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CES (Constant Elasticity of Substitution) An aggregating function used to combine two or more
inputs into an aggregate quantity. Details can be found in Section 2.3.3 on page 8.

CET (Constant Elasticity of Transformation) A disaggregating function used to allocate a gross
output between two or more possible outputs. Details can be found in Section 2.3.3 on
page 8.

CGE (Computable General Equilibrium) A class of applied economic models often used to illus-
trate an economy's responses to changes in policy, technology or other external shocks.
Typically, CGE models recognise a number of di erent types of economic agents (usu-
ally di erent types of industries, households, and government), conceptualised as either
prot or utility maximisers. Optimisation algorithms are employed to determine the set
of prices for all commodities and factors of production that would prevail subject to se-
lected constraints (e.g. all commodity and factor markets clear and total income equals
total expenditure for all agents).

CPl Consumer Price Index.

GDP (Gross Domestic Product) The total market value of goods and services produced in
an economy after deducting the cost of goods and services utilised in the process of
production, but before deducting allowances for the consumption of xed capital.

Industry Value Added Value added summed according to aggregated industry groupings.

RoNZ (Rest of New Zealand) Once the study region or region of interest is chosen, all other
regions from the multi-regional Social Accounting Matrix (SAM) are aggregated to form a
single “rest of NZ' region.

SAM Social Accounting Matrix.

System Dynamics A methodology for understanding certain kinds of dynamic systems. The
methodology concentrates on mapping the feedback relationships between di erent com-
ponents or relationships within a system, and simulating changes in systems over time.

Page \ix



1.1 Background

The Southland Economic Model (often referred to in this report simply as “the model) is a
multisectoral and multi-regional dynamic economic model constructed as part of the Southland
Economic Project. Although the principal purpose for creating the model is so that it can be
used to test alternative freshwater management policies, the model is of a general structure and
nature such that it could be used to test out a wide range of alternative futures and other types
of policy scenarios.

The model is designed to imitate the core features of a Computable General Equilibrium (CGE)
model. Among the advantages of these types of models are the whole-of-economy coverage, and
the capture of not only indirect (i.e. the so-called upstream and downstream multiplier e ects
generated through supply chains) and induced (i.e. as generated through household consumption)
economic consequences, but also the "general equilibrium’ (pricing) impacts.

While the model incorporates core features of a CGE model, it is important to note that it di ers
from a “standard' CGE model in that it is a System Dynamics model formulated using nite
di erential equations. In our opinion, formulation of the model in this way more easily allows
for the investigation of the dynamic implications of policies.

Once information is transformed into appropriate inputs and the model run, the model is able to
produce a variety of indicators to help us evaluate the impacts of policies. Reporting indicators of
multiple types (including GDP, industry value-added, employment and household consumption)
and at multiple scales (Freshwater Management Unit, Territorial Local Authority, Southland
Region, Rest of New Zealand) are generated. To help address uncertainty in the evaluation of
policies, policy options can also be tested across a range of alternative assumptions about the
future or ‘reference economic futures'.

1.2 Obijectives of this report

The purpose of this report is to provide a detailed technical documentation of the Southland
Economic Model. By fully documenting all equations and data sources utilised in the model, we
intend to make the model as transparent as possible.

It should nevertheless be noted that there are a variety of other reports which also describe
work undertaken within the Southland Economic Project, much of this work is utilised di-
rectly within the Southland Economic Model. Reference can be made to the project website
(waterandland.es.govt.nz/setting-limits/research/southland-economic-project) for further infor-
mation.
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2.1 Economic modelling context

2.1.1 Underlying theoretical basis

In economics, the general equilibrium theory of market behaviour and the extension of the theory
into Computable General Equilibrium (CGE) with work by Johansen (1960) means that CGE
models are now a well-established technique for describing economic behaviour. However, despite
its widespread applicability and use, it is often criticised for an inability to properly deal with
such things as time-path trajectories and out-of-equilibrium dynamics (Barker, 2004; Grassini,
2004; Scrieciu, 2007). The problem derives from the fact that the CGE model is concerned purely
with the identi cation of steady states of economic equilibrium and has little or no functionality
when tasked with establishing the time paths between steady states or the dynamics of non-
equilibrium economic systems. In the real world, economies do not tend to have steady states
of equilibrium but are constantly changing due to the in uence of complex sets of destabilising
forces. The Southland Economic Model incorporates elements of CGE modelling as an approach
but uses them in a systems dynamics context which is a modelling framework used for analysing
and simulating complex dynamic systems. One of the key aspects of turning a standard CGE
model into a dynamic model is to explicitly model supply and demand relationships. The systems
models can be viewed in terms of causal diagrams which incorporate feedback loops that tend
to cause the system to naturally gravitate towards some equilibrium point. The establishment
of these price-related balancing feedback loops is an essential component of this type of model.

