| "H#$9%&' %( J+,-/ 0.12%- 3&.452%617 *

8.1 9$45#%:+ > 4%/, =$&7,4%
:1,<$&7,+ %( =$117'/<.1,. >$6 2%&5 :1,<$&7,+

=$+&. "%22
1,<$&7,+ %( =$117'/<.1,.

@.&4# ABBC

Abstract

"#,7 **$& 2$<$/%*7 .1 ,14$1+ <$7DEZ$#$%&' %( *%/,4,1F +#.+ 4.1 $G*/.,1 +#$
*#$1%-$1%1 %( &.12%- H4&.452%6171J 6#,&$ ,1+$&-,++$1+ *$&,%27 %( #,F# ,1+$&D
2,4+,%1K7:&<$,//.148L M$ 7#%6 +#.+| 6#$1 *%/,4$ -,1,- N$ +#$ 4&,-$ &.+$| &.12%-
48&.452%617 4.1 $-$&FS$ .7 *.&+ %( .1 %*+,-./ *%/,4,1F 7+&.+$FL M$ 23<$/%* 7$<$&./
<.&,.+,%17 %( +#$ E.7,4 *%/,4,1F -%2$/ +#.+ 6%:/2 **/' , 1iB&$1+ -%1,+%&,1F 7,+D
L+,%171 7:4# 7 7*$$2,1F| 2&:F \1+$&2,4+,%1] %& 74&$$1,1F +% 2$+$& +$&&%&,7-L O%& .
<.&,$+ %(*%/,4% YEPP4+,<$ (:14+,%17] &.12%- 4&.452%617 4.1 E$ *.&+ %( +#3$ %*+,-./
-%1,+%&,1F 7+&.+$FL M$ 2$-%17+&.+$ 7:**%&+ (%& ,-*/,4.+,%17 %( +#$ 4&.452%61
+#3%&' :7,1F +&4 2.+. F.4+#$&$2 E' +#$ Q%/F,.1 =%/,4% R$*.&+-$1+ .12 :7$ +#$
-%2$/ +% $7+,-.+$ +#P 2$+$&&STHBH %0( .22,+,%1./ &$7%:&4$7 7T*$1+ %1 7*$$2,1F
,1+$&2,4+,%1L

“M$ .&$ F&+S(/ +96 S.&& T.~$/7%1 (%& :7$(/ 2,74:77,%17L M$ .&$ /7% F&+$(:/ +% +#$ Q$/F,.1 *%/,4$
28* 8&+-$1+ (%8 TH.& LF +#S$ 2.+, +#S 4%//$4+$2 .12 (%& +#$,& .77,7+.14$ |1 1+$&*&S+.+%1L "#,7 *&%P$4+
6.7 777%&+$2 E' +#$ >.+,%1./ T4,$14$ 0%:12.+,%1 U&.1+ TOTDBVAAWXAL

Y



| 5398, %o( )+, 0.12%- 38.452%617

@.&4# ABBC

Abstract: "#,7 **$& 2$<$/%*7 .1 ,14$1+,<$7DE.7$2 +#$%&" %( *%/,4,1F
+#+ 4.1 $G*/., 1 +#$ *#$1%-$1%1 %( &.12%- H4&.452%6171J 6#,4# .&$ ,1+$&D
-, ++$1+ *$&,%27 %( #,F# ,1+$&2,4+,%1K7:&<$,//.145L M$ 7#%6 +#.+| 6#$1 *%/,4%
-,1,-N$ +#3$ 4&,-$ &.+$| &.12%- 4&.452%617 4.1 $-$&FS$ .7 *.&+ %( .1 %*D
+,-. *%/,4,1F 7+& +$FL M$ 2$<$/%* 7$<$&./ <.&,.+,%17 %( +#$ E.7,4 *%/,4,1F
902%/ +#.+ 6%:/2 **' |1 2, {IB&$1+ -%1,+%&,1F 7,+:.+,%17] 7:4# .7 7*$$2,1FI
2&F ,1+$&2,4+,%11 %& 74&$$1,1F +% 2$+$& +$&&N&,7-L O%& . <.&$+ %( *%/,4%
YEP$4+,<$ (:14+,%17] &.12%- 4&.452%617 4.1 E$ *.&+ %( +#3$ %*+,-/ -%1,D
+%8&,1F 7+&.+$FL M$ 2$-%17+&.+$ 7:*%&+ (%& ,-*/,4.+,%17 %( +#$ 4&.452%61
+#HI%&' :7,1F +8&4 2.+, F.+#$&$2 E' +#$ Q$/F,.1 =%/,4$ R$*.&+-$1+ .12 ;7%
+#$ %2/ +% $7+,-.+$ +#$ 25+S&E&FIBHPN0( .22,+,%1./ &$7%:&4%7 T*$1+ %l
7*$$2,1F ,1+$&2,4+,%1L



1 Introduction

=%/,4% %(+$1 $1F.F$ ,1 HA&. 4529617 %l 4&,-$| 6#4# &S ,1+$&- ++$1+ *$& %27 Y%o( #,F#
A+$L7,+ *%/,4,1FL "#,7 **$& 2$<$/%*7 . +#$%&S+ 4./ (&-$6%&5 (%6& -%2%/,1F *%/,4% -%1D
+008,1F ES$H#.<,%& .12 ,12,<,2:./7Z 2$4,7,%17 +% $1F.F$ ,1 4&,-$L M,+# 1 +#,7 (&.-$6%&5I
B THUG +#.+ +HSES &S 7,+:.+,%17 GHS&S + 6,/ ES %*+,-/ (%& . 4&,-$D-,1,-N,1F *%/,4$
F$14' +% $1F.F$ 1 &.12%- 4&.452%617L MHSL +#$' %44:&1 48.452%617 .[7% *8&%<,2$ .
6. Yo $7+,-+,1F +#$ 2$+$&ESLABIE+ %( *%/,4,1FL M$ /1 7+& +$ +#S$ **/ 4.+ %1 %( +#S$
%28/ 1 .1./N,1F . 7*$$2 2$+$&&$14$ *€UF&.- :7$2 E' *%/,4$ ,1 Q$/F,-L [1 *.&+4:/.&l
65 $7+,-.+$ +#$ 25+$8&S14MS+ %( .22,+,%1./ &$T%:&A$T T*$1+ %1 +,45%+,1F 7*$$2$&7 .12
TTSTT CHSHHSE +HS$ 4:&&S1+ I$<$/ %o 2$+$8&S$14$ 7 7%4,./I' Yor+,-./L

