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Abstract— Sri Lanka is frequently subjected to disasters 

caused by adverse natural shocks and climatic stresses. Climate 

change which is accelerated by Green House Gases is a main 

cause behind the more frequent and intense disasters. Hence, the 

construction industry is now heading towards Green Buildings 

as one of the sustainable aspects. Since the involvement in the 

green building industry in Sri Lanka as well, it has emphasized 

the importance of incorporating disaster resilience indicators 

into Green Building Rating Tools (GBRTs) to ensure that green 

buildings can withstand adverse natural shocks and climatic 

stresses while maintaining their long-term survivability. There 

have been various disputes over the concepts "disaster 

resilience" and "sustainable development," which have 

impeded implementation.  Therefore, in this research, a multi-

criteria decision-making tool, the Stepwise Weight Assessment 

Ratio Analysis (SWARA) method was used to identify the 

overall impact of the integration of disaster resilience indicators 

into a green building framework. It was intended to capture 

different perspectives of decision makers on each possible 

disaster resilience aspect that can be integrated into a GBRT 

related to the Sri Lankan context. The most suitable resilience 

indicators were selected from the GBRTs and related studies 

and used in the evaluation. They were assessed for their 

significance in enhancing disaster resilience as well as the 

sustainability of green buildings. The results have shown that 

risk avoidance related indicators can enhance the disaster 

resilience of the building while increasing the sustainability. 

Conversely, disaster resilience indicators like improved 

structural and architectural aspects, and excessive use of 

hazard-resilient and more robust materials can reduce the 

overall sustainability of a green building.  

Keywords—sustainable development, disaster resilience, Sri 

Lanka, green buildings, Green Building Rating Tools  

I. INTRODUCTION  

In 2020, 389 occurrences were recognized as climate-related 
disasters, affecting 98.9 million people and causing economic 
damage of 171.3 billion USD [1]. The frequency and 
devastation of adverse natural events have increased 
considerably during the last few decades. Extreme weather, 
climate action failure, and human-environmental damage can 
all be recognized as high-risk events in terms of the likelihood 
and impact [2]. According to De Castro and Kim, this 
substantial increase in natural shocks and climatic stresses has 
threatened sustainable development [3].  

“Sustainable Development” is defined in the famous 
Brundtland Commission report as meeting present demands 
without compromising the ability of future generations to 
meet their own  [4].  It emphasizes sustainable development as 

the process of strengthening quality of the built 
environment without adding additional components to the 
system [5]. The built environment comprises all physical 
modifications to the natural environment, along with man-
made areas [6]. Buildings are the primary users of energy and 
water in the built environment, accounting for 45-50% of 
energy consumption and 50% of water consumption. 
Additionally, because buildings account for 50% of 
greenhouse gas emissions, they have the potential to greatly 
influence climatic changes [7].  To address these concerns, the 
concept of Green Buildings emerges as an effective answer. 
'Green Building' is defined as one that, through its design, 
construction, and operation, mitigates or eliminates adverse 
effects on both climate and natural environment 
simultaneously having the potential to provide beneficial 
outcomes [8].  

If a system is incapable of giving the potential to withstand 
natural and climatic change, it may leave communities and 
structures exposed to extreme disasters [9]. Hyogo 
Framework for Action (HFA) defines "Disaster Resilience" as 
the capacity of a system, community or society potentially 
exposed to hazards to adapt, by resisting or changing to reach 
and maintain an acceptable level of functioning [10]. 
However, these two principles of disaster resilience and 
sustainable development occasionally compete or even 
contradict one another, pushing decision-makers to argue 
rather than act.  

The relationship between "sustainability" and "resilience" is 
interpreted differently by researchers [11], [12]. According to 
Marchese et al., improving the resilience of a system makes it 
more sustainable, although increasing a sustainability of the 
system does not always make it more resilient [13].  Several 
studies have recommended for incorporating disaster 
resilience into sustainable development, stating that doing so 
can protect non-renewable resources & investments for 
infrastructures, and ensure the reliability of economic and 
social institutions. Understanding the contradictions that exist 
between sustainability and resilience is critical for designers, 
planners, and policymakers who wish to develop a sustainable 
and resilient built environment [14].  

