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In Bogota, the speed limit in five corridors with highest concentration of traffic crashes victims in
the city was reduced from 60 to 50 km/h since November 2018. For understanding the impacts of
managing speeds, speed records for 3 different periods (November to February) between 2017 and
2019 were examined, as well as the evolution of road crashes with injuries and the number of
fatalities. The average speed reduction in the corridors with speed management was 1.48 km/h
during daytime and 3.04 km/h during nighttime. In arterial corridors without speed management,
the average speed reduction was 0.7 km/h during daytime and 2.2 km/h during nighttime. The
speed management measure influenced a reduction of 16.6% in the number of fatalities and an
increase of 10.5% in the number of crashes with injuries. The number of crashes with injuries did
not decrease as expected, but the severity of the crashes decreased and the type of incidents with
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injuries changed. The average count of runover crashes was also reduced by 10%. Notorious
changes in the geographical distribution of crashes with injuries and fatalities along the corridors
with speed management indicate the need to implement stricter enforcement measures to increase
speed management effectiveness during nighttime.
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Introduction

In Bogota, from 2007 to 2016 the annual number of road crash deaths ranged between
500 and 600 after a previous decade of continued decline (Vergel, Hidalgo, and Bray Sharpin,
2018). To improve road safety, in 2017, Bogota adopted a safe system approach and developed a
new Road Safety Plan 2017-2026 (RSP) using vision zero principles (Welle et al., 2018). The
background analysis of the plan indicated that in 2016 the percentage of fatalities affecting
vulnerable road users reached 96% and that 72% of the fatalities occurred in arterial roads
(Alcaldia Mayor de Bogota, 2018). The risk of being involved in a road crash also increased
during off-peak hours as speeds increased (Hidalgo et al., 2018).

Studies in Bogota show that speeding is the highest risk factor, among the five World
Health Organization (WHO) risk factors prioritized to achieve the goals of the UN Decade of
Action in Road Safety (JH-IIRU; Universidad de los Andes, 2019). Managing speeds has also
proven to improve road safety (OECD Transport Research Centre, 2006). For this reason, the
development of a Speed Management Program (SMP) was included in the RSP to help reach its
annual goal of reducing the number of road crash victims by 3.5% (Alcaldia Mayor de Bogota,
2018).

The main technical objective of the SMP was to align the speed limits and operational
speeds of a road with their function and context in the most critical areas of the city. Based on
victims’ counts and speeds data, the action plan of the SMP prioritized the locations where speed
limits needed to be reviewed and enforced through infrastructure measures and police control
(Alcaldia Mayor de Bogota, 2019). The use of data in this case implied that corridors selected
were the ones with the highest potential of saving human lives by speed management. The SMP
started with five arterial corridors and has been gradually expanded since. In May 2020, the speed
limit of 50 km/h was extended to all the arterial corridors in the city of Bogota, becoming the first
city nationwide to implement this measure, something that has saved lives.

The aim of this study is to discuss the social impacts of managing speeds in the five
arterial corridors where the speed limit was lowered from 60 to 50 km/h since November 2018, as
well as to analyze the effect of this measure in other arterial corridors of the city where speed
management was not implemented. In the following sections we provide a literature review on
the effect of speed management on road safety outcomes and its impacts for society, a description
of the data used for this analysis, and a discussion of the results, the limitations, future research,
and recommendations for practitioners and policy makers.

Introduction

Speed increases the probability of being involved in a road crash and the crash severity
(Islam, El-Basyouny and Ibrahim, 2014; OECD/ITF, 2018). Greibe (2005) estimated that a 15%
reduction in the average speed of a road can result in a 45% reduction of fatalities. Furthermore,
road crash risk is related to the variability of travel speed around a mean average value, and
research suggests the importance of minimizing speed variation in order to reduce this risk
(Archer et al., 2008), as higher speed variance leads to more traffic conflicts.
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Critics to speed management, especially against speed limit reductions, claim that it
affects travel times. However, the literature shows that travel time is not significantly affected by
speed management. It is estimated that the change in the mean traffic speed generated by a speed
limit change is around 25%. (Elvik et al.,, 2004; Forbes et al., 2012). Kamya-Lukoda (2010)
found that the speed limit reduction from 30 miles per hour (mph) (48 km/h) to 20 mph (32 km/h)
on residential roads resulted in an average reduction of 1.3 mph (2 km/h) in the mean speed on all
roads (Islam et al., 2014), and a study of the impact of speed limit reduction from 60 to 50 km/h
in urban areas in Victoria, Australia, found a statistically insignificant reduction of only 2-3 km/h
in the mean speed and 85th percentile speed (Horeau et al., 2006).

