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Abstract

Beyond fostering inclusion and connectivity, does investing in mass transit impact
crimes against women? I study the impact of the expansion of the metro rail system
in Delhi, India, on reported crimes against women. Preparing a novel data set of the
universe of crime reports at the police station-day level, and leveraging the staggered
opening of metro stations across these police jurisdictions between 2016 and 2019, I
find a 29 percent decrease in reported incidents of sexual harassment against women in
public spaces following the opening of the first metro station in the police jurisdiction.
This reduction in reported sexual harassment is neither linked to an overall decrease in
reported non-gender-specific crimes in public spaces, nor substituted by an increase in
such crimes in metro stations or trains. Further analysis of crime reports from alterna-
tive public transport networks, combined with area safety data from a crowd-sourced
mobile application, suggests that this reduction is driven by the enhanced safety pro-

vided by the metro network.
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1 Introduction

Developing economies invest in the advancement of transportation infrastructure to foster
social inclusion and promote connectivity across different regions within the country.E] How-
ever, these well-intentioned investments can give rise to complex implications in the realm of
women’s safety, a pressing global concern. As underscored by the World Health Organization
(WHO), a substantial 31% of women aged 15-49 years in 2018 were victims of crimes per-
petrated by unfamiliar individuals or close relatives at least once during their lifetimes. The
gravity of this issue intensifies in low and middle-income countries, where this percentage
increases to 34-36% | These crimes not only inflict immediate harm but also create an atmo-
sphere of fear and insecurity, impeding women’s engagement in education and employment [’
Thus, it becomes imperative to delve into the intricate dynamics surrounding the expansion
of transport infrastructure within lower-middle-income countries and its potential influence
on crimes against women.

Investment in transport infrastructure may impact reported crimes against women through
multiple potential channels. Improved surveillance, well-lit stations, and commuting options
closer to home may minimise time spent traversing dimly lit areas, leading to fewer reported
crimes (safety effect). Conversely, increased mobility resulting from improved transportation
access might expand the number of potential victims and opportunities for crime, potentially
leading to more reported incidents (volume effect). Furthermore, this expanded mobility
could reconfigure the geographic distribution of crimes as people traverse diverse locales
to access new transportation options (spatial effect). Additionally, higher reported crimes
might not only indicate actual increases but also reflect greater awareness and empowerment

of women to report offenses, facilitated by access to economic opportunities (reporting ef-

!(Dominguez Gonzalez et al., 2020); https://www.eib.org/en/stories/developing-countries
-transport-infrastructure

“https://www.who.int/publications/i/item/9789240022256

3For example, Borker| (2021)) demonstrate that women may have to compromise their educational choices
by selecting institutions based on the safety of travel routes. Additionally, Siddique (2022) illustrate how
media-reported sexual assaults can negatively affect women’s participation in the labor force.
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fect). Hence, a comprehensive understanding of these multifaceted effects and their interplay
is vital for an exhaustive analysis of the impact of transport expansion on reported crimes
against women.

I study these issues in the context of Delhi, India, which has made considerable progress
in improving transport infrastructure with the expansion of the metro rail system in recent
years[] At the same time, it remains quite behind in providing women with safe and unim-
peded access to public facilitiesE] In particular, I ask the following question, does the opening
of first metro station in a police jurisdiction impact reported crimes against women? I exploit
the exogenous variation in the staggered opening of new metro stations in Delhi to causally
establish their impact on reported crimes against women at the police jurisdiction level. I
employ two primary data sets for this analysis. First, I construct a novel fine-grained data
set of the universe of reported criminal incidents across Delhi from 2016 to 2019, discerned
at the level of police station and day®| Second, I utilize data about the opening dates and
geographical locations of metro stations, thereby identifying the treated jurisdictions!]

To estimate the impact of the opening of the first metro station on reported crimes
against women, I consider the recent advancements in the Difference-in-Differences (DiD)
methodology and adopt the estimation approach in [Callaway & Sant’Anna (2021)ﬁ Using
Callaway & Sant’Annal (2021), I compare jurisdictions where a metro station opens with
those without a metro station until 2019 (‘never treated’) and those where a station has not

opened until that time but will eventually open in the analysis period (‘not-yet-treated’).

4Delhi is the national capital of India.

5(Viswanath & Mehrotral 2007); https://edition.cnn.com/travel/article/worst-transport-for
-women/index.html} https://timesofindia.indiatimes.com/city/delhi/delhi-government-took
-slew-of-steps-to-ensure-womens-safety/articleshow/74732463.cms

®Appendix Section elucidates the data preparation strategy.

"Figure |1 in Section 4 and Table in Appendix Section show the treated police jurisdictions and
the opening dates of metro lines, respectively.

8The recent literature highlights the challenges posed by using Two-Way Fixed Effects (TWFE) regres-
sion in the presence of staggered treatment and heterogeneous treatment effects. To understand the extent of
this issue in my context, I perform the diagnostic test in|Goodman-Bacon| (2021f), which reveals that around
4% of the TWFE estimates are influenced by the ‘forbidden’ comparison between later treated jurisdictions
and those treated earlier as the control. I discuss the rationale for adopting the estimation strategy provided
in |Callaway & Sant’Annal (2021) over other alternatives (Sun & Abrahaml 2021; [Borusyak et al., 2021} |de
Chaisemartin & D’Haultfceuillel |2020) in Sub-section
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My initial findings indicate that reported crimes related to sexual harassment in public
spaces (‘Harassment on Street’ crimes or ‘HoS’ crimes going forward) against women per
100,000 population decrease by 29.34% in the treated jurisdictions compared to the control
jurisdictions in the quarters following the opening of the first metro station. This decrease
is marginally significant, with a p-value of 0.077.

Since metro stations have separate police units (‘metro police stations’ going forward)
responsible for incidents within their premises and on metro rail, there is a possibility that
reported HoS crimes within the purview of metro police stations substitute those within the
jurisdiction of general police stations.ﬂ So, I examine the crime reports from metro police
stations with a new metro station between 2016 and 2019. A total of 42 such reports at the
metro police station compared to a decrease of 271 such reports (overall treatment effect of
the opening of metro stations) at general police stations suggests that the substitution of
reported HoS crimes between general police stations and metro police stations might not be
occurring. It is also possible that this decrease in reported HoS crimes against women is part
of a broader decline in street crimes due to heightened security near metro stations. However,
I do not find any significant impact of the opening of the first metro station on non-gender-
specific reported crimes in public spaces (‘Non-gender-specific street crimes’ going forward).
Furthermore, there is no significant impact of the treatment on the overall reported crimes
against women or reported domestic violence crimes.

Next, I validate the underlying identifying assumption with the help of event study plots
and demonstrate the plausibility of parallel trends in the evolution of crime statistics between
the treated and the control jurisdictions (Callaway & Sant’Annal 2021). These results remain
robust to comparison with an alternate control group (‘never treated’ jurisdictions) and to
the application of alternative estimators proposed in [Sun & Abraham (2021)), |[Borusyak et
al.| (2021), and |de Chaisemartin & D’Haultfeeuille| (2020).

Finally, I present a preliminary analysis of potential mechanisms and delineate the next

9For further details, see Section



steps to disentangle them further. I provide three pieces of evidence supporting the safety
effect. First, I analyze reported HoS crimes against women on buses, an alternative mass
public transport system, which are identified using text analysis on the FIR description. The
Delhi Metro organizes stations by lines, and between 2016 and 2019, new stations opened
on the magenta, pink, and violet lines. The magenta line, in particular, reduced travel time
between South-West and South-East Delhi by nearly half. This is visible in the surge in metro
ridership post opening of stations on the magenta line and a more pronounced reduction in
reported HoS crimes against women in jurisdictions where the first station opened on the
magenta line. Since buses serve as a substitute for metros, I also see a reduction in reported
HoS crimes perpetrated on women in buses or bus stops in the jurisdictions where stations
on the magenta line opened['?] Second, using area safety data from SafetiPin, I find that
areas within 500 metres of the metro station receive a higher safety score after the opening
of the metro station compared to areas within 500 and 1,000 metres[Y] Finally, I reinforce
the safety of metro stations using survey data from the International Centre for Research on
Women and Observer Research Foundation. Collectively, these findings strongly support the
safety effect. Next, given the decrease in reported HoS crimes against women in jurisdictions
where the first metro station opened, along with the increase in metro ridership, the safety
effect may outweigh any potential volume effect. Lastly, I discuss the next steps I plan to

take to disentangle these effects further.

1.1 Related Literature

I contribute to the existing literature on the economics of crime, particularly focusing on those
against women (Card & Dahl, [2011; |Bhuller et al., 2013; Miller & Segal, 2018)). Specifically, I
contribute to the economic literature on the determinants of reported crimes against women

in India. For instance, higher female representation in local government councils led to higher

10T will supplement this analysis with the bus ridership to show the substitution between the buses and
the metros.
HFor further details, see Section @



reported crimes against women (lyer et al., 2012)), and an alcohol ban in an Indian state led
to less violence against women (Luca et al., 2015). Jassall (2020); Amaral et al.| (2021)) show
that opening up of women police stations affected reported crimes against women [ To the
best of my knowledge, this paper is the first to study how expanding transport facilities
affects reported crimes against women in India, with the results highlighting the importance
of providing safe and easy access to transport facilities to women. Moreover, I create and
utilize a novel micro-level data set at the granularity of police stations, something which
most previous studies studying crime in India do not.[igl

Additionally, I contribute to the literature on how mass transport and transit infrastruc-
ture affect regional crime dynamics (Billings et al. |2011; Khanna et al., [Working Paper]).
While prior research has explored the relationship between transport expansion and overall
crime rates, I delve into a more nuanced exploration to understand the intricate relationship
between mass transport development and women’s safety, a previously unexplored topic.

The rest of the proposal is structured as follows. Section [2| elucidates the conceptual
framework. Section [3| discusses the background and the data sources. Section 4] outlines the
estimation strategy. Section |5 discusses the initial findings and robustness checks. Section
[6] provides a brief overview of the preliminary analysis and outlines potential steps to be

undertaken to disentangle the various mechanisms. Finally, Section [7| concludes briefly.

2 Conceptual Framework

I analyse the ramifications of public transport infrastructure expansion in Delhi on reported
crimes against women. There are several potential channels through which this impact may
manifest as discussed below.

On the one hand, we might expect to see a decrease in reported crimes against women

12There are others like McDougal et al.|(2021) which analyse the impact of the notorious ‘ Nirbhaya’ gang
rape case of December 2012 in Delhi on rape reporting rates. See https://www.bbc.com/news/world-asia
-35115974 for information on the case.

HJassall (2020) uses police station-level data for the state of Haryana.
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through the ‘safety’ effect. Well-illuminated metro transit stations and the metro rail, along
with security personnel and surveillance cameras during operational hours, offer a secure
public transport option. Moreover, when a new metro station is constructed, it also improves
lighting and security in the surrounding areas, which may deter potential criminals, instilling
a sense of security that encourages women and their families to use public transport more
confidently.

Conversely, expanding transport facilities could inadvertently increase reported crimes
through the ‘volume’ effect. With improved access to different areas of a city, women might
switch to public transport for commuting purposes or increase their travel frequency. For
instance, women might choose to pursue educational and employment opportunities or en-
gage in leisure activities. This increase in travel frequency might elevate their exposure to
potential criminal activities.

Moreover, the impact of the introduction of new transport facilities might extend well
beyond its immediate borders, exerting influence on neighbouring areas. The areas with
these new transit stations might attract females from neighbouring areas to access safe
public transport. However, this influx of females in these areas might lead to a rise in overall
criminal incidents. This geographical relocation of crimes to areas with transit stations can
be termed a ‘spatial’ effect.