Being sustainable only will not be the ideal solution for 
building  because sustainable buildings should be designed to 
be resilient [15]. Though green buildings can reduce the 
environmental footprint, they are disinclined to respond to 
adverse natural shocks and climatic stresses [16]. Any 
sustainable building design should ensure that the 
construction can withstand the shocks and stresses forced by 



natural and climatic changes. They should be able to recover 
from any destructive event easily. These facts should be 
considered top priorities at the design stage to make green 
buildings last for their design life.  

Green Building Rating Tools (GBRTs) give the key 
recommendations and requirements for ensuring the 
minimum construction standards and practices in sustainable 
development. However, there is a prevalent opinion that 
GBRTs lack disaster-resilient strategies, measurements, and 
concepts, hence putting the green building sector at a resilient 
deficiency. Certain researchers have criticized green 
frameworks such as LEED and BREEAM for failing to 
include measures of hazard resistance [17]. GBRTs assist 
users in becoming conscious about sustainable development 
and in adopting sustainability techniques into planning, 
design, and construction. However, there is a significant gap 
in the capacity of existing GBRTs to incorporate hazard 
resistance and mitigation in a broader context of sustainable 
development [9].  

In the context of Sri Lanka, the construction industry of Sri 
Lanka has shown an improved commitment to sustainable 
development and  green building has emerged as a powerful 
tendency in the country [18]. However,  Sri Lanka was ranked 
as the second most impacted country by extreme weather in 
2017 [19], [20]. In 2016, 1.4 million individuals were 
impacted by at least one weather-related disaster [21]. Since 
1965, flooding has caused damage to almost 224 000 
dwellings. Over 128 000 dwellings were damaged by the 
severe winds. Tsunami (2004) and landslides respectively 
devastated 105 293 and over 14 000 dwellings [22]. However, 
Sri Lanka  is still in the early stages of incorporating disaster-
resilient strategies and measures into the disaster management 
frameworks and building guidelines. A significant issue can 
be stated as a lack of discussion about the critical nature of 
disaster resilience in the green building industry [23].  

This study focused on understanding the interdependency of 
resilience indicators of GBRTs in Sri Lanka knowing whether 
each measure will increase or reduce the overall sustainability 
of a green building. The purpose of resilience indicators is to 
identify the strengths and weaknesses that aid in 
comprehending and tracking the progress of enhanced disaster 
resilience. This will assist decision-makers in determining the 
extent to which resilience indicators or measures contribute to 
the overall sustainability of buildings positively or negatively. 
Additionally, assess if each measure requires inclusion in the 
system. 

The Green Building Council of Sri Lanka (GBCSL), as the 
primary authority on applying green concepts and green 
building techniques, has had a ten-year impact on green 
building industry by establishing and promoting green 
building practices in Sri Lanka. They launched their green 
building assessment tool, the GREENSL® Rating System for 
Built Environment, which was developed specifically for the 
Sri Lankan context [24], [25]. Abeysinghe et al., proposed a 
conceptual GBRT with a higher level of disaster resilience 
integration, as well as a modified GREENSL® Rating System 
for Built Environment Version 2.0 (GREENSL® V2.0) that 
incorporates Disaster Risk Reduction (DRR) and Disaster 
Resilience Mechanisms (DRM) [26]. Though the proposed 
tool is not being practiced yet in the building industry yet, it 
has been given greater priority under this research to identify 
the resilience indicators that are incorporated into an existing 
GBRT in Sri Lanka.  

This paper aims to qualitatively assess the contribution of each 
of these resilience indicators to the overall sustainability of a 
green building from the perspective of experts. As a result, the 
following points have been identified as the primary 
objectives of the study: (1) identify appropriate resilience 
indicators; (2) conduct expert surveys; (3) analyze the data and 
gain a better understanding of the interdependency of 
resilience indicators. 

Based on the literature, the identified resilience indicators are 
further divided into three categories: "sustainability 
enhancers," "sustainability detractors," and "no impact" based 
on their impact on enhancing or reducing the overall 
sustainability of a green building. This will help the experts to 
make the comparison of indicators without any complexity. 

