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Executive Summary

This back-to-office report summarises a visit by Dr Jan Dick (UKCEH) to Taiwan from 14-21 September 2026 at
the invitation of Prof Teng-Chui Liu, National Taiwan Normal University (iclin@ntnu.edu.tw) and colleagues
from the Taiwanese Long-Term Socio-Ecological Research (LTSER) Network. During the visit, Dr Dick
delivered a keynote presentation entitled “Knowledge to Action” at the first annual meeting of the Taiwan
LTSER Network (front cover) and engaged with researchers and stakeholders across the network to strengthen
international collaboration, exchange knowledge, and explore future opportunities for socio-ecological research
and partnership.

Itinerary Dr. Jan Dick’s visit Tiawan14-21 Sept 2026

Date ltinerary Location

9/14 Depart Scotland Edinburgh

9/15 Arrive in Taiwan Taoyuan/Taipei
9/16 Visit to the Feitsui Site, Taiwan Chang-Term Social TaipeiV

Ecological Research (LTSER)
97 Visit to the Changhua Site, Taiwan LTSER; Seminar at the | Changhua
Department of Geography, National Changhua University of
Education, Taiwan

9/18 Attend the LTSER K to A Workshop and deliver a Wanli, New
keynote/special lecture Taipei City

9/19 Attend the LTSER K to A Workshop and participate in Wanli, New
discussions Taipei City

9/20 Meeting/Discussion with the LTSER team; Depart from Taipei
Taiwan

9/21 Arrive Scotland Edinburgh

Taiwan's Long-Term Social-Ecological Research (LTSER) program is a national initiative funded by the
National Science and Technology Council (NSTC) to monitor and manage interlinked environmental and
human systems for sustainability. The network merges top-down criteria (mandating transdisciplinary teams of
natural and social scientists) with bottom-up site proposals from researchers.

The visit to the Feitsui LTSER site demonstrated how long-term socio-ecological research is supporting
evidence-based management of a critical water catchment that supplies drinking water to around five million
people in Taipei. To protect water quality, government policies restrict the expansion of tea plantations and
prohibit new housing or tourist developments. While these measures safeguard ecosystem services, they also
limit local economic opportunities, contributing to an ageing population and the outmigration of younger
residents. The LTSER team is conducting intensive research on water quality and greenhouse gas emissions
under different tea plantation management regimes, assessing the effects of varying fertiliser and pesticide
inputs to identify more sustainable land management options (section 1).

The visit to the Changhua LTSER site highlighted research examining the effects of wind turbine development
on coastal dune dynamics and clam production, particularly where shifting sands influence local livelihoods.
Researchers also described the social challenges facing the region, including population decline and increasing
numbers of abandoned homesteads. During the visit, Dr Jan Dick delivered a seminar to students in the
Geography Department at National Changhua University of Education (Annex 1), focusing on the opportunities,
technical challenges, and ethical considerations associated with digital technologies. The presentation
emphasised the importance of Responsible Research and Innovation (RRI) to ensure that digital tools are
developed and applied in ways that are ethical, transparent, inclusive, and responsive to societal needs
(Section 2, Annex 1)
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The Taiwan LTSER International Conference, Knowledge to Action, was held on 18-19 September 2026 at the
CT Greenbay Hot-Spring Hotel in Wanli District, New Taipei City. The meeting brought together representatives
from all seven Taiwanese LTSER platforms, who presented their research in Mandarin with welcome
translation support provided by Prof Teng-Chui Liu and Marco Chen (gxcmarco@gmail.com). Dr Jan Dick
delivered a keynote presentation entitled From Data to Impact (Annex 2), which was simultaneously translated
by a professional interpreter. To maximise accessibility, the key messages from each presentation slide were
translated into Chinese as used in Tiawan using Microsoft 365 Copilot and subsequently reviewed by Prof
Teng-Chui Liu. These measures were particularly valuable given that approximately 20% of attendees were
estimated to have limited English proficiency (Section 3, Annex 2).

The conference provided an excellent opportunity for knowledge exchange across the Taiwanese LTSER
network and stimulated discussion on future international collaboration. In particular, the forthcoming
International Long-Term Ecological Research (ILTER) conference in Argentina in March 2027 was identified as
an important platform for showcasing the innovative research and societal impact being delivered by the
Taiwanese LTSER sites (Annex 3).

1. Feitsui Site, Taiwan
Chang-Term Social

Ecological Research
(LTSER)

The visit to the Feitsui LTSER site highlighted the importance of long-term socio-ecological research in
supporting the sustainable management of one of Taiwan’s most significant water catchments. The Feitsui
watershed, centred on the Feitsui Reservoir in northern Taiwan, is a predominantly forested subtropical
landscape that supplies drinking water to approximately 5-6 million people in the Greater Taipei metropolitan
area. Researchers explained that, because of the critical importance of maintaining water quality, the
Taiwanese government has implemented strict regulations that prohibit the expansion of tea plantations and
prevent new construction within the catchment. The site integrates biophysical and social research, including
studies of water resources, stakeholder governance, and social-ecological relationships. A major focus of the
research programme is the generation of decision-ready evidence on the environmental impacts of tea
cultivation. Through intensive monitoring of runoff from tea plantations managed under a range of production
systems, from intensive conventional practices to organic management, researchers are assessing the effects
of different fertiliser and pesticide regimes on water quality and greenhouse emissions from soil . This work
provides an important scientific evidence base for balancing agricultural livelihoods with the long-term
protection of a vital ecosystem service.
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Feitsui study site showing typical landscape and river, in the company of Prof Teng-Chiu Lin, Prof Jr-Chuan
Huang (River) and Dr. Li-Chin Lee.

