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Monitoring global tree mortality
patterns and trends. Report from
the VW symposium ‘Crossing
scales and disciplines to identify
global trends of tree mortality as
indicators of forest health’

International and interdisciplinary meeting on tree
mortality, Herrenhausen castle, Hanover, Germany
June 2017

From the 21st to the 23rd June 2017, the Herrenhausen castle in
Hannover/Germany hosted a diverse and large crowd with more
than 70 tree physiologists, forest ecologists, forest inventory
experts, remote-sensing scientists, and vegetation modelers. Par-
ticipants from six continents and from more than 20 countries
gathered to discuss how to improve the scientific determination of
global-scale patterns, drivers, and trends of a threatening phe-
nomenon: the apparent emergence of recent widespread tree
mortality events in diverse forests around the world.

Continuing the theme of a workshop held at the Max-Planck
Institute for Biogeochemistry in Jena (Germany) in 2014 (Hart-
mann et al., 2015), the Hanover meeting intended to develop
approaches, tools and collaborative actions to accelerate progress in
addressing regional patterns and trends of tree mortality (Williams
et al., 2013). Over the last decade climate change related tree
mortality events have been increasingly reported around the globe
(vanMantgem et al., 2009; Carnicer et al., 2011; Peng et al., 2011;
Brienen et al., 2015), but to what degree this is a global trend,
amplifying under increasing climate change, remains uncertain.

Why study global tree mortality patterns now?

Tree and forest mortality have been of interest to researchers for
decades. Some work on forest decline reaches back to 1909, and in
the 1980s the German phrase ‘Waldsterben’ became internation-
ally acknowledged for reporting the decline and death of forests in
Central Europe. By the 1970s and 1980s, forest decline research
was being conducted in Europe, North America, Hawaii, New
Zealand and Australia, including assessments of physical destruc-
tion and physiological decline caused by abiotic stress, biotic
disease/pathogens and tree population demography (e.g. Mueller-

Dombois, 1987). One of the pioneers of tree mortality research,
Dieter Mueller-Dombois, was a guest of honour at the Hanover
meeting and he provided guidance for the current initiative for
global forest monitoring.

While global forest growth assessments have been carried out
(Pan et al., 2011), no study has attempted to generate spatially-
explicit models of global tree mortality, which are necessary to
generate a mechanistic understanding and to robustly quantify
mortality at a global scale. The current initiative can build upon: (1)
an increasing amount of data on forest ecosystems, including
national forest inventories and monitoring, as well as an increasing
number of research plot networks in all forested biomes; (2) a
growing willingness of scientists and governmental agencies to
openly share data; and (3) a greater availability of powerful tools for
assessing and monitoring forests at broad spatial scales, such as
remote-sensing products from satellites or airborne LIDAR.
Despite this progress, current monitoring approaches are still
incomplete in their spatial extent and data resolution is often
inadequate for detecting scattered individual tree mortality and for
identifying causal relationships between drivers of change in forest
condition (McDowell et al., 2015).

Tree mortality and forest health

Forest (ecosystem) health is a difficult concept.Although the term is
widely used in environmental sciences (> 3600 articles listed inWeb
of Science® since 2000) for populations and communities, we
propose that health in its strictest sense is defined at the scale of an
individual as the absence of disease. Common definitions of forest
or ecosystem health are usually utilitarian and describe manage-
ment targets or reference conditions related to human needs or the
persistence of forest types within a given landscape (Kolb et al.,
1995). Other definitions analogize ecosystem health to human
health by setting thresholds for ‘healthy’ conditions based on ‘ill’
characteristics (Schaeffer et al., 1988), i.e. health outcomes of a
group of individuals measured as morbidity (loss of life quality due
to disease) and mortality (frequency of death) (Kindig & Stoddart,
2003). As morbidity cannot be objectively assessed for trees, non-
normal (i.e. increasing) mortality rates are likely to be the most
robust indicator of forest health; however, identifying deviations
from normal background mortality rates requires the long-term
monitoring of forest ecosystems (Trumbore et al., 2015).

Interdisciplinarity is thekey to faster progress inglobal
forest monitoring of tree mortality

Tree mortality is a complex process, involving a whole suite of
interacting biotic and abiotic factors (Manion, 1991). Given the
interdisciplinary nature of tree mortality and forest die-off, the
workshop brought together scientists from four larger research
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areas covering different aspects of climate change-driven global tree
mortality, namely physiological mechanisms of mortality, forest
inventory, remote sensing andmodelling (Fig. 1). Amajor goal was
to encourage interdisciplinary thinking and to initiate concrete
networking activities that might enable us to assess the conditions
that lead to predictable global patterns of tree mortality. Keynote
talks by Craig Allen, William Anderegg, Andreas Bolte, Matt
Hanson and Belinda Medlyn highlighted major challenges in
global tree and forestmortality assessments and in the attribution of
causality. A keynote from these talks was that a more robust
determination of patterns and trends in forest condition and tree
mortality increasingly requires several disciplines to interact and
willingly share data and knowledge.