Static CGE models have been converted to dynamic models in some applications by allowing key
stocks, usually related to labour and capital resources, to be varied over time. The System Dy-
namics approach adopted here allows a similar extension. The model also incorporates a system
of information delays, a concept from the System Dynamics approach, that serves to imitate the
action of decisions made in the feedback process. In particular, the information delay seeks to
incorporate gradual adjustments of beliefs that happen as a result of past experiences making
similar decisions. This is done by incorporating a smoothing function that causes variables in the
model to adjust gradually to current information, which means that recent information strongly

in uences their value, with the impact decreasing as time passes.

2.1.2 System Dynamics

Jay Forrester, at the Massachusetts Institute of Technology, developed System Dynamics during
the mid-1950s (Forrester, 1961, 1969, 1971). System Dynamics is often described as a computer-
aided modelling approach to policy analysis and design (e.g. Richardson, 2011). However, models
constructed within System Dynamics programming languages are also frequently employed in
problems that are not of a strict policy-orientation, for example design and engineering applica-
tions.

The System Dynamics approach relies speci cally on using numerical methods (involving nite
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di erence equations) to approximate solutions for ordinary di erential equations along a path

of successive ‘time-steps'. Although these numerical approximation necessarily introduce some
questions of accuracy, they are necessary in most cases, as the nonlinearity of the equations
makes obtaining analytic solutions impossible. Furthermore, it signi cantly widens the scope
of modelling exercises, enabling very complex systems to be represented within a computer
simulation model, even by practitioners with no advanced mathematical training. Two popular
graphical programming languages are now available for facilitating the construction of System
Dynamics models, STELLA® and Vensim® . Both contain visual display and input and output
features that enable users to easily grasp model structures, interactively run models and review
results.

A core set of concepts employed in the development of this model is the distinction between
endogenousvariables: stocks or auxiliaries, and exogenousnputs: xed model parameters (con-
stants) or pre-determined time-varying inputs. In short, stocks are the independent variables
within a simulation model that determine the condition of a system. These stocks accumulate
(or dissipate) over time, and would continue to exist even if all relevant in ows and out ows
(changes) to that stock ceased to exist. Stocks are endogenous as they are calculated within the
model by solving the di erential equations that describe the rates of change of the stocks. Note
that the initial conditions for stocks are determined by the modeller, and are a special kind of ex-
ogenous input. By contrast, auxiliaries (sometimes also termed converters) can be thought of as
“intermediate steps' in the often complex functions de ning rates of change of stocks. Auxiliaries
are used to provide clarity to the modelling process by explicitly showing the steps required in
the calculation of the rates of change or other output variables of interest. They also prevent
the need for repetition in cases where the same calculations in uence the rates of change of more
than one stock. Auxiliaries are endogenous, as they are calculated explicitly at each time step
from the values of the stocks and exogenous inputs in the model. The other model components
are the xed parameters (constants), and the time-varying inputs that are speci ed in advance
(before the model is run). These are de ned exogenous to the model, and can be varied by the
modeller to investigate di erent scenarios.

2.2 The Southland Economic Model

2.2.1 Model structure

The basic structure of the Southland Economic Model is determined by the underlying regional
Social Accounting Matrix (SAM) at its core (Smith et al., 2015). The model considers two re-
gions: the region of interest (Southland in this case) and the rest of New Zealand (RoNZ). For
each region, the model describes the behaviour of representative agents (19 industry categories,
1 household, 1 enterprise, local government within each region, and central government). Each
industry agent chooses the quantity and type of commaodities (aggregated to 27 commodity cat-
egories) to produce, based on the prices of those commaodities relative to the costs of production.
household, enterprise, and government agents receive income from a variety of sources (e.g. wages
and salaries, business pro ts, dividends, taxes, and transfers from other agents), and then allo-
cate this income towards a variety of expenditure options (e.g. purchases of goods and services,
savings, taxes, and transfers to other agents).

The model incorporates “price' variables for all commodities and factors of production (i.e. types
of labour and capital). These prices change in response to imbalances between supply and
demand, and then "nested' production functions allow the economy to react to these imbalances
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through substitution of demands and/or production between di erent types of commodities or
factors. For example, if the demand for NZ-manufactured goods exceeds the supply, then the
price of domestic goods will increase. This price increase (relative to foreign goods prices)
will then lead to NZ-manufactured goods being substituted for goods produced overseas, thus
reducing domestic demand and reducing prices. Similar substitution occurs in the factors and
commodities used in production, and the region (within NZ) that the goods are demanded from.
On the supply side, the relative prices determine how the supply of commodities and factors are
split. For example, the supply of goods manufactured in NZ is split between the NZ and export
markets depending on the relative prices in each market. So, if domestic goods prices increase,
more of the goods produced will be allocated to the NZ market, which will increase domestic
supply, thus decreasing prices.

