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Abstract

This paper summarises the collaborative work undertaken by a group from Victoria
University, the NZ Customs Service (NZCS) and the NZ Ministry of Hedth. It shows
how the sysem dynamics methodology was used to demondrate the vaue of the
rlationship of Customs outputs to desred Government outcomes in rdation to the
collection of tobacco excise duties and cigarette smoking in New Zedand. Group model
building workshops addressed the organising question: “What are the affects of price on
tobacco consumption in New Zealand?’. A demondraion sysem dynamics smulation
modd udng the ithink dynamic smulation software was developed, consding of 7
sectors: NZCS Air & Marine sector; duty paid cigarette imports, duty free cigarettes, NZ
tobacco manufacturing sector; NZCS duty collection; NZ tobacco products market; and a
health sector. The mode variables are smulated on an annual bass from 2000 to 2010.
Policy experiments with the modd include examining the effects of changes in tobacco
excie duties.

I ntroduction

This paper discusses the system dynamics (SD) pilot study undertaken as part of the NZ
Cugtoms Service (2002) Demongrating Vaue Project, involving NZCS and Ministry of
Hedth (MOH) personnel. The SD study was used to answer research questions that :
focused on causdity between Customs' outputs and Government's desired outcomes,
&
where Customs border and excise interventions fit into/affect related cross agency
intervention srategy.

An outcome as described in the Public Finance Act is the impacts on, or the

consequences for, the community of the output or activities of the Government. Two
outcomes desired by Government were considered in this project:
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(8 NZCS outcome — collection of tobacco excise & import duties
Government legidation that states how much excise/duty is to be collected on tobacco
products that come across the boarder influences this outcome is one example.

(b) MOH outcome — reduce smoking in NZ
This outcome is influenced for example by media-led tobacco cessation campaigns
that increase awareness of the harm of smoking.

Examples of the research questions examined within this project include:
What influences the desired outcomes?
How do the variables interact and with what sengtivity?
How will the activity level change if funding increases/decreases?
What isthe leve of outcome risk present immediately after Customs intervention?
Wha is the impact on Outcome A of an increase/reduction in resourcing for Customs
Output Z of, say 10%?

The sysem dynamics methodology (eg see Forrester, 1961; Coyle, 1996; Sterman,
2000) was used for this project since earlier work by Cavana and Clifford (1998, 1999)
had demondrated the potentia of the methodology, particularly the qualitetive aspects, of
addressng complex problems involving relationships between Government  inputs,
outputs and outcomes. The generd approach used in this project is based on the recent
book, ‘Systems Thinking & Modelling: Understanding Change & Uncertainty’ by Maani
and Cavana (2000) The following five phases were used in this project:

Figure 1. Systems thinking and modelling methodol ogy

Problem Structuring

Causal Loop Modelling

Dynamic Modelling

Scenario Planning and Modelling
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| mplementation and Organisational Learning

Source: Maani and Cavana (2000, Table 2.1, p16)

Cavana, Broatch & Clifford 2 NZCStobacco industry model, May 2003



This paper outlines a number of aspects of this project. This includes the group
modd building workshops and development of causd loop diagrams.  This is followed
by an outline of the smulation modd, plus the base case run of the modd. A policy
experiment involving an increase in the tobacco excise duties is presented next, followed
by some concluding comments.

Problem structuring

Following the initid setting up of the project, the problem Structuring phase involved
mainly the group modd building workshops, which were hdd in March/April 2002.
These were fadilitated by the VUW co-author and involving about 12 people (9 from
NZCS and 3 from MOH). A couple of traning sessons were hed fird including the
development of causa loop diagrams, then a group workshop was to address the
organising question:

“What are the affects of price on tobacco consumption in New Zealand?’

Rationde for this question was that it involved an important area of revenue
collection by NZCS on behdf of the Government. It adso involved officas from
Minisry of Hedth, because of ther concerns of the hedth implications of tobacco
consumption.

