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The cost estimates discussed in this 
report indicate the potential for significant 
economic cost savings if both deaths 
and injuries from road crashes could be 
substantially reduced in these countries. 
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EXECUTIVE  
SUMMARY

1  �The weighted mean cost per road traffic crash (RTC) casualty was estimated at Int$1,166 in Kazakhstan (the 
equivalent of 4.7 percent  of GDP per capita); Int$453 in Kyrgyzstan (9.7 percent of GDP per capita); Int$1,211 
in Uzbekistan (18.8 percent of GDP per capita); and Int$674 in Tajikistan (21.8 percent of GDP per capita).

Road traffic injuries (RTIs) are well known to cause enormous human suffering in terms 
of both morbidity and mortality, and on a global scale. The economic dimension of the 
disease burden is far less well understood; but it is important to assess the size of the 
economic burden so that it can be considered when calculating the cost-benefit ratio 
of policies to tackle this problem. Because it is, in principle, and to some degree, an 
avoidable one. 

This report focuses primarily on assessing various dimensions of the economic con-
sequences of RTIs, as applied specifically to four Central Asian countries (Kazakhstan, 
Kyrgyzstan, Tajikistan, and Uzbekistan) – a part of the world in which there is still a 
major need to reduce RTIs. 

Chapter 1 presents various dimensions of the health care costs attributable to RTIs, 
both at the health system and at the individual/household levels. This study shows that 
on top of the harm RTIs inflict upon human health, they also impose a considerable 
financial burden on health care systems. In 2016, the total estimated health costs of 
RTIs in these four countries was approximately Int$95 million, ranging from Int$2.8 
million in Tajikistan to Int$49.3 million in Kazakhstan. In Kazakhstan, the overall health 
costs resulting from RTIs were similar to the cumulative expenditure for rehabilitative 
and palliative care within the state-guaranteed basic package. In Kyrgyzstan, they 
exceeded the expenditures for emergency medical services within the mandatory 
health insurance fund; and in Tajikistan, they exceeded the expenditures for ambulatory 
care within the national budget.1

These costs were mainly driven by the types of injuries that result from road crashes, 
and by permanent medical impairment. For all injury and health care types, the cost per 
event that is generated by pedestrians was the highest in all four countries. However, 
motorized four-wheel users made up the largest group in absolute numbers of affected 
people. Serious injuries and injuries to multiple body regions accounted for only a small 
share of acute inpatient cases, but constituted the largest share of aggregate hospital 
costs in most of these countries. At the same time, slight injuries contributed to nearly 
40 percent of the cases of permanent medical impairments in these four countries. This 
corresponded to Int$13.2 million as costs for long-term care, ranging from Int$0.37 
million in Tajikistan to Int$7.24 million in Kazakhstan. 

The heavy financial burden on health care systems to manage RTIs in these countries 
adds weight to the urgency to increase preventive efforts by road safety policymakers, 
and should motivate appropriate organization of the post-crash response by health 
care system decision makers. The cost estimates discussed in this report indicate the 
potential for significant economic cost savings if both deaths and injuries from road 
crashes could be substantially reduced in these countries. 

EXECUTIVE SUMMARY
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Chapter 1 also provides an analysis of the likely health cost savings, conditional on three 
RTI reduction scenarios. 

Chapter 2 takes a more macro-level perspective, by estimating the RTI-attributable 
human costs (using a “value-of-statistical-life” (VSL) approach) as well as the effect 
of RTIs on economic growth in these four countries. Human costs – also sometimes 
referred to as “welfare costs”– generally account for the largest cost component in 
analyses carried out both in rich and poor countries (Wijnen & Stipdonk, 2016). 

One previously overlooked dimension of the economic burden of RTI corresponds to 
the effect of RTIs on economic growth. The loss of human capital and the reduced life 
expectancy due to RTI mortality dynamically alter the functioning and performance of 
the entire economy through their effects on the labor and goods markets. These effects 
are accounted for in this report by estimating the impact of RTI mortality and morbidity 
on the long-run growth rate of per capita GDP. 

The results presented in this study show that permanently reducing RTI-attributable 
DALYs in the working-age population by 10 percent would save human costs by an 
amount equivalent to a significant fraction of the 2019 GDP of these countries, ranging 
from 2.7 percent in Tajikistan to 6.4 in Kazakhstan. The effect of RTIs on the prospects 
for the economic development of the countries is almost as large: the same hypotheti-
cal reduction in RTI-attributable DALYs would significantly enhance economic growth: 
by 2048 per capita GDP would be expected to be Int$140 higher in Kazakhstan than it 
would be if RTI DALYs had remained unchanged; in Kyrgyzstan Int$32.3 higher; in Tajik-
istan Int$11.0 higher; and in Uzbekistan Int$55.4 higher. This implies a total additional 
income ranging from 2.7 percent of 2019 GDP in Tajikistan to 5.5 percent in Kyrgyzstan. 
These are relatively large numbers which add to the estimated value-for-money of 
policies to tackle RTIs.

In principle, RTIs are preventable and so are their economic costs. Around the world, 
there are policies that have proven to be effective in reducing the number of road 
accidents, as is discussed in Chapter 3. However, in order to decide whether a particular 
policy intervention is cost-effective, and justifiable from an economic efficiency per-
spective, it is necessary to have detailed information on 1) the costs of the intervention; 
2) its effectiveness in reducing road traffic fatalities and injuries; and 3) the economic 
benefit of a life-year saved. With this information at hand, it is possible to judge whether 
the cost of one life-year saved by means of a given policy is smaller than its benefit, and 
which policy option out of those available has the larger return per dollar invested.

This report contributes to the third question above, while the first two remain outside its 
scope. Further research and a consistent effort of primary data collection is necessary in 
order to address these questions, because the cost and the effectiveness of each policy 
depends on the specific context in which it is to be implemented. Nevertheless, the 
evidence produced in this report about the magnitude of the benefits of reducing RTI 
shows that investing in road safety offers great potential for economic cost savings, and 
suggests that several policy interventions, and/or combinations of interventions, are at 
the very least likely to represent good “value-for-money.” 

Currently, most of the road safety interventions undertaken by the health care systems 
are focused on the post-impact stage and are aimed at preventing death and reducing 
the severity of injuries once an accident has occurred. The results of our study indicate 
a need for preventive measures and policy interventions across the “chain of opportu-
nities,” including through emergency rescue, prompt access to emergency and trauma 
care, and rehabilitation. Achieving this will require more information on the quality 
and organization of post-crash care services in these countries; there is also scope for 
improving data systems across the transport, health care, and police sectors to better 
enable future quantitative evaluations that can inform system reform. The recording 
and reporting of injury-related data various phases of post-crash care are essential to 
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identifying priority areas, monitoring progress, and evaluating whether resource allo-
cation is being appropriately directed; for example, into the monitoring of emergency 
medical services (EMS) and/or hospital injury surveillance.

The emphasis in health care system responses to RTIs should be on the provision of 
timely and coordinated assistance to people with RTIs on site (prehospital care) as 
well as in the hospital, by assuring the availability of: (1) qualified personnel among 
those who are first to reach the scene (paramedics, doctors, first aid-trained police 
and fire brigades); (2) transport (ambulances with required equipment, helicopters); 
(3) hospitals with emergency departments situated near major roads, and (4) highly 
qualified medical personnel and medical technology in hospitals to treat severe cases 
with polytrauma. 

There is no shortage of general recommendations on key policies that are widely seen 
to represent an effective response for reducing the burden of RTIs. As far as the preven-
tion of RTIs is concerned, those recommendations include:

•	 Reduction of risk exposure by stabilizing motorization levels, providing alternative 
modes of travel, and improving land-use planning practices;

•	 Reduction of risk factors directly related to crash causation, such as speeding, 
drinking and driving, using unsafe vehicles on unsafe roads (with inadequate safety 
features for the traffic mix), and failing to enforce road safety laws effectively;

•	 Reduction of the severity of injuries by mandating and enforcing the use of seat 
belts, child restraints, and helmets, as well as by improving road infrastructure and 
vehicle design to protect all road users. 

Ideally, these and other policies should be considered as part of a holistic approach to 
tackling the RTI burden, within the context of a “Safe System,” taking into account each 
of the Safe System pillars (Road Safety Management; Safe Roads; Safe Speeds; Safe 
Vehicles; Safe Road Users; and Post-Crash Care), and recognizing that evidence-based 
solutions should be adopted from across these pillars to produce effective road safety 
outcomes.

Notwithstanding a broad international consensus in this set of policies, there remains a 
lack of context-specific evidence from RTI policies in a low- to middle-income country 
(LMIC) context in general, and for these four Central Asian countries specifically. This 
applies to both the evidence of effectiveness, but – not surprisingly – even more so to 
the evidence of cost-effectiveness, which would be particularly useful for priority-set-
ting purposes. 

In the scarce literature that does exist on RTIs in LMICs, there are nonetheless some 
encouraging findings about the “return on investment” of a set of RTI interventions, 
with some polices possibly even paying for themselves through the savings they pro-
duce in terms of health care cost avoidance and other potential economic savings. This 
includes three interventions that are relevant to all road users – speed enforcement, 
alcohol enforcement, and safer road infrastructure – and three additional interventions 
that are relevant for particular groups—enforcing helmet use for motorcycle riders; 
enforcing seat belt use for occupants of motor vehicles; and setting up graduated 
licensing schemes for young drivers.

Future research should seek to fill this evidence gap; better contextualize the existing 
global evidence base; and increase the chances for take-up by national and regional 
policymakers in LMICs generally, and in Central Asia in particular. Such research will 
depend on the production, availability, and analysis of appropriate data – a clear chal-
lenge, and not only in the four Central Asian countries studied here. 



4

INTRODUCTION

2  �Road traffic is also captured in SDG target 11.2: “…by 2030, provide access to safe, affordable, accessible 
and sustainable transport systems for all, improving road safety, notably by expanding public transport, with 
special attention to the needs of those in vulnerable situations, women, children, people with disabilities 
and older people.”

3  �CAREC is a program that was established in 1997 by the Asian Development Bank to encourage economic 
cooperation among countries in Central Asia and nearby parts of Transcaucasia and South Asia. The 11 
members of CAREC are Afghanistan, Azerbaijan, the People’s Republic of China, Georgia, Kazakhstan, the 
Kyrgyz Republic, Mongolia, Pakistan, Tajikistan, Turkmenistan, and Uzbekistan.

4  �See Table 0.1 for statistics on the two best-performing countries in the Europe and Central Asia region; Box 
0.1 for a summary of the state of some key road safety policies in these countries; and Appendix A Table A1 
for further details.

Road traffic accidents impose a major – and at least in principle avoidable – global 
health burden. Worldwide, road traffic deaths have been rising steadily, from 1.15 
million in 2000 to 1.35 million in 2018. Road traffic injuries (RTIs) are the single 
largest cause of mortality and long-term disability among young people aged 15-29, 
and their impact is also considerable among the working-age population more broadly. 
Therefore, they can be expected to pose a substantial burden on the limited health 
care systems and societal resources in low-to-middle-income countries (LMICs), 
where the global burden of RTIs is currently concentrated, following sharp declines 
in high-income countries in recent decades. LMICs suffer 90 percent of global road 
deaths, despite accounting for only 50 percent of the vehicles (WHO 2018). 

Every traffic crash causes human harm. When death or serious injury results, this loss is 
compounded by the harm to whole households and social networks. Since many RTIs 
involve the adult breadwinners of families, there are often also adverse effects on their 
children, who may need to drop out of school or university and start working to support 
their families. 

The challenge has not gone unnoticed at either the national or the international level. 
For instance, in 2011, the United Nations released the Global Plan for the Decade of 
Action for Road Safety (2011–2020). In 2015, RTI prevention also became part of 
the Sustainable Development Goals (SDGs) as Target 3.6: to cut in half by 2020 the 
number of global deaths and injuries from road traffic accidents).2

In Central Asia and some of its neighboring countries, the Central Asia Regional 
Economic Cooperation (CAREC)3 Program has also developed a regional road safety 
strategy, with the objective of reducing fatalities on CAREC road corridors by 50 
percent by 2030 as compared to 2010, by making CAREC international road corridors 
“safe, efficient and attractive for all road users.”

Despite such high-level recognition of the problem and commitment to various strategies 
and plans, actual progress in reducing road traffic fatalities and injuries has been slow. 
While many countries have made significant strides toward reducing RTIs, more progress 
could have been made; and the prevalence of RTIs and the  associated harm remain 
unnecessarily high in many countries, in particular in the Central Asian countries.4

This report seeks to highlight the case for action, by documenting the situation in four 
Central Asian countries on selected dimensions of the economic costs associated 
with road traffic injuries (RTIs), and–conversely – the economic benefits that could 
be reaped from substantively reducing them. The focus is in particular on the costs in 
terms of health care, macroeconomic growth, and human (or “welfare”) costs. 

Introduction
Growth
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This report is structured into three main chapters. Chapter 1 estimates various dimen-
sions of the health care costs attributable to RTIs, both at the societal and individual/
household levels. Chapter 2 takes a macro-level perspective, first, by estimating the 
economic consequences of RTIs in terms of their impact on national per capita incomes, 
and, second, by estimating the broader human costs of RTIs (or the benefits of reducing 
RTIs), building on the Value-of-Statistical Life approach. While the evidence on the cost 
burden alone may be helpful in underlining the urgency of the problem, evidence-based 
decision making in this domain will ideally require indications on what can and should 
be done to reduce RTIs, and data on what it will cost. Chapter 3 provides a brief synthe-
sis of the existing evidence base relating to the effectiveness and cost-effectiveness 
of RTI interventions in LMICs, as input into further specific analysis of recommended 
policy responses for each of the Central Asian countries studied here. Chapter 4 pro-
vides a conclusion, and suggests some preliminary recommendations.

The World Bank has recently undertaken a major global exercise to take stock of key 
elements of road safety policies in lower- and middle-income countries (LMICs), 
including in the four countries studied in this report (World Bank 2019). While there 
is no claim to the completeness of the information, and while policies may well have 
evolved since this assessment, Appendix A Table A1 summarizes key elements of the 
policies that were reviewed. A brief overall assessment across four selected domains 
highlights these facts:

•	 Speeding is a major risk factor for road crash injuries, contributing to both 
crash risk and crash consequences. Effective speed management measures, 
such as establishing and enforcing speed limit laws, traffic calming through 
roadway design and other measures, and vehicle technology need to be widely 
implemented. While all four countries have a national speed limit law, the limits 
vary, and in some of the countries should be further reduced.

•	 Universal deployment of improved vehicle safety technologies for both passive 
and active safety through a combination of harmonization of relevant global 
standards, consumer information schemes, and incentives to accelerate the 
uptake of new technologies would reduce RTIs significantly. Thus far, out of the 
available menu of speed-calming options, all four countries have resorted only to 
vertical deflections (traffic-calming measures that create a change in the height of 
the roadway).  

•	 Establishing and enforcing laws to address the major behavioral risk factors 
for RTIs – drink- driving; nonuse of helmets, seat belts, or child restraints; and 
speeding – should be among  these countries’ priorities. However, there remains 
variation across the four countries; for example, the extent of seat belt law 
enforcement appears to be limited in some of the countries.

•	 Good post-crash care reduces deaths and disability and suffering for road crash 
survivors. An effective emergency medical care system and processes plays a key 
role here. While all four countries have national emergency numbers for people to 
call, not all have a trauma  registry system, and there is variation in general health 
system performance aspects.

BOX 0.1:  
Selected Road Safety Policies  
in Four Central Asian Countries 
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Table 0.1: � Key Road Traffic Indicators in Central Asia and in the Best-Performing Countries in the Europe and 
Central Asia (ECA) Region

Source: World Bank (2019). “Guide for Road Safety Opportunities and Challenges: Low- and Middle-Income Country Profiles.”  
Washington, DC: World Bank.
Note: The table uses two sources for the estimation of the road fatalities: the World Health Organization (WHO), and the Global Burden  
of Disease project of the Institute of Health Metrics (GBD)

2016 WHO 
ESTIMATED 

ROAD  
FATALITIES

2016 GBD 
ESTIMATED 

ROAD  
FATALITIES

2016 WHO 
ESTIMATED 

FATALITY 
RATE/  

100,000 POP.

2016 GBD 
ESTIMATED 

FATALITY 
RATE/ 

100,000 POP.

% TREND  
IN FATALITY 

RATE/ 
100,000 

(2013 - 2016)

MOTORIZATION 
REGISTERED 
VEHICLES/ 

100,000 
POPULATION

% OF ROAD CRASH 
FATALITIES AND 
INJURIES IN THE 
ECONOMICALLY 

PRODUCTIVE  
AGE GROUPS  

(15 - 64 YEARS)

Kazakhstan 3,158 2,780 17.6 15.7 -17.5% 24,367 82%

Kyrgyzstan 916 901 15.4 14.4 -17.6% 17,272 84%

Tajikistan 1,577 648 18.1 7.2 10.4% 5,037 82%

Uzbekistan 3,617 4,015 11.5 12.6 -6.1% 0 84%

BEST -PERFORMING COUNTRIES IN THE REGION

Macedonia 134 164 6.4 7.5 5.8% 21,284 73%

Serbia 649 797 7.4 8.9 -6.1% 25,877 65%
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CHAPTER 1: 
HEALTH CARE COSTS 
ATTRIBUTABLE TO ROAD 
TRAFFIC INJURIES

5  �The risk of impairment and long-term consequences (and hence the health care treatment cost burden) 
does of course increase as a function of the severity of injuries; however, the vast majority of nonfatal 
injuries leading to medical impairment are slight rather than serious (Malm et al. 2008; Bohman et al. 2014; 
Gustafsson et al. 2015).

The health care costs of road traffic crashes (RTCs), and their evolution over time 
is a function of the size of the injury burden (incidence, prevalence, mortality); the 
progress in protective vehicle technology; and improved safety of road infrastructure. 
Road traffic deaths and serious injuries are in principle preventable since the risk of 
incurring injury in a crash is largely predictable; and proven, effective interventions do 
exist. 5 In this sense, road traffic injuries (RTIs) share similar characteristics with other 
prominent and preventable conditions, including heart disease, cancer, and stroke 
(Bolen et al. 1997). In the context of RTIs, the main role of the health care system is in 
the post-impact stage, and is aimed at preventing death as well as reducing the severity 
and consequences of injuries once an RTC has occurred. By contrast, interventions to 
prevent crashes fall outside of the health care system. Assessing the health care costs of 
RTIs may serve as an important input into the debate about road safety in Central Asia, 
and unit cost values--that is, the value of an injury by type or costs--are key factors to 
consider in policy development and cost-benefit analyses for safety programs and the 
design of post-crash trauma care systems. In addition, just as with burden of disease 
metrics, cost estimates can be compared between several types of injury that differ with 
respect to severity and type of care needed (Meerding 2004; Segui-Gomez 2003). 

Estimates of the health care costs of RTIs are relatively scarce as compared to the 
typically more frequently assessed costs of property damage or production loss. 
Nonetheless these costs can be expected to impose a significant cost burden from the 
perspective of individuals, households, and the health sector overall. Assessing the 
impact of RTIs on the financial burden faced by affected households is challenging, 
because some of the burden of care may be borne by others--for example, subsidized 
public facilities--or may be deferred into the future, as households with members who 
have been injured in crashes incur debt or are forced to sell their assets in order to pay 
for care, or household members experience earning losses (Gertler and Gruber 2002). 

This chapter will contribute to filling the evidence gap of estimating the economic 
costs of RTIs, applied to the health care systems in these four countries, by highlighting 
the total health care costs; costs by type of care; and costs by type of injury. It will also 
discuss the estimated health care costs that could be avoided by implementing suitable 
road safety policies. Finally, an estimation of the health care cost burden of RTIs on 
households at the lower end of the income distribution will be considered.

Chapter 1: Health Care Costs Attributable to Road Traffic Injuries
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The results presented in this chapter provide the first detailed quantification of the 
health care costs attributable to RTIs, as well as their distribution, in four Central 
Asian countries. They therefore offer information that can help road safety and health 
care policymakers design a comprehensive approach to tackling the problems created 
by road traffic crashes.

6  �https://databank.worldbank.org/home.aspx
7  �The International Dollar is the unit of currency that has the same purchasing power parity (PPP) as the US 

Dollar at a given point of time. It reflects the country’s currency exchange and PPP rates for a specific year, 
and is used to compare the prices of goods and services between countries and over time; that is, it shows 
how much a local currency unit is worth within the country’s borders, and the comparable amount of goods 
and services it would buy in another country.

8  �https://www.aaam.org/abbreviated-injury-scale-ais/

METHODOLOGY
General Approach
This study uses the cost-of-illness (COI) approach, where health care costs are the 
product of major parameters of the cost model – incidence, care volume, consumption 
rate, and unit costs. The method used for each of these parameters is discussed in the 
sections below, and in greater detail in Appendix B. The method chosen for each of 
these parameters took into account (1) the lack of injury surveillance systems and/or 
the nature of available data to explore patterns of injury severity; and (2) the heteroge-
neity of available data on health care consumption pertaining to these four countries. 

Costs were estimated from a health system perspective, which means that all medical 
costs were included, regardless of the source of payment (individual, household, 
government, third-party payers, etc.). Overall health care costs were estimated for the 
RTCs that occurred in the target year, 2016. The costs were standardized in the national 
currency of each country to enable comparing the economic parameters from various 
years to the prices in the target year, by using the consumer price index retrieved from 
the World Bank database.6 Following standard practice, and again to enable compar-
ison from country to country, all costs were converted to international dollars (Int$),7 
using the purchasing power parity (PPP) conversion factors from 2016.

RTI-Related Health Care Consumption
This study uses an approach based on health care consumption groups, to compre-
hensively reflect the severity of clinical injuries and the care consumed. All injured 
casualties were allocated to economically homogeneous patient groups that were 
predictive in terms of health care consumption. The groups were defined based on the 
combination of injured body region and severity of injury, using the Abbreviated Injury 
Scale (AIS).8 

Since reliable and accurate metrics to define country-specific injury patterns were not 
available for these countries, the clinical injury outcome distribution was modeled by 
applying mappings that relate external cause to the nature of injuries, using a tool called 
E-N mappings, which is based on the structural models of injury causation (Bhalla et 
al. 2011). This approach has previously been recommended by the World Bank Global 
Road Safety Facility (GRSF) in cases where the incidence of injury outcomes cannot 
be directly estimated (Bhalla et al. 2011). Such models recognize that the distribution 
of injury outcomes is a function of the crash characteristics along with the biological 
characteristics of the injured person. 
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In this study, E-N mappings developed from in-depth crash databases, trauma registers, 
hospital information systems and linked police-hospital databases were used for the 
extrapolation. AIS injury rates were attributed to patient groups considering the follow-
ing potential contributory factors: crash characteristics - collision configuration, crash 
opponents, vehicle body type, vehicle model year, occupant position, seat belt and 
helmet use status; and casualty biological characteristics such as age, which reflects 
anthropometric and biomechanical load limits. More detailed information regarding 
the injury outcome distribution, including AIS injury rates, is presented in Appendix 
B (Tables B1 – B15). Patients with an AIS of 3 or above (AIS3+) were considered to be 
seriously clinically injured (Perez et al. 2016). Considering that the maximum AIS score 
is not sensitive to polytrauma (injuries to multiple body regions), input values derived 
from research on crash scenarios were applied. 

