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Abstract 

Extreme Weather Events continue to cause shocking losses of life and long-term damage at scales, depths and complexities that 
elude robust and accountable calculation, expression and reparation. Cyclones and storm surges can wipe out entire towns, and 
overwhelm vulnerable built and lived environments. It was storm surges that was integral to the destructive power of Hurricane 
Katrina in the USA (2005), Typhoon Haiyan in the Philippines (2013), as well as Cyclone Nargis (2008) and the 1970 Bhola 
Cyclone in the Bay of Bengal.  This paper report on work which concerns itself with the question of, given what we know already 
about such extreme weather events, and their associated critical infrastructure impacts and recovery trajectories, what scenarios, 
insights and tools might we develop to enable critical infrastructures which are resilient? 
 
With several of the world’s most climate vulnerable cities situated in well-peopled and rapidly growing urban areas near coasts, 
our case study of Khulna City speaks globally into a resilience discourse, through critical infrastructure, disaster risk reduction, 
through spatial data science and high visualisation.  With a current population of 1.4 million estimated to rise to 2.9 million by 
2030, dense historical Khulna City may well continue to perform a critical role in regional economic development and as well as a 
destination for environmental refugees. 
 
Working as part of the EU—CIRCLE consortium1, we conduct a case study into cyclones and storm surges affecting the critical 
infrastructure then discuss salient developments of loss modelling. The research aims to contribute towards a practical framework 
that stimulates adaptive learning across multiple stakeholders and organisational genres. 
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1. Introduction 

Global policy on disaster risk reduction is in its second generation, and runs aspects of climate adaptation and 
sustainable development goals. Succeeding the Hyogo Framework for Action 2005-2015, the Sendai Framework for 
Disaster Risk Reduction 2015-2030 moved beyond hazard awareness to diplomatic, financial and technological 
engagements with the moving targets of growing human vulnerability and disaster losses. Focusing on the reduction 
of risks and loses, in terms of lives, livelihoods and health, Sendai prioritises the understanding of (disaster) risk, the 
strengthening of its governance, investment in resilience and a build back better approach to post-disaster 
reconstruction.  

This EU Horizon 2020 funded EU-CIRCLE work engages with Sendai Target 4 that relates to the ‘integrity and 
function of infrastructure’, a sociotechnical milieu that we characterize with assemblage thinking that is well suited to 
mixed infrastructure networks comprising physical equipment (pylons, power stations, roads, sluice gates), institutions 
(infrastructure operators), and dynamic hydro meteorological substances (storm surges, cyclones). 

Assemblage thinking is an approach that captures the idea of a whole with multiple heterogeneous parts, human 
and nonhuman, with agency, linked together to form some kind of relational whole, that produces new behaviours [1]. 
Energy systems [2], electricity blackouts [3] and gas transportation networks have been studied in this way [4] as is 
the South Asian monsoon [5]. This paper develops a framework which to model the assemblage of critical 
infrastructures (CI) of communications, water, power, sanitation and health in Khulna City, Bangladesh, its response 
to intense cyclone and storm surge scenarios and potential for reconfiguration through critical infrastructure operator 
and designer engagement with the project’s CI toolkit. 
 
2. Salient Cyclones and Critical Infrastructure: A Historical Narrative  
 

Disasters like hurricanes, cyclones and storm surges have had catastrophic impacts on critical infrastructure (here 
in referred to as CI) and have inflicted severe socio economic impacts to public and private assets all over the globe 
[6]. Vivid global images of long-term destruction to the built and lived environments are not in short supply, whether 
at the core or periphery of the world system. From Hurricane Katrina in the U.S. (2005), to Typhoon Haiyan in the 
Philippines (2013) and the series of deadly cyclones from 1970 (Bhola Cyclone) to 2009 (Cyclone Aila) in the Bay of 
Bengal the frequency, magnitude and material damage of such events is increasing [7], with vulnerable low-lying 
coastal areas are facing catastrophic losses [8].  

Certainly, the degree of catastrophic impacts and the associated fatalities of historic cyclones varied greatly over 
the past 50 years. The two deadliest cyclones were in 1970 and 1991 in Bangladesh, with over 500,000 and almost 
140,000 deaths, respectively. The number of fatalities was reduced in the 2007 to 4,036 deaths, ostensibly following 
the introduction of early warning systems and the Cyclone Preparedness Program [9]. During Cyclone Sidr (2007), 
there was also no outbreak of disease reported due to the timely involvement of government agencies and NGOs in 
enabling medical teams and supplies from multiple international organisations [10]. However, following Cyclone Aila 
(2009) there were several outbreaks of disease (i.e. skin disease, diarrhoea, and dysentery), which reached epidemic 
proportion, especially in the Khulna district [11]. Perhaps counter-intuitively, while the number of fatalities created 
by this series of cyclones has decreased, the number of people affected and properties damaged has increased [12]. 
Many of these losses have not been recovered, even after effective mitigation and adaptation measures [13]. 
Understandably, the trajectory of recovery to a pre-disaster situation for survivors, the economy and infrastructure 
system are deeply challenging as disasters tend to accelerate existing economic, social, and political trends [14].  

The economic losses of this purposive sample of cyclones vary considerably, with the scale of storm and the 
location of the CI being key. Hurricane Katrina (2005) in the U.S caused the highest economic losses, of approximately 
$300 billion. The higher number of properties and the density of infrastructure in New Orleans made its recovery 
trajectory costlier than others. The hurricane caused extensive damage to national energy and chemical sectors, both 
of which were concentrated in the Gulf of Mexico, which cascaded into the complete failure of all key infrastructure 
(e.g. electrical, communication system) in New Orleans [15]. The hurricane exposed several vulnerabilities stemming 
from human and non-human factors (e.g. the network of complex CI) that contributed significantly to the disaster. 
The levee system that was supposed to protect the city from flooding ended up collapsing causing water from Lake 
Pontchartrain to enter the city. Consequently, physically and spatially dependent CI were significantly destroyed by 
the flood. Gas mains and underground water mains located in the same area were damaged [16] and several pumping 
stations and electrical generators that were physically dependent upon the levee system for protection from flood, 
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