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Preface

In this technical report, the development of a eystdynamics model of Auckland
Region’s environment-economy interactions is dethil The model, known as the
Auckland Region Dynamic Environment-Economy Mod&RDEEM), builds on the
static monetary and physical flow models developgdMcDonald and Patterson
(1999), McDonald, Le Heron and Patterson (1999) kiudonald (2004a, 2004b,
2005). The model is characterised by positive aadative non-linear feedbacks
between its component modules. The purpose ahtidel is not to predict Auckland
Region’s economic future, but instead to highligbssible physical and economic
consequences under various scenarios. A key rdasdhe adoption of a system
dynamics modelling framework is that it allows aardeal of flexibility in setting
the scenarios that may be investigated. The sisndremselves are designed to
capture not only the ‘business as usual’ situatimrt,also the dynamic physical and

economic consequences resulting from more extréraege.
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1 Structure of ARDEEM

ARDEEM is a novel system dynamics model designedinoulate the combined
environmental and economic implications of chamgthe Auckland Region between
1998 and 2051. The focus of ARDEEM is thereforegrmmedium- to long-term (i.e.
30-70 years) consequences of change in the AuckRagion. ARDEEM cannot
therefore be expected to capture short-term flaictog in economic activity such as
those arising from cyclical commodity price flucisas®! The ARDEEM model

consists of the following integrated modules:

= Population module Simulates population growth by age-sex cohorte
population module provides inputs directly for tladour force, economic
flow, and physical flow modules, and indirectly filme growth module. It is
also used in the generation of several key indisatocluding resource use
per capita, GRP per capita and so on.

= Labour force module Takes outputs from the population module by sepe-
cohort and generates estimates of total labourefoemployment and
unemployment by industry.

= Growth module Generates estimates of economic output by ingdusthe
cornerstone of the growth module is a productioncfion with constant
returns to scale. The production function has ftiwing factor inputs:
employment (as generated by the labour force m@datenmodity imports
and use (from the economic flow module); and mastufad capital stocks.
The production function is augmented with indicegresenting technological
change and natural capital depletion/degradationhe output estimates
generated by this module feed into the economiw #iad economic physical
flow modules.

= Economic flow module Describes the financial flow of commodities with
the Auckland Region economy, and includes commalipply, use, imports
and exports. The module provides inputs for thewtin and economic

physical flow modules and generates key econongceggtes including value

! Other modelling frameworks such as Computable @éifgguilibrium (CGE), optimisation
models (e.g., MARKAL), and some econometric moadetsbetter suited for this purpose.



added (regional GRP), balance of trade, labour uwiddty, capital
productivity and so on.

=  Economic physical flow moduleDescribes the Auckland Region economy in
physical (mass) flow terms, including commodity glyp use, imports, and
exports, and is closely related to the economiwv fheodule. The focus of the
module is on the within economy physical flows. ndtary estimates of
commodity supply and use from the economic flow oledire converted into
physical equivalents based on price ($ per tonnd)iadices of improvements
in physical productivity.

= Environment-economy physical flow modulbescribes the physical flow of
raw materials and residuals associated with ecomauwtivity in the Auckland
Region. The focal point of this module is the pbgkflow of ecological
commodities not conventionally measured in econamackets. The module
draws on the output by industry estimates of th@vtfn module, exogenous
estimates of raw material use/residual generaten$poutput, and indices of
improvements in physical productivity to generaseeistimates of the physical

flow of raw materials and residuals.

The links between the various modules are descrilbvdelgure 1. Sections 3 to 8
fully describe ARDEEM. Verification and validatioof the model is conducted in
Section 9. In Section 10 three scenarios are dpedland simulated: (1) ‘business as
usual’; (2) ‘cornucopian growth’; and (3) ‘prudgmessimism’. The final Section of
this Report outlines the major limitations of ARDMEmodel including the
identification of key areas for future development.
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2. Brief Description of ARDEEM’s Mathematical Nomerclature

This Section provides a brief description of ARDEEMathematical nomenclature

and naming conventions, specifically including:

Upper case stocksAll stocks begin with a capital letter.

Lower case flows and converterdll flows and converters begin with a lower case
letter.

Subscripted arrays Variables with multiple dimensions are arrayedl.population
stock, for example, may have two dimensions — agesax. In ARDEEM variables
with arrayed dimensions are denoted by variable esanvith suffix subscripts.
Vensim’'s® array functionality substantially reduces (1) tigual clutter of influence
diagrams, and (2) the time required to program &ops

Full variable names To help comprehend/understand how Vefisisystem
dynamics influence diagrams and mathematical foaeulvariables names are
presented in full.

A complete list of ARDEEM arrays and their elemestpresented below:
Age-group a = 0-4 yrs, 5-9 yrs, 10-14 yrs, 15-9 yrs, 20-24 529 yrs, 30-

34 yrs, 35-39 yrs, 40-44 yrs, 45-49 yrs, 50-54 ¥5.59 yrs,
60-64 yrs, 65-69 yrs, 70-74 yrs, 75-79 yrs, 80ayrd over

Commodity ¢ = Com01, Com02, Com03

Final demand f = HhldCons, OFD, IntRegEXxp, IntNatExp
Industry [ = Ind01, Ind02, Ind03

Imports imp  =Interregional, International

Age-group p = 0-9 yrs, 10-19 yrs, 20-29 yrs, 30-39 yrs, 40-49 y
(for population 50-59 yrs, 60-69 yrs, 70-79 yrs, 80+ yrs

pyramid)

Sex S = male, female

Raw materials rm RmO1, Rm02, Rm03, Rm04, RmO05
Residuals r =Res01, Res02, Res03, Res04, Res05, Res06

n total number of elements in the relevant array



3. Population Module

In this Section, a population module is developkdt tdisaggregates Auckland
Region’s population by sex and five year age cah@®. 0-4 years, 5-9 years ... 75—
79 years, and 80 years and over). Sub-nationallptpn projections from Statistics
New Zealand (2004) suggest that Auckland Region gribw from a 2001 base
population of 1,216,900 to between 1,624,400 (lowjgetion series) and 1,926,500
(high projection series) by 2026. This represé¢ntisl population growth of between
33.5 percent (low) and 58.3 percent (high) overabeyear period. Over two-thirds
of New Zealand’s total population growth betwee®2@nd 2026 is projected to be
in the Auckland Region (Statistics New Zealand,£0®By 2026 Auckland Region is
projected to be home to more than 37 percent of Kealand’s total usually resident
population, compared with 31 percent as at the ZD&isus. The implications of this

growth cannot be understated:

= Changes in the types of infrastructure requireAlthough Aucklanders are
relatively young, when compared with other New Zedkers, the average age
has been steadily rising (Statistics New Zeala®®8). Changes in the age
structure of Aucklanders could potentially affectrttb rates, housing
requirements, health and education requirementssucoption patterns, and
the nature of the labour force.

= Pressure on existing infrastructure Much of Auckland Region’s
infrastructure is at capacity or the end of ite,libr needs to meet higher
environmental standards (Auckland Regional Courid9). Of particular
concern is the pressure being placed on transmortaetworks, water supply

services, wastewater treatment, and energy geoerafrastructuré.

2 The pressure of population growth on Auckland Bei infrastructure may arguably be
seen through a number of local crises and assdcpaikcy responses including: the 1994
energy blackouts (resulting from a poorly maintdiremnd ageing energy supply network),
1998 water shortage (resulting in the constructibthe so-called ‘Waikato pipeline’), and
ongoing traffic congestion (leading to substaribahl and central government expenditure on
roading projects).



= Demand for new infrastructure This includes demands for power stations,
transportation networRs social and community services (i.e. hospitals,
schools, libraries, museums, recreational facdH)tie open space (i.e.
neighbourhood reserves, parklands and sports gspuadid additional
housing*®

= Structural mix of the economyCommunity, social and personal services play
a more significant role in the Auckland Region emoy than elsewhere in
New Zealand. It can be argued that this role mayekacerbated through
growth in population based services such as health education. Export
education, for example, has over recent years be@substantial industry in

the Auckland Region economy.

In Figure 2, the ARDEEM population module is shoas a Vensifi system
dynamics influence diagram. Note how the age-s#oxt structure of the model is
captured using Vensinfsarray functionality, rather than by building mplé

population stocks with inflows and outflows for baage-sex cohort.

% Household trends in car ownership and energy copsan during the 1990s have
exacerbated these demands by growing at ratesastibdly higher than the population
growth rate (Auckland Regional Council, 1999).