Hexagons were used as a facilitation tool to write down the group issues/concepts that
were identified as being of relevance to the topic. These were then clustered into groups
with smilar issues/concepts etc. The method used is outlined in Cavana et al (1999), and
Maani and Cavana (2000), based on the work of Hodgson (1994) and Kreutzer (1995).

The workshop group developed the following clusters. Two clusters are presented for
illugrative purposes. Figure 1 represents a cdugser with some of the NZCS
issues/concerns expressed, and Figure 2 is a cluster with some of the hedth related issues

etc grouped:

lllegd Activities

Demand Factors
Production/Supply Factors
Tobacco Products & Utensils
State Intervention Methods
Whole of Government Approach
Market Outcomes

Customs (seeFigure 1)

Hedlth Related Consequences & Treatments (see Figure 2)
Research Issues & Activity
Socid Influence Factors

In Fgues 1 & 2 bdow, factors tha were chosen as initid

ideas/concepts/issues/concerns are shown as numbered clear hexagons. The numbered
hexagons that are shaded were the ones that were strong held views of the individuds
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who chose them, and the ones with the doubled lined hexagons (without numbers) are the

vaiables chosen for the initid causd loop moddling, and subsequent dynamic
moddling.
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Causal loop moddlling

From the clusters created in the group mode building workshops, a smdl number of
variables associated with each cluster were identified by the group members. Once these
had been identified the chosen variables were used in the next process, which was
devdoping an initid causd loop diagram (CLD). This initidly involved identifying the
‘pairs of vaiables tha were linked, then determining whether changes between the
variables were in the same (s) direction, or in the opposite (o) direction.

The initid CLD was built with some of the varigbles that were chosen from each
cuger as important by group members. These variables were then linked together to
form a provisonad CLD. Fgure 3 bdow shows the initid CLD diagram for the NZ
tobacco products industry, which gives a framework for seeing the interreationships
between a st of variables (or factors) operating on the tobacco industry and associated
consumption.

Some vaiables were not explicitly sated in the initid CLD. For example Hedth
Sector variables; but implicitly included in the varigbles:

Socid acceptability — public perception
WoG ?tobacco related activities (WoG = whole of Government)

ols
(&8

% of excise rev > Socia acceptability

/_/ on anti smoking public perception
//Cos;mptlo/n \

WoG ?tobacco
9 Smok
related act

\BJI

Producti n—> iceikt
2RV
Tobacco
costspkt So?
Detected illeg s

g  tobacco — > Costsof
customs activity

S

Figure 3. Initial CLD for the NZCS Tobacco Demo SD mode

The initid CLD contaned a range of bdancing and reinforcing loops. The
reinforcing loops are engines of growth, driving a syssem a an ever-increasing rate ether
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up or down. The baancing feedback loops in the sysem have the effect of dowing or
switching the direction of some of the reinforcing loops.

Also the direction of the causd links between a number of varidbles was a firg
unclear, hence the ‘o/s notation on a number of links.

This diagram was amended continudly in the process of dynamic moddling, as
different variables origindly seen to be necessry, were determined to be no longer
rdlevant or vice versa.  For example ‘% of excise revenue on anti-smoking was a
variablein theinitid CLD but not in the find CLD, which gppearsin Figure 4.

Cugoms
acthltles/costs
Illegdl supply ﬁs Dutiesnot Gove(r)lri!ment
collected policy
o] s s
Duties
collected < R' N
s S
Air passenger
arrivals S
Exciseduty
rates
NZ manufa:ture Importsof dgs { B1l
& tob prods
s s s
s Retail price
ofclgarettes
Importsof ( o) o Quit smokers
un/semi processed
tobacco Smokers
S \ 5 S
(’Bz
S Health costs

Figure 4. Smplified causd loop diagram for the NZCS tobacco demo SD model

This smplified causd loop diagram provides a “whole of government” view of how
price influences the use and consequences of tobacco. This diagram gives somewhat
more detall for Customs interventions than other variables and shows illegd supply only
in the context of Customs' Air and Marine activities.

