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1 mtroduction

A m ajpr objctve of public policy in m ost developed countries is to reduce the scale
of dmg abuse. The UK govemment has comm itted itself to the brave but extram ely
challenging argetof reducing the use of certadn categories of illicitdmigs of 25% Iy 2005 and
50% by 2008 UKADC,2000).For targets of this kind, verification presents aln ostasm any
problan s as atainm ent, since there cunrently exists no accepted m easure of the size of the
ilicit drmgs m arket covering an extended period. There seam s little point In tErgeting
som ething thatcannotlbem easured.

A recent Eurostatingpired attem pt at m easuram ent for illicit drugs generally was
m ade by the O ffice forN ational Statistics G room et. al., 1998) aspartof a trial expansion of
the scope of national accounts data. Bram ley-Harker et. al. 2000) produced altemative
estin ates for the Hom e O ffice, ntended as a benchm ark for the govermm ent’s announced
target. The ain of these studies was to estim ate the size of the illicit drugs m arket In cash
term s fora given reference year (1996 and 1998 respectively) rather than to estim ate the trend
n market size over tine. W e would argue that, for the pumposes of m onitoring policy
effectiveness, it is the Jatter that is in portant. G wen the form of curent policy targets, an
absolute baseline estim ate is unnecessary and sim ple Indices of m arket size foreach category
of dmg are sufficient. Tt is the purpose of this paper to construct suiable quantty ndices,
using only availble published indicators of dmg use. A study by Corkery 000), using a
range of data sources t© exam ne the grow th In cocane use, is closest in spirit to the approach
taken here, although C orkery does notconstructa form al index.

2 M ethods

A saum e there arem hdicatorvarablesYi; ... Yo and that these are observed overa
sequence of tin e periods ndexed by t= 1 ...T.Them ethod rests on the assum ption that there
isa single comm on trend and that the Indicators are proportional to this trend apart from a
purely random m ulbplicative factorVi:. Thus:

v, =AY OV, )
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where W (9 isa fincton of tim e representing the trend I m arketsize and A; isa factorof
proportionality subjectto som e scale nom alisation . W ew ork w ith the Indicators n
Jogarithm ic form :
Vi =0Ty O+ v, @)

w here low er case sym bols indicate the Jogs of the original variables. This is essentially the
sam e stucture as that underlying principle com ponents and factor analysis, except that: ()
there is assum ed t© be only a single common  factor; (i) after transform ing t© log fom , all
factor Joadings are equal to one; (iil) the common factor is trended and thus cannot be
asaum ed to be drawn from a Jatent nom al distrbution as In factor analysis and (i) the
residuals from each Indicatorvariable are unlikely t© be contam poraneously uncorelated !

W e use two altemative methods of estimating W (): one based on year-specific
w eighted averaging, the other using a m ore am bitious m axinum likelihood approach. A fter
W () has been estim ated, an index ofm arket size (based on 1995 = 100) can be constructed as
follow s:

() =100x exp(¥ () -y (1995)) @)

21 W eighted averaging

A ssum e that the Jog Indicator variables are contem poraneously unconelated so that
cov (i, vi) = 0 forany pairi# j.W euse the follow Ing 3-step approach:
@) Calulate a hitalestim ate as the sin ple average of it ... Ve foreach period t=1 ...T.

(i) Calkulate them residualvarinces §,° fiom the residuals U, = v, —/, ) .
(1l Calculate the refned w eighted average of vit ... Vin o, USTg ]/df ..J/cfj as thew eights.

M ore detail is given in appendix section A 1.

! N ote that the m odel can easily be extended to include other extraneous variables thatm ay act to perturb the
Indicator variables. W e do not explore this possibility here, but qualitative changes in policing, custom s and
crim nal justice policy m ightbe accomm odated In this way using suitable dumm v variables, provided there are
sufficientpre-and postinnovation cbsarvations t allow reliable estim ation.
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This approach is flexible In that it In posesno a priori form on the trend Y (1) . Ttis also
efficient to the extent that it takes optim al accountof the differng degrees of variability of the
ndicator varables. H ow ever, this approach does not take account of any contam poraneous
conelation betw een the residuals vy, and attem pts t© iterate the m ethod t© convergence are
unlikely to be successful, since the underlying likelihood fimction can be shown to be
unbounded n certain directions (see appendix).

A furtherpractical disadvantage is that it can be very sensitive to outliers and tends t©

produce am ore ragged appearance than w e w ould expectto be true of the underlying trend.