Shu-Chuan Cheng serving award winning green and black tea, grown on her farm, which is the site of flux
towers and soil measurements.
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2. LTSER Changhua:
Long-Term Socio-
Ecological Research for
Sustainable Coastal
Futures

The LTSER Changhua platform was established to understand and monitor the long-term interactions between
society and the environment along Taiwan’s rapidly changing west coast. The region faces multiple challenges,
including urbanisation, industrial development, aquaculture, groundwater extraction, land subsidence, pollution,
biodiversity loss, climate change, and the impacts of renewable energy expansion. Through long-term socio-
ecological observation and data collection, the platform provides an evidence base for understanding
ecosystem change, human wellbeing, and sustainable governance. Its research supports decision-making on
environmental management, coastal resilience, and Taiwan’s energy transition while promoting the sustainable
development of coastal communities and ecosystems.

The team (Table 1 https://Itsertwchanghua.org/about/researcher ) showcased their work on the changing
landscape and ecosystem of Changhua's coastal area, highlighting the influence of coastal dune dynamics on
clam production relative to the building of a new wind farm. A walk around the area showcased the abandoned
homesteads, the Seaside Skywalk which allows people to enjoy the landscapes of the mangrove forest and
wetland ecology up close. The role of the planted mangrove forest on the local biodiversity and local recreation
was highlighted.

Table 1 Team at LTSER Changhua platform who explained some of their work to Dr Jan Dick

Wang Su-Fen Professor of Geography, National sfwang@cc.ncue.edu.tw

Changhua University of Education

Song Yu-Ling Professor of Geography, National yuling@cc.ncue.edu.tw
Changhua University of Education
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Chen Yi-Qing Associate Professor, Department of | yichinchen@cc.ncue.edu.tw
Geography, National Changhua
University of Education
Chi Heng-Chang Associate Professor, Department of | hcchi@cc.ncue.edu.tw
Geography, National Changhua
University of Education
Zeng Guang-Yu Team researchers brucetz1229@gmail.com
Pei-Chen Yang Team Researcher b9120504@gmail.com
You-Ting Liao Team Researcher tsubasa830@gmail.com
Wei-Chi Lin Team Researcher
Kun-Lin Li Team Researcher

Group of students and staff of Changhua in transport to tidal clam farms and explaining their research
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Group of students and staff of Changhua on the shifting dunes

Group of students and staff of Changhua showcasing a local tourist business and the tourist walkway (Seaside
Skywalk opened in 2021).
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The Fangyuan mangrove forest spans nearly 30 hectares, primarily featuring black mangroves (Avicennia

marina) and kandelia mangroves (Kandelia obovata). Researchers are assessing the influence on the local
biodiversity https://tourism.chcg.gov.tw/AttractionsContent.aspx?id=679&chk=96613160-5163-41b9-9273-
7e69e88dc184&I=EN

Dr Jan Dick gave a lecture to students of the geography department focused on responsible research and
innovation (Annex 1).

l& . UK Centre for
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Poster created to advertise the invited talk to the Geography Department of the National Changhua University
of Education 17 Sept 2026
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Student questioning Dr Jan Dick following the lecture and Prof Chen Yiqging presenting Dr Jan Dick with a thank
you gift

Students and Staff of Geography Department of the National Changhua University of Education 17 Sept 2026

The students delivered the images shown in this report:
https://drive.google.com/drive/folders/15Rs81HQhabCOOGJERIcygFHTJOThbGv1
(photo)

https://drive.google.com/file/d/1732w3UFjrUd-acfLy-rhogQRc3sOvBMn/view?usp=sharing
(video)

https://www.facebook.com/share/p/1JcWkxoSm7/?mibextid=wwXIlfr
(FB University of Changhua University of Education, Department of Geography)
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3. Taiwan LTSER
International
Conference: Knowledge
to Action

The Taiwan LTSER International Conference: Knowledge to Action (K2A) was held on 18-19 September 2026
at the CT Greenbay Hot-Spring Hotel, Wanli District, New Taipei City. The conference explored how long-term
research findings, environmental observations, and transdisciplinary knowledge can be translated into actions
that are accessible, relevant, and useful to society. Approximately 80 participants attended, representing the
natural sciences, humanities and social sciences, government agencies, local organisations, and prospective
data users. Through presentations, discussions, and informal knowledge exchange, participants examined how
long-term socio-ecological research can help address contemporary sustainability challenges and strengthen
connections between research and practice.

The evening poster session was particularly valuable. The posters provided a greater level of detail than was
possible within the formal presentations, and presenters were highly approachable and enthusiastic in
discussing their work. Communication was facilitated by the excellent English spoken by poster presenters,
allowing extensive discussion and exchange of ideas. In addition to research posters, several displays
highlighted developments in research data management, open science practices, and the activities of the
Taiwan Sustainability Hub.

