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Abstract
From murders due to dowry deaths, honour killings and female infanticide to sextual crimes like rape, crimes against women in India
have been a constant challenge and remain a high point of concern till date. The National Crimes Records Bureau (NCRB) in 2019
reported rapes in India occurs every 16 minutes with Uttar Pradesh (UP) topping the list of crimes.

This is an observational study that looks at the data from NCRB and aims to create geospatial models and analyse the spatio-
temporal trends in the reported cased of rapes and dowry deaths in Uttar Pradesh from 2001 to 2014 using Integrated Nested Laplace
Approximation (INLA) (Rue, Martino, and Chopin 2009) in R which might be helpful to assess the effects of laws at the time and
understand patterns to create better laws and policies for reducing incidence.

These trends were analysed using spatial and spatiotemporal models (with and without type 1 interactions) where spatiotemporal
models with type 1 interactions provided the best fit to analyse the joint variability in spatial and temporal trends in the crimes of
interest. A decline in rape and dowry deaths is observed with a stronger decline in dowry deaths in UP, India.

Introduction
The United Nations in 1993 defined violence against women as acts of violence based on gender leading to physical, sexual or
mental harm to women. This includes acts of coercion, arbitrary deprivation of liberty which could occur in the private or public life of
the woman. Being regarded as a global pandemic, crimes against women affect 1 in every 3 women with about 736 million women
being affected globally, a number that devastatingly remains unchanged over the past decade. The World Health Organisation
estimated the global average for violence against women in 2018, with India reporting more than the global average. (“Violence
Against Women — Who.int”) (“Violence Against Women — Who.int”), (“NCRB’s Report Reveals a Rape Happens Every 16 Minutes in
India; UP Tops List of Crimes Against Women — Economictimes.indiatimes.com”)

From murders due to dowry deaths, honour killings and female infanticide to sexual crimes like rape, crimes against women in India
have been a constant challenge and remain a high point of concern till date. The National Crimes Records Bureau (NCRB) in 2019
reported rapes in India occurs every 16 minutes with Uttar Pradesh topping the list of crimes. (“NCRB’s Report Reveals a Rape
Happens Every 16 Minutes in India; UP Tops List of Crimes Against Women — Economictimes.indiatimes.com”)

The dowry system has its mediaeval roots in India where a gift in cash or kind is given to the bride to maintain her independence after
marriage. Under colonial times, dowry was made mandatory in marriages and is now deeply rooted in some as a cultural practice.
(“The Dowry System in India: Is the Trend Changing? — Pulitzercenter.org”) Dowry deaths are acts of violence like murders, burns,
bodily injuries and suicides over disputes about dowry.

Recent trends in dowry deaths show more than 30,000 deaths within 2017 - 2021 in India as per the Union Ministry’s reply to the
Parliament, citing the NCRB data. Uttar Pradesh followed by Bihar, Madhya Pradesh, Bengal and Rajasthan, accounted for nearly half
the dowry deaths in these 5 years. This system is now criminalised under Section 304B of the Indian penal Code in the subsection of
Hindu Succession Act of 1956 and the Dowry Prohibition Act of 1961 with imprisonment for a minimum of 7 years which may extend
to life imprisonment (“India: Number of Reported Dowry Death Cases 2021 | Statista — Statista.com”)

This is an observational study that aims create geospatial models and analyse the spatio-temporal trends for rapes and dowry deaths
in Uttar Pradesh, one of the most crime prevalent and populous states in India. While most cases remain unreported, this study uses
the reported rape and dowry cases from the National Crime Records Bureau from 2001 to 2014 to map these trends and analyse the
spatial and temporal interactions using Integrated Nested Laplace Approximation (INLA) in R which might be helpful to assess the
effects of laws at the time and understand patterns to create better laws and policies for reducing incidence.

Methods

Exploratory Analysis
While rapes and deaths due to dowry remain prevalent throughout the country, the study aims to identify patterns amongst these
crimes in Uttar Pradesh, a state spread across 243,290 km2 in the northern part of India. For this study, the state is divided into 70
geographical districts (Figure 1) and maps these crimes as reported between 2001 and 2014.