"6% ($.+:8$7 4#.&.4+58& NS %:8& 1%+,%1 %( &.12%- 4&.452%617L O,&7atbitHErAS
1 +H#S TS17$ +HE+ +H#S T.EP$A+ 4$&+.1 F&%:*7 KEBIE, *&$7$14% 1 . *&+4:/.&
+,-$ %8& */.43] %& E' %+#$& WETSE<.E/$ 4#.8.4+$&,T+,4] +#.+ .&$ 1%+HISRF1E/(@%-
Vo+#S& F&U*T |1 4&,- 1. *&%*$17,+,$71 +% # FH#S& ,1+$17,+' *%/,4$ -%1,+%8&, 1FL T$4%12I
+#S' &S publicized LSLI +#%7$ 6#% .&$ T:EP$A+$2 +% 4&8.452%617 .&$ ,1(%&$2 .E%:+
+#$- before +H#$ $IF.F$ |1 4&,-, 1./ 4+,<+1Y 3&.452%617 .&$ $-+%$2 ,1 . 1-E$&
%( *%/,4,1F 7,+:.+%17L T%-$ $G.-*/$7 ,14/:2% 2&:15 2&,<,1F ,1+$&2,4+%1 .44%-*/, TH#$2
7,1F T%E&,$+ 4#$45%%,1+7| 4&.452%617 %1 7*$$2,1F .4#,$<$2 +#8%:F# .11%:14%2 F&$.+$&
*0p/ 4% *&$T$14$ %1 4$&+.,1 #,F#6.71 %8 48.452%617 %1 FRE ¥-.. -$2 .+ *.&+,4:/.&
1$,FHE%&H% M 271

3&,-,1%/%F, 7+7 7%-$+,-$7 &.+%1./N$ +#$ :7$ %( 4&.452%617 E' .**$./,1F +% *7'4#%D
I%F 4.1 +#$%&,37 A4%&2,1F +% 61,44 +#$ +&$77,%1 4&$.+$2 E' +#$ +$-*%&.&' THU6 Y%
(%84S \+#$ 48.452%61] ,7 . *T'44%/%F 4./ fIEHE + [$.27 *Y%+$1+,./ 4&,-,1./7 +% %<$&D
$7+,-+$ +#$ &,75 %( 2$+$4+,%1 2:&,1F 1%1D4&.452%61 *$&P2H6 &$/,.$7 %1 +#$

Y):& 2% fil,+,%1 %( 48.452%61 \ASRSL+ (&%- +#$ 4%1<$1+%1./ 7% %( +4#$ +$& ,1 +#$ /,+$&.+:&$

%1 *%/,4,1F \7$$ SLFL R, "$//. .12 T4#.&F&%275' ABBAI ABBV] E$4.:7$ 6% &$_:,&$ +#.+ 4&.452%617 ES

&E+&.&L M$ 6,/ &$+:&1 +% +#,7 *%,1+ 6#$1 6 2,74:77 +#$ &$/.+$2 /,+$&.+:&$L
AO%E& $G.-*/$| %*$&.+,%1 H7.($ 7+&S$S+7I |1 =#,/.28/*#,.| 6#,4# *+7 #$.<' /.6 $1(%&4$-$1+ %1 *.&+,4D

1.& 4,4+ E/%A457] &$4%,<$2 $G+$17,<$ -$2,. 4%<$&.F$L )+#3& $G.-*/$7 %0( 4&.452%617 ,14/:2$ +#$ >™"T!
4.-* F1 H?%: R&,15 a R&,<$L M%6: S%7$I 6#,4# ,17+,+:+$2 #,F#/' <,7,E/$ $1(%&4$-$1+ .F.,17+ 2&:15
2&,<,1FL '1%+#$& $G.-*/$ ,7 H3#$45*%, 1+ "$LISTHHRLI$77$$Z7 7+.+$6,2$ 7YEE,$+' 4#345*%,1+ *&%D

F&.-L
"T#$&-.1 \YCCB]l 0%77 \YCWV]L T#$&-.11 *L YYI| &$AR7 +#.+ 4&.452%617 ES #,F#/' *.E/,4,N$2

AN



*Qo+$1+,./ 4&,-,1./7Z $G*$4+.+,%17 ES,1F 7'7+$-.+,4./' 6&%1F .12 +#$&P(%&S ,7 ,14%17,7+$1+
6,+# &.+,%1./,+L [1 +#,7 **$&I 6% +.53 . A&S1+ **&%.4# .12 2$<$/%* . -%2%/ ,1
6#,4# *%+$1+,./ 4&,-,1./7 .&$ 1%+ (%%/$2 .E%:+ +#F %227 %( 2$+$4+,%1 .12 '$+ +#$ 4&,-$D
-,1,-N,1F *%/,4$ fi127 ,+ %*+,-./ +% $-*/%" 4&.452%617L [1 %:& -%2%$/| 4&.452%617 .&,7$
T . &+,%1./\,128321 %o*+,-./] &$7*%17$ %( EY%+# *%/,4$ .12 4,+ N$17Z ,14$1+,<$7L "#$' /7%
&7$ 11238 . <& $+ %( 6.7 %( 7*$4,(,1F *%/,4% UEPSA+ <$7I (%& $G.-*/$| ( +#$ *%/,4$
-,1,-,N$ +%+./ 4&,-31 Y&undetected 4&,-$l %& ,( +#$' 7%/<$ +#3$ 7%4,./ */.11$& *&UE/$- %o (
+&.2,1F % +#$ 4%7+7 .12 E$HF %( 4&,-$L

M$ 1$G+ /[ 7+& +$ +#$ -.,1 ,28. E$#,12 +#,7 &$7:/+ +#&Y0:F# . 7,-*I$ $G.-*/$ 6#$&$
+#$ *%/,4% -,1,- NS 4&,-$ 7:EP$4+ +% . &$7%:84% 4%17+&.,1+L

Example Consider a population of 100 citizens, half of whom would never commit
a crime, and half of whom would commit a crime unless they are certain that they will
be caught. A citizen’s propensity to commit a crime is unobservable to the police. The
police resources are such that they can only check 50 citizens. Suppose that the police
check citizens at random (note that all citizens look the same to police), so that each
citizen has a probability 1/2 of being checked. Then, only the high-propensity citizens will
commit a crime, giving rise to a crime rate of 1/2. Suppose now that half of the citizens
have blue eyes, half have brown eyes and that eye color is known to be independent of the
propensity to commit a crime. Nevertheless, suppose that police crack down on brown-
eyed citizens and check them all, and completely ignore the blue-eyed citizens. Then no
brown-eyed ever commits a crime because they are sure that they would be caught, and
only those blue-eyed citizens commit a crime who have high criminal propensity. Thus,
the crime rate with a crackdown on brown-eyed persons is 1/4, which is lower than the

crime rate of 1/2 obtained without crackdowns.
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Using crackdowns to identify the deterrence effect of policing Consider
now an increase in police manpower to 51 checks. How does the optimal policing scheme
change? It can be shown that the optimal policing scheme involves moving one person
from the non-crackdown group to the crackdown group. That is, police would pick a blue-
eyed citizen, force him to wear brown contact lenses, and then check with probability 1 all
those who appear to have brown eyes. The remaining citizens (with blue eyes) are never
checked. We can calculate the expected decrease in the crime rate that follows from an
increase in manpower of 1 check: it is the decrease in crime that obtains from moving a
random citizen from the group that is not cracked down upon to the group that is cracked
down upon. Because the average crime rate in both groups is observed, we can readily
compute the expected decrease in the crime rate — in this case, the expected crime rate

goes from 25 percent to 24.5 percentl
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2 Policing Model
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2.2 Analysis
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Proposition 1 Given a homogeneous population with a generic distribution of propen-

sity to commit a crime, the optimal policing strategy involves either monitoring everyone
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at the same rate, or dividing the population into at most two groups to be monitored with

different intensities.
Proof. "#,7 *&%*%7,+,%1 (%//%67 (&%- "#$%&S- Y | 6#,4# ,7 *&%<$2 ,1 **$12mB4L

