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MOBILE COMMUNICATION EMISSIONS
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Abstract

There is an unprecedented exposure of living organisms to mobile communications
radiofrequency electromagnetic field (RF-EMF) emissions. Guidelines on exposure
thresholds to limit thermal effects from these emissions are restricted to humans. How-
ever, tissue heating can occur in all living organisms that are exposed. In addition,
exposure at millimetric frequencies used by 5G may impact surface tissues and organs
of plants and small-size species. It is also expected that the addition of 5G to existing
networks will intensify radiofrequency absorption by living organisms.

A European Parliament report proposed policy options on the effects of RF-EMF
exposure of plants, animals, and other living organisms in the context of 5G: funding
more research, implementing monitoring networks, accessing more information from
operators on antennas and EMF emissions, and developing compliance studies when
antennas are installed. However, there is no evidence on the preferences of relevant
stakeholders regarding these policy options. This paper reports the findings of a survey
of key European stakeholders’ policy option preferences based on the European Parlia-
ment’s report. It reveals a broad consensus on funding more research on the effects of
exposure of plants, animals, and other living organisms to EMFs. It also highlights the
need for deliberation concerning the other policy options that could provide solutions
for regulatory authorities, central administrations, the private sector, nongovernmental
associations and advocates, and academics. Such deliberation would pave the way for
effective solutions, focusing on long-term output from funding research, and enabling
short-term socially and economically acceptable actions for all parties concerned.

KEYWORDS
3G, birds, electromagnetic fields, insects, legislation, multiple-criteria decision-making, plans, wildlife

mobile communications frequencies have steadily increased
over time (Bandara & Carpenter, 2018), mainly explained

ON NONHUMAN ORGANISMS?

There is an increased exposure of living organisms to ubig-
uitous man-made electromagnetic field (EMF) emissions,
primarily due to the introduction of mobile communications
under the so-called “radio-frequency electromagnetic fields”
(RE-EMF) (Levitt et al., 2021a)." The levels of exposure at

I RE-EMF lie in the frequency range between 100 kiloheriz and 300 gigahertz and
includes mobile phones, wireless networks such as Wi-Fi, and also radio and televi-
sion broadcasting, cordless phones, police and fire department radios, point-to-point
links and satellite communications, among other services.

by the communications from outdoor mobile phone base
stations toward users (Sagar et al., 2018). Mobile commu-
nications emissions below 300 gigahertz are classified as
nonionizing radiation, and unlike ionizing radiation from
sources such as nuclear power plants or radon, they are not
identified as carrying enough energy to break atomic bonds
leading to changes that are potentially carcinogenic and
mutagenic (Karipidis et al., 2021).> There is nevertheless

2 The International Agency for Research on Cancer (IARC) classified electromagnetic
fields from mobile communications as possibly carcinogenic to humans (Group 2B)
(IARC, 2011). This category denotes a credible cansal association that does not rule
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well-established evidence of tissue heating from short-term
acute exposure to these emissions (EPRS, 2021; ICNIRP,
1998, 2020; Pophof et al., 2022a).

From a regulatory perspective, current guidelines on
exposure thresholds to limit thermal energy from mobile
communications emissions developed by the International
Commission on Non-lonizing Radiation Protection (ICNIRP)
and by the Institute of Electrical and Electronics Engi-
neers (IEEE) only concern human health (ICNIRP, 1995,
2020: IEEE, 1991, 2019).2 It is worth noting that ICNIRP
and IEEE thresholds, developed under the assumptions that
biological effects are due to excessive tissue heating and
that no effects occur below the threshold, remain contro-
versial (ICBE-EMEF, 2022). According to the International
Commission on the Biological Effects of Electromagnetic
Fields (ICBE-EMF), adverse effects have been observed
below the threshold, such as nonthermal induction of reactive
oxygen species, DNA damage, cardiomyopathy, carcino-
genicity, sperm damage, and neurological effects (e.g.,
electromagnetic hypersensitivity).

Although the thresholds implemented in some countries
are stricter than those defined by ICNIRP and IEEE guide-
lines, compliance solutions for mobile phone base stations are
similar across European countries.* > Operators are required
to define exclusion zones around their mobile phone base
stations prior to installation, to ensure compliance with reg-
ulatory limits on human exposure (ITU, 2018; Lewicki,
2020). Operators can also choose to decrease the maximum
transmission power of the mobile base station, as well as
to change other technical parameters or even relocate the
antenna (GSMA., 2014; PWC, 2013).

The ICNIRP has worked under the general assumption
that nonhuman organisms are protected from harmful RF-
EMF radiations as long as humans are protected (ICNIRP,
2000). However, no regulation is currently applied to pro-
tect nonhuman organisms in areas with high exposure (Levitt
et al., 2021a). Flying species such as birds, bats, and insects
can approach mobile antennas closer than can humans, and
there is no control on the location of antennas with respect to
plant species and nesting habitats of animals (WHO, 2022).
Moreover, the evidence shows that mobile communication
emissions can cause thermal heating not just only in humans
but also in plants, animals, and other living organisms (EPRS,
2021).° Nevertheless. for a given frequency. the absorbed

out bias or cunfuund'mg factors with reasonable confidence. There is so far limited evi-
dence for the carcinogenicity of electromagnetic ficlds exposure to humans at mobile
communications frequencies and research is still ongoing on the topic (IARC, 2013).

