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IIASA Expert Workshop on System Dynamics of Social Tipping Points 
18-19 November 2021, IIASA, Laxenburg, Austria 

BACKGROUND NOTE 
This background note introduces key terms, concepts, and literature to provide a common basis of 
understanding on which we can build during the workshop. We also suggest references as further reading for 
those interested. In particular we will be substantially drawing on Otto et al. (2020) in the workshop. If you 
do not have access to any of the papers referenced, please let us know and we can share them. 

Charlie Wilson, Sibel Eker 

 
 
KEY CONCEPTS AND TERMS 
 
1. Tipping points describe critical thresholds in complex systems that - if crossed - can lead to 

qualitatively different system states. 
1.1. A tipping point is crossed when a small perturbation triggers a large system response driven by 

positive (reinforcing) feedbacks that dominate system dynamics and propel change (Sharpe & 
Lenton, 2021). 

1.2. Tipping processes occur in systems near to a critical threshold in one or more control variable (e.g., 
global mean temperature in the climate system). Crossing the critical threshold ‘tips’ the system into 
a qualitatively different state (Lenton, 2020). 

1.3. Tipping points are typically reached when boundary conditions are ‘forced’ in a direction that 
weakens negative (balancing) feedbacks or strengthens positive (reinforcing) feedbacks (Sharpe & 
Lenton, 2021). 

1.4. In general, tipping processes are irreversible as they fundamentally change the structure and 
intrinsic functioning of a system (Tàbara et al., 2018). 

 
2. Research on tipping points and processes has a long history in both natural and social 

sciences, although with different terminology (Milkoreit et al., 2018). 
2.1. Recent interest in climate tipping points has identified critical thresholds that - if passed - could lead 

to nonlinear changes in the earth system (e.g., shutting off of ocean circulation systems, dieback of 
Amazon rainforest, decay of Greenland ice sheet) (Lenton et al., 2008). 

2.2. The impact of these climate tipping points are increasingly analysed as low-probability high-
consequence risks to the global economy, strengthening the economic case for stringent climate 
policy (Dietz et al., 2021; Lontzek et al., 2015). 

2.3. Tipping processes in socioeconomic systems are distinct from those in earth systems as: (1) they 
involve human agency; (2) they involve social network-related change mechanisms and do not have 
to physically co-occur; (3) they have more complex sets of interacting drivers and mechanisms, and 
do not have a single control variable (Winkelmann et al., 2022). Social tipping processes also tend to 
occur over shorter timescales and at more local or regional scales (Figure 1). 

2.4. Recent interest in social tipping points is distinguished from wider research on socio-technical 
transition and societal transformation by its interest in small triggers resulting in accelerated change 
to a qualitatively different system state. 
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3. Social tipping processes describe how social, political, economic or technological systems 
can move rapidly into a new system state or functioning. 
3.1. Social tipping processes are emergent properties of complex social systems that include both human 

capacities and structural conditions. Social tipping processes allow for rapid transformation in 
individual and collective practices (Tàbara et al., 2018). 

3.2. In social systems, transitions that are initially reversible may become irreversible over time as new 
feedbacks emerge, such as the political difficulty of reversing support for a new technology sector 
with associated jobs (Sharpe & Lenton, 2021). 

3.3. Positive feedback effects that act as amplifiers in social systems include learning curves and network 
externalities (in technological systems), or self-fulfilling beliefs, norm cascades, and bandwagon 
effects (in social systems) (Farmer et al., 2019). 

3.4. In technological systems, diffusion is characterised by increasing returns to scale leading to tipping 
processes when dynamics becomes self-reinforcing. 

3.4.1. Returns to scale result from learning-by-doing, economies of scale, network externalities, 
complementary technologies and infrastructures, and standardisation (Grübler et al., 1999). 

3.4.2. The inflection point on diffusion S-curves is associated with higher system reactivity as 
system members are sensitive to change, and cascades of change occur (Rogers et al., 2005). 

3.5. In social systems, social norms pass tipping points when the benefit of shifting to a new norm 
outweighs the conformity incentive to stick to the old norm. 

3.5.1. Preferences for risk or conformity are heterogeneous. Instigators of change face a first mover 
dilemma as the costs of nonconformity are high, even if norm change is beneficial. But societal 
preferences change over time (e.g., awareness builds, demographic shifts). Once a critical 
number abandon the old norm, conformity incentives shift to the new norm (Andreoni et al., 
2021). 

