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Glossary
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 economicmodels 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 different types of economic agents (usu-
ally different types of industries, households, and government), conceptualised as either
profit 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).

CPI 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 fixed 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 different com-
ponents or relationships within a system, and simulating changes in systems over time.
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1 Introduction
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 effects
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 differs
from a ‘standard’ CGE model in that it is a System Dynamics model formulated using finite
differential 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 Objectives 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 Model Overview
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 identification 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 influence 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
influences 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 specifically on using numerical methods (involving finite
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difference equations) to approximate solutions for ordinary differential 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 significantly 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, STELLAR©and VensimR©. 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
endogenous variables: stocks or auxiliaries, and exogenous inputs: fixed 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 inflows and outflows
(changes) to that stock ceased to exist. Stocks are endogenous as they are calculated within the
model by solving the differential 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 defining 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 influence 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 fixed parameters (constants), and the time-varying inputs that are specified in advance
(before the model is run). These are defined exogenous to the model, and can be varied by the
modeller to investigate different 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 commodities (aggregated to 27 commodity cat-
egories) to produce, based on the prices of those commodities relative to the costs of production.
household, enterprise, and government agents receive income from a variety of sources (e.g. wages
and salaries, business profits, 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 different 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 financial flows 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 influencing demand and supply relationships. The
model uses the NZ commodity prices along with exogenously specified world commodity prices
to determine the supply and demand of exports and imports.

2.2.2 Model specifics

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 financial 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 (Smith et al., 2015).

The SAMs were constructed for the 2006-07 financial 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 Zealand.1 Based on the timing of the multi-
regional SAMs, we can interpret the time at which model simulations commence (i.e. t = 0) as
being half way through that financial 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 ($2007). For example, if 20 kg of raw milk solids could
be purchased for $2007100 during the base year, and the model shows the price increases from 1
at t = 0 to 1.5 at t = 10, then only 13.3kg of raw milk solids can be purchased for $2007100 at
t = 10 or, put another way, that 20kg of raw milk solids would cost $2007150 at t = 10.

1Statistics 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 profits, 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 different 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 (α) 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 α 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, fits into
the first 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 difficult, 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 of τprices = ∆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, τincome > ∆t. Other examples in the model include the industry
production which is determined by considering the demand over the past τindustry ≈ 3 months,
and the interest rate and cash surplus, which are smoothed over the times τinterest and τcasurplus,
respectively.

Input Parameter Estimation The model incorporates a large number of other input param-
eters. Due to limitations in the availability of official statistics, and the significant 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 fi-
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 finan-
cial information produced from case study farms modelled during 2015 (see Moran et 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 financial 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 commodities/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 profit.
While a separate CET function determines how the supply of goods to the domestic market is
split between the local region and the RoNZ.

2.3.1 Conventions and notation used

Stocks are in bold font, with the first 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 Pregdomcommsr,dr,c denotes a price of regional domestic commodities specified 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 notation sr → 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 notation DReg1↔ DReg2 in a subscript
is used when a quantity is transferred between regions i.e. the output from DReg1 goes to DReg2
and the output from DReg2 goes to DReg1.

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 differential equations)
in the form:
d

dt
Stock = rateofchange (2.1)

The rates of change rateofchange 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 = [FactsI, InterI] Input types: Factor inputs and Intermediate inputs
g = [CentralG,LocalG] Governments: Central and Local
sr = [SReg1, SReg2] Supply Regions: Region of interest and RoNZ
dr = [DReg1, DReg2] Demand Regions: Region of interest and RoNZ
i = [Ind1, Ind2, . . .] Industries: see Table A.2 in Appendix A.1
agi = [AgIn01, AgIn02, . . .] Agricultural Industries: see Table A.4 in Appendix A.1
IOag = [IOAg01, IOAg02, . . .] 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 = [Com1, Com2, . . .] Commodities: see Table A.3 in Appendix A.1
nct = [NatCap1, NatCap2, . . .] Natural Capital types: see Table A.1 in Appendix A.1
m = [Road,Rail] Transport margins: Road and Rail
lt = [Capital, Land] Loan type: Capital and Land
rt = [Normal, F inIntServ] Rate types: Normal and Financial Intermediate Services

(see Table A.14 in Appendix A.1)
ez = [Zone01, Zone02, . . .] Economic zones: see Table A.12 in Appendix A.1
ft = [FaTyp01, FaTyp02, . . .] Farm types: see Table A.7 in Appendix A.1
mt = [Miti01,Miti02, . . .] Mitigation states: see Table A.8 in Appendix A.1
mofa = [MoFa01,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 ear01, 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 find 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 of Stock(t)). Numerical methods
for solving differential 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 finite difference equations numerically approximates the solution as:

Stock(t+ ∆t) = Stock(t) + (rateofchange)×∆t (2.2)

Euler’s method uses a fixed 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 different 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 off between numerical accuracy, stability
and computational time. After some investigation, we choose the time step ∆t = 0.0025 years,
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 inflation 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 (τcasurplus, τincome,
τindustry, τinterest, and τprices) 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 specified 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, ε, 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
quantity. The larger the elasticity, the greater the response to changes in price.

As an example, the CES production function for the demand for the ith composite good Qi can
be specified as:

Qi = γi

[
δmi (Mi)

ηi + δdi (Di)
ηi
] 1
ηi (2.3)

where Mi and Di are the demand for the two input types (e.g. imported and domestic) available
to produce good Qi, and γi is the CES scale parameter. The CES input share coefficients for
input types Mi and Di are δm and δd, where 0 ≤ δi ≤ 1 and δmi + δdi = 1. Furthermore ηi is a
parameter defined by the elasticity of substitution between inputs Mi and Di:

ηi =
εi − 1

εi
, ηi ≤ 1 (2.4)

Now we can see that since ηi ≤ 1, we have 1/(1− ηi) ≥ 0, so as expected, when the price of an
input pdi (or pmi ) increases the demand for that input Di (or Mi) decreases.

There are some special cases of the elasticity of substitution that are worth noting. Firstly, as
ε→∞, η goes to one and we have perfect (or linear) substitution. Conversely, in the extreme case
where ε = 0 (η goes to negative infinity) we have fixed shares of inputs, and Eq. 2.3 becomes
a Leontief function. Finally, in the limit where η 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 first-order conditions for this problem imply the following demand functions
for the two input types:

Mi =

[
(γi)

ηi δmi
pqi
pmi

] 1
1−ηi

Qi

Di =

[
(γi)

ηi δdi
pqi
pdi

] 1
1−ηi

Qi

(2.5)

where pmi and pdi respectively denote the relative prices of input types Mi and Di, and pqi is
the price of the composite Qi created by combining inputs Mi and Di (before taxes or tariffs).
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 different
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 specified 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, Di and Ei represent two alternative types of products into which the output Zi can be
transformed (e.g. export or domestic goods). The gross output must satisfy the equation:

Zi = θi

[
ξei (Ei)

φi + ξdi (Di)
φi
] 1
φi (2.6)

Where Di and Ei are the supply of the two possible outputs, and θi is the scale parameter for
the CET function. The share parameters ξdi and ξei have the properties 0 ≤ ξdi ≤ 1, 0 ≤ ξei ≤ 1,
and ξdi + ξei = 1, as for the CES scale parameters.

As in the CES formulation, the elasticity of transformation, ψ, determines how sensitive the
ratio of supply of outputs is to relative price changes, with larger ψ 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:

φi =
ψi + 1

ψi
, φi ≥ 1 (2.7)

By assuming profit maximisation we get the supply of Di and Ei to be:

Ei =

[
(θi)

φi ξei
pzi
pei

] 1
1−φi

Zi

Di =

[
(θi)

φi ξdi
pzi
pdi

] 1
1−φi

Zi

(2.8)

where pzi is the price of the gross output Zi (including and taxes or tariffs), and pdi and pei are
the prices of transformed outputs Di and Ei respectively. However, since φi ≥ 1, the quantity
1/(1− φi) < 0 and the relative quantity of Di (or Ei) supplied will increases if the relative price
of that product pdi (or pei ) increases compared to the gross output price pzi .
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3 Modules
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 different contributions to
income and expenditure is shown in Figure 3.1.

Labour Capital Government

income income transfers

labincomesupply sr->dr capincomehhld dr govthhldtrans g,dr

Rest of world Enterprise Regional

transfers transfers transfers

less direct tax x(1-TAXHHLD dr ) rwhhldtrans dr entincomehhld dr hhldregtransout DReg1<->DReg2

INCOME

Total Households Account

EXPENDITURE

Rest of world Additional

transfers travel costs

hhldrwtrans dr addtravelcosts dr

Notes:

Govt Regional Enterprise 1 Split given by

transfers transfers transfers which depend

hhldgovttrans g,dr hhldregtransout dr hhldenttrans dr

Total household Household

consumption
1 savings

1

totalhhldconsump dr hhldsavings dr

less indirect tax x(1-HHLDINDTAXRT dr )

Total commodity

consumption

Com 1 Com 2 … Com n

hhldconsump dr,Com 1 hhldconsump dr,Com 2 hhldconsump dr,Com n

CES

Fixed proportions from SAM

Subtract fixed costs first

Sum across 
governments

Sum

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,
labincomesupplysr→dr, capital income paid directly to households, capincomehhlddr, and enter-
prise income that is transferred to households, entincomehhlddr. Household incomes are further
sourced from transfers from the rest of the world, rwhhldtrans, the government, govthhldtransg,dr,
and interregional household transfers, hhldregtransindr. Altogether these sources of income, less
direct taxes hhlddirecttaxdr and income that is compulsory allocated towards funding new mu-
nicipal wastewater schemes (hhldloanpaymentsdr and vmunopexdr,c,mf=Hhld), constitute the
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available household income actualhhldincome (Eq. B.3):

actualhhldincomedr = capincomehhlddr + entincomehhlddr + labincomesupplysr→dr + rwhhldtransdr

+
∑
g

(govthhldtransg,dr) + hhldregtransoutDReg1↔DReg2 − hhlddirecttaxdr − hhldloanpaymentsdr

−
∑
c

vmunopexdr,c,mf=Hhld

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

hhldloanpaymentsdr=DReg1 =
∑
lt

totalloanpaymentsrt=Normal,mf=Hhld,lt

hhldloanpaymentsdr=DReg2 = 0

Direct tax is charged on the capital income paid directly to households, capincomehhlddr, and
the factor payments to labour, labincomesupplysr→dr, at the rate TAXHHLDdr (Eq. B.23):

hhlddirecttaxdr = (capincomehhlddr + labincomesupplysr→dr)× TAXHHLDdr

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

capincomehhlddr = caplocalhhldtransdr + capreghhldtransDReg1↔DReg2

entincomehhlddr = enthhldtransdr + entreghhldtransDReg1↔DReg2

To calculate the total value of labour income received by households within each region, labincomeregion,
the model first determines the total value of income paid to labour within each region, labincomedregion,
by multiplying the quantity of labour demanded in each region,factorsuh=LAB,dr,i by the current
labour price, preglabourdr. 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 (Eq. B.7):

labincomedregiondr =
∑
i

(factorsuh=LAB,dr,i (1−RWFACTRTh=LAB,dr) preglabourdr)

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 (Eq. B.6):

labincomesupplysr =
∑
dr

(
labincomedregiondr reglaboursupplysr,dr∑

sr(reglaboursupplysr,dr)

)

Page 11



Incomes received by households from the rest of the world, rwhhldtransdr, are assumed to grow
from the base year amount, RWHHLDTRANSBSdr, 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 different 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.e. FCSHRWHHLDTRANS, is calculated in foreign currency
(Eq. B.9):

rwhhldtransdr = RWHHLDTRANSBSdrWORLDGDPINDX(t) (1− FCSHRWHHLDTRANSdr)

+RWHHLDTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHRWHHLDTRANSdr

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, τincome (Eq. B.1):

d

dt
(Rhhldincomedr) =

1

τincome

(
actualhhldincomedr −Rhhldincomedr

)
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 different ‘sinks’ for household income are recognised:
household savings, hhldsavings, consumption of commodities, totalhhldconsump, transfers to
the rest of the world, hhldrwtrans, transfers to government, hhldgovttrans, transfers to enter-
prises, hhldenttrans, and transfers to NZ households in other regions, hhldregtransout. This
model also includes additional travel costs due to short term change such as a road outage,
addtravelcostsdr, 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):

hhldrwtransdr = HHLDRWTRANSBSdrWORLDGDPINDX(t) (1− FCSHHHLDRWTRANSdr)

+HHLDRWTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHHHLDRWTRANSdr

Where HHLDRWTRANSBSdr is the transfers from households to the rest of the world in the
base year, and FCSHHHLDRWTRANSdr is the proportion of transfers that are calculated in
foreign currency.

The household transfers to the rest of the world, hhldrwtransdr, are subtracted from the recog-
nised household income, Rhhldincome, first. In certain scenarios, e.g. road outages, there may
be additional travel costs to the household, addtravelcostsdr. These will be subtracted next.
Once these expenditures have been subtracted, the exogenous constantsHHLDENTTRANSRTdr,
HHLDGOV TTRANSRTg,dr, and HHLDREGTRANSRTdr are used to define the shares of
income reallocated from households to enterprises (hhldenttransdr), government (hhldgovttransg,dr),
and other NZ households (hhldregtransoutdr), respectively. This gives Eqs. B.10, B.11, and B.12:

hhldenttransdr = (Rhhldincomedr − hhldrwtransdr − addtravelcostsdr)
×HHLDENTTRANSRTdr
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hhldgovttransg,dr = (Rhhldincomedr − hhldrwtransdr − addtravelcostsdr)
×HHLDGOV TTRANSRTg,dr

hhldregtransoutdr = (Rhhldincomedr − hhldrwtransdr − addtravelcostsdr)
×HHLDREGTRANSRTdr

Of the remaining household income, hhldtotal, the proportion that is allocated to consumption,
rather than savings, is determined by the household consumption rate, hhldconsumprt, such
that, Eqs. B.13, B.14, and B.15:

hhldtotaldr =Rhhldincomedr − hhldrwtransdr − hhldregtransoutdr − hhldenttransdr
−
∑
g

(hhldgovttransg,dr)− addtravelcostsdr

totalhhldconsumpdr =hhldtotaldr hhldconsumprtdr

hhldsavingsdr =hhldtotaldr (1− hhldconsumprtdr) +HHLDSAV INGADJUSTdr

Where an additional savings adjustment, HHLDSAV INGADJUSTdr, 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 financial 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 parameter CIRELASTICITYdr controls the degree to which household consumption
changes in response to changes in the real interest rate, which gives the relationship, Eq. B.16:

hhldconsumprtdr =

[(
realinterestrt

BASEREALINTERESTRT
− 1

)
CIRELASTICITYdr + 1

]
×BASECONSUMPRTdr

WhereBASEREALINTERESTRT is the interest rate in the base year, andBASECONSUMPRTdr
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, hhldindirecttaxrtadjusteddr. The default tax rate is
calculated from base year data, but can be adjusted over time, if required under a scenario
(Eqs. B.22, B.24).

hhldindirecttaxdr = totalhhldconsumpdr × hhldindtaxrtadjusteddr

hhldindtaxrtadjusteddr = HHLDINDTAXRTdr +HHLDTAXRTADJUSTdr(t)

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
first determining the total demand for ‘composite’ commodities, hhldcompcommddr, by dividing
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the value of total consumption (minus the indirect taxes) by the applicable composite commodity
price, Phhldccdr (Eq. B.21):

hhldcompcommddr =
totalhhldconsumpdr − hhldindirecttaxdr

Phhldccdr

Next, the first-order conditions for the CES problem enables a function to be generated that
specifies the quantity of each commodity consumed, hhldconsumpdr,c, given the price of the
particular commodity, Pcompcommddr,c, relative to the composite price, Phhldccdr, and the
applicable CES scale parameters, γhhldcdr , share parameters, δhhldcdr,c , and elasticity of substitution,
ηhhldcdr (Eq. B.19):

hhldconsumpdr,c =

[
(γhhldcdr )η

hhldc
dr δhhldcdr,c

Phhldccdr
Pcompcommddr,c

] 1

1−ηhhldc
dr hhldcompcommddr

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):

qhhldccdr = γhhldcdr

[∑
c

(
δhhldcdr,c (hhldconsumpdr,c)

ηhhldcdr
)] 1

ηhhldc
dr

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

actualphhldccdr =

∑
c

(
Pcompcommddr,c hhldconsumpdr,c

)
qhhldccdr

The price stock Phhldccdr adjusts to the calculated current price actualphhldccdr at the rate
τprices (Eq. B.2):

d

dt
(Phhldccdr) =

1

τprices

(
actualphhldccdr −Phhldccdr

)
In order to have the prices respond almost instantaneously, the adjustment time is set to be
equal to the time step τprices = ∆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 Phhldccdr(t) = actualphhldccdr(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 different contributions to income and expenditure is
shown in Figure 3.2.

On the income side, governments receive income mainly from direct and indirect taxes, directtaxincomeg,dr
and indirecttaxincomeg,dr. In addition to income from taxes, the governments receive some
transfers of income from capital, capgovttransg,dr, enterprise, entgovttransg,dr, and households,
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Industry Government Government

indirect tax indirect tax direct tax

indindirecttax dr,i govtindirecttax g,dr govtdirecttax g,dr

Household Investment Rest of world Household Enterprise Rest of world

indirect tax indirect tax indirect tax direct tax direct tax direct tax

hhldindirecttax dr investindirecttax dr rwindirecttax dr hhlddirecttax dr entdirecttax dr rwdirecttax dr

Capital Enterprise x INDIRECTTAXSH g,dr
1 x DIRECTTAXSH g,dr

1 

transfers transfers

capgovttrans dr entgovttrans dr

Indirect tax Household Between govt Direct tax

income transfers transfers income

less direct tax x(1-GOVTDIRECTTAXRT g,dr ) indirecttaxincome g,dr hhldgovttrans g,dr betwgovttransout g,DReg1<->DReg2 directtaxincome g,dr

INCOME

Total Governments Account

EXPENDITURE

Rest of world

transfers2

govtrwtrans g,dr

Between Government Total government Household

govt transfers savings consumption transfers

betwgovttransout g,dr govtsavings g,dr totalgovtconsump g,dr govthhldtrans g,dr

less indirect tax x(1-GOVTINDIRECTTAXRT dr )

Total commodity

consumption

Com 1 Com 2 … Com n

govtconsump g,dr,Com 1 govtconsump g,dr,Com 2 govtconsump g,dr,Com n

CES

Fixed proportions from SAM3

Sum across 
governments

Sum across 
industries

Sum

Subtract fixed costs first

Sum across governments

Sum Sum

Sum

Figure 3.2 Tree diagram showing governments’ income and expenditure. CES: Constant Elasticity
of Substitution calculation. SAM: Social Accounting Matrix.
1How 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.

hhldgovttransg,dr. The model also accounts for some minor financial transfers between govern-
ment agents, betwgovttransoutCentralG↔LocalG,dr. These 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):

govtincomeg,dr =directtaxincomeg,dr + indirecttaxincomeg,dr + capgovttransg,dr + entgovttransg,dr

+ hhldgovttransg,dr +
∑
sr

betwgovttransing,sr,dr − govtdirecttaxg,dr

− centralgovmunpaysg,dr + importtariffsg,dr

centralgovmunpaysg,dr =

(∑
lt

totalloanpaymentsrt=Normal,mf=Cgovt,lt +
∑
c

vmunopexdr,c,mf=Cgovt

)

×
Rgovtincomeg,dr∑
drRgovtincomeg,dr

Direct tax is charged on the capital and enterprise income transferred to governments at the rate
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GOV TDIRECTTAXRTg,dr (Eq. B.31):

govtdirecttaxg,dr =
[
capgovttransg,dr + entgovttransg,dr

]
×GOV TDIRECTTAXRTg,dr

In the calculation of all direct and indirect tax transfers to governments, exogenous tax rates,
DIRECTTAXSHg,dr and INDIRECTTAXSHg,dr, are applied to determine how the tax in-
come is split between local and central governments. Direct tax comes from taxes on the income
of enterprises, entdirecttaxdr, households, hhlddirecttaxdr, the rest of the world, rwdirecttaxdr,
and the governments itself, govtdirecttaxg,dr (Eq. B.29):

directtaxincomeg,dr =

[
entdirecttaxdr + hhlddirecttaxdr + rwdirecttaxdr +

∑
g

(govtdirecttaxg,dr)

]
×DIRECTTAXSHg,dr

While indirect taxes (including GST) come from the consumption of households, hldindirecttaxdr,
investments, investindirecttaxdr, industries indindirecttaxdr,i, the rest of the world, rwindirecttaxdr,
and the government, govtindirecttaxg,dr (Eq. B.30):

indirecttaxincomeg,dr =

[
investindirecttaxdr + rwindirecttaxdr + hhldindirecttaxdr

∑
i

(indindirecttaxdr,i) +
∑
g

(govtindirecttaxg,dr)

]
× INDIRECTTAXSHg,dr

The calculation of most of these indirect taxes is explained in other modules. In the case of indus-
try indirect taxes, these are determined simply by multiplying the value of industry consumption
by an indirect tax rate. The default tax rate, INDINDIRECTTAXRTdr,i is determined from
the base social accounting matrix, but can be adjusted if necessary when applying different
scenarios (Eqs. B.76, B.77):

indindirecttaxdr,i =

[∑
c

(
indconsumpdr,i,cPcompdomcommddr,c

)]
× indindirecttaxrtadjusteddr,i

indindirecttaxrtadjusteddr,i = INDINDIRECTTAXRTdr,i + INDTAXRTADJUSTi(t)

The final term in Eq. B.28 refers to income from import tariffs. Importantly, as import tariffs
are already included as a category of indirect tax, this will normally be equal to zero, unless a
scenario involves the application of special import tariffs over and above those normally charged.

Government expenditure includes transfers to households, govthhldtransg,dr, other government
agents, betwgovttransoutg,dr, and the rest of the world, govtrwtransg,dr. The stockRgovtincomeg,dr,
which is the recognised governments’ (local and central) income, smoothed over the time τincome
(Eq. B.26):

d

dt

(
Rgovtincomeg,dr

)
=

1

τincome

(
govtincomeg,dr −Rgovtincomeg,dr

)
is used to determine the allocations of income to different expenditures.
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The transfers from the government to the rest of the world, govtrwtransg,dr, vary from the base
year amount GOV TRWTRANSBSg,dr, depending on the current account surplus Casurplus
according to the elasticity parameter EGOV TTRANS (Eq. B.32):

govtrwtransg,dr =sgn
(
Casurplus

) ∣∣Casurplus∣∣EGOV TTRANS ( GOV TRWTRANSBSg,dr∑
g

∑
dr

(
GOV TRWTRANSBSg,dr

))
+GOV TRWTRANSBSg,dr

This expenditure is removed first, then the share of remaining income allocated to other areas
is calculated (Eqs. B.34 - B.37):

govthhldtransg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×GOV THHLDTRANSRTg,dr

betwgovttransoutg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×BTWGOV TTRANSRTg,dr

govtsavingsg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×GOV TSAV RTg,dr

totalgovtconsumpg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×GOV TCONSUMPRTg,dr

Once the total government consumption is calculated, the indirect tax paid on consumption is
given by (Eq. B.43):

govtindirecttaxg,dr = totalgovtconsumpg,drGOV TINDIRECTTAXRTg,dr

As in the households module (Section 3.1) the CES function is used as a basis for allocating total
government consumption expenditure among individual commodity types.

First the model determines the total demand for ‘composite’ commodities, govtcompcommdg,dr,
by dividing the total consumption (minus indirect taxes) by the applicable commodity price,
Pgovtccg,dr (Eq. B.42):

govtcompcommdg,dr =
totalgovtconsumpg,dr − govtindirecttaxg,dr

Pgovtccg,dr

Next, the consumption of individual commodities, govtconsumpg,dr,c can be calculated from the
demand for composite commodities, using a CES function that adjusts the particular commodity
allocations based on the price of that commodity, Pcompcommddr,c, relative to the composite
price, Pgovtccg,dr, using the CES scale parameters γgovtcg,dr , the CES share parameters δgovtcg,dr,c, and
the elasticity of substitution ηgovtcg,dr (Eq. B.40):

govtconsumpg,dr,c =

[
(γgovtcg,dr )η

govtc
g,dr δgovtcg,dr,c

Pgovtccg,dr
Pcompcommddr,c

] 1

1−ηgovtc
g,dr govtcompcommdg,dr

The same scale and share parameters, and elasticity of substitution can then be used to calculate
the quantity of composite commodities consumed (Eq. B.39):

qgovtccg,dr = γgovtcg,dr

[∑
c

(
δgovtcg,dr,c (govtconsumpg,dr,c)

ηgovtcg,dr

)] 1

η
govtc
g,dr
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The actual price of government composite commodities is then calculated (Eq. B.38):

actualpgovtccg,dr =

∑
c

(
govtconsumpg,dr,cPcompcommddr,c

)
qgovtccg,dr

And the price stock Pgovtccg,dr adjusts at rate τprices to meet this price (Eq. B.27):

d

dt

(
Pgovtccg,dr

)
=

1

τprices

(
actualpgovtccg,dr −Pgovtccg,dr

)

3.3 Enterprise module

The enterprise module follows a similar form to the government module (Section 3.2) and the
household module (Section 3.1). It can be broken up into income and expenditure sections, how-
ever, as enterprises do not consume commodities directly there is no consumption of commodity
section. The full set of equations are available in Appendix B.3. A tree diagram that provides a
summary of the different contributions to income and expenditure is shown in Figure 3.3.

Capital Rest of world

transfers transfers

capentertrans dr rwenttrans dr

Regional Household

transfers transfers

less direct tax x(1-ENTTAXRT dr ) entregtransout DReg1<->DReg2 hhldenttrans dr

INCOME

Total Enterprise Account

EXPENDITURE

Rest of world

transfers

entrwtrans dr

Regional Within region Enterprise Outside region Govt

transfers household transfers savings household transfers transfers

entregtransout dr enthhldtrans dr entsavtrans dr entreghhldtrans dr entgovttrans g,dr

Leontief

Fixed proportions from SAM

Sum

Subtract fixed costs first

Figure 3.3 Tree diagram showing enterprise income and expenditure. SAM: Social Accounting
Matrix.