Figure 2: Map of Uttar Pradesh (UP)

Across the 70 districts of UP, the mean of reported cases of rapes and dowry from 2001 to 2014 were mapped for each districts as
well for incidence reported by year (Supplementary Table 1,2,3,4) (Supplementary Figure 1,2,3,4)

For each respective crime, the standard mortality ratio was calculated by dividing the mean observed cases by mean expected cases
and mapped along with proportion affecting every 10,000 people in the district. (Figure 3 and 4). They can be used to assess the risk
of crimes of interest in the population.

An SMR of more than 1 indicates higher risk for the crime and an SMR lower than 1 indicates lower risk.

Figure 2: SMR for Rapes and Dowry Deaths in UP

SMR and Proportion every 10,000 people for Rapes in UP

Figure 3: SMR and Proportion every 10,000 people for Rapes in UP

SMR and Proportion every 10,000 people for Dowry Deaths in UP

Figure 4: SMR and Proportion every 10,000 people for Dowry Deaths in UP

Spatio-Temporal Modelling
Spatio-temporal modeling is a statistical method used to analyze data with both spatial and temporal components. It is used to
analyse how data varies in space and time and takes into account correlation between adjacent locations and nearby times. It can be
used to identify patterns and trends in data, as well as to make predictions about future events

Spacial Modelling
To understand the spatial patterns for rape and dowry in UP, a Poisson-log linear model was fitted, assuming a BYM2 model for the
random effects both events (rapes and dowry) separately. The model is specified as:

where  and  are standardised versions of  and . The spatial random effect  is specified thorugh re-parameterisation of the
Besag-York-Molli’e prior (Besag, York, and Mollié 1991), which is a convolution of an intrinsic conditional autoregressive (CAR) model
and an independent and identically distributed Gaussian model, where

 is the spatially structured component defined by an intrinsic CAR prior: ,

 the unstructured component defined with prior: 

Spatio - Temporal Modelling with No Intercations
This analysis was further extended to a separable space-time model with and without type 1 interaction. Like the spatial model,
Poisson distribution was used to model the number of rapes and dowry deaths at time t and WAIC was computed. This model
assumes the additive nature of spatio and temporal effects and they are assumed to be seperated. The model is specified as:

where,

 is the spatially structured component defined by an intrinsic CAR prior: ,

 the unstructured component defined with prior: .

Spatio - Temporal Modelling with Type 1 Interactions
These models accounts for the correlation between neighboring locations in space and time. The model assumes that the random
effect at each location is equal to the sum of the effects at its neighboring locations in the previous time point, plus a normally
distributed error term. For the temporal component, an unstructured random effect and a structured random walk (RW 1 prior) was
used.

This space-time model is specified as:

Similar to the equations above,

 is the spatially structured component defined by an intrinsic CAR prior: ,

 the unstructured component defined with prior: .

Results
The separable space time models for incidence of rapes in UP mapped for relative risks and posterior probabilities (Figure
8,9,10,11,12,13)

Rapes in UP

Figure 5,6 and 7 displays the relative risks and posterior probabilities for the spatial (Figure 5) and spatiotemporal models with (Figure
7) and without (Figure 8) type 1 interaction for rapes in Uttar Pradesh. While there a few districts with reduced relative risks, there is
no difference in the special residuals.

Figure 5: Spatial Model for Rapes in UP

Figure 6 : Spatiotemporal Model for Rapes in UP without Interaction

Figure 7 : Spatiotemporal Model for Rapes in UP with Type 1 Interaction

Dowry Deaths in UP

Similar trends are observed for dowry deaths in UP. Figure 8,9 and 10 map the relative risks and posterior probabilities for the spatial
(Figire 8) and spatio temporal model with (Figure 10) and without (Figure 9) Type 1 interactions. No trends are observed.

Figure 8: Spatial Model for Dowry Deaths in UP

Figure 9 : Spatiotemporal Model for Dowry Deaths in UP without Interaction

Figure 10 : Spatiotemporal Model for Dowry Deaths in UP with Type 1 Interaction

Temporal variables were analyses for both spatiotemporal models, with and without interaction.

Rapes in UP

Figure 11 displays the spatiotemporal models for rape incidence in UP with and without type 1 interactions, with increased variability
in relative risks in the spatiotemporal models with type 1 interactions.

