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Abstract
Key message  Future international forest monitoring should build upon the existing pan-European programs.
There is a renewed interest in the monitoring of European forests. Future monitoring systems should build upon 
existing international programs, making use of their strengths and solving their weaknesses. This approach will result 
into win–win solutions for both the existing and future systems. The UNECE ICP Forests has a number of character-
istics that makes it a very good and strong basis for developing an advanced international forest monitoring system.
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After being quite low in the consideration of many, forest 
monitoring is experiencing a renewed interest in Europe. 
Besides the Article 9 of the NEC Directive (Directive (EU) 
2016/2284 2016) containing obligation for the EU Mem-
ber States to ensure the monitoring of negative impacts of 
air pollution upon ecosystems (including forests), there are 
several other important signals, for example, the recent call 
from the European Forest Institute on future forest moni-
toring (EFI 2021a; see also below), the dedicated seminar 
(EFI 2021b), and the Horizon Europe (see below) with at 
least two open calls where forest monitoring is explicitly 
mentioned.

The EFI call (EFI 2021a) was about “a harmonized and 
robust reliable European forest monitoring system,” with a 
“conceptual framework for a harmonized European forest 
monitoring system (including potential barriers and syn-
ergies with existing systems) that addresses, among other 
aspects carbon storage, biodiversity, and health of forests.” 
Such a system has “to support ongoing and future policy 
processes at the European Union level and strengthen the 
role that forests play in these processes.”

In Horizon Europe, in one call, the “development and 
improvement of robust and transparent methodologies for 

high-resolution monitoring and reporting of forest carbon 
pools and their interactions through a combination of in-situ 
data collection and remote sensing methods to be used to 
advance land use, land-use change and forestry (LULUCF) 
reporting under the UNFCCC and compliance under EU 
legislation” is required (European Commission 2021a). In 
another call (European Commission 2021b), the proposal 
will “establish a European network to gather information 
on current developments in demo and long-term observa-
tion sites.”

As an advocate of forest monitoring since a long while, I 
am particularly glad of these signals of renewed interest in 
the field. When considering the international perspective, 
Europe is in the fortunate position to have a solid ground 
in forest monitoring, at least in two important respects: the 
scientific and technical basis and the governance of inter-
national forest monitoring. The International Co-operative 
Programme on Assessment and Monitoring of Air Pollution 
Effects on Forests (ICP Forests, see http://​icp-​fores​ts.​net/) is 
exemplary in both respects, and it is unique as—unlike other 
initiatives—its design concept incorporates a systematic 
component for surveillance and early warning and a series 
of case studies located across forests made up by the most 
frequent European forest trees species for intensive, harmo-
nized monitoring of a number of attributes (see below).

ICP Forests has been launched in 1985 under the aus-
pices of the 1979 UN ECE Air Convention (see https://​
unece.​org/​envir​onment-​policy/​air), the first legally binding 
multi-lateral international instrument to combat air pollu-
tion on a regional basis. At present, 42 countries in Europe 
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and beyond participate in ICP Forests, and the majority of 
them conducts continuous forest monitoring according to 
an agreed set of monitoring methodologies covering 13 dif-
ferent fields. Although its focus stays in understanding and 
reporting air pollution effects on forests, ICP Forests realized 
rather soon that such a focus implies considering the other 
possible concurring (and confounding) factors involved, 
from climate to management. For this reason, monitoring 
methods under ICP Forests cover several ecosystem com-
partments from atmosphere to vegetation and soil (thus 
including those related to carbon storage, biodiversity, and 
forest health). All methods have been designed to favor har-
monization and serve policy needs, all are subject to contin-
uous review and to shared quality assurance/quality control 
procedures, and all have been conceived to submit data to a 
centralized data base according to agreed procedures (http://​
icp-​fores​ts.​net/​page/​icp-​fores​ts-​manual). Today ICP Forests 
is—among other—an international data provider for Forest 
Europe (see Criterion 2, Forest Europe 2020), and its plots 
and data contribute to the NEC Directive (Directive (EU) 
2016/2284 2016).