The income of enterprises is made up of transfers of capital income, capentertransdr, trans-
fers from households, hhldenttransdr, and transfers from the rest of the world, rwenttransdr.
Additionally, this model includes enterprise income transfers between regions, which are simulta-
neously an expenditure for the providing region entregtransoutdr, and a source of income for the
receiving region entregtransoutDReg1↔DReg2$. This gives the equation for the total enterprise
income (Eq. B.46):

actualenterincomedr =capentertransdr + hhldenttransdr + rwenttransdr

+ entregtransoutDReg1↔DReg2 − entdirecttaxdr

Page 18



Where there is direct tax charged on capital and rest of world transfers only, at a rateENTTAXRTdr
(Eq. B.47):

entdirecttaxdr = (capentertransdr + rwenttransdr)× ENTTAXRTdr

Transfers to enterprises from the rest of the world, rwenttransdr, follow the same form as
household transfers from the rest of the world (see Eq. B.9). Specifically, they are assumed
to grow from the rate in the base year, RWENTTRANSBSdr, following the GDP index
WORLDGDPINDX(t), with a fixed proportion, FCSHRWENTTRANSdr, being set in for-
eign currency (Eq. B.48):

rwenttransdr = RWENTTRANSBSdrWORLDGDPINDX(t)(1− FCSHRWENTTRANSdr)

+RWENTTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHRWENTTRANSdr

The recognised enterprise income stock, Renterincomedr, follows the actual enterprise income,
actualenterincomedr, adjusting over the time τincome (Eq. B.45):

d

dt
(Renterincomedr) =

1

τincome

(
actualenterincomedr −Renterincomedr

)
Enterprise income is distributed to six different ‘sinks’ of expenditure: transfers to the rest of
the world, entrwtransdr, enterprise transfers between regions, entregtransoutdr, transfers to
governments, entgovttransg,dr, transfers to households within the region, enthhldtransdr, and
outside the region, entreghhldtransdr, with the remaining transferred to savings, entsavtransdr.

As in the household and government modules, we subtract the transfers to the rest of the world
first, with the amount calculated in a similar way (Eq. B.49):

entrwtransdr = ERWTRANSBSdrWORLDGDPINDX(t)(1− FCSHENTRWTRANS)

+ERWTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHENTRWTRANS

The remaining income is then allocated according to the proportions: EREGTRANSRTdr,
EGOV TTRANSRTg,dr, EHHLDTRANSRTdr, ERHHLDTRANSRTdr, andESAV TRANSRTdr
(Eqs. B.50 - B.54):

entregtransoutdr =
[
Renterincomedr − entrwtransdr

]
× EREGTRANSRTdr

entgovttransg,dr =
[
Renterincomedr − entrwtransdr

]
× EGOV TTRANSRTg,dr

enthhldtransdr =
[
Renterincomedr − entrwtransdr

]
× EHHLDTRANSRTdr

entreghhldtransdr = [Renterincomedr − entrwtransdr]× ERHHLDTRANSRTdr

entsavtransdr =
[
Renterincomedr − entrwtransdr

]
× ESAV TRANSRTdr

Where the proportions sum to exactly one, ensuring that all enterprise income is distributed to
expenditure each time step.
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3.4 Industries module

The industries module performs three primary functions: (1) Calculating the value of industry
production within each region, (2) calculating the quantity of composite factors demanded by
industries, and (3) determining the respective values of industry income and expenditure. The
full set of equations are available in Appendix B.4.

Starting with the first, the model assumes that each industry has a desired level of production,
Desiredproddr,i, based on the value of industry sales. In turn the value of industry sales
is calculated by first determining the value of commodity sales, including both domestic and
export sales (Eq. B.59):

vcomdemandsr,c =
∑
dr

(Pregdomcommsr,dr,c regdomcommdsr,dr,c)

+ expcommoditydsr,c
Pexpcommsr,c

Exchangert

Once the values of commodity sales are determined, these are allocated to industries based on
each industry’s relative share of total production, also termed supply coefficients, supcoeffsr,i,c,
thereby determining the total value of demand for industries’ output, vinddemandcsr,i,c (Eq. B.58):

vinddemandcsr,i,c = supcoeffsr,i,c vcomdemandsr,c

Rather than assuming that industries adjust production immediately to match the current value
of sales, the model incorporates a time delay that acts to smooth industry production against
short term fluctuations in commodity sales. This approach is well recognised in the System
Dynamics literature and is termed ‘psychological smoothing’ (Forrester, 1961, p497). In short,
psychological smoothing is a form of information delay that is recognised to occur whenever a
decision that forms part of the feedback structure of a system is influenced by gradual adjustments
of perceptions or beliefs. Thus, desired industry production is represented as a state of the system
(i.e. stock) that either grows or declines based on the difference between it and the actual value
of industry sales, as well as the assumed adjustment time for beliefs, τindustry (Eq. B.55):

d

dt

(
Desiredproddr,i

)
=

1

τindustry

(∑
c

(vinddemandcsr→dr,i,c)−Desiredproddr,i

)

The model further allows for the value of actual industry production, actualproddr,i, to vary
from the desired level of production (see Eqs. B.60, B.61). The intention is to capture external
influences on industries that prevent achievement of ‘as normal’ levels of production. Examples
tested so far are disruptions in critical infrastructure services, such as water an electricity. This
is achieved essentially by enforcing a maximum level of production when the operability of an
industry, OPERABILITYsr,i(t), which is a scalar that varies between zero (complete disruption)
and one (no disruption). This may not be very relevant to the types of scenarios for which the
Southland Economic Model will be applied when evaluating water policy options, but could be
relevant if the model is employed for other purposes such as examining the implications of a
natural disaster.

Having determined the value of industry production, the quantity of industry production is
determined simply by dividing by the unit cost of production, unitcostdr,i. Given also the
quantity of factors required per unit of production, factinputsharedr,i, it is possible to determine
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the total demand for composite factors by industries, compfactorddr,i with (Eq. B.71):

compfactorddr,i =
maxprodsupdr,i
unitcostdr,i

factinputsharedr,i
multifactorprod2dr,i

The denominator, multifactorprod2dr,i, is the index of multi-factor productivity for each indus-
try - see the factors and primary Modules for more detail. A scaling of (1/multifactorprod2dr,i)
is required in Eq. B.71, to account for the current level of productivity of the factor inputs.
It is also important that the model uses maxprodsupdr,i (does not capture temporary adjust-
ments to as-normal prudction) rather than maxproddr,i in the calculation of composite factor
demands. This means that industries ‘hold on’ to factor demands, at least in the short term,
despite disruptions in operations. As rationale we would not expect, for example, firms to lay off
staff immediately following a water supply disruption, even if those staff could not be effectively
employed.

Nevertheless, it is necessary to also calculate the effective composite factor demands, effectcompfactorddr,i,
based on actual industry production, as this forms an input to the factors module (Section 3.6),
and then the commodities module (Section 3.5), and the industry module (Section 3.4). This is
calculated as (Eq. B.72):

effectcompfactorddr,i =
actualproddr,i
unitcostdr,i

factinputsharedr,i
multifactorprod2dr,i

The unit cost of production is made up of the unit cost of intermediate inputs and the unit cost
of factors (Eq. B.73):

unitcostdr,i = interinputunitcostdr,i + factinputunitcostdr,i

The contributions to unit cost are calculated based on the relative shares of intermediate inputs
and factors necessary for production, interinputsharedr,i and factinputsharedr,i, the relative
prices of these inputs, Pintinputsdr,i and Pcfactdr,i, and accounting for current state of multi-
factor productivity and the imposition of indirect taxes on intermediate inputs (Eqs. B.74, B.75):

interinputunitcostdr,i =
(
interinputsharedr,iPintinputsdr,i (1 + indindirecttaxrtadjusteddr,i)

)
×
(

1

multifactorprod2dr,i

)

factinputunitcostdr,i =
(
factinputsharedr,iPcfactdr,i

)
×
(

1

multifactorprod2dr,i

)

The final components of the industries module are concerned with calculating industry income,
industryincdr,i, and expenditure, indexpendudr,i. Income is calculated as the actual value of
commodities supplied by each industry (Eq. B.68):

industryincdr,i =
∑
c

(actualsupplysr→dr,i,c)
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where actualsupplysr,i,c is the minimum of the value of commodities supplied and the value of
commodities demanded (Eq. B.69).

actualsupplysr,i,c = min[potentialsalessr,i,c, vinddemandcsr,i,c]

The value of commodities supplied, or in other words, potential sales supplied, potentialsalessr,i,c,
is determined simply by multiplying the quantity of commodities supplied, indcommodityssr,i,c,
by the respective commodity prices, Pcompcommssr,c (Eq. B.70):

potentialsalesssr,i,c = indcommodityssr,i,cPcompcommssr,c

The values for industry expenditure, on the other hand, are derived from the use of inputs to
production, i.e. domestic commodities, imported commodities and factors, and the costs of those
inputs, plus any indirect taxes paid (Eq. B.63):

indexpendudr,i =
∑
c

(domcommexpenddr,i,c + importcommexpenddr,i,c)

+
∑
h

(factorsuh,dr,iPfacth,dr,i) + indindirecttaxdr,i

When calculating expenditure on domestic commodities, domcommexpenddr,i,c, and imported
commodities,importcommexpenddr,i,c, consideration is given to any economy-wide shortages in
supply which may mean that industries are not able to purchase the full quantity of commodities
demanded (Eqs. B.65, B.67, B.66, B.64, refer also to the commodities module for derivation of
variables):

domcommexpenddr,i,c = indusesharedr,i,c
∑
sr

(domcommodityusesr,dr,c pregdomcomminclmarginsr,dr,c)

domcommmodityusedr,i,c = min[regcdomcommssr,dr,c, regcdomcommdsr,dr,c]

indusesharedr,i,c =
indconsumpdr,i,c

totalcomdemanddr,c

importcommexpenddr,i,c = indusesharedr,i,c importdemanddr,c pimpcommnzdr,c

Additionally, the model keeps track of any differences between industry income and expenditure,
Industrybalancedr,i, as this surplus adds to industry ‘profits’ and thus needs to be considered
in the calculation of Industry Value Added (Eqs. B.57, B.62):

d

dt

(
Industrybalancedr,i

)
=

1

τ

(
realindustrybalancedr,i − Industrybalancedr,i

)
realindustrybalancedr=DReg1,i = industryincdr=DReg1,i − indexpendudr=DReg1,i

−
∑

fmu(indfencingcostsfmu,i + indplancostsfmu,i)

realindustrybalancedr=DReg2,i = industryincdr=DReg2,i − indexpendudr=DReg2,i

Note that when calculating realindustrybalance for region 1 (Southland), an adjustment is also
made to account for additional industry expenditure on fencing, indfencingcosts and farm plans,
indplancosts.
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3.5 Commodities module

The commodities module is the largest of all the modules in terms of the number of equations
specified. However, many of the equations follow a repeated structure involving only different
sets of quantities and prices. The full set of equations for the commodities module are available
in Appendix B.5.

A visual representation of the key structure used to determine the regional domestic commodity
supply and use (with associated domestic prices) is provided by the tree diagram in Figure 3.4.

Total commodity

demand by region

totalcomdemand dr,c

Regional demand Regional demand Regional demand

of Com 1 of Com 2 … of Com n

totalcomdemand dr,Com 1 totalcomdemand dr,Com 2 totalcomdemand dr,Com n

… …

Demand of Com 1 Demand of Com 1

from domestic market from import market

domcomdemand dr,Com 1 importdemand dr,Com 1

Demand of Com 1 Demand of Com 1 regional domestic commodity

from study region from RoNZ prices including margins

regcdomcommd SReg1,dr,Com 1 regcdomcommd SReg2,dr,Com 1 pregdomcomminclmargins

Supply of Com 1 Supply of Com 1

to study region to RoNZ

regcdomcomms sr,DReg1,Com 1 regcdomcomms sr,DReg2,Com 1

Supply of Com 1 Supply of Com 1

to domestic market to export market

domcommoditys sr,Com 1 expcommoditys sr,Com 1

Regional supply

of Com 1

regcommoditys sr,Com 1

… …

Com 1 supply Com 2 supply Com n supply

by industry by industry … by industry

indcommoditys sr,i,Com 1 indcommoditys sr,i,Com 2 indcommoditys sr,i,Com n

Total industry

production by region

regindprodincltax sr,i

Regional domestic commodity 

prices

Pregdomcomm

Sum across industries

CES

CES

CET

CET

CET

Splitting up subscripts

Add margins

Figure 3.4 Tree diagram showing how the supply and demand of commodities are calculated. Here
we just show the main structure for Commodity 1 (Com 1) due to space limitations, but the same
Constant Elasticity of Transformation (CET) and CES transformations are applied to all commodities.

As can be seen, the commodities module sets in place a nested structure of CES and CET func-
tions. The CES functions deal with the demand side of commodities, while the CET functions
deal with the supply side. Towards the middle of the diagram the supply and demand sides meet,
because the CES and CET structures are each used to specify the same set of quantity informa-
tion, that is the the supply of each commodity c from each supply region sr to each demand re-
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gion dr. These quantities are termed regional domestic commodity supply, regcdomcommssr,dr,c,
from the supply side, and regional domestic commodity demand, regdomcommdsr,dr,c, from the
demand side.

The prices for these commodity flows, Pregdomcommsr,dr,c are the base prices of the com-
modities module, influencing the prices for all other quantities calculated elsewhere within the
module. Like other base prices within the model, these are calculated by comparing the supply
and demand of quantities, where the ratio of supply to demand is (Eq. B.100):

excessproductionsr,dr,c =
regcdomcommssr,dr,c
regdomcommdsr,dr,c

The prices Pregdomcommsr,dr,c change following the rate equation:

d

dt

(
Pregdomcommsr,dr,c

)
=

((
1

excessproductionsr,dr,c

)αpregdomcommc

− 1

)
Pregdomcommsr,dr,c

From this equation we can see that the price is adjusted upwards if demand is greater than supply
(excessproductionsr,dr,c < 1), and downwards if supply is greater than demand (excessproductionsr,dr,c >
1). The parameter αpregdommcomm controls the magnitude of price adjustment rates in response
to imbalances between supply and demand.

Once the base commodity prices have been calculated, the model provides an option to add
an additional margin onto the prices, as may be necessary to reflect the circumstances of a
scenario under investigation. For example, if DMARGINSHOCKCOEFsr,dr,c is the quantity
of additional road transport margins charged per unit of commodity under a road outage scenario,
and pimproadmarginssr,dr is the price per unit of road transportation services, the adjusted
price, pregdomcomminclmarginsr,dr,c, can be calculated as (Eq. B.449):

pregdomcomminclmarginsr,dr,c =DMARGINSHOCKCOEFsr,dr,c pimproadmarginssr,dr

+ Pregdomcommsr,dr,c

See Section 4.2 for a description of how these margins are calculated.

Now, turning back to the supply of and demand for domestic commodities, i.e. regcdomcommssr,dr,c
and regdomcommdsr,dr,c, we can trace along the branches of the CET and CES trees in Figure 3.4
to understand the way in which these quantities are calculated within the module.

3.5.1 Supply side

At the base of the supply tree in Figure 3.4, is the level of industry production within each region,
regindprodincltaxsr,i. Production levels achieved by industries are controlled in the model by
industries’ effective use of composite factors, effectivecompfactorudr→sr,i as determined under
the factors module (Section 3.6) (Eq. B.96):

regindprodincltaxsr,i =
effectcompfactorudr→sr,i
factinputsharedr→sr,i

PRODSCALARdr→sr,imultifactorprod2dr→sr,i

(3.1)

Here factinputsharedr→sr,i specifies the ratio of composite factor inputs per unit of production,
and PRODSCALARdr→sr,i and multifactorprod2dr→sr,i are added to enable the estimated
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industry production levels to be adjusted to respectively account for indirect taxes and changes
in multi-factor productivity. Note that as all of the variables on the right hand side of the
equation are specified according to the demand region categories, these need to be first matched
to the appropriate supply region for calculation.

A CET function, Eq. B.94, describes how the quantities of total industry production within each
region, regindprodincltaxsr,i, are transformed into quantities of specific commodities produced
by each industry within each region, indcommodityssr,i,c. This equation relies on scale and
share parameters, scalecommsup1sr,i and sharecommsup1sr,i,c respectively. For non-primary
industries, these parameters simply take on values defined exogenously. In the case of primary
industries however, the scale and share parameters continuously update over time depending on
changes in the structure of these industries. Thus, the scale and share parameters (fiscalecomsup
and fisharecomsup) are as calculated within the primary module (Eqs. B.94, B.142, B.143):

indcommodityssr,i,c =

[
(scalecommsup1sr,i)

φcomsupsr,i sharecommsup1sr,i,c
Pcindustryssr,i
Pcompcommssr,c

] 1

1−φcomsup
sr,i

× regindprodincltaxsr,i

scalecommsup1sr,i =

{
fiscalecomsupIOag→i if i = agricultural industry
θcomsupsr,i if i = non-agricultural industry

sharecommsup1sr,i,c =

{
fisharecomsupIOag→i,c if i = agricultural industry
ξcomsupsr,i,c if i = non-agricultural industry

The outcome of the CET function is that, depending on the strength of the assumed elasticity
of transformation, for a given industry, the greater the price of a particular commodity relative
to the composite price for all commodities supplied by that industry, the greater the proportion
of industry output that will be devoted to supply of that commodity.

Having calculated indcommodityssr,i,c we can also calculate the supply coefficients, supcoeffsr,i,c,
to be used in the industries module. These coefficients specify, of the total production of a partic-
ular commodity c in supply region sr, the proportion that is produced by industry i (Eq. B.95):

supcoeffsr,i,c =
indcommodityssr,i,c∑
i(indcommodityssr,i,c)

Summing commodity production across all industries provides the total quantities of each com-
modity produced within each supply region, regcommodityssr,c (Eq. B.93):

regcommodityssr,c =
∑
i

(indcommodityssr,i,c)

For each region, we are then able to split total commodity supply using a CET function into
supply to the domestic market, domcommodityssr,c (Eq. B.91), and supply to the export market,
expcommodityssr,c (Eq. B.90):

expcommodityssr,c =

[
(θcommsdexpsr,c )φ

com
sr,c ξcommsexpsr,c

Pcompcommssr,c
pexpcommnzsr,c

] 1
1−φcomsr,c

regcommodityssr,c

domcommodityssr,c =

[
(θcommsdexpsr,c )φ

com
sr,c ξcommsdomsr,c

Pcompcommssr,c
Pcompdomcommssr,c

] 1
1−φcomsr,c

regcommodityssr,c
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Note that the share parameters in these CET functions sum to one: ξcommsdomsr,c + ξcommsexpsr,c = 1.

Finally, we use a CET function to split the domestic commodity supply between the two domestic
regions (Eq. B.101):

regcdomcommssr,dr,c =

[
(θcommregssr,c )φ

regcom
sr,c ξcommregssr,dr,c

Pcompdomcommssr,c
Pregdomcommsr,dr,c

] 1

1−φregcomsr,c

× domcommodityssr,c

3.5.2 Demand side

We now turn to the demand side components of the commodities module, as depicted on the
top half of Figure 3.4. Assuming for the time being that we already know the total demand
in each region for each commodity, totalcomdemanddr,c, these demands are first split into de-
mands from the domestic market, domcomdemanddr,c, and demands from the import market,
importdemanddr,c via CES functions (Eqs. B.111, B.103):2

domcomdemanddr,c =

[
(γcommddr,c )η

com
dr,c δcommddomdr,c

Pperceivedcompcommddr,c
Pcompdomcommddr,c

] 1
1−ηcom

dr,c

× totaldemanddr,c

importdemanddr,c =

[
(γcommddr,c )η

com
dr,c δcommdimpdr,c

Pperceivedcompcommddr,c
perceivedimportpdr,c

] 1
1−ηcom

dr,c

× totalcomdemanddr,c

Note that the share parameters in these CES functions sum to one: δcommddomdr,c + δcommdimpdr,c = 1.
Next, demands from the domestic market are split into demands from each individual region,
regdomcommdsr,dr,c, via another CES function (Eq. B.102):

regdomcommdsr,dr,c =

[
(γcommregddr,c )η

regcom
dr,c δcommregdsr,dr,c

Pcompdomcommddr,c
pregdomcomminclmarginsr,dr,c

] 1

1−ηregcom
dr,c

× domcomdemanddr,c

This completes all of the components of Figure 3.4, apart from the calculation of total commod-
ity demands. Total commodity demands are a combination of the demands from households,
investment, governments, and as intermediate inputs for industries. Some additional household
consumption and margins are added for the case of infrastructure outages. This is described in
Figure 3.5.

For each region, total demand for commodities is the sum of the demands from households,
investment, governments and industries, with the first three determined under the respective

2Trade data often records the coexistence of imports and exports of the type of goods. To explain this anomaly,
termed ‘cross-hauling’, it is proposed that such goods, despite fitting within the same classification, must in some
way be different causing the goods to be imperfectly substitutable. Within economic modelling it tends to be
substitution between imports and domestic goods, and between exports and domestic goods that is important.
The degree of similarity between the these goods can be measured by a parameter such as the elasticity of
substitution. The assumption about imperfect substitution between imports and domestic goods is called the
Armington (1969) assumption, and it is often incorporated in Computable General Equilibrium (CGE) models
via a CES function.
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Figure 3.5 Tree diagram showing demand for commodities. For the final summation of demand we
just show Commodity 1 (Com 1) due to space limitations, but the same transformations are applied
to all commodities.

modules for each of these agents. Additionally, the model allows for net increases in demand for
commodities that may be incurred due to the circumstances of a scenario (Eq. B.105):

totalcomdemanddr,c =
∑
g

(govtconsumpg,dr,c) + hhldconsumpdr,c + investconsumpqdr,c

+
∑
i

(indconsumpdr,i,c) +marginconsumpqdr,c + totalfencingdemanddr,c

+ totalplandemanddr,c + loandemandsdr,c +OPEXDEMANDBY TIMEdr(t)

×WASTEMAPc

The term totalfencingdemanddr,c represents additional demands for fencing commodity as may
be required under a scenario, while totalplandemanddr,c represents additional demand for com-
modities necessary for farm plan creation. The variable marginconsumpqdr,c captures addi-
tional consumption of road or rail transportation services for moving freight (all of domestic,
import and export freight), while ADDHHLDTRAV ELdr,c is the net increase in consumption
of transportation related commodities (e.g. petroleum, vehicle maintenance services) incurred by
households. These latter two terms are unlikely to be relevant in water policy-related scenarios,
but may be useful for other types of scenarios considered using the Southland Economic Model.

