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Abstract: Despite an increased interest from the global change and resilience 

community, there is limited knowledge about the features and outcomes of 

polycentric governance. Moreover, there are few examples from the literature 

explaining transitions from lower to higher degrees of polycentric order. This 

seriously limits the explanatory power and application potential of the theory. The 

present study addresses this gap by investigating the global governance of nitrogen 

(N) and phosphorous (P) cycles. Those biophysical flows are two of the identified 

Earth-system processes in the “planetary boundaries” framework. This study explores 

governance challenges associated to these processes by analysing present institutional 

structures and actor collaborations. This is done by studying the network structures 

among all relevant multilateral agreements, EU (-level) Directives, and agreements on 

trade, combined with a more in-depth analysis of one global partnership initiative as a 

means to assess a possible emerging structure of polycentric order. The present study 

provides insights into how the current governance regimes in place for regulating the 

issues related to N and P flows look like, as well as issues and synergies of having a 

global partnership in place. The study suggests a global structure of polycentricity, 

which has the possibility to evolve into a better “match” with the dynamics of those 

biophysical flows through a larger governance context. 
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1. Introduction 
 

There has been an increased interest in polycentric systems and order as a potential 

strategy to deal with complex global environmental problems (Galaz et al., 2012c; 

Ostrom, 2010). The reason for this is that polycentric systems may contribute to solve 

difficult collective-action problems, including the provision of diverse public goods 

and services (Ostrom, 2010). However, there is limited knowledge about their 

features and outcomes (Aligica & Tarko, 2011) as well as very few examples from the 

literature explaining transitions from lower to higher degrees of polycentric order 

(Galaz et al., 2012c). This is problematic because this limits the explanatory power 

and application potential of the theory. It is important to be able to distinguish 

between different degrees of polycentric order since it is not evident that polycentric 

order in general, to any degree is an effective strategy to deal with global 

environmental stresses. Furthermore, identifying the features that drive governance 

from one end of an actor sequence to another, also uncover key processes not only 

important from case to case, but for effective governance structure in general. 

In this thesis, I intend to investigate the current governance structures in place for 

global nitrogen (N) and phosphorous (P) cycles as a means to uncover institutional 

and actor connectedness cross sectors and scales that could outline a polycentric 

order. This thesis will provide insights into how the current governance regimes in 

place for regulating the issues related to N and P flows look like, as well as issues and 

synergies of having a global partnership in place. The study also provides insights in 

what processes in relation to N and P that is somewhat governed, which are not, and 

at what scale. This is done as a means to improve understanding on how to create 

better governance “match” with the dynamics of these biophysical flows through a 

larger governance context.  

1.1.Why focus on global nitrogen (N) and phosphorous (P) cycles? 
	  
Rockström et al. (2009) proposed nine Earth-system processes and associated 

thresholds that if crossed, could generate unacceptable environmental change. Global 

N and P cycles are two of those identified Earth-system processes. Steffen et al. 

(2015) proposed a more generic “planetary boundary” termed biogeochemical flows. 
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The ability to determine the temporal and spatial distribution of environmental effects 

is limited (Steffen et al., 2004). This translates to a major challenge for governance 

since current governance and management paradigms often do not take into account, 

or lack a mandate to act upon these complex interacting planetary risks (Walker et al. 

2009).  

 

Research on “planetary boundaries” with a focus on governance in relation to N and P 

is not a well-investigated area, and there are only few examples from the literature. 

One example is de Vries et al. (2013), which describe the governance interest in, and 

criticism of “planetary boundaries”, specifically with respect to the nitrogen N cycle. 

Ebbesson (2014) also explores the issue from a legal point of view.  

 

The case of global governance of N and P flows is a suitable case to further address 

the gap of knowledge about transitions from lower to higher degrees of polycentric 

order, here referred to as “polycentric transitions” since the anthropogenic influence 

of these flows are not well governed. Hence, the main assumption is here that there 

are very weak, unconnected governance structures in place. This assumption was 

made with regard to the limited extent of progress to date, which highlights the 

substantial barriers to change for the nutrient issues that are described by for example 

Sutton et al. (2013). One big issue is that there is no international legal framework 

intended to deal with eutrophication only, even though United Nations Convention on 

the Law of the Sea (UNCLOS) as well as some regional seas conventions applies to 

marine pollution through N and P (Ebbesson, 2014).  

 

The assumed lack of enforceable international governance structure in place at the 

global scale makes it interesting to study possible structures in place, or structures that 

are emerging. Therefore, the current governance regimes and their structures can 

reveal some important conclusions about the current official state of governance. A 

governance regime is here defined by Krasner (1983) as in a set of explicit principles, 

norms, rules, and decision-making procedures around which actor expectations 

converge in a given area of international relations and which may help to coordinate 

their behaviour.  
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1.2 Aim and research questions 
	  
The aim of the present study is to analyse institutional structures and actor 

collaborations for the governance of global nitrogen and phosphorous cycles for the 

purpose of investigating polycentric order. 

 

The main research question (Q1) for this project is ‘Is polycentric order emerging 

among relevant institutions and actors that are associated with global nitrogen and 

phosphorous cycles?’  

 

To elaborate this, I ask and respond to two sub questions:   

Q1.1: Is there a network structure amongst institutions emerging at the international 

level facilitating cross-sectoral and cross-scalar collaboration?  

Q1.2: Are there any global partnership initiatives that are important for the 

governance of global N and P cycles? 

 

Q1.1 will elaborate on how global institutions emerge and form governance 

structures, an issue often captured under the term “architecture” as defined by 

Biermann et al. (2009a, p. 15, 2009b) as “the overarching system of public and 

private institutions that are valid or active in a given issue area of world politics”. A 

focus on polycentric order entails a focus beyond single institutions, meaning to rather 

look at multiple social entities, as well as cross-level interactions, which implies that 

the notion of governance architecture becomes relevant. The concept of architecture 

(2009a, p. 15, 2009b) here allows for the comparative analysis of issue areas and 

policy domains, and for the study of overarching phenomena that the more restricted 

concept of regimes could not capture. Q1.2 will complement the focus on formal 

institutions, and instead explore collaborations patterns at the international level with 

a focus on actors.  

 

My approach to governance analysis is both analytical and normative. In this case it 

means I use the term “global governance” for denoting observable phenomena and the 

corresponding perspective on those phenomena (Dingwerth and Pattberg 2006) 

meanwhile acknowledging that there is currently a limited understanding of societies’ 

capacities to steer environmental change. This means a normative stand when trying 
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to bring out network structures and possible functionality. In summary, this study is 

an attempt to illustrate that there are interesting benefits from integrating polycentric 

theory with network theory. 
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2. Global nitrogen and phosphorus flows  
	  
Figure 1, 2, and 3 provides the analytical point of departure, since those figures 

clearly illustrates the interplay from an Earth systems perspective. The figures show 

key processes that are the most prominent ones with regard to environmental effects. 

Those figures and information from key informants (Appendix VI) has been used as 

basis for developing the sets of criteria for selection of agreements in Appendix II. 

2.1 Anthropogenic disturbances of the N cycle 
	  
The main human alteration of N fluxes is the conversion of non-reactive N in the 

atmosphere to reactive forms (both oxidised and reduced forms), and their application 

to the land surface (Steffen et al., 2004). Humans create reactive nitrogen (Nr) in three 

ways: through cultivation, industrial fixation of elemental nitrogen (N2) to	  ammonia 

(NH3), and fossil organic N to	  nitrogen oxide (NOx) in which the industrial reduction 

for the creation of fertiliser is the most important one (Steffen et al., 2004).  

 
Figure 1. Global nitrogen cycle. The figure describes the N flow between systems.	   Red	  arrows	   show	  
main	  human-‐caused	  flows.	  Units	  are	  Tg	  N	  yr1	  =	  million	  tonne	  N	  yr1.	  The	  figure	  is	  adapted	  by	  Cornell	  
(2015)	  based	  on	  Ward	  (2012).	  
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Figure 2. Global nitrogen cycle. The figure describes the N flow and N in its multiple chemical forms 
and states. The figure is adapted by Cornell (2015) based on Ward (2012). 

	  

2.2 Anthropogenic disturbances of the P cycle 
	  
The human perturbation of the P cycle is the mining of finite phosphate rock deposits, 

their conversion to fertilisers or detergents, and their application to terrestrial-based 

systems (Steffen et al., 2004). The major response is (i) enhanced growth of terrestrial 

biota due to the use of fertilisers, (ii) leakage of applied P into rivers and eventually to 

the coastal zone and surface waters, and (iii) enhanced growth of marine biota 

(Steffen et al., 2004).  

 

Figure 3. Global phosphorus flows through systems. Units are Tg P yr-1 = million tonne P yr-1. The 
figure is adapted by Cornell (2015) based on data from Sutton et al. (2013) and Filippelli (2002).	  
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3. Theoretical background 
	  

3.1 Polycentric order and systems 
	  
The theoretical starting point for this study is that political structures in relation to 

public organisations include problems of scale (Ostrom et al., 1961, p.831), which 

supports exploration of cross-scalar structural patterns among institutions and actors. 

The present study defines “polycentric systems and order” as “many centres of 

decision making that are formally independent of each other” as outlined by Ostrom 

et al., (1961). This definition is considered as one of the most established ones (see 

Ostrom, 2000; Ostrom, 2010; Ostrom et al., 1961). The present study investigates 

both institutional structures, as well as actor collaborations. This means that very 

different, “formally independent” social entities rather than just governing authorities 

are investigated. This justifies the use of the definition outlined by Ostrom et al. 

(1961).  

According to Aligica & Tarko (2011) using polycentricity as a framework could help 

draw non-ad hoc analogies between different forms of self-organizing complex social 

systems as well as challenge and strengthen institutional imagination. Different 

evolving climate governance structures of polycentric order have been suggested 

(Andonova, 2009; Ostrom, 2010) and further recognized in various forms by, for 

example, Galaz et al. (2012c) and Kim (2012).  

3.1.1 Polycentric features and processes 
	  
Toonen (2010) highlight that polycentric systems tend to enhance innovation, 

learning, adaptation, trustworthiness, and levels of cooperation of participants. Galaz 

et al. (2012c) propose that there exist four generic processes in polycentric systems at 

the international level. As described in Figure 4, these processes include information 

sharing and mutual adjustment (probably the weakest form of polycentric order at the 

international level), coordination of activities (a stronger version of polycentric order 

and requires a larger investment in formal partnerships, joint projects and 

experiments), and problem solving and conflict resolution (likely to be the strongest). 

Those kinds of transitions are described by Ostrom in McGinnis (1999, p.56) as 

“polycentricity in the structure of governmental arrangements; economic affairs; 

political processes and the formation of political coalitions; judicial affairs, and in 
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constitutional rule”. The present study is trying to assess some of these attributes and 

processes by analysing actor collaborations as a means to improving the 

understanding of multi-level governance process better.  

 

 

Figure 4. From "weak" to "strong" processes of polycentric coordination and order. The figure 
illustrates (a) a simple communication network that allows for mutual adjustment (b) a stronger from 
of coordination as it combines communication linkages, with formal partnerships arrangements. (c) a 
stronger form of polycentricity involving tangible joint projects/experiments (d) is the strongest from of 
polycentric order, and involves strong formal ties between key actors, joint projects and the evolution 
of rules. (Galaz et al., 2012c).	  

The current incomplete knowledge about the features and outcomes of polycentric 

systems (Aligica & Tarko, 2011) pose serious implications to the application of the 

theory. This study is an attempt to improve the explanatory power and application 

potential of the theory using the case of governance structures in place for N and P. 

The more specific challenge for applying the theory is the limited knowledge about 

transitions from lower to higher degrees of polycentric order (Galaz et al., 2012c) as 

mentioned in the outset. When distinguishing between different degrees of polycentric 

order, the extent to which the structures outline an effective strategy to deal with 

global environmental stresses can be revealed. The needs of identifying the features 

that drive governance from one end of the actor sequence to another (see Galaz et al., 

2012c) also uncover key processes. The bulk of the polycentricity literature has used 

case studies such as certain common pool resources (e.g. Kloosterman and 

Lambregts, 2001; Wade, 1994). Identifying processes that are not only important 

from case to case, but for effective governance structures in general is therefore 
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another current important limitation of the theory. 

