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4) Success made invisible by the randomness of the specific outcome. Hazards are 
stochastic processes, hence any single occurrence is only one of several possibilities 
that could have occurred. Recognising that the parameters of the event that actually 
occurred could easily have been different, successes can be made invisible if the 
hazard randomly does not strain mitigation measures, e.g. a near-miss. 

To address these invisibilities, we develop and demonstrate a novel application of probabilistic 
counterfactual risk analysis to highlight and celebrate successful DRM interventions based on 
counterfactual outcomes rather than realised past outcomes or unrealised future outcomes. 
The systematic implementation of such analysis would enable us to (i) build a collection of 
case studies of past interventions that feature well-articulated, specific, implemented, and 
measured successes towards a safer, more resilient future, (ii) give a quantitative measure 
that focuses on celebrating benefits of intervention, independent of the specific occurrence of 
the hazard event against which the intervention was implemented, (iii) provide a means for 
crediting policymakers for sound decisions, even if the benefits of these decisions are not felt 
till much after decisions were taken, (iv) monitor progress in disaster risk reduction 
independent of the realised outcome of such interventions. 

The potential stakeholders for this framework are multiple. Policy-makers (central and local 
governments) can be incentivized to invest more in risk reduction, by making visible to their 
constituents the benefits of such investments, even if these benefits are not realized. The 
framework would also enable disaster risk management practitioners to learn from positive 
lessons (rather than negative ones), which can be emulated in similar contexts. It can also 
serve donors as a means to evaluate projects and monitor progress, even if no tangible 
benefits are seen until a disaster strikes. 

The paper is organised as follows. In Section 2, we draw on research on risk perception and 
social psychology, as well as the political aspects of disaster policy to highlight some of the 
challenges faced in evaluating disaster risk measures. This motivates our proposed 
framework of probabilistic counterfactual analysis. In Section 3, we introduce the framework 
in the context of DRM. Two case studies are used to illustrate the framework in Section 4: a 
school earthquake retrofitting program in Nepal and the evacuation of coastal communities in 
India prior to the landfall of a major cyclone. These showcase the different types of situations 
where successful DRM interventions are made invisible and the applicability of the method for 
different hazards. To provide further examples of where the method can be applied, we also 
provide a list of sample DRR measures. These include instances where successes are made 
invisible due to yet unrealised benefits, and cover different hazards as well as geographical 
regions. In Section 5, we discuss our results from our case studies as well as possible 
extensions and limitations. Finally, we conclude in Section 6 by summarising the work and its 
implications. 
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Figure 1. A schematic of invisibilities in mitigation successes using stilt houses as the mitigation and 
flooding as the hazard. 
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Figure 3. For each of the 70 retrofitted school buildings shown as circles on the map, PGA  (in %g) are 
extracted as hazard input, and the daytime occupancy (represented by the size of the circles) are used to 
estimate the probabilistic fatalities. The dataset also contains physical characteristics that indicate 
potential for collapse (e.g. construction typology, number of stories, fragility curves). 

 
 
Probabilistic counterfactual analysis 

The downward counterfactual analysis is applied through a probabilistic approach to estimate 
building collapse for two scenarios: (1) the realised case where all 70 school buildings of 
interest were retrofitted, and (2) a counterfactual case where the school buildings are not 
retrofitted. For each school, we estimate the probability of exceeding a collapse damage state 
based on the following modelling parameters: 

1) Earthquake hazard in terms of peak ground accelerations (PGA) generated using the 
USGS Global ShakeMap system (Wald and Allen, 2007), 

2) School building characteristics including location, daytime occupancy, number of 
stories, and construction typology (OpenDRI, 2012) 

3) Fragility curves describing the probability of collapse given the earthquake shaking 
intensity and construction typology. For the unretrofitted schools,collapse fragility 
curves were adopted from a study on earthquake mitigation in Kathmandu Valley before 
the Nepal Earthquake (JICA and MOHA, 2002). For retrofitted schools, we assumed a 
collapse fragility curve for a specially designed RC building from the same JICA and 
MOHA (2002) study. For the complete values of the fragility curves as two-parameter 
lognormal distribution functions, for all 70 schools in the analysis, see Rabonza et al. 
(2020). 

 

 






