Commodities are used by industries as intermediate inputs of production. To calculate the
demand from industries for commodities, indconsumpdr,i,c, required the following steps. First, we
divide the total use of composite factors by industries, effectcompfactorudr,i, by the quantity of
factors required per unit of production, factinputsharedr,i. This gives us the total units produced
by industries. We then multiply this total number of units by the intermediate inputs required
per unit of production, interinputsharedr,i, which gives us the overall demand for intermediate
inputs from industries. Finally, the auxiliary variable intinputcoeffdr,i,c, determines how this
overall demand is split between the different commodity types. Putting this all together gives
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the equation (Eq. B.106):

indconsumpdr,i,c = intinputcoeffdr,i,c
interinputsharedr,i
factinputsharedr,i

×

{
compfactorudr,i for OPERABILITYi = 1 or STOCKPILECOMMc = 1

effectcompfactorudr,i for OPERABILITYi < 1 & STOCKPILECOMMc < 1

The total consumption of each commodity across all industries is required, which we obtain
simply by summing across all industries (Eq. B.107):

totalindconsumpdr,c =
∑
i

(indconsumpdr,i,c)

The coefficients in the above equation, factinputsharedr,i, interinputsharedr,i and intinputcoeffdr,i,c,
are also derived from CES functions. At the top tier, factinputsharedr,i and intinputcoeffdr,i,c
are derived by splitting the total units of inputs required per unit of production into two different
categories, factors and intermediate inputs (Eqs. B.122, B.123):

factinputsharedr,i =

[
(scalefi1dr,i)

ηfidr,i(sharefi1input=FactsI,dr,i)
Pfiinputsdr,i
Pcfactdr,i

] 1

1−ηfi
dr,i

interinputsharedr,i =

[
(scalefi1dr,i)

ηfidr,i(sharefi1input=InterI,dr,i)
Pfiinputsdr,i
Pintinputsdr,i

] 1

1−ηfi
dr,i

Once again, we have the situation that the scale and share parameters for the CES function are
defined exogenously for the non-primary industries, but determined within the primary module
for the primary industries (Eqs. B.144, B.141):

scalefi1dr,i =

{
fiscalefiinputIOag→i if i = agricultural industry
γfidr,i if i = non-agricultural industry

sharefi1input,dr,i =

{
fisharefiinputIOag→i,input if i = agricultural industry
δfiinput,dr,i if i = non-agricultural industry

We then calculate the share of intermediate inputs allocated to each commodity by the CES
function, with scale and share parameters defined in a similar manner (Eqs. B.126, B.140, B.139):

intinputcoeffdr,i,c =

[
(scalecominput1dr,i)

ηcominputdr,i sharecominput1dr,i,c
Pintinputsdr,i

Pcompcommddr,c

] 1

1−ηcominput
dr,i

scalecominput1dr,i =

{
fisalecominputIOag→i if i = agricultural industry
γcominputdr,i if i = non-agricultural industry

sharecominput1dr,i,c =

{
fisharecominputIOag→i,c if i = agricultural industry
δcominputdr,i,c if i = non-agricultural industry
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3.5.3 Calculating prices

Export and Import prices In the model, the world commodity price of imports PCOMMWORLDIMPc(t)
is exogenously determined in US dollars, and can be changed by the modeller to represent differ-
ent future scenarios (forecasts). The commodity import price in NZ dollars, pimpcommnzdr,c, is
calculated simply as (Eq. B.108):

pimpcommnzdr,c =
PCOMMWORLDIMPc(t)

Exchangert
+ pimportmarginsdr,c + pimporttariffsc

where the margin component of the price pimportmarginsdr,c is intended to capture short term
additions of net margins charged on imports. For example, under a road outage scenario caus-
ing more costly transportation from ports, while pimporttariffsc covers additional tariffs on
imported commodities that may be imposed under a scenario. Tariffs are calculated on an ad
valorem (percentage) basis (Eqs. B.134, B.135):

pimporttariffsc =
PCOMMWORLDIMPc(t)

Exchangert
ADVALOREMIMPTARIFFc(t)

importtariffsg=CentralG,dr =
∑
c

(pimporttariffsc importdemanddr,c)

importtariffsg=LocalG,dr = 0

For the purpose of the CES function which determines how total commodity demand is allo-
cated among imported commodities and export commodities, a different imported goods price,
perceivedimportpdr,c, is used. It is calculated in a similar manner to pimpcommnzdr,c, except
that it also incorporates a further price adjustment that can be used to account for perceived neg-
ative qualities of imported commodities (for example additional time delays for delivery, poorer
environmental standards in production). Although there is no actual money exchange associated
with these ‘prices’, this can be used in scenarios where it is necessary for the model to show an
increased preference for domestic goods over imported goods (or vice-versa with the application
of a negative price adjustment) (Eq. B.138).

perceivedimportpdr,c =(1 + ADVALOREMIMPORTPc(t))
PCOMMWORLDIMPc(t)

Exchangert
+ pimportmarginsdr, c+ pimporttariffsc

In terms of export prices, one option would be to assume that NZ producers are completely ‘price
takers’ for all commodities. Prices received in NZ for exports would thus be equal simply to the
world commodity price, PCOMMWORLDEXPc(t), divided by the exchange rate. However, to
allow for some variation from this strict assumption, for example to account for lags in behaviour
due to contracting or ‘flooding’ of markets, we have included a specific export commodity demand
function in the model. Separate ‘base’ prices for export commodities, Pexpcommsr,c, are then
calculated (Eq. B.84):

d

dt

(
Pexpcommsr,c

)
= min

(
1,

(
1

exportratiosr,c

)αpexpcomm
− 1

)
Pexpcommsr,c
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using the ratio of export commodity supply and demand, exportratiosr,c (Eq. B.89):

exportratiosr,c =
expcommodityssr,c
expcommoditydsr,c

Under this approach, export demands grow from the amount in the base year at the rate of
world GDP growth to the power of an adjustment parameter, GDPPARAM . Demands are
also modified to account for changes in the relative price of NZ commodities as experienced by
foreign purchases, pexportcommdsr,c, compared to the world price. The exogenous parameter,
EXPORTPc, controls how responsive foreign demands are to changes in these relative prices as
follows (Eq. B.97):

expcommoditydsr,c =BASEEXPORTSdr→sr,c

(
PCOMMWORLDEXPc(t)

perceivedpexportdsr, c

)EXPORTPc
×WORLDGDPINDX(t)GDPPARAMc

Note that the price perceivedpexportd is used in Eq. B.97, rather than Pexpcomm. This is
because even after accounting for differences in currencies, under certain scenarios the price
experienced by foreign purchases for NZ commodities pexportcommdsr,c can vary from the price
received by NZ producers for those same commodities, pexpcommnzsr,c, due to the imposition
of net additional transportation margins (Eq. B.98). The model also allows for a ‘psuedo’ price
adjustment that can be used in scenarios to account for changing preferences by international
consumers for New Zealand goods (Eqs. B.137, B.98, B.92):

perceivedpexportdsr,c = (1 + ADVALOREMEXPORTPc(t)) pexportcommdsr,c

pexportcommdsr,c = Pexpcommsr,c + pexportmarginssr,cExchangert

pexpcommnzsr,c = Pexpcommsr,c

(
1

Exchangert

)

Composite prices All CES and CET-based functions that have been noted above for the
commodities module depend on the input of a composite price. For example, the CES function
which determines the apportionment of domestic commodity demand, domcomdemanddr,c into
demand from specific regions, regdomcommdsr,dr,c, requires as an input the composite demand
price for all regions, Pcommpdomcommdsr,dr,c (Eq. B.102). In a similar manner to the com-
posite commodity consumption prices for households, governments and investment discussed in
the respective modules above, all of the necessary composite prices in the commodities module
are modelled as stocks that update to reflect changes in underlying quantities and prices.

In the case of the composite domestic commodity demand price, for example, the quantity of
composite domestic commodity demand is calculated by combining the domestic commodity
demand from source regions using a CES function (Eq. B.115):

qdomcommddr,c = γcommregddr,c

[∑
sr

(
δcommregdsr,dr,c (regdomcommdsr,dr,c)

ηregcomdr,c

)] 1

η
regcom
dr,c

Then, the total price for this quantity of composite demand can be calculated by multiplying
the price for the base commodity demand (including margins), pregdomcomminclmarginsr,dr,c,
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by the base commodity demand, regdomcommdsr,dr,c, and then dividing this total value by the
quantity (Eq. B.114):

actualpcdcddr,c =

∑
sr (pregdomcomminclmarginsr,dr,c regdomcommdsr,dr,c)

qdomcommddr,c

Once again, in order to have the prices respond almost instantaneously, the adjustment time is
set to be equal to the time step, i.e. τprices = ∆t (Eq. B.82):

d

dt

(
Pcompdomcommddr,c

)
=

1

τprices

(
actualpcdcddr,c −Pcompdomcommddr,c

)
The equations to calculate the remaining composite prices (Pcindustryssr,i, Pcompcommddr,c,
Pperceivedcompcommddr,c, Pcompcommssr,c, Pcompdomcommssr,c, Pfiinputsdr,i, Pintinputsdr,i)
follow the same steps and are provided in Appendix B.5.

3.6 Factors module

Two types of factors are recognised in the Southland Economic Model, namely labour and capital.
The factors module essentially deals with the supply of and demand for these factors, as well as
the supply of and demand for composite factors. Figure 3.6 provides a visual representation of
the factors module, while the full set of equations are available in Appendix B.6.

As shown at the top of the diagram, a key input to the factors module is the quantity of composite
factors demanded by industries, compfactorddr,i, as derived from the industries module (Section
3.4).

In order to split demands for composite factors, compfactorddr,i, into demands for individuals
factors, i.e. labour and capital, the model once again relies on a CES function (Eq. B.155):

factorsdh,dr,i =

[
(factscalep1dr,i)

ηfactdr,i factsharep1h,dr,i
Pcfactdr,i
Pfacth,dr,i

] 1

1−ηfact
dr,i compfactorddr,i

× (1−RWFACTRTh,dr)

As with other CES functions described above, the scale and share parameters are defined
within the primary module for primary industries and exogenously for non-primary industries
(Eqs. B.163, B.162):

factscalep1dr,i =

{
fiscalefactorinputIOag→i if i = agricultural industry
γfactdr,i if i = non-agricultural industry

factsharep1h,dr,i =

{
fisharefactorinputIOag→i,h if i = agricultural industry
δfacth,dr,i if i = non-agricultural industry

As part of the task of calculating factor demands, an adjustment is made to account for the
proportion of factors supplied from abroad. The base SAM records a flow of income to the rest
of the world associated with payments for labour. The relatively small proportion of the labour
factor derived from overseas, RWFACTRTh=LAB,dr, derived from these base year accounts is
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Figure 3.6 Tree diagram showing how the factors used and effective factors used are calculated.

assumed to remain constant for each model run. Note also that the proportion of capital factors
that are supplied from overseas is equal to zero (RWFACTRTh=CAP,dr = 0), also in accordance
with base SAM.

The price appearing in the numerator of the above equation, Pcfactdr,i, is the price for composite
factors and is calculated in the same manner as other composite prices within the model. That
is, we take the sum of the value (i.e. price x quantity) of the individual items that make up the
composite, and divide by the composite quantity achieved as determined by the CES function
(Eqs. B.148, B.149):

d

dt
(Pcfactdr,i) =

1

τprices

(
actualpcfactdr,i −Pcfactdr,i

)

actualpcfactdr,i =

∑
h

(
factorsdh,dr,iPfacth,dr,i

)
qcompfactddr,i
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qcompfactddr,i = factscalep1dr,i

[∑
h

(
factsharep1h,dr,i (factorsdh,dr,i)

ηfactdr,i

)] 1

η
fact
dr,i

Interestingly, the factor price contained in the denominator is a composite price in the case of
capital, Pfacth=CAP,dr,i, but a base price in the case of labour, Pfacth=LAB,dr,i. In the model,
capital is a composite item because it is further disaggregated into built capital and natural
capital (see Section 3.8).

The composite capital demand price is computed as follows (Eqs. B.151, B.152):

d

dt
(Pfacth=CAP,dr,i) =

1

τprices

(
actualpcapitaldr,i −Pfacth=CAP,dr,i

)

actualpcapitaldr,i =
capitaltypedcap=BuilC,dr,iPbuiltcapdr,i

qcapitalddr,i

+
capitaltypedcap=NatC,dr,iPcompnaturalcapddr,i

qcapitalddr,i

qcapitalddr,i = scalecc1dr,i

[∑
cap

(
sharecc1cap,dr,i(capitaltypedcap,dr,i)

ηccdr,i
)] 1

ηcc
dr,i

where the built capital and composite natural capital demand prices, Pbuiltcapdr,i andPcompnaturalcapddr,i,
are provided from the capital module (Section 3.8). The supply of (composite) capital, factorssh=CAP,dr,i,
is also taken directly from the capital module (Eq. B.154):

factorssh=CAP,dr,i =ccapitalsdr,i

Although in theory, labour could also be treated as a composite item, representing the combina-
tion of a variety of different labour skills, this has not been implemented in the present version of
the model, with only one uniform labour type or skill recognised. For each industry, the model
thus computes the total ratio of labour supply to labour demand, labratiodr,i (Eq. B.153):

labratiodr,i =

∑
i(factorssh=LAB,dr,i)∑
i(factorsdh=LAB,dr,i)

Then, as with other base prices, the alpha parameter, αplab, determines the degree to which the
labour price changes in response to imbalances between supply and demand:

d

dt
(Pfacth=LAB,dr,i) =

((
1

labratiodr,i

)αplab
− 1

)
Pfacth=LAB,dr,i

where the supply component for labour, factorssh=LAB,dr,i is taken directly from the labour
module (Eq. B.154):

factorssh=LAB,dr,i =adjustedindlaboursupdr,i

The model further computes the maximum use of factors by considering the minimum of supply
and demand (Eq. B.156):

factorsuh,dr,i =
min[factorsdh,dr,i, factorssh,dr,i]

1−RWFACTRTh,dr

Page 33



The use of the underlying labour and capital factors then allows us to calculate the composite
factors used from the CES-composite function (Eq. B.157):

compfactorudr,i = factscalep1dr,i

[∑
h

(
factsharep1h,dr,i

(
factorsuh,dr,i

1−RWFACTRTh,dr

)ηfactdr,i

)] 1

η
fact
dr,i

The use quantities are important outputs of the factors module, being needed to calculate in-
dustry expenditure on factor inputs and, conversely, the income flows to capital and labour.

The remaining formulae within the factors module is concerned with calculating an auxiliary,
termed effective composite factors used, effectcompfactorudr,i, which serves as an input to both
the industry and commodities modules.

First, we use a CES function to split the effective composite demand into effective demand for
labour and capital (Eq. B.159):

effectfactorsdh,dr,i =

[
(factscalep1dr,i)

ηfactdr,i factsharep1h,dr,i
Pcfactdr,i
Pfacth,dr,i

] 1

1−ηfact
dr,i effectcompfactorddr,i

× (1−RWFACTRTh,dr)

Then the effective factors used are found from the minimum of the supply and the effective
demand (Eq. B.158):

effectfactorsuh,dr,i =
min[effectfactorsdh,dr,i, effectfactorssh,dr,i]

1−RWFACTRTh,dr

where (Eq. B.160)

effectfactorssh,dr,i = factorssh,dr,i ×OPERABILITYsr→dr,i

And finally, the effective factors used are combined to give the effective composite factor use
(Eq. B.161):

effectcompfactorudr,i = factscalep1dr,i

[∑
h

(
factsharep1h,dr,i

(
effectfactorsuh,dr,i

1−RWFACTRTh,dr

)ηfactdr,i

)] 1

η
fact
dr,i

The purpose of calculating this auxiliary is to ensure that when an industry is subject to a
short term disruption in operability, the estimates of industry production and consumption of
intermediate inputs, respectively calculated within the industry and commodities modules, can
be appropriately scaled downwards, while allowing the use of capital and labour compfactorudr,i
to remain at the undisrupted level. The steps for calculating the effective demand and use of
factors and composite factors follow the same steps as for the undisrupted case.

A final task of the factors module is to calculate the productivity indices for each indus-
try, multifactorprod2dr,i. For industries dealt with under the primary module, the stock
Agfarmsystemprod, constantly updates to reflect the values of multi-factor productivity cal-
culated at an industry-level under that module. For all other industries, the multifactor produc-
tivity indices take on the value defined by mfpadjusteddr,i (Eqs. B.165, B.145, B.164, B.166)

multifactorprod2dr,i =

{
Agfarmsystemproddr=DReg1,i if i = agricultural industry
mfpadjusteddr,i if i = non-agricultural industry
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d

dt

(
Agfarmsystemproddr=DReg1,i

)
=
actualagriproddr=DReg1,i −Agfarmsystemproddr=DReg1,i

TIME STEP
× (1−OV ERRIDEMAPi)

actualagriproddr,i =

{
agriprodrtIOag→i if i = agricultural industry
0 if i = non-agricultural industry

mfpadjusteddr,i = MULTIFACTORPRODdr,i

(
1 +ADJUSTRATE)T ime − 1

)

3.7 Labour module

The labour module tracks the amount of labour available, and apportions it to different regions
and industries. The full set of equations are available in Appendix B.7.

Indlaboursupdr,i defines the stock of labour available within each region to each individual
industry. Recognising that different industries require different skill sets and therefore, shortages
in the supply of labour will not necessarily be simply filled from surpluses in other industries,
only a portion of labour held within each industry’s stock, labtoreallocatedr,i, is available an-
nually for reallocation. In turn, the total quantity of labour available for reallocation each
year is apportioned to industries on a pro-rata basis according to each industry’s relative de-
mands. New labour that enters the system, netincreaselabdr, is also apportioned to industries
(Eqs. B.167, B.169, B.168, B.170, B.171)

d

dt

(
Indlaboursupdr,i

)
= newlabsupplydr,i + reallocatedlabdr,i − labtoreallocatedr,i

labtoreallocatedr,i = Indlaboursupdr,iMAXREALLOCATERT

reallocatedlabdr,i =
∑
i

labtoreallocatedr,i ×
factorsdh=LAB,dr,i × 1

LABINDEXdr,i(t)∑
i

(
factorsdh=LAB,dr,i × 1

LABINDEXdr,i(t)

)

newlabsupplydr,i = netincreaselabdr
Indlaboursupdr,i∑
i Indlaboursupdr,i

netincreaselabdr =
1

τ

(∑
sr

reglaboursupplysr,dr −
∑
i

Indlaboursupdr,i

)

Note that before the determined supply of labour available to each industry is used within the
rest of the module, there is an allowance for an additional productivity adjustment. Although
this adjustment is not used in the base case, it can be useful for implementing scenarios where
productivity gains are specific to just one factor type. The final ‘effective’ quantity of labour is
termed adjustedindlaboursupdr,i (Eq. B.177):

adjustedindlaboursupdr,i = Indlaboursupdr,i LABINDEXdr,i(t)

Page 35



The total annual quantity of labour supply available to each region, from each region, reglaboursupplysr,dr,
is defined in base-year dollar terms and is equal to the value of labour income that could be re-
ceived over a year. This is generated by converting the quantity of available workers for job
positions (which will generally be greater than the number of persons available for work as a
single person can have two jobs), by the conversion factor LSFCONV ERT (Eq. B.173):

reglaboursupplysr,dr = reglabourestsr,dr LSFCONV ERTdr

In turn, the number of available workers for job positions in each region is generated by taking the
labour force (number of working aged persons multiplied by the participation rate) and multiply-
ing by the average number of positions held by each member of the labour force,MECRATIOsr.
An adjustment is however first required for the proportion of the labour force not able to
be considered available due to reasons such as imprisonment, LABFORCEADJUSTsr, and
further for the proportion for which it is assumed employment can never be achieved, termed
FUNEMPLOY RT . An adjustment is also required for the net quantity of available workers for
job positions that do not work in the same region as their location of residence,MECTRANSOUTsr
(Eqs. B.175, B.176, B.174, B.173):

labourforcesr = (1− LABFORCEADJUSTsr)WORKINGAGEPOPsr(t)PARTICIPATIONRTsr(t)

unavailablelabsr = (1− LABFORCEADJUSTsr)WORKINGAGEPOPsr(t)FUNEMPLOY RT

mecforcesr = (labourforcesr − unavailablelabsr)MECRATIOsr

reglabourestsr,dr =

{
mecforcesr −MECTRANSOUTsr for dr = sr

MECTRANSOUTsr for dr 6= sr

3.8 Capital module

As already explained, two forms of capital are recognised in the model, built capital and nat-
ural capital. Within the capital module, natural capital is further separated into three types:
agricultural land, coal, and oil/natural gas. The capital module keeps track of capital stocks,
computes factor prices and quantities for capital, and redistributes the income from capital to
economic agents. The full set of equations are available in Appendix Section B.8.

Capital Stocks Stocks of built capital held by each industry, Builtcapitaldr,i, grow from the
addition of new capital items and decline as a result of depreciation (Eq. B.178):

d

dt

(
Builtcapitaldr,i

)
= netcapitalchangedr,i + newcapitaldr,i − depreciationdr,i

Depreciation on capital is calculated simply be assuming a constant depreciation rate, RDEPdr,i,
although one-off or scenario-specific adjustments to the depreciation rate are also available via
the exogenous parameter DEPSHFTdr,i (Eq. B.206):

depreciationdr,i = Builtcapitaldr,i
[
RDEPdr,i (1 +DEPSHFTdr,i)

]
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To ensure that the quantities of capital held by each industry align with the size of each industry
as calculated under the primary module, the term netcapitalchangedr,i is also included in the
calculation of the built capital stocks (Eq. B.222):

netcapitalchangedr,i =

{
netratelandusechangeIOag→iBuiltcapitaldr,i if i = agricultural industry
0 if i = non-agricultural industry

Total investment in new capital is determined under the investment and savings module through
the calculation of aggregate investment value, aggregateinvestvdr. In order to remove the effect
of commodity price changes in determining the relative quantity of new capital items added to
capital stocks each period, the investment value is divided by the current composite capital price,
Pinvestccdr, as determined under the savings and investment module, and further adjusted for
exogenous set quantities of investment defined by SETINV ESTCQdr,c.

Having determined the total quantity of new capital items, the next task is to determine how
this new capital is distributed amongst industries. An extreme specification of the model would
allocate investment to industries simply according to each industry’s share of total capital income.
These shares are defined by the auxiliary capincomeshdr,i defined as follows (Eqs. B.203, B.204, B.205):

capincomeshdr,i =
indcapincomedr,i∑
i (indcapincomedr,i)

indcapincomedr,i = builtusedr,iPbuiltcapdr,i

builtusedr,i = min
[
Builtcapitaldr,iKSFCONV ERTdr,i , capitaltypedcap=BuilC,dr,i

]
where Pbuiltcapdr,i is the industry specific built capital factor price, and Builtcapitaldr,i ×
KSFCONV ERTdr,i specifies the annual quantity of capital factors provided.

Recognising however that some investment is mobile, only a proportion of new capital, specified
by one minus the exogenous parameter MOBILESHdr,i is allocated to industries according to
each industry’s relevant share of capital income. Altogether the new capital allocated to each
industry by this approach, termed immobileinvestdr,i, is calculated as follows (Eq. B.198):

immobileinvestdr,i =

[
aggregateinvestv1dr (1−NONPRODINV ESTSH(t))

Pinvestccdr
+
∑
c

(SETINV ESTCQdr,c)

]
× (1−MOBILESHdr,i) capincomeshdr,i

The exogenous time series, NONPRODINV ESTSH, has default values of zero but is included
in the above equation to allow for scenarios where investments funds are allocated to the building
of capital that does not in itself increase production (e.g. it may be enhancing environmental
performance but not increasing industrial output).

The remaining quantity of new capital provided by investment is allocated to industries based on
relative capital returns. Industries with above-average capital returns receive a larger share of this
mobile investment capital than their share in capital income, while the converse occurs for indus-
tries from which capital returns are below-average. The following set of equations determines each
industry’s share of mobile investment capital,mobileinvestshdr,i (Eq. B.199, B.200, B.201, B.202):

mobileinvestshdr,i =
mobileinvest1dr,i∑
i(mobileinvest1dr,i)

ALLOCATESHdr + INV ESTCONSTSHdr,i
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mobileinvest1dr,i = (INV ESTPARAMdr,i netreturndr,i)
EINV ESTdr,i × capincomeshdr,i

netreturndr,i = grossreturndr,i −RDEPdr,i

grossreturndr,i =
Pbuiltcapdr,iKSFCONV ERTdr,i

Pinvestccdr

For the above equations, ALLOCATESHdr is the share of mobile investment that is allocated to
industries based on the relative returns to capital in those industries. INV ESTCONSTSHdr,i

is the industry share of regional investment held constant. EINV ESTdr,i is a parameter that
controls the degree to which investment allocated to industries response to changes in the rate
of return on capital and INV ESTPARAMdr,i is a parameter for scaling net return on capital.

Once the shares of mobile investment capital are determined, it is then possible to calculate
mobile investment capital allocated to each industry, as well as total investment capital allocated
to each industry (Eq. B.197, B.196):

mobileinvestdr,i =

[
aggregateinvestv1dr (1−NONPRODINV ESTSH(t))

Pinvestccdr
+
∑
c

(SETINV ESTCQdr,c)

]
×MOBILESHdr,imobileinvestshdr,i

newcapitaldr,i = mobileinvestdr,i + immobileinvestdr,i

To complete this section, we note that stocks of natural capital are held constant in the model,
except for agricultural land (in rest of New Zealand) which is set to decrease at the historically
observed rate of -0.72% per annum (Eq. B.179).

d

dt
(Naturalcapitaldr,nct) = CONV ERSIONRTdr,nctNaturalcapitaldr,nct

For the Southland region, quantities of agricultural land supply are sourced from the primary
module (Eq. B.223):

agrilandsupdr,i,nct =

{
industrylandIOag→i if nct = Land1
0 if nct 6= Land1

Capital Factor Prices and Quantities As with other base prices in the model, the base prices
for built capital and natural capital are determined by considering the balance of supply and
demand (Eqs. B.180, B.181):

d

dt

(
Pbuiltcapdr,i

)
=

((
1

builtratiodr,i

)αpbuiltcap
− 1

)
Pbuiltcapdr,i

d

dt

(
Pnaturalcapdr,i,nct

)
=

((
1

naturalcapratiodr,i,nct

)αpnatcap
− 1

)
Pnaturalcapdr,i,nct
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where the ratios of supply and demand are (Eqs. B.185, B.210):

builtratiodr,i =
builtsdr,i

capitaltypedcap=BuilC,dr,i

naturalcapratiodr,i,nct =
indnaturalcapsdr,i,nct
naturalcaptypeddr,i,nct

A tree diagram showing how the supply (builtsdr,i and indnaturalcapsdr,i,nct) and demand
(capitaltypedcap=BuilC,dr,i and naturalcaptypeddr,i,nct) for capital factors is calculated is shown
in Figure 3.7.

Demand for

capital from industry

factorsd h=CAP,dr,i

Demand for natural

capital from industry

capitaltyped cap=NatC,dr,i

x1/NATCAPCONVERT dr,i x1/NATCAPCONVERT dr,i x1/NATCAPCONVERT dr,i

Demand for built Demand for natural Demand for natural Demand for natural

capital from industry capital type 1 capital type 2 … capital type n

capitaltyped cap=BuilC,dr,i naturalcapd dr,I,NapCap1 naturalcapd dr,I,NatCap2 naturalcapd dr,I,NatCap n

Supply of built Share of natural Share of natural Share of natural

capital capital type 1 supply capital type 2 supply … capital type n supply

builts dr,i indnaturalcaps dr,i,NapCap1 indnaturalcaps dr,i,NatCap2 indnaturalcaps dr,i,NatCap n

Supply of natural Supply of natural Supply of natural

capital type 1 capital type 2 … capital type n

xKSFCONVERT dr,i indnaturalcaps1 dr,i,NapCap1 indnaturalcaps1 dr,i,NatCap2 indnaturalcaps1 dr,i,NatCap n

Built Natural

capital capital

Builtcapitaldr,i Naturalcapitaldr,nct

Built capital prices

Pbuiltcap

Natural capital prices

Pnaturalcap

CET

CE

CES

Figure 3.7 Tree diagram showing how the prices of built and natural capital are calculated from
the supply and demand.