* The average home occupancy rate in Auckland Relgianbeen steadily rising (Statistics
New Zealand, 1998; Auckland Region Council, 1998)though this trend may to some
extent dampen the demand for additional housing, iitsufficient to offset the likelihood of
substantial future housing requirements. By cattthe New Zealand home occupancy rate
has been steadily declining.

® Over the last two decades Auckland Region tefatdocal authorities, supported by the
Auckland Regional Council, have through initiativesh as the Auckland Regional Growth
Forum advocated a more compact urban form, reguitingreater numbers of apartments,
terraced housing and infill housing. Although terfor traditional housing have persisted,
there has been a significant increase in highesiteliving.
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The population module

equations*

Stocks

Population, (t + dt)

where:

Initial Population, s

Inflows

births, s

share exiting cohort

net migration flux < 45 yr=s tot pop

pop pyramid pop by sex

tot pop

Population Module Influence Diagram

may be described using thkowong mathematical

= Population, (t) + (births,s + net migration s + into

cohort,s — deathgs — out of cohorf) X% dt. As

measured in number of people.

=initial popa,sfor the 1998 base year (no. people).

= > ((Population (t) x fertility rate,s/ 1000 X

sex at birtly) " As measured in number of people.

® It is important to note that variables are definaty once, at first use, to avoid unnecessary

duplication



where:

fertility rate, s

fr const, s

fr xcoeff, s

sex at birth

net migration s

where:

net migration flux

<45 yrs tot pop

= (fr xcoeff,s X LN((t) — 1971)) +fr const s Fertility
rate per thousand population in the age-sex coldirt.
male cohorts are set to zero.

= the constant of a logarithmic time series regjoes
equation describing the Auckland Region fertilipter
of a particular age-sex cohort between 1971 an®.200
If s = male therfr consfsis set to zero. Similarlyfy
const, s for females a<9 and a>=50 is set to zero.

= the ‘X’ coefficient of a logarithmic time series
regression equation describing the Auckland Region
fertility rate of a particular age-sex cohort betwel 971
and 2000. Once again,df= male, ors = female and
<10 ora >= 50 years, thefr xcoeff, sis set to zero.

= shares of sex at birth. It is assumed thatiliked of

a male or female being born is the same, i.e. 0.5.

= net migration fluxx (Population,(t) / < 45 yrs tot
pop

= a time series of annual net migration into/from
Auckland Region. These estimates are taken djrectl
from Statistics New Zealand’s (2004) sub-national

population projections (medium series).

40 to 44 yrs

= > > (Populations (t)). Total population

a=0to4yrss=f m

under 45 years of age.

7

Za,s( Population, {t)).

Double summations, such ai Z (Population (t)), are summarised here as

a s=sf,m

8 Linear and logarithmic time series regressionauitised throughout this Report to account
for the changing nature of exogenous variablese ptos and cons of using time series
regression in this way are given in the Appendices.



into cohort, s

Outflows

deathgs

where:

mortality rate s

mr cons{ s

mr xcoeff s

out of cohorf s

where:

share exiting cohort

= out of cohorfs If a represents the 5 to 9 age cohort
then it is assumed that one fifth of the 0 to 4 egfeort
moves into the 5 to 9 age cohort each year. Alaimi
pattern applies to other age cohorts. As measured

number of people.

= Population {t) x(mortality rate,s / 1000). As

measured in number of people.

= (mr xcoeff s x LN((t) — 1971)) +nr const s Mortality
rate per thousand by age-sex cohort.

= the constant of a linear or logarithmic timeieser
regression equation describing the mortality ratea o
particular age-sex cohort between 1971 and 1995.

= the ‘X’ coefficient of a linear or logarithmidnte
series regression equation describing the mortedity
of a particular age-sex cohort between 1971 an&.199

= Population, (t) x share exiting cohort.As measured

in number of people.

= the share of population in each age-sex cohitihg

the cohort in each full time step. It is assunteat the
number of people in each year of age in a cohatids
same i.e. one fifth of the age cohort moves ineortbxt

cohort each year.



Reporting variables

pop by sex = Z(Populatiorg,s(t)). Total population by sex (no. of
people).

tot births =Y (births,9. Total births (no. of people).

tot deaths =Y (deathgy. Total deaths (no. of people).

tot net migration = Zas(net migration 9). Total net migration (no. of
people).

tot pop = ZaS(Populatiorg,s(t)). Total population (no. of
people).

pop pyrami@ g s = Population 1, 4 s+ Population; 1, 9s Total population

for the 0 to 9 age cohort by sex for reporting in a
population pyramid. Other population pyramid agg-s

cohorts were calculated in an analogous mannerafno.

people).

The reliance on time series regression to determenility and mortality rates
represents an attempt to use statistical technitpueapture trends in these rates over
the last thirty years. Modellers such as Boumetral (2002), Jollandst al (2005),
and Jolland®t al (2007) have also used this approach in their flinde It is very
important to note, however, that time series regoes cannot predict the future.
Fertility and mortality rates, for example, may ofa due to unforeseen factors such
as a tightening of immigration policy, politicalsitability, economic depression, the
spread of disease, natural disasters, one-offtheale advancements, war and so on.
Being able to directly change exogenous variableh @s fertility rates is therefore

essential for simulation of Auckland Region’s eowviment-economy system.

? ‘Curve fitting’ approaches have also been extazigiused by the Resource Futures Group
at the CSIRO in Canberra. This group, led by DmBg Foran, has developed the Australian
Stocks and Flows Model (ASFM) to simulate the reseuequirements necessary to sustain
the Australian economy to 2100 under particulaicgadriven scenarios.

10



4. Labour Force Module

In this Section the labour force dynamics of theDEEM model are developed. The
labour force module consists of no stocks or flost only of converters which
transform the population module estimates intoltatailable labour force (> 15
years of age), adjust these estimates for unemm@oyno derive FTE employment
and, in turn, distribute this employment to econoimdustries. The employment by
industry estimates are a critical factor input inb@ economic growth module of
Section 5. The Vensifhsystem dynamics influence diagram for the labaucd

module is depicted in Figure 3. The mathematiaheimodule is given below:

O

=Times
ehid const s

ehid xeoeff  emp by ind distrib

=Time=

unemp rate

emp by sex

unemp by sex tot Iabnur:%

labour force

=Population>

tot unemp labour force by sex

=Time=
Ifpr base year

lab force part rate

Ifpr xcoeff Ifpr const

Figure 3 Labour Force Module Influence Diagram
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Converters

lab force part ratgs

where:

Ifpr base yeafs

Ifpr const, s

Ifpr xcoeff, s

labour force s

emp,s

where:

unemp ratgs

unemp s

= (Ifpr xcoeffs X LN((t) — Ifpr base yeary) + Ifpr
conshs Labour force participation rates for those under

15 years of age are set to zero. Units are pecguelp.

= the base year of a logarithmic time series 1&sjon
equation describing labour force participation of a
particular age-sex cohort. A 1986 base year was us
for a< 60, and a 1993 base year &or= 60.

= the constant of a logarithmic time series regs
equation describing labour force participation of a
particular age-sex cohort from the base year.

= the ‘X’ coefficient of a logarithmic time series
regression  equation  describing labour  force
participation of a particular age-sex cohort frohe t
base year.

= Population {t) % lab force part ratgs Available
labour force (subset of population), measured ik fu
time equivalents (FTES).

= labour forcg s % (1 —unemp ratgy). As measured in
FTEs.

= a time-series of annual unemployment rates fewN
Zealand as taken from Statistics New Zealand. s It i
assumed that Auckland Region unemployment rates in
each age-sex cohort are similar to those of theomat
Post-2005 unemployment rates for each age-sex tcohor
were derived using a moving average of the prege@in
years.

= labour forcgs x unemp ratgs As measured in
FTEs.

12



emp by ind

where:
emp by ind distrip
ebid const

ebid xcoeff

Reporting variables

labour force by sex

tot unemp

unemp by sex

tot labour force

emp by sex

tot emp

80 yrs and over
= > > (emps) x emp by ind distrip As

a=0todyrs s=f m

measured in FTES.

= (ebid xcoeffx LN((t) — 1987)) +ebid const

= the constant of a logarithmic time series regs
equation describing the distribution of employment
(FTEs) across economic industries between 1987 and
2003.

= the ‘X’ coefficient of a logarithmic time series
regression equation describing the distribution of
employment (FTEs) across economic industries
between 1987 and 2003.

80 yrs and over

= Z (labour force . Total labour force by sex

a=15to 19 yrs

(FTESs).