But, far more benefits can be obtained by reducing speed limits to adequate level in urban
environments. Achieving reductions in motor vehicle speeds is also considered one of the most
important government policies to encourage walking and cycling (Pucher and Buehler, 2010),
enhance social welfare (Nitzsche and Tscharaktschiew, 2013), and improve air quality levels due
to the reduction of emissions (Baldasano et al., 2010). Also, social justice is associated with road
safety as the inequality in the distribution of income and goods often is associated with the
increased vulnerability and exposure to risk of people (Azetsop, 2010 ).

The recommended safe speed limit for cities is 50 km/h and 30 km/h in the locations
where pedestrians and motor vehicles interact (OECD/ITF, 2018; World Health Organization,
2018). Research studies in Australia in relation to the reduction of the urban speed limit from 60
to 50 km/h indicated a minimal impact on individual travel times and large benefits to society as
a result of the reductions in crash traumas (Archer et al., 2008).

One of the most statistically robust efforts to define the relationship between speed and
crash risk identifies a strong statistical relationship for speeds between of 25 to 120 km/h (Elvik
et al.,, 2004; Forbes et al., 2012). According to their model, as the mean traffic speed is reduced,
the number of crashes and the severity of injuries are usually reduced. For instance, it has been
estimated that every 1.6 kilometer-per-hour (1 mph) reduction in vehicle speeds on urban streets
results in a 6 percent decrease in traffic fatalities (Bray Sharpin et al., 2017).

Objectives

Considering a perspective of social justice, we consider the following research questions:

= What is the impact of this speed management measure in the mean speeds of the selected
corridors? Has the measure impacted the speeds of other arterial corridors in Bogota?

= How do these changes in speed impact on the number of lives saved, the ultimate purpose
of speed management plans?

= Have there been any noticeable changes in the geographical distribution of road crash
victims after the implementation of the speed management measure? What do these
changes represent in terms of social impacts?



Lopez, Barbosa, Lleras, Hidalgo, Adriazola-Steil
Effects of Reducing and Enforcing Speed Limits in Selected Arterial Roads in Bogota

Data and Methods

In this section we describe how data were collected and analyzed, under the context of the
speed management plan implementation in Bogota.

Speed Data

In 2016, Bogota launched a traffic control centre with state-of-the-art traffic sensors, which
included 350 Wi-Fi/Bluetooth devices capable of detecting individual speeds for road segments
and full corridors (Hidalgo et al., 2018). These devices capture mobile phone signals from smart
phones with open Wi-Fi or Bluetooth technology. The system registers the time and date, and
identifies the segment of the capture. This data is anonymous and impossible to track back (Hidalgo
et al., 2018).

The minimum speed registered is 4 km/h, to exclude walking trips, and there is no
differentiation of vehicle type, as only the speed at which any mobile device travels is captured.
The lack of differentiation between vehicle types could potentially cause a bias, because most of
the recorded speeds in an arterial road could be from public transport users, especially when BRT
corridors are present. Nevertheless, this data is more reliable than the methodology used in the past
to sample travel speeds, which was based on a vehicle traveling three to four times along city
corridors. In contrast, the speed database for Bogota has close to 1.46 million records as every
week it collects around 300 speed samples per hour per road segment (Hidalgo et al., 2018).

Corridors with speed management

The reduction of the speed limit in Av. Américas, Carrera 68, Av. Boyaca, Av. Ciudad de
Cali and Calle 80 (see Figure 1) started in November 2018, with the traffic police penalizing drivers
who exceeded the speed limit with pedagogic tickets during one month with the intention of raising
awareness on the new speed limit. A month later, in December 2018, the economic penalties to
drivers who exceeded the speed limit started.