3 The ICNIRP is an international nongovernmental organization bringing together inde-
pendent scientific experts. The IEEE is a technical professional organization dedicated
to advancing technology. ICNIRP and IEEE guidelines are relatively similar (ITU,
2021).

* At least 30 countries across the world have chosen to implement more restrictive
human exposure thresholds than those defined by ICNIRP and IEEE guidelines since the
onset of mobile communications in the 2000s (ITU, 2017; Madjar, 2016; Stam, 2018;
WHOQO, 2017).

5 Exposure to cmissions from mobile handsets (Deruyck et al., 2021) is out of the scope
of this article because this type of exposure is not relevant for nonusers such as plants
and animals.

& Other biological effects of artificial RF-EMFs in nonhuman organisms have been well
documented (see Appendix 1 for a detailed discussion).

power and thermal induction depend on the type of living
organism, because these effects are determined by the organ-
ism’s size, morphology, dielectric and thermal properties, and
thermoregulation (EPRS, 2021; Pophof et al., 2022a). For
instance, plants maximize their surface-to-volume ratio to
optimize their interaction with the environment, and hence
they are specially adapted to absorb EMF emissions (Vian
et al., 2007). Moreover. as plants lack mobility, they can be
constantly exposed in a radiated area.

Small-size animals are also particularly sensitive to fre-
quencies above three gigahertz, which will be increasingly
used for new generations of communication, because res-
onance factors that can lead to significant heating are size
dependent (De Borre et al., 2021; Simké & Mattsson, 2019;
Thielens et al., 2018). In such cases. small shifts of inci-
dent power density to these higher carrier frequencies can
increase the insects’ absorbed power by a relatively large
factor (Thielens et al., 2020). Furthermore, the exposure of
plants to EMFs at millimeter wavelengths (e.g., in the 26
gigahertz band) should receive special attention because they
can impact tissues and organs that have a high surface area-
to-volume ratio (e.g., leaves) (Vian et al., 2016).7 In sum,
given the absence of relevant regulations and guidelines, non-
human organisms can also be exposed to man-made EMFs
at thermal levels. Flying animals and plants located within
exclusion zones surrounding mobile phone base stations or
between two connected radio relay antennas are especially at
high risk of such exposure. It is worth noting that exclusion
zones with no public access around the mobile phone base
stations are widening when 5G technology involves adding
new emissions to a mast with preexisting emissions based on
older technologies (ITU, 2018; Lewicki, 2020).

The onset of 3G technology has reopened the debate on the
effects of EMFs on health in the public sphere. 5G technol-
ogy is commonly associated with the use of multiple-input
multiple-output (MIMO) antennas, new frequency bands
above 6 gigahertz, and small cells (ITU, 2021).% The effects
on human health due to the exposure associated with these
antennas, and with millimetric frequency bands such as the 26
gigahertz band are yet to be fully explored (ANSES, 2022).°
Within the context of the arrival of this technology, a report
was commissioned by the Panel for the Future of Science
and Technology (STOA) and managed by the European Par-
liamentary Research Service (EPRS) to review the academic
literature on the effects of RF-EMFs used in 5G technology
on nonhuman vertebrates, invertebrates, and plants (EPRS,
2021). The report proposes a set of policy options that address
the problem of the potential effects of EMFs from mobile
communications on nonhuman organisms.

T These wavelengths can also impact the morphogenesis of plants if organs are
developed as an electromagnetic dielectric resonator (Pietak, 2012),

8 The international guidelings for human health have been updated to take into account
the specificities of emissions in the new frequency bands and of 5G technology
(ICNIRF, 2020; IEEE, 2019).

? Besides, the use of averaged exposures to antenna phased arrays based on international
standards may overlook the biological exposure to peak waves (Levitt et al., 2022).
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This article is based on the conclusion drawn from the
EPRS review, through a survey of a representative sample
of interest groups and interviews with selected stakeholders
in Europe. It aims to identify policy priorities among those
proposed by the EPRS report. The analysis uses a multicri-
teria decision-making (MCDM) model that has been applied
to an array of risk-based problems (Keisler & Linkov, 2021).
In particular, an integrated Analytic Hierarchy Process-Goal
Programming (AHP-GP) approach is implemented. Both
AHP and GP apply to a variety of situations involving risk
and uncertainty in governmental planning (Rakes et al., 2022
Saaty, 1987). This integrated approach enables the user to
identify compromise solutions and is therefore useful for
politically sensitive situations or situations where different
stakeholders have highly divergent preferences. The derived
results can be used to develop priority pilot programs on the
topic of EMFs.

The remaining sections of this article are set out as follows.
The second section describes the policy options proposed
by the EPRS to prevent the exposure of nonhuman organ-
isms to mobile communications emissions (EPRS, 2021).
The third section presents the survey-based methodology
to analyze the preferred EPRS policy options by different
stakeholder groups. The fourth section reports the results of
the survey analysis. The fifth section discusses some policy
implications. The appendix contains complementary infor-
mation about the survey and the methodology used in this
article.

