce emissions and target 

activities that lead directly to increased concentrations and nutrient loading? 

Impact of small reductions in air pollution (if non exceedance is not currently possible) 

Recovery time of habitats 

Understanding impacts on ecosystem services 

Are there situations when air pollution had such an impact the habitat will never recover; 

What are the tipping points which will prevent the creation of ‘thriving’ habitats;  

When to apply additional management to combat excessive nitrogen. 

Progress towards EIP targets 

Understanding impacts at different scales- i.e. how can you detect local changes? 

What are current ozone levels across the UK, and where are they highest? Are they changing with 

time? Is ozone pollution having any obvious negative effects on UK vegetation, e.g. visible injury 

present? 

We would like to know why regulators are applying critical levels/loads for certain habitats to entire 

wildlife sites when it is clear those habitats are not present in the parts of the site in question and 

that less precautionary levels and loads could be more appropriate. Also there seem to be habitats 

listed in some wildlife sites which are not present at the site at all. Further, it also seems that if 

lichens are present at the site it is automatically given a precautionary critical level of 1 whether the 

lichen is sensitive to air pollution or not which regulators take as gospel...   

Of particular interest for me are the data gaps and where the data can be used further for policy 

needs. 

How to value the full impact of air pollution on ecosystems and biodiversity most effectively, 

accounting for environmental, health, economic, social and cultural considerations? Given the 

transboundary nature of air pollution, what is the proportionate pressure and impact on ecosystems 

in Wales (and beyond Wales) as a result of emissions in Wales compared with emissions from 

elsewhere? What are the most effective emission reduction options to reduce the pressures and 

impacts of air pollution on ecosystems in Wales? 

• are we measuring the right air quality pressures, the actual impacts and in the right places  

• do we have enough information to separate out air quality pressures from water quality, 

landuse change, climate change and meteorology to track change accurately? 

Longevity of effect of increased levels of deposition. Indicators of AQ impacts/recovery. Ability to 

account for air pollution with sufficient accuracy in wider context of understanding effects of all 

ecosystem pressures. 

• How do you assess the small scale changes (impacts) on habitats that are already 

significantly above their relevant critical loads / levels? 
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• Are there are any minimal changes in NOx and NH3 concentrations below which there are no 

discernible impacts on ecosystems? 

• What is the reasonable time for a habitat to recover once the lower critical load has been 

achieved? 

• What is the ideal habitat for different ecosystems? I.e. what is the end point and how will we 

know when we get there 

• What is the impact of changes in climate vs changes in N Dep?  Is it possible disaggregate the 

stimuli of just one parameter from the overall impact? 

• How do we collect reasonable data on sites to inform decision making? 

• How do we make reasonable allowance of all other variables / factors e.g. light, water, soil 

structure that can make a material difference from one input air pollution? 

• How do we attribute relative importance to nitrophobic vs nitrophilic plant species?  I.e. is 

one type of plant species more or less important than the other? 

• Where do you see the next areas of research developing over the next 5 years? 

• What is more important site management to make the existing ecosystems more resilient to 

nitrogen levels or global reduction in NOx and NH3 across the UK?  Is this time dependant or 

how should we allow for this in assessment of impacts? 

I feel the first step in answering the (multiple…) questions I have would begin with a stock take of the 

stakeholders and data we have available concerning air pollution and impacts on ecosystems. As part 

of this thinking, I hope the following responses are useful: 

i) Does APIENs already have? and if not, could we produce? systems diagrams / infographics 

etc to show the connection between the following chief organisations (and any other 

smaller/important data producers/recognised providers APIENs would include) e.g.: 

  

• UK AIR Pollution forecast - Defra, UK 

• The UK National Atmospheric Emissions Inventory (NAEI) | National Atmospheric Emissions 

Inventory (energysecurity.gov.uk) 

• APIS app | Air Pollution Information System 

• Copernicus   

  

i) If not already available or building on what we may have - would APIENs be interested in 

producing a systems visualisation using Kumu? – a great tool for ‘Organising complex data 

into relationship maps’. 

