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Abstract

Purpose of the study: Uninterrupted hospital services and medical functions are the keys to functional resilience to cope
with mass casualties. This paper presents the important level of resilience indicators for hospital functions to withstand
natural disasters.

Methodology: For the survey, 21 indicators are grouped into three domains focusing on i) general concerns of
healthcare infrastructure planning ii) design and planning of hospital buildings iii) emergency service and management.
The corresponding indicators were ranked on a Likert scale of 1 to 5. The authors collected 389 responses through an
online survey of the healthcare professionals including disaster management professionals, medical officers, hospital
architects, planners, project managers, and engineers.

Main Findings: The data were analysed for determining the Relative Importance Index (RII) of each indicator. The top
7 indicators as an outcome of this research are: ‘access to the emergency services (0.861), ‘planning of refugee
settlements’ (0.814), ‘uninterrupted supply of MEP services to critical units’ (0.871), ‘signages for internal circulation’
(0.845), ‘adaptive control, command, and communication system’ (0.848), ‘flexible spatial planning in case of a surge of
patients’(0.813), ‘ensuring availability of healthcare workers with the provision of support infrastructure’ (0.758).

Applications of this study: Assessment of the top indicators highlight the importance of ‘flexible design’ and ‘access to
medical functions of a hospital building’. Based on these outcomes, it is proposed to develop a numerical framework for
a comprehensive design appraisal of resilient hospital buildings.

Keywords: Resilience Indicators, Hydrological Disasters, Hospital Design, Planning and Management, Measuring
Resilience.

INTRODUCTION

In the developing countries, more than 95% of the deaths were occurred due to natural disasters from 1970 to 2008. In
the recent years, 77 million deaths are reported due to hydrological and climatic disasters such as floods, cyclones,
glacial flooding, etc. due to unavailability of food, shelter, and healthcare (IPCC, 2012). Recording a decadal damage
from 1996 to 2005 the economic losses have increased to INR 4745Cr. from INR 1805Cr. (NDMA, 2008). Since 2005,
direct damage to healthcare infrastructure have been observed with the increased frequency of hydrological and climate
disasters (Carballo, M., et.al., 2005). Disruption to hospital functions and medical services results in trust deficit in
governance systems and exposes patients and healthcare professionals to further risks and vulnerabilities (Achour, N.
et.al., 2014). Most recently, in April 2021 more than 98 hospitals were affected in Gujrat due to the effects of cyclone
Tauktae followed by floods in Gujrat, India (NDMA, 2021). Hence, fostering functional resilience of hospital buildings
is prudent, given the gravity of loss and damages.

The effectiveness of hospital functions is measured by the building’s adaptive capacity to withstand the disasters
(CDC,2018). As a precursor to achieving hospital disaster resilience, quantification of potential threats and enlisting
adaptive measures for hospital functioning is crucial (Kumar, 2021). Most of the academic literature research addressed
the issue of ‘immediate relief” to disasters or short-term resilience. However, comprehensive attributes to ensure the
long-term resilience of hospital systems are unknown (Spencer, C., et.al., 2019).

Thus, it is imperative to identify the qualitative indicators to measure the resilience of hospital buildings. In this paper,
the indicators are identified through a systematic review of academic literature, disaster assessment reports, and
international guidelines for hospital safety and disaster preparedness. In table 1 these indicators are categorized into 5
categories of a hospital system, a) site planning, b) building architecture, c) MEP Services, d) quality assurance €)
facility and staff management.

Table 1: Resilience indicators for design, planning, and management of hospital buildings