Many knows the technical features of the program. 
It is based on an innovative (at the time of design in the 
1980s) concept with differentiated monitoring levels. Level 
I consists of ca. 5800 Level I plots distributed according 
to a systematic transnational grid of 16 × 16 km (nominal 
density). There, tree health is evaluated annually accord-
ing to a large set of attributes, while other investigations 
have been carried out on a less regular, more relaxed time 
basis (soil) or una-tantum (foliar; diversity). A new soil sur-
vey is being designed. Level I provides data and results for 
Forests Europe’s SOEF reports (Forest Europe 2020) and 
key data on European soils (e.g., Fleck et al. 2016). Level 
II consists of ca. 620 intensive monitoring plots located in 
selected forest ecosystems. There, the co-located, European-
scale harmonized measurements of biotic and abiotic driv-
ers and forest ecosystem’s response permits to investigate 
status (e.g., Waldner et al. 2015), trends (e.g., Waldner et al. 
2014; Johnson et al. 2018; Camino-Serrano et al. 2016) of 
several attributes, and drivers-response relationships (e.g., 
Etzold et al. 2020; Van der Linde et al. 2018) that can be 
expanded—even to improve national forest inventory esti-
mates (Massey et al. in press). Without a harmonized and 
structured monitoring design, this would not have been pos-
sible. It is worth mentioning that in its origin, the concept 
included also a Level III, where ecosystem processes and 
fluxes were considered—today, somebody may want to use 
the term “supersites” to identify such a monitoring level.

Fewer knows that ICP Forests data and sites permit-
ted > 450 scientific publications (http://​icp-​fores​ts.​net/​page/​
scien​tific-​publi​catio​ns) and that ICP Forests delivered data 
to dozens of applicants per year according to a very simple, 
yet participative, procedure.

But probably even fewer is aware of what I consider the 
greatest achievement of ICP Forests: its role in demonstrat-
ing the extent to which transnational forest monitoring is 
possible and feasible (Ferretti et al. 2013). ICP Forests 
started in the mid-1980s and developed during the next 
decade, in a phase of dramatic political changes in Europe. 
Despite this instability, the cooperation in the monitoring 
program has increased and expanded. There were several 
reasons for this: the framework provided by the UN ECE 
Air Convention, the strong political will that led to an unu-
sually long-term support from the European Union (almost 
continuous, although in different forms from 1987 to 2011), 
the commitment, perseverance, and motivation of scientists, 
foresters, and national funding agencies. The governance 
structure with a bottom-up approach for scientific-technical 
issues and solutions and then a participatory official mecha-
nism for informed decision making has been a key factor. In 
this way, all partners learn from all others: It has been, and 
continues to be, a unique opportunity from which all the 
other achievements stem.

With all this in mind, I found the statement that “there is 
a lack of European-wide harmonized and robust information 
on forest resources and their conditions” (EFI 2021a) not 
justified, and—on the other side—appreciate the intent to 
“reinitiate EU participation in the ICP Forests for long-term 
observations of forest ecosystems” (European Commission 
2021b). Since the EU (at that time the European Commu-
nity) is a signatory party of the Air Convention, this latter 
intent will be very easy to implement: Delegates from the 
European Commission officially attended the meetings of 
ICP Forests in the past and have the right and are welcome 
to come back in the business at any time.

Forest monitoring has a number of meanings for many, 
and those designing and carrying out monitoring are fre-
quently seen as simple data providers for “real” scientists: 
This is an obsolete perspective since a long while, as moni-
toring is per se an approach to scientific investigation and 
it is based on own science and scientific practice (see Innes 
1995; Lovett et al. 2007; Spellerberg 2005). ICP Forests is 
certainly far to be a perfect system: Gaps in data, inconsist-
encies, pending issues in data quality and estimation, and the 
lack of a remote sensing component are probably the weak-
est parts. Yet, it is my firm opinion that ICP Forests offers a 
very good and strong basis for developing an international 
forest monitoring system with a well-established ground 
component with a legacy of long-term and large-scale data 
on a range of attributes that are key to several scientific ques-
tions, and a solid, well-tested governance mechanism.

It will be a waste of intellectual and material resources 
(including EU financial resources and those from individual 
countries) if infrastructures, data, experience, and exper-
tise of ICP Forests will be not considered when design-
ing a future European forest monitoring system. Rather, a 
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co-operation in designing a future system will potentially 
result into a win–win solution, with ICP Forests having 
the opportunity to fill its existing gaps, and the future new 
system the chance to profit of the existing experience and 
infrastructure.
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