Furthermore, the relationship between reported crimes and actual incidents might di-
verge due to the ‘reporting’ effect. As women gain greater exposure and independence with
access to education and employment opportunities, their tolerance of domestic violence, ha-
rassment, or other atrocities might reduce, leading to a greater willingness to report such
incidents. This could contribute to an apparent increase in reported crimes, even if the
actual prevalence declines.

To empirically explore the multifaceted relationship between transport infrastructure ex-
pansion and reported crimes against women, I leverage the staggered opening of the first

metro station within a police jurisdiction in Delhi between 2016 and 2019. I aim to disen-



tangle the specific channels underlying any observed effects, specifically the safety, volume,
spatial, and reporting effects. The potential data and methods for untangling these mecha-

nisms are discussed in Section [6l

3 Background and Data

3.1 Reported Crimes against Women

Crimes against women encompass a broad spectrum, ranging from theft and kidnapping to
the most severe offenses, such as sexual harassment, domestic violence, rape, and murder.
In Delhi, the national capital territory of India, the Delhi Police, overseen by the Ministry
of Home Affairs, Government of India, plays a crucial role in crime prevention, detection,
and the maintenance of law and order. The city is demarcated into 209 discrete police
jurisdictions, each responsible for addressing incidents within its defined boundariesE] These
boundaries have evolved over time based on crime rates, leading me to consolidate them into
147 jurisdictions for this analysis to ensure consistency between 2016 and 2019. Apart from
these 147 general police stations, 16 separate metro police stations have been set up to deter
and investigate crimes occurring on the metro rail or within the metro station[™]

Every incident is reported to the police station under whose jurisdiction it occurred,
where a comprehensive first-hand account of events and circumstances is captured in a First

Information Report (FIR)[' Central to the investigative process, these FIRs from all the

“https://delhipolice.gov.in/doc/Citizen_Charter.pdf At present, the sanctioned strength of
Delhi police is 83,762, spread across 6 ranges, 15 districts, and 209 police stations, making it the largest
metropolitan police in the world, larger than London, Paris, New York, and Tokyo. For further information,
see https://delhipolice.gov.in/historyl

https://www.delhimetrorail.com/list-of-metro-police-stations

16The on-duty police officer presents the FIR to the local magistrate, within whose geographical ju-
risdiction the crime transpired (https://delhipolice.gov.in/doc/Citizen Charter.pdf]). Additionally,
Section 177 of The Criminal Procedure Code, 1973 stipulates that every crime committed must undergo in-
vestigation and subsequent trial within the precincts of the local court vested with authority over the area in
which the crime was perpetrated (https://legislative.gov.in/sites/default/files/A1974-02.pdf).
For further details on how to file an FIR, refer to https://legalbots.in/blog/how-to-file-a-complaint
-against-domestic-violence-in-india.
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police stations have been meticulously scanned and cataloged on the Delhi Police’s website
since 2011.E Each FIR serves as a comprehensive dossier, outlining specific details of the
crime: the legal sections and statutes underpinning its registration, intricate details of the
informant, the accused, and the reporting officer, a thorough statement from the informant or
victim recounting the crime, an itemized inventory of involved property, potential reporting
delays, a precise description of the incident’s location, and exact date and time stamps
for both the occurrence and its reporting. Additionally, it outlines ongoing actions and
provisions for transferring the case to alternative police stations.

I create a fine-grained data set of approximately 300,000 distinct crime reports span-
ning 2016 to 2019, forming the foundation for calculating the analysis’s outcome variable.
These scanned PDF documents were extracted from the Delhi Police website and parsed
into a machine-readable format amenable to analytical exploration using Optical Charac-
ter Recognition (OCR) techniques in Python. Presently, the deployment of Named Entity
Recognition (NER) in Python is in progress, aimed at adeptly identifying and extracting
names of victims and accused parties embedded within the crime narratives. A synthesis
of factors, including designated legal ‘Section(s),” the capabilities of the NamSor package in
R, and gender indicators such as ‘W/O’ (wife of), ‘D/O’ (daughter of), and ‘S/O’ (son of),
will collectively illuminate instances where crimes specifically target women. Currently, I
have focused on using the ‘Section(s)’ to identify crimes against women. Appendix Section
provides a sample FIR, elucidates the employed data preparation strategy, and lists
the different sections of the Indian Penal Code 1860 selected to create the respective crime
categories.

This divergence from the conventional reliance on crime statistics, as disseminated by
the National Crime Records Bureau (NCRB) in existing literature, is motivated by the
need for granular crime data at the police station level—a level of detail absent in NCRB’s

district-level aggregates[’® Furthermore, the NCRB data exhibits certain limitations: it does

"http://59.180.234.21:8080/citizen/firSearch.htm
18For further details on NCRB, see https://ncrb.gov.in/en.
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not encompass reports retracted due to false accusations or victim withdrawals influenced
by familial or societal pressures. Additionally, the aggregated framework may inadvertently
obscure the gravity of certain heinous crime categories grouped under broader sections of the
Indian Penal Code (e.g., murder and rape), potentially resulting in an under-representation
of certain crime typologies. Lastly, NCRB statistics are published at an annual level, while

FIRs offer precise reporting dates for each crime, enhancing their temporal accuracy["]

3.2 Delhi Metro

The inauguration of Delhi Metro’s first line on December 25", 2002, marked a significant
milestone in the urban transportation landscape of the city. A collaborative effort between
the Government of India and the Delhi state government, the Delhi Metro Rail Corporation,
came into being to spearhead this transformative initiative. Since its inception in 2002, the
Delhi Metro has unfurled an intricate lattice of 12 lines that traverse 286 stations, seamlessly
linking diverse locales in Delhi, Gurugram, and Noida[”] The evolution of this network has
unfolded through a series of carefully planned phases, with three phases currently operational
and a fourth phase making progressive strides. A comprehensive summary of each phase is
presented in Table in Appendix Section complemented by the visual representation
of the current metro network in Delhi in Figure[A7 The cumulative expanse of this network
now spans approximately 243 milesE-]

In the context of this analysis, I will focus on the 24 new metro stations opened between
2016 and 2019 that serve as the first stations within their respective police jurisdictionsF_f]
This strategic selection forms the cornerstone of an event-study analysis, poised to unveil in-

sights into the extensive margin impact of newly opened metro stations on reported incidents

YFor a detailed understanding of limitations of NCRB data, see https://ncrb.gov.in/sites/default/
files/CII}%20Disclaimery202020.pdf.

“YGurugram and Noida lie on the boundary of Delhi and belong to the states of Haryana on the North
and Uttar Pradesh in the East, respectively.

21For further details, visit https://www.delhimetrorail.com/pages/en/introduction.

22The opening dates are sourced from https://www.delhimetrorail.com/pages/en/present-network,
while the geographic parameters including latitude, longitude and the associated police jurisdiction are
extracted from https://www.delhimetrorail. com.
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of crimes against women.

3.3 Population

The population data is sourced from the 2011 census, which is organized at the level of
wards under Municipal Corporation of Delhi (MCD), Delhi Cantonment and North Delhi
Municipal Corporation (NDMC).@ To seamlessly integrate this data, I superimposed these
ward boundaries onto the police jurisdictions. By identifying the shared intersection between
these boundaries, I derived the shared regions and subsequently computed the population
for each jurisdiction. This population information is instrumental in computing per capita

reported crime rates.

4 Empirical Strategy

The Delhi metro system’s phased construction and operation of stations provide exogenous
variation. This variation stems from the land investigations and speed of getting the required
approvals. For instance, the construction work on all the stations on the Pink line of the
Delhi metro commenced in 2011. However, due to land-related challenges, these stations
were opened in 4 different quarters between 2016 and 2019.@ So, to causally establish the
impact of the opening of the first metro station within a police jurisdiction on reported
crimes against women, I leverage staggered opening dates of 24 metro stations between 2016
and 2019 for an event study analysisE]

The analysis will be at the police jurisdiction level, justified by the necessity to report
crimes to the police station under whose purview it occurs. So, given the staggered opening of
the metro stations, the jurisdictions can be divided into three groups. First is the treatment

group comprising 24 jurisdictions where the first metro station opened during the study

23https://censusindia.gov.in/census.website/data/census-tables
24nttps://sundayguardianlive.com/news/metro-complete-phase-3-year
25For details on opening dates and routes covered, see Table and Figure in Appendix Section
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period. Second is the never-treated group, consisting of 55 jurisdictions without a metro
station by 2019@ Third, the already treated group, encompassing 68 jurisdictions with
a metro station before 2016, is omitted from the analysis. Once treated, a jurisdiction
remains as such, given that a constructed metro station is not dismantled consciously. Thus,
treatment is an absorbing state. Figure [l and Table [1] illustrates the three groups and the

quarterly count of treated jurisdictions, respectively.

Figure 1: Treated Police Jurisdictions

Notes: Treated: 24 police jurisdictions in pink are the ones where the first metro station opened in the
treatment period between 2016 and 2019. Never treated: 55 in white are the ones without a metro station
till 2019. Already treated: 68 in grey are those with the first metro station built before 2016.

To illustrate, consider the example of Janakpuri, which had a station prior to 2016, while

Dabri and Bindapur did not, compelling residents to travel to Janakpuri. The first station

26There is one police jurisdiction which was treated in the fourth quarter of 2019. However, due to lack
of post-treatment data for this jurisdiction, I include it in the never-treated group for the analysis.
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Table 1: Quarterly Number of Treated Jurisdictions

Quarters 2017 Q2 2017 Q4 2018 Q1 2018 Q2 2018 Q3 2018 Q4
Treated Jurisdictions 2 3 4 7 2 6

Notes: This table presents the quarterly number of jurisdictions treated between 2016 and 2019.

opened in Dabri during the analysis period. Consequently, the jurisdiction of Dabri Police
Station is treated, while that of Bindapur Police Station falls into the control group and that
of Janakpuri Police Station into the already treated group. Figure in Appendix Section
illustrates this example.

The recent developments in the econometrics of difference-in-differences (DiD) for stag-
gered treatment setting reveal that the dynamic two way fixed effects (TWFE) regression
can yield biased estimates of the actual average treatment effect on the treated (ATT) due
to heterogeneous treatment effects across different opening dates and police jurisdictions.
This stems from the estimate including ‘forbidden’ comparisons of later treated jurisdictions
with the earlier treated ones as the control group (Sun & Abraham) 2021).@ To assess
the extent of this issue in my context, I employ the diagnostic test proposed by |Goodman-
Bacon| (2021)), revealing that 4% of the TWFE estimate originates from these ‘forbidden’
comparisons. The results are reported in Table[2] The literature also recommends exploring
alternative estimators even if TWFE does not pose a problem, given that the control group
for TWFE estimation lacks transparency and the weights used for averaging ATTs might
not be policy-relevant.

To address these concerns, I adopt an alternative estimation and inference approach dis-
cussed in the recent econometrics literature. Specifically, I utilize the group-time-specific
average treatment effects (ATTs) proposed in Callaway & Sant’Annal (2021)), which elim-
inates these ‘forbidden’ comparisons. In particular, the ATT for each treated cohort ¢ in

each quarter t is identified as follows:

2TFor a synthesis of the recent DiD literature, see Roth et al.| (2023)).
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Table 2: Goodman-Bacon Decomposition of Static TWFE Estimates

Comparison Weight Estimate

Treated vs Never-Treated  0.903 —2.546
Earlier vs Later Treated 0.058 —1.031
Later vs Earlier Treated 0.039 0.207

N 1,264 1,264

Notes: This table presents the decomposition of the static TWFE estimates for reported HoS per 100,000
population following|Goodman-Bacon| (2021). The comparison group includes never-treated jurisdictions.