80 yrs and over
= > > (unempg.  Total unemployment
a=15to 19 yrss= f m

(FTESs).

80 yrs and over

= Z (unempgy. Total unemployment by sex
a=15to 19 yrs

(FTES).

80 yrs and over
= > > (totlabour forcgg. Total labour force

a=15t0 19 yrss=f m

(FTES).

80 yrs and over
= z (emp,9. Total employment by sex (FTES).

a=15to 19 yrs

80 yrs and over
= > > (empy. Total employment (FTEs).

a=15t0 19 yrss= f m

13



5. Growth Module

In this Section a growth model for ARDEEM is dey&#d. The model builds on the
economic growth theories critiqued in McDonald (2P0 Although several

alternative growth models were operationalised tsted using hypothetical data, a
severe paucity of actual ddfh,along with time constraints, prohibited fuller
implementations. One or two of these alternato@dd arguably be considered to be
more conceptually appealing than the actual maou@lemented below. One such
alternative, an endogenous growth model, is depicteAppendix A using a Vensifh

system dynamics influence diagram.

At the core of the ARDEEM growth model is a prodostfunction controlling the

estimation of future output by industry within tAeickland Region economy (Figure
4). The production function comprises factor irgp@thanufactured capital, natural
capital, labour, domestic commodity use, commodityports, and technological
change), which are determined through a numberyon&hic feedback loops. The

factor inputs and their loops are considered furbieow:

= Capital This represents the stock of manufactured dagitavering
intangible assets, plant and machinery, transpoquipenent, other
construction, non-residential buildings, and resige buildings) utilised in
producing economic output in the economy. Caystatk estimates for the
base year were derived by scaling down nationameasts to the Auckland
Region based on FTE employméht.The national estimates were obtained
from Statistics New Zealand (2000). Capital forimatdepends on economic
output and an exogenously set investment rate,ewtalpital depreciation
depends on the size of the capital stock and agesausly set depreciation

rate. Capital investment and depreciation ratee wieveloped by applying

19 An alternative engine based on endogenous grdweibry, for example, required estimates
of knowledge stocks, knowledge creation/duplicataes, and so on for the modelling of the
‘stepping on toes’ and ‘standing on the shouldéigiants’ technological spillover effects. A

further complication, relevant to this example, was necessity to build not only dynamics
for knowledge creation occurring within the AuckdaRegion, but also for the rest of the
world.

It is assumed that the mix of capital used by eaatker is spatially invariant across New
Zealand. Comment on validity of this assumption.

14



regression analysis to national time series obthifrem Statistics New

Zealand’s INFOS database httfp://www.stats.govt.nz/products-and-

services/infos/default.htin  Again, future patterns of investment and
depreciation may not follow past trends. Furtheemeapital investment and
the production of economic output are interdependactivities. The
economic output of an industry includes wage, saland dividend payments
made to employees, which in turn, provides the foelfurther investment.
Data constraints prohibited the explicit modellafghis feedback?

= Labour. Labour inputs are included in ARDEEM through #mstimation of
the number of human hours worked annually in eawtustry. These
estimates were generated by multiplying for eactustry employment
estimates by occupation (FTES), by the number aoirddypically worked in
each week within each occupation (hours), and #oating these to produce
annual estimates. Measurement in human-hours atcdar productivity
changes brought about by working more hours per. ddabour factor
payments (i.e. wages and salaries) also play &aritole in ARDEEM,
through namely: (1) investment in the formation calpital — as discussed
above; and (2) commodity consumption — as capturéde positive feedback
between the Economic and Growth modules involvireuse variable.

= Commodity use The criticality of minor factor inputs in genéray an
industry’s output along with path dependenciescagtured in the model by
consideration of commodities used in intermediatasamption. Currently
commodity inputs in ARDEEM are only considered iggeegate; it is
envisaged that future versions of the model withsider more carefully the
role played at a detailed commodity level.

= Commodity imports Commodity imports are essential to the Auckland
Region economy (refer to McDonald (2004a, 2005, 80@r further
details)™®* Auckland Region’s traditional role in import stibgtion has been

12 Separation of domestic and foreign capital investinat a disaggregated sectoral level was
the main constraint.

3 This critical dependence has been further invesgigiby the author and Professor Le Heron
of the School of Geography and Environmental Sa@eatdJniversity of Auckland. Based on
an analysis of changes in Auckland Region valueeddohd employment multipliers between
1987 and 2003 it was found that economic interddpecies between industries had
substantially weakened, while a compensatory grawthade, particularly with neighbouring
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identified elsewhere, as was the increasing trgaenoess of the economy;
particularly for light manufacturing industries.f lbcal supply is unable to
satisfy local demand for a particular commoditysitlikely that the market
response will be to import this commodity. Furthere, if a locally provided
non-renewable resource becomes scarce, and caasibyt lee substituted for,
then importation of the resource will be criticar fcontinued economic
activity. Allowing for the possible simulation cfubstitution of domestic
commodities for imported equivalents is therefavasidered paramount. It is
envisaged that in future versions of ARDEEM consatien will also be given
to the demand for exports occurring elsewhere.

Technology index This stock represents technological change twe via
the positive feedback loop between tliechnology Indgxstock and the
technology formatign flow. The formation rate is controlled by the
exogenously determinetechnology rate The technology rate for each
industry was set equal to the 1998-2002 geomatnca average total factor
productivity (TFP) rate as obtained from Blagkal. (2003). Since the TFP
covers all factor inputs the technology index mastgment the entire
production function. It should be noted that itleandustry’s TFP is set to
zero then the reporting variablesitput per workgrand capital per worker
will tend toward a steady-state over the long tdren there will be no
productivity growth and the growth rate of the Alasid Region economy wiill
simply mirror the population growth rate. Agaihjd important to note that
future trends in TFP may not reflect historicahtis.

Elasticities® of output with respect to factor inpu@, b, g, andd;). These
elasticities were estimated by taking a 1987 to320@e series of the logs of
the factor inputs (i.eCapital, emp by ind use, andimports) and performing
a constrained regression such that the coefficiehthe dependent variables
of the regression equation (i&, b, g, andd)) summed to 1, i.e. exhibited
constant returns to scale. This approach is comymased by economists to

derive the elasticities of factor inputs with res® output. It is important to

regions and Australia, had eventuated. Given kbleadjsation of international markets this is
perhaps not surprising.

1 Elasticities measure the responsiveness of oupat thange in a factor of production.
Coefficientsa;, by, g, andd, can be interpreted as the percentage point changgput from a
one percentage point change in the relevant factproduction
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note that the regression analysis is used onlystabésh the initial values of
a, bi, g, andd, i.e. it does not in any way mean that these ieltss will

remain the same over the next 30-70 years. Funthver, no assumptions
have been made as to how one factor input mayitutlesfor another; instead

these may be tested explicitly under various sitmnis.

=tot emp=
tot capital perwober
=Time= =Time>

O

tot zapital initial capital

drxcoeff dr const

irzcoeff ir const
tot cap form tot cap dep

imvestment rate depreciation rate

= i Capital
capital formation

iy
capital depreciation

Zimportsr
tot output b Y = USES capital perwaer
<tot emp® <emp by ind=
tot output perwadier
d autpu autput perveater
@ g
technologmr____—___ T chnology
IC:)\ iy : - Inde:
technolagy farmation
Figure 4 Growth Module Influence Diagram
Capital Stock
Capital (t + dt) = Capitak(t) + (capital formation - capital

depreciatio) x dt. The total available manufactured

capital stock ($ mify utilised by industry.

where:

Initial Capital = initial capital, ($ mil) for the 1998 base year.
Inflows

capital formation = output x investment rate As measured in $ mil.
where:

15 All financial values are in $1995 unless statdeowise.
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investment rate
where:

ir xoceff

ir const

output

where:

bi

Ui

d

IMPOrtSmp,

use

Outflows

capital depreciation

where:

depreciation rate

where:

(ir xcoeff x LN((t) — 1987)) +r const

the X’ coefficient of a linear or logarithmidnte
series regression equation describing the rateapital
investment by industrybetween 1987 and 2003.

= the constant of a linear or logarithmic timeisgr
regression equation describing the rate of capital

investment by industrybetween 1987 and 2003.

=. (Technology Indeft) x Capitak(t)* x emp by

ind;)® x Zn: (importsmi)gi xzn:(useg’i)d‘ . A production
imp=1 c=1

function estimating total output ($ mil) in eacldirstry

i. The production function assumes constant rettons

scale (i.ea + b +g +di =1).