The demand equations pick up directly from the demand components of the factors module.
Once again CES functions are used, first to split industry-specific composite capital demands,
factorsdh=cap,dr,i, into demands for built capital, capitaltypedcap=BuilC,dr,i, and composite nat-
ural capital, capitaltypedcap=NatC,dr,i, by the following equations (Eq. B.208)

capitaltypedcap=BuilC,dr,i =

[
(scalecc1dr,i)

ηccdr,i sharecc1cap=BuilC,dr,i
Pfacth=CAP,dr,i
Pbuiltcapdr,i

] 1
1−ηcc

dr,i

× factorsdh=CAP,dr,i

capitaltypedcap=NatC,dr,i =

[
(scalecc1dr,i)

ηccdr,i sharecc1cap=NatC,dr,i
Pfacth=CAP,dr,i

Pcompnaturalcapdcap=NatC,dr,i

] 1
1−ηcc

dr,i

× factorsdh=CAP,dr,i

And similar to other industry CES functions in the model, share and scale parameters for non-
primary industries are sourced exogenously, while primary industry share and scale parameters
come from the primary module (Eqs. B.221, B.220):

scalecc1dr,i =

{
fiscalecapitalinputIOag→i if i = agricultural industry
γccdr,i if i = non-agricultural industry
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sharecc1cap,dr,i =

{
fisharecapitalinputIOag→i,cap if i = agricultural industry
δcccap,dr,i if i = non-agricultural industry

The key difference between the two CES-based equations for built and natural capital is that
demands for built capital are calculated by comparing the composite capital factor demand price,
Pfacth=CAP,dr,i, with the price of built capital, Pbuiltcapdr,i, while demands for composite
natural capital are calculated by comparing the composite capital factor demand price with the
composite natural capital demand price, Pcompnaturalcapddr,i. The price of built capital is
a base price and thus is computed by comparing the supply of built capital to the demand for
built capital (see Eqs. B.180, B.185, and B.186), while the composite natural capital demand
price is computed like other CES composite demand prices in the model (see Eqs. B.182, B.215,
and B.216).

To complete the demand side, composite natural capital demands are then disaggregated into
demands for individual natural capital types using once again the CES approach (Eq. B.207):

naturalcapddr,i,nct =

[
(γnatcapdr,i )η

natcap
dr,i δnatcapdr,i,nct

Pcompnaturalcapddr,i
Pnaturalcapdr,i,nct

] 1

1−ηnatcap
dr,i

capitaltypedcap=NatC,dr,i
NATCAPCONV ERTdr,i

Note that because the model permits natural capital to be measured according to a variety
of units (e.g. hectares for land), the equation incorporates an exogenous conversion factor,
NATCAPCONV ERTdr,i, that enables conversion to the selected unit of measurement for each
natural capital type.

Turning now to the supply side, we have already noted that the capital module computes stocks
of natural capital by type and industry-specific stocks of built capital. The supply of natural cap-
ital is transformed into individual industry allocations of natural capital, indnaturalcapsdr,i.nct,
based on a CET function (Eqs. B.213, B.211):

indnaturalcaps1dr,i,nct =

[
(θnatcapdr,nct )φ

natcap
dr,nct ξnatcapdr,i,nct

Pcompnaturalcapsdr,nct
Pnaturalcapdr,i,nct

] 1

1−φnatcap
dr,nct Naturalcapitaldr,nct

indnaturalcapsdr,i,nct =
indnaturalcaps1dr,i,nct∑
i (indnaturalcaps1dr,i,nct)

Naturalcapitaldr,nct + agrilandsupdr,i,nct

We then have available both the supply- and demand-side components of natural capital, allowing
for computation of the natural capital base price, Pnaturalcapdr,i,nct (see Eqs. B.181 and B.210).

To complete the supply components so that appropriate inputs can be generated for the factors
module, the industry-specific endowments of natural capital of different types are also combined
using a CES function to determine the total supply of composite natural capital to industries (see
Eqs. B.188 and B.189). Finally, the supply of composite capital is determined by combining built
capital supply with composite natural capital supply, also using the CES function (Eq. B.187)
as shown in Figure 3.8. As part of this process, the price of composite natural capital supply,
Pcompnaturalcapsdr,nct, is determined in the usual manner (Eqs. B.183 and B.212).

Capital Income and Expenditure Account A tree diagram that provides a summary of the
different contributions to capital income and how capital is distributed is shown in Figure 3.9.

The principal source of income to the capital account is calculated simply by multiplying the
quantity of capital factors used, as derived under the factors module, by the capital price, and
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Figure 3.8 Tree diagram showing how composite capital supply is calculated from the supply of
built and natural capital.

adjusting for any income that flows directly overseas. Also added to the capital income account
is any net surplus in industry income, i.e.

∑
i(Industrybalancedr,i), as calculated under the

industry module. Adjustments are also made to account for income needed to finance new munic-
ipal wastewater treatment schemes (loan payments and operating expenses), the responsibility
of which is assigned to businesses (Eq. B.190, B.218, B.219):

capitalincomedr =

∑
i (factorsuh=CAP,dr,iPfacth=CAP,dr,i)

1−RWFACTRTh=CAP,dr
+ capregtransoutDReg1↔DReg2

+
∑
i

(Industrybalancedr,i)− bussloanpaymentsdr −
∑
c

vmunopexdr,c,mf=Buss

vmunopexdr,c,mf =OPEXDEMANDBY TIMEdr(t)×OPEXRESPBY TIMEmf (t)

×Pcompcommddr,cWASTEMAPc

bussloanpaymentsdr=DReg1 =
∑

lt totalloanpaymentsrt=Normal,mf=Buss,lt

bussloanpaymentsdr=DReg2 = 0

The recognised capital income account, Rcapincomedr, adjusts to reflect the actual value of
capital income (Eq. B.184):

d

dt
(Rcapincomedr) =

1

τincome
(capitalincomedr −Rcapincomedr)

To ensure that this occurs quickly, the time for adjustment, τincome is set equal to the time step.
The capital income is then distributed according to fixed proportions derived from the base year
SAM (Eqs. B.191 - B.195)

capregtransoutdr = Rcapincomedr × CREGTRANSRTdr

capentertransdr = Rcapincomedr × CENTTRANSRTdr

capgovttransg,dr = Rcapincomedr × CGOV TTRANSRTg,dr
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caplocalhhldtransdr = Rcapincomedr × CHHLDTRANSRTdr

capreghhldtransdr = Rcapincomedr × CRHTRANSRTdr

where the proportions CREGTRANSRTdr, CENTTRANSRTdr, CGOV TTRANSRTg,dr, CHHLDTRANSRTdr,
and CRHTRANSRTdr sum to 1. The auxiliary, capregtransoutdr, is the value of capital
income transferred to the capital account in the other NZ region. Whilst capentertransdr,
capgovttransg,dr, caplocalhhldtransdr and capreghhldtransdr are respectively capital income
transferred to enterprises, governments, within-region households and out-of-region households.

Quantity of

capital factors used

factorsu h=CAP,dr,i

multiply by price of factors x Pfact h=CAP,dr 

Net industry Value of

income capital factors used

Industrybalance dr,i

Transfers from

other region
plus RW transfers x(1/(1-RWFACTRTH h=CAP,dr )) capregtransout DReg1 <-> DReg2

INCOME

Total Capital Account

EXPENDITURE

Transfers to Within region Enterprise Outside region Govt

other region household transfers savings household transfers transfers

capregtransout dr caplocalhhldtrans dr capentertrans dr capreghhldtrans dr capgovttrans g,dr

Sum

Fixed proportions from SAM

Sum across 
industries

Sum across 
industries

Figure 3.9 Tree diagram showing sources of capital and capital distribution. SAM: Social Account-
ing Matrix.

3.9 Investment & Savings module

We begin the description of this module by setting out the distinction between investment and
savings. While in every day conversation the term investment might be used to refer to financial
investments, such as shares and bonds, within the national accounts investment has quite a
distinct and different meaning. In short, investment is the purchase of goods that will be used
in the future to produce more goods and services. It therefore includes purchases of new houses,
capital equipment, inventories and structures. Savings by contrast occur when an agent’s income
is greater than its expenditure, leading to a surplus of funds that are typically deposited in a
bank. This module determines the values for both investment and savings, for each region. The
full set of equations are available in Appendix Section B.9.

Savings Total savings for each region are comprised of savings which accrue specifically by re-
gions, regsavingsdr, less interregional transfers of savings, savregtransoutdr, and savings derived
from the rest of the world, rwsavingsdr (Eq. B.237):

savingstotaldr = rwsavingsdr + regsavingsdr − savregtransoutdr
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A further adjustment is then required to savings that shares increases in financial intermediate
services associated with new municipal wastewater treatment among the two regions in the model
(Eq. B.238):

savingstotal1dr = savingstotaldr +
∑
mf,lt

(totalloanpaymentsrt=FinIntServ,mf,lt)
savingstotaldr∑
dr savingstotaldr

A tree diagram that summarises the different contributions to the first estimate of overall savings
is shown in Figure 3.10.

Enterprise Household Government Regional Savings from

savings savings savings transfers rest of world

entsavtrans dr hhldsavings dr govtsavings dr savregtransout DReg1<->DReg2 rwsavingstotal

split into regions xRWREGSAVSH dr

Savings from Rest of world savings

regions split into regions

regsavings dr rwsavings dr

INCOME

Total Savings Account

savingstotal dr EXPENDITURE

Regional

transfers

savregtransout dr

Sum

Sum

Figure 3.10 Tree diagram showing contributions to savings.

To determine the savings derived from the rest of the world within each region, the model assumes
simply that total rest of world savings, rwsavingstotal, is shared among regions on a pro-rata
basis according to relative contributions to total industry value added/GDP. The constant term,
RWREGSAV CONSTdr, is also required in the equation, given that some regions start with
negative rest of world savings in the base year (Eq. B.239):

rwsavingsdr = rwsavingstotal
Holdregvaladddr∑
drHoldregvaladddr

+RWREGSAV CONSTdr

In turn, regionally-derived savings are the sum of enterprise, household, and government savings,
i.e. entsavtransdr, hhldsavingsdr, and govtsavingsg,dr, respectively, plus the receipt of interre-
gional transfers which are given by savregtransoutDReg1↔DReg2 as transfers into DReg2 equal
the transfers out of DReg1 (savregtransoutDReg1), and vice-versa. This gives the equation for
regionally-derived savings (Eq. B.241):

regsavingsdr = entsavtransdr + hhldsavingsdr +
∑
g

(govtsavingsg,dr) + savregtransoutDReg1↔DReg2

Lastly, interregional transfers of savings are indexed to households within the origin region, where
SAV REGTRANSBSdr defines the value of these transfers during the base year (Eq. B.242):

savregtransoutdr = SAV REGTRANSBSdr
Rhhldincomedr

BASEHHLDACCOUNTdr

Total national rest of world savings, rwsavingstotal, is a relatively significant auxiliary within
the model, deserving special consideration. We use a regression equation whereby total rest of
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world savings are found to be well predicted as a linear function of the national interest rate and
the world GDP index, WORLDGDPINDX(t), (Eq. B.239).

rwsavingstotal =



ACRWSAV INGS if Time < 4

100 Interestrt×NZINTERESTWEIGHT

+WORLDGDPINDX(t)GDPWEIGHT

+RWSAV CONST +NETTRANSFERS(t) if Time ≥ 4

The rationale is that, the greater the interest rate achieved on saved funds in NZ, the more
funds will be directed towards savings in NZ. Furthermore, simple growth in the world economy
and hence the ‘pool of funds’ available will also increase rest of world savings. The relative
weights given to the NZ interest rate and world GDP predictor variables are the exogenous
parameters NZINTERESTWEIGHT and GDPWEIGHT , while RWSAV CONST is the
regression constant.

A final complication is that in 2010/2011 (year 4 in this model) there were the devastating
Canterbury earthquakes. This led to a significant drop in rwsavings, presumably due to net
transfers related to asset loss and insurance effects. To account for this we have the exogenous
NETTRANSFERS(t) term for the historic time over which data is available (presently t ≤ 10)
from the Statistics NZ National Accounts.

The model also provides the option to override the regression equation for estimating rest of
world savings with a time series of actual values, ACRWSAV INGS(t), for the historic time
over which data is available (presently t ≤ 10 but we have chosen to use t ≤ 4 as this provides a
smoother transition in the early years of each model run). Note that since the model commences
in 2006, the initial modelled years will cover the global financial crisis, a period during which
savings behaviours were relatively unusual and hence not expected to be well represented by a
generic regression equation based on historical data.

In NZ, market interest rates are influenced by the official cash rate, the interest rate set by the
Reserve Bank of NZ. Importantly, changes in the official cash rate are the primary means by
which the Reserve Bank maintains its core function of achieving and maintaining stability in the
general level of prices. Increasing the interest rate can help to alleviate inflationary pressure via
a number of routes. As already described under the households module, it is generally considered
that household consumption is negatively correlated with interest rates, as households will need
to devote a greater proportion of their budget towards repayment of mortgages when interest
rates rise. A more subtle route is via the influence of interest rates on the exchange rate. Recall
from the last paragraph that we model rest of world savings as dependant, in part, on the
available interest rates in NZ. If there is an increased demand for NZ currency via rest of world
savings this will help to appreciate the value of the NZ dollar relative to other currencies. In
turn, by making NZ commodities relatively more expensive than foreign goods, this helps to
reduce export demands and hence inflationary pressure. One further influence of the interest
rate on commodity prices is described below in regards to investment demands.

Economist John Taylor proposed a policy rule whereby the short-term interest rate is adjusted
to (1) movements of inflation from a desired value and (2) changes in the output gap (that is the
difference between actual economic output ant its underlying trend) (Taylor, 1993). Although
relatively simple, this rule and its variations has been widely regarded as a reasonable approx-
imation of policy behaviour (cf. Bayoumi, 2004). For the first 3 years we use data to fix the
interest rate to ACTUALINTERESTRT (t). After that we follow a similar approach to model
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the change in the interest rate as adjusting to meet a variable termed the Taylor interest rate,
taylorinterestrt, with the period of adjustment controlled by the constant τinterest (Eq. B.225):

d

dt
(Interestrt) =

{
1
τ (ACTUALINTERESTRT (t)− Interestrt) for t < 3

1
τinterest

(taylorinterestrt− Interestrt) for t ≥ 3

The Taylor interest rate, in turn, is determined by differences between (1) the inflation rate
and the target inflation rate (assumed to be 2% per annum) and (2) the GDP gap. The latter
is the percentage shortfall of GDP from an estimate of its natural rate, NATURALGDP (t)
(Eqs. B.245, B.229):

taylorinterestrt =



INTERESTCONST + INTERESTINFLW (desiredinflationrt− 0.02)

+ INTERESTGDPW ACTUALGDPGAP (t) for t ≤ 3

INTERESTCONSTGFC + INTERESTINFLW (Inflationrt− 0.02)

+ INTERESTGDPW gdpgap for t > 3

gdpgap =
realgdp

NATURALGDP (t)
− 1

The respective weights given to the inflation and GDP components of the calculation, INTERESTINFLW
and INTERESTGDPW , are set specific to the NZ context based on historic data.

Finally, we can note that once we have calculated the interest rate and inflation rates (the
latter is available from the output reporting module) we can also determine the real interest rate
(Eq. B.230):

realinterestrt = Interestrt− Inflationrt

Investment A tree diagram in Figure 3.11 shows how available investment funds are calculated,
and where investment is allocated. For each region, the primary input to the funds available
for investment is labelled ‘variable investment’. Investment funds are assumed to be positively
correlated with changes in the total value of regional savings. This helps to capture general trends
in the size of the economy but also reflects that with more savings, banks will have more funds
available to loan for investment spending. At the same time, it is also assumed that the funds
allocated to investment are negatively correlated with the real interest rate. This is because the
opportunity costs of borrowing money to invest in capital goods increases when the real interest
rate increases, and people will also be spending more on repaying existing loans and mortgages
so will have less available to invest. These relationships are integrated into the model by the
equation for aggregateinvestvdr (Eq. B.235):

aggregateinvestvdr =

[(
realinterestrtALPHA+

∑
dr

(savingstotaldr BETA)

+ INV ESTCONST

)
Holdregvaladddr∑
drHoldregvaladddr

+REGINV ESTCONSTdr

]
× (1− INV ESTINDIRECTTAXRTdr)
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where ALPHAdr, BETAdr, and INV ESTCONSTdr are respectively the weights given to the
interest rate, savings, and the regression constant. The fraction term in the equation shares
total investment calculated at the national level among regions based on their relative total
value added/GDP. The equation also includes an adjustment for the proportion of investment
funds within each region that are allocated towards payment of indirect taxes. This proportion,
i.e. INV ESTINDIRECTTAXRTdr, is assumed to remain constant with the base year. The
total value of indirect taxes on investment, investindirecttaxdr, is a necessary input for the
government module and is calculated simply as follows (Eq. B.244):

investindirecttaxdr = aggregateinvestv1dr
INV ESTINDIRECTTAXRTdr

1− INV ESTINDIRECTTAXRTdr

+ MUNCAPINV ESTBY TIMEdr ×MUNINDTAXRT
Gdpindex

1000

Variable

investment
1

realinterestrt ALPHA dr + savingstotal dr BETA dr + INVESTCONST dr

Investment funds

less indirect tax x(1-INVESTINDIRECTTAXRT dr )

Investment

consumption

aggregateinvestv dr

Consumption Consumption Consumption

of Com 1 of Com 2 … of Com n

disinvestconsump dr,Com 1 disinvestconsump dr,Com 2 disinvestconsump dr,Com n

Total consumption Total consumption Total consumption

of Com 1 of Com 2 of Com n

investconsumpq dr,Com 1 investconsumpq dr,Com 2 investconsumpq dr,Com n

CES

+SETINVESTCQdr,Com 1 +SETINVESTCQdr,Com 2 +SETINVESTCQdr,Com nplus contant consumption

Figure 3.11 Tree diagram showing how available investment is calculated and where it is allocated.
CES: Constant Elasticity of Substitution calculation.
1 Determined empirically from a linear regression fit to data.

Once an initial calculation of regional aggregate investment is made, an adjustment is then
required to account for funds that are compulsory allocated towards municipal wastewater
treatment (see municipal module for specification of investadjustcap and investadjustland)
(Eq. B.236):

aggregateinvestv1dr = aggregateinvestvdr − (investadjustcap+ investadjustland)

× aggregateinvestvdr∑
dr aggregateinvestvdr

Once the funds available for investment are determined, the module operates in a similar man-
ner to the household and government modules. That is the composite quantity of investment
commodities consumed is calculated simply by dividing the aggregate investment value by the
composite investment price, Pinvestccdr. This composite quantity is then disaggregated by
a CES function so as to determine the individual commodity types consumed for investment,
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disinvestconsumpdr,c (Eq. B.234):

disinvestconsumpdr,c =

[
(γinvestcdr )η

investc
dr δinvestcdr,c

Pinvestccdr
Pcompcommddr,c

] 1

1−ηinvestc
dr aggregateinvestvdr

Pinvestccdr

In this equation ηinvestcdr is the commodity substitution parameter for investment consumption,
while γinvestcdr and δinvestcdr,c are the CES scale and share parameters. Additionally, Pcompcommddr,c
is the commodity-specific price by agents demanding commodities, as obtained from the com-
modities module.

Like other composite prices, the composite investment price is calculated via a series of three
equations (Eqs. B.226, B.232, B.231):

d

dt
(Pinvestccdr) =

1

τprices
(actualpinvestccdr −Pinvestccdr)

qinvestccdr = γinvestcdr

[∑
c

(
δinvestcdr,c (disinvestconsumpdr,c)

ηinvestcdr

)] 1

ηinvestc
dr

actualpinvestccdr =

∑
c

(
disinvestconsumpdr,cPcompcommddr,c

)
qinvestccdr

Once the composite investment demands have been disaggregated into demands for individual
commodities a final adjustment is made to account for small quantities of goods that are assumed
to be consumed each year and are set exogenously. This provides the final quantities of investment
commodity consumption, investconsumpqdr,c (Eq. B.243):

investconsumpqdr,c = disinvestconsumpdr,c + SETINV ESTCQdr,c +muninvestconsumpdr,c

Presently, this adjustment is made simply because the base SAM records small quantities of
negative investment consumption for certain commodities. These are all negligible quantities
and probably relate to changes in stocks during the base year. See also the municipal module
for explanation of muninvestconsumpt.

3.10 Municipal module

The municipal module is included within the Southland Economic Model so that scenarios can
be tested involving introduction of new municipal wastewater treatment schemes. The munici-
pal module is controlled by a separate policy interface (the Municipal Interface) currently pro-
grammed in Microsoft Excel. Informed by a number of case studies undertaken within Southland
on wastewater treatment options, the Municipal Interface is used to set trajectories (or scenarios)
for wastewater treatment upgrades, estimate the likely resources required for such upgrades, and
allocate responsibility for funding of these upgrades. The devised scenarios are implemented in
the Southland Economic Model through a set of exogenous parameters as described in Table
A.21.

As it was desirable to limit the steps involved for non-technical experts in running scenarios, all
exogenous parameters created for a scenarios are of the same type and apply for an entire model
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run (i.e. no variables are time dependent). However in reality, costs and expenditures associated
with municipal treatment schemes will be highly variable over time. To enable the model to
capture changes across time, it was therefore necessary to introduce a new time-related model
subscript as a work-around (termed ‘year mitigated’, see Table A.15). Although it makes some
of the calculations a little convoluted, the model is able to utilise the year mitigated subscript
to determine costs and expenditures at different points in time.

As already explained in the savings and investment module, when calculating the commodi-
ties demanded for investment consumption, an adjustment termed muninvestconsumpdr,i is
made to account for goods and services required specifically for investment in new munici-
pal treatment plants. This adjustment is determined by taking the total quantity of expen-
diture in base dollar terms on new municipal capital (excluding land) across time, termed
MUNCAPINV ESTBY TIMEdr(t), 3 and multiplying by MUNINV ESTRATIO which de-
fines the average ratio of a commodity demanded per total commodity demand for municipal
investment (Eq. B.255):

muninvestconsumpdr,c = MUNCAPINV ESTBY TIMEdr(t)×MUNINV ESTRATIOc

The next components of the municipal module are concerned with calculating the total value
of investment in municipal wastewater treatment, so that expenditure on paying loans that
finance this investment can be estimated. The variable, investadjustcap, defines total value of
investment on non-land capital and is calculated by multiplying the quantities of commodities
consumed for municipal investment by the relevant prices of commodities and adjusting for taxes.
The variable, investadjustland, similarly defines the total value of investment in land capital
(Eqs. B.254, B.256):

investadjustcap =
∑
dr,c

(
muninvestconsumpdr,cPcompcommddr,c

)
+
∑
dr

(
MUNCAPINV ESTBY TIMEdr(t)×MUNINDTAXRT

Gdpindex
1000

)

investadjustland =
∑
dr

(
MUNLANDINV ESTBY TIMEdr(t)

Gdpindex
1000

)

For the different loan values taken on each year, it is then possible to calculate the associated
periodic and annual loan payments, periodicloanpayments and annualloanpayments, given
information from the Municipal Interface on the loan interest rate, LOANRATE, and assuming
a fixed number of payments made per year, PAYMENTSPERY EAR, and years over which
the loan is taken out, Y EARSFORLOAN (Eqs. B.252, B.253, B.257, B.258):

annualloanpaymentsrt,lt = periodicloanpaymentsrt,lt PAYMENTSPERY EAR

periodicloanpaymentsrt,lt=Capital = investadjustcap periodicratert (1+periodicratert)
numberpayments

((1+periodicratert)numberpayments)−1

periodicloanpaymentsrt,lt=Land = investadjustland periodicratert (1+periodicratert)
numberpayments

((1+periodicratert)numberpayments)−1

3For reasons outlined in the preceding paragraph, MUNCAPINV ESTBY TIME as well as
MUNLANDINV ESTBY TIME are actually defined in the Municipal Interface not as time varying inputs
but instead by a subscript denoting the year the investment occurs. Multi-layered ‘IF’ functions are then used to
translate this information into single variables that change across time. For simplicity this step in the calculations
has been omitted in the equations
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numberpayments = Y EARSFORLOAN × PAYMENTSPERY EAR

periodicratert=Normal = LOANRATE
PAYMENTSPERY EAR

periodicratert=FinIntServ = LOANRATE−FISSHARE
PAYMENTSPERY EAR

Note that in the above equations, loan payments are calculated twice for that which is attributed
towards payment of financial intermediate services (denoted by rate type subscript FinIntServ)
and that which is the normal loan payment (denoted by rate type subscript Normal). This oc-
curs through an assumption that a fixed part of the loan interest rate, FISSHARE, is devoted
towards payments for financial intermediate services. Keeping the separation between loan pay-
ments for financial intermediate services and other loan payments is necessary for the eventual
calculation of demands for financial intermediate services, a type of commodity demand (see
Eq. B.247).

Over the whole of Southland Region it is possible that there will be multiple different loans taken
out, each with different payment values, implementation dates, and end dates. The next compo-
nents of the municipal module calculate the total loan payments that need to be made annual,
across all loans. The module also assigns responsibility for loan payments to one of three agents,
i.e. households (subscript Hhld), central government (subscript Cgovt) and businesses (sub-
script Buss). Note that it has been recognised that local government may also take on respon-
sibility for financing municipal capital investments and hence take on responsible for loan pay-
ments. However, since this agent is in turn likely to finance such expenditure through increased
rate take from households, such an arrangement is considered included within the category
of household responsibility. Altogether total loan payments faced over time by funding agents,
totalloanpaymentsrt,mf,lt, is determined as follows (Eqs. B.248, B.249, B.246, B.250, B.250, B.259):

totalloanpaymentsrt,mf,lt =
∑
yrmt

loanpaymentsyrmt,rt,mf,lt

loanpaymentsyrmt,rt,mf,lt =

{
maxloanpaymentyrmt,rt,mf,lt if Loantopayyrmt,rt,mf,lt > 0

0 if Loantopayyrmt,rt,mf,lt ≤ 0

d

dt
(Loantopayyrmt,rt,mf,lt) = totaltopayyrmt,rt,mf,lt − loanpaymentsyrmt,rt,mt,lt

totaltopayyrmt,rt,mf,lt = loanpaymentsbyyearloanyrmt,rt,mf,lt Y EARSFORLOAN

loanpaymentsbyyearloanyrmt,rt,mf,lt =


annualloanpaymentsrt,ltCAPINV ESTRESPyrmt,mf,lt

if LOANY R− 0.5 < Time ≤ LOANY R+ 0.5

0 if LOANY R− 0.5 ≥ Time > LOANY R+ 0.5

maxloanpaymentyrmt,rt,mf,lt(t+ 1) =



loanpaymentsbyyearloanyrmt,rt,mf,lt(t+ 1)

if loanpaymentsbyyearloanyrmt,rt,mf,lt(t+ 1)

≥ loanpaymentsbyyearloanyrmt,rt,mf,lt(t)

loanpaymentsbyyearloanyrmt,rt,mf,lt(t)

if loanpaymentsbyyearloanyrmt,rt,mf,lt(t+ 1)

< loanpaymentsbyyearloanyrmt,rt,mf,lt(t)
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3.11 Primary module

The primary module enables the Southland Economic Model to be used to test various scenarios
involving changes to farming systems, as might occur as a result of water policy initiatives.
Like the municipal module, the primary module is controlled by a separate policy interface
programmed in Microsoft Excel, this time termed the ‘Primary Interface’. Through this interface,
users select values for all exogenous parameters defined in Table A.20.