CAW,, = o' + o' + B9 (Gy x L{T =t}) +ei (1)

where CAW,; is the reported crimes per 100,000 people at police station 7 in quarter tm T
is the set of all the quarters in the panel. G, is a dummy variable which takes the value 1 if
police jurisdiction ¢ was treated in quarter g, else 0. «; and a; capture the police jurisdiction-
level fixed effects and time-fixed effects, respectively, accounting for unobserved determinants
of reported crime and time trends in such crimes. Standard errors are clustered at the police
jurisdiction level. The coefficient of interest is 39!, which measures the ATT for each police
station ¢ in each treatment cohort ¢ in each quarter t.

The dynamic treatment effect is computed by aggregating these ATT,, by the length of

exposure e of a police jurisdiction ¢ to the treatment as follows:

0(e) = Ygec,H{g + e <=T})P(Gy = glg + e <=T)ATT(g,9 + ¢) (2)

This facilitates the analysis of the treatment effect dynamics across different aggregations
- whether average treatment effects of the opening of a metro station in a police jurisdiction
vary with the length of exposure e to the treatment or across treatment cohorts G, and
whether the cumulative average treatment effect across all the police stations until some

time ¢ varies with Z. In the Sub-section [5.2] I elucidate the rationale for using the esti-

28These are calculated using the FIR data.
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mation strategy provided by [Callaway & Sant’Anna (2021) over other alternatives (Sun &
Abraham| (2021)), |de Chaisemartin & D’Haultfceuille (2020) and Borusyak et al. (2021))) and
demonstrate the robustness of my results when using these other alternatives.

Callaway & Sant’Anna/ (2021)) allow for the estimation to incorporate two types of control
groups. The first is the ‘not-yet-treated’ group, encompassing all those police jurisdictions
that have yet to receive a metro station within the analysis period and those that have not
received one in the analysis period. The second is the ‘never treated’ group, comprising 55
jurisdictions that did not receive a metro station during the study period but may or may
not get one post the analysis period. In my baseline specification, I use the ‘not-yet-treated’
group as my control group and a period of six quarters before and after the treatment. To
fortify the integrity of my findings, I validate the robustness of my outcomes by comparing
results with an alternate control group consisting only of the 55 ‘never treated’ jurisdictions.

Finally, despite the time lag between the decision to construct a metro station and its
actual opening, I assume that a jurisdiction gets treated only after the station’s opening.
This assumption ensures that causal effects are absent prior to station commencement. It
is important to note that Delhi’'s metro system, apart from improving connectivity across
different areas of Delhi, was designed to address escalating challenges posed by a rising
number of registered motor vehicles and population growth on local infrastructure.@ The
stations were planned and built based on the geographic, administrative and logistical factors,
rather than area-specific crime statisticsff] This suggests that endogeneity might not be a
concern here. So, the main identifying assumption is that in the absence of the inaugural
metro station in the treated jurisdictions, the crime outcomes for a group treated in quarter
G, and the groups remaining without a metro station until quarter G, will exhibit parallel

trends (Callaway & Sant’Annal 2021). In the subsequent section, I examine the validity

29https://www.centreforpublicimpact.org/case-study/construction-delhi-metro; https://
housing.com/news/delhi-metro-phase-iv-finally-approved-government/

3YGeographic factors include the feasibility of building an underground network - https://wuw.ice.org
.uk/what-is-civil-engineering/what-do-civil-engineers-do/delhi-metro/. Administrative factors
include the speed of getting necessary approvals, and logistical factors include the land investigations of each
construction site - https://themetrorailguy.com/delhi-metro-phase-4-information-map/.
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of the parallel trends using the dynamic treatment effect coefficients estimated through the

strategy outlined in |Callaway & Sant’Annal (2021)).

5 Results

5.1 Main Results

The outcome variables are the different categories of reported per capita crimes per 100,000
population. Table |3| represents the summary statistics for the crime categories for the 24
treated jurisdictions and 55 never-treated jurisdictions. Table 4] presents the weighted aver-
age of dynamic group-time specific ATTs, standard errors clustered at the police jurisdiction
level, and the associated p-values, using the approach outlined in (Callaway & Sant’Anna
(2021)@ Figure |2| illustrates the corresponding event study plots. The coefficients in the
period prior to the opening of the first metro station are statistically insignificant, lend-
ing support to the plausibility of the parallel trends between the treated and the control

jurisdictions in the absence of the metro station.@

Table 3: Summary Statistics for Reported Crimes for All Jurisdictions (2016-2019)

Reported Crimes per 100k Population N Mean Std. Dev. Minimum Maximum

HoS crimes against women 1,264  6.635 6.119 0 82.719
Non-gender-specific street crimes 1,264 49.511  47.033 0 457.020
All crimes against women 1,264 12.892 8.415 0 82.719
Domestic violence 1,264 4.838 4.417 0 41.359

Notes: This table presents the summary statistics for the different reported crime categories that form
the outcome variable. These variables are calculated per 100,000 population at the police-station quarter
level.

First, I analyse the impact of opening the first metro station in a police jurisdiction

on reported HoS crimes perpetrated on women. Column 1 of Table 4| reports that relative

31T use the Stata module, csdid (Rios-Avila et al.} 2023), to implement (Callaway & Sant’Annal (2021).
32] intend to correct for potential bias from differences in pre-treatment trends following |Roth| (2022). I

also plan to assess the sensitivity of my results to possible violations of parallel trends assumption following
Rambachan & Roth| (2023]).
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Table 4: Main Results: Comparison Group - Never and Not-yet-treated Jurisdictions

HoS Crimes Non-Gender-Specific All Crimes Domestic

Against Women Street Crimes Against Women  Violence
Post 1% Metro Station —1.947* 4.426 —2.140 0.123
(1.099) (5.078) (1.372) (0.632)
Observations 1,264 1,264 1,264 1,264
Jurisdiction Fixed Effects Yes Yes Yes Yes
Quarter Fixed Effects Yes Yes Yes Yes
P-value 0.077 0.383 0.119 0.846

Notes: This table presents the dynamic ATT following |Callaway & Sant’Annal (2021)) of the opening of
the first metro station in a police jurisdiction. The comparison group includes not-yet-treated and never-
treated jurisdictions. The time frame consists of six quarters before and after the treatment. Standard
errors are clustered at the police jurisdiction level. Fixed effects are for each police jurisdiction and each

quarter between 2016 and 2019. *** ** and * indicate significance at the 1, 5, and 10 percent critical
levels.

Figure 2: Even Study Plots: Comparison Group - Never and Not-yet-treated Jurisdictions
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Notes: This figure presents the event study coefficients and the 95% confidence interval following Callaway’
& Sant’Anna) (2021) of the opening of the first metro station in a police jurisdiction. The comparison
group includes not-yet-treated and never-treated jurisdictions. The time frame consists of six quarters
before and after the treatment. Standard errors are clustered at the police jurisdiction level. Fixed effects
are for each police jurisdiction and each quarter between 2016 and 2019.

16



to the ‘not-yet-treated’ police jurisdictions, reported HoS crimes against women exhibit a
reduction of approximately 2 reported HoS crimes per 100,000 population following the
opening of the first metro station. This quantifies to a 29.34% reduction in reported HoS
crimes against women in the treated jurisdictions, compared to the control group, and is
statistically significant at a p-value of 0.077.

However, it might be the case that this decrease in reported HoS crimes against women
is simply a part of an overall decrease in reported crimes in public places following the
opening of a metro station. Such a decline might stem from an overall enhancement in
safety around the metro station area. So, I analyse the impact of first metro stations on non-
gender-specific street crimesﬁ The result, in Column 2 of Table , indicates no statistically
significant relationship between these crimes and the opening of the first metro station within
the jurisdiction. Columns 3 and 4 of Table [4] show that compared to the control group,
reported cases of crimes against women and domestic violence show no significant change in
the quarters after the opening of the metro station, suggesting it is the sexual harassment
crimes perpetrated on women in public places which show a reduction.@

Furthermore, it is also possible that this decrease in reported HoS crimes against women
might be a result of these crime reports shifting to incidents within the metro rail or station
premises. As discussed in Sub-section[3.2] crimes occurring in the metro rail or the station are
reported at the metro police station, under whose purview the particular metro station falls.
This means that the reduction in these cases at general police stations might be accompanied
by an increase in similar cases at metro police stations. To explore this possibility, I examine
the crime reports from those metro police stations where a new metro station was integrated

into their jurisdiction between 2016 and 2019. During this entire period, a total of 42 HoS

33Non-gender specific street crimes include all the possible crimes that can occur in the public spaces
against any gender and exclude all the crimes like sexual harassment, which are perpetrated mostly on
female gender. Table in Appendix Section lists the sections from the Indian Penal Code 1860 used
to generate this crime category.

34 Approximately 90% of reported crimes against women consist of domestic violence incidents or those
occurring in public spaces. The rest 10% are kidnapping and rape cases. Table in Appendix Section [A.1
discusses the sections from the Indian Penal Code 1860 used to create these categories.
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crimes against women were reported at these metro police stations. However, the total
treatment effect of the opening of metro stations is a reduction of 271 reported HoS crimes
against women at general police stations. This initial analysis suggests that displacement of

HoS crimes might not be occurring |

5.2 Robustness

I conduct a series of thorough robustness checks to enhance the credibility of my findings.
These include employing an alternative comparison group and applying different estimation

methods from the recent DiD literature.

5.2.1 Alternate Comparison Group

As discussed in Section [4], I reinforce the resilience of my results by contrasting the outcomes
obtained from an alternate control group comprising 55 ‘never-treated’ jurisdictions. Table
in Appendix Section shows that the results remain robust to this reference group.
Specifically, the reported incidents of HoS crimes against women decrease by approximately
2 reported cases per 100,000 population, a decrease of 29.59% when compared to the control

group, and is statistically significant at a p-value of 0.073.

5.2.2 Other Estimation Methods

I have adopted the approach in |Callaway & Sant’Anna| (2021)) over other estimation methods
found in recent econometrics literature focusing on even study estimation. This decision is
grounded in several key considerations, which I outline below.

To begin with, the primary distinction between |Callaway & Sant’Anna (2021) and [Sun

& Abraham| (2021) lies in the comparison group. Unlike Callaway & Sant’Anna (2021)),

35Currently, these statistics are presented at the level of total reports rather than per 100,000 population.
Additionally, as all metro police stations had at least one metro station under their jurisdiction before 2016,
establishing a distinct pre- and post-period requires further textual analysis. Consequently, this conclusion
should be approached with caution. I intend to provide more rigorous evidence once I compile a comprehen-
sive data set of crime reports, alongside metro ridership data broken down by different stations, quarters,
and gender demographics.
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Sun & Abraham (2021)) does not facilitate a comparison with the ‘not-yet-treated’ group.
Instead, it offers only two alternative control groups, the ‘last treated’ or the ‘never treated’
groups. Next, the strategy in [Borusyak et al| (2021)) introduces a limitation that affects
its applicability in my study. Specifically, this approach yields unreliable estimates and
introduces a downward bias in the standard deviation when the count of treated observations
for a particular temporal point about the treatment quarter falls below 30. Furthermore,
the estimation strategy in [de Chaisemartin & D’Haultfceuille| (2020)) is not able to estimate
pre-treatment effects for more extended periods (de Chaisemartin & D’Haultfoeuille, 2023]).
Consequently, given my specific circumstances, I do not employ these estimation strategies.