3.2 A global institutional network 
	  
While the attributes and processes that are denoted as polycentric features by Galaz et 

al. (2012c), might be accurate for cases where actors interact, it may not be as evident 

when investigating the relationship between formal institutions such as multilateral 

agreements. Relationships among social entities such as treaties can however be 

analysed using social network analysis (Wassermann & Faust, 1994) even though a 

significant part of the literature has studied ‘actors’. A network approach allows the 

use of a precise formal definition for aspects of the political, economic, or social 

structural environment. This approach also enables to reveal important links between 

agreements, which could be useful for both analytical and practical (e.g. policy) 

purposes. Network structures among institutions such as MEAs can be considered to 

outline structured maze that in turn has a potential to consist of polycentric patterns 

(Kim, 2013). One of the best arguments describing that proposition is that MEAs have 

multi-level and multi-topic features: they vary to a significant degree in terms of 

subject matter, objectives, memberships, geographical scope, regulatory mechanisms, 

and underlying jurisprudence (Kim, 2013). 

 

In the present study, different regional and international agreements have been viewed 

through a network approach even though agreements are not actors, but documents. 

The reason is that these instruments are at the same time often dynamic in the sense 

that they evolve through amendments, reinterpretation etc., through actor 

collaboration such as the Conferences of the Parties, and in international 

organizations. It will therefore be argued that the selected agreements are to some 

extent "actors on their own”, or acting like legally independent organizations with 

‘‘autonomous institutional arrangements’’ (see Churchill and Ulfstein, 2000; Ulfstein, 

2012, Kim and Mackey, 2014). 

 

By creating a network, the social environment can be expressed as patterns of 

regularities in relationships among interacting units, which more easily could be 

referred to as structures (Wasserman & Faust, 1994). This approach has recently 

emerged as a toolkit in the analysis of complex systems (Amaral and Ottino, 2004; 

Newman, 2011) and is interesting for this study because it enables an estimation of 
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the whole system, despite its size. Without the use of a method such as social network 

analysis (SNA) it is near impossible to analyse institutional complexity of a global 

system such as the governance regimes in place for N and P management since the 

system is very large and has a great variety of scope. Another key benefit with this 

approach is the power of visualising these institutional elements through a network, 

which ensures that the size and complexity of the system is seen.  

3.3 Architecture 
	  
Institutional analyses of effectiveness and relationship between certain institutions or 

institutional elements are common (e.g. Biermann, 2008; Young, 2011) but the 

overall architecture at the macro-level has remained largely outside the focus of most 

previous studies (Biermann, 2007). There are few examples of attempts to map out 

the overall architecture of institutional elements, such as the study by Kim (2013). 

While case studies (see 3.1.1) and analyses of governance architecture normally are 

used separately, the present study attempts to combine them as a means to encapsulate 

the scale of the global environmental problems related to the anthropogenic 

disturbances of the N and P cycles. The approach is slightly different from the large 

and acknowledged body of literature on institutional interactions, here defined by 

Oberthür and Stokke (2011, p.4) as “…one institution affects the development of or 

performance of another institution”.  

 

A focus on the overall governance “architecture” also means to reveal what the 

overall current structure is not doing in terms of governance, meaning where and in 

what sense the network of regional and international agreements is a base for 

regulatory outcome. This means to reveal whether there is a “gap in governance” and 

possible responses to this gap. An analysis of this kind becomes interesting in 

conjunction with the emergence of a global partnership initiative, since it makes sense 

to consider all relevant actors mobilising different initiatives that may have an 

influence on governance outcomes and possibly having an impact on governance 

“fit”.  
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4. Methods 
	  
The analysis is structured through two-steps: (a) an analysis of institutional structures 

through a network analysis, and (b) a study of the global partnership initiative Global 

Partnership on Nutrient Management (GPNM). It is to be noted, however, that 

combinations of quantitative (network analysis) and qualitative methods (in-depth 

expert interviews) were used in conjunction to work out network structures in the 

institutional landscape.  

 

4.1 Mixed-method approach 
	  
Methodologically I did not study these two sections using the same methods. It would 

be conceptually possible to include both all regional and international agreements and 

actors involved in the partnership using only SNA (e.g. creating a 2-mode network). 

However, that would not necessarily provide comprehensive information as to why 

structures look like they do, or activities taking place between individual agreements 

or actors. It is important to critically review what a quantitative approach actually 

says about the governance structure in the context of coordination and institutional fit. 

An overall view of the governance architecture at the macro-level cannot show 

activities taking place around organisations and conventions that are being influenced 

by certain actors. A partnership has a limited amount of actors, which means that its 

structures can be perceived through the use of qualitative analysis. This can provide 

additional information about the function or effects of the identified network of 

agreements. The arguments for choosing a mix-method approach are summarised in 

Table 1. 
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Table 1. Summarised arguments for a mixed-method approach.  

 Network Analysis Case Study 

Key focus Regional and international 
agreements 

Actors 

Method (1) In-depth expert 
interviews  

(2) Creation of 
database 

(1) Review of 
documents 

(2) In-depth expert 
interviews 

Strengths (a) An overall view of 
the governance 
architecture at the 
macro-level 

(b) Quantitative 
analysis 

(a) Detailed insight on 
processes that shape 
the governance 
architecture 

(b) Detailed insights on 
how actors reason 

(c) Qualitative analysis 
Weaknesses (a) Cannot explain how 

institutions and 
actors interact, why 
structures look like 
they do, nor their 
impacts 

 

(a) Cannot capture the 
whole governance 
system for N & P 

 

 

4.2 Network Analysis 
	  
The analysis was enabled using the approach developed by Kim (2013) and consisted 

of three steps: (i) dataset compilation, (ii) network analysis, and (iii) visualisation of 

network data. 

4.2.1 Preparing the database 
	  
As a first step, interviews were conducted with nine strategically selected subjects 

having insights into the institutional design, multilateral negotiations, and the science 

of global N and P flows (appendix list II of interviewees). The subjects were selected 

due to their acknowledged expertise (S. E. Cornell, personal communication, 

September 15-26, 2014) together with snow-ball sampling; each interviewee was 

asked to recommend someone people suitable for an interview as a way to confirm 

that the sampling included representative individuals (Arber, 2001). This was done in 

order to have a starting point for collecting information about the existing governance 

architecture, and to make sure that important information was not missed.  
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The nodes included in the database are multilateral environmental agreements 

(MEAs), EU (-level) Directives, and international agreements on trade among other 

appropriate regional and international agreements relevant for the governance of N 

and P cycles (see Appendix VI and list of agreements). In order to be as objective and 

comprehensive as possible when building the dataset, the database was created 

through a couple of different strategies. As part of this aim the purpose here was to 

include all relevant protocols associated with identified conventions in order to be 

able to include all possible scales and relevant information. This also means that each 

instrument is considered as “legally autonomous”. The process of selecting 

agreements were: (1) reviewing the International Environmental Agreements 

Database project developed by Mitchell (2002-2014), and the ECOLEX database 

(IUCN et al., 2014), (2) using data from interviews, (3) including trade agreements on 

the basis that governance architecture can be conflictive (see Biermann, 2014, p. 85-

86), (4) to look for agreements that implicitly deal with pollution of N and P, and (5) 

to use key words for different kinds of agreements and make searches in each legal 

document. For a detailed review on the process and deficiency of my selection of 

agreements see Appendix IV and V. 

4.2.2 Creating the network 

 
A network was created through the use of citations and cross-referencing that 

represents proxies for links between agreements (see Kim, 2013). MEAs have often 

included cross-references to a number of agreements considered relevant by the 

parties (Kim, 2013). Cross-referencing can be viewed as extending the legal effect of 

cited texts to the texts citing them (Kiss and Shelton, 2007). The reason is that the 

cross-reference is referring to other legal texts with legal importance, which is seen 

relevant to build upon. This type of cross-reference usually appears in the preamble 

where the parties to the agreed agreement are, for example, ‘noting’, ‘recalling’, 

‘reaffirming’, ‘recognizing’, ‘bearing in mind’, or ‘taking into account’ relevant 

agreements (Kim, 2013).  

All links have been identified manually through making searches in each legal 

document, looking for (a) references to agreements that were collected as a result of 

the first strategy of finding agreements that already been included in the database, but 

also (b) references to other, new agreements. The strategy to search for new 
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references also enabled an extension of the database meanwhile creating additional 

links in the network. 

4.2.3 Network connectivity 
	  
The network data were visualised using the network analysis computer programme 

NetDraw available through the software programme Ucinet (see Borgatti et al., 2002). 

I used NetDraw to create graphical representations of the system. A basic analysis of 

the topological properties was performed as a means to be able to draw conclusions 

from the architecture outlined by the institutional landscape.  

Hubs of nodes (separated subgroups of nodes) that are more connected compared to 

other nodes in the network were identified. It should be noted that those hubs in the 

present study represent different governance regimes. This part of the analysis makes 

it possible to draw conclusions on which regional and international agreements are the 

most connected, and potentially the most important ones, in terms of affecting 

regulatory – and governance outcome. I will explore the issue further below.   

Firstly, the network measure degree centrality was used to measure the importance of 

an agreement. To calculate this measure citations from other nodes are added up (so 

called “inward citations”, for examples of legal cases see Fowler et al., 2007). The 

simplest definition of this measure is that “the central actors must be the ones that are 

the most active” in the sense that they have the most links to other actors in the 

network (Wasserman and Faust, 1994). Prior studies of law have been using degree 

centrality as a way to measure the continuing relevance or importance of a given case 

or judge (see Landes and Posner, 1976; Kosma, 1998; Hansford and Spriggs, 2006).  
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Figure 5. Schematic example of degree centrality, adapted from Wasserman & Faust (1994). 

 

Secondly, the measure betweeness centrality was used since it is another metric that 

measures the importance of an agreement. The importance is being measured through 

the calculation of the geodesics (i.e. the shortest path between two nodes, see 

definition by Wasserman and Faust, 1994, p. 110). Essentially: this calculation can 

uncover what nodes are most central in relation to the other nodes in the network. It 

means that nodes with high betweenness centrality are connected indirectly to many 

of the nodes via their links (see explanation of actor betweenness centrality in 

Wasserman and Faust, 1994). An agreement could therefore have control over other 

agreements because of the relevance and how it is being cited. An example of this 

could be an international institution having an effect on supplemental jurisdiction at a 

lower scale. Volbeda (2006) exemplifies this using the case of international 

environmental claims under UNCLOS. If the level of betweenness centrality 

“matches” a real process of supplemental jurisdiction, that would represent interesting 

application possibilities on real life processes. 

 

Figure 6. Schematic example of betweenness centrality, adapted from Wasserman & Faust (1994). 
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It should be carefully noted that there are some limitations with regard to what 

citation networks can show. A citation network has directed links, which show one-

way flow of information or influence from node A to node B. A citation does not say 

anything about (or presume the existence of) the potential flow of 

information/influence in the opposite direction from node B to node A. Betweeness 

centrality presumes that the network is non-directional, i.e. that there are flows in 

both directions. The use of the measure betweenness centrality is still sensible in the 

present analysis however since it is assumed that information flows in both directions 

in reality. This assumption is based on the fact that information often flows in both 

directions, and an example is that the Convention on Biological Diversity (CBD) is 

citing the UNCLOS, which was adopted before CBD. However, that does not 

necessarily mean UNCLOS does not interact with CBD in practice. This interplay is 

acknowledged and discussed in detail by Wolfrum and Matz (2000). 