22 A cubic spline approach

The altemative approach ntroduces a am oothness assum ption . The observation period
is divided up Into short sub-ntervals. W ithin each of these tim e mtervals, the ttend can be
approxin ated t© a high degree of accuracy by a cubic polynom ial. C ontnuity is im possd on
this sequence of cubic finctions by restricting successive finctions to coincide at the comm on
end-point of their intervals (these points are known as knots). Furtherm ore, an oothness is
Inposed by restricting them to have equal first- and second-order derivatives at the knot
points. The param eters of this cubic spline approxinant are estimated by m axin um
Jikelihood, together w ith the constants ¢; and the varances and covariances of (it ... Vind) .

Technical details of this approach are given In appendix section A 2.

3 Resuls

31 Choice of ndicator variables

W e use the follow ng seven indicator varables which are all available on a dmg-
specific basis forpartorall of the period 1978-1998 . H ow ever, notall are available forevery
dmg type In every year. The first four indicators relate o dmg seizures: the number of
Customs & Excise seizures; the quantty seized by Custom s & Excise; the number of police
sejzures; and the quantity seized by police. These variables are published in C orkery (2001)
and are available for the period 1978-98 for the majpr categories of cocamne, heron,
m ethadone, L.SD , am phetam Ines and cannabis. Crack and ecstasy M DM A ) are also coverad

T the Jateryearsw hen they becom e a significantelem entof the drugs scene.
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A fifth Indicator, the num ber of drug-related convictions, cautions, etc, is published in
the sam e source fora slightly an aller setof drug types over1978-98.

The num ber of new lyregistered addicts w as published annually n successive issues
of Corkery (1997) up t© 1996. The fom al registration system ended In that year, so m ore
recentcom parable data isnotavailble.

A seventh Indicator is only availkble for five years during the period. The British
Crime Survey prevalence for 1629 year old males is defined as the sample frequency of
declarad use by male BC S respondents aged 1629 at the tim e of Interview . W e use this In
either of two fom s: use during the preceding 12 m onths and use ‘ever’. The latter definition
does not correspond so closely to the concept of currentm arket size, but it generates slightly
higher sample frequencies and therefore gives better statistical precision for the less
comm only-used dmgs. The group of young males was sin ilarly chosen on grounds of
statistical precision, since young m ales have the highest prevalence rates form ostdrugs. The
BCS figures are availkble only for the yvears 1991, 1993, 1995, 1997 and 1999 and are too
sparse t© be used n the sam e way as the other indicators w ithin the form al trend estim ation
procedure. > How ever, they are useful as a rough check on the constructed quantity indices
and can be lncorporated In a differentw ay. N ote that there is a possible problam w ith ouruse
of the firstwave of BC S, which used conventional paperbased interview ing rather than the
Jess Intrusive com puterbased self-com pletion approach used since. Thism ay have caused an
understatam entof usage 1n 1991 r=lative o the Jater years. These ndicators are digplayed for
each of the man dmg categories In Figures 1-8. For each series the mean r=htive (the
observation divided by the overall sam plem ean) is plotted agamnst tin e. Th general these plots
present a coherent picture. For each dmig category the various indicators generally display
broadly sim ilar trends over tim e, which n tum tend to be confim ed by the BC S prevalence
figures.

2
Since the BC S asks aboutuse in the previous 12 m onths, the figures do not conresoond exactly t© the calendar
year. This isam nor issue thatm akes little difference to the results.
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H ow ever, there are som e anom alies forheroin, m ethadone and LSD . The trend rate of
Thcrease In heromn use sharply Increased In the 1990s according t© all hdicators except the
num ber of Custom s and Excise seizures. G iven the rising trend in quantities seized, this
suggests a chift towards few er, but Jarger Inport batthes or altematively a shift in the
nterception strategy used by Custom s and Excise. W e deal with this by om ittng the
anom alous indicator from the trend estim ation procedure for heromn . The hdicators for illicit
m ethadone show no clear trend, and Custom s and Excise seizures (egpecially quantity) are
particularly enatic. H ow ever, there does seam t© be a fair degree of agreaem ent about a sharp
rise since 19934. For LSD , all ndicators except the BC S prevalence figures tell a sim ilar
story of a slow Iy rising trend until the early to m id 1990s, follow ed by a significantdeclne. Th
contrast, the BC S figures suggest a rising trend during the 1990s, possibly as a consequence
of sam plng enror. W e consider the issue of BC S sam pling enror In section 3 3 below .