The model incorporates the dynamics of economic growth by keeping track of stocks of capi-
tal held by each industry. Capital stocks accumulate via investments in new capital and are
diminished via the ongoing process of depreciation.

The model also includes accounts that keep track of nancial ows between NZ and the rest
of the world (i.e. balance of payments). When the demand for NZ currency starts to outstrip
supply this causes the exchange rate to rise. Changes in the exchange rate change the price of
NZ goods relative to overseas goods, thus in uencing demand and supply relationships. The
model uses the NZ commaodity prices along with exogenously speci ed world commodity prices
to determine the supply and demand of exports and imports.

2.2.2 Model speci cs

The model is divided into fourteen modules: households, governments, enterprises, industries,
commodities, factors, labour, capital, savings & investment, municipal, primary and the rest of
the world. Each module is described in detail in Section 3.

Much of the information for the model originates from a set of regional SAMs constructed for
the nancial year ending March 2007. The base year of the model, the regions available to be
considered, and the minimum aggregation of industries and commodities are all determined by
this process. A detailed report outlining the construction of a national and set of regional SAMs
is also available (Smithet al., 2015).

The SAMs were constructed for the 2006-07 nancial year as at the time this was the latest year
for which a comprehensive set of national accounts, including in particular the national Supply
and Use Tables, was available from Statistics New Zealant.Based on the timing of the multi-
regional SAMs, we can interpret the time at which model simulations commence (i.&.= 0) as
being half way through that nancial year, or 1 October 2006.

The Consumer Price Index (CPI) and Gross Domestic Product (GDP) indices are set to 1000
at t = 0. Following the convention in many CGE models, all prices are set equal to one for the
reference year economic accounts. For our model this means that prices are all relative to the
prices of the base year in 2007 NZ dollars$gg7). For example, if 20 kg of raw milk solids could
be purchased for$,007100 during the base year, and the model shows the price increases from 1
att =0 to 1.5 att = 10, then only 13.3kg of raw milk solids can be purchased fo$,007100 at

t =10 or, put another way, that 20kg of raw milk solids would cost$,gp7150 att = 10.

!Statistics New Zealand released a new set of Supply Use Tables, for the year ending March 2013. This data
was utilised during model calibration.
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2.3 Underlying assumptions

Some of the key assumptions that underpin the model's structure are as follows:

Agent Behaviours  For each economic region, the economy can be described by the behaviour
of a group of representative agents (industries, households, enterprises, local government, and
central government). Industries are assumed to make choices about production and consumption
solely based on the relative costs of inputs and values of production. Household, enterprise, and
government agents receive income from a variety of sources (including from wages and salaries,
business pro ts, dividends, taxes and transfers from other agents) and, in turn, allocate this
income to a variety of expenditure options (purchases of goods and services, savings, taxes, and
transfers to other agents).

Base Price Adjustment Time Lags As already explained, the model is a dynamic model able
to describe not only the distribution of economic impacts across di erent sectors, but also the
distribution of impacts through time. This extension is achieved essentially by creating price
levels for all base commodities and factors of production (i.e. labour and capital). A key as-
sumption is that all prices adjust upwards when supply is less than demand, and downwards
when supply is more than demand. The parameters that determine the how far and how fast
prices move in response to imbalances between supply and demand) (are set via model cal-
ibration. The model does not at any stage attempt to compute the prices necessary to reach
equilibrium (supply = demand) at any given time, instead the model calculates the changes
in the base prices at each iteration (time step) and the new prices serve as inputs to the next
iteration (time step). This creates time lags in base price adjustments in response to changes in
supply or demand that depend on the parameters. The way in which the time lags in base
prices all interact over time contribute strongly to the dynamic behaviours captured by the model.

Other Adjustment Times in the Model There are many other variables of the model that do
not adjust instantaneously. We can break these down into two subsets: variables that we believe
should adjust almost instantaneously but that cannot be set as such within the model, and vari-
ables that we believe should adjust over a longer time. The price of ‘composite' commodities or
factors, i.e. commodities or factors that are made up of base commodities and factors, ts into
the rst category. If we were to calculate these prices instantaneously (at the same time step
as the base prices and other variables in the model) this would create simultaneous equation
loops. Solving these at each time step would be computationally very di cult, and furthermore

it would be assuming that all agents have perfect information about the simultaneous actions of
all other agents in the system. In this model we instead allow a delay ofyrices = t, SO that
prices update using the information from the previous iteration (time step) to determine current
composite prices. Some variables in the model we believe should use information from the past
over a longer range than one time step. For example, rather than using the instantaneous income
to calculate expenditure, or even the income from the previous time step, this model smooths
the income over a longer time, income > t. Other examples in the model include the industry
production which is determined by considering the demand over the pastingustry 3 months,
and the interest rate and cash surplus, which are smoothed over the timeserest and casurplus »
respectively.