The conference was organised by Lila (Wan-Chen) Chung, Chief Executive Officer of the Taiwan Sustainability
Hub, an initiative supported by the National Science and Technology Council (NSTC) of Taiwan. The Hub is
based within the Centre for Condensed Matter Science, National Taiwan University, Taipei, and plays an
important role in promoting data stewardship, interdisciplinary collaboration, and the translation of research
knowledge into societal impact.
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Dr Jan Dick giving a keynote address at the Taiwan LTSER International Conference: Knowledge to Action, 19
Sept 2026

Thank you
b
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Taiwan LTSER International Conference: Knowledge to Action
September 18-19, 2026 | CT Greenbay Hot-Spring Hotel, 1 Haijing Road, Wanli District, New Taipei City — Yingxi Hall & Rongyao Hall

September 18, 2026

Time Min. Session / Topic Speaker / Presenter Chair
12:40-13:00 | 20 Check-in
Prof. Teng-Chiu Lin
National Taiwan
13:0013:15 |15 Opening Remarks Normal University,
Department of Life
Science
Keynote . .
Knowiedge to Action in Long-Term Depatment of ) Resources and -
13:1512:45/20 + 10 | Social-Ecological Research Environmental Studies, National Dong Hwa Univer- Prof. Teng-Chiu Lin
sity
Q&A
Keynote
How is long-term socio-ecological research
organised in the emerging European Research \Mag. Dr. VVeronika Gaube (online)
13:45-14:25 |20 + 20 | Infrastructure eLTER to promote inter- and Eisenwurzen LTSER Platform; Institute of Social Ecology | Prof. Teng-Chiu Lin
transdisciplinary knowledge integration? (SEC), BOKU University, Austria
Q&A
14:25-14:40 |15 Group Photo & Communication Break
Time Min. Session / Topic Speaker | Presenter Chair
Changhua: Prof | Su-Fen Wang (Department of
Site Presentations — Coastal & Island Geography, National Changhua University of Education)
Systems SW Coast: Research Fellow, Meng-Hsien Chen
AP 15 x 3+ |« LTSER Changhua (Department of Oceanography, National Sun Yat-Sen i .
14:40-16:05 40 . LTSER SW Coast University) Prof. Teng-Chiu Lin
« LTSER Lyudao Lyudao: Research Fellow, Chao-Lun Allen Chen
- Q&A (Biodiversity Research Center, Academia Sinica)
16:05-16:13 |10 Health Break
. . _ . |Feitsui: Prof., Jr-Chuan Huang (Department of
15 %2+ S'Lt_? ;g;slf n_ttatl_o ns — Satoyama & Satoumi Geography, National Taiwan University)
16:15-17:25 eltsul Hualien: Prof., Yu-Yun Chen (Department of Prof. Teng-Chiu Lin
40 * LTSER Hualien Natural Resources and Environmental Studies, National
+ QRA Dong Hwa University)
17:30-18:00 | 20 Poster Setup
17:30-19:00 Check-in
18:00-19:00 |60 Dinner
19:00-20:30 | 90 Poster Session

13
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Taiwan LTSER International Conference: Knowledge to Action

September 18-19, 2026 | CT Greenbay Hot-Spring Hotel, 1 Haijing Road, Wanli District, New Taipei City — Yingxi Hall & Rongyao Hall

September 19, 2026

09:40-10:10 20 + 10

From data to impact: Translating LTSER
science into local and global impact.

Q&A

Dr. Jan Dick
Cairngorms LTSER Platform; UK Centre for Ecology
& Hydrology (UKCEH)

Time Min. Session / Topic Speaker / Presenter Chair
07:00-09:30 Breakfast
09:30-09:40 | 10 Check-in
Keynote

Prof. Teng-Chiu Lin

15+ 15

10:10-11:20
+40

Site Presentations — Indigenous Peoples
« LTSER Alishan

« LTSER Fenghbin

+ Q&A

Alishan: Prof., Guo-Ching Weng (Insfitute of
Wildlife Conservation, National Pingtung

University of Science and Technology)

Fengbin: Assoc. Prof., Umin Itei Tanohila (De-
ﬂartment of Ethnic Relanons and Cultures, National Dong

Prof. Da-Wei Kuan
Department of
Ethnology, National
Chengchi University

wa University)

11:20-11:30 1 10 Health Break

Panel Discussion — From Aspirations to
Reality: Internal Reflections

Changhua Site « Alishan Site « Hualien Site «
SW Coast Site « Fengbin Site « Feitsui Site «
Lyudao Site - Indigenous Peoples Research
Project - Q&A

11:30-12:20 | 50 Site representatives Prof. Teng-Chiu Lin

12:20-13:30 |70 Lunch
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6. Annex 1 Presentation
to National Changhua
University of Education

PowerPoints slides to Students at the Department of Geography, National Changhua University of Education,
Taiwan. The presentation by Jan Dick explores the evolution from Digital Models to Digital Shadows and Digital
Twins, highlighting how these technologies can support environmental decision-making while adhering to
Responsible Research and Innovation (RRI) principles.

The presentation explains the progression from:

o Digital Models: static or manually updated representations.

¢ Digital Shadows: real-time, one-way data transfer from physical systems to digital systems.

o Digital Twins: real-time, two-way interaction between physical and digital systems often enabling

simulation, prediction and optimisation

The presentation demonstrates how environmental science is evolving from static models toward interactive
digital twins that integrate data, models, stakeholders and decision-makers. Through examples including
drought-risk assessment, water quality management and nature-based wellbeing, it shows that successful
digital twins require not only technical capability but also transparency, stakeholder engagement, governance
and responsible innovation.

