Forecasting Suicides in US for Allocating Counsellors

Executive Summary

This report focusses on creating monthly forecasts of suicides using firearms for the year 2015.
Action Alliance is a big organization with operations in various social areas. With such large
requirements of contractual work force, theréuge scope of ast savingsby efficient human
resource allocation.

This forecasting exercise predicts with 95% accuracy, monthly suicides involving firearms. The
model also predicts the deaths by gendee, @yl location of death. Withyae ar 6 s vi ew of
deaths statigts, Action alliance will be able to point out months of low and high deaths thereby
pre-preparing for contingencies. Efficient allocation also improves effectiveness of counselling

as the right volunteers can be procured by observing categorized sendsr(gage, location of

death).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Suicide - Gender - Male +2.81% +1.94% +4.62% -2.01% +4.46% -0.97% +2.90% +1.42% -3.88% -1.59% +0.97% -0.91%
Suicide - Gender - Female +7.95% -1.81% +1.53% +2.74% +7.26% -2.66% -1.91% -7.53% -7.21% -3.09% +2.72% +5.75%
Suicide - Age-0to 20 +3.32% +14.22% +7.44% +2.88% +22.02% +4.68% +2450% -1.12% +10.69% +0.96% -0.08% +21.58%
Suicide - Age - 21 to 40 +4.69% +4.22% +5.66% -1.42% +5.43% +2.84% +5.59% -0.36% +1.67% +0.93% -1.37% -5.00%
Suicide - Age - 41 to 60 +2.52% -2.73% +1.78% -0.99% -2.11% -5.42% -1.05% -0.97% -5.29% -3.28% +5.53% -3.27%
Suicide - Age- 61 to 100 +7.91% +7.16% +9.83% +1.89% +1562% +4.44% +6.09% +7.35% -4.25% +3.20% +6.33% +13.30%
Suicide - Place - Farm +16.97% -16.33% +96.32% +2.30% -7.92% +4.81% -11.86% +35.82% -28.48% -6.48% -31.77% -15.66%
Suicide - Place - Residence +3.38% +1.70% +6.85% +1.16% +6.70% +2.28% +7.21% +5.02% -0.52% +2.39% +6.41% +5.05%
Suicide - Place - Institution | -14.85% -17.98% +18.95% +24.73% +11.34% -10.24% +7.58% -12.24% +13.24% -14.51% +16.23% -1.61%
Suicide - Place - Workplace | +11.08% +11.94% +1.66% -2.77% +7.60% -3.12% -4.22% -557% -6.24% -2.86% -1.77% -2.57%
Suicide - Total +5.21%  +3.43% +6.26% +0.66% +7.19% +1.20% +4.78% +2.84% -1.58% +1.24% +4.65% +3.53%

The above table shows the %increase in number of suicides compared to the same month in the
last year. There is a marked increase in the months of February and May for the total number of
suicides. Similarly, there is a mk&d increase of 14% in the number of suicides committed by
youngsters under the age of 20. There is a 22% forecasted increase in the number of suicides in
May within the same age group. Similar trends can be observed by location of the incident.

Data Source and Descriptioni Overall fiream deaths datémonthly data from 2012 to 2014)

was sourced from #&ggle (https://www.kaggle.com/hakabuk/caeathsin-the-us) for this

analysis containingpver 100K deaths. Data was filtered for suicides {@pB6% cases are
suicides, rest being homicides and accidents). There are an avetgf0ahonthly suicides

~1000 homicide incidentsand~50 accidentsinvolving firearms. Forecasts predict an average
increase of 4% in suicides in the next year. Charts below show the overall gun deaths split by
suicides, homicides and accidents. Graphs show yearly seasonality, no trend and noise in few
months.It has dedils of each individual who died in this periochge of the person, race, place

of death, educational qualification and gender. It comprised of suicide, homicide and accidental
cases of deaths by firearms.
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Forecasting Methods - Forecasts were geneedt usingnaive smoothing and multiple linear
regression models. Final forecasts wereated after comparing a host methods (details

below) and choosing data points from most favorable methods. Various models were trained
using data for 24 months and thenidated using another 12 months. Same models were then

used to create another 12 months of forecddgs.on comparing al l met ho
Additive method was found to be the most suitable candidate for forecasting.