In brief it shows the following:

= domedtic consumption influences tobacco imports and locd manufacture  that
provides domestic supply

= from the New Zedand manufacture, duties are collected which involve Cusoms in
activity and cost

= Cugoms activity arises from Government Policy which sets the excise rates, which
influence the quantum collected

Cavana, Broatch & Clifford 6 NZCStobacco industry model, May 2003



=  Cugoms activities relate to risk — in this ingance the risk of undeclared imports from
ar passengers

= The excise rae influences retal price, which influences cigarette consumption and
the number of smokers generating hedlth costs.

The main reinforcing feedback loops are:

Loop R1 - Renforcing or growth loop linking domestic consumption with the import of
unprocessed or semi-processed tobacco, and the manufacturing of tobacco products in
NZ.

Loop R2 - Renforcing loop linking domestic consumption with the imports of cigarettes
and tobacco products.

The main balancing feedback loops are:

Loop B1 — Bdancing or control loop linking Gov't policy regarding excise duties on
cigarettes, and the impact on the average number of cigarettes smoked per smoker and
the subsequent hedlth costs.

Loop B2 - Bdancing loop linking Gov't policy regarding excise duties on cigarettes, and
the impact on the number of smokers and the subsequent health codts.

Dynamic modelling
Overview of the tobacco demo model

Following the group modd building exercise, a smdler number of NZCS and MOH
paticipants continued with developing the NZCS tobacco demondration SD modd.
Responsihility was alocated to three subgroups to develop separate models for:

The NZ tobacco industry sub-mode — NZ tobacco manufacturing sector, Duty
paid cigarette imports, Duty free cigarettes, NZCS duty collection, NZ Tobacco
products market.

Customs sub-modd - NZCS Air & Marine sector

Hedth sub-modd - Hedlth sector

The three separate sub-modeds were developed under the supervison of the VUW co-
author.  Then these were combined into a sngle SD smulaion modd. An overview of
the main sectors in this mode is provided in Figure 5. This figure shows the information
flows (thin lines) and physical flows (solid lines) between the different sectors.

The sock flow diagrams and documented equations for the sysem dynamics
gmulaion model are provided in the Annex by Cavana, Broatch & Clifford (2002) to
NZCS (2002). The modd smulates values of the modd variables on an annud bass
from 2000 to 2010. Input data for the mode has been collected from Customs and
Hedth personnd, as well as officidly published daigtics where they exis. The modd is
developed on the computer usng the ithink dynamic smulaion software (Richmond &
Peterson, 2001).
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OVERVIEW OF THE NZ TOBACCO PRODUCTS DEMO MODEL
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Figure 5. Overview of the NZCS tobacco demo SD model

Brief descriptions are provided for each of these sectors:

= NZ Tobacco Manufacturing —this sector consists of imports, exports, and stocks of
un-manufactured and semi manufactured tobacco (see Figure 6).
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The tobacco is then processed into both cigarettes and loose tobacco which is sold
to New Zedand retalers, to the duty free stores or exported. It is assumed that 3
months stocks are held of unprocessed tobacco and processed tobacco products.

= Duty Free Cigarettes — duty free cigarettes and tobacco are imported direct or
obtained from the NZ manufacturers (see Figure 6).

These stocks are sold to arriving and departing passengers.