An additional merit of employing the methodology proposed by (Callaway & Sant’Anna
(2021), as elaborated upon in Section [4] is its ability to facilitate the examination of treat-
ment effect dynamics across diverse aggregations. This encompasses investigating whether
the average treatment effects resulting from the opening of a metro station within a given
police jurisdiction exhibit variations based on the length of exposure to the treatment. It
also enables the assessment of potential disparities across different treatment cohorts. Fur-
thermore, it supports exploring how the cumulative average treatment effect across all police
jurisdictions up until a specific point in time may display fluctuations with time.

In light of these considerations, I have rigorously examined the robustness of my findings
using these latest estimation strategies and the dynamic Two-Way Fixed Effects (TWFE)
strategy, with the ‘never treated’ group serving as the control@ The results presented in
Table and Figure in the Appendix Section [A.4] show that the magnitude of the

estimates and their standard errors remain stable across these estimation approachesm

36] use the Stata modules - eventstudyinteract (Sun, 2021), did_imputation (Borusyak, [2021)),
did_multiplegt (de Chaisemartin et al., [2019) and reghfde (Correial 2014) - to implement the estimation
strategies proposed in |Sun & Abraham) (2021)), [Borusyak et al.|(2021) and|de Chaisemartin & D’Haultfoeuille
(2020), and dynamic TWFE strategy, respectively.

3T do not report estimates from Borusyak et al.| (2021) because the estimates may be unreliable and the
standard errors may be downward biased due to insufficient sample size.
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6 Mechanisms

6.1 Safety Effect

Evidence using reported HoS crimes against women on the public bus network:
Well-illuminated metro stations and rail systems, equipped with security personnel and
surveillance cameras ensuring safety during operational hours, may present a more secure
public transport alternative compared to existing options. This heightened security presence
has the potential to act as a crime deterrent, thereby reducing reported incidents of crimes
against women during their journey.

As discussed in Section [3.2] Delhi Metro categorizes stations by different lines. Between
2016 and 2019, new stations were inaugurated along the magenta, pink, and violet lines[?|
The newly opened magenta line stations facilitated improved connectivity between the South-
West and South-East regions of Delhi, reducing commuting times by nearly half. Figure
shows an illustration of this travel time reduction for two neighbourhoods in South-West
and South-East Delhi. The consequential impact of this development was evident in the
subsequent surge in metro ridership, as illustrated in Figure [4]

I further divided the treatment into three groups based on the new stations along these

three lines and estimate the following TWFE regression equation:

HOSit = BlMagentaZ-Dit + ﬁgPlnklet -+ ﬁgViOletiDit +o; + o+ € (3)

where HoS;; is the reported HoS crimes against women per 100,000 population at police
station ¢ in quarter t. Magenta,, Pink; and Violet; are dummy variables that take the value 1
for all the jurisdictions where the first metro station that opened was on magenta, pink and

violet line, respectively and 0 otherwise. D;; is a dummy variable that takes the value 1 for

38Figure in Appendix Section illustrated the stations that opened on these three
lines. https://timesofindia.indiatimes.com/city/noida/noida-to-south-delhi-by-metro-in
-16-minutes-when-magenta-line-opens/articleshow/61124513.cms#: ~:text=Noida},3A%20The,
20Magenta’20Line’20will, from%20Kalkaji%20Mandir/2DBotanical’20Garden.
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Figure 3: Travel Time Reduction between South-West and South-East Delhi - An Illustration

Total Distance: ~23 km

Notes: This figure presents alternative mass public transport options between two neighbourhoods in
South-West (Origin) and South-East (Destination) Delhi, covering 23 kilometres of distance. The blue
and violet lines show the route traversed through the stations on these lines taking 83 minutes, the green
line shows the bus route taking 68 minutes, and the magenta line shows the minimum travel time of 36
minutes, which became possible after the opening of stations on the magenta line.

Figure 4: Quarterly Metro Ridership
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Notes: This figure presents quarterly metro ridership. The violet, magenta and pink lines depict the
opening quarters of stations on these lines, respectively. Source: https://data.gov.in/search?title=
delhi’20metro
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Table 5: Heterogeneous Treatment Effect by Metro Lines

HoS Crimes Against Women

Magenta Line x Post —3.297*

(1.653)

X Post —1.920*

(1.032)

Violet Line x Post —1.120

(2.486)
Observations 1,264
Jurisdiction Fixed Effects Yes
Quarter Fixed Effects Yes

Notes: This table presents the heterogeneity in the static TWFE estimates of the opening of the first
metro station in a police jurisdiction based on magenta, pink and violet metro lines. The comparison
group includes not-yet-treated and never-treated jurisdictions. Standard errors are clustered at the police
jurisdiction level. Fixed effects are for each police jurisdiction and each quarter between 2016 and 2019.

kokk ko

, ¥, and * indicate significance at the 1, 5, and 10 percent critical levels.

all the quarters after the treatment in quarter G4. «; and o capture the police jurisdiction-
level fixed effects and time-fixed effects, respectively. Standard errors are clustered at the
police jurisdiction level. The results presented in Table |5 show that the effect in column 3 of
Table 4] is most pronounced for jurisdictions where the first metro station that opened was
on the magenta line.

The rise in metro ridership following the opening of stations on the magenta line, coupled
with a concurrent decrease in reported harassment and assault crimes against women, offers
suggestive evidence in favour of the metro being a safer mode of public transport. To further
assess the metro’s safety in comparison to other modes, I focus on crimes occurring on
buses, the primary alternative mode of mass public transport. Textual analysis of crime
reports enables the identification of incidents on buses or at bus stops, including details
such as the specific route, bus number and name of the bus stop.ﬂ Table |§| presents the
results from estimating a TWFE regression equation analogous to Equation [3], with reported

HoS crimes against women in buses or at bus stops as the dependent variable. For all the

39Figure in Appendix Section illustrates a snapshot of these details in the crime report registered
for a crime occurring on a bus.
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Table 6: Reported HoS Crimes Against Women on the Bus Network

HoS Crimes Against Women

Magenta Line x Post —0.943"**
(0.307)
x Post —0.634*
(0.362)
Observations 918
Jurisdiction Fixed Effects Yes
Quarter Fixed Effects Yes

Notes: This table presents the heterogeneity in the static TWFE estimates of the opening of the first
metro station in a police jurisdiction based on magenta, pink and violet metro lines on reported HoS
crimes perpetrated on women in buses or at bus stops. The comparison group includes not-yet-treated
and never-treated jurisdictions. Standard errors are clustered at the police jurisdiction level. Fixed
effects are for each police jurisdiction and each quarter between 2016 and 2019. *** ** and * indicate
significance at the 1, 5, and 10 percent critical levels.

police jurisdictions where the first metro station opened along the magenta and the pink
line, reported HoS crimes against women on the alternative mode of mass public transport
reduced significantly. This reduction, combined with the decrease in modal split of buses
and the increase in that of metros between 2007 and 2018, provides suggestive evidence of
substitutability between the two modes of public transport@ These findings provide initial

suggestive evidence supporting the safety effect of the metro rail system.

Evidence using SafetiPin data: I use area safety data from SafetiPin, a mobile safety app
in Delhi (Viswanath & Basul, 2015)@ The SafetiPin app allows users to conduct safety audits
of their current location, rating it based on nine parameters, namely, the extent of lighting,
openness of the space, visibility, presence of people (especially women and children), presence
of security personnel and surveillance cameras, condition of the walking path, availability of
public transport, and the general feel of the area. Based on these parameters, a composite
safety score is assigned to each location on a scale from 0 (least safe) to 10 (safest). My

dataset includes 15,131 audits conducted between 2013 and 20247

40Figure [A12in Appendix Section shows this modal split.
4lhttps://safetipin.com
42The data was shared by the SafetiPin team.
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Figure 5: SafetiPin Audits - An Illustration

(a) Treatment and Control (b) Pre- and Post-Metro Station in a 1km Radius

Notes: Figure (a) presents an illustration of all the audit points within a 500 metre radius of a metro
station (treatment) and all the audit points lying between 500 and 1,000 metres of that metro station
(control). Figure (b) depicts all the points within a 1,000 metres radius of a metro station, where purple
points correspond to all the audits conducted before the opening of that metro station, and green points
correspond to those after the opening of the metro station.

I focus on all metro stations that opened between 2013 and 2019. For each station, I draw
two circles with a radius of 500 meters and 1 kilometer around the station. Audit points
within the 500 meter radius are classified as the treatment group, while those located between
500 meters and 1 kilometer form the control groupﬂ Figure |5|illustrates one such example.
Using the station opening date as the event, I run a TWFE regression. As shown in Table
[7, the safety score of areas within 500 meters of a metro station increases by an average
of 0.59 points compared to areas within 500 meters to 1 kilometer, relative to a baseline
average of 7.22 points, after the station opens (column 1). Additionally, when considering
all audit points within the 1 kilometer radius, the safety score decreases by an average of
1.42 points as the distance to the nearest metro station increases (column 2). This provides

further suggestive evidence supporting the safety effect of metro stations.

430n average, people in Delhi walk 500 meters to access a metro station (Advani & Tiwari, 2005). The
average distance between two metro stations is 2 kilometers.
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Table 7: Evidence using SafetiPin Data

Safety Score
0—500—1000m  <1000m

Treatment x Post 0.589***
(0.193)
Distance x Post —1.416"*
(0.407)
Treatment 0.220*
(0.126)
Distance —0.243
(0.260)
Observations 1,264 1,264
Ward Fixed Effects Yes Yes
P-value 0.003 0.001

Notes: This table presents the TWFE estimates of the opening of a metro station. The treatment group
is all the audit points within 500 metres of the new metro station. The control group is all the audit
points within 500 and 1,000 metres of the new metro station. Robust standard errors are used. Ward-
level fixed effects are added. ***, ** and * indicate significance at the 1, 5, and 10 percent critical levels.

Evidence using survey data: Between October and November 2012, the International
Centre for Research on Women (ICRW) conducted a survey for the Safe Cities initiative in
Delhi. This initiative was a collaboration between the Delhi Government, UN Women, and
the NGO Jagori. ICRW surveyed a sample of 2,001 females and 1,003 males aged between
16 and 49 years from seven census tracts. The survey revealed that 55%, 57%, 51%, and
46% of respondents perceived bus stops, streets, markets, and parks as unsafe, respectively.
In contrast, only 20% of respondents reported metro stations to be unsafe["]

The Observer Research Foundation, an India-based think tank, conducted a survey on
the safety of travel modes between December 2019 and September 2020. The survey included
3,537 female respondents from the 15 most populous cities in India. Only 12% of respon-
dents reported buses as safe, while 48% identified the metro or train as the safest mode of

transport [P] These survey findings further reinforce the evidence supporting the safety effect

4nttp://www.safedelhi.in/sites/default/files/reports/Safety-of-Women-in-Delhi.pdf.
4Snttps://www.orfonline.org/wp-content/uploads/2021/05/0RF_Monograph_WomenOnTheMove . pdf.
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of the metro system.

6.2 Volume Effect

As discussed in Section [2, improved transportation access might lead to an increase in mo-
bility due to improved connections to different parts of the city. As a result, the victim pool
in the treated jurisdictions might increase, leading to an increase in criminal opportunities
in the jurisdictions with the new metro station. However, the rise in metro ridership, as
illustrated in Figure [4] and the decrease in reported harassment and assault crimes against
women, as indicated in column 1 of Table [, seem to suggest that the volume effect may
be getting overpowered by the safety effect. To delve deeper into this dynamic, my next
step involves acquiring ridership data for buses. Additionally, I plan to segregate the metro
and bus ridership data by gender, conducting a thorough analysis of ridership trends. This
approach will help me furnish additional evidence and insights into the extent to which the

volume effect contributes to these observed dynamics.

