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Abstract- This study estimates marijuana prices for every state
and the District of Columbia by using historical price data of
marijuana purchases. A regional price index is constructed and
used to estimate regional price differences of marijuana prices for
the years 2002-2007. These price estimates are then utilized to
calculate recent average price elagticity of demand and the results
are compared to the existing literature on price easticity as
measure of accuracy of our marijuana price estimate model. The
average price elasticity of demand (PED) for marijuana (lessthan
10 grams) for the time period 2002-2007 for all ages within the 50
states and the District of Columbia is -0.44. The PED varies by
age group, 12-18 Resulting in a PED for ages 12-17 of -1.01, 18-25
of -0.34, and > 26 of 0.17. Significant differences concerning the
sensitivity to marijuana prices exist based on age.

Keywords- marijuana price; price elasticity; medical marijaan
decriminalized marijuana; youth marijuana consuopti

I.  INTRODUCTION

Understanding how price influences consumption
essential when examining drug policies. Many itiites have
been implemented to reduce marijuana consumptidah, thve
majority of these programs focusing on disruptihg supply
of marijuana thus increasing the price of marijyaather than
focusing on demand side policies. By examining lsewsitive
consumers are to changes in price, drug policesbeabetter
designed and evaluated.

Marijuana is one of the most commonly used illaitigs

add to the literature by suggesting current manigugrices for
every state and the District of Columbia by usingtdrical

price data of marijuana purchases and construetinggional
price index to estimate regional price differenoésnarijuana
prices for the years 2002-2007. These prices ame titilized

to calculate recent average price elasticity of alednand the
results are compared to the existing literature mice

elasticity as measure of accuracy of our marijugniae

estimate model.

Few studies have examined the price elasticityerhahd
of marijuana. The first such study, published i7T2®y Nisbet
and Vakil, was the result of surveying U.C.L.A. degats
concerning purchasing patterns of marijuana at gihgn
prices. This survey was designed to determine haanym
ounces of marijuana a consumer would purchase aéta
income level at varying prices. The price elastiat demand
for marijuana at the current market price rangechfr0.40 to -
1.51 [8].

is

Clements and Daryal examined price and consumtfon
marijuana among Australians 14 years and older. altbors
demonstrated a price elasticity of approximatel$0(9]. This
study employed a per gram price of marijuana abrstant
$450 (AUD). This constant price of marijuana uglizin this
study was derived from the 1989 Cleeland Reporg Ticit
Drugs in Australia, Situation Report, The Australidllicit
Drug Report by the Australian Bureau of Criminal
Intelligence, and a 1997 article in The Australi@mancial

in the world, consumed by about 2.5% of the world’'sReview [9]. All of these sources establish a peangr

population [1], as well as the most commonly udkdtidrug
in the United States [2]. One-third of the popuatin the
United States reported consuming marijuana at oo in
their lifetime [3]. lllegal drug use produces enows social
costs. These costs range from increased health loem® of
productivity, and lower level of educational attaient [4, 5].
High school graduation
marijuana use, more specifically a 10% increasé&eéquent
marijuana use lowers the probability of graduatign6.62%
[6]. A 20% reduction in marijuana use would be assed
with a $600 million savings in averted social cdgls

Due to a lack of marijuana price data, the majodfy
studies concerning marijuana consumption seek ptagxthat
behavior through other variables, such as
complementary/substitute nature of cigarettes,
structure, education, race, medical marijuana edguls, etc.
Although these variables most likely contributentarijuana
consumption, price is a key factor. This studyrisattempt to

o
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marijuana price of between $300 and $800 (AUD).

Pacula et al. published a study in 2001 in whichijoena
prices were calculated from data published by theigD
Enforcement Agency during the years 1982-1998. tedgr
street level marijuana purchase prices from nimetdétes and
the District of Columbia were converted into priger gram
and then into real prices by dividing by the annc@hsumer
price index for the U.S. as a whole [10]. The atgho
demonstrated a price elasticity of demand for ahmaaijuana
consumption of high school seniors of between -Gd08).47
and a thirty-day marijuana consumption elasticitpetween -
0.002 to -0.69 [10].

van Ours and Williams conducted research conceritiag
fole price plays in encouraging youth to begin conisg
marijuana. This study utilized the self-reportednrabis
consumption rate of 14 to 22 years of age repartéde 1998
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authors concluded that cannabis prices have a inegeffect
on cannabis starting rates and a price elasti€it@.47 [11].