The calculations contained within the primary module are targeted towards five general functions,
i.e.: (1) calculation of land use changes over time, both in terms of changes in whole farm types
(e.g. from drystock farming to dairy cattle farming) as well as changes in the way land is allocated
to different types of farming or mitigation systems (e.g. from a drystock farm operating according
to its current system and practices, to the same drystock farm with a crop mitigation option
implemented); (2) calculation of the level of de-intensification of agricultural systems as a result
of land retirement, (3) calculation of the perceived or expected returns per hectare for different
land use options, as this is a necessary input for (1); (4) calculation of the costs faced across time
for different agents as result of new fencing and/or farm plan requirements, and (5) calculation
of industry-level changes in input and output parameters so that this information can feed to
other components of the model. Each of these components of the module are discussed below.

For the operation of the primary module, it was necessary to introduce several additional sets
of subscripts to the model, as set out in Table 2.1 and Appendix A. Importantly, within the
primary module, the Southland region is divided into 33 different economic zones (subscript ez).
These economic zones are defined by six Freshwater Management Unit categories, as well as seven
unique categories defined by soil/rainfall/slope/farm size.4 Financial data on the operation of
farms/forestry, and the commodities used and produced by farms/forestry is obtained through
the 57 different case study ‘farms’ modelled (subscript mofa). Such data is arrayed not only
according to the particular farm modelled, but also the mitigation state (subscript mt) modelled
for each farm, with up to nine different mitigation states possible.

An obstacle that needed to be overcome in the construction of the primary module, was to
reduce the quantity of data held and calculations undertaken in the model, so that run times
would be reduced. With 57 different case study farms, 9 potential mitigation states, and 33
different economic zones, the model would have needed to keep track of around 17,000 different
combinations. To reduce this complexity an additional subscript was introduced, termed Farm
Type (subscript ft) which essentially allows for only 17 different case study farms to be matched
with any particular economic zone. This is possible because while there are 44 different modelled
drystock case study farms, a maximum of eight sheep and beef farms and 5 deer farms are applied
to any one zone. Similarly, although there are ten different modelled dairy farms, only one is
used for any particular economic zone. Careful mapping between case study farms and farm
types is however required in the model and its input data sets to successfully implement this
work-around.

A further subscript type introduced in the primary module is IO agricultural industries (sub-
script IOag). This is a subset of all industries included in the general components of the model
and includes only those three industries that are primary. However, given that the first industry,
AGIn01, is quite aggregate and includes farming systems for which there are differently assigned
case study farms, a further subscript category is introduced termed agricultural industries (sub-

4Although this would in theory allow for up to 42 different economic zones, only 33 are recognised in the model
because some of the potential categories did not exist in Southland, or the land areas occupied were sufficiently
small to warrant exclusion from the model.
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script agind). Under this category AGIn01 is split into four new industries, i.e. sheep and beef,
deer, arable, and horticulture.

Land Use Change The model keeps track of land use through the stock Landuse which is
subscripted for economic zone, farm type, and mitigation state. All land use is measured ac-
cording to effective hectares. Even without the implementation of freshwater policies, land use is
likely to change over time as land owners respond to changing preferences and system conditions,
including changes in financial returns for different land use options. The stock Landuseez,ft,mt
thus receives inputs of new land acquired via land use change, landusechangeinez,ft,mt, and
outputs of land lost to land use change landusechangeoutez,ft,mt. Land use change occurring as
a result of adoption of new mitigation states also creates inflows, mitigationinez,ft,mt, and out-
flows, mitigationoutez,ft,mt, for the land use stock. Furthermore, land can be retired altogether
from primary production, with this occurring through the outflow farmretirementez,ft,mt. In
summary the equation for Landuseez,ft.mt is defined as (Eq. B.263):

d

dt
(Landuseez,ft,mt) = actuallanduseez,ft,mt + landusechangeinez,ft,mt − landusechangeoutez,ft,mt

− farmretirementez,ft,mt +mitigationinez,ft,mt −mitigationoutez,ft,mt

The additional term used in this above equation, actuallanduseez,ft.mt, allows for users to cause
the stock to match known trajectories of land use change, where this might be desirable (e.g.
for part of each model run that covers the past and where data on historic land use change is
available) - see Eq. B.264.

Turning now to the calculation of other other flows to/from Landuse, except in situations
where we wish to force land use change to match a determined trajectory (i.e. Time <
KNOWLANDTIME), the landusechangeout flow is calculated simply by multiplying the cur-
rent stock value by a maximum rate of land use change, MAXCHANGERTft. Furthermore,
since land is conserved, all land use change out of a particular land use must be balanced by
land use change into another land use (Eqs. B.326, B.307, B.301):

landusechangeoutez,ft,mt =



Landuseez,ft,mt
×MAXCHANGERTft if Time ≥ KNOWLANDTIME and

Time ≤ HOLDLANDTIME

0 if Time < KNOWLANDTIME or

Time > HOLDLANDTIME

landusechangeinez,ft,mt =


∑

agi(landtoreallocateez agindshareofallocationez,agi

× fsshareallocationez,ft,mt,agi) if Time ≥ KNOWLANDTIME

0 if Time < KNOWLANDTIME

landtoreallocateez =
∑
ft,mt

landusechangeoutez,ft,mt +
∑
ft

landnomitigationez,ft

Note that in the last equation, the land allocated to land use change includes not only the
quantity of land changing out of land uses, but also the sum of landnomitigationex,ft,mt. The
inclusion of this term is to cover land that is required to change out of a mitigation state, but
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there is no other available mitigation state that is permitted within the same farm type so more
general land use change must occur - see Eq. B.300.

In the calculation of landusechangein, the proportion of land within a given economic zone that is
allocated to a particular farm type and mitigation is based on the product of two separate shares.
The first, agindshareofallocationez,agri, defines the proportion of land within a zone allocated
to a particular agricultural industry while the second, fsshareallocationez,ft,mt,agri, defines for a
given economic zone and agricultural industry, the proportion allocated to a particular farm type
and mitigation state. The full set of equations required to calculate the first share are set out in
Appendix B (see Eqs. B.292, B.293, B.294, B.296, B.297, B.298, B.303). In summary: (1) a CET
function is used to share land, subject to land use change among agricultural industries based on
each industry’s average perceived returns per hectare (taking into consideration all farm types and
mitigation states belonging to an industry) and the assigned elasticity of transformation among
land uses; (2) The parameter values used in the CET function are set through calibration; and
(3) When comparing returns per hectare for agricultural industries, mitigation states that are
no longer permitted to continue are carefully excluded. The second share is based simply on the
current distribution of farm types and mitigation states within an economic zone and farm type,
excluding any mitigation states that are no longer permitted to occur - see Eq. B.299.

In terms of the mitigation based out-flow from the Landuse stock, i.e mitigationout, a separate
Appendix (Appendix C) is included to explain how the flow is derived. As a summary, our
starting point is that if a mitigation state is no longer allowed as a result of an implemented
policy (say just for example that all dairy cattle farming is no longer permitted to occur in
the current i.e. baseline state, and instead all farms are required to achieve at least 10 percent
nitrogen loss reduction), then it is unlikely that all farms and associated land use would switch
to a new mitigation state at the same point in time. Instead, we are more-likely to see a phase-in
period over which new mitigation state or states are progressively adopted across the region’s
dairy cattle farming land. The model assumes a typical s-shaped adoption profile. However,
through the Primary Interface, users can choose to speed up or slow down the overall pattern
of adoptions. Furthermore, users set the points in time when adoption out of a mitigation state
first commences (for example, could be set to correspond to the date when it becomes certain
that a new rule will soon apply) and when all adoption must be complete (often the date when
a new rule takes effect). A further nuance of the model is that it allows for scenarios where
only some land in an economic zone and farm type must adopt out of a mitigation state. This
is implemented through a maximum allowable land use control in the Primary Interface, and
it is only hectares of land above this control that will be required to adopt new mitigations.
Altogether, Eqs B.311, B.322, B.323, B.324, B.327, B.328, B.329, B.330, B.331, and B.332, as
set out in Appendix B, implement this component of the model.

Once again, because of the principle of conservation of land, the total land lost from an economic
zone as a result of mitigation adoptions should be balanced by inflows of new land in that same
economic zone. For this component of the model, it is assumed that landowners will choose to
adopt the next most profitable permitted mitigation state that belongs to the same farm type
as their original land use. As already explained above, if there is no available mitigation state
in the same farm type that is permitted for adoption then the relevant hectares of land falls to
the land available for general land use change - in other words a new farm type within the same
agricultural industry, or even a new agricultural industry type, can be adopted. Eqs. B.290,
B.291, B.309, B.317, B.320, B.321, and B.325, in Appendix B, implement this component of the
model.

The final flow from the Landuse stock is that associated with land retirement, farmretirementez,ft,mt.
In the Primary Interface, for each economic zone, users specify farm retirement over time at the
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scale of agricultural industry. In the model it is then assumed that this retirement is split among
farm types and mitigation states on a pro-rata basis, according to current distributions of farm
types and mitigation states within an economic zone, see Eqs. B.305 and B.310. Given that the
model calculates primary industry commodity production (outputs) and demand for intermedi-
ate inputs and factors (inputs) by multiplying per hectare supply/demand ratios by land use,
removing land out of the Landuse stock immediately results in a downsizing of the associated
industries.

To complete this section, we note that there are also some aggregate categories of land use and
land use change calculated within the primary module as this information is required within
other modules - see Eqs. B.304, B.306, B.349, and B.350.

De-intensification In addition to the land retirement option discussed in the preceding para-
graph, the Primary Interface recognises the possibility for land retirement that results in a
de-intensification of selected land uses. This option is most likely to be utilised when investi-
gating scenarios that involve land retirement within farms to other uses. For example, planting
buffer strips along streams, setting aside land for wetlands and/or planting critical source areas
in forest. Unlike the retirement option discussed above which assumes that all inputs and out-
puts to farm activities will scale down in proportion to quantities of effective hectares retired,
under this form of land use retirement it is assumed that only outputs and intermediate inputs
scale down - i.e. payments for depreciation and labour per hectare remain unchanged. The
model also recognises two sub-forms of de-intensification retirement, one relating to retirement
to non-agricultural productive uses and one relating to retirement to farm forestry. The latter
is associated with production of alternative economic commodities while the former is not. The
calculations for this component of the model can be found in Eqs. B.260, B.261, B.278, B.279,
B.280, in Appendix B.

To further complicate matters, a special type of mitigation (subscript miti09 ) was added to
the Primary Interface which allows for the option of testing land de-intensification as a means
of achieving specific nitrogen load targets. The outcome of the mitigation is the same as that
discussed in the last paragraph, but operates differently in terms of user inputs. In the above
case users directly enter the quantity of land retired, while in the case of the mitigation option,
users enter the required N loss per effective hectare and the model determines the necessary
quantity of land retired. Eqs. B.284, B.286, B.360, and B.361 deal with this specific aspect of
the model.

Expected returns to land The principal objective of this component of the primary module
is to calculate the per hectare returns to land at the same scale of resolution as the Landuse
stock. As mentioned above, this information is a necessary input to the calculations for land use
change. More precisely, the model calculates the perceived returns to land for each economic zone,
farm type and mitigation state, i.e. stock Percfsreturnsperhaez,ft,mt. While based on actual
returns per hectare, fsretunsperhaez,ft,mt, the stock adjusts over time to both smooth out short
term fluctuations and account for potential lags between actual changes and accepted/perceived
changes (Eq. B.262):

d

dt
(Percfsreturnsperhaez,ft,mt) =

fsreturnsperhaez,ft,mt −Percfsreturnsperhaez,ft,mt
ADJUSTTIME

Conceptually, the calculation of returns to land is straightforward. On a per hectare basis, it
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is the net difference between income from sale of goods/services produced on farms and the
costs of production. The latter includes purchases of intermediate inputs, payments for labour
and depreciation, and income allocated as a payment/rent of built capital. Nevertheless, there
are several steps and calculations required in the model because: (1) much of the data and
calculations undertaken elsewhere in the model are undertaken in nominal terms but to calculate
the value of returns to land we need to work in real terms, which requires adjusting for current
prices, (2) base data on inputs and outputs for farm types and mitigation states enters the
model subscripted according to case study farm which must then be mapped to farm types for
each economic zone, (3) the general components of the model allow for background productivity
change over time within economic industries - this can also be included when calculating income
and expenses for primary activities, and (4) adjustments need to be made to account for de-
intensification of agriculture, which may include switching some land to farm forestry. See
Eqs. B.289, B.266, B.267, B.268, B.285, B.287, B.357, B.358, and B.359 for the full calculations.

Fencing and farm plans Within the Primary Interface, users have the option of testing sce-
narios that include requirements for additional fencing on farms and/or implementation of farm
plans. This component of the primary module simply translates the inputs from the interface
into a time series of costs faced by each agricultural industry, and also determines the demand for
fencing contract services (in the case of fencing), and farm advisor/ farm plan creation services
as well as council processing services (in the case of farm plans). See Eqs. B.281, B.282, B.283,
B.312, B.313, B.314, B.315, B.316, B.318, B.319, B.344, B.345, B.346, and B.347, in Appendix
B for this component of the model.

Industry-level inputs and outputs Due to adoption of mitigations, land use change, and land
retirement/de-intensification occurring within the primary module, the structure of each primary
industry at an aggregate level will potentially be changing over time. The final components of
the module therefore deal with updating industry-level variables used elsewhere in the model.
As explained in the industries, commodities and factors modules, the calculation of industry
production and consumption in the Southland Economic Model is based around sets of nested
CES/CET functions. For each time step in the model, it is therefore necessary to update the
parameters used in these functions for the primary industries to reflect changes occurring with
the primary module.

Eqs. B.143, B.288, B.336, and B.348 calculate the updated primary industry commodity supply
scale and and share parameters (i.e. to replace φcomsupsr,i and ξcomsupsr,i,c respectively). Also calculated,
is the relative rate of commodity production compared to the base year (Eq. B.351).

Eqs. B.265, B.275, B.276, B.333, B.337, and B.341 are concerned with calculating the re-
vised share and scale parameters for factors/composite intermediate inputs (replacing γfidr,i and
δfiinput,dr,i). Similarly, Eqs. B.277, B.335, and B.340 calculate revised share and scale parameters
for each type of commodity input (replacing γcominputdr,i and δcominputdr,i,c ). Finally, Eqs. B.269, B.270,
B.271, B.272, B.273, B.274, B.334, B.338, B.339, B.342, and B.343 determine the scale and
share parameters for capital/labour inputs (replacing γfactdr,i and δfacth,dr,i) and the scale and share
parameters but for built capital/land inputs (replacing γccdr and δccdr).
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3.12 Rest of world module

The rest of world module tracks flows of funds into and out of the NZ economic system. The
full set of equations are available in Appendix Section B.12.

A primary task of the rest of world module is to determine changes in the exchange rate,
Exchangert. The exchange rate can be conceptualised as the quantity of US dollars per NZ
dollar, but rescaled so that the rate is equal to one for the base year. Importantly, the model
treats the exchange rate in an analogous manner to base prices in other modules. That is, the
exchange rate fluctuates in response to differences in supply and demand quantities following the
equation (Eq. B.362):

d

dt
(Exchangert) =


1

TIME STEP (ACTUALEXCHANGERT −Exchangert) for t < 3((
1

bopratio

)αexchangert
− 1

)
Exchangert for t ≥ 3

with the rate of response dependant on the exogenous alpha parameter, αexchangert. In this case
the supply and demand quantities compared are the supply and demand for NZ currency, also
respectively termed rest of world expenditure and rest of world income. Also, the ratio of rest
of world income to rest of world expenditure is termed the balance of payments ratio, bopratio
(Eq. B.363):

bopratio =
rwincome

rwexpenditure

Enterprise Labour Government

transfers income transfers

entrwtrans dr rwlabourincome dr govtrwtrans g,dr

Household Purchase of 

transfers imports

less direct tax x(1-RWDIRECTTAXRT dr ) hhldrwtrans dr nzimportpurchases dr

Rest of world

income

rwincome

Exchange

rate

Exchangert

Rest of world

expenditure

rwexpenditure

Rest of world Enterprise Household less indirect tax x(1-RWINDIRECTTAXRT dr ) 

savings1 transfers2 transfers2

rwsavings dr rwenttrans dr rwhhldtrans dr Export

sales

nzexportsales sr -> dr,c

Sum across governments

Sum across regions

Sum across regions

Figure 3.12 Tree diagram showing rest of world income and expenditure.
1Exogenously determined, see the Savings & Investment Module (Section 3.9) for details.
2The rate at which funds get transferred is exogenously determined and depends on the Exchangert.
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A tree diagram that provides a summary of the different contributions to rest of world income
and expenditure is shown in Figure 3.12. Rest of world income is calculated as the sum of
income from labour and transfers from enterprises, less direct taxes, plus income from sale of
commodities to NZ (i.e. NZ imports), household transfers, and government transfers (Eq. B.364):

rwincome =
∑
dr

(
rwlabourincomedr +

∑
c

(
nzimportpurchasesdr,c

)
+ entrwtransdr

+hhldrwtransdr +
∑
g

(
govtrwtransg,dr

)
− rwdirecttaxdr

)

Transfers from enterprises, entrwtransdr, households, hhldrwtransdr, and governments, govtrwtransg,dr,
are taken directly from the respective modules for these agents, while rest of world labour in-
come is calculated simply by multiplying rest of world labour supply by the relevant labour price
(Eqs. B.365, B.366):

rwlabourincomedr =
∑
i

(rwlaboursupplydr,iPfacth=LAB,dr,i)

rwlaboursupplydr,i = factorsuh=LAB,dr,i
RWFACTRTh=LAB,dr

1−RWFACTRTh=LAB,dr

Similarly, rest of world income from imports is determined by multiplying the quantity of import
commodities demanded, by the import price (Eq. B.367):

nzimportpurchasesdr,c = importdemanddr,c
PCOMMWORLDIMPc(t)

Exchangert

Finally, rest of world direct taxes are determined by multiplying income from labour and enter-
prises by an assumed constant direct tax rate, RWDIRECTTAXRTdr (Eq. B.368):

rwdirecttaxdr = (entrwtransdr + rwlabourincomedr)RWDIRECTTAXRTdr

On the expenditure side, funds are transferred into the economic system via transfers from
enterprises, entrwtransdr, households, rwhhldtransdr, from NZ export sales ,nzexportsalessr,c,
via payments of indirect taxes, rwindirecttaxdr, and from net rest of world savings, rwsavingsdr
(Eq. B.369):

rwexpenditure =
∑
dr

(
rwsavingsdr + rwenttransdr + rwhhldtransdr + rwindirecttaxdr

)
+
∑
sr

∑
c

(nzexportsalessr,c)

To calculate indirect taxes, a constant indirect tax rate is applied to NZ’s commodity export
sales (Eq. B.370):

rwindirecttaxdr =
∑
c

(nzexportsalessr→dr,c)RWINDIRECTTAXRTdr

In turn, export sales of each commodity are calculated as follows (Eqs. B.371, B.99, B.372):

nzexportsalessr,c =
expcommodityssr,c actualpexportssr,c

Exchangert
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actualpexportssr,c =
actualexportssr,cPexpcommsr,c

expcommodityssr,c

actualexportssr,c = min (expcommoditydsr,c, expcommodityssr,c)

where the quantities of export demands and supply, expcommoditydsr,c and expcommodityssr,c,
along with the export commodity price, Pexpcommsr,c, are available from the commodities
module (Section 3.5).

Completing the rest of world module is the calculation of the current account surplus, which is
simply total rest of world expenditure less income:

actualsurplus = rwexpenditure− rwincome

The perceived current account surplus, Casurplus will adjust to reflect the actual current ac-
count surplus, depending on the time for adjustment, τcasurplus (Eq. B.224):

d

dt
(Casurplus) =

1

τcasurplus
(actualcasurplus−Casurplus)

3.13 Output variable module

The output variable module contains the calculations for the inflation rate, Consumer Price
Index (CPI), and GDP. Although each of these items are also used in calculations elsewhere
in the model, the items have been selected for inclusion within this module as these do not fit
neatly into the subject matter of the other modules. Furthermore, each item, in its own right, is
a useful indicator or reporting item for monitoring the state of an economic system.

If we begin with the inflation rate, this is modelled as a stock that quickly adjusts to match
an auxiliary, targetinflationrt. In turn, the latter auxiliary is calculated based on the rate of
change in the CPI. As with the calculations for rest of world savings, the model also includes an
option to override the inflation rate with real data for a historic time period, i.e. as given by the
exogenous time series ACINFLATIONRT (t), if appropriate (Eqs. B.373, B.375, B.376):

d

dt
(Inflationrt) =

1

τ
(targetinflationrt− Inflationrt)

targetinflationrt =

{
ACINFLATIONRT (t) for t < 11.5

desiredinflationrt for t ≥ 11.5

desiredinflationrt = 4

(
cpif(t)− cpif(t− 0.25)

cpif(t− 0.25)

)

The CPI is calculated as a Fisher index. The Paasche and Laspeyres indices are alternative
approaches for calculating price indices, but both have limitations. On the one hand a Paasche
index fails to sufficiently account for substitution within the ‘basket’ of goods considered in the
index, while on the other hand the a Laspeyres index tends to over-estimate inflation (IMF,
2004). The Fisher index takes the geometric average of the Paasche and Laspeyres indices,
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thereby seeking to offset the biases inherent in the two approaches. The CPI Fisher index, cpif ,
is thus calculated as (Eq. B.377):

cpif =
√
cpip× cpil

where cpip and cpil are respectively the CPI Paasche and Laspeyres indices. In turn the CPI
Paasche and Laspeyres indices are calculated as follows (Eqs. B.378, B.379):

cpil = 1000

∑
dr

∑
c

(
Pcompcommddr,cBASEHHLDCONSUMPdr,c

)∑
dr

∑
c (BASEPCOMPCOMMDdr,cBASEHHLDCONSUMPdr,c)

cpip = 1000

∑
dr

∑
c

(
Pcompcommddr,c hhldconsumpdr,c

)∑
dr

∑
c (BASEPCOMPCOMMDdr,c hhldconsumpdr,c)

In the above equations, BASEHHLDCONSUMPdr,c, is, for each region, the quantity of house-
hold consumption of each commodity, c, at time zero (the base period), whileBASEPCOMPCOMMDdr,c,
is the associated commodity price at time zero.

In the case of GDP, the Paasche index is used for consistency with national accounts data used
in calibration of the model. The quantities and prices that are considered in the calculation of
the index are selected based on the expenditure method for calculating GDP (cf Viet, 2009). The
method considers a ‘basket of goods’ that is made up of commodities consumed by households,
governments and for investment. The Paasche index is given by (Eq. B.381):

gdpindexp =

∑
dr,c

((
hhldconsumpdr,c +

∑
g

govtconsumpg,dr,c + investconsumpqdr,c

)
Pcompcommddr,c

+ stockchangesdr,c

)
+
∑
sr,c

nzexportsalessr,c −
∑
dr,c

nzimportpurchasesdr,c


÷∑
dr,c

((
hhldconsumpdr,c +

∑
g

govtconsumpg,dr,c + investconsumpqdr,c

+
stockchangesdr,c

Pcompcommddr,c

)
BASECOMPCOMMDdr,c

)
+
∑
sr,c

(
nzexportsalessr,c
pexportcommdsr,c

Exchangert
)

−
∑
dr,c

(
nzimportpurchasesdr,c

PCOMMWORLDIMPc(t)
Exchangert× 1

)
where once again, the term ‘BASE’ is added to the start of all names of exogenous input data
generated from the benchmark or base year accounts (i.e. when time = zero). For example
BASEHHLDCONSUMPdr,c is the same as hhldconsumpdr,c except that where as the latter
is determined for the current time period, the former is generated from the base year accounts.

Note that included in this GDP calculation is the quantity of net commodity exports (i.e. exports
less imports). Stock changes, equal to commodities supplied less commodities demanded are
also included as an expenditure category in a similar manner to household, government, and
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investment consumption. Refer to Appendix B.13 for the full set of equations necessary to
calculate stock changes.