Iﬂ 3 NZ Tobacco Manufacturing Sector A B

[[[TT] -
pct exports UM tobacco NZ manuf'r to DFS
Desired NZ manf*

NZ manf'r net exports

NZ Tobacco
Manuf Sector

manufacturing delay

Convertion of
Tobacco
fromkg toCEU

Doméstic ‘
Consumption Consumption

—
NZ Manf'r

@ Cig Stocks ) D@
Manufactured [ .
Sales to retailers
Imports UM product by NZ manf'rs
& SM tobacco obacco for s
manufacture
] 3 Duty Free Cigarettes AN B

Z manuf'r to DFS

Others DF
Imports

Duty Free Cigs
Duty Free

Stock

3

Passenger
arrivals c

arriving pax

departing pax

Figure 6. Stock flow diagrams for the NZ tobacco manufacturing & duty free
cigarette sectors

= Duty Paid Cigarette Imports — cigarettes and fina tobacco products are aso imported
with import and excise duties paid on importation.

Some of these imports (about 10%) are re-exported with duties refunded
(drawbacks) and the remainder are sold to the New Zedand public.
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= NZCS Duty Coallection — this sector provides the caculations for the excise and
import duties collected on:

= tobacco products manufactured in New Zedland and sold to retailers

= cigarette and tobacco products imported with duties paid a the border (less
drawbacks on re-exports)

= duties and fines collected on detected illegd imports by ariving passengers to
NZ.

The excise duty in 2000 is assumed to be $254/CEU (ie per 1000 cigarettes or
1000 grams (1 kg) of loose tobacco not for further manufacture) and duties on
imported fina tobacco products is assumed to be $283/CEU (including an
advaorem tariff of 5% max).

These duties are weighted averages based on the initid compostion of cigarettes
and other tobacco products that have dightly different duty rates The NZ
Cugoms Service is regpongble for excise and import duty collection on al
tobacco products.

= NZCS Air_and Marine — this sector includes equations for air passenger arrivals and
the Air & Marine (A & M) passenger processng activities and costs a the NZ
airports (see Figure 7).

This includes a smplified index for A & M passenger processing activities. For
the purposes of this pilot model, the 2000/01 leve of Air & Marine passenger
processing activity is assumed to be 100. We have used an index since this
activity includes a range of A & M activities a NZ arports, including passenger
profiling, questioning and searching (persond & baggage); writing up saizures,
and receipting moneys collected.

Edimates of A & M passenger processing costs in 2000 are provided in the
mode. The average A&M CO/SCO sday is doubled to account for
overhead/resource codts efc. An estimated number of A & M daff are involved in
arport passenger profiling & detection activiies ~ However, it should be
emphasised that only a small percentage of these cods are dlocated to tobacco
related activities.

This sector dso includes variables for tobacco detections, detected cigarettes
destroyed, and estimates for cigarettes undeclared by arriving passengers.
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Figure 7. Stock flow diagrams for the NZCS Air & Marine sector

= NZ Tobacco Products Market — the legd domestic supply of cigarettes and tobacco
products conssts of sales to retailers by NZ manufacturers, duty paid imports sold to
consumers, duty free cigarettes sold to arriving air passengers into NZ, and detected
cigarettes with duties or fines paid.

Domegtic consumption congsts of smoking by the population over 15 years of
age, and edtimates for under age smoking. Based on a weighted average of survey
data it is assumed that smokers over 15 consume an average of 12.3 cigarettes per
day in 2000, and under 15 year smokers consume an average of 3 cigarettes per
day. Equations are included to incorporate the change in price (excise duties) on
cigarette consumption.

A price dadicity of demand of -0.6 is assumed based on NZ and internationa
data (This is “the extent to which consumers demand for a good changes in
response to a price change’ (Jha & Chaloupka, 1999, p41)

Finaly the market gap is edimaed by the ‘legd’ edtimated domestic supply less
the estimated domestic consumption of cigarettes & ‘roll your own' (RYO)
tobacco pa. When the 'market gap' is postive, this suggests that domestic supply
exceeds domestic consumption; whereas when the 'gap’ is negative, this suggests
that consumption is higher than domestic ‘legd’ supply, hence the presence of a
'black market' or illegal market for cigarettes and tobacco in New Zealand.

