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Introduction: Background

Citywide speed limit reduction in New York
City
The default speed limit was changed from 30 mph
to 25 mph.

Effective on November 7th, 2014.

Safety impacts

Give road users more time to react to unexpected
safety-related events.

Reduce impact speeds when crashes occur.

FOR A SAFERNYC

T 25

VISION ZERO®

Source: https://www1.nyc.gov/html|
/dot/html/motorist/vision-zero-safe-
driving.shtml
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1)
Introduction: Background

Randomized control trails (RCTs) are the “Gold Standard”

Drawbacks of RCTs?:
Cost
Unethical

What can we do when an experiment is not possible?
Observational studies



Introduction: Background

Previous observational studies on safety effectiveness of speed

limit changes (before 2021)

0.81

Proportion of literatures

e
()

0.0

e
o
L

e
=

84.21%

71.88%

18.75%

9.38% 10.53%
5.26%

Speed limit increase (N=32) Speed limit reduction (N=19)

Speed limit change

. Deteriorate safety performance
Improve safety performance
Insignificant or mixed effect

«



O
Introduction: challenges and Solutions

Time trend: potential enforcement and drivin

behavior changes in post-treatment periods. Spatial

difference-in-
differences

Spatial spillover effect: speed limit reduction / SDID
affect neighboring streets.

Integrated

causal
inference
approach

Confounding bias: confounders might affect m—)) Propensity score
the treatment indicator and safety outcomes matching (PSM)

simultaneously.



Data Preparation: speed Limit Reduction
Manhattan Speed Limits (Before 11/7/14)

Signed Streets
Speed Limit (mph)

Signed Streets
Speed Limit (mph)

Source: https://www1.nyc.gov/html/dot/downloads/pdf/current-pre-vision-zero-speed-limit-maps.pdf
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https://vzv.nyc/

Before the speed limit reduction (year: 2013 After the speed limit reduction (year: 2015 .
Variables Treatment sites Control sites Treatment sites Control sites (‘ ’ ’
Mean Std. Dev Mean Std. Dev Mean Std. Dev Mean Std. Dev

0.07 0.30 0.04 0.25 0.06 0.27 0.06 0.33
frequency

WERTEESE g 04 17.97 7.17 12.20 9.99 16.02 6.17 11
frequency

AN 43.38 80.67 29.65 49.71 46.32 84.37 30.10 54.04
frequency

Bronx (no =0, [Nk 0.38 0.06 0.25 0.18 0.38 0.06 0.25

yes =1)

SIOOKVINIO = Py, 0.45 0.13 0.33 0.27 0.45 0.13 0.33
0,yes=1)

MERRSHEN (NOST 0.39 0.22 0.41 0.19 0.39 0.22 0.41
=0,yes=1)

SR (09 0.45 0.34 0.48 0.29 0.45 0.34 0.48
0,yes=1)

Staten Island

(no=0,yes = 0.07 0.25 0.24 0.43 0.07 0.25 0.24 0.43

1)

Arterial street

(QLEIRY N 0.37 0.48 0.48 0.50 0.37 0.48 0.48 0.50

1)

One-way

SIGCEIRQIENN 0.51 0.50 0.66 0.48 0.51 0.50 0.66 0.48

yes =1)

NS @1 10.60 13.44 8.04 10.89 10.60 13.44 8.04 10.89
Intersections
Log VMT g 1.48 8.27 1.62 7.67 1.52 8.7 1.62
(vehicle. mile)

2.31

NI 1.13 3.19 1.96 2.31 1.17 3.21 1.97
lanes ®

Number of D 7N NART 2 AR NA7T
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Methods

= Ignorability assumption: (Y,(0).Y,®) LD, |X,

Confounders
Xit

= Positivity assumption: 0<P(D,|X,)<1

Potential

= SUTVA (Stable unit treatment value Treatment it

. ) Dj; (D.
assumptlon): Potential outcomes of one site are Yie (Dic)
unrelated to treatment status of other sites




O
Methods: pswm

Logistic generalized additive model: identify nonlinear relationships between
the treatment indicator and covariates.

The propensity score e(X,) . Smooth function between

;' the p;, X, and D,, at site i
Y S
e, (X,) | :
( Og(l— Oz)) =By + B Xiio + By X506 +"'+ﬂp—1xp—1,i0 + fp(Xp,iO)
i\ Nio '_____________________________________________________________J______________H

’ Pre-treatment covariates
atsite i

Matching with replacement: repeated use of control sites (much more
treatment sites than control sites).
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Methods: sbiD

Assume parallel trend of control
and treatment sites.

Use a spatial lag framework to
address spatial spillover effect
of the treatment,

Time 1 Time 2

Source: https://en.wikipedia.org/wiki/Difference_in_differences

O
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O
Methods: sbiD

Model specification

, Observed crash frequency for
site i at period t

Proportion of treated neighboring
* sites for site i at period t

r- -

In(4,) = &y + o, X + @, Dy + a, T + o, (1+ pW, ) D, T + &

=0y + a, X +a,D; + asTit +a,DT, +_a_4_f,_pws,it D, T, + igit I
- .’_I

) 11
"""" * Error term, with  exp(e;) ~ Gamma(;;)
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O
Methods: sbiD

Average direct treatment effect for the treated (ADTT)

TaptTr = @y

Average spatial spillover effect (average indirect treatment effect, AITT)
D

Tarr = Q4 W, ;