9  �The HEATCO acronym stands for Developing Harmonised European Approaches for Transport Costing 
and Project Assessment. HEATCO’s primary objective was the development of harmonized guidelines 
for project assessment and transport costing on the EU level. This included the provision of a consistent 
framework for monetary valuation based on the principles of welfare economics. 

Road Traffic Crashes 
This analysis takes into account the existence of bias in reporting RTC data--for exam-
ple, discrepancies in police-reported and hospital-reported data--since the underre-
porting of road accidents exists in all countries (WHO 2018). The country-reported RTC 
data were corrected for underreporting and adjusted for various parameters that are 
used to define RTC-related terms at country-level regulations in order to approximate 
the real magnitude of RTCs (Appendix B, Tables B19 and B20). The estimated number 
of road traffic deaths was based on the World Health Organization (WHO)-generated 
estimates of road traffic deaths for all member states, while the estimated number 
of injured road traffic users was calculated by applying correction factors developed 
by the EU-funded HEATCO research project (WHO 2018; Bickel et al. 2006).9 Other 
RTC-related data, such as vehicle fleet composition, registered vehicles by model year, 
and the like were obtained from national statistical organizations and public authorities 
with responsibilities in the area of road safety (Ministries of Internal Affairs, Ministries of 
Transport, etc.). 

RTI Cost Valuation Techniques
RTI-related health care costs by category were valued using either restitution costs or 
top-down micro-costing methods. Top-down micro-costing was applied whenever 
formally approved tariffs were not in place, or they did not reflect the real costs of 
delivered care. Tariffs approved or established according to the methodology approved 
by the Ministries of Health were used in the calculations. (See Appendix B, Tables  
B23 – B29). 

Financial Burden of Road Traffic Injuries on Households
The choice of the method used to assess the financial burden of RTIs on households, 
as in the case of the major parameters of the cost model, was mainly constrained by 
the limited and heterogeneous availability of data. The budget share (BS) approach 
was used to estimate the financial burden on households in the lowest income group. 
The estimated financial burden index refers to health care costs that are attributable 
to RTIs, expressed as a percentage of household income and in relationship to a 
predefined (threshold) limit. In alignment with the literature in this field, the threshold 
of 10 percent of average household income was applied (Russell 1996; Russell 2004). 
The financial burden index represents an average figure. It does not reflect either the 
way that all households experience health care costs, or the full landscape of such 
costs. However, increases in the financial burden suggest that poorer households will 
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be particularly adversely affected, with a higher percentage of their income becoming 
devoted to out-of-pocket payments and thus not available for other needs.

The BS approach requires only limited data, but it does not capture the situation of poor 
households specifically. In order to appropriately assess the burden of health care costs 
related to RTIs on household economic outcomes, country-specific, individual-level 
data will be required so that catastrophic health care expenditures and medical 
impoverishment in terms of poverty headcount and the poverty gap can be calculated. 
However, such survey-based data were not available for these four countries.

Limitations
The cost model has several limitations, as discussed below and in further depth in 
Appendix B. First of all, the analysis presented here relies on E-N mappings to model the 
RTI outcomes distribution, since reliable and accurate metrics to define country-spe-
cific injury patterns were not available for these four countries. This could result in 
either underestimating or overestimating the country-specific health care cost of RTIs. 
Second, because data related to care consumption by crash casualties are missing, it 
was necessary to apply conservative assumptions and/or normative judgments/policy 
targets within the health care system. This will have increased the probability that the 
total health care costs are underestimated rather than overestimated. Third, two of the 
countries, Uzbekistan and Tajikistan, did not apply a base rate or relative cost weights in 
their tariff estimations, which would have allowed the calculation of budget-neutral tar-
iffs. The cost per case/episode of care essentially functions as a bundled fee-for-service 
(FFS) mechanism. This could cause overestimation of the costs for specific categories. 
However, overall, these limitations do not substantially compromise the results of the 
study, which has many strengths and is a first step in understanding the economic costs 
of RTIs on Central Asian health care systems.

EMPIRICAL RESULTS 
Health Care Costs at a Glance 
The total health care costs of the estimated RTIs that occurred in 2016 in the four coun-
tries amounted to Int$95 million, ranging from Int$2.8 million in Tajikistan to Int$49.3 
million in Kazakhstan. This corresponded to 0.34 percent of current health expenditure 
(CHE) in Kazakhstan, 0.47 percent in Kyrgyzstan, 0.34 percent in Uzbekistan, and 0.15 
percent in Tajikistan (Figure 1.1). 

Uzbekistan and Kazakhstan generated health care costs per road traffic casualty three 
times higher than Kyrgyzstan, and nearly twice as much as Tajikistan. These differences 
are strongly related to differences in economic development (GDP per capita) and 
health care expenditure, as well as in the institutional designs of health care delivery.
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Figure 1.1. �Health Care Costs of Road Traffic Injuries in Selected Central Asian Countries, 2016 

Source: Authors’ calculations

10  �Social Health Insurance Fund Annual Report, 2017 https://fms.kz/o-fonde/otchetnost/]
11  �Law No. 216 (21) of 27.12.2017 on the budget of the Mandatory Health Insurance Fund, http://cbd.minjust.

gov.kg/act/view/ru-ru/111725?cl=ru-ru 
12  �Law on the state budget of the Republic of Tajikistan for 2016, http://minfin.tj/downloads/

zakon01032016.pdf 
13  �Road traffic crash data disaggregated by gender are not recorded and/or reported for Tajikistan and 

Kyrgyzstan.

Putting these numbers into perspective, in Kazakhstan, the overall health care costs 
resulting from RTIs were similar to the 2017 cumulative expenditures for rehabilitative 
and palliative care within the state-guaranteed basic package.10 In Kyrgyzstan, the RTI 
costs exceeded the expenditures for emergency medical services within the mandatory 
health insurance fund;11 and in Tajikistan, they exceeded the expenditures for ambula-
tory care within the national budget.12

In Kazakhstan, nearly half of health care costs (46 percent, Int$22.8 million) were due 
to injuries suffered by women in road crashes. Uzbekistan presented very different 
figures – only Int$0.66 million (equivalent to 2 percent of health care costs). In this 
study, this distribution of costs is mainly driven by incidence, not by consumed care, 
given the data that was available.13 However, it should be borne in mind that fatality 
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Health cost per  

RTC casuality 
(% of CHE per capita)

Health cost per  
RTC casuality 

(% of CHE per capita)

Health cost per  
RTC casuality 

(% of CHE per capita)

Health cost per  
RTC casuality 

(% of CHE per capita)
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Int$ 8.6M

Int$
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https://fms.kz/o-fonde/otchetnost/
http://cbd.minjust.gov.kg/act/view/ru-ru/111725?cl=ru-ru
http://cbd.minjust.gov.kg/act/view/ru-ru/111725?cl=ru-ru
http://minfin.tj/downloads/zakon01032016.pdf
http://minfin.tj/downloads/zakon01032016.pdf
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and injury numbers alone do not tell the whole story of the burden of road crashes 
within the health care system: the individual determinants of crash casualties that are 
predictive for health care consumption are also important. For example, the effects 
of age and gender on costs has been confirmed (van Beeck, 1996; Achit et al., 2014; 
Carnis et al., 2014; Shen et al., 2015; Achit, 2015; Papadakaki et al. 2016; and Devos et 
al., 2017). Older people suffered higher costs related to crash casualties than younger 
ones, and females had higher average costs. The higher costs for older casualties may 
be due to the fact that aging reduces the injury-related biomechanical load limits and 
is accompanied by increasing comorbidities and longer recovery periods. For females, 
the higher costs are determined by differences in injury patterns compared to men; for 
example, women were more often involved in a road crash as vulnerable road users. 
Therefore, road safety policymakers should take the broad variability of health care 
costs into account.

Health Care Costs Related to RTC Casualties and Their Impact 
on Households
The weighted mean cost per road traffic crash (RTC) casualty was estimated to be 
Int$1,166 in Kazakhstan (equivalent to 129 percent of current health expenditures  
(CHE ) per capita, or 4.7 percent of GDP per capita); Int$453 in Kyrgyzstan (198 percent 
of CHE per capita, or 9.7 percent of GDP per capita); Int$1,211 in Uzbekistan (312 
percent of CHE per capita, or 18.8 percent of GDP per capita); and Int$674 in Tajikistan 
(320 percent of CHE per capita, or 21.8 percent of GDP per capita).

For all injury and health care types, the cost per event generated by pedestrians was the 
highest in all four Central Asian countries (Table 1.1). However, this group was not the 
largest one in the structure of road crash casualties (see Appendix B, Tables B19 – B20). 
Motorized four-wheel users (drivers and occupants) registered the second-highest cost 
per event in Kyrgyzstan, similar to Kazakhstan. However, in Kazakhstan, a significant 
share of the health care cost per event (Int$1099) was due to the use of air ambulances, 
which were used predominantly to attend to crashes involving motorized four-wheelers. 

Table 1.1 � Health Care Cost Per Event by Road User, 2016 (in Int$) 

PEDESTRIANS CYCLISTS
MOTORIZED 2 

OR 3-WHEELER 
USERS

MOTORIZED 
4-WHEELER 

USERS

Kazakhstan
Cost per event 1,179 898 720 1,099

% of CHE per capita 136.3 103.8 83.3 127.2
% of GDP per capita 4.9 3.8 3.0 4.6

Kyrgyzstan
Cost per event 492 395 402 424
% of CHE per capita 214.8 172.4 175.7 185.2
% of GDP per capita 10.5 8.4 8.6 9.1

Tajikistan
Cost per event 753 686 545 617
% of CHE per capita 357.7 326.0 258.8 293.0
% of GDP per capita 24.3 22.2 17.6 19.9

Uzbekistan
Cost per event 1,479 1,018 1,121 1,066
% of CHE per capita 380.6 262.1 288.4 274.3
% of GDP per capita 22.9 15.8 17.4 16.5
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Source: Authors’ calculations

At the same time, in Kazakhstan and Tajikistan motorized four-wheel users accounted for 
the highest aggregate health care costs, as well as the highest costs for each type of care 
(Table 1.2). These differences are mainly driven by incidence, not by consumed care and its 
subsequent costs. For instance, cyclists incurred higher average hospital costs for all AIS 
3+ (severe) injuries, compared to motorized four-wheel users (Int$2,087 vs. Int$2,054 in 
Uzbekistan; Int$349 vs. Int$346 in Kyrgyzstan; Int$1,029 vs. Int$1,030 in Tajikistan; and 
Int$953 vs. Int$946 in Kazakhstan).

Table 1.2 � Costs by Road User and Type of Care Consumed, 2016. (In Int$)

PEDESTRIANS CYCLISTS
MOTORIZED 2 

OR 3-WHEELER 
USERS

MOTORIZED 
4-WHEELER 

USERS

Kazakhstan
Prehospital care (EMS) 308,531 32,822 10,369 4,343,212
ED care 35,614 3,882 948 56,709
Outpatient care 1,916,826 210,136 51,708 3,043,422
Hospital care 6,901,749 669,390 166,833 10,141,593
Long-term care 9,839,719 623,203 160,170 10,850,393
Total 19,002,439 1,539,433 390,028 28,435,329

Kyrgyzstan
Prehospital care (EMS) 79,632 9,864 8,076 71,003
ED care - - - -
Outpatient care 260,819 33,073 26,842 233,935
Hospital care 2,218,525 260,064 213,823 1,892,388
Long-term care 1,833,848 133,702 115,586 1,180,329
Total 4,392,824 436,703 364,327 3,377,655

Tajikistan
Prehospital care (EMS) 5,565 1,035 97 7,591
ED care - - - -
Outpatient care 40,593 10,421 737 53,812
Hospital care 664,710 132,354 9,625 795,535
Long-term care 526,450 65,942 5,089 525,717
Total 1,237,318 209,752 15,548 1,382,655

Uzbekistan
Prehospital care (EMS) 212,962 72,599 62,825 258,538
ED care - - - -
Outpatient care 1,631,154 590,313 519,655 1,935,060
Hospital care 6,773,322 1,764,547 1,653,588 6,287,983
Long-term care 6,164,853 1,043,163 1,068,436 4,451,096
Total 14,782,291 3,470,622 3,304,504 12,932,677

Source: Authors’ calculations

In Kyrgyzstan, a mean out of pocket (OOP) spending of Int$259 by traffic-injury affected 
households in the lowest income quintile imposes a financial burden of 5 percent of mean 
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annual income. Despite this being an average figure, it is of concern because many house-
holds might also face a catastrophic or “regressive” financial burden, considering the 
large range between the minimum and maximum annual income in this quintile (Int$206 
and Int$7,189). For instance, the spending on traffic injury treatment by households with 
a very low income could be as much as 125 percent of their annual income. However, 
excessive OOP payments may also hinder access to health care, and poorer households 
might be less likely to experience catastrophic payments, since they might avoid or delay 
necessary health care (Brown, Hole, and Kilic 2014). Further, a financial burden of 3 per-
cent and 1 percent is produced for households from the second- and fifth-highest income 
quintiles, respectively. 

Kazakhstan presents similarities in terms of average figures for financial burden: a 
financial burden of 6 percent and 1 percent of mean annual income is imposed to 
households in the lowest and highest income deciles.

In Tajikistan, health care for a traffic injury (Int$445) produces a catastrophic financial 
burden on households from the lowest income decile (23 percent), and a low financial 
burden (2 percent) of mean annual income on households from the highest income 
decile. Hence, some of the poorest 10 percent of households have borne a ”regressive” 
financial burden; that is, a financial burden exceeding 100 percent of the mean annual 
income. These figures raise a series of issues in terms of both economic burden and 
equity in access to health care for the poorest households.14 OOP spending is acting 
both to deter people from seeking necessary care and, once advice has been sought, 
from receiving the most appropriate treatment. 

14  �An earlier study on Tajik households that was not specifically related to RTIs found that there are significant 
differences in health care use rates across socioeconomic groups, with the differences between groups 
being related to the ability to pay (Falkingham 2004).

Health Care Costs of Road Traffic Injuries
The patterns of the injuries with highest aggregate costs are quite similar in these 
countries (Table 1.3). Road crash casualties with a head injury consumed by far the 
highest share of total costs (from 30 to 40 percent), caused by the highest incidence 
rate and highest mean cost per casualty. Further, injuries to lower and upper extremities 
were in the top three injuries with the highest aggregate costs. Polytrauma, which had 
the highest cost per casualty, was associated with the lowest aggregate costs.

Table 1.3 � Health Care Costs by Injury Type (Body Region), 2016 (In Int$)

KAZAKHSTAN KYRGYZSTAN TAJIKISTAN UZBEKISTAN

Injuries to Head 15,303,240 2,536,400 1,175,315 10,212,874

Injuries to Neck 4,603,092 633,961 193,628 2,309,845

Injuries to Thorax 4,760,494 749,190 262,372 3,406,245

Injuries to Abdomen 3,912,294 660,749 227,094 2,565,701

Injuries to Upp Ext 6,889,042 1,192,810 268,373 4,565,444

Injuries to Low Ext 11,714,468 2,190,556 461,704 8,577,373

Injuries to Multiple 
Regions (Polytrauma) 2,013,184 563,700 246,429 2,645,620

Injuries to  
Unspecified Region 171,415 44,142 10,359 206,991

Source: Authors’ calculations
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The average health care cost related to a fatality was estimated to be Int$282 for 
Kazakhstan, Int$124 for Kyrgyzstan, Int$137 for Tajikistan, and Int$404 for Uzbekistan. 
The average share of fatalities in the total health care cost was less than 2 percent in 
Kazakhstan and Kyrgyzstan. A higher share was estimated in Uzbekistan and Tajikistan 
(4.2 percent, and 7.6 percent, respectively). (Table 1.4) These fairly low values suggest 
that a large number of deaths (approximately 70 percent) occurred at the crash scene, 
before any intervention of the health care system could take place. This pattern is 
also confirmed in other reports, which have found that the vast majority of road traffic 
deaths in LMICs occurs in the prehospital phase (WHO 2018). Therefore, increasing 
access to prehospital care, and improving national trauma care system capabilities and 
capacities is crucial.

Table 1.4 � Health Costs of Road Crash Fatalities, 2016 (In Int$)

KAZAKHSTAN KYRGYZSTAN TAJIKISTAN UZBEKISTAN

Death at crash scene 63,694 24,918 7,362 182,123

Dead on arrival at  
the hospital 993 - 1,513 -

Death at ED 596 - - -

Death at hospital 825,516 91,314 207,115 1,278,696

Total 890,799 116,232 215,990 1,460,819

Percentage of Total 
Health Care Costs 1.8 1.4 7.6 4.2

Source: Authors’ calculations

The health care costs attributable to RTIs reflect additional expenditures that countries 
incur because of road crashes. This includes the computed costs of services and 
products (medical procedures, investigations, consultations, etc.) that are needed 
to restore the health status of the person injured, ideally to the level prior to the road 
crash. Table 1.5 summarizes such expenditures and their distribution. As expected, the 
health care cost distribution is skewed, with road crash casualties that are admitted for 
inpatient acute care, and early or late consequences of injury accounting for more than 
80 percent of the total costs in all four countries. This is strongly correlated with injury 
patterns, and with the risk of permanent medical impairment. 

Cost variations from country to country are mainly due to different approaches to 
health care delivery and financing, including the way trauma care is organized. For 
instance, in Kazakhstan, prehospital emergency care was provided by both ground 
and air ambulances. The latter accounted for about Int$3.85 million, with an average 
cost per journey of Int$7,400. Also, the designed pathway for crash casualties included 
rehabilitative care during the period of hospitalization immediately following the injury 
(the first stage of rehabilitation). This accounted for more than Int$16 million, with an 
average cost per discharge of Int$3,738. 

Prehospital emergency care accounted for less than 2 percent of aggregate health 
care costs of RTIs in Kyrgyzstan, Tajikistan, and Uzbekistan. This is mainly due to the 
extremely low use of resources within the crash casualty pathway, ranging from 1 
percent in Tajikistan to 21 percent in Uzbekistan, of estimated injured casualties who 
were attended by an ambulance. More crash casualties were transported by passers-by, 
which tends to complicate injuries as a result of poor handling.
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Table 1.5 � Costs by Type of Care Consumed, 2016 (In Int$)

KAZAKHSTAN KYRGYZSTAN TAJIKISTAN UZBEKISTAN

ABS. % ABS. % ABS. % ABS. %

Prehospital 
care 4,694,934 9.5 168,574 2.0 14,287 0.5 606,923 1.8

ED care 97,153 0.2 - - - - - -

Outpatient 
care 5,222,092 10.6 554,669 6.5 105.563 3.7 4,676,182 13.6

Hospital 
care 17,879,564 36.2 4,584,800 53.5 1,602,225 56.3 16,479,441 47.8

Long-term 
care 21,473,485 43.5 3,263,465 38.1 1,123,198 39.5 12,727,547 36.9

Total 49,367,228 8,571,508 2,845,273 34,490,093

Source: Authors’ calculations 

This distribution of RTI-related costs, with a major part of the burden related to hospital 
and long-term care and reduced use of prehospital emergency care, suggests the need 
to reevaluate the crash casualty pathway (“chain of care”) in order to avoid preventable 
deaths and permanent medical impairment or disability, and to limit the severity of inju-
ries. A series of time-sensitive actions are essential in order to provide effective care for 
the injured, and a chain of opportunities for intervening across a longer timescale –from 
care at the crash scene, transport, and facility-based emergency care to rehabilitation. 
This study highlights both the appropriateness of care and potential areas for cost 
containment, for example by reducing the risk of costly episodes of inpatient and reha-
bilitative care. For instance, it was demonstrated that the risk of sustaining a permanent 
medical impairment due to a thoracic injury of AIS 4+ (excluding spine) is rather low 
compared with injuries of the same AIS level in other body regions (Malm 2008). Thus, 
a person surviving an AIS 4+ thoracic injury (excluding spine) usually recovers without 
functional reduction. This is also applicable to those who survive abdominal AIS 4+ 
injuries. On the other hand, there are injuries that cause immediate and permanent dis-
ability (AIS 4+ injuries to cervical, thoracic, and lumbar spine), and thus generate health 
care consumption over a long period of time for inpatient services, medical appliances, 
and so on. In this case, preventive interventions are required from outside the health 
care system.

This study does not elucidate the costs of post-impact care versus the benefits of 
preventing injury in RTCs. However, international research has shown that improved 
organization and planning for emergency care can be carried out at a reasonable cost 
and can lead to more appropriate use of resources, improved care, and better outcomes 
(White, Williams, and Greenberg 1996). In LMICs most of the effective prehospital 
strategies are basic and inexpensive, and the lack or scarcity of high-tech interventions 
need not deter efforts to provide adequate care. Significant reductions in preventable 
deaths can also be achieved through improvements in the trauma care system. Previous 
studies have indicated an average reduction of 50 percent in medically preventable 
deaths; and population-based and trauma registry studies have shown around a 20 
percent reduction in mortality (Simons et al. 1999; Mann et al. 1999; Brennan et al. 
2002). And the intervention costs per life (or life-year) saved are very low compared to 
other medical interventions (Durham et al. 2006; Rotondo et al. 2006).

In this study, serious injuries (AIS 3+) and polytrauma accounted for only a small share 
of acute inpatient cases, but constituted the largest share of aggregate hospital costs 
in three of these four countries . Thus, in Tajikistan 21 percent, and in Uzbekistan 18 
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percent of hospitalized cases generated almost 57 percent of the costs for this type of 
care; in Kazakhstan, 19 percent of hospitalized cases accounted for 47 percent of those 
costs. In Kyrgyzstan, 21 percent of crash casualties who were hospitalized for serious 
injuries (AIS 3+) or polytrauma contributed to 36 percent of the costs. At the same time, 
the weighted mean cost per hospital stay of all road user groups was estimated to be 
Int$817 for Kazakhstan, Int$325 for Kyrgyzstan, Int$702 for Tajikistan, and Int$1,215 
for Uzbekistan.

More detailed analyses of care category costs, and costs related to injury severity have 
provided further insight into the factors that influence these costs, and useful informa-
tion for both clinical quality improvement activities and targeted planning and preven-
tion initiatives. Serious injury and polytrauma should not be regarded, either ethically or 
economically, as being “equal” to a large number of slight injuries that may result in the 
same costs; similarly, preventing serious injuries should not be preferred to preventing 
a larger number of slight injuries. The risks of permanent medical impairment for slight 
injuries (AIS 1-2) are much lower than the risks for serious injuries (AIS 3+), but because 
slight injuries (AIS 1-2) are so frequent, a significant number of impairments have 
been sustained from such injuries. For instance, slight injuries (AIS 1-2) contributed 
to nearly 40 percent of the cases of permanent medical impairments in four Central 
Asian countries.15 This corresponded to Int$4.60 million in Uzbekistan, Int$0.37 million 
in Tajikistan, Int$1.02 million in Kyrgyzstan, and Int$7.24 million in Kazakhstan, as 
costs for inpatient subacute and rehabilitative care. At the same time, the weighted 
mean cost per treated case was estimated to be Int$2,986 for Kazakhstan, Int$687 for 
Kyrgyzstan, Int$1474 for Tajikistan, and Int$2,902 for Uzbekistan.