Conclusion and Recommendation

Monthly suicide numbers should be used for planning and setting up contracts for sourcing of
contract employees an year ahead of time saving considerable costs. Unusual busy periods could
be identified for better readineshough the model forecasts for 12 mminto the future his

exercise should be repeated every 6 months to include actual damaedte future forecasts

for planningconsidering the fact that the so@conomic and political space undergoing rapid

change irthe US at present

Technical Summary
This section describes the technical details of the prbjga data, preparation steps, forecasting
methods and model evaluation.

Data Preparatoni The data was <c¢cl ean and dAsgartéfdatar equi r
preparéion, the suicide data was filtered oamd bucketed bg@emographics of the deceased

age goup, gender and place of death on a monthly bdsis. groups used under each category

are mentioned below:

1 Gender: Male, Female

1 Age: 07 20, 21i 40, 417 60, 61i 100

1 Place of death: Residence, Workplace, Institutidfex;ms (Farms categorywas not
merged with workplace as farms represented rural areas while the workplace data was
that of urban areas).

Hence, after this stepachcategory had 36 data points (3 years monthly datppendix 1
shows the plot of these datdone of the months had any missing values.

Description of Prepared Datai From the graphs idppendix 1 of the prepared data, a weak
increasing trend and annual seasopaldn be inferredThe seasonality is more pronounced in
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some, such as count of deceased males, and almost absent in some cases, such as count of
deceased females.

Forecasting and Modelingi Based upon theend andseasonality in data, different forecasting
approaches were tried otorecasting was done for each category and the total count. Hence, in
total 11 series were forecasted® for gender, 4 for age, 4 for place of death, and 1 for total
number of suicidesAs the goal is to forecast number of suicide attempts for the next Inyear
each categorythe data set was divided into training data set of 2 years (24 data points) and into
validation data set of 1 year (12 data points) for edtle different forecsting methodsused

have been described in detail below:

Naive (Seasongl: Different naive approaches were used to forecast the series. However, the one
that worked the best was with a seasonality of 12 morithis.model serves as tienchmark

for other modelsThis model performed the best in case of forecasting male ddathke (2).
Appendix 3 has relevant plots.

Multiple Linear Regressions MLR with combinations of linear trend, quadratic trend and
seasonality were used for each seridgs method gave the best MAR®& forecasting suicides

in the age group of 0 to 2The details of the model are given beld¥s. the RMSE of training

and validation data sets is comparable, hence there is no over#ppgndix 3 hasrelevant

plots.

Regression Model

Input ) ) RSS Training Data Scoring - Summary Repol

Variables|Coeficient  Std. Error t-Statistic | P-Value | CI Lower| Cl Upper .
Residual DF 11 Total sum|