11 $G+&3$-$ (%&- %( 4&.452%617 .&,7$7 6881 F' |7 FI%E./I' 4%14.<$L [1 +#,7 4.73I
+#$ 4%1<$G #// ;7 F,<$1 E' +#$ 7$F-$1+ +#.+ 4%11$4+7 +#S WYSI+T %"8&&12
%, $— F PT&&6H Mt -$.17 +#.+ (%& .1' P 6S#.<$ p- '" ,ps ' PL "H7I +#$ %o*+,-./
*00/,4' $1+.,/7 +#$ 735 %( $G+&$-$ 4&.452%617C %1$ F&Y%:* %( 4,+,N$17 6,// E$ -%1,+%&$2 .7
A+$17%) .7 *%77,E/$l +#$ &$7+ 6,// 1%+ ES$ -%1,+%8&$2V 1, T/IET7S&<.+,%1 F,<$7 &,7$
+% +#$ (%//%6,1F &$-.&5L

Remark 1 If F' is convex on its domain, then for any P € % D& the optimal polic-
ing strateqy involves monitoring one group of citizens with maximal intensity, and not

monitoring the others at all.
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Remark 2 Unless F' is concave on %, pT'& there exists some P such that the optimal

policing strategy involves random crackdowns.
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Proposition 2 Given total police resources of P, suppose the optimal policing strategy
involves dividing the population into a crackdown group of size iy monitored with inten-
sity p# and a non-crackdown group of size p. monitored with intensity p- . Consider an
increase in total police resources to Pe W, px & In the new optimal strategy the crack-
down group is larger than before, (i.e., ju > pu and thus . < p., the non-crackdown
group is smaller), but the intensities with which the two groups are monitored remain

unchanged (they are still ps and p- &
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Proposition 3 Consider a monitoring problem in which police minimize crime under
the constraint that successful interdictions not exceed C'. Then:

a) The optimal monitoring strategy involves either monitoring everyone at the same
rate or dividing the population into at most two groups, which are monitored at different
intensities.

b) Given C, suppose the optimal policing strategy involves dividing the population
into a crackdown group of size py monitored with intensity px and a non-crackdown
group of size j. monitored with intensity p-. Consider an increase in C' to C €
%', %% F %y T&&ps & In the new optimal strateqy the crackdown group is larger than
before, (i.e., hu > pu and thus j. < p., the non-crackdown group is smaller), but the
intensities with which the two groups are monitored remain unchanged (they are still pu
and p- &

c¢) At the optimal monitoring strategy, the expected number of successful interdictions
per capita (the probability that there will be monitoring multiplied by the fraction of
motorists who speed) is larger in the crackdown group than in the non-crackdown group.

d) Crackdowns are optimal for all values of C' if they are optimal in the benchmark

model for all values of P. The converse is not true.

YX



Proof. ]I Elc 7$$ "#$%&$- YL

4] T%T7$ 1%+L "#$1 ,( %1$ *$&+QES2 +#$ Yor+ - T+&+$F' E' 7#,(+,1F . 7-/1 -.77 %(
4,4+ N$17 (&%- +#3$ 1%1D4&.452%61 F&%:* +% +#$ 4&.452%61 F&%:*| +#$ &$7%:&4% 4%17+&.,1
6%:/2 4%1+,1:$ +% ES$ 7652 .12 +#$ 4&,-$ &.+$ 6%:/2 2$4&$.7SL  "#,7 4%1+&.2,4+7
%*+,-./,+ %( +#3$ %&,F,1./ 7T+& +$FL

2] S$+ P 2%$1%+$ +#$ -.G,-/ ($.7,E/$ *%/,4,1F ,1+$17,+ 6451 ./ -%+%&,7+7 .&$ *%D
1,482 6,+# +#$ 7.-$ *&WE.E,/,+L "#,7 ,7 +#$ -%1,+%&,1F ,1+$17 + +#.+ - 1,- N$7 4&,-$
~%1F /I ($.7,E/$ 1%1D4&.452%61 7+& +$F,$7L O%& (+:8$ &$($&$14$| ET$&<S$ +#.+ ($.7,E,/,+
187 C' P%$- FWTE&E 3%17,2%3& 1%6 +#$ .14,//.&' *&%E/$- 6#,4# ,7 +% -,1,-N$
4&,-$ TEP$A+ +% +#$ 4%17+&., 1+ Al S8t/ ,pr 251%+$ +#$ %*+,-/ 48.452%61
*®«UWE.E,/,+,$7 1 +#3$ .14,/].& *&%E/$-L Q'f2h+,%1l +#,7 4&.452%61 *%/,4' F$1$&.+$7 .
1%6%$& 4&,-$ &.+$ +#.1 ,( ./ 4,+ N$17 6$&$ *%/,4$2 6,+# ,1+FA7 M$ 1%6 7#%6 +#.+ +#$
7.-$ 4&.452%61 7+&.+$F' 7 ($.7,E/$ ,1 +#3 %& F,1./ *&YE/$-L "#,7 6,// *&%<3$ +#.+ $ ../
*%/,4,1F ,7 2%-,1.+$2 E' 4&.452%617 ,1 +#$ %&,F,1./ *&%E/$-L

"% <$&,(' ($.7,E,/,+ |1 +#$ %&,F,1./ *&YE/$-| 6&,+$ +#S$ (%//%6,1F 4#.,1 %( ,1$_:./,+$7c

C ' P%$ FWT&&
"I - F%¥pe ( py pe &IT&HRD ( iy pr &
> o pr %8 F % T&E (py pr %0 F %s T&E&

BHEES +#$ 1S 1./ + &BSA+T +#$ 4%14.<,+ Y%( +#$ (144,81 F %T&Y "#7 (:14+ %1
7 4%14.<$ E$A.. 78 |7 A%1<$G| 6#,4# 6$ 51%6 E$4..7$ 4&.452%617 .&$ %o*+,-/ (%o& ./
</:$7 %(P |1 +#$ .14,/.&' *&%E/$- \&$($& +% 0$-.&5 Y]