Degpite these faw anom alies, our analytical approach seam s broadly n lne
w ith the evidence In Figures 1-8 and we now com pare the results of applying the w eighted
average and m axin um likelihood estim ators.
32 M arketsize estin ates

The results of applying the welghted average approach are given n Table 1 and
Figures 9-16. Estim ation covers the years 1978-99 for all drugs except Ecstasy and Crack,
w hich w ere negligible before 1989 . The problem sw ith these results are obvious. The m ethod
lacks any device to produce tem poral an oothing of the estim ated ndex. A s a consequence,
the resulting indices are very enmatic and show some implausibly larmge vearto-year
m ovan ents. These shorttem  fluctuations could be reduced by Introducing a m oving average
elem ent or other an oothing device t© the calculation. H ow ever, the cubic spline approach
Seam s a m ore prom ising way forward, w ith the crude w eighted average estim ates used as a
rough check on the results.

Pure cubic spline estim ates are given In Table 2 . The trend has been specified to have
five cubic segm ents, w ith the knots chosen to corregpond t© the years 1983, 1988, 1992 and
1996 for all except the shorter Ecstasy and C rack series, where w e use three segm ents w ith
knotsat1992 and 1996.



TABLE 1 Indicesofaggregate drug use:W eighted average approach

Year |Cocane Heroin Cannabis Amphettmine LSD M ethadone Ecsasy Crack
S

1978 930 613 11 49 278 28 86 4127 0 0
1979 1099 792 1381 380 4072 62 36 0 0
1980 14 89 8.78 14 27 366 29 41 79 32 0 0
1981 1716 1241 1629 6 .62 46 60 8551 0 0
1982 1465 1666 1516 812 64 52 6833 0 0
1983 2421 2812 2033 12 68 58 92 46 08 0 0
1984 3281 4275 23 66 1631 89 62 7597 0 0
1985 2719 4798 22 61 2091 58 30 98 96 0 0
1986 25 47 3681 2721 2169 41 42 10073 0 0
1987 3321 3124 2371 2221 2504 5325 0 0
1988 3770 3231 4098 2334 4118 49 66 0 0
1989 6530 3807 72 39 2303 8661 11027 6.05 1092
1990 6458 4299 59 89 3554 143 60 45 92 1073 2194
1991 6855 4203 66 35 49 08 13919 8793 52.73 31.04
1992 8018 4700 74 08 7334 13960 11129 6096 47 65
1993 8233 5899 85.03 87 85 18628 8834 5164 72 86
1994 8658 7128 9976 10414 15310 51.07 10748 9413
1995 100 100 100 100 100 100 100 100
1996 | 11888 12531 10695 15811 86 95 19085 23011 10068
1997 | 18464 18710 130.78 17108 56 59 374 95 14731 16393
1998 | 22837 19048 14261 129 64 4358 36001 17182 19093
1999 | 26952 19304 10865 11273 40 64 328 49 25701 17108




TABLE 2 Ihdices of aggregate drug use: C ubic splne approach

Year | Cocaine Herom Cannabis Amphetamines LSD M ethadone Ecsasy Crack
1978 656 736 18 .67 796 3094 3477 0 0
1979 563 622 21 47 736 2567 3713 0 0
1980 635 7 62 23 69 861 2930 43 03 0 0
1981 856 1164 2556 1156 3968 5129 0 0
1982 12 46 1909 2749 1617 55.01 59 55 0 0
1983 17.79 2897 3002 2135 67 39 63 86 0 0
1984 2307 3628 3377 2475 6572 6101 0 0
1985 27 46 3865 3898 2597 5477 53 83 0 0
1986 3095 3741 4582 2610 4372 46 31 0 0
1987 3411 3516 5437 26 55 3748 4098 0 0
1988 3796 3425 64 62 2893 3869 3940 0 0
1989 43 66 3636 7621 35.06 5155 42 63 016 791
1990 51 46 4145 8798 4551 79 64 5012 517 16 .09
1991 6111 4915 9796 59 88 122 57 6063 2282 3540
1992 71 88 5880 10367 75 52 161 48 7155 3796 66776
1993 82 56 6942 10369 87 62 16322 79 56 5407 9126
1994 9221 8218 101.09 9518 134 44 8710 7556 9911
1995 100 100 100 100 100 100 100 100
1996 10516 12829 10447 104 95 74 44 12829 12106 10962
1997 10889 17277 11541 11045 59 95 18233 13317 14272
1998 12052 21638 11557 104 46 5119 21374 14817 18426
1999 15746 21681 8652 77 35 44 32 14319 19095 184.08

33 Consistency w ith BC S prevalence trends

The British Crim e Survey BCS) has incorporated a self-reported drug use elem ent In
every altemate year sihnce 1992 . Restricting attention to past dmig use reported by 1629
m ales, these establish five estim ated points on the trend In prevalence. For dwgs w ith
sufficiently high prevalence (cocaine, am phetam ines, cannabis, LSD and ecstasy) w em easure
pastuse as the proportion of 1629 yearold m ales who report consum ption In the Jast year.
For less w dely-used drmugs heroln and crack) we use the proportion of the sam e group
reporting any pastuse ever. M ethadone is a rarely-ussd drug whose use is notm easured w ith
adequate precision.W e thereforem akeno use of BC S data form ethadone.