A 2001 published study from Jacobson examined fdaita
both the Monitoring the Future (a survey high sdhsbodents)
and the National Household survey on Drug Abuseenting
youth marijuana use. This study demonstrated tiatize of
the youth cohort is negatively related to both firece of
marijuana and arrests for drug sales [12]. Holdyauth
demand stable and assuming that youth populati@mggs
only affect the supply of marijuana, the authorcukdted a
price elasticity of -0.85 [12].

Understanding how price affects marijuana consumnps
critical to developing successful drug policiespexsally due
to the fact that more evidence of the harms of joema
smoking is becoming available. A correlation hasrbshown
to exist between marijuana smoking and the devetoprof
lung cancer [13]. Marijuana smoke contains sigaifity more
carcinogens [14, 15] and increased tar deliveryh® lungs
than tobacco smoke [13]. Cannabis smoke producéstiomns
in cells in both test tubes and within live animaiel therefore
can be a potential cause of cancer [16]. Regulaijunaa use
adds significant risk for the development of resury tract
carcinoma [17]. When consuming marijuana, largeiff pu
volumes are taken and the smoke from marijuanahaléd
more deeply so the individual retains smoke in rthangs
approximately four times longer than tobacco smakel the
longer breath-holding time characteristic of maija smoking
results in a larger amount of inhaled tar and asneharger
amount of tar retained in the lung [13, 18].

Studies have also suggested an increased risk hafr ot
forms of cancers associated with marijuana usesd eclude
an increased risk of head and neck cancer [14¢ircana of
the tongue [19, 20], testicular germ cell tumor&][2and an
increased risk of prostate cancer [22]. Exposingpiaelation
between marijuana smoking and various forms of eans
difficult due to the fact that many marijuana ussso exposed
themselves to additional risk factors such as tobaand
alcohol consumption.

An increasing number of studies have provided cdiinge
evidence to conclude that smoking marijuana caml l&a
adverse mental health conditions, such as psychast
depression [23]. Psychosis-free subjects who halifetane
history of cannabis use are at increased risk pkychosis
outcome [24], with one estimate of the risk of pw&s
increasing by approximately 40% [25]. Assuming acréased
risk of psychosis of 40% and a 40% lifetime cangalbse
among young adults, one could expect a 14% redudtio
psychotic outcomes if cannabis was not used iregp{25].

surrounding persons who may be predisposed toicentntal
health conditions.

Cannabis is an addictive substance and dependemcte c
result from experimentation and recreational use].[2
Marijuana dependence is defined as the increadedatte,
compulsive use, impaired control, and continued degpite
physical and psychological problems caused or ekated by
use [29]. More adults in the United States had aijusama
disorder in 2001-2002 than in 1991-1992 [30], wédmnabis
dependence being the most common form of dependdtare
alcohol and tobacco [16]. Marijuana is much moreepbnow
than it was in the 1960s, which is one explanatamy
cannabis-use disorders in the United States hageedsed
over the past 10 years [31]. From the 1960s to 20 THC
level of an average marijuana “joint” increasechr@0 mg to
150 mg [32], an increase of 1,400%. Although marn
potency has increased over time and is an imporssnoe to
consider, the lack of standardized testing conogrnihe
potency of marijuana by law enforcement and the ewid
variations in marijuana quality lead to hesitatwwhen using
potency as a independent variable.

The risk of marijuana dependence, occurring
approximately 10% of users [26], is higher for gaikers and
persons who begin consuming marijuana at an egdy{33].
This dependence can lead to serious withdrawal &ymmp
once the stimulant is removed. Withdrawal symptdmase
been reported by 80% of male and 60% of femaleesdehts
seeking treatment for cannabis dependence [26].s€lhe
withdrawal symptoms are similar to those of alcolugiates,
and benzodiazepine withdrawal, which includes esstiess,
insomnia, anxiety, increased aggression, and musefsors
[32].

