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ABSTRACT 

Road traffic crash injuries are the eighth leading cause of death in India (World Health 

Organization, 2015). About 50-75 % of the Indian population does not have access to an 

ambulance. Accessing care after a road traffic crash reduces the chances of injury aggravation and 

improves recovery time. Information about the existing system plays an important role in 

provisioning an efficient system. The annual operation cost of one ambulance is nearly $53,000. 

Most low and middle-income countries (LMICs) cannot afford to establish and maintain such 

expensive systems. Half of the world’s population resides in such LMICs where definitive care 

services operate with limited Health care infrastructure. The limited post-crash care resources 

necessitate optimum use of available resources. Ideally, post-crash transport must be done by an 

ambulance. But in resource-constrained countries, bystanders have prominently emerged as the 

first responders. Theoretically, access to care is a multi-dimensional term that includes aspects 

such as (a) availability, (b) accessibility (geographic), (c) accommodation, (d) affordability, (e) 

acceptability, and (f) awareness. Past attempts at estimating post-crash access and measuring 

emergency responders' performance have focused primarily on spatial and temporal aspects of 

access. Very few studies focussed on holistic evaluation consider the role of formal (ambulance) 

and informal responders (police and others) and such system wide operation of post-crash 

mechanisms of accessing care. There was a need to give due attention to all these factors, which 

eventually enable post-crash access to care. This thesis has attempted to bridge this research gap. 

It was demonstrated as a case study of Delhi. The work was developed with five objectives: the 

first objective was an in-depth qualitative assessment which gave a systems perspective of post-

crash access to care in Delhi. The next four objectives were guided by insights from Objective 1. 

As identified from the literature review and behavioural theories of accessing care, these 
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emergency decisions were taken under duress and thus there wasn’t any mode choice and hospital 

utilization model available in the context of post-crash access to care. The second objective derived 

the factors leading to these decisions through elaborate interviews with stakeholders and victims. 

These factors were used to model the post-crash utilization of care by different modes of transport. 

The third objective of this thesis estimated relative spatial access to one of the nearest hospitals or 

the trauma care system. It addressed the divided stakeholder views and policies about appropriate 

points of care for a crash victim and helps in deciding the on-site triage. In the fourth objective, 

the existing multi-modal post-crash operations were assessed using scenario analysis. An inclusive 

simulation-based framework was developed to accommodate the multi-modal nature of formal-

informal response dynamics alongside the multi-dimensionality of accessibility in the current post-

crash chain of events. It was demonstrated in the case of Delhi’s Emergency Response Services. 

In the fifth objective, the use of already available commercial taxi resources was proposed to 

strengthen the existing ambulance operations in accordance with the international performance 

benchmarks.  

Methodologically, this study used a mixed-methods approach. First, the literature review of the 

post-crash response system, synthesis of the available accessibility indicators, field observations, 

and informal conversations with stakeholders helped in identifying research gaps and developing 

a methodology for this thesis. It also formed the basis of qualitative research guides in the first 

objective, which was analysed using thematic analysis.  In the second objective, post-crash mode 

choice and hospital care utilization were modelled using the structural constructs of Andersen's 

access to care framework and qualitative understanding from stakeholder interviews. The data was 

collected using a primary survey at the trauma centre. In the third objective, spatial access was 

assessed using four-year fatal crash data, and hospital information and travel time were calculated 
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using Google Maps API. The fourth objective used the Delhi-based ambulance and police 

operations data, taxi trajectory data, mode choice, hospital choice decision probability, etc. These 

inputs were used in the proposed framework based on the system-wide understanding of post-crash 

operations as described in Delhi through chapters one and two. The developed simulation 

framework assessed the response time and coverage characteristics of multiple proposed scenarios, 

accounting for the post-crash dynamics of multi-modal transportation and hospital decisions. This 

indicated an operationally important role of taxis in delivering patients to care. The fifth objective 

thus proposed to supplement ambulance operations with taxis. This was done using simulation-

optimization methodology with the existing ambulance and taxi operations data.  

Results from the first objective gave insights into the policies, processes, practices, and aspects of 

post-crash access to care. Ambulances, bystanders, taxis, and police play essential roles in enabling 

access to care. They were individually governed and guided by multiple laws and policies. The 

second objective identified education, financial status, help callers (bystanders & relatives), and 

injury severity as essential determinants of the post-crash use of a trauma care facility. Private 

transport, financial Status, education, injury severity, and status of care at the private hospital were 

significant determinants of receiving hospital-based care. The mode choice model finds bystanders 

as the primary informant of police transportation. Ambulance transportation gets accompanied by 

police personnel to the hospital. Ironically, information about emergency responders and having 

health insurance does not necessitate ambulance-based transport of the victims. The third objective 

found that the post-crash decision of taking the victim to a trauma care facility or one of the nearest 

hospitals is essentially a 15-minute difference for 90% of cases. As the triaging personnel often 

need to decide the type of care, this decision may account if the patient would survive these 15 

minutes for better care in a trauma centre. Scenario analysis in the fourth objective showed the 
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importance of informal transportation in the overall post-crash access mechanism. Empirically, 

taxis and police emerged as significant responders to crash victims. The fifth objective factored in 

the critical role played by privately engaged taxi responders as enablers of post-crash access. The 

optimum ambulance to taxi configuration for capacity building of existing ambulance operations 

in response to the road traffic crashes was observed to be 1:4. The thesis brings out comprehensive 

estimates of multiple aspects of accessing care after a road traffic crash. Systematic framework-

based assessment of post-crash response operations highlights the vital role of private vehicles in 

providing timely access. Neglecting them would create biases in actual access to care. Privately 

owned vehicles could be a precious resource in LMICs. Limited resources can be systematically 

supplemented with privately-owned taxis. If managed and integrated correctly, taxis can become 

an asset to ambulance operations. Post-crash accessibility insights in this thesis would be valuable 

information for the policymakers, ambulance providers, and the general body of knowledge. It 

holistically covers the functional intricacies of the system in the case of a road crash emergency. 