Intercept 60| 10.23270899| 5.86354992| 0.000109| 37.47796| 82.52204| 125860.2 R? 0617771 of
t 0.111111] 0.372160028| 0.298557348| 0.770842 -0.70801| 0.93023| 20.09043 Adjusted R 0200794, squared Average
Jan 22.72222| 11.68013442| 1.945373349| 0.077728| -2.98558| 48.43002| 248.2577 Std. Error Estimate 10.93923 erors |RMS Erof _ Error
Feb 7.611111[ 11 0.658688103| 0.523644| -17.8212 33.04339| 20.81285 RSS 1316.333 1316.333] 7.405891] -3.55271E-15
Mar 13.5] 11.44051645| 1.180016659| 0.262883| -11.6804| 38.68041| 15.43213
Apr 28.38889| 11.33714533 2.504059714] 0.029294|  3.436| 53.34178| 758.1653
May 13.27778| 11.24514642] 1.180756327| 0.262601] -11.4726] 38.02818| 81.7617 Validation Data Scoring - Summary Rep
Jun -0.33333| 11.16480084| -0.02085573| 0.976717| -24.9069| 24.24023| 109.1315
Jul -3.44444] 11.09636174| -0.31041205| 0.76205| -27.8674| 20.97848| 307.1301 Total sum
Aug 3.944444] 11.04005055| 0.357284999 0.727639| -20.3545| 28.24343| 99.08133 of
Sep 21.33333| 10.99605359] 1.940089976| 0.07843| -2.86882| 45.53548| 244.9641 squared Average
Oct 1420222 10.9645191] 1.207113179| 0.221138| -9.91052| 38.35497| 99.35875| | erors RMS Errof __ Error
Nov 11.11111] 10.94555479] 1.015125439] 0.331854| -12.9799] 35.20211[ 123.3141 913.5] 8.724964 3

Hol t 6 s AWditivet Tdis method performed the best for age groups 41 to 60, 61 to 100,
place of death institution and the total number of suicide€sofn Table 1). The additive
approach performed better than the multiplicative one; this is alstivatfiom the data plots

where the seasonality appears to be more of additive type than of multiplicativeAs/pe.
mentioned in the executive summary section, this is also the model that is proposed for the client.
Appendix 2 gives the details of HW addit models for all the seriefrom the data, it is
observed that the MAPE scores of training and validation sets are comparable and hence, there is
almost no indication of ovditting. The constants alpha, beta and gamma were evaluated by a
trial and eror approachtor each series

Double Exponentiat Since some of the series sucldaaths at workplace and farms had a trend
with no clear seasohty, double exponential methogas also used as a forecasting approach.
The constants alpha and beta weevaluated by a trial and error approach for each sdres.
method performed the best for forecasting suicide attempts in the age group 21 to 40 and at farm
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locations(from Table 1). The details of iese two models are given belodppendix 3 has

relevantplots.
Inputs Training Error Measures
Data Mean Absolute Percentage Error (MAPE)|  34.31716095!
'Workbook SH - Location.xlIsx Mean Absolute Deviation (MAD) 3.2480878
Worksheet Data_PartitionTS Mean Square Error (MSE) 17.7648341
Range $B$20:$BF$56 Tracking Signal Error (TSE) 2536382126
Selected Variable S_Place_Farm_fix Cumulative Forecast Error (CFE) 8.238391837
#Records in Training Data___|24 Mean Forecast Error (MFE) 0.343266327

# Records in Validation Data |12

Validation Error Measures

P s/Options Mean Absolute Percentage Error (MAPE) |  19.62301398

Optimization Selected No Mean Absolute Deviation (MAD) 2.512246194

Alpha (Level) 0.2 Mean Square Error (MSE) 10.77483203

Beta (Trend) 0.15 Tracking Signal Error (TSE) 7.801233841

Forecast Yes Cumulative Forecast Error (CFE) 19.59862002

#Forecasts 12 Mean Forecast Error (MFE) 1.633218335

Inputs Training Error Measures

Data Mean Absolute Percentage Error (MAPE) 4.19062061
Workbook SH - Age.xIsx Mean Absolute Deviation (MAD) 19.45089358
Worksheet Data_PartitionTS Mean Square Error (MSE) 598.5587403
Range $B$20:3BS$56 Tracking Signal Error (TSE) 4.164831319
Selected Variable S_Age_21-40_fix Cumulative Forecast Error (CFE) 81.00969076
# Records in Training Data 24 Mean Forecast Error (MFE) 3.375403782

