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Abstract
The number of road crashes is increasing in the context of Nepal and Kathmandu Valley, which comprises of three district shares 7.8 % to 9.2 % of fatalities and 52.5 % to 60.5 % of crashes of Nepal; based on the crash database for the fiscal year 2007 to 2020 for a 95 % confidence interval. These increasing road crashes are imposing social and economic burdens. Lack of sufficient data on crash costing becomes essential on planning and budget allocation for road safety intervention, justification of investments, economic analysis of road projects, and overall burden of the cost of transport. In this context, this study seeks to review the crash data contribution of Kathmandu Valley and calculate the road crash costing. The detailed road crash database was collected from Traffic police.  The primary data regarding vehicle damage cost and medical cost was obtained from purposive convenient sampling, whereas insurance data was collected from sampled companies. Human Capital Approach was used for calculation of crash costing. The average age of fatalities was found to be 34 years, which is economically active age group. The total cost of road crashes in Kathmandu Valley for the fiscal year 2020 was calculated a NRs. 1827.67 billion. Among various component of crash cost, the total cost of lost output share 46.28 %, Vehicle damage cost shares 36.27 %, Medical cost shares 2.16 %, Administrative cost shares 6.01 % and Quality of life shares 9.25 % respectively. These high contributions of road crash costing justify the investment in road safety intervention within the Kathmandu Valley.
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1. Introduction
Road crashes, previously known as road accidents, are one of the existing most critical problems being faced by people and countries. The increasing number of traffic crashes is imposing significant social and economic burdens on the victims and various direct and indirect costs to individuals and the government. The increased population, vehicles, and the expanding road construction programs are some of the factors for increasing accidents/crashes (Alrukaibi, et al., 2015). Currently, road traffic injuries are the seventh leading cause of death for all age groups. Road traffic death is seen to be high among low- and middle-income countries concerning the size of their population and the number of motor vehicles in circulation. (WHO, 2018). 
Kathmandu Valley, comprising of three districts and which serve as major economic hub is considered as study area. The number of vehicles operating is greater than the capacity of the road in the Kathmandu Valley. Although the number of fatalities is less as compared with other parts of Nepal, the number of crashes is seen to be maximum due to large vehicle proportion and all services are confined in the valley. Therefore, road traffic crash has become a serious issue in Kathmandu Valley (Dhakal, 2018).
Road traffic crashes can lead to huge losses to individuals, families, and the country due to untimely deaths, serious injuries, damage to properties, and loss of productivity.  The road crash cost is estimated to understand the existing problem and to identify the economic impact of road crashes but there is no such data on crash costing of Kathmandu Valley, though few research have been done for estimating the crash cost of certain section of a highway as well as overall crash cost of Nepal.  This study can be a tool for identification and determination of the extent and dimension of the road traffic crash cost which can provide a platform for better understanding socio-economic loss in Kathmandu Valley. It will further provide a decision-maker for road safety planning and budget allocation as well as evaluation of the road safety intervention. 
2. Objective of Study
The main objective of this study is to determine the total economic burden and respective crash -cost components of road traffic crashes of Kathmandu valley based on Gross Output (Human Capital) Approach. 