Figure 11: Spatiotemporal Model for Rapes in UP without Interaction

Dowry Deaths in UP

Figure 12 displays the spatiotemporal models for dowry deaths incidence in UP with and without type 1 interactions, with increased
variability in relative risks in the spatiotemporal models with type 1 interactions.

Figure 12: Spatiotemporal Model for Dowry deaths in UP without Interaction

Overall space-time interaction form 2001 to 2014

Figure 13 and 14 show the overall trend in rapes and dowry deaths in UP. While dowry deaths have reduced significantly from 2001,
there is a slower decline in rapes across the state. There is also a sharp decline in dowry deaths from 2009 to 2014 in UP.

Figure 13: Overall space-time interaction form 2001 to 2014 for Rapes in UP

Figure 14: Overall space-time interaction form 2001 to 2014 for Dpwry Deaths in UP

Hyperparametres in Spatial and Spatiotemporal models
Rapes in UP

Table 1 shows the several hyperparameters in the spatiotemporal models, where each precision controls for the variability in spatial,
temporal and spatiotemporal models receptively. For rapes, the median value of 6.388 (4.464, 9.148) for the spatial model and the
13.970 (6.251, 36.097) for the temporal model, indicates moderate spatial and temporal variation (separately). When both are taken in
consideration, the joint spatial and temporal variation is moderate with a median of 12.562 (10.742, 15.520). Phi controls the spatial
correlation in the model. The median value is 0.759 (0.502, 0.880) also indicates there is moderate spatial correlation in the data.

Hyperparametres in Spatial and Spatiotemporal models for rapes in UP

median Lower_Limit Upper_Limit

Precision for ID_area 6.388 4.464 9.148

Phi for ID_area 0.759 0.502 0.880

Precision for ID_year 13.970 6.251 36.097

Precision for ID_area_year 12.562 10.742 14.520

Dowry deaths in UP

For dowry deaths in UP (Table 2), the median value of 10.413 (7.248, 14.641) for the spatial model indicates moderate to high spatial
variation and the median value of 48.123 (18.819, 108.248) indicates high to very high temporal variation. When both are taken in
consideration, the joint spatial and temporal variation is moderate to high with a median of 43.640 (34.702,55.130). The phi value
median 0.965 (0.698, 1.000) indicates string spatial correlation

Hyperparametres in Spatial and Spatiotemporal models for dowry deaths in UP

median LL UL

Precision for ID_area 10.413 7.248 14.641

Phi for ID_area 0.965 0.698 1.000

Precision for ID_year 48.123 18.819 108.248

Precision for ID_area_year 43.640 34.702 55.130

WAIC
Wantanbe-Akaike information criterion (WAIC) was mapped for all model which estimates the fit of the model to the data.

Rapes in UP

Table 3 compares the WAIC between different models for rapes and dowry deaths in UP. For rapes, the WAIC of 649 for the spatial
model gives the lowest value and is the best fit to the data among the other models, given that it doesn’t take into account the
variation with time. Amongst the two spatiotemporal models, to map the spatiotemporal patterns in rapes in UP, the spatiotemporal
model with type 1 interaction provides a better fit with the lower WAIC of 6242 as compared to the spatiotemporal model without
interactions with a WAIC of 7836.

WAIC for rapes in UP

model WAIC

Spatial 649

SpatTemp no int 7836

SpatTemp typeI 6242

Dowry Deaths in UP

Similarly for dowry deaths, (Table 4) the WAIC of 658 for the spatial model gives the lowest value and is the best fit to the data among
the other models, given that it doesn’t take into account the variation with time. Amongst the two spatiotemporal models, to map the
spatiotemporal patterns in dowry deaths in UP, the spatiotemporal model with type 1 interaction provides a better fit with the lower
WAIC of 6320 as compared to the spatiotemporal model without interactions with a WAIC of 6656.

WAIC for dowry deaths in UP

model WAIC

Spatial 658

SpatTemp no int 6656

SpatTemp typeI 6320

Discussion and conclusion
In this observational study the aim of analysing the spatial and spatio-temporal trends for rape incidence and dowry deaths for Uttar
Pradesh in India from 2001 to 2014 using INLA was achieved. The spatio temporal models with type 1 interaction provided the best fit
to map the joint variability in the data.