Special attention should be given to the significant share accumulated by long-term 
care services in aggregate health care costs. A deeper analysis is needed to understand 
the main cost drivers; however, a dual situation is highlighted. On the one hand, long-
term care consumption is required (and is often available) to manage injuries, thereby 
enhancing the impact of emergency and acute inpatient care, as well as limiting their 
physical and psychological impact. However, rehabilitative care was identified only 
in Kazakhstan, while in the case of Kyrgyzstan, Tajikistan, and Uzbekistan, inpatient 
subacute care for early or late consequences of injury is provided. On the other hand, 
long-term care raises issues regarding the organization of the national trauma system 
and the efficacy of acute care delivered at previous stages, thus preventing, as far as 
possible, the development of permanent disability. 

15  �Based on PMI 5%+ scale.

Avoidable Costs 
RTIs have not always been considered a preventable health problem, although it has 
long been known that they are related to modifiable determinants (Plasencia and Cirera 
2003). Tackling RTIs is not substantially different than tackling other major health 
problems. Interventions to prevent RTIs and reduce related mortality, morbidity, and 
disability include modifying the various factors involved in collisions. These factors 
play a role before, during, and after a crash, and are located both inside and outside the 
scope of the health care system.

This study also considered the potential evolution of costs, if established road safety 
targets were achieved. The costs from the health care system perspective are important 
in informing the future prioritization of health care resources, especially in regard to 
considering the financing arrangements in place (payment mechanisms, etc.). To show 
the effects of interventions, the estimated health care costs for 2016 (the “status quo” 
scenario) was compared with three hypothetical scenarios – a “moderate,” a “median,” 
and an “optimistic” one – in which the countries would reduce their average road 
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crash mortality and injury rates by 25, 50, or 75 percent, by 2025. The redistribution of 
injury outcomes as a result of changes in the various crash determinants—for example, 
improvements in protective vehicle technology and road infrastructure, and changes in 
collision configurations--is a difficult task. Therefore, the prediction of how the health 
care costs related to road crashes would change in the short run as a result of reducing 
crash deaths and injuries (including reducing their severity) is based on the assumption 
of keeping all other variables constant.

The cost model showed that the reduction in deaths and injuries from road crashes 
would have a notable positive effect on expenditures for health care. The cumulative 
costs to be avoided by the health system by 2025, in the case of the “median” scenario, 
would amount to Int$28.1 million for Kazakhstan, Int$5.2 million for Kyrgyzstan, 
Int$1.9 million for Tajikistan, and Int$22.5 million for Uzbekistan (See Table 1.6). Con-
sequently, the health care expenditure for RTIs would decline to 0.15 percent of CHE in 
Kazakhstan, 0.18 percent in Kyrgyzstan, 0.05 percent in Tajikistan, and 0.12 percent in 
Uzbekistan. However, this study does not take into account the likely linear or nonlinear 
relationship between reducing mortality and injury rates, and decreasing RTI-related 
health care costs – an issue that should be explored through further research.

The RTI health care cost burden on these four health care systems persisted at still sig-
nificant levels in all three scenarios. For instance, the share of the weighted mean cost 
per casualty in the CHE per capita, in the case of the “median” scenario, was estimated 
to be 111 percent in Kazakhstan, 152 percent in Kyrgyzstan, 207 percent in Tajikistan, 
and 217 percent in Uzbekistan. This was mainly determined by the injury patterns, and 
the risk of permanent medical impairment. Thus, changes in injury patterns should 
also be considered an integral part of an overall reduction of injury rates. Reducing the 
severity of injuries would of course translate into decreasing health care costs. 

Since injury is an immediate consequence of the impact of the crash, preventive 
interventions aim to reduce or eliminate this impact in the first place through imposing 
speed limits and improving enforcement and road design are important. There is con-
siderable international evidence on the relationships between impact velocity, impact 
speeds, and the probability of fatal and serious injury across a range of common crash 
scenarios (Jurewich 2016). Much of this research points to the fact that even a small 
reduction in speed can lead to considerable reductions in road injuries. For example, 
nearly all pedestrians survived a collision with the front of a car at a collision speed of 20 
km/hr, while at 80 km/hr, less than half survived (Rosen, Stigson, and Sander 2011). For 
impact speeds of up to 40 km/hr, 35 percent of cyclists suffered head injuries, whereas 
this rose to 72 percent of the cyclists at speeds above 40 km/hr (Otte et al. 2015). 
Furthermore, motorcycle helmet use reduced AIS 1 head injuries by 34 percent, AIS 2 
head injuries by 22 percent, and AIS 3+ head injuries by 21 percent (Otte et al. 2013). 
And newer vehicles (models from 2009 and later) generally carried less risk of injury in 
frontal collisions with belted occupants compared to older vehicles, reducing the odds 
of AIS 2+ injury by 31 percent and of AIS 3+ by 55 percent (Forman et al. 2019).
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Table 1.6 � RTI-Related Health Care Costs Avoided in Various Scenarios (In Int$)

COST AVOIDED % OF CHE COST PER RTC 
CASUALTY

% OF CHE  
PER CAPITA

Kazakhstan

Moderate scenario 14,919,993 0.24 1,038 120

Median scenario 28,133,096 0.15 960 111

Optimistic scenario 39,634,065 0.07 880 102

Kyrgyzstan

Moderate scenario 2,840,584 0.31 402 176

Median scenario 5,228,334 0.18 348 152

Optimistic scenario 7,093,238 0.08 298 130

Tajikistan

Moderate scenario 1,083,711 0.09 555 264

Median scenario 1,920,267 0.05 435 207

Optimistic scenario 2,503,474 0.02 314 149

Uzbekistan

Moderate scenario 12,680,540 0.21 1,021 263

Median scenario 22,502,475 0.12 841 217

Optimistic scenario 29,777,109 0.05 662 170

Source: Authors’ calculations

If there were a reduction in road crash fatalities only, it was estimated that there would 
actually be an increase expenditures in all health care cost categories due to increased 
consumption of care. For instance, if the number of road fatalities in these countries 
were cut in half due to effective safety and infrastructure programs, and/or effective 
interventions from the health care system, there would be cumulative higher aggregate 
costs of Int$5.2 million, ranging from Int$0.14 million in Kyrgyzstan to Int$2.38 million 
in Kazakhstan. This would correspond to an increase in the share of CHE by 2 percent in 
Kyrgyzstan, 6 percent in Kazakhstan and Uzbekistan, and 27 percent in Tajikistan. Road 
safety and health care policymakers should take this into account, and should bear in 
mind that effectively treating the people whose deaths were prevented would require 
adequate organization of the national trauma care system and appropriate allocation of 
financial resources to fund it.
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CHAPTER 2: 
THE EFFECT OF RTI MORTALITY 
AND DISABILITY ADJUSTED 
LIFE-YEARS (DALYS) ON 
ECONOMIC GROWTH

16  �Definitive data for 2020 are not available yet. 

As mentioned in the introduction to this report, road traffic injuries (RTIs) are a major 
cause of death and disability worldwide, especially in lower- and middle-income 
countries (LMICs); and for the relatively young population that they represent, they are a 
leading cause of death and disability. Progress has been made on improving road safety 
in recent decades, although many countries will not meet the United Nations Sustain-
able Development Goal (SDG) 3.6, which had set a target of reducing RTI mortality and 
injuries by 50 percent by 2020, compared to its level in 2010.16 

In this chapter we will evaluate the impact of RTI from a macroeconomic perspective in 
Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan. This analysis will complement and 
extend the results of the cost of injury (COI) estimates presented in the previous chapter.

In several studies, Wijnen and his coauthors have pointed out that there are five types of 
socioeconomic cost categories that are related to RTI (Wijnen 2020; Wijnen et al. 2019; 
Wijnen and Spidonk 2016):

1.	 Medical Costs: The costs of medical treatment and rehabilitation from injuries 
resulting from road crashes;

2.	Production Loss: Loss of production and consumption due to the loss of human 
capacities;

3.	Human Costs: Loss of quality of life and life-years;

4.	Property Damage: Damage to vehicles, roads, roadside objects, and freight;

5.	Administrative Costs: Costs of police and other emergency services, insurance,  
and legal costs.

They have concluded that the largest share of the RTI burden is that of the human costs. 
In a recent evaluation of RTI burden carried out in Kazakhstan, Wijnen (2021) concluded 
that the total costs of road crashes were estimated at $6.8 billion in 2012, which 
corresponds to 3.3 percent of the GDP. Using a value of statistical life (VSL) approach, 
the aggregate human costs were estimated at $5.5 billion, accounting for 81.1 percent 
of the total costs. Property damage (mainly damage to cars) accounted for a share 
of 11.3 percent of the total costs, while production loss accounted for 5.9 percent. 

Chapter 2: The Effect of RTI Mortality and Disability Adjusted Life-Years (DALYs) on Economic 
Growth
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Administrative and medical costs were relatively small cost components, amounting to 
1.3 and 0.4 percent of the total costs, respectively. 

This chapter’s purpose is twofold. First, we provide an evaluation of human costs for 
the four countries of interest. For Kazakhstan only, Wijnen (2021) derived the VSL from 
a contingent valuation questionnaire administered to more than 1,000 individuals; 
his data refers to 2012. The analysis presented in this chapter uses more recent data, 
and estimates the VLS for all four countries of interest, by exploiting the empirical link 
between average income and VSL derived by Viscusi and Masterman (2017). Compared 
to other studies, including Viscusi and Masterman’s, which measure VSL in current 
US dollars, the estimates of VSL adjusted for purchasing power parity (PPP) are also 
reported, to facilitate a meaningful comparison with the US estimate, which is the usual 
reference in this literature, and also among the four countries. For Kazakhstan, by far 
the richest of the four countries, the PPP-adjusted VLS estimate is significantly larger 
($3.6m) than the one by Wijnen (2021) (about $0.73 million).

Second, we add to the list of socioeconomic cost categories a conceptually dynamic 
component, which has been rather overlooked so far in the literature; that is, the effect 
of RTI on future economic growth. All of the cost components in Wijnen’s taxonomy are 
static and do not account either for the long-run effects of RTI on economic systems, 
or for the adjustments that economies undertake in reaction to RTI. For instance, in 
the traditional analysis, production loss is taken as the potential production of one 
individual. It assumes that individuals will work full-time and continuously for the rest of 
their working years, regardless of whether they were employed, unemployed, or inactive 
on the date of the road accident. But in reality, the economic system adapts to a loss 
of labor supply in several ways, which may well compensate for the loss. In most cases, 
there is a reserve of idle labor supply (the unemployed) that can be tapped into. How-
ever, such compensation is hardly complete, because specific human capital takes time 
and resources to be replaced. There are also other potentially relevant mechanisms at 
work that need to be considered: for example, as with mortality and morbidity due to 
other causes, RTI affects life expectancy, which in turn affects saving and investment 
decisions, and thus influences consumption and prices through a multitude of eco-
nomic adjustments (Bloom et al. 2019). 

The analysis presented here shows that RTI has a negative effect on long-run economic 
growth that is sizeable and should not be neglected. We estimate that reducing RTI-at-
tributable disability adjusted life-years (DALYs)--a combined measure of mortality and 
morbidity--in the working-age population by 10 percent would add 0.55 percentage 
points to the total amount of achievable economic growth in a period of more than 30 
years. This would also yield an additional income flow with a net present value (NPV) 
equivalent to about 5 percent of 2019 GDP in Kazakhstan, Kyrgyzstan, and Uzbekistan, 
and 2.7 percent in Tajikistan. These figures are far from negligible, because they are 
similar to our assessment of the human costs: 6.4 percent in Kazakhstan; 4.7 percent in 
Kyrgyzstan; 2.7 percent in Tajikistan; and 3.1 percent in Uzbekistan.

These results suggest that the dynamic effects of RTI on economic development are 
important and should not be neglected. In fact, the human costs and the dynamic 
macroeconomic costs are by far the main cost components to be considered.

This chapter develops as follows. After describing RTI DALYs and mortality in the four 
countries, the focus turns first to the evaluation of the human costs and subsequently to 
the estimation of the effect of RTI on economic growth.
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DATA
The analysis exploits data from the Global Burden of Disease Study (GBD), a long-run-
ning study that is based on what may be the largest repository of health data, the Global 
Health Data Exchange (GHDx). Since 1990 the GBD has estimated the number of 
deaths, DALYs, Health-Adjusted Life Expectancy (HALE), and other metrics specific to a 
large number of diseases and injuries, by age group, for all countries. The estimates are 
continually revised, as new information reaches the GHDx. 

DALYs combine premature mortality and morbidity by weighting life-years lived with 
disability: the weights are proportional to the severity of the disability. For instance, a 
person expected to live 75 years who has a road accident at age 50 that would imply a 
disablement of 50 percent, followed by a premature death at age 70, will lose 15 DALYs: 
5 DALYS for premature death, and 10 for the time spent with disability. The correspond-
ing health-adjusted life-years--that is life-years spent in good health--are 60. 

HALE is a closely related concept that adjusts life expectancy by weighting the 
years lived in disability to produce life expectancy in good health. For instance, a life 
expectancy of 75 years combined with 10 years lived with disability (on average), with a 
disability weight of 0.5, corresponds to a HALE of 70 years. 

This section documents the evolution of RTI and all-cause DALYs and deaths in the four 
countries of interest between 1990 and 2019—the last year for which data are avail-
able—distinguishing between the whole population and the working-age population 
(ages 15-64). We also relate the health burden of RTI with GDP per capita

Figure 2.1 shows a similar pattern for RTI DALYs in Kazakhstan, Kyrgyzstan, and 
Uzbekistan. After a sharp decline between 1990 and the late 1990s, the number of 
DALYs due to RTI increased until about 2010 and then started declining. In Tajikistan we 
also observe the decline during the 1990s, but thereafter the pattern is that of a mild 
but steady increase. Abdunazarov et al. (2020) have suggested that the initial decline 
might be to some extent a statistical artifact due to the switch from Soviet statistical 
administration to national statistics, although this can hardly be the full story. The 
subsequent increase could be explained both by improved statistics recording, and by 
strong economic performance in the first decade of the new century, which caused a 
large increase in motorization. The more recent decline is likely associated with policy 
interventions and improved road safety. In 2019 RTI DALYs were 954 per 100,000 
inhabitants in Kazakhstan. Kyrgyzstan and Uzbekistan followed with 915 and 896 
respectively, while Tajikistan was much lower at 486.

The dashed line represents all-cause DALYs, a comprehensive measure of population 
health. We observe a decline in all-cause DALYs (that is, an improvement of population 
health) starting around 2010 in all of the countries except Tajikistan, where the decline 
had started earlier, soon after independence in the early 1990s. In 2019, all-cause 
DALYs were the highest in Kazakhstan (31,424 DALYs per 100,000 inhabitants), lowest 
in Kyrgyzstan (25,263), and equal to 28,281 in Tajikistan and 29,876 in Uzbekistan. 

Similar patterns hold for RTI deaths (Figure 2.2). In 2019 they were around to 15 per 
100,000 inhabitants in Kazakhstan, Kyrgyzstan, and Uzbekistan, and much lower 
in Tajikistan.
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Figure 2.1. � RTI and All-Cause DALYs per 100,000 population

Source: GBD 2019

Figures 2.3 and 2.4 report DALYs and deaths due to RTI for the working-age population 
(15-64 years), and for the whole population. RTI DALYs and mortality are always 
higher in the working-age population compared to the whole population.17 In 2019, 
RTI DALYs and deaths in the working-age population were between 27 percent (in 
Uzbekistan) and 36 percent (in Kyrgyzstan), higher than the level registered for the 
whole population: this gap is persistent throughout the study period. RTI DALYs in 
the working-age population are between 1100 and 1250 per 100,000 inhabitants in 
Kazakhstan, Kyrgyzstan, and Uzbekistan, and just half as much in Tajikistan. RTI deaths 
range between 18.6 and 20.6 in in Kazakhstan, Kyrgyzstan, and Uzbekistan, and are just 
below 10 in Tajikistan. 

17  �This fact reflects the higher mobility of the younger population, partly related to commuting from the 
workplace and partly to less sedentary lifestyles. 
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Figure 2.2 � RTI and All-Cause Mortality per 100,000 Population

Source: GBD 2019

Figure 2.3 � RTI DALYs by Age Group
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Figure 2.3 (CONT) � RTI DALYs by Age Group

Source: GBD 2019

Figure 2.4 � RTI Mortality by Age Group

Source: GBD 2019
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In the leftmost panel of Figures 2.5 and 2.6, for the sake of comparison we report 
the RTI DALYs and RTI deaths in the Central Asian countries; for Asia overall; and for 
Eastern Europe. 

18  �World Bank classification

Figure 2.5 � RTI DALYs per 100,000 Population, by Region and Income Classification

Source: GBD 2019

The four countries targeted in this study are representative of the general RTI situation 
in Central Asia. The number of both RTI DALYs and deaths is smaller in Central Asia than 
in Asia overall, and in Eastern Europe, as shown in the left panel of Figures 2.5 and 2.6, 
although this gap has been closing in recent years. In the rightmost panels of the figures 
we compare the numbers in Central Asia with those in lower middle income (LMI), 
upper middle income (UMI) and high income (HI) countries.18 Central Asia has lower RTI 
DALYs and deaths than both the LMI and UMI, but it is higher than the HI countries. The 
gap with the HI countries seems to be narrowing in recent years. 
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Figure 2.6 � RTI Deaths per 100,000 Population, by Region and Income Classification

Source: GBD 2019
Note: “Eastern Europe” includes Russia, Belarus, Ukraine, Moldova, Lithuania, Estonia, and Latvia.

Figures 2.7 and 2.8 display RTI DALYs (deaths) and real GDP per capita. The GDP 
estimates are from the Penn World Table 10.0 (PWT 10.0), the most comprehensive, up 
to date, and reliable collection of macroeconomic aggregates, widely used in studies 
on economic growth. (Real GDP per capita is very similar in meaning to PPP-adjusted 
GDP per capita.) For all countries, the data clearly reveal the major economic downturn 
during the first years after independence, followed by sustained growth since the mid-
1990s, tripling real GDP per capita in 2019, as compared to its minimum.

Figures 2.7 and 2.8 do not reveal a close correspondence between RTI DALYs (deaths) 
and per capita GDP. While GDP has been monotonically increasing since about 1995, 
RTI-specific health indicators first sharply increase and then decline (with the partial 
exception of Tajikistan). This evidence suggests that simple correlations are unable 
to tell anything about the causal effect of RTI on economic growth. The relation might 
even be circular, as RTI DALYs and deaths decline when better economic conditions 
allow people to afford better and safer cars, and there is investment in road safety 
(Sodikov 2021). 
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Figure 2.7 � RTI DALYs and GDP Per Capita

Source: GBD 2019, PWT10.0

Figure 2.8 � RTI Mortality and GDP Per Capita
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Figure 2.8 (CONT) � RTI Mortality and GDP Per Capita

Source: GBD 2019, PWT10.0

HUMAN COSTS
This section presents estimates on the reduction of human costs associated with a 
decrease of RTI DALYs, compared to the levels of 2019.

Following the literature and international guidelines, Wijnen defines human costs as 
“loss of quality of life and life-years,” and states, “To estimate human costs, the Willing-
ness To Pay (WTP) approach [...] is generally regarded as the most appropriate method 
for calculating human costs. In the WTP approach, people are directly or indirectly asked 
how much money they are willing to pay for a risk reduction which enables the ‘Value of 
a Statistical Life’ (VSL) to be determined.” (Wijnen 2020, 5)

Hence, for each country, the VSL is imputed. In the willingness-to-pay framework, 
individuals trade income for a marginal increase in their life expectancy. This is because 
individuals derive utility from both income and the expected number of life-years. The 
maximum amount that they would be prepared to pay to obtain a given increase in 
life-years defines their willingness-to-pay. An analogous trade-off can be expressed in 
terms of income and the probability of dying. 

The VSL is the amount of money corresponding to one saved life. (See Appendix C 
for a formal presentation and derivation.) An example may be useful here: consider a 
reduction in the probability of dying of 1 out of 100,000. This reduction corresponds to 
1 saved life in a population of 100,000 people. Now take this population and suppose 
that each individual is willing to pay 30 dollars to “buy” the smaller risk of death. Then 
the aggregate amount paid by the population to save 1 life will be 3 million dollars (i.e. 
$30 dollars times 100,000 inhabitants). The latter is the VSL; that is the aggregate 
willingness-to-pay to reduce mortality by 1 unit per 100,000 inhabitants.

The two most common strategies used to estimate willingness-to-pay are revealed 
preferences, and contingent evaluation. The former derives WTP from observed individ-
ual behaviors, such as choosing to equip a car with optional (and paying) safety devices, 
or the wage premium an employee asks to accept a hazardous job. In the latter example, 
individuals are directly asked about their WTP by means of questionnaires. Subjects are 
asked how much they are willing to pay to reduce a given risk of a given amount, in a 
situation which is hypothetical but described in some detail. 
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Both of these strategies rest on strong assumptions. The former assumes that individu-
als are fully aware of the level of risk associated with the various alternatives when they 
take actions. The latter assumes that individuals are able to understand a hypothetical 
situation, appreciate the proposed level of risk reduction, and are not influenced by the 
very fact of being asked these questions. 

Estimating the VSL requires extensive microdata, which often exists in high-income 
countries, but much less so in LMICs. A large number of studies deal with the US, 
where data availability is maximal; and recent estimates place American VSL at $9.6 
million. Viscusi (2015) and Viscusi and Masterman (2017) derived this value from a 
meta-analysis of VSL estimates. This estimate is very close to the values used by the U.S. 
Department of Transportation, the U.S. Environmental Protection Agency, and the U.S. 
Department of Health and Human Services. 

Viscusi and Masterman (2017) offer a way to circumvent this problem. They begin by 
observing the strong link between income and VSL: that is, richer people are ready to 
pay more for a given reduction in the risk of dying than the poor are. The same observa-
tion applies to countries: in richer countries the VSL is larger than in poorer countries. 
Hence, they propose an empirical rule based on a cross-country regression to impute 
the VSL starting from a country’s Gross National Income (GNI), and anchoring it to the 
US’s VSL and GNI.

This strategy has been adopted here, first to update the US VSL to 2019, and to impute 
the VSL to the four countries of interest for 2019. The results are reported in Table 2.1. 
The VSL ranges from $1.4million in Kazakhstan to $163,000 in Tajikistan.19 The positive 
relationship with GNI per capita is evident by comparing columns (1) and (3). 