Exploring Digital Worlds:

Models, Shadows and Twins -
Shaping the Future Responsibly.

'Jan Dick
16/09/2026 S UKCEH gt

16



BACK TO OFFICE REPORT - STUDY TOUR TAIWAN

£ UKCEH ’

Background Career evolution of Dr Jan Dick

1982-1590 ) 1989-2001 2007-2025 ) 2020- ;an
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I am employed by UK Centre For Ecology and Hydrology
in the Biodiversity and Land Use section

Thriving Nature and Resilient Societies »

Reszilient
ecosystems
for Saciety
ahd nature

Taken from Biodiversity and land use BLUprint 2030

The presentation started with background slides giving an overview of Dr Jan Dick’s career evolution and
current research portfolio.
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) What's the difference?

Digital Model - Digital Shadow - Digital Twin
Increasing integration, automation and decision support

Pl S T, P T, Pl S -
/ Digital Model * / DigitalShadow ° / Digital Twin
Regl-lime bidiractional
. . . axthiarge
Stalic ar rmanualy updabed Rescegyes raal -time dala . i .
repressrtaltion —3 frcwm the plysical system —» belween ﬁ;:’;?::::lﬂ g
al a syslem
Ore-vy Now . .
hdos resal- lirme conrection Phiysical -+ Digital %;E':LI;:
Diplirmi 2ation
Ty # ..\."'\.\ 4 Ty

The presentation explains the progression from: Digital Models, Digital Shadows and Digital Twins and leads

the audience along the evolutionary journey highlighting responsible research and innovation

£ KCEH

[+ ]

Responsible Research and Innovation

T s T
4 Digital Model
Static: or marually updated
repragenLalon
of & syslem
Mo real time corneclion
i I
pN S/

As an example a UKCEH-developed open-source model was used.

It estimates drought-induced reductions in vegetation productivity, using:
e Land cover data
e Net Primary Productivity (NPP)
e Drought indices (SPEI)
The following slides are taken from the storyboard which describes the model in lay terms

18
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Digital Model - Drought-risk-to-vegetation Tool following an OK Pipeline

Open-source algorithm estimating drought-induced risk to annual vegetation productivity, used as
a proxy for atmospheric carbon removals thus, climate change mitigation capacity. The model
integrates globally available open-source datasets, including satellite-derived land cover, net
primary productivity (NPP), and meteorological drought indices since 2000.

Risk = Vulnerability x Probability
Assessing Drought Risk to Vegetation Productivity Where:

AT 0OMN S0Ute AZOFREch 1D AROINING SrouphY Ak 10 vegeiaton Carton & regonelia-condnanie’ apetiel
.~ Vulnerabllity (of NPP to drought) s

Duwwiogunt by e UK Cortre for Ecoogy a0l Hydpsogy (UCEH) the difference between NPP under
Morsesar Vewin Myvpots - vesror{foe ac vk drought conditions and NPP under
S Syt Ot Sipwuisn - SR Se non-drought conditions during the

examinad pericd

Probability (of drought) is the
frequency of drought occurrence in
the examined pericd

£ UKCEH 4

Background

Global efforts to mitigate climate change rely on
greenhouse gas emissions reporting, but the
land use seclor presents a significant
challenge.

Its complexity stems from (i) the diversity of
land uses and practices worldwide and (ii) land
use vuinerability to climate change, which affect
land productivity.
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From Challenges to Solutions
These dual challenges create uncertainty and compromise the transparency and comparability of
national climate action plans.
This work addresses the Issue by focusing on:
» Acritical part of the carbon cycle: vegetation productivity
« Akey source of uncertainty: drought

{:UKCEH

Methodology

We daveloped an algorithm that integrates spatial data on :

1. The physical material present on the Earth's surface such as vegetation types, water bodies, bare ground, bult areas |.e.
Land Cover (LC) data

2. How much carbon vegetation removes from the atmosphere annually Le. Net Primary Productivity (NPP) data

3. An index that quantifies drought severity |e. the Standardized Precipitation Evapotranspiration Index (SPEI) data

The algorithm uses this Information 1o estimate the risk posed by drought 1o annual carbon assimiiation by vegetation at a 500m

spatial resolution
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Datasets and Sources
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First Example

The algorithm estmates a location-specific drought limit based
on the location's annual SPEI values for a 20-year period (2001-
2020). That kit is equal 10 the 25th percentile of 20 years of
annual SPE| data. Years with annual SPE! larger than the limit
are non-ceought years and years with SPEI lower than the limt
are drought years. The algorithm then estimates the mean NPP
across all years with droughl conditions and all years without
drought conditions.

Vulnerability of NPP to drought for that location is equal 1o the
difference between the mean NPP under drought and the mean
NPP under non-cdrought conditions. Probability of drougiht af that
location is the fraction of years In the 20-year period that
drought has cccurred (1Le. annual SPEI < lmit). The risk for that
location is the product of vuinerabilty and probability,
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SUMMARY OF METHODS AND PARTICIPATION

We employed a mixed-methods approach comprising:

0Twom9mlsuk‘“ 0‘ ymous feedback es.ml-stmcturod
workshops collected via an online form interviews with early
(Wost Africa, linked from the expert adopters
Southeast Asia) W ’ storyboard - {December 2025 -
M‘d n Mm 2005 - D — Fcbruary 2026)
D —

L&_ﬂj Mic-May 2026) ] 4 respondents | LﬁﬂJ

ode In total over 20 responses were received, but it is not possible to say if these
'. were unique individuals as the survey responses were anonymous.