Input Parameter Estimation The model incorporates a large number of other input param-
eters. Due to limitations in the availability of o cial statistics, and the signi cant resource
required to develop alternative datasets, we have developed a full set of economic accounts for
only a single year. These accounts, termed SAMs, are based predominantly on the 2006-07 -
nancial year in accordance with the national supply and use tables released by Statistics New
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Zealand. For the agricultural industries, the accounts were generated primarily from the nan-
cial information produced from case study farms modelled during 2015 (see Moraet al. 2017).
Many of the input parameters are derived from the SAM (e.g. Constant Elasticity of Substitution
(CES) and Constant Elasticity of Transformation (CET) share and scale parameters, proportion
of income transferred overseas, commodity inputs required per unit of production), and are set
as constant over a model run. Thus, it is assumed that relationships and behaviours exhibited
during the 2006-07 nancial year are a good approximation of relationships/behaviours in future
modelled years.

Functional Forms  Like many CGE models, the model repeatedly relies on the CES and
CET functional forms to represent alternative demand (input) and supply (production) choices.
"Nested' CES and CET production functions allow the economy to react to imbalances between
supply and demand in commaodities/factors, through substitution of demand and/or production.
These substitution possibilities occur in response to changes in relative prices. For example, a
CES function describes the way in which demand for NZ-manufactured goods can be substituted
for demand for goods produced overseas, if the price of domestic goods becomes too expen-
sive relative to foreign goods. A separate CES function also describes the substitution between
local-manufactured goods (i.e. produced within the same region) and the goods produced in
the RoNZ. A CET function describes how the supply of goods produced in a region are split
between the domestic and overseas markets, based on the relative prices, to maximise pro t.
While a separate CET function determines how the supply of goods to the domestic market is
split between the local region and the RoONZ.

2.3.1 Conventions and notation used

Stocks are in bold font, with the rst letter capitalised. Auxiliary (intermediate calculation)
steps are named in all lower case italics. Variables with names in all capital letters and italics are
exogenous inputs. Subscripts are used to indicate the dimensionality of a variable. For example,
the stock Pregdomcomm .4 denotes a price of regional domestic commodities speci ed by
supply region (subscript sr'), demand region (subscript dr') and commodity type (subscript
‘c). Full information on subscripts is provided in Table 2.1.

As already indicated, two types of subscripts relate to regions, that is supply region (subscript
“sr') and demand region (subscript dr'). Occasionally within the model it is necessary to switch
between these subscript types. The notatiorsr | dr in a subscript is used when the variables
calculated for supply regions 1 and 2 respectively map to demand regions 1 and 2 (or vice versa
when the subscripts are switched in the notation). The notationDRegl $ DReg2 in a subscript

is used when a quantity is transferred between regions i.e. the output fro®Regl goes toDReg2
and the output from DReg2 goes toDRegl.

2.3.2 Overview of computational method

The model is made up of a rate equation for each stock in the model that expresses how the
value of that stock will change with time (known as a system of ordinary di erential equations)
in the form:

;Stock = rateofchange (2.1)

The rates of changerateofchange in this model can be (often nonlinear) functions of other stocks
in the model at the current time or a past time (delays), as well as constant parameters and
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Table 2.1 Subscripts used in the Southland Economic Model

Subscript indices Description

h =[CAP;LAB ] Factors: Capital and Labour

cap=[BuilC; NatC ] Capital types: Built capital and Natural capital

input =[Factsl;Interl ] Input types: Factor inputs and Intermediate inputs

g =[CentralG; LocalG ] Governments: Central and Local

sr =[ SRedl; SRe?] Supply Regions: Region of interest and RoNZ

dr = [DRegl; DReg?] Demand Regions: Region of interest and RoNZ

i =[Ind1;Ind2;:::] Industries: see Table A.2 in Appendix A.1

agi =[AgIn0L1;Agin 02 :::] Agricultural Industries: see Table A.4 in Appendix A.1

I0ag =[I0Ag 01, 10Ag 02 ::] IO Agricultural Industries: see Table A.5 in Appendix A.1
ri =[ShBfDr;DaCaFm;::: ] Report industry: see Table A.6 in Appendix A.1

c=[Coml;Comz2;:::] Commodities: see Table A.3 in Appendix A.1

nct =[NatCapl;NatCap2;:::]  Natural Capital types: see Table A.1 in Appendix A.1

m = [ Road; Rail] Transport margins: Road and Rail

It = [Capital; Land ] Loan type: Capital and Land

rt =[Normal;FinintServ ] Rate types: Normal and Financial Intermediate Services
(see Table A.14 in Appendix A.1)