2 | WHICH POLICY OPTIONS FOR
EXPOSURE OF NONHUMAN ORGANISMS
TO MOBILE COMMUNICATION
EMISSIONS WERE PROPOSED BY THE
EPRS?

The EPRS report concluded that dielectric heating can occur
at all frequencies used by mobile communications (0.4-300
gigahertz) and for all living organisms. Besides, research on
vertebrates has often mixed or inconclusive results.'” Con-
cerning invertebrates and plants, research is lacking and is
very limited for frequencies above 6 gigahertz. Given the
results of the analysis, the report proposes four policy options
that are described as follows.

The first policy option is to fund research on the exposure
of nonhuman organisms to RF-EMF. In particular, the EPRS
proposes to fund research on RE-EMF exposure of plants,
fungi, and invertebrates at frequencies below 6 gigahertz, and
all nonhuman organisms at frequencies above 6 gigahertz,
as below 6 gigahertz, most studies have been developed for
vertebrates. Moreover, although there are only a few stud-
ies above 6 gigahertz across all taxa, these frequencies are
already in use by 3G and are expected to be increasingly
employed using this technology. Such research would allow

10See Appendix | for a short discussion on the limitations concerning the research on
the effects of RF-EMFs in nonhuman organisms.,

for the implementation of evidence-based policy measures
concerning the exposure of nonhuman organisms to RF-EMF.
The EPRS report recalls that the ICNIRP guidelines that are
currently used in most European countries take into account
the biological effects that are harmful to human health only
(ICNIRP, 1998, 2020).

The second policy option is to measure and monitor the
exposure of nonhuman organisms to environmental RF-EMF,
that is, their exposure to far-field sources because nonhu-
man organisms are nonusers of technology. These measures
and monitoring should take place in locations where plants
and animals are more prevalent, unlike current practices that
focus on human presence. Because measurements require
trained technicians and are time-consuming, they could
be replaced by monitoring networks that provide temporal
information without requiring an on-site technician.

This second option is relevant in assessing whether
precautionary measures should be implemented to protect
nonhuman organisms from exposure to RF-EMF. Indeed,
there is a need to initially prove that the exposure has a nega-
tive effect or that there is uncertainty. In the case of RF-EMF,
given the limited literature on certain categories of organisms,
there is uncertainty about the effects of exposure. Second,
there must be a risk of (significant) exposure. Although expo-
sure is expected to change with 5G technology, it is difficult to
predict it now with the limited deployment of this technology.

The third policy option is to make it compulsory for oper-
ators to share information on mobile base station antennas,
as these are the dominant sources of environmental RF-
EME. Operators could disclose data on the type of antenna,
the operation frequencies, the precoding used over time,
the output power over time, and the specifications of the
antenna installation. This information is necessary to calcu-
late retroactively environmental RF-EMF exposure over time
at a large scale, but it is often not available, as operators
are wary of sharing their technical know-how. An alterna-
tive would be to establish an independent committee that
could interpret the data, instead of disclosing the information
publicly.

The fourth option is to require compliance studies for non-
human organisms when mobile phone base station antennas
are installed. These studies would enable competent author-
ities to determine the exposure of an organism near the
antenna, the maximum output power from the antenna, and
the minimum separation distance between the antenna and the
organism. Compliance studies should be implemented for all
organisms likely to be in the vicinity of the antenna, given that
dielectric heating has been demonstrated for all the categories
of organisms included in the EPRS report. This typically
includes bats, birds, insects, and nearby plants. These com-
pliance studies are essential, as those currently implemented
within ICNIRP guidelines focus only on human organisms.
However, the relationship between RF-EMF exposure and
temperature increase is determined by the properties of the
organism and, hence, in characteristics such as surface-
to-volume ratios, dielectric properties, thermal properties,
thermoregulation capacity, and physical size.
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3 | THE DATA AND METHODOLOGY

The survey is relevant to the extent that the relevant
stakeholder groups are identified. that the respondents are
representative of their respective organizations, and that they
are involved in policymaking in their organizations. Con-
cerning the first two points, international and national expert
meetings on health effects due to exposure to RF-EMF have
been held since the 2000s, with a larger weight given to recent
meetings and to those meetings with a special focus on non-
human organisms. The meetings were organized by a variety
of organizations, both private and public or international."’
They were mostly ad hoc meetings, seminars, and confer-
ences, rather than regular forums. The stakeholder groups
were consistently present across different meetings both at
the European and at the national scale.

Participants from nongovernmental associations (NGOs)
(and advocates) from the RF-EMF community had often
participated in RF-EMF calls for action. Participants from
academia were identified by selecting the authors with
high records of recent publications on the topic. They
often attended the meetings previously described and have
sometimes participated in calls for action on RF-EMF. Par-
ticipants from NGOs from the environmental community
were identified by selecting the most important conservation
organizations working with some species that are potentially
sensitive to the exposure to RF-EMF (bats, birds, bees),
and which can be subject to high exposure levels as they
can get close to antennas. Overall, the selected participants
are typically involved in policymaking on RF-EMF at their
respective organizations, by directly contributing to the elab-
oration of documents to define or influence policymaking,
guidelines, standards, and recommendations, or by provid-
ing input to feed in these streams of work. The choice of
the interest groups takes, therefore, into account those stake-
holders currently involved in decision-making processes on
RE-EMEFE. Nevertheless, some participants may lack appro-
priate expertise on the environmental risk of RF-EMF to
nonhuman organisms and, more generally, to life sciences.
Through the survey, both the strengths of this range of stake-
holders and their limitations are put to the forefront in a topic
that is inherently of a transdisciplinary nature and calls for
a close collaboration between the different disciplines given
the complementary required expertise.'”