Estimates are sensitive to the level taken by the key parameter estimated by Viscusi and 
Masterman, namely the income elasticity of the VSL. This parameter tends to be smaller 
in richer countries and larger in poorer countries. For instance, it is 0.52 in the US, while 
it is as large as 2.5 in the poorest country. Eventually, Viscusi and Masterman suggest 
adopting an income elasticity equal to 1.0 because, they argue, it is “tractable and 
because we fail to reject the hypothesis that the international elasticity is equal to 1.0 in 
any of our specifications” (Viscusi and Masterman 2017, 244). The estimates in Table 2.1 
follow this recommendation. 

The VSL is inversely correlated with income elasticity. For instance, in Kazakhstan the 
VSL ranges from $3.8 million with an income elasticity of 0.5, to just $68,000 with an 
income elasticity of 2.5. The VSL in Uzbekistan, Kyrgyzstan, and Tajikistan would be 
$1.7 million, $1.4 million, and $1.3 million respectively, were an income elasticity of 0.5 
applied instead of the unitary elasticity that was used in Table 2.1. 

To facilitate cross-country comparison, both within the region and with the US, in 
Column 4 of Table 2.1 VSL estimates are adjusted for purchasing power parity (PPP), 
multiplying Column 3 by the conversion factor derived by the World Bank for 2019. The 
PPP-adjusted VSL is measured in international dollars and is directly comparable with 
the cost-of-illness estimates discussed in Chapter 1. The PPP-adjusted VSL turns to be 
between three and four times larger than the corresponding unadjusted estimates.

Table 2.1 also reports HALE for 2019, provided by the GBD study. HALE corresponds to 
the years lived in good health, counting for a fraction of the years lived with disability. 
It is then possible to compute the value of one year lived in good health by dividing the 
VSL by the HALE. This ratio is referred to as VSLY, Value of a Statistical Life-Year (lived in 
good health). VSLY ranges from $11.012 in Tajikistan to $61.685 in Kazakhstan.

19  �The VSL for Kazakhstan is significantly larger than the estimates of Wijnen (2021), which are obtained from 
contingent evaluation questionnaires and range between 0.596m and 0.872m. The corresponding figures 
in Viscusi and Masterman (2017), which refer to 2015, are $1.96 million in Kazakhstan, $0.37 million in 
Uzbekistan, and about $0.2 million in Kyrgyzstan and Tajikistan. 
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Table 2.1. � The Value of Statistical Life and the Value of a Statistical Life-Year 

(1) 
GNI PER 
CAPITA 

2019

(2)  
PPP GNI 

PER CAPITA 
2019

(3) 
VSL 2019

(4)  
VSL 2019 

PPP 
ADJUSTED

(5)  
HALE

(6) 
VSLY (= VSL 

2019 PPP 
ADJ / HALE)

Kazakhstan 8,820 22772 1.392m 3.896m 63.16 61,685

Kyrgyzstan 1,240 4865 0.196m 0.781m 64.93 12,028

Tajikistan 1,030 3614 0.163m 0.681m 61.84 11,012

Uzbekistan 1,800 6652 0.284m 1.208m 60.88 19,842

Note: US VSL in 2019 is $9.883 million. US GNI per capita in 2019 is $59,431.

20  �As for the previous policy, we consider the 30-year period between 2019 and 2048, and a discount rate of 
2 percent.

The second step is that of assessing the value of a permanent reduction of RTI DALYs 
by 10 percent, compared to the level registered in 2019. The annual benefit of such 
a reduction is the product of the saved DALYs (Column 2 of Table 2.2) by the VSLY 
(Column 1 of Table 2.2). This corresponds to a proportion of the PPP-adjusted GDP, 
which ranges from 0.14 percent in Tajikistan to 0.30 percent in Kazakhstan (Column 
4). The NPV of the stream of annual benefits from 2019 to 2048 (a 30-year period), 
discounted at 2 percent per year, corresponds to 3.2 percent of the 2019 PPP GDP 
in Tajikistan, 3.6 percent in Uzbekistan, 4.7 percent in Kyrgyzstan, and 6.9 percent 
in Kazakhstan.

Table 2.2. � The Effect of Reducing DALYs by 10 Percent 

(1)  
VSLY 2019 

(INT$)

(2) 
RTI DALYS 

SAVED (10% 
OF 2019 
LEVEL)

(3) 
ANNUAL 
BENEFIT 

(INT$)

(4) 
ANNUAL 

BENEFIT/
GDP 2019

(4) 
NPV PERMANENT 

REDUCTION OF RTI 
DALYS BENEFIT / 

GDP 2019

Kazakhstan 61,685 21,417 1321m 0.30% 6.9%

Kyrgyzstan 12,028 5,552 67m 0.20% 4.7%

Tajikistan 11,012 3,798 42m 0.14% 3.2%

Uzbekistan 19,842 24,798 492m 0.15% 3.6%

Note: The discount rate is 2 percent. The annual benefits would be proportionally higher, if reductions of RTI DALYs 
were more pronounced. 

If the four countries managed to gradually reduce RTI DALYs by 50 percent in 10 years 
(between 2019 and 2029), and they maintained the achieved level thereafter, a goal 
which resounds with that of SDG 3.6, the NPV of this policy would be equal to 26 percent 
of the 2019 PPP-adjusted GDP in Kazakhstan, 18 percent in Kyrgyzstan, 12 percent in 
Tajikistan, and 14 percent in Uzbekistan.20 

It is also worth computing the benefits of avoiding a road accident in terms of saved 
human costs. Based on administrative sources, the number of registered accidents 
by year is obtained, to then compute the average ratio ρ = RTI DALYs / Road Accidents 
between 2015 and 2019, by country. The corresponding figures are presented in Table 
2.3. The ratios are quite divergent: around 10 DALYs per accident in Kazakhstan and 
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Kyrgyzstan, and more than 33 in Tajikistan and Uzbekistan. In all of the countries, 
however, the figures appear high and suggest that only severe accidents, that is, those 
with serious injuries or fatalities, are reported to the authorities. To err on the side of 
prudence, the lowest value of this ratio was assigned to all four countries. Subsequently, 
the benefit per accident avoided was computed by multiplying ρ by VSLY. 

Avoiding a major road accident allows savings of as much as $582,206 in Kazakhstan, 
where the VSLY is the highest; it would be $187,308 in Uzbekistan, $113,544 in Kyrgyz-
stan, and $101,953 in Tajikistan, where the VSLY is the lowest.

Table 2.3: � Benefits of Avoiding a Road Accident (2015-19) 

(1) 
ρ =RTI DALYS/

ROAD ACCIDENTS

(2) 
ASSIGNED ρ

(3) 
BENEFIT PER 

ACCIDENT 
AVOIDED

Kazakhstan 10.55 9.44 582,306

Kyrgyzstan 9.44 9.44 113,544

Tajikistan 33.54 9.44 103.953

Uzbekistan 34.89 9.44 187,308

DYNAMIC MACROECONOMIC COSTS OF RTI
This section is devoted to assessing the macroeconomic benefit of reducing RTI DALYs. 
As mentioned in the introduction to this chapter, this evaluation adds a dynamic 
component to the list of socioeconomic costs attributable to RTI, which have not 
been sufficiently considered in previous studies. While the costs of treatment, loss of 
potential production, property damage, and administrative costs are static concepts 
that capture the loss of resources associated with road crashes, this new approach 
focuses on how such loss impacts the future evolution of the economic system, and 
prospective economic development. 

The loss of labor and human capital affects firms, which have to hire and train new 
workers. The probability of RTI is taken into account by individuals in their saving 
strategies and investments in physical, financial, and human capital, because a higher 
probability of RTI lowers investment returns by reducing survival probability and life 
expectancy. In turn, this affects interest rates and the price of skills and competencies. 
The fact that RTI prevalence is larger in the working-age population strengthens this 
argument. Several other mechanisms are likely to be at work too, depending on the 
actions that both firms and individuals take to insure against the risk of RTI. 

This analysis will evaluate the result of all of these mechanisms taken together, that is, 
the reaction of the economic system to a variation in RTI DALYs. A detailed disentan-
gling of the effects of each mechanism is beyond the scope of the present research, and 
may be hard to achieve without complex structural modeling.

This analysis builds upon and arguably improves upon an analogous exercise that 
was carried out recently as part of the Bloomberg Initiative (World Bank 2017). 
Improvements include an updated data set covering the period from 1990 to 2019; a 
novel strategy for addressing the problem of the mismeasurement of RTI DALYs and 
mortality; and another novel strategy borrowed from the recent Rocco et al. (2021) 
study to address the problem of unobserved confounders, drawing on recent advances 
in econometric methodologies. Details of the model specification are available in 
Appendix C.



33Socioeconomic Impacts of Road Traffic Injuries in Central Asia

The data set used covers 136 countries, which were followed from 1990 to 2019. It 
includes country-level data from many sources, such as the Penn World Tables, the 
World Development Indicators, the Global Burden of Diseases, Freedom House, the 
updated Barro-Lee education dataset, the World Values Survey, and Gallup et al. (1999) 
data. Only countries for which one or more variables are missing were excluded. 

Economic performance is measured by the percentage change in real GDP per capita 
between 1990 and 2019. PPP-adjusted GDP per capita is provided by the Penn World 
Table 10.0.21 The main variable of interest is RTI DALYs per 100,000 individuals in the 
working-age population, estimated from the GBD study. RTI mortality in the work-
ing-age population was also used, from the same source.

This estimation procedure is designed to avoid directly using RTI DALYs or RTI mortality, 
since they can have significant problems of mismeasurement due to misclassification or 
underreporting of road crashes. Rather it uses all-cause DALYs and non-RTI DALYs (that 
is, the combined number of DALYs from all causes other than RTI), and then indirectly 
derives the effect of RTI DALYs on long-run economic growth.

The identification of causal effects rests on techniques of so-called partial identifi-
cation. Details are available in Rocco et al. (2021). For the purposes of this report it 
suffices to say that the purpose of the analysis is that of finding informative bounds for 
the true effects of all-cause and non-RTI DALYs. Derivation and technical details can be 
found in the Appendix C. 

Our results suggest that reducing 2019 RTI DALYs by 10 percent would increase 
economic growth from 2019 to 2048 (a 30-year period) of about 0.55 percentage 
points on average. This additional growth would also imply a higher per capita income 
in 2048 of $140 in Kazakhstan, compared to the level that would be observed if RTI 
DALYs remained unchanged ($32.3 in Kyrgyzstan, $11.0 in Tajikistan, and $55.4 in 
Uzbekistan.)

If this additional income were to accrue linearly over the period 2019-48, the 
corresponding NPV would be 5.4 percent of 2019 real GDP per capita in Kazakhstan; 
5.5 percent in Kyrgyzstan; 2.7 percent in Tajikistan; and 4.9 percent in Uzbekistan, as 
reported in Table 2.4.22 

21  �Specifically, we used the real GDP per capita in constant 2017 prices and constant US dollars. This allowed 
us to measure income variation net of inflation, and different purchasing power across the countries.

22  �An annual discount rate of 2 percent is applied.

Table 2.4. � Macroeconomic Effect of Reducing RTI DALYS in the Working-Age Population  
by 10 Percent 

(1)  
ADDITIONAL 

REAL GDP PER 
CAPITA IN 2048

(2)  
NPV OF THE TOTAL 

ADDITIONAL 
INCOME BETWEEN 

2019 AND 2048

(3)  
REAL GDP PER 
CAPITA 2019

(4) 
(2)/(3)

Kazakhstan 140.8 1503.6 27643 5.4%

Kyrgyzstan 32.3 345.0 6314 5.5%

Tajikistan 11.0 117.2 4398 2.7%

Uzbekistan 55.4 592.1 11992 4.9%

Note: The annual discount rate adopted to compute the NPV is 2 percent.
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Using simple calculations, we can evaluate the benefits of alternative policy scenarios; 
for example, a scenario where RTI DALYs progressively reduce by 50 percent by 2029, 
and maintain the achieved level thereafter until 2048. In this case, the benefits would 
amount to 4.1 times the values reported in Column 4 of Table 2.4. Such aggressive 
policy intervention would imply macroeconomic benefits of 22.1 percent of 2019 GDP 
in Kazakhstan, 22.5 percent in Kyrgyzstan, 11.7 percent in Tajikistan, and 20.0 percent 
in Uzbekistan. 

Additional estimates also capture the effect of reducing RTI mortality in the work-
ing-age population by 10 percent from the level observed in 2019. In this case, the 
average effect of this reduction would be equal to an additional 0.45 percentage point 
income growth in the 30-year-long period from 2019 to 2048. This amounts to an 
additional annual income at the end of the period of $116.6 in Kazakhstan, $27.7 in Kyr-
gyzstan, $8.7 in Tajikistan, and $47.2 in Uzbekistan. Following the same procedure used 
for RTI DALYs, these figures correspond to a benefit greater than 4 percent of 2019 GDP 
per capita in Kazakhstan, Kyrgyzstan, and Uzbekistan, and about 2 percent in Tajikistan 
(Table 2.5). 

In such a case the aggressive policy of halving RTI mortality by 2029 compared to its 
level in 2019 would provide benefits 4.1 times larger than those reported in Table 2.5. 

Overall, the macroeconomic effect of reducing RTI by 10 percent is comparable to the 
saved human costs that we have assessed in the section on “Human Costs.” Despite 
the individual advantage being relatively small compared to the value of one year of life 
saved (VSLY), the macroeconomic effect affects the entire population, while human 
costs are concentrated on the relatively few people who are involved in road crashes. 

Along with the human costs, the dynamic macroeconomic costs emerge as a leading 
component of the economic burden of RTI morbidity and mortality. Human costs and 
macroeconomic costs are not alternative or incompatible concepts: rather, they com-
plement each other to provide a more correct representation of the economic losses 
associated with RTIs. 

Table 2.5. � Macroeconomic Effect of Reducing RTI Mortality in the Working-Age Population  
by 10 percent

(1)  
ADDITIONAL 

REAL GDP PER 
CAPITA IN 2048

(2)  
NPV OF THE TOTAL 

ADDITIONAL INCOME 
BETWEEN 2019 AND 

2048

(3)  
REAL GDP PER 
CAPITA 2019

(2)/(3)

Kazakhstan 116.6 1245.4 27643 4.5%

Kyrgyzstan 27.7 296.2 6314 4.7%

Tajikistan 8.7 92.6 4398 2.1%

Uzbekistan 47.2 504.1 11992 4.2%

Note: The annual discount rate adopted to compute the NPV is 2 percent.
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CHAPTER 3: 
EVIDENCE-BASED 
INTERVENTIONS TO  
TACKLE RTIS

This section moves beyond estimation of the economic costs of inaction (and/or the 
benefits of action), to discuss what could be done to achieve the desired reduction in 
road traffic injuries (RTIs). Our discussion is based on a review of the existing evidence 
on the effectiveness and cost-effectiveness of RTI interventions and policies, with a 
focus on low- and middle-income countries (LMICs). Alongside – and at least partly 
building on – this evidence as well as the more frequently available high-income coun-
try evidence, there are general recommendations as to what a successful RTI response 
should ideally entail. This is for instance described in the latest Disease Control Prior-
ities (DCP) edition, in Volume 7 on Injury Prevention and Environmental Health. Upon 
acknowledging the absence of a “blueprint” for road safety, the chapter by Bachani 
et al. (2017) outlines what may be seen as a broad consensus on a set of principles for 
interventions, including:

•	 Reduction of risk exposure by stabilizing motorization levels, providing alternative 
modes of travel, and improving land-use planning practices;

•	 Reduction of risk factors directly related to crash causation, such as speeding, 
drinking and driving, using unsafe vehicles on unsafe roads (with inadequate safety 
features for the traffic mix), and failing to enforce road traffic safety laws effectively;

•	 Reduction of the severity of injuries by mandating and enforcing the use of seat 
belts, child restraints, and helmets, as well as by improving road infrastructure and 
vehicle design to protect all road users; and

•	 Improvement of post-crash outcomes through the use of appropriate and life- 
saving measures from the scene of the crash all the way through to rehabilitation 
services.

Additional general recommendations are also set out in the UN’s strategy on The 
Decade of Action for Road Safety 2011–20, which adopts a systems approach to 
addressing the burden of RTIs, and proposes five pillars: Road Safety Management; 
Safer Roads and Mobility; Safer Vehicles; Safer Road Users; and Post-Crash Care  
(United Nations Road Safety Collaboration 2010).

This chapter provides a brief summary, and some examples of the existing evidence 
base that may serve as a useful basis to inform policy decisions in Central Asian coun-
tries. Detailed policy recommendations for each specific country would require a more 
focused epidemiological and policy analysis, which is beyond the scope of the present 
report. The first section of the chapter starts by reviewing what, from an economic 
perspective, would be particularly desirable to have: evidence of cost-effectiveness 
that can inform priority-setting from within limited budgets. As this evidence is scarce 

Chapter 3: Evidence-Based Interventions to Tackle RTIs



Chapter 3: Evidence-Based Interventions to Tackle RTIs36

globally, and even more scarce in LMICs, the second section complements this  
summary with a brief account of the evidence base in terms of effectiveness.

COST-EFFECTIVENESS OF RTI INTERVENTIONS  
IN LOW- AND MIDDLE-INCOME COUNTRIES 
The DCP3 project, as well as several recent reviews, have scrutinized the available 
evidence for the cost-effectiveness of RTI interventions in the context of LMICs, but 
they have found only very few such studies. The DCP3 chapter authored by Watkins et al. 
(2017) highlights one quasi-experimental study by Bishai et al. (2008), which assessed 
a traffic enforcement program in Uganda. This intervention was about reducing speed-
ing, and the study demonstrated that a reduction in fatal crashes could be achieved 
at a cost of $944 per death averted. Using simulation modeling, research in Thailand 
(Ditsuwan et al. 2013) evaluated the cost-effectiveness of several hypothetical inter-
ventions for RTIs, including checkpoints, media campaigns, and breath-testing, alone 
or in combination. All of these interventions turned out to be very cost-effective when 
compared to the “do-nothing” scenario, and even cost-saving when the treatment 
costs averted were included in the incremental cost-effectiveness ratio calculations 
(Ditsuwan et al. 2013). Watkins et al. also extracted the program costs of the interven-
tions, and found RTI prevention interventions in both Thailand and Uganda to cost less 
than $1 per capita.

Banston & Mytton (2017) covered some of the same evidence in their RTI cost-effec-
tiveness review, but added one wide-ranging modeling study by Chisholm et al. (2012), 
which estimated the population costs and the effects of a selected set of enforcement 
strategies for reducing the burden of RTIs in developing countries for two WHO 
subregions of the world: countries in Sub-Saharan Africa with very high adult and high 
child mortality (AfrE); and countries in Southeast Asia with high adult and high child 
mortality (SearD). (See Table 3.1 for details of the estimates by study and by specific 
interventions.)

Based on the Banston & Mytton review, five studies covering nine interventions were 
included in Table 3.1. Overall, the cost-effectiveness of RTI interventions in LMICs 
ranged from $4.14 per disability-adjusted life-years (DALYs) that were averted by 
building speed bumps at the most dangerous junctions studied (those that that had 
caused 10 percent of junction deaths in the area) to $3,403 per DALYs averted through 
legislation and enforcement of helmet use by motorcyclists in the WHO Sub-Saharan 
Africa region. While this is encouraging, the authors conclude that the evidence for the 
cost-effectiveness of interventions to prevent RTIs in LMICs is limited, particularly for 
children, young people, and vulnerable road users. They also call for the evaluation of a 
larger set of possible RTI interventions in a variety of LMIC settings in order to develop 
the evidence base for effective traffic injury prevention programs.
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More recently, Symons et al. (2019), have added to the evidence on “value-for-money” 
of RTI interventions in LMICs with a global sampling of 75 LMICs, and with a focus on 
people aged 10-24 years. Starting with the identification of “key interventions” backed 
by published evidence, from which they extracted and estimated the costs and health 
impacts, they incorporated these into a modeling framework to assess the reduction in 
deaths and serious injuries achieved from 2016 to 2030 as compared to the base case. 
Building on this, they derived benefit-cost ratios for each of the interventions. 

The three key interventions, for which they argue a “broad consensus” exists in the 
literature, are speed enforcement, alcohol enforcement, and safer road infrastructure. 
Additional interventions were considered specifically for motorcycle riders (helmets); 
occupants of motor vehicles (seat belts); and young drivers (a graduated licensing 
scheme). Table 3.2 presents the effectiveness of each of these interventions, as 
reported in at least one published paper.

Table 3.2: � Range of Effectiveness of Interventions

INTERVENTION MEASURE OF EFFECTIVENESS EFFECTIVENESS  
SUMMARY RANGE (%)

Seat belts Wearing seat belt Fatalities 7-65
Injuries 18-83

Helmets Wearing helmet Fatalities 20-48
Injuries 18-72

Alcohol enforcement Modern constraints on 
alcohol use on roads

Fatalities 3-48
Injuries 3-48

Speed enforcement Systematic speed limit 
enforcement
Injury severity reduction due 
to percentage speed reduction
Injury severity reduction due 
to speed reduction

•	Fatalities 17-25
•	 Injuries 14-56
•	 Injuries 6-50

Graduated licensing 
scheme (GLS) 

Implementation of GLS scheme Fatalities 31-57
Crash rates 4-43

Investment in safer roads Injury accidents 7-20

Source: Symons et al. (2019)

Symons et al. then proceeded to model a scenario in which all six interventions were 
jointly implemented in the 75 countries. Assigning costs and effects to this package of 
interventions, and translating them into monetary terms while assuming a 3 percent 
discount rate, they estimated the benefit-cost ratios (BCRs) overall for all countries as 
well as by country subgroup, based on income. The resulting overall BCR is estimated at 
7.6 and appears fairly uniform across country groupings. This increases to 9.9 percent 
for a scenario up to 2050. In the authors’ judgment, despite the significant associated 
uncertainty around these estimates, “…these are strong BCRs by any standards” 
(Symons et al. 2019, S41).

The global analysis by Moyer et al. (2017) similarly supports the notion of a favorable 
return-on-investment to be reaped from effective RTI prevention at scale, as they con-
clude that “such investments are likely to pay for themselves as the economic returns 
from effective intervention accumulate” (Moyer et al. 2017, 755).
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EVIDENCE OF THE EFFECTIVENESS OF  
ROAD TRAFFIC INJURY INTERVENTIONS IN  
LOW- AND MIDDLE-INCOME COUNTRIES

23  �See also Selveindran et al. (2020), Staton et al. (2015), Bonnet et al. (2018), Heydari et al. (2019), Gupta & 
Bandyopadhyay (2020), Tupetz et al. (2020), and Salam et al. (2016).

24  �The Safe System pillars are: Road Safety Management; Safe Roads; Safe Speeds; Safe Vehicles; Safe Road 
Users; and Post-Crash Care.

Evidence on the effectiveness of road traffic injury (RTI) interventions in an LMIC 
setting well exceeds that on cost-effectiveness, but this also remains underresearched 
when compared to the evidence from high income countries (HIC), as highlighted, 
for instance, in the DCP3 chapter on RTIs (Bachani et al. 2017).23 However, this source 
still provides a useful starting point to obtain an overview of what is known about the 
effectiveness of RTI interventions specifically in LMICs. Bachani et al. describe the set 
of interventions that have proved effective in an HIC context and that have at least been 
evaluated to some extent--either empirically, or using a modeling approach--in an LMIC 
context. Appendix D Table D1 reproduces a version of Bachani’s table.

