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Introduction

Tiny changes in tree stem radius, often only a few micrometres,
contain a wealth of information about tree growth dynamics,
water status and responses to environmental stress at hourly, daily
and seasonal timescales (Haasis 1932, Karling 1934, Steppe et al.
2015, Zweifel 2016, Krejza et al. 2022). Automated dendrometers
have been used for several decades to capture these dynamics,
providing continuous, high-resolution measurements of stem
radial variation and enabling insights into the interplay between
growth and tree water relations (e.g., Milne et al. 1983, Irvine
and Grace 1997, Steppe et al. 2015). However, the increasing
uptake and coordination of these measurements across sites and
networks has opened exciting new opportunities to investigate
tree function across spatial and temporal scales (Zweifel et al.
2021a). Despite these advances, important geographic gaps
remain in global dendrometer observations. Many forest types
such as the boreal and tropics remain under-represented in
global tree growth datasets (e.g., Salomoén et al. 2022), despite
their disproportionate role in the global carbon-water cycle,
provision of key ecosystem services and sensitivity to rapid
climate change. Addressing these gaps requires a coordinated
effort and is essential for improving our understanding of forest
responses to environmental variability and for ensuring all forest
systems are adequately represented in global syntheses.

Concern over this limited representation, and a shared recog-
nition of the huge potential of high-resolution stem radius
variation measurements for gaining insights into forest function,
led to the first Nordic Dendrometer Meeting in October 2025 in
As, Norway. Bringing together 47 researchers working across

Europe and beyond, the meeting marked the starting point
of a coordinated Nordic effort and, in response to shared
challenges identified during the meeting, the launch of a broader
Global Dendrometer Network (Figure 1) aimed at: (i) connecting
researchers, (ii) developing best practises in sensor deployment,
data quality assurance and analysis and (iii) leveraging fine-scale
tree growth data to improve our understanding of forest responses
to climate change and disturbances.

One device, many applications

The meeting was opened by Kathy Steppe, who illustrated how
integrated monitoring networks such as TreeWatch (https://
treewatch.net/; Steppe et al. 2016) enable the study of tree
function in changing environments. TreeWatch captures the
‘heartbeat’ of trees by measuring the fine interplay between
water transport and turgor-driven stem growth. By combining
dendrometer measurements with other physiological obser-
vations such as sap flow, these approaches provide powerful
insights into how trees respond to environmental variability at
high temporal resolution. This perspective was echoed by the
second keynote speaker, Roman Zweifel, who introduced the
TreeNet network (https://treenet.info/; Zweifel et al. 2021a).
Since 2011, TreeNet has continuously monitored stem radius
variations in more than 650 trees across ~70 sites in Switzerland.
The data collected within the network have provided large-
scale observations that radial growth occurs predominantly at
night and only during limited, climatically favourable periods
(Zweifel et al. 2021b, Etzold et al. 2022). Zweifel further shared the
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Figure 1 From micrometre-scale stem measurements to a Global Dendrometer Network. Conceptual overview linking high-resolution dendrometer
measurements to international collaboration and global data integration. Automated dendrometers capture sub-daily stem radial variation (um
resolution), providing mechanistic insight into tree water status and growth dynamics (‘micro’). Coordinated meetings, workshops and stakeholder
engagement promote data harmonization and methodological consistency (‘meeting’). These efforts support the development of a global dendrometer
network, including shared metadata infrastructure, standardized analyses and collaborative outputs to advance understanding of forest responses to

climate change (‘macro’). (fig. credit: M. Wang).

value of nowcasting—processing data streams to monitor stand-
level growth and water status information in near real-time. He
provided behind-the-scenes insights into managing a large, long-
term dendrometer network, including data processing, quality
control and visualization. Together, the keynote contributions
underscored the scientific value and enormous potential of
standardized dendrometer networks.

The ‘lightning’ scientific talks by each attendee provided a
taste of the vast range of questions that can be addressed using
dendrometers, spanning biological scales from the roots to entire
ecosystems, and covering a wide range of biomes, from sub-
arctic and boreal forests to temperate, Mediterranean and tropical
systems.