3. [bookmark: _Toc72596970][bookmark: _Toc73395077][bookmark: _Toc75723831]Approach and Methodology 
The research is preliminary based on both qualitative and quantitative approach. The road crash data for the fiscal year 2007/08 to 2019/20 was collected from Traffic Police secondary database.  Based on global acceptance, Gross Output (Human Capital) method was used for the road traffic crash cost estimation. 
Primary data were collected for medical cost and vehicle repair cost. Medical cost data was collected using Key informant interviews with relevant doctors, nurses and inpatients of the selected four major hospitals covering both government and private within study area based on Purposive Convenient sampling technique. Vehicle repair cost data was collected from auto workshop, repair centers and one transport operator i.e., Sajha Yatayat. The number of categories of such workshop and repair center were selected based on vehicle involvement on road crash proportion. Vehicle crash related data was also collected from major non-life Insurance companies’ data.  
4. Crash Cost Components
The framework for the cost component is designed as per the availability and reliability of data. The total crash cost for this study is divided into three components, viz. Human Cost, Vehicle Damage Cost and Administrative Cost. Vehicle damage cost is analyzed based on collected data from insurance companies and workshop/repair center. The administrative cost for fatal crashes, major crashes and minor crashes was taken as 0.2 %, 4% and 14% of the total resource cost respectively (Silcock and Transport Research Laboratory, 2003).
Human Cost components, which comprises for all kind of injuries (minor, major or fatal) share a major portion of the total crash cost which is further subcategorized into three components:
a. Cost associated with Loss of Productivity/Lost Output
b. Cost associated with Quality of Life
c. Medical Cost
A. [bookmark: _Toc72596974][bookmark: _Toc73395081][bookmark: _Toc73395402]Loss of Productivity/Lost Output
The total value of the productivity loss cost per fatal crashes and injury crashes was obtained by multiplying the average lost output per casualty in a road crash with the number of distributions of road traffic crash casualties. The lost output per fatal casualties calculated through summing all future years lost output using: 
Loss of productivity /lost output = …………………... Eq. (1)
Here, w = average yearly wage rate
 r = discount rate
 n = average number of years of lost output per fatal casualties     
B. [bookmark: _Toc72596975][bookmark: _Toc73395082][bookmark: _Toc73395403]Quality of Life / (Pain, grief, and suffering):
The quality cost for life/ pain, grief, and suffering for each type of severity of the crash was taken as 20% of the total loss of productivity of each type of severity of a crash (ND LEA Inc. et al., 2008; Banstola et al., 2020)
C. [bookmark: _Toc72596976][bookmark: _Toc73395083][bookmark: _Toc73395404]Medical Cost:
[bookmark: _Toc72596978][bookmark: _Toc73395085][bookmark: _Toc75723836]As the data based on date of admission and date of discharge, average length of inpatients was determined, and the average medical cost per in-patient per day is calculated based on average length of inpatients at hospital medical cost per outpatients for minor and major cases is calculated as per the number of follow-ups with average medical cost. Based on these calculations, the average medical cost per road traffic crash casualty is calculated.
Cost of damage only road traffic crash:
The cost for those vehicles having the minor type of damage which generally involved in road traffic crash but doesn’t report for a claim in insurance companies were obtained from auto-workshop and repair center. The total cost of damage only road traffic cost was calculated as the product of the number of vehicles involved in damage only crashes with the weighted average unit cost of vehicles. The cost of the road traffic crash of Kathmandu valley was calculated as the sum of causalities cost and damage only cost.