# Records in Validation Data {12

Validation Error Measures

Parameters/Options Mean Absolute Percentage Error (MAPE)|  3.831904168
Optimization Selected No Mean Absolute Deviation (MAD) 17.58008829
Alpha (Level) 0 Mean Square Error (MSE) 545.5888155
Beta (Trend) 0.17 Tracking Signal Error (TSE) -3.235934412
Forecast Yes Cumulative Forecast Error (CFE) -56.88801265
#Forecasts 12 Mean Forecast Error (MFE) -4.740667721

5. Simple Exponentiat Series of female suicides, suicides at institutifod®w have almost no
trend and seasonalitiAence, this method was usedpomarily forecast such series; but other
series were also forecasted for the possibility to come up with a model that has least MAPE
when compared tmmodelsof other methodsThe level constarit alpha was determined using a
hit and trial approachstarting off with a seed value suggested by optimize oplibis model
was the best to forecast suicides at workplace (ffatvle 1). The details of the modake given
below for this series. Since the MAPE for validation is lower than that of traithiege is no
overfitting in this model Appendix 3 hasrelevantplots.

Inputs Training Error Measures
Data Mean Absolute Percentage Error (MAPE) 6.669518473
Workbook Suicide - Exp.xlsx Mean Absolute Deviation (MAD) 28.65225428
Worksheet Data_PartitionTS Mean Square Error (MSE) 1518.664611
Range $B$20:$L$56 Tracking Signal Error (TSE) -5.121709145
Selected Variable S_Place_WorkPlace Cumulative Forecast Error (CFE) -146.7485127

# Records in Training Data 24 Mean Forecast Error (MFE) -6.38037012
# Records in Validation Data__ |12

Validation Error Measures

Parameters/Options Mean Absolute Percentage Error (MAPE)|  5.627608693
Optimization Selected No Mean Absolute Deviation (MAD) 19.84056965
Alpha (Level) 0.34 Mean Square Error (MSE) 853.5625837
Forecast Yes Tracking Signal Error (TSE) -4.512018363
#Forecasts 12 Cumulative Forecast Error (CFE) -89.52101457

Mean Forecast Error (MFE) -7.460084548

6. Moving Average The absence of visible trend and seasonality in series of female suicides,
suicides at institutions was the motivation to try this metisflerent window sizes were tried,
but the window size of 12 gave the best resiltss methodlid not give the best resultsr any
seriesin particular; however, it was the closest to the best for forecasticigesuiat far location.
Below arethe dedils of the models used for the farm serfésce the MAPE for training and
validation data sets are similar, it is likely that there is no-6itarg.
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Inputs Training Error Measures

Data Mean Absolute Percentage Error (MAPE)|  22.78966643
Workbook Suicide.xlsx Mean Absolute Deviation (MAD) 3.677778134
Worksheet Data_PartitionTS Mean Square Error (MSE) 9.454432179
Range $B$20:$L$56 Tracking Signal Error (TSE) 2.220713073
Selected Variable S_Place_Farm Cumulative Forecast Error (CFE) 9.083333333
# Records in Training Data__ |24 Mean Forecast Error (MFE) 0.756944444
# Records in Validation Data |12

Validation Error Measures

Par Options Mean Absolute Percentage Error (MAPE) 20.56116723
Interval 12 Mean Absolute Deviation (MAD) 2.416666667
Forecast Yes Mean Square Error (MSE) 8.138888889
#Forecasts 12 Tracking Signal Error (TSE) 3.724137931
Cumulative Forecast Error (CFE) 9
Mean Forecast Error (MFE) 0.75

7. Ensemble An ensemble approach was tried using all the 5 modelling methods and with 3
modelling methods (MLR, HW Additive, Double Exponential) separately.uniform and
weighted averaging approach was udadtase of weighted averaging approach, the weight of a
method was calculatdu:

Weight = (Sum of absolute value of residuals for the métBaah of absolute value of residuals

for all methods) x normalizing factor.

The normalizing factor brought the weight in the range.[@&nd ensured that sum of all weights

is equal to 1This method gave the highest weight to the method which generatedusasif

errors across all the series.