W e assum e that the Jog BCS prevalence mte for any dwg, v,, , satsfies the same

relation () as the other ndicators. H ow ever, there are only five BCS observations for each
drug and it is not feasible to nclude BC S data directly In the m axinum likelihood process.



There are too m any additional param eters oy , varfyp) and cov g , vi) ...covp , Vi) t© be
estim ated from so few observations.

This problem can be solved by assum Ing that the enor term vy is due solely to BCS
sam pling enor and is Independent of the residuals of other ndicator series. Under these
conditions the covariance param eters are all zero and it is possible t© use conventional
sam pling varience fomulae to estim ate varty,) directly. Appendix section A3 gives the
details of this extension to them axin um likelihood estim ator.

The results are given In Table 3 and they are com pared graphically w ith the w eighted
average estin ates and the BC S prevalence averages in Figures 9-16. The conclusions are
striking. SThce 1995, the evidence suggests that there has been a dram atic rise In cocamne,
heroin and crack consumption (135% , 104% and 84% respectively). There is also clear
evidence of a Jarge Increase In consum ption of ecstasy (3% ) and illicit m ethadone 43% ).
C annabis and am phetam Ine consum ption appears to have levelled off or fallen, while L.SD
use has declned strongly since the early 1990s. A Ithough there are discrepancies of detail
betw een the three estim ated trends and betw een the paths of the altemative indicators, there is
a ram arkable degree of agrean enton the general form of the trends.



TABLE 3 Thdices of aggregate drug use: C ubic spline approach ncorporating BC S

prevalence rates

Year | Cocaine Heroin Cannabis Amphetzm ines LSD M ethadone Ecsasy Crack
1978 721 734 1735 783 3110 34 82 0 0
1979 628 619 1999 727 2581 3708 0 0
1980 710 758 2231 852 2942 42 96 0 0
1981 946 1159 24 38 1145 3975 5123 0 0
1982 1351 1903 2633 16 .00 5501 59 56 0 0
1983 1834 28 87 2843 2110 67 34 63 92 0 0
1984 2382 3610 3095 24 46 65.73 61.04 0 0
1985 27 67 38238 3406 2569 5478 5380 0 0
1986 3055 3711 3795 2584 43 57 46 22 0 0
1987 3318 3490 42 85 26 32 3695 40 86 0 0
1988 3667 3416 4910 2871 3736 3928 0 0
1989 42 30 3659 5701 34 80 48 26 42 56 063 791
1990 5027 4213 6628 4519 7221 5012 1179 1609
1991 6019 5037 76 00 5950 108 85 60.75 3446 3539
1992 7104 6038 8471 7517 14374 7177 4356 66.73
1993 8128 7086 90 96 87 46 15003 79.79 5463 9123
1994 90.73 82 99 95 47 9523 129 39 8725 7437 9909
1995 100 100 100 100 100 100 100 100
1996 11014 127.76 10669 104 39 7511 12805 12080 10962
1997 12430 17240 11602 108.70 59 .00 18150 12497 142.70
1998 15533 21358 118.77 10184 5051 21069 12717 18420
1999 23526 20407 10366 75 42 4873 137.76 15324 18407

4 Conclusions

W e have constructed an estin ated m arket grow th trend for each of eight categories of
ilicit dmigs. This has been done by isolating a comm on trend factor from  a set of concurent
Ihdicator series. O four three altermative sets of estim ates, those 1n Table 3 are to be prefernred at
this stage. One should always be aware that any m easure of the size of an illicit m arket is
Thherenthy problam atic. N evertheless, if policy is to e basad on explicit quantiative argets, this
m ethod seam s to provide as good a basis form onitoring as is presently feasible.
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Appendix: details of estin ators

A1 Localw eighted average

heachperiodt=1 ...T, ¥ () isestm ated as:

V=" @a1)

Yo
=1
where ¢7 = ﬁ_z(um ~4,)’and u, =y, V¥, () . The function ¥, () is an initial nefficient
=1

estinate ¥/, (t):m’lz‘yjt . A gnoothed version of this estim ator can be constructed by
=1

extending @A 1) asa tw o-sided m oving average w ith respectto t.