These aspects may be considered while planning, developing, and operating an emergency 

response system in India.  
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सार 

सड़क यातायात दुर्घटना की चोटें भारत में मौत का आठवाां प्रमुख कारण हैं (ववश्व स्वास्थ्य सांगठन, 2015)। 

लगभग 50-75% भारतीय आबादी के पास एमु्बलेंस तक पहांच बहत कम  है। सड़क यातायात दुर्घटना के 

बाद देखभाल तक पहुँचने से चोट के बढ़ने की सांभावना कम हो जाती है और ठीक होने में समय कम लगता 

है। कुशल प्रणाली के प्रावधान में मौजूदा प्रणाली के बारे में जानकारी एक महत्वपूणघ भूवमका वनभाती है। एक 

एमु्बलेंस की वावषघक सांचालन लागत लगभग $ 53,000 है। अवधकाांश वनम्न और मध्यम आय वाले देश (LMIC) 

इस तरह की महांगी प्रणाली को स्थावपत करने और बनाए रखने का जोखखम नही ां उठा सकते हैं। दुवनया की 

आधी आबादी ऐसे देशोां में रहती है जहाां वनवित देखभाल सेवाएां  सीवमत स्वास्थ्य देखभाल बुवनयादी ढाांचे के 

साथ सांचावलत होती हैं। सीवमत पोस्ट-कै्रश देखभाल सांसाधनोां के वलए उपलब्ध सांसाधनोां के इष्टतम उपयोग 

की आवश्यकता होती है। आदशघ रूप से, दुर्घटना के बाद यात्रा एमु्बलेंस द्वारा होना चावहए। लेवकन सांसाधन-

वववश देशोां में, बाईस्टैंडसघ प्रमुख रूप से पहले उत्तरदाताओां के रूप में उभरे हैं। सैद्ाांवतक रूप से, देखभाल 

तक पहांच एक बह-आयामी शब्द है वजसमें वनम्नवलखखत पहलू शावमल हैं: (ए) उपलब्धता, (बी) पहांच 

(भौगोवलक), (सी) आवास, (डी) सामर्थ्घ, (ई) स्वीकायघता, और (एफ) जागरूकता .दुर्घटना के बाद पहांच का 

आकलन करने और आपातकालीन प्रवतवक्रयाकताघओां के प्रदशघन को मापने के वपछले प्रयासोां ने मुख्य रूप 

से पहांच के स्थावनक और अस्थायी पहलुओां पर ध्यान कें वित वकया है। इसके अलावा, औपचाररक (पुवलस, 

और अन्य)  और अनौपचाररक (एमु्बलेंस) उत्तरदाताओां की भूवमका सवहत देखभाल तक पहांचने के बाद 

दुर्घटना तांत्र के वसस्टम सांचालन को समग्र रूप से देखने वाले कई अध्ययन नही ां हैं। इन सभी कारकोां पर 

उवचत ध्यान देने की आवश्यकता है जो अांततः  दुर्घटना के बाद देखभाल तक पहांच को सक्षम बनाते हैं। इस 

शोध प्रबांध ने इस शोध अांतराल को भरने का प्रयास वकया है। इसे वदल्ली के मामले का अध्ययन के रूप में 

प्रदवशघत वकया गया था। काम को पाांच उदे्दश्योां में ववकवसत वकया गया था: पहला उदे्दश्य एक गहन गुणात्मक 
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मूल्ाांकन था वजसने वदल्ली में देखभाल के वलए दुर्घटना के बाद पहांच का प्रणाली पररपे्रक्ष्य वदया।। अगले चार 

उदे्दश्य, उदे्दश्य एक से अांतर्दघवष्ट द्वारा वनदेवशत थे। जैसा वक सावहत्य समीक्षा और देखभाल तक पहुँचने के 

व्यवहार वसद्ाांतोां से पहचाना जाता है, दुर्घटना के बाद के सांदभघ में कोई भी ववकल्प और अस्पताल उपयोग 

पद्वत नही ां थी, क्ोांवक दबाव में आपातकालीन वनणघय वलए जाते हैं। दूसरा उदे्दश्य वहतधारकोां और पीवड़तोां 

के साथ ववसृ्तत साक्षात्कार के माध्यम से इन वनणघयोां के वलए अग्रणी कारकोां को प्राप्त करता है। इन कारकोां 

का उपयोग पररवहन के वववभन्न साधनोां द्वारा देखभाल के दुर्घटना के बाद के उपयोग को मॉडल करने के 

वलए वकया गया इस थीवसस का तीसरा उदे्दश्य वनकटतम अस्पताल या टर ॉमा केयर वसस्टम के सापेक्ष स्थावनक 

पहांच का अनुमान लगाता है। यह दुर्घटना के वशकार व्यखि की देखभाल के उपयुि वबांदुओां के बारे में 