ez=[Zone0l; Zone02 :::] Economic zones: see Table A.12 in Appendix A.1

ft =[FaTyp0l, FaTyp02:::] Farm types: see Table A.7 in Appendix A.1

mt = [Miti 01, Miti 02:::] Mitigation states: see Table A.8 in Appendix A.1

mofa = [MoFa0l;MoFa02:::] Case study farms: see Table A.9 in Appendix A.1

mf =[Hhld;Buss;:::] Municipal funding: see Table A.13 in Appendix A.1

fmu =[Apar;Mata;::: ] Freshwater Management Units: see Table A.10 in Appendix A.1

ta = [ South; Gore;:: ] Territorial Authorities: see Table A.11 in Appendix A.1

yrmt =[Y ear0l; Y ear02;:::] Year Mitigated: see Table A.15 in Appendix A.1

time varying exogenous inputs. Due to the nonlinearity in the model, these equations cannot
typically be solved explicitly to nd Stock (t). However, these types of nonlinear dynamical
systems arise almost ubiquitously in models of the real world and many methods have been
developed to numerically approximate the solutions (values ofstock (t)). Numerical methods
for solving di erential equations must be convergent, i.e. the numerical solution must converge
to the exact solution (the error must go to zero) as the step size t goes to zero.

We have chosen to use Euler's method to numerically approximate the solution to the Southland
Economic Model, as it is computationally easy to calculate, can deal with delays, and is available
in most systems dynamics software. Euler's method transforms the rate equations for the stocks
into nite di erence equations numerically approximates the solution as:

Stock (t + t) = Stock (t) + ( rateofchange) t (2.2)
Euler's method uses a xed time step and only one calculation (function value) is required per
time step. Additionally, it is what is known as an explicit method which means that calculating

the value of the stocks at a time step only requires knowledge of the values at the previous time
step, as in Eq. 2.2. This simplicity does however mean that the numerical error does not decrease
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with step size as quickly as some other methods, so a smaller step size is required for numerical
accuracy.

When we are evaluating di erent scenarios, there may be sudden changes in exogenous inputs to
the model, often in the form of discontinuities. It is known that the Euler method can be numer-
ically unstable in the case of sudden changes, leading to numerical solutions that oscillate when
the actual solution does not. We must take care to examine the results near any discontinuities
and reduce the step size further if there is any evidence of this unstable behaviour.

As discussed above, the step size choice is always a trade o between numerical accuracy, stability
and computational time. After some investigation, we choose the time step t = 0:0025years,
which is approximately equal to a day. In the scenarios considered here this time step was found
to produce stable numerical results for the Euler solution method we use to solve the model,
whilst being able to be solved in a reasonable time. Additionally, in this model the time step is
used explicitly to determine how fast various stocks adjust (e.g. the in ation rate, prices, industry
production, and the GDP index). An adjustment time of a day is considered small enough to be
realistic in these instances. In all cases, the adjustment times in the model surpius »  income »
industry » interest » and prices) Must be greater than or equal to the time step, t, for the model
to be numerically stable.

2.3.3 Constant elasticity of substitution and transformation functions

CES Like many CGE models, the model relies heavily on functions speci ed in a form that has
become known as the CES functional form. The CES function is a particular type of aggregating
function, which combines two or more types of goods, or two or more types of productive inputs
into an aggregate quantity. As the name suggests, the function is characterised by the use of
an elasticity of substitution, , which describes the percentage change in some quantity (e.g. the
demand for a particular input) caused by a percentage change in the relative price of that
guantity. The larger the elasticity, the greater the response to changes in price.

As an example, the CES production function for the demand for theth composite goodQ; can
be specied as:

h i1

Q=i M)+ f(Di)" (2:3)

whereM; and D; are the demand for the two input types (e.g. imported and domestic) available
to produce goodQ;, and ; is the CES scale parameter. The CES input share coe cients for
input types M; and D; are , and 4, whereO i land M+ id: 1. Furthermore j is a
parameter de ned by the elasticity of substitution between inputs M; and Dj:

N T (2.4)

Now we can see that since; 1, we havel=(1 ;) 0, so as expected, when the price of an
input p{’ (or p) increases the demand for that inputD; (or M;) decreases.

There are some special cases of the elasticity of substitution that are worth noting. Firstly, as

11 , goestoone and we have perfect (or linear) substitution. Conversely, in the extreme case
where =0 ( goes to negative in nity) we have xed shares of inputs, and Eq. 2.3 becomes
a Leontief function. Finally, in the limit where  goes to 0, Eq. 2.3 becomes the well known
Cobb-Douglas production function.

Page \ 8



Let us assume that production choices are about maximising the value of outputs less input
costs, and the demand for (composite) outputs produced are described by the CES production
function above. The rst-order conditions for this problem imply the following demand functions
for the two input types:

1

doT
M; = (i)iimsrln Qi

p'q% (2.5)
Di = () Qi

Pi

where p™ and p? respectively denote the relative prices of input typesM; and D;, and piq is
the price of the compositeQ; created by combining inputs M; and D; (before taxes or tari s).
The CES function-approach can be used either to (i) calculate the quantity of some “‘composite'
item produced from known quantities of inputs, or (ii) the relative demand for inputs of di erent
types given the relative price of these inputs compared to the ‘composite price' and given the
total quantity of the composite item required.