Particular emphasis has been placed on the importance of real-
time monitoring of forest condition. Global Forest Watch (GFW,
http://www.globalforestwatch.org/map; Hansen et al., 2013) uses
global remote sensing data (Landsat) and powerful distributed
computing approaches to determine annual changes in global forest
cover, as well as near-real time monitoring in some deforestation
hotspots. Attribution of causality is currently limited to spatially-
aggregated direct causes of mortality, such as wildfires, land-use
change, forest harvest, or broad-scale disease and insect damage
(Fig. 2). The GFWmethod finds substantial amounts of spatially-

diffuse, fine-scale tree cover loss (mortality) that is currently not
attributed. This loss is likely to be, at least partially, tree mortality
due to climatic changes (e.g. warming or drought) indicative of a
major long-term threat to current forests (Allen et al., 2015).

During a series of breakout sessions, workshop participants
discussed research gaps and needs among and across disciplines,
with the overarching goal of developing a joint strategy for a global
monitoring network. This interdisciplinary strategy aims (Fig. 1)
to: (1) quantify patterns and trends of both diffuse background tree
mortality rates and also identify and attribute forest die-off (e.g.
regionally-widespreadmortality) hotspots that cannot be explained
by wildfires, land-use change, forest harvest or epidemic insect
outbreaks by using (1a) remote-sensingproducts likemulti-spectral
satellite data and LIDAR and (1b) merged data sources from forest
inventories, research plot data and additional information from
public sources (‘citizen science’). In such die-off hotspots, (2)
drivers of mortality can then be derived via combinations of
empirical modelling of monitored broad-scale tree mortality
patterns relative to landscape characteristics and climatic variabil-
ity, as is done in intensive long-term field observations (e.g.
International Co-operative Programme on Assessment and
Monitoring of Air Pollution Effects on Forests, ICP forests).
Furthermore, mechanistic relationships between these drivers and
tree mortality can be derived from field and glasshouse manipu-
lations in affected ecosystems. Take together, these multidisci-
plinary approaches will provide improved knowledge of tree
mortality mechanisms for refining current broad-scale vegetation-
climate models (e.g. Dynamic Global Vegetation Models,
DGVMs and Earth System Models, ESMs), with the ultimate
goal of (3) achieving information about the demographic variabil-
ity of forest mortality andmore realistic projections of future forest
condition under ongoing climate change.

A global monitoring network of tree mortality – laying
the foundation

The idea of a globalmonitoring network of treemortality is not new
and has been proposed in several earlier publications (e.g. Allen
et al., 2010; Hartmann et al., 2015; Trumbore et al., 2015). But in
contrast to previous efforts, this workshop has already led to several
concrete actions toward the implementation of this idea as a formal
global initiative. These include: (1) an on-line metadata collection
(http://www.tree-mortality.net/) will provide information on
small- and large-scale forest monitoring networks by bringing
together multiple-plot networks like ICP Forests or ForestGEO
that feature a large number of plots using standardized protocols.
This data compilation will be used for ground-truthing of remote-
sensing data and will provide a frequently updated global tree
mortality event map fed by remote sensing and citizen science.
Furthermore, the network (2) envisions a structural integration
into existing organizations of global forest research networks, for
example as a new section of the International Union of Forest
Research Organizations (IUFRO). Several working groups created
during the workshop will join efforts in (3) developing methods
and protocols for monitoring mortality that acknowledge the
current limitations of uneven in situ monitoring networks and of

Fig. 1 Strategy for a global assessment of forest condition. An integrated
multidisciplinary global monitoring network quantifies background tree
mortality and identifieshotspots of intensive treemortality, basedon satellite
data, LIDAR cruises, and merged data sources including forest inventories,
researchplots and citizen science. Themortality hotspots canguide the siting
of intensive field observations and experiments to establish improved
mechanistic relationships in vegetation models for more realistic projections
of future forest conditions.
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current remote sensing-based techniques of the attribution of tree
cover loss and detection of individualmortality events. Presented in
(4) a multidisciplinary strategy paper this agenda will help drafting
and securing funding for activities like the hosting of merged data
from multiple national forest inventories, international forest
monitoring networks and research plot data. In addition, (5) several
promising collaborative efforts to share data on forest condition at
the global scale have been initiated (e.g. the Global Forest
Biodiversity Initiative (GFBI), http://www.gfbinitiative.org/) and
have been further consolidated during the inaugural GFBI
conference that was held in Beijing, China, on 6–9 September
2017. With the data from 1.2 million forest inventory plots now
compiled and online (cf. Crowther et al., 2015; Liang et al., 2016),
including information about tree density, size and species compo-
sition across multiple years, we will be able to examine current
global patterns in tree mortality. Understanding the mechanisms
underlying these globalmortality patterns will then require them to
be linked directly to climate and biophysical characteristics across
the global forest landscape.

The future of the network depends on motivated
scientists with a strong vision

Establishing a global monitoring network of tree mortality is a
challenging task requiring long-term commitment. Obstacles will
have to be overcome, ranging from scientific (e.g. designing of
common protocols, integration of different data sources) and
organizational (e.g. securing funding, long-term maintenance of
database) to methodological (e.g. implementation and develop-
ment) challenges. Although efforts to initiate such a network have
now begun, its complete implementation may require years of
devotion and endurance. However, workshop participants were
well prepared for the task, as a quote from the workshop boldly
underscored: ‘With ongoingmissions to study themoon andMars,
we may soon understand these astronomical bodies better than the

most important ecosystem of our planet – forests. It’s about time to
change that!’

Please join us at: http://www.tree-mortality.net/. The website
will allow you to sign up for upcoming activities and to contribute
to the network.
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