Wo received ethical appeovad from the institutional Human Research Ethics
Committee (HRECO0O7S5) of the corresponding suthor’s organisation,

K

The drought tool was deployed using an Open Knowledge (OK) Pipeline, co-developed with stakeholders
including:

e Methodological storyboard

e Public dashboard

e Open-source code

5 UKCEH *

Making the model accessible Governance statement

Our OK pipaline deployment strategy includes:
@ow

(I) Astoryboard documenting rationale and
methodology

(i) A public dashboard aggregating indicators for all
administrative units in Africa and Southaast Asia with

associated tutorial and StOWbO\Oﬂ’ Dashboard x
(i) Open code dlstnbu!ed via an institutional toolbox Open Knowledge pipeline
— :l 4 “’
v,
3
h Tutorial Dashboard Environmental Data Science Toolbox_

Stakeholder feedback highlighted the need for clear guidance on appropriate and inappropriate use, prompting
the inclusion of governance statements and limitations to avoid misuse.
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Users called for expicit Udmoemappropﬂatemdlm‘xxopnatelool USe 10 eNsure openness suppons responsble
decision-making and a.%idsnismsomaddedﬂxetolowmgtoﬂwe&ayboard

Limitations

Land use change is not included in the current analysis. Reductions in net primary production
(NPP) are attributed solely to drought without consideration of the effects of land cover change or
other factors (e.g. fire, pests).

Additionally, the risk metric does not capture drought impacts extending beyond the year in which
drought occurs. This fact can affect the calculation of vulnerability for certain areas/pixels.

There are areas/pixels for which mean NPP during drought years is higher than mean NPP
during non-drought years. In such pixels vulnerability takes a negative value and risk to NPP is
equal to zero.

The algorithm does not provide uncertainty estimates because the underlying datasets lack them.
This OK Pipeline should not be used as the sole evidentiary basis for regulatory enforcement.

£ UKCEH *»
Access to the Outputs and Feedback

This environmental tool follows an Open Knowledge (OK) pipeline comprising:

1. An accessible methodological narrative (this 3. Openly available code in Python:

soryboard) and a short ol

2. A decision-supporting analytical interface:

Ol X2
. x

The OK pipeline can be accessed via these QR codes or (i) a storyboard documenting rationale and
methodology (MapX Storyboard); (ii) a public decision-facing dashboard (MapX geospatial data platform
(UNEP/GRID Geneva). with associated tutorial (https://youtu.be/Q 1v53-zQf8); and (iii) open code distributed
via an institutional toolbox ( UKCEH Environmental Data Science Toolbox),
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https://app.mapx.org/static.html?views=MX-W0PVF-NR0P6-J6D39&theme=classic_light&zoomToViews=true
https://app.mapx.org/static.html?views=MX-W0PVF-NR0P6-J6D39&theme=classic_light&zoomToViews=true
https://app.mapx.org/static.html?views=MX-W0PVF-NR0P6-J6D39&theme=classic_light&zoomToViews=true
https://app.mapx.org/static.html?views=MX-W0PVF-NR0P6-J6D39&theme=classic_light&zoomToViews=true
https://youtu.be/Q_Iv53-zQf8
https://nerc-ceh.github.io/data-science-toolbox/methods/ds-toolbox-notebook-risk-terrestrial-carbon-pool/RiskQuantificationNotebook.html
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Responsible Research and Innovation

/” Digital Shadow ) | ] g

Receives real-trme data
froen the physical System

TR Towards the development
Pmaic.:l‘?oigiml of a “'ator quality digital
WADITI -

Developing a roadmap for a S h a d Oow
wator qualey digital twin

& -

o by

The presentation describes UKCEH's work towards a Water Quality Digital Shadow and future Digital Twin,
each step delivered as an open access report.

£ UKCEH

Development of a Roadmap
Water Quality Digital Twin

Key thornan from slshehoides consuitation
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Fifty-nine participants responded and provided a wealth of viewpoints,
from the perspectives of academia (~40%), Industry {(~25%), regulators
[~15%), NGO's {~15%) and policy makers {~5%). The responses were
fully analysed to identify stakeholder needs.

Stakeholder engagement involving 59 participants from academia, industry, regulators, NGOs and policy
communities identified priorities including:

Catchment-scale modelling

Integration of monitoring, sensors and models
Nutrient and water-quality forecasting
Interactive dashboards for decision support
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Data sources and available models were collated and a roadmap was co-designed to guide future
development.
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Integrating dats, models and people 1o understand, Sorecast and protect water quabty V.
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A follow-on project delivered a water quality digital shadow. Two open access reports detail the journey and
following the creation of a digital shadow in two years further funding is being sought to create a full digital twin.
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Responsible Research and Innovation

/" Digital Twin

Rl - lirme bidirectional
eaciane
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Ayl
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o J

A major case study demonstrates the development of a Nature-Based Wellbeing Digital Twin that combines:

Biodiversity models

Environmental and land-use data

Recreation potential modelling

User-defined recreational preferences ("personas”)

The prototype digital twin allows users to explore how different environmental conditions affect biodiversity
experiences and recreational opportunities.