The online survey was composed of two parts. First, the
survey contained an introduction to explain the framework
and to describe the main policy options identified by the
EPRS report (Appendix 2). Second. the survey itself was

" These meetings were organized by organizations such as the Body of European
Regulators for Electronic Communications (BEREC), the Radio Spectrum Policy
Group (RSPG), the ICNIRP. the WHO, the BFS, the Global System for Mobile
Communications (GSMA), and the International Telecommunications Union (ITU).

12 For example, engineers may have relevant expertise on benefits and limitations asso-
ciated with RF-EMF monitoring, social sciences’ experts from NGOs in the RF-EMF
community are likely to be well aware of decision-making dynamics, and life sciences’
experts from NGOs in the biodiversity community are likely to have a holistic under-
standing of nonhuman species legal frameworks, ecological stressors, and effectiveness
of potential management solutions.

composed of the core question on policy priorities concern-
ing the exposure of nonhuman organisms to RF-EMF from
mobile networks. This question was preceded by two addi-
tional questions to identify the typology of the respondents
(Appendix 3). In particular, the respondents were requested
to select the main stakeholder group to which they belonged,
as well as the country where the institution they worked for
was located. Respondents were requested to submit their indi-
vidual views and not those of the country or institution they
represented. They were informed that personal information
would not be disclosed."?

The survey was used to prioritize decision-making alter-
natives involving multiple social groups and multiple goals,
by searching for compromise consensus under an MCDM
methodology.'® There are five predefined policy options
(Table 1). A policy option on “no action” was added
to the four policy options identified by the EPRS report
for completeness. There are also six predefined groups of
stakeholders:'? (1) regulatory agencies. (2) central adminis-
trations, (3) the private sector, (4) NGOs and advocates, (5)
academics, and (6) local administrations.!®

The analysis is based on the assumption that it is highly
unlikely that two or more options are selected at a national
scale or the European level, given that (i) humans have so far
chosen not to address the effects of RF-EMF on nonhuman
organisms even if there is evidence of thermal effects on all
living organisms: and (ii) any of the proposed “action™ mea-
sures (options 1—4 in Table 1) have associated costs borne by
the public sector and/or the private sector, and with potential
direct and/or indirect economic impacts through mobile sec-
tor activities. The degree of conflict between the options can
be derived through a payoff matrix constituted by optimizing
each of the options in Table 1 separately over a constraint
set and then estimating the value of the other options at

13 Asa follow-up to the survey, respondents were contacted to identify their main field of
expertise (i.e., studies completed on engineering, physics, life sciences, social sciences,
etc).

14 Equal weight has been applied to the different stakeholder groups. First, siakeholder
groups have not devoted m the past ﬁigniﬁcunl attention to the topic of the effects of
the exposure of nonhuman organisms to RF-EME. Second, the past dynamics between
the different stakeholders on the protection of human from the exposure to RF-EMF
uncover a playing field whereby it is difficult to predict policy outcomes, The weight of
civil society on the policy debate led to unpredictable policy outcomes in the 2000s. As
such, a centain number of European countries have chosen exposure limits that are more
constraining than those defined by ICNIRP or IEEE guidelines. With the advent of 5G,
national administrations have faced uncertainty regarding their capacity to authorize 5G
emissions. Beyond these considerations related to whether or not giving the same weight
to all stakeholder groups is realistic, the analysis targeted a normative outcome (value-
based perspective of what “should” be), rather than a positive outcome associated with
what the market will actually deliver.

15 The stakeholder groups are intended to represent the different viewpoints of the soci-
ety at large, and as such they were chosen for this survey. Note that surveys targeting
directly the population could elicit the preferences of the society concerming this topic
according to their valuation, but this remains beyond the scope of this article.

1& Although local administrations are relevant stakeholders regarding RE-EMF policies,
they remain out of the scope of this article as their views cannot be appropriately cap-
tured through this type of survey at the European scale. Indeed, local administrations
were initially contacted to complete the online survey through national associations
of local administrations, e.g.. the Council of European Municipalities and Regions
(CEMR) and Mayors of Europe. The rate of response was very low and failed to reflect
nationwide plurality. Additional research on the views of this stakeholder group would
be informative to complement the work implemented in this article.



THE EXPOSURE OF NONHUMAN LIVING ORGANISMS TO MOBILE COMMUNICATION EMISSIONS

n

TABLE 1 Policy options concerning exposure of nonhuman organisms to RF-EMF from mobile networks.

Designation Description

O, Funding research on exposure to nonhuman organisms o RF-EMF

[ Monitoring RF-EMF exposure on nonhuman organisms

Oy Information sharing on base station antennas by mobile operators to assess exposure

Oy Compliance assessments and prevention of high RF-EMF exposure near base station antennas for nonhuman organisms
05 Mo action

Nete: Options are detailed in Section 2 and Appendix 2,

TABLE 2 Payoff matrix to derive the degree of conflict between options.