=&+ 2] %( +#3$ .E%<$ *&%*%7,+,%1 7:FF$7+7 +#.+ 4&.452%617 4.1 ES %*+,-./ 6#$1 +#$
*%/,4% .&$ +,45%+ 4%17+&.,152 $<$1 ,1 4.737 6#3&S +#$' .&P 1%+ %*+,-./ ,1 +#3$ ES14#-.&5
-%23$/L "#$ ,1+:,+,%1 (%& 4&.452%617 6451 +#3$ *%/,4$ (437 4%17+&.,1+\V] ,7 .7 (%//%67L
[1.4&.452%611 +#$ #,F# ,1+$&2,4+,%1 F&%:* 4%--,+7 [, ++/$ 4&,-$| 6#,/$ +#$ F&Y%:* +#.+
7 -%8&S$ *&%1$ +% 4%--,++,1F 4&,-$ ,7 &.&B[, 4821 "#,7 +$127 +% &$2:4% +#3$ 1:-EP& %(
+,45$+7 +#.+ &3 6&,++51 &$/.+,<$ +% +#$ 4.7$ |1 6#,4# E%+# F&Y%:*7 &S *%/,4$2 .+ +#3$ 7.-$
& +$SL "#:71 E$7,257 #$/*,1F 7.+, 7(' +#3$ %BEP$4+,<$ (:14+,%11 $1F.F,1F ,1 4&.452%617 #.7
E$1%i4,./ $ti$4+7 %1 4%17+&.,1+ \V]L "#3$ 7$49842 8.7 1%+ *&$7$1+ ,1 +#$ ES14#-.&5
*&Y%E/$-L

Yd



=&+ \E] %( =8&%*%7,+,%1 ' $/27 . :7$(/ (%&-/. (%& 4%-*:+,1F FRI$ %( .1 ,148$.7$
1 *%/,4% &$7%:84$7 %1 +#$ 4&,-$ &+SL Q$4..7$ +#,7 (%&-/. 6,/ ES 17$2 |1 +#$ $-*,&,4./
6%&5 1 7$4+%1 +H#&S$S! 63 238,<$ ,+ HS&SL "#$ 48,- &.€3F <HL

1% & %S$- F % T&&E (11 %s & %$- F %y T&S&

\1%+$ +#.+ +#3&S$ ,7 1% +,/2$ Y<pR/+AY F#+ %( =&%*%7,+,%1 " *.&+ \E]|L "% %E+.,1 +#$
4#.1F$ |1 4&,-$| 7:E+&.4+ (&%- +#,7 $G*&$77,%1 +#3$ .1./%F%:7 $G*&$77,%1 6#$1 &$7%:&4%7
$ ../ CL "#,7"'$/127

| 3&,-$ \e]
"L % &— % &H%SE % T&& (Vi % &— 1%y &t %S F %y T&E
"L 7%y &— (1% &HDPp T&— I %y T&E
"H$ %*+,-.] *%/,4,1F T+&+$FTi 7+ -$$+ +#$ E:2F$+ 4%17+&.,1+ .12 7%
C' %$ — [y &%$ F % T&&p ( fiy %S F %y T&Ees .
[7%l.+1F1, '$/27

o C — %$- F % T&&

He O F %y T8&s — %S F % &%
"HE Yo+ -/ *%/,4,1F T+&+SF ES(%8S +4$5 ,14&$.75 |1 8$7%:8QAST T+ /7% -$$+ +#$ E:2F$+
4%17+&.,1+] .12 7%

, C — %$- F% T&&:
M % F %y T8&s — %S F % T&&%

T:E7+,+:+,1F ,1+% \e] 6$ F$+

F% T& F %, T& 1 ]

1 3&% (C B C) {%& F %, T&&%s — %$- I % T&&-
S [ B&,-$ &.+Fpy &— %B&,-$ &+ & } |
%BE,-$ &+ & py — U&,-$ &+ & p-
Ul +#$ +$&-7 |1 +#3$ &, F#+D#.12 7,23 E&.455+7 .&$ YE7S&<.E/$ 6#$1 +#3$ &$7%:84% /$<$/ $_:./7
CL "#:71 +#3$ 2$4&$.7$ |1 4&,-$ &.+$ 2:3 +% .1 ,14&3.7$ ,1 &$7%:&4%$7 4.1 ES 4%-*:+$2 $<3$1
6,+#%:+ WE7$&<,1F .1' <.&,.+,%1 ,1 +#$ 2.+. ,1 +#$ /$<$/ %( *%/,4$ &$7%:&4$7L [1 T$4+,%1 »
+#,7 71%*$ |7 4.14:/.+$2 |1 +#3 4%1+$G+ %( #,F#6.' 7*$3$2,1F ,1+$&2,4+,%1L

YW



3 Empirical Application: Speeding Interdiction
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.&%:12 XBDXe5- 6,+#,1 +#$ *&%<,14$ %( 9.7+$&1 ERAN2 "#$ +#,&2 #,F#6.1 OVI ,7 . THY%&+ 7$4+,%1 %(
#,F#6." 4%11$4+,1F US$1+ 6,+# ,+7 *%&+ +% +#$ >%&+#L
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T$4+,%171 $.44 %( 61,44 |7 Yo( &Y%:F#' $_:./ ISLF+# \"BDVB5-]L "#$ *&%<,14% #.7 +6% &.2.&
4%1+8&%/ -.4#,1$7 +#.+ 4.1 ES */.4$2 /%1F &%.27 %& #,F#6."7 +% &$4%&2 +#$ 7*$$2 %(
28&,<$&7 *.77,1F ./%1F +#.+ &%.2 .12 +% +.53$ *#%+%F&.*#7 %( 4.&7 +#.+ .&$ 7*$$2,1F| 6#,4#
&$ +#$1 ,77:$2 +,458¥7L
11 .11%:14$-31+ -$&$/' 7.7 +#.+ . 7$4+,%1 %( %1$ #,F#6." \(%& $G.-*/$I 'YVD
>%8&+#] 6,/ E$ 7:EP$4+$2 +% ,14&$.7$2 -%1,+%&,1F ,1 . +,-$ *$&,%2 \(%& $G.-*/$| E$+6$$1
+#$ #%:&7 %( X.-DYAJL "#$ .11%:14%-$1+ 2%$7 1%+ 7+$4,( +#$ 2,854+ %1 %( +#$ &%.2
%1 6#,4# +#$ -.4#,1$ |7 */.432] 1%& %( 4%:&7$ ,+7 $G.4+ [%4.+,%1L [1 (4+] +#S *%/,4$
FS1$&./I" #,2%5 +#3$ *%7,+,%1 +#$ &.2.& -.4#,18] 7% .7 +% .<%,2 +#$ *%77,E,/,+ +#.+ 2&,<$&7
- 71%6 2%61 ,1 +#$ *&%G,-,+ %( +#$ -.4#,1$ .12 +#$1 *,45 * +#$,& 7*$$2 .F., 11¢
"#$ . 11%:14$-31+ /7% 2%$7 1%+ 7*$4,(' +#$ /S1F+# %( +,-$ (Y& 6#,4# -%1,+%&,1F 6,/
+.5% *.4%| 6#,4# 7 +* 4./ ISTT +#.1 +#$ X #%:&7 /%1F ,1+$&<./L "#$ .11%:14%$2 4%1+&%/7
1 +H#$ 2.+, &S WETPL<E2 +% &%+.+$ ARBRBPLR 7$4+,%17 %( +#$ &%.27 .12 +,-$ \-%&S$
%1 +#,7 [+$&JL )1 .1' F,<$1 2.1 +#$ *%/,4% $,+#3& -.53 1% .11%:14$-31+ %&I 6431
+#3$' .11%:14%1 +#3' 533* %1$ %( +#$ -.4#,137 ,1 &$7$&<$ +% *%77,E/' -%1,+%& 7%-$ %+#$&
7$4+,%1 ,1 .1 :1.11%:14%2 6.L
"#$ 2.+. 6% .73 (Y& +#$ $-*,&,4./ .1./'7,7 &$4%&2 +#$ 2.+3I +,-$ %( 2.1 .12 /%4.+,%1 %(