= the elasticity of output with respect to capitéilised
by industryi.

= the elasticity of output with respect to empl&mh
utilised by industry.

= the elasticity of output with respect to totalports
utilised by industry.

= the elasticity of output with respect to total
intermediate commodity use by industry

= total imports ($ mil) used by industiy

= total commodities ($ mil) used by industry

= Capital(t) x depreciation rate As measured in $

mil.

=dr xcoeffx LN((t) — 1972) +dr const

18



dr xcoeff

dr const

Technology Index Stock

Technology IndexXt + dt)

where:

Initial Technology Index

Inflows

technology formation

where:

technology rate

Reporting variables

tot cap form

tot cap dep

= the X’ coefficient of a linear or logarithmiante
series regression equation describing the rateapita
depreciation by industriybetween 1972 and 2003.

= the constant of a linear or logarithmic timeieser
regression equation describing the rate of capital

depreciation by industriybetween 1972 and 2003.

= Technology Indef) + (technology formatioh x dt

=1 for the 1998 base year.

= Technology Indeft) x technology rate

= the geometric rate of annual technological cleafiog

industry i. Black et al. (2003) have estimated total
factor productivity by industry in the New Zealand
economy over the period 1988 to 2002. These estsna
are used here as a proxy for the rate of technodbgi

change in the Auckland Region economy.

= Z(capital formation). Total capital formation ($
i=1

mil).
= Z(capital depreciation) . Total capital depreciation
i=1

($ mil).
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tot capital

tot capital per worker

tot output per worker

tot output

capital per worker

output per worker

= i(Capitat(t)). Total capital ($ mil).

i=1
= tot capital/ tot emp(as long agot empis non-zero,
otherwise 0). As measured in $ mil.
= tot output/ tot emp(as long agot empis non-zero,
otherwise 0). As measured in $ mil.

= i(output). Total output ($ mil).
i=1

= Capitak(t) / emp by ind(as long aemp by indis
non-zero, otherwise 0). Total capital ($ mil) bdiistry
i

= output / emp by ind(as long aemp by indis non-

zero, otherwise 0). Total output ($ mil) by indyst
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6. Economic Module

The economic module consists of a commodity-by-stiduinput-output economic
system. This module describes the circular flowcommodities supplied both
domestically and internationally, and their cori@sging use and final consumption
(Figure 5). The module is linked with the growthodule through a number of
positive (reinforcing) feedbacks. On the one hahgyovides key inputs into the
growth module by generating estimates of (1) comitgachports required to satisfy
both intermediate and final demand, and (2) inteliate demand commodity use. On
the other hand, it utilises estimates of output eagital formation in the calculation
of the interregional exports, international expaatsd other final demands (capital

formation).

There are several key features of the economic feod&irst, utilising the input-
output model allows the interrelationships betwestonomic industries to be
simulated over time. If, for example, householdastime more dairy products, then
the model would simulate not only a resultant iaseein dairy product manufacture,
but also an increase in dairy cattle farmthg.Second, the input-output model is
created in a commodity-by-industry format whichaets joint production. Although
data constraints will typically restrict the simtiben to less than 50 industries, the
number of commodities will be far less restrictdte supply and use of hundreds of
commodities could be simulated without difficultyfhird, this detailed consideration
of industries and their commodities potentially lediea the unique role played by
manufacturing in capital formation to be directhcorporated in the growth module
production function. It also permits considerat@nminor, but limiting or critical
commodity factor inputs, to be incorporated in greduction function. Fourth, the
adoption of a financial commodity-by-industry fram@k ensures comparability and
the straightforward translation into physical e@lénts (see Section 7 below).

'® These relationships are evaluated at each tineveithin the model. It should be noted,
however, that the input mix of commodities (i.erghase pattern) utilised by each industry is
assumed to remain constant over time. A more cem@pplementation of the model would
allow this mix to change over time. Duchin and I18z{1985) and Leontief and Duchin
(1986) have, for example, performed time seriesressijon on input-output technical
coefficients to assess the future impact of autmmabn workers. This approach, while
beyond the scope of this report, provides a pasgathway for the future development of the
economic module.
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Finally, the commodity-by-industry format permiteetcomputation of economic and
ecological multipliers (and by corollary ecologiclotprints) at each time step.
Overall, the economic module combines the detasi@hmodity-by-industry input-
output data with the flexibility of dynamic simuila.

o §
initiakpop init final demand

hhld cons per capita init fd coeffs

=tot pop=

<tot output>
-l———=capital formation=

tot final demand final

intreg exp to go

ator const
intnat exp to go

ator xeoetff

- O 0

use growth scalars init use

=Timex

diag B less use inw

diag B less use

-

o)

Usze
- Commedities |_ Ao
use

O

init supply cnvrsn to ind sp imports diag B
com gro h;m{//—f_\

iy

form of com far use

—

- Supply bl - Q
) Commodities _____ﬂ__—'/—"t
form of com for supphy supply

O’

output chedd

output bY ind init imports gross com inputs B

-0

Commodity

Imports I

imp of com

o

form of com far imp
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HE8 tot walue added

wvalue added

Zemp by ind=

labour productivity capital productivity <0 apitas

Figure 5 Economic Module Influence Diagram

Use Commodities Stock

Use Commodities (t + dt) =Use Commoditieg(t) + (form of com for usg—use )

x dt. As measured in $ mil.

where:

Initial Use Commodities  =init use; ($ mil) for the 1998 base year.
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Inflow

form of com for usg

where:

use growth scalags

diag B less use igy
diag B less use
diag B,

gross com inputs B

tot final demang

final demandnniacons

final deman@lopD

final demaantRegExp

final demand inatexp

intnat exp to go

etor const

etor xcoeff

intreg exp to go

=useg; X use growth scalars As measured in $ mil.

= diag Blessuseinyx tot final demayc

= INVERT MATRIX(diag B less usg?3)

=diag B j—use;

= gross com inputs As measured in $ mil.

= > (supplye) + > (imp of comypd. Total gross
i=1 imp=1

commodity inputs ($ mil).

= > (final demangy). Total final demand ($ mil) by
f=1

commodityc.

= hhld cons per capitax tot pop. As measured in $

mil.

= init fd coeffgorp X Zn:(capital formatior). As
i=1

measured in $ mil.

= init fd coeffg nregexp* toOt OUtputx intreg exp to go

As measured in $ mil.

= init fd coeffg inmatexp X tot outputx intnat exp to go

As measured in $ mil.

= (etor xcoeffx LN((t) — 1987)) +etor const

= the constant of a logarithmic time series regjoes

equation describing the ratio of international expao

gross output between 1987 and 2003.

= the ‘X’ coefficient of a logarithmic time series

regression equation describing the ratio of inteomal

exports to gross output between 1987 and 2003.

= the ratio of interregional exports to gross otfor

the 1998 year.
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init fd coeffg; =init final demand; / Z(init final demandy)

c=1
init final demand; = final demand consumption by commodityacross

final demand for the 1998 base year ($ mil).

hhlds cons per capita = init final demand pnigcons/ Zas(initial popay. AS

measured in $ mil.

Outflow
use, = Use Commodities(t). As measured in $ mil.
n
iMpPOrtSmpsii =Y cnvrsntoind s, X USE
=1
cnvsrn to ind Spps ¢ = a matrix for converting imports from commodity t

industry space for the 1998 base year. This matag
derived from the Market Economics Ltd Auckland
Region input-output model (for technical detailierdo
McDonald (2008)).

Supply Commodities Stock

Supply Commoditigs(t + dt) = Supply Commoditiggt) + (form of com for supply
—supplyc) x dt. As measured in $ mil.
where:

Initial Supply Commoditigs = init supply for the 1998 base year ($ mil).

Inflow

form of com for supply = supply. xcom growth scalags As measured in $
mil.

where:

com growth scalats = use growth scalars

Outflow

supplyc = Supply Commoditiegt). As measured in $ mil.
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Commodity Imports Stock

Commodity Importgp ¢ (t + dt) = Commodity Importsp {t) + (form of com for

iIMPimp,c—imMp of comp,d x dt. As measured in $ mil.

where:

Initial Commaodity Importsp ¢ = init importsmp ¢ for the 1998 base year ($ mil).

Inflow

form of com for imgy, ¢ = imp of comnpc*x com growth scalags As measured
in $ mil.

Outflow

imp of CoMnp,c = Commodity Imporisp {t). As measured in $ mil.