ववभावजत वहतधारक के ववचारोां और नीवतयोां को सांबोवधत करता है। चौथे उदे्दश्य में, मौजूदा मल्टी-मोडल 

पोस्ट-कै्रश ऑपरेशांस का पररर्दश्य ववशे्लषण का उपयोग करके मूल्ाांकन वकया गया था। र्टनाओां की 

वतघमान पोस्ट-कै्रश शृ्ांखला में पहांच की बह-आयामीता के साथ-साथ औपचाररक-अनौपचाररक प्रवतवक्रया 

गवतशीलता की बह-मोडल प्रकृवत को समायोवजत करने के वलए एक समावेशी वसमुलेशन-आधाररत ढाांचा 

ववकवसत वकया गया था। इसका प्रदशघन वदल्ली आपातकालीन प्रवतवक्रया सेवाओां के मामले में वकया गया था। 

पाांचवें उदे्दश्य में, पहले से उपलब्ध टैक्सी सांसाधन का उपयोग मौजूदा एमु्बलेंस सांचालन को मजबूत करने के 

वलए प्रस्ताववत वकया गया था तावक उनके सांचालन को अांतरराष्टर ीय प्रदशघन बेंचमाकघ  के अनुसार बेहतर बनाया 

जा सके। 

पद्वत की र्दवष्ट से इस अध्ययन में वमवश्त वववधयोां का प्रयोग वकया गया है। सबसे पहले दुर्घटना के बाद 

प्रवतवक्रया प्रणाली की सावहत्य समीक्षा, उपलब्ध पहांच सांकेतकोां का सांशे्लषण, के्षत्र अवलोकन और वहतधारकोां 

के साथ अनौपचाररक बातचीत ने इस थीवसस के वलए अनुसांधान अांतराल की पहचान करने और कायघप्रणाली 

ववकवसत करने में मदद की। इसने पहले उदे्दश्य में गुणात्मक शोध गाइडोां का आधार भी बनाया, वजसका 
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ववशे्लषण ववषयगत ववशे्लषण का उपयोग करके वकया गया था। दूसरे उदे्दश्य में, दुर्घटना के मोड बाद ववकल्प 

और अस्पताल देखभाल उपयोग को एां डरसन की देखभाल ढाांचे के सांरचनात्मक वनमाघण और वहतधारक 

साक्षात्कार से गुणात्मक समझ का उपयोग करके तैयार वकया गया था। टर ॉमा सेंटर में प्राथवमक सवेक्षण के 

उपयोग से डेटा एकत्र वकया गया था। तीसरे उदे्दश्य में, चार साल के र्ातक दुर्घटना आांकडे़ और अस्पताल 

की जानकारी का उपयोग करके स्थावनक पहांच का आकलन वकया गया था और यात्रा के समय की गणना 

गूगल मैप्स एपीआई का उपयोग करके की गई थी। चौथे उदे्दश्य में वदल्ली खस्थत एमु्बलेंस और पुवलस सांचालन 

आांकडे़, टैक्सी प्रके्षपवक्र डेटा, मोड ववकल्प और अस्पताल पसांद वनणघय सांभावना इत्यावद का उपयोग वकया 

गया था। इन आदानोां का उपयोग प्रस्ताववत ढाांचे में दुर्घटना के बाद के सांचालन की व्यवखस्थत समझ के आधार 

पर वकया गया था जैसा वक वदल्ली में अध्याय एक और दो के माध्यम से ववणघत है। ववकवसत वसमुलेशन ढाांचे 

ने बह-मॉडल पररवहन और अस्पताल के वनणघयोां की दुर्घटना के बाद की गवतशीलता को ध्यान में रखते हए, 

कई प्रस्ताववत पररर्दश्योां की प्रवतवक्रया समय और कवरेज ववशेषताओां का आकलन वकया। इसने मरीजोां को 

देखभाल तक पहांचाने में टैखक्सयोां की महत्वपूणघ भूवमका का सांकेत वदया। इसे ध्यान में रखते हए, पाांचवें उदे्दश्य 

ने टैक्सी के साथ एमु्बलेंस सांचालन को पूरक करने का प्रस्ताव रखा। यह मौजूदा एमु्बलेंस और टैक्सी सांचालन 

आांकडे़ के साथ अनुकरण-अनुकूलन पद्वत का उपयोग करके वकया गया था। 

पहले उदे्दश्य के पररणामोां ने नीवतयोां, प्रवक्रयाओां, प्रथाओां और देखभाल के बाद दुर्घटना के बाद के पहलुओां 

में अांतर्दघवष्ट प्रदान की। एमु्बलेंस, दशघक, टैक्सी और पुवलस देखभाल तक पहांच को सक्षम करने में आवश्यक 

भूवमका वनभाते हैं। वे कई कानूनोां और नीवतयोां द्वारा व्यखिगत रूप से शावसत और वनदेवशत होते हैं। दूसरे 

उदे्दश्य ने वशक्षा, ववत्तीय खस्थवत, सहायता कॉल करने वालोां (बाध्यकारी और ररशे्तदार), और चोट की गांभीरता 

को टर ॉमा केयर सुववधा के दुर्घटना के बाद के उपयोग के आवश्यक वनधाघरक के रूप में पहचाना। वनजी 