A2M axinum likelhood
TheM L m ethod uses a cubic gpline form t© approxim ate the unknown fimction W (). Let Tx
and Ty.1 be the tw o consecutive knots form ing the 1lim its of the kth tim e nterval. Forany te
[Tk, Tre1], W (O Is approxin ated by a cubic finction:

£ GA, )= Ay + A+ A, B+ A, @A2)

where A, = Aok ... Asx) . The full approxim ation o ¥ () is then:
WA =) &, £ GA,) @a3)
k=1

where A = A ... Ax) and & = 1 if € [Ty, Tw1] and 0 otherw ise. The vector of spline
param eters A is restricted by the setof 3 K -1) linear restrictions required to ensure that each
pair of successive finctions In the sequence {f.(.)} have equal levels and first and second
derivatives at the knot that they have in comm on.

Now rew rite the system ofm equations (2) in vector fom :

Ve = O+ W(EA) + & @a4)
where 1 is them X 1 vector of ones. W e assum e that the enor vector €. ~ N (0, Q). Now
suppose that there m ay be m issing data on som e of the Indicator variables. To handle this,
define for each period ta selectorm atrix St constructed as follow s. Tn period t let there be pe
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non-m issing obsarvations am ong the m Indicator variables. Then ke an m X m identity
matrix I and form S: by assam bling the row s of T which corresoond t© the pr non-m issing
elem ents In yi. A ssum Ing nom ality fore., the Jog-likelihood finction can then bew ritten :

T v ol T
nL O’B ,A,Q):——:h.’l(Zﬂ)——z:h |StQSt |__Zetst[stgsj S ad)
2 2 =1 2 =1

N ote that there is a potential dentification issue here. The order of the polynom ial y () is
crtical. If it is so high that an essentially perfect fit is possible for any of the underlying
series, then the Jog-likelihood can e m ade arbitrarily Jarge by choosing the coefficients of
V(0 t achieve this and then allow ing the conresponding variance param eter n Q to got o
zero w ith all otherparam eters fixed atarbitary values. Thus, the sm cothing Introduced by the
use of a polynom ial trend is desirable In its own right but also necessary for the m ethod t©
work.

A 2 Tncorporating BC S prevalence estin ates

LetS = {1991, 1993, ...} be the sequence of dates of the five BC S figures. For each we can
constructan estim ate of the sam pling varance, .. Then, asym ptotic argum ents establish that

Voo ~ N @, +W¥ (t),,) . This Introduces a new set of likelthood term s which extend @ 4) n

the follow ngway:

nL*= h]’_,a,ﬂ,llg)q.z i(p(YOt_ao_W(t))} @5)
es | S Se

where ¢ (.) is the pdf of the steandard nom aldistrbution.

How ever, the survey standard enors s are not directly available. A set of design
effects deft) for the prevalence averages are n use by the Hom e O ffice (angmng from 123
forheromn to 15 for cannabis) and w e use the average of these for the 1998 and 2000 BCS
sam ples applied to the sin ple random sam pling form ula for survey proportons. A llow ing for

the factthat y;, is n Jog form , ourapproxin ate BC S variance form ula is:

o
var6/0t>=def':y‘)t[‘L Yor! ®6)

— 2
Yor T
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w here n, is the num berof 1629 yearoldm ales In the BCS sam ple.
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M EAN RELATIVE

Figurel Cocanem arket size hdicators
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M EAN RELATIVE

FIGURE 2 H eroin m arket size ndicators
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M EAN RELATIVE

Figure3 Cannabism arket size indicators

10
—— C&E SEIZURES
g —8—C&E QUANTIT'Y SEIZED
POLTE SEIZURES
—B—POLICE QUANTIT'Y SEIZED
61 —A—CONVITDNS
@® BCSLASTYEAR MALES 16-29)

1975 1980 1985 1990 1995 2000

17



M EAN RELATIVE

Figure4 Am phetam lnem arket size ndicators
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M EAN RELATIVE

Figure5 LSD m arket size ndicators
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M EAN RELATIVE

Figure 6 M ethadonem arket size ndicators
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M EAN RELATIVE

Figure7 Ecstasy m arket size indicators
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M EAN RELATIVE

Figure 8 Crack m arket size ndicators
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Figure 9 Indices ofm arket size for cocaine
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Figure 10 Indices ofm arket size for heroin
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Figure1ll Indicesofm arket size for cannabis
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MARKET SIZE (1995

Figure 12 Indices ofm arket size for am phetam ines
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Figure 13 Indices ofm arket size for L. SD
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Figure 14 Indices ofm arket size for m ethadone
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Figure 15 Indicesofm arket size for ecstasy
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Figure 16 Indicesofm arket size for crack
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