6.3 Reporting Effect

The primary challenge when analyzing crime data lies in accurately measuring the occur-
rences of actual criminal incidents. As discussed in Section [2 improved access to education
and employment opportunities empowers women and makes them financially independent,
potentially making them less tolerant of any form of transgressions and more inclined to
report such incidents. Additionally, the opening of metro stations might result in height-
ened police vigilance and increased arrests, thereby making reporting a more effective option
Bhuller et al.| (2013). However, the observed trend suggests a decline in reported HoS crimes
against women following the opening of metro stations, while domestic violence remains
unchanged. Moreover, non-gender-specific street crimes display stability. As a result, the
reporting effect does not seem to be at work here.

To bolster the validity of my findings, I will utilise the dates of report filing and the
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occurrence of crimes, along with reasons for potential reporting delays, to apply the duration
model, as proposed by Gauthier| (2022). This analysis will help differentiate between the
influence of actual crime incidence and reported crimes. If the number of crimes reported
with a delay remains consistent in the post-treatment quarters, it suggests that the observed
effect is likely due to actual crime occurrences. Conversely, an increase in such delayed

reports might indicate a reporting effect being at play.

6.4 Spatial Effect

The impact of a new metro station within a specific police jurisdiction often ripples beyond its
immediate borders, affecting neighbouring areas. The convenience of metro services might
attract females from the neighbouring jurisdictions to the treated jurisdictions, drawn by
the convenience of metro services, leading to a surge in overall criminal incidents within the
treated jurisdictions. As a result, the negative impact on the reported HoS crimes against
women in Table |4] is less negative.

To assess the presence of this spatial effect on the treated jurisdictions, I will geocode the
crime locations to census boundaries called ‘wards’. Then, I will remove the wards that share
a border with the treated wards to create a new control group (Kline & Moretti, 2013). I
will then compare the treated wards with this control group to analyse whether the initially
observed negative impact on the reported HoS crimes against women in Table [4] becomes

more pl"OIlOllIlCed.

7 Conclusion

In addition to its role in promoting social inclusion and facilitating connectivity, the question
arises whether investment in mass transit impacts crimes against women, which is a severe
worldwide phenomenon. In my investigation, I delve into the expansion of the metro rail

system in Delhi, India, which is notorious for being unsafe for women and where travel
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connectivity is sparse, creating an obstacle to women’s economic development [*] To achieve
this, I curate an original data set of crime reports at the granularity of individual police
stations using Optical Character Recognition and Named Entity Recognition.

By leveraging the exogenous variation in the staggered opening of the first metro stations
across different police jurisdictions in Delhi between 2016 and 2019, my analysis reveals a
29 percent reduction in reported incidents of sexual harassment against women in public
spaces. However, while this decrease pertains to reported sexual harassment, reported cases
of domestic violence and overall crimes against women demonstrate no significant shifts.
Importantly, the observed decline in reported sexual harassment is not manifested in an
overall reduction in reported non-gender-specific street crimes or substituted by an increase
in reported sexual harassment within metro stations or rails.

These findings uncover a nuanced relationship between the expansion of metro infrastruc-
ture and specific forms of gender-based crimes. While decreased reported sexual harassment
is a significant outcome, the broader landscape of women-related crimes remains relatively
unaffected. This insight prompts a deeper exploration into the mechanisms underlying the
observed dynamics, namely, safety, volume, spatial, and reporting effects, emphasizing the
intricate nature of the issue.

In addition to thoroughly disentangling these effects, I am also geocoding crime locations
to gain a more nuanced understanding of the impact of new metro stations on reported

crimes against women.

4Shttps://edition.cnn.com/travel/article/worst-transport-for-women/index.html; https://
timesofindia.indiatimes.com/city/delhi/delhi-government-took-slew-of-steps-to-ensure
-womens-safety/articleshow/74732463.cms
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A Appendix

A.1 Reported Crimes against Women

In this section, I will elaborate on my meticulous data preparation strategy to curate an
exhaustive data set of First Information Reports (FIRs) in Delhi. The primary goal is to
transform raw and unstructured data into a machine-readable format for comprehensive
analysis.

The initial step entailed web scraping all available FIRs from the official website of the
Delhi Police, a process executed through the command line utility tool wget[”] A sample

FIR extracted through web scraping is illustrated in Figure [Al]

4Thttp://59.180.234.21:8080/citizen/firSearch.htm
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Figure A1: A Sample FIR

FIRST INFORMATION REPORT
(Under Section 154 Cr.P.C.)

(arma 154 2% wfan wfen & aga )

1 ouTH |

FIR No(n.q 10136 Date 150172016

2. Ac(s)(afufyam):
- IpC 1860

Section(s)(em(d)):
45115081509134

3. Occurrence of Offence (srware ) wewn)
(a)Day(Re): Date From(fatw d):
Time Period (wwa safl): Time From (a ):
(b)information received at P.S.(aT 1 gt et T 5 ):
(c)General Diary Reference (darmiar #e):
Type of Information (a1 &1 WT):  Witten
Place of Occurrence (FTea ):
(a) Direction and Distance from P.S (11 & gt alvt feam): |
(b) Address(wa):
(€)1 case, Outside the limit of the Police Station (af ar i & arge ¥ ):
Name of P.S(ar 1 ) District(Rre:
Complainant / Informant (el e ):
(a)Name(T): SMT KISHNI DEVI (W/O) Shri Jagdish Chander
(b)DatelYear of Birth (= R fa):
(c)Passport No.(arawé .):

Date To(feri® am):

Time To (awa aw):

Date(fA1®): 15/01/2016 Time (&Wa): 13:15 hrs.
Entry No.(wfaf2 .):026A  Date/Time(ftaifaa): 15/0112016 13:15

Boat No(die )

Nationality (effan):  INDIA
Date of Issue (18l @z ) fafa ): Place of Issue (1 e @1 ear):
(4)0ccupation (rara):
(e)Address(m): D-168/A-2, FREEDOM FIGHTER COLONY ND, SOUTH, DELHI, INDIA,

7. Details
0 g R e a )

iR farae v

8. Reason for delay in reporting by the complainant/informant (asrarasarf / gareasarf grar fedté 48 @ aof amert & avrem):
NO DELAY

. Particulars W
SLNo. (#:.) Property Type(Description)

10.Total value of property stolen (3 g awufi an g 7a):

11.Inquest Report / U.D. Case No., if any (7 @hgr Rt / 7. & waew ., af € 1 ):

Est. Valuo(Rs.)(e (¥ 1))

Disit: soumi [ap— Year e FRNo: o [ p—
connection neither the complainant made any request of any kind, nor she gave any NOC to any
person for the same. It is pertinent to mention here that no address verification was conducted at the
residential address of the no i visited at the resident of the
complainant for the purpose of installation of any connection of MTNL without following the prescribed
procedure. 7., That after getting all the details from the MTNL, the complainant approached the above
named accused person, for the purpose of getting the clarification that why and how he managed to
get this false connection installed on his name, then he started that one day in the recent past when he
visited at the residence of the complainant in pretext of discussing the details of the deal of the
complainant's property fixed with im and taking advantage of the fact that the complainant was alone at
home, he took the complainant's election card and the passport size photograph which were lying on
the table and concealed them in his pocket the complainant requested him to return the election card
and photographs but he refused and said that he will use the same for the vaious other purposes and
will fabricate many other documents on his name by forging the signatures of the complainant and will
cause wrongful loss to the complainant and her family members. 8. That on 01.11.2013 a complaint
was filed with PS Mehrauli, New Delhi stating the fact of cheating, forgery, fabricating of false
documents and stealing of documents from the house of the complainant vide DD No 598, dated
01.11.2013. the copy of the same was alos sent to D.C.P Office, Delhi on 01.11.2013 further the
rectified complaint was also filed with Commissioner of Police and DCP by speed post on 07.11.2013.
9. That on 04.01.2013 at around 12.00 PM the complainat was alone at her home as it was a day of
festival and her family members had gone to temple to unknown persons wearing skullcaps entered in
the house of the complainant with a long knife in their hand and started using filthy language for the
and that if the will not vacate her house then she shall remain
ready to face dire consequences. This fact of passing threats was also brought the the notice of SHO,
PS Mehrauli Delhi Vide DD No 46B, Dated 04/11/2013. 11. That the SHO in the present matter has
refused to register the FIR and also has refused to recover the election card and photographs of the
complainant from the accused No 1, it was also requested by the complainant to SHO to recover the
false and fabricated documents from MTNL Hauz Khas but the SHO refused to take any action against
the accused person. 12. That it seems that the police is also in favour of the accused persons and is
not going to take any action against them. Feeling aggrieved by the inaction on the part of the police
personnel the complainant is left with no other efficacious remedy except to file the present complaint.
13. That the unlawiul act committed by the accused persons comes under the category of cognizable
offence. 14. that the offence is committed within the jurisdiction of this Hon'ble court. Prayer it is
therefore most respectfully prayed that this Honble court may be pleased. a. To take cognzance
against the accused No.1 to 3 uls 417/420/442/452/463/464/467/468/471/506 of IPC and issue
appropriate process against the Accused persons, try and punish them according to law and in the
interest of Justice. b. Pass such other order(s) as deem fit and proper in the facts of the present case.
Duty officer PS Mehrauli the present complaint is pending u/s 156.3 Cr.P.C in the court of Ms Shreya
Arora Mehta MM Saket Court New Delhi. Enquiry has been conducted. From the contents of the
complaint the enquiry conducted so far offence u/s 451/506/509/34 IPC is made out. As far as other
allegation are concemed, the enquiry is going on and relevant sections of law shall be added in this
case if required. You are directed to register a case and mark investigation to me by order
SHO/Mehrauli. Date and time of handing over tehreer- 15/1/2016 at 1.10 PM. SD English SI Manoj
Singh PS Mehrauli New Delhi Dt 15/1/16 @rfed! gfere 31 2T dgeR it ex denft ot qeven gom
uls 451/506/509/34 IPC & e ST 3reer AgeI 7a Computer Copy of FIR ardl 3iméwer
21 agaW ST SHO &Tgd gatet S| Manoj Singh aTgar it <11 Tt &1 MR Ageltal astiial ST ST et
&t Rewa # arame gl HC/DO.
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District: soumH P e Year @e  FRNo: o [—