पररवहन, ववत्तीय खस्थवत, वशक्षा, चोट की गांभीरता और वनजी अस्पताल में देखभाल की खस्थवत अस्पताल-
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आधाररत देखभाल प्राप्त करने के महत्वपूणघ वनधाघरक थे। पररवहन ववकल्प मॉडल बाईस्टैंडसघ को पुवलस 

पररवहन के प्राथवमक मुखवबर के रूप में पाता है। एमु्बलेंस पररवहन पुवलस कवमघयोां के साथ अस्पताल जाता 

है। ववडांबना यह है वक आपातकालीन प्रवतवक्रया और स्वास्थ्य बीमा होने के बारे में जानकारी के बावजूद 

पीवड़त एमु्बलेंस आधाररत पररवहन नही ां चुनते। तीसरे उदे्दश्य में पाया गया वक दुर्घटना के बाद पीवड़त को 

टर ॉमा केयर सुववधा या वनकटतम अस्पताल में ले जाने का वनणघय अवनवायघ रूप से 90% मामलोां में 15 वमनट 

का अांतर है। चूांवक टर ाइएवजांग कवमघयोां को अक्सर देखभाल के प्रकार को तय करने की आवश्यकता होती है, 

इस उदे्दश्य से बेहतर देखभाल चुनने के वलए मदद हो सकती है । चौथे उदे्दश्य में पररर्दश्य ववशे्लषण ने समग्र 

पोस्ट-कै्रश एके्सस तांत्र में अनौपचाररक पररवहन के महत्व को वदखाया। टैक्सी और पुवलस दुर्घटना पीवड़तोां 

के वलए महत्वपूणघ प्रवतवक्रया के रूप में उभरी। पाांचवाां उदे्दश्य वनजी तौर पर लगे टैक्सी उत्तरदाताओां द्वारा 

दुर्घटना के बाद पहांच के समथघक के रूप में वनभाई गई महत्वपूणघ भूवमका को दशाघता है। सड़क यातायात 

दुर्घटनाओां के जवाब में मौजूदा एमु्बलेंस सांचालन की क्षमता वनमाघण के वलए इष्टतम एमु्बलेंस 1:4 देखा गया 

था।  

थीवसस सड़क यातायात दुर्घटना के बाद देखभाल तक पहुँचने के कई पहलुओां का व्यापक अनुमान पेश 

करती है। दुर्घटना के बाद प्रवतवक्रया सांचालन के व्यवखस्थत ढाांचे के आधार पर मूल्ाांकन समय पर पहांच 

प्रदान करने में वनजी वाहनोां की महत्वपूणघ भूवमका पर प्रकाश डालता है। उनकी उपेक्षा करने से देखभाल की 

वास्तववक पहांच में पक्षपात होगा। वनम्न और मध्यम आय वाले देश जहाां वनजी स्वावमत्व वाले वाहन एक बहमूल् 

सांसाधन हो सकते हैं। वनजी स्वावमत्व वाली टैखक्सयोां के साथ सीवमत सांसाधनोां को व्यवखस्थत रूप से पूरक 

वकया जा सकता है। अगर सही तरीके से प्रबांवधत और एकीकृत वकया जाए तो टैक्सी, एमु्बलेंस सांचालन के 

वलए एक सांपवत्त बन सकती है। इस थीवसस में दुगाघत्ना के उपराांत एके्सवसवबवलटी अांतर्दघवष्ट नीवत वनमाघताओां, 

एमु्बलेंस प्रदाताओां और ज्ञान के सामान्य वनकाय के वलए मूल्वान जानकारी होगी। यह सड़क दुर्घटना आपात 
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खस्थवत के मामले में वसस्टम की कायाघत्मक जवटलताओां को समग्र रूप से कवर करता है। भारत में 

आपातकालीन प्रवतवक्रया प्रणाली की योजना, ववकास और सांचालन करते समय इन पहलुओां पर ववचार वकया 

जा सकता है। 

  



xvi 

CONTENTS 

 

CERTIFICATE i 
ACKNOWLEDGMENTS iii 
ABSTRACT  vii

सार xi 

LIST OF TABLES  xxi
LIST OF FIGURES  xxii 
LIST OF EQUATIONS  xxv
GLOSSARY OF TERMINOLOGY   xxvi
LIST OF ABBREVIATIONS/ACRONYMS    xxviii 
1. INTRODUCTION 1 

1.1. LITERATURE REVIEW 4 
1.1.1. Factors underlying access to care 4 
1.1.2. Approach to measuring accessibility 7 

1.2. EMERGENCY RESPONSE SYSTEM FOR ROAD TRAFFIC CRASHES 10 
1.2.1. Centralized operation of post-crash response services 10 
1.2.2. Workflow of the control room-based emergency response service 11 
1.2.3. Importance of “time to care.” 12 
1.2.4. Post-crash point of care 14 

1.3. EMS PERFORMANCE MEASURES 14 
1.4. INTERNATIONAL POLICIES, PROTOCOLS, AND GUIDELINES 15 

1.4.1. Selection of appropriate hospital 15 
1.4.2. Nearest hospital vs. Trauma centre 15 

1.5. INDICATORS 16 
1.5.1. Performance indicators of pre-hospital care 16 
1.5.2. Access indicators for pre-hospital care 18 

1.6. CRITICAL ISSUES IN PROVIDING PRE-HOSPITAL CARE 18 
1.6.1. Post-crash response mechanisms in LMICs 19 
1.6.2. Triage to appropriate care 20 