Growth dynamics and phenology

A recurrent theme across many presentations was the ability of
dendrometers to precisely capture tree stem radius and resolve
growth and hydration dynamics at fine (i.e., daily, hourly, and
even sub-hourly) temporal scales. Several studies demonstrated
how sub-daily stem radius measurements can detect the direct
impacts of short-lived weather events such as drought, heatwaves
and frost on growth. This was particularly evident in contributions
from climatically extreme environments, such as Iceland (Olafur
Eggertsson), where dendrometer records highlighted both the
very short growing season and the challenging conditions under
which trees persist.

Participants emphasized the importance of detailed, con-
tinuous growth information for improving our understanding

of growth phenology and its sensitivity to climatic variability.
Integrating dendrometer data with more traditional approaches,
such as tree-ring analysis, forest inventory data and xylogenesis
monitoring are emerging research directions to place short-term
growth dynamics within a longer-term context and conversely
improve our understanding of the long-term growth record (Fritts
1966, Steppe et al. 2015, Li and He 2026).

At the same time, discussions acknowledged important limi-
tations of dendrometer measurements. Dendrometers primarily
capture the cell expansion/enlargement component of growth
(Rathgeber et al. 2016). They are unable to explicitly resolve cel-
lular division, cell wall thickening and lignification (Steppe et al.
2015, Rathgeber et al. 2016, Adikurnia and Rathgeber 2025), miss-
ing an important contribution to plant woody biomass carbon
(Rowell et al. 2013, Cuny et al. 2015). Furthermore, dendrometers
generally record stem radius changes over the bark and therefore
integrate complex signals from growth and hydration across mul-
tiple tissues, while early-season freeze-thaw cycles can obscure
the precise timing of growth onset. These challenges highlight
the need for careful data interpretation and the integration of
dendrometer data with complementary methods like xylogenesis
monitoring and sap flow (M&kinen et al. 2008, Steppe et al. 2015,
Miller et al. 2022).

Stress indicators and disturbance
responses

Beyond growth dynamics, many talks showcased the value of
dendrometers as sensitive indicators of tree stress. Presentations
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demonstrated how stem shrinkage, growth cessation and changes
in diurnal stem dynamics can reveal responses to atmospheric
and soil water deficit, heatwaves, insect defoliation, bark beetle
attack, permafrost and even fire, highlighting species- and
site-specific survival and resilience strategies and responses.
These applications illustrated the strong potential of dendrom-
eters to provide early warning signals of declining tree vitality and
to support a mechanistic understanding of disturbance-driven
mortality processes.

Networking applications and stakeholder
engagement

Automated dendrometers are increasingly being integrated into
large-scale forest monitoring networks. Examples presented
at the meeting included regional and national initiatives and
the adoption of dendrometers as standardized instrumentation
within Integrated Carbon Observation System (ICOS) monitoring
sites (Yann Salmon, Holger Lange). The potential to further expand
spatial coverage through citizen science approaches was also
highlighted. Line Nybakken presented examples demonstrating
how engagement with forest owners and practitioners can
support dendrometer installation, maintenance and data collec-
tion, strengthening links between research, forest management
and stakeholder engagement. Discussions also emphasized the
importance of dialogue between researchers and dendrometer
manufacturers. By inviting instrument developers to the meeting,
participants opened conversations around sensor design, data
quality, data handling, durability and usability, highlighting the
value of co-development and crosscalibration to meet emerging
scientific needs.

Looking ahead: emerging needs,
challenges and research frontiers

Discussions during the Nordic Dendrometer Meeting highlighted
that, despite rapid growth in the use of automated dendrometers,
key challenges remain in scaling observations, ensuring data
comparability and translating high-resolution measurements
into broader ecological understanding. These challenges broadly
fall into two interconnected areas: (i) where, what and why we
measure and (i) how these measurements are processed and
interpreted.

Dendrometer sites and networks: what is
measured, where and why?