5. Crash Assessment
Crash trend assessment of last 13 year between 2008-2020 shows an average of 56.5% of total crashes occurs in Kathmandu valley with standard deviation of 4% (within limit of 52.5% - 60.5%) at 95 % confidence interval. Similarly, Kathmandu valley shares an average of 8.4 % fatalities with a standard deviation of 1.2% of the total fatalities of Nepal at 95% confidence interval. A total of 18,057 numbers of vehicles were involved in a road traffic crash where percentage contribution for Motorcycle (40%), Bus (11%), Truck (10%), Micro (1%), Car/Jeep (36%), Tractor and Tempo and others (less than 1%) were frequently involved in Road Traffic Crash in Kathmandu Valley for the fiscal year 2020.
Table 1 Proportion of vehicle involvement on road crashes in Kathmandu Valley
	Vehicle type
	Number of vehicles involvement
	Proportion(%)

	Commercial (Bus/ Truck)
	4188
	23

	Car/Jeep/Taxi
	6562
	36

	Two-wheeler
	7163
	40

	Others
	144
	1

	Total
	18057
	100


6. [bookmark: _Toc72596985][bookmark: _Toc73395091][bookmark: _Toc75723843]Crash Cost Components Analysis
6.1 Human Cost 
Lost output
[bookmark: _Toc68852428]The average age of fatality was calculated as 34 years and the retirement age as per government norms is 58 years; thus, the lost output is calculated equivalent to 24(=58-34) years. The average wage rate of causality was taken as the average wage rate/day of three districts of Kathmandu valley which was found to be NRs. 859/day and NRs.309,240/year. The average cost of lost output for the fatality was calculated as NRs. 5.546 million considering the wage rate to be constant throughout the number of years of lost output. Based on assessment, the average length of stay in the hospital for treatment is determined as 7 days and home recovery days were taken as 20 days in line with 2017 Road Traffic Injury (RTI) costing studies in Nepal, which gives the average output loss per major injury as NRs. 23,193. Similarly, the average lost output per minor injury was calculated as NRs. 2,577. 
[bookmark: _Toc72584660][bookmark: _Toc73430451][bookmark: _Toc75004077]Table 2 Average lost output per Road Traffic Crashes
	Lost output
	Lost Time
	Cost\unit
	Cost (NRs.)

	Fatality
	24 years
	NRs.309,240 discounted @ 3%/yr.
	5,546,387

	Major
	27 days
	NRs. 859/day x 27
	23,193

	Minor
	3 days
	NRs. 859/day x 3
	2,577



The total crashes are further divided into fatal crash, injury crash and damage only crash. Based on detail assessment of all crashes, there were 135 fatal crashes and 4167 injury crashes. Further assessment shows that there are 1.13 fatalities, 0.1 major injuries and 0.9 minor injuries per fatal crashes. Previous research had modified the factor based on international research but for this current study, the arrived factor was used for analysis. Therefore, the overall cost of productivity loss was calculated as NRs. 845.95 million.
[bookmark: _Toc68852430][bookmark: _Toc72584662][bookmark: _Toc73430453][bookmark: _Toc75004079]Table 3 Total cost of lost output of Road Traffic Crashes
	Casualty
	Fatal Crash
	Cost (NRs.)
	Injury Crash
	Cost (NRs.)

	
	Cost per casualty (NRs.)
	No of casualty involved
	
	Cost per casualty (NRs.)
	No of casualty involved
	

	[bookmark: _Hlk72233342]Fatality
	5,546,387
	1.13
	6,101,026
	-
	-
	-

	Major
	23,193
	0.1
	2,319
	23,193
	0.05
	1,160

	Minor
	2,577
	0.9
	2,319
	2,577
	1.57
	4,046

	[bookmark: _Hlk72233426]Cost of lost output per fatal crash

	6,105,664
	Cost of lost output per injury crash
	5,206

	Total cost of lost output for fatal crashes
	135
	[bookmark: _Hlk72243112]824,264,687
	Total cost of lost output for injury crashes
	4167
	21,691,485

	Total cost of lost output of RTC
	845,956,172



[bookmark: _Toc72596986][bookmark: _Toc73395092][bookmark: _Toc75723844]Quality of Life 
The cost of quality of life per fatal crash was calculated as NRs. 1,221,133 and injury crash was found to be NRs. 1,041. The total cost of Quality of life for a fatal crash was calculated as NRs. 164,852,937 and injury crash was calculated as NRs. 4,338,297.
[bookmark: _Toc72596987][bookmark: _Toc73395093][bookmark: _Toc75723845]Medical Cost
The average daily medical cost for in-patients was calculated as NRs. 10,400 and average per visit medical cost for out-patient in case of major / minor injury was NRs. 1,675 based on assessment of hospital database. The average medical cost for outpatient in case of major injury was found to be NRs. 5,025 and NRs. 3,350 in case of minor injuries. The average medical cost per in-patient was calculated as NRs. 72,800. The average medical cost for major injury was determined as the sum of the cost of inpatient and cost of major injury of the outpatient which was NRs. 77,825. With the values of average medical cost for major and minor injury, the medical cost per fatal crash and injury crash is determined as NRs. 10,798 and NRs. 9,151 respectively. The total medical cost for fatal crashes and injury crashes is calculated as NRs. 1,457,663 and NRs. 38,131,175, giving a total medical cost of the road traffic crash as NRs. 39,588,838.  