Values for the different options

Funding  Monitoring RF-EMF  Information on base station Compliance assessments and
Optimization option research  exposure antennas prevention No action
Funding research Max Min Min Min Min
Monitoring RF-EMF exposure Min Max Min Min Min
Information on base station antennas Min Min Max Min Min
Compliance assessments and prevention  Min Min Min Max Min
No action Min Min Min Min Max

Note: The elements of the main diagonal (bold) represent the ideal values when the corresponding option is maximized. The lowest values of each of the columns represent the

corresponding undesirable outcome for that option.

each of the optimal solutions (Linares & Romero, 2000). In
the absence of precise estimates to derive this matrix, it is
possible to implement a qualitative analysis (see Table 2).

Proceeding to analyze the payoff matrix, once the no-
action option (option 3) is maximized, the remaining options
are minimized. The analysis concerning the other options
is more subtle. If we maximize the funding research option
(option 1), this may probably lead to higher taxation on
mobile operators and management burden on the public sec-
tor. There is a modest probability that additional requests
concerning options 2—4 are accepted because they would also
place a burden on the private and public sectors. In addition,
like option 1, options 2—4 can impact mobile rollout through
taxation, communication, and/or deployment restrictions. To
summarize, once the funding option is maximized, the prob-
ability that the remaining options are chosen is minimized.
The other options (2—4) in Table 2 can be analyzed following
the same reasoning.

Furthermore, it is possible to implement options 1-4 inde-
pendently. For instance, options 2 and 4 can be considered
independently of option | on funding research. Option 2
on monitoring can be developed with currently prevailing
methods and technologies. Option 4 on compliance assess-
ments and prevention can be implemented based on the
evidence associated with the thermal effects of the exposure
to RF-EMF and using current simulation and measurement
techniques. The prevention of exposures can also be done
using existing technologies, for example, radomes, wires,
nets, and plastics, as this is currently done for radar tech-
nologies. It is also possible to develop research studies
without data from monitoring networks and disassociated
from compliance assessments.

Based on the framework laid out above, there is a signif-
icant degree of conflict between the five options. There are
no redundant options and consequently all options should be
considered in the analysis. In fact, whereas respondents were
allowed to give equal priority to options 1-4, none chose
this possibility. Nevertheless, although the options analyzed
are currently considered mainly exclusive, this may evolve
toward more complementarity with stronger support for
action. For example, monitoring networks and information
from base station antennas can feed into research analyses,
research studies could provide new evidence (e.g., related to
nonthermal effects of exposure to RF-EMF), which can be
used in compliance assessments and prevention measures.

This MCDM methodology is based on an integrated AHP-
GP'" approach involving multiple objectives that can be
conflicting (Ananda & Herath, 2009).'® Within this frame-
work. the AHP enables preferential weights for each group of
decision-makers to be obtained that can be used as input for
the compromise GP method to obtain societal preferences. In
the first stage of the approach, the AHP is used to evaluate the
relative importance of the policy options in Table 1 at the level
of stakeholder groups (Saaty, 1990). The AHP has typically
four phases: (i) modeling, (ii) valuation, (iii) prioritization,
and (iv) synthesis. Given the one-level modeling presented
in Table 1, each respondent was requested to perform paired
comparisons of policy options, taking into account their rel-
ative importance to form a pairwise matrix. The respondent

17 1t is recalled that AHP-GP stands for Analytic Hierarchy Process-Goal Programming.
18 The integrated AHP-GP combines two of the most common MCDM techniques. This
approach is often used in operations research (see, for instance, Aznar-Bellver et al.,
2011; Diaz-Balteiro & Romero, 2001; Khorramshahgol & Al-Husain, 2021).
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TABLE 3

The comparison scale to evaluate policy options conceming RF-EMF exposure to nonhuman organisms from mobile networks.

Explanation of the comparison scale

Numeric values to enter

If option €; and O are EQUALLY important

If option [ is MODERATELY more important than option O

If option f; is STRONGLY more important than option O

If option { is VERY STRONGLY more important than option Oy
If option @; is EXTREMELY more important than option Oy

0

3
3
7
9

Nete: O; and Oy represent the different options in Table | wherei=1,...,gandk=1,..., g with k # i and g = 5.

was asked to use a modified Saaty scale from zero to nine
(Table 3)."

In the third AHP phase. the weights associated with the dif-
ferent policy options were derived from the pairwise matrix
for each respondent through the eigenvalue method (Goe-
pel, 2013; Larsen, 2013). A key feature of the AHP is the
possibility to evaluate the inconsistency of each respondent
when eliciting its choice through a consistency ratio (CR) that
should typically be below or equal to 10% (Saaty, 1990).20 If
the CR is above 10%, inconsistent rating of policy options
was corrected by exchanging with the respondent and/or
correcting mistakes in the data, to obtain CR < 10%.

In the fourth phase (synthesis), the final weights associated
with the group of stakeholders were derived by aggregating
the weights of each respondent within that group through the
geometric mean aggregation method because it can preserve
the reciprocal property in the combined pairwise comparison
matrix (Liu et al., 2017). A Shannon-entropy consensus indi-
cator for the aggregated stakeholder group result was also
derived (Shannon, 1948).! The indicator ranged from 0%
to 100% consensus, with intermediate values indicating the
degree of consensus between respondents within the same
stakeholder group.”