The number of researchers collecting detailed, high temporal res-
olution growth data is rapidly increasing, opening new opportu-
nities to advance our understanding of plant responses to their
environment. However, this potential is currently constrained by
the uneven spatial distribution of monitoring, as well as by limited
visibility of where dendrometer data are being collected and by
whom. Many monitoring efforts remain concentrated in Western
and Central Europe, with comparatively sparse coverage in boreal,
high-latitude and tropical regions. This imbalance limits our abil-
ity to place local observations within a broader ecological and
biogeographic context and restricts large-scale synthesis.

Figure 2 Combined installation of point and band dendrometers on a
mature conifer. Examples of commonly used sensor types, including
point dendrometers (top: TOMST, Brno, Czechia; bottom: Natkon
ZN12-T-WP, Oetwil am see, Switzerland) and a band dendrometer
(middle: EMS DRS26, Brno, Czechia). A wide range of dendrometer types
are currently available on the market, yet systematic comparisons among
sensor types remain limited, highlighting the need to carefully match
instrument choice to specific research questions and study objectives.
(photo credit: Creek D).

A key priority identified during the meeting was therefore the
need to improve the visibility and coordination of dendrometer
sites globally. Mapping where measurements are being collected,
which species are monitored and how data can be accessed was
widely seen as a prerequisite for advancing collaborative research
and scaling dendrometer measurements beyond individual sites
and national initiatives. Similar challenges have been addressed
in long-term monitoring initiatives such as the International Co-
operative Programme on Assessment and Monitoring of Air Pollu-
tion Effects on Forests (ICP Forests), where harmonization of pro-
tocols and data standardization have enabled large-scale, cross-
site analyses (Schwarzel et al. 2022).

In addition to spatial coverage, discussions highlighted the
importance of aligning measurement approaches across sites
and sensor types. The diversity of dendrometer types including
band and point (Figure 2), models, precision and measurement
principles was identified as both a strength and a challenge. While
methodological diversity enables innovation and application
across a wide range of systems, it complicates the integration
of datasets and comparison of results across sites and studies.
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Participants emphasized the need to better assess comparability
across instruments and protocols, rather than enforcing strict
standardization, in order to enable robust synthesis at larger
spatial scales.

A further practical limitation identified is the cost of current
dendrometer systems. With the exception of a small number of
lower-cost sensors, many commercially available instruments
remain relatively expensive, limiting the number of trees that can
be monitored and constraining spatial replication. Participants
highlighted the need for community-driven development of low-
cost and open-source solutions to enable broader deployment
and to support large-scale monitoring efforts.

Data processing and analysis: from
measurements to process-based
understanding

Alongside questions of spatial coverage, a second major challenge
lies in how dendrometer data are processed, interpreted and
translated into (eco)physiological understanding. Discussions
emphasized that dendrometer data interpretation relies on a set
of physiological and methodological assumptions that are not
always explicitly acknowledged or consistently applied. Partic-
ipants noted variation in installation practices, data processing
approaches and interpretation frameworks, particularly among
new users. A lack of accessible guidance and limited opportunities
for hands-on training were identified as ongoing challenges,
highlighting the need for shared best-practice resources and
dedicated capacity-building activities within the community such
as future workshops.

At the same time, fundamental challenges remain in interpret-
ing stem radial variations. Participants noted ongoing uncertainty
in the interpretation of stem radius variations, including the
application and limitations of the widely used zero-growth
concept (Zweifel et al. 2016). Challenges remain in interpreting
stem radius fluctuations at small time scales and accurately
separating irreversible growth from reversible changes associated
with tree water status (Mencuccini et al. 2017), particularly under
drought and freeze-thaw conditions (Steppe et al. 2015, Zweifel
etal. 2016, Charrier et al. 2017).

Participants also highlighted several emerging research fron-
tiers. These include modelling growth in systems characterized by
episodic or discontinuous growth patterns, scaling observations
from individual trees to stands and landscapes and improving
integration of dendrometer measurements with complementary
monitoring approaches such as sap flow, xylogenesis, tree water
potential, eddy covariance, in-situ and satellite remote sensing,
and forest health assessments (Deslauriers et al. 2007). Such inte-
gration is critical for linking fine-scale physiological processes to
ecosystem-level dynamics (Rao et al. 2026).

