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1.	 Introduction: the environment as a complex, adaptive system and natural 
services as emergent phenomena

For some time, the segmentation of environmental law has been laying bare 
its own structural limits. It is now clear that, if environmental protection is to be 
effective, this fragmentation will need to be resolved in order to embrace a sys-
temic vision 1. This is the only way in which the nature and importance of natu-

*  Given the innovative nature of the topic and the scientific relevance of the work, the essay is published 
in both Italian and English to promote its wider dissemination.

**  Article related to the research project funded by the European Union – Next Generation Eu, Mission 
4 Component 1, CUP D53D23007100001, as part of the PRIN 2022 call for proposals, project “PA-LIVES – 
public administration and legal instruments for valuing ecosystem services” (2022C9STMM).

1  For an overview of the evolution of the legal concept of the environment, see inter alia, R. Ferrara, 
L’ambiente, e il suo diritto, nelle riflessioni di Massimo Severo Giannini, Dir. Amm., 2024, 1, 207 et seqq.; F. 
Fonderico, Ambiente (tutela dell’), entry in Enc. giur. Treccani, Agg., vol. XVI, Rome, 2008; S. Grassi, Tute-
la dell’ambiente (dir. amm.), entry in Encicl. Dir., Annali, vol. I, Milan, 2007, 1114 et seqq.; G. Morbidelli, Il 
regime amministrativo speciale dell’ambiente, in Scritti in onore di Alberto Predieri, vol. II, Milan, 1996, 1121 et 
seqq.; G. Pericu, Ambiente (tutela dell’) nel diritto amministrativo, entry in Digesto (disc. pubbl.), vol. I, Turin, 
1987, 189 et seqq.; P. Dell’Anno, E. Picozza, Trattato di diritto dell’ambiente, Padova, 2012; a solid foundation 
was laid by M.S. Giannini, Ambiente: saggio sui diversi suoi aspetti giuridici, Riv. Trim. Dir. Pubbl., 1973, 15 
et seqq.; see also (albeit less frequently cited), M.S. Giannini, Riflessioni su energia e ambiente, in Impianti ener-
getici e ambiente, Milan, 1988, 79 et seqq.; the need to develop a systemic vision within the law of the environ-
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ral services as well as of individual physical elements can be understood, as vital 
services “emerging” from the dynamic interaction between ecological resources 
and ecological processes 2 within a network that is constantly self-organising and 
regenerating itself 3. 

The constitutional reform of 2022 is based on this awareness, having intro-
duced the core conceptual categories of ecology into the heart of the Constitu-
tion 4. However, despite the innovative potential inherent within the reworded 
Article 9 of the Constitution, it must be acknowledged that positive law rules are 
still unsuited to vesting ecosystem services with significance and protection that 
is commensurate with their importance.

ment is discussed by M. Cafagno, Principi e strumenti di tutela dell’ambiente. Come sistema complesso, adattativo, 
comune, Turin, 2007, passim, to which I refer for the sake of convenience, also for bibliographic references; for 
a summary overview, see M. Cafagno, M. D’Orsogna, F. Fracchia, The Legal Concept of the Environment and 
Systemic Vision, in The Systemic Turn in Human and Natural Sciences: A Rock in the Pond, edited by L. Urba-
ni Ulivi, Cham, 2019, 121 et seqq.; lastly, see also F. Fracchia, L’ambiente e i suoi servizi nella prospettiva della 
prassi: una lettura sistemica, Napoli, 2025.

2  On the concept of “emergence”, see J.H. Holland, Emergence: From Chaos to Order, Oxford, 2000; 
with specific reference to ecosystem services, S. Levin, Fragile Dominion. Complexity and the Commons, Cam-
bridge (MA), 1999, passim; J. Farley, Ecosystem Services: the Economics Debate, in Ecosystem Services, 2012, 1, 40 
et seqq.; S. Muddiman, Ecosystem Services, Springer Nature Switzerland, 2019; amongst the legal studies focus-
ing on ecosystem services, which are certainly less numerous, see the special issue of the review Ecosystem Ser-
vices, Legal Aspects of Ecosystem Services, Special issue, edited by V. Mauerhofer, vol. 29, 2018; see also the spe-
cial issue of the review The University of Queensland Law Journal, Special issue on Ecosystem Services and the Law, 
2020, vol. 39, no. 3; Services écosystémiques et protection des sols. Analyses juridiques et éclairages agronomiques, 
edited by C. Hermon, Versailles, 2018; J.B. Ruhl, S.E. Kraft, C.L. Lant, The Law and Policy of Ecosystem Ser-
vices, Washington-Covelo, London, 2007; within the national literature, see A. Fari, Beni e funzioni ambienta-
li. Contributo allo studio della dimensione giuridica dell’ecosistema, Naples, 2013; Id., L’ambiente come funzione. 
Servizi ecosistemici e capitale naturale, in Diritto dell’ambiente, edited by G. Rossi, Turin 2021, 121 et seqq.; 
Monteduro, From Agroecology and Law to Agroecological Law? Exploring Integration Between Scientia Ruris and 
Scientia Iuris, in Law and Agroecology. A Transdisciplinary Dialogue, edited by M. Monteduro, P. Buongiorno, 
S. Di Benedetto, A. Isoni, Berlin-Heidelberg, 2015, 57 et seqq.

3  For a catalogue of services, see the CICES – Common International Classification of Ecosystem Ser-
vices, within the MAES European process – Mapping of Assessment of Ecosystem and their Services, which can be 
consulted at https://cices.eu, as well as the Millennium Ecosystem Assessment report, Ecosystems and Human 
Well-Being. A Framework for Assessment, Washington D.C., 2003, 78 et seqq., www.millenniumassessment.org.
Institutions, Ecosystems, and Sustainability, edited by R. Costanza, B. Low, E. Ostrom, J. Wilson, Lewis Pub-
lishers, Boca Raton, 2001; R. Costanza, J. Cumberland, H. Daly, R. Goodland, R. Norgaard, An Introduction 
to Ecological Economics, Boca Raton, 1997, 53 et seqq.; H.E. Daly, J. Farley, Ecological Economics, Washington 
D.C., 2003, 106 et seqq. 

4  V. F. Fracchia, Transizioni: il punto di vista del diritto amministrativo, Naples, 2024, passim and 60 et 
seqq.; F. De Leonardis, Lo Stato Ecologico. Approccio sistemico, economia, poteri pubblici e mercato, Turin, 2023; 
A. Morrone, L’ambiente nella costituzione. Premesse di un nuovo contratto sociale, in La riforma costituzionale in 
materia di tutela dell’ambiente, Atti del convegno Aidambiente 28 gennaio 2022, Naples, 2022, 91 et seqq.; in 
the same work see also M. Cecchetti, La riforma costituzionale in materia di tutela dell’ambiente nella memoria di 
Beniamino Caravita di Toritto, 9 et seqq.; M. Monteduro, Riflessioni sulla ‘primazia ecologica’ nel moto del diritto 
europeo (anche alla luce della riforma costituzionale italiana in materia ambientale), 221 et seqq.

http://www.millenniumassessment.org
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The structural characteristics of services – spatial and temporal dissemina-
tion, functional interdependence, shared exploitation and apparent free status 5 – 
represent a difficult challenge for institutions 6.

Whereas public entities operate in line with their powers, ecosystem services 
reach beyond their boundaries. The administrative model based on authoritative 
measures is premised – perhaps overly optimistically – on a marked capacity for 
control and pre-emption on the part of lawmakers and executive bodies 7. How-
ever, this is hard to reconcile with the conditions of radical uncertainty typical of 
the genesis of ecosystem services 8. 

Our administrative culture is based on canons of formal legality as well as 
a sequential conception of procedure, reflecting a Weberian rationalism centred 
on foreseeability and hierarchical control 9. This system has safeguarded values of 
democracy, universality, and impartiality, but struggles to address increasingly 
interconnected and unstable phenomena 10. There is widespread recognition of the 
need to develop legal mechanisms that, without undermining the foundational 
values of public action and organisation, are capable of enhancing flexibility and 
adaptability, especially in relation to environmental matters 11.

In short, complexity is the rock on which the ship of linear rationality 
underpinning the traditional way of understanding the relationship between law 
and administration risks foundering 12.

5  For a thorough discussion of the defining characteristics of the three properties, along with related 
implications for jurists, see M. Cafagno, Principi e strumenti di tutela dell’ambiente, cit., 103 et seqq. and passim; 
the issue is addressed in more concise terms in M. Cafagno, Integrare la tutela dell’ambiente con le scienze com-
portamentali. Un’analisi introduttiva, Turin, 2025, 17 et seqq., and in M. Cafagno, G. Cavalieri, Una riflessione 
sugli strumenti giuridici di valorizzazione dei servizi ecosistemici, in Servizi Ecosistemici e tutela giuridica dell’am-
biente, edited by M. Cafagno, G. Cavalieri, Milan, 2025, 7 et seqq.

6  Social-Ecological Resilience and Law, edited by A.S. Garmestani, C.R. Allen, New York, 2014, passim; 
T. Dietz, E. Ostrom, P.C. Stern, The Struggle to Govern the Commons, in Science, 2003, vol. 302, 1907 et seqq.; 
K.N. Lee, Compass and Gyroscope. Integrating Science and Politics for the Environment, Washington D.C., 1993; 
D.H. Meadows, Thinking in Systems, White River Junction, 2008, in particular chapter 5, “System Traps … 
and Opportunities”.