3.5.2. ‘Critical mass’ describes how a committed minority triggers tipping processes in a social 
system when the minority view becomes rapidly accepted. Centola et al. (2018) estimate critical 
mass thresholds from 10-40% of a population depending on the change process involved. 

3.5.3. Applied to socio-political processes, social change in the form of shifting public opinion, 
increased activism, expression of public concern, and new coalitions of interest can help 
punctuate previously sticky political institutions and lead to policy change (Winkelmann et al., 
2022). 

3.5.4.  
 

 
Figure 1. Spatial and temporal scales for climate tipping elements (panel a) and social tipping elements (panel 
b). Source: Figure 2 in Winkelmann et al. (2022). 
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tipping processes, quantifiers from complex network theory such as 
modularity, degree distribution, centrality or clustering can be used 
(Newman, 2018). 

4.3. Temporal and Spatial Scales 

Scales can differ greatly between social tipping and climate tipping 
processes and are more ephemeral for social tipping than for climate 
tipping (see Fig. 2). 

Overall, tipping in social systems manifests more commonly on much 
shorter timescales than climate tipping processes: The subcontinental- 
scale climate tipping elements as defined by Lenton et al. (2008) have 
transition times of years to millenia, where the fastest transition time-
scales are found for the Indian summer monsoon and Arctic summer sea- 
ice (on the order of years to decades), and the longest ones for the ice 
sheets on Greenland and Antarctica (on the order of centuries to 
millennia). Relevant timescales with respect to social tipping elements 
(Williamson, 1998; Otto et al., 2020a, 2020b; Lenton, 2020; Sharpe and 
Lenton, 2021), on the other hand, have a comparatively shorter tem-
poral range, from ultrafast (digital and financial systems) to years and 
decades (political and energy systems), since longer timeframes are 
often harder to assess (Kahan, 2017): Within social systems, fund 
manager performance for instance is evaluated quarterly, politicians 
often think in electoral cycles, businesses operate with annual or five- 
year forecasts, while individual practices and dispositions are 
constantly evaluated and reevaluated (Alesina et al., 1993; Dubois, 
2016; Nordhaus, 1975). 

Similarly, social tipping elements are often found on comparatively 
smaller spatial scales, commonly clustered between individual and na-
tional level systems (e.g., built environments, practices and norms). 
While there are also many examples of climate and ecological tipping 
elements of smaller scales (e.g., Lenton, 2020), their extent is typically 
more clearly defined (e.g., ice-covered area, or the area of a certain 
biome). Social scientists and economists have long grouped systems and 
processes as existing on the macro-, meso- and micro-levels (or some 
variation thereof), whereby some social systems (e.g., financial markets, 
political systems, technologies) consist of interdependent subsystems 
existing on multiple spatial levels. 

Social tipping processes can also display spatial-temporal ephemer-
ality. While climate tipping elements have a known spatial extent and 
dimensionality (with often a comparable extent in latitude and longi-
tude and a generally much smaller extent in altitude) and have persisted 
in their current stable state for thousands (if not millions) of years, social 
tipping processes do not have a spatial extent or effective dimensionality 
that is known ex-ante and they can emerge (move into a critical state) 

Fig. 1. Two types of social tipping in a complex network. 
(A) Social tipping can on the one hand be characterized by a contagion process 
where initially only a few nodes exhibit a certain property that then spreads 
through a large portion of the network. (B) On the other hand, social tipping 
may also qualitatively alter the entire network structure from, e.g., a state with 
closely entangled nodes of different states to an almost or full disintegration of 
the network in smaller disjoint groups. The example in (A) shows the spread of 
an avatar among users in an online virtual world over the course of one week 
after it was first introduced by a small number of users (Jankowski et al., 2017). 
Nodes represent users and links represent the imitation of the avatar from one 
user to another. Yellow nodes denote users that have not picked up the avatar, 
while black nodes indicate those that did. (B) The upper network shows the 
members of the House of Representatives in the 94th United States Congress 
(January 3, 1975 to January 3, 1977). Node colors indicate different party 
membership and links between nodes are drawn if the corresponding members 
agree on 66% of all votes in the considered two-year period. The lower network 
shows the same for the 110th United States Congress (January 3, 2007, to 
January 3, 2009). The transition from a closely entangled to an almost frag-
mented topology indicates a polarization between Democratic and Republican 
Party members over time (Hagedorn et al., 2019). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Fig. 2. Typical spatial and temporal scales for illustrative examples of climate and social tipping elements. 
Examples of climate tipping elements are broadly compiled from Lenton et al. (2008), Levermann et al. (2012), and Schellnhuber et al. (2016). Social tipping el-
ements are broadly compiled from Kopp et al. (2016), Farmer et al. (2019), Otto et al. (2020a), Hsiang et al. (2013), T!abara et al. (2018), Lenton (2020), van Ginkel 
et al. (2020) and Bak-Coleman et al. (2021). 