Reporting variables

output check - Zic(form of com for supply). Total output check
($ mil).

output by ingd = Z(form of com for supply). Total output by

o1
industryi ($ mil).

value added = output by ingd— Zn:(usg,i). Total value added by

=

industryi ($ mil).

tot value added = Zn:(value addeg. Total value added ($ mil).

i=1

labour productivity = value added/ emp by ind(as long aemp by indis

non-zero, otherwise O0). Labour productivity as

measured in $ mil.
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capital productivity = value added/ Capitalk(t) (as long asCapital(t) is
non-zero, otherwise O0). Capital productivity as

measured in $ mil.
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7. Economic Physical Flow Module

The economic physical flow module is the physiagliealent of the economic flow
module. It describes the Auckland Region economphysical (mass) flow terms,
including commodity supply, use, imports and expaffigure 6). The module
focuses purely on the within economy physical flowd=inancial estimates of
commodity supply, use, imports, and exports arevedad to physical equivalents
based on price ($ per tonne) and physical proditgtindices that allow for
technological improvementé. The module utilises within economy data from
Market Economics Ltd’s financial and physical ifoutput models (for technical
details refer to McDonald (2008)).

"1t is assumed that these technological improvesieotur at a constant compounding rate.
This simplifying assumption has been adopted to aestnate how technological change
might be incorporated within ARDEEM, but is congel® questionable given long-run

thermodynamic constraints.
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Figure 6 Economic Physical Flow Influence Diagram
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phws exp & fd
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Domestic Use Physical productivity Index Stock

Domestic Use Physical productivity Inde# + dt) = Domestic Use  Physical
productivity Indey;(t) + (form of eco-
efficient tech for dom ugg x dt

where:

Initial Domestic Use Physical productivity Index= 1 for the 1998 base year.

Inflow

form of eco-efficient tech for dom yse = Domestic Use Physical productivity
Index i(t) x eco-eff dom use imprv rate

eco-eff dom use imprv rate = the rate of physical productivity
improvements in domestic use of
commodityc by industryi. This rate is
assumed to compound over time through

technological chang¥.

phys usg = ((Use Commoditieg(t) x 1000000) /
init dom use pricg) x Domestic Use
Physical productivity Index(t)) (as long
as init dom use pricg is non-zero,
otherwise 0). As measured in tonnes.

init dom use pricg = the 1998 $ per tonne price used to
convert the domestic use of commodity
by industryi, as recorded in financial

terms, into a physical equivalent.

8 This simplifying assumption has been adopted tonafetrate how eco-efficiency
improvements might be included within ARDEEM, bst ¢onsidered questionable given
long-run thermodynamic limits to technological chan This assumption also applies to the
following variables within this moduleeco-eff dom supply imprv rateeco-eff imp imprv
ratemp, andeco-eff exp & fd imprv rate
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Domestic Supply Physical productivity Index Stock

Domestic Supply Physical productivity Ingeft + dt) = Domestic  Supply
Physical productivity Index(t) + (form

of eco-efficient tech for dom supplyx

dt
Initial Domestic Supply Physical productivity Index = 1 for the 1998 base
year.
Inflow

form of eco-efficient tech for dom supply = Domestic Supply Physical productivity
Index(t) x eco-eff dom supply imprv
rate ¢

eco-eff dom supply imprv rate = the rate of physical productivity
improvements in domestic supply of

commodityc by industryi.

phys supphy = ((Supply Commoditiggt) x 1000000)
/ init dom supply pricg) x Domestic
Supply Physical productivity Indeg))
(as long asinit dom supply price is
non-zero, otherwise 0). As measured in
tonnes.

init dom supply price = the 1998 $ per tonne price used to
convert the domestic supply of
commodityc by industryi, as recorded
in financial terms, into a physical

equivalent.
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Import Physical productivity Index Stock

Import Physical productivity Indep,c (t + dt) = Import Physical productivity
Indexmp,{t) + (form of eco-efficient tech

for importsmp,g x dt

Initial Import Physical productivity Index, =1 for the 1998 base year.
Inflow
form of eco-efficient tech for impostsc =  Import  Physical  productivity

IndeXmp,{t) x eco-eff imp imprv ratgp ¢
eco-eff imp imprv ratgp c = the rate of physical productivity

improvements in imported commodity

phys impnp,.c = ((Commodity Imporigydt) X
1000000) /init imp pricgmp,d X Import
Eco-efficiecy Indexp {t)) (as long asit
IMmp pricémp,c IS non-zero, otherwise 0).
As measured in tonnes.

init imp pric@mp,c = the 1998 $ per tonne price used to
convert the commodityc imports by
industryi, as recorded in financial terms,

into a physical equivalent.
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Export & Final Demand Physical productivity Index Stock

Export & Final Demand Physical productivity Indext + dt) = Export & Final

Demand Physical productivity Indeft)
+ (form of eco-efficient tech for exports

& final demand;) x dt

Initial Export & Final Demand Physical productivitgdex s = 1 for the 1998 base

year.

Inflow

form of eco-efficient tech for exports & final damg = Export & Final Demand

eco-eff exp & fd imprv rate

phys exp & fels

init exp & fd price;

32

Physical productivity Indext) x eco-eff
exp & fd imprv ratgs

= the rate of physical productivity
improvements in commoditg destined

for final demand categofy

= IF THEN ELSE(nit exp & fd price ;=

0, 0, (final demand; x 1000000) /init
exp & fd pricey) x Export & Final
Demand Physical productivity
Index {t)). As measured in tonnes.

= the 1998 $ per tonne price used to
convert the commoditg used by final
demand categoryf, as recorded in
financial terms, into a physical

equivalent.



Reporting variables

tot phys use

tot phys use by cam

tot phys supply

tot phys supply by cam

tot phys imp

tot phys imp by com

tot phys exp & fd

tot phys exp & fd by cam
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= Zci(phys usg). The total physical

use of commodities within the economy

(tonnes).

= > (phys usg). The total physical use
i=1

of commodity ¢ within the economy

(tonnes).

= Y (phys supply). The total

physical supply of commodities within

the economy (tonnes).

= > (phys supply). The total physical
i=1

supply of commodity ¢ within the

economy (tonnes).
= Zimpc(phys impnp.d.  The total

physical imports from other economies

(tonnes).

= z (phys impnp,9. The total physical
imp=1

import of commodity ¢ from other

economies (tonnes).

= > _.(phys exp & fd). The total

physical exports to other economies plus
domestic final consumption (tonnes).
= > (phys exp & fd). The total
f=1
physical export and final consumption of

commodityc (tonnes).



8. Environment-Economy Physical Flow Module

This module describes the physical flow of raw miate and residuals associated
with economic activity in the Auckland Region (Figu7). The module focuses on
the physical flow of ecological commodities crogsithe environment-economy
system boundary. This is largely made up of plysitows of commodities not
conventionally measured in economic markets. Thdule, like the economic
physical flow module, draws on estimates of outpytindustry generated by the
growth module, exogenous estimates of raw matesalresidual generation per $
output (as generated from Market Economics Ltdgspial input-output table), and
indices of improvements in physical productivityo establish the physical flow of

raw material and residuals.

9t is assumed that these technological improveseotur at a constant compounding rate.
This simplifying assumption has been adopted to aestnate how technological change
might be incorporated within ARDEEM, but is congel® questionable given long-run

thermodynamic constraints.
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Figure 7 Environment-Economy Physical Flow Influene Diagram



Raw Material Inputs Physical productivity Index Stock

Raw Material Inputs Physical productivity Inggxt + dt) = Raw Material Inputs

where:

Physical productivity Index(t) + (form of
eco-eff tech for rmy}) x dt

Initial Raw Material Inputs Physical productivity Inggx 1 for the 1998 base year.

Inflow

form of eco-eff tech for ripy

eco-eff rmi imprv ratg,

rmi for inGry

init rmi coeffen ;

rmi for fdm s

init rmi for fd coeffgy ¢

= Raw Material Inputs Physical productivity
Indexn(t) x eco-eff rmi imprv ratg,

= the rate of physical productivity
improvements in the use of raw material
inputrm. This rate is assumed to compound

over time through technological charfde.

= init rmi coeffgy; x output by ingdx Raw
Material Inputs Physical productivity
Indexm(t). As measured in tonnes.

= the 1998 physical input of raw matenial
(tonnes) required to produce $ of output in

industryi.

= init rmi for fd coeffg,; x fin dem by catx
Raw Material Inputs Physical productivity
Indexn(t). As measured in tonnes.