7  G. Pericu, Verso nuovi modelli nel rapporto pubblico privato, in Scritti scelti, collection edited by E. Bru-
ti Liberati, M. Bucello, M. Cafagno, L. Piscitelli, A. Quaglia, M. Ramajoli, Milan, 2009, 614; in the same work, 
see also G. Pericu, Esperienze di un amministratore giurista, 927 et seqq.

8  C.S. Holling, G.K. Meffe, Command and Control and the Pathology of Natural Resource Management, 
Conservation Biology, 1996, vol. 10, no. 2, 328 et seqq.

9  M. Weber, Wirtschaft und Gesellschaft, J.C.B. Mohr, Tübingen, 1922, vol. II, 527 et seqq.; G. Melis, 
Storia dell’amministrazione italiana, Bologna, 1996.

10  J.C. Scott, Seeing Like a State, New Haven, 1998.
11  J.B. Ruhl, General Design Principles for Resilience and Adaptive Capacity in Legal Systems - With Appli-

cations to Climate Change Adaptation, North Carolina Law Review, 2011, 89, 1373 et seqq.; J.B. Ruhl, Regulation 
by Adaptive Management - Is it Possible?, Minnesota Journal of Law, Science and Technology, Vol. 7, 21 et seqq.

12  The overall literature on systems theory and complexity is extraordinarily rich; the general works 
that have provided particular inspiration to this author include, amongst others, V. Ahl, T.F.H. Allen, Hierar-
chy Theory: A Vision, Vocabulary, and Epistemology, New York, 1996; L. Von Bertalanffy, General System Theo-
ry, George Braziller, New York, 1968; F. Capra, P.L. Luisi, The Systems View of Life: A Unifying Vision, Cam-
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These rocks reach deep below the surface, and are both cognitive and nor-
mative 13.

This paper will explore this problem, starting from the premise that both 
the natural ecosystem as well as the administrative apparatus are complex, adap-
tive systems, each with its own temporal and spatial scales, its own feedback 
mechanisms, and its own evolutionary dynamics 14.

2.	 Mismatch problems

The environmental literature suggests that the dilemmas confronting envi-
ronmental law should be conceived of as problems with a common origin in the 
mismatch between the scale of human actions, processes and responsibilities on 

bridge, 2014; H. Von Foerster, Observing Systems, Seaside (CA), 1981; J.H. Holland, Hidden Order: How 
Adaptation Builds Complexity, Cambridge (MA), 1996, passim; Id., Signals and Boundaries: Building Blocks for 
Complex Adaptive Systems, Cambridge (MA), 2014; Id., Complexity: A Very Short Introduction, Oxford, 2014; 
N. Luhmann, Soziale Systeme, Frankfurt, 1984; I. Licata, Complessità. Un’introduzione semplice, Rome, 2018; 
H.A. Simon, The Sciences of the Artificial, Cambridge (MA), 1969, 3rd edn. 1996; N. Salthe, Evolving Hierar-
chical Systems, New York, 1985; P.M. Senge, The Fifth Discipline, New York, 1990; an excellent introduction, 
intended for a general reader, which presents the history of the famous Santa Fe Institute (https://www.santafe.
edu), is provided by M.M. Waldrop, Complexity, New York, 1992.

13  The properties of the environment and ecosystem services heighten the tendency towards cognitive 
and behavioural distortions, thereby hampering effective and forward-thinking decisions. See further, A. Row-
ell, K. Bilz, L.J. Demaine, The Psychology of Environmental Law, New York, 2021, passim and 31 et seqq.; L. 
Steg, A.E. Van Der Berg, J.I.M. De Groot, Environmental Psychology, Wiley-Blackwell, Oxford, 2012, passim; 
D.A. De Caro, E.F. Boamah, A.S. Garmestani, Understanding and Applying Principles of Social Cognition and 
Decision Making in Adaptive Environmental Governance, in Ecology and Society, 2017, Mar. 1, 22(1), 1 et seqq.; 
the issue is addressed in M. Cafagno, Integrare la tutela dell’ambiente con le scienze comportamentali. Un’anali-
si introduttiva, cit., which also contains further bibliographical references ibid. For an initial discussion of the 
basic coordinates within which sectoral considerations specific to the environment are framed, see M. Halls-
worth, E. Kirkman, Behavioral Insights, Cambridge (MA), 2020; M. Hallsworth, A Manifesto for Applying 
Behavioral Science, The Behavioural Insights Team, 2023, currently available at https://www.bi.team/wp-con-
tent/uploads/2023/04/BIT_Manifesto.pdf; E. Picozza, Neurolaw: an Introduction, Cham, 2018; G. Loewen-
stein, N. Chater, The I-Frame and the S-Frame: How Focusing on Individual-Level Solutions Has Led Behavior-
al Public Policy Astray, Behavioral and Brain Sciences, vol. 46, 2023, 147 et seqq.; Analisi comportamentale delle 
politiche pubbliche, edited by R. Viale, L. Macchi, Bologna, 2021; Behavioral Public Policy in a Global Context, 
edited by M. Sanders, S. Bhanot, S. O’Flaherty, Cham, 2023.

14  The issue is addressed as a whole within the special issue of the review Ecology and Society entitled 
Practicing Panarchy: Assessing Legal Flexibility, Ecological Resilience, and Adaptive Governance in U.S. Regional 
Water Systems Experiencing Climate Change, edited by B.A. Cosens, L. Gunderson and B.C. Chaffin, Ecology and 
Society, 23, no. 1, 2018, available at https://ecologyandsociety.org/feature/122; see also J. Ebbesson, The rule of 
law in governance of complex socio-ecological changes, Global Environmental Change, 20(3), 2010, 414 et seqq.; 
A.S. Garmestani, C.R. Allen, Introduction, in Social-Ecological Resilience and Law, cit., 1 et seqq.; S.A. Levin, 
Ecosystems and the Biosphere as Complex Adaptive Systems, Ecosystems, 1, 1998, 431 et seqq.; K. Lee, Greed, Scale 
Mismatch, and Learning, Ecological Applications, 1993, vol. 3, no. 4, 560 et seqq.; M.D. McGinnis, E. Ostrom, 
Social‑ecological system framework: initial changes and continuing challenges, Ecology and Society, 19(2), 2014, art. 
30; E. Ostrom, Polycentric systems for coping with collective action and global environmental change, Global Envi-
ronmental Change, 20(4), 2010, 550 et seqq.; J.B. Ruhl, Law’s Complexity, Georgia State University Law Review, 
24(4), 2008, 885 et seqq.; further citations are provided below.
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the one hand and the scale of ecosystemic entities and processes on the other 
hand 15. These differences in terms of scale can affect both the temporal and geo-
graphical dimensions as well as functional design 16.

Although mismatches normally overlap with one another, making the over-
all situation even more complicated, for the sake of explanatory convenience they 
will now be examined separately.

a) Time. Ecological processes are characterised by lengthy periods of inertia; 
public decisions on the other hand often follow brief cycles 17.

Electoral cycles or pressures often impose short-sighted perspectives on 
political decision makers when compared to the timeframes of environmental 
processes or the consequences of their deterioration 18. Pressures exerted by the 
economic system further amplify the problem 19.

Unsustainable practices that cause harm to future generations are for exam-
ple fomented by financial operations, the growth rate of which exceeds the capac-
ity of natural resources to regenerate 20.

“Present bias” further magnifies the discrepancy as it systematically induces 
voters, politicians, officials as well as public or private decision makers to under-
estimate future damage and to privilege immediate benefits 21.

15  An essential work is K. Lee, Greed, Scale Mismatch, and Learning, cit., 560 et seqq.; see also, 
amongst the numerous other discussions, Navigating Social-Ecological Systems: Building Resilience for Complexity 
and Change, edited by F. Berkes, J. Colding, C. Folke, Cambridge, 2002, passim; T. Galaz, P. Olsson, T. Hahn, 
C. Folke, U. Svedin, The Problem of Fit among Biophysical Systems, Environmental and Resource Regimes, and 
Broader Governance Systems: Insights and Emerging Challenges, in Institutions and Environmental Change: Princi-
pal Findings, Applications, and Research Frontiers, edited by Oran R. Young, Leslie A. King, and Heike Schroed-
er, p.147 et seqq.; G.S. Cumming, D.H.M. Cumming, C.L. Redman, Scale Mismatches in Social-Ecological Sys-
tems: Causes, Consequences, and Solutions, in Ecology and Society, 2006, 11(1), 14; J.A. Wilson, Matching Social 
and Ecological Systems in Complex Ocean Fisheries, in Linking Social and Ecological Systems: Management Practic-
es and Social Mechanisms for Building Resilience, edited by F. Berkes, C. Folke, Cambridge, 1998, 153 et seqq.

16  See K. Lee, Greed, Scale Mismatch, and Learning, op. cit., 561.
17  Panarchy: Understanding Transformations in Human and Natural Systems, edited by L.H. Gunderson, 

C.S. Holling, Washington D.C., 2002, in particular 63 et seqq.
18  T. Galaz, P. Olsson, T. Hahn, C. Folke, U. Svedin, The Problem of Fit. cit, 156 et seqq.
19  See, inter alia, Institutions, Ecosystems, and Sustainability, edited by R. Costanza, B. Low, E. Ostrom, 

J. Wilson, cit.; R. Costanza, Addicted to Growth. Societal Therapy for a Sustainable Wellbeing Future, London, 
2023; H.E. Daly, J. Farley, Ecological Economics, cit., 106 et seqq.; N. Georgescu-Roegen, La legge dell’entropia 
e il problema economico, in N. Georgescu-Roegen, Analisi economica e processo economico, Florence, 1973, 265 et 
seqq.; S. Levin, Fragile Dominion. Complexity and the Commons, cit.; E.U. von Weizsäcker, A. Wijkman, Come 
On! Capitalism, Short-termism, Population and the Destruction of the Planet. A Report to the Club of Rome, New 
York, 2018), passim and chapter III in particular.