1.7. STUDY CONTEXT 20 
1.7.1. Post-crash responders in India 20 
1.7.2. Financial assistance 21 
1.7.3. Trauma care levels in India 21 
1.7.4. Medico-Legal aspects 23 

1.8. CASE DESCRIPTION 23 
1.8.1. Case-based research design 23 

1.9. THE CASE OF DELHI, CAPITAL OF INDIA 24 
1.9.1. Post-crash responders in Delhi 24 
1.9.2. Health care system and referral system in Delhi 25 



xvii 

1.9.3. Justification for the case of Delhi 26 
1.9.4. Aims and Guidelines for Emergency Response Operations in Delhi 28 

1.10. THESIS OBJECTIVES 29 
1.11. THESIS RESEARCH DESIGN 30 

1.11.1. Mixed-methods research 31 
1.12. THESIS RESEARCH METHODOLOGY 32 

1.12.1. Thesis structure 34 
1.12.2. Continuity of research: Timeline of data collection 36 

2. SYSTEM-WIDE UNDERSTANDING OF POST-CRASH MECHANISMS: 
PROCESSES, POLICIES, AND PRACTICES 38 

2.1. OBJECTIVES 38 
2.2. RESEARCH DESIGN AND METHODS 38 
2.3. ETHICS STATEMENT 44 
2.4. DATA COLLECTION 44 
2.5. CHAPTER TWO METHODOLOGY 46 
2.6. RESULTS AND DISCUSSION 48 

2.6.1. History of the post-crash response system 48 
2.6.2. Information reception to police 49 
2.6.3. Transport and transport type 50 
2.6.4. Hospital selection 54 
2.6.5. Appropriate hospital 54 
2.6.6. Reception at the hospital 56 
2.6.7. Delays at the hospital 58 
2.6.8. Inter-hospital transfer: use of an ambulance for inter-hospital transfer 58 
2.6.9. Hesitations 60 
2.6.10. Integrated 112 system 60 

2.7. CONCLUSION 61 
2.8. RESEARCH CONTRIBUTION 63 
2.9. LIMITATIONS AND WAY FORWARD 63 

3. ESTIMATION OF FACTORS IMPACTING POST-CRASH DECISIONS FOR 
UTILIZATION OF CARE BY DIFFERENT MODES OF TRANSPORT 65 

3.1. INTRODUCTION 65 
3.2. OBJECTIVES 67 
3.3. REVIEW OF THE THEORETICAL UNDERPINNINGS OF MODELLING ACCESS TO CARE 68 
3.4. ETHICS STATEMENT 71 
3.5. CHAPTER THREE METHODOLOGY 71 

3.5.1. Study design and protocol 71 
3.5.2. Development of questionnaire: Telephonic Interviews 73 
3.5.3. Survey Sample Size Estimation 73 

3.6. DATA COLLECTION 76 
3.7. MODEL DEVELOPMENT 78 

3.7.1. Deriving accessibility dimensions from the literature and the decision matrix of post-
crash decisions 78 

3.8. ANALYSIS 82 
3.9. RESULTS 83 



xviii 

3.9.1. Patient Characteristics 83 
3.9.2. Care facility utilization model 84 
3.9.3. Post-crash mode choice model 90 

3.10. DISCUSSION 91 
3.10.1. Hospital care facility utilization 91 
3.10.2. Mode of transport 92 

3.11. CONCLUSION 93 
3.12. RESEARCH CONTRIBUTION 94 
3.13. LIMITATIONS AND WAY FORWARD 94 

4. ASSESSMENT OF RELATIVE SPATIAL ACCESS BETWEEN A TRAUMA CARE 
OR A NEAREST HOSPITAL AFTER A ROAD TRAFFIC CRASH 96 

4.1. INTRODUCTION 96 
4.2. SUB-OBJECTIVES 97 
4.3. CHAPTER FOUR METHODOLOGY 97 

4.3.1. Study area 98 
4.4. DATA COLLECTION 99 
4.5. METHODS AND ANALYSIS 100 

4.5.1. Inputs for API call 101 
4.5.2. Travel time estimation 104 
4.5.3. Dissimilarity Index (DI) 105 

4.6. RESULTS 106 
4.6.1. Crash distribution per district in Delhi 106 
4.6.2. Travel time estimates to the trauma centre 106 
4.6.3. Travel time estimates to the nearest hospital 106 
4.6.4. Travel time comparison between a trauma centre and nearest hospital 107 
4.6.5. Dissimilarity Index 108 

4.7. DISCUSSION 109 
4.8. CONCLUSION 113 
4.9. RESEARCH CONTRIBUTION 114 
4.10. LIMITATIONS AND WAY FORWARD 114 

5. BENCHMARKING THE FORMAL POST-CRASH RESPONDERS AND 
DEVELOPING A FRAMEWORK TO MODEL THE CURRENT MULTI-MODAL 
EMERGENCY RESPONSE SYSTEM 116 

5.1. INTRODUCTION 116 
5.2. OBJECTIVES 118 
5.3. CHAPTER FIVE METHODOLOGY 119 
5.4. DATA COLLECTION AND PROCESSING 121 

5.4.1. Data handling and Permissions 121 
5.4.2. Ambulance log data 122 
5.4.3. Police log data 126 
5.4.4. Taxi log 129 
5.4.5. Ambulance base 131 
5.4.6. Police PCR van base 132 
5.4.7. Hospitals 133 