= the 1998 physical input of raw matenial
(tonnes) required for consumption of $ of
output in final demand categoty

% This simplifying assumption has been adopted tonarestrate how eco-efficiency
improvements might be included within ARDEEM, bst ¢onsidered questionable given
long-run thermodynamic limits to technological chan This assumption also applies to the
following variables within this modulesco-eff rmo imprv ratg, form of eco-eff tech for ri

andeco-eff ro imprv rate
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fin dem by cat = Z(final demand;). Total final demand

c=1

by categoryf ($ mil).
Raw Material Outputs Physical productivity Index Stock

Raw Material Outputs Physical productivity Inggxt + dt) = Raw Material Outputs
Physical productivity Index(t) + (form of
eco-eff tech for rmg) x dt

where:

Initial Material Outputs Physical productivity Indg = 1 for the 1998 base year.

Inflow

form of eco-eff tech for rme = Raw Material Outputs Physical
productivity Index, x eco-eff rmo imprv
ratem(t)

eco-eff rmo imprv ratg = the rate of physical productivity
improvements in the supply of raw material
outputrm.

rmo for ind m = init rmo coeffgy, % output by ingdx Raw
Material Outputs Physical productivity
Indexm(t). As measured in tonnes.

init rmo coeffgm = the 1998 physical output of raw material
rm (tonnes) generated in producing $ of
output in industry.

rmo for fd = init rmo for fd coeffgm x fin dem by catx

Raw Material Outputs Physical productivity
Indexm(t). As measured in tonnes.
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init rmo for fd coeffgm = the 1998 physical output of raw material
rm (tonnes) generated in consuming $ of

output in final demand categoty

Residual Inputs Physical productivity Index Stock

Residual Inputs Physical productivity Indet + dt) = Residual Inputs Physical
productivity Indext) + (form of eco-eff tech
for ri;) x dt

where:

Initial Residual Inputs Physical productivity Index1 for the 1998 base year.

Inflow

form of eco-eff tech for ri = Residual Inputs Physical productivity
Index(t) x eco-eff ri imprv rate

eco-eff ri imprv rate = the rate of physical productivity
improvements in the use of residual input

ri for ind;; = init ri coeffs; x output by ingx Residual
Inputs Physical productivity Indg¥). As
measured in $ mil.

init ri coeffs; = the 1998 physical input of residual
(tonnes) required to produce $ of output in
industryi.

ri for fd, s = init ri for fd coeffs; x fin dem by catx
Residual Inputs Physical productivity
Index(t). As measured in tonnes.

init ri for fd coeffs¢ = the 1998 physical input of residual

(tonnes) required for consumption of $ of

output in final demand categoty
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Residual Outputs Physical productivity Index Stock

Residual Outputs Physical productivity Indéx+ dt) = Residual  Outputs
Physical productivity Indef) + (form of
eco-eff tech for rg x dt

where:

Initial Residual Outputs Physical productivity Inde 1 for the 1998 base year.

Inflow

form of eco-eff tech for ro = Residual Outputs Physical productivity
Index(t) x eco-eff ro imprv rate

eco-eff ro imprv rate = the rate of physical productivity
improvements in the supply of residual
outputr.

ro for ind , = init ro coeffg, x output by ingdx Residual
Outputs Physical productivity Indé®. As
measured in tonnes.

init ro coeffs;, = the 1998 physical output of residual
(tonnes) generated in producing $ of output
in industryi.

ro for fck, = init ro for fd coeffg, x fin dem by catx
Residual Outputs Physical productivity
Index(t). As measured in tonnes.

init ro for fd coeffs = the 1998 physical output of residual

(tonnes) generated in consuming $ of output
in final demand categoify
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Reporting variables

tot rmi by rmm,

tot rmo by rmy,

totri by r;

tot ro by

tot rmi by ind

tot rmi by fd

tot rmo for fd

tot rmo by ing

= i(rmi for foms) + i(rmi for indm,).
f=1 i=1

Total physical input of raw materialm

(tonnes) into the economy.
= > (rmo for fdm) + D _(rmo for indm).
f=1 i=1

Total physical output of raw materiam

(tonnes) from the economy.

= > (ri for fdr) + > (ri for indy;). Total
f=1 i=1

physical input of residual (tonnes) into the

economy.
= Y (ro for fdk,) + D (ro for ind,). Total
f=1 i=1

physical output of residual (tonnes) from

the economy.

= Z (rmi for indn, ;). Total physical input
rm=1

of raw materials into industry(tonnes).

= Z (rmi for fdkm). Total physical input of
rm=1

raw materials into final demand categdry

(tonnes).

= z (rmo for fd,m). Total physical output
rm=1

of raw materials from final demand category

f (tonnes).

= Z (rmo for indm). Total physical output
rm=1

of raw materials from industiiy(tonnes).
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tot ri for ind

tot ri for fok

tot ro for fd

tot ro for ind

= Z(ri for ind,;). Total physical input of

r=1

residuals into industri(tonnes).
= > (ri for fd;s). Total physical input of
=1

residuals into final demand categorly

(tonnes).

= > (ro for fc,). Total physical output of
r=1

residuals from final demand category

(tonnes).

= Z(ro for ind,). Total physical output of
r=1

residuals from industri(tonnes).
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9. Validation and Verification of ARDEEM

Several steps were undertaken during the modgplingess to ensure that the results
generated by ARDEEM were as valid as possible. s@hee considered below in

terms of structural and predictive validity.

9.1 Structural Validity of ARDEEM

Structural validity refers to the logic, consistgrand accuracy of the model’s internal
structure i.e. its equations, interrelationshipad aunits of measurement. The

structural validity of ARDEEM was evaluated by:

= Creation of 1998 reference mad&imulation results generated for the 1998
base year were compared with actuals or estimatesrgted independently in
Microsoft ExceP; particular emphasis was placed on the validity of
endogenous variables.

» |ndependent peer review The relationships within the model were
independently peer reviewed by Professor MurraytePain (School of
People, Environment and Planning, Massey UniversRyofessor Richard Le
Heron (School of Geography and Environmental Sdaendniversity of
Auckland), Dr Doug Fairgray (Economist, Market Eoomcs Ltd) and Mr
Geoff Butcher (Economist, Butcher Partners Ltd) light of these peer
reviews several changes were made to the concegattiah of ARDEEM.

9.2 Predictive Validity of ARDEEM

Predictive validity refers to the model’s ability adequately imitate the behaviour of
the real system. Predictive validity is howeveroafy limited usefulness as a model
may produce results which provide an extremely goistbrical data fit, but may in

no way reflect future outcomes. The predictiveligbof ARDEEM was evaluated

by:
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= Backcasting The model was backcasso as to produce results for the period
1980-1998. Graphs of key variablé@opulation Capital, Commodity Use
Commodity Supplycapital investment, labour force participatiomptoyment
and so on) were plotted against actuals. Given ube of time series
regression to ‘curve fit’ historical trends, it gerhaps not surprising that the
results generated reflected actuals.

= Comparison with Statistics New Zealand projectionsy the case of the
Population, births, deaths, net migration and lablouce variables it was
possible to compare ARDEEM simulation results, urad®usiness as Usual

Scenario, with SNZ projections.

Overall, it is important to remember that completalidation of a model by
comparison with the real world is not possible ARRDEEM only captures a selected

number of components and behaves purely in resgonteinternal relationships.

L Several simulations were required for this purpasigh appropriate corrections to the
conceptualisation of ARDEEM being made followingleaimulation.
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10. Scenario Analysis

There are several reasons why policy and decisiakens need to look into the

future. This includes planning for possible fugjreleciding between competing
alternatives, making provisions for new infrasturet and so on. Underpinning all of
these reasons is arguably a desire to manage catgp@d minimise risk (Shearer,

1994). While it is impossible for us to predicetfuture, it is, however, useful for us
to understand what ‘might’ happen in the futurehisTforces us to consider the
implications of our proposed trajectories; reducumgertainty and avoiding possible
pitfalls. Scenario modelling is one approach thmaty be used to help us simulate

possible futures and their implicatioffs.

Scenarios have been defined by Kahn and Wiener7{1&6“a hypothetical sequence
of events constructed for the purpose of focusitbtgnéion on causal processes and
decision points”. Armstrong and Harmon (1975), Besbkt al (1986) and Schnaars
(1987) have identified several key advantages @fsttenario approach, including: (1)
suitable for long-run projections where uncertaistyigh and historical relationships
have been characterised by dynamic feedbacks,inearities, time lags and the like;
(2) help us to see the future in totality, ratheart piecemeal; (3) allows us to trace
people’s behaviour in the face of perturbation; éidmay provide common ground

for communication between diverse interest grougsackgrounds.