20  IPBES, Summary for policymakers of the global assessment report on biodiversity and ecosystem services, 
IPBES Secretariat, Bonn, 2019, in particular the key messages. The text and official materials are available at: 
https://www.ipbes.net/global-assessment; C.W. Clark, Mathematical Bioeconomics: The Optimal Management of 
Renewable Resources, 2nd ed., New York, 1990, 1 et seqq.; U.R. Sumaila, C. Walters, Intergenerational discount-
ing: a new intuitive approach, Ecological Economics, 2005, 52(2), 135 et seqq.

21  R.H. Thaler, C.R. Sunstein, Nudge: The Final Edition, Penguin Books, London, 2021, chapter XIV; 
D.A. De Caro, E.F. Boamah, A.S. Garmestani, Understanding and applying principles of social cognition and 

https://www.ipbes.net/global-assessment
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b) Space. Many natural services are mobile or in flux: an event occurring at 
one location can have an impact elsewhere (pollination, transportation of sedi-
ments and seed dispersal) 22. 

Many services arise out of the interaction among processes occurring not 
only at different points in time but also in different places. Pollution itself occurs 
as a result of a spatial mismatch, where residues are introduced into physical bod-
ies the boundaries of which extend beyond the polluter’s material control and 
responsibility 23. Administrative boundaries often do not coincide with ecological 
limits or with the spread of contamination. This accordingly gives rise to a mis-
match between the extent or significance of natural processes and the territorial 
boundaries of actual institutions. Indeed, in some cases – and the climate is an 
obvious example of this – there is a complete lack of any authority with scope for 
action that is commensurate with the scale of the intervention required 24.

In spatial terms, “proximity bias” in turn plays its part in exacerbating the 
mismatch in fuelling the tendency, which is not always reasonable, to consider 
distant problems to be less important than problems in the immediate vicinity 25.

c) Functions. The mismatch can also affect functional design. Complexity in 
the natural world forces human activities to specialise. However, the division of 
labour is conditioned by internal movements within society, which in turn can-
not be constrained by intentional planning. It also results from economic and 
organisational constraints, contingent political processes, cultural legacies and 
occasional historical factors.

As such, it is not uncommon for the socio-economic framework and the 
biosphere – both of which are animated by autopoietic, concomitant but not 
synchronised dynamics – to ascribe incompatible roles to environmental com-
ponents. Where this occurs, environmental resources turn into an object of eco-

decision making in adaptive environmental governance, cit., 33 et seqq.; further bibliographical references ibid.
22  J. Lundberg, F. Moberg, Mobile link organisms and ecosystem functioning: implications for ecosystem 

resilience and management, Ecosystems, 6(1), 2003, 87 et seqq.; K.S. Oberhauser, R. Wiederholt, J.E. Diffendor-
fer, D. Semmens, L. Ries, W.E. Thogmartin, L. López-Hoffman, J. Pecanka, A trans-national monarch butter-
fly population model and implications for regional conservation priorities, in Ecological Entomology, 42 (1), 2017, 
51 et seqq.

23  K. Lee, Greed, Scale Mismatch, and Learning, cit., 561.
24  See V. Ostrom, E. Ostrom, A Theory for Institutional Analysis of Common Pool Problems, in Managing 

the Commons, edited by G. Hardin, J. Baden, New York, 1977, 161.
25  A. Rowell, K. Bilz, L.J. Demaine, The Psychology of Environmental Law, cit., 161 et seqq.; for some 

familiar examples of this intuitive phenomenon, see the study arranged by the Laboratorio REF Ricerche, 
Acqua, rifiuti e bias cognitivi: l’informazione al tempo delle fake-news e del covid19, contribution no. 149, April 
2020, 7 et seqq., currently available at https://laboratorioref.it. 
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nomic interests and social commitments that are incompatible with their system-
ic and environmental functions 26.

This tension is often experienced by administrators, as is eloquently shown 
by examples from Italy.

To provide one merely illustrative example from an unfortunately rich range 
of cases, the 1978 abrogative referendum and the subsequent reconstitution of 
separate ministries for Health (1993) and the Environment (1986) ended up frag-
menting for decades the governance of ecosystem services intrinsically related to 
human health. As a result of this separation, health-related aspects were unrea-
sonably overlooked within key instruments of environmental law 27. Similarly, the 
vesting of powers in the area of landscape planning in the Ministry of Cultur-
al Heritage and the extension of its purview to include landscape planning issues 
for a long time eclipsed the essential ecological functions of this area of the law 28.

The mismatches recalled above are exacerbated by the fact that ecosystem 
services have the nature of common property (in a technical sense) in that they 
feature aspects of indivisibility whilst being exposed to the competing uses.

These characteristics place these services at the interface between two oppo-
site yet structurally similar dilemmas 29.

On the one hand, they are susceptible to the “tragedy of the commons” As 
is known, each user of common property may feel the selfish yet rational incentive 
to use it in such a way as to maximise individual benefit, even if this causes harm 
to the shared resource. This may occur as a result of fears that others might do the 

26  R.S. De Groot, R. Alkemade, L. Braat, L. Hein, L. Willemen, Challenges in integrating the concept of 
ecosystem services and values in landscape planning, management and decision making, Ecological Complexity, 7(3), 
2010, 260 et seqq.

27  For example, environmental impact assessments (EIA) and strategic environmental assessments 
(SEA) have long overlooked epidemiological and toxicological aspects, so much so that it was only with Leg-
islative Decree 104/2017 that the health impact assessment (HIA) was introduced, although it is still applied 
too sporadically. For an up-to-date analysis on the evolution of the relationship between the environment and 
health, see R. Ferrara, Ambiente e salute. Brevi note su due “concetti giuridici indeterminati” in via di determina-
zione: il ruolo giocato dal “Patto globale per l’ambiente, in Diritto e società, 2019, no. 2, 281 et seqq.

28  For example, habitat fragmentation not only compromises biodiversity by altering micro-climatic con-
ditions and flows of energy and matter but also reduces the landscape’s capacity to provide essential regulatory ser-
vices. See inter alia A. Farina, Ecologia del paesaggio, Turin, 2001; M.G. Turner et al., Landscape Ecology in Theo-
ry and Practice, New York, 2015. It has only been relatively recently, for instance following the incorporation of 
SEAs into landscape planning and attempts at inter-ministerial coordination, that pathways that are more closely 
aligned with the multi-functionality of ecosystem services have become apparent, although significant path-depen-
dent resistance remains. As it is not possible to consider these issues here, please refer for a critical analysis to the 
discussion and bibliographical references set out in M. Cafagno, Principi e strumenti., cit. 149 et seqq.

29  On all points, see E. Ostrom, Governing the Commons: The Evolution of Institutions for Collective 
Action, Cambridge, 1990.
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same thing, perhaps seizing the first-mover advantage, or due to the attraction of the 
opportunity to dump the costs of over-exploitation on the collectivity as a whole 30. 

On the other hand, the paradox of the “anticommons” may also come into 
play. If it does not occur in a properly balanced manner, the allocation of rights 
or powers liable to interfere with one another with regard to indivisible environ-
mental resources (even where this is intended specifically as an attempt to counter 
the risks resulting from indiscriminate access), risks giving rise to commitments 
that are in any case sub-optimal as well as adverse 31.

Mistakes made in granting freedom of access and powers of exclusion, for 
example through privatisation or regulation, can induce the legal system to fall 
into error precisely when seeking to avoid the opposite pitfall, seeking to navigate 
the troubled waters between Scylla and Charybdis 32.

30  G. Hardin, The Tragedy of the Commons, Science, 1968, 162, 1243 et seqq.; G.J. Stigler, The Theo-
ry of Economic Regulation, in The Bell Journal of Economics and Management Science, 1971, vol. 2(1), 3 et seqq.