In the second stage of the AHP-GP approach. an extended
GP method was used to aggregate the weights attributed
to policy options by each group of stakeholders (Linares
& Romero, 2002; Romero, 2014). The method enables the
user to integrate minority choices by developing solutions
where more importance is attached to the minority stake-

19 The Saaty scale was slightly modified by substituting the scale of one by a scale of
zero to render the interpretation easier to respondents. Applying then a scale of zero in
a pairwise companson means attributing an equal imponance to two policy options.
*The CR ranges between zero and one and is given by CR = CURI, where CI stands
for the consistency index expressed as (Amax — n)f(n — 1), Amax being the principal
eigenvalue of the matrix and » is the order of the matrix, and RI stands for the random-
ness index (Saaty's predefined index depending on the size of the matrix) (Saaty, 1980).
If there is full consistency, CR = CI =0,

21 The Shannon-entropy consensus indicator integrates both alpha diversity, which
measures the average individual decision maker’s priority distribution among policy
options, and beta diversity, which measures the variations of priority distributions
among decision-makers within the stakeholder group. See Goepel (2013, 2018) for a
detailed description of the indicator. Building on information theory, this index has been
used extensively in ecology during the last 50 years to measure biodiversity (Magurran
& MeGill, 2011). Note that in the presence of a large variety in dissimilar judgments,
the Shannon consensus index allows to explore potential subgroups of higher consensus
among a larger group of participants (Goepel, 2024). Other consensus indexes could
also be applied (see, e.g., Chiclana et al., 2008; Dong et al., 2010).

22 The consensus indicator can be interpreted in the following way: very low (< 50%),
low (50%—65%), moderate (65%—T75%), high (75%—85%), and very high (>85%)
(Goepel, 2018).

holder group, that is, the group whose judgment significantly
differs from the choices of other groups. The method can pro-
vide social weights that minimize the disagreement of the
most displaced stakeholder group. The achievement function
associated with this method is as follows:

Achievement function:

q
Min(1 =)D+ Y (7 + py) L
i=1 j=1

such that
Goals:

g
> (g +p-)-D <0 (1.1)
i=1

q
Z {ﬁl'm +}'}—m) -D<0

WS+ iy — py = W, (1.2)

ie|l,...q}.je(l,..,m}

Accounting rows:

q
> (i +p-1) =Dy =0 (1.3)

q
Z (Rjgy +P—y) = Dy =0

i=1
g m

> ¥ (i +py) - Z=0 (1.4)

i=1 j:l

iz0,p204€l0,1]
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where i={l,..,q} are the policy options (g = 5), j=
{1,...,m} are the stakeholder groups (m = 5).* f; and py;
are the negative and positive deviation auxiliary variables that
represent the difference between the consensus value for the
ith policy option and the value attributed to the ith policy
option by the jth stakeholder group, A is a control param-

eter that can vary between 0 and 1, Wf is the preference
weight attached to the ith policy option by the jth stakeholder
group, W7 is the preference weight attached to the ith policy
option criterion across all groups of stakeholders (referred to
as society hereafter), Dy, ..., D, are variables that measure
the disagreement of each stakeholder group with respect to

m
the consensus value, D = max(Dy,...,D,) and Z = E D;.
i=1

I
Through the achievement function (1}, the societal weights
W;," attached to each policy option are derived from the stake-

holder groups™ weights Wf attached to each policy option.
For ™ = 0, the function implements the minority consensus,
that is, a consensus that minimizes the disagreement of the
most displaced stakeholder group. For ¥ = 1, the function
implements the majority consensus, that is, the consensus that
maximizes the average agreement. For intermediate values of
A, the function implements compromise solutions between
the minority and the majority consensus. The achievement
function is typically run for values of * = Oand” = 1 and,
if necessary, for intermediate values.

4 | THE SURVEY RESULTS

The online survey was carried out between March 14 and
April 31, 2023>* The survey data from 86 respondents
were collected between March 14 and April 31, 2023.%° The
respondents worked at 75 organizations located in 22 coun-
tries in the European Union, Switzerland and the United
Kingdom (Table A4l in Appendix 4).°° There were many
respondents from France (24), the United Kingdom (10), Ger-
many (6), Italy (6), and Switzerland (5).2” In terms of the
stakeholder groups. most of the regulatory agencies were

B It is recalled that although the predefined number of stakeholder groups was six, local
administrations were dropped from the analysis (see footnote 11).

3 A pilot survey was tested with a limited number of stakeholders prior to the launch
of the survey. This survey was complemented with information from semistructured
interviews with selected stakeholders.

* When performing a survey, the objective is to obtain representative data within a cer-
tain target group or population, Given the initial population space (250), a desirable
sample size has been attained (95% confidence level, 8.6% margin of error, and sam-
ple proportion of 30%) (Daniel. 1999; Krejcie & Morgan, 1970). The response rate is
34.4%.

% There is no overrepresentation of organizational entities as, except for respondents
from regulatory agencies, in only 4 cases there are two respondents from the same insti-
mtion. In the case of regulatory agencies, given the concentration of regulatory power,
there are sometimes several participants from the same institution (2 in Finland, 4 in
France, and 2 in Malta). Note that these institutions are often composed of departments
with different mandates (e.g., international affairs, frequency management, competition
policy...), and having several respondents from the same institution allows to capture
this diw:r!i'l‘(}'.