£HUKCEH e

" Our journey to create a Nature-Based Wellbeing Digital Twin
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" Prototype Digital Twin - Recreation and Biodiversity Cultural Ecosystem Services

Conceptual schema
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The original idea of encouraging citizens to explore regions where biodiversity was predicted to occur and
through citizen science programs such as iRecord report sightings thus updating the digital twin was using the

DECIDE model was unfortunately beyond the capability of this project. However, the recreational potential with

the probability of seeing biodiversity was implemented. Further work enabled users to parameterise the model

for the whole of Scotland not just the Cairngorms National Park (LTSER platform).

5 UKCEH
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" Prototype DT tested for utility
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An interactive interface was delivered — here the difference between a hard and soft recreationalist is shown

with the probability of viewing a red squirrel

The user can customise 87 Parameters

Parameters ‘Soft

recreationalist’ with 50%

probability of viewinga  Access the

red squirrel app via this
QR code

TRIC (W A oo g ed - aSu e e

Parameters ‘Hard
recreationalist’ with
50% probability of
viewing a red squirrel
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’ NVolunteers’ assessment of Recreational Potential model

Evaluating how well the model reflects real-world recrestional experiences across Scotiend
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The prototype was evaluated using volunteer assessments equipped with smartwatch which delivered GPS
data.
Key findings included:
e Users could customise 87 parameters to reflect their recreational preferences.
e Volunteer assessments indicated strong agreement between model outputs and real-world
experiences.
e The system showed promise for linking recreation, biodiversity and human wellbeing.

-:?.":'%UKCEH *

Example of Satisfied volunteer
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P28 Activity 9
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" Linking human health with Nature-Based Wellbeing Digital Twin '
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The studied showed that understanding human-well being was not simple. The graph shows a volunteer

walking and as the elevation increases so does his heart rate but because he played football with his child on

the beach his heart rate also increased on the flat.

:UKCEH
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Volunteers' assessment of Recreational Potential model

Evaluating how well the model reflects real-world recreational experiences across Scothand
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From 33 partlpcants who collectlvely conducted 301 recreational act|V|t|es 83% assessed the model as fully or
generally meeting their expectations. Improvements generally focused on aspects which were not in the model
e.g. toilets, car parks, cafes, and gave important suggestions for improvements.

a0
[ RESPONSIBLE RESEARCH & INNOVATION (RRI) ?
for DIGITAL
1. ANTICIPATE Creating trusted datnl twins
Lok .::‘ i // 0 o G, el hvmaniat RRI means
s and apprtantin \ now and in the future conducting
research with
society, not just
for society,
ensuring that
scientific
advances are
athicsally sound,
socially desirable,
environmentally

< sustainable, and
- responsive to
public values.
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A central theme throughout the presentation is that: Research should be conducted with society, not just for

society, ensuring that scientific advances are ethically sound, socially desirable, environmentally sustainable
and responsive to public values
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Thank you.

For more information
please contact:

Jand@cahac.uk

20920006

UKCEH Supiane
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/. Annex 2 Presentation
to Taiwan LTSER
International Conference

The presentation, “From Data to Impact: Translating LTSER Science into Local and Global Impact",
presented to the Taiwan LTSER International Conference: Knowledge to Action, 19 Sept 2026. Using examples
from the Cairngorms LTSER, shows that impact arises through co-produced knowledge, long-term stakeholder
engagement, trust building and sustained collaboration. Scientific outputs such as publications and models are
important for scientific impact, but societal impact is achieved when research influences policy, management
and behaviour. Researchers often do not have the right to make policy their influence is on the next user, the
policy maker. The presentation highlights the importance of understanding stakeholder needs, developing
trusted relationships and creating networks that extend influence beyond individual sites. Its central message is
that Knowledge + Trust = Impact.

From Data to Impact

Translating LTSER sclence into
local and global impact

U2 L TSER #1388 |- 22 Hh o5 R4
Tf 8-

Jan Dick

/O I002E

JKCEH i manmmis
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Evolution of a transdisciplinary Scientist
BUMRESROREER Initially trained as a

learnt social sclence
methods - LTSER

career eVOIution of Dr Jan Dick natural sclentist but later

sclence needs both

I work In Caimgorms LTSER
chaired by Ca¥ngorms National
Park Authority « a publc sectar
Qovernment agency k
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* lam employed by UK Centre For Ecology and Hydrology a;mae% ’
in the Biodiversity and Land Use section . UE A
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Taken from Blodiversity and land use BLUorint 2030

The presentation started with background on the presenter and highlighted the need for natural and social
scientists in an LTSER platform.
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'What s impact? R 8248 7

HHERaRmEE?
Scientific / Academic Impact

Advances in knowladge
Citations and scholarly use of

Changes in policy, practice or behaviour
Environmental, economic, social, health

daliverablas
Mew meathods and theorias
Research capacity building

banafits

Improved managemant governance or
decision making

Real-world outcomes beyond academia

Significance - degree to which the impact has enabled, enriched influenced intormed ar
changed the perfarmance ol palicies, practices, products, services, cullural undarstanding,
awareness or well-being ol the beneliciaries

Reach is the extend, spread, breadth andfor diversity of the beneliciaries of the impact -
often numbers publications, citations, datasets, models, lools, number students

The presentation distinguishes between: Scientific impact and Societal impact and describes impact using
two dimensions: Significance: how much change or influence occurred and Reach: how many people or
organisations benefitted.