31  On all points, see J.M. Buchanan, Y.J. Yoon, Symmetric Tragedies: Commons and Anticommons, The 
Journal of Law and Economics, 2000, 43, 1 et seqq.; E. Baffi, F. Parisi, Anticommons, tragedia degli, in Dizionario 
di Economia e Finanza, 2012, https://www.treccani.it/enciclopedia/tragedia-degli-anticommons_(Dizionario-
di-Economia-e-Finanza). The problem is well-known to scholars of administrative law, where de-compartmen-
talisation of rules coupled with the fragmentation of interests often result in a proliferation of competences and 
procedures that end up hampering one another, also as a result of the asymmetric distribution of the costs and 
benefits amongst participants and decision making processes. The discussion by G. Pericu, Energia e ambiente: 
emersione e composizione dei vari interessi concorrenti, in Scritti scelti, cit., 545 et seqq. is still highly topical; see 
also the commentary by M. Cafagno, Il pensiero di Giuseppe Pericu sull’ambiente, in Il Diritto amministrativo tra 
ordine sistematico e realtà economico sociale. Scritti in ricordo di Giuseppe Pericu, edited by E. Bruti Liberati, M. 
Cafagno, L. Piscitelli, M. Ramajoli, Turin, 2024, 17 et seqq. Here too there are numerous indications of insti-
tutional short-circuiting, ranging from the disorganised management of water resources as a factor preventing 
efficient water usage (see M. Renna, I principi in materia di tutela dell’ambiente, Rivista quadrimestrale di diritto 
dell’ambiente, 2012, 1-2, 62 et seqq.; E. Boscolo, Le politiche idriche nella stagione della scarsità. La risorsa comu-
ne tra demanialità custodiale, pianificazioni e concessioni, Milan, 2012, in particular 123 et seqq.) to conflicts 
between administrations vested with landscape-related and production-related interests, which often results in 
a sterile paralysis of investments and procedures in the field of renewable energy. (see further S. Amorosino, La 
“dialettica” tra tutela del paesaggio e produzione di energia da fonti rinnovabili a tutela dell’ambiente atmosferico, 
Rivista Giuridica dell’Edilizia, 2022, 4, 261 et seqq.; B. Tonoletti, Le procedure autorizzative per le fonti rinno-
vabili di energia e il rapporto tra obiettivi di decarbonizzazione e tutela di altri interessi pubblici, in L’attuazione 
dell’European Green Deal: i mercati dell’energia e il ruolo delle istituzioni e delle imprese, edited by E. Bruti Libe-
rati, M. De Focatiis, A. Travi, Milan, 2022, 98 et seqq.; F. De Leonardis, Criteri di bilanciamento tra paesaggio 
e energia eolica, Dir. amm., 2005, 889 et seqq.)

32  Elinor Ostrom has demonstrated that, if they receive adequate support, local communities can 
self-govern shared resources according to collectively endorsed rules, reciprocal monitoring and proportionate 
sanctions (in addition to the works mentioned above, a convenient summary can be found in E. Ostrom, Né 
mercato né stato nella gestione delle risorse collettive, La Questione Agraria, 1996, no. 64, 7 et seqq.). However, it 
is clear that these conditions, which arise anything but spontaneously, require time, transparency, participation 
and trust. As such, they are fragile, and under constant threat from conformity bias, loss aversion, presentism, 
opportunism, emotive distortion and retrospective judgments. Studies that consider which prerequisites favour 
the emergence of cooperation include, S. Kopelman, J.M. Weber, D.M. Messick, Factors Influencing Coopera-
tion in Commons Dilemmas: A Review of Experimental Psychological Research, in The Drama of the Commons, edit-
ed by E. Ostrom, T. Dietz, N. Dolsak, P.C. Stern, S. Stonich, E. Weber, cit., 113 et seqq. 

https://www.treccani.it/enciclopedia/tragedia-degli-anticommons_(Dizionario-di-Economia-e-Finanza)
https://www.treccani.it/enciclopedia/tragedia-degli-anticommons_(Dizionario-di-Economia-e-Finanza)
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Being aware of the danger of these structural mismatches can help us under-
stand why the canon of integration operates as the keystone for the entire struc-
ture of European and national environmental principles 33. It invites us to con-
ceptualise the entire body of environmental law as a mechanism intended to rec-
oncile the scale of human and social choices and responsibilities with the scale of 
ecological processes 34. 

This leads into the next step in our reasoning, which needs to be consid-
ered separately.

3.	 The public administration as a complex system and the law of requisite 
variety

Having made the perhaps facile observation that the legal system and the 
public administration itself are in turn complex systems 35, we can reframe the 
question of interest in this paper within the confines of the classic cybernetic 
problem addressed by the “law of requisite variety” coined by Ross Ashby.

33  Article 11 of the Treaty on the Functioning of the European Union (formerly Article 6 of the EC 
Treaty) establishes a link between sustainable development and integration in providing that «environmental 
protection requirements must be integrated into the definition and implementation of the Union policies and 
activities». Specifically, insofar as the principle of prevention, precaution, rectification of damage at source and 
the provision of information require circumspect management of risks and dangers, they pursue the objective of 
integration within the temporal dimension. The principles of subsidiarity, joint responsibility, loyal cooperation, 
participation, and even more so transparency, aim to harmonise systems at the organisational and territorial lev-
el. See further M. Cafagno, Principi e strumenti, cit., 236 et seqq.; Id., La sostenibilità e la tutela dell’ambiente, in 
Manuale di diritto amministrativo europeo, edited by S. Del Gatto, G. Vesperini, Turin, 2024, 337 et seqq. On 
the principle of integration, an essential contribution has been made by R. Ferrara, La tutela dell’ambiente e il 
principio di integrazione: tra mito e realtà, Rivista giuridica di urbanistica, 2021, no. 1, 12 et seqq. For a stimula-
ting analysis of environmental principles from a systemic perspective inspired by the works of Niklas Luhmann, 
see F. Fracchia, I principi nel prisma della codificazione ambientale: una lettura sistemica, presentation to the 2025 
annual conference of Aidambiente, entitled Prospettive per una riforma della codificazione ambientale, held in 
Rome at the Sapienza University on 24-25 January 2025, pending publication; recordings of the conference’s 
sessions can be freely accessed at https://www.aidambiente.it/relazioni-e-contributi.

34  For a more general perspective, see E. Tiezzi, Tempi storici, tempi biologici, Rome, 2005; G. Marten, 
Human Ecology, London, 2001

35  In this regard see the rich sequence of updates and stimulating reports of the OECD, including 
Systems Approaches to Public Sector Challenges. Working with Changes, Paris, 2017; OECD, Strategic Foresight 
Toolkit for Resilient Public Policy, Paris, 2025; OECD, Mind Shift, Green Lift: Six Behavioural Science Trends 
for Environmental Policy, OECD Public Governance Policy Papers, No. 69, Paris, 2025; OECD, Supporting 
Decision-Making with Strategic Foresight, Paris, 2023; OECD, Tackling Policy Challenges Through Public Sector 
Innovation, Paris, 2022; OECD, Anticipatory Innovation Governance: Towards a New Way of Governing, OECD 
Working Paper on Public Governance, No. 48, Paris, 2022, 10 et seqq. and passim; OECD-OPSI, Innovative 
Capacity of Governments: A Systemic Framework, 2022; OECD-OPSI, Public Sector Innovation Facets. Innova-
tion Portfolios, 2021; OECD-OPSI, Government After Shock Recovery Summary Report, 2021; OECD, System-
ic Thinking for Policy Making: The Potential of Systems Analysis for Addressing Global Policy Challenges in the 21st 
Century. New Approaches to Economic Challenges, Paris, 2020. For a less synthetic discussion along with broader 
reference to the literature, see once again M. Cafagno, Principi e strumenti, cit., 391 et seqq.

https://www.aidambiente.it/relazioni-e-contributi
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It teaches us that a system of control must have a degree of variety that is not 
any smaller than the system that it is designed to control, or to put it even more 
succinctly, only variety can counterbalance variety 36. Starting from this key obser-
vation, the literature dealing with the management of complexity highlights two 
symmetrical axes for intervention: first of all, to remove superfluous complications 
and simplify what can be simplified; secondly to address the complexity that can-
not be eliminated, enhancing and increasing the variety of the control system 37.

Having made this intuitive premise in abstract terms, the difficult work 
obviously still remains to be done: we need to understand which therapies spe-
cifically can still be pursued, and which remedies can give practical shape to the 
objective of establishing variety within the administrative system that is commen-
surate with the variety of ecosystem services. It would be unrealistic to seek to 
sketch out a comprehensive operational framework at this stage.

The next section of this study will limit itself to focusing attention on three 
general levers, drawing also on the OECD documents referred to above, which 
call for a reconfiguration of public intervention by considering the public admin-
istration specifically as a complex system. 

In order to give the analysis some degree of specificity, the theoretical anal-
ysis will be accompanied by some examples. It will not be argued that these are 
comprehensive in any sense, and they have rather been selected as illustrations, 
amongst the many that are theoretically suitable and possible. 

3a) Exploration and strategic anticipation
Due to the complexity and instability of environmental systems – with their 

non-linear trends as well as their often-invisible points of no return – any claim 
to be able to predict the future deterministically is illusory. 

And yet it is precisely this radical indeterminacy that makes it even more 
crucial for administrations to be able to systematically explore possible futures, 
not in order to forecast them exactly, but rather to prepare to navigate through 
them with a greater awareness.

This is not a matter of the ability to predict – which would be at odds with 
the premise specifically underlying this paper, namely the awareness of an irre-
ducible degree of uncertainty – but rather the ability to construct a range of 

36  W.R. Ashby, An Introduction to Cybernetics, London, 1956, chapter 11 “Requisite Variety”, 202 et 
seqq.; Id., Requisite Variety and Its Implications for the Control of Complex Systems, Cybernetica,  1958, 1(2), 83 
et seqq.

37  M. Boisot, B. McKelvey, Revisiting Ashby’s Law of Requisite Variety, in The SAGE Handbook of Com-
plexity and Management, edited by P. Allen, S. Mguire, B. McKelvey, London, 2011, 279 et seqq.; A. Gandol-
fi, Vincere la sfida della complessità, Milan, 2008, passim
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plausible scenarios in order to equip oneself to deal with potentially widely dif-
fering outcomes 38.

Numerous OECD documents refer to this approach as “strategic foresight” 
and describe a now well-established toolkit of instruments and methods for appli-
cation. These have been designed in order to assist administrations in acknowl-
edging weak signals, identifying key variables for change and drawing up options 
for dealing with potential discontinuities 39.