Corridors selected for this study

Two types of corridors were compared: corridors with and without speed management. The
corridors without speed management were selected if they intersect or are located within 1 km from
a corridor with speed management. Based on this, 13 corridors without speed management were
considered (see Figure 1 and Table 2).

Three periods were considered for the speed analysis:
=  Period 1: from 15 Nov 2016 to 13 Feb 2017; 8,034,264 observations

=  Period 2: from 15 Nov 2017 to 13 Feb 2018; 9,761,694 observations
=  Period 3: from 15 Nov 2018 to 13 Feb 2019; 9,122,299 observations
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Figure 1: Corridors with and without speed management included in the analysis. Source: own elaboration.

Road crash injuries and fatalities

For this study, we used road crash data from 2014 to 2019 provided by DSM. Only the
information from November to May is used in order to review the influence of speed management
in the counts. There are five periods that will be considered for the analysis of road crash injuries
and fatalities:

= Period A: from 1 Nov 2014 to 31 May 2015; 3,410 observations
= Period B: from 1 Nov 2015 to 13 May 2016; 3,483 observations
= Period C: from 1 Nov 2016 to 13 May 2017; 3,563 observations
= Period D: from 1 Nov 2017 to 13 May 2018; 4,142 observations
= Period E: from 1 Nov 2018 to 13 May 2019; 4,059 observations

Analysis
The speed data analysis included:

55
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1. 256 road sections: 108 sections in the corridors with speed management and 148 sections
in the corridors without speed management. There are speed records for each road section
characterized as Vs, where:

p=1273 Period of analysis

s=1,2,...,256 Road section of analysis
t=0,1,...,23 Time of the day (by hour)

k=1,2, ... Identifier for a device with captured speed

2. Average speeds were calculated by section, time of the day and period (Equation 1).

npst
Z Vpstk
k=1

7 ; for each p, s, ro8i(1)
pst

Vpst —

In equation (1), nps corresponds to the number of devices with speeds captured by each
period, time of the day and road section of analysis.

3. Calculation of the changes in speed before and after the implementation of the speed
management measure by corridor and period of the day (whole day, day or night).

Before speed management:

_ Z Z (VZSt - I/lst )
AV(]—Z)SI = tzzist

N t

for each ¢ € Period, s € Corridor (2)

After speed management:
Z Z (I/3sl - VZst )
22

N t

AV 23y = for each ¢ € Period, s € Corridor (3)

Where Zis; is the total number of speed observations, including each hour of the day for
each period and corridor under analysis.

4. Calculation of descriptive statistics related to speeds for each corridor, and examination of
road crash injuries and fatalities. Statistical significance was tested using a two-tailed #-test
for speeds and a Pearson Chi-square test for the analysis of crashes by type and severity.

5. We made a classification of the traffic crashes into: run over (affecting pedestrians), crash
(involving bicycles, motorcycles and vehicles) and others (more relatively unusual events
such as a rollover or a passenger fall from a motorcycle, etc.). For purposes of this
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publication, only the traffic crashes with injuries or fatalities were considered.

6. We analyzed the variation in the spatial distribution of victims, with a visualization of the
crash rates along different sections of the corridors where speed management was
implemented.

Results

In this section we discuss how average speeds changed after speed management
implementation, the observed effects on speed in the corridors without speed management, the
changes in the counts of road crashes with victims and the observed changes in the geographical
distribution of victims.

Changes in average speeds with speed management

In general, a progressive reduction of the average speed could be observed for all the
corridors with speed management, even before the speed management measure came into effect.
It can be attributed to the increasing traffic congestion in Bogota, which is also the main reason
for the decrease in circulation speeds in the period 3.

The evolution of average speeds by time of the day, and the comparison of the periods
before and after the implementation of the speed limit (see Figure 2), show that speeds decreased
more sharply in the early morning hours (before 6 am) and late at night (after 8§ pm). During day-
time, little or no effects are fully evident for all the corridors.

Diference in speeds by time of the day between periods 3 and 2
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Figure 2: Changes in mean speeds by time of the day and corridor after speed management.