Diis important to have survey participants from a large number of European countries
because the purpose of the article is to share some insights about the preferences of
European stakeholders concerning the EPRS (2021) policy options. These insights can
provide some input to feed into discussions associated with the potential implementation

TABLE 4  Stakeholder groups.
Number of  Number of
Designation  Key stakeholders respondents  countries
D, Regulatory agencies 24 16
- Central administrations 12 7
Dy Private sector 3 3
D, NGOs and advocates 26 10
-RF-EMF community 18 9
-Environmental community 8 3
Ds Academics 19 9

specialized in the telecommunications sector, with a small
minority handling radiation and/or health issues as their core
activity. Respondents from central administrations came from
a diversity of structures, ranging from ministries to special-
ized agencies, and with core activities ranging from economic
development to health.

The private sector is composed of both operators and man-
ufacturers. NGOs and advocates represented the RF-EMF
area of expertise and, to a lesser extent, the environmen-
tal field (bat, bird, and bee conservation).”® NGOs from the
environmental field had not necessarily been involved with
RE-EMF issues previously, unlike the other respondents of
the survey. They were selected to elicit any emerging trend on
RF-EMF effects concerning flying animals which are more
likely to be in close proximity to the beam of the antennas
(Section 2). The fields of expertise of academics were mainly
engineering, medicine, and biology.

As described in Table 4, the number of respondents from
regulatory agencies was particularly high (24), and they rep-
resented 16 countries (see also Table A42, which shows the
countries included per stakeholder group). There was a small
number of respondents from the private sector. The main field
of expertise of almost half of the respondents was engineer-
ing, followed by life sciences, social sciences, and physics
(Table A43). Engineers were present across all the stake-
holder groups and were the majority in regulatory agencies
(more precisely, 81% of respondents in regulatory agencies).
Life science experts were mainly present in the NGOs and
advocates and the academics stakeholder groups.

4.1 | Results from the first stage of the
AHP-GP approach

In Table 5. the results of the first stage of the AHP-GP
approach are presented after correcting for inconsistency in

of these nptllnns mn I‘"JJTDFI_'_ We note that one of the limitations of the annly:ii:i 15 the
uncven number of respondents from different European countries (see Table A41; in
particular, 40 respondents from France and 10 from the United Kingdom).

% Respondents were asked afier the survey whether they agreed to disclose if they were
primarily in an EMF-related community or in a biodiversity-related community.
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TABLE 5  AHP results: Preferred policy options concerning exposure of nonhuman organisms to RF-EMF mobile networks according to the
stakeholders™ group.
Regulatory  Central Private NGOs, NGOs and NGOs and
agencies administrations  sector advocates advocates advocates Academics
RF-EMF Environmental
community community
Funding research 25.6 40.5 38.1 385 39.1 385 38.7
Monitoring RF-EMF exposure 21.0 17.0 193 20.8 220 18.8 25.3
Information on base station antennas 229 19.1 11.2 12.2 10.4 16.3 14.3
Compliance assessments and prevention  25.0 14.3 9.9 243 24.0 226 18.0
No action 3.3 9.1 21.5 4.2 4.5 3.8 3.7
Shannon-entropy consensus 62.3 44.6 46.3 62.2 56.9 64.8 68.7

Note: The table presents AHP results after correcting inconsistent ratings of policy options (CR < 10%) (in percentage). The results are derived according to the methodology

described in Section 3 (Goepel, 2013). Each of the columns adds up to 100%.

each respondent’s choices.”” The results are very close to
those obtained without this correction (Table A44). The pre-
ferred policy option, independent of the stakeholder group, is
funding research. In addition, funding research was selected
as a first policy option by most respondents across all stake-
holder groups (Table A45). Following funding research. the
second policy option that respondents preferred was: com-
pliance assessments and prevention (regulatory agencies, and
NGOs and advocates), information on base station anten-
nas (central administrations), no action (private sector), and
monitoring RE-EMF exposure (academics).

Regarding the policy option that was selected as a first
option, funding research (selected by respondents on 42 occa-
sions) is followed by monitoring RF-EMF exposure (24),
compliance assessments and prevention (16), information on
base station antennas (14), and no action (4).

In Table 5, it should be noted that no action taken is by
a large margin the least preferred policy option across all
the stakeholder groups, except the private sector. Respon-
dents from regulatory agencies had similar preferences across
all options except for no action. Operators and NGOs and
advocates attributed low values to information on base sta-
tion antennas, and operators to compliance assessments and
prevention.

Moreover, the Shannon-entropy consensus is relatively low
for two groups of stakeholders: central administrations and
the private sector. With respect to central administrations, this
result can be explained by the very different nature of the
concerned administrations and associated staff ranging from
economic development, health, and environmental adminis-
trations to technical bodies on telecommunications, radiation,
and health. Regarding the private sector, the very low consen-
sus is more likely related to the different perceptions of these
respondents concerning this topic.