Finally, the limited availability of long-term automated den-
drometer datasets remains a key constraint. Continuous mea-
surements spanning more than 5-10 years are still relatively
rare yet are essential for understanding legacy effects and
ecological memory in response to climatic extremes. As new
sites are equipped and maintained, these long-term records
will provide valuable insights into how past environmental
conditions influence present and future tree growth and resilience
at a temporal resolution that was previously not possible with

lower-resolution seasonal growth measurements from manual
dendrometers and annual increments from tree-ring data. These
memory effects related to prior environmental conditions and
legacy effects of environmental stressors (e.g., heatwaves and
droughts) are particularly important as they have the potential
to either exacerbate or ameliorate ecosystem responses to stress
(e.g., Anderegg et al. 2015, Bose et al. 2024).

From local efforts to a global
network

Across these discussions, a common theme emerged: many of the
identified challenges, including limited spatial representation,
lack of data visibility, inconsistencies in processing approaches
and difficulties in scaling from individual trees to ecosystems,
cannot be addressed within isolated studies or even national
initiatives. Instead, they require coordinated, international efforts.
This collective recognition during the meeting directly motivated
the formation of a Global Dendrometer Network (Figure 1). By con-
necting researchers, improving data comparability and increasing
the visibility of existing measurements, the network aims to
enable more robust and globally representative analyses of tree
growth and water status. While several national and regional
dendrometer initiatives already exist, a globally coordinated
platform remains lacking.

As a next step, the network will build on the momentum from
the meeting in Norway by increasing visibility and connection
across the global dendrometer community. A dedicated website,
globaldendro.org, will provide an overview of global dendrome-
ter research by mapping where data are being collected, which
species are monitored and who to contact to establish new col-
laborations. A community-wide metadata call has been launched
in May 2026 and is open to all dendrometer users, with the aim of
improving the visibility, discoverability and connectivity of ongo-
ing monitoring efforts. In addition, the network will actively work
to increase representation in currently understudied regions, par-
ticularly in the Global South and climatically extreme systems,
by fostering new collaborations, supporting capacity building and
lowering barriers to participation. This initiative is expected to
play a key role in identifying geographic gaps and guiding more
equitable expansion of dendrometer observations globally. The
meeting also initiated the formation of thematic working and
writing groups, including: Dendrometers for beginners, focusing
on accessible guidance and training resources for new users; Den-
drometer type and model comparisons, addressing methodolog-
ical consistency and uncertainty; and Review and Insights & Per-
spectives articles, aimed at synthesizing current knowledge and
identifying key research gaps.

Supporting and engaging young researchers was identified
as a core priority for the network, both to build capacity within
the community and to ensure the long-term sustainability of
dendrometer research. In recognition of this engagement, prizes
were awarded during the meeting for outstanding early-career
contributions, with Zuosinan Chen receiving the award for ‘Best
Early-Career Researcher Talk’ for work on boreal forest ecohydrol-
ogy, highlightinginnovative applications of dendrometer data and
emerging research directions and Mianzhi Wang received the prize
for 'Most Innovative Use of Dendrometers’ for his talk presenting a
novel workflow that combines nighttime sap flux, vapour pressure

920z AInr 1 uo Jasn saueiql] AlsiaAiun eiquinjo) Aq 608£2/8/2806edy/ /9t /91011e/sAydasiy/woo dno-olwspede//:sdiy wouy papeojumoq


globaldendro.org
globaldendro.org

Tree Physiology, 2026, Vol. 46, Issue 7

deficit and dendrometer measurements to partition transpiration
and stem refilling, providing new insight into nocturnal water use,
stem activity and growth dynamics in boreal forests.

Finally, participants expressed strong support for sustaining
and growing the network through regular online meetings,
collaborative outputs and future in-person workshops. By
fostering an open and inclusive international community, the
emerging Dendrometer Network aims to enhance the visibility,
comparability and impact of fine-scale tree growth measurements
and to strengthen their contribution to understanding plant
responses to climate change.
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