» Health — the hedth sector in the modd (see Figure 8) includes estimates for the

numbers of smokers and quit smokers in New Zedand, and the primary and
secondary care activity and costs of smoking related illnesses. In 2000 it is estimated
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that about 25% of the population of 15 and above are smokers and quit smokers
(nearly 740,000 in each category).

It is assumed that the average for people starting to smoke is about 16 years old,
and 36% of this cohort start smoking. It is dso assumed that the average age of
deaths is 80 years for ‘never smokers, 74 years for ‘quit smokers and 70 years

for ‘smokers..
No net population increase is tributable to immigration in this modd.

It is assumed tha hdf the effect of a change in excise duties will incresse the quit
snoking rate and the other haf will affect the average number of cigarettes smoked per
day. Edtimates are provided for smoking related vigts to General Practitioners, and
referrasinvolving hospitdisation and the associated codts.
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Figure 8. Stock flow diagram for the health sector
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Note: the system dynamics modd was developed to demondrate how the system
dynamics methodology could be utilised to explore the type of policy and research
questions that the NZCS demondtrating value project is concerned with. The mode & a
‘prototype’ only, hence does not contain dl the variables and relaionships that would be
necessary to answer the research questions in depth. Hence the modd provides indicative
results only, and the discussons of the research questions in Cavana et a. (2002) are
based on the prototype model as developed and not any additiond information.

However, the model can be developed subsequently to provide more robust answers
to specific research questions. The modd is designed to start smulation in 2000 and to
run for 10 years until 2010. Data for congtants, graphs and relationships are estimated for
the year 2000, and dl assumptions are provided in the documented equations for the
modd. Monetary vaues in the mode are expressed in constant $2000 (New Zedand
dollars). The modd generates data on an annua basis but estimates can aso be generated
on a quater yearly bass. Also cumulated totals can be provided over the 10-year
smulaion run.

User Interface for the Model

The user inteface for the mode is provided in Figure 9. This shows the policy
parameters that can be adjusted readily by the policy andysts, managers, or others
experimenting with the mode. (eg percentage change in Air & Marine passenger
processing costs, or percent change in excise duty raes). Also sengtivity andyss and
scenario analyss can be undertaken by undertaking ‘what if’ experiments with the user
interface (ie changing the assumptions regarding cigarettes smoked per day, price
eladticity of demand, or passenger arivas to New Zedand). The fina vaues for some of
the man variades and peformance measures are dso provided after smulating the
modd to 2010. Graphica and tabular output are provided for selected variables aso.

Cigs smoked pd

Cigs smoked pd  per U15 smoker Final Values - 2010
Input Parameters per 15 & over
. Market Gap -3,629 /"
12.3 3 Domestic Consumption 3,061,232
. i [ 125 | 3
pct change in pax arr  |pct chge A & M costs F: N4 F’ NP4 Domestic Supply 3,057,603
~ 7 i~ r
’05 O Duties collected cigs ... $7.5748e+008
12.0 13.0 1 5 I Cum Duties Collected $7.8864e+009
’ ' I Passenger arrivals 3,253,529
E - I A & M pax proc costs $8,000,000
pct vol change IA & M pax proc activity 100
in duty rate . i i 9
Restore All Devices pct pax with undecl cigs 2.00%
Duties not collected $3,276,188

‘ -20 il 20

2 v To To | Total Population 4,152,662
Price Elasticity of Demand Graphs Tables [ Smokers 677,748
1.0 EI 0.0 To Model Quit Smokers 845,420
[?: -0.6 7 Intro Health care costs tot ... $73,307,866

NZCS Tobacco Demo Model Control Panel

Figure 9. User interface for the NZCS tobacco demo SD model
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Base case run of the mode

The model output for sdected variables for the base case run of the modd is provided
below in Figure 10 and Table 2. The base case run is the output from the smulaion run
from 2000 to 2010 with the initid set of mode assumptions (as shown in the documented
modd equations in Appendix 4 to Cavana et d. 2002).