EUKCEH PRIl CATA TG MPACTY] 5

' Impact Logic model BLEE SR ERY

AR =] o T A% AR ES
Impact is measured at the FEHE R EL U ERE HE{.

level of the user

A central argument is that impact is measured through what users do with research outputs rather than through
the research itself.

34



BACK TO OFFICE REPORT - STUDY TOUR TAIWAN

il UKCEH

2 UKCEH

|0 DATA TO mPACT] 8

' Example of next user impact
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Tropical Cyclone Ecology: 1958
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Biotropica Impact Factor 1.8
I3 Citations: averagesyear 2.5

N

Trends in Ecology & Evolution Impact factor 17.9
_ 125 Cltations: average/year 18

.

The top paper was published in a low impact journal but without that paper the later high impact paper could
not have been written. It is important to understand the long-term nature of impact.

#i: UKCEH
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Mt EE-MEEEEEENERS

How can a LTSER platform have impact

INFLIINONG BLAL DRG0
TMROLGM TRt o OvEr Tim

FARMBUMHBEEFRERERRN

The presentation proposes four mechanisms through which LTSER platforms generate impact:

Shaping the type and use of knowledge
Enabling long-term iterative engagement
Influencing real decisions through trust
Generating impact beyond the local platform

Ponp=
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1. Shaping the type and use of knowledge 1. F=8%0:60 5005 FERR A =,
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1. Three complementary forms of knowledge are identified:

Instrumental knowledge ("doing")
Conceptual knowledge ("understanding")
Strategic knowledge ("shaping the future")

ik UKCEH Example of Shaping the type and use of knowledga (ROl DATATO MPACTH §
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Croem [slate Matioral Park Olfcer
e By not aiming at al workshop
P . instrumental knowladgs,
o ety it allowed concentration - i
e on facts e.g. where trees Mulurs dcinn Sl gy
B s could graow - it defused -
— = - the polarised situation
L T ALhEF T BIns
o 1o o 5B, WEERRETE
spmaman | of G SERHR SR A
o FEAH g . s, EmEHTr S
'-'W P ™= Land cower with ea-:pandrd
M - cammercial farest planted an RaER
mEa Ll dwarf shrub and montane land
W ciear classies up ta 500 m

alEyatian

Dick 1, Wermel, F, Sarmen, B hn.hlﬂl o Andirew, ., 300, Tem pl B T AR rA L e s Trnemewa s and T I Ko andreena kaal I e oo miec: oF e uses 3 imeedng | n Gl e
Enuvs Soo0a nd (namass! Sclonan, L [} o , 1930, i 3-55 AR

The presentation uses a Scottish tree-planting planning exercise to show how focusing on facts and shared
understanding can reduce conflict among stakeholders and improve dialogue
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RECREATIONAL POTENTIAL MODEL

A digital twin that combines environmental data

< with your preferences (persona) Using the recreational
& ;’:’m 1 potential medel as an
et exampile of long-term
‘ Natural f_ iterative engagement
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A character
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A major determinant of impact in the Cairngorms LTSER is the value of sustained engagement over many
years. Using the Cairngorms recreational potential model as an example, the presentation shows how,
stakeholders identified a management challenge.

.':":"E:UHCEﬁ [FInCe DATA TS PARAST]| T
" Tohave irgg:act need a problem to solve ‘f )
EEEFEN, :‘-'"I:,Eﬁﬁﬁ BEEERIEE Cairngorms &

Touwrism accounts for 30% of the =conomy [GYWA) and 43% of employment. The park was awarded the
EURZPARC Federation charter for Sustainable Tounsm in Protected Areas in early 2000's and has used the
federation's five principles to practically manage and develop tourism in the area.

The 2017 wverfier's evaluation report highlights the pasitive improvemsants but also comments on the
need for a deeper knowledge about the recreational potential of the whole Cairngorms National Park fo
inform wisitors and so reduce the high concentration of visitors im certain places and times.

BAzsoagE AN ( -
GVAT 8 30% B dwm -
SEMA . SR 20007
HERRE A EUROPAR

CER
“TEUROPARC Federation] TR

EExHWEERL] (Charter
far Slustainanla Tourism in

Protected Areas) | AR
TRHOIHEN, EAREN
ERENRRNEERRAH.