In recent years, several more reviews have been published, zooming in on either dif-
ferent subgroups of the population or on a subset of RTI interventions, covering LMICs 
specifically or as part of a global perspective. For instance, a recent scoping review by 
Selveindran et al. (2020) assessed the evidence on approaches in neurotrauma and 
RTI prevention globally, distinguishing HIC from LMIC evidence. The review identified a 
fairly sizable evidence base at the global level (411 publications, including 349 primary 
studies and 62 reviews), with the vast majority focused on HICs. Only 65 of these studies 
address LMICs, and they mostly cover primary prevention, focusing on road safety. Out 
of those studies, most were in the legislation/policy category, and the most common 
approach was helmet policy. Other common strategies and interventions focused on 
helmet use, traffic calming, road modification, and traffic policing or patrolling. The 
three reviews of LMIC papers described multiple interventions and strategies that 
included both personal and public-level approaches. These findings show that while 
the evidence is not abundant, there does exist nonetheless a variety of interventions for 
the primary prevention of RTIs in LMICs. It should be noted, however, that the authors 
identified a clear scarcity in papers on vehicle engineering, particularly pertaining to 
in-vehicle safety technology.

Staton et al. (2016) examined in more detail the existing evidence base on the effective-
ness of RTI prevention in LMICs. A total of 18 articles from 11 LMICs were included in the 
core body of the evidence base. Of these studies, four were from Sub-Saharan Africa, 
ten from Latin America and the Caribbean, one from the Middle East, and three from 
Asia. Legislation was the most common intervention evaluated, with the best outcomes 
occurring when combined with strong enforcement initiatives or as part of a multifac-
eted approach. Because speed control is crucial to crash and injury prevention, when 
planning road improvement interventions in LMIC settings, the way that road improve-
ments are likely to affect vehicle speed and traffic flow should be carefully considered. 

A very recent Major World Bank effort also provides a useful assessment of “what 
works” (and what does not work) in terms of RTI policies (Turner et al. 2021). The report 
presents the policy evidence within a “Safe System” context, and provides advice 
concerning each of the Safe System pillars, while recognizing that evidence-based solu-
tions must be drawn from across the pillars to produce effective road safety outcomes.24 
A core table of the report that documents the policies deemed “highly effective” based 
on the existing evidence base is reproduced in Table 3.3. 
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Table 3.3 � Highly Effective Interventions* 

ROADS AND 
ROADSIDES SPEEDS ROAD USERS VEHICLES POST-CRASH 

CARE

Integrated public 
transport Traffic calming Increased helmet-

wearing rates Seat belts — 

Barrier systems Roundabouts Increased seat- 
belt-wearing rates

Electronic 
Stability control

Medians Raised 
intersections

Advanced vehicle 
technologies

Infrastructure 
solutions to support 
appropriate speeds

Raised crossings

Roundabouts Gateway 
treatments

Grade separation Lower speed limits

Reducing risk 
exposure at 

intersections

30 km/h (20 
mph) zones for 

pedestrians

Pedestrian footpaths Speed cameras

Pedestrian crossings

Source: World Bank Global Road Safety Facility (2021)
*Interventions producing crash reduction benefits of 30 percent or more.

Another recent review (Vecino-Ortiz et al. 2018) arguably adds particular value; in addi-
tion to reviewing the evidence of effectiveness for the five main types of unintentional 
injury in LMICs, it also estimates the potential number of lives saved by effective injury 
interventions among the poorest billion people worldwide. The set of interventions 
covered in this review went beyond RTI interventions, but out of the latter, the most 
successful interventions in preventing deaths were found to be speed enforcement 
(>80 000 lives saved per year) and drink-driving enforcement (>60 000 lives saved per 
year). (See Table 3.4 for a concise summary; and see Appendix D - Table D2 for study- 
and intervention-specific details.)

Table 3.4: � Total Number of Potential Lives Saved Among the Poorest Billion

RTI INTERVENTIONS NUMBER OF  
LIVES SAVED

Drink-driving enforcement 67,670

Traffic enforcement 39,882

Seat-belt enforcement 15,783

Helmet-use law** 328

Speed enforcement 84,287

Helmet-use enforcement 9,882

Source: Vecino-Ortiz et al. (2018)
Note : *Across 84 countries, by intervention for selected, evidence-based RTI interventions. 
**Note: For helmet-use law, only seven countries do not have a helmet-use law, hence the number of lives saved is 
not as large as might be expected.
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The authors usefully emphasize the importance of and need for country-specific 
priority-setting – a challenge that cannot be met with most, if not all, of the review 
evidence presented in their study, and a caveat that needs to be borne in mind when 
distilling recommendations for the specific Central Asian countries that are the focus 
of this report. Specifically, Vecino-Ortiz et al. found substantial variation in the baseline 
levels of the variables used in their estimation—for example, the percentage of the 
population belonging to the poorest billion, enforcement levels, and mortality for each 
cause of injury. This variability reflects the need for customized approaches for each 
country when prioritizing injury interventions. As an additional limitation, the authors 
also note that they assumed the examined interventions to act independently of each 
other, while in reality there may well be synergies to be reaped from implementing sets 
of interventions when possible.

Other reviews, for example Salam et al. (2016), have focused on subgroups of the 
population in their global systematic review and meta-analysis of interventions for pre-
venting unintentional injuries among adolescents. While the review found encouraging 
results for sets of interventions--for example, a graduated driver license, helmet use,25 
and seat belt use--the authors also concluded that the existing evidence was once 
again mostly from HICs, hence limiting the ability to generalize these findings for LMICs, 
and calling for the replication and evaluation in an LMIC context with standardized 
outcome measures.

Lefio et al. (2018) concentrated on the general and working population in their system-
atic review of interventions to reduce motor vehicle crashes and associated injuries. 
They found that – again, globally–the interventions that most consistently appear to 
reduce the incidence, morbidity, and mortality attributable to motor vehicle collisions 
are national policies or programs that regulate, enforce, and penalize driving under the 
influence of alcohol; improve driving safety and driving conditions; improve road infra-
structure with the purpose of preventing collisions; and educate and penalize drivers 
who have a history of road violations.

Another interesting approach has been applied by Martin et al. (2018); this study is 
not a literature review, but a simulation exercise applied to one country from each of 
the regions of the WHO and World Bank country income levels. (Interestingly, from a 
Central Asian perspective, Uzbekistan is one such case study.) Based on the idea that 
delayed implementation of effective road safety policies must be considered when 
quantifying the avoidable part of the fatal and nonfatal injuries burden, the authors 
tried to assess the avoidable part of DALYs lost due to RTIs that were related to delays 
in implementing road safety laws in low- and lower-middle-income countries. Delays in 
implementation were calculated up until 2013, starting from the year mandatory use of 
safety belts by motor vehicle front seat occupants was first introduced worldwide (i.e. 
in 1972). Starting from that year, implementation delays varied from 27 years in Uzbeki-
stan to 41 years in Bolivia (which still had no seat belt law as of 2013). The total absolute 
numbers of DALYs lost due to RTIs reached 8,462,099 in Nigeria, 7,203,570 in Morocco, 
4,695,500 in Uzbekistan, 3,866,391 in Cambodia, 3,253,359 in Bolivia, and 3,128,721 
in Sri Lanka. Using effectiveness estimates ranging from 3 to 20 percent reduction, 
the avoidable burden of RTIs for automobile occupants was highest in Uzbekistan (the 
avoidable part from 1.2 to 10.4 percent) and in Morocco (avoidable part from 1.5 to 12.3

25  �The utility of helmet legislation for the primary prevention of road traffic accident–related traumatic brain 
injuries in younger populations was also confirmed in the global review by Du et al. (2020). The authors 
also emphasize that not all helmet laws are equal, and that a comprehensive, context-specific approach is 
critical for success, especially in LMICs.
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 percent).26 In countries where users of public transport and pedestrians were the most 
affected, the avoidable parts ranged from 0.5 to 4.4 percent (Nigeria) and from 0.5 to 
3.4 percent (Bolivia). The burden of RTIs affected motorcyclists in Sri Lanka and Cam-
bodia the most, where the avoidable parts were less than 2 percent in both countries. In 
all of the selected countries, the burden of traffic injuries affected young men (15-34) 
the most (about 80 percent). According to Martin et al., such results can be used to 
convince countries to avoid delaying the provision of better protection for road users. 

26  �Martin et al. (2018) estimated the “avoidable burden” of DALYs on the basis of estimates of the 
effectiveness of seat belt laws on fatal and nonfatal RTIs combined, as extracted from published 
international reviews of evidence.
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CHAPTER 4:  
CONCLUSION AND 
RECOMMENDATIONS

This report has focused primarily on assessing selected dimensions of the economic 
consequences of road traffic injuries (RTIs), as applied specifically to four Central Asian 
countries. Understanding the economic magnitudes involved in RTIs is important, 
first of all as a way of underlining the notion that RTIs matter not “only” because of the 
associated burden of mortality and morbidity, but also from an economic perspective. 
Such estimates also have the potential to feed into – and influence – cost-benefit 
calculations of policies designed to tackle RTIs, as they tend to add previously underap-
preciated economic benefits to the value-for-money assessments. 

In Chapter 1 we estimated various dimensions of the health care costs attributable 
to RTIs, both at the health system and at the individual/household levels. Our study 
shows that RTIs not only impose a serious disease and mortality burden, including 
protracted hospitalizations and permanent medical impairment; they also entail a 
considerable financial burden for the health care system overall. In these four Central 
Asian countries the total health care costs of the estimated RTIs that occurred in 2016 
amounted to Int$95 million, ranging from Int$2.8 million in Tajikistan to Int$49.3 
million in Kazakhstan. 

The distribution of health care costs is skewed, with admitted road crash casualties for 
inpatient acute care and early or late consequences of injury accounting for more than 
80 percent of the costs in all four countries we studied. Prehospital emergency care 
registered less than 2 percent of aggregate health care costs from RTIs in Kyrgyzstan, 
Tajikistan, and Uzbekistan, since this type of care is rarely used within the crash casualty 
pathway in these countries. The average share of fatalities in total health care costs 
was fairly low, ranging from 1.4 percent in Kyrgyzstan to 7.6 percent in Tajikistan. These 
values suggest that a large number of deaths (approximately 70 percent) occurred at 
the crash scene, before any intervention by the health care system.

While there are no obvious traffic-injury-related expenditure level targets, the observed 
expenditure levels should indicate to governments that little or no progress can be 
made in terms of service coverage and financial protection for crash casualties when 
spending levels are low. The cost estimates in this study, and the existing evidence on 
the chain of care for crash casualties suggest a likely case for redistributing current 
expenditures related to RTIs, by shifting funding from inpatient care to prehospital 
emergency care. However, reallocation of funding for post-crash care and the associ-
ated reorganization this would entail should be approached from a holistic perspec-
tive, taking into account the balance and coordination between all types of care.

These cost estimates indicate the potential scope for economic cost savings if both 
deaths and injuries from road crashes could be substantially reduced. Chapter 1 
provided a scenario analysis to estimate the likely cost savings of three RTI reduction 
scenarios. The cumulative costs to be avoided by the health care system by 2025 in the 
case of the “median” scenario would amount to Int$28.1 million for Kazakhstan, Int$5.2 

Chapter 4: Conclusion and Recommendations
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million for Kyrgyzstan, Int$1.9 million for Tajikistan, and Int$22.5 million for Uzbekistan. 
This would correspond to a decrease in the share of current health expenditures (CHE) 
by 56 percent in Kazakhstan, 62 percent in Kyrgyzstan, 65 percent in Uzbekistan, and 
67 percent in Tajikistan. Changes in injury patterns toward a reduction in the severity of 
injuries should also be considered as an integral part of the potential overall reduction 
of injury rates, since this would also help to decrease health care costs.

Although these estimates appear to be substantial, in order to assess how much 
these expenditures can realistically be avoided, the effects of specific post-crash 
interventions must be taken into account. Substantial research and the development 
of various road safety interventions over the past three decades have documented the 
spectrum of post-crash interventions that are in principle available to prevent death 
and limit the severity of injury (WHO 2015). Central Asian countries should consider 
the appropriateness, effectiveness, and cost of these options, in the context of their 
local and national situations. 

In Chapter 2 we presented a macro-level perspective, by estimating the human costs 
and the effect of RTIs on macroeconomic development in the four countries we 
studied. The human costs have been proven to be by far the largest cost component in 
an analysis carried out in both rich and poor countries (Wijnen and Stipdonk 2016). The 
results presented in this study show that permanently reducing RTI-attributable DALYs 
in the working-age population by 10 percent would save human costs in an amount 
equivalent to a significant fraction of the 2019 GDP of these countries, ranging from 
2.7 percent in Tajikistan to 6.4 in Kazakhstan. The effect of RTIs on the prospects for 
the economic development of the countries is almost as large: the same hypothetical 
reduction in RTI-attributable DALYs would significantly enhance economic growth; by 
2048 per capita GDP would be expected to be Int$140 higher in Kazakhstan than it 
would be if RTI DALYs had remained unchanged; in Kyrgyzstan Int$32.3 higher; in Tajik-
istan Int$11.0 higher; and in Uzbekistan Int$55.4 higher. This implies a total additional 
income ranging from 2.7 percent of 2019 GDP in Tajikistan to 5.5 percent in Kyrgyzstan. 
These are relatively large numbers which add to the estimated value-for-money of 
policies to tackle RTIs.

A useful by-product of our analysis is a simple algorithm to estimate the Value of 
Statistical Life and the Value of Statistical Life-Year, starting from data that are widely 
available, such as the Gross National Income (GNI) and the Health Adjusted Life Expec-
tancy (HALE). This methodology largely draws on Viscusi and Masterman (2017) and is 
spelled out in (Appendix C). This algorithm will provide a useful tool for countries that 
do not have estimates of the monetary value of reducing the risk of death, grounded in a 
solid theoretical basis. 

While evidence on the cost burden alone may be helpful in underlining the urgency of 
the problem, in order to make rational decisions about which RTI policies should be 
implemented first, policymakers need information not only on the benefits of reducing 
RTIs, but also on the costs and effects of concrete interventions. 

While a detailed identification of the “right” RTI policies to put into place in each of the 
four countries studied here is beyond the scope of this work, this report will nonetheless 
provide a foundation for further policy deliberations, along two lines. First, since Chap-
ter 1 focuses on a detailed analysis of the health care costs associated with RTIs, there 
are some at least tentative implications that may be derived for how to improve health 
care system response to RTIs. Second, since the key lever for preventing RTIs is located 
outside the health care system, Chapter 3 provides a brief synthesis of the existing 
evidence base regarding the effectiveness and cost-effectiveness of RTI interventions 
in lower- and middle-income countries (LMICs). 

Currently, the road safety interventions undertaken by the health care system are 
focused on the post-impact stage and are aimed at preventing death and reducing the 
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severity of injuries once an RTC has occurred. While the focus of this study has been on 
cost assessment, the results also provide some insights into the need for policy inter-
ventions across the “chain of opportunities”—interventions such as emergency rescue, 
prompt access to emergency and trauma care, and rehabilitation. Further development 
of these insights would, however, require more and better information on the quality 
and organization of post-crash care services in Central Asian countries. 

There is scope for improving data systems across the transport, health, and police sec-
tors to better enable future quantitative evaluations that can inform system reform. The 
recording and reporting of injury-related data at various stages of post-crash care are 
essential in order to identify the priority areas, monitor progress, and evaluate whether 
the allocation of resources is being appropriately directed, for example by monitoring 
emergency medical services (EMS) and hospital injury surveillance.

Three main areas for improvement of the responsiveness of health care systems may be 
worth highlighting:

1. Develop an institutional and regulatory framework for the provision of care at the 
scene by formal first responders (FRs).
The health care system has an important role to play in coordinating response; in 
increasing the capacity for injury management, surveillance and data sharing; and 
in building the evidence base of cost-effective interventions. The effectiveness of 
emergency rescue operations is critical in reducing deaths and the severity of injuries 
resulting from road crashes. It is recommended that existing policies be reviewed in 
light of the new global guidance to allow FR resources (police, fire, and rescue officers) 
to be focused on those areas of prehospital care that can decrease prehospital deaths 
and disabling injuries. Emergency rescue requires effective collaboration between all 
emergency and follow-on services, with the aim of ensuring speedy first aid on the 
scene, and efficient transport to an appropriate health care facility. To achieve this, 
close cooperation on the scene between fire and rescue workers and/or the police (who 
may arrive first at the scene) and EMS personnel is needed. Nonmedical emergency 
services need to be adequately trained in a systematic way so that they can provide 
immediate first aid and basic life support. 

2. Increase access to and the quality of emergency medical services.
Improving the EMS network and coverage should be a key objective in post-crash 
response in Central Asian countries. Enhancing the regulatory component for the pre-
hospital care governance standards regarding EMS dispatch, triage, ambulance bypass 
protocols, thresholds for transferring crash casualties, and so on, and their compliance 
should form the basis of a single nationwide framework. In addition, there is a need to 
develop standards and implement appropriate clinical protocols that would specify the 
procedures to be used for the management of crash casualties by EMS on the roads; 
while in transport; and on arrival in a health care facility, in order to reduce preadmis-
sion death rates and/or disability or medical impairment. However, first preliminary 
work needs to be undertaken to evaluate various characteristics of the emergency 
medical services that are currently in place.

3. Review the organization of the national trauma care system.
One prerequisite for high-quality trauma care is a strategy for the planning, optimal 
organization, and provision of a national trauma care system in order to reduce delays in 
the transfer of crash casualties to the place of definitive treatment. However, data is first 
required in order to establish the characteristics and the level of performance of the 
current system.

Regionalization of care in specialized trauma centers should be considered as part 
of the reorganization. This process should mandatorily define the pathway of care for 
severely injured casualties; identify the location and capability of each hospital within 



47Socioeconomic Impacts of Road Traffic Injuries in Central Asia

the trauma system; and outline bypass protocols and thresholds for transferring 
patients to more specialized units. Within each geographic or administrative region, 
there should be a network of health care facilities designated to treat trauma patients, 
ranging from those with life-threatening conditions to those with less complex injuries. 
Such a “trauma system” would need to integrate prehospital care (that is, the care 
delivered by EMS at the crash scene); the initial journey to a suitable health care facility; 
interhospital transfer where required, for patients who need more specialized treat-
ment; definitive hospital treatment; and rehabilitation.

The multidisciplinary trauma team and the minimum threshold of basic clinical 
capabilities and equipment for each trauma center should be properly addressed by the 
regulatory framework.

As Chapter 3 highlighted, there is no shortage of general recommendations on key 
policies that are widely seen as representing an effective response to the reducing of 
avoidable burden of RTIs. The recommendations for preventing RTIs include:

•	 Reducing risk exposure by stabilizing motorization levels, providing alternative 
modes of travel, and improving land-use planning practices;

•	 Reducing the risk factors directly related to crash causation, such as speeding, 
drinking and driving; using unsafe vehicles on unsafe roads (with safety features 
that are inadequate for the traffic mix); and failing to enforce road safety laws 
effectively;

•	 Reducing the severity of injuries by mandating and enforcing the use of seat belts, 
child restraints, and helmets, as well as by improving road infrastructure and vehicle 
design to protect all road users. 

These interventions should, however, not be seen as separate from each other. They 
should be seen as being part of a whole system, the so-called “Safe System” approach 
(Turner et al. 2021), according to which addressing road safety challenges requires a 
holistic approach composed of several pillars (Road Safety Management; Safe Roads; 
Safe Speeds; Safe Vehicles; Safe Road Users; and Post-Crash Care); and recognizing 
that evidence-based solutions must be drawn from across these pillars in order to 
produce effective road safety outcomes. 

Notwithstanding a broad international consensus that a set of effective interventions 
is necessary in order to produce the desired outcomes, there remains a lack of con-
text-specific evidence from RTI policies in an LMIC context in general, and for these four 
Central Asian countries specifically. This applies to both evidence of their effectiveness, 
and– not surprisingly – even more so to their cost-effectiveness. The latter would be 
particularly useful to inform priority-setting within limited public budgets. 

In the scarce LMIC RTI literature that does exist, there are nonetheless some encourag-
ing findings about the “return on investment” of introducing a set of RTI interventions, 
with some polices possibly even paying for themselves through the savings they 
produce in terms of health care cost avoidance and other potential economic savings. 
Three interventions—speed enforcement, alcohol enforcement, and safer road 
infrastructure—are relevant to all road users. Three additional interventions apply only 
to particular groups: enforcing helmet use (for motorcycle riders); enforcing seat belt 
use (for occupants of motor vehicles); and setting up graduated licensing schemes for 
young drivers.

The effectiveness of policy measures will likely vary from country to country. For 
instance, the type and quality of circulating cars, the quality of road infrastructure, 
and the regulations that are already in place alter the extent to which speed limits, 
seat belts, or helmet use will contribute to reducing injuries or fatalities. This 
observation helps explain why the reduction in RTI mortality that can be achieved by 
implementing a specific policy is hard to predict a priori, and why the literature review 
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in Chapter 3 demonstrates a wide range in the level of effectiveness found for the 
considered interventions. The heterogenous effects of policy measures imply that 
the optimal policy mix to be implemented will inevitably vary by country, and requires 
context-specific analysis. 

In order to determine the optimal policy mix, accurate and detailed data on local 
road traffic intensity and crashes need to be collected systematically. Data should be 
geographically referenced to identify which portions of the road system, which type of 
roads (urban, suburban, highways), and which specific junctions are more at risk, and 
should also identify which times of the day are more at risk, for each road. Automated 
systems based on sensors and cameras can collect such information. A complementary, 
and perhaps more convenient way to collect such data may be via drivers’ mobile 
phones, provided that the coverage of smartphones is large enough.

Such data would help the police choose which roads need more monitoring and at what 
times, given the available resources. The data would also allow policymakers to more 
precisely estimate the effectiveness of various policy measures and help steer govern-
ment strategies on road traffic management. A national authority along the lines of the 
Road Safety Observatory that has been established in the European Union, if endowed 
with enough statistical and technological expertise, could be in charge of collecting, 
harmonizing, and analyzing these data. The main goal of such an observatory should be 
to brief policymakers, thus contributing to designing the most cost-effective policy mix 
for the specific situation of each country, and adapting it to evolving conditions. 