Figure 10: Base case run for the NZCS tobacco demo SD mode

Figure 10 shows that the domestic consumption and domestic supply of tobacco
products, and excise duties collected by NZ Customs Service are expected to Steadily
decrease between 2000 and 2010. Hedth costs are steadily increasing and the ‘market
gap’ ie the difference between legad supply and consumption of tobacco poducts declines
initidly (due to the initid modd conditions), but increases theregfter. Since the gap is
negative, this implies that consumption is higher than legd supply over the 10 year
period, suggesting the presence of a smdl illegd or ‘black market’ for tobacco products
in New Zedand. The reasons for this modd output are explained more fully following
the discussion of the values contained in Table 2 below.
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Table 2. NZCS tobacco demo SD model - Base Case

Duties c lated P ¢ . Health care

collected UDml:.a e Market erckent Domestic Domestic Passpnger TotaIA Smokers Quit costs - total

Year on cigs & uties p Market o,nsumption SUPPly  arrivals  Population "0 " gmokers primary &

Collected (ceuiyry 98P  (million CEURY)  (Million (million (million people) (000 people)

tobacco  gmilion) %) CEUlr)  peoplelyr) people) secondary
($million/yr) ($million/yr)
2000 $824 $0 -5,288 -0.16% 3.334 3.329 3.25 3.83 739 739 $70.50
2001 $816 $821 -11,676 -0.35% 3.302 3.291 3.25 3.86 731 750 $70.79
2002 $808 $1,633 -10,648 -0.33% 3.272 3.261 3.25 3.89 725 762 $71.09
2003 $801 $2,439 -9,655 -0.30% 3.242 3.232 3.25 3.92 718 773 $71.38
2004 $794 $3,237 -8,696 -0.27% 3.213 3.205 3.25 3.96 712 784 $71.66
2005 $787 $4,028 -7,770 -0.24% 3.185 3.178 3.25 3.99 705 795 $71.94
2006 $780 $4,812 -6,876 -0.22% 3.159 3.152 3.25 4.02 699 806 $72.22
2007 $774 $5,590 -6,013 -0.19% 3.133 3.127 3.25 4.05 694 816 $72.50
2008 $768 $6,361 -5,183 -0.17% 3.108 3.103 3.25 4.09 688 826 $72.77
2009 $762 $7,127 -4,387 -0.14% 3.084 3.080 3.25 4.12 683 836 $73.04
2010 $756 $7,886 -3,629 -0.12% 3.061 3.058 3.25 4.15 678 845 $73.31

This table shows that athough the totd New Zedand population is steadily increasing
during the smulation run from 3.83 million in 2000 to 4.15 million in 2010, the number
of smokers is declining from 739,000 in 2000 to 678,000 in 2010. This is causng a
decline in the domestic consumption of cigarettes and other tobacco products, from 3.334
to 3061 million CEUs' (1 CEU = 1000 cigarette equivalents) over this period. Since
domedtic cigarette production and imports of duty pad cigaettes is linked to
consumption then the ‘legd’ domestic supply of tobacco products aso declines from
3.329 to 3.058 million CEUs from 2000 to 2010. However, throughout the smulation
run there is a gap between the ‘legd’ domestic supply and the domestic consumption of
tobacco products (a negative gap indicates consumption is greater than supply, and a
positive gap indicates supply is grester than consumption). This starts out as 5,288 CEUs
per year in 2000, increases to 11,676 CEUs in 2001 (due to initid starting conditions of
the modd), and finadly drops to 3,629 CEUs by 2010. This suggests that there is a
persstent illega supply or ‘black market’ for cigarettes and tobacco products in New
Zedand of somewhere between 3.6 to 11.7 million cigarettes pa (or equivdent in loose
tobacco). However, relative to the pta ‘legd’ domestic supply of cigarettes and tobacco
products, this gap is reatively smal, ie between 0.12 to 0.35% of domestic supply. It
must dso be emphasised that this is a ‘pilot modd’ hence the results are indicative only.
Nevertheless, NZCS was aware that a ‘market gap’ existed, but no estimate of its sze
was previoudy available.