Finland provides a well-established example of the institutionalisation of this 
capacity. The Government Foresight Report and the complementary National 
Foresight Network have structured the exercise of scenario building according to 
an operational model that brings together governmental bodies, research centres, 
enterprises and local communities: an “anticipatory infrastructure” that allows 
for informed course corrections in the event of any changes to signals or data 40.

In Portugal, the PlanAPP – Competence Centre for Planning, Policies and 
Foresight, organised within the Office of the Prime Minister – has the task of coor-
dinating and harmonising strategic planning processes, aligning national and sectoral 
strategic documents. RePLAN, the Network of Planning and Foresight Services, 
enables ministries to develop inter-ministerial cooperation conceived of in order to 
translate strategies into future-proof measures that can maintain their efficacy and 
coherence even when confronted with uncertain scenarios or abrupt changes 41.

The Futures Garden approach in Europe, which was launched in 2024 
by the Joint Research Centre, takes strategic foresight in an innovative direc-
tion through speculative materialisation. The project creates “artefacts from the 
future” – physical or digital objects embodying possible evolutions of gover-
nance systems. During recent workshops, participants have created prototypes 
of objects such as climate ID cards based on CO₂ credits as well as algorithmic 
employment contracts. These “boundary objects”, as they are defined by sociol-

38  OECD, Systems Approaches to Public Sector Challenges: Working with Change, cit., 134 et seqq.; 
OECD/OPSI, Anticipatory Innovation Governance - Toolkit & Working Papers, 2019-2021; Government Office 
for Science, The Futures Toolkit: Tools for futures thinking and foresight across UK Government, London, 2023-
2024 updated version (GOV.UK official resource). URL: https://www.gov.uk/government/publications/
futures-toolkit-for-policy-makers-and-analysts.

39  OECD, Strategic Foresight Toolkit for Resilient Public Policy, cit., 14 et seqq. and passim; OECD, Antic-
ipatory Innovation Governance: Towards a New Way of Governing, cit., 10 et seqq. and passim; OECD, Support-
ing Decision-Making with Strategic Foresight, cit., 10; OECD and IIASA, Systemic Thinking for Policy Making, cit., 
34; OECD-OPSI, Innovative Capacity of Governments: A Systemic Framework, cit.; OECD, Systems Approaches to 
Public Sector Challenges, cit., 45 et seqq.; OECD-OPSI, Public Sector Innovation Facets, cit., 5 et seqq.

40  Government of Finland, Government Foresight Report - VN TEAS 2022; Government Foresight Net-
work, The Finnish National Foresight Network, 2019; Prime Minister’s Office, Operating model for foresight, 
2020, https://vnk.fi/en/foresight.

41  On all of this, for greater detail see OECD, Strengthening Strategic Planning and the Role of PlanAPP 
in Portugal, OECD Public Governance Policy Papers, No. 42, 2023, https://www.oecd.org; OECD, Support-
ing Decision-Making with Strategic Foresight, cit., 18 et seqq.

https://vnk.fi/en/foresight
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ogy of science, operate as bridges between the present and the future. They give 
tangible effect to otherwise abstract scenarios, thus opening them up to debate. 
They also make it possible to identify ethical dilemmas, social tensions and criti-
cal regulatory issues that are difficult to foresee using the traditional instruments 
of policy analysis 42.

These examples describe general methodological structures. However, there 
are also numerous experiences that are more directly focused on strategic fore-
sight efforts related to environmental issues.

At global level, the Intergovernmental Science-Policy Platform on Biodi-
versity and Ecosystem Services (IPBES) developed Nature Futures Framework in 
order to explore desirable futures for nature and people 43.

The model explores positive processes organised around three value perspec-
tives: Nature for Nature (intrinsic value), Nature for Society (ecosystem service) 
and Nature as Culture (reciprocal relations). When applied within a variety of 
regional contexts, the framework helps local communities to visualise and plan 
futures in which ecosystem services are maintained or restored 44.

The experiences mentioned above share an awareness that strategic fore-
sight within environmental governance cannot be reduced to a technocratic exer-
cise. On the contrary, it requires participatory dynamics as well as processes that 
mobilise distributed intelligence, leverage multiple perspectives and are capable 
of shifting the focus from creating abstract frameworks to capturing the variety 
of tangible impacts of potential alternatives 45. 

3b) Institutional experimentation and policy labs
Complex, interdependent problems cannot be left to be solved by pre-pack-

aged, stereotyped solutions. Rather, we need to develop a capacity for gradual 
and controlled experimentation, testing innovative approaches within bounded 
contexts before considering their rollout on a broader scale 46.

42  V. Futures Garden Project, About Futures Garden at https://www.futuresgarden.eu/about; JRC, Euro-
pean Commission, Futures Garden - Knowledge4Policy at https://knowledge4policy.ec.europa.eu/projects-ac-
tivities/futures-garden_en; European Commission - Joint Research Centre, Futures Garden (EU Policy Lab), 
2022-2024

43  Materials and information are available on the Nature Futures Framework (NFF) website at https://
www.naturefuturesframework.org. 

44  See L.M. Pereira, et al., Developing multiscale and integrative nature–people scenarios using the Nature 
Futures Framework, People and Nature, 2(4), 2020, 1172 et seqq.

45  The OECD rightly points out that variety in visions and knowledge provides an antidote to uniform 
thinking, which is particularly insidious in situations of radical uncertainty; OECD, Mind shift, green lift: Six 
behavioural science trends for environmental policy, cit.; see also C.R. Allen, D.G. Angeler, C.A. Arnold, B.C. 
Chaffin, D.A. De Caro, A.S. Garmestani, L. Gunderson, Quantifying uncertainty and trade-offs in resilience 
assessments, in Ecology and Society , 23 (2018), no. 1.

46  OECD, Systems Approaches to Public Sector Challenges: Working with Change, cit., 59 et seqq. and pas-
sim; OECD-OPSI, Public Sector Innovation Facets. Innovation Portfolios, cit.; OECD-OPSI, Innovative Capac-
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The experimental logic should permeate above all the governance of ecosys-
tem services, given that interactions between natural dynamics and social process-
es give rise to outcomes that are often unpredictable and dependent upon the spe-
cific contingencies of each individual case.

Administrations should test solutions in protected environments, measure 
results according to agreed metrics and decide whether to consolidate, correct or 
discard the approach tested. 

Policy labs are one of the most widespread forms of this experimentation. 
They offer temporary institutional space in which governmental bodies, research-
ers, businesses and private individuals can come together in order to develop pro-
totype solutions according to rapid cycles of hypothesis, testing and review 47.

The Copenhagen Solutions Lab offers an example of this approach within 
an urban context. Having been set up as a platform for innovation within smart 
cities, the lab has promoted pilot projects on intelligent systems for managing 
urban mobility, adaptive street lighting and the use of open data to improve 
municipal services. Experiments have been conducted in partnership with busi-
nesses, universities and the general public with the aim of reducing congestion, 
improving the quality of the environment and optimising energy efficiency 48.

A more structured form of experimentation is provided by “regulatory sand-
boxes”. These are controlled regulatory spaces in which innovative solutions can 
be tested under public supervision according to simplified rules 49. In contrast to 
policy labs, sandboxes operate as temporary regulation-light zones with imme-
diate regulatory effects. They selectively suspend existing rules, draw up specific 
guidelines, stipulate acceptable risk parameters, establish metrics for success and 
enable adjustments to be made during operation 50. Once again, the experimental 
dimension is inherent within the methodologies proposed by behavioural studies 
as applied by nudge units, which are widespread within the governmental struc-
tures of many countries. Small changes in “choice architecture” (information, 

ity of Governments: A Systemic Framework, cit.; OECD, Supporting Decision-Making with Strategic Foresight, 
cit., 31 et seqq.

47  OECD, Systems Approaches to Public Sector Challenges, cit., 82 et seqq. and passim; see also the infor-
mation and materials of the European Commission – Joint Research Centre, EU Policy Lab at https://poli-
cy-lab.ec.europa.eu/; M. Fuller, A. Lochard, Public policy labs in European Union Members States, Publications 
Office of the European Union, Luxembourg, 2016, currently available at https://publications.jrc.ec.europa.eu/
repository/handle/JRC102665..

48  M. Fuller, A. Lochard, Public policy labs in European Union Members States, cit., 8; for an overview 
https://cphsolutionslab.kk.dk/.

49  The prototypes for this model of intervention include the UK Financial Conduct Authority; see further 
OECD, Regulatory Experimentation, cit., 14 et seqq.

50  OECD, Regulatory Experimentation, cit., 6 et seqq.; OECD-OPSI, Innovative Capacity Framework, cit., 
21; OECD-OPSI, Systemic Thinking for Policy Making, cit., 42; OECD, Regulatory Sandbox Toolkit A Compre-
hensive Guide for Regulators to Establish and Manage Regulatory Sandboxes Effectively, Technical Paper, July 2025

https://policy-lab.ec.europa.eu/
https://policy-lab.ec.europa.eu/
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time-scales or default options) make it possible to test how citizens and operators 
respond to policies 51. 

These applications, which are specifically focused on the Test-Learn-Adapt 
cycle 52, have been broadly applied to the protection of ecosystem services and 
resources, for example in relation to energy saving, separate waste collection, 
mobility and initiatives designed to achieve climate neutrality 53.

3c) Embodied learning
As problems are constantly evolving within complex systems, solutions that 

are conceptualised as being definitive often risk being unsuccessful. 
When confronted with complexity, governmental bodies should rather 

incorporate mechanisms for observing and correcting their own decision making 
processes, developing an “active memory” that is capable of regularly transform-
ing observations into learning 54.