To calculate the real GDP we must determine the totalexpenditure, as it is this value which is
divided by the GDP index to obtain GDP in real terms (Eq. B.385):

totalexpenditure =
∑
dr,c

[(
hhldconsumpdr,c +

∑
g

govtconsumpg,dr,c + investconsumpqdr,c

)
×Pcompcommddr,c

]
+
∑
sr,c

nzexportsalessr,c −
∑
dr,c

nzimportpurchasesdr,c

+
∑
dr,c

stockchangesdr,c +
∑
dr

otherindirecttaxesdr

The real GDP index that is used in the calculation of the desired interest rate is calculated
simply as follows (Eq. B.383):

realgdp =
1000

actualgdpindex
× totalexpenditure

GDP is also calculated within the model using the value added or income approach. Unlike the
expenditure method, this also allows for reporting at both the industry level within each region,
both in nominal (indvalueaddeddr,i) and real (dindvalueaddeddr,i) terms (Eqs. B.396, B.397, B.398,
B.395, B.394):

indvalueaddeddr,i =
∑
h

(factorsuh,dr,iPfacth,dr,i) + realindustrybalancedr,i + indindirecttaxdr,i

totalvalueaddeddr =
∑
i

indvalueaddeddr,i + otherindirecttaxesdr

otherindirecttaxesdr =
∑
g

govtindirecttaxg,dr + hhldindirecttaxdr + rwindirecttaxdr

+ investindirecttaxdr

dtotalvalueaddeddr = 1000
totalvalueaddeddr
actualgdpindex

dindvalueaddeddr,i = 1000
indvalueaddeddr,i
actualgdpindex

A stock of regional GDP/value added quickly adjusts to match the calculated regional value
added in nominal terms (totalvalueaddeddr). The derivation of a stock avoids computational
problems where regional GDP is required to be used elsewhere in the model (Eq. B.374):

d

dt
(Holdregvaladddr) =

1

τ
(totalvalueaddeddr −Holdregvaladddr)
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3.14 Freshwater Management Unit and Territorial Local Authority
reporting module

This final module in the Southland Economic Model was included to provide capabilities for
reporting economic outcomes at sub-regional scales for Southland, namely at the scale of Fresh-
water Management Unit (FMU) and Territorial Local Authority (TA). Thus far, we have only
attempted to report outputs for industry value added and industry employment at these levels.

For the primary industries covered by the primary module, reporting value added and employ-
ment results at the level of FMU is relatively straightforward. This is because the primary
module keeps track of financial information for each type of farm and mitigation within an eco-
nomic zone, whilst all economic zones match to one unique FMU. Using information from the
primary module (Eqs. B.399 to B.408), calculate for each industry, the share of total value
added in the Southland region attributed to each FMU. In the case of non-primary industries
the ability to report at sub-regional scales is more difficult. For these industries, it is simply
assumed that each FMUs share of an industry’s regional value is the same as that estimated for
2017 using sub-regional employment data (see Eq. B.409). Once estimates of value added by
industry and FMU are calculated in base year dollar terms, this is inflated to 2017 dollar terms
using the GDPSCALAR and also aggregated to a smaller set of industries for reporting (Eqs.
B.410 and B.411).

The calculation of industry employment by FMU is similar to the calculation of value added.
That is, information from the primary module is used to split primary industry employment
at a regional level among primary industries, while for other industries, regional employment is
disaggregated among FMUs by using the 2017 FMU shares of regional industry employment (see
Eqs. B.402, B.413, B.414, B.415, and B.416).

The generation of reporting indicators for TAs is a little more complicated than for FMUs. This
is because while each economic zone is situated within a single FMU, some economic zones are
situated across multiple TAs. To deal with this issue, value added/employment for primary
industries is first calculated at the level of economic zones. The results for each industry within
an economic zone are then allocated across TAs on a pro-rata basis using the relative shares of
land in different TAs as calcualted from the 2015 land use map. In other respects the calculation
of industry value added and employment at the TA scale works the same as the calculation at
the FMU scale. Reference can be made to Eqs. B.417 to B.432, in Appendix B, for the full
details.
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4 Applying the model
4.1 Input data

Many of the exogenous constants and base (initial condition) data are set from the regional
Social Accounting Matrices (SAMs). For the primary module, data is sourced mainly from the
FARMAX files created for each individual case study farm and mitigation state as well as from
Environment Southland’s land use map. Some exogenous constants are calculated in a calibration
process. A full list of all exogenous constants and initial conditions is contained in Appendix A,
with accompanying descriptions of data sources.

4.2 Scenario settings

The model is a relatively generic economic model that could be used to evaluate a wide range of
potential scenarios and policy questions. It may be helpful to think of scenario settings within
the model as belonging to two general categories:

• Those settings or parameters that are broadly used to generate the ‘reference economic
future’ under which alternative actions or policies are tested. For example, you may wish to
test policies under a reference economic future where there is strong growth in economies in
the rest of the world and as a result strong growth in demand for New Zealand commodities.

• The settings or parameters that define the specific policies, investment options and/or
behavioural changes that are subject to investigation.

Each of these categories are discussed briefly below.

4.2.1 General scenario settings and reference economic futures

These are a group of input data or settings that broadly determine the economic growth path
for NZ. The following sets of input data need to be selected by the model user:

• Working age population - the model contains projections of working age population for
each region within New Zealand. The default projections are sourced from Statistics New
Zealand’s medium series, but alternative projections can also be used.

• Multi-factor productivity - the model incorporates industry-specific default time series of
multi-factor productivity indices MULTIFACTORPRODdr,i(t). These can be altered
directly for each individual industry within a region, or a uniform adjustment can be made
to all industries’ time series through the ADJUSTRATEdr,i parameter.
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• World commodity prices - the model also incorporates econometric projections of world
commodity prices. Export prices, PCOMMWORLDEXPc(t), are provided separately
from import prices, PCOMMWORLDIMPc(t), on the different sub-commodity com-
positions of these trades. These default projections can be revised to reflect alternative
scenarios.

• World GDP - similarly, the default projections for the world GDP index,WORLDGDPINDX(t),
are derived via econometric projections but can be altered to reflect new scenarios.

• Non-productive investments - the time series NONPRODINV ESTSH(t), records the
share of investment funds each year that are allocated towards ‘non-productive’ capital in-
creases. Note that the term ‘non-productive’ is used in a narrow context here meaning that
the additional capital produced does not directly lead to increases in industry output - the
investments may well still serve other important objectives such as reducing environmental
harm caused by economic production. The default values for this time series are zero.

• Ad valorem import tariffs - the time series ADV ALOREMIMPTARIFFc(t), controls
additional tariffs that may be applied in a scenario, specified as percentage increases in the
current price. Note that since these are only additional tariffs, over and above that already
included in the base year SAM, the default values are set to zero.

• Ad valorem import and export (pseudo) prices - in the case of exports, we do not model the
rest of the world economy and so do not need to model the flow of income generated from
tariffs charged in other countries on New Zealand goods. For scenarios where it may be de-
sirable to consider additional export tariffs, the time seriesADV ALOREMEXPORTPc(t)
(default values set to zero) can be adjusted. This exogenous time series can also be used
to implement other situations of changes in international demand caused by factors other
than direct price increases, such as changes in quality of goods. In a similar manner, the
time series, ADV ALOREMIMPORTPc(t), can be used to alter relative demands for
imported goods by the New Zealand market.

• Labour and capital productivity indices - the two exogenous time series, LABINDEXi(t)
and CAPINDEXi(t) (default values set to one), provide further opportunities to ad-
just the productivity of industries. Each industry’s supply of labour is multipled by the
LABINDEX, thus providing the ‘effective’ supply of labour factors, while each industry’s
stock of capital is multiplied by its CAPINDEX, thereby producing the ‘effective’ supply
of capital for each industry. Note that because of the use of nested CES functions in the
model, the changes to the productivity as specified by the multi-factor indices discussed
above occur on top of the productivity changes resulting from increases in the LABINDEX
and CAPINDEX indices.

• Additional taxes on production, additional household taxes - production-based taxes faced
by businesses are a key tax mechanism utilised by government. The base SAM already
incorporates current levels of production taxes and by default the model assumes that taxes
will be paid at the same shares over time. For some scenarios, it may however be necessary
to alter taxes, say for example, to capture additional taxes faced by industries based on
relative greenhouse gas emissions. The exogenous time series, INDTAXRTADJUSTi(t),
provides an opportunity to increase or decrease industry taxes. Additionally, the time
series, HHLDTAXRTADJUSTr(t), can be used in scenarios to alter the taxes incurred
by households.
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4.2.2 Policy settings

As already explained in this report, two policy interfaces have thus far been devised for the
model, termed the Municipal Interface and Primary Interface respectively. A full list of the
exogenous parameters that are created by each interface is found in Appendix A. When devising
these interfaces, attention was given to formulating the levers and controls in such a way that a
very wide range of possible policy options could be tested. At the same time, it was necessary to
try and keep the interfaces sufficiently simple so that they could be used by people with a wide
range of technical/programming skills. Nevertheless, there is always possibility that options will
be selected for testing that do not fit nicely into one or other of the interfaces. For example, the
Primary Interface may only allow users to input scenarios where farm plans are implemented at
a uniform date for all farms within the same farm type but we may wish to test a scenario where
different sub-catchments have different implementation dates for farm plans. In such cases it
will be necessary to request technical assistance for running the scenarios, likely involving the
construction of a bespoke model add-on.
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A Index of names and
definitions
A.1 Subscripts and concordances

Most subscripts are described in Table 2.1 on page 7. However, the natural capital types, and industry
and commodity groupings can vary between different model applications and are described here.

Table A.1 Natural capital types

Name Description

NatCap1 Agricultural/forestry land

NatCap2 Coal

NatCap3 Oil/gas

Table A.2 Industry categories

Name Description

Ind1 Sheep, beef, deer, other livestock and grain farming horticulture

Ind2 Dairy cattle farming

Ind3 Forestry and logging

Ind4 Other primary

Ind5 Meat and meat product manufacturing

Ind6 Dairy product manufacturing

Ind7 Other food manufacturing

Ind8 Textile and leather manufacturing

Ind9 Wood and paper manufacturing

Ind10 Other manufacturing

Ind11 Utilities

Ind12 Construction

Ind13 Wholesale and retail trade

Ind14 Accommodation and food services

Ind15 Transport, postal, courier, transport support and warehousing services

Ind16 Finance, insurance, rental, real estate services and business services

(continued on next page)
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Table A.2 (continued)

Name Description

Ind17 Ownership of owner-occupied dwellings

Ind18 Government, education, health and social services

Ind19 Personal and recreational services

Table A.3 Commodity categories

Name Description

Com1 Trade margins

Com2 Horticulture and fruit

Com3 Forage products, fibres, sugar crops and unmanufactured tobacco

Com4 Cereals

Com5 Sheep

Com6 Cattle

Com7 Deer

Com8 Other livestock and animal products

Com9 Raw milk

Com10 Wool

Com11 Wood and non-wood forest products and standing timber

Com12 Coal, oil, gas and other mining and quarrying

Com13 Meat products

Com14 Dairy products

Com15 Other food

Com16 Animal feed

Com17 Textiles

Com18 Wood and paper products

Com19 Other manufactures

Com20 Utilities

Com21 Construction

Com22 Accommodation and restaurant services

Com23 Transport services, storage and warehousing

Com24 Finance, insurance, rental and leased property services, real estate services and
business services

Com25 Owner-occupied dwellings

Com26 Government, education, health and social services

Com27 Personal and recreational services
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Table A.4 Agricultural industry categories

Name Description

AgIn01 Sheep and beef

AgIn02 Deer

AgIn03 Dairy cattle farming

AgIn04 Forestry and logging

AgIn05 Arable

AgIn06 Horticulture

Table A.5 IO Agricultural industry categories

Name Description

IOAg01 Sheep, beef, deer, other livestock and grain farming horticulture

IOAg02 Dairy cattle farming

IOAg03 Forestry and logging

Table A.6 Reporting industry categories

Name Description

ShBfDr Sheep, beef, deer, other livestock and grain farming horticulture

DaCaFm Dairy cattle farming

ForLog Forestry and logging

OtPrim Other primary

DaManuf Dairy product manufacturing

OtFoManuf Other food manufacturing

OtManuf Other manufacturing

UtCoTrt Utilities, construction and transport

TrHosp Trade and hospitality

FiInReBu Finance, insurance, real estate and business services

OtServ Other services

Table A.7 Farm type categories

Name Description

FaTyp01 Sheep & Beef A

FaTyp02 Sheep & Beef B

(continued on next page)
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Table A.7 (continued)

Name Description

FaTyp03 Sheep & Beef C

FaTyp04 Sheep & Beef D

FaTyp05 Sheep & Beef E

FaTyp06 Sheep & Beef F

FaTyp07 Sheep & Beef G

FaTyp08 Sheep & Beef H

FaTyp09 Deer A

FaTyp10 Deer B

FaTyp11 Deer C

FaTyp12 Deer D

FaTyp13 Deer E

FaTyp14 Dairy cattle farming

FaTyp15 Forestry and logging

FaTyp16 Horticulture

FaTyp17 Arable

Table A.8 Mitigation state categories

Name Description

Miti01 Baseline

Miti02 Dairy farming: 10% N reduction

Sheep, beef and deer farming: Nutrient inputs

Arable farming: N mitigation

Horticulture: 10% N fertiliser reduction

Miti03 Dairy farming: 20% N reduction

Sheep, beef and deer farming: Crop policy

Arable: Stock removal

Horticulture: 20% N fertiliser reduction

Miti04 Dairy farming: 30% N reduction

Sheep, beef and deer farming: Stock policy

Horticulture: 30% N fertiliser reduction

Miti05 Dairy farming: 40% N reduction

Sheep, beef and deer farming: Fence pacing and wallowing

Miti06 Dairy farming: 10% P reduction

Miti07 Dairy farming: 20% P reduction

(continued on next page)
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Table A.8 (continued)

Name Description

Miti08 Dairy farming: 30% P reduction

Miti09 Dairy farming and Sheep, beef and deer farming: Land retirement to forestry

Table A.9 Case study farm categories

Name Description

MoFa01 Sheep, beef and dairy case study farm 1

MoFa02 Sheep, beef and dairy case study farm 2

MoFa03 Sheep, beef and dairy case study farm 3

MoFa04 Sheep, beef and dairy case study farm 4

MoFa05 Sheep, beef and dairy case study farm 5

MoFa06 Sheep, beef and dairy case study farm 7

MoFa07 Sheep, beef and dairy case study farm 8

MoFa08 Sheep, beef and dairy case study farm 9

MoFa09 Sheep, beef and dairy case study farm 10

MoFa10 Sheep, beef and dairy case study farm 11

MoFa11 Sheep, beef and dairy case study farm 12

MoFa12 Sheep, beef and dairy case study farm 13

MoFa13 Sheep, beef and dairy case study farm 14

MoFa14 Sheep, beef and dairy case study farm 15

MoFa15 Sheep, beef and dairy case study farm 16

MoFa16 Sheep, beef and dairy case study farm 17

MoFa17 Sheep, beef and dairy case study farm 18

MoFa18 Sheep, beef and dairy case study farm 19

MoFa19 Sheep, beef and dairy case study farm 20

MoFa20 Sheep, beef and dairy case study farm 21

MoFa21 Sheep, beef and dairy case study farm 22

MoFa22 Sheep, beef and dairy case study farm 23

MoFa23 Sheep, beef and dairy case study farm 24

MoFa24 Sheep, beef and dairy case study farm 25

MoFa25 Sheep, beef and dairy case study farm 27

MoFa26 Sheep, beef and dairy case study farm 28

MoFa27 Sheep, beef and dairy case study farm 29

MoFa28 Sheep, beef and dairy case study farm 30

MoFa29 Sheep, beef and dairy case study farm 31

(continued on next page)
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Table A.9 (continued)

Name Description

MoFa30 Sheep, beef and dairy case study farm 32

MoFa31 Sheep, beef and dairy case study farm 34

MoFa32 Sheep, beef and dairy case study farm 35

MoFa33 Sheep, beef and dairy case study farm 36

MoFa34 Sheep, beef and dairy case study farm 37

MoFa35 Sheep, beef and dairy case study farm 38

MoFa36 Sheep, beef and dairy case study farm 39

MoFa37 Sheep, beef and dairy case study farm 40

MoFa38 Sheep, beef and dairy case study farm 41

MoFa39 Sheep, beef and dairy case study farm 42

MoFa40 Sheep, beef and dairy case study farm 43

MoFa41 Sheep, beef and dairy case study farm 44

MoFa42 Sheep, beef and dairy case study farm 45

MoFa43 Sheep, beef and dairy case study farm 46

MoFa44 Sheep, beef and dairy case study farm 47

MoFa45 Dairy economic zone 1

MoFa46 Dairy economic zone 2

MoFa47 Dairy economic zone 3

MoFa48 Dairy economic zone 4

MoFa49 Dairy economic zone 5

MoFa50 Dairy economic zone 6

MoFa51 Dairy economic zone 7

MoFa52 Dairy economic zone 8

MoFa53 Dairy economic zone 9

MoFa54 Dairy economic zone 10

MoFa55 Horticulture

MoFa56 Arable

MoFa57 Forestry

Table A.10 Freshwater Management Unit categories

Name Description

Apar Aparima

Mata Mataura

Oret Oreti

(continued on next page)
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Table A.10 (continued)

Name Description

TeAn Waiau - Te Anau

WaSo Waiau - South

FiLd Fiordland and Islands

Table A.11 Territorial Authority categories

Name Description

South Southland District

Gore Gore District

Inver Invercargill City

Table A.12 Economic zone categories

Name Description

Zone01 Aparima large farm

Zone02 Aparima, small, mixed, well drained, wet farm

Zone03 Aparima, small, mixed, poorly drained, wet farm

Zone04 Aparima, small, flat, well drained, wet farm

Zone05 Aparima, small, flat, poorly drained, wet farm

Zone06 Aparima, small, flat, well drained, dry farm

Zone07 Aparima, small, flat, poorly drained, dry farm

Zone08 Mataura large farm

Zone09 Mataura, small, mixed, well drained, wet farm

Zone10 Mataura, small, mixed, poorly drained, wet farm

Zone11 Mataura, small, mixed, well drained, dry farm

Zone12 Mataura, small, mixed, poorly drained, dry farm

Zone13 Mataura, small, flat, well drained, wet farm

Zone14 Mataura, small, flat, poorly drained, wet farm

Zone15 Mataura, small, flat, well drained, dry farm

Zone16 Mataura, small, flat, poorly drained, dry farm

Zone17 Oreti large farm

Zone18 Oreti, small, mixed, well drained, wet farm

Zone19 Oreti, small, mixed, poorly drained, wet farm

Zone20 Oreti, small, flat, well drained, wet farm

(continued on next page)
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Table A.12 (continued)

Name Description

Zone21 Oreti, small, flat, poorly drained, wet farm

Zone22 Oreti, small, flat, well drained, dry farm

Zone23 Oreti, small, flat, poorly drained, dry farm

Zone24 Waiau - Te Anau large farm

Zone25 Waiau - Te Anau, small, mixed, well drained, wet farm

Zone26 Waiau - Te Anau, small, mixed, poorly drained, wet farm

Zone27 Waiau - Te Anau, small, flat, well drained, wet farm

Zone28 Waiau - Te Anau, small, flat, poorly drained, wet farm

Zone29 Waiau - South large farm

Zone30 Waiau - South, small, mixed, well drained, wet farm

Zone31 Waiau - South, small, mixed, poorly drained, wet farm

Zone32 Waiau - South, small, flat, well drained, wet farm

Zone33 Waiau - South, small, flat, poorly drained, wet farm

Table A.13 Municipal funding categories

Name Description

Hhld Household

Buss Business

Cgovt Central government

Table A.14 Rate types

Name Description

Normal Normal

FinIntServ Financial Intermediate Services

Table A.15 Year mitigated

Name

Y ear01

Y ear02

Y ear03

Y ear04

(continued on next page)

Page 73



Table A.15 (continued)

Name

Y ear05

Y ear06

Y ear07

Y ear08

Y ear09

Y ear10

Y ear11

Y ear12

Y ear13

Y ear14

Y ear15

Y ear16

Y ear17

Y ear18

Y ear19

Y ear20

Y ear21

Y ear22

Y ear23

Y ear24

Y ear25

A.2 Stocks

Table A.16 Description of stocks and equation references

Name Description Eq. ref

Builtcapitaldr,i Built capital (B.178)

Casurplus Current account surplus (B.224)

Desiredproddr,i Value of desired industry production (B.55)

Estimportsdr,c Commodity imports (B.78)

Exchangert Exchange rate (B.362)

Holdregvaladddr Total regional value added (B.374)

Indlaboursupdr,i Supply of labour to industries (B.167)

(continued on next page)
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Table A.16 (continued)

Name Description Eq. ref

Industryaccountdr,i Available industry funds (B.56)

Industrybalancedr,i Difference between industry income and industry expenditure (B.57)

Inflationrt Inflation rate (B.373)

Interestrt Interest rate (B.225)

Landuseez,ft,mt Land use (B.263)

Loantopayyrmt,rt,mf,lt Loan to pay (B.246)

Naturalcapitaldr,nct Natural capital (B.179)

Pbuiltcapdr,i Industry built capital price (B.180)

Pcfactdr,i Industry composite factor price (B.146)

Pcindustryssr,i Composite industry supply price (B.79)

Pcompcommddr,c Composite commodity demand price (B.80)

Pcompcommssr,c Composite commodity supply price (B.81)

Pcompdomcommddr,c Composite domestic commodity demand price (B.82)

Pcompdomcommssr,c Composite domestic commodity supply price (B.83)

Pcompnaturalcapddr,i Composite natural capital demand price (B.182)

Pcompnaturalcapsdr,nct Composite natural capital supply price (B.183)

Percfsreturnsperhaez,ft,mt Perceived returns per hectare (B.262)

Pexpcommsr,c Price of export commodities (B.84)

Pfacth,dr,i Price of factors (B.147)

Pfiinputsdr,i Price of composite inputs (B.85)

Pgovtccg,dr Perceived government composite commodity consumption price (B.27)

Phhldccdr Household composite commodity consumption price (B.2)

Pintinputsdr,i Price of composite intermediate inputs (B.86)

Pinvestccdr Investment composite commodity consumption price (B.226)

Pnaturalcapdr,i,nct Price of natural capital types (B.181)

Pperceivedcompcommddr,c Perceived composite domestic supply price (B.88)

Pregdomcommsr,dr,c Price of commodities produced in and for the domestic market (B.87)

Rcapincomedr Recognised capital income (B.184)

Renterincomedr Recognised enterprise income (B.45)

Rgovtincomeg,dr Recognised government income (B.26)

Rhhldincomedr Recognised household income (B.1)

Shareretirefrez,agi Share of land retired to forestry (B.261)

Shareretirenpez,agi Share of land retired to non-productive use (B.260)
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Table A.17 Initial condition settings for stocks

Name Notes

iBuiltcapitaldr,i Net capital stock by 31 industry types obtained from Statistics New Zealand (series
SG07NAC04K90). This is disaggregated to 106 industries on a pro rata basis accord-
ing to each industry’s share of total capital factor payments. The national industry
estimates are then further disaggregated to 15 NZ regions on a pro rata basis accord-
ing to the regional share of each industry’s total consumption of fixed capital. The
latter data is obtained from multi-regional supply use tables (Smith et al., 2015)

iCasurplus Set to 0 in base year

iDesiredproddr,i Set to BASEPRODUCTION in base year

iEstimportsdr,c Set to BASEIMPORTS in base year

iExchangert Set to 1 in base year

iGdpindex Set to 1000 in base year

iIndlaboursupdr,i Employment by industry and (demand) region obtained from Statistics New Zealand’s
Annual Business Frame (http://www.stats.govt.nz/). This data is disaggregated to
regions from which employment sourced (supply region) according to the proportion
of total labour factor payments from each region allocated to each supply region, as
specified in the multi-regional supply and use tables (Smith et al., 2015)

iIndustryaccountdr,i Derived from base year Social Accounting Matrix (SAM)

iIndustrybalancedr,i Set to 0 in base year

iInflationrt Set as ACINFLATIONRT (0)

iInterestrt Set as ACTUALINTERESTRT (0)

iLanduseez,ft,mt Landuse by economic zone and broad primary use cateogry (sheep/beef, deer, dairy,
arable, horticulture, forestry) derived from Environment Southland’s land use map.
For sheep/beef and deer, total land use by economic zone is split between Farm Types
based on estimated proportions given by industry experts

iNaturalcapitaldr,nct Total agricultural land data (NatCap1) at September 2006 is estimated from Statistic-
sNZ Agricultural Census (hectares) long term timeseries. Coal and Oil/gas resources
(NatCap2 and NatCap3, respectively) are derived from Smith and McDonald (2007)

iP builtcapdr,i Prices in base year set to 1

iP cindustryssr,i Prices in base year set to 1

iP cfactdr,i Prices in base year set to 1

iP compcommddr,c Prices in base year set to 1

iP compcommssr,c Prices in base year set to 1

iP compdomcommddr,c Prices in base year set to 1

iP compdomcommssr,c Prices in base year set to 1

iP compnaturalcapddr,i Prices in base year set to 1

iP compnaturalcapssr,i Prices in base year set to 1

iPercfsreturnsperhaez,ft,mt Derived from farm financial accounts for case study farms, with adjustments for price
changes between the year financial accounts compiled (2015) and base year of model

iPexpcommsr,c Prices in base year set to 1

(continued on next page)
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Table A.17 (continued)

Name Notes

iPfacth,dr,i Prices in base year set to 1

iPfiinputsdr,i Prices in base year set to 1

iPgovtccg,dr Prices in base year set to 1

iPhhldccdr Prices in base year set to 1

iP intinputsdr,i Prices in base year set to 1

iP investccdr Prices in base year set to 1

iPnaturalcapdr,i,nct Prices in base year set to 1

iPregdomcommsr,dr,c Prices in base year set to 1

iRcapincomedr Derived from base year SAM

iRegvaladddr Initial total regional value added, derived from base year SAM

iRenterincomedr Derived from base year SAM

iRgovtincomeg,dr Derived from base year SAM

iRhhldincomedr Set to BASEHHLDACCOUNT in base year

A.3 Auxiliaries

Table A.18 Description of auxiliaries and equation references

Name Description Eq. ref

actualagriproddr,i Actual primary industry production (B.164)

actualcasurplus Actual current account surplus (B.227)

actualenterincomedr Current enterprise income (B.46)

actualexportssr,c Current commodity exports (B.372)

actualgdpindex Current Fisher Gross Domestic Product (GDP) index (B.380)

actualhhldincomedr Current household income (B.3)

actualindcompnaturalcapsdr,i Current supply of composite natural capital to industries (B.216)

actuallanduseez,ft,mt Actual adjustment to land use to account for known changes
in land use