4.2.4 Cross-level citations 
	  
Degree centrality and betweenness centrality measures were calculated as a means to 

draw some conclusions in line with the proposition made by (Kim, 2013) namely that 

MEAs could outline a polycentric system since they vary to a significant degree in 

terms of subject matter, objectives, memberships, geographical scope, regulatory 

mechanisms, and underlying jurisprudence. The approach chosen here was to not only 

look at different subject matters, but also include a focus on cross-level citations, 

which are links between agreements (nodes) that are situated at different governance 

scales. These links are important because cross-scalar structures have a potential to 

outline polycentric order. Another reason for having this focus is the potential to 

explore interesting regulatory dynamics and legal interactions between MEAs and EU 

(-level) Directives, such as which EU (-level) Directives possibly acting as 

“gateways” (a channel or medium here used as a term for defining an agreement that 

is either citing or being cited by, agreements representing another geographical scale) 

to the international regimes.  
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4.3 Case Study preparations and in-depth interviews 
	  
The Global Partnership on Nutrient Management (GPNM) is acknowledged to be 

successful in gathering multiple actors and establish certain projects among nutrient 

scientists (de Vries and Cornell, personal communication, January 7-February 25). 

Additional interviews were conducted with nine strategically selected subjects using 

official documents from the GPNM, together with snow-ball sampling (see Arber, 

2001). All interview subjects have had, or have active involvement in the GPNM (see 

appendix list IX of interviewees). The focus was on identifying information about the 

GPNM as a means to complement the analysis of formal regional and international 

agreements. The interview questions were designed differently depending on the 

interviewees’ expertise but in general they captured (a) milestones (b) each 

organization's missions and goals, (c) organization’s motivations for joining the 

partnership initiative, (d) the goals over time, (e) functioning in comparison to current 

governance regimes, (f) strategies for influencing policies and to keep the initiative 

going, (g) challenges, and (h) opportunities associated with the partnership. 

This section was developed in order to answer the main research question, with a 

focus on the second sub question. The data from the interviews brought results that 

show interactions among actors, which were also used as to reveal certain institutional 

structures. This section answers the second research question since gathering 

information about actors involved in a partnership initiative carries the potential to 

provide information about whether or not this initiative is playing an important role in 

addition to the different governance regimes in place.  

As suggested at the outset, this is interesting since an analysis of actor formation 

provides comprehensive information on why (the view of) the governance 

architecture at the macro-level looks like it does, and whether a polycentric order is 

emerging. This analysis focuses on the role and the functioning of the GPNM, which 

meant some relevant information about the network of agreements, and therefore the 

overall governance architecture important to the management of N and P flows.  It 

also makes sense to include this section due to the acknowledged limitations to a 

citation network. Without this information the analysis would only consist of a merely 

static and fragmented collection of lifeless documents. 
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5. Results 
	  
The result section is structured in the same order as the applied methods, which means 

that (a) a quantitative network analysis of institutional structures, and (b) results about 

the global partnership initiative GPNM using qualitative analysis (in-depth expert 

interviews) are presented below.  

 

In summary the findings from the present study are that a polycentric order is indeed 

emerging among relevant institutions and actors, which are associated with global 

nitrogen and phosphorous cycles. A network structure amongst institutions is 

identified to emerge at the international level that is to some extent facilitating cross-

sectoral and cross-scalar collaboration even though the exact process of emergence is 

not demonstrated. Moreover, a global partnership initiative that is important for the 

governance of global N and P cycles has been identified. 

5.1 The citation network of global N and P governance 
	  
The creation of a network map of institutions makes it possible to assess topological 

properties. As seen in Figure 7, the network is the result of mapping all identified 

regional and international agreements in place, that regulate activities that influence 

or create the anthropogenic perturbations of N and P flows directly and indirectly. In 

the figure, circles illustrate MEAs, squares illustrate EU (-level) Directives, triangles 

illustrate trade agreements, and boxes illustrate other relevant regional and 

international agreement.  However, none of the circles represent an MEA with global 

coverage together with a specific focus on N or P. This is not explicitly shown in the 

network due to software limitation, but it is clear from Appendix VI when going 

through which agreements that are included in the database. On the contrary, regional 

agreements such as the 1979 Geneva Convention on Long-Range Transboundary Air 

Pollution (node nr 49) which has the regional coverage from United Nations 

Commission for Europe (UNECE), which according to Ebbesson (2014) been given 

priority to eutrophication (i.e. green circle nr 92). It is also seen in the figure that there 

are regional EU (-level) Directives that have specific focus on N and P. It is to be 

noted, however, that they differ in terms of structure, coordination, mandate, as well 

as compliance mechanisms in comparison to international law becomes particularly 

important, as seen in appendix VII.



	   	   	  

	   19	  

 

Figure 7. Visualisation of agreement connectivity network. The nodes have been classified with colour attributes depending on issue 
area/objective and shape depending on agreement type. Node colour classes are blue = N, orange = P, red = N&P, and green = 
other relevant factor. Node shape classes are MEA = circle, EU-level directive/regulation = square, triangle = trade, and box = 
other relevant regional or international agreement. The nodes in the upper left corner are “islands”, i.e. unconnected nodes, which 
means agreements without citation links. Node number denotes the number of the agreement in the database. 
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As indicated by its title, the 1999 Protocol to Abate Acidification, Eutrophication and 

Ground-level Ozone, often referred to as the Gothenburg Protocol (node nr 3) also 

applies to nitrogen emission through the atmosphere. If this protocol is complied with, 

it should result in a reduced introduction of nitrogen in near sea areas since sets out, 

inter alia, national emission caps for nitrogen oxides and ammonia (see Ebbesson, 

2014). 

Figure 8. Distribution of the four different agreement categories for issue areas (node colour classes) 

in which node colour class 4 (green) is divided into secretariat groups as to uncover the different 

regimes part of the hub “undirected overlapping regimes”. See Appendix III and the set of criteria that 

was used to categorise the agreements, as well as and Appendix IV for the selection of agreements.	  

Figure 8 illustrate the frequency and distribution of instruments regulating the issues 

around N and P directly and indirectly. The network consist of a significant portion of 

agreements regulating the N and P issue indirectly (the column named Undirected 

overlapping regimes, divided into secretariat groups), but has through the use of the 

sets of criteria been selected due to their relevance. This column shows the clear 

diversity of regimes having an impact on N and P flows. However, the significant low 

amount of instruments that regulate the different issues concerning N and P directly, 

and the absence of an instrument with a global coverage reveal a gap in governance. 

This also draws attention to the chosen approach of the present study; the overall 

governance architecture, which not only supports the strategy to analyse institutional 
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structures and actor collaborations, but all interesting social entities that have a direct, 

and an indirect effect on governance outcome. This means that the WTO agreement 

system, the EU (-level) Directives system, and the system of MEAs are clearly 

connected in a network. To the best of my knowledge, this interplay has not been 

studied before.  

I used the topological measures degree centrality and betweenness centrality since 

they provide insights about the most central, and most important agreements in terms 

of referencing. Furthermore, those metrics also provided interesting insight about the 

network’s cross-scalar connectivity. This is shown in Figure 9, 10 and 13. However, 

the intention has not been to include an analysis of how the functioning of the system 

depends on its topological properties. It is here rather argued that it is useful to look 

into a real world example on how a citation connection in the network looks like from 

the point of view of how the legal text is being formulated and carried out. An 

interesting example is EU Water Framework Directive (node nr 27) since it is shown 

in section 5.1.1-3 that this directive is acting as an interesting node in the network. 

Node nr 27 is referring to the Convention on the Protection of the Marine 

Environment of the Baltic Sea Area, (node nr 12), the Convention for the Protection 

of the Marine Environment of the North-East Atlantic, (node nr 72), and the Protocol 

for the Protection of the Mediterranean Sea Against Pollution from Land-Based 

Sources to the Convention for the Protection of the Mediterranean Sea Against 

Pollution (node nr 79). The Directive is referring to these agreements as important, 

but that is slightly different to the following text that is also found: 

 

“This Directive is to contribute to the implementation of Community 

obligations under international conventions on water protection and 

management, notably the United Nations Convention on the protection and 

use of transboundary water courses and international lakes, approved by 

Council Decision 95/308/EC(1) and any succeeding agreements on its 

application.” 

 

The above citation show that the link between node nr 27 and nr 45 is an important 

link in reality, justifying the use of such an abstract representation as a network.  
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5.1.1 Inward and Outward citation connectivity 
	  
When interpreting Figure 9 and 10 it has been crucial to what features the most 

central agreements in the network have. For example, the Treaty on the Functioning 

of the European Union (node nr 55) is a very connected node in a sense that it has a 

high level of indegree centrality (inward citations). As by simple logic this agreement 

does not play a key role in global governance architecture for N and P, which mean 

that the use of the degree centrality measure needs to be assessed in conjunction with 

additional information about the nodes. 

 

Thus, what is even more interesting is where the links go. That means that analysing 

the in- and outdegree centrality measure, will require looking at density of links, as 

well as links between hubs as a means to reveal cross-sectoral and cross-scalar 

linkages. One interesting case is the United Nations Convention on the Law of the Sea 

(node nr 92) as viewed in Figure 9, which clearly has cross-scalar links, as well as 

cross-sectoral links in the sense that this agreement is being cited mainly by MEAs, 

but also by the EU regulatory instruments and the WTO agreements. 

 

Even though it is more interesting to look into where the links go, figure 11 and 12 

shows the skewed distribution of links in the network, in which I suggest show an 

existence of hubs in the network. However, the chosen approach of including the 

“undirected overlapping regimes” that are being represented by green nodes in figure 

9 and 10 result in more inward-and outward citations occurring in the network, which 

is here suggested to act as important institutions connecting the network. 
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Figure 9. Visualisation of agreement connectivity network using indegree centrality. The size of the 
nodes indicates the indegree centrality (the larger node the higher indegree centrality meaning the 
number of citations received). 

 

 

 
Figure 10. Visualisation of agreement connectivity network using outdegree centrality. The size of the 
nodes indicates the outdegree centrality (the larger node the higher outdegree centrality meaning the 
degree of outward citation). 
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 Figure 11. The distribution of inward citations (i.e. indegree centrality). The histogram shows the 
skewed distribution of links, which indicates the density of nodes in the network. 

 
Figure 12. The distribution of outward citations (i.e. outdegree centrality). The histogram shows the 
skewed distribution of links, which indicates the density of nodes in the network. 

 

 

0	  

5	  

10	  

15	  

20	  

25	  

30	  

35	  

40	  

45	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	  

Fr
eq
ue
nc
y	  

Inward	  citations	  

0	  

5	  

10	  

15	  

20	  

25	  

30	  

35	  

40	  

45	  

50	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	   13	  

Fr
eq
ue
nc
y	  

Outward	  citations	  



	  

	   25	  

5.1.2 Betweenness centrality 
	  
When interpret the betweenness centrality in figure 13, it has also been important to 

analyse the features of certain agreements. For example, node number nr 27 (EU 

Water Framework Directive), plays a clear role in terms of acting as a possible 

“gateway”. This agreement lies on the paths between other nodes, which is creating a 

central position “between” other nodes, but more interestingly of the hubs of 

European legislation and International legislation. Other nodes that are having 

positions “between” many other nodes is the 1979 Convention on Long-Range 

Transboundary Air Pollution (node nr 49), and the Marine Strategy Framework 

Directive (node nr 28). This means that these instruments have a role to play in terms 

of connecting the different level of legislation (the hubs). This result answers the 

question whether there is emerging a polycentric order, since this supports the view 

that the network of agreements has self-organized into a more polycentric 

arrangement of governance.   
 

 
Figure 13. Visualisation of the agreement connectivity network using betweenness centrality. The size 
of the nodes indicates the betweenness centrality (the larger node the higher betweenness centrality). 
The largest red node (nr 27) in the middle represents the EU Water Framework Directive, and the 
green largest node (nr 28) represent the Marine Strategy Framework Directive. 
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5.1.3 Cross-scalar connectivity 
	  
The examples on cross-sectoral and cross-scalar linkages using degree centrality and 

betweenness centrality (Figure 9,10, and 13) in relation to the two-level visualisation 

image (Figure 14) outline patterns that represent emerging polycentric order. What is 

clear is that the EU-level regime outline a dominant hub within the global network, 

and that the EU Water Framework Directive (node nr 27) and Marine Strategy 

Framework Directive (node nr 28), and Directive 2001/81/EC on national emission 

ceilings for certain atmospheric pollutants (node nr 96) act as “gateways” to 

international law. Even more interesting is possible role of the 1979 Geneva 

Convention on Long-Range Transboundary Air Pollution (node nr 49), since it is an 

agreement that is citing and being cited by, across these identified hubs.  