+#3 -.4#,13 .12 6#S+#I& +#$ &.2.& 4%1+&%/ 6.7 .11%:14%2 .7 6%// .7 ,1(%&-.+,%1 2,&$4+/'
&$4%&2%2 E' +#S$ -.4#,18| 7:4# .7 +#$ 1.-ES& %( <$#,4/$7 *.77,1F E' +#$ -.4#,1%| +#$
(&.4+,%1 %( 4.&7 .12 +&:457 +#.+ 6$&$ 2&,<,1F ,1 $GAS77 %( +#S$ 7*$$2 /,-,+ \HEBF,+ 2,
(%& 4.87 .12 +8:457] .12 +#$ (&.4+,%1 %( <$#,4/37 $G4$$2,1F +#$ 7*$$2 /,-,+ E' ¥ 5-K#L

AV0.2.& 4%1+8%/ -.4#,1$7 &$4%&2 T*$$27 .12 +.5$ *#%+%F&*#7 %( 7*$$2,1F <$#,4/$7L "#$ /,4$17$ ,1D
(%&-.+,%1 %E+.,1$2 (&%- +#$ *#%+% .12 ,1(%&-&M&2$2 %1 +#S$ 7*$$2 7 :7$2 +% ,77:$ +#$ +,45$+7L
[(+#$ 2&,<$& *.77$7 . &.2.& -.4#,1$ 6#,/% $GA$$2,1F +#$ 7*$$2 /,-+ E' . 4$&+.,1 +#&S$T#%/2 +#$ *&Y%E.D
E./+ 7 41%7$ +% %1$ %( &34%$,<,1F . +,45%+L [+ ,7 1%+ $_:./ +% %1$l ES4.:7$l &.&$/1 7:1 F/.&$ -.5$7 +#$

*#%+% :1&$.2.E/SL "#$ &.2.& 4%1+&%/ -.4#,1$7 .&$ -%E/$ .12 .&$ +* 4./ -%<$2 +% T$<$&./ [%4.+,%17

+#8&%:F#%:+ +#$ 2.L
AL 1 &.&$ 4. 7ST VISTT +#.1 YK %( %:& 2.+.] , 7 +#$ &.2.& -.4#,1$ 1%+ #,22$1L 9<$1 +#$1l ,+ 2%$7 1%+

7$$- +% ES$ $.7,/' 2$+$4+.E/$ E' 2&,<$&7C 6Hi$R&tH#.+ +#$ *QWE.E /[, + %( 7*$$2,1F 2%$7 1%+ 2$4&$.7$
1 +H#%7$ 4.7$7L "#$ 7.-812,1F 6.7 ,12$*$12$1+/" &$*%&+$2 +% 7 E' +#$ *%/, 431 E.7$2 %1 $G*$&,-$1+7

+#$' #.<$ 2%1$ *%7,+,%1,1F . 7$4%12 &.2.& -.4#,1$ 7$<$&./ 5,/%-$+$&7 .(HIR/+18.2.&L
AN - P%& T*$$2,1F <,%/.+,%1 7 2852 1 +#$ /.6 .7 +&<$/,.1F .+ . 7*$$2 %( 5-K# %& -%&$ %<$&

+#$ 7*$$2 /,-,+L [1 .22,+,%1] +#$ -.&F,1 %( $&&Y& Y%( +#S 2R " Vo&b-K# .+ +#$ -.G,-:- 7T*$$2
%1 #,F#6.' 71 6#,4# 7 1&" 5-K#L [+ ,7 *%/,4% 2,74&$+,%1 6#$1 +% ,77:$ . +,45%+ (Y& -.P%& <,%/.+,%171 .12
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[1 6#.+ (%//%67]1 6% 6,/ 7% +#$ (%//%6,1F +$&-,1%/%Fmdnitoring event &B($&7
+00 $.4# %( +#$ *%77,E/$ +,-8D7*.4$ 4%-E,1.+,%17 ,1 6#,4# +#S$ *%/,45 7$+7 Y%+ +#$ &.2.&L
"#P&S$ .&$ . +%+./ %( eVde -%1,+%&,1F $<$1+7c " +,-$ *$&,%27 \X.-DYAIl YADX*-| .12 X*-D
-, 21 F#+] *$& 2." (%& "Xe 2.'71 .12 e 4%-*.&.E/$l $ :2,7+.1+ 7$4+,%17 %( &%.2 \A %1
IYBI A %1 'YVI .12 Y %1 OV]L ):& 4#%,4$ %( +#3$ +,-$ *$&,%2 ,7 1.+:&./ F,<$1 +#3$ *%/,4%
11%:14%$7 4%1+8%/7 6,+#,1 +#%7$ X #%:& +,-$ *$&,%271 .12 (%& 4%-*.&.E,/,+1 6% :7$ +#$
7% :1,+ %( .44%:1+ (%& :1.11%:14%$2 4%1+&%/7L M$ &$(®bortHoring interval .7 +#$
A+ 2:&.+,%1 %( -%1,+%&,1F 2:&,1F .1' X #%:& -%1,+%&,1F $<$1+L [1 +#$ 2.+. +#$&$ |7
<&,.+,%1 ,1 +#$ -%1,+%&,1F ,1+$&<./7] 6,+# .1 .<$&.F$ %( " #%:&7L