Scenario development has several important metbhga@l considerations,
including: (1) how many scenarios? Despite thek lat agreement within the
literature, there seems to be a consensus for gweearios (Linneman and Klein,
1979). Two scenarios are likely to be categoriasd’good and bad’, while the
simulation of more than three scenarios often b&sooncontrollable; (2) what time
horizon? Most analysts agree that scenario analgsibest suited for long-run
simulation (Schnaars 1987; Linneman and Klein, 197&n der Heijden, 1996) and

(3) what is the process for constructing and wgitstenarios? The development of

2 Forecasting is the major alternative approach.is ltypically quantitative, relying on
historical trends in key system variables to profatures. It is often undertaken with only
limited understanding of how a system operatesiquéarly the consequences of dynamic
feedbacks between key system variables. For #ason forecasting is better suited to
projecting short-or-medium term futures.
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consistent and comprehensive scenarios typicallglues the following steps (Van
der Heijden, 1996):

= Step 1: Selection of scenario theme3his will involve consideration of
possible future changes in cause and effect, dpeedat of internal
consistency, avoidance of contradictory sub-thenaesl relevance to the
issues facing the client or stakeholders mostésted in the simulation.

=  Step 2: Carefully detailed, plausible and informatistory lines The story
line should ideally be formulated in the form ofjaalitative and contextual
narrative, and be underpinned by careful documeassdmptions that ensure
diversity and generate plausible and rich scenaridscentral tenet of story
writing is the development of a ‘gestalt’ or intaggd narrative, rather than a
disintegrated or piecemeal one.

= Step 3: Setting of initial driver valuesAll initial values should be carefully
specified as it is these values which are the ndegterminants of each
scenario.

= Step 4: Simulation and generation of indicator ahies for each scenario
These indicators should encompass variables thatmased to assess (1) the
validity of the model’s structures and behaviouesfdr to Section 9), and (2)
the modelling results. Under ideal circumstanagerest and stakeholder
groups should be involved in assessing the modetisults. Their opinions,
views and inputs are useful in evaluating modeultes Refinements may
include rewriting of the narrative, resetting ofveér values, development or
redevelopment of indicators, and improvements te thodel's internal
structure.

= Step 5: Reporting of resultsThis includes presenting results to clients and
stakeholder groups, and also often analysing thssible policy/investment
implications of each scenario. Comparison of ttenarios is critical as this
provides insight into the strengths, weaknessedraigigoffs of each scenario.
This will aid decision makers in selecting the bestmost appropriate, actions

given the scenario results.
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10.1

ARDEEM Scenarios

Three scenarios are developed for ARDEEM belowesEhscenarios are developed

to demonstrate the usefulness of ARDEEM, but regsignficiant further work — in

particular, further peer review and, in turn, reelepment>

Scenario 1. Business As Usual (BAU)The ‘business as usual’ scenario
assumes that the trends experienced over theQag0lyears will continue to
prevail over the next 50 years. These trends aptuced in the regression
equations used throughout this Report to initiald@DEEM’s exogenous
variables. Given that these trends are discusseepth in earlier sections of
this Report, no further discussion is presenteé.her

Scenario 2: Cornucopian Growth (CG) Under the cornucopian growth
scenario market orthodoxy holds sway. This is ddwvyhere the ideology of
economic rationalism, liberalism and consumptioldreomonopoly of power.
Key features of the scenario are (1) an increassinsification of economic
interdependence with other economies, and (2) imedfes increased levels of
material wealth. Resource constraints are displiechuse technological
substitutes are readily available.

Scenario 3: Prudent Pessimism (PP)Aucklanders adopt a communal
philosophy of self-sufficiency. Global geopoliticenstability and cultural
social change override the incentives of econorfubajisation. Aucklanders
develop a strong and mutual sense of purpose imgud shared national
desire for sustainable living. Underpinning thesile is the belief that current
material consumption cannot be sustained withotiréu implications i.e.
conservation and maintenance of critical naturaitahfor future generations

is seen as paramount.

% To this end, a series of workshops is scheduleteuthe Sustainable Pathways FRST
contract. These workshops will focus on ‘what nsaReickland tick’ from the viewpoint of
key actors within the Auckland Region, namely: cainand local government politicians,
central and local government policy makers, inftagtire provides, developers, iwi, business
and the public at large. These workshops willdistly prepared and presented by the author
and Professor Richard Le Heron of the School ofg&guhy and Environmental Science,
University of Auckland.
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The key exogenous drivers of change in the ‘Corpigo Growth’ and ‘Prudent

Pessimism’ scenarios are specified in full in Tableelow.

Table 1 Summary of Drivers under Each Scenario
Cornucopian Growth Prudent Pessimism
Fertility rate Woman defer having children until their mid 30's, Past fertility trends prevail for woman under 30

Mortality rates
Net migration

Labour force participation

Unemployment rates
Employment distribution by
industry

Investment rates

Depreciation rates

Technology rates

Substitution effects

International exports

Interregional exports

Eco-efficiency improvements

focusing instead on gaining material wealth.
Fertility rates for under 29 year olds are 0.03
percent below the BAU scenario, while fertility
rates for over 30's increase marginally at 0.01
percent above the BAU scenario.

Reflect past trends.

Growth in the economy necessitates skilled and
semi-skilled employment opportunities which
cannot be fullfilled locally. A more open
immigration policy is therefore pursued to avoid
possible skill shortages. Net migration numbers
grow at 12.5 percent above the BAU scenario.

Reflect past trends, except for those aged over 60
who engage at a rate 2.5 percent above the BAU
scenario; a consequence of a desire for higher
levels of material wealth.

Reflect past trends.

The distribution of employment in the primary and
secondary industries reflects past trends. More
people are however involved in services; in
particular retailing and wholesaling. Services thus
grow at a rate 1 percent above the BAU scenario.

The desire for greater material wealth results in
increased investment in manufacturing and
service industries at a rate 1.5 percent above the
BAU scenario.

Reflect past trends.

Technological solutions result in substantial
increasing returns in all industries within the
economy; at a rate 5 percent above the BAU
scenario.  Technology continues to offset
environmental degradation.

Although the use of domestically supplied
commodities reflects past trends, the desire for
more luxurious commodities results in the
substitution of domestically produced
commodities for imported commodities. This
occurs at a rate 2.5 percent above the BAU
scenario.

All sectors grow exports at rate 1 percent above
the BAU scenario.

All sectors grow exports at rate 1 percent above
the BAU scenario.

Little regard is given to improving the eco-
efficiency of commodities. Consequently, eco-
efficiency improvements decline at a rate 1
percent below the BAU scenario.

years of age. A marginal decrease in fertility rates
(0.01 percent below the equivalent BAU rate)
occurs for woman over 30; a consequence of
lower material wealth.

Reflect past trends.

A very tight immigration policy is adopted in an
attempt to avoid overexploitation of the nation's
natural resources. Immigrants are selected that
have skills which will make New Zealand more
self-sufficient. Overall, the number of immigrants
drops at a rate 5 percent below the BAU scenario.

Reflect past trends, except for those over 60 who
engage at a rate 0.5 percent above the BAU
scenario. This is a result of a desire to retain
skilled labour as long as possible in the workforce.

Reflect past trends.

A trend toward a more self-sufficient economy
requires that more people are employed in
primary and secondary industries; at a rate 1.5
percent above the BAU scenario.

Primary industry investment rates increase with
the desire to be self-sufficient; this occurs at a
rate 1 percent above the BAU scenario.

Incentives are introduced by government to
maintain high quality capital stocks for longer
periods within the economy. This results in a
depreciation rate 1 percent lower than the BAU
scenario.

Technological change is felt most in the primary
industry at a rate of 5 percent above the BAU
scenario, the secondary and tertiary industries
however experience less technological innovation
and cannot completely offset environmental
degradation (growing at a rate 2.5 percent below
the BAU scenario).

Domestically supplied commodities are
substituted for imported goods, respectively
growing at 2 percent above and -3.5 percent
below the BAU scenario. This is a response to a
desire to minimise transportation costs to the
environment to encourage local production of
commonly consumed commodities.

There is movement away from international export
as a result of the environmental implications of
transportation; at a rate 1.5 percent below the
BAU scenario.

Interregional exports grow at a rate of 2 percent
above the BAU scenario.