[bookmark: _Toc72596988][bookmark: _Toc73395094][bookmark: _Toc75723846]6.2 Vehicle Damage Cost
[bookmark: _Toc68852433][bookmark: _Toc72584665]The vehicle cost data has been analyzed based on data obtained from insurance companies and workshop/repair centers. Detailed assessment of the collected data yields the mean value of the cost of commercial vehicles, cars and Two wheelers are NRs. 154,615, NRs. 102,593 and NRs. 61,983 respectively. 
[bookmark: _Toc72584667][bookmark: _Toc73405662][bookmark: _Toc73430458][bookmark: _Toc75004084][bookmark: _Toc68852435]Table 4 Average damage cost of different kinds of vehicles
	Source
	Average Cost (NRs.)

	
	Commercial
	Car
	Two-wheeler

	Sagarmatha Insurance
	78,853
	69,314
	42,830

	Everest Insurance
	51,527
	110,709
	80,963

	Siddhartha Insurance
	123,081
	72,016
	93,754

	Auto Repair Workshop
	365,000
	158,334
	30,385

	Overall average
	154,615
	102,593
	61,983


Source: Corresponding Insurance Companies, Auto-workshop and repair center
[bookmark: _Toc73405663][bookmark: _Toc73430459][bookmark: _Toc75004085]
The net vehicle damage cost is calculated adding a survey fee with obtained overall mean value with deduction of salvage value and duties and a value-added tax of the spare parts. In this study, the cost of the spare parts was assumed as two third of the cost of repair with including 25% Duty and 13% VAT in line with 2007 RTC costing. The salvage value is taken as 10% as per inquiry with insurance companies and the amount for survey fee for insurance claims was based on inquiry of this rate from insurance companies. Therefore, Net Vehicle damage cost for commercial, car and two wheelers were calculated as NRs. 114,634, NRs. 74,121 and NRs. 45,740 respectively. The average cost of vehicle repair per vehicle damage was determined by summing the weighted value of the net vehicle damage cost which was calculated as NRs. 71,345.
Table 5 Net vehicle damage cost based on vehicle category
	Vehicle Type
	Repair
Cost
(NRs.)
	Duty and Vat
on Spare
Parts (NRs.)
	Estimated
Salvage
(NRs.)
	Survey
Fee
(NRs.)
	Net
Vehicle
Damage
(NRs.)

	Commercial
	154,615
	42,519
	15,462
	18,000
	114,634

	Car
	102,593
	28,213
	10,259
	10,000
	74,121

	Two-wheeler
	61,983
	17,045
	61,98
	7,000
	45,740


[bookmark: _Toc73405664][bookmark: _Toc73430460]
[bookmark: _Toc73405665][bookmark: _Toc73430461][bookmark: _Toc75004087][bookmark: _Toc68852438][bookmark: _Toc72584670]The total number of vehicles involved in fatal crashes is found to be 210 based on crash data assessment of 2020. The number of vehicle involvement per fatal crash and injury crash (number of vehicle involvement/number of fatal crashes) is determined as 1.5 and 1.8 respectively. The vehicle damage cost per fatal crash is calculated as NRs.107,018 and injury crash as NRs. 128,421 respectively. Similarly, the total vehicle damage cost for fatal crashes and injury crashes is calculated as NRs. 14.447 million and NRs. 535.13 million respectively. The total vehicle damage cost of RTC is calculated as NRs. 549.577 million.

Table 6 Total vehicle damage cost of crashes of Kathmandu valley 
	[bookmark: _Hlk72528040]Fatal Crash
	Injury Crash

	Vehicle damage cost
	Average Repair cost (NRs.)
	No of vehicle involve
	Cost (NRs.)
	Average Repair cost
	No of vehicle involve
	Cost
(NRs.)