CET The CET function is speci ed in the same form as the CES function (Eq. 2.3). However,
this time instead of M and D representing two alternative types of inputs for the production
of Qi, D; and E; represent two alternative types of products into which the output Z; can be
transformed (e.g. export or domestic goods). The gross output must satisfy the equation:

h i1
Zi= i fE)+ dD) (2.6)

Where D; and E; are the supply of the two possible outputs, and ; is the scale parameter for
the CET function. The share parameters ¢ and ¢ have the properties0 ¢ 1,0 & 1,

and 9+ £=1, as for the CES scale parameters.

As in the CES formulation, the elasticity of transformation, , determines how sensitive the
ratio of supply of outputs is to relative price changes, with larger meaning that supply ratio
responds more to price changes. However, the parameter derived from the elasticity for use in
the CET function (Eq. 2.6) is:

=t | 2.7)

By assuming pro t maximisation we get the supply of D; and E; to be:

1

T
Ei = (i)'FE; Zi
o (2.8)
Di = (i)i-dpilizi
Ipid

where pf is the price of the gross outputZ; (including and taxes or tari s), and pid and p? are
the prices of transformed outputsD; and E; respectively. However, since; 1, the quantity

1=(1 ;) < 0 and the relative quantity of D; (or E;) supplied will increases if the relative price
of that product p (or pf) increases compared to the gross output price?.
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3.1 Household module

The household module can be conceptually separated into two parts, one dealing with household
income and the other dealing with household expenditure. The full set of equations are available
in Appendix B.1. A tree diagram that provides a summary of the di erent contributions to
income and expenditure is shown in Figure 3.1.

Figure 3.1 Tree diagram showing household income and expenditure. CES: Constant Elasticity of
Substitution calculation. SAM: Social Accounting Matrix.

Starting with income, the principal sources of household income are factor payments to labour,
labincomesupplysr1 4r, capital income paid directly to households,capincomehhldy,, and enter-
prise income that is transferred to householdsentincomehhld 4. Household incomes are further
sourced from transfers from the rest of the worldrwhhldtrans , the government,govthhidtrans 4.4,
and interregional household transfershhildregtransin 4 . Altogether these sources of income, less
direct taxes hhlddirecttax 4 and income that is compulsory allocated towards funding new mu-
nicipal wastewater schemes hhldloanpaymentsy, and vmunopeXgrc:mf = Hhid ), constitute the
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available household incomeactualhhldincome (Eq. B.3):

actualh?(ldincomedr = capincomehhldy, + entincomehhldy + labincomesupplys;: ¢ + rwhhidtrans ¢

+ (govthhldtrans g.4r) + hhldregtransout preg1s breg2  hhlddirecttax 4r  hhldloanpaymentsg,

X

C

VMUNOPEXqr;c;mf =Hhid

Note that Southland Region's household funding of municipal wastewater treatment loans re-
payments, hhldloanpaymentsg, is simply the proportion of total loan payments attributed to
households (Eqg. B.25):

X
hhidloanpaymentSgr=preg1 = totalloanpayments t = Normal:mf = Hhid:It

It
hhldloanpaymentSgs=preg2 = 0

Direct tax is charged on the capital income paid directly to householdsgcapincomehhldy,, and
the factor payments to labour, labincomesupplysr: 4r, at the rate TAXHHLD ¢ (Eg. B.23):
hhlddirecttax 4, = ( capincomehhldy, + labincomesupplysri ) TAXHHLD 4

Capital and enterprise income are made up of local transactions, and transactions from outside
the region (Egs. B.4, B.5):

capincomehhldg, = caplocalhhldtransy, + capreghhldtranspregis preg2

entincomehhldy, = enthhldtrans g + entreghhldtrans preg1s pReg2

To calculate the total value of labour income received by households within each regiotabincomeregion,
the model rst determines the total value of income paid to labour within each region,labincomedregion,
by multiplying the quantity of labour demanded in each regionfactorsu p=ag:dari by the current

labour price, preglaboury,. Note that an adjustment is made to account for a small proportion

of labour supplied from outside of NZ thereby resulting in a transfer of labour income to the rest

of the world. It is assumed that the proportion of labour income transferred to the rest of the
world, RWFACTRT , remains constant with the base year (Eqg. B.7):

X
labincomedregiong, = (factorsu p=aB:dri (1 RWFACTRTh=LaB:ar ) Preglaboury)

Labour income that is “paid out' within a (demand) region can be allocated either to local
households or households from outside of the region. In the model the relative shares are deter-
mined simply according to each (supply) region's contribution to total labour supply for a given
(demand) region (Eg. B.6):