 

When interpreting the functioning of those “gateway” agreements, I suggest that this 

could represent a diffusion processes in the emergence of law between European 

legislation and international law. Twining (2005) define diffusion of law as a “the 

processes by which legal orders and traditions are influenced by other legal orders and 

traditions”. It is a widespread aspect of interlegality and it is considered by some 

leading scholars to be a central aspect of comparative law (Twining, 2005), which 

therefore seems like an interesting finding from a larger governance perspective. 

Figure 14. Cross-scale citation connectivity network. The cluster of nodes to the left represent EU (-
level) Directives and the cluster of nodes to the right represent different regional and international 
agreements. Certain nodes such as number 27, 28, 49, 92 and 96 are suggested to act as “gateways” 
since they are connected across the legal levels of European environmental law and international 
environmental law. See Appendix VIII and Figure A to view specific nodes that have manually been 
displaced into the mid-section of the network as to highlight their cross-scalar connectedness.  
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5.2 The Global Partnership on Nutrient Management  
	  
As been presented in section 4, it is important to critically review what a quantitative 

approach actually says about the governance structure in the context of coordination 

and institutional fit. An overall view of the governance architecture at the macro-level 

cannot show activities taking place around organisations and conventions that are 

being influenced by certain actors. The acknowledged limitations with a citation 

network means it is useful to complement this analysis through a focus on how actors 

organised themselves in this larger governance context, which in this case means a 

formation of a global partnership. Code in parenthesis after each quote denotes 

interviewee code. 

GPNM was established at the meeting of the UN Commission on Sustainable 

Development in 2009, which dealt with sustainable agriculture. The government of 

the US, the Netherlands and United Nations Environment Programme (UNEP) and 

Global Programme of Action for the Protection of the Marine Environment from 

Land-based Activities (GPA) founded GPNM as multi-stakeholder partnership. It has 

been launched to address the challenge of promoting effective nutrient management, 

minimising negative impacts on the environment and human health, while 

maximising their contribution to global sustainable development and poverty 

reduction. The GPNM is a global partnership of governments, scientists, policy 

makers, private sector, non-governmental organisations and international 

organisations. The partnership recognised the need for strategic advocacy and co-

operation at the global level in order to communicate and trigger productive 

discussions not only regarding the complexity of the nutrient challenge but also the 

opportunities for cost effective policy and investment interventions by countries 

(nutrientchallenge.org).  

5.2.1.The evolution of GPNM 
	  
The GPNM was established due to a recognised need for special attention to pollution 

from land-based sources to the seas and oceans, especially nutrient run-off and 

leaching to estuaries. It was acknowledged that there are nutrient issues, which are 

broader than only nitrogen and a need to also focus on phosphorus. UNEP had a 

program working on estuaries and there was an increased thinking on the need to 

emphasise solutions for estuaries. 
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“First there was the International Nitrogen Initiative – INI, it was established in 2003. 

GPNM was established later on. And it was on the initiative of certain stakeholders: 

with UNEP, and a few scientists from the International Nitrogen Initiative (…). So, 

the reason was we have nutrient issues, which are broader than only nitrogen (…). 

And global partnerships were well known to UNEP, because that would allow them to 

establish a secretariat and to provide a more formal link with UNEP, that what INI 

doesn’t have.” (I2b) 

5.2.2 The Birth of GPNM 
	  
The creation of GPNM was made possible due to funding of the secretariat by UNEP. 

GPNM obtained funding from Global Environment Fund (GEF), which financed the 

“Global Nutrient Cycling” project. The project has four parts, assessing the nutrient 

impacts, its effects in estuaries, the development of a policy toolbox and demo 

projects in Manila Bay and Laguna de Bay in the Philippines and Chilika Lake in 

Odisha state of India. They were designed to strengthen information and reporting on 

nutrient issues and establishing the foundations for nutrient reduction strategies based 

analyses of data, source-impact modeling results and lessons learned from overview 

of best practices (nutrientchallenge.org).  

“And one of the first activities of GPNM was to apply for the Global Nutrient Cycling 

project. This was a large project on nutrients, where four parts were done; first there 

was an assessment on where are the areas – the estuaries over the world where 

nutrients are a problem. The second was that despite we having global nutrient budget 

models – we don’t really model the effects in estuaries, (…). The third one was to 

develop a toolkit for policy support (…). And the fourth one was to demonstrate that 

in an area in the Philippines (…). Now, INMS will become the second GEF project, 

which originates from INI, but in cooperation with GPNM (…).” (I2b)  

“The inception the GEF-project was the first milestone (…) it took quite some time to 

get it started, but it started in 2011 (…) demonstration projects that I just mentioned. 

That was very important to show what GPNM is about. And now there’s a new 

project in the works, that has more focus on nitrogen (…). The IGR meeting: the 

intergovernmental Review of GPA in Manila was very important too –that’s where 

the partnership became part of the program of work for UNEP (…). At the Rio +20 
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conference, we also had a side event there and there is some wording about the 

importance of nutrient management in the final text that was approved there. (…) 

Convention for sustainable development also acknowledges the fact that nutrient 

management is of importance. So I think, (…) that part of the advocacy role we have 

in those kind of meetings is to make sure the issue is there in the text, and in turn 

make it possible to start projects based on funding related to those conventions and so 

on.”	  (I9b)	  

5.2.3 Functioning of the GPNM in relation to current governance regimes 
	  
The respondents’ testimonies confirmed the hypothesis that the role of GPNM is to 

create a platform where multiple actors come together and work towards a better 

governance of N/P flows. However, the functioning of GPNM seems to not be 

obvious: 

“They [actors involved in GPNM] could start the process on an inter-governmental 

agreement on nutrients. And that’s a long way, but I think that’s the role of GPNM, 

not only being regional active and with demonstration areas and science development, 

but working towards an integrated, inter-governmental process – science based.” (I2b) 

The research is good in some locations, but not so good in other locations. So there is 

a pressing need for collaboration, particularly with the research organisations. The 

aim for collaboration obviously, is to bridge the knowledge gap between research and 

policy. (…) Even with respect to getting information to farmers or producers where’s 

it most needed - that bridging science into practice, is something that is required.” 

(I4b)  

“I think there is no global governance structure for addressing nutrients (…) other 

than GPNM (…). So in that sense it’s the first step. If you look at nitrous oxides – 

that’s a green house gas, so that’s part of the UNFCCC agenda so to say. And I think 

also the CBD, the Convention of Biological Diversity, addresses one of the effects of 

nutrient use, namely the effect on biodiversity. So it is fragmented so far, as there are 

global conventions dealing with certain aspects of nutrient management but there’s no 

integrated approach and I think that’s the main the value of GPNM (…). (I9b)  
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5.2.4 GPNM now and in the future 
	  
The formation of GPNM is interesting in itself. The possible transitions in terms of 

structure and mandate relate to the discussion about the governance regimes currently 

in place. Despite aiming to fill the clear gap in global governance on this issue, the 

future role of the GPNM is not obvious. The respondents’	  testimonies rather highlight 

the value of a partnership as a platform to complement formal institutions in the long 

run.	  

“I think that’s very much an open question how GPNM will develop. It can develop 

into (…) the direction of a more legally binding approach –	  like convention or treaty 

on nutrient use efficiency (…). I don’t think that’s very likely, I think it will develop 

more into platform to share (…) best practices and knowledge and policy approaches, 

and to show in demonstration projects how nutrient management can be improved. 

So, that’s my guess but - and that would mean that it might have suggestions for 

instance for UNFCCC about nitrous oxides emission limits, and that would be taken 

on board in UNFCC. I don’t see GPNM making such a treaty or for itself.”	  (I9b)	  

“I think that the purpose of GPNM is more about building the capacity of individual 

nation states to address the governance issue in terms of policy that encourages the 

application of best management practices, especially for smallholder farmers. The 

partnership is not looking to develop a global governance regime however, some 

common measures of policy and practice could be helpful to all of us (…). This is a 

hard mission because there are many countries that don’t really understand or want to 

confront their nutrient-related issues. So, GPNM is spending time developing 

assessment models, report cards, and education and outreach activities to help them 

do this.” (I6b) 

5.2.5 GPNM as facilitator of polycentric order 
	  
The structure of the GPNM is a partnership initiative that clearly succeeds with some 

particular interesting achievements in terms of how they organise themselves. This 

includes collaboration across sectors representing a global multi-level collaboration 

structure. This being said the case of GPNM could be viewed as structuring a 

polycentric order as it involves deliberate attempts for mutual adjustments and self-
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organized action (see Galaz et al., 2012c). 

“The partnership is a multi-sectoral partnership. It is, I guess is intended to reflect 

what is the configuration at the national level. So we have different stakeholders 

representing different interest. We have interests in policy design, interest in research, 

interests from producer organisations, interests from fertilizer supply organisations, 

companies. So by having a governance structure with the GPNM that allows for 

interference between different stakeholder groups it allows for in a sense a transfer of 

knowledge at the local level.” (I4b)  

“So the International Fertilizer Association for example, has came on-board as part of 

a public-private partnership (…). Which in my opinion has strengthened the whole 

effort.	  I think the real benefit of the partnership at this moment is that this problem [N 

and P issue] can’t be solved without the cooperation with the private sector.” (I6b) 

5.3 An emerging polycentric order for nitrogen and phosphorous 
	  
The results confirm that there is a polycentric order emerging among the institutions 

and actors that manage global nitrogen and phosphorous cycles. The agreement 

connectivity network (Figure 7) is the result of mapping all identified regional and 

international agreements in place, that regulate activities that influence or create the 

anthropogenic perturbations of N and P flows directly and indirectly. The GPNM has 

been formed as a response to this gap in governance, since it involves deliberate 

attempts for mutual adjustments and self-organized action when for example 

coordinating international knowledge production and international study areas. I 

explore those issues in more detail below.  
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6. Discussion 
	  
The theoretical contribution of the approach presented in this study attempts to 

uncover the definition of polycentric systems and order. When one investigates 

formal agreements in conjunction with actor collaborations, the result is a wider and 

more holistic representation of how analysed institutions emerged and formed 

polycentric governance compared to other studies such as Galaz et al. (2012c) and 

Kim (2013) who analyses those structures separately. When comparing the 

institutional entities to actors involved in the GPNM, it becomes clear that very 

different “formally independent” social entities as well as governing authorities are 

part of the overall governance architecture in place for dealing with the issues related 

to N and P flows.  

6.1 The overall governance architecture for N and P 
	  
Polycentricity at a global level includes an analysis of cross-scalar and cross-sectoral 

entities. Galaz et al. (2012c) did briefly carried out their study in the context of the 

current governance regimes in place dealing with the problems affiliated with their 

case study. As already elaborated on, studying the overall governance architecture 

instead of specific governance entities allows us to place the formation of certain 

actors into a more complete context as to why they are acting as they do.  

When analysing whether polycentric order emerges among relevant institutions and 

actors, it is relevant to discuss what the overall current governance structure is not 

doing in terms of governance. This means to uncover whether there is a “gap in 

governance”, and possible responses to this gap. The emergence of the global 

partnership initiative GPNM becomes important here. The partnership was 

established due to a recognized need for special attention to land-based sources of N 

and P to the seas and oceans, especially run-off and leaching to estuaries, which was a 

response to an acknowledged “gap in governance” at the global level.  

The focus on the overall governance architecture has also enable us to include social 

entities that indirectly affect governance of N and P, for example, certain agreements 

on trade.  This is indeed important in terms of governance and interacting planetary 

boundaries, such as in the present case with N where we have multiple anthropogenic 

disturbances, e.g. combustion, emission of N and interactions with P in eutrophication 



	  

	   33	  

processes (see the N cascade in Galloway et al., 2003; Sutton et al., 2011). This is not 

only affecting different types of fresh water- and marine systems, but also climate 

change and biodiversity (see figure S10 on the interaction between the biosphere 

integrity planetary boundary and other planetary boundaries in the supplementary 

material for Steffen et al., 2015).  