R. Winkelmann et al.                                                                                                                                                                                                                          
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DEFINITIONS OF KEY TERMS 
 
“‘Tipping’ describes the point or threshold at which small quantitative changes in the system trigger a non-
linear change process that is driven by system-internal feedback mechanisms and inevitably leads to a 
qualitatively different state of the system which is often irreversible” (Milkoreit et al., 2018). 
 
“A ‘social system’ can be described as a network consisting of social agents (or subsystems) embedded 
within a social-ecological environment. Such a social system is called a ‘social tipping element’ if under 
certain critical conditions, small changes in the system or its environment can lead to a qualitative 
macroscopic change, typically via cascading network effects such as complex contagion and positive feedback 
mechanisms … The resulting transient change process is called the ‘social tipping process’” (Winkelmann 
et al., 2022). 
 
Following Otto et al. (2020) and Winkelmann et al. (2022), in this background note we use the following 
terminology: 
• ‘Social tipping elements’ = socioeconomic systems in which tipping can occur. 
• ‘Social tipping interventions’ = active changes made to socioeconomic systems to trigger tipping. 
• ‘Social tipping processes’ = positive feedback mechanisms in the tipping of a socioeconomic system. 
• ‘Social tipping dynamics’ = drivers, mechanisms and outcomes of tipping in a socioeconomic system. 
 
 
SOCIAL TIPPING ELEMENTS AND INTERVENTIONS 
 
4. Social tipping elements have been identified in social, political, economic and technological 

systems, along with interventions for activating them.  
4.1. Otto et al. (2020) identify six key social tipping elements which are subdomains of socioeconomic 

systems where a disruptive change can take place and lead to rapid decarbonization. They also 
identify social tipping interventions that can trigger such disruptive changes.  

4.1.1. Energy production and storage: Increasing the relative price of clean energy technologies 
through subsidy programs and decentralized production can trigger reinforcing feedback 
mechanisms in the energy system for a rapid transition towards clean technologies. 

4.1.2. Human settlements: Choosing clean technologies in new urban infrastructure triggers both 
cost reductions and consumer interest in environmental technologies and can lead to rapid 
decarbonization. 

4.1.3. Financial markets: Divestment from fossil fuel assets can rapidly reinforce investors’ belief in 
the risks of carbon-intensive assets and lead to a shift of financial support from fossil fuels to 
clean technologies. 

4.1.4. Norms and value systems: Advocacy by a small group of thought leaders can lead to a large 
fraction of the population recognising the immoral character of fossil fuels, hence a shift in 
norms and values, and increased pressure on policymakers to restrict the use of fossil fuels. 

4.1.5. Education system:  Coverage of the causes and effects of climate change in school curricula 
leads to increased public knowledge and awareness, which can trigger sustained widespread 
engagement in climate action. 

4.1.6. Information feedbacks: Both in the public consumption domain and in financial markets, 
disclosure of information on carbon emissions can trigger rapid behavioural change. Corporate 
disclosures are expected to enhance investors’ belief in the risks of carbon-intensive assets. 
Disclosure on consumer products can induce widespread engagement in climate action and 
lifestyle changes. 

4.2. Social tipping processes resulting from interventions in social tipping elements can be represented as 
causal loop diagrams. Figure 2 provides an example using the Education system example from Otto 
et al. (2020) which is labelled as STE5.  

 



 

4 
 

 
Figure 2: Causal loop diagram representing social tipping dynamics in the education system on climate action, 
norms and values, and climate policies. Arrows with polarity signs indicate a causal relationship and coloured 
circles represent feedback mechanisms. Derived by Sibel Eker based on information in Otto et al. (2020). 