R:&,1F .11%:14%$-$1+ $<$1+71 2&,<$&7 51%6 +#.+ -%1,+%&,1F 4.1 #.**$1 %1 +#$ 7*$4D
f1$2 7$4+,%1 2:&,1F *.&+ %( +#$ X #%:& +,-$ *$&,%2 .12 ,1 $,+#$& %( +#$ +6% 2,&$4+,%17L
M,+#,1 %:& -%2%/| +#,7 .[/%67 +#$ 2&,<$& +% (%&- ES/,$(7 .E%:+ +#3$ /,58/,#%%2 %( ES,1F
-%1,+%&$2L M#P1 1% .11%:14$-$1+ ,7 -.28| +#$ 2&,<$& 51%67 +#.+ +#$&$ 4.1 1%1$+#$/$77
E$ -%1,+%&,1F .12] 6,+#,1 %:& -%2%/1 (%&-7 {TR&$1+ ES/,$( .E%:+ +#$ *&Y%E.E,/,+' %(
-%1,+%&,1FL
Police objective and constraints. "#3$ *%/,4$ 2%$*.&+-$1+ $G*/ 4,+/' 7+.+$7 +#.+ +7
Fo%./,1,77:,1F +,45%+7 |7 +% 2$+$& 7*$$2,1FL @.G,-,N,1F +#$ &$<$1:$H{&%458+7 ,7
1%+ .1 %EP$4+,<$l .12 |1 (.4+] +#$ *%/,4F5 2% 1%+ F$+ +% 53$* +#5 &$<$1L:$ (&%- +#3$ +,458+7
+#$' 6&,+$L "#&%:F# 4%1<$&7.+,%17 6,+# +#$ *%/,4%5 65 /$.&152 +#.+ +#$' (4% . E,12,1F
4%17+&.,1+ %1 +#$ +%+./ 1:-E$& %( +,45$+7L "#$ *&,-.&' 4%7+ %( ,77:,1F . 7*$$2,1F +,45%+
g AHS 2-1,7+&.+,<$ *&%4$77,1F 4%7+| 6#,4# 7 $7+,-.+$2 +% E$ .E%:+ ;T fBLeBL "#$
*00/,4% .&$ F,<$1 . +%+./ E:2F$+ .+ +#3 ESF,11,1F %( +#$ '$.& \.//%4.+$2 E' +#3 /$F,7/.+:&3]
7% +#$' 51%6 #%6 -.1' +,45%$+7 4.1 E$ ,77:$2 2:&,1F +#$ '$.& 6,+#,1 +#,7 E:2F%H$
4:88$1+1 *%/,4$ 4%17,2387 . - P%& <,%/.+ %1 +&<$/,1F .+ . TAESBIGHE %8 #,FHS& %1 #,F#6. 7L

R:&,1F +#$ +,-$ *$&,%2 4%<$&$2 E' %:& 2.+.1 +,45$8B A%+ ,77:$2 7'7+$-.+,4./I' (%& -,1%& <,%/.+,%17

\%<$& +#$ 7*$$2 /,-,+| E:+ [$77 +#.1 YAX5-K#] .7 . &$7:/+ %( +#$ &.2.& 2.+. 4%//$4+$2L
Adg 7 17+,++,%1./ .&& 1F$-$1+ &.,7$7 .+ /$.7+ +6% _:$7+,%17L YL M# 1%+ /$+ +#$ *%/,4$ 4#%%7$ +#$

1:-E$& %6( +,45$+7 .12 /1%6 +#$- +96 5$$* . (&.4+,%1 %o +#$ *8%A$$27| "#$ |53/ &$.7%1 |7 +#.+ *%/ +4,.17
12 +H$ *%/, 4% 6.1+ +% <%,2 +H#$ **$.8.14% %( . -%1$+.&' 14$1+ <$ +% 6&,+$ -%&$ +458+7 ES4..7$ +#$
*E/,4 2%S$7 1%+ 6.1+ *%/,4$ 64#% .&$ &$<$L:$ -.G,- NS&TL [1 (4+] +#$ 7+.+:+06&' WEP$A+ <HIU( +4#S$ +&.
*0%/,4% ,7 +% -,1,-N$ 7*$$2,1F| .12 1%+ +% -.G,- NfL$ &S<SLS7L AL M# 1%+ &$.G +#$ 4%17+&.,1+
%1 +#$ 1-E$& %( +45$+7 ):& 4./4:/.+,%1 \T$4+,%1 *Le E$/%6] 2%$7 1%+ ,12,4.+$ . 4/$.& 63/(.8&$ &$.7%1
(%& 6.1+,1F +% &S$/.G +#$ 4%17+&.,1+71 7% + 7 1%+ ~-$2, +$/' 4I$.& +H#.+ +#$ *%/,+,4,.17 .&$ ,-*%7,1F .1
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E:2F$+ 2$+$&-,1$7 ,1 /.&F$ *.&+ +#$ +%+./ 1:-ES& %( +,455+$2 7*$$2$&7 *$& '$.&I +#.+ 7
&$*%&+$2 ,1 "E/$ Y.L "% <%,2 ,77:,1F +%% -.1' +,45%+71 *%/,4$ 2% 1%+ -.5% :7$ %( +#3$
&.2.& 4%1+&%/ -.4#,1$7 $<$&' 2.1 )1 2.'7 6#$1 1% .11%:14$-$1+ ,7 -.23I *%/,4% -
068 - 1%+ 7% +H$ - 4#,1$7L )1 2.7 6,4+# .11%:14$-$1+71 *06/, 4 - 53 :7$ %( .+ /$.7+
%1% -.4#,13 %1 +#3$ .11%:14%$2 &%.2 .12 -.' .[7% :7$ +#3$ %+#P& -.4#,1$ %1 +#$ 7.-$ %&
A%+#$& &9%.2 :1.11%:14$2L