Based on the observed trends, the day is divided into two periods of analysis: daytime (6
am - 8 pm) and night time (8 pm - 6 am). Figure 3 shows a speed profile by time of the day in
Avenida Américas, the corridor with the largest average reduction in speeds. The changes in speed
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for all the corridors and periods, with two-tailed t-tests to observe the statistical significance of the
variations can be observed in Table 1.
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Figure 3: Speed profile by times of the day in a section of Av. Américas.

Table 1: Descriptive statistics of circulation speeds by corridor and period

Day Night Day Night
Vmean V85 O, v2 Vmean V85 0'v2 A V A V
Av. Boyaca 254 293 149 | 427 531 101.8

Period1 | 26.5 30.6 18.6 | 44.8 554 110.2
Period 2 | 254 293 145 | 427 533 1039 -1.1* -2.2%
Period3 | 244 279 11.7 | 40.7 505 914 -1.0* -2.0*

Av. Cali 225 263 152 | 37.2 49.0 109.9
Period1 | 23.6 279 179 | 394 51.8 1199
Period 2 | 223 262 15.6 | 37.5 498 1209 -1.3* -2.0

Period3 | 212 246 114 | 343 447 84.4 -1.1% -3.2%%
Avenida Américas 314 372 331 | 47.8 571 90.2
Period1 | 32.7 389 364 | 500 599 99.6

Period2 | 31.5 37.7 381 | 485 580 925 1.2 -1.5
Period3 | 29.9 35.1 247 | 447 535 785 -1.7 -3.8%%
Calle 80 258 30.5 18.8| 452 56.8 110.5

Period1 | 263 30.8 165 | 455 575 113.6
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Period 2 | 25.7 309 21.7| 462 579 1144 -0.6 0.7

Period3 | 253 299 183 | 44.0 550 1033 -0.4 -2.2*
Carrera 68 240 285 199 | 457 558 102.1

Period1 | 249 29.6 22.0 | 474 579 1137

Period 2 | 245 28.8 18.7| 457 557 974 -0.4 -1.7

Period3 | 212 254 17.6 | 41.7 512 869 | -3.2*%** -4,0%**
Average reduction with speed management * -1.48 -3.04
Average reduction with speed management " -2.26

Where Viean: average, Vss: percentile 85 of speed, 0,2: Variance, speeds in km/h.

AV : Change in speed with respect to the former period (highlighted: after speed management)
a) day and night average, b) average for all corridors and periods

*: difference is significant at 90% level, **: 95% level, ***: 99% level; according to two-

tailed t-test for statistical significance.

Effects for corridors without speed management

Table 2 shows the changes in average speeds by corridor, period of the day and period of

analysis, where speed limits were not reduced by May 2019.

Table 2: Average speeds of the corridors without speed management.

______ Timeofday | =~ Day | ~ Night |  Day ' Night
Iéf)rr‘l?i‘(‘lor 12 3 |12 3 | AVie AV | AV AV
Av. 1 Mayo 239 240 23.6 | 403 396 387| 02 04 @ 07 -09
Av. Esperanza 224 222 226 | 374 364 349 -02 0.4 -1.0  -1.5
Av. Suba 301 292 29.1 | 486 482 459 -09 -0 : -04 23
Av. V/cencio 129 126 128 | 206 23.1 214 -03 0.2 24 -1.7
Calle 100 172 191 181 | 39.1 386 363 | 1.9 -1.0 @ -04 23
Calle 127 207 206 203 | 421 412 408 | -0.1  -0.2 : -09  -0.4
Calle 13 249 250 240 | 441 449 415 0.1 -1.0 0.8 3.4
Calle 26 405 390 364 | 640 624 584 -15 2.6 | -16  -4.0
Calle 53 239 238 243 | 40.1 395 37.7| -0.1 0.5 0.6 -1.8
Calle 63 198 193 16.1 | 339 333 268| -05 =32 ! -06 -6.5
Calle 72 176 178 174 | 33.6 327 314| 0.2 0.5 | -09 -12
Carrera 80 165 159 165 | 296 282 27.7| -0.5 0.6 -14  -0.6
NQS 322 308 302 | 586 575 545| -15  -0.6 . -1.1 2.9