  

i) This would be in order to better understand for example: 

  

https://uk-air.defra.gov.uk/forecasting/?day=1
https://naei.energysecurity.gov.uk/
https://naei.energysecurity.gov.uk/
https://www.apis.ac.uk/app
https://browser.dataspace.copernicus.eu/?zoom=14&lat=54.77449&lng=-1.59988&themeId=DEFAULT-THEME&visualizationUrl=U2FsdGVkX19BW9sUUw2WoXnzYrwVW20gMX%2BkboZQm5vaR6vd1aSRSaQa2iytx3%2B78Y9BPzUBsf1ne7w27Bo%2FGSXeoO0jpds4hSV8NX58XjzwA1BkldlyV50SVzy29hZ7&datasetId=COPERNICUS_HR_VPP_VPP_S1&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE
https://kumu.io/
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o type and location of monitoring instrumentation organisations have/use? 

o the type and range of data produced, held/used and made available by them? 

o how and by whom in APIENs this data currently accessed? and 

o in what decisions/research is this currently being used? 

  

i) With a special interest in Earth Observation (satellite data) and use of this in APIENs - this 

would help answer my questions like: 

  

o How/where/how frequently is Earth Observation undertaken mapping the land cover of 

England/UK? 

o What are our relationships with the operators of this observation and owners of the data?  

o What type of data does this generate, who holds the licences for it / who can access it?  

o If already used for the purposes of APIENS, how? (Are there any examples?)  

o How much data on ecosystem condition is currently drawn from this data? (Are there any 

examples from APIENS?). 

How much air quality data on which we currently rely for decision making is drawn from 

satellite/Earth Observation? (and what are the risks of this?) 

I think that the impacts of pollutants such as nitrogen deposition on plant communities still aren't 

understood in sufficient detail to evaluate extent to which past, current and future levels of pollutant 

deposition will alter community structure and function. Most (not all) analyses have in the past 

focussed on relatively basic impacts (with good reason) such as changes in metrics of alpha diversity 

and relatively basic assessment of changes in community composition. I feel that a more nuanced 

understanding is required, for example of impacts on different scales, on beta diversity, on species 

turnover, traits, and ecosystem function. Plus how pollutant impacts interact with each other, but also 

with other drivers of plant community change. 
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Q2. Do you have ideas as to what (pure/applied) science questions could be answered in the frame 

of APIENs data?   

Understanding trends in impacts related to local/national/global mitigation policy  

Understanding the threat poor air quality poses to ecosystems that might be considered particularly 

important for a variety of different reasons (e.g. biodiversity, nature based solutions, red lists etc...) 

Understanding pollutant interactions and climate change effects on ecosystems 

Not yet – I’m looking to find out more about what APIENs can offer, and what is the difference 

between APIENs and how we use APIS to investigate site and feature level/ load impacts. 

If we reduce N dep by X%, or ammonia by X% what sort of impact will we be likely to see on habitat 

Y/species. 

Do we use this data for calibrating models? Is there more that can be done?  

Can we link to changes happening locally, e.g Landscape Recovery Projects- to demonstrate where 

local action has had an impact?   

How have habitats/species changed as AQ has altered over long periods of time? 

How do long-term changes in air pollution affect ecosystem recovery?  

Any signs of increased stress as result of air pollution?   

How are environmental, health, economic, social and cultural outcomes projected to change in Wales 

assuming current projections, and what is the degree of improvement which could be    

What are the thresholds for air pollutant levels that trigger ecological tipping points? 

What are the interactions between air pollution and climate change in ecosystems? 

How do pollutants like nitrogen and sulphur affect carbon sequestration in different ecosystems? 

Can we use APIENs data to predict future ecosystem health under different air quality scenarios? 

How are concentrations of heavy metals/ozone changing- how do these interact? 

How is ground level ozone impacting protected sites? 

Investigation of ecosystem recovery in response to emissions reductions, e.g. how long this process 

may take, what the different stages may look like.  

Tracking ecosystem change. What are the soil parameters for vegetation communities/species? How 

long do the effects of N deposition persist in different habitats, can we model this? It might be 

possible to link in water quality (water course data available from EA). 

Pure question: are we measuring the right parameters and processes 

can we combine all measurements, models and ecosystem parameters to get a virtual health tracker 

for the UK 

Applied: Can we do an on-going model-measurement assessment with APIENs data?  

Applied: Can combinations of measurement data (e.g. air and floristic data be combined to enhance 

the evidence of impacts 
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Are the critical levels and loads assigned to the habitats appropriate?  Are there signs that these are 

not strict enough (or too strict)?  For example, the WHO NOx CLe for human health has been 

reduced to 10 μg/m3, but for protection of vegetation it has remained at 30 μg/m3. 