12FIR. if requi e e aca):
In The Court of Cheif Metropolitan Magistrate District South, Saket Courts New Delhi Complaint Case
of 2014. In the Matter of Smt. Kishni Devi, w/o Shri Jagdish Chander, rio D-168/A-2, Freedom fighter
Enclave IGNOU Road, Neb Sarai New Delhi-110068 Complainant versus 1. Sayed Afaq Meraj @ Afag
Miraj Syed @ Afaq s/o Shri Syed Mehrajuddin r/o- D-162, LG, Freedom Fighter Enclave Neb Sarai,
New Delhi 110068, Also at C-67 Upper Ground floor (UGF) Freedom Fighter Enclaves, Neb Sarai
New Delhi, 2. officer/Cleark MTNL, Hauz Khas New Delhi, 3. Area Line man, MTNL Neb Sarai Delhi, 4.
SHO PS Mehrauli New Delhi Proforma Party PS Mehrauli South District South. Complaint u/s 200
CrPC for taking cognizance against the accused persons under section
417/420/442/452/464/467/468/471/506 of IPC. The complainant most respectfully submits as under. 1.
That the complainant is a law abiding and peace loving citizen of India and is residing with his family
member at the address as mentioned above. 2. That the above named accused persons, acting in
collusion with each other, have dishonestly managed/arranged to get a new telephone connection of
MTNL land line (No..29536247) is installed on the complainant's address, with the help of false and
fabricated documents, by stealing the election card and photograph of the complainant from her house
and by forging her signature with the intention of causing wrongful loss to the complainant and her
family members and now the accused no 1 is passing threats of dire consequences. 3. That a deal
related to the property of the complainant was fixed between the complainant and the accused person
on 15.03.2013 and an agreement to sell was executed for a total amount of consideration of Rs
1,75,00,000/- wherein an amount of Rs 10,00,000/- was paid to the complainant by the accused person
as earnest money and rest of the money was settled to be paid in parts during the period of eight
months and as per the condition of the agreement to sell, original documents related to the property
were handed over to the accused persons, beleiving in good faith on the representation made by him,
that he get the documentstitle verified through various departments. 4. That on 03.5.2013 the accused
person approached the complainat and said that the deal fixed between them on 15.03.2013 related to
the property was not as per the market value of the property and hence after deliberate discussions
and relying on the representation made by the accused persons, the complainant agreed to execute a
new advance receipt cum agreement to sell and purchase for a total consideration of Rs 1,40,00,000/-
with a lesser value of Rs 35,00,000/- the the original amount fixed in previous agreement dated
15.03.2013 and the eamest amount of Rs 10,00,000/- paid at the time of previous agreement was
adjusted in the new agreement and it was decided that the balance amount of Rs. 1,30,00,000/- shall
be paid in parts in a period of eight months and after the completion of eight months the complainant
shall handover peaceful possession and execute the necessary documents in the nameof accused
person. 5. That on 24.10.2013 the complainant received a telephone bill from MTNL at the residence of
the complainant, which was on the name of the accused person and was showing the address of the
complainant. The husband of the complainant went to the office of MTNL to get details, as why and
how the address of the complainant came on the bil of the said connection, which is not onthe
complainant's name and to get the particulars stated in the bill verified. It was revealed by one of the
officer of the MTNL that the said connection is on the name of the above named accsued person and it
was also disclosed by that officer that if any new connection is installed then for that purpose, proper
address proof and photo ID s required and if the connection is installed in a premised were the
complainant does not have proper address proof then in that case the NOC of the owner or landiord is
taken on record and after doing the verification of the address new connection is installed, It is
pertinent to mention here that all these work of ion and of the is done at
the site by the employees/staff of the MTNL, were the telephone connection is required s per the
applicant demand. 6. That as per the requirement of the MTNL the complainant never applied for any

2

District: souTH P AL Year e FRNo: o [—

13.Action Taken offence(s) P
B e e s e sl @ wen v o R s 2. 3wt v v )
(i)Registered the case and took up the investigation:

(acn o o i st o v
(i)Directed (Name of the 1.0t 3@t 7 ): MANOJ SINGH CHUPHAL

OR (1)

SI (SUB-INSPECTOR)
10 take up the investigation (¥ ta s wra 33 % g Piga Rear mar ) OR(a)
OR (& e e P am)

Nofei.: 16100158
(i) Refused investigation due to(afa ¥ )
(iv) Transferred to P.S(name)(@TT):

on point of jurisdiction (3 &firare ¥ e g

District(f):

FIR read over i d given inanti
free of cost : (R | st ) rverfe wes ave e e, el 2l € et ol s vl Pasges Frrarrmaf a9 81 e )+

ROAC(ame.ahg.dh):

14.Signatre | Thumb Impression Signature of Officer
of the Complainant  Informant:
(Tt | e & geng /s  Fra): Name(en): SATISH KUMAR

Rank (
No.(d):

: HC (HEAD CONSTABLE)
28821146

15.Dato and Timo of dospatch to the court
(e ¥ :



Figure A2: Snapshot of challenges faced during parsing the data into FExcel

FIRST INFORMATION REPORT
(Under Section 154 Cr.P.C.)

(61154 3 e aften s g )

1.Di X : FIR No(R.g.R.&.):0954 Date :11/04/2016
2. Actis)(afefr): ‘Section(s)(emaI(d):
- Pc1ss0 376

3. Oceurrence of Offence (srare 1 wee):

(a)Day(R7):  WEDNESDAY Date From(Reaim d): 0310912014 Date To(RAimam): 0310912014

Time Period (w7 fd): Time From (w2 &):  14:30 hrs Time To (@A a):  14:30 hrs
(B)information received at P.S.(ar1 gl g W §€):  Date(Reti®): 11/04/2016 Time (wa): 20:00 hrs
(c)General Diary Reference (3TTHa 2): Entry No.(¥fafk @.):066A  Date/Time(FsTisn/anma): 11/04/2016 20:00

4. Type of Information ({1 &1 ¥T):  Writen
5. Place of Occurrence )
(a) Direction and Distance from P.S (a1 @ Zft 3z fyam): Beat No(diz @) :
(b) Address(F): MADAN GIRI VILLAGE ND.
(€)1 case, Outside the limit of the Police Station (af% a1 e & aTge & ):
Name of P.S(aT @ mm): District(Fan):
6. Complainant / Informant (et agaraaf ):
(a)Name(m): SARITA (D/O) Laxman
(b)DatelYear of Birth (= Rf2 fard): Nationality (g INDIA
(c)Passport No.(draté &.): Date of Issue (18l &t 61 faf2): Place of Issue (318l & @1 €ar):
(@)0ccupation (raTa):
(e)Address(uam): B-145, GALINO 4, AMBEDKAR COLONY, CHATTARPUR NEW DELHI, SOUTH, DELHI,
INDIA,

7. Details. it i if Wiy arma g &1
1 ¢ e e b ):

8. Reason for delay in reporting by the complainantinformant (R | e gra e 281 aof st s rc):

District: SoUTH P vewaw Year 6 FIRNo: st Date: 104z01E

12.F.LR. Contents (attach separate sheet,if required)(vam e Raté aa):
<A 3T GRAT d/o FEHT r/o H.NO B-145 TTelt 7o 4, 3rIeat et eoryy & feofl, Age -29 &rer, &am
T 26 & el I T W A s/o R @ r/o H.No 3 URhe A, 3 e e gt ¢ oo, age 28
AT, 3 A1 g T El aar # AT far H.No 453 faer g gearer i 3w iR & 5a ¢ 1 3 Riawar 2014 7
offer 7 3 e & A et 58 i A ol 3 wnr s o a3 s e ofR g Qv caw & e
1 3 et & RAr & w7 Gofier 3 ar ot 3R gt AR @ ol 3 e i e e 3@ At
weAfIE & 7 @Telt ek H.No B-145, Gali No 4, 3FISaR HTeil-t o 78 fewett A 1@ 3 Rider 2014 F
B0 T §U ATE q T A Gt A ¥ orreht ok B et e 1w mﬁﬁﬁmi@aﬁﬁgﬂwm
3R e it T MY e § i it ucl A e 3 A @W{lﬁﬁﬁ%gémw
Admit FrET D«zye/zmﬁﬁﬁqmag%ﬁwﬁmmmmﬁm ERcicks ﬁaﬁ%ﬁq
3 1 Dt 29/10/2015 Y it @ I8 WIS gt  FN A R AT Dt 30/10
T 3 af it 3 AIIMS Hospital & Admit & ez 3fie 17/11/2015 @ -
M) T T 5 @i, A AU AT I Ui i @ Feh A & /i Ay
10- 15%ﬁﬁa§ﬁﬁmwm%mm Last @ 1 sﬂazmeﬁr«ﬁah&aﬁaﬁﬁaﬁ%m ﬁ?u-ra
T 3 g 7 o 3 Last A qor O Ay & frer @ & 3a ane; it Rt v g afve et & am @
gmsmaaiﬂgﬁﬂaﬂ;ﬁaé%mﬁgﬂm%mﬂﬁl%ﬂﬁ?ﬁ%ﬁé%%ﬁ;m%ﬁm
GEicd & T 1 2ﬁﬂ @r o Hem
MEY T 3w§wﬁﬁgnawﬂﬁgi§’ ﬁmmmﬁﬁﬂmﬁ%ﬁvmﬁ waﬁﬁnﬁ%‘
o I TR Aol B alt Y gAT At a1 gt o Rt 3 72 T s B i ard) g B ¥ améY e g
mﬁmﬂmﬁﬁmmﬂ(‘amﬁaﬂrﬂm%lﬂﬁaﬁ%a@%ﬁv =T e Il & i 3% |
% TR FEA Frfargl S T U ¥R S o gt %\ sb Engllsh Sarita, attested by
W/SI Kamlesh Meena, PS Mehrauli Dt 11/4/16, &1 # sfar <t DO a1 Tewelt a@ TR
fee & e AT 11/4/2016 @1 fRenrara waf afie d/o #&AW /o H.No B- Msmao 4, adrEaT
FTAHT TR 7S oot g1io 2w 3 e S < 7 WIS| it g€ et | 5t R & o giema & &
I &t & aeE ﬁxiu/ss76\Pcwvﬁa@wwmﬁmmmmhmdﬁgoawﬁ
AT & TR A A & ST 7 W/S| HEreh aRier £l A e o apan- 3/9/2014 at
14.30 PM, ST agart- mﬁ_m 1€t 7 aw exdenft AgaR- 11/4/2016 at 8 PM. SD English W/SI Kamlesh
Meena PS Mehrauli New Delhi Dt 11/4/2016 rfegt gfera it 2T ag@ie i oz dert o et gom arp
HVgR uls 376 IPC ﬁmmwmmw(:omputer Copy of FIR Tt améeey aviter amgan
ST SHO Tgel gaet W/S| Kamlesh Meena i <11 Tt &1 ST AgetTet arwifeal S Sihert et i fRrewa &
3T g1l SI/DO.

13.Action Taken Sincs the above information reveals commission of offence(s) uls as mentioned at item No. 2
(et e o it s R v e & R R e 2.4 et 6 6 g )

up the oR ()
NO DELAY (swareo 2 R e i e s v v
9. ne ) (ii) Directed (Name of the 1.0.)(w1 aiftrarft &1 7w ): KAMLESH KUMARI MEENA Rank (72):
o S1 (SUB-INSPECTOR)
SLNo. () Property Type(Description) Est. Value(Rs (7 (¢ ) Nofa.: 28891623 to take up the investigation (@ T T arar & A3 3 forg Pia Rzt mar) OR(a
10.Total value of property stolen (18 5 W @1 gt qea): - (i) Refused investigation due to(aia & fau): OR (¥ e g R am)
11.Inquest Report/ U.D. Case No., if any (7 @il Rté 13 81 waew ., a2 a6 g ): (iv) Transferred to P.S(name)(aFT) District{Fvem:

on point ofjurisdiction (@ AT e gtafea)

Subsequently, I tackled the challenge of converting these unstructured scanned PDFs,
which are essentially images of filed reports, into a structured Excel format for further
processing. Compounding this challenge was the bilingual nature of the FIRs, featuring
text in both English and Hindi. Figure shows a snapshot of the scanned nature of
the PDF and the two languages co-occurring. Addressing these issues, I harnessed Optical
Character Recognition (OCR) techniques, leveraging tools such as pytesseract, BeautifulSoup,
and pdf2image. This approach involved strategically creating boxes around the relevant
content in the scanned PDF's, ultimately allowing for the extraction and parsing of data into
Excel. Figure visually represents the creation of these boxes, while Figure offers a
snapshot of the organized Excel data.