However, as the the data is mapped using RW1, the model assumes stationarity in the spatial dependence structure, even when in
this case, the correlation structure might be non stationary. RW1 model also assumes Markovian spatial dependence i.e it depends on
its neighbors.

This analysis could further be used to map not only crimes against women but also other crimes throughout the country aiding policy
makers to make data based decisions and analyse the effects of the policies and laws previously created.
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Supplementary Figure 1: Mean Rapes in UP by district

Supplementary Figure 2: Mean Rapes in UP by year

Supplementary Figure 3: Mean Dowry Deaths in UP by district

Supplementary Figure 4: Mean Dowry Deaths in UP by year

Mean of reported cases of rapes in UP per disctrict

dist mean_rape sd_rape mean_e_rape sd_e_rape

Agra 46.285714 20.393923 40.884842 5.0913230

Aligarh 69.071429 29.787618 32.726862 4.0908299

Allahabad 45.785714 28.884860 55.169215 6.1610056

Ambedkar Nagar 14.428571 4.397802 23.041357 2.4356876

Auraiya 11.071429 4.410901 12.491716 1.2702115

Azamgarh 19.000000 11.170015 44.716980 4.5768644

Baghpat 16.642857 6.440343 11.956460 1.0032989

Bahraich 28.785714 17.021157 28.164011 4.5699895

Ballia 9.857143 5.920722 30.220927 2.6924058

Balrampur 10.571429 5.301876 18.385868 2.1554382

Banda 26.428571 15.800264 15.291049 1.2610721

Barabanki 27.928571 8.306293 28.552419 2.8771799

Bareilly 59.500000 20.668631 39.467683 4.5641445

Basti 11.357143 5.358059 22.879342 2.3172487

Bijnor 36.857143 17.922299 34.649589 3.9204592

Budaun 31.071429 16.615397 30.453322 3.0332344

Bulandshahr 41.642857 22.458876 31.815106 3.7824382

Chandauli 7.714286 6.955115 17.833944 1.7165617

Chitrakoot 16.857143 7.209579 8.097727 0.9951590

Deoria 12.428571 12.445044 30.615125 2.7796008

Etah 28.500000 14.058942 19.401804 2.8624931

Etawah 13.000000 7.765803 14.456075 1.5541424

Faizabad 29.071429 21.294507 23.504897 2.3192441

Farrukhabad 14.285714 5.902132 16.844285 1.8519669

Fatehpur 24.500000 16.003605 24.121800 1.9900673

Firozabad 26.142857 12.960634 22.355074 2.7000596

Gautam Buddha Nagar 24.857143 11.634545 14.999111 2.4934070

Ghaziabad 48.071429 41.863265 43.749057 7.5063740

Ghazipur 8.285714 6.854853 33.056866 3.0658772

Gonda 19.857143 9.702158 30.588997 3.4223538

Gorakhpur 39.857143 24.954904 43.022989 4.2439726

Hamirpur 15.500000 11.927667 10.052878 0.6011088

Hardoi 34.000000 12.146541 34.884249 3.5861986

Hathras 24.357143 12.506042 13.913761 1.5365118

Jalaun 7.214286 3.355330 15.654387 1.5566676

Jaunpur 19.857143 14.330479 43.404717 4.3787932

Jhansi 14.928571 9.910866 19.834193 1.8088776

Jyotiba Phule Nagar 24.857143 9.096552 16.718157 2.1566485

Kannauj 9.285714 5.150483 14.703392 1.5860518

Kanpur Dehat 16.642857 6.452276 16.237264 1.7525282

Kanpur Nagar 43.642857 19.547210 47.262949 3.5763007

Kaushambi 19.071429 7.226706 13.557711 1.4303505

Kheri 43.857143 14.201068 34.996262 4.1731261

Kushinagar 12.857143 9.011592 32.477029 3.3980569

Lalitpur 11.214286 6.506548 10.772874 1.2443700

Lucknow 59.500000 14.753096 46.068605 5.5434091