5.5. METHODOLOGY OF SUB-OBJECTIVES 133 



xix 

5.5.1. First sub-objective: Benchmark formal emergency responders 133 
5.5.2. Second sub-objective: Model daily crash log 135 
5.5.3. Third sub-objective: parameters for simulation 136 
5.5.4. Fourth sub-objective: Identification of taxi bases 137 
5.5.5. Fifth sub-objective: Development of modelling framework 139 

5.6. FRAMEWORK SPECIFICATION 140 
5.6.1. Assumptions 140 

5.7. FRAMEWORK INPUTS 141 
5.7.1. Accident event log for one day 141 
5.7.2. Pre-travel time delay and on-spot time delay distribution 146 
5.7.3. Police PCR and Ambulance location, its availability per day 148 
5.7.4. Taxi stay points and their availability per day 148 
5.7.5. Hospital and trauma centre location 158 
5.7.6. Travel time estimation method 158 
5.7.7. Probability of using a mode of transport 159 

5.8. SCENARIOS FOR FRAMEWORK DEMONSTRATION 159 
5.8.1. Validation 159 
5.8.2. Scenario analysis 159 

5.9. RESULTS AND DISCUSSION 160 
5.9.1. Simulation reliability and validation 162 
5.9.2. Benchmarking and scenario analysis 163 

5.10. CONCLUSION 169 
5.11. RESEARCH CONTRIBUTION 170 
5.12. LIMITATIONS AND WAY FORWARD 170 

6. DETERMINATION OF THE NUMBER OF TAXIS NEEDED TO STRENGTHEN 
THE EXISTING EMERGENCY MEDICAL SERVICE WITHIN INTERNATIONAL 
BENCHMARKS 173 

6.1. INTRODUCTION 173 
6.2. OBJECTIVES 175 
6.3. DATA COLLECTION 175 

6.3.1. Crash location 175 
6.3.2. Taxi data 176 
6.3.3. Travel time estimation 176 

6.4. ASSUMPTIONS 177 
6.5. INPUTS AND OUTPUTS OF THE MODEL 177 
6.6. NUMBER OF ITERATIONS 178 
6.7. SIMULATION-OPTIMIZATION METHODOLOGY 178 
6.8. RESULTS AND DISCUSSION 179 

6.8.1. Response Time 179 
6.8.2. Comparison of the simulation model with ambulance operations data 180 
6.8.3. Total Travel Time 181 
6.8.4. Coverage 182 
6.8.5. Retrofitting of taxis for emergency transport 182 
6.8.6. Other factors 183 

6.9. CONCLUSION 183 
6.10. RESEARCH CONTRIBUTION 184 



xx 

6.11. LIMITATIONS AND WAY FORWARD 184 
7. CONCLUSION OF THESIS 186 

7.1. RESEARCH CONTRIBUTIONS 186 
7.1.1. Contributions to the body of knowledge 187 
7.1.2. Systems-level contribution 188 
7.1.3. Policy and social contribution 189 
7.1.4. Contribution to the Industry 190 

7.2. RESEARCH HIGHLIGHTS 191 
7.2.1. Understanding the post-crash access to care of a road crash victim 191 
7.2.2. Assessment of the post-crash utilization and access to care by different modes of 
transportation 196 
7.2.3. Estimating the relative spatial access to trauma care – nearest hospital system from 
road crash incident locations 199 
7.2.4. Benchmarking the existing responders and developing a framework to model the 
current multi-modal emergency response system 201 
7.2.5. Determination of the level of transportation means needed for strengthening the 
existing emergency medical service using taxis as a backup vehicle 205 

7.3. RESEARCH CONTINUITY AND LINKAGE 206 
7.3.1. Inputs for other objectives 206 
7.3.2. Research tasks, methods, contributions, and implications 207 

7.4. RECOMMENDATIONS 210 
7.4.1. Post-crash response system 210 
7.4.2. Healthcare system 212 
7.4.3. Legal system 214 
7.4.4. Capacity building 216 

7.5. CONCLUDING REMARKS 218 
7.6. FUTURE SCOPE OF WORK 219 

8. REFERENCES 221 
9. ANNEXURE1: ETHICS COMMITTEE APPROVALS 237 
10. ANNEXURE 2: PARTICIPANT INFORMATION SHEET & INFORMED CONSENT
 242 
11. ANNEXURE 3: INTERVIEW GUIDES AND SURVEY FORM 247 
12. ANNEXURE 4: CODEBOOK – CHAPTER 2 258 
13. ANNEXURE 5: NIH CERTIFICATION- HUMAN SUBJECTS RESEARCH 265 
14. LIST OF PUBLICATIONS 266 
15. BIODATA OF AUTHOR 267 
 

  



xxi 

List of Tables 

Table 1: Approach based measures of accessibility ....................................................................... 9 

Table 2: EMS performance indicators (Structure-Process-Outcome) .......................................... 17 

Table 3: Theoretical underpinnings of modelling access to care .................................................. 68 

Table 4: Survey sample size estimation ........................................................................................ 75 

Table 5: Descriptive analysis of variables .................................................................................... 85 

Table 6: Trauma Centre utilization model .................................................................................... 87 

Table 7: Private hospital utilization model ................................................................................... 88 

Table 8: Mode choice model after road traffic crash .................................................................... 90 

Table 9: District wise areas and their respective designated trauma centre ................................. 98 

Table 10: Descriptive analysis of the nearest hospitals obtained from Google Maps API......... 102 

Table 11: Dissimilarity Index between districts in Delhi ........................................................... 108 