Future research should seek to fill this evidence gap; better contextualize the 
existing global evidence base; and increase the chances for take-up by national and 
regional policymakers in lower- and middle-income countries in Central Asia, as well 
as elsewhere. 
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APPENDIX A:  
SELECTED ROAD SAFETY POLICIES  
IN FOUR CENTRAL ASIAN COUNTRIES

Table A1: � Selected Road Safety Policies in Four Central Asian Countries 

Appendix A: Selected Road Safety Policies in Four Central Asian Countries

SAFE SPEEDS
MAXIMUM SPEED LIMITS AND ENFORCEMENT

MAJOR SPEED-CALMING MEASURES BEING IMPLEMENTED IN THE FOUR COUNTRIES

Kyrgyzstan

Tajikistan

Uzbekistan

Kazakhstan

Kazakhstan

Kyrgyzstan

Tajikistan

Uzbekistan
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SAFE VEHICLES
VEHICLE REGISTRATION AND IMPORT REGULATIONS

SAFE ROAD USERS
NATIONAL SEAT BELT, DRINK DRIVING, AND HELMET LAWS

Kazakhstan

Kazakhstan

Kyrgyzstan

Kyrgyzstan

Tajikistan

Uzbekistan
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Source: World Bank 2019

SAFE ROAD USERS (CONT)
NATIONAL SEAT BELT, DRINK DRIVING, AND HELMET LAWS

Tajikistan

Kazakhstan

Tajikistan

Kyrgyzstan

Uzbekistan

Uzbekistan
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APPENDIX B:  
ADDITIONAL DETAILS REGARDING MATHEMATICAL 
FORMULATION OF THE MODEL AND DATA SOURCES
This appendix provides additional details related to this study, including the mathematical 
formulation of the model, and detailed data sources.

The RTI-related health care costs were estimated based on only the main cost categories 
that should be taken into account in all cases (prehospital emergency care, outpatient care, 
hospital care, and long-term care), since minor costs (for example, medical appliances) 
are known to be unsubstantial in size compared to the main costs. The defined health care 
cost categories are to a large extent in line with those reported in the related literature 
(Kasnatscheew et al. 2016; Wijnen et al. 2017).

RTI-Related Health Care Consumption
Tables B1 – B15 show the distribution of injured body regions, and of AIS injury severity for 
various collision configurations, considering the following potential contributory factors: 
crash opponents, vehicle body type, vehicle model year, occupant position, seat belt and 
helmet use, and age.

Table B1. � AIS Injury Distribution for Pedestrians (0-17 years old) in Collision with Cars & Other 
Light Vehicles, Model Year Pre-2006 

INJURIES 
TO HEAD

INJURIES 
TO NECK

INJURIES 
TO THORAX

INJURIES TO 
ABDOMEN

INJURIES 
TO PELVIS

INJURIES 
TO UPPEXT

INJURIES 
TO LOWEXT

INJURIES TO 
UNSPECIFIED 
BODY REGION

0.434 0.013 0.075 0.051 0.034 0.088 0.299 0.006

AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS 6

0.651 0.185 0.107 0.029 0.023 0.005

* Based on estimates from IHRA Pedestrian Traffic Accident Study, 2003.

Table B2. � AIS Injury Distribution for Pedestrians (18-59 years old) in Collision with Cars &  
Other Light Vehicles, Model Year Pre-2006 

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.250 0.104 0.646 Injuries to Head 0.271

Injuries to Neck 0.541 0.245 0.214 Injuries to Neck 0.026

Injuries to Thorax 0.146 0.096 0.758 Injuries to Thorax 0.061

Injuries to Abdomen 0.381 0.428 0.191 Injuries to Abdomen 0.050

Injuries to Pelvis 0.240 0.509 0.251 Injuries to Pelvis 0.050

Injuries to UppExt 0.330 0.649 0.020 Injuries to UppExt 0.153

Injuries to LowExt 0.536 0.221 0.243 Injuries to LowExt 0.369

Injuries to Unspecified 
Body Region 0.346 0.322 0.332 Injuries to Unspecified 

Body Region 0.020

* Based on estimates from Wisch et al., 2017
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Table B3. � AIS Injury Distribution for Pedestrians (60+ years old) in Collision with Cars & 
Other Light Vehicles, Model Year Pre-2006 

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.323 0.073 0.604 Injuries to Head 0.271

Injuries to Neck 0.164 0.055 0.781 Injuries to Neck 0.026

Injuries to Thorax 0.202 0.185 0.613 Injuries to Thorax 0.061

Injuries to Abdomen 0.274 0.528 0.198 Injuries to Abdomen 0.050

Injuries to Pelvis 0.198 0.498 0.304 Injuries to Pelvis 0.050

Injuries to UppExt 0.426 0.554 0.020 Injuries to UppExt 0.153

Injuries to LowExt 0.398 0.370 0.232 Injuries to LowExt 0.369

Injuries to Unspecified 
Body Region 0.284 0.323 0.393 Injuries to Unspecified 

Body Region 0.020

* Based on estimates from Wisch et al. 2017

Table B4. � AIS Injury Distribution for Pedestrians (All Ages) in Collision with Heavy Trucks  
and Buses

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.660 0.070 0.270 Injuries to Head 0.433

Injuries to Neck 0.790 0.180 0.030 Injuries to Neck 0.088

Injuries to Thorax 0.590 0.100 0.310 Injuries to Thorax 0.104

Injuries to Abdomen 0.760 0.120 0.120 Injuries to Abdomen 0.075

Injuries to UppExt 0.590 0.330 0.080 Injuries to UppExt 0.150

Injuries to LowExt 0.419 0.291 0.290 Injuries to LowExt 0.150

Injuries to Unspecified 
Body Region 0.635 0.182 0.183 Injuries to Unspecified 

Body Region 0.000

* Based on estimates from Malczyk et al. 2019

Table B5. � AIS Injury Distribution for Cyclists (0-17 years old, Non-Helmeted or Unknown) in 
Collision with Cars & Other Light Vehicles, All Model Years

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.593 0.204 0.204 Injuries to Head 0.244

Injuries to Neck 0.800 0.200 0.000 Injuries to Neck 0.022

Injuries to Thorax 0.333 0.333 0.333 Injuries to Thorax 0.087

Injuries to Abdomen 0.500 0.500 0.000 Injuries to Abdomen 0.078

Injuries to UppExt 0.500 0.500 0.000 Injuries to UppExt 0.307

Injuries to LowExt 0.500 0.500 0.000 Injuries to LowExt 0.260

Injuries to Unspecified 
Body Region 0.538 0.372 0.090 Injuries to Unspecified 

Body Region 0.002

* Based on estimates from Malczyk et al. 2015
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Table B6. � AIS Injury Distribution for Cyclists (18-59 years old, Non-Helmeted or Unknown) in 
Collision with Cars & Other Light Vehicles, All Model Years

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.755 0.161 0.084 Injuries to Head 0.244

Injuries to N eck 0.857 0.100 0.043 Injuries to Neck 0.022

Injuries to Thorax 0.636 0.243 0.121 Injuries to Thorax 0.087

Injuries to Abdomen 0.767 0.186 0.047 Injuries to Abdomen 0.078

Injuries to UppExt 0.662 0.336 0.002 Injuries to UppExt 0.307

Injuries to LowExt 0.783 0.177 0.040 Injuries to LowExt 0.260

Injuries to Unspecified 
Body Region 0.743 0.201 0.056 Injuries to Unspecified 

Body Region 0.002

* Based on estimates from Wisch et al. 2017

Table B7. � AIS Injury Distribution for Cyclists (60+ years old, Non-Helmeted or Unknown) in 
Collision with Cars & Other Light Vehicles, All Model Years

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.626 0.179 0.195 Injuries to Head 0.244

Injuries to Neck 0.617 0.170 0.213 Injuries to Neck 0.022

Injuries to Thorax 0.437 0.283 0.280 Injuries to Thorax 0.087

Injuries to Abdomen 0.571 0.372 0.058 Injuries to Abdomen 0.078

Injuries to UppExt 0.607 0.381 0.012 Injuries to UppExt 0.307

Injuries to LowExt 0.620 0.244 0.136 Injuries to LowExt 0.260

Injuries to Unspecified 
Body Region 0.580 0.272 0.148 Injuries to Unspecified 

Body Region 0.002

* Based on estimates from Wisch et al. 2017

Table B8. � AIS Injury Distribution for Cyclists (All ages, Non-Helmeted or Unknown) in Collision 
with Heavy Trucks and Buses

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.750 0.030 0.210 Injuries to Head 0.244

Injuries to Neck 0.758 0.157 0.085 Injuries to Neck 0.022

Injuries to Thorax 0.630 0.070 0.300 Injuries to Thorax 0.087

Injuries to Abdomen 0.710 0.165 0.125 Injuries to Abdomen 0.078

Injuries to UppExt 0.640 0.290 0.070 Injuries to UppExt 0.307

Injuries to LowExt 0.350 0.250 0.400 Injuries to LowExt 0.260

Injuries to Unspecified 
Body Region 0.641 0.161 0.198 Injuries to Unspecified 

Body Region 0.002

* Based on estimates from Malczyk et al. 2019
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Table B9. � AIS Injury Distribution for Motorcyclists (18+ years old, Non-Helmeted or Unknown), 
All Collisions

AIS 1 AIS 2 AIS 3+

Injuries to Head 0.399 0.443 0.159 Injuries to Head 0.198

Injuries to Neck 0.812 0.088 0.100 Injuries to Neck 0.035

Injuries to Thorax 0.622 0.236 0.143 Injuries to Thorax 0.139

Injuries to Abdomen 0.712 0.194 0.095 Injuries to Abdomen 0.067

Injuries to UppExt 0.788 0.187 0.026 Injuries to UppExt 0.234

Injuries to LowExt 0.746 0.154 0.100 Injuries to LowExt 0.298

Injuries to Unspecified 
Body Region 0.680 0.217 0.103 Injuries to Unspecified 

Body Region 0.029

* Based on estimates from Otte et al. 2013

Table B10. � AIS Injury Distribution for Cars & Other Light Vehicles Drivers (18-59 years old) in 
Rollover Collisions (Belted and Non-Belted, Model Year Pre-2006)

AIS 1-3 AIS 4-6

Injuries to Head 0.149 0.588
Injuries to Face 0.190 0.000
Injuries to Neck (throat) 0.011 0.004
Injuries to Thorax 0.070 0.275
Injuries to Abdomen 0.035 0.049
Injuries to Neck (spine) 0.108 0.049
Injuries to UppExt 0.252 0.000
Injuries to LowExt 0.171 0.007
Injuries to Unspecified Body Region 0.013 0.028
Proportion 0.982 0.017

* Based on estimates from Liu et al. 2007

Table B11. � AIS Injury Distribution for Cars & Other Light Vehicles Drivers (60+ years old) in 
Rollover Collisions (Belted and Non-Belted, Model Year Pre-2006)

AIS 1-3 AIS 4-6

Injuries to Head 0.163 0.255
Injuries to Face 0.110 0.000
Injuries to Neck (throat) 0.007 0.007
Injuries to Thorax 0.099 0.556
Injuries to Abdomen 0.029 0.009
Injuries to Neck (spine) 0.058 0.053
Injuries to UppExt 0.335 0.000
Injuries to LowExt 0.190 0.038
Injuries to Unspecified Body Region 0.010 0.082
Proportion 0.975 0.025

* Based on estimates from Liu et al. 2007
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Table B12. � AIS Injury Distribution for Cars & Other Light Vehicles Drivers (18-59 years old) in 
Non-Rollover Collisions (Belted and Non-Belted, Model Year Pre-2006)

AIS 1-3 AIS 4-6

Injuries to Head 0.099 0.531
Injuries to Face 0.158 0.001
Injuries to Neck (throat) 0.013 0.001
Injuries to Thorax 0.091 0.298
Injuries to Abdomen 0.035 0.088
Injuries to Neck (spine) 0.182 0.055
Injuries to UppExt 0.203 0.000
Injuries to LowExt 0.219 0.002
Injuries to Unspecified Body Region 0.000 0.024
Proportion 0.992 0.008

* Based on estimates from Liu et al. 2007

Table B13. � AIS Injury Distribution for Cars & Other Light Vehicles Drivers (60+ years old) 
in Non-Rollover Collisions (Belted and Non-Belted, Model Year Pre-2006)

AIS 1-3 AIS 4-6

Injuries to Head 0.111 0.448
Injuries to Face 0.152 0.000
Injuries to Neck (throat) 0.008 0.000
Injuries to Thorax 0.133 0.384
Injuries to Abdomen 0.025 0.092
Injuries to Neck (spine) 0.119 0.068
Injuries to UppExt 0.233 0.000
Injuries to LowExt 0.215 0.004
Injuries to Unspecified Body Region 0.005 0.005
Proportion 0.983 0.017

* Based on estimates from Liu et al. 2007

Table B14. � AIS Injury Distribution for Cars & Other Light Vehicles (Occupants 0-17 years old) 
in All Collisions (Belted and Non-Belted, Model Year Pre-2006)

AIS 1-3 AIS 4-6

Injuries to Head 0.402 0.402
Injuries to Face 0.063 0.063
Injuries to Neck (throat) 0.156 0.156
Injuries to Thorax 0.128 0.128
Injuries to Abdomen 0.019 0.019
Injuries to Neck (spine) 0.094 0.094
Injuries to UppExt 0.138 0.138

Injuries to LowExt 0.360 0.640

Proportion 0.983 0.017

* Based on estimates from Hanna 2010
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Table B15. � AIS Injury Distribution for Cars & Other Light Vehicles (Occupants 18+ years old) 
in All Collisions (Belted and Non-Belted, Model Year Pre-2006)

AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS 6

Injuries to Head 0.597 0.212 0.076 0.065 0.045 0.006 Injuries to Head 0.162

Injuries to Face 0.842 0.136 0.019 0.003 0.000 0.000 Injuries to Face 0.126

Injuries to Neck 0.998 0.002 0.000 0.000 0.000 0.000 Injuries to Neck 0.065

Injuries to Thorax 0.579 0.111 0.229 0.074 0.006 0.001 Injuries to Thorax 0.150

Injuries to 
Abdomen 0.491 0.229 0.193 0.087 0.000 0.000 Injuries to 

Abdomen 0.035

Injuries to Dorso 
Lumbar Column 0.628 0.300 0.057 0.002 0.013 0.000 Injuries to Dorso 

Lumbar Column 0.087

Injuries to UppExt 0.722 0.222 0.056 0.000 0.000 0.000 Injuries to UppExt 0.164

Injuries to LowExt 0.733 0.165 0.102 0.000 0.000 0.000 Injuries to LowExt 0.165

Injuries to Pelvis 0.542 0.308 0.147 0.003 0.000 0.000 Injuries to Pelvis 0.046

Injuries to Unspeci-
fied Body Region 0.681 0.187 0.098 0.026 0.007 0.001 Injuries to Unspec-

ified Body Region 0.000

* Based on estimates from Page et al. 2012

It is important to acknowledge that polytrauma was defined as two or more severe 
injuries (AIS 3+) in at least two regions of the body. (This term lacks a universally 
accepted and validated definition.) At the same time there is compelling evidence that 
the recently recommended AIS > 2 in at least two body regions (2 × AIS > 2) has higher 
accuracy and precision in defining polytrauma than ISS > 15 and ISS > 17 (Butcher and 
Balogh 2012). These simple, retrospective, and reproducible criteria warrant validation 
on a larger scale. For each road user category, the polytrauma casualties were calcu-
lated from the AIS 3+ injuries group by using the rates derived from the study on serious 
RTIs in the European Union (Aarts et al. 2016). This study was selected to form the base 
estimates because in-depth crash databases, trauma registers, hospital information 
systems, and linked police-hospital databases, including crash-contributing factors 
and scenarios, were used to estimate injury outcomes. Furthermore, it appeared to be 
methodologically rigorous and presented data in a transparent format. 

Table B16. � Polytrauma Rate in Road Users’ Categories
Pedestrians 0.102

Cyclists 0.083

Motorized 2- or 3-wheeler users 0.125

Motorized 4-wheeler users 0.146

A major characteristic of this cost model is its use of transition ratios: the probability 
that an RTC casualty will use a certain form of health care—for example, the probability 
of transfer by ambulance from the crash location to the hospital; the probability of 
hospitalization; and/or the probability of admission for rehabilitative care. However, not 
all of these data are available in Central Asian countries. The four Central Asian coun-
tries studied for this report presented variation in the RTC casualty’s pathway, mainly 
related to health care system factors that showed that certain types of health care, 
such as prehospital emergency and rehabilitative care, were less commonly delivered 
than acute inpatient care. Some countries (for example, Kazakhstan) provided data on 
the transition ratio of hospitalization from the overall injury admissions at emergency 
departments (EDs). The assumption that RTC-injured casualties would have the same 
transition ratio between types of care could produce artificial variation in the volumes 
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of care consumed and their subsequent costs. Other countries (for example, Tajikistan) 
reported a 1.0 transition ratio of hospitalization for all severely injured casualties, and 
a transition ratio of 0.0 for all slightly injured casualties. The basic assumption that 
the extra road traffic crash (RTC) casualties were not directly admitted to the hospital 
having received no treatment in EMS or ED and that the slightly injured casualties 
were not hospitalized are not always congruent with clinical practice and RTC casualty 
pathways in Central Asian countries. At the same time, it is reasonable to assume that 
the likelihood of an injured person to be admitted to hospital given a particular type and 
severity of injury, will be constant over time. 

In addition to the data on transition probabilities that was provided by the countries 
we studied, we conducted a review of national and international literature to form the 
base estimates. It is important to acknowledge that input values for different road 
users and health care types were not estimated based on standard definitions, and 
therefore could introduce bias. Furthermore, the bias could be more serious for some 
base estimates than for others. Unfortunately, this is an unresolvable limitation at 
this stage due to the heterogeneity in definitions and measurements across studies 
and reports. In cases where input values were not statistically significant, or where 
they constituted rough calculations, the confidence limits of base estimates were not 
calculated. However, these are the best achievable estimates given the available data, 
and should be regarded as such. Table B17 presents the other base estimates for health 
care consumption and data sources in the cost model.

Table B17. � Other Base Estimates for Health Care Consumption and Data Sources

MODEL PARAMETER KAZ KGZ TJK UZB

Death on crash scene 0.670** 0.700*** 0.810** 0.709**

Death at arrival at hospital 0.010* 0.000** 0.003* 0.000*

Death at the hospital 0.320** 0.300*** 0.187*** 0.291***

RTC injured casualties’ ambulance 
attendance 0.650** 0.200** 0.010** 0.200***

Hospital referral by EMS 0.520* 0.980* 0.610* 0.370***

Outpatient referral by EMS 0.480*** 0,020*** 0.390*** 0.630***

Hospital referral by ED 0.140*** NA NA NA

Outpatient referral by ED 0.250*** NA NA NA

Hospital referral by specialized 
outpatient 0.025*** 0.025*** 0.025*** 0.025***

Hospital self-referral 0.800*** 0.700*** 0.800*** 0.700***

ED self-referral 0.150*** NA NA NA

Outpatient self-referral 0.005*** 0.300*** 0.200*** 0.300***

Interhospital transfer 0.094** 0.094** 0.094** 0.094**

No. of OSAR treatment courses 
(episodes of care) 2.0*** 2.0*** 2.0*** 2.0***

No. of HSAR treatments courses 
(episodes of care) 3.0*** 3.0*** 3.0* 3.0***

NA – not applicable
* Estimated based on health care system-reported data
** Estimated based on literature-reported data
*** Calculated/defined based on conservative estimates or normative judgments/policy targets within the 
health care system.
OSAR= Outpatient Sub-Acute and Rehabilitative Care
HSAR= Hospital Sub-Acute and Rehabilitative Care
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Cost valuation included ambulatory visits related to episodes of acute care, but was 
limited to the period of 90 days from the index visit27 to outpatient settings or hospital-
ization from the beginning of the episode of acute care. The methodology assumed that 
a large majority of episodes of acute care during this time period should be resolved or 
reevaluated as episodes of long-term care.

The following formula was used to calculate hospitalized RTC casualties when there was 
confounding data presented by the country for the relationship between the hospital-
ized, the severely injured, and the slightly injured. 

Hospitalized = Severely Injured+ 0,253 Slightly Injured28

The methodology approached RTC-related hospital care as episodes of acute care 
with the need for treatment and medication at the critical or acute level (including ICU, 
surgical procedures, etc.), and the need for daily intensive diagnostic or invasive testing.

Valuation of the long-term care attributable to the health care costs of a road traffic 
injury faces several uncertainties due to (1) high variations in the duration of long-term 
care; (2) a broad spectrum of subacute and nonacute care to be consumed; (3) unclear 
cost trajectory patterns for the duration of long-term care; and (4) insufficiently orga-
nized service capacity or national coordination. Consequently, this study approached 
RTI-related long-term care as episodes of general subacute and rehabilitative care of 
medical impairments for a 15-month period following the three months after the road 
traffic accident, since approximately 75-90 percent of health care costs are estimated 
to occur in the first 18 months after a road traffic accident (Lawrence et al. 2014) . 
The transition probabilities were determined using the eligibility criteria for general 
subacute and rehabilitative care, and a medical impairments profile.

Long-term-care cost estimations were subject to several limitations that underestimate 
the lifetime health care consumption. First, it covered only subacute care (general 
and rehabilitative), and excluded nonacute and other types of subacute care such 
as psychological care, formal home care, and nursing home care. Second, the cost 
estimates were limited to functional consequences and did not include psychological 
consequences as part of the RTI-related health cost. Third, the cost valuation did not 
include disability; it only included medical impairment.29 

The predicted number of medically impaired RTC casualties was calculated by accumu-
lating the risk for all RTC casualties to sustain at least a 1 percent permanent medical 
impairment (PMI). The risk of impairment for different body regions and AIS levels is 
based on PMI scales – 1%+, 5%+ and 10%+ (Malm et al. 2008). The risks for the lower 
AIS levels, 1 and 2, are much lower than the risks for higher AIS levels, but because AIS1 
and AIS2 injuries are so frequent, the majority of impairments have been sustained from 
the lower-level AIS injuries. Further, the predicted number of casualties that consumed 
hospital sub-acute and rehabilitative care (HSAR) care was calculated by applying the 
PMI 5%+ scale. Outpatient sub-acute and rehabilitative care (OSAR) was estimative, 
consumed by the difference between RTC casualties PMI 1%+ and PMI 5%+.

27  �Index visit refers to the first visit (regardless of disposition) for a unique patient or any successive visits in 
which the patient had no prior visit or hospitalization.

28  �French National Institute for Transport and Safety Research (INRETS) formula, based on a crash injury 
register carried out in the Rhone region of France.