(B.264)

actualpcapitaldr,i Current capital price (B.151)

actualpccddr,c Current composite commodity demand price (B.109)

actualpccssr,c Current composite commodity supply price (B.112)

actualpcdcddr,c Current composite domestic commodity demand price (B.114)

actualpcdcssr,c Current composite domestic industry supply price (B.116)

actualpcfactdr,i Current composite factor price (B.148)
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Table A.18 (continued)

Name Description Eq. ref

actualpcnaturalcapddr,i Current composite natural capital demand price (B.215)

actualpcnaturalcapsdr,nct Current composite natural capital supply price (B.212)

actualpercccddr,c Actual perceived price of composite commodity demand (B.136)

actualpexportssr,c Current exports price (B.99)

actualpfiinputsdr,i Current composite factor and intermediate inputs price (B.120)

actualpgovtccg,dr Current government composite commodity consumption
price

(B.38)

actualphhldccdr Current household composite commodity consumption price (B.17)

actualpintinputsdr,i Current composite intermediate inputs price (B.124)

actualpinvestccdr Current investment composite commodity consumption
price

(B.231)

actualproddr,i Actual production (B.60)

actualsupplysr,i,c Actual supply of commodities by industry (B.69)

addtravelcostsdr Additional household travel costs (B.433)

adjustedindlaboursupdr,i Industry labour supply adjusted for additional productivity (B.177)

adoptionrateez,ft,mt Adoption rate for sigmoidal technological adoption curve (B.331)

adoptionsteepnessez,ft,mt Steepness of technological adoption curve (B.330)

adoptiontypeez,ft,mt Type of adoption (0=no adoption, 1=early adoption,
2=medium adoption, 3=late adoption)

(B.324)

aggregateinvestv1dr Total value of investment, first estimate (B.235)

aggregateinvestv2dr Total value of investment, second estimate with adjustments
for committed investment in municipal wastewater treat-
ment

(B.236)

agindshareofallocationez,agi Share of land subject to land use change allocated to each
primary industry as a new land use (final estimate)

(B.297)

agindshareofallocation1stez,agi Share of land subject to land use change allocated to each
primary industry as a new land use (first estimate)

(B.296)

agrilandsupdr,i,nct Agricultural/forestry land supply by industry (B.223)

agriprodrtIOag Rate of production from primary industries (B.351)

annualloanpaymentsrt,lt Annual load payments (B.252)

avgreturnsperhaez,agi Average returns per hectare (B.294)

belowcapez,ft,mt Status of land use in relation to land use cap (1=below land
use cap, 0=at or above land use cap)

(B.320)

betwgovttransing,dr Within-region transfers between government agents, by pay-
ing agent

(B.33)

betwgovttransoutg,dr Within-region transfers between government agents, by re-
ceiving agent

(B.34)
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Table A.18 (continued)

Name Description Eq. ref

bopratio Balance of payments ratio (B.363)

builtcaprevshft Share of revenue allocated to built capital (B.270)

builtratiodr,i Ratio of industry built capital supply to industry built cap-
ital demand

(B.185)

builtsdr,i Supply quantity of built capital (B.186)

builtusedr,i Built capital used (B.205)

bussloanpaymentsdr Loan payments by industries (B.219)

capentertransdr Transfers of capital income to enterprises (B.192)

capgovttransg,dr Transfers of capital income to government (B.193)

capitalincomedr Total capital income (B.190)

capincomehhlddr Transfers of capital income to households, by receiving re-
gion

(B.4)

capincomeshdr,i Industry share of total regional capital income (B.203)

capitaltypedcap,dr,i Industry capital demand (B.208)

caplocalhhldtransdr Capital income transferred to within-region households (B.194)

capreghhldtransdr Capital income transferred to out-of-region households, by
region of capital income receipt

(B.195)

capregtransoutdr Capital income transferred between regions, by receiving re-
gion

(B.191)

ccapitalsdr,i Composite capital supply (B.187)

centralgovmunpaysg,dr Additional municipal costs (loan payments + operating
costs) allocated to central government

(B.44)

compfactorddr,i Industry demand for composite factors (B.71)

compfactorudr,i Industry use of composite factors (B.157)

compnaturalcapsdr,i Composite natural capital supply (B.189)

councilfeeprice Council fee price (B.282)

cpif Fisher Consumer Price Index (CPI) (B.377)

cpil Laspeyres CPI (B.378)

cpip Paasche CPI (B.379)

deadlinepressureez,ft,mt Deadline pressure (B.332)

depreciationdr,i Depreciation (B.206)

desiredinflationrt Desired inflation rate (B.376)

desiredinterestrt Desired interest rate (B.228)

dfmuindvafmu,i Deflated (to base year dollar terms) value added by industry
and Freshwater Management Unit

(B.409)
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Table A.18 (continued)

Name Description Eq. ref

dindvalueaddeddr,i Industry value added deflated to constant (base year) dollar
terms

(B.394)

directtaxincomeg,dr Government income from direct taxes (B.29)

disinvestconsumpdr,c Investment consumption by commodity (B.234)

domcomdemanddr,c Domestic commodity demand (B.111)

domcommexpenddr,i,c Value of industry expenditure on domestic commodities (B.65)

domcommodityssr,c Domestic commodity supply (B.91)

domcommodityusedr,i,c Domestic commodity use of commodities (B.67)

dommarginqdr Quantity of domestic margins (B.437)

dtaindvata,i Deflated (to base year year dollar terms) value added by
industry and Territorial Authority

(B.426)

dtotalvalueaddeddr Total regional domestic product calculated based on value-
added method and deflated to constant (base year) dollar
terms

(B.395)

effectcompfactorddr,i Effective composite factor demand during a disruption that
affects operability

(B.72)

effectcompfactorudr,i Effective composite factor use during a disruption that af-
fects operability

(B.161)

effectfactorsdh,dr,i Effective factor demand during a disruption that affects op-
erability

(B.159)

effectfactorssh,dr,i Effective factor supply during a disruption with reduced op-
erability

(B.160)

effectfactorsuh,dr,i Effective factor use during a disruption that affects oper-
ability

(B.158)

entdirecttaxdr Enterprise direct taxes (B.47)

entgovttransg,dr Enterprise transfers to government (B.51)

enthhldtransdr Enterprise transfers to households (B.52)

entincomehhlddr Total enterprise transfers to households, by receiving region (B.5)

entreghhldtransdr Enterprise income transferred to out-of-region households,
by region of enterprise income receipt

(B.53)

entregtransoutdr Transfers between enterprises within different regions, by
paying region

(B.50)

entrwtransdr Transfers from enterprises to the rest of the world (B.49)

entsavtransdr Enterprise savings (B.54)

excessproductionsr,dr,c Excess of commodity production over use (B.100)

expagindreturnsperhaez,agi Expected primary industry returns per hectare (B.293)

expcommoditydsr,c Export commodity demand (B.97)
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expcommodityssr,c Export commodity supply (B.90)

exportmargindemandsr,m Demand for transport margins on exports (B.438)

exportmarginsupplydr,m Supply of transport margins on exports (B.439)

exportratiosr,c Ratio of export supply to demand (B.89)

factinputsharedr,i Share of total inputs comprised of factors (B.122)

factinputunitcostdr,i Unit cost of factor inputs (B.75)

factorsdh,dr,i Demand for factors (B.155)

factorssh,dr,i Supply of factors (B.154)

factorsuh,dr,i Use of factors (B.156)

factscalep1dr,i Scale parameter for the CES function for composite factors,
with primary industries adjusted for any changes calculated
in the primary module

(B.163)

factsharep1h,dr,i Share parameter for the CES function for composite factors,
with primary industries adjusted for changes calculated in
the primary module

(B.162)

farmcontragindreturnsez,ft,agi Expected returns by farm type, weighted by current pro-
portion of land in relevant agricultural industry and zone
currently allocated to farm type

(B.292)

farmcontrzonereturnsez,ft Expected returns by farm type, weighted by current pro-
portion of land in relevant zone currently allocated to farm
type

(B.303)

farmindustrylandft Total land area in region allocated to each farm type (B.304)

farmretirementez,ft,mt Land retired from primary production (B.310)

fenceprice Fencing service price (B.281)

fencingcostsbytimeaifmu,agi Fencing costs by time and by agricultural industry where
fencing takes place

(B.312)

fencingcostsbytimeioagfmu,IOag Fencing costs by time and by IO agricultural industry where
fencing takes place

(B.313)

ffmitinputcoefhaez,ft,c Farm forestry mitigation input coefficient per hectare (B.284)

ffmitoutputcoefhaez,ft,c Farm forestry mitigation output coefficient per hectare (B.286)

ficapitalinputcap,IOag Total quantity of capital inputs for primary industries (B.274)

fifactorinputh,IOag Total quantity of each factor inputs for primary industries (B.273)

fifiinputcoefinput,IOag Input coefficient for factor and intermediate inputs for pri-
mary industries

(B.275)

fiintinputcoefIOag,c Input coefficient for intermediate inputs for primary indus-
tries

(B.277)

fioutputIOag,c Total commodity outputs by primary industries (B.288)
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finintservdemandsmf,lt Quantity of financial intermediate services demanded
through loans funding new municipal wastewater treatment

(B.247)

fisalecominputIOag Revised scale parameter for primary industries in the CES
function for composite intermediate inputs

(B.340)

fiscalecapitalinputIOag Revised scale parameter for primary industries in the CES
function for composite capital inputs

(B.343)

fiscalecomsupIOag Revised scale parameter for primary industries in the CET
function for composite commodity supply

(B.348)

fiscalefactorinputIOag Revised scale parameter for primary industries in the CES
function for composite factor inputs

(B.342)

fiscalefiinputIOag Revised scale parameter for primary industries in the CES
function for composite factor and intermediate inputs

(B.341)

fisharecapitalinputIOag,cap Revised share parameter for primary industries in the CES
function for composite capital inputs

(B.339)

fisharecominputIOag,c Revised share parameter for primary industries in the CES
function for composite intermediate inputs

(B.335)

fisharecomsupIOag,c Revised share parameter for primary industries in the CET
function for composite commodity supply

(B.336)

fisharefactorinputIOag,h Revised share parameter for primary industries in the CES
function for composite factor inputs

(B.338)

fisharefiinputIOag,input Revised share parameter for primary industries in the CES
function for composite intermediate and factor inputs

(B.337)

fmuagindvafmu,IOag First estimate of primary industry value added by Freshwa-
ter Management Unit

(B.406)

fmufarmcapitalfmu,ft Total returns to capital by Freshwater Management Unit
and farm type

(B.404)

fmufarmlabfmu,ft Total labour factor payments by Freshwater Management
Unit and farm type

(B.401)

fmufarmlabIOindfmu,IOag Total labour factor payments by Freshwater Management
Unit and primary industry

(B.402)

fmuindemploymentfmu,i Employment by industry and Freshwater Management Unit (B.415)

fmuindustryva2017fmu,i Value added by industry and Freshwater Management Unit
in 2017 dollar terms

(B.410)

fmureportindempfmu,ri Employment by reporting industry and Freshwater Manage-
ment Unit

(B.416)

fmureportindvafmu,ri Value added by reporting industry and Freshwater Manage-
ment Unit

(B.411)

fmushareagindvafmu,IOag Freshwater Management Unit share of regional value added
for primary industries

(B.407)

fmushareindempagrifmu,ft Freshwater Management Unit share of regional employment
for primary industries

(B.413)
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fmushareindvaagrifmu,i Freshwater Management Unit share of regional value added
for all industries

(B.408)

fmushemployfmu,i Freshwater Management Unit share of employment for all
industries

(B.414)

forestryintensityscalarez,ft Forestry land use intensity (B.280)

fsreturnsperhaez,ft,mt Returns per hectare (B.289)

fspermittedreturnsez,ft,mt Perceived returns per hectare (set to very low value for farm
type mitigations that are not permitted to increase in land
area)

(B.321)

fsshareallocationez,ft,mt,agi Farm type and mitigation allocation share of new land uses (B.299)

gdpindexp Paasche GDP index (B.381)

gdpgap Difference between perceived and actual GDP index (B.229)

gdppercapita GDP per capita (B.384)

govtcompcommdg,dr Government composite commodity demand (B.42)

govtconsumpg,dr,c Government commodity consumption (B.40)

govtdirecttaxg,dr Direct taxes on government (B.31)

govthhldtransg,dr Transfers from government to households (B.35)

govtincomeg,dr Government income (B.28)

govtindirecttaxg,dr Indirect taxes on government (B.43)

govtrwtransg,dr Transfers from government to the rest of the world (B.32)

govtsavingsg,dr Government savings (B.36)

grossreturndr,i Gross returns on capital (B.202)

hhldcompcommddr Household composite commodity demand (B.21)

hhldconsumpdr,c Household commodity consumption (B.19)

hhldconsumprtdr Household consumption rate (B.16)

hhlddirecttaxdr Direct taxes on households (B.23)

hhldenttransdr Transfers from households to enterprises (B.10)

hhldgovttransg,dr Transfers from households to government (B.11)

hhldindirecttaxdr Indirect taxes on households (B.22)

hhldindtaxrtadjusteddr Household indirect tax rate with adjustments (B.24)

hhldloanpaymentsdr Household loan payments for new investments in municipal
wastewater treatment

(B.25)

hhldregtransoutdr Transfers between households within different regions, by
paying region

(B.12)

hhldrwtransdr Transfers from households to the rest of the world (B.8)

hhldsavingsdr Household savings (B.14)
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hhldtotaldr Remaining household income after transfers and additional
fixed costs (e.g. travel margins)

(B.13)

immobileinvestdr,i Investment that is fixed to industry responsible for capital
income

(B.198)

importcommexpenddr,i,c Expenditure by industries on commodities (B.64)

importdemanddr,c Demand for commodity imports (B.103)

importmargindemanddr,m Demand for margins on imports (B.440)

importmarginsupplysr,m Supply of margins on imports (B.441)

importtariffsg,dr Value of tax income received by government from import
tariffs

(B.135)

indcapincomedr,i Current rate of income on capital, by industry (B.204)

indcommodityssr,i,c Supply of commodities by industries (B.94)

indconsumpdr,i,c Use of commodities by industries (B.106)

indexpendudr,i Industry expenditure (B.63)

indfencingcostsfmu,i Industry fencing costs (B.346)

indindirecttaxdr,i Indirect taxes on industries (B.76)

indindirecttaxrtadjusteddr,i Adjusted indirect tax rate on industries (B.77)

indirecttaxincomeg,dr Government income from direct taxes on industries (B.30)

indnaturalcapsdr,i,nct Industry supply of natural capital, final estimate (B.211)

indplancostsfmu,i Industry plan costs (B.347)

indnaturalcaps1dr,i,nct Supply of natural capital to industries, first estimate (B.213)

indusesharedr,i,c Each industry’s share of total commodity use by industries (B.66)

industryincdr,i Industry income (B.68)

industrylandIOag Total agriculture/forestry land use by primary industries (B.349)

indvalueaddeddr,i Industry value added (B.396)

initialpyearagi Defines whether time is within the initial year for farm plans
(1= yes, 0=no)

(B.318)

interinputsharedr,i Share of industry inputs comprised of intermediate inputs (B.123)

interinputunitcostdr,i Unit cost of intermediate inputs (B.74)

intinputcoeffdr,i,c Commodity share of intermediate inputs (B.126)

investadjustcap Adjustment to regional investment fund relating to physical
capital purchases for new municipal wastewater treatment

(B.254)

investadjustland Adjustment to regional investment fund relating to land pur-
chases for new municipal wastewater treatment

(B.256)

investconsumpqdr,c Quantity of commodities consumed for investment (B.243)

investindirecttaxdr Indirect taxes on investment (B.244)
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ioindfencingplancostsfmu,IOag Total fencing and farm plan costs (B.423)

labincomedregiondr Total labour income by region of income generation (B.7)

labincomesupplysr Total labour income paid to households, by region of labour
supply

(B.6)

labourforcesr Labour force (B.175)

labratiodr,i Ratio of labour supply to labour demand (B.153)

labtoreallocatedr,i Labour potentially reallocated between industries (B.169)

landintensityscalarez,agi Land intensity scalar (B.278)

landintensityscalar2ez,ft Land intensity scalar (B.279)

landnomitigationez,ft Land with no available mitigation for current farm type (B.300)

landshareez,ft,mt,agi Share of zone’s current land use (B.305)

landtoreallocateez Land to reallocate (B.301)

landusechangeinez,ft,mt Land added under land use change (B.307)

landusechangeoutez,ft,mt Land subtracted under land use change (B.326)

loanpaymentsyrmt,rt,mf,lt Loan payments (B.249)

loanpaymentsbyyearloanyrmt,rt,mf,lt Annual load payments by year loan commenced (B.251)

managsystlabcoefhaez,ft,mt Labour coefficient per hectare by farm type and mitigation (B.267)

managsystoutputcoefhaez,ft,mt,c Output coefficient per hectare by farm type and mitigation (B.287)

mangsystdepreccoefhaez,ft,mt Depreciation coefficient per hectare by farm type and miti-
gation

(B.268)

mangsystindtaxcoefhaez,ftmt Industry tax coefficient per hectare by farm type and miti-
gation

(B.266)

mangsystinputcoefhaez,ft,mt,c Commodity input coefficient per hectare by farm type and
mitigation

(B.285)

marginconsumpqdr,c Consumption of margin commodities (B.442)

maxloanpaymentyrmt,rt,mf,lt Maximum annual loan payments (B.259)

maxpermittedreturnsez,ft Maximum returns per hectare among those land uses within
a zone that are permitted to increase in size

(B.317)

maxproddr,i Maximum production under operability constraints (B.434)

maxprodsupdr,i Maximum production (B.61)

mecforcesr Available labour measured in modified employment counts
(MECs)

(B.174)

mfpadjusteddr,i Adjusted multifactor productivity (B.166)

midpointez,ft,mt Midpoint of the technological adoption curve (B.328)

mitigationinez,ft,mt New land added to a mitigation state (B.309)

mitigationoutez,ft,mt Land lost from a mitigation state (B.311)
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mobileinvestdr,i Mobile investment (B.197)

mobileinvest1dr,i First estimate of mobile investment (B.200)

mobileinvestshdr,i Industry share of total mobile investment (B.199)

modfarmitffinputcoefhamofa,c Selected commodity input coefficient for farm forestry mit-
igation (land not under forestry)

(B.360)

modfarmmitffoutputcoefhamofa,c Selected commodity output coefficient for farm forestry mit-
igaton (land not under forestry)

(B.361)

modfarmoscoefhaez,ft,mt Operating surplus coefficient per ha (B.269)

multifactorprod2dr,i Multifactor productivity adjusted for changes in productiv-
ity calculated with primary module

(B.165)

muninvestconsumpdr,c Consumption of investment commodities for new municipal
wastewater upgrades

(B.255)

naturalcapitalsqdr,i Supply quantity of natural capital in normalised units (B.188)

naturalcapddr,i,nct Demand for natural capital (B.207)

naturalcapratiodr,i,nct Ratio of natural capital supply to demand (B.210)

netcapitalchangedr,i Net capital change associated with primary industry land
use change

(B.222)

netincreaselabdr Net increase in labour supply (B.171)

netratelandusechangeIOag Net land use change per total land use (B.350)

netreturndr,i Net return on investment (B.201)

newcapitaldr,i New capital (B.196)

newlabsupplydr,i New labour supplied to industries (B.170)

netlandusechangeez,ft Net land use change (B.306)

noticeperiodez,ft,mt Period of notice for rule requiring mitigation (B.327)

noticeperiodscalar Notice period scalar (B.329)

numberpayments Number of loan payments (B.257)

nzexportsalessr,c Value of commodity exports (B.371)

nzimportpurchasesdr,c Value of commodity imports (B.367)

otherindirecttaxesdr Other indirect taxes from government, household, invest-
ment, and rest of world

(B.398)

perceivedpexportdsr,c Perceived price of export commodities (B.137)

perceivedimportpdr,c Perceived price of import commodities (B.138)

periodicloanpaymentsrt,lt Loan payment each loan pay period (B.253)

periodicratert,lt Periodic interest rate (B.258)

permittedlandez,ft Land area in farm types that have at least one mitigation
that is a permitted option for land use change

(B.298)

(continued on next page)

Page 86



Table A.18 (continued)

Name Description Eq. ref

permittednowez,ft Defines if land in a particular farm type and mitigation is
permitted recipient of land use change (0=no, 1= yes)

(B.323)

pexpcommnzsr,c Price of export commodities in NZ currency (B.92)

pexportcommdsr,c Price of export commodities including margins (B.98)

pexportmarginssr,c Price of export margins (B.448)

pexprailmarginssr,dr Price of rail margins on composite commodity demand (B.446)

pexproadmarginssr,dr Price of road margins on composite commodity demand (B.447)

pfarmbuiltcapitalft Price of built capital for primary industries (B.358)

pfarmlabourft Price of labour for primary industries (B.359)

pimpcommnzdr,c Price of import commodities in NZ currency (B.108)

pimportmarginsdr,c Price of import margins (B.445)

pimporttariffsc Price of tariffs on import commodities (B.134)

pimprailmarginssr,dr Price of rail margins on commodities produced in and for
the domestic market

(B.443)

pimproadmarginssr,dr Price of road margins on commodities produced in and for
the domestic market

(B.444)

plancost1bytimefmu,agi Farm plan costs, consenting related (B.314)

plancost2bytimefmu,agi Farm plan costs, other than consenting related (B.315)

plancostsbytimeioagfmu,IOag Total farm plan costs faced by primary industries (B.316)

potentialsalesdr,i Potential value of industry sales (B.70)

pregdomcomminclmarginsr,dr,c Price of regional domestic commodities including margins (B.449)

prodadjustft Adjusted productivity by farm type (B.357)

qcapitalddr,i Quantity of capital demand (B.152)

qcompcommddr,c Quantity of composite commodity demand (B.110)

qcompcommssr,c Quantity of composite commodity supply (B.113)

qcompfactddr,i Quantity of composite factor demand (B.149)

qasplannedproddr,i Available quantity of production - based on production at
onset of disruption

(B.435)

qdesiredproddr,i Quantity of production desired (B.436)

qdomcommddr,c Quantity of domestic commodity demand (B.115)

qdomcommssr,c Quantity of domestic commodity supply (B.117)

qfiinputsdr,i Quantity of composite factor and intermediate input supply (B.121)

qgovtccg,dr Quantity of composite government consumption (B.39)

qhhldccdr Quantity of composite household consumption (B.18)

qintinputsdr,i Quantity of composite intermediate inputs (B.125)
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qinvestccdr Quantity of composite investment consumption (B.232)

realgdp Real GDP (B.383)

realindustrybalancedr,i Difference between industry income and industry expendi-
ture

(B.62)

realinterestrt Real interest rate (B.230)

reallocatedlabdr,i Labour reallocated from other industries (B.168)

regcdomcommssr,dr,c Domestic commodity supply, by region of commodity pro-
duction (sr) and commodity consumption (dr)

(B.101)

regcommodityssr,c Total commodity production within NZ regions (B.93)

regdomcommdsr,dr,c Domestic commodity demand, by region of commodity pro-
duction (sr) and commodity consumption (dr)

(B.102)

regindprodincltaxsr,i Composite industry production (B.96)

reglabourestsr,dr Labour supply, by region of labour origin (sr) and labour
use (dr), first estimate

(B.173)

reglaboursupplysr,dr Labour supply, by region of labour origin (sr) and labour
use (dr)

(B.172)

regsavingsdr Total regional savings (B.241)

residualcapIOag Residual capital (B.403)

residuallabIOag Residual labour (B.405)

rulenotifiedez,ft,mt Defines whether a rule restricting a mitigation state is noti-
fied

(B.322)

rwdirecttaxdr Rest of world direct tax (B.368)

rwenttransdr Transfers from the rest of the world to enterprises (B.48)

rwexpenditure Total expenditure for the rest of the world (B.369)

rwhhldtransdr Transfers from the rest of the world to households (B.9)

rwincome Total income for the rest of the world (B.364)

rwindirecttaxdr Total indirect taxes on exports (B.370)

rwlabourincomedr Rest of world labour income (B.365)

rwlaboursupplydr,i Rest of world labour supply (B.366)

rwsavingsdr Rest of world savings, by NZ region (B.239)

rwsavingstotal Total rest of world savings (B.240)

savingstotal1dr First estimate of total regional savings (B.237)

savingstotal2dr Second estimate of total regional savings, adjusted for loan
payments required for new investments in municipal wastew-
ater treatment

(B.238)

savregtransoutdr Transfers of savings between regions, by paying region (B.242)
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scalecc1dr,i Scale parameter for the CES function for composite capital,
adjusted for changes to primary industries as calculated in
the primary module

(B.221)

scalecominput1dr,i Scale parameter for the CES function for commodity inputs,
adjusted for changes to primary industries as calculated in
the primary module

(B.140)

scalecommsup1sr,i Scale parameter for the CET function for commodity out-
puts, adjusted for changes to primary industries as calcu-
lated in the primary module

(B.142)

scaledhhldincomedr Household income scaled to 2017 dollar terms (B.412)

scalefi1dr,i Scale parameter for the CES function for composite factor
and intermediate inputs, adjusted for changes to primary
industries as calculated in the primary module

(B.144)

selectedfsez,ft,mt Defines whether a mitigation state is selected as the recipient
of land use change if land within same farm type is required
to adopt a different mitigation

(B.325)

sharecapitaldisagIOag,cap Intermediate step in the calculation of revised share param-
eters for capital inputs for primary industries

(B.334)

sharecc1cap,dr,i Share parameter for the CES function for composite capital,
adjusted for changes to primary industries as calculated in
the primary module

(B.220)

sharecominput1dr,i,c Share parameter for the CES function for composite com-
modity inputs, adjusted for changes to primary industries
as calculated in the primary module