Category ID Indicators Source(s)
Cl Site Review and F1  Site planning in view of slopes and drainage  Hojat, M., 2008; Back,M.H.,
Master Planning et.al.,.2010;  Nekoie-Moghadam,
M., et.al., 2016
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Category ID Indicators Source(s)
F2  Roads and access ways FEMA, 2007, 2008, 2013
F3  Area availability for refugee PAHO, 2014; WHO,2015
C2 Built-Form and F4  Raised construction FEMA, 2013; FEMA2020
Structure F5  Alternate entry and exit at upper levels FEMA2013; NDMA, 2016
F6  Accessibility of helicopters/choppers WHO, 2014, 2015
F7  Flexibility of reorganizing space in case of FEMA 2008, WHO, 2014, 2015;
surge of patients. Yusoff, N.et.al., 2017
F8  Support infrastructure (eg: benches, WHO 2014, NDMA, 2016
bunkbeds) for attendants.
C3 Building and medical F9  Location of building services (Electricity/ Jacques, C. C, et.al., 2014; WHO,
Services Water Supply/ Plumbing/ Communication/ 2015; NDMA, 2016
Waste).
F10 Uninterrupted supply of building services in DHS, 2012; Cimellaro, G. P.
critical areas (ICU, Wards). et.al., 2016
F11 Decentralized (Independent) planning of Sharma, S. K. et.al., 2020
building services. FEMA2020
F12 Location of medical services (Gas supply, Rodrigues Leal Moitinho De
lab equipment) Almeida, M., 2021 r
C4 Quality assurance F13 Capacity to accommodate a surge of Cimellaro, G. P., 2016; Liu,M.
patients. et.al., 2021
F14  Flexibility of building services to serve Krishnan,S.et.al, 2020
patient surge.
C5 I;Aagrlllétg);%rg]tsmff F15 Emergency training and drills. eztr_];r.],qzlosélé et.al., 2014; Stone, T,
F16 Signage for emergency movement Zhong, S., et.al., 2014; Stone, T,
' et.al., 2020;
F17 Control, command and coordination Zhong, S., et.al., 2014
systems.
F18 Storage space and reserves of medical WHO, 2013, 2015; Zhong, S.,
stockpiles and logistics. etal., 2014
F19 Residential facility to accommodate Krishnan,S.et.al, 2020; WHO
additional medical/non-medical staff 2013
(Bunkers/Dormitories).
F20 Covered/Semi  Covered spaces for FEMA, 2013, 2020
temporary setups.
F21 Dedicated  department  for  disaster PAHO, 2014
management.

The measurement of resilience involves estimation of the correlation between shocks, capacities, responses, and adaptive
state of the hospital functions. Thus, no single indicator can measure the true value of resilience. There is a need for
analytical use of qualitative indicators for the assessment of hospital disaster resilience (TANGO, 2018). The identified
21 indicators or resilience describe qualitative aspects of hospital disaster resilience. The relevance and importance of
these resilience indicators is estimated against hydrological disasters in India. The outcome of the study will assist in
measuring the positive impacts on hospital functions in case of mass casualties.

METHODOLOGY

The survey method is applied to test the hypothesis in mapping the biasness of the stakeholders. It is established that a
questionnaire survey provides an efficient means to measure the importance and significance of the identified factors of
resilience. The steps followed in the study are presented in the following flowchart as shown in figure 1.

As illustrated in the flowchart, the survey method is used as a tool for measuring the importance level of the identified
indicators of resilience. In order to remove the opinion bias of the target group, these indicators are grouped in three
domains focusing on general concerns of healthcare infrastructure planning ii) design and planning of hospital buildings
iii) emergency service management.

Prior to the final survey, a pilot survey was launched and 41 samples (10% of estimated sample size) for feedback was
collected. The objectives of the survey are:

a) To estimate the importance of factors that will enhance the resilience of healthcare infrastructure during floods, and

b) To measure the effect on the functionality of healthcare infrastructure and services.
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The pilot survey was targeted towards multiple-stakeholder for measuring the perception of resilient design, planning,
and management of the large-scale hospitals. The suggestions offered by the responders in the pilot run was incorporated
in the final survey. Data was collected across the target group of medical professionals, hospital administration staff,
architects/planners, structural engineers, and building service consultants.

Indicators of Resilience Sample Size (SS)
(From Literature) (Stratified sampling)
n=389)

) !

Establishing the objectives

Online Questionnaire Survey

A

Pilot Survey (10% of SS) Feedback. n=41

\4

Final Survey Launch

!

Data Collection (n=389) and interpretation

v

Data Interpretation: content analysis of resilience
indicators

Descriptive data analysis:
Data reliability, respondents’ profile

Cause and effect analysis: perception of stratified
samples (stakeholders) through relative importance
index (RI)

Figure 1: Methodological flowchart of data collection method of qualitative resilience indicators
Sampling technique

A stratified sampling strategy is essential to manage the number of variables. Different sample strata. The perception of
different stakeholders involved in the design planning and management of healthcare infrastructure projects is to be
mapped. The data collected can be further processed to estimate the importance levels and significance levels with the
smaller error of estimation.

