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Abstract 

Adaptive decision-making (ADM) is a structured process of learning, improving understanding, and ultimately adapting 
management decisions in a systematic and efficient way, aimed at reducing uncertainties over the course of the management 
timeframe. This approach holds a great potential for dealing with the challenges faced by civil infrastructure facilities, especially 
those exposed to evolving risks caused by changes in environmental and urban settings, evolving expectations and preferences of 
the public, tightening budgets, and unpredictable political circumstances over their lifetime. This paper suggests ADM as a way of 
continuously reevaluating the risks and providing more adaptive and flexible management actions to enhance infrastructure 
resilience under dynamic changes and evolving conditions. The proposed ADM is illustrated with a benchmark problem based on 
a testbed residential community in Kathmandu, Nepal to explore the effect of incremental building expansion on the seismic risk 
to a community and examine the feasibility and effectiveness of ADM in improving resilience.  
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natural hazards have strong implications to the health and financial well-being of the communities that they serve. 
Quantitative risk-informed decision methods are required to assess the effectiveness of engineering strategies – design, 
maintenance and rehabilitation – in mitigating the risk to civil infrastructure over their service periods (through risk 
assessment) and to establish investment priorities within financial constraints (through optimization techniques). 
Although current probabilistic risk assessments have enabled informed management and decision-making of civil 
infrastructure, in many cases, such analyses are static, focusing more on understanding current risks. Disaster risks to 
civil infrastructure, however, have been increasing rapidly due to continually changing urban environments, increasing 
operational and social demands, technology development, and global climate change. For example, incremental 
building expansion in many developing countries plays a significant role in increasing their seismic collapse 
vulnerability [1]. Also, in recent years, there has been growing evidence that global climate change may result in more 
frequent and increasingly severe extreme natural hazard events, such as hurricanes, tsunami, floods, droughts, etc., 
which trigger more damage to civil infrastructure and the associated economic and human losses [2]. In this context, 
disaster risks to civil infrastructure are not static, and continuous reevaluation over time is required to move towards 
a more resilient future.  

Resilient development has become a new standard for civil infrastructure design and maintenance, as well as 
community development. Its interpretation may vary depending on its application, but seismic resilience of 
system/community often is thought of as including three measures: reduced failure probabilities, reduced 
consequences from failures, and reduced time to recovery [3]. This paper places emphasis on the first two measures 
of resilience, which relate to pre-disaster mitigation, by enabling decision-making process to incorporate the effects of 
dynamic conditions and evolving risks in life-cycle performance assessment and to become more adaptable to those 
changes and surprises. Due to our incomplete knowledge of dynamic conditions in hazard, exposure and vulnerability 
(and the associated uncertainties), unintended consequences may occur and challenge the resilience of civil 
infrastructure systems and the community functions that they support. Adaptive decision-making (ADM) arises out of 
the need for flexible and responsive approaches to managing the risk to civil infrastructure exposed to changing 
environments. Such decision methods will be able to respond successfully to evolving risks and future changes and to 
achieve their short/medium-term and long-term resilience objectives.  

To begin with, this paper briefly introduces an adaptive decision method as a way of continuously reevaluating the 
risks and, where necessary, updating decisions over time. The proposed ADM is demonstrated based on a changing 
urban environmental condition, where incremental building expansion and population growth occur simultaneously, 
to show its feasibility in reducing seismic collapse vulnerability of buildings and eventually improving the resilience 
of a community.  

2. Adaptive decision-making and its application: a residential community of Kathmandu Valley, Nepal 
exposed to evolving risks due to increased exposure and vulnerability due to growing populations  

2.1. Adaptive decision-making  

Decision-makers are challenged by inherent uncertainties and an incomplete knowledge base, especially when 
making decisions involving changing conditions. Surprises and changes lead decision-makers to adjust plans and 
strategies as new information accumulates over time and to incorporate improved understanding in risk-informed 
decision-making. Adaptive management is a structured process to make this learning in a systematic and efficient way, 
aimed at reducing uncertainties. The goal of adaptive management is to improve decision-making through learning 
processes. It provides flexible and responsive management protocol, which evolves over time through an iterative 
process of planning, monitoring, and adjusting strategy (as shown in Fig. 1): goals and objectives are set; the 
management action is implemented; the effects of the action are monitored and evaluated to collect new information; 
and the action is adjusted based on monitoring results [4]. Through this process, adaptive management explicitly 
recognizes evolving conditions and reduces the uncertainties by incorporating lessons learned into future decisions 
through explicit mechanisms for linking new information from monitoring to the decision. 
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Fig. 1. Adaptive management process. 

2.2. Problem statement  

In many developing countries, households start with simple one or two-story shelters and expand over time 
vertically (with additional stories) and/or horizontally (with additional cantilevers above sidewalks or streets) due to 
population growth, family expansion and urbanization. Incremental building expansion is informal and not based on 
either regulated building practices or planned development. Such expansion increases the seismic vulnerability of 
buildings, and eventually affects the resilience of the community that they support [1]. In addition to building 
expansion, a community also expands over time by adding more houses and supporting facilities, given population 
increase in that community. In the benchmark problem, a hypothetical residential community in the Kathmandu 
Valley, Nepal is considered to illustrate the application of adaptive management to decision problem in dealing with 
evolving risks over time.  

A hypothetical residential community is assumed to be located on the outskirts of Kathmandu City and consists of 
100 buildings at the present time (t = 0). It is assumed that all the buildings in a community are relatively close together 
and experience the same level of ground motion for a given earthquake scenario. Under this assumption, a site-specific 
seismic hazard curve for this community has been developed based on ten independent seismic sources. A detailed 
description of a probabilistic seismic hazard analysis for Kathmandu City, Nepal can be found in [5].  

It is assumed that 75% of the existing buildings in the hypothetical community are one-story buildings (State 1 in 
Fig. 2) and the rest are two-story buildings (State 2 in Fig. 2). The buildings expand incrementally, while new buildings 
are constructed every year. Again, 75% of the newly constructed buildings are initially in State 1, 25% are in State 2, 
and then they evolve over time. Fig. 2 presents nine states of residential buildings constructed with reinforced concrete 
frames with masonry infill, as developed by [1] to simulate building expansion sequences and assess changing seismic 
risk over time. Building states distribution over time is modeled as a discrete-time Markov chain with a transition 
probability matrix describing the probabilities of particular transitions from one state to another. Collapse fragility 
curves for the nine building states are assumed to follow lognormal cumulative distribution functions with the median 
values and logarithmic standard deviations shown in Table 1.  

Fig. 2. Nine states of typical residential buildings in Kathmandu, Nepal. 
 

Table 1. Median values (normalized by the gravitational constant) and logarithmic standard deviations of collapse fragility curves for all building 
states. 

 State 1 State 2 State 3 State 4 State 5 State 6 State 7 State 8 State 9 
Median 1.93 0.85 0.56 0.69 0.51 0.38 0.37 0.51 0.37 
log σ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
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