	
	71,345
	1.5
	107,018
	71,345
	1.8
	128,421

	Total number of fatal crashes
	135
	Total number of injury crashes
	4167

	Total vehicle damage cost for fatal crashes
	14,447,363
	Total vehicle damage cost for injury crashes
	535,130,307

	Total vehicle damage cost of RTC
	549,577,670



[bookmark: _Toc72596989][bookmark: _Toc73395095][bookmark: _Toc75723847]6.3 Administrative Cost
The total resource cost per fatal crash is calculated as the sum lost output, medical cost, quality of life, and vehicle damage cost which is calculated as NRs. 7,444,612 and total resource cost per injury crash are NRs. 143,818. With administrative cost of 0.2%, 4% and 14% of the total resource cost, it gives the total administrative cost for fatal crashes and injury crashes as NRs. 2.010million and NRs. 107.872million respectively. 
7. [bookmark: _Toc72596990][bookmark: _Toc73395096][bookmark: _Toc75723848]Total Crash Cost Assessment
The total cost of road crashes is divided as injuries associated crash cost and damage only cost.
7.1 Injury based Crash Cost
The average cost per fatal crash and injury crash in Kathmandu Valley is NRs. 7,459,501 and NRs. 169,706 respectively.
[bookmark: _Toc68852439][bookmark: _Toc72584671][bookmark: _Toc73405666][bookmark: _Toc73430462][bookmark: _Toc75004088]Table 7 Average cost for fatal and injury crash 
	Cost Components 
	Fatal Crash (NRs.)
	Injury Crash (NRs.)

	Lost Output
	6,105,664
	5,206

	Medical Cost
	10,798
	9,151

	Vehicle damage
	107,018
	128,421

	Administrative cost
	14,889
	25,887

	Quality of life
	1,221,133
	1,041

	Average cost per casualty crash
	7,459,501
	169,706



Additional of all the crash cost components resulting in casualties, the total cost of casualty crashes in Kathmandu valley for the year 2020 is NRs. 1.714 billion.
Table 8 Total cost of Road traffic crash resulting in any form of injuries
	Cost Component
	Total Cost (NRs.)

	Lost Output
	845,956,172

	Medical Cost
	39,588,838

	Vehicle damage
	549,577,670

	Administrative cost
	109,882,473

	Quality of life
	169,191,234

	Total
	1714,196,387



[bookmark: _Toc72596991][bookmark: _Toc73395097][bookmark: _Toc75723849]7.2 Damage Only Cost
The average cost of vehicle repair for damage only was calculated as NRs. 5,850 for Motorcycle, NRs. 11,000 for Car/Jeep/micro, NRs. 30,200 for Truck, NRs. 20,000 for Bus as per the information collected regarding minor damage of vehicles from the auto- workshop and vehicle fleet operators. Then the weighted value of the average cost of each type of vehicle was determined by multiplying with percentage involvement for each type of vehicle in a road traffic crash, will gives the average repair cost for damage only crash as calculated as NRs. 11,740.
As the number of vehicle involvement per damage only crash is 1.8 in total of such crashes of 5370 in year 2020, the cost per damage only crash of vehicles is NRs. 21,132 which gives the total damage only crash cost of the vehicle is calculated as NRs. 113,478,840.
[bookmark: _Toc72596992][bookmark: _Toc73395098][bookmark: _Toc75723850]7.3 Total Cost of Road Crash
The total cost of casualty crashes in a road crash of Kathmandu Valley is calculated as NRs. 1.714 billion and total damage only crash cost of the vehicle is NRs. 113.478million. Thus, the total cost of road traffic crashes of Kathmandu Valley is calculated as NRs. 1.827 billion. 
[bookmark: _Toc73405669][bookmark: _Toc73430468][bookmark: _Toc75004094]Table 9 Contribution of various road crash cost components proportion
	Cost Component
	Total Cost (NRs.)
	Proportion (%)