Mahoba 11.285714 7.809546 7.592298 0.8324929

Mahrajganj 18.071429 8.853198 24.127480 2.8600223

Mainpuri 14.285714 7.405077 16.705330 1.7049126

Mathura 31.785714 16.761580 21.661406 2.4735126

Mau 13.071429 7.457204 20.779548 2.0751933

Meerut 53.142857 24.522696 33.490345 3.0767887

Mirzapur 9.571429 5.760800 22.396736 2.1931225

Moradabad 67.142857 28.357219 42.279855 5.3520424

Muzaffarnagar 44.285714 16.197951 38.517416 4.0053426

Pilibhit 29.071429 18.627789 18.258371 2.3616139

Pratapgarh 28.285714 17.946196 31.407083 3.1810915

Rae Bareli 34.571429 10.602716 32.414880 3.2197012

Rampur 31.142857 15.854420 21.073733 2.6635822

Saharanpur 22.714286 16.945290 32.596681 3.7687382

Sant Kabir Nagar 11.571429 8.140254 15.660274 1.6907371

Sant Ravidas Nagar Bhadohi 3.642857 5.032313 14.889934 1.5248993

Shahjahanpur 41.714286 18.285886 26.122223 2.5167056

Shrawasti 9.785714 6.423258 10.392635 0.1110339

Siddharthnagar 10.000000 6.101702 22.379311 2.4973545

Sitapur 60.785714 20.430665 38.630852 4.2051439

Sonbhadra 15.928571 9.555218 16.535493 2.0227444

Sultanpur 24.285714 8.543361 36.384766 3.6947042

Unnao 40.000000 11.286479 28.560911 2.4180011

Varanasi 19.714286 14.891549 35.446657 3.7627228

Mean of reported cases of rapes in UP per year (2001 - 2014

year mean_rape sd_rape mean_e_rape sd_e_rape

2001 27.94286 21.51837 21.77409 9.183390

2002 20.18571 14.72580 22.42941 9.472153

2003 12.97143 11.06106 23.08473 9.766309

2004 19.92857 14.97952 23.74005 10.065384

2005 17.34286 14.17068 24.39537 10.368955

2006 18.75714 12.14458 25.05070 10.676638

2007 23.51429 16.56847 25.70601 10.988091

2008 26.70000 19.02504 26.36133 11.302997

2009 25.11429 17.51980 27.01666 11.621073

2010 21.88571 17.36692 27.67197 11.942074

2011 29.14286 20.62803 28.32730 12.265769

2012 28.00000 17.39482 28.98262 12.591948

2013 43.52857 28.52089 29.63793 12.920419

2014 49.45714 31.73883 30.29326 13.251011

Mean of reported cases of dowry deaths in UP per disctrict

dist mean_dowry sd_dowry mean_e_dowry sd_e_dowry

Agra 72.642857 16.909748 45.831791 5.7073585

Aligarh 69.071429 26.785370 36.686719 4.5858086

Allahabad 60.285714 12.700264 61.844532 6.9064697

Ambedkar Nagar 12.785714 3.945369 25.829296 2.7303988

Auraiya 23.142857 6.573339 14.003178 1.4239035

Azamgarh 28.142857 5.418730 50.127607 5.1306519

Baghpat 15.285714 3.604027 13.403157 1.1246952

Bahraich 30.357143 15.168830 31.571776 5.1229451

Ballia 18.857143 7.563649 33.877572 3.0181792

Balrampur 7.642857 4.068777 20.610505 2.4162401

Banda 25.214286 8.144640 17.141223 1.4136582

Barabanki 28.357143 8.251873 32.007179 3.2253104

Bareilly 51.928571 11.977314 44.243160 5.1163929

Basti 15.071429 4.648644 25.647677 2.5976291

Bijnor 25.285714 5.044854 38.842090 4.3948235

Budaun 43.714286 11.006492 34.138087 3.4002471

Bulandshahr 42.142857 9.363243 35.664642 4.2401024

Chandauli 14.857143 3.799942 19.991801 1.9242608

Chitrakoot 12.357143 5.415180 9.077529 1.1155703

Deoria 25.357143 6.957090 34.319467 3.1159246

Etah 44.785714 14.703106 21.749367 3.2088466

Etawah 27.928571 7.054342 16.205219 1.7421892

Faizabad 18.428571 7.428783 26.348922 2.5998659