The shift from isolated measures to the “Decide-Monitor-Adapt” cycle reveals 
a different way of conceptualising administrative action, which the OECD right-
ly advocates as an instrument for enhancing the efficacy of public action 55. The 
central role of learning is particularly evident within the management of eco-
system services, which by their nature react dynamically to multiple contingent 
factors, such as ecological disturbances, anthropogenic pressure and non-linear 
changes. Experience shows that a woodland management plan or a conservation 
strategy that do not incorporate adjustment mechanisms based on monitoring 
risk quickly becoming obsolescent.

51  OECD, Behavioural Insights and Public Policy, Paris, 2017; J. Dessart, J.L. Sousa, S.R. Almeida, E. 
Ciriolo, Behavioural Insights Applied to Policy, Luxembourg, 2016; M. Hallsworth, E. Kirkman, Behavioral 
Insights, cit., passim

52  UK Cabinet Office - Behavioural Insights Team, Test, Learn, Adapt: Developing Public Policy with 
Randomised Controlled Trials, London, 2012.

53  P. Bujold, M. Pascual, E. Thulin, Expanding Beyond Nudge: Experiences Applying Behavioral Sci-
ence for Comprehensive Social Change, in Aa.Vv., Behavioral Public Policy in a Global Context, cit., 205 et seqq.; 
OECD, Tackling Environmental Problems with the Help of Behavioural Insights, Paris, 2017; T. Park, K. Londa-
kova, I. Brennan, A. Schein, J. Reynolds, E. Whincup, E. Chan, M. Pelenur, D. Halpern, How to Build a Net 
Zero Society. Using Behavioural Insights to Decarbonise Home Energy, Transport, Food, and Material Consump-
tion, The Behavioural Insights Team, 2023, https://www.bi.team/; Rare -Behavioural Insights Team, Behavior 
Change For Nature: A Behavioral Science Toolkit for Practitioners, Arlington, VA, Rare, 2019.

54  D. Armitage, M. Marschke, R. Plummer, Adaptive co-management and the paradox of learning, Global 
Environmental Change, 18(1), 2008, 86 et seqq.; K. Lee, Compass, cit., passim. A discussion of the compelling 
need to find new ways of combining legal reasoning and empirical approaches would take up an essay in itself, 
and must therefore be omitted in order to avoid unduly lengthening this paper. For a brief consideration, see 
Evidence-based Policy!, edited by G. De Blasio, A. Nicita, F. Pammolli, Bologna 2021; R.M. Lawless, J.K. Rob-
bennolt, T.S. Ulen, Empirical Methods in Law, 2016.

55  OECD, Systems Approaches to Public Sector Challenges: Working with Change, Paris, 2017
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In short, an adaptive administration incorporates feedback into decision 
making processes 56. 

Strategies that align with this approach include making data visible, discussing 
them periodically and authorising resource reallocation during implementation 57.

Digitisation opens up opportunities in this area that are still largely unex-
plored 58.

The construction of spaces for stable dialogue with civil society, including 
through participatory frameworks and processes that have not been formulated 
ex ante by norms, but that a far-sighted administration may put in place, is an 
indispensable source of the type of learning under discussion here 59. The com-
mon thread linking the various sections above is that, within uncertain and dif-
ficult decision-making contexts, the administration’s values cannot be guaran-
teed by automatic procedural mechanisms or static hierarchies; by contrast, they 
require a constant ability to pre-empt, to test, to learn and if need be to refocus 60. 

56  OECD, Innovative Capacity of Governments: A Systemic Framework, cit., 9 et seqq.; B. Walker, D. 
Salt, Resilience Thinking: Sustaining Ecosystems and People in a Changing World, Washington D.C., 2006, in par-
ticular chapters 5-6.

57  OECD, Innovative Capacity of Governments: A Systemic Framework, op. cit. ibidem; OECD, Systems 
Approaches to Public Sector Challenges, cit., 21 et seqq.; OECD, Adaptive Innovation, cit. 6 et seqq. An interest-
ing example is provided by the Australian “Reef Report Cards”, which bring together independent, state, scien-
tific and community monitoring within uniform public assessments. The initiative’s original feature lies in hav-
ing turned redundancy into a stable feature of the architecture, as opposed to a random excess of control. See 
Queensland Government, Reef Water Quality Report Cards (2017-2024), Reef 2050 Plan, Brisbane; on the role 
and importance of the data and indicators for environmental governance, see in general D. Esty, Red Lights to 
Green Lights: From 20th Century Environmental Regulation to 21st Century Sustainability, Environmental Law, 
2017, 1 et seqq.

58  See amongst the many possible references issue no. 4/2024 of the review Ecoscienza, which is entire-
ly dedicated to Intelligenza artificiale e controllo ambientale, available online at https://www.arpae.it; on digital 
twins – dynamic digital copies of physical systems into which observational and modelled data are fed, which are 
useful for quasi-real-time simulation and adaptive learning – see M. Grieves, J. Vickers, Digital Twin: Mitigat-
ing Unpredictable, Undesirable Emergent Behavior in Complex Systems, in Transdisciplinary Perspectives on Com-
plex Systems: New Findings and Approaches, edited by F.-J. Kahlen, S. Flumerfelt, A. Alves, Cham, 2017, 85 et 
seqq.; for a general discussion of environmental digital infrastructures: UNEP, The Case for a Digital Ecosystem 
for the Environment, 2019, available at https://www.un-spbf.org/wp-content/uploads/2019/03/Digital-Ecosys-
tem-final.pdf. The literature engaging broadly with the general issue of digitisation and the usage of AI in the 
area of administrative law is currently expanding exponentially. Amongst the many works see P. Forte, La tra-
sformazione digitale della pubblica amministrazione: dal paradigma burocratico a quello sistemico, in Dir. amm., 
2021, 3, 579 et seqq.; B. Marchetti, L’amministrazione digitale: principi, strumenti, limiti, Riv. trim. dir. pub-
bl., 2021, 2, 501 et seqq.

59  G. Pericu, Esperienze di un amministratore giurista, cit., 934: «The recognition of significant spaces 
that are not pre-defined by rules is at odds with the primary need to make a decision, and not to become entan-
gled in participatory mechanisms that essentially result in paralysis. That said, whilst it is true that, in reality, 
only choices with genuinely broad support can be brought to fruition, the perspective is however reversed. A cir-
cumspect administrator takes care to listen to citizens’ needs and seeks to make choices that can be accepted if 
not by everyone, then at least by a majority of stakeholders». See also, well ahead of its time, G. Pericu, Energia 
e ambiente, cit., 540 et seq.

60  OECD, Systems Approaches to Public Sector Challenges. Working with Changes, cit., 43 et seqq. and 
passim; A.F. De Toni, Decalogo della complessità. Agire, apprendere e adattarsi nell’incessante divenire del mondo, 

https://www.arpae.it
https://www.un-spbf.org/wp-content/uploads/2019/03/Digital-Ecosystem-final.pdf
https://www.un-spbf.org/wp-content/uploads/2019/03/Digital-Ecosystem-final.pdf
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This perspective invites us to shift from the notion of an organisationally 
closed administration governed by rules to an image of a reflexive, relational sys-
tem that is interwoven with a constantly developing social fabric 61. Public func-
tions evolve out of static powers and dynamic capacities, which are called upon to 
organise and reorganise in the face of challenges 62. An administration conceived 
of in these terms will not limit itself to carrying out pre-defined tasks. It facili-
tates connections, promotes processes and generates public value by altering the 
dynamics of interactions 63. Moreover, it is guided by a situated reflexivity 64 and 
by a procedural logic that arrives at public decisions based on dialogue with the 
surrounding context (rather than a conceptual framework), which is fuelled by 
experimentation, gradual adjustment, technical data, lived experience, user feed-
back and local knowledge 65.

Our perspective shifts from the procedure to the overall process, from the 
rigid sequence of compliance to an open, adaptive cycle based on learning, where 
the presumption of control (which is fanciful in the face of irreducible uncertain-
ty) is replaced by the objective of enhancing the capacity to listen, to decipher, 
and if need be to correct, as experiences and information build up.

So-called “adaptive management” embodies a well-established attempt to 
implement this different way of conceptualising administration, which in the 
environmental domain draws together each of the forms of action examined sep-
arately above according to a structured method and operational model.

4.	 A summary formula: adaptive management 

According to a literature that combines theory with solid empirical analysis, 
adaptive management of the environment invites us to conceive of institutional 
policies and choices as hypotheses to be tested through replication and compar-

Milan, 2024, in particular 15 et seqq.
61  OECD and IIASA, Systemic Thinking for Policy Making, cit., passim; this perspective can be found 

for example within D. D’Orsogna, Coalescenze della funzione amministrativa, CERIDAP, 2/2024, 1 et seqq.; D. 
D’Orsogna, Contributo allo studio dell’operazione amministrativa, Naples, 2005; F. De Leonardis, Lo Stato Eco-
logico. Approccio sistemico, economia, poteri pubblici e mercato, cit.; H. Gosnell, B.C. Chaffin, J.B. Ruhl, C.A. 
Arnold, R.K. Craig, M.H. Benson, A. Devenish, Transforming (perceived) rigidity in environmental law through 
adaptive governance: a case of Endangered Species Act implementation, in Ecology and Society, 2017, 22, no. 4; M. 
Monteduro, From Agroecology and Law to Agroecological Law? cit., 57 et seqq. 