Sample Size

For a large population, a random sampling technique is generally acquired (Kotrlik, J. et.al., 2001). The sample size for
the survey is measured using the ‘Cochran Equation’ to estimate the proportion of the population attributes.

_ Z%pq

n= 2

In equation 1:

e e is the desired level of precision

e pisthe estimated proportion of the large population
e Qisl-p.

The z-value is found in a Z table.
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This equation is adopted on a presumption of 95% confidence interval and +5% precision or margin of error. This
research caters to a large population of stakeholders involved in design, planning and management of hospital buildings;
hence exact universe of population cannot be determined. For this purpose, value for maximum variability is taken as
50% or 0.05 to estimate the proportion of population attributes.

Statistical analysis

This survey is designed to calculate the relative importance of the qualitative indicators of resilience of hospital
buildings. The RII approach assists in confidently determine the importance of factors b) removing the redundancy of
factors and relationship within the factors. It also describes specific causes and effects based on the frequency of
occurrence. This frequency can be estimated using a five-point likert scale (Aibinu, A. et.al., 2002).

>N
AXn

RII =

In equation 2:

RII is Relative Importance Index

N is the total weight given to each indicator by the respondents on the scale of 1 to 5.
Questionnaire Development

The online questionnaire comprised of three sections of both qualitative and quantitative nature. The first sections
collected the information of population strata and introduced the concept of functional resilience of hospital buildings to
withstand hydrological disasters. The second section maps the broad perception of the stakeholders regarding
preparedness and response regarding hospital resilience to disasters. The third part of the questionnaire is composed of
two domain questions including 21 statements (resilience indicators). These indicators were ranked on a likert scale of 1
to 5. The interpretation of the scale is expressed in the table 2.

Table 2: Likert scale ranking of resilience indicators

1 2 3 4 5
Notatall Somewhat Important Moderately Important Important  Most Important
Important

The approach allows the author to evaluate respondent's perception and adherence towards building resilience of hospital
buildings. The online questionnaire prepared using google forms was distributed to 600 plus professionals. A total of 389
responses are received at the response rate of 44.3%.

DATA INTERPRETATION

Structural engineer
7%

Academician/Rese
archer
25%

Medical
professional
26%
Hospital
admlnlsér;tor/Staff Architect/Planner
° Building service 30%
consultant
%

Figure 2: Description of the responders
Sample strata
Abiding the stratified sampling method, the questionnaire was circulated to 6 types of respondents. The following chart
illustrates the categories of respondents.
Background of the Respondent’s

Figure 3 and 4 presents 46% of the respondents have more than 10 years of work experience in the field of healthcare
infrastructure management in their respective capacity. 14% of the respondents have less than 2 years of work
experience, and 15% and 25% of the respondents have experience of 5 to 10 years and 2-5 years. Figure_ shows that
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61% of the respondents have undergraduate (bachelor's degree), 22% have doctoral degrees which is inclusive of MD
specialization for medical professional. Lastly 17% have master's degree. In addition, 5.2% of the 61% of bachelor
degree professionals have more than 10 years of experience.

m2to bHyears m 510 10 years

mBachelors ®Doctoral  mMasters

u Less than 2 Years More than 10 years

46%

Figure 3: Work experience of the responders Figure 4: Education profile of the responders

Experiences of different strata of respondents are illustrated in the table below. Table 3 represents the cross- matrix to
explain the work experience of the different categories of respondents.

Table 3: Sample strata: types of respondents

g c : =

S = = S

g B = = L <

] = c < = ]
GC) = 4 S - =) 9 - C_U - = — & =
- < c S o c £ = c = = =) c = c
x 5 Q @ = C [T S B o © [T @
s 8 § &5 £35 5 & § = § § §
BN Qo <o a moO a I a &» a < a
>10 62 54% 27 31% 15 37% 2 7% 5 16% 32 37%
5t010 27 23% 15 17% 14 34% 17 59% 19 61% 17 20%
2to5 12 10% 31 36% 3 % 4 14% 4 13% 28 32%
<2 14  12% 13 15% 9 22% 6 21% 3 10% 10 11%

Total 115 86 41 29 31 87

Total Samples 389

ANALYSIS AND RESULTS
General concerns for Hospital Building Resilience

The attributes identified for priority response by the stakeholders are presented in table 4. A cross matrix for these 4
attributes is developed for checking the relative weights on the scale of 1 to 3.