0%//1%6,1F %&F.1,N.+,%1./ &$(%&-7 6,+#,1 +#$ *%/,4$] ,1 ABBA .12 ABB" +#$&$ 6.7 . 7#.&*
148$.7$ ,1 +#3 1-ES& %( +,458+7 +#.+ +#$ *%/,45 65&S .//%66$2 +% ,77:$ %1 W FHB. 7L
7,N$ %( +#3$ E:2F$+ 4%17+&., 1+ -%&S$ +#.1 2%:E/$2] (&%- MICeY +,45%+7 ,1 ABBB +% dWIY~X
+,45%+7 ,1 ABBAL Q.7%$2 %1 4%1<$&7.+,%1 6,+# +#$ *%/, 4% +#,7 &$.//%4.+,%1 %( (:127 6.7
1%+ +&,FF$&$2 E' .1' *$&4$,<$2 4#.1F$ ,1 +#3$ -%+%8&,7+7Z *&%*$17,+ +% 7*$$2| E:+ & +#$&
&ST:/+$2 (8%- E&Y.288 %&F.1,N.+%1./ 4H4IRGFI6 /| +#S8$(%68S$ +8$.+ +#,7 4#.1F$ 1
+#3$ *%/,4$ E:2F$+ .7 $G%F$1%:71 .12 6% 6,// :7$ +#,7 4#.1F$ .7 .1 .22,+,%1./ 6." %(
$G.-,1,1F 7:%*%&+ (%& +#$ -%23/L
Monitoring PolicylL "#$ -%1,+%&,1F *%/,4' 7 2$+$&-,1$2 .+ /$.7+ %1$ -%1+# ,1 .2<.14%
%( +#$ 4+./ &.2.& 4%1+&%/IL O%& +#,7 &$.7H1458461#0 74#$2:/$7 +#$ +,-$7 .12
1%4.+,%17 %( .11%:14%$2 .12 :1.11%:1432 4%1+&%/7 2%$7 1%+ &3$.4+ +% 7T#%&+ +$&- 4#.1F$7
A 4,84:-7+.14%71 7:4# .7 :1*&3$2,4+.E/$ 6. +#5& 4%12,+,%17L "#$ */.11$2 &.2.& 4%1+&%/7
F*$.& +% ES /6.7 ,-¥/$-$1+32L "E/$ Y. T#%67 +#3$ 1:-ES& .12 *$&A4$1+.F$ %( <$#,4/$7
TEP$4+ +% .11%:14%2 .12 :1.11%:14%$2 &.2.& 4%1+&%/ %1 +#$ +#&$$ -.P%& #,F#6.7 (Y&
'$.&7 ABBBDABB”L "E/$ YE 7#%67 +#$ 1:-E$& %( 2&,<$&7 ,77:$2 7*$$2,1F +,45%+7L "E/$
Y4 &$*%&+7 +#3$ 1:-ES& %( -%1,+%&,1F $<$1+7 %1 $.4# &%.2] 6#$&$ . -%1,+%&,1F $<$1+ ,7
2%11%2 .7 +#$ -.4#,13 ES,1F */.432 %1 . &%.2 .12 &$4%&2,1F ,1(%&-.+,%1 (%& 7%-$ +,-$
A+$&< /L T F#HG. 1YV #.7 +#S #,FHST+ [$<$/ %( -%1,+%&,1F| (%//%6$2 E' 'YB .12 +#$1
+#3$ T#%&+$& #,F#6.1 OVL "E/$ QY ,1 +#3 *™*$12,G +.E:/.+$7 +#$ 1:-ES& %0( .11%:14%$2

,1914,$14" E' /,-,+,1F +#$ 1:-E$& %( +,45%+7L
AL %& +% +#$ &$(%&-TI +#$ T+.+$ *%/,4$ -%1,+%&S$2 EYo+# #,F#6." .12 1%1#,F#6.' &%.27L (+$& +#$

&PB(%&-71 +#$&S$ 6.7 . 4#.1F$ 1 +#$ P:&,72,4+,%1 7% +#.+ 7+.+$ *%/, 4% -%1,+%&$2 %1/ #,F#6." &%.27 .12
1%4.1 *%/,4% -%1,+%&$2 1%1#,F#6.' &%.271 .12 +#$ 1:-E$& %( +,45$+7 +#.+ +#$ 7+.+$ *%/,4$ 4%:/2 ,77:$ %l
#,F#6.'7 ,14&3$.792L M3 2% 1%+ 51%6 6#.+ #.*$1$2 +% +#$ /$<P/ %( &$7%:&4%7 %1 1%I1D#,F#6.' &%.27I

T+ &S 1%+ &$4%&2$2 |1 %:& 2.+.7TSAHCAE0-$7 (&%- +#$ 7+.+$ *%/,4$ 2$*.&+-$1+L
AC# 7 4#.1F$ %44:88%21 1 *. &+ ES4..7$ &ST7HI&ES$<,%:7/ :7$2 +% -%1,+%8& E%+# #,F#6.7 .12

7%-$ 7-.1/1$& &%.27 6$&$ (&%- ABBA %1 $.&-.&5%$2 (%& #,F#6.'7 %1/L
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12 :1.11%:14%$2 -%1,+%&,1F $<$1+7 E' -%#9%( '$.&L "#$&S ,7 1% 7'7+$-.+,4 * ++$&1|

$GAS*+ +#.+ -%1,+%&,1F ,7 -%&S$ (&F :$1+ ,1 +#3 -%1+# %( RS4$-ES&L "E/$ QA +.E:/.+$7
-%1,+%&,1F .12 .11%:143$-$1+ $<$1+7 E' 2." %( +#$ 6$$5 .12 7#%67 +#.+ -%1,+%&,1F ,7
-%&$ (&$_:$1+ %1 6$$5$12 2.'7 ,1 ABBB .12 ABBYL

Driver’s avoidanceL )13$ *%+$1+,./ 4%14%$&1 ,1 **/'1F %:& -%2%/ +% +#$ 2.+. 7
OHP+HP& 2&,<B&7 6#% #$.& +#$ &.2.& 4%1188A/A3-$1+7 4.1 7$/$4+ .1 [+$&1.+$ &%:+$

+% .<%,2 2$+$4+,%11 6#,4# 6%:/2 -$.1 +#.+ +#$ 7*$$2,1F &$7*%173$ %( *$%*/$ 6#% 4#%%7$
+% &$-.,1 %1 +#$ .11%:14%2 &%.2 4%:/2 1% /%1F$& ES$ 4%-*.&$2 +% +#$ &$7*%17$ %( 2&,<$&7
1 +#$ E7$143 %( +#$ .11%:143-$1+7L Q$4.:7$ %:& 2.+. *$&+.,1 %1/ +% -.P%& #,F#6.'71

+#3$ *%+31+,./ *&%E/$- %( &%0:+$ 7$/$4+,<,+' |7 -+ F+B2L [( . -%+%&, 7+ 6.1+7 +% .<%,2 .
#,F#6." 6,+# .11%:1432 &.2.& 4%1+8&%/71 7#$ 6,// 1$4$77.&,' #.<$ +% +.5% 4%:1+&' &%.27I
6,+# &$/.+,<$B/' 1%6 7*$$2 /,-,+7 \E$+6$FL' .12 +" 5-K#] .12 6,+# +&. ffid [, F#+7L )1