The research must be of societal importance to enable research to have societal impact.
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The science has evolved over time
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Researchers and users worked together to design the tools often beyond the normal 3-5 year research project

life-cycle.
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Model evolved over time which was necessary to advance the science but also to attract follow-on funding.
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3. Influencing real decisions 3. FEENSAR
Influencing real decision through trust build over time o
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Knowledge + Trust =
Impact

Sk + FH= EED

Dk, ), Andiins, C, Cruraten, DE
Telh-Secer, Y. 0nd Zunan, G, 2022 A
AMoag-Melhods Acprosch [0 Anw)yse
Racsimnens Valies and lephiosnons
for Manige ment of Moseciad Arues

A Casw Study of Cavngorms Matens'
Pk, UK Ecasyst Secy 267 101480

Continuous participation improved trust and relevance, an while the scientific knowledge presented by the team
was not the only deciding factor in this example the officer agreed the data had helped to decide the location of

a proposed car park which maximised human recreation while protecting an iconic bird species and agreed the
wording in the academic paper cited.
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4. Generating impact beyond the LTSER 4. 7f LTSER # M E£F E 7

Thrae lypes of research activities - all can have
impact beyond the LTSER

Site et
based

Dnmaln MNatwork

S ETRRY - HHETE LTSERZAEZE VAL

The impact of an LTSER platform can be considered on three axis. The Cairngorms LTER site provides data to
a range of networks and projects (blue arrows networks, pink arrows infrastructure projects)
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Network based - Academic Impact
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Example of high academic impact but not societal impact
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" Network based - Societal Impact

Soclal media a pathway to sccietal impact

practice
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The presentation notes that social media can improve the reach of science and act as a pathway towards

Social media increases the reach of your
science, bul remember societal impact is
the measurable change in people, palicy,
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impact, but true societal impact requires measurable changes in practice, policy or behaviour
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Example of domain based academic impact (ecosystem services)
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The presentation argues that the greatest impacts of LTSER research emerge not from data alone, but through
long-term co-production, rightsholders and stakeholder participation, trust building, and sustained engagement.
Research infrastructures such as LTSER platforms provide the conditions needed to transform scientific
knowledge into better decisions, healthier ecosystems, stronger communities and wider societal benefit

Thankyou
ng H‘Ej ] L...\
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8. Annex 3 Session
Proposal to ILTER OSM
Meeting

Place-based research infrastructures, impact, and pathways toward sustainability transformations:
Measuring change, evaluating success, and negotiating the role of science

Proposal for session at the ILTER OSM Meeting, 2027 — Bariloche, Argentina
Submitted by Daniel Orenstein and Jan Dick (others welcomed!)

For more than three decades, Long-Term Ecological Research (LTER) networks have integrated multiple
disciplines and local knowledge to understand social-ecological systems and inform sustainable management
and policy. Long-Term Social-Ecological Research (LTSER) platforms, urban LTER sites, and related place-
based research infrastructures may do more than document change: they may generate scientific and societal
impacts and contribute to sustainability transformations involving fundamental changes in values, priorities,
institutions, relationships, and practices.

Yet there is limited empirical evidence showing what impacts these activities generate or whether, and through
what mechanisms, research infrastructures contribute to transformative change. Project impacts can be
assessed against stated goals and objectives, but transformation may also emerge through subtler and more
systemic processes, including learning, relationship-building, shifts in perspectives, strengthened capacities,
and the accumulation of changes across institutions and scales. These processes are often long-term,
nonlinear, and difficult to attribute to a particular intervention. Policy or management changes may constitute
important impacts without demonstrating that a broader transformation has occurred.

Evaluating these contributions therefore requires attention to both project impacts and wider processes of
change. Goals, indicators, baselines, and, where possible, counterfactuals can help determine whether projects
achieved their objectives. Evidence may include ecological and socioeconomic indicators; changes in policy,
management, governance, and institutions; and qualitative accounts of changing values, relationships,
capacities, and practices. Other contributions may be indirect, emergent, or distributed across actors and
institutions and may be better understood through process tracing and stakeholder interpretation. Long-term
research is especially valuable for identifying delayed and unexpected outcomes and tracing how changes
persist, interact, and accumulate over time.

Evaluation is also inseparable from questions of power, values, and purpose. Assessment criteria embody
assumptions about valuable knowledge and desirable change and may influence how research is conducted.
Stakeholders may hold different, sometimes conflicting, visions of success, requiring indicators and targets to
be co-produced while acknowledging disagreement, trade-offs, and unequal distributions of benefits and costs.
Scientists must likewise negotiate their roles as researchers, facilitators, knowledge partners, and potential
advocates, and consider how these roles affect credibility, trust, equity, and respect for locally defined priorities.
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The session will bring together empirical case studies, comparative analyses, and methodological contributions
addressing four questions:

. How can project impacts be identified and monitored, and how can their contributions to longer-term
processes of change be understood?

. How should success be defined and assessed when stakeholders differ in their priorities, values, and
desired outcomes?

. How should scientists negotiate their roles in facilitating or advocating for transformative change?

. Under what conditions, and through what mechanisms, can long-term research infrastructures
contribute to broader societal transformation?

We welcome contributions on LTSER platforms, urban LTER sites, nature-based solutions, knowledge co-
production, and other forms of place-based transdisciplinary research. We particularly encourage longitudinal
and retrospective studies, including cases in which anticipated impacts or transformations did not occur;
comparisons across cultural, institutional, and geographic contexts; co-produced evaluation frameworks; and
analyses combining ecological, social, and governance outcomes. Contributions examining less readily
measured processes, such as learning, relationship-building, capacity development, and shifts in perspectives
or practices, are also encouraged.

The session aims to develop a more critical empirical understanding of what changes, how impacts and
broader processes can be assessed and interpreted, what research infrastructures contribute, and how
scientists can participate responsibly. It will also inform a proposed special collection in Case Studies in the
Environment (University of California Press), open to session participants and the wider international
community
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