Total general | 26.3 258 252 | 463 456 433| 05 -0.6 : -0.7 2.2

AV: Change in speed with respect to the former period (highlighted: after speed management)

After speed management was implemented, speeds decreased more than 2 km/h during
night-time in six corridors, and in general speeds decreased in all other corridors without the new
50 km/h speed limit during night-time. Average reduction of speeds was 0.57 km/h for the day
period and 2.25 km/h for the night period.
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Count of road crashes with injured and fatal victims in the corridors with speed management

The information of traffic crashes with injuries and fatalities (period November — May) was
used to evaluate the effects from the speed management implementation. Table 3, shows the

number of crashes by period, corridor and severity.

Table 3: Count of events with injuries and fatalities in the corridors.

Average Change

2014- | 2015- | 2016- | 2017- | 2018- 2014 - between

2015 2016 2017 2018 2019 2018 (F) and
(E)

Crashes with injuries”

G 3190 3250 3344 3937 3894 3430.25  13.5%
Carrera 68 201 188 228 225 222 210.5 5.5%
Av. Boyaca 387 346 358 447 426 384.5 10.8%
Av. Cali 210 248 235 313 302 251.5 20.1%
Av. Américas 110 92 114 117 102 108.25 -5.8%

_Calle8O 123 . 101 8L . 146 128 11275 13.5%

Injuries - 5 corridors __(30.5*%) | 1031 975 1016 1248 1180 _ 1067.5 _ 10.5%
5 corridors / city 32.3% 30.0% 304% 31.7% 303% 31.1%

Fatalities® (32.6%**) | 227 243 225 219 171 2285 -25.2%
Carrera 68 8 5 9 17 12 9,75 23.1%
Av. Boyaca 36 31 38 23 30 32 -6.3%
Av. Cali 13 26 25 10 17 18,5 -8.1%
Av. Américas 11 8 9 11 2 9,75 -79.5%

_Calle8O 4 ] 1 7o D 3 0,75 .. 233.6%

Fatalities - 5 corridors  (36.9**) | 72 81 88 66 64 76,75 =16.6%
5 corridors / city 31.7% 333% 39.1% 30.1% 37.4% 33.6%

(): values for Pearson chi-square test - ¥>(20). *: statistical significance at 90% level; **: 95%;

*%%:99%. A) Number of events in the city

The five corridors with the new 50km/h speed limit concentrate from 30 to 40% of the
serious and fatal crashes in Bogota. When comparing the results of the period E with the previous
4-years average, we observe that crashes with injuries decreased while crashes with fatalities

increased.

The examination of the hourly percentage distribution of traffic injuries and fatalities in
Bogota (period E) shows that the proportion of road crash fatalities is higher than the proportion of
road crash injuries during nighttime (see Figure 4). This indicates that the reduction in average
speeds during nighttime has a positive impact in the number of road crash fatalities.
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Distribution of events with injuries and
fatalities
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Figure 4: Hourly percentual distribution of crashes with injuries and fatalities.

Table 4 shows the count of events with injuries and fatalities by type, period of the analysis
(A, B, C, D, E) and period of the day (day and night). The events were grouped in 3 main types:
runover (collision involving pedestrians), crash (collision crashes mostly) and others (rollover
crash, passenger fall for motorcycles, and other less common collision types) (see American
National Standard, 2017).
Table 4: Count of events by type in the corridors with speed management.

Day Night
Period*| A B C D E G A B C D E G
Carrera 68| | | 155 142 180 179 169 | 30% |53 50 57 62 64 | 153%
Runover 47 30 45 39 38 | -5.6% | 17 20 19 21 19 | -1.3%
Crash ® 77 78 108 109 96 32% | 26 26 28 36 39 | 345%
Others 31 34 27 31 35 13.8% | 10 4 10 5 6 | -17.2%
r(8)=72 °© 9.8 7.4

Av. Boyacd | 264 246 277 339 310 | 10.1% | 158 129 115 130 146 | 9.8%
Runover 77 73 72 85 68 | -11.4% | 75 52 38 45 46 | -12.4%
Crash ° 159 142 169 220 194 | 12.5% | 71 70 71 74 86 | 20.3%
Others 28 31 36 34 48 | 488% | 12 7 6 11 14 | 55.6%