The key questions to answer being: 

i) What is the ‘optimum’ and at the least ‘minimum’ ecosystem distribution, range/cover and 

condition, (at Local Plan level, regionally, England wide and the UK as a whole) to ensure at 

those scales, we have self-sustaining (albeit often managed) habitats/ecosystems. 

ii) Under what air quality / land use scenarios can we be confident of halting the decline of 

biodiversity attributable to anthropogenic air pollution pressure? And what would it take 

(over and above work in progress) to deliver those air quality / land management 

scenarios?   

  

Taking into account the following sub-questions I have  as I think we would need this kind of data to 

help determine the above: 

o (If it exists?) Does APIENs have access to a central register and GIS with ‘location 

codes/points’ for all known/registered emissions to air (mapped authorised emissions from 

industry, roads (reflecting relative contribution from traffic according to road type/location), 

farming - land use where fertiliser is applied/slurry stored and spread)?  

o If so what is the common name of that system? 

o If so, is this GIS capable of illustrating ‘Impact Risk Zones’ / trajectories / impact at distance 

from the emission (as may be modelled according to variables of wind direction/land 

cover/buildings/roughness etc) and where impact zones converge?  

o Do we have a way of discerning air composition/quality owed to natural and anthropogenic 

sources at a given location at any one time? 

o Do we therefore have the capability to run models of what air quality would look like (and 

ecosystem condition) with and without those pressures based on existing habitats and land 

use? 

o Do we have the capability to model air quality and ecosystem condition with existing / 

anticipated pressures but changing variables like land use and climate change? 

o If so, is this system / could the above data/system be used to model how existing and newly 

proposed land uses and new activities (source emissions and sinks) would interact and the 

resultant impact on different ecosystems in those zones, over different timeframes? 
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Q3. In relation to what you know at present, what use do you think APIENs data have beyond 

understanding air quality impacts on ecosystems? 

Identify future science questions 

To provide a resource based for risk assessment methodologies 

To connect to other relevant networks, databases and communities 

A range of environmental measurement networks, including for upland waters, vegetation and 

greenhouse gases.  

satellite ground truthing 

some secondary climate parameters 

data for augmenting digital twins for experiments 

Policy Development and Air Quality Regulation  

Linking to changing practices in the local area.  Both in terms of driving change and observing 

changes and the benefits which have come about. 

Can we link to wider societal benefits- climate change research; public health insights? (potential link 

to PM2.5 and peoples engagement with nature) 

APIENs has the potential to be a useful tool in education and public awareness 

How much is it used to understand different deposition types and impacts? Understanding spatial 

gradients?  Looking at patterns and trends. 

Could we use the APIENs results in a proactive manner- e.g. looking at features at risk? 

Soil health, species records for NBN, various other reporting targets (EIP, biodiversity targets). Soil 

carbon storage. 

Possibly useful for looking at changes in community structure (for both terrestrial and freshwater 

ecosystems) with time, not necessarily related to air quality.  

Option for user input? To comment perhaps on whether a habitat is relevant and the critical 

level/load to apply - consistency across consultants is important   

• It would be helpful to understand the relative impact of other environmental factors vs 

changes in air quality. 

• What mechanisms / indicators can we use to demonstrate a meaningful contribution to 

habitat recovery despite the time lag between impact and consequence? i.e., how can we 

demonstrate that any mitigation / compensation we deliver is good enough when there is no 

direct correlation between the amount of time we add more N and the amount of time 

different species take to recover.  

• Given confounding factors, what methods can we use to demonstrate that any mitigation 

measures we deliver are in fact additional to existing measures to address external 

pressures. 

• Is there research that helps to determine a minimum extent for different habitats to retain 

ecological value? 
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• Potentially could be useful for well-being.  Covid showed that people were keen to enjoy the 

countryside and having a thriving environment had beneficial effects on people 

• Useful for air quality - human health/service planning and perhaps improving things the 

Living Environment Measure - of Indices of multiple deprivation - please see infographic 

 

https://assets.publishing.service.gov.uk/media/5d8b399a40f0b609946034a4/IoD2019_Infographic.pdf
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Q4: Are there ways that ecosystem impacts monitoring data (reported in the frame of APIENs or 

elsewhere) could be made more accessible and useful for you?   