 
5. Social tipping interventions identify actions or policies that can push a system towards 

triggering tipping processes. 
5.1. Farmer et al. (2019) define ‘sensitive intervention points’ as relatively small changes that can trigger 

a large change in systems that sit at a critical threshold or boundary between qualitatively different 
types of behaviour. Interventions can be ‘kicks’ or ‘shifts’. Kicks push the system onto a new 
trajectory without changing underlying system dynamics (e.g., financial disclosure, technology 
investment, political mobilisation). Shifts change the rules of the system and its dynamics (e.g., 
institutional structures) (Farmer et al., 2019). 

5.1.1. Financial disclosure: Small changes in financial accounting rules or disclosure guidelines on 
climate risk can rapidly reduce the value of fossil-fuel assets, increase the financial risk of 
exploiting fossil reserves, increase the credibility of net-zero targets, and so reduce the supply 
of fossil-fuel energy.  

5.1.2. Technology investments: Targeted investments to stimulate learning effects and economies 
of scale can help clean energy technologies outcompete fossil-fuel incumbents, make the 
energy transition profitable, neutralise resistance to change, and so make rapid decarbonization 
cheaper and easier. See also (Ives et al., 2021).   

5.1.3. Political mobilization: Small groups of influencers or ‘political entrepreneurs’ can mobilise the 
silent pro-climate majority, coordinate public support, raise political salience, reduce the costs of 
advocacy, recruit more supporters, and so create enabling conditions for strong policy action. 

5.1.4. Institutional structures: New institutions, laws, and organisations can stabilise, strengthen, 
and sustain long-term commitment and political action on climate change through monitoring, 
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reporting, compliance, and ratcheting ambition (e.g., 2008 UK Climate Change Act, 2015 Paris 
Agreement). 

5.2. Sharpe and Lenton (2021) show how targeted investment and pricing policies in small groups of 
countries can bring clean technologies below the threshold of cost-parity with fossil fuel 
technologies, and trigger shifts in global markets. 

5.3. Similarly, Climate Action Tracker (2019) identify targeted investments, incentives, and regulations to 
drive down the costs of energy storage (for grid integration of intermittent renewable power), 
electric vehicles, and decarbonised cement production. 

5.4. Winkelmann et al. (2022) discuss how the Fridays For Future school strikes have triggered a strong 
response in the German socio-political system evident in an upward shift in public concern, strong 
electoral support for Greens, and a new federal climate neutrality law that could potentially lead to 
wider shifts in the EU climate policy landscape. 

5.5. Similarly, Smith et al. (2020) caution against an over-reliance on policy actions as social tipping 
interventions. They argue that civil society and social movements create the constituency for 
government-led interventions (which are effect not cause). They also emphasise the importance of 
local clusters of strong ties for building and expanding social mobilisation. 

 
6. Interventions to trigger tipping processes can also be articulated as broad strategies for 

system change. 
6.1. Meadows (1999) ranks twelve ‘leverage points’ to intervene in a system in order of effectiveness. 

These include: changing the structure of material stocks and flows (#10); adding information 
feedbacks on system functioning (#6); and changing the goal of the system (#3). 

6.2. Chan et al. (2020) characterise eight leverage points for transforming socio-ecological systems: (1) 
visions of a good life; (2) total consumption and waste; (3) latent values of responsibility; (4) 
inequalities as a means towards change; (5) justice and inclusion; (6) distant externalities from local 
actions - e.g., trade, commodity demand, supply chains; (7) responsible technology, innovation and 
investment; (8) education and knowledge generation and sharing. (See Figure 3). 

6.3. These coincide with the social tipping elements and interventions identified by Otto et al. (2020). For 
example, the decentralisation of energy production, the use of clean technologies in urban 
infrastructure, and fossil fuel divestment, all influence the inflows and outflows of energy 
infrastructure stocks. In contrast, shifting norms and values change the goals of the system, and 
carbon disclosures trigger information feedbacks (Otto et al., 2020). 

6.4. Chan et al. (2020) also identify five strategies for intervening on leverage points for societal 
transformation: (a) incentives and capacity building; (b) coordination across sectors and 
jurisdictions; (c) pre-emptive action; (d) adaptive decision-making; (e) environmental law and 
implementation. (See Figure 3). 