62  See also D. D’Orsogna, Contributo allo studio dell’operazione amministrativa, cit., passim
63  G. Pericu, Esperienze di un amministratore giurista, in Scritti Scelti, cit., 944 et seqq.
64  D.A. Schön, The Reflective Practitioner, New York, 2016, 76 et seqq. and passim
65  H.A. Simon, Reason in Human Affairs, Stanford, 1983, 76 et seqq. and passim; J.G. March, A Prim-

er on Decision Making, New York, 1994, passim; J.G. March, H.A. Simon, Organizations, New York, 1958, 
passim.
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ison, and as moments of questioning within a dynamic process of experimenta-
tion rather than stable end points 66.

The core approach of the method overturns the classic sequence of rule-im-
plementation-control: decisions become hypotheses, programmes are designed 
with learning in mind and feedback induces operators to reformulate objectives 
and instruments 67.

Put in summary terms, the starting point is stakeholder involvement in 
order to jointly frame problems and management objectives, which are refined 
until they become clear and measurable. 

The next stage involves identifying possible alternatives, each accompanied 
by predictive models that illustrate hypotheses of how they work. 

Initiatives are then implemented and their effects are observed according to 
targeted monitoring, designed not only in order to assess immediate efficacy but 
also to produce data useful for learning.

The next stage involves evaluation, whereby actual results are compared 
with expected results in order to identify mistakes, surprises or new knowledge. 

Finally, strategies are corrected and adapted on the basis of learning out-
comes, thereby restarting the cycle according to an iterative process that institu-
tionalises the ability to learn from experience 68.

In terms of the three systemic levers – exploration, experimentation and 
learning – adaptive management does not seek to eliminate uncertainty, but rath-
er to navigate through it productively. 

66  Adaptive Environmental Assessment and Management, edited by C.S. Holling, Wiley, Chichester, 
1978; B.C. Chaffin, H. Gosnell, B.A. Cosens, A Decade of Adaptive Governance Scholarship: Synthesis and Future 
Directions, Ecology and Society, 19(3), 2014, Article 56; D.A. DeCaro, B.C. Chaffin, E. Schlager, A.S. Garmes-
tani, J.B. Ruhl, Legal and institutional foundations of adaptive environmental governance, in Ecology and Society, 
22 (2017), no. 1, Article 32; C. Folke, T. Hahn, P. Olsson, J. Norberg, Adaptive Governance of Social-Ecologi-
cal Systems, Annual Review of Environment and Resources, 30, 2005, 441 et seqq.; A.S. Garmestani, C.R. Allen, 
C.A. Arnold, Adaptive Management of Social-Ecological Systems, Dordrecht, 2015; K.N. Lee, Compass and Gyro-
scope. Integrating Science and Politics for the Environment, cit., passim; Id., Appraising Adaptive Management, in 
Conservation Ecology, 1999, vol. 3 no. 2, 3 et seqq.; J.B. Ruhl, General Design Principles for Resilience and Adap-
tive Capacity in Legal Systems – With Applications to Climate Change Adaptation, in North Carolina Law Review, 
89 (2011), 1373 et seqq.; J.B. Ruhl, Adaptive Management and the Future of Environmental Law, in Duke Envi-
ronmental Law & Policy Forum, 2008, 18, 475 et seqq.; U.S. Department of the Interior, Adaptive Management 
Working Group, Adaptive Management: The U.S. Department of the Interior Technical Guide, Washington (DC), 
2009; U.S. Department of the Interior, Adaptive Management Working Group, Adaptive Management: The U.S. 
Department of the Interior Applications Guide, Washington (DC), 2012; C.J. Walters, Adaptive Management of 
Renewable Resources, New York, 1986.

67  C.S.Holling, Adaptive Environmental Assessment and Management, cit.; K.N. Lee, Compass and Gyro-
scope, cit.

68  On the analytical framing of the various phases, see U.S. Department of the Interior, Adaptive Man-
agement Working Group, Adaptive Management: The U.S. Department of the Interior Technical Guide, cit.; see 
also the papers contained in A.S. Garmestani, C.R. Allen, C.A. Arnold, Adaptive Management of Social-Ecolog-
ical Systems, cit.
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Exploration embraces uncertainty, mapping multiple futures rather than 
predicting only one. Experimentation reduces uncertainty by testing hypothe-
ses within controlled environments. The learning process manages uncertainty, 
incorporating continuous adjustments.

It is not simply a method of trial and error, whereby a hypothesis is tested 
and then discarded if it does not satisfy pre-determined conditions, leaving space 
to test the next hypothesis. Within an adaptive management tempered by pru-
dential rules, change and unexpected outcomes are not perceived of as accidents 
or failures, but rather as precious sources of new knowledge, which institutions 
should promptly embrace and exploit 69.

The difference compared to the many attempts at flexible coordination and 
planning previously experimented with in Italy – such as, purely by way of exam-
ple 70, river basin authorities or river contracts – does not lie solely in the instru-
ments but rather above all in the inspiring ideology.

Adaptive management does not simply aim to perfect data collection until a 
full picture has been obtained, but rather intentionally operates under conditions 
of incomplete knowledge, structuring action as a process of continuous learning.

Choices thus take on the significance of operational hypotheses to be 
checked through systematic monitoring. Mistakes (as long as they are not fatal) 
are not necessarily failures or accidents to be avoided at all costs, but rather sourc-
es of precious information, provided that they occur within controlled and revers-
ible contexts. A plan no longer performs the function of a document crystallising 
a particular vision, but rather evolves into a framework that matures by incorpo-
rating new knowledge.

The Comprehensive Everglades Restoration Plan (CERP) is one of the 
largest environmental restoration projects ever implemented. It was officially 
launched in 2000 with an estimated investment of over 10 billion dollars and has 
a multi-decade timeframe.

The plan aims to restore the natural watercourses in the Everglades ecosys-
tem, which have been compromised by decades of draining, urbanisation and 
agricultural conversion, balancing environmental demands against the need to 
supply water to Florida’s millions of residents and agricultural sector.

Adaptive management has been formally incorporated into this context 
through cycles involving pilot experimentation (such as reservoirs, retention basis 

69  K.N. Lee, Compass and Gyroscope. Integrating Science and Politics for the Environment, cit., passim 
and 51 et seqq.; in general terms, on the evolutionary value of the capacity to exploit errors, see E. Weizsacker, 
C. Weizsacker, Come vivere con gli errori? Il valore evolutivo degli errori, in Physis: abitare la terra, edited by M. 
Ceruti, E. Laszlo, Milano, 1988, 126 et seqq.

70  See amongst the various publications I contratti di fiume, edited by S. Bastiani, Palermo, 2011; C. 
Leone, I contratti di fiume negli argini del diritto amministrativo, Naples, 2024.
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and movable sluice gates), detailed monitoring by environmental sensors, public 
consultation and at times engagement with local stakeholders and native tribes. 
The aim was to gradually establish whether the action taken needed to be con-
firmed, corrected or suspended, within a decision-making framework that should 
have been distributed on the basis of new emerging information 71. 

The Delta Programme in the Netherlands offers another instructive case 
of institutionalised adaptive governance. It is not a plan, but rather a perma-
nent programme incorporating hydraulic defence measures, flood risk manage-
ment and climate adaptation. It is coordinated by a national commissioner and is 
updated each year in the Delta Report presented to Parliament.

The model incorporates the principle of “long-term vision, step-by-step 
action”, combining 2050 targets with annual reviews, which are necessary in 
order to ensure timely and dynamic adjustments in line with climate change and 
new information. This architecture has made the problem an international point 
of reference for the capacity to translation adaptive management into a perma-
nent institutional structure 72.

Similarly, under the Costa Rican Payments for Environmental Services pro-
gramme, each expansion is conceptualised as a pilot experiment, which is followed 
by monitoring, evaluation, and if appropriate extension over a broader scale.

After a quarter of a century this approach has significantly contributed to 
transforming Costa Rica from a country beset by accelerating deforestation into a 
global model for conservation. Progress has not been achieved according to a per-
fect plan implemented in a linear fashion, but rather by making constant, progres-
sive adjustments based on systematic learning and constant institutional adaptation.

5.	 Counterpoint conclusions 

If it is agreed that governmental bodies must cultivate systemic capacities 
for adaptation in order to regulate environmental complexity, we must reflect on 
how this requirement can be reconciled with fundamental legal categories such as 
legality, legal certainty and responsibility.

71  National Research Council, Progress Toward Restoring the Everglades: The Fourth Biennial Review, 
Washington D.C., 2012, in particular chapter 2; Comprehensive Everglades Restoration Plan - U.S. Army 
Corps of Engineers and South Florida Water Management District, Comprehensive Plan, 2000, ES-1 et seqq., 
available at: www.evergladesrestoration.gov.

72  OECD, Systems Approaches to Public Sector Challenges, 2017, 55; P.J.T.M. Bloemen, T. Reeder, C. 
Zevenbergen, J. Rijke, A. Kingsborough, M. van der Steen, P.J. Ward, DMDU into practice: Adaptive Delta 
Management in The Netherlands, Decision Making under Deep Uncertainty: From Theory to Practice, edited by 
V.A.W.J. Marchau, W.E. Walker, P.J.T.M. Bloemen, S.W. Popper, Cham, 2019, 425 et seqq.; further infor-
mation and materials are currently available at https://english.deltaprogramma.nl/.
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The tension between normative stability and operational flexibility is not 
open to simplistic solutions. 