Don't really know how data are available (and not easy to tell from a quick glance at the website) so 

hard to say 

I’m not sure how to access it currently so it’ll be easier to answer this question when I understand 

better what APIENs is. 

It would be useful to have a high-level explanation of APIENs its overall goal.  Generally it is a bit 

unclear how and where APIENs is reported and how to access it.  It would be useful to have an 

overview of the data collected, why it is collected and how it is used, plus an understanding of how 

the different networks interact. 

Could some of the data be linked to internal systems such as NE maps to make it more accessible? 

How is the data currently visualised?  

Could the data be used to tell the story of what has been happening at a local level and used to 

engage local teams? (What has been happening in your local area) 

Example to consider: 

User-Friendly Dashboards and Data Visualisation / Integration with Other Data Sources / Enhanced 

Reporting for Non-Experts / Mobile-Friendly or App-Based Tools 

Citizen Science Integration / Open Data and API Access / GIS story maps 

The APIENS data seem to be easily accessible via the apis website. Could be publicised more widely 

though? 

Please could we have a non-map option for accessing the critical levels/loads like how it used to 

be?!   

A summary of the available data and its implications in the context of Wales would enhance 

accessibility to policy makers.  

pulling through WFD and Habitats directive data to light up the information around the UK to link 

across to non-APIENs sites linking to habitat categories 

there is a major data rescue execise to pull all UK ecosystem monitoring into a searchable/useable 

format 

This is our first experience of APIENs so was not aware of any data that is readily available.  However, 

data that makes clear the changes in air quality and habitats over time would be vastly helpful. 

Where is the historic data collected from the APIENs network reported? 

If it could provide information on how ecosystems recover and how achievement of the conservation 

objectives may look on sites. 

I would like easy access to grided data for each year 

Is APIENs data available, outside of any publication that the data providers undertake independently? 

The data would be much more useful if it could be published as a complete dataset (although since 

much of it probably is available elsewhere it should be clear where it originates). 
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Annex 4: Workshop Agenda 
APIENs Virtual Stakeholder Workshop 

AGENDA 

Wednesday 16th October 2024.  

09.30 - 13.00 

SCHEDULE 

Session 1: 09.30 – 10.20 am: Welcome and APIENs overview 

09.30 am Welcome and Introduction (Mike Perring, Carly Stevens, David Vowles) 

09.40 am Overview of Aims of Virtual Workshop and tie-in with CEEDS in-person workshop (Mike 

Perring) 

09.50 am APIENs overview up to 2023/2024 – Part 1: Policy Background and Project Aims (David 

Vowles and Ed Rowe) 

10.00 am APIENs overview up to 2023/2024 – Part 2: Data ingested and types of data available 

across habitats/taxa and pollution gradients. Identified issues with data integration and use (Cristina 

Martina Hernandez and Philip Taylor) 

10.10 am Time for any initial reactions and questions 

10.20 – 10.30 am – BREAK 

Session 2: 10.30 – 11.30 am: Stakeholder discussions 

10.30 am Priority questions from pre-workshop survey (Mike Perring) 

10.40 am Discussion on how APIENs and CEEDS can help address priority questions (facilitated by: Ed 

Rowe) 

Reflecting on how APIENs and CEEDS can help: 

• What we can answer now 

• What we have the potential to answer 

• What we can’t answer (at least in the foreseeable) 

Potentially deriving lists of: 

• What additional monitoring is required (and where) 

• Where we might find additional data 

• Prioritisation of needs 

And discussing: 

• What type of interface(s) would be helpful for statutory agencies to use the APIENs data 

once brought together and accessible 

11.30 – 11.40 am – BREAK 

Session 3: 11.40 am – 1.00 pm: Additional value of APIENs and next steps  
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11.40 am: Additional value that APIENs can add to other policy areas identified from pre-workshop 

survey (Mike Perring) 

11.45 am: Discussion on how / what other policy areas could derive benefit from knowing about and 

using APIENs data (facilitated by: David Vowles) 

12.10 pm: Pressing ‘Pure’ and/or ‘applied’ science questions that APIENs can help answer? 

(facilitated by: Carly Stevens) (Including presentation of questions derived from survey) 

12.40 pm: Next steps – workshop summary and CEEDS hackathon, CEEDS seminars, APIENs 2.0 (Mike 

Perring)  

1.00 pm: MEETING CLOSE 
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