13.6
1(8) = 20.0%* ° 104 *

Av.Cali || 150 191 179 240 212 | 11.6% | 71 82 80 83 106 | 342%
Runover 47 52 55 43 43 | -12.7% | 32 23 31 26 30 7.1%
Crash ° 84 111 104 170 136 | 16.0% | 34 53 43 53 66 | 44.3%
Others 19 28 20 27 33 | 404% | 5 6 6 4 10 | 90.5%
1(8) = 24.9% % 19.3 ** 9.3

[Av.Américas | 90 8097 91 89 | -0.6% | 32 19 24 34 16 | -413%
Runover 26 17 16 11 16 | -8.6% | 8 6 8 7 3 | -58.6%
Crash ® 56 52 72 63 61 04% | 21 11 16 25 11 | -39.7%
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Others g8 11 9 17 12| 67% | 3 2 0 2 2 | 143% |
r(®)=11.7°¢ 13.1 4.9
|Calle80 | . 89 87 .67 105 91 | 4.6% | 39 24 22 45 4l | 262%
Runover 25 21 19 18 16 | -229% | 18 9 6 15 8 | -333%
Crash ® 53 58 39 71 62 | 122% |17 13 15 24 28 | 62.3%
Others 118 9 16 13 | 182% | 4 2 1 6 5 | 53.8%
Y(8)=11.1 7.3 8.8
| 5.corridors| | 748 746 800 954 871 | 73% |353 304 298 354 373 | 14.0%
Runover 222 193 207 196 181 | -11.5% | 150 110 102 114 106 | -10.9%
Crash ® 429 441 492 633 549 | 10.1% | 169 173 173 212 230 | 26.5%
Others 97 112 101 125 141 | 297% | 34 21 23 28 37 | 39.6%
1(8) = 50.4%% 32,9 211 *¥x
Total city 2479 2543 2643 3048 2975| 11.1% | 931 940 920 129 128 11.6%
Runover 823 785 786 805 727 | 91% |376 332 313 305 299 | -9.8%
Crash ® 1293 1386 1459 1817 1781 | 19.6% |460 523 523 681 669 | 22.4%
Others 363 372 398 426 467 | 198% | 95 85 84 108 116 | 24.7%
A(8) = 123%%* 72.3 wkx 56.6 *%x
Corridors/ city 38

30% 29% 30% 31% 29% %  32% 32% 32% 34%

a) Letters were assigned to periods as shown in Table 3

b) Refers mostly to collision crashes, events with bicycles involved are counted under the category crashes
according to the Colombian regulation

¢): Pearson chi-square test - ¥%(8), *: statistical significance at 90% level; **: 95%; ***: 99%,

For most of the corridors, a reduction in the percentage of runover events were observed
during the periods analyzed (95% of traffic fatalities in Bogota are caused by runover events that
affect pedestrians). Runover events are more severe than crashes, and the analysis shows that there
has not been a noticeable reduction in the number of crashes, but there is a reduction in the severity
of the events.

Geographical Analysis
Geographical distribution of injuries and fatalities and income level

Corridors selected for speed management seem to be associated with the income level. This
is probably a result of the use of crash data of injuries and fatalities for its prioritization. (Alcaldia
Mayor de Bogota, 2018). More specifically, corridors with run-over hotspots in low-income areas
were the ones selected originally what might imply that positive results for this type of crash were
mostly among low-income level residents. The hotspots (locations with a high concentration of
events) of two-vehicle crashes and run over events, the prioritized corridors and the classification
of the land use by income level can be observed in Figure 5 and Figure 6 respectively.
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Figure 5: Two-vehicle crashes hotspots, socioeconomic level and selected corridors for speed management in Bogota.
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Figure 6: Run over hotspots, socioeconomic level and selected corridors for speed management in Bogota.