While these strides represent significant progress, the ongoing task involves identifying
and classifying reported crimes specifically targeted against women. To achieve this, a Ma-

chine Learning algorithm is being deployed to comprehend the crime descriptions and discern
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Figure A3:

ampon 1

Snapshot of boxes around the
FIRST INFORMATION REPORT
7 romuaToN e
(e 154 2w wfgen s g )
1 AEST Rk Year(a): 2076 FIR No(w.q R0 {0753 Date {35103/2016

Section(s)(emei):

8679034

2. Acts)(afafyam )
~ pc 180

3. Occurrence of Offence (st # wewT):
(@)Day(R): “"iEONESDAY Date From(fies d): “BEA0ts | Date To(Rertm mm: N Biobz01s
Time Period (ara araf)?- ™ Time From (awa @) 2T " s Time To (ara ) "™A%0 hrs
25 iRt ). - BObA 2016 Time (@) 2300° hrs
Entry No.(sfafR 4.)/042A.° | DateTime(Retias/amma) DO10372016 23:20

(b)information received at P.S.(are g1 e T
(c)Generai Diary Reference (dar o).
Type of Information (a1 a7 wary: "Witeh
Place of Occurrence (FZTEa# ):

(T A 8 3 Re): KILOMETERS
(b) Address(3T): HNGRONT OF H NO. A-2 ON ROAD ,OLD QUATER RAMESH NAGAR .NEW DELHI
(c)In case, Outside the limit of the Police Station (a2 a1t da & aTgt ¥ ):
Name of P.S(ar1 a7 T . -Coseine & Districta): C-rcoomtt5
. Complainant / Informant (el g ):

(a)Name(): MERKANKSHA AGGARWAL (DIO) Sh Rajeoey Ranjan
(b)DatefYear o Birth (4= fafa an): 550" Nationality (trftaa: " bl
(c)Passport No,(arardté a.):"-"" Date of Issue (18t @ i fafar): -0 Place of Issue (arfl @l @ ear):

Beat Node . : /g

(d)Occupation (araara); "¢
(e)Addross(wm): i NO. A2, OLD QUARTER, RAMESH NAGAR, NEW DELHI, KIRTI NAGAR, WEST, DELHI
110015, INDIA, 8826894775,

7. Details
1t R afa vt ):

e aram v

5. Reason for delay i reporting by the complainantinformant (Farar / qeFart] g7 RelE 281 @ 2of el ara):
NO DELAY
9. Pariculars of the

\S‘L}:lg. (. !m) Pfqur:y Type(Description) . 5?‘ \{'In!iﬂsv)l‘iﬂi ()
10.Total value of property stolen (a1 g wwafi an gt eay: 16005

11.Inquest Report / U.D. Case No., if any (573 wsfian Raté / 3. 8. waew 1., afe; aivé g ):

text

both the victim and the accused parties. Figure shows the names of the accused and

victim from one of the FIRs. This phase presents an added complication due to the bilingual

aspect of the FIRs. My proposed strategy to surmount this challenge entails several steps.

Currently, I have utilized the ‘Section(s)’ field, which denotes the pertinent section of the

Indian Penal Code 1860 that each crime corresponds to. Although this filtering method

will not capture all reported crimes against women, it serves as an initial screening process.

Figure A4: Snapshot of data parsed into Excel

A | B G; D E F G H A AP AQ AR AS

1 | 1 R | F | @ 1 12 Action the above l i ofoffe
2 [ District p.s. Year | FIRNo | Date | Act(s) | Section(s)| 2 F.LR. Contents } and took uDirected (Name ofthe 1.0.] Rank

3 | 3

4 763 |METRO 161 AIRPORT METRO 2019 11 24/09/201 IPC1860 N379/511/3 4 763 | <314l 3T Rajesh Kakkar En SUNITADUTTA SI(SUB-INSPECTOR)

5 891 |METRO  Metro Police Station Azadpur 2019 6 18/10/201 -1PC 1860 379 5 891 |SUTH 37STe &19e HHAR S/0 ! SURESH KUMAR ASST. SI (ASSISTANT SUB-INSPECTOR)
6 863 |METRO  KASHMIRI GATE METRO 2019 78 31/10/201 -1PC1860 379/511 6 863 | UTeT 31STTal A ATE HTeH S/, TILAK RAJ HC (HEAD CONSTABLE)

T 907 |METRO  Metro Police Station Ghitorni 2019 11 23/08/201 -IPC1860 379/511 % 907 | UTeT 37Tl Abhay PratapS/o RANBIR SINGH SI (SUB-INSPECTOR)

8 967 |METRO  Metro Police Station Pragati Ram? al atam 2019 7 13/04/201 -1PC 1860 379 8 967 | AYHTaT SHO PS PRAGATI MAIL UDAI PAL SINGH ASST. SI (ASSISTANT SUB-INSPECTOR)
9 103 |METRO  RAJAGARDEN METRO 2019 2 15/01/201 -1PC1860 323/341 9 103 | 9T #, A 71 SHO H6d , T ANITAKUMARI ASST. SI (ASSISTANT SUB-INSPECTOR)
10 866 |METRO  KASHMIRI GATE METRO 2019 81 11/11/201 -IPC1860 379/511 10 | 866 | &N 31<iTet Sh Amrinder Sing CHANDRA SHEKHAR ASST. I (ASSISTANT SUB-INSPECTOR)
11 836 |METRO  KASHMIRI GATE METRO 2019 51 15/07/201 -IPC1860 379/411 11| 836 |ou 3ot I A S/0 1T RAJESH KUMAR ASST. I (ASSISTANT SUB-INSPECTOR)
12 978 |METRO  Metro Police Station Pragati Ram?al atam 2019 18 19/11/201 IPC1860 T 509/354(A 12| 978 |WaT & AATE SfY SHO, Thana BABBAR BHAN 1 INSPECTOR)

13| 777 |METRO  JANAK PURI METRO 2019 3 15/03/201 -IPC1860 354/354(D 13 777 |SIM 37T AYfA%T D/O THA RAIBIR SINGH ASST. SI (ASSISTANT SUB-INSPECTOR)
14 107 |METRO  SHASHTRI PARK METRO 2019 21 24/09/201 - 1PC 1860 365 14 | 107 |DD No.21A Dt.20/10/14 P.S. < VIJAY SINGH ASST. I (ASSISTANT SUB-INSPECTOR)
15 840 |METRO  KASHMIRI GATE METRO 2019 55 30/07/201 -IPC1860 379/511 15 | 840 |<u1e 3roiTal fAEfel FHR i NEERAI GAUTAM HC (HEAD CONSTABLE)

16 794 |METRO  KASHMIRI GATE METRO 2019 9 12/02/201 - IPC 1860 "379 16 794 _|AaT#,S.HO Kashmiri Gate V NEERA) GAUTAM HC (HEAD CONSTABLE)

17 106 |METRO  SHASHTRI PARK METRO 2019 9 10/03/201 - IPC 1860 384 17 106 |41 37STTa IS S/0 GaIe VIAY SINGH ASST. S| (ASSISTANT SUB-INSPECTOR)
18 111 |METRO  YAMUNADEPOT METRO 2019 27 06/12/201 -IPC1860 379/411 18 | 111 | & A AT S SHO T | VIRENDRASINGH YADAV  ASST. SI (ASSISTANT SUB-INSPECTOR)
19 818 |METRO  KASHMIRI GATE METRO 2019 33 08/05/201 -IPC 1860 379 19 818 |To,SHOK. Gate Metro Delhi, : SANJEEVKUMAR HC (HEAD CONSTABLE)

20 103 |METRO  RAJAGARDEN METRO 2019 4 17/01/201 -IPC 1860 379 20 103 | HaTH, AT SHO WG Tfek HARPAL SINGH ASST. SI (ASSISTANT SUB-INSPECTOR)
21 808 |METRO  KASHMIRI GATE METRO 2019 23 31/03/201 -1PC1860 379/411 21| 808 |UNe 3Tt 3Rl FHAR S/o NEERAJ GAUTAM HC (HEAD CONSTABLE)
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To enhance accuracy, I intend to incorporate the details of the complainant/informant and
suspects to refine the data further. Employing Named Entity Recognition (NER), I have
extracted all names from the crime descriptions. All the names, except that of the victim,
belong to other columns - police station, officer, and accused names. This exercise has given
me the names of the victim and the accused as separate columns, thereby forming the basis
of my training data set. Subsequently, I have trained a model on this data set and evaluated
its performance on the test data set, which comprises the remaining FIRs. Presently, I am
in the process of checking the accuracy of this exercise.

Finally, I will determine the gender of the victim and the accused by analyzing phrases
such as ‘W/0O” and ‘D/O’ after a name (indicating female) or ‘S/O’ (indicating male) and
augment the gender classification using the NamSor package in R. This approach represents
a refinement compared to the NamSor package as its accuracy to detect gender with names

written in Hindi language is 45-55% [

Figure A5: Snapshot of extraction of names of victim and accused

12.F.LR. Contents (attach separate sheet, if required)(y2m ga=T ulé Tza): Name of Victim

Compt. No. 99/15, CAW Cell /N,dt. 11/04/15 , From, IMARYAM SHAMEEM|W/O.MR.ARIF ALI D/O.
SHAMEEM AHMAD PRESENTLY RESIDING AT : 724 , PHATAK DHOBIYAN, FARASH KHANA,

DELHI- 110006. To, The Assistant Commissioner of Police Crime Against Women Cell, District North,

P.S: Subzi Mandi,Delhi-110007. SUB : COMPLAINT FOR THE OFFENCES OF CHEATING,

CRIMINAL BREACH OF TRUST, DOWRY DEMAND, CRUELTY , CRIMINAL INTIMIDATION ,

ATTEMT FOR CAUSING MISCARRIAGE, GRIEVEOUS HURT, CRIMINAL ASSAULT, WRONGFUL
RESTRAINT, DEFAMATION , CRIMINAL CONSPIRACY ETC. AGAINST THE FOLLOWING List of Accused
PERSONS . (I) Mr. Arif Ali s/o. Mr. Mohd Yasin (Husband). (II) Mr. Asif Ali s/o. Mr. Mohd. Yasin
(Jeth/Brother in law). (Ill) Mr. Yasin (Father-in -law) (V) Mr. Khurshida Begum w/o. Mr.Mohd. Yasin
(Mother-in-law). (V) Mrs. Huma w/o. Mr. Asif Ali.(Jethani /Co- Sister-in-law). (VI) Shabana w/o. Parvez
(Nanad / Sister-in- law) (VII) Mr. Parvez (Nandoi/Co-Brother-in -law) (VIII)Mrs. Rehana (Mediator). I,
the above named Complainant submits as follows : |. Presently | am residing at my above titled
address along with my parents, being my parental home. 2. | am a graduate, having done my B.A.
Degree in English (Honour) from Delhi University. | am aged about 25 years and currently living with
my parents at my parental home along with my son, namely Master Musa, aged about 6 months. 3. In

This comprehensive strategy will culminate in a detailed, micro-level data set encom-
passing reported crimes against women in Delhi from 2016 to 2019.
Currently, I have focused on using the ‘Section(s)’ to identify the crime categories used

as the outcome variables. Reports of domestic violence entail incidents of dowry-related

48https ://namsor.app/features/gender-name#genderize-name-batch
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torture or death, mistreatment of wives or daughters-in-law, deceitful marriages, or tragically
coerced miscarriages. Reported HoS crimes against women consist of cases of obscene acts,
sexual harassment, throwing of acid, stalking or insulting the modesty of a woman. Overall
reported crimes against women include both reported domestic violence and reported HoS
and reported cases of rape and female kidnappings. Finally, reported non-gender-specific
street crimes include reports of theft, mischief, creating public nuisance, or obstructing
public pathways. Table lists the sections from Indian Penal Code 1860 which are used

to construct these categories.