However, it was observed thified i f f er ent t y p e s ieldbetteeresalte omiithee s d i
ovenll as shown inrable 1

8. Weighted forecasting approach In this approach the totalumber of suicide attempts was
forecasted on a monthly basis and each category like age was calculated using a monthly
weighted average of the past trend. For example, if the weight for male and female series
(calculated from Jan 2012 and 2013 numbers) for Jan month are 0.2 argb€ctively and the
total number of suicides for Jan 2014 was forecasted to be 100, then the number afidnale
female suicide attempts imd 2014 were forecasted to be 80 and 20 respectielyever, this
approach didndt gi ve séribsasshosvsiliabloler f or mance f or
Note on autecorrelation second layer modelsnd neural networkSince the residuals obtained
from any model -cdarelationdasecenx layermodel wasunbt anplemented in the
project.As the size of the data is quite small (36 data points in total for each series), hence neural
network was not used for modellindAlso, simpler methods such as HW additive have given
fairly good results, so the need of a complicated model for the alesnot ralized. A simpler
model such as HW additive has the added benefit of easy upkeep and low cost maintenance in
the long run.

Performance Evaluationi Performance evaluatioof the models was done using MARIGd
spread of residualé&\s perTable 1below, HW additive method works best for the most number
of seriesin terms of MAPE This has been proposed to the client as a solution as mentioned
earlier. Appendix 2 shows the histogram of residuals and shows that models are more -of over
estimating typ; this is more favorable than undmstimating models as extra counsellors are
better than vacancies for counselling to reduce the number of suicide attampesdix 4
shows the final forecasts for each of the series from the models.

Group - A1 | Aniket Singh (61710429), Mithun Mohandas (61710509), Rahul Agrawal (61710662),
Saurav Basu (61710538), Vijay Swaminathan (61710653) Page 5



Forecasting Suicides in US for Allocating Counsellors

Annexures

Table 17 Comparison of ForecastingApproaches

| Na'l've| MLR | Holt's Winter| Double Exponentigl Simple ExponentidIMoving Averag¢ Ensemblg Weighted| Min MAPH
Suicide - Gender - Male 3.22% 3.59% 3.28% 4.71% 4.59% 4.29% 3.41% 3.18% 3.22%
Suicide - Gender - Female 6.61%| 7.02% 6.53% 6.44% 6.84% 6.63% 6.19% 6.85% 6.19%
Suicide - Age - 0 to 20 14.24% 9.57% 9.78% 16.62% 16.62% 16.62%| 12.14%| 10.18% 9.57%
Suicide - Age - 21 to 40 4.85% 4.91%| 4.22% 3.83% 4.04% 4.09% 4.30% 3.77% 3.83%
Suicide - Age - 41 to 60 6.13%| 3.92% 3.73% 5.79% 4.87% 4.77% 3.81% 5.24% 3.73%
Suicide - Age - 61 to 100 6.08%| 5.29% 5.04% 7.19% 9.25% 7.28% 5.54% 7.11% 5.04%
Suicide - Place - Farm 35.14%| 22.49% 22.89% 19.62% 26.21% 20.56%| 19.85%| 25.41% 19.62%
Suicide - Place - Residence 5.17% 3.59%| 3.32%| 4.25% 5.36% 4.90% 2.75% 4.08% 2.75%
Suicide - Place - Institution 27.04%| 19.70% 18.70% 24.23% 20.19% 20.53%| 19.16%| 18.65% 18.70%
Suicide - Place - Workplace 13.63% 10.91%| 9.43% 7.00% 5.63% 13.05% 6.92%| 12.36% 5.63%
Suicide - Total 3.40%| 3.51% 3.22% 4.56% 4.50%] 4.33% 3.59% 3.22%

