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N Policy relevant regime shifts Mechanism Reversibility

1 Bivalves collapse Established H
2 Coral transitions Established H
3 Desertification Contested H, I
4 Encroachment Established H
5 Eutrophication Established H, I, R
6 Fisheries collapse Contested U
7 Marine food webs collapse Contested U
8 Forest - Savanna Established I
9 Hypoxia Established H, R

10 Kelp transitions Established H, R
11 Soil salinization Established H, I
12 Steppe - Tundra Established I
13 Tundra - Forest Established I
14 Monsoon circulation Established I
15 Thermohaline circulation collapse Established I
16 Greenland ice sheet collapse Established I
17 Arctic salt marshes Established I
18 Peatlands Established I
19 River channel position Established I
20 Soil structure Established H, I

Table 1. Current dataset with 20 policy relevant regime shifts. 
Reversibility: (I) Irreversible, (H) hysteretic, (R) reversible, (U) 
unknown.

Introduction
Over the past 50 years humans have changed 
ecosystems faster and more extensively than in any 
other comparable period in the past. These changes 
have contributed to various global syndromes or 
regime shifts: abrupt, non-linear changes in social-
ecological systems that can severely impact the flux of 
ecosystem services human societies rely upon. 
However, we do not know which are more likely to 
happen, or which are more likely to interact. We 
explore some answers by studying relationship 
patterns among drivers of regime shifts using bipartite 
networks.
	 	

Drivers network
In the drivers network all nodes are drivers, and links 
between them are present when two drivers are 
reported to cause the same regime shift. Thus, the link 
is weighted by the number of regime shifts commonly 
caused by a drivers dyad. 

• The top six edges by weight group ~10% of all 561 
links

• Drivers with higher number of connections and 
strongest links are related to food production 
(agriculture, fishing, nutrients inputs, fertilizers use, 
deforestation) and with climate change (global 
warming, floods, droughts, atmospheric CO2).

Materials and methods	
We used the Regime Shift Database to construct a 
network of connections between drivers and regime 
shifts.  Using this bipartite or two-mode network we 
can identify which regime shifts share drivers and 
which drivers share regime shifts.  This network 
analysis allows us to identify importance of different 
drivers across multiple regime shifts and by using 
network simulation we can identify whether the 
frequency of co-occurrences is more common or rare 
than expected.

Figure 1. Scheme of a bipartite network and its one-mode projections.

Regime shifts network
In the regime shifts network, the nodes are regime 
shifts and links occur when two regime shifts are 
caused by the same driver. Links are equally weighted 
by the amount of drivers commonly causing two 
regime shifts.

• 85% of all possible connections are realized
• All regime shifts share at least one driver
• Strongest connections occur in marine or aquatic 

regime shifts: Hypoxia and Eutrophication (14),  
following by couplings amongst Kelps Transitions, 
Bivalves collapse, and Eutrophication sharing 10 
or more drivers.

Figure 2. Subset of drivers network with links representing share 
causality to 5 or more regime shifts. Link thickness is scaled 
according with the number of regime shifts that are conjointly 
caused, while node size scales the degree. The barplot is the link 
distribution for the complete network. 

Figure 3. Regime shifts network. Node size correspond to degree 
while link thickness correspond to the number of drivers shared. 

Network simulations
Network simulations (N= 104) were performed on the 
bipartite graph using a Sequential Importance Sampling 
algorithm. The number of linkages were held constant. 
The average degree (number of links) and a co-
occurrence index used on the one-mode projections 
helped us to understand if the couplings in the drivers 
network differ from random.

• Lower average degree shows that there is fewer 
shared regime shifts than one would expect

• With less links, link weights have to be stronger as 
shown by the co-occurrence index

• Drivers with high degree and strong links are more 
likely to interact when causing regime shifts

Figure 4. Results from random network simulations. In grey the 
distribution of the statistics applied to the one-mode network 
projection: average degree on the left and co-occurrence index in 
the right.  In red the statistic for the real data.

Conclusions
Regime shifts are non-linear phenomena caused by the 
interaction of several drivers, from 2 to 19 in our dataset. 
Thus, tipping points drivers are unlikely to be static, they 
interact and change other drivers. But what patterns of 
interactions are more likely to be found for most of 
regime shifts? 

By using a network approach we found that agriculture 
related drivers and climate change drivers are the most 
common interacting causes of regime shifts globally. 
Marine regime shifts tend to be strongly connected by 
sharing drivers more frequently. It suggest that their 
dynamics are more synchronized both in space and 
time. For management, it means that by addressing a 
cluster of variables, several regime shifts can be 
prevented. Terrestrial regime shifts lie on the periphery of 
the network. They share less drivers suggesting that the 
underlying processes happen at different scales, 
increasing the diversity of drivers and limiting managerial 
strategies to each particular case. Our results suggest 
that the management of well understood variables might 
not be enough to avoid regime shift if there are synergies 
among interacting drivers that are not managed.
	
Network analysis offer an opportunity to analyze regime 
shifts couplings when knowledge about system 
dynamics or time series of key variables are limited. The 
exploration of interactions among drivers and possible 
cascading effects is the next step on our research 
agenda. It is needed to narrow down our preliminary 
descriptive approach towards quantifying feedback and 
link strength in order to disentangle the importance of 
interactions and the likelihood of domino effects.
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