The risk of death from marijuana overdose is initigd
low. There are no reported cases of human dedtfitsuétd to
cannabis toxicity [16]. That is not to say that malpis toxicity
is not possible, it is just extremely unlikely thatperson can
consume the quantity needed to cause death. Oagejeone
“joint” delivers 3 mg THC to the consumer while thethal
dose is approximately 4,000 mg of THC [34] or mdtmnan
1,300 “joints.” Marijuana associated deaths relattd
automobile accidents or other mishaps are morecdiffto
quantify, due to poor reporting standards and/erlitkelihood
of other intoxicants being present in the individkiaystem.
Also, marijuana is an antiemetic that prevents vtiogj thus
possibly preventing persons who have consumeddatalunts
of alcohol from vomiting, which may have preventksghth.

in

IIl. METHODS
A. Price of Marijuana

A correlation between prolonged cannabis use and

psychotic symptoms and persons with schizophreagatso
been demonstrated. Cannabis use may trigger sdhrizaig in
persons who are vulnerable to the disorder; casmably also
be used to “self-medicate” schizophrenia symptor@6].[
These findings were similar to a previous analysisich

concluded that heavy cannabis use at the age oict8ased
the risk of later schizophrenia six-fold [27]. Td#ficulty lies

in deciphering the degree of correlation and theumptions

Due to the illegal nature of marijuana, accurategs by
state are difficult to obtain, however some seconda prices
do exist. Marijuana prices used in this study weased on
data provided by the Office of National Drug CohtRolicy
(ONDCP). The ONDCP collected and published prifas
five major illicit drugs (marijuana, powder cocajnerack
cocaine, heroin, and d-methamphetamine) for thesy&881
through 2007. The report titlethe Price of Illicit Drugs: 198]!\]
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through the Second Quarter of 2000 was published in October
of 2001 with two subsequent updates, which weraedpd to
include the purity of four of the illicit drugs, exding
marijuana.The Price and Purity of Illicit Drugs utilize data
from the Drug Enforcement Agency’'s System to Resie
Information from Drug Evidence (STRIDE) databasecds
for illegal drugs are obtained by law enforcememtotigh
investigative and enforcement activities and unolesc
purchases. Quarterly price of the illegal marijuarerket from
1981 through 2007 are detailed from purchases neeth

Southeast 1.152, and West Central 0.887. This imtexthen
multiplied by the median marijuana price per grarh o
marijuana (2007 constant dollars) for quantitiesess than 10
grams for the years 2002-2007. Regional price pamgof
marijuana calculated with this index are displaiyedable 3.

B. Price Elasticity of Demand

By using historical price data of marijuana purdssa
regional price index is constructed and used tomese
regional price fluctuations of marijuana prices.efage price

quantity levels, totalings 10 grams, 10 — 100 grams, and > elasticity of demand is then calculated using thesees and

100 grams. Table 1 displays the median nationalepper
gram of marijuana for quantities less than 10 grams

TABLE I.
Median national marijuana price per gram quantities less than
10 grams (2007 dollars)

eal rice

002 11.3¢

00z 11.6¢

004 10.6(

00: 10.8¢

00¢ 11.1(

007 14.1t

The Price of Illicit Drugs: 1981 through the Second

previous month consumption data for all 50 stated the
District of Columbia. Price elasticity of demandasmeasure
of the percentage change in consumption associdtbch 1%
change in price [35]. The formula (1) for the aggrgprice
elasticity of demand utilized in this analysis &ted below.