Table 12: General priority order of incidents responded by the ambulance ............................... 111 

Table 13: Categories of calls received at the police control room .............................................. 124 

Table 14: Taxi trajectory data ..................................................................................................... 130 

Table 15: Specifications of Taxi GPS ......................................................................................... 130 

Table 16: Categories to benchmark emergency response systems ............................................. 134 

Table 17: Emergency Medical Service Providers ....................................................................... 160 

Table 18: Call rate from police log file ....................................................................................... 161 

Table 19: Response time results of all iterations ........................................................................ 164 

Table 20: Total travel time results of all iterations ..................................................................... 164 

Table 21: Research tasks, methods, contribution, and implications ........................................... 208 



xxii 

List of Figures 

Figure 1: Operation of emergency response service ..................................................................... 11 

Figure 2: Designated trauma care facility within each district of Delhi ....................................... 25 

Figure 3: Thesis methodology ...................................................................................................... 32 

Figure 4: Flow of research tasks within thesis methodology ........................................................ 33 

Figure 5: Steps involved in a qualitative survey ........................................................................... 39 

Figure 6: Chapter two methodology ............................................................................................. 46 

Figure 7: Post-crash decision matrix based on a stakeholder interview ....................................... 61 

Figure 8: Chapter three methodology ........................................................................................... 72 

Figure 9: Private hospital utilization model .................................................................................. 80 

Figure 10: Trauma centre utilization model by the road injured .................................................. 80 

Figure 11: Chapter four methodology........................................................................................... 98 

Figure 12: District wise distribution of road traffic crashes ....................................................... 100 

Figure 13: Spatial distribution of identified nearest hospitals .................................................... 103 

Figure 14: Identified nearest hospitals in north-west district ...................................................... 103 

Figure 15: Identified nearest hospitals in the west district ......................................................... 104 

Figure 16: Travel time to trauma centre ..................................................................................... 107 

Figure 17: Travel time to nearest hospital .................................................................................. 108 

Figure 18: Index and proportion of crashes accessing trauma care and the nearest hospital ..... 109 

Figure 19: Coordinated information flow mechanism between control rooms .......................... 119 

Figure 20: Calls serviced by CATS ambulance .......................................................................... 123 

Figure 21: Calls serviced by each type of ambulance................................................................. 123 

Figure 22:  Calls to the police control room ............................................................................... 128 



xxiii 

Figure 23: Accident calls to the police control room .................................................................. 128 

Figure 24: Temporal availability of taxis.................................................................................... 131 

Figure 25: Spatial arrangement of ambulances ........................................................................... 131 

Figure 26: PCR van locations in Delhi ....................................................................................... 132 

Figure 27: District wise number of PCR vans in Delhi .............................................................. 132 

Figure 28: Chapter five methodology ......................................................................................... 133 

Figure 29: Algorithm to simulate and benchmark existing formal-informal prehospital 

transportation for road traffic crash ............................................................................................ 144 

Figure 30: AIC and BIC curve for optimum number of components ......................................... 146 

Figure 31: Trained GMM clusters based on the police log ........................................................ 146 

Figure 32: Ambulance pre-travel time (based on CATS records) .............................................. 147 

Figure 33: Police pre-travel time (based on PCR records) ......................................................... 147 

Figure 34: Algorithm1- Splitting aggregated files into a usable trajectory ................................ 149 

Figure 35: Algorithm 2- stay point detection .............................................................................. 151 

Figure 36: Temporal frequency plot of all stay points ................................................................ 152 

Figure 37: Timewise availability of taxi stay points ................................................................... 154 

Figure 38: Taxi stay points for 2 a.m. to 10 a.m. ........................................................................ 155 

Figure 39: Taxi stay points for 10 a.m. to 2 p.m. ........................................................................ 156 

Figure 40: Taxi stay points for 2 p.m.to 6 p.m. .......................................................................... 156 

Figure 41: Taxi stay points for 6 p.m. to 1 a.m. .......................................................................... 157 

Figure 42: Frequency of calls destined to trauma centre vs. other hospitals .............................. 158 

Figure 43: Simulation-benchmarking algorithm results ............................................................. 163 

Figure 44: Response time distributions of all scenarios ............................................................. 165 



xxiv 

Figure 45: Cumulative response time distribution of all scenarios ............................................. 166 

Figure 46: Response time distribution of all scenarios ............................................................... 167 

Figure 47: Total time distribution of all scenarios ...................................................................... 167 

Figure 48: Response time coverage of all scenarios ................................................................... 168 

Figure 49: Simulation-optimization methodology ...................................................................... 179 

Figure 50: Coverage and Response time for optimum configuration, A = Ambulance, T = Taxis

..................................................................................................................................................... 180 

 

  



xxv 

List of Equations 

 

Equation 1:Sample size estimation ............................................................................................... 74 

Equation 2: Logistic Regression- Private Hospital ....................................................................... 83 

Equation 3: Logistic Regression- Trauma Centre ......................................................................... 83 

Equation 4: Dissimilarity index .................................................................................................. 105 

Equation 5:Probability of observed data belonging to the kth gaussian ...................................... 142 

Equation 6: Probability distribution of the gaussian mixture model .......................................... 142 

 

  



xxvi 

Glossary of Terminology 

Term Definition 
Abbreviated Injury 
Scale (AIS);  
Injury Severity Score 
(ISS);  
Revised trauma score 
(RTS) 

The abbreviated Injury Scale (AIS) describes the anatomical injury 
severity using consensus-based scores determined by experts.  
The Revised Trauma Score (RTS) is based on physiological 
parameters independent of injury diagnoses.  
The Injury Severity Score (ISS) consists of the square of the 
highest AIS scores in the three most severely injured body regions 
(Nakahara and Yokota., 2011). 