In Table A46, the results of the first stage of the AHP-
GP approach are presented according to a classification by

2 The comments shared by the different stakeholder groups are available in Appendix
5. These comments provide anecdotical evidence and do not represent an exhaustive
overview of the views of each group.

the main field of expertise of the respondent (after correct-
ing for inconsistency in each respondent’s choices). Given the
typology of respondents, fields of expertise were classified as
follows: engineering, physics, life sciences (mainly biology
and medicine), and social sciences. The purpose of this exer-
cise was to elicit whether there are specific patterns in choices
depending on the field of expertise. A casual look at Table
A46 shows that respondents have similar preferences inde-
pendently of the field of expertise: funding research, followed
by monitoring RF-EMF exposure, compliance assessments
and prevention, information on base station antennas, and
no action. Most respondents have expertise on engineering
(40), followed by life sciences (24), social sciences (14), and
physics (6) (Table A47). There were a larger number of engi-
neering and life sciences respondents selecting compliance
assessments and prevention as a first policy option rather than
monitoring RF-EMF exposure.

The decision to break out the stakeholder groups was
driven by the results in this section, despite the low number
of respondents for some groups such as the private sector,
and NGOs and advocates in the environmental community.
From a policy perspective, it is informative to disclose group
preferences. To begin with, the first choice concerning pol-
icy priorities is more funding for research independently of
the stakeholder group being analyzed. This is a key output
of the analysis because all the groups have the same prefer-
ences even though they have very different points of view and
expertise on the topic. Moreover, by disclosing the informa-
tion by stakeholder group. it is not possible to infer that these
results are broadly driven by some stakeholder groups.

Secondly, there are specificities associated with each
stakeholder group that can be informative for policy deci-
sions. The preferences of the different stakeholder groups
associated with monitoring RE-EMF exposure suggest that
there is room for discussion for the implementation of this
option. Regarding compliance assessments and prevention,
both the private sector and central administrations give low
ratings suggesting that any associated policy action would
be difficult to implement. Probably associated with differ-
ent reasons (see Appendix 5), both the private sector and



THE EXPOSURE OF NONHUMAN LIVING ORGANISMS TO MOBILE COMMUNICATION EMISSIONS

TABLE 6 Social preferences with the extended GP model.

Achievement function

Min (1 =)D+ E;_ | X7 i+ py)
subject to:

Goals

E,il(ﬁn +p_)-D =0
¥ (Gin+p2)-D<0
T, +p_3)-D <0
T, (g +p-g) =D <O
¥ (s +p-s) -D <0
W3 + i3y — 3 = 22.9
Wi + iz — P32 = 19.1
w1 +Figy — 3z = 11.2
W2 4 figg — Pag = 122

W.:- + fizs = p3s = 14.3

Wi 4y — pyy = 25.6
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WS + iy = pry = 38.1
WS 4 fiyg = Py = 38.5
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W + iy — oy = 210
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W3 +figg — s = 208
W3 + s — s = 25.3
W +ii5; — ps; = 5.5
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Accounting rows
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Note: See Section 3 for the definition of these variables.

TABLE 7 Results: Social preferences with the extended GP method.

Z D Dy D, D; Dy Ds Wi w3 W LA Wi
Majority consensus (4 = 1)

92.10 29.20 28.70 17.90 29.20 Q.80 6.50 38.50 20.80 14.30 19.00 5.50
Minority consensus (4 = 0)

102.75 28.55 28.55 28.55 28.55 6.25 10.85 38.10 20.80 12.20 19.85 5.50

Nate: This table shows the results of the GP method in Table 6. Z is the sum of Dy-Ds, I} measures the maximum of the values Dy—Ds, D-Ds represent the disagreement of each
group as listed in Table 4 with respect to the consensus that is obtained, and i'f': = W; are the reference weighl_'.' {in percentage) attached by sml:l'l:l)- to each criterion as lisied in

Table 1.

NGOs and advocates from the RF-EMF community have
low preferences for the option of information from base
station antennas. Lastly, even though NGOs and advocates
in the environmental community were not systematically
well informed about this topic, they have well-defined
environmental management frameworks in the presence of
uncertainty, and this is reflected in their answers to the survey
as well as in their exchanges with authors.

4.2 | Results from the second stage of the
AHP-GP approach

In the second stage of the AHP-GP approach, the preferences
of the different stakeholder groups are integrated. Table 6
shows the formulation of the associated extended GP model,
and Table 7 shows the results of the estimation. The second
row in Table 7 corresponds to the solution that maximizes the

average agreement, and the third row corresponds to the solu-
tion that minimizes the disagreement of the most displaced
group. Given that the majority and minority consensus are so
close, no compromise solutions are necessary.

With the majority consensus agreement, respondents give
at least two times more weight to funding research than to
any other option (38.5%). The following options are monitor-
ing RF-EMF exposure (20.8%) and compliance assessments
are prevention (19%), with a slight advantage for monitor-
ing. The options that received less weight are information on
base station antennas (14.3%) and, in last place, no action
(5.5%). This solution is closest to the preferences of sci-
entists and NGOs and advocates (D5 = 6.5 and Dy = 9.5,
respectively). The private sector is the stakeholder group
characterized by the largest disagreement with respect to this
majority consensus agreement (D3 = 29.2).

Turning to the minority consensus agreement, compared
with the majority consensus the sum of disagreements