29  �Disability is defined as an important limitation to carrying out everyday activities that have lasted, or are 
expected to last, for more than one year, and whose origin is impairment. Impairment is understood to be 
any loss or anomaly of an organ, or of the function of that organ, including psychological impairments.
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Table B18. � Risk of Permanent Medical Impairment on 1%+ and 5%+ levels

PMI ON 1%+ LEVEL PMI ON 5%+ LEVEL

AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS 1 AIS 2 AIS 3 AIS 4 AIS 5

Head 0.080 0.150 0.500 0.800 1.000 0.050 0.120 0.450 0.800 1.000

Cervical spine 0.167 0.610 0.800 1.000 1.000 0.097 0.400 0.550 1.000 1.000

Face 0.058 0.280 0.800 0.800 NA 0.024 0.100 0.600 0.600 NA

Upper extremity 0.174 0.350 0.850 1.000 NA 0.042 0.100 0.650 1.000 NA

Lower extremity 0.176 0.500 0.600 0.600 1.000 0.016 0.200 0.350 0.600 1.000

Thorax 0.026 0.040 0.040 0.300 0.200 0.000 0.005 0.007 0.150 0.150

Thoracic spine 0.049 0.450 0.900 1.000 1.000 0.009 0.200 0.550 1.000 1.000

Abdomen 0.000 0.024 0.100 0.200 0.200 0.000 0.000 0.045 0.100 0.100

Lumbar spine 0.057 0.550 0.700 1.000 1.000 0.016 0.250 0.450 1.000 1.000

External (skin) 0.017 0.200 0.500 0.500 1.000 0.002 0.070 0.500 0.500 1.000

Road Traffic Crashes 
Data preparation had been undertaken before any modeling was made, in order to 
generate internationally comparable data: for example, making new variables; grouping 
items within a variable; making groups within a variable dividing/merging age in three 
different age groups; and merging transport mode into five groups (pedestrians; motor-
ized four-wheeler occupants; motorized two-three-wheeler users and cyclists; other or 
unspecified groups).

Table B19. � Country-Reported and Estimated Number of Road Traffic Deaths 

REPORTED ROAD TRAFFIC DEATHS ESTIMATED ROAD TRAFFIC DEATHS

KAZ KGZ TJK UZB KAZ KGZ TJK UZB

Pedestrians 863 364 172 1191 976 364 636 1385

Cyclists 18 12 10 206 54 12 36 239

Motorized 2- or 
3-wheeler users 188 20 0 156 136 20 9 181

Motorized 
4-wheeler users 1411 259 245 1556 1888 259 896 1812

Other or 
unspecified users 145 283 0 0 104 283 0 0

Total 2625 938 427 3109 3158 938 1577 3617
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Table B20. � Country-Reported and Estimated Number of RTC-Injured Casualties 

REPORTED RTC  
INJURED CASUALTIES CORRECTION 

FACTOR

ESTIMATED RTC  
INJURED CASUALTIES

KAZ KGZ TJK UZB KAZ KGZ TJK UZB

Pedestrians 7984 2352 535 4580 1.88 15010 4422 1006 8610

Cyclists 306 105 50 539 5.38 1646 565 269 3169

Motorized 2- or 
3-wheeler users 169 187 0 1163 2.38 402 445 19 2768

Motorized 
4-wheeler users 14575 2454 832 6333 1.63 23757 4000 1343 10323

Other or 
unspecified users 120 3794 2 0 2.25 270 8537 5 0

Total 23154 8892 1419 12655 41086 17968 2641 24870

Table B21. � Other Base Estimates for Road Traffic Crashes and Data Sources

MODEL PARAMETER KAZ KGZ TJK UZB

Share of registered vehicles of MY 
pre-2006 0.65* 0.96** 0.96** 0.65**

Share of registered vehicle of MY 
post-2006 0.35* 0.04** 0.04** 0.35**

Seat belt use rate 0.81* 0.66** 0.23** 0.65***

Motorcycle helmet use rate 0.44* 0.10** 0.10** 0.10**

Cyclist helmet use rate 0.06** 0.005*** 0.005*** 0.005***

4-Wheeler MV Rollover collisions 0.104* 0.107* 0.131* 0.059*

4-Wheeler MV Non-Rollover 
collisions 0.896* 0.893* 0.869* 0.941*

MV Drivers (as share of Motorized 
4-wheeler users) 0.52* 0.50*** 0.34* 0.50***

* Estimated based on country-reported data
** Estimated based on literature-reported data
*** Calculated/defined based on conservative estimates 
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RTI Cost Valuation Techniques 

Table B22. � Cost Valuation Techniques by Country

KAZ KGZ TJK UZB

EMS Restitution 
Costs

Top-down 
micro-costing

Restitution 
Costs

Top-down 
micro-costing

ED care Restitution 
Costs NA NA NA

Outpatient care Restitution 
Costs

Restitution 
Costs

Restitution 
Costs

Restitution 
Costs

Hospital care Restitution 
Costs

Restitution 
Costs

Restitution 
Costs

Restitution 
Costs

Long-term care Restitution 
Costs

Restitution 
Costs

Restitution 
Costs

Restitution 
Costs

Health care costs were estimated by computing the costs for each type of care con-
sumed. In case of fatality, the total health care costs included all cost categories that 
the patient was included in until his or her death; while in the case of severe and slight 
injuries the costs were estimated per type of care by place of recovery.

The methodology established the ambulance journey for valuation of the ambulance 
unit cost regardless of whether this resulted in (1) provision of medical care to the 
injured person at the crash site; (2) reference for further treatment without being 
conveyed from the crash site; or (3) transportation of the injured person to a health care 
facility. Also, the cost of the ambulance journey was included in additional resources 
and activities associated with road crashes; this could make the cost of service higher 
through the dispatching of additional higher-skilled personnel to the crash site (para-
medic, physician, etc.); administration of medical procedures and medicines above the 
standard protocol; extra time spent at the crash site (i.e. every 15 minutes thereafter 45 
minutes in a metropolitan catchment area). 

Table B23. � Costs of Emergency Medical Services (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

BLS Ambulance 
Std-distance Journey 3031.75 27.19 502.33 30.01 11.70 5.76 83798.00 71.02

BLS Ambulance 
Long-distance Journey - 653.03 39.01 1218.67 600.33 - -

ALS Ambulance 
Std-distance Journey 3336.05 30.10 602.79 36.01 16.10 7.93 - -

ALS Ambulance 
Long-distance Journey - 783.63 46.81 1520.00 748.77 - -

Air Ambulance Journey 820100 7400.29 NA NA NA NA NA NA

Source: Authors’ calculations, based on national regulations on medical tariffs, and country-reported data.
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Table B24. � Costs of Emergency Department Services (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

CHILDREN

Injuries to Head Visit 1647.24 14.86 - - - - - -
Injuries to Neck Visit 1647.24 14.86 - - - - - -
Injuries to Thorax Visit 1863.97 16.82 - - - - - -
Injuries to Abdomen Visit 1863.97 16.82 - - - - - -
Injurie to UppExt Visit 1994.02 17.99 - - - - - -
Injuries to LowExt Visit 1744.77 15.74 - - - - - -
Injuries to Multiple 
Regions Visit 3760.46 33.93 - - - - - -

Injuries to 
Unspecified Region Visit 1148.73 10.37 - - - - - -

ADULTS

Injuries to Head Visit 2026.54 18.29 - - - - - -

Injuries to Neck Visit 2026.54 18.29 - - - - - -

Injuries to Thorax Visit 1690.58 15.26 - - - - - -

Injuries to Abdomen Visit 1690.58 15.26 - - - - - -

Injurie to UppExt Visit 2059.04 18.58 - - - - - -

Injuries to LowExt Visit 1896.49 17.11 - - - - - -

Injuries to Multiple 
Regions Visit 3760.46 33.93 - - - - - -

Injuries to 
Unspecified Region Visit 1408.82 12.71 - - - - - -

Source: Authors’ calculations, based on national regulations on medical tariffs, and country-reported data.

For inpatient care, the cost assigned to a patient group (injury by type and severity) 
was estimated as an average value of the prices corresponding to specific ICD-9 codes 
(or ICD-10 equivalent) according to the Barell Injury Diagnosis Matrix. Further, the 
weighted mean cost was used for calculations within this cost category (for example, 
the cost of a hospital stay ending in death). For outpatient care, the unit cost was 
established as course of treatment (episode of care) in ambulatory settings, considering 
the need for homogeneity in care consumption and uniformity in cost-item coverage 
(visits, procedures, medicines, medical tests, etc.). In Kazakhstan, the tariffs for health 
conditions that are eligible for management in ambulatory settings (that is, an inpatient 
substitution setting), according to the approved methodology on cost valuation, were 
calculated by halving the weighting coefficients for corresponding diagnosis-related 
groups (DRGs) and multiplying them by the established base rate. This approach was 
extrapolated for Kyrgyzstan. In the case of Uzbekistan and Tajikistan, taking into con-
sideration that the tariff methodology did not apply a base rate or relative cost weights 
to the groupings (which would allow the calculation of budget-neutral tariffs), the cost 
per case/episode of care represented an itemized fee for service (FFS) corresponding to 
specific ICD-9 codes (or ICD-10 equivalent).

The ICD-9 codes were mapped to AIS scores using the ICDPIC-R open-access program. 
This method has previously been discussed in the specialty literature (Clark et al. 2018). 
Mapping from ICD-9 codes was obviously not as accurate as AIS scoring from primary 
medical records, and might be more accurate if more recent versions of the AIS were 
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applied,30 but it appears to be a reasonable substitution when other methods are 
impractical or unavailable. ICD-10 codes were mapped to ICD-9 codes, by applying the 
open-access general equivalence mapping (GEM) tables.

30  �ICDPIC-R does not use the newer 2005, 2008, and 2015 versions of the AIS.

Table B25. � Costs of Outpatient Services (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

CHILDREN

Injuries to Head TC 35274.67 318.31 2199.19 131.37 365.22 179.91 445649.44 377.68

Injuries to Neck TC 35274.67 318.31 2178.68 130.15 365.22 179.91 399860.34 338.88

Injuries to Thorax TC 35274.67 318.31 2178.68 130.15 268.87 132.45 457811.92 387.99

Injuries to Abdomen TC 35274.67 318.31 2178.68 130.15 268.87 132.45 446188.42 378.14

Injurie to UppExt TC 35274.67 318.31 2178.68 130.15 273.33 134.65 406592.18 344.58

Injuries to LowExt TC 35274.67 318.31 2178.68 130.15 315.96 155.65 434956.11 368.62

Injuries to Multiple 
Regions TC 35274.67 318.31 2727.62 162.94 386.97 190.63 539803.83 457.48

Injuries to 
Unspecified Region TC 35274.67 318.31 2182.10 130.35 309.58 152.50 431843.07 365.98

ADULTS

Injuries to Head TC 36455.91 328.97 2199.19 131.37 365.22 179.91 445649.44 377.68

Injuries to Neck TC 36455.91 328.97 2178.68 130.15 365.22 179.91 399860.34 338.88

Injuries to Thorax TC 36455.91 328.97 2178.68 130.15 268.87 132.45 457811.92 387.99

Injuries to Abdomen TC 36455.91 328.97 2178.68 130.15 268.87 132.45 446188.42 378.14

Injurie to UppExt TC 36455.91 328.97 2178.68 130.15 273.33 134.65 406592.18 344.58

Injuries to LowExt TC 36455.91 328.97 2178.68 130.15 315.96 155.65 434956.11 368.62

Injuries to Multiple 
Regions TC 36455.91 328.97 2727.62 162.94 386.97 190.63 539803.83 457.48

Injuries to 
Unspecified Region TC 36455.91 328.97 2182.10 130.35 309.58 152.50 431843.07 365.98

* TC = Treatment Course (episode of care) in ambulatory settings.
Source: Authors’ calculations, based on national regulations on medical tariffs and country-reported data.

Table B26. � Costs of Acute Hospital Services, AIS 1-2 cases (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

CHILDREN

Injuries to Head HSA 68082.10 614.35 4398.37 262.75 962.26 474.02 891298.88 755.36

Injuries to Neck HSA 67959.28 613.24 4357.35 260.30 796.54 392.38 799720.67 677.75

Injuries to Thorax HSA 72884.73 657.69 4357.35 260.30 790.57 389.44 915623.84 775.98

Injuries to Abdomen HSA 72884.73 657.69 4357.35 260.30 772.92 380.75 892376.84 756.28

Injurie to UppExt HSA 65296.96 589.22 4357.35 260.30 662.83 326.52 813184.36 689.16

Injuries to LowExt HSA 65296.96 589.22 4357.35 260.30 666.92 328.53 869912.21 737.24

Injuries to 
Unspecified Region HSA 64710.86 583.93 4364.19 260.70 775.34 381.94 863686.13 731.96
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UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

ADULTS

Injuries to Head HSA 68295.23 616.27 4398.37 262.75 962.26 474.02 891298.88 755.36

Injuries to Neck HSA 68278.97 616.13 4357.35 260.30 796.54 392.38 799720.67 677.75

Injuries to Thorax HSA 71703.49 647.03 4357.35 260.30 790.57 389.44 915623.84 775.98

Injuries to Abdomen HSA 71703.49 647.03 4357.35 260.30 772.92 380.75 892376.84 756.28

Injurie to UppExt HSA 65925.52 594.89 4357.35 260.30 662.83 326.52 813184.36 689.16

Injuries to LowExt HSA 65925.52 594.89 4357.35 260.30 666.92 328.53 869912.21 737.24

Injuries to 
Unspecified Region HSA 66523.36 600.28 4364.19 260.70 775.34 381.94 863686.13 731.96

* HSA = Hospital Stay (episode of acute care)
Source: Authors’ calculations, based on national regulations on medical tariffs and country-reported data.

Table B27. � Costs of Acute Hospital Services, AIS 3+ and Polytrauma Cases (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

CHILDREN

Injuries to Head HSA 108728.34 981.13 5403.50 322.79 2919.60 1438.23 2490493.85 2110.66

Injuries to Neck HSA 99081.54 894.08 5867.85 350.53 2257.08 1111.86 2320354.19 1966.47

Injuries to Thorax HSA 120894.76 1090.91 5959.55 356.01 1937.90 954.63 2570279.70 2178.28

Injuries to Abdomen HSA 110514.66 997.24 6187.68 369.63 2039.90 1004.88 2320074.86 1966.23

Injuries to UppExt HSA 76672.29 691.86 5730.95 342.35 1087.74 535.83 2190354.19 1856.30

Injuries to LowExt HSA 87699.01 791.36 6254.74 373.64 1125.37 554.37 2397896.09 2032.18

Injuries to 
Unspecified Region HSA 87740.04 791.73 5900.71 352.49 1849.59 933.30 2381575.48 2018.35

ADULTS

Injuries to Head HSA 109684.18 989.75 5403.50 322.79 2919.60 1438.23 2490493.85 2110.66

Injuries to Neck HSA 101592.13 916.73 5867.85 350.53 2257.08 1111.86 2320354.19 1966.47

Injuries to Thorax HSA 123405.35 1113.57 5959.55 356.01 1937.90 954.63 2570279.70 2178.28

Injuries to Abdomen HSA 111432.19 1005.52 6187.68 369.63 2039.90 1004.88 2320074.86 1966.23

Injuries to UppExt HSA 79684.99 719.05 5730.95 342.35 1087.74 535.83 2190354.19 1856.30

Injuries to LowExt HSA 91127.13 822.30 6254.74 373.64 1125.37 554.37 2397896.09 2032.18

Injuries to 
Unspecified Region HSA 90678.43 818.25 5900.71 352.49 1849.59 933.30 2381575.48 2018.35

Injuries to  
Multiple Regions HSA 181217.52 1635.24 11801.42 704.98 3789.19 1866.60 4763150.84 4036.71

* HSA – Hospital Stay (episode of acute care)
Source: Authors’ calculations, based on national regulations on medical tariffs and country-reported data.

Table B26 (CONT). � Costs of Acute Hospital Services, AIS 1-2 cases (Standardized for 2016)
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Table B28. � Costs of Rehabilitation Services, 1st Stage (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

CHILDREN
Injuries to Head HSAR 414285.50 3738.36 - - - - - -
Injuries to Neck HSAR 414285.50 3738.36 - - - - - -
Injuries to Thorax HSAR 414285.50 3738.36 - - - - - -
Injuries to Abdomen HSAR 414285.50 3738.36 - - - - - -
Injurie to UppExt HSAR 414285.50 3738.36 - - - - - -
Injuries to LowExt HSAR 414285.50 3738.36 - - - - - -
Injuries to Multiple 
Regions HSAR 414285.50 3738.36 - - - - - -

Injuries to 
Unspecified Region HSAR 414285.50 3738.36 - - - - - -

ADULTS
Injuries to Head HSAR 414285.50 3738.36 - - - - - -
Injuries to Neck HSAR 414285.50 3738.36 - - - - - -
Injuries to Thorax HSAR 414285.50 3738.36 - - - - - -
Injuries to Abdomen HSAR 414285.50 3738.36 - - - - - -
Injurie to UppExt HSAR 414285.50 3738.36 - - - - - -
Injuries to LowExt HSAR 414285.50 3738.36 - - - - - -
Injuries to Multiple 
Regions HSAR 414285.50 3738.36 - - - - - -

Injuries to 
Unspecified Region HSAR 414285.50 3738.36 - - - - - -

* HSSR = Hospital Stay (episode of subacute and rehabilitative care)
Source: Authors’ calculations, based on national regulations on medical tariffs and country-reported data.

Table B29. � Costs of Subacute Hospital and Rehabilitation Services (Standardized for 2016)

UNIT 
COST

KAZ KGZ TJK UZB

LCU INT USD LCU INT USD LCU INT USD LCU INT USD

CHILDREN
Injuries to Head HSAR 128616.00 1160.58 4900.94 292.77 1940.93 956.12 1690896.37 1433.01
Injuries to Neck HSAR 128616.00 1160.58 5112.60 305.41 1526.81 752.12 1560037.43 1322.11
Injuries to Thorax HSAR 128616.00 1160.58 5158.45 308.15 1364.24 672.04 1742951.77 1477.13
Injuries to Abdomen HSAR 128616.00 1160.58 5272.52 314.97 1406.42 692.82 1606225.85 1361.25
Injurie to UppExt HSAR 128616.00 1160.58 5044.15 301.32 875.28 431.17 1501769.27 1272.73
Injuries to LowExt HSAR 128616.00 1160.58 5306.05 316.97 896.14 441.45 1633904.15 1384.71
Injuries to Multiple 
Regions HSAR 128616.00 1160.58 11801.42 704.98 3789.19 1886.60 4763150.96 4036.71

Injuries to 
Unspecified Region HSAR 128616.00 1160.58 5132.45 306.60 1334.97 657.62 1622630.81 1375.16

ADULTS
Injuries to Head HSAR 128616.00 1160.58 4900.94 292.77 1940.93 956.12 1690896.37 1433.01
Injuries to Neck HSAR 128616.00 1160.58 5112.60 305.41 1526.81 752.12 1560037.43 1322.11
Injuries to Thorax HSAR 128616.00 1160.58 5158.45 308.15 1364.24 672.04 1742951.77 1477.13
Injuries to Abdomen HSAR 128616.00 1160.58 5272.52 314.97 1406.42 692.82 1606225.85 1361.25
Injurie to UppExt HSAR 128616.00 1160.58 5044.15 301.32 875.28 431.17 1501769.27 1272.73
Injuries to LowExt HSAR 128616.00 1160.58 5306.05 316.97 896.14 441.45 1633904.15 1384.71
Injuries to Multiple 
Regions HSAR 128616.00 1160.58 11801.42 704.98 3789.19 1886.60 4763150.96 4036.71

Injuries to 
Unspecified Region HSAR 128616.00 1160.58 5132.45 306.60 1334.97 657.62 1622630.81 1375.16

* HSSR = Hospital Stay (episode of subacute and rehabilitative care)
Source: Authors’ calculations, based on national regulations on medical tariffs and country-reported data.
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Financial Burden of Road Traffic Injuries on Households
This study assumed, based on scientific and operational research, that a financial 
burden greater than 10 percent is likely to be catastrophic for the household econ-
omy, meaning that it is likely to force the household to cut its consumption of other 
minimum needs and/or trigger productive asset sales or high levels of debt, which in 
turn leads to impoverishment. This 10 percent figure is somewhat arbitrary because this 
level may not be catastrophic for high-income or resilient households that can mobilize 
their assets to pay for treatment.

In the absence of data, we calculated the out-of-pocket (OOP) part of the health care 
cost per RTC casualty by applying the value of the OOP share of total health expenditure 
for 2016, retrieved from the World Bank databank.

Table B30. � Total Annual Income per Household in Kyrgyzstan, 2016 Local Currency Unit 

QUINTILE GROUP  
OF INCOME MINIMUM MAXIMUM MEAN

1 3,450 120,350 86,333.89
2 120,430 168,747 145,328.54
3 168,776 220,770 194,233.02
4 220,800 290,100 252,937.07
5 290,350 2,151,860 397,400.56

Source: Country-reported data

Table B31. � Total Annual Income per Household in Tajikistan, 2016 Local Currency Unit

DECILE GROUP  
OF INCOME MEAN

Poorest 10% 3,948.00
Richest 10% 40,365.12

Source: Country-reported data

Table B32. � Total Annual Income per Household in Kazakhstan, 2016 Local Currency Unit

DECILE GROUP  
OF INCOME MEAN

Poorest 10% 747,495
Richest 10% 3,112,602

Source: Country-reported data

Table B33. � Estimated OOP expenditure per RTC event in Three Central Asian Countries,  
2016 Local Currency Unit

Kazakhstan 44,107.01

Kyrgyzstan 4,341.90

Tajikistan 903,67

Source: Authors’ calculations
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Target Year
The most recent year with RTC and RTI-related health care data that was available at 
both the national and/or the institutional level for these countries was 2016; therefore it 
was chosen to value the health care costs. 

Currencies

Table B34. � Local Currency Unit per International Dollar (2016)

LOCAL CURRENCY UNIT (LCU) LCU PER INT$ (2016)

Kazakhstani Tenge 110.82
Kyrgyzstani Som 16.74
Uzbekistani Som 1179.96
Tajikistani Somoni 2.03

Source: World Bank Databank 
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APPENDIX C:  
CALCULATING THE VALUE OF STATISTICAL LIFE, 
AND THE EFFECT OF RTI DALYS ON LONG-RUN 
ECONOMIC GROWTH

Value of Statistical Life

The Effect of RTI DALYs on Long-Run Economic Growth
To estimate the effect of RTI DALYs on economic growth we needed to address two 
problems. First, RTI DALYs (and all-cause DALYs more generally) are likely to be 
correlated with the characteristics of a country that are responsible for its economic 
development. But as long as some of these confounders are omitted from the model, 
the omitted variable bias may hide the true effect of RTI DALYs. To address this omitted 
variable bias we adopted the same strategy recently adopted in Rocco et al. (2021), 
which exploits methods of partial identification to establish bounds for the true effects.
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Appendix C: Calculating the Value of Statistical Life, and the Effect of RTI 

DALYs on Long-Run Economic Growth 

 
Value of Statistical Life 
The value of statistical life (VSL) is the amount of money that a population is willing to pay 
to marginally reduce the risk of death. Viscusi and Masterman (2017) showed that VSL is 
positively correlated with income, and its income elasticity is smaller at high levels of 
income, and larger at lower levels. Exploiting this relationship between income and VSL, 
they proposed a simple strategy for imputing the VSL for countries where microdata are 
missing and a proper estimation of the VSL is therefore not possible.  

Using 2015 data, Viscusi and Masterman (2017) state the equation 

 VSL!,#$%& = VSL'(,#$%& %
)*+!,#$%&
)*+'(,#$%&

&
,

 

which relates VSL and GNI in the US to the same quantities in country i, and 	η is VSL 
elasticity with respect to income. 

We exploited this formula twice. First, we updated the US VSL from 2015 to 2019 by using  

VSL'(,#$%- = VSL'(,#$%& )
GNI'(,#$%-
GNI'(,#$%&

-

$.&%%
 

where η = 0.511 is income elasticity in the US. 