Changes in Geographical distribution of serious and fatal victims

Figure 7 shows the geographical variation of reported incidents with at least one victim
(injured or fatal) in the period when the speed management measures were implemented and
compared to the average during the previous four years, corresponding to periods A-D. The method
used for estimating the change was to compare the kernel density before (A-D) and after (E) speed
management was put into place.

The locations that registered a high number of reported road crashes with victims before
the measure was implemented were the locations with the highest decrease in the density of road
crashes with victims. Nevertheless, the density of reported victims in nearby locations increased.
This could be due to a risk compensation phenomenon (Santana Palacios, 2015); if speeds were
enforced in a certain location (hot spots before the measure), in other nearby locations without
speed enforcement we observed that speeds increased. A study case can be observed in Avenida
Boyacéa where the number of victims and crash severity - estimated as the percentage of fatalities
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in the total amount of victims — at the main hot spot decreased by 84%, but at the same time, a hot
spot - with 99% of statistical significance - was generated in Avenida de las Américas with Avenida
Boyac4, where the severity increased by 7%.

Arterial network

Bogota

Speed management impact
Change in KSI in a 500m radius

-50 or more

-30 to -50
-15to -30
-5to-15
-5to+5

§ +5to +15
+15 to +30
+30 to +50

+50 or more

Figure 7: Change in Killed and Seriously Injured (KSI) victims after, in the five corridors where speed management measures
were implemented.

Discussion and Conclusions

After the Speed Management Plan was implemented in the five targeted arterial corridors,
reductions in average speeds between 2 and 4 km/h could be observed. Average speeds during
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daytime were not largely affected, which can be largely attributed to the usual traffic congestion.
Nevertheless, statistically significant speed changes were observed in the night period (8 pm — 6
am), which are periods with lower traffic volumes. These changes in the travel speeds during night
time resulted in the reduction of the average speeds in all the targeted corridors, which could
explain the reduction in fatal incidents.

The average speed reduction was 3.04 km/h, which is equal to 3.24 seconds less per
kilometer or a total delay of 33 seconds in a 10 km journey. By achieving a reduction of the
circulation speeds as enforced speed limit dictates, this delay would be represented in an additional
2 minutes in the average travel time. The most critical speeding periods occurred between 2 am
and 4 am. During this period, 42.7% of drivers traveled faster than 50 km/h before speed
management, and this percentage decreased to 34.6% after speed management implementations.

We observed a network effect derived from the speed management measures that were
noticeable in the other assessed arterial corridors without any plans for speed management,
indicating an average reduction of 2.2 km/h for corridors without speed management, especially in
sections located close to the corridors with speed management. We believe that some drivers might
have assumed that the speed management operations could be extended to corridors where no plans
were in place, which is nevertheless a favorable misassumption for road safety.

Speed reductions were somehow as predicted by the literature; yet we aim to discuss how
the benefits of it were reflected in the context of Bogota. Traffic-related fatalities in the arterial
corridors where speed reduction was implemented decreased by 16.6%. This is can be considered
an outstanding result from two points of view: 1) it surpasses the annual goal of the RSP, with an
expected — and very modest - reduction of 3.5% in the total number of fatalities, and 2) it surpasses
the approximate 12% reduction that would have been expected from a speed reduction of 3 km/h.
(Bray Sharpin et al., 2017).

On the other hand, the increase in the number of traffic-related injuries is still a concern as
the expected result was a reduction in the number of both traffic-related injuries and fatalities. In
the corridors with speed management, the number of run over events (associated mostly with
pedestrian fatalities) decreased by 9% in the city and 11% in the five corridors, while road crashes
have increased between 10% and 26%. In other words, the number of events in those corridors did
not decrease, but we can argue that the severity of the events did. In other words, many of these
road new traffic injuries could have been fatalities that were avoided due to lower speeds on the
roads.