Conservation and maintenance of natural capital
is pursued both in relation to commodities
consumed within the economy, extracted directly
from the environment or released back into the
environment after use. Overall, eco-efficiency
rates vary between 1 and 3 percent above the
BAU scenario.

Note: All rates are annualised geometric averagethe 2001-2051 period.
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10.2 Simulation Results

The results presented in this Section are prelingimad are meant only to illustrate
the potential value of ARDEEM.

There is very little difference between the thremermrios for growth in total
population (Figure 8a) and total employment (Fig8lky between 2001 and 2051.
Under the Cornucopian Growth (CG) scenario, popatats projected to grow to
only 100,000 or so higher than under the BusinessUAual (BAU) and Prudent
Pessimism (PP) scenarios. There is overall stpagulation growth from around 1.2
million in 2001 to about 2 million by 2051 for dliree scenarios. Total employment
(FTEs) mirrors population growth, with minor difeerces between the three
scenarios. Overall growth in total employment isj@gcted at about 400,000 FTEs
between 2001 and 2051. Productivity gains areestithowever in projected total
output per worker (Figure 8c), with output triplingder the CG to $450,000 in 2051,
one and a half times more than under the BAU, anekettimes more than under PP.
PP shows only a 40 percent growth in total outgutvporker over 50 years, while CG
indicates a 200 percent growth over the same perladal capital per worker (Figure
8d) shows an initial decline under all three scesar This decline occurs because
capital investment rates were being outstrippeatdpital depreciation rates. Under
CG, total capital per worker begins an upward traraund 2013 while under PP this
only occurs 30 years later, around 2033. UndertQi& variable grows rapidly to
$650,000 per worker (an 85 percent increase betw66d and 2051), while BAU
shows a growth of about 25 percent. There is anatvdecrease of about 20 percent
under PP over the study period with the variable negovering its 2001 level by
2051.

Under CG, total industry output (Figure 8e) esealafairly rapidly to nearly five
times its 2001 value over the study period, witlditierence of about $200,000
million between CG and BAU at 2051. Under PP, ltatalustry output grows
relatively modestly, doubling over the 50 year stymbriod. Total industry GDP
(Figure 8f) mirrors total industry output, with C& percent higher at $150,000
million, and PP 30 percent lower at $70,000 miljitran BAU of $100,000 million at
2051. BAU total physical supply (Figure 8g) grolas 200 million t over the study
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period, while growth of $380 million t under CG neskit double that under PP at
2051. Similarly, total physical use (Figure 8hypws by three and a half times under
CG, but only doubles under PP in 50 years.

Under CG, total physical imports (Figure 8i) ragidhcreases nearly threefold to 75
million t over the 50 year period, 35 million t ad8 million t higher than under BAU
and PP respectively. Under all three scenariosl fohysical exports and final
demand (Figure 8j) shows relatively slower growtinf about 70 million t in 2001 to
between 120 million t (PP) and 170 million t (CG,. a 70 to 140 percent increase.
Similarly to total physical imports, CG shows topddysical exports and final demand
to be 35 million t higher than BAU at 2051. UndeG, total raw material inputs
(Figure 8k) quadrupled, a requirement nearly 60cegmar greater than BAU. In
comparison, this variable under PP doubled over S@eyears. Similarly, total
residual outputs under CG almost triples, while emBP it doubles from 2001 to
2051. Under CG, the economy produces nearly 408epémore residual outputs
(370,000 t) than BAU, and nearly 70 percent moemtRP (220,000 t) by 2051.
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Figure 8 ARDEEM Scenario Analysis: Business As UsliaCornucopian Growth and Prudent Pessimism
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Figure 8
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Figure 8 ARDEEM Scenario Analysis: Business As UsliaCornucopian Growth and Prudent Pessimism (Contined)
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11. Limitations of the ARDEEM

The ARDEEM, like all other mathematical models,uisderpinned by a number of

assumptions. Often the degree of influence ofd@hessumptions depends on the
worldview or belief system of the user analysing thodelling results. It is therefore

possible that ARDEEM simulations may, in the eyésdifferent users, produce

results ranging from totally plausible and likelypg completely implausible and

unlikely. The purpose of ARDEEM is not howeverpgredict futures, but instead

through simulation to investigate the possible dayitaimplications of change in the

Auckland Region environment-economy system. ARDEEIhajor limitations

include:

= Neglect of critical environmental processe# significant weakness of the
model is that the critical life supporting biogeeafical processes of the
environment are simply neglected. Such processegide humans with
resources, waste assimilation, opportunities fartagpl fulfilment, scientific
learning and so on. It may therefore be argued #my environmental-
economic model which does not consider their infageis incomplete.

= Price and substitution effects The ARDEEM, like theLimits to Growth
model, may be criticised for the lack of consideratof price effects which
might lead to substitution between factor inpulisis argued that if we know
the price elasticity of a commodity then changeshiem commodity’s supply
and demand may be predicted. The ARDEEM, like rosimaulation models,
may only be used to investigate scenarios i.annot predict the future. It is
however possible to test out a scenario with prie@nge and substitution.

= Number of industries and commoditieShe ARDEEM is currently only a
prototype covering three industries and three codities — a result of time
constraints imposed on the completion of this rep@nly minimal additional
system dynamics modelling is required to extend AREDI to, say, 20 or 30
industries, and in the case of commodities to, 28@ plus commodities.
Data constraints will, however, impose restrictians industry/commodity
coverage in future versions of ARDEEM.

= Spatial dynamics Many of the sustainability issues facing AucklaRegion

are localised or spatially specific in nature amaistnot suitable for simulation
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in ARDEEM. Consideration of the spatial dynamisshowever beyond the
scope of this report. With further research it ntewever be possible to
interface ARDEEM with static spatial models alreanty existence, e.g.,
Auckland Regional Council’'s Auckland Strategic Rileng (ASP) and
Auckland Regional Transport (ART) modéfs.

24 This possibility is currently being explored undéle Sustainable Pathways (MAUX)
FORST contract. Moreover, the final two yearsho$ ttontract (i.e. 2008 and 2009) will be
directed at developing a spatially explicit versadrARDEEM.
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Appendix A: System Dynamics Model of Endogenousr@wth

This Appendix presents a Vensirsystem dynamics influence diagram, Figure A.1,
of an alternative growth engine to the one develogigove. Data paucity, and to a
lesser degree time constraints, prohibited devedoprof a full implementation of this
growth enginé> The engine builds on the work of Romer (1990)o8man and
Helpman (1991), Aghion and Howitt (1992), and Jo(E395, 1998, 2000). The
major focus of the engine is on the causal mechanignderpinning technological
progress i.e. how ideas are formulated that leadh& development of new or

enhanced technologies. Salient features of theemodude:

= Driven by the potential of profits from designsThe model endogenises
technological progress by assuming that the pespdmged in prospecting for
new ideaseople discovering new idgaare driven to do so by the potential
profits they may generate from selling their design

= Generation of new ideasThe rate at which new ideas are generated depends
on (1) the stock of ideas generated to datea9, the productivity of the ideas
already discoveréf (productivity of research and whether the ideas are
original or simply duplicatés (duplication factoy.

= Number of people.In the current version of the model a larger papon
generates more ideas, and because ideas are mnous; everyone in the
economy benefits. This is arguably optimistic.illSkvels and education of
the population, along with other possible restoicti, are not, however, taken

into consideration.

Of particular concern is the omission of naturapitsd as a critical factor of
production. It is envisaged that future versiorsuld overcome this limitation by
incorporating:

% Popp (2005) has recently suggested a novel médtimadeasuring technological change in
environmental models using patents.

% This includes both knowledge spillovers (i.e. thanding on the shoulders of giants’
effect) and the possibility that the discovery efsideas becomes harder over time (i.e. the
‘fishing out’ effect).

%" The so-called ‘stepping on toes’ effect.
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Raw materials and residuals Although ideas are the key human factor
driving technological change (i.e. positive feedbdeading to economic
growth), the transformation of these designs intanmodities (including
manufactured capital) will always involve materialsergy, and in turn, the
generation of residuals. For this reason crititatiural capital, in particular
non-renewable and renewable resource stocks, wmilthcorporated within
the model.

A race between increasing and diminishing retur@&ven that at least some
raw materials and energy will be drawn from nonergable resource stocks,
and that some residuals are not easily assimilayeshvironmental processes,
it may be argued that a race will exist between itteasing returns of
technological innovation, and the diminishing resirof non-renewable

resource stocks.
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Figure A.1  An Alternative Endogenous Growth Engine
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