II. METHODOLOGY  

A. Defining the Resilience Indicators 

Prior to extracting resilience indicators from GBRTs, the 
authors conducted a pilot analysis to determine the extent to 
which resilience indicators are integrated into the most widely 
used GBRTs in Sri Lanka using a method proposed by 
Matthews et al., which included the use of a taxonomy of 
resilience and sustainability measures [9]. The authors 
selected LEED, BREEAM, and GREENSL rating tools as the 
most widely used GBRTs in Sri Lanka based on the available 
literature [27]. As a result, LEED version 4.1, BREEAM 
version 2018, and GREENSL version 2 were selected to review 
[28], [29]. Additionally, the modified framework for 
GREENSL V2 proposed by Abeysinghe et al., was also 
selected in light of its high relevance to this study and a recent 
study conducted in the Sri Lankan context linked to the same 
research area [30].   

Then the selected resilience indicators were first classified 
according to the "Five themes of resilience" proposed by 
Phillips et al., [31]. The goal was to check whether specified 
resilience indicators have covered all aspects of disaster 
resilience. Risk Avoidance (RA), Passive Survivability (PS), 
Durability and Longevity (DL), Redundant Systems (RS), and 
Response and Recovery (RR) are the five aspects belonging 
to five themes of resilience. Furthermore, Roostaie & Nawari, 
have used the terms; "sustainability enhancers" and 
"sustainability detractors" to categorise resilience indicators 
according to their behaviour and significance for the overall 
sustainability of a green building [32]. The authors used these 
two parameters, as well as a new term, "no impact," to classify 
the resilience indicators based on their contribution to 
enhancing or decreasing the sustainability of a green building. 
Sustainability Enhancer (SE): The strategy/measure is 
expected to have a beneficial influence on the environment, 
energy consumption, and life cycle factors, as well as boost 
the overall sustainability of a building. Sustainability 
Detractor (SD): The strategy/measure would have a negative 
life cycle and/or environmental impact due to significant 
material or energy consumption. Other than SEs and SDs, 
authors have introduced the term "No Impact (NI)" for the 
resilience indicators that there is no negative or positive 
impact on sustainability from a strategy or a measure such as 
information sharing, participation of relevant roles or 
characters, etc. Selected resilience indicators (19 indicators) 
were divided into these categories afterwards.  



B. SWARA Method 

In this study, the selected resilience indicators were weighted 

separately according to two main criteria: (1) the significance 

of each resilience indicator for enhancing the disaster 

resilience of a green building and (2) the significance of each 

resilience indicator for either enhancing or reducing the 

overall sustainability of the building. The SWARA method is 

used to grab the different perspectives of experts and put them 

on a numerical scale. According to Thakkar, SWARA 

method is the most efficient method for criteria evaluation 

[33]. Therefore, the SWARA method is used in this study to 

determine criterion weights. Experts also contribute 

significantly to evaluating the calculated weights. Based on 

their knowledge, information, and experience, each expert 

determines the significance of each criterion. The weight of 

each criterion is then calculated based on the average value 

of group ratings obtained from experts. Though the method 

is relatively new, it has attracted many researchers for 

criterion weighting in many decision-making areas, such as 

machine tool selection, corporate social responsibility and 

sustainability, selection of packaging design, product design, 

utilization of clean technology [34], [35]. The process of 

determining the relative weights of criteria using SWARA 

method can be demonstrated by using the following steps. 

Step 1: Determine the relevant evaluation criteria and sort 

them in descending order based on their expected 

significance. 

Step 2: Beginning from the second-ranked criteria, it is 

necessary to find their importance, that is, how much criteria 

(Cj) is more important than criterion (Cj+1)? 

𝑠𝑗↔𝑗+1 =  
∑ 𝐶𝑗↔𝑗+1

𝑟
𝑘=1

𝑟
   (1) 

Step 3: Determine the coefficient kj as follows: 

𝑘𝑗 {
1             𝑗 = 1
𝑠𝑗 + 1   𝑗 > 1     (2)                                               

Step 4: Determine the recalculated weight qj as follows 

𝑞𝑗 {
1             𝑗 = 1
𝑞𝑗−1

𝑘𝑗
     𝑗 > 1     (3) 

Step 5: Determine the relative weights of the evaluation 

criteria 

𝑤𝑗 =
𝑞𝑗

∑ 𝑞𝑘
𝑛
𝑘=1

    (4) 

 

C. Assessment Criteria and Panel of Experts 

The experts were asked to take part in three questionnaires. 
First, the significance of each of the 19 resilience indicators 
for improving the disaster resilience of green buildings was 
assessed. The indicators classified as SEs were then evaluated 
based on their contribution to improving the overall 
sustainability of a green building. Similarly, the SDs were 
evaluated based on their importance in reducing the overall 
sustainability of the system.  