Naturally, the guarantee of the guiding function of the norm in terms of 
public power is non-negotiable

It is necessary to understand how this guiding function can evolve and devel-
op into a structure for learning and adapting administrative action, as opposed 
to a merely binary framework. This involves a shift from static rules that pre-
empt every possible scenario to dynamic frameworks that define objectives, per-
formance indicators, verification points and adaptation mechanisms. 

It is not about conceptualising a fluid or constantly mutating legality – a 
perspective that would rightly concern any jurist – but rather recognising that 
the legislator could establish mechanisms for controlled adaptation, in particular 
areas and subject to appropriate guarantees. 

For example, periodic, evidence-based review clauses, authorisation to 
engage in limited and reversible experimentation, as well as protected regulato-
ry spaces to test innovations (such as the sandbox model), could – if appropriately 
structured – be fruitful in reconciling stability with malleability, without sacrific-
ing the principle of legality 73.

Within this context, the function of the norm is not limited to making the 
questionable claim that each stage of implementation must be predetermined; 
rather, it performs the task of marking out the perimeter of a space of possibili-
ties, which it is up to each administration to explore 74.

In this respect legal certainty – as the second indispensable principle – 
must not be undermined, yet must operate on different levels: certainty in terms 
of principles and objectives; certainty in terms of decision making and review 
processes; and certainty in terms of mechanisms of control and accountability. 
There must be guarantees of foreseeability and transparency within the process-
es through which any adaptations are assessed and implemented, rather than of 
the implausible and perhaps counter-productive immutability of the final rules.

Similarly, the rules governing responsibility (in its various manifestations) 
should be premised not only on traditional criteria of procedural conformity but 

73  J. Ebbesson, The Rule of Law in Governance of Complex Socio-Ecological Changes, cit., 414 et seqq.; 
D.A. De Caro, B.C. Chaffin, E. Schlager, A.S. Garmestani, J.B. Ruhl, Legal and Institutional Foundations of 
Adaptive Environmental Governance, cit.

74  G. Pericu, A. Leiss, Genova nuova. La città e il mutamento, Rome, 2007, 103: «for a public sector 
manager, complying with the law is an unavoidable obligation, including on a moral level […] However, com-
plying with the law does not mean developing only those activities that are expressly authorised by the law […]. 
A manager who did nothing more than simply implement the law would have very limited scope for action, 
and would de facto fail to achieve many possible objectives». For a similar view see G. Pericu, Esperienze di un 
amministratore giurista, in Scritti Scelti, cit., 944; G. Pericu, Verso nuovi modelli giuridici nel rapporto pubbli-
co-privato, in Scritti Scelti, cit., 613 et seqq.
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also on ecosystem indicators. In particular, they must not frustrate the capacity 
to learn in an awareness that, within complex systems – as noted above – some 
margin for controlled error may form part of an overall virtuous and ineluctable 
learning process, provided that it is adequately monitored and adapted.

The ultimate aim is to strike a delicate balance, which requires constant 
attention in order to avoid on the one hand a slide into paralysing formalism and 
on the other hand flexibility so excessive as to undermine the rule of law 75.

The experiences recalled above are testament to the difficulty in striking this 
balance. During the implementation phase, the Everglades Restoration encoun-
tered institutional resistance, which acted as a brake on its experimental poten-
tial 76. Similarly, although the Delta Programme provided an advanced model of 
adaptive governance, it suffered from sluggish review processes and some level of 
dependence on pre-determined pathways 77. Finally, whilst the Costa Rican PES 
programme achieved significant conservation results, it had to engage with prob-
lems related to financing and the fair and efficient allocation of resources 78.

Realistically, it must be acknowledged that the adaptive approach is pre-
mised on exacting conditions, which cannot by any means be taken for grant-
ed: specific expertise, solid organisational structures, sufficient resources and the 
capacity to process data and to learn also from crises 79.

The provision of training to administrative staff is therefore crucial, and this 
must involve not only technical refresher courses but also a cultural reconfiguration: 
from the logic of control to the logic of facilitation; from sectoral specialisation to 
inter-sectoral cooperation; and from formal compliance to ongoing learning 80.

75  J.B. Ruhl, Regulation by Adaptive Management - Is it Possible?, cit.; B.A. Cosens, R.K. Craig, S.L. 
Hirsch, C.A. Arnold, M.H. Benson, D.A. DeCaro, A.S. Garmestani, H. Gosnell, J.B. Ruhl, E. Schlager, The role 
of law in adaptive governance, in Ecology and Society, 22 (2017), no. 1, Article 30; R.K. Craig, A.S. Garmestani, 
C.R. Allen, C.A. Arnold, H. Birgé, D.A. DeCaro, A.K. Fremier, H. Gosnell, E. Schlager, Balancing Stability and 
Flexibility in Adaptive Governance: an Analysis of Tools Available in U.S. Environmental Law, in Ecology and Soci-
ety, 22 (2017), no. 2, Article 3. For an analysis of judicial review of administrative adaptive management practic-
es in the U.S., see R.L. Fischman, J.B. Ruhl, Judging Adaptive Management Practices of U.S. Agencies, Conserva-
tion Biology, 2016, v. 30 no. 2, 268 et seqq., available at https://www.repository.law.indiana.edu/facpub/2992.

76  L.H. Gunderson, S.S. Light, Adaptive Management and Adaptive Governance in the Everglades, Policy 
Sciences, 2006, 39, 323 et seqq.; A.S. Garmestani, C.R. Allen, C.A. Arnold, Adaptive Management of Social-Eco-
logical Systems, cit., passim.

77  B. De Botselier, L. Groen, J. Hugé, D. Huitema, Explaining the Adaptation Gap in Dutch Coast-
al Risk Management Through Lock-in Mechanisms, in Regional Environmental Change, 2025, 25(3), Article 86.

78  S. Pagiola, Payments for environmental services in Costa Rica, Ecological Economics, 2008, 65(4), 712 
et seqq.; other critical aspects are highlighted by R.A. Arriagada, E.O. Sills, P.J. Ferraro, S.K. Pattanayak, Do 
Payments Pay Off? Evidence from Participation in Costa Rica’s PES Program, in PLOS ONE, 10 (2015), no. 7, 
Article e0131544.

79  Further references are provided in M. Cafagno, Principi, cit., 266 et seqq.
80  OECD, Skills for a High Performing Civil Service, Paris, 2017, 67 et seqq.; S. Nooteboom, Marks, 

Adaptive Networks as Second Order Governance Systems, Systems Research and Behavioral Science,  2010, 27(1), 
61 et seq. On the general and ever-crucial issue of training for public officials, see S. Battini, Il personale, in Isti-
tuzioni di diritto amministrativo, edited by S. Cassese, Milan, 2019, 157 et seqq.
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As a result of the contingent weakness of public organisations and environ-
mental complexity, any expectation of rapid and widespread change will be illusory. 

However, we do not need to seek to achieve the utopia of a sudden meta-
morphosis within the administration.

The three dimensions examined – strategic anticipation, institutional exper-
imentation and ongoing learning – can be gradually developed through pilot 
projects which, if effective, will trigger processes of learning and incremental dis-
semination.

The most encouraging aspects of the Costa Rican case discussed above illus-
trate this type of trajectory. The programme involving payments for environmen-
tal services, which was launched in 1997 as a uniform forest protection scheme, 
has evolved over the last quarter of a century into a complex system that differ-
entiates between payments based on type of service, geographical area and eco-
logical quality. 

This change did not result from an initial all-inclusive and intentional 
design, but rather from progressive experimentation: inclusion of agroforestry, 
collective contracts for small landowners and blockchain applications have been 
tested locally, assessed and later rolled out only after this stage. There have indeed 
been mistakes, such as initially inadequate payments and excessively onerous ver-
ification mechanisms. Nonetheless, after completing the pilot phase these have 
guided later adjustments, without compromising the system as a whole.

The path towards an administration that is capable of governing ecosystem 
complexity is therefore not envisioned as an unlikely revolution but rather as a 
possible evolution: a process of distributed innovation that, starting from local-
ised yet replicable experiences, gradually builds up new institutional capacities.

In my view, the Environmental Code should be reviewed in this spirit in 
order to incorporate specific frameworks and principles for the adaptive gover-
nance of ecosystem services. 
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Public Management of the Environment as Dialogue among Complex Systems

Contemporary environmental law is affected by a profound tension, arising out of the in-
terface between two apparently irreconcilable dimensions: on the one hand the constant 
fluidity within ecosystems, with their non-linear dynamics, their critical thresholds and 
their multiple equilibria; on the other hand the formal architecture of administrative law 
comprised of discrete categories, sequential procedures and bounded competences. This 
tension entails an inherent epistemological challenge of understanding how a system of 
rules, which is necessarily finite and structured, can deal with the endless complexity of 
the natural world. Ecosystem services represent a paradigmatic case of this tension: they 
are not traditional goods, yet create value; they are not contractual services, yet support 
the economy; and they emerge out of ecological processes operating on multiple tempo-
ral and spatial scales, yet require immediate, bounded administrative decisions. This pa-
per aims to reconcile the theory of complex systems with administrative law in order to 
sketch out the basic outline of a model of governance that is open to integration, flexibil-
ity and resilience. The study proposes a notion of environmental governance that, reflect-
ing its specific subject matter, in turn takes on the features of an adaptive, complex system 
that is called upon to co-evolve alongside protected ecosystems, thanks to poly-centric, 
participatory forms of governance undergoing a process of constant learning.