X labincomedregiongr reglaboursupplysrgr
o (reglaboursupplys.qr )

labincomesupplys; =
dr
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Incomes received by households from the rest of the worldwhhldtrans 4, are assumed to grow
from the base year amountRWHHLDTRANSBS g, at the same rate of growth as world Gross
Domestic Product (GDP). The index of world GDP, WORLDGDPINDX (t), is exogenous and
thus can be adjusted for di erent simulations. In order to also allow for some adjustment in
transfers in response to changes in the exchange rate, it is assumed that a share of rest of
world transfers to households, i.eFCSHRWHHLDTRANS , is calculated in foreign currency
(Eq. B.9):

rwhhldtrans 4, = RWHHLDTRANSBS 4 WORLDGDPINDX (t)(1 FCSHRWHHLDTRANS g)
1

+RWHHLDTRANSBS 4 WORLDGDPINDX (t) W

FCSHRWHHLDTRANS 4

Rather than using the auxiliary, actualhhldincome, to calculate expenditure in each time step
based on instantaneous income in that same time step, this model uses the recognised household
income Rhhldincome , which smooths the income over a longer time,income (EQ. B.1):

%(thldincome dr) = actualhhldincomey, Rhhldincome 4

income
This has the advantage of avoiding stability issues due to simultaneous equations, as well as
being more representative of household behaviour.

Turning now to household expenditure, six di erent “sinks' for household income are recognised:
household savingshhldsavings, consumption of commodities,totalhhldconsump, transfers to
the rest of the world, hhldrwtrans , transfers to government, hhldgovttrans, transfers to enter-
prises, hhildenttrans , and transfers to NZ households in other regionshhldregtransout . This
model also includes additional travel costs due to short term change such as a road outage,
addtravelcostsy,, which are described in Section 4.2.

In an analogous manner to transfers from the rest of the world to households, transfers from
households to the rest of the world are assumed to vary from the base year in accordance with
the change in world GDP and the exchange rate (Eq. B.8):

hhidrwtrans 4 = HHLDRWTRANSBS 4 WORLDGDPINDX (t)(1 FCSHHHLDRWTRANS )

+HHLDRWTRANSBS 4 WORLDGDPINDX (t) FCSHHHLDRWTRANS g

Exchangert
Where HHLDRW TRANSBS ¢ is the transfers from households to the rest of the world in the

base year, andc CSHHHLDRWTRANS ¢ is the proportion of transfers that are calculated in
foreign currency.

The household transfers to the rest of the worldhhldrwtrans 4, are subtracted from the recog-
nised household incomeRhhldincome , rst. In certain scenarios, e.g. road outages, there may
be additional travel costs to the household,addtravelcostsy,. These will be subtracted next.
Once these expenditures have been subtracted, the exogenous constafitsLDENT TRANSRT 4,
HHLDGOV TTRANSRT 4.4r, and HHLDREGTRANSRT 4, are used to de ne the shares of
income reallocated from households to enterprisesljldenttrans g ), government (hhidgovttrans g.qr),
and other NZ households (hldregtransout 4 ), respectively. This gives Egs. B.10, B.11, and B.12:

hhildenttrans 4 =( Rhhldincome 4 hhldrwtrans 4, addtravelcostsy,)
HHLDENTTRANSRT g
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hhldgovttrans 4. =( Rhhldincome ¢  hhldrwtrans 4  addtravelcostsy,)
HHLDGOV TTRANSRT g4

hhidregtransout 4 =( Rhhldincome 4  hhldrwtrans 4, addtravelcostsy)
HHLDREGTRANSRT g

Of the remaining household incomehhldtotal , the proportion that is allocated to consumption,
rather than savings, is determined by the household consumption ratehhldconsumprt, such
that, Egs. B.13, B.14, and B.15:

hhldtotal 4 =Rh>QIdincome dar hhldrwtrans 4 hhldregtransout 4,  hhldenttrans g

(hhidgovttrans 4.qc) addtravelcostsy,
g

totalhhldconsump g, = hhldtotal 4, hhldconsumprt g

hhidsavingsy, =hhldtotal 4, (1 hhldconsumprty; ) + HHLDSAV INGADJUST 4

Where an additional savings adjustment,HHLDSAV INGADJUST ¢, is added to account for
the fact that in the base SAM household expenditure is greater than income. This is made
possible through net increases in nancial stocks.

It is generally recognised that household consumption is negatively correlated with changes in
the real interest rate. When interest rates increase, people will be spending more on repaying
mortgages and thus there will be less money available to spend on consumption of goods. In this
model the parameterCIRELASTICITY 4, controls the degree to which household consumption

changes in response to changes in the real interest rate, which gives the relationship, Eq. B.16:

realinterestrt
BASEREALINTERESTRT
BASECONSUMPRT g4

hhidconsumprt 4, = 1 CIRELASTICITY 4 +1

WhereBASEREALINTERESTRT is the interest rate in the base year, anBASECONSUMPRT g
is the household commodity consumption rate in the base year.