The panelists were chosen for their expertise and knowledge 
of sustainable development and disaster resilience. Selected 
experts were either Accredited or Associate professionals 
(AccP/AP) by the Green Building Council of Sri Lanka, the 
leading authorities on implementing green concepts and green 
building practices in Sri Lanka. The panel consisted of two 
senior lecturers, one project manager, and one project 
engineer from various fields of expertise such as net-zero 
energy, environmental science, climate change, disaster 

resilience, flood prediction and mitigation, structural health 
monitoring, and damage assessment. Additionally, each 
selected expert was a direct contributor to the process of 
developing GBRTs in collaboration with GBCSL. Each 
expert was interviewed using an online platform, and the 
necessary data was collected. 

However, it should be noted that this study does not address 
the negative effects on the resilience of a green building that 
can emerge as a result of conventional green building 
practices. For instance, referring to “p-798 Natural Hazards 
and Sustainability for Residential Buildings”, the incentive 
that encourages construction on abandoned or underutilized 
land on the property may enhance the building's vulnerability 
to flooding and wildfire  [16].  

III. RESULTS 

A. Selection of the Resilience Indicators 

The taxonomy proposed by Matthews et al., was developed 
including 175 sustainability indicators and 103 resilience 
indicators based on the above-stated GBRTs. Then the 
included number of sustainability indicators and resilience 
indicators were compared in each tool to identify to which 
extent GBRTs have integrated disaster resilience into their 
frameworks. The findings of the relative frequency analysis of 
sustainability and disaster resilience indicators indicated that 
the framework proposed by Abeysinghe et al., has a greater 
level of disaster resilience integration (22.37%) than other 
GBRTs.   

Since this study has considered the local conditions when 
incorporating the resilience indicators, it has decided to derive 
resilience indicators directly from the study proposed by 
Abeysinghe et al., 

B. Categorizing the Resilience Indicators 

The selected resilience indicators and the categories are 
summarized in TABLE1.  

C. Expert judgement and application of SWARA method 

The scores for the relative significance of each resilience 
indicator determined through expert judgment are shown in 
Fig.1 and Fig.2 for the purpose of evaluating criteria weights 
in terms of disaster resilience and sustainability. Based on the 
SWARA method steps, the weights for each resilience 
indicator in terms of disaster resilience and sustainability 
were calculated sequentially. Summarized weights are 
presented in TABLE2-TABLE4.  

Fig. 1. Scores obtained by experts based on the significance to Disaster 
Resilience 

 



TABLE1:  SELECTED RESILIENCE INDICATORS 

 

Fig.2. Scores obtained by experts based on the significance to sustainability 

TABLE2:  RESULTS OF RESILIENCE INDICATORS IN TERMS OF 

DISASTER RESILIENCE  
Sj Kj Qj Wj 

RA4 
 

1 1.00 0.062 

RA2 0.02 1.02 0.98 0.061 

RA7 0.02 1.02 0.96 0.060 

RA6 0.03 1.03 0.93 0.058 

RA3 0.00 1.00 0.93 0.058 

RA5 0.02 1.02 0.91 0.057 

RR2 0.02 1.02 0.90 0.056 

RR1 0.00 1.00 0.90 0.056 

DL2 0.00 1.00 0.90 0.056 

RS1 0.09 1.09 0.82 0.051 

PS2 0.04 1.04 0.79 0.049 

DL1 0.01 1.01 0.78 0.049 

DL4 0.00 1.00 0.78 0.049 

RA1 0.01 1.01 0.78 0.048 

DL3 0.00 1.00 0.78 0.048 

PS1 0.05 1.05 0.74 0.046 

RR3 0.01 1.01 0.73 0.046 

RS3 0.02 1.02 0.72 0.045 

RS2 0.00 1.00 0.72 0.045 
   

16.05 
 

 
TABLE3:  RESULTS OF RESILIENCE INDICATORS IN TERMS OF 

SUSTAINABILITY ENHANCERS  
Sj Kj Qj Wj 

PS2 
 

1 1.00 0.139 

RR3 0.05 1.05 0.95 0.132 

RA2 0.00 1.00 0.95 0.132 

PS1 0.02 1.02 0.93 0.130 

RS3 0.05 1.05 0.89 0.123 

RA6 0.03 1.03 0.86 0.120 

RA1 0.02 1.02 0.85 0.117 

RS2 0.10 1.10 0.77 0.107 
   

7.21 
 

 