Meanwhile, dthough the number of smokers is seadily declining from 739,000 to
678,000 between 2000 to 2010, the number of ‘quit smokers is increasing from 739,000
to 845,000. Hence the totd of smokers and quit smokers increases from 1.48 to 1.52
million over the period, causing tobacco hedth rdaed cogts to increese from $70.5
million in 2000 to $73.3 million in 2010, thus putting a further pressure on the public and
private hedth syslem in New Zedland.

Due to the deady decline in the consumption of tobacco products during the
‘forecagting’ period, the tota excise and import duties collected by New Zedand
Customs Service (NZCS) on tobacco products declines from $824 million in 2000 to
$756 million in 2010. The cumulated duties collected on tobacco products by NZCS
over the 10 year period is $7.9 billion. The other main assumptions in the base case that

11 CEU = 1 cigarette equivalent unit = 1000 cigarettes or equivalent tobacco content of ‘roll your owns’.
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should be noted are that there are no migration flows in the modd, and ar passenger
arivas are assumed to remain congtant a 3.25 million passengers per yedr.

Policy analysis with the model

The Minisry of Hedth outcome (reduce smoking in New Zedand) depends on the
numbers of smokers in New Zedand and on ther average dally consumption of cigarettes
(or equivaent tobacco products). Smokers depend on the darting rate of smokers,
quitting rate and desths. The number of new smokers darting is assumed to be an
exogenous percentage (which can be varied in the modd and was caculated from results
from a hedth survey), and the demographic age dructure in NZ. On average, new
smokers are assumed to start smoking at age 16. The base run assumes that 35.6% of this
cohort garts smoking. This outcome is influenced by changes to the price of cigarettes
and tobacco products, ie by the excise & import duty rates. (Note that other factors adso
influence “new smoker” numbers— eg Televison education campaigns)

Changes to excise duty influence the numbers quitting smoking and dso the daly
consumption of cigarettes (sendtivity between price and tobacco). Hence the ‘change in
excise duties can be used as a policy varidble to influence the amount of smoking in NZ,
and the subsequent impacts on numbers and codts in the NZ hedth sysem. The user
interface in Figure 9 shows how this policy parameter can be adjusted readily by the
policy andysts, managers, or others experimenting with the model.

The effects on the supply of tobacco products and the change in consumption because
of the price effects of the excise duty can be examined with a smulation run of the
model. Price can see seen as a deterrent to risk.

Note that this modd only looks a price and hedth effects. There are other factors
influecing both why people smoke and how many they smoke, hence other government
policies have an effect on outcomes. For example people with housing problems and/or
who are unemployed are more likely to be smokers and more likely to have poor hedth
whether or not they smoke.

In the ‘Taking the Pulse — The 1996/1997 New Zedand Hedth Survey’ (Ministry of
Hedth, 1999, p34) it is shown that people with higher smoking levels tended to be:

Y oung people
People on low incomes
People with less education

An example of the price sendtivity of tobacco products is given in Tobacco Facts
May 2001 (Ministry of Hedth, 2001, pl2) where it is stated that in May 2000, there was
an approximately 20% price increase in tobacco products. This change was associated
with an 18% decrease in total tobacco consumption. Consumption of loose tobacco
increased by 1% while manufactured cigarette consumption decreased 23%. This shows
how the price of tobacco products has an effect on their consumption (sengtivity).

We used the demondration SD modd to andyse the effects of a 20% red increase in
excise duties (price sengtivity) in 2003. The graphicd results for the main varigbles are
shown in Figure 11, where the sharp increase in duties collected occurs in 2003, dthough
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there is a sharp decrease in the domestic consumption and supply of cigarettes and
tobacco products.