Farrukhabad 26.642857 7.417310 18.882395 2.0760496

Fatehpur 35.000000 8.831761 27.040469 2.2308597

Firozabad 46.928571 9.498699 25.059974 3.0267591

Gautam Buddha Nagar 19.785714 6.907951 16.813960 2.7951021

Ghaziabad 45.000000 17.141941 49.042567 8.4146237

Ghazipur 24.714286 7.650325 37.056652 3.4368396

Gonda 30.785714 9.374093 34.290179 3.8364488

Gorakhpur 34.928571 16.433850 48.228648 4.7574811

Hamirpur 15.357143 5.123207 11.269247 0.6738412

Hardoi 36.857143 12.727059 39.105144 4.0201183

Hathras 22.285714 5.355494 15.597286 1.7224253

Jalaun 29.714286 6.966166 17.548523 1.7450199

Jaunpur 40.428571 11.304963 48.656563 4.9086147

Jhansi 24.500000 7.861787 22.234074 2.0277466

Jyotiba Phule Nagar 14.571429 4.702115 18.741006 2.4175968

Kannauj 22.357143 7.196229 16.482460 1.7779596

Kanpur Dehat 31.071429 7.994847 18.201926 1.9645791

Kanpur Nagar 63.214286 14.513540 52.981630 4.0090229

Kaushambi 21.928571 6.244558 15.198156 1.6034188

Kheri 54.714286 13.361417 39.230710 4.6780624

Kushinagar 22.214286 6.773007 36.406657 3.8092120

Lalitpur 8.857143 3.505098 12.076360 1.3949352

Lucknow 49.714286 11.027438 51.642775 6.2141457

Mahoba 12.571429 4.602914 8.510944 0.9332222

Mahrajganj 14.571429 7.355943 27.046836 3.2060769

Mainpuri 36.071429 6.354457 18.726627 1.9112021

Mathura 28.500000 7.623345 24.282374 2.7728005

Mau 11.285714 3.361057 23.293814 2.3262857

Meerut 35.285714 8.999389 37.542580 3.4490714

Mirzapur 21.642857 4.465374 25.106677 2.4584840

Moradabad 40.714286 13.082158 47.395597 5.9996242

Muzaffarnagar 31.071429 6.318036 43.177913 4.4899776

Pilibhit 27.214286 9.183418 20.467581 2.6473624

Pratapgarh 27.500000 4.256217 35.207250 3.5659945

Rae Bareli 24.071429 5.384655 36.336988 3.6092758

Rampur 17.285714 4.921360 23.623595 2.9858680

Saharanpur 23.571429 7.313994 36.540786 4.2247447

Sant Kabir Nagar 7.357143 2.307418 17.555122 1.8953115

Sant Ravidas Nagar Bhadohi 10.571429 4.619595 16.691574 1.7094077

Shahjahanpur 48.071429 13.029341 29.282937 2.8212198

Shrawasti 9.642857 5.825767 11.650114 0.1244686

Siddharthnagar 12.642857 4.217311 25.087143 2.7995273

Sitapur 63.285714 13.464646 43.305074 4.7139543

Sonbhadra 12.000000 4.242641 18.536241 2.2674907

Sultanpur 19.500000 6.835991 40.787219 4.1417528

Unnao 41.928571 11.083350 32.016699 2.7105723

Varanasi 31.285714 7.064849 39.735601 4.2180014

Mean of reported cases of dowry deaths in UP per year (2001 - 2014

year mean_dowry sd_dowry mean_e_dowry sd_e_dowry

2001 31.57143 19.00005 24.40869 10.29455

2002 27.04286 18.08469 25.14330 10.61826

2003 18.88571 11.49107 25.87791 10.94800

2004 24.40000 15.34379 26.61253 11.28327

2005 22.32857 13.93226 27.34714 11.62357

2006 25.68571 14.36738 28.08176 11.96848

2007 29.62857 17.27709 28.81636 12.31762

2008 31.95714 18.73494 29.55098 12.67063

2009 31.87143 17.97980 30.28560 13.02719

2010 31.44286 19.66505 31.02020 13.38703

2011 33.15714 18.69406 31.75482 13.74989

2012 32.02857 17.87555 32.48943 14.11554

2013 33.31429 19.52074 33.22404 14.48375

2014 35.25714 18.38847 33.95866 14.85435
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