We observed a geographical variation of overall crashes with injured, as the emerging hot
spots of incidents could now be located in areas with fewer probabilities of high severity crashes
and conflicts with pedestrians (see Figure 7). Similarly, the risk compensation phenomenon could
also be associated with the higher amount of crashes with injuries, as the crashes in emerging hot
spots also increased their associated severity. Therefore, more locations being enforced with help
of digital technologies could improve results in the reports of traffic crashes with victims (Alcaldia
Mayor de Bogota, 2019).
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The reduction of run over events can be easily associated with fewer pedestrian fatalities.
Moreover, in Figure 6 we can observe that the run over hotspots are located in the south-west
districts of the city, which correspond to locations of lower income levels than the city average.
The prioritization was based on the geographical concentration of traffic-related victims —
characterized by the presence of hotspots (see Figure 5 and Figure 6), something that can explain
why the biggest change was related to run over events in low to mid-low level income residential
areas. Pedestrians in low-income areas have a larger vulnerability than any other road users in
Bogota, and we can argue that they felt the benefits of speed management in a bigger proportion
than other road users in Bogota.

A speed management program with good results can contribute not only to save lives —
which is naturally the primary objective -, but also contribute to avoid human and economic losses
for families — especially low-income vulnerable families — and to reduce poverty and income gaps
as well. It has been shown that fatality rates are higher in low-income groups than in high-income
groups of society (GRSP, 2016), and that poor people are at the same time more particularly
vulnerable due to several factors such as costs of medical treatment, loss of a family’s income
earner, long-term disabilities, lack of insurance and savings, etc. (Jung and Sul, 2014; GRSP,
2016).

Therefore, speed management in this case might have helped reducing the social inequities
because of having more impact in low income and residential areas. Nevetheless, it is important to
consider the issue with the increase in vehicle crashes, which include not only cars but
motorcyclists. Motorcycles have become progressively an essential travel mode for residents of
low-income households (Moscoso et al., 2020), and at the same time have become the road user
with the second highest risk of road traffic death. In 2017, 93% of the traffic fatalities affected
vulnerable users (49% pedestrians, 33% motorcyclists and 11% cyclists) (Alcaldia Mayor de
Bogota, 2019). Future versions of speed management plans must consider issues like geographical
and temporary coverage, and a better understanding of motorcyclists’ and motorists’ behavior on
road to make enforcement operations more effective and extend the benefits of SMPs to a larger
scale that leads to reductions in the number of traffic-related injuries.

Limitations and Further Research

We did not include measures of traffic volume in this analysis, as our data do not reflect
accurately the actual traffic volumes in each period and stretch of corridor where measurements
were taken. There is a need for traffic volume data and information of the built environment, in
order to make a more robust analysis of the effects of the speed limit reductions, and changes in
observed speeds, on crashes and their severity.

One of our objectives was to check the reductions in mean speeds are due to the speed
management, but we did not include information of the physical environment and infrastructural
characteristics of the corridors. Similarly, we do not have any information of the victims that
suffered injuries or fatalities in traffic, our geocoded information tells us where and when the crash
occurred, but limited information on the people that were involved.
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Also, this speed measurement method may be influenced by intersection delays, depending
on the location of the signal detection devices. Our speed data source has proven its utility for the
analysis of speed effects due to a high number of observations, but at the same time having
information of speed by type of vehicle is necessary for a deeper understanding of whether there
are differentiated effects of speed management by type of vehicle or road user.

In addition, detailed information of control and enforcement made by the traffic authorities
was unavailable to us at the moment of writing this publication. We understand that changes in
speed were also followed by increased enforcement, which helped in compliance of speed limit,
especially at night.

We did not discuss in detail the reasons that made the impact of the speed management
measures more efficient in certain specific corridors, as it could be observed in the results, where
we report the observed crash effects as trends. This type of analysis would be necessary in order to
clarify cause-effect mechanisms and understand how to make speed management more effective
in future speed management implementations.

We identified motorcyclists as one of the key actors involved in the increase of traffic-
related injuries, and it is necessary to collect more information concerning this specific group,
where there is a high potential of saving lives and reduce social inequities by improving road safety
for them.

The study focuses on short term impacts. Further analysis over longer term impacts would
be useful for a better understanding of these phenomena. There is also a need to review norms and
regulations related to road-design, so that speeds are largely controlled by design rather than by
enforcement (Tiwari, 2011).

Further research should also include a detailed analysis of impacts of the measure in
traffic speeds per direction as the decrease in average speeds —when travel speeds are high- might
improve traffic flow as a result of having denser flow.
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