 

INTERACTIONS BETWEEN SOCIAL TIPPING PROCESSES 
 
7. Social tipping dynamics propagate through interconnected systems. 

7.1. Sharpe and Lenton (2021) emphasise how tipping processes in interconnected systems can 
propagate up through scales of impact. They call this an “upward-scaling tipping cascade”. 

7.2. Figure 4 provides an example for electric vehicles (EVs). If the EU, China and California (which 
account for 50% of new car sales) were to follow Norway-style policies for reducing the cost 
premium of EVs relative to conventional vehicles, this could trigger an irreversible shift in the global 
vehicle market. 

7.3. Otto et al. (2020) highlight potential interactions between the six social tipping elements 
(socioeconomic subsystems) that can further accelerate tipping dynamics. For example, Figure 2 
shows how more emphasis on climate change in the Education system (STE5) can lead to wider 
advocacy activities that trigger shifts in Norms and value systems (STE4), that in turn demand for 
more climate change coverage in school curricula. Increased climate change knowledge through the 
education system also creates a higher sensitivity to carbon-emission disclosures on consumer 
products and triggers Information feedbacks (STE6). 
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Figure 3. Strategic levers (A-E) acting on interacting leverage points (1-8) to co-produce global sustainability 
in socio-ecological systems. Source: Figure 4 in Chan et al. (2020). 

 

 

Figure 4. Upward-scaling tipping cascades. Source: Figure 2 in Sharpe & Lenton (2021). 
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institutions—including rules and laws—to allow the full expression 
and growth of those values. These values include diverse ideals of 
sufficiency at the centre of notions of a good life that do not entail 
continually increasing consumption [leverage points 1, 2]; notions 
of equity [4] and responsibility for impacts, even if delayed, diffuse 
and distant [externalities: 6]; the diverse values of responsibility that 
are central to enabling new social norms and action for sustainability 
[values in action: 3] including through incentives and regimes of inno-
vation, technology and investment that align with those values [lever 
A, leverage point 7]; and the local values consistent with conser-
vation, which enable appropriate involvement of Indigenous Peoples 
and local communities in conservation [5]. Education and knowledge 

generation and sharing are key for appreciating diverse values, which 
are embodied in the diverse knowledge systems that deserve to be 
maintained [8].

As one example of the limited role of values to date in sustain-
ability initiatives, many behaviour-change programmes encounter 
one of two major obstacles to fostering system transformation. First, 
campaigns often appeal only to a small minority of self-identified  
environmentalists based on a narrow set of environmental val-
ues (Moisander, 2007). This can impede behaviour change among 
broader publics due to negative stereotypes and the narrow reach 
of social norms (Chan, Anderson, et al., 2017; Chan, Olmsted, et al., 
2017). Second, broad systems of taxation or incentives often lack a  

F I G U R E  4   One hypothetical causal chain of how the leverage points and levers could coproduce a global sustainable economy [1–8 refer 
to leverage points, and A–E refer to levers]. First, (i) a new incentive programme [A] provides a means for individuals and organizations to 
express their latent values of environmental responsibility [3] by paying for diverse resource users and land/water stewards to conserve 
and restore ecosystems, mitigating unintended negative environmental impacts associated with supply chains. These co-payments thus 
provide incentives that enable additional value-oriented action. (ii) Both the consumer/organizational action and the new conservation/
restoration trigger [7] innovation in practice and appropriate technology. The consumer/organizational action of committing to pay for 
mitigation of their impacts might have the effect of [2] reducing consumption. (iii) Both the innovation and the reduction in consumption rein 
in [6] negative environmental externalities. Because many negative externalities have disproportionate impact on vulnerable populations, 
this could [4] reduce some inequalities. (iv) As a socially conspicuous way for people to enact latent values of responsibility, the practice 
becomes normal and helps shift (1) visions of a good life away from conspicuous consumption. This further [2] reduces consumption and 
enhances [8] education about social–ecological problems, systems and solutions. (v) The value-enabled action may then facilitate changes 
in [E] laws and policies, and their enforcement, with four effects: [3] consolidating value-based action; [B–D] shifting management and 
governance systems to be integrated, pre-emptive and adaptive; further increasing [8] education and knowledge transmission about nature 
and sustainable resource use; [5] enhancing broad and appropriate inclusion of Indigenous Peoples and Local Communities in conservation 
and restoration; and [1] eliminating harmful production–enhancing subsidies/incentives (last two arrows not shown for simplicity). Unlabeled 
silver arrows depict a small subset of additional synergies by which one leverage point might facilitate others
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This positive-sum cooperation could in turn increase the chances of crossing other important tipping points
(Figure 2). First, the massive scaling up of batteries and electric drivetrain technology within the automotive
sector would bring down the costs of zero emission trucks, buses, and other larger vehicles. Second, a rapid
transition in road transport would deprive oil companies of their largest market, strongly incentivizing diversi!-
cation of investment, potentially into hydrogen or synthetic fuel production – critical for the decarbonization of
industry, aviation, and shipping. Third, accelerated growth of battery production and reduction in battery cost
would make cheaper energy storage available for the power sector, supporting cost-e"ective integration of
renewable power into electricity systems. This could help to tip the power sector – where emissions are still
growing – into an irreversible transition.