Table 4: General concerns for disaster resilient hospitals

Al Availability of Healthcare research centers/Trauma Center to accommodate patient surge.

A2 Formulation of guidelines/policies/standards/building codes to ensure resilience of healthcare infrastructure during
floods.

A3 Rating mechanisms to ensure infrastructure resilience.

A4 More robust flood management plan for healthcare system.

In order to perform a pair-wise comparison of the above-mentioned attributes, this range gives the respondents extreme
opinions and a neutral ground. Due to these extremities, level of skewedness towards stakeholders’ perception can be
calculated. Here, 1 is low priority, 2 is medium priority and 3 is the highest priority. The consistency of the respondents
is calculated to estimate the general biasness of the stakeholders towards hospital resilience. Consistency ratio (CR) is
found to be 56.6% for the data collected from all 264 respondents. The results of pair-wise comparison of the relative
weights are illustrated in table 5.
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Table 5: Prioritization of Concerns regarding resilient hospital buildings

Category Priority Rank (+) ()

1 Availability of tertiary care centers 55.8% 1 50.4% 50.4%
2 Formulation of guidelines/policies/standards 25.6% 2 27.9% 27.9%
3 Rating mechanisms to ensure hospital resilience  13.2% 3 12.1% 12.1%
4 Robustness of disaster management plan 5.3% 4 3.8% 3.8%

The top most priority is given to availability of extended facilities like refugee areas, research centres, trauma centres of
hospital facilities. Thus, in order to achieve functional resilience of hospitals, adapting to new or extended healthcare
facilities followed by formulating guidelines/standards/policies is prioritized in the study.

Measuring RI1

Tabulation of relative importance of the resilience indicators is performed as per three broad domains:

e Concerns related to preparedness large-scale hospital buildings to withstand hydrological disasters.

e Measures considered for planning and design of hospital campuses/buildings.

¢ Facility management and capacity building of the medical and non-medical staff associated with hospitals.

Indicators with highest RII directly indicates that it causes maximum impact on ensuring resilience. Similarly, factor
with least RIl has minimum impact on resilience. Based on equation 2 used in this paper, RIl is estimated using the
equation 3. Table 6 presents the ranking analogy for measuring RII in equation 3.

Yon+4n+3n+2n=n

RII =
AXN
Table 6: Weightage of the importance level

Weight 1 2 3 4 5
Weight as per importance n 2n 3n 4n 5n

level

Importance level Notatall Somewhat Moderately Important  Most

Important  Important Important Important

Here, A is the highest weight =5 and N is the total number of respondents=389.
RII of resilience indicators for Planning and Design of Hospital buildings

Table 5 presents the RII score of the resilience indicators responsible for functional resilience of hospital buildings. The
aspects of functional resilience are drawn from site planning, structure and built form and design of building services.
The responses are assessed across all the categories of stakeholders. The top 3 ranked indicators are, F10, ‘Uninterrupted
supply of building services in critical areas (ICU, Wards)', F9, ‘Location of building services (Electricity/ Water Supply/
Plumbing/ Communication/ Waste)', and 'F1, ‘Site planning in view of slopes and drainage' respectively, with maximum
RIl as 0.896. The least RIl of 0.745 in the entire data set is given to F6, 'Accessibility of helicopters'. As per the feedback
given by the respondents, the additional cost for constructing roof area for landing of choppers and dislocation of chillers
and other HVAC service on the roof, is pointed out.