TABLE4:  RESULTS OF RESILIENCE INDICATORS IN TERMS OF 

SUSTAINABILITY DETRACTORS  
Sj Kj Qj Wj 

DL4 
 

1 1.00 0.165 

DL1 0.17 1.17 0.85 0.141 

DL2 0.08 1.08 0.79 0.131 

RA3 0.07 1.07 0.74 0.122 

RS1 0.00 1.00 0.74 0.122 

RA5 0.10 1.10 0.67 0.111 

RR1 0.08 1.08 0.62 0.103 

RA7 0.00 1.00 0.62 0.103 
   

6.04 
 

 

Furthermore, the calculated weights were presented in a graph 
(Fig.3) to indicate the significance of each resilience indicator 
in terms of disaster resilience and sustainability in a graphical 
approach inside a single frame. When plotting the graph, the 
weights obtained for sustainability enhancers were considered 
positive, while the values obtained for sustainability detractors 
were considered negative, given that they positively and 
negatively influence sustainability, respectively. 

Index Resilience Indicator SE SD NI 

RA1 Check and increase the resilience of 

the brownfield area    

RA2 Inappropriate site avoidance     

RA3 Installation of fire detection and 

protection system 
   

RA4 Involvement of Expertise in DRR and 

DRM 
   

RA5 Installation of lightning protection 
   

RA6 Sedimentation, erosion & stormwater 

management plan 
   

RA7 Technological applications in early 

warning systems 
   

PS1 HVAC systems designing based on 

future climatic and temperature 

variations 

   

PS2 Increased natural ventilation    

DL1 Improved architectural aspects     

DL2 Improved structural design aspects    

DL3 Structural health monitoring     

DL4 Use more hazard resilient & robust 

materials 
   

RS1 Emergency backup power, control 

systems & communication systems 

availability 
   

RS2 Renewable energy usage during an 

emergency 
   

RS3 Use alternative on-site sources of 
water 

   

RR1 Availability of transportation, 

evacuation routes/ gathering spaces  
   

RR2 Emergency preparedness information 

and instructions 
   

RR3 Local/regional material usage in 

reconstructions 
   

 



Fig. 3. Interdependency of the resilience indicators in a sustainability and 
disaster resilience integrated system 

IV. DISCUSSION 

The SWARA analytical technique has assigned the above 

weightages to each selected resilience indicator based on 

expert judgements. According to the weightages in terms of 

the significance to disaster resilience, the top prioritized 

resilience indicators are RA4: Involvement of Expertise in 

DRR and DRM (0.062); RA2: Inappropriate Site Avoidance 

(0.061); and RA7: Technological Applications in Early 

Warning Systems (0.060). It is noticeable that the experts 

have recognized Risk Avoidance (RA) as the most 

convenient strategy to deal with natural shocks and stresses, 

as 6 out of 7 Risk Avoidance (RA) indicators are among the 

top 10 resilience indicators in terms of their importance to 

disaster resilience.  

PS2: Increased Natural Ventilation (0.139); RR3: 

Local/Regional Materials for Reconstructions (0.132); RA2: 

Inappropriate Site Avoidance (0.132) are the leading 

resilience indicators in the sustainability enhancers category. 

Furthermore, of the indicators chosen as sustainability 

detractors, DL4: Use More Hazard Resilient & Robust 

Materials (-0.165), DL1: Improved Architectural Aspects (-

0.141), and DL2: Improved Structural Design Aspects (-

0.131) were identified as the leading resilience indicators. As 

a result, according to the expert judgment, indicators related 

to Durability and Longevity (DL) substantially impact a 

building's overall sustainability.  