Q:-Qu

(Q+Q/2
P2—Ps1

(P2+P1)/2

Ed =

1)

C. Sate Level Consumption Estimates

State level consumption data for this study coriogrn
marijuana consumption was taken from the OfficéApplied

Quarter of 2000 report also detailed regional variations in Studies (OAS). Since, 1999 the OAS has providet $ewel

marijuana prices (as well as the other narcoticslistl) by
segregating marijuana purchases within six regioBast
Central, Mountain, Northeast, Pacific, Southeasi] &Vest
Central. Table 2 lists the states that comprisé eagion. For
this study, median marijuana prices are expresee@007

dollars Regional price estimates for marijuana were no

available after the second quarter of 2000. Duthitlack of
data, a regional index for marijuana prices wasuwated.
Using available historical marijuana price dat& thean price
of marijuana for quantities less than 10 gramgHersix above

estimates of marijuana consumption, as well asafoohol,
tobacco, and other illegal drugs, for all 50 statesl the
District of Columbia for individual 12 years of aged up.
Estimates are for self-reported marijuana conswnptvithin
the past 30 days.

b. Marijuana Decriminalization and Medical Marijuana

Data concerning states that have passed medicglLarer
ordinances were retrieved from ProCon.org, a reggst
nonprofit public charity that is not associated hwiany

TABLE II.
State Regions
East Central West Central Southeast Mountain Héatt Pacific
Alabama Arkansas Delaware Arizona Connecticut Adask
lllinois lowa District of Columlia Coloradc Maine Californie
Indiana Kansas Florida Idaho Massachusetts Hawaii
Kentucky Louisiana Georgia Montana New Hampshire egon
Michigan Minnesota Maryland Nevada New Jersey Wagthin
Mississippi Missouri North Carolina New Mexico Neéork
Ohio Nebraska South Carolina Utah Pennsylvania
Tennesse North Dakot: Virginia Wyoming Rhode Islan
Wisconsin Oklahoma West Virginia Vermont

South Dakota

Texas

listed regions were divided into the national ageranarijuana
price for that year. These annual indices for e&gjion were
summed for the years 1981-2000 and divided by timeher of
years of valid data (no region contained less thayears of
data), resulting in an average price index for tiegion. Price
indices for the six regions were calculated as Ezesttral
0.712, Mountain 1.156, Northeast 0.944, Pacific 38,0

=
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government agency. As of 2007 twelve states hageted
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TABLE III.

Regional marijuana price for quantities less thamrbhms based on marijuana price index (2007 djllar

Region East Central Mountain Northeast Pacific Beast West Central
2002 $8.11 $13.17 $10.75 $11.83 $13.12 $10.11
2003 $8.29 $13.46 $11.00 $12.09 $13.42 $10.33
2004 $7.54 $12.25 $10.00 $11.00 $12.21 $9.40
2005 $7.75 $12.59 $10.28 $11.30 $12.54 $9.66
2006 $7.90 $12.83 $10.48 $11.52 $12.78 $9.84
2007 $10.0¢ $16.3: $13.3¢ $14.6¢ $16.2% $12.5¢

medical marijuana laws and have been coded as mledic

marijuana states for this study. These states declélaska,

California, Colorado, Hawaii, Maine, Montana, Neaatlew

Mexico, Oregon, Rhode Island, Vermont, and Washimgt
States that have subsequently enacted medicaluaiaaijlaws
include Michigan, New Jersey, and the District aflnbia.

Two states, Arizona and Maryland, have not pasaed that
allow for the use of medical marijuana, but havgutations

that are favorable toward persons whom consumejunag

for medicinal purposes. Arizona and Maryland westgoded

as medical marijuana states.

Decriminalization refers to a reduction in statevele
sanctions for possessing small quantities of mamigu Twelve
states have been classified as decriminalized. eTlstates
include Alaska, Arizona, California, Colorado, Majn
Minnesota, Mississippi, Nebraska, New York, Nortar&ina,
Ohio, and Oregon. These twelve states have comnimdn
referred to as decriminalized in the drug policybate
literature and are commonly grouped together in igoab
analyses [36].