=l

Figure 11. A palicy experiment with the NZCS tobacco model

Table 3 summarises the initia vaues for the base case (in 2000) compared with the
find vdues (in 2010) for the mode experiment (20% increase in excise duty in 2003)
compared with the base case. However, these are indicative figures only as this is only a
demonstration modd!.

With respect to the price of cigarettes, the demand for them is eadic if its price
dadicity is less than —1, indadtic if its price dadticity exceeds —1 and unit dadic if its
price eadicity is equd to —1. Since the price dadticity of demand in this modd is farly
indadtic (-0.6), then the total excise duties collected increases. This is because demand
decisonsfor cigarettes are not very responsive to achangein price.
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Table 3. NZCStobacco demo SD modd: Effects of achange in excise duty rates

Duties

Cumulated Domestic Domestic Total Health care

Coléei;tseg‘on Duties Market Gap Percent  Consumption Supply Population Smokers SonlLitters costs total
Tobacco Col!epted (CEUlyr)  Market Gap (million (million (million (000 people) (000 people) priml & sec
(millionyr) (million) CEUlyr) CEUlyr) people) (million/yr)
Initial Values - 2000
Base Case $824 $0 -5,288 -0.16% 3.334 3.329 3.83 739 739 $70.50
Final Values - 2010
Base Case $756 $7,886 -3.629 -0.12% 3.061 3.058 4.15 678 845 $73.31
Final Values - 2010
20% increase in Excise $848 $8,554 14,257 0.50% 2.849 2.863 4.15 671 852 $73.36

Duty rate in 2003

The table indicates that a 20% incresse in the excise duty rate in 2003 would result in
about a 7% reduction in total cigarette and tobacco consumption by 2010 and the number
of smokers would be about 1% lower than the base case. The number of smokers is
linked to the price éadticity of demand for cigarettes. However, the annud excise and
import duties collected on tobacco products would increase by about 12% ($92 million).
(This differs of course from the results of the May 2000 price increase of 20% that led to
an 18% decrease in consumption. Reasons are shown in the “Whole of Government”
type response presented in base case section of this paper.)

As highlighted in the figure, the market gagp (with the 20% increase in the excise duty
rate in 2003) for 2010 is clearly not what we would have expected. We would have
expected the market gap to remain negative (ie legd supply to be less than demand).

However, this ‘counterintuitive result could be judtified since tobacco companies put
up therr prices in addition to the changes in the excise duties to preserve ther profit
margins.  Hence tobacco products production may not decreese by as much as
consumption following a dgnificant excise duty increase, hence resulting in a posgtive
market gap (ie the legd supply in NZ would be greater than estimated consumption).
This would suggest some extra stockpiling, and it may be appropriate to revigt this part
of the modd. Alternaively, consumption may not drop by a much as our modd
caculates.

Neverthdess, this demondration model can be used by Government officids to ‘think
through’ the implications of the ‘illegal’ market for tobacco productsin New Zedland.

Conclusions

Findly it must be emphasised that the results discussed in this paper are indicative only,
as they are based on the demondtration system dynamics mode developed for illustrating
the impact of border intervention on tobacco related activitiesin New Zedand.

While we are confident that the NZCS tobacco modd can be used to demondtrate the
potentid use of sydem dynamics for policy analyss and sengtivity testing, the
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demongtration modd has not been fully vaidated and some data has been provided based
on ‘guesstimates’ rather than soundly researched.

Neverthdess the modeling work undertaken for this project has provided some very
useful indghts into the Customs and Hedth related activities associated with the supply
and consumption of tobacco products in New Zedand. The mode can be used as the
bass for a more comprehensve policy tool that could be developed ether for New
Zealand or any other country trying to grapple with the implications of the tobacco
industry in their countries.

Further details of how the NZCS demo SD modd was used to address the remaining
research questions outlined in the NZCS Demonstrating Vaue Project are provided in the
report by Cavana et d. (2002). These will be discussed in a forthcoming paper by the
authors.
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