 
According to Weichselgartner & Pigeon, continuing climatic 
induced disasters throughout the world remind the need to 
improve scientific understanding and policy action on disaster 
risk reduction and better integrate the two [36]. As a result, 
expertise and their knowledge in disaster risk reduction and 
management are undeniably important in reducing and 
controlling adverse climatic shocks and stresses. There will be 
no impact on the overall sustainability of the project since the 
involvement of humans and knowledge will not increase the 
material usage, embodied energy.  Thus, it implies there is no 
barrier to implementing "RA4: Involvement of expertise in 
DRR and DRM" in a sustainability assessment framework for 
buildings and its implementation is essential as well.  

Experts have shown that RA2: Inappropriate Site Avoidance 
is a leading resilience indicator that can increase disaster 
resilience and sustainability. A similar idea arose in 2016 as 
Champagne & Aktas stated that while green buildings 
minimize buildings' environmental footprints, they must also 
be constructed for resilience to withstand external stressors 
that may occur throughout the building's existence in order to 
be truly sustainable [17]. The authors have demonstrated the 
necessity of regional priority credits, which must be further 
described to satisfy unique regional demands of each project 
to improve resilience in the context of a region's future climate 
outlook. As a result, LEED v4 was revised with 
recommendations by giving more space for climate variations 
associated with different regions. Therefore, avoiding sites 
that are vulnerable to natural risks is a better approach in terms 
of disaster resilience and sustainability enhancers.  

DL4: Use More Hazard Resilient & Robust Materials; DL1: 
Improved Architectural Aspects; DL2: Improved Structural 
Design Aspects are also crucial to improving the building's 
resilience, especially against unfavourable conditions can 
occur due to natural shocks. However, experts have 
recognized those aspects as major sustainability detractors, as 
each of these measures can result in excessive and additional 
material usage, higher embodied energy, increased 
construction waste generation, etc. Indicators like RA7: 
Technological applications in early warning systems; RA3: 
Installation of fire detection and protection systems were also 
considered sustainability detractors due to the additional 
material and energy consumption. However, experts have 
claimed that they are extremely important in improving 
disaster resilience of a building and that their contribution to 
reducing the overall sustainability of the building is far lower 
when compared to other SD indicators.  

However, a novel approach should be developed to address 
the measures that can reduce overall sustainability of a green 
building while improving its resilience. The authors 
emphasize the need for a systematic approach based on a Life 
Cycle Analysis (LCA) that can address and compare the 
projected harm caused by future unfavourable natural events 
and mitigation measures that can be employed to mitigate 
those events. 

V. CONCLUSION 

The goal of this research is to find the significance of 

resilience indicators that may be incorporated into GBRTs in 

Sri Lanka. The relevance of each selected indicator was 

determined by the experts who took part in the study. The 

SWARA method was used to convert the qualitative 

conclusions of the experts into quantitative results. 

Integration of sustainability and disaster resilience is critical 

for a country like Sri Lanka, which is prone to frequent 

adverse natural events.  

The study found that disaster resilience should be 

incorporated into a sustainable built environment with the 

help of experts specialized in disaster risk reduction and 

management (DRR and DRM) and stakeholders, 

policymakers, and other interested parties. Furthermore, it is 

important to develop a system that can combine disaster 

resilience and sustainability into a single framework. 

According to the research, incorporating the measures 

identified as sustainability enhancers into GBRTs will not be 

a problem. Inappropriate site avoidance, the use of local and 

regional materials for reconstruction, the availability of 

 



alternate on-site water supplies, and improved natural 

ventilation can all help to improve disaster resilience and 

sustainability. Regional prioritizing is strongly recommended 

as a resilience indication that could be an effective risk-

avoiding approach. For a country like Sri Lanka, the hazard 

maps and weather prediction data developed and performed 

by linked authorities like the Disaster Management Center 

(DMC, Sri Lanka) should be considered within the green 

building assessing frameworks. Within the selected resilience 

indicators, long-term climatic stresses can be mitigated by 

indicators such as increased natural ventilation and the 

availability of on-site alternative water sources. Most other 

resilience indicators can help to mitigate the effects of 

impending natural shocks. Especial attention should be given 

when putting robust and resilient materials, additional 

systems to improve disaster resilience of a green building.  
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