(B.139)

sharecommsup1sr,i,c Share parameter for the CET function for composite com-
modity outputs, adjusted for changes to primary industries
as calculated in the primary module

(B.143)

sharefiinputdisagIOag,input Intermediate step in the calculation of revised share param-
eters for factors and intermediate inputs for primary indus-
tries

(B.333)

sharefi1input,dr,i Share parameter for the CES function for composite inter-
mediate inputs and factors, adjusted for changes to primary
industries as calculated in the primary module

(B.141)

shareofadoptionsez,ft,mt Share of land in farm type required to adopt a new mitiga-
tion allocated to mitigation state

(B.291)

stockchangesdr,c Value of commodity production less commodity use (B.382)

subpyearagi Defines whether time is post the year farm plans are first
adopted (1=yes,0=no)

(B.319)

supcoeffsr,i,c Commodity share of composite industry production (B.95)

taagindcapta,agi Total returns to capital for primary industries, by Territorial
Local Authority

(B.419)
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taagindlabta,agi Total payments to labour for primary industries, by Terri-
torial Local Authority

(B.420)

taindemploymentta,i Employment by industry and by Territorial Local Authority (B.431)

taindustryva2017ta,i Value added by industry and by Territorial Local Authority,
scaled to 2017 dollar terms

(B.427)

taioagindcapta,IOag Returns to capital for primary industries, by Territorial Lo-
cal Authority

(B.421)

taioagindlabta,IOag Payments to labour for primary industries, by Territorial
Local Authority

(B.422)

taioagindvata,IOag Value added by primary industries by Territorial Local Au-
thority

(B.424)

tareportindempta,i Employment by reporting industry, by Territorial Local Au-
thority

(B.432)

tareportindvalta,ri Value added by reporting industry, by Territorial Local Au-
thority

(B.428)

targetinflationrt Target inflation rate (B.375)

tashareioagriempta,IOag Share of industry employment attributed to Territorial Lo-
cal Authority, primary industries only

(B.429)

tashareindvaagrita,i Share of primary industry value added attributed to Terri-
torial Local Authority, mapped to full model industries

(B.425)

tashemployta,i Share of industry employment attributed to Territorial Lo-
cal Authority

(B.430)

taylorinterestrt Modelled interest rate (B.245)

totalcomdemanddr,c Total regional commodity demand (B.105)

totalcommodityexpenddr,c Total industry expenditure on commodities both from do-
mestic and imported origin

(B.393)

totalexpenditure Total domestic expenditure (B.385)

totalfencingdemanddr,c Total demand for commodities for fencing (B.345)

totalfibuiltcapitalIOag Total use of built capital factor inputs by primary industries (B.271)

totalfiintinputez,ft,mt Total use of composite factors and composite intermediate
inputs by primary industries

(B.276)

totalfilabourIOag Total use of labour factor inputs by primary industries (B.265)

totalfilandIOag Total use of land factor inputs by primary industries (B.272)

totalfslandmitigatedez,ft For a farm type and zone, quantity of land adopting a new
mitigation state

(B.308)

totalgovtconsumpg,dr Total value of government consumption (B.37)

totalhhldconsumpdr Total value of household consumption (B.15)

totalindconsumpdr,c Total value of industry consumption (B.107)
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totallanduseez,agi Total land use (B.302)

totalloanpaymentsrt,mf,lt Total loan payments (B.248)

totalplandemanddr,c Total demand for commodities for farm plan creation (B.344)

totaltopayyrmt,rt,mf,lt Total loans to pay (B.250)

totalvalueaddeddr Total value added (B.397)

unavailablelabsr Unavailable labour (B.176)

unitcostdr,i Unit cost of production (B.73)

vcomdemandsr,c Value of commodity demand (B.59)

vcommoditydemanddr,c Total value of commodity demand (B.389)

vcommoditysupplydr,c Total value of commodity supply (B.386)

vgovtconsumpdr,c Value of government consumption (B.391)

vhhldconsumpdr,c Value of household consumption (B.390)

viableffmitez,ft,mt Defines whether farm forestry mitigation is viable (B.290)

vinddemandcsr,i,c Value of industry demand for each commodity (B.58)

vinvestconsumpdr,c Value of investment consumption (B.392)

vmunopexdr,c,mf Value of operating expenditure for new municipal wastewa-
ter treatment, by entity responsible for funding

(B.218)

zoneagindcapez,agi Returns to capital for primary industries, by zone (B.417)

zoneagindlabez,agi Payments for labour for primary industries, by zone (B.418)

zonefarmcapitalez,ft Returns to capital by farm types, by zone (B.400)

zonefarmlabez,ft Payments for labour by farm types, by zone (B.399)

ηccdr,i Parameter for input substitution between capital types (B.209)

ηcomdr,c Parameter for input substitution between domestic and im-
ported commodities

(B.127)

ηcominputdr,i Parameter for input substitution between different types of
commodities

(B.128)

ηfactdr,i Parameter for input substitution between factors (B.150)

ηfidr,i Parameter for input substitution between composite factors
and composite intermediate inputs

(B.129)

ηficapitalIOag Parameter for input substitution between built and land
capitals for primary industries

(B.352)

ηficominputIOag Parameter for input substitution between commodities for
primary industries

(B.353)

ηfifactinputIOag Parameter for input substitution between labour and capital
factors for primary industries

(B.354)
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ηfifiinputIOag Parameter for input substitution between intermediate in-
puts and factors for primary industries

(B.355)

ηgovtcg,dr Parameter for commodity substitution in government con-
sumption

(B.41)

ηhhldcdr Parameter for commodity substitution in household con-
sumption

(B.20)

ηinvestcdr Parameter for commodity substitution investment consump-
tion

(B.233)

ηnatcapdr,i Parameter for input substitution between natural capital
types

(B.217)

ηregcomdr,c Parameter for input substitution between commodities pro-
duced in different NZ regions

(B.130)

φcomsr,c Parameter for transformation of commodity supply between
export and domestic markets

(B.132)

φcomoutputIOag Parameter for transformation of industry supply between
different types of commodities, for primary industries

(B.356)

φcomsupsr,c Parameter for transformation of industry supply between
different types of commodities

(B.131)

φflandez Parameter for transformation of total land available for land
use change into each type of land use

(B.295)

φnatcapdr,nct Parameter for transformation of natural capital supply be-
tween different industries

(B.214)

φregcomsr,c Parameter for transformation of commodity supply between
different regional commodity markets

(B.133)

A.4 Exogenous inputs

Table A.19 Description of exogeneous constants

Name Description

ADJUSTRATE Annual rate of adjustment to multi-factor productivity projections

Set to -0.0005 for base case (derived as part of model calibration), but
can be adjusted for different scenarios

ADJUSTTIME Time to adjust perceptions of primary system returns per hectare

Set to 2.5 years

ALLOCATESHdr Share of total mobile investment that is allocated to industries based
on the relative returns to capital in those industries.
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Table A.19 (continued)

Name Description

Set to one less the estimated proportion of investment in the base year
that is assigned to industries with negative net returns

ALPHA Weight given to the real interest weight in determining the total value
of investment.

Estimated from linear regression of historic data

BASECOMMFLOWsr,dr,c Commodities used by (dr) regions and sourced from production (sr)
regions during the base year.

Derived from base year SAM

BASECONSUMPRTdr Rate of household consumption during the base year.

Derived from base year SAM

BASEEXPORTSdr,c Value of commodity exports during the base year.

Derived from base year SAM

BASEGDPdr GDP for the base year.

Derived from base year SAM

BASEGOV TCONSUMPg,dr,c Government commodity consumption for the base year.

Derived from base year SAM

BASEHHLDACCOUNTdr Household income available for current consumption and savings dur-
ing the base year.

Derived from base year SAM

BASEHHLDCONSUMPdr,c Household commodity consumption for the base year.

Derived from base year SAM

BASEINV ESTCONSUMPdr,c Investment commodity consumption for the base year.

Derived from base year SAM

BASEPCOMPCOMMDdr,c Base year composite commodity demand price.

Derived from base year SAM

BASEPRODUCTIONdr,i Base year industry production.

Derived from base year SAM

BASEREALINTERESTRT Base year real interest rate.

Set at 4.2% (www.rbnz.govt.nz/statistics/)

BETA Weight given to the value of total regional savings in determining the
total value of investment.

Estimated from linear regression of historic data

BTWGOV TTRANSRTg,dr Rate of transfers between government agents.

Derived from base year SAM

CENTTRANSRTdr Share of capital income transferred to enterprises.

Derived from base year SAM
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Table A.19 (continued)

Name Description

CGOV TTRANSRTg,dr Share of capital income transferred to government.

Derived from base year SAM

CHHLDTRANSRTdr Share of household income transferred to households.

Derived from base year SAM

CIRELASTICITYdr Parameter that controls the degree to which household consumption
changes in response to changes in the real interest rate.

Set at -0.075 (Creedy et al., 2015)

CONV ERSIONRTdr,nct Rate of change of total natural capital stocks

Set at -0.72% for NatCap1 (agricultural land) based on Agricultural
Production Statistics timeseries trends.

CREGTRANSRTdr Share of capital income transferred out of the region.

Derived from base year SAM

CRHTRANSRTdr Share of capital income transferred to households out of the region.

Derived from base year SAM

DEPSHFT Adjustment to depreciation rate.

Default parameters derived from model calibration

DIRECTTAXSHg,dr Share of total regional direct tax income allocated to government
agents.

Derived from base year SAM

EGOV TTRANS Parameter that controls the degree to which transfers from government
to the rest of the world change in response to changes in the current
account surplus.

Set to 1

EGOV TTRANSRTg,dr Government savings rate.

Derived from base year SAM

EHHLDTRANSRTdr Share of enterprise income transferred to households.

Derived from base year SAM

EINV ESTdr,i Parameter that controls the degree to which investment allocated to
industries responds to changes in the rate of return on capital.

Derived from model calibration

ENTTAXRTdr Enterprise direct tax rate.

Derived from base year SAM

EREGTRANSRTdr Share of enterprise income transferred out of the region.

Derived from base year SAM

ERHHLDTRANSRTdr Share of enterprise income transferred to households located out of the
region.
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Name Description

Derived from base year SAM

ERWTRANSBSdr Transfers from enterprises to the rest of the world during the base year.

Derived from base year SAM

ESAV TRANSRTdr Share of enterprise income transferred to savings.

Derived from base year SAM

EXPORTPc Parameter that controls the change in export demand in response to
the price of NZ export commodities relative to the world price.

Derived from Horridge and Zhai (2005)

FARMPERHAfmu,agi Average number of farms per hectare

Data sourced from Environment Southland

FCSHENTRWTRANS Foreign currency share of transfers from enterprises to the rest of the
world.

Set at 0.5

FCSHHHLDRWTRANSdr Foreign currency share of transfers from households to the rest of the
world.

Set at 0.5

FCSHRWENTTRANSdr Foreign currency share of transfers from the rest of the world to en-
terprises.

Set at 0.5

FCSHRWHHLDTRANSdr Foreign currency share of transfers from the rest of the world to house-
holds.

Set at 0.5

FMUSHAREEMPfmu,i Share of regional industry employment within each Freshwater Man-
agement Unit.

Calculated from data on Modified Employment Counts by Meshblock
for 2017, Sourced from Market Economics BD Deluxe Database

FMUSHRESIDUALfmu,IOag Share of residual employment in any industry allocated to each Fresh-
water Management Unit.

Estimated from the ratio of land use in a Freshwater Management Unit
excluded from any economic zone in the model to the total land use
in all Freshwater Management Units excluded from any economic zone
in the model

FMUTAMAPta,fmu,IOag For each primary industry, share of total effective land use in a
Freshwater Management Unit located within each Territorial Authority
boundary.

Calculated from land use data provided by Environment Southland for
2015
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Name Description

FMUZONEMAPfmu,ez Maps relationship between economic zones and Freshwater Manage-
ment Units: Value of 0 assigned if economic zone is outside Freshwa-
ter Management Unit, value of 1 assigned if economic zone is within
Freshwater Management Unit.

Derived from zone definitions

FUNEMPLOY RT Frictional unemployment rate.

Set at 3.5% as this is the lowest level of unemployment achieved in
recent times and likely reflects ‘full employment’

GDPSCALAR GDP Price Inflator.

Sourced from SNZ series: Implicit price deflator, seasonally adjusted,
Total (Qrtly-Mar/Jun/Sep/Dec)

GDPWEIGHT Weight given to the world GDP index in determining the value of sav-
ings from the rest of the world.

Estimated from linear regression of historic data

GDPPARAMc Parameter that determines extent to which demand for exports in-
creases with increases in world GDP.

Derived from model calibration

GOV TCONSUMPRTg,dr Share of government income allocated to consumption.

Derived from base year SAM

GOV TDIRECTTAXRTg,dr Government direct tax rate.

Derived from base year SAM

GOV THHLDTRANSRTg,dr Share of government income transferred to households.

Derived from base year SAM

GOV TINDIRECTTAXRTg,dr Indirect tax rate on government commodity consumption.

Derived from base year SAM

GOV TRWTRANSBSg,dr Transfers from government to the rest of the world during the base
year.

Derived from base year SAM

GOV TSAV RTg,dr Rate of savings on government income.

Derived from base year SAM

HHLDENTTRANSRTdr Share of household income transferred to enterprises.

Derived from base year SAM

HHLDGOV TTRANSRTg,dr share of household income transferred to government.

Derived from base year SAM

HHLDINDTAXRTdr Indirect tax rate on household commodity consumption.

Derived from base year SAM
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Name Description

HHLDREGTRANSRTdr Share of household income transferred to households located outside of
the local region.

Derived from base year SAM

HHLDRWTRANSBSdr Transfers from households to the rest of the world during the base year.

Derived from base year SAM

HHLDSAV INGADJUSTdr Adjustment to household budget to reflect household spending above
household income.

Derived from base year SAM

HOLDLANDTIME Time post which land uses are held constant.

Normally set to a time post the end of a model run but can be set
to an alternative time if it is desirable to investigate model runs when
land use is held constant

INDINDIRECTTAXRTdr,i Indirect tax rate on industry commodity consumption.

Derived from base year SAM

INDIRECTTAXSHg,dr Share of indirect tax income allocated to government agents.

Derived from base year SAM

INTERESTCONST Interest rate constant in calculation of desired interest rate (post GFC).

Estimated from linear regression of historic data

INTERESTCONSTGFC Interest rate constant in calculation of desired interest rate (pre GFC).

Estimated from linear regression of historic data

INTERESTGDPW Parameter applied to GDP gap in the calculation of desired interest
rate.

Estimated from linear regression of historic data

INTERESTINFLW Parameter applied to inflation rate gap in the calculation of desired
interest rate.

Estimated from linear regression of historic data

INV ESTCONST Constant term in investment function.

Derived from model calibration

INV ESTCONSTSHdr,i Industry share of regional investment held constant.

Model calibration

INV ESTINDIRECTTAXRTdr Indirect tax rate on investment commodity consumption.

Derived from base year SAM

INV ESTPARAMdr,i Parameter for scaling net return on capital.

Model calibration

KNOWLANDTIME Time prior to which actual land use change is known from historic
data.
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Name Description

Set to t = 10

KSFCONV ERTdr,i Built capital stock-to-flow conversion parameter.

Derived from base year estimates of stock values by industry (refer to
input data for iBuiltcapitaldr,i) and factor payments from the base
year SAM

LABFORCEADJUSTsr Adjustment to the working age population to reflect the difference be-
tween StatsNZ "Working Age Population" and the total population aged
15-84.

Derived from the average difference between StatsNZ "Working Age
Population" and the total population aged 15-84 for the years 2006-
2018.

LNDREV ENUESHft Share of returns to capital allocated to land.

Derived from base year SAM for industry in which farm type belongs

LSFCONV ERTdr Labour stock-to-flow conversion parameter.

Derived from base year estimates of labour supply (refer to input data
for iIndlaboursupsr) and labour factor payments from the base year
SAM

MAPTMITFFmt Vector identifying which mitigation state is the farm forestry mitiga-
tion.

All mitigation states have value of zero except Miti09 (farm forestry
mitigation) which has a value of 1

MAPTOAGINDft,agi Mapping of Farm Types to Agricultural Industries - value of one in-
dicates Farm Type belongs within Agricultural Industry, value of zero
indicates does not belong.

FaTyp01-FaTyp08 mapped to AgIn01, FaTyp09-FaTyp13 mapped
to AgIn02, FaTyp14 mapped to AgIn03, FaTyp15 mapped to
AgIn04, FaTyp16 mapped to AgIn06, FaTyp17 mapped to AgIn05

MAPTOIOAGIOag,ft Mapping of Farm Types to IOAgricultural Industries - value of one
indicates Farm Type belongs within IOAgricultural Industry, value of
zero indicates does not belong.

FaTyp01-FaTyp13 and FaTyp16-FaTyp17 mapped to IOAg01,
FaTyp14 mapped to IOAg02, FaTyp15 mapped to IOAg03

MAPTOMANGSY STez,ft,mofa For each economic zone, mapping of Case Study Farms to Farm Types
- value of one indicates Case Study Farm belongs to Farm Type, value
of zero indicates does not belong.

The relevant dairy Case Study Farm for each economic zone (one from
MoFa45 −MoFa54) is mapped to FaTyp14, for each economic zone
MoFa54, MoFa56 and MoFa57 are mapped to FaTyp16, FaTyp17
and FaTyp15 respectfully, the mapping of drystock case study farms
(MoFa01 - MoFa44) derived from industry expert’s farm weighting
exercise

MAXCHANGERTft Maximum proportion of land within a land use that can undergo land
use change during any given year.
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Name Description

Set at 3.5% based on examination of historic land use change

MAXREALLOCATERT Maximum rate of reallocation of labour.

Set at 10% and derived from model calibration.

MECRATIOsr Modified employment count (MEC) per Employed person.

Calculated from the regional ratio of MECs from the base year SAM
and the base year Employment figures from Statistics NZ.

MECTRANSOUTsr The proportion of labour force that stays in the same region or crosses
regional boundaries to go to work.

Derived from base year linked Employer-Employee data.

MOBILESHdr,i Share of investment that is mobile between industries.

Assumed to be 0.7 but can be adjusted in calibration

MODFARMDEPCOEFHAmofa,mt Depreciation coefficients per hectare for each Case Study Farm and
mitigation state.

Derived from Case Study Farm financials

MODFARMINDTAXCOEFHAmofa,mt Tax coefficient per hectare for each Case Study Farm and mitigation
state.

Derived from Case Study Farm financials

MODFARMINPUTCOEFHAmofa,mt,c Commodity input coefficients per hectare for each Case Study Farm
and mitigation state.

Derived from Case Study Farm financials

MODFARMLABOURCOEFHAmofa,mt Labour input coefficient per hectare for each Case Study Farm and
mitigation state.

Derived from Case Study Farm financials

MODFARMOUTPUTCOEFHAmofa,mt,c Commodity output coefficients per hectare for each Case Study Farm
and mitigation state.

Derived from Case Study Farm financials

NATCAPCONV ERTdr,i Natural capital stock-to-flow conversion parameter.

Derived from base year estimates of natural capital (refer to input data
for iNaturalcapitaldr,nct) and natural capital payments calculated for
the base year

NZINTERESTWEIGHT Weight given to the NZ interest rate in determining the value of savings
from the rest of the world.

Estimated from linear regression of historic data

PRODSCALARdr,i Scalar to adjust industry production to account for indirect taxes.

Derived from base year SAM

RAILMAPc Concordance defining rail freight service commodity.

For default 27 commodity model, all commodities set to 0 except com-
modity 20 which is set to one
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Name Description

RDEPdr,i Rate of capital depreciation.

Derived from base capital stock estimates (refer to input data for
iBuiltcapitaldr,i) and region and industry

REGINV ESTCONSTdr,i Adjustment term in allocation of national investment to regions.

Derived from base year SAM

REPORTINDMAPi,ri Mapping between Industries and Reporting Industries, value of 1 in-
dicates Industry is included in Reporting Industry and value of zero
indicates not included.

Ind1 maps to ShBfDr, Ind2 maps to DaCaFm, Ind3 maps to
FoLog, Ind4 maps to OtPrim, Ind5 and Ind7 map to OtFoManuf ,
Ind6 maps to DaManuf , Ind8-Ind10 map to OtManuf , Ind11-
Ind15 map to UtCoTr, Ind13 and Ind14 map to TrHosp, Ind16
and Ind17 map to FiInReBu, Ind18 and Ind19 map to OtServ

RESIDUALBCAPITALIOag Additional capital payments above that captured by Case Study Farms.

Derived from comparing sum of Case Study Farms with base SAM

RESIDUALINPUTIOag,c Additional commodity inputs above that captured by Case Study Farms.

Derived from comparing sum of Case Study Farms with base SAM

RESIDUALLABOURIOag Additional labour payments above that captured by Case Study Farms.

Derived from comparing sum of Case Study Farms with base SAM

RESIDUALLANDIOag Additional payments for land above that captured by Case Study Farms.

Derived from comparing sum of Case Study Farms with base SAM

RESIDUALOUTPUTIOag,c Additional commodity outputs above that captured by Case Study
Farms.

Derived from comparing sum of Case Study Farms with base SAM

RETURNSCALEez,agi Scalar applied to returns per hectare for primary industries prior to
calculating land use change.

Set to 1 by default

ROADMAPc Concordance defining road freight service commodity.

All commodities set to 0 except commodity 23 which is set to one

RWDIRECTTAXRTdr Direct tax rate for the rest of the world.

Derived from base year SAM

RWENTTRANSBSdr Transfers from the rest of the world to enterprises during the base year.

Derived from base year SAM

RWFACTRTh,dr Share of factors supplied by the rest of the world.

Derived from base year SAM

RWHHLDTRANSBSdr Transfers from the rest of the world to households during e base year.

Derived from base year SAM
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Name Description

RWINDIRECTTAXRTdr Indirect tax rate on rest of world commodity consumption.

Derived from base year SAM

RWREGSAV CONSTdr Constant term in function that splits rest of world savings among re-
gions.

Derived from base year SAM

RWSAV CONST Rest of world savings held constant.

Estimated from linear regression of historic data

SAV REGTRANSBSdr Savings transferred out of the region during the base year.

Derived from base year SAM

SETINV ESTCQdr,c Quantity of investment commodity consumption held constant.

Set equal to base year investment commodity consumption if this is
less than zero, otherwise set to zero

SHOCKINITIATION Time at beginning of disruption (shock).

Set specifically for each scenario

STOCKPILECOMMc Vector that identifies which commodities can be easily stockpiled value
of 1 for commodities easily stockpiled, value of zero for commodities
not easily stockpiled.

Assigned based on the nature of each commodity

TASHAREEMPta,i Share of regional industry employment within each Territorial Local
Authority.

Calculated from data on Modified Employment Counts by Meshblock
for 2017, Sourced from Market Economics BD Deluxe Database

TAXHHLDdr Direct tax rate on households.

Derived from base year SAM

TAZONEMAPta,ez,agi For each agricultural industry, specifies the proportion of an economic
zone within a Territorial Local Authority.

Estimated from quantities of effective hectares in Environment South-
land’s Land Use Map for 2015

αexchangert Exchange rate change parameter.

Derived from model calibration

αpbuiltcap Built capital price change parameter.

Derived from model calibration

αpexpcomm Export commodity price change parameter.

Derived from model calibration

αplab Labour price change parameter.

Derived from model calibration

αpnatcapnct Natural capital price change parameter.
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Name Description

Derived from model calibration

αpregdomcommc Price of regional domestic commodities change parameter.

Derived from model calibration

δccdr Share parameter for capital types within the Constant Elasticity of Sub-
stitution (CES) function for composite capital.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δcominputdr,i,c Share parameter for commodities within the CES function for compos-
ite intermediate inputs.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δcommddomdr,c Share parameter for domestic commodities within the CES function for
composite domestic and imported commodities.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δcommdimpdr,c Share parameter for imported commodities within the CES function for
composite domestic and imported commodities.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δcommregdsr,dr,c Share parameter for regional commodities within the CES function for
composite domestic commodities.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δfacth,dr,i Share parameter for factors within the CES function for composite
factors.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δfiinput,dr,i Share parameter for factors/intermediate inputs within the CES func-
tion for composite inputs.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δflandez,agi Share parameter for agricultural industries within the CET function
for land use change allocation.

Derived from calibration

δgovtcg,dr,c Share parameter for commodities within the CES function for compos-
ite government consumption.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δhhldcdr,c Share parameter for commodities within the CES function for compos-
ite household consumption.
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Name Description

Calculated from base year SAM given assumed elasticity of substitu-
tion

δinvestcdr,c Share parameter for commodities within the CES function for compos-
ite investment consumption.

Calculated from base year SAM given assumed elasticity of substitu-
tion

δnatcapdr,i,nct Share parameter for natural capital types within the CES function for
composite natural capital.

Calculated from base year SAM given assumed elasticity of substitu-
tion

εccdr,i Elasticity of substitution between capital types.

Set to 0.1 for energy industries and for all other industries set to 0.3
(informed by Rae and Strutt (2005) and Hertel et al. (2012))

εcomdr,c Elasticity of substitution between imported and domestic commodities.

Derived from Robson (2012, p.95) and Hertel et al. (2012)

εcominputdr,i Elasticity of substitution between commodities of different types.

Set to 0.8 for all industries

εfactdr,i Elasticity of substitution between factors.

Derived from Hertel et al. (2012)

εfactintdr,i Elasticity of substitution between factors and intermediate inputs.

Set to 0.5 for all industries (Robson, 2012)

εflandez Elasticity of substitution between primary industry land uses.

Derived from calibration

εgovtcg,dr Elasticity of substitution between commodities in government consump-
tion.

Set to 0.5

εhhldcdr Elasticity of substitution between commodities in household consump-
tion.

Set to 0.5 (Robson, 2012)

εinvestcdr Elasticity of substitution between commodities in investment consump-
tion.

Set to 0.5

εnatcapdr,i Elasticity of natural capital substitution.

Set to 0.4 for forestry and logging and to