The networks in Figures 7, 9, 10, 13, and 14 not only visualise the connectedness 

between the different governance regimes, but also could be used as basis for the 

discussion about the complexity and necessity to take a holistic, integrated approach 

to nutrient governance. This would require governance approaches that not only 

address effects in the N cascade, but also impact interactions between biosphere 

integrity (term earlier named “biodiversity loss”) planetary boundary, as well as other 

planetary boundaries.  

What is clear from the results is that the "undirected overlapping regimes" (the 

majority of nodes in Figure 7) plays a significant role in connecting the network. In 

the light of the often perceived stagnant UN-process and failing multilateral 

negotiation processes, it is interesting to see which agreements that are in force that 

have impact – both negative or positive (see for example Dimitrov, 2010). A study 

with a more narrow focus would likely find the gap in governance to be not only 

larger, but also not consisting of the same interrelations and possible flaws. The 

approach of studying the overall governance architecture has hence resulted in a 

network that symbolizes a regime complex, here defined as " a network of three or 

more international regimes that relate to a common subject matter; exhibit 

overlapping membership; and generate substantive, normative, or operative 

interactions recognized as potentially problematic whether or not they are managed 

effectively” as outlined by Orsini et al. (2013). This is because the network consists of 

the WTO agreement system, the EU-level directive system, and the system of MEAs, 

in which a dominant hub is the identified “ undirected overlapping regimes”, which is 

maze of these three systems. Finally, interesting “gateways” possibly representing 

legal diffusion processes were identified. This further supports the proposition that 

this institutional network outlines a regime complex, since those functions are posing 

interesting questions about the dynamics of the network, such as whether there are 

“substantive, normative, or operative interactions”. 
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6.2 Polycentric transitions within the GPNM 
	  
The case of the GPNM partnership network could represent the formation of a 

polycentric structure. Whether the partnership is an example of a strong version of 

polycentric order is up for discussion. As visualized in Figure 4, a stronger version of 

polycentric order (Fig. 4c) requires a larger investment in formal partnerships, and 

coordination of joint projects and experiments (Galaz et al., 2012c). However, the 

partnership has been formed as a “polycentric response” to a gap in governance, since 

it involves deliberate attempts for mutual adjustments and self-organized action when 

for example coordinating international knowledge production and international study 

areas. A stronger version of polycentric order requires higher levels of commitment 

and trust, but at the same time embeds higher potential benefits, such as knowledge 

production (Galaz et al., 2012c). This formalisation could imply a set of cooperative 

projects, ranging from investments in monitoring systems, and knowledge production 

activities, to the deployment of field projects, which potentially could result in 

learning and experimentation at multiple levels (Ostrom, 2010, Österblom and 

Sumaila, 2011). The way the GPNM is organised creates potential for a structural 

transition from lower to higher degrees of polycentric order. The reason is that the 

partnership at this point, is not yet a fully formalised partnership because it has not 

resulted in a pure intergovernmental process, which aims to establish more formalized 

decision-making and conflict resolution, monitoring systems, as well as sanctioning 

powers. At the same time UNEP provides the secretariat with the activities of the 

partnership, which indeed is key for a continuous process of formalization. The 

GPNM is not only a platform intended for pure information sharing, but rather a 

partnership in the state of 4c. However, that will probably not emerge into the 

strongest version of polycentric order (4d) for the reasons: (1) the current objective of 

the GPNM and (2) the lack of feasibility due to the current state of the global 

intergovernmental settings (as mentioned in section 6.1).  

This also highlights the importance in studying actors and not only focusing on 

institutions. Two important reasons are: (1) focus on actors enables an understanding 

of how institutions are developed, and (2) it reveals the influence and activities that 

are taking place around organisations and conventions. Moreover, this highlights that 

the formation and set-up of actors initiating a partnership as a response to institutional 
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processes is important, as it has evolved as a response to other issue areas. Relevant 

examples related to the issues around N and P are the Global Partnership on Oceans, 

the Global Soils Partnership, and the Global Alliance for Climate-Smart Agriculture. 

Since those initiatives are already in place, there is a high risk of redundant processes 

emerging, which mean that it is useful to map out these initiatives, and look for 

coordination opportunities and synergies. Despite the possibility of redundancies, a 

final conclusion about the synergies in the emergence of GPNM is that actor 

mobilisation plays a critical role from a larger governance context as a response to the 

identified “gap in governance”.  

6.3 Emergence 
	  
It would have been interesting to use the approach of creating times series (see Kim 

2013) since it is a more powerful way in proving emergence. However, this study 

explored emergence on the basis on the assumption that the N and P flows are poorly 

governed. The results have shown that there is a network structure in place, which 

indicates a process of emergence. The reason is because the identified agreements 

(specified in Appendix VI) were set in force within a large time span, with a certain 

enlargement of the network at the end of the 20th century, for example, The World 

Charter for Nature (1982) and the African Convention on the Conservation of Nature 

and Natural Resources (1968). Those agreements are contrast the Water Framework 

Directive, an agreement regulating the issues directly but were not adopted until 2000, 

which has successfully implemented action plans in the EU. Furthermore, the 

example when the Marine Strategy Framework Directive (node nr 28) citing 

UNCLOS (node nr 92) is a clear example of a new regional agreement that uses ideas 

established earlier.  
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6.4 Planetary boundaries and polycentric governance 
	  
The issues related to N (and P) here demonstrate that governance needs to look 

different at different places (see de Vries, 2013 with a focus on N). Moreover, a more 

generic approach towards the concept of “planetary boundaries” can help support an 

international environmental governance structure that is more integrated and 

synergistic. Galaz et al. (2012b) argue the following when responding to Lewis’ 

(2012) criticism of the concept of “planetary boundaries”:   

“Planetary boundaries are not fixed 'supply limits', but are set within a safety 

margin around complex thresholds that are intertwined at regional and global 

scales. Ecosystem changes caused by nitrogen pollution, for example, are 

driven by global trade and cannot be uncoupled from climate change and 

alterations in land use. Also, investment in new phosphorus technologies can 

address the problems of both pollution and stock control.” 

What Galaz et al. (2012b) pinpoint is that the multiple scales in which those complex 

thresholds exist are acknowledged, and that there is no contradiction in taking the 

global level into consideration while at the same time looking into regional levels. 

The reasoning is made on the basis that the N and P cycles are global (see for example 

Steffen et al., 2004; Sutton et al., 2014). However, the need for governance to look 

different on different places is illustrated by the fact that large regions in Northern 

Africa are being under-fertilized, meanwhile the most urgent areas in which the N and 

P boundaries are transgressed are mainly located in the global north (see figure S5A 

and S5B in the supplementary material for Steffen et al., 2015) where also most 

knowledge production is taking place. Economic development in the global South 

will require more knowledge about institutional solutions, useful policy tools, and 

new practises to be shared as to avoid harming the ecosystems the way current N and 

P practises do. It also has to be acknowledged that countries encounter different 

problems due to regional and local circumstances. For example, increased food 

production or re-structuring of the P flows into recycling systems when building new 

treatment plants. This is also a clear argument for the long-term benefits of having a 

global partnership in place that could facilitate those processes.   
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Finally, it is important to discuss governance challenges for N and P in relation to the 

lack of knowledge about the dynamics of those processes at the global scale. Many 

fluxes are still subject to large uncertainties and require extensive measurements to 

constrain the current range of values (Fowler et al., 2013). Conclusions regarding the 

identified governance network structure and the future need for better governance has 

to be drawn upon this uncertainty and acknowledged in the structure so that 

unpredictable change is somehow being tackled. Again, the concept of “planetary N 

and P boundaries” has been argued to be useful as a means to highlight this process in 

multilevel governance settings (e.g. Galaz et al., 2012b).  

However, trying to “design” institutions that match not only the individual planetary 

boundaries, but also their interactions, pose severe challenges (Galaz et al. 2012a, 

Galaz et al., 2012c). The results in the present study acknowledge that initiation of 

GPNM is a self-organized and multilevel “polycentric response” to the identified gap 

in governance for the issues concerning N and P flows. This was made possible due to 

the chosen approach of focusing on the overall governance architecture in relation to 

the discussion of “undirected overlapping regimes”. 
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7. Conclusion 
	  
This study has identified a network of regional and international agreements dealing 

either directly or indirectly with the issues related to the N and P flows (see p.19). 

This network is suggested to outline a regime complex in which a major hub has been 

denoted "undirected overlapping regimes”. As part of this result, it has been 

concluded that there is a gap in governance in the case of global N and P flows. There 

are interesting ”gateways” that connect the network across scales, possibly 

representing legal diffusion processes (see p. 25-26). A global partnership has been 

identified, which is suggested to have formed as a “polycentric response” to this gap 

in governance. The reason is that it involves deliberate attempts for mutual 

adjustments and self-organized action when, for example, coordinating international 

knowledge production and international study areas (see p. 27-31).  

 

The results confirm that a polycentric order is emerging among the institutions and 

actors that manage global N and P cycles. The study has hopefully revealed the 

application potential of polycentric theory, using the case of governance in relation to 

global N and P boundaries. The study emphasizes and highlights the usefulness of 

studying actors because it enables an understanding of how institutions are being 

developed. A focus on the overall governance architecture enables such an approach - 

which is also suggested to be of importance from a larger governance perspective. 

Finally, this study is an attempt to illustrate that there are interesting benefits from 

integrating polycentric theory with network theory. 
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Appendix I. Global nitrogen and phosphorus flows  
	  

Due to the inter-connections between N and P flows, it has been proposed that 

international approaches are required which take into account local and regional 

conditions are required. At the same time the necessity of improving nutrient use 

efficiency at the global scale has to be addressed (Sutton et al., 2013). The current 

world supplies of P coming from just a few key countries. This poses potential risks 

for future supply, given that there is no alternative to P as an essential plant nutrient 

(Sutton et al., 2013).  

P is a critical element in food security, and a shortage in any agrosystem results in low 

agricultural productivity (Scholz et al., 2014). The availability of P is a global concern 

since many years of mining have depleted reserves of high-quality, low-cost 

phosphate (Scholtz et al., 2014). Global phosphate prices surged in 2008, and as an 

effect, an international debate has emerged regarding the so-called "peak phosphorus" 

(see for example Cordell et al., 2009; Vaccari (2009).  
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Appendix II. List of interviewees for pre-study 
	  
	  
I1a	   Anders	  Alm	   Swedish	  Ministry	  of	  the	  

Environment	  
I2a	   Elena	  Bennett	   McGill	  School	  of	  

Environment	  &	  
Department	  of	  Natural	  
Resource	  Sciences	  

I3a	   Anders	  Bjørn	   Technical	  University	  of	  
Denmark	  

I4a	   Morten	  Graversgaard	   Aarhus	  University	  
I5a	   Helmut	  Haberl	   Alpen-‐Adria	  Universität	  
I6a	   Holger	  Hoff	   Stockholm	  Environment	  

Institute,	  Potsdam	  
Institute	  for	  Climate	  
Impact	  Research	  

I7a	   Arno	  Rosemarin	   Stockholm	  Environment	  
Institute	  

I8a	   Wim	  de	  Vries	   Wageningen	  University	  
I9a	   Masaru	  Yarime	   University	  of	  Tokyo	  
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Appendix III. Table A. Criteria for the selection of agreements 
	  

Table	  A.	  Criteria	   for	   the	  selection	  of	  agreements	  (=nodes)	   included	   in	   the	  database.	  The	   table	  describes	  which	  search	  terms	  
that	  were	  manually	  used	  within	  each	  legal	  document	  to	  be	  able	  to	  identify	  legal	  substance	  related	  to	  the	  key	  terms:	  N	  and	  P.	  
Then	  specific	  criteria	  were	  set	  up	  using	  the	  key	  processes	  as	  entry	  points	  from	  Figure	  1,	  2	  and	  3.	  Thirdly,	  an	  unspecific	  criterion	  
were	  set	  up	  to	  address	  the	  functioning	  of	  cross-‐level	  agreement	  connectivity,	  as	  well	  as	  a	  criteria	  set	  up	  including	  aspects	  of	  
trade.	  
Search	  terms	   Key	  

term	  
Specific	  
criteria	  N	  

Unspecific	  
criteria	  
	  

General	  
argument	  for	  
agreements	  on	  
trade	  

Key	  
term	  

Specific	  
criteria	  P	  

Unspecific	  
criteria	  
	  

General	  argument	  for	  
agreements	  on	  trade	  

Nutrient	  
Nitrogen	  
Phosphorus	  
Eutrophicati
on	  Sewage	  
Waste	  water	  
Pollution	  
Emission	  
Agriculture	  
Sewage	  
treatment	  
plant	  
Detergent	  
Fertilizer	  

N	   NOx	   Large	  
agreement	  
affecting	  
regional	  
agreement	  

Indirect	  to	  
direct	  affect	  on	  
trade	  affecting	  
levels	  of	  
regulation	  and	  
production	  	  

P	   P	  in	  
sewage	  
sludge	  

Large	  
agreement	  
affecting	  
regional	  
agreement	  

Indirect	  to	  direct	  affect	  on	  trade	  
affecting	  levels	  of	  regulation	  and	  
production	  	  

	   	   Nr	   	   	   	   P	  in	  
waste	  	  
water	  

	   	  

	   	   N2O	   	   	   	   Detergen
ts	  

	   	  

	   	   NH3	   	   	   	   Fertilizer
s	  
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Appendix IV. Detailed description of process of selecting 
agreements 
 

The first input to the database was made through searches in the International 

Environmental Agreements Database project developed by Mitchell (2002-2014), and 

the ECOLEX database (IUCN et al., 2014), which is an information service on 

environmental law, operated jointly by FAO, UNEP, and IUCN.	  These two databases 

are the most comprehensive international environmental agreement databases (Kim, 

2013).  