Table 7: Ranking of resilience indicators for design and planning of hospital buildings

—

&
. £ - 7 '
5 T n& 2n £ 3n Imp=4 4n 2 5n Total RIl Rank
225" & £
£ £ E& 3 3
T B 5 g s! 3
< Z » £ = =
F1 0 0 17 34 19 57 95 380 133 665 1136 0.861 3
F2 1 1 14 28 15 45 110 440 124 620 1134 0.859 4
F3 3 3 16 32 33 99 119 476 93 465 1075 0.814 7
F4 3 3 23 46 34 102 98 392 106 530 1073 0.813 8
F5 3 3 21 42 30 90 108 432 102 510 1077 0.816 6
F6 7 7 31 62 57 171 102 408 67 335 983 0.745 12
Fr 2 2 16 32 38 114 115 460 93 465 1073 0.813 8
F8 5 5 24 48 58 174 111 444 66 330 1001 0.758 11
F9 0 0 14 28 18 54 94 376 138 690 1148 0.87 2
F10 1 1 11 22 16 48 68 272 168 840 1183 0.896 1
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2
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3n  Imp=4 4n

ndicators
Not at all imp

Moderate
Most Imp

FIl 4 4 19 38 44 132 115 460 82 410 1044 0.791 10
F12 0 0 19 38 29 87 96 384 120 600 1109 084 5

RII of resilience indicators for Facility management and capacity building

The top three measures as per the RIl of the data set are, “Control, command and coordination systems”, “Capacity to
accommodate a surge of patients” and “Emergency training and drills”. The maximum RII is 0.848.

Table 8: Ranking of resilience indicators Facility management and Capacity building

N

— I

E}. o

E £ P 0
£ = n 8 2n g 3n 4n S 50 Total RII Rank
2 © © £
48] += = — < e
o (4] (<%} [<5] 1 )
—_ - E © o 172
S =t S <} £ o
= b4 D = = >
F13 1 1 17 34 21 63 107 428 118 590 1116 0.845 2
F14 1 1 16 32 32 96 125 500 90 450 1079 0.817 6
F15 2 2 14 28 34 102 95 380 119 595 1107 0.839 3
F16 5 5 9 18 31 93 107 428 112 560 1104 0.836 4
F17 1 1 16 32 24 72 100 400 123 615 1120 0.848 1
F18 1 1 16 32 27 81 122 488 98 490 1092 0.827 5
F19 4 4 21 42 47 141 120 480 72 360 1027 0.778 8
F20 5 5 18 36 60 180 128 512 53 265 998 0.756 9
F21 5 5 22 44 47 141 84 336 106 530 1056 0.800 7

RII of Resilience indicators

Perceptive importance of each resilience is measured for each stakeholder in this section. For mapping individual
perception ranking of each indicator is cross referenced between the stakeholders. This calculation is done based on
development of RII cross-matrix between the stakeholders and each resilience indictor. Here, RII is calculated for each
indicators using equation 3 against each stakeholder. For instance, in case of medical professionals, a total samples size
is 115 i.e., N=115 and highest weight are A=5. The same method and equation are used for all the other stakeholders.
Total samples taken for the architects and planners (N)=86, Building service consultants (N)=41, Hospital administration
staff (N)=29, structural consultants (N)=31 and academicians and researchers (N)=87. The values of n,2n,3n,4n and 5n is
calculated for each resilience indicator as per the weights given by medical professionals.

Table 9 enlists the perception of relative importance of each resilience indicator as per the stratified sample set (6
stakeholders). In the overall ranking mechanism, the respondents cumulatively ranked 'Ensuring availability of
healthcare workers' with maximum cumulative mean and RII. The perceived effect of each of the 21 indicators identified
from the literature is evaluated based on the perceptions of the stakeholders involved in design, planning, operations and
management of hospital buildings.

The top five ranked indicators are established based on RII. Ensuring availability of healthcare workers, Uninterrupted
supply of building services in critical areas (ICU, Wards), Access to healthcare facilities, Location of building services
(Electricity/ Water Supply/ Plumbing/ Communication/ Waste) and Site planning in view of slopes and drainage.