Table A1l: Description of Crime Categories

Category Sections from TPC 1860

All Crimes Against Women 294, 304B, 312, 313, 314, 354, 354A, 354B, 354C, 354D, 366, 366A,
366B, 372, 373, 375, 376, 376A, 376AB, 376B, 376C, 376D, 376DA,
376DB, 376E, 376F, 493, 496, 497, 498, 498A, 509, 376/511

Domestic Violence 304B, 305, 306, 312, 313, 314, 376B, 493, 496, 498A
HoS Crimes Against Women 294, 326A, 326B, 354, 354, 354A, 354B, 354C, 354D, 509

Non-Gender-Specific Street Crimes 283, 319, 320, 321, 322, 323, 324, 325, 326, 334, 335, 336, 337, 338,
349, 350, 351, 352, 355, 356, 378, 379, 425, 426, 427, 431, 432, 434,
510

Notes: This table describes the categories of crime used as outcome variables in the analysis and lists
the corresponding sections from the Indian Penal Code 1860 used to identify crimes pertaining to them.
Source: https://www.indiacode.nic.in/handle/123456789/22637sam handle=123456789/1362.

Figure A6: Snapshot of a reported crime occurring on bus

12.F.L.R. Contents (attach separate sheet, if required)(¥2ar@ ga=T fald aza):

I 3T ety $AR S/o Ram Raj Singh R/o A-598 near e ardT w1y, JJ Colony Madanpur Khadar
Delhi 76 Age 37 years Mob 9311818181. =T o &t A TelT JuRIeh U UNEIR Tl g, AT Alioich alele] @
WIS AR & Tgl RTV bus # conductor &1 &M Hcl g, St A 3 feA &8 No DL 1VA 9562 S feh AR @mex

I AEE place & ST TeAd! g, B HSFR T I I QT §, SN 3 1o 31.08.19 P GHT B 11/45 Am IR S 7

JWih RTV ¥ dieteh virendra & G127 g€ Wid & g oHTTHT ASAYR TG ST g1 AT R S g a9 e 9. 13 W,
ATEAT A ATGIA SINT & Y g ol agl I Ueh oS = a9 &l g1 e 3R a9 A 916 71T 3iR € # @ied &t driver
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A.2 Delhi Metro - Phases and Network

Table A2: Summary statistics of the construction phases of Delhi Metro

Phases Lines Route Stations Length (in Kms) Date
Shahdara - Tis Hazari 6 8.35 25.12.2002
Red Line Tis Hazari - Inderlok 4 4.87 04.10.2003
Inderlok - Rithala 8 8.84 01.04.2004
. Vishwavidyalaya - Kashmere Gate 4 4.06 20.12.2004
Phase-1 Yellow Line Kashmere Gate - Central Secretariat 6 6.62 03.07.2005
Barakhamba - Dwarka 22 22.74 31.12.2005
Blue Line Dwarka - Dwarka Sector 9 6 6.47 01.04.2006
Barakhamba - Indraprastha 3 2.8 11.11.2006
Red Line Shahdara — Dilshad Garden 3 3.09 03.06.2008
Vishwavidyalaya - Jahangirpuri 5 6.36 03.02.2009
Yellow Line HUDA City Centre - Qutab Minar 10 15.82 21.06.2010
Central Secretariat - Qutab Minar 9 11.76 03.09.2010
Phase.IT Indraprastha - Yam.una Bank 1 2.17 10.05.2009
Blue Line Yamuna Bank - Noida City Centre 10 12.85 13.11.2009
Dwarka sector 9 - Dwarka Sector 21 2 2.76 30.10.2010
Anand Vihar ISBT - Vaishali 2.57 2 27.01.2010

Green Line Inderlok — Kirti Nagar - Mundka 18.46 16

Orange Line  New Delhi - IGI Airport(T-3) - Dwarka Sector-21 6 22.70 23.02.2011
Violet Line Central Secretariat - Sarita Vihar 13 15.34 03.10.2010
Sarita Vihar - Badarpur 3 4.82 14.01.2011
Red Line Dilshad Garden - Shaheed Sthal (New Bus Adda) 8 9.63 09.03.2019
Yellow Line Jahangirpuri - Samaypur Badli 3 4.38 10.11.2015
Blue Line Noida City Centre - Noida Electronic City 6 6.80 09.03.2019
Central Secretariat - Janpath - Mandi House 2 28.06.2014
ITO station 08.06.2015
Violet Line Sarai - Escorts Mujesar(Faridabad) 9 13.56 06.09.2015
Delhi Gate — Kashmere Gate 3 28.05.2017
Phase-I11 Escorts Mujesar - Raja Nahar Singh (Ballabhgarh) 2 3.35 19.11.2018
Majlis Park - Durgabhai Deshmukh South Campus 12 21.57 14.03.2018
Pink Line Durgabhai Deshmukh South Campus - Lajpat Nagar 6 8.53 06.08.2018
Trilokpuri - Sanjay Lake - Shiv Vihar 15 17.86 31.10.2018
Lajpat Nagar - Mayur Vihar Pocket-1 5 9.63 31.12.2018
Magenta Line Botanical Garden - Kalkaji Me‘andir 9 12.64 25.12.2017
Kalkaji Mandir - Janakpuri West 16 24.82 28.05.2018
Grey Line Dwarka - Najafgarh 4 4.98 04.10.2019

Notes: The routes highlighted in pink encompass metro stations that opened between 2016 and 2019 and
serve as the first metro stations within their respective police jurisdictions. These stations will be used
in the current analysis. Source: https://www.delhimetrorail.com/pages/en/present-network.
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Figure A8: Treated Police Jurisdictions - An Ilustration

Notes: This figure illustrates the allocation of police jurisdictions into three groups: treatment, never-
treated, and already treated. The left panel displays this allocation and outlines the three jurisdictions
used as an example in the text in green. The upper right panel depicts the pre-treatment period, when the
police jurisdiction of Janakpuri had a metro station, but that of Dabri and Bindapur did not. The lower
panel shows the post-treatment period when the first metro station opened in Dabri. Consequently, the
police jurisdiction of Dabri falls in the treatment group, while that of Bindapur and Janakpuri remain

\.“ Janakpuri

Bindapur

Dabri

Pre-2016

Janakpuri

Bindapur

Post-2016

in the control group and the already treated group, respectively.

A.3 Treatment and Control Groups
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Figure A9: Treated Police Jurisdictions by Metro Line Groups

Notes: Magenta: Police jurisdictions where the first metro station that opened in the treatment period
between 2016 and 2019 was on the magenta line. : Police jurisdictions where the first metro
station that opened in the treatment period between 2016 and 2019 was on the pink line. Violet:
Police jurisdictions where the first metro station that opened in the treatment period between 2016 and
2019 was on the violet line.
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A.4 Robustness Checks
A.4.1 Alternate Comparison Group

Table A3: Comparison Group - Never Treated Jurisdictions

HoS Crimes Non-Gender-Specific All Crimes Domestic

Against Women Street Crimes Against Women  Violence
Post 1% Metro Station —1.963* 4.293 —2.174 0.101
(1.094) (5.085) (1.366) (0.630)
Observations 1,264 1,264 1,264 1,264
Jurisdiction Fixed Effects Yes Yes Yes Yes
Quarter Fixed Effects Yes Yes Yes Yes
P-value 0.073 0.399 0.112 0.873

Notes: This table presents the dynamic ATT following |Callaway & Sant’Annaj (2021]) of the opening of
the first metro station in a police jurisdiction. The comparison group includes never-treated jurisdictions.
The time frame consists of six quarters before and after the treatment. Standard errors are clustered at
the police jurisdiction level. Fixed effects are for each police jurisdiction and each quarter between 2016
and 2019. ***  ** and * indicate significance at the 1, 5, and 10 percent critical levels.
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Figure A10: Even Study Plots: Comparison

i
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(d) Non-Gender-Specific Street Crimes

Notes: This figure presents the event study coefficients and the 95% confidence interval following Callaway]
|& Sant’Annal (2021)) of the opening of the first metro station in a police jurisdiction. The comparison
group includes never-treated jurisdictions. The time frame consists of six quarters before and after the
treatment. Standard errors are clustered at the police jurisdiction level. Fixed effects are for each police

jurisdiction and each quarter between 2016 and 2019.
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A.4.2 Other Estimation Methods

Table A4: Different Estimation Methods: Comparison Group - Never Treated Jurisdictions

HoS Crimes Non-Gender-Specific All Crimes Domestic

Against Women Street Crimes Against Women  Violence
Post 15t Metro Station
(Callaway & Sant’Annal(2021) —1.963* 4.293 —2.174 0.101
(1.094) (5.085) (1.366) (0.630)
Sun & Abraham|(2021) —2.094* 0.672 —-1.695 0.689
(1.207) (4.414) (1.491) (0.646)
de Chaisemartin & D Haultfoeuille| (2020) —2.019* —0.437 —1.547 0.789
(1.029) (4.017) (1.382) (0.691)
Dynamic TWFE —2.323* 0.540 —2.054 0.594
(1.198) (4.323) (1.411) (0.581)
Observations 1,264 1,264 1,264 1,264
Jurisdiction Fixed Effects Yes Yes Yes Yes
Quarter Fixed Effects Yes Yes Yes Yes

Notes: This table presents the dynamic ATT following Callaway & Sant’Annal (2021); Sun & Abraham|
(2021); de Chaisemartin & D’Haultfoeuille| (2020)) and dynamic TWFE of the opening of the first metro
station in a police jurisdiction. The comparison group includes never-treated jurisdictions. The time
frame consists of six quarters before and after the treatment. Standard errors are clustered at the police
jurisdiction level. Fixed effects are for each police jurisdiction and each quarter between 2016 and 2019.
wex** and * indicate significance at the 1, 5, and 10 percent critical levels. Estimates from

(2021)) are not reported because they may be unreliable, and the standard errors may be downward
biased due to insufficient sample size.
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Figure A11: Even Study Plots: Different Estimation Methods

Average Effect (std. dev.)
& ° m
‘%ﬁ
- %—L. 1(
;
*E!E’J‘

8 7 R 5 -4 3 2 B o 1 2 3
Quarters Since Event

® Callaway-SantAnna @ Sun-Abraham ® TWFE OLS ® De Chaisemartin and D'Haultfeuille ® Borusyak et al.

(a) HoS Crimes Against Women

@

Average Effect (std. dev.)
°

8 7 - 5 4 3

2 4 0 1 2 3 4 5 6
Quarters Since Event

® Callaway-SantAnna @ Sun-Abraham ® TWFE OLS @ De Chaisemartin and D'Haultfeuille @ Borusyak et al.

(c¢) All Crimes Against Women

Average Effect (std. dev.)

Average Effect (std. dev.)

I
8 7 - 5 -4 3 2 B [ 1 2 3 4 5 6
Quarters Since Event

® Callaway-SantAnna @ Sun-Abraham ® TWFE OLS ® De Chaisemartin and D'Haultfeuille ® Borusyak et al.

(b) Non-Gender-Specific Street Crimes

8 7 © 5 4 3

2 Bl o 1 2 3 4 5 6
Quarters Since Event

® Callaway-SantAnna @ Sun-Abraham ® TWFEOLS @ De Chaisemartin and D'Haultfeuille ~ ® Borusyak et al.

(d) Domestic Violence

Notes: This figure presents the event study coefficients and the 95% confidence interval following |Callaway

|& Sant’Annal (2021)); |Sun & Abraham)| (2021); Borusyak et al.| (2021); /de Chaisemartin & D Haultfceuille

(2020) and dynamic TWFE of the opening of the first metro station in a police jurisdiction. The
comparison group includes never-treated jurisdictions. The time frame consists of eight quarters before
and six quarters after the treatment. Standard errors are clustered at the police jurisdiction level. Fixed
effects are for each police jurisdiction and each quarter between 2016 and 2019.
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A.5 Safety Effect

Figure A12: Modal Split for Different Transportation Alternatives (2007 and 2018)
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Notes: Source: National Institute of Urban Affairs, 2020.
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