Material from interviews were helpful in the process of selecting the most relevant 

EU (-level) Directives, as well as agreements that by a first glance did not have 

obvious connections to the issues around N and P issues such as the United Nations 

Framework Convention of Climate Change (UNFCCC) and the Convention on 

Biological Diversity (CBD). The reason for including these instruments were related 

to indirect effects and activities performed by the organisations under these 

conventions which were not encapsulated by the sets of criteria included in Table A in 

Appendix I. The Agreement Establishing WTO including the General Agreement on 

Tariffs and Trade (GATT) and the Agreement on Trade-Related Aspects of 

Intellectual Property Rights (TRIPS) were included as starting points for including 

trade agreements.  

I have included trade agreements on the basis that governance architecture can be 

conflictive. As Biermann (2014, p. 85-86) explains it: “fragmented earth system 

governance architecture can also be conflictive. This is the case when an issue area is 

marked by different, unrelated decision-making procedures; have conflicting sets of 

principles, norms, and rules; or have different memberships and/or are driven by actor 

coalition that accept, or even advance, these conflicts.” He uses the example of two 

regimes trying to regulate the issue of plant genetic resources: TRIPS and the 

Convention on Biological Diversity. The view of conflictive architecture and 

therefore different regime types is considered important for the issues concerning N 

and P governance as well. The reason for that is that the WTO trading principles 

forming the foundation of the multilateral trading system, may affect trade with 
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products that have been produced in away that creates anthropogenic disturbances on 

the N and P cycles. A more extensive justification for including agreements on trade 

is included in appendix V. 

Another entry point for the selection of agreements was to look for agreements that 

implicitly deal with pollution of N and P, as for example the 1992 Baltic Sea 

Convention and the 1992 North-east Atlantic Convention. The Treaty on the 

Functioning of the European Union is included due to its relevance for establishing 

the Common Agricultural Policy in EU, and therefore affecting agricultural systems 

in multiple countries including strategies for land use and fertilizer use. The treaty 

establishing the African Economic Community is included due to its significance for 

harmonising national policies in order to promote community activities, particularly 

in the fields of agriculture. The treaty also deals with the aim of strengthening sector 

integration at the regional and continental levels in all areas of activity particularly in 

for example the field of agriculture. 

A third entry point for the selection of agreements was to use key words for different 

kinds of agreements and make searches in each legal document. MEAs are treaties, 

conventions, charters, statutes, or protocols between three or more governments 

relating to the environment (Mitchell, 2003; Carruthers et al., 2007), which justified 

the use of these key words as a strategy to include all relevant agreements. Searches in 

each document resulted in findings of new agreements.  

All these agreements were also selected through interpretation of their relevance for 

managing drivers of change as illustrated by the arrows in Figure 1, 2 and 3. In turn, 

they represent biogeochemical processes that push the N and P cycle beyond its 

suggested “planetary boundary”. Those processes (represented as arrows) could lack 

an MEA, thereby creating a tangible governance gap. This might also reveal what 

MEAs ‘ought' to be doing if they were to restore the integrity of global N and P 

cycles. A number of criteria were developed from Figure 1, 2 and 3 to enable the 

compilation of the database as detailed in Table A. To enable the creation of specific 

criteria, searches with key words were done to assess whether an agreement actually 

influences the governance of N or P (summarized in Table A). That included reading 

sections of text for creating an understanding of whether the agreement includes some 

legal substance regulating or defining the issues related to N and P.  
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One deficiency with the selection of agreements is that some of them have lower 

significance for actual legal or policy outcome in the end. One example is the fact that 

many agreements are selected even though N and P flows constitute only some of the 

regulated emissions that are regulated, which means that the agreements do not target 

specifics when it comes to emission reduction schemes etc. Even though a large 

amount of effort has been made in order to make sure that all relevant agreements 

related to the N and P issues are included, there is a level of uncertainty as to the 

completeness of the database. The chosen approach aiming at reducing uncertainty 

within this study was based on the strategies previously explained, including the 

process of evaluation through the sets of criteria.  
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Appendix V. Justification on including agreements on trade in 
the database 
	  
As described by Abbott and Snidal (2000, p.427): “(…) legal review allows 

allegations and defences, and being tested under accepted standards and procedures 

that increases reputational costs if a violation is found. The EU have been 

experiencing such aggravated costs as a result of the repeated negative legal rulings 

by WTO dispute settlement bodies in litigation over European restrictions on imports 

of hormone-treated beef (for which the EU was unable to demonstrate a legitimate 

scientific justification) and bananas.” One example that might be relevant for 

agricultural production is the WTO principle number 2, National treatment: Treating 

foreigners and locals equally. This principle means that imported and locally-

produced goods should be treated equally — at least after the foreign goods have 

entered the market. The same should apply to foreign and domestic services, and to 

foreign and local trademarks, copyrights and patents (for more information see the 

WTO website). A situation related to the use of N and P could for example be a 

situation in which an European country abide by the framework of this principle when 

at the same time need to lower the use of NH3 due to the established national ceilings. 

The country have to make sure that the imports of a certain product is treated equally 

even though the domestically produced product may have been produced in a way 

that emit less N. 
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Appendix VI. List of agreements  

Agreement	  
number	  

	  Title	   Adoption	   Geographical	  Scope	   Secretariat	  

1	   Convention	  
on	  the	  
Protection	  
of	  the	  Black	  
Sea	  against	  
Pollution	  

1992	   regional	  	   UNEP	  

2	   Protocol	  on	  
Pollutant	  
Release	  
and	  
Transfer	  
Registers	  
to	  the	  
Convention	  
on	  Access	  
to	  
Informatio
n,	  Public-‐
Participatio
n	  in	  
Decision-‐
Making	  and	  
Access	  to	  
Justice	  in	  
Environme
ntal	  
Matters	  

2003	   regional	   UNECE	  

3	   Protocol	  to	  
the	  1979	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  to	  
Abate	  
Acidificatio
n,	  
Eutrophica
tion	  and	  
Ground-‐
Level	  
Ozone	  

1999	   regional	   UNECE	  
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4	   Protocol	  
concerning	  
Pollution	  
from	  Land-‐
Based	  
sources	  
and	  
activities	  to	  
the	  
Convention	  
for	  the	  
Protection	  
and	  
Developme
nt	  of	  the	  
Marine	  
Environme
nt	  of	  the	  
Wider	  
Caribbean	  
Region	  

1999	   regional	   UNEP	  

5	   Convention	  
on	  Access	  
to	  
Informatio
n,	  Public	  
Participatio
n	  in	  
Decision-‐
Making	  and	  
Access	  to	  
Justice	  in	  
Environme
ntal	  
Matters	  

1998	   regional	   UNECE	  

6	   Protocol	  to	  
the	  1979	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  
on	  
Persistent	  
Organic	  
Pollutants	  

1998	   regional	   UNECE	  

7	   Protocol	  to	  
the	  1979	  

1998	   regional	   UNECE	  
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Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  
on	  Heavy	  
Metals	  

8	   Convention	  
on	  
Cooperatio
n	  for	  the	  
Protection	  
and	  
Sustainable	  
Use	  of	  the	  
Danube	  
River	  

1994	   regional	  	   icpdr	  

9	   Protocol	  to	  
the	  1979	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  
on	  further	  
Reduction	  
of	  Sulphur	  
Emissions	  

1994	   regional	   UNECE	  

10	   Protocol	  on	  
the	  
Protection	  
of	  the	  Black	  
Sea	  Marine	  
Environme
nt	  against	  
Pollution	  
by	  
Dumping	  

1992	   regional	   UNEP	  

11	   Protocol	  on	  
the	  
Protection	  
of	  the	  Black	  
Sea	  Marine	  
Environme
nt	  against	  
Pollution	  
from	  Land-‐

1992	   regional	   UNEP	  
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Based	  
Sources	  

12	   Convention	  
on	  the	  
Protection	  
of	  the	  
Marine	  
Environme
nt	  of	  the	  
Baltic	  Sea	  
Area	  

1992	   regional	   UNEP	  

13	   Protocol	  to	  
the	  1979	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  
concerning	  
the	  Control	  
of	  
Emissions	  
of	  Volatile	  
Organic	  
Compound
s	  or	  their	  
Transboun
dary	  Fluxes	  

1991	   regional	   UNECE	  

14	   Protocol	  
for	  the	  
Protection	  
of	  the	  
Marine	  
Environme
nt	  against	  
Pollution	  
from	  Land-‐
Based	  
Sources	  

1990	   regional	   UNEP	  

15	   Regulation	  
No.83:	  
Uniform	  
provisions	  
concerning	  
the	  
approval	  of	  
vehicles	  
with	  

1989	   global	   UN	  
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regard	  to	  
the	  
emission	  of	  
pollutants	  
according	  
to	  engine	  
fuel	  
requireme
nts	  

16	   Protocol	  to	  
the	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  
concerning	  
the	  Control	  
of	  
Emissions	  
of	  Nitrogen	  
Oxides	  or	  
their	  
Transboun
dary	  Fluxes	  

1988	   regional	   UNECE	  

17	   Protocol	  
for	  the	  
Prevention	  
of	  Pollution	  
of	  the	  
South	  
Pacific	  
Region	  by	  
Dumping	  

1986	   regional	   UNEP	  

18	   Protocol	  to	  
the	  1979	  
Convention	  
on	  Long-‐
range	  
Transboun
dary	  Air	  
Pollution	  
on	  the	  
Reduction	  
of	  Sulphur	  
Emissions	  
or	  their	  
Transboun

1985	   regional	   UNECE	  
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dary	  Fluxes	  
by	  at	  Least	  
30	  per	  
Cent	  	  

19	   Vienna	  
Convention	  
for	  the	  
Protection	  
of	  the	  
Ozone	  
Layer	  

1985	   global	   UNEP	  

20	   Regulation	  
No.49:	  
Uniform	  
provisions	  
concerning	  
the	  
measures	  
to	  be	  taken	  
against	  the	  
emission	  of	  
gaseous	  
and	  
particulate	  
pollutants	  
from	  
compressio
n-‐ignition	  
engines	  for	  
use	  in	  
vehicles,	  
and	  the	  
emission	  of	  
gaseous	  
pollutants	  
from	  
positive-‐
ignition	  
engines	  
fuelled	  
with	  
natural	  gas	  
or	  liquefied	  
petroleum	  
gas	  for	  use	  
in	  vehicles	  

1982	   regional	  	   UNECE	  

21	   Regulation	  
No.47:	  
Uniform	  

1981	   regional	   UN	  
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Provisions	  
concerning	  
the	  
Approval	  of	  
Mopeds	  
equipped	  
with	  a	  
Positive-‐
Ignition	  
Engine	  
with	  
regard	  to	  
the	  
Emission	  of	  
Gaseous	  
Pollutants	  
by	  the	  
Engine	  