Il. RESULTS

The average price elasticity of demand for mariguéless
than 10 grams) for the time period 2002-2007 fdragles
within the 50 states and the District of ColumisiaQd.44. This
suggests that the marijuana is relatively inelastmwever, the
price elasticity varies among age groups. As sedalile 4, as

Elasticity ranges from 0.17 for ages 26 and u@4®or 18-25,
and -1.01 for those age 12-17. As evident fromdhesults,
youths are far more sensitive to price changes thase age
18 years and greater with regards to marijuanagric

TABLE IV.
Average Price Elasticity of Demand for Marijuana

Non-medical
Medical marijuana  or
All marijuana Decriminalized decriminalized
Age range states states states states
All -0.44 -0.20 -0.42 -0.71
12-17 years
old -1.01  -0.5C -0.94 -1.3C
18-25 years
old -0.34  -0.04 -0.27 -0.64
26 and olde  0.17 -0.31 -0.1¢ 0.1¢€

consumer age decreases marijuana becomes moréc.elas

Marijuana is an inelastic good (0.17) for persogs 26
years of age and older. Results were similar fothbo
decriminalized states (-0.15) and non-medical marna or
decriminalized states (0.16). In medical marijuasiates
marijuana approaches the level of a somewhat itielgsod (-
0.31).

Persons residing in non-medical marijuana or manigu
decriminalized states are more responsive to clsaimgehe
price of marijuana than those in other states. N®age 12-17
are far more sensitive to price changes in theaestthose
youths in medical marijuana and/or decriminalizedes.

Persons are also more sensitive to the price dfuaaa in
decriminalized states than those in states thatvafbr the
medicinal consumption of marijuana. Again, theggifés may
be influenced by the norms and beliefs of persaitisimthese
states regarding marijuana consumption and thdiHiked of
possible peer influences leading to marijuana copsion.
These factors, as well as the reduced risk of lsgaktions,
greater acceptance, peer influences and peer peessnd
lower perception of risk, aid in reducing the oWermst of
consuming marijuana leading to increased consumptio

IV. DISCUSSION

This article estimates the average price elasticfy
demand for illegal marijuana for the age groupslZ248-25,
and 26 and older using current marijuana pricemegts
?alculated from historical price data from illegalarijuana
purchases. Our price elasticity for youth ages 12f-1.01,
and 18-25 of -0.34 is comparable to youth pricestaday’s
found in prior studies, which ranged from -0.002Q®85 [10-
12].

Two important conclusions come to light concernthg
average price elasticity of demand for marijuanarstfF
significant differences appear based on age. Yeudige 12-

17, are far more responsive to prices changes ofjuana

than those age 18-25, and 26 years and older. These
differences remain even when controlling for mebdica
marijuana and decriminalized states. This suggebtt
policies that successfully increase the price ofijona will

have a greater impact in reducing the number ofijuzera
smokers between the ages of 12-17 than older ihaks.

Secondly, Controlling for factors such as medical
marijuana state and marijuana decriminalizationestaveal
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that policies designed to increase the price ofijoaara will

all 50 states and the District of Columbia. Marijaas more
inelastic in medical marijuana states and stateswimch
marijuana is decriminalized. As a whole the averpgee
elasticity in non-medical marijuana states is -0.@dmpared
to -0.42 in decriminalized states, and -0.20 in iced
marijuana states. Therefore, policies aimed atesming the
price of small quantities of marijuana in thesdestawill not
produce similar decreases of marijuana consumpfidrs
suggests that removing criminal sanctions assatiagéh
marijuana smoking decreases the current cost cfucoption.

One reason for this increased sensitivity to pricey be
explained by the fact that states that uphold ictgins for
marijuana consumption aid in conveying norms antietse
concerning that behavior, which may further inflaeryouths

not lead to similar reductions in magna consumption across

act to reinforce the perception that marijuana hiage health
benefits and the risk of harm is exaggerated.

This goal of this study was to suggest marijuarieegrfor
every state and the District of Columbia by usisgreates of
state by state price fluctuations of quantitiesnafrijuana less
than 10 grams. These price estimates were thenazdeudate
recent average price elasticity of demand thatsarglar to
previous studies that employed different
estimating marijuana price data. The lack of rédabnd
accurate data regarding street level prices of ju@ra has
restricted many studies concerning marijuana copsom
This study demonstrates that the current pricetieiys of
demand for marijuana varies greatly among differage
groups and within states with different marijuaegulations.

decision not to consume marijuana. Also, as medicin These results should be considered when desigritigigs

marijuana consumers increase in number,
encounters by youths with persons who are takingnave
taken medical marijuana will likely increase [3This may
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