Appendix 17 Gender, age and place of death wise distributioof actual data

1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

1/1/2012 7/1/2012 1/1/2013 7/11/2013 111/2014

7/1/2014

750
700
650
600
550
500
450
400
350
300
250
200
150
100
50 o - o

1/1/2012 7/1/2012 1/1/2013 7/1/2013 1/1/2014

e

G S e N AT NN s g

v/

7/1/2014

1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0

1/1/2012 7/1/12012 1/1/2013 7/1/2013 1/1/2014

7/1/2014

Group - A1 | Aniket Singh (61710429), Mithun Mohandas (61710509), Rahul Agrawal (61710662),

Saurav Basu (61710538), Vijay Swaminathan (61710653)

Page 6



Forecasting Suicides in US for Allocating Counsellors

Appendix2i Hol t 6s Wi nter Additive Model s
Gender Age Place of Death Total
Training Error Measurg$/ale Female |[0-20 21-40 [41-60 [61-100 |Farm Residencgnstitution|Workplac
Mean Absolute Percentage Error (MAPE)| 2.025786| 5.837496| 7.20985| 2.589285| 3.325877| 3.046008| 25.82936| 1.831398| 20.70365| 3.822544| 1.58504
Mean Absolute Deviation (MAD)| 31.29076| 13.87084| 9.018721| 12.00781| 21.82537| 17.04815| 2.423018| 24.28311| 2.614552| 16.35657| 28.48445
Mean Square Error (MSE)| 1458.142| 244.9621| 125.2586| 204.6295| 804.7292| 448.9309| 9.037725| 1270.234| 8.232231| 475.7521| 1761.937
Tracking Signal Error (TSE)| 1.570519| 1.644684| -5.24165| 2.319551| -0.32954| -0.01589| 0.100029| 1.183446| -1.70324| -1.11107| 0.099713
Cumulative Forecast Error (CFE)| 49.14273| 22.81316| -47.273| 27.85273| -7.19234| -0.27084| 0.242372| 28.73775| -4.45321| -18.1733| 2.840258
Mean Forecast Error (MFE)| 2.047614( 0.950548( -1.96971| 1.16053| -0.29968| -0.01128| 0.010099| 1.197406| -0.18555| -0.75722| 0.118344
Validation Error Measures
Mean Absolute Percentage Error (MAPE)| 3.277143| 6.527454| 8.492173| 4.223664| 3.7344| 5.041397| 22.89316| 3.319671| 18.70124| 9.434768| 3.217201
Mean Absolute Deviation (MAD)| 51.02336| 16.62785| 10.74461| 20.07201| 23.10758| 30.58593| 2.41581| 45.94503| 3.004599| 34.0124| 57.79435
Mean Square Error (MSE)| 3735.362| 408.3246| 218.7206| 552.0231| 842.1698| 1872.881| 10.28072| 3016.807| 13.73234| 2573.412| 4940.336
Tracking Signal Error (TSE)| 2.726208| 5.900206| 2.775228| -1.55636| 1.20542| 1.024542| 0.778389| 5.681153| 7.292278| -10.6948| -1.25647
Cumulative Forecast Error (CFE)| 139.1003| 98.10777| 29.81874| -31.2392| 27.85434| 31.33658| 1.88044| 261.0208| 21.91037| -363.757| -72.6169
Mean Forecast Error (MFE)| 11.59169| 8.175647| 2.484895| -2.60327| 2.321195| 2.611382| 0.156703| 21.75173| 1.825864| -30.3131| -6.05141
Parameters/Option
Optimize Weights{No No No No No No No No No No No
Alpha (Level) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.01
Beta (Trend) 0 0 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.22
Gamma (Seasonality) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Season length 12 12 12 12 12 12 12 12 12 12 12
Number of seasons 2 2 2 2 2 2 2 2 2 2 2
Forecast|Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
#Forecasts 12 12 12 12 12 12 12 12 12 12 12
Residual plots
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Appendix 3
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Appendix 41 Forecasts( Usi ng Hol t s Winter Additive)
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