	Lost Output
	845,956,172
	46.28 

	Medical Cost
	39,588,838
	2.16 

	Vehicle damage
	663,056,510
	36.27 

	Administrative cost
	109,882,473
	6.01 

	Quality of life
	169,191,234
	9.25 

	Total
	1,827,675,227
	100



The lost output shares a greater percentage (46.28 %) of the total cost of the road crash which is nearly consistent with recent 2017 RTI costing studies in Nepal (41.88%). The reason for the higher value of the cost of lost output in a road crash is as future productive income loss of the victims for twenty-four years is determined. Similarly, vehicle damage cost-share the second highest value (36.27 %) after lost output. The number of vehicles involved in road crashes in Kathmandu Valley for the fiscal year 2019/20 is 18,057 and the number of vehicles involved in road crashes in Nepal is 25789. This shows that Kathmandu Valley shares about 70% of the total number of vehicles involved in a road crash in Nepal. Therefore, the cost of vehicle damage cost is seen more in Kathmandu Valley. As the number of minor injuries is found to be more in Kathmandu Valley, so the medical cost shares a minimum percentage (2.16 %) of the total cost of a road crash.
The total cost of lost output for casualty crashes is calculated as NRs. 845,956,172. Similarly, the total medical cost for casualty crashes is calculated as NRs. 39,588,838, total vehicle damage cost for casualty crashes is NRs. 549,577,670, the total cost of quality of life (pain, grief, and suffering) for casualty crashes is NRs. 169,191,234 and total administrative cost for casualty crashes are calculated as NRs. 109,882,473. The total human cost for casualty crashes in a road crash is calculated as NRs. 1,054,736,245. The total cost of casualty crashes is calculated as NRs. 1714,196,387 and the total damage only crashes is calculated as NRs. 113,478,840. Finally, the total cost of a road traffic crash in Kathmandu Valley is calculated as NRs. 1,827,675,227 (i.e., 1827.67 million).
The recent study by (Banstola et al., 2020) gives the following value for the different cost components of road traffic crash cost in Nepal for the year 2017 as shown in Table 10 below and as per the value derived in 2017 RTI costing studies in Nepal, the value of Kathmandu Valley is generated by multiplying the factors with each category of cost as mentioned in 2017 RTI costing studies. The factor is obtained by dividing the number of fatalities in Kathmandu Valley by the number of fatalities in Nepal. This factor is used to generate the cost of Lost Output, Medical cost, administrative cost and Quality of life for Kathmandu Valley. In the case of Vehicle damage cost the factor is obtained by dividing the number of vehicles involved in road traffic crashes in Kathmandu Valley with the number of vehicles involved in road traffic crashes in Nepal.
[bookmark: _Toc73405670][bookmark: _Toc73430469][bookmark: _Toc75004095]Table 10 Generated Road traffic crash cost of Kathmandu Valley 
	Cost components
	Cost of Nepal (NRs.) 
	Generated cost of Kathmandu Valley (NRs.) 

	Lost Output
	9,569,065,000
	 730,524,258

	Medical Cost
	155,705,000
	 11,886,875

	Vehicle damage
	1,177,698,280
	 700,985,413 

	Administrative cost
	1,231,010,000
	 106,496,594

	Quality of life
	1,913,744,030
	 146,104,852 

	Total
	14,047,222,310
	1,695,997,990






8. [bookmark: _Toc72596996][bookmark: _Toc73395101][bookmark: _Toc75723854]Conclusion
[bookmark: _Toc72596997][bookmark: _Toc73395102]Road crash costing is very crucial for decision-makers for economic analysis of the road projects which will give decision-makers an idea about the importance of road safety intervention. The total cost of road traffic crashes of Kathmandu Valley is calculated to be NRs.1827.67 million which is nearly consistent with the generated cost for Kathmandu Valley from the cost figure of 2017 RTI costing studies for the fiscal year 2019/20. Further breakdown of the cost shows that the lost output cost shares a greater percentage (46.28 %) of the total cost of the road crash as the productive year loss of the fatal was found to be 24 years. This shows the huge economic loss due to a road crash and requires proper consideration from decision-makers to be more focused on proper road safety intervention to reduce the road traffic crashes.
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