Once the total value of income spent on consumption is determined, the households module also
determines the proportion that is reallocated to government through the imposition of indirect
taxes (e.g. GST). This is determined simply by multiplying the total value of consumption by

a constant household indirect tax rate, hhidindirecttaxrtadjusted 4. The default tax rate is
calculated from base year data, but can be adjusted over time, if required under a scenario
(Egs. B.22, B.24).

hhidindirecttax g = totalhhldconsumpg, hhldindtaxrtadjusted g,
hhildindtaxrtadjusted 4 = HHLDINDTAXRT 4 + HHLDTAXRTADJUST 4 (1)

The model then applies a constant Constant Elasticity of Substitution (CES) function procedure
to determine household consumption of individual commodities. In short this process involves
rst determining the total demand for ‘composite' commaodities, hhidcompcommdy, , by dividing
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the value of total consumption (minus the indirect taxes) by the applicable composite commodity
price, Phhidcc 4 (Eq. B.21):

Ihhl hhidindi
hhldcompcommdy, = tota dconsug’ﬁﬁlrdcc d dindirecttax g
r

Next, the rst-order conditions for the CES problem enables a function to be generated that
speci es the quantity of each commodity consumedhhldconsumpy-c, given the price of the
particular commodity, Pcompcommd .., relative to the composite price,Phhldcc ¢, and the
applicable CES scale parameters,iN'dc, share parameters, iM9¢ and elasticity of substitution,

v dr;c
hhide (Eq. B.19):

W
' hhidcompcommdy,

( gh|dc) IdthIdc hhidc Phh|dCC dr
r

hhldconsumpqy.c = de poompcommd g
rc

Finally using the same CES scale and share parameters, and elasticity of substitution, the quan-
tity of composite commodities consumed can then be calculated (Eq. B.18):

n
S
hhldc

mide N hihid hhide dr
ghhldcgy, = g arc . (hhldconsumpg.c) o

Once we know the quantity of each composite commodity consumed, we can calculate the current
household composite commodity consumption price using (Eq. B.17):

Pcompcommd .. hhldconsumpg.c
ghhldccy,

C

actualphhldccy, =

The price stock Phhldcc 4, adjusts to the calculated current price actualphhldccy, at the rate
prices (EQ- B.Z)Z

%(Phhldcc dr) = actualphhldccy,  Phhldcc g,

prices

In order to have the prices respond almost instantaneously, the adjustment time is set to be
equal to the time step prices = t. This means that the price adjusts within one time step and
in the case where we use Euler's method to numerically solve the rate equations this is exactly
equivalent to setting Phhldcc 4 (t) = actualphhldccy;, (t t).

3.2 Government module

The government module is very similar in structure to the households module (Section 3.1). The
module can also be conceptually separated into equations dealing with income and equations
dealing with expenditure. The full set of equations are available in Appendix B.2. A tree
diagram that provides a summary of the di erent contributions to income and expenditure is
shown in Figure 3.2.

On the income side, governments receive income mainly from direct and indirect taxedirecttaxincome g:qr
and indirecttaxincome g.q;. In addition to income from taxes, the governments receive some
transfers of income from capital,capgovttransg.q,, enterprise, entgovttrans 4.q-, and households,
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Figure 3.2 Tree diagram showing governments' income and expenditure. CES: Constant Elasticity
of Substitution calculation. SAM: Social Accounting Matrix.

'How tax is split between local and central governments is exogenously determined.

2The amount that gets transferred to the rest of the world depends on the Casurplus .

hhidgovttrans 4.4 The model also accounts for some minor nancial transfers between govern-
ment agents, betwgovttransoutcentraic $ Localc:ar - 1hese transfers are simultaneously a source
of income for the receiving government agent, and a source of expenditure for the providing
government agent. Also excluded from available government income, is the compulsory expen-
diture on new municipal wastewater schemes, both loan payments for new capital and operating
expenditures (Eq. B.44). The actual government income is given by (Eq. B.28):

govtincomey.qr = directtaxincome g.qr + ig\(directtaxincome g:dr + capgovttransy.q, + entgovttrans g.qr

+ hhldgovttrans g.qr + betwgovttransing.s.qr ~ govtdirecttax g:qr
Sr

centralgovmunpaysg.qr + importtariffs g.qr

X X
centralgovmunpaysg:qr = totalloanpayments v = Normal;mf = Cgovtit + VMUNOPEXdr.c;mf = Cgovt
It [«
5 Rgovtincome .4

ar Rgovtincome .4

Direct tax is charged on the capital and enterprise income transferred to governments at the rate
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