+#$ E.7,7 %( +,-$ 4%7+] . 2&,<3& T#%:/2 *&$($& +% +.5% +#$ #,F#6." & +#$& +#.1 . 4%:1+&'
&%.2L 17,2% (&%- 7*.+,./ .<%,2.143] %1$ - F#+ ES 4%14$&1%$2 .E%:+ +$-*%&./ .<%,2.14%C
A+,4.*%+1F %& *%7+%1,1F %1$Z7 +&.<$/ +% .<%,2 -%1,+%&,1FL "%6$<P&I +#$ /$1F+# %( .1
11%:14%2 -%1,+%&,1F ,1+$&<./ ,7 X #%:&7 .12 2&,<$&7 2% 1%+ 51%6 $G.4+/' 6431 +#$
-%1,+%&,1F 6,// +.5% */.4$L ! 2&,<$& 6#%7$ ,2%./ 2&,<,1F +,-$ ,7 1 +#3$ -,22/$ %( +#,7
JA+$8<./ 6%:/2 #.<$ +% .1+,4,*+$ %& *%7+*%1$ #,7 +&<$/ E' N #%:&7L V/+#%:F# +#P&S
6,/ E$ 7%-$ 2&,<$&7 6#% 4.1 $1F.F$ ,1 7%-$ .<%,2.14$ 6,+# /,++/$ 4#.1F$ +% +#$,& ,2$./
2&,<,1F 74#$2:/$ +#.+ %1/ **/,$7 +% +#%7$ 6#% .&$ ,2$./I' 2&,<,1F .+ +#$ <$&' E$F,11,1F

%& <$&' $12 U( +H$ X #%:& ,1+S&</L [1 (A+| 6% 4%-*+$2 +H+ (%L +%& 1F ,12:4$7 .
28&,<$& +% &$2:4%$ #,7 T*$$2"ES-KH# +#31 +#$ +,-$ /%77 %1 +#$5- I$LF+# %( %:&

7$4+,%1 |7 .E%:+ N -, 1:+$7L 144%8&2,1F +% +#,7 4./14:/.+,%1 +#$ 4%14$&1 .E%:+ +$-*%&./
<9%,2.148$ |7 [,-,+$2 +% . 7-/ (&.4+,%1 %( +#$ -%1,+%&S$2 *%*:/.+,%1L

3.2 Constructing the variables and fit to the model

"#P +#5%E&S+,4./ -%2$/ *&S7$1+$2 1 TS4+ WL A2 +#.+ ,12,<,2:./7 .&$ #$+$&%F$1$%:7

1 +#$,& *&%*$17,+,57 +% 7T*$$2 12 +#.+ +#$ #$+P&WF$LS,+ |7 (1%ET7$&<P2 E' +#$ *%/,45L
[1 &$./,+1 +#$ *%*:/.+%1 2&,<,1F %1 +#$ &%.2 -' <& ,1 7%-$ WE7$&<E/$ .7 63// .7
1%E7$&<.E/$ 6. 7L O%& $G.-*/$l *%/,4% -.' ES .6.&$ +#.+ 7*$$2,1F ,7 -%&$ 4%--%1

2:&,1F 4$&+.,1 +,-$7 %( +#3 '$.& %& %1 63355127 M$ 2$1%+3$ +#3$ 7$+ %( 4#.&.4+$&,7+,47 +#.+
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&P WETSE<.E/$ +% *%/ 4% B2 .77:-$ +#.+ +#$ +#$%8&S+,4./ -%2%$/ **/,.$7 4%12,+,%1./
%1 . 7%+ %( YET$E&<.BISTE/ A &$*%&+7 +#$ 7:—-.&' T+.+,7+,47 %( +#$ <.&,.E/$7 :7$2
1 +#$ .1./'7,71
Estimation of the expected probability of monitoring. 0$4.// +#.+ |1 +#3$ +#$%&'
pr 12 py &$*&PTSL+ 2&,<P&7Z *$8&4%,<$2 *&VEH.BH( ES,1F 4..F#+ 7*$$2,1F %1 :1.1D
1%:14%$2 \VV%6] .12 %1 .11%:14%52 \#,F#] -%1%&,1F 2.'7L )1 .11%:14$-$1+ 2.'71 *%/,43$
-%1,+%& +#$ .11%:143$2 &%.2 6,+# *&WHE ERp1$L | +*,4./ . 11%:14%-$1+ 7*$4,i$7 +#3$
7$4+,%1 %( &%.2 E$,1F -%1,+%8&$2 .12 +#$ I$1F+# %( +,-$ \(%& $G.-*/$l %1$ #%6:& ,1 +#$
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-%&$ /,5%/' +% E$ -%1,+%&$2 :1.11%:14%2 ,( +#3$&S$ 6.7 7%-$ :1.11%:143$2 -%1,+%&,1F
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3.3 The randomness of crackdown
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3.4 Examining support for the model
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4 Discussion and Some Extensions
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5 Conclusions
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Appendix A: Proofs

Theorem 1 Let the function f 6 " S#— 1" $#be continuous and strictly increasing.
Let the function g 6 1" S#— | be continuous. Let %" denote the set of probability

distributions defined on the interval ", S#that solve the following linear problem
)
180 [ opeuopay
0
)
s.t. / 9 %P&u Y&dp < C. \d]
0

For given f, let & denote the set of all functions f with the property that all * € %"
place all the probability on one or two points in ", S# Then, the set & s dense in the
set of all continuous functions g equipped with the supnorm.

If, moreover, the solution requires that probability mass be placed on two points in

I" S# then the same two points receive all the probability when C' is slightly increased.
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Corollary 2 If f is increasing and the solution requires that probability mass be placed
on two points in 1", S# the probability mass placed on the largest point increases when C

15 slightly increased.
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Table 1a
Number and Percentage of Vehicles Subject to
Announced or Unannounced Monitoring by Year§

2000 2001 2002 2003 (first
half of year)
Announced 266,240 394,540 1,746,340 1,777,977
(39.5%) (55.2%) (76.8%) (60.9%)
Unannounced 406,941 319,650 526,422 1,139,428
(60.5%) (44.8%) (23.2%) (39.1%)
Total 673,181 714,190 2,272,762 2,917,405

§Based on daily observations on the number of vehicles, as recorded by the radar control machines.

Table 1b
Number of Ticketed Speeders by Year and Announced or Unannounced Monitoring
(percentage of total ticketed each year shown in parentheses)§

2000 2001 2002 2003 (first
half of year)
Announced Number ticketed 12677 20039 55804 32079
(37.3%) (44.3%) (71.4%) (69.4%)
Unannounced Number ticketed 21274 25225 22332 14140
(62.7%) (55.7%) (28.6%) (30.6%)

§ Based on daily observations on vehicles passing by the radar control machines and on their speeding
status, as recorded by the machine.

Table 1c
Number of Announced (Ann) and Total Monitoring Events
by Highway and Year
2000 2001 2002 2003 (first half of year)
Ann Total Ann Total Ann Total Ann Total

A10 18 46 23 52 181 214 125 158
Al4 38 138 51 105 156 244 150 218

R4 10 34 1 24 0 5 0 0
Total 66 218 75 181 337 463 275 376

Pt 0.012 0.014 0.062 0.100

T 14 1s calculated as the number of announced monitoring events divided by the total number of potential
monitoring events (5475 in 2000-2002 and 2715 in the first half of year 2003), which includes intervals
when monitoring took place as well as intervals in which no monitoring took place). 5475 is calculated as
number of road segments (5) times the number of intervals per day (3) times the number of days per year
(365).
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Figure 3: Probability of being monitored, highway Al14
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