) R e Average spatial weight

_______

Average treatment effect for the treated |
., Covariance between

the two parameters

_____ e _______.

se(r, ) =JVar(r,, ) = \/Var(a4) +W, ; D, 2Val‘(a4'p) +2W, , D;Cov(e,, a4,p)i
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Results

= Modeling results for the integrated causal approach: PSM

. ________________|logistic GAM Logistic regression
Coefficient Std. Error Coefficient  Std. Error

Intercept 3.70™ 0.20 6.66™" 0.36
Borough areas (base: fudcluliel -0.83™ 0.16 -0.86™ 0.16
Bronx & Brooklyn) Queens -1.14™ 0.15 -1.13™ 0.14

Staten Island -2.69™ 0.17 2,717 0.17
Onewaysteet _ [EYeR 0.12 084 012
Number of intersections 0.05™ 0.01 0.05™ 0.01
Numberoflanes  [RPEE 0.04 025" 004
Aderalsveet __ [Ews 0.12 028 0.11
E T N - - e

Approximate significance of smooth terms

Effective degree :

Smooth function of Log (VMT) 6.18 80.66™" - -

] 2444 2463

Statistical significance levels: *0.01 < p-value < 0.05; **0.001 < p-value < 0.01; *** p-value < 0.001




Results

Mean of Mean of control
treatment sites sites
Manhattan 0.19 0.22
Staten Island 0.07 0.24
street
kR 10.52 8.05
intersections
Number of 231 319
lanes
Log (VMT) 7.66 8.27
1
_ZD —1WiO
"uWioxio|Di0=1_’uWioXio|Dio=0‘ nl o

ASMD = =

1
Xio__z
0

ASMD

0.08
0.11
0.71

0.29
0.31
0.18

0.78
0.38

W, , X

Dio=0 io”Nio

2
Wiy Xio — luinXio|Di0=1)

SugeX;0/Di0=L \/Zie{i:Dlol}(

sites
0.19

0.29
0.07

0.51
0.40

10.17

231

7.68

sites
0.20

0.34
0.05

0.49
0.40

10.41

2.25
7.59
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Modeling results for the integrated causal approach: Balance statistics

Mean of treatment Mean of control

ASMD

0.02
<0.10
0.07

0.04
0.01
0.02

0.05
0.06
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O
Results

Modeling results for the integrated causal approach: Propensity
score distributions

Raw data Matched data

0.3

0.0

Density

-0.31

Control

m

Treatment

000 025 050 075 100000 025 050 075 1.00

Propensity score
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Results

= Modeling results for our integrated causal approach
. |Fatalcrashes ___ linjurycrashes ___|PDOcrashes

Coeft. Std. Err Coeft. Std. Err Coeff. Std. Err
-9.39™ 0.64 -2.46™" 0.09 -1.07™"  0.09
Borough ~ - Manhattan -0.33" 0.13 - - 0.55™  0.03
L R Queens -0.40™ 0.12 -0.46™ 0.03 -0.29™  0.03
Bronx) Staten Island -1.50™ 0.33 -1.18™ 0.05 -0.83™  0.05
. . 0.04 002 007" 002
- : - - 0.08™  0.02
Number of intersections 0.02™ <0.01 0.03™ <0.01 0.03™ <0.01
0.58™ 0.05 0.54™ 0.01 0.50™  0.01
) 0.58 -0.14 0.07 0.06 0.08
. 1 0.49 0.06 0.05 0.08 0.06

-0.01 0.73 0.24 0.14 0.22 0.14

SWeBT 10 0.52 -0.19 012 019 012

G ey 0.78 1.32™ 003 100" 002
3232.25 46841.11 69132.50
Pseudo R-Squared 0.16 0.52 0.51

Statistical significance levels: ‘0.05 < p-value < 0.10; *0.01 < p-value < 0.05; **0.001 < p-value < 0.01; *** p-value < 0.001




«”
Results

= Safety effectiveness of the speed limit reduction

Causal o ot B
effectiveness approach Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error
CG - - -0.60 -
PSM - - -0.63" 0.31
Fatal crash DID - - -0.60" 0.33
frequency SDID 0.30 0.60 -0.68" 0.33 -0.50™ 0.12
PSM + DID - - -1.06" 0.47
PSM + SDID -0.01 0.73 -0.96" 0.39 -0.97" 0.48
CG - - 0.05 -
PSM - - 0.18™ 0.06
Injury crash DID - - 0.11 0.07
frequency SDID 0.16 0.14 -0.04 0.07 0.11 0.07
PSM + DID - - 0.06 0.08
PSM + SDID 0.24 0.14 -0.17 0.09 0.07 0.10
CG - - 0.05 -
PSM - - 0.22" 0.06
PDO crash DID - - 0.11 0.07
frequency SDID 0.18 0.14 -0.05 0.07 0.12 0.08
PSM + DID - - 0.04 0.08
PSM + SDID 0.22 0.14 -0.17 0.09 0.05 0.08
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O
Conclusions

Speed limit reduction is estimated to decrease the fatal crash
frequency by 62.09% (exp?97-1), likely due to the reduced
Impact speed of collisions.

Spatial spillover effect of speed limit reduction is found to be
significant.

Insignificant impacts on injury and PDO crashes, likely due
to less awareness in a low-speed environment.
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Contact:
Dr. Kun Xie (kxie@odu.edu)

Thank you!

Questions?

O
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