Power

Solar and wind power provide only around 7% of global electricity generation (IEA, 2020), but they accounted
for roughly two thirds of global generating capacity additions in 2019 (IRENA, 2020). The reinforcing feedbacks
of di"usion are operating strongly, with rapid cost reductions persisting over decades, and the development of
complementary technologies including batteries, demand-side response, and smart grids. The pace of growth
of renewable power has consistently outperformed expectations, with global deployment of solar power in
2020 being over ten times higher than was projected !fteen years ago (Beinhocker et al., 2018). Meanwhile,
coal power has experienced the opposite, with analysts’ expectations of its future growth prospects repeatedly
revised downward (Bullard, 2020). Plans for nearly 900 GW of new coal plants have been cancelled within the
last !ve years (Shearer, 2019).

Policy has been, and continues to be, a strong driver of this transition. Research and development of renew-
ables technologies, subsidies for their deployment, power sector market reforms, carbon pricing, and invest-
ments in infrastructure are all making mutually reinforcing contributions.

Within this context of unfolding transition, the UK’s experience stands out. Over recent years, the UK has
decarbonized its power sector faster than any other large country (Sta"ell et al., 2018). Tipping points have
played a role in this performance. Between late 2015 and 2018, the UK’s carbon price – a combination of a

Figure 2. Electric vehicle tipping cascade.

426 S. SHARPE AND T. M. LENTON
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INDICATORS OF SOCIAL TIPPING PROCESSES 
 
8. Indicators can track progress towards triggering social tipping processes. 

8.1. Early warning indicators of approaching tipping points in the earth system include a slowing recovery 
rate to perturbations (Lenton, 2020). A similar approach could be applied to social systems by 
monitoring temporal volatility in indicators of the incumbent regime, such as share prices of fossil 
energy majors or automotive firms (Sharpe & Lenton, 2021). 

8.2. Online social media platforms also provide real-time data on topics of interest to large populations 
worldwide that can be used to track public opinion and action (Eker et al., 2021). 

8.3. As a caveat, social tipping processes have a more complex set of drivers, mechanisms, and 
outcomes than climate tipping processes so early-warning indicators with well-defined critical 
thresholds for tipping are not as readily available (Winkelmann et al., 2022). Evaluation of tipping 
processes can likely only be made in hindsight through specific process tracing of specific triggering 
events and amplifying mechanisms. 

 
9. Cost parity between clean energy alternatives and fossil-fuel incumbents is a key indicator of 

potentially rapid system change. 
9.1. Climate Action Tracker (2019) identify potential transformation points in the energy system, with 

trackable indicators for each: 
9.1.1. Cost parity between renewable electricity generation+storage and new or existing fossil-fuel 

assets. 
9.1.2. Up-front cost parity between electric vehicles and conventional vehicles (or electric vehicles 

find large-scale niches such as cities). 
9.1.3. Up-front cost parity between building new net-zero energy homes and building inefficient 

homes. 
9.1.4. Cost-parity between direct air capture and storage of CO2 and mitigation options in hard-to-

abate sectors (e.g., aviation). 
9.1.5. Availability of competitive zero-carbon high-intensity heat for industrial processes. 
9.1.6. E-bikes become the norm for intra-urban mobility. 
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