Next, we estimated the VSL for Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan in 
2019 by means of   

VSL!,#$%- = VSL'(,#$%- )
GNI!,#$%-
GNI'(,#$%-

-  

assuming η = 1 as suggested in Viscusi and Masterman (2017).  

Appendix C: Calculating the Value of Statistical Life, and the Effect of RTI DALYs on Long-Run Eco-
nomic Growth
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Second, RT mortality and RT injuries are often poorly measured in developing countries, 
due to the underreporting of road accidents to the authorities and the misclassification 
of RTIs under other causes. The poor quality of RTI data is thus necessarily reflected in 
the DALYs measured and makes it difficult to estimate the effect of RTI DALYs on eco-
nomic growth. Typically, error in variables produces attenuation bias; that is, estimates 
are biased toward zero.

To get an idea of the problem of data quality in the four countries under study, we 
compared RT mortality from three alternative sources; administrative data; and Global 
Burden of Disease (GBD) and WHO estimates from the WHO Global Health Observatory. 
(Figure C1). While in Kazakhstan and Kyrgyzstan administrative data are more or less 
aligned with international estimates, this is not the case for Tajikistan and Uzbekistan, 
where the administrative data differs substantially from WHO and GBD estimates. 
(Actually, in these two countries even the latter differs rather markedly.)

Figure C1. � RTI Mortality
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To circumvent the problem of measurement error, we proceeded indirectly, as detailed 
below. We exploited the fact that all-cause DALYs in the working age population are the 
sum of cause-specific DALYs. That is:  

!""#!$%&_()*+ =-._()*+
!

 

Each cause-specific DALY,  2_4567, is affected by measurement error, 2_8, at least to 
some extent. However, the the combination of many independent measurement errors, 
∑ 2_8/ , is closer to zero, because independent errors cancel each other. Hence all-cause 
DALYs are less affected by measurement error than each cause-specific DALY.  

The same reasoning applies to non-RTI DALYs in the working-age population; that is, 
DALYS from all causes but RTI, which is also the sum of many cause-specific DALYs. 

/0/123_()*+ = - ._()*+
!"#$%

 

We separately estimated the effect of all-cause DALYs and the effect of non-RTI DALYs on 
economic growth, and then we derived the effect of RTI DALYs.  

We proceeded as follows. We let long-run economic growth :0  depend on both RTI DALYs 
(R) and non-RTI DALYs (NR), and we let each component attract specific parameters 
;1	and  ;21: 

4& = 5' + 5(#71& + 5#1& + 8&   (1) 

We divided and multiplied both variables by T, all-cause DALYs, and by rearranging the 
terms we rewrote model (1) as  

4& = 5' + [5(# + (5# − 5(#)4#&]2& + 8&  (2) 

where :10 =
1)
3)

 is the country-specific share of RTI DALYs (out of all-cause DALYs). Model 

(2) is equivalent to Model (1) but depends only on all-cause DALYS and on a country-
specific parameter [;21 + (;1 − ;21):10] that captures the composition between RTI and 
non-RTI DALYs in country i. 

Model (2) can be further rewritten as   

4& = 5' + 5)2& + {[5(# + (5# − 5(#)4#& − 5)]2& + 8&}    (3) 

where ;% = ;21 + (;1 − ;21):1BBBB is the average of [;21 + (;1 − ;21):10] and  :1BBBB is the 
average of :10. 

Following Rocco et al. (2021), we estimated Model (3) via OLS (Ordinary Least Squares) 
and via 2SLS (Two-Stage Least Squares). In the second case all-cause DALYs were 
instrumented by the incidence of malaria falciparum prevailing in 1966 (Gallup et al., 
1999), an instrumental variable also used in the seminal Lorentzen et al. (2008) paper. 
While this variable is largely predetermined, it likely does not meet the independence 
condition required for being a valid instrument, implying that even the 2SLS estimate is 
biased.  Based on the results of Nevo and Rosen (2012), Rocco et al. (2021) showed that 
the true effect of all-cause DALYs is larger (in absolute value) than the largest (in absolute 
value) between the OLS and the 2SLS estimate. Accordingly, we took the largest (in 
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absolute value) between the OLS and the 2SLS estimate as a conservative effect of C0  on 
economic growth. 

The estimated ;% captures  

5@) = 5(# + (5# − 5(#)4#AAAA     (4) 

Next, starting again from model (1), we specified the “short” model 

4& = 5' + 5(#71& + (5#1& + 8&)   (5) 

where D0  is omitted from the set of regressors and left in the error term. If Model (1) is 
correctly specified, Model (4) is necessarily mis-specified and generates an omitted 
variable bias. The estimated ;E21  is 

 5@(# = 5(# + 5#
*+,(#!,(#!)
012((#!)

= 5(# + 5#B345 (6a) 

if (5) is estimated by OLS, and  

5@(# = 5(# + 5#
*+,(#!,6!)
*+,((#!,6!)

= 5(# + 5#B7545  (6b) 

if (5) is estimated by 2SLS. 

We therefore had two linear equations and two unknowns that could be solved to obtain 

5# =
89":():;#<<<<)89$#
;#<<<<:=():;#<<<<)

    (7) 

and  

5(# = 5@(# − B 89":():;#<<<<)89$#;#<<<<:=():;#<<<<)
    (8) 

which are the estimates of the effects of RTI DALYs and nonRTI DALYs respectively. 

We operationalized :0  as the percent change between real GDP per capita in 2019 and 
1990, and C0  and FD0   as the average all-cause DALYs  and non-RTI DALYs in the same 
period, as in both Lorentzen et al. (2008) and Rocco et al. (2021). We added a number of 
controls, which are listed in Table C1 along with their summary statistics. All models were 
controlled for the logarithm of per-capita GDP in 1990; the initial condition; and the 
share of the population aged 65 and over in 1990, which we interpreted as an indicator of 
the stage of the demographic transition at the beginning of the period;  
the average between 1990 and 2019 of the country population (in logarithm); the 
proportion of urban residents; the proportion of residents with internet access; 
government spending; an index of openness to the global economy (defined as the ratio 
between the sum of imports and exports and national GDP); human capital (proxied by 
the share of population with at least secondary education); social capital (the share of the 
population reporting that they trust other people from the World Values Survey  (WVS); 
and a proxy of institutional quality (an index of civil liberties from Freedom House). We 
also added a set of variables accounting for the proportion of the country’s area that is in 
polar, boreal, humid temperate, dry temperate, subtropical, and tropical zones. 
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Table C1. � Summary Statistics

VARIABLE OBS MEAN STD. DEV. MIN MAX

Growth 1990-2019 136 88.8507 100.4279 -57.67975 608.0521

RTI DALYs age 15-64 136 1374.539 754.4503 398.6714 5082.055

Non-RTI DALYs age 15-
64 136 30374.42 12689.95 15606.51 82330.54

All-Cause DALYs age 
15-64 136 31748.96 12952.75 16005.18 85013.84

CONTROLS
Log GDPpc 1990 136 8.780256 1.201841 6.00496 11.53461

Population 65+ 1990 136 6.36266 4.204181 1.200099 17.82374

Log population 136 16.42661 1.36333 14.0792 20.97628

Civil Liberties 136 3.421324 1.705401 1 7

Urban Population 136 55.50004 21.50142 9.455733 100

Internet 136 21.84047 16.71528 .6994352 61.85134

Public Spending 136 .1846297 .0677691 .0217823 .4921883

Openness 136 .5012355 .4255278 .0799012 3.439682

Secondary Education 136 47.87848 25.62227 0 95.72875

Trust 136 16.53584 16.72448 0 73.9

Polar 136 .0170619 .0557763 0 .3031908

Boreal 136 .0642802 .1586313 0 .9105653

Dry-Temp 136 .0955475 .1827708 0 .838334

Wet-Temp 136 .2084851 .3253703 0 1

Subtropical 136 .2831337 .3301978 0 .9805556

Tropical 136 .1643917 .2610961 0 1

INSTRUMENT
Incidence of malaria 
falciparum 1966 136 32.41507 42.40337 0 100
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Table C1. Summary Statistics 

Variable Obs Mean Std. Dev. Min Max 
      
Growth 1990-2019 136 88.8507 100.4279 -57.67975 608.0521 
RTI DALYs age 15-64  136 1374.539 754.4503 398.6714 5082.055 
Non-RTI DALYs age 
15-64 

136 30374.42 12689.95 15606.51 82330.54 

All-Cause DALYs age 
15-64 

136 31748.96 12952.75 16005.18 85013.84 

      
Controls      
Log GDPpc 1990 136 8.780256 1.201841 6.00496 11.53461 
Population 65+ 1990 136 6.36266 4.204181 1.200099 17.82374 
Log population 136 16.42661 1.36333 14.0792 20.97628 
Civil Liberties 136 3.421324 1.705401 1 7 
Urban Population 136 55.50004 21.50142 9.455733 100 
Internet 136 21.84047 16.71528 .6994352 61.85134 
Public Spending 136 .1846297 .0677691 .0217823 .4921883 
Openness 136 .5012355 .4255278 .0799012 3.439682 
Secondary Education 136 47.87848 25.62227 0 95.72875 
Trust 136 16.53584 16.72448 0 73.9 
Polar 136 .0170619 .0557763 0 .3031908 
Boreal 136 .0642802 .1586313 0 .9105653 
Dry-Temp 136 .0955475 .1827708 0 .838334 
Wet-Temp 136 .2084851 .3253703 0 1 
Subtropical 136 .2831337 .3301978 0 .9805556 
Tropical 136 .1643917 .2610961 0 1 
      
Instrument      

Incidence of malaria 
falciparum 1966 

136 32.41507 42.40337 0 100 

 

Tables C2 and C3 report estimates for Models (3) and (5), by applying OLS or 2SLS 
respectively. They also report the corresponding Oster (2019) estimates. Oster provides  
a strategy for addressing the problem of omitted variables. Under the assumption that 
omitted variables are as important as the included controls in explaining Ti , and under 
the additional assumption that adding omitted variables will increase the model’s R-
squared by 30 percent,  it is possible to gauge the effect of interest net of the omitted 
variable bias. Considering OLS estimates, the effect of Ti  increases (in absolute value) 
from 0.00266 to 0.00345. Turning to the reduced form and the first stage of the 2SLS 
estimator (Columns 3 and 4 in Table C2), we find that the inclusion of unobservables 
increases the reduced form (in absolute value) and decreases the first stage. This  
implies that the 2SLS estimate (which is the ratio between the reduced form and the 
first-stage estimates) would be larger (in absolute value) if the omitted variables were 
accounted for. Together these results (about OLS and 2SLS) confirm the finding in Rocco 
et al. (2021) that the correlation between Ti and the regression error term ε is positive,  
as well as the correlation between Zi (the instrumental variable) and the error term ε. 
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Table C2. � The Effect of All-Cause DALYs in the Working-Age Population on Long-Run 
Economic Growth

(1)  
OLS

(2) 
2SLS

(3) 
REDUCED FORM

(4)  
FIRST STAGE

All-cause DALYs in the 
working-age population -0.00266*** -0.00400**

(0.000803) (0.00192)

Incidence of Malaria 
Falciparum 1966 -0.631* 157.7***

(0.322) (31.08)

Observations 136 136 136 136

R-squared 0.376 0.361 0.338 0.565

semi-elasticity -0.845 -1.271

Oster’s estimate -0.00345 -0.828 39.29

F   25.74    

Note: �Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All models include the controls listed in 
Table C1.	

Table C3. � The Effect of Non-RTI DALYs in the Working-Age Population on Long-Run  
Economic Growth

VARIABLES (1)  
OLS

(2) 
2SLS

(3) 
REDUCED FORM

(4)  
FIRST STAGE

NonRTI DALYs in the  
working-age population -0.00274*** -0.00422**

(0.000835) (0.00203)

Incidence of Malaria  
Falciparum 1966 -0.631* 157.7***

(0.322) (31.08)

Observations 136 136 136 136

R-squared 0.377 0.359 0.338 0.565

semi-elasticity -0.833 -1.282

Oster’s estimate -0.00358 -0.828 34.17

F   22.71    

Note: �Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All models include the controls listed in 
Table C1.
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Finally, the correlation between Ti and Zi is also positive, as the first-stage estimate of 
Tables C2 and C3 (Column 3) reveals. Under these conditions, Nevo and Rosen (2012) 
proved that the true effect of Ti on :0  is larger (in absolute value) than the largest 
estimate between the OLS and the 2SLS estimate, or ;% < min	(;E%,456, ;E%,#656). 

For both all-cause DALYs and non-RTI DALYs we found that 2SLS estimates were larger 
than OLS in absolute value. We took the former as conservative values for ;E%	and ;E21  
which turned out to be -0.00400 and -0.00422 respectively. In terms of semi-
elasticities, a reduction of all-cause DALYs by 1 percent would increase long-run GDP 
growth of 1.27 percentage points on average. Similarly, a reduction of non-RTI DALYs  
by 1 percent would increase long-run growth of 1.28 percentage points on average. 

Applying equation (7) and bootstrapping, we obtained that the effect of RTI DALYs is 
 ;1 = −0.0040038 (std. err. = 0.0023494) (p.val. = 0.088). 

 

Table C2. The Effect of All-Cause DALYs in the Working-Age Population on Long-Run 
Economic Growth 

  (1) (2) (3) (4) 
 OLS 2SLS Reduced Form First Stage 
          
All-cause DALYs in the 
working-age population -0.00266*** -0.00400**   

 (0.000803) (0.00192)   
Incidence of Malaria  
Falciparum 1966   -0.631* 157.7*** 

   (0.322) (31.08) 
     

Observations 136 136 136 136 
R-squared 0.376 0.361 0.338 0.565 
semi-elasticity -0.845 -1.271   
Oster’s estimate -0.00345  -0.828 39.29 
F   25.74     

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All models 
include the controls listed in Table C1.  
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The same procedure can be applied for RTI mortality. The true effect of all-cause mor-
tality is bounded above by -0.207 and the true effect of non-RTI mortality is bounded 
above by -0.217. In semi-elasticity, a reduction in both types of mortality by 1 percent 
will increase long-run economic growth by 0.96 percentage points. Applying equation 
(7) and bootstrapping, we obtained that the effect of RTI morality is αR=–0.207046  
(std. err. = 0.12185) (p.val. = 0.089).

Table C4. � The Effect of All-Cause Mortality in the Working-Age Population on Long-Run 
Economic Growth

(1)  
OLS

(2) 
2SLS

(3) 
REDUCED FORM

(4)  
FIRST STAGE

All-cause DALYs in the 
working-age population -0.121*** -0.207**

(0.0395) (0.0996)

Incidence of Malaria 
Falciparum 1966 -0.631* 3.049***

(0.322) (0.598)

Observations 136 136 136 136

R-squared 0.365 0.340 0.338 0.569

semi-elasticity -0.565 -0.963

Oster’s estimate -0.164 -0.828 1.164

F   26.04    

Note: �Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All models include the controls listed in 
Table C1.

Table C5. � The Effect of All-Cause Mortality in the Working-Age Population on Long-Run 
Economic Growth

(1)  
OLS

(2) 
2SLS

(3) 
REDUCED FORM

(4)  
FIRST STAGE

Non-RTI mortality in the  
working-age population -0.125*** -0.217**

(0.0412) (0.105)

Incidence of Malaria 
Falciparum 1966 -0.631* 2.911***

(0.322) (0.601)

Observations 136 136 136 136

R-squared 0.365 0.337 0.338 0.572

semi-elasticity -0.553 -0.961

Oster’s estimate -0.170 -0.828 1.064

F   23.44    

Note: �Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. All models include the controls listed in 
Table C1.
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Given the estimated we can predict the additional income per capita in 2048, 
assuming that the same relationship between DALYs and long-run economic 
growth holds stable in the future. 

Model (1) implies that 

 (9)

The effect of a change in RTI DALYs, , on is

 (10)

The Net Present Value (NPV) of GDP per-capita growth between 2019 and 2048, 
assuming that is accrued linearly over the 30 years period, is 

 (11)

where is the annual discount factor (assumed to be 2 percent).

In the main text we have estimated the effect of reducing 2019 RTI DALYs by 10 
percent, i.e. . Equation (11) is linear in and in turn in . This allows the benefits 
of alternative policies to be evaluated with the use of simple computations. For 
instance, the progressive reduction of RTI DALYs to 50 percent of its 2019 level by 
2029, followed by two decades of RTI DALYs stable at the achieved lower levels, 
amounts to set . Indeed, under this policy, the average RTI DALYs over the period 
2019-48 would be 41 percent lower than its level in 2019.
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Given the estimated ;1  we can predict the additional income per capita in 2048, 
assuming that the same relationship between DALYs and long-run economic growth 
holds stable in the future.  

Model (1) implies that  

>!,&'():>!,&'"*
>!,&'"*

× 100 = 5' + 5(#71&,7')? + 5#1&,7')?   (9) 

The effect of a change in RTI DALYs, D0,#$%- , on O0,#$78 is 

KL&,7'@A = 5#L&,7')?K1&,7')?/100    (10) 

The Net Present Value (NPV) of GDP per-capita growth between 2019 and 2048, 
assuming that PO0,#$78 is accrued linearly over the 30 years period, is   

7NO = ∑ Q )
()BC)+,&'"*

D>!,&'()
E' (R − 2019 + 1)T7'@A

FG7')?     (11) 

where Q is the annual discount factor (assumed to be 2 percent). 

In the main text we have estimated the effect of reducing 2019 RTI DALYs by 10 percent, 
i.e.  PD0,#$%- = −0.1D0,#$%-. Equation (11) is linear in PO0,#$78 and in turn in PD0,#$%-. This 
allows the benefits of alternative policies to be evaluated with the use of simple 
computations. For instance, the progressive reduction of RTI DALYs to 50 percent of its 
2019 level by 2029, followed by two decades of RTI DALYs stable at the achieved lower 
levels, amounts to set PD0,#$%- = −0.41D0,#$%-. Indeed, under this policy, the average RTI 
DALYs over the period 2019-48 would be 41 percent lower than its level in 2019. 
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APPENDIX D:  
ROAD SAFETY INTERVENTIONS  
IMPLEMENTED IN LMICS

Table D1: � Examples of Proven and Promising Road Safety Interventions Implemented 
in LMICs 

INTERVENTIONS 
PROVEN IN HIGH-
INCOME COUNTRIES 
(HICS)

IMPLEMENTATION AND EVALUATION IN LMICS

COUNTRY STUDY DESIGN RESULTS

Providing and 
encouraging use of 
alternative forms of 
mass transportation

Guadalajara, Mexico
Before-and-after 
study of the impact of 
Macrobus on crashes.

46 percent reduction in 
crashes after Macrobus 
was implemented.

Increasing the visibility 
of pedestrians and 
cyclists

Seremban and Shah 
Alam, Malaysia

Time-series study of 
the use of daytime 
running lights for 
motorcycles.

29 percent reduction 
in visibility-related 
motorcycle crashes.

Supervising children 
walking to school

Kuala Teregganu, 
Malaysia

Case-control study 
assessing the risk 
of injury to children 
walking or cycling 
to school who were 
supervised by parents

Risk of injury was 
reduced by 57 percent 
among supervised 
children.

Separating different 
types of road users Selagor, Malaysia

Video observational 
study of crashes and 
outcomes after the 
introduction of an 
exclusive motorcycle 
lane.

39 percent reduction 
in motorcycle crashes, 
and 600 percent 
decrease in fatalities

Reducing average 
speeds-through traffic 
calming measures

China

Before-and-after study 
of simple engineering 
measures (such as 
speed humps, raised 
intersections, and 
crosswalks) on speed 
and casualties

Average speed 
dropped by 9 percent 
in three of four 
intervention sites; 
overall number of 
casualties dropped by 
60 percent.

Setting and enforcing 
speed limits 
appropriate to the 
function of roads

Londrina, Brazil

Time-series study on 
enforcement of speed 
control, seat belt use, 
new traffic code, and 
improved prehospital 
care.

Reduction in mortality 
to 27.2 per 100,000 
population after one 
year of implementing a 
new traffic code.

Setting and enforcing 
blood alcohol 
concentration limits

Kampala, Uganda
Time-series study 
on enforcement of 
alcohol-impaired 
driving and speed laws

17 percent reduction in 
traffic fatalities after 
intervention

Villa Clara, Cuba

Time-series study 
on enforcement of 
alcohol-impaired 
driving during 
weekends

9.9 percent reduction 
in traffic crashes, 70.8 
per cent reduction 
in deaths, and 58.7 
percent reduction in 
injuries, compared 
with the previous year 
(2002).

Appendix D: Road Safety Interventions Implemented in LMICs
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INTERVENTIONS 
PROVEN IN HIGH-
INCOME COUNTRIES 
(HICS)

IMPLEMENTATION AND EVALUATION IN LMICS

COUNTRY STUDY DESIGN RESULTS

Setting and enforcing 
the use of seat belts 
for all motor vehicle 
occupants

Iran, Islamic Republic Before-and-after study 
of seat belt and helmet 
enforcement and social 
marketing.

Death rates reduced 
from 38.2 per 100,000 
population in 2004 
to 31.8 in 2007 (p < 
0.001); death rate 
per 10,000 vehicles 
reduced from 24.2 to 
13.4.

Guangzhou, China Before-and-after 
study of enhanced 
enforcement and social 
marketing on seat belt 
wearing.

12 percent increase in 
prevalence of seat belt 
use (p = 0.001).

Setting and enforcing 
motorcycle helmet use

Cali, Colombia Time-series analysis 
of fatalities following 
implementation of 
mandatory helmet 
law, reflective vests, 
restrictions on when 
motorcycles can be 
used, and compulsory 
drivers’ training.

52 percent reduction 
in motorcyclist deaths.

Thailand Before-and-after 
survey using trauma 
registry data following 
implementation of 
helmet law.

Helmet use increased 
five-fold, injuries 
decreased by 41 
percent, and deaths 
decreased by 20.8 
percent.

Vietnam Time-series 
observational study 
in three provinces 
following introduction 
of mandatory 
motorcycle helmet law.

16 percent reduction in 
injuries, and 18 percent 
reduction in deaths.

Malaysia Time-series study of 
motorcycle-related 
crashes, injuries, and 
fatalities following 
implementation of 
a Motorcycle Safety 
Program using annual 
police statistics.

25 percent reduction 
in motorcycle-
related crashes, 27 
percent reduction in 
motorcycle-related 
casualties, and 35 
percent reduction in 
motorcycle fatalities.

Encouraging helmet 
use among child 
bicycle riders

Czech Republic Case-control study of 
helmet enforcement, 
education, and reward 
campaign at schools

100 percent increase 
in helmet use, and 75 
percent reduction in 
head injury admission 
rates

Source: Based on Bachani et al. 2017
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Table D2: � Single Interventions for Specific Unintentional Injuries

Source: Vecino-Ortiz et al. 2018
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Table D3: � Packages of Unintentional Injury Interventions Found Through Literature Review 

Source: Vecino-Ortiz et al. 2018
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