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Disclaimer

The results reflect the views of the authors and not
necessarily those of Westat, the Bureau of Justice
Statistics, or the Census Bureau.

We wish to thank Meagan Wilson and her Census Bureau
colleagues for resource support enabling this research.
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Introduction: The NCVS

= National Crime Victimization Survey (NCVS)
— National household sample
— Rotating panel survey — interviews every 6 months

— Self-report for all persons ages 12 and over in a household
for violent crime (rape, aggravated assault, simple assault,
robbery)

— Household respondent for property crime (burglary, motor
vehicle theft, other theft)

— National estimates for major domains annually

— Confidentiality under Title 13 of the U.S. Census Bureau
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Introduction: The NCVS (2)

= Crime: a local issue rather than national

— High interest in geographic detail because crime is a local
phenomenon

— Local Police Statistics may underestimate level and nature
of crime (e.g. Truman and Planty, 2012)

— NCVS provides a vehicle to compare standardized
measures of crime across geographic areas and to the
nation as a whole

— Strategy to protect confidentiality has been to release very
little geographic detail (Only region is on the public file,
state is not available)
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Introduction: The NCVS (3)

= Bureau of Justice Statistics (BJS) has released limited
set of subnational estimates (e.g. Lauritsen and Schaum,
2005)

= BJS has developed a small area estimation program that
explores both direct and indirect estimation procedures
(Cantor et al., 2010)

= Model based approach for estimating crime at state level
presented in this talk

= Sub-state level estimates are also of interest
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Models: Summary of previous work

= Case for independentvariables from FBI — (Uniform Crime Report).

Aggregated crime

Violent (personal) crime

NCVS rate

Rape/Sexual Assault

Best UCR predictor

Forciblerape

Robbery

Robbery

Aggravated assault

Forciblerape

Simple assault

Forciblerape

Property crime

Household burglary

Burglary

Motorvehicle theft

Motorvehicle theft

Theft

Larceny

= Variation by type of crime and high correlations over time (higher than 0.90)
= Review of Rao-Yu (1992, 1994) model and introduction of dynamic model

as an alternative

= Fay, Planty, and Diallo (2013, JSM) summarizes the evidence and
references previous work
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Models: Small Area Estimation and Time
series

» Sampling model: y,, = 0;; + ey,

= where
- y,, is the direct estimator of crime rate

— 0;; (crime rate to estimate) is a function of:

« known auxiliary variables (x;,)
* Area effect v,
» Time-area effect u;,
— e;+ 1S random sampling error for area i, time t, with:
* e;= (e, .., er) ~Np(0, %),
+ does not require Z; to be diagonal.
+ X, estimated from survey data and treated as known
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Models: Rao-Yu (1992, 1994)

Mixed model for population values, 6;;,

Oir = xitf + Vi + Uy

where
x;, is a row vector of known auxiliary variables,

f is a vector of fixed effects

v; is arandom effect for area i, v; ~*? N(0, o)

u;+ iIs a random effect for area i, time t, with

Uje = PUj—q + € |pl <1 and €;~"*N(0,02),
stationary
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Models: Rao-Yu (1992, 1994) (2)

= Rao-Yu’s stationarity assumption leads to:
2

- Var(u;) = 77

— Discontinuityatp =1
= “Early” difficulties/concerns with Rao-Yu model
application to NCVS:

— Difficulties estimating p close to 1

— Non-stationary times series

= Alternative model: Dynamic Model.
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Models: Dynamic model (Fay, 2012)

Modification to random effects of Rao-Yu:
Oi = xi:B + pt v +uj,

v; ~"N(0,02,) : random area effectat t = 1

Uiy =

Ujp = PUj -1 T Eig) fort > 1
= p is not constrained
" €;;~"N(0,0%)

* v;, € and e; are mutually independent
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Multivariate extension

= Interest in both crimes by type and in aggregate:

Property crime = burglary + auto theft + (other) theft

Violent crime (type) = (rape + aggravated assault) +
simple assault + robbery

Violent crime (perpetrator) = intimate partner
violence + crime by strangers + crime by all others
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Multivariate extension (2)

» Modeling choices:

— common p across crime components involved in one
multivariate model

— common correlation matrix R (more details on next slide)

= Advantage:

— Potential gains in efficiency from multivariate approach,
especially if random effects are highly correlated with each
other but sampling correlations are low

— Total crime = sum of crime components (not true for
separate univariate models)
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Multivariate extension (3)

Suppose 0;; = (01,0 ...)', then
Y t—1,." * —
Oitr = x,0.B, + P~ "V, + Uiy, k = crime component
with
& ko iid '
v = (V)1 , v}, =) ~" N(0,%,. = (63) Ro2,)
Ui=0
Uitk = PUie—1 T Eitr fort>1
iid 2
"€ = (Eitl!EitZ )f ~ N(O,Z = (0' ),R 0'2)

" v; €; and sampling error e; are mutually independent

- 0'1%* = (0.1%*1! Opx2 s - ) and 2= (O.%s J% )’
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Multivariate extension (4)

= General treatment of EBLUP in Rao (2003) sufficient for
Multivariate Dynamic Model:

— REML/MLE parameter estimation
— MSE estimation (REML)

= Also programmed multivariate Rao-Yu (MLE and REML)

= Authors implemented in R functions



Multivariate extension (5). Simulation setup

€onsistent with both dynamic and Rao-Yu model
* M=32 areas

= T=10 years

“p=.95

= 5,000 replicates

Two related variables, each with

= g% =.08775

= g2=0

= uncorrelated sampling errors g5 =

* rank(X) = 17 with time and area group effects

Correlation of random effects, R, = .6667
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Multivariate extension (6): Simulation results

MSE and % difference Dynamic

Individual components
Univariate model .268 .265
Multivariate model 249 249
Improvement 6.8% 5.8%

Estimated sum
Univariate model 677 .675
Multivariate model .655 .656
Improvement 3.3% 2.8%
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Application to NCVS

Aggregated crime

Crime components

Comments

(perpetrator)

non-strangers

Property crime burglary
all theft
All theft autotheft “all theft” proportionally adjusted
(other) theft to agree with “all theft” in
“property crime” model.
Violent crime strangers

Non-strangers

intimate partner
violence
allother non-strangers

“non-strangers” proportionally
adjusted to agree with “non-
strangers” in “violent crime” model

Violent crime
(type)

rape + aggregated
assault

simple assault
Robbery

“violent Crime (type)”
proportionally adjusted to agree
“violent crime (perpetrator)”
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Application to NCVS (2)

= Produced state-level estimates for 1997-2011

= Modeled on annual basis, but summarized to three-year
average rates, 1997-1999, ..., 2009-2011

= Benchmarked to ACS state estimates of population and
household to produce estimates of total consistent with
published NCVS totals. (Small adjustments.)
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15-year averages of property crime by state

SAE average rate
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15-year averages of violent crime by state

SAE average rate
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