Most studies, as viewed in the literature review does not take into account core construction and service management
into account while calculating resilience of building infrastructure. FEMA, Hospital safety guidelines, 2013 highlights
certain methods of resilience against floods pertaining to flood wall construction and site planning in view of drainage
and natural slopes of the site.
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Table 9: Ranking of resilience indicators as per different sample strata
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Domain Id. no. Sub-Category RII RII RII RII RII RII MeanRIl R
Cl FL Site planning in view of slopes g5 89> 878 0.856 0918 0872 0871 5
and drainage
Cl F2 Roads and access ways 0.829 0.815 0.884 0.856 0.871 0.869 0.854 9
Cl F3 Avrea availability for refugee 0.803 0.815 1.091 0.767 0.824 0.806 0.851 11
C2 F4 Raised construction 0.780 0.877 0.828 0.778 0.871 0.812 0.824 18
g C2 F5  Alermnate entry and exit at g0, (g67 0gi5 0778 0.835 0779 0817 20
= upper Igv.e!s
5 C2 F6 Accessibility of 754 0815 0744 0667 0.741 0728 0.742 26
m helicopters/choppers
8 C2 F7 Flexibility of reorganizing
2 space in case of surge of 0.791 0.877 0.823 0.778 0.859 0.809 0.823 19
£ patients.
s C2 F8 Support  infrastructure  (eg:
2 benches, bunkbeds) ~ for 0.748 0.785 0.752 0.689 0.800 0.776 0.758 25
E attendants.
< C3 F9 Location of building services
_‘36 (Electricity/ Plumbing/ 0.843 0.846 0.863 0.844 0.929 0.901 0.871 4
S Communication/ Waste).
g C3 FI10 Uninterrupted supply  of
? building services in critical 0.852 0.877 0.922 0.856 0.918 0.919 0.891 2
a areas (ICU, Wards).
C3 Fl1 Decentralized  (Independent)
planning of building services. 0.739 0.846 0.681 0.789 0.894 0.818 0.795 22
C3 Fi12 Location of medical services
(Gas supply, lab equipment). 0.809 0.908 0.863 0.789 0.918 0.827 0.852 10
C4 F13  Capacity to accommodate a .1 g0 (0gga 0856 0847 0872 0.856 8
surge of patients.
g © P pibility of buildi [
28 exIDIity Of ullding ServICes 4 757 0.877 0.841 0.844 0788 0.842 0.825 16
> to serve patient surge.
(5]
= C5 FI5 - .
8 Emergency training and drills.  0.832 0.908 0.833 0.800 0.871 0.842 0.847 12
©
[<3]
C5 F16 i
£ Signage for - emergency g, g77 0856 0822 0.847 0.815 0.840 13
g movement.
= C5 F17
3 Control, = command and ,g,3 (908 0858 0822 0918 0.842 0.862 7
o coordination systems.
2 C> FiI8 Storage space medical reserves. 0.786 0.908 0.835 0.811 0.824 0.848 0.835 14
[
g C5 F19 Residential facility to
8 accommodate ~ additional 253 89> 780 0678 0.800 0.782 0.783 23
o medical/non-medical staff
o (Bunkers/Dormitories).
€5 F20  Covered/Semi Covered spaces 739 0gop 0762 0722 0788 0758 0762 24

for temporary set ups.
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disaster management.

CONCLUSION

This paper presents a relative importance index (RII) for the assessment of resilience indicators of hospitals exposed to
hydrological disasters. The RII is a qualitative index that considers stakeholders preferences to i. the design flexibility, ii.
modularity of critical units, location of building services, iii. back-up systems that support the functioning of hospitals,
iv. availability of healthcare workers with provision of extended residential facilities and v. adaptive spatial capacity to
accommodate the surge. Each indicator is evaluated on a scale of O (least important) to 5 (most important). A
methodology is provided for the simple estimation of the resilience indicator that draws upon design and planning
principles in practice, academic interpretation of resilient design and expert’s outlook.

The RII approach is tested for a stakeholder perception survey in India, wherein the ranking method is used to assess the
importance levels. The RII analysis for the three domains of hospital building show a high functional vulnerability of
locating the building services for uninterrupted supply of medical services in critical units. These findings can help
making decision framework for early interventions for improving the functional resilience of hospitals.

LIMITATION AND WAY FORWARD

The scope of this research paper is limited to large scale hospitals in the urban context. These hospitals are inclusive of
tertiary care hospitals, trauma centres, multi-speciality hospitals, referral hospitals and research centres with bed
facilities. The identified indicators address the resilience attributes against hydrological and climatic disasters in India.
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