22	   Regulation	  
No.40:	  
Uniform	  
Provisions	  
concerning	  
the	  
Approval	  of	  
Motor	  
Cycles	  
Equipped	  
with	  a	  
Positive-‐
Ignition	  
Engine	  
with	  
regard	  to	  
the	  
Emission	  of	  
Gaseous	  
Pollutants	  
by	  the	  
Engine	  	  

1979	   regional	   UN	  

23	   Protocol	  
for	  the	  
Prevention	  
of	  Pollution	  
of	  the	  
Mediterran
ean	  Sea	  by	  
Dumping	  
from	  Ships	  

1976	   regional	   UNEP	  



	  

	   61	  

and	  
Aircraft	  

24	   Convention	  
on	  the	  
Prevention	  
of	  Marine	  
Pollution	  
by	  
Dumping	  of	  
Wastes	  and	  
Other	  
Matter	  

1972	   global	   IMO	  

25	   Regulation	  
No.	  15:	  
Uniform	  
Provisions	  
concerning	  
the	  
Approval	  of	  
Vehicles	  
Equipped	  
with	  a	  
Positive-‐
Ignition	  
Engine	  or	  
with	  a	  
Compressi
on-‐Ignition	  
engine	  
with	  
regard	  to	  
the	  
Emission	  of	  
Gaseous	  
Pollutants	  
by	  the	  
Engine	  -‐	  
Method	  of	  
Measuring	  
the	  Fuel	  
Consumpti
on	  of	  
Vehicles	  

1970	   regional	   UN	  

26	   Bamako	  
Convention	  
on	  the	  Ban	  
of	  the	  
Import	  into	  
Africa	  and	  

1991	   regional	   AN	  
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the	  Control	  
of	  
Transboun
dary	  
Movement	  
and	  
Manageme
nt	  of	  
Hazardous	  
Wastes	  
within	  
Africa	  

27	   Directive	  
2000/60/E
C	  of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
23	  October	  
2000	  
establishin
g	  a	  
framework	  
for	  
Community	  
action	  in	  
the	  field	  of	  
water	  
policy	  (In	  
short:	  EU	  
Water	  
Framework	  
Directive)	  

2000	   regional	   EU	  

28	   DIRECTIVE	  
2008/56/E
C	  OF	  THE	  
EUROPEAN	  
PARLIAME
NT	  AND	  OF	  
THE	  
COUNCIL	  
of	  17	  June	  
2008	  
establishin
g	  a	  
framework	  
for	  
community	  

2008	   regional	   EU	  
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action	  in	  
the	  field	  of	  
marine	  
environme
ntal	  policy	  
(Marine	  
Strategy	  
Framework	  
Directive)	  
(In	  short:	  
Marine	  
Strategy	  
Framework	  
Directive)	  

29	   Council	  
Directive	  
91/676/EE
C	  of	  12	  
December	  
1991	  
concerning	  
the	  
protection	  
of	  waters	  
against	  
pollution	  
caused	  by	  
nitrates	  
from	  
agricultural	  
sources	  (IN	  
short:	  
Nitrates	  
Directive	  
(1991))	  

1991	   regional	   EU	  

30	   Council	  
Directive	  
91/271/EE
C	  of	  21	  May	  
1991	  
concerning	  
urban	  
waste-‐
water	  
treatment	  

1991	   regional	   EU	  

31	   URUGUAY	  
ROUND	  
AGREEME
NT	  

1995	   global	   WTO	  
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Agreement	  
on	  
Agriculture	  

32	   Commissio
n	  
Regulation	  
(EC)	  No	  
889/2008	  
of	  
September	  
2008	  
laying	  
down	  
detailed	  
rules	  for	  
the	  
implement
ation	  of	  
Council	  
Regulation	  
(EC)	  No	  
834/2007	  
on	  organic	  
prodution	  
and	  
labelling	  of	  
organic	  
products	  
with	  
regard	  to	  
organic	  
production,	  
labelling	  
and	  control	  

2008	   regional	   EU	  

33	   North	  
American	  
Free	  Trade	  
Agreement	  
(NAFTA)	  

1994	   regional	   NAFTA	  

34	   World	  
Trade	  
Organizatio
n	  
Agreement	  
on	  
Governmen
t	  
Procureme
nt	  (WTO-‐

2012	   global	   WTO	  
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AGP)	  
35	   Agreement	  

on	  the	  
Application	  
of	  Sanitary	  
and	  
Phytosanit
ary	  
Measures	  
(SPS	  
Agreement
)	  

2001	   global	   WTO	  

36	   Agreement	  
on	  Trade-‐
Related	  
Aspects	  of	  
Intellectual	  
Property	  
Rights	  

1994	   global	   WTO	  

37	   Marrakesh	  
Agreement	  
establishin
g	  the	  
World	  
Trade	  
Organisatio
n	  

1994	   global	   WTO	  

38	   General	  
Agreement	  
on	  Tariffs	  
and	  Trade	  

1947	   global	   WTO	  

39	   1989	  Basel	  
Convention	  
on	  the	  
Control	  of	  
Transboun
dary	  
Movements	  
of	  
Hazardous	  
Wastes	  and	  
their	  
Disposal	  

1989	   global	   UNEP	  

40	   African	  
Convention	  
on	  the	  
Conservati
on	  of	  
Nature	  and	  

1968	   regional	   OAU/AEC	  
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Natural	  
Resources	  

41	   Treaty	  
Establishin
g	  the	  
African	  
Economic	  
Community	  

1991	   regional	  	   OAU/AEC	  

42	   Rotterdam	  
Convention	  
on	  the	  
Prior	  
Informed	  
Consent	  
Procedure	  
for	  Certain	  
Hazardous	  
Chemicals	  
and	  
Pesticides	  
in	  
Internation
al	  Trade	  

1998	   global	   UNEP/FAO	  

43	   Convention	  
on	  
Environme
ntal	  Impact	  
Assessmen
t	  in	  a	  
Transboun
dary	  
Context	  

1991	   regional	   UNECE	  

44	   Convention	  
on	  the	  
Transboun
dary	  
Effects	  of	  
Industrial	  
Accidents	  	  

1992	   regional	   UNECE	  

45	   Convention	  
on	  the	  
Protection	  
and	  use	  of	  
Transboun
dary	  Water	  
courses	  
and	  
Internation
al	  Lakes	  

1992	   regional	   UNECE	  
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46	   The	  World	  
Charter	  for	  
Nature	  
37/7	  

1982	   global	   UN	  

47	   Ramsar	  
Convention	  

1971	   global	   IUCN	  

48	   Convention	  
on	  the	  Law	  
of	  the	  Non-‐
Navigation
al	  Uses	  of	  
Internation
al	  
Watercour
ses	  
(Watercour
ses	  
Convention
)	  

1997	   regional	   UN	  

49	   1979	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  

1979	   regional	  	   UNECE	  

50	   Protocol	  to	  
the	  1979	  
Convention	  
on	  Long-‐
Range	  
Transboun
dary	  Air	  
Pollution	  
on	  Long-‐
Term	  
Financing	  
of	  the	  
Cooperativ
e	  
Programm
e	  for	  
Monitoring	  
and	  
Evaluation	  
of	  the	  
Long-‐
Range	  
Transmissi

1984	   regional	  	   UNECE	  
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on	  of	  Air	  
Pollutants	  
in	  Europe	  

51	   Charter	  on	  
Groundwat
er	  
Manageme
nt	  	  

1989	   regional	  	   UNECE	  

52	   Internation
al	  
Convention	  
for	  the	  
Prevention	  
of	  Pollution	  
from	  Ships	  
(MARPOL)	  

1973	   global	   IMO	  

53	   COUNCIL	  
DIRECTIVE	  
96/82/EC	  
of	  9	  
December	  
1996	  on	  
the	  control	  
of	  major-‐
accident	  
hazards	  
involving	  
dangerous	  
substances	  

1996	   regional	   EU	  

54	   DIRECTIVE	  
2003/4/EC	  
OF	  THE	  
EUROPEAN	  
PARLIAME
NT	  AND	  OF	  
THE	  
COUNCIL	  
of	  28	  
January	  
2003	  on	  
public	  
access	  to	  
environme
ntal	  
informatio
n	  and	  
repealing	  
Council	  
Directive	  

2003	   regional	   EU	  
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90/313/EE
C	  

55	   Treaty	  on	  
the	  
Functionin
g	  of	  the	  
European	  
Union	  

1958	  
(2007)	  

regional	   EU	  

56	   COUNCIL	  
DIRECTIVE	  
98/83/EC	  
of	  3	  
November	  
1998	  on	  
the	  quality	  
of	  water	  
intended	  
for	  human	  
consumpti
on	  

1998	   regional	   EU	  

57	   Regulation	  
2003/2003	  
of	  the	  
European	  
Parliment	  
and	  of	  the	  
Council	  of	  
13	  October	  
2003	  
relating	  to	  
fertilizers	  

2003	   regional	   EU	  

58	   COUNCIL	  
DIRECTIVE	  
91/692/EE
C	  of	  23	  
December	  
1991	  
standardizi
ng	  and	  
rationalizin
g	  reports	  
on	  the	  
implement
ation	  of	  
certain	  
Directives	  
relating	  to	  
the	  
environme

1991	   regional	   EU	  
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nt	  
59	   COUNCIL	  

DIRECTIVE	  
90/656/EE
C	  of	  4	  
December	  
1990	  on	  
the	  
transitional	  
measures	  
applicable	  
in	  Germany	  
with	  
regard	  to	  
certain	  
Community	  
provisions	  
relating	  to	  
the	  
protection	  
of	  the	  
environme
nt	  	  

1990	   regional	   EU	  

60	   Council	  
Directive	  of	  
15	  July	  
1980	  on	  air	  
quality	  
limit	  values	  
and	  guide	  
values	  for	  
sulphur	  
dioxide	  and	  
suspended	  
particulate
s	  
(80/779/E
EC)	  

1980	   regional	   EU	  

61	   Council	  
Directive	  of	  
7	  March	  
1985	  on	  air	  
quality	  
standards	  
for	  
nitrogen	  
dioxide	  
(85/203/E
EC)	  

1985	   regional	   EU	  
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62	   COUNCIL	  
DIRECTIVE	  
of	  28	  June	  
1984	  on	  
the	  
combating	  
of	  air	  
pollution	  
from	  
industrial	  
plants	  
(84/360/E
EC)	  

1984	   regional	   EU	  

63	   COUNCIL	  
DIRECTIVE	  
of	  12	  June	  
1986	  on	  
the	  
protection	  
of	  the	  
environme
nt,	  and	  in	  
particular	  
of	  the	  soil,	  
when	  
sewage	  
sludge	  is	  
used	  in	  
agriculture	  
(86/278/E
EC)	  

1986	   regional	   EU	  

64	   COUNCIL	  
DIRECTIVE	  
of	  4	  May	  
1976	  on	  
pollution	  
caused	  by	  
certain	  
dangerous	  
substances	  
discharged	  
into	  the	  
aquatic	  
environme
nt	  of	  the	  
Community	  
(76/464/E
EC)	  

1976	   regional	   EU	  

65	   Council	   1967	   regional	   EU	  
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Directive	  of	  
27	  1967	  on	  
the	  
approximat
ion	  of	  laws,	  
regulations	  
and	  
administrat
ive	  
provisions	  
relating	  to	  
the	  
classificatio
n,	  
packaging	  
and	  
labelling	  of	  
dangerous	  
substances	  
(67/548/E
EC)	  

66	   Commissio
n	  Directive	  
91/155/EE
C	  of	  5	  
March	  
1991	  
defining	  
and	  laying	  
down	  the	  
detailed	  
arrangeme
nts	  for	  the	  
system	  of	  
specific	  
informatio
n	  relating	  
to	  
dangerous	  
preparatio
ns	  in	  
implement
ation	  of	  
Article	  10	  
of	  Directive	  
88/379/EE
C	  	  

1991	   regional	   EU	  

67	   Regulation	  
(EC)	  No	  

2004	   regional	   EU	  
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648/2004	  
of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
31	  March	  
2004	  on	  
detergents	  

68	   DIRECTIVE	  
1999/45/E
C	  OF	  THE	  
EUROPEAN	  
PARLIAME
NT	  AND	  OF	  
THE	  
COUNCIL	  
of	  31	  May	  
1999	  
concerning	  
the	  
approximat
ion	  of	  the	  
laws,	  
regulations	  
and	  
administrat
ive	  
provisions	  
of	  the	  
Member	  
States	  
relating	  to	  
the	  
classificatio
n,	  
packaging	  
and	  
labelling	  of	  
dangerous	  
preparatio
ns	  	  

1999	   regional	   EU	  

69	   Council	  
Directive	  
76/769/EE
C	  of	  27	  July	  
1976	  on	  
the	  
approximat

1976	   regional	   EU	  
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ion	  of	  the	  
laws,	  
regulations	  
and	  
administrat
ive	  
provisions	  
of	  the	  
Member	  
States	  
relating	  to	  
restrictions	  
on	  the	  
marketing	  
and	  use	  of	  
certain	  
dangerous	  
substances	  
and	  
preparatio
ns	  

70	   Directive	  
98/8/EC	  of	  
the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
16	  
February	  
1998	  
concerning	  
the	  placing	  
of	  biocidal	  
products	  
on	  the	  
market	  

1998	   regional	   EU	  

71	   Council	  
Directive	  of	  
27	  July	  
1976	  on	  
the	  
approximat
ion	  of	  laws	  
of	  the	  
Member	  
States	  
relating	  to	  
cosmetic	  

1976	   regional	   EU	  
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products	  
(76/768)	  

72	   Convention	  
for	  the	  
Protection	  
of	  the	  
Marine	  
Environme
nt	  of	  the	  
North-‐East	  
Atlantic	  

1992	   regional	   OSPAR	  

73	   Council	  
Directive	  
70/156/EE
C	  of	  6	  
February	  
1970	  on	  
the	  
approximat
ion	  of	  the	  
laws	  of	  the	  
Member	  
States	  
relating	  to	  
the	  type-‐
approval	  of	  
motor	  
vehicles	  
and	  their	  
trailers	  

1970	   regional	   EU	  

74	   Convention	  
for	  the	  
Protection	  
of	  the	  
Natural	  
Resources	  
and	  
Environme
nt	  of	  the	  
South	  
Pacific	  
Region	  

1986	   regional	   SPREP	  

75	   Convention	  
for	  the	  
Protection	  
of	  the	  
Marine	  
Environme
nt	  and	  the	  

1976	   regional	   UNEP	  
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Coastal	  
Region	  of	  
the	  
Mediterran
ean	  

76	   Convention	  
for	  the	  
Protection	  
and	  
Developme
nt	  of	  the	  
Marine	  
Environme
nt	  of	  the	  
Wider	  
Caribbean	  
Region	  

1983	   regional	   UNEP-‐
CAR/RCU	  

77	   Agreement	  
on	  
Implement
ation	  of	  
Article	  VI	  
of	  the	  
general	  
agreement	  
on	  Tariffs	  
and	  Trade	  
1994	  

1994	   global	   WTO	  

78	   1996	  
Protocol	  to	  
the	  
Convention	  
on	  the	  
Prevention	  
of	  Marine	  
Pollution	  
by	  
Dumping	  of	  
Wastes	  and	  
other	  
Matter	  

1996	   global	   IMO	  

79	   Protocol	  
for	  the	  
Protection	  
of	  the	  
Mediterran
ean	  Sea	  
against	  
Pollution	  

1996	   regional	   UNEP	  
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from	  Land-‐
Based	  
Sources	  
and	  
Activities	  

80	   Directive	  
2006/7/EC	  
of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
15	  
February	  
2006	  
concerning	  
the	  
manageme
nt	  of	  
bathing	  
water	  
quality	  and	  
repealing	  
Directive	  
76/160/EE
C	  

2006	   regional	   EU	  

81	   Directive	  
2007/2/EC	  
of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
14	  March	  
2007	  
establishin
g	  an	  
Infrastruct
ure	  for	  
Spatial	  
Informatio
n	  in	  the	  
European	  
Community	  

2007	   regional	   EU	  

82	   Commissio
n	  
Regulation	  
(EC)	  No	  
1235/2008	  

2008	   regional	   EU	  
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of	  8	  
December	  
2008	  
laying	  
down	  
detailed	  
rules	  for	  
implement
ation	  of	  
Council	  
Regulation	  
(EC)	  No	  
834/2007	  
as	  regards	  
the	  
arrangeme
nts	  for	  
imports	  of	  	  
organic	  
products	  
from	  third	  
countries	  

83	   Council	  
Regulation	  
(EC)	  No	  
834/2007	  
of	  28	  June	  
2007	  on	  
organic	  
production	  
and	  
labelling	  of	  
organic	  
products	  
and	  
repealing	  
Regulation	  
(EEC)	  No	  
2092/91	  

2007	   regional	   EU	  

84	   Council	  
Directive	  
96/25/EC	  
of	  April	  
1996	  on	  
the	  
circulation	  
of	  feed	  
materials,	  
amending	  

1996	   regional	   EU	  
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Directives	  
70/524/EE
C,	  
74/63/EEC
,	  
82/471/EE
C	  and	  
93/74/EEC	  
and	  
repealing	  
Directive	  
77/101/EE
C	  

85	   Council	  
Directive	  of	  
30	  June	  
1982	  
concerning	  
certain	  
products	  
used	  in	  
animal	  
nutrition	  
(82/471/E
EC)	  

1982	   regional	   EU	  

86	   Council	  
Directive	  
96/61/EC	  
of	  24	  
September	  
1996	  
concerning	  
integrated	  
pollution	  
prevention	  
and	  control	  

1996	   regional	   EU	  

87	   Protocol	  of	  
Provisional	  
Application	  
of	  the	  
General	  
Agreement	  

1948	   global	   WTO	  

88	   Council	  
Directive	  of	  
15	  July	  
1980	  on	  
the	  
approximat
ion	  of	  the	  

1980	   regional	   EU	  
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laws	  of	  the	  
Member	  
States	  
relating	  to	  
straight	  
ammonium	  
nitrate	  
fertilizers	  
of	  high	  
nitrogen	  
content	  
(80/876/E
EC)	  

89	   Council	  
Directive	  of	  
26	  June	  
1978	  on	  
the	  
approximat
ion	  of	  the	  
laws	  of	  the	  
Member	  
States	  
relating	  to	  
the	  
classificatio
n,	  
packaging	  
and	  
labelling	  of	  
dangerous	  
preparatio
ns	  
(pesticides
)	  
(78/631/E
EC)	  

1978	   regional	   EU	  

90	   Directive	  
2008/105/
EC	  of	  the	  
European	  
Parliement	  
and	  of	  the	  
Council	  of	  
16	  
December	  
2008	  on	  
environme
ntal	  quality	  

2008	   regional	   EU	  
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standards	  
in	  the	  field	  
of	  water	  
policy,	  
amending	  
and	  
subsequent
ly	  
repealing	  
Council	  
Directives	  
82/176/EE
C,	  
83/513/EE
C,	  
84/156/EE
C,	  
84/491/EE
C,	  
86/280/EE
C	  and	  
amending	  
Directive	  
2000/60/E
C	  of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  

91	   Directive	  
2006/44/E
C	  of	  the	  
European	  
Parliment	  
and	  of	  the	  
Council	  of	  
6	  
September	  
2006	  on	  
the	  quality	  
of	  fresh	  
waters	  
needing	  
protection	  
or	  
improveme
nt	  in	  order	  
to	  protect	  
fish	  life	  

2006	   regional	   EU	  
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92	   United	  
Nations	  
Convention	  
on	  the	  Law	  
of	  the	  Sea	  

1958	   global	   UN	  

93	   Directive	  
2001/80/E
C	  of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
23	  October	  
2001	  on	  
the	  
limitation	  
of	  
emissions	  
of	  certain	  
pollutants	  
into	  the	  air	  
from	  large	  
combustio
n	  plants	  

2001	   regional	   EU	  

94	   Directive	  
2000/76/E
C	  of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
4	  
December	  
2000	  on	  
the	  
incineratio
n	  of	  waste	  

2000	   regional	   EU	  

95	   Directive	  
2008/50/E
C	  of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
21	  May	  
2008	  on	  
ambient	  air	  
quality	  and	  
cleaner	  air	  

2008	   regional	   EU	  
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for	  Europe	  
96	   Directive	  

2001/81/E
C	  of	  the	  
European	  
Parliament	  
and	  of	  the	  
Council	  of	  
23	  October	  
2001	  on	  
national	  
emission	  
ceilings	  for	  
certain	  
atmospheri
c	  pollutants	  

2001	   regional	   EU	  

97	   Council	  
Directive	  of	  
27	  June	  
1985	  on	  
the	  
assessment	  
of	  the	  
effects	  of	  
certain	  
public	  and	  
private	  
projects	  on	  
the	  
environme
nt	  
(85/337)	  

1985	   regional	   EU	  

98	   Convention	  
on	  
Biological	  
Diversity	  

1992	   global	   CBD	  
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Appendix VII. Difference between European law and 
International law 
	  
EU-level directives differ to a significant degree in terms of structure, coordination, 

mandate, as well as compliance mechanisms in comparison to international law due to 

their attributes acting as “hard law”. The definition outlaid by Abbott and Snidal 

(2000) is used in the present study referring to legally binding obligations that are 

precise (or can be made precise through adjudication or the issuance of detailed 

regulations) and that delegate authority for interpreting and implementing the law. 

They discuss this further as follows: 

“(…) Legalization enhances the capacity for enforcement. First, hard legal 

commitments, are interpreted and applied by arbitral or judicial institutions, like 

those associated with the European Union (EU), the European human rights regime 

or the World Trade Organization (WTO). (Softer commitments may be invoked in 

political institutions.). In addition, international law provides the very foundations of 

statehood: principles of sovereignty, recognition, territorial competence, non-

intervention, and so on. Violations weaken the international legal system and are self- 

defeating, at least over time.” 

European law is formed by the EU parliament and executive institutions that are given 

power to make laws, regulations and rules etc. (for more information see Europa.eu). 

The laws apply only to those European countries part of the EU or that have in place 

domestic law that recognises the authority of the EU union/parliament. International 

law comes from a number of sources, and is not regionally specific, often coming 

from the UN or other international bodies. Another important difference is that MEAs 

do cover regional to global legislation. 
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Appendix VIII. Figure A. Cross-scale citation network with 
manually displaced nodes 
 

 
Figure A. Cross-scale citation connectivity network using betweenness centrality. The cluster of nodes 
to the left represent EU-level directives and the cluster of nodes to the right represent different 
regional and international agreements. Certain nodes such as number 27, 28, 49, 92 and 96 are 
suggested to act as “gateways” since they are connected across the legal levels of European 
environmental law and international environmental law.  
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Appendix IX. List of interviewees for Case Study (GPNM)  
	  
	  
I1b	   Lex	  Bouwman	   PBL	  Netherlands	  

Environmental	  

Assessment	  Agency,	  

Utrecht	  University	  

I2b	   Jan	  Willem	  Erisman	   Louis	  Bolk	  Institute,	  

VU	  University	  

Amsterdam	  

I3b	   Anonymous	  A	   	  

I4b	   Christoffer	  Cox	   GPA	  UNEP,	  

Coordinator	  of	  the	  

GPNM	  secretariat	  

I5b	   Alisher	  Mamadshanov	   UNECE,	  lead	  contact	  

INMS	  partner	  

I6b	   Anonymous	  B	   	  

I7b	   Clare	  Howard	   INMS,	  Centre	  for	  

Ecology	  &	  Hydrology	  

(CEH),	  Task	  Force	  on	  

Reactive	  Nitrogen	  

(TFRN)	  

I8b	   David	  Coates	   Convention	  of	  

Biological	  Convention	  

(CBD)	  

I9b	   Kaj	  Sanders	   Former	  Chair	  GPNM,	  

Ministry	  of	  

Infrastructure	  and	  

Environment	  

(the	  Netherlands)	  

	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  

 

 