Advanced prehospital 
care 

The third-tier care interventions include the establishment of 
complex regional call management centres and highly integrated 
communications networks, as well as the provision of advanced 
invasive techniques. On a system level, advanced prehospital 
interventions include call management centres, the development of 
integrated wireless communication networks, and the purchase and 
maintenance of a fleet of sophisticated ground ambulances or air 
ambulances. Broadly termed “advanced life support,” clinical 
services like these generally require the skills of a professional 
prehospital care provider – either a physician or a non-physician 
paramedic with hundreds, or even thousands, of hours of training 
(World Health Organization, 2005). 

Ambulatory 
 

Ambulatory or outpatient care refers to health services provided to 
patients who are not confined to an institutional bed as inpatients 
during the time the services are rendered. Ambulatory care 
includes medical services of a general (primary) and specialized 
(secondary) nature (World Health Organization, 2016). 

Basic prehospital care The second tier of care can be provided at the community level by 
those who have been trained in the principles of basic prehospital 
trauma care (also known as basic life support). These providers 
should have extensive formal training in prehospital care, scene 
management, rescue, stabilization, and the transport of injured 
people (Oestern, Garg, and Kotwal., 2013). 

Emergency Medical 
Services 

Emergency Medical Service (EMS) is a branch of emergency 
services dedicated to providing out-of-hospital acute medical care 
and/or transport to definitive care to patients with illnesses and 
injuries that the patient, or the medical practitioner, believes 
constitutes a medical emergency (Rishipathak, Yeravdekar, and 
Rajhans., 2018). 
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First responder care These first responders can be taught to recognize an emergency, 
call for help and provide treatment until formally trained healthcare 
personnel arrive to give additional care (Rishipathak, Yeravdekar, 
and Rajhans., 2018). 

Health care system A health system consists of all organizations, people, and actions 
whose primary intent is to promote, restore or maintain health. This 
includes efforts to influence determinants of health as well as more 
direct activities that improve health (World Health Organization, 
2007). 

Medico-Legal Certificate Any case of injury or ailment where the attending doctor, after 
history taking and clinical examination, considers that 
investigations by law enforcement agencies (and superior military 
authorities) are warranted to ascertain circumstances and fix 
responsibility regarding the said injury or ailment according to the 
"law" (World Health Organization, 2007). 

Primary level /District / 
Rural/ Community/ 
General hospital 

Primary-level hospital: few specialties—mainly internal medicine, 
obstetrics and gynaecology, paediatrics, and general surgery, or 
just general practice; limited laboratory services available for 
general but not specialized pathological analysis (Debas et al., 
2015). 

Secondary/Regional/Pro
vincial /General hospital  

Secondary-level hospital: highly differentiated by function with 5 
to 10 clinical specialties; size ranges from 200 to 800 beds; often 
referred to as a provincial hospital (Debas et al., 2015). 

Tertiary-level 
/National/Central/Acade
mic or teaching or 
university hospital 

Tertiary-level hospital: highly specialized staff and technical 
equipment— for example, cardiology, intensive care unit, and 
specialized imaging units; clinical services highly differentiated by 
function; could have teaching activities; size ranges from 300 to 
1,500 beds (Debas et al., 2015). 

Trauma Centre (or 
Trauma Centre or 
Trauma care) 

A trauma center (or trauma centre) is a hospital equipped and 
staffed to provide care for patients suffering from major traumatic 
injuries such as falls, motor vehicle collisions, or gunshot wounds. 
A trauma center may also refer to an emergency department (also 
known as a "casualty department" or "accident & emergency") 
without the presence of specialized services to care for victims of 
major trauma (Sasser et al., 2009). 
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List of Abbreviations/Acronyms 

AIC Akaike Information Criterion 
AIS Abbreviated Injury Score  
API Application Programming Interface  
Auto Three- wheeler taxi/ three wheeled vehicle/ Auto-rickshaw 
BIC Bayesian Information Criterion  
BPL Below Poverty Line  
CATS Centralized Accident and Trauma Services  
EMS Emergency Medical Services (Ambulance) 
ERS Emergency Response Services (Ambulance, Police) 
FIR First Information Reports 
GMM Gaussian Mixture Model 
GS Good Samaritan  
ICU Intensive Care Units  
IoT Internet of Things  
ISS Injury Severity Score  
LAMA Leave Against Medical Advice 
LMIC Low- and Middle-Income Countries 
MP Medical Personnel 
MACT Motor Accident Claims Tribunal 
MHRD Ministry of Human Resource Development 
MLC Medico-Legal Certificate 
MP Medical Personnel 
MRD Medical Record Department 
NERS Nationwide Emergency Response System  
NH Nearest Hospital 
NIH National Institutes of Health  
O-D Origin - Destination 
OS Other Stakeholder 
PCR Police Control Room  
PP Police Personnel 
PSAP Public Safety Answering Point  
RTO Regional Transport Office or Road Transport Office 
SC Supreme Court 
TC Trauma Centre 
TD Taxi Driver 
VRU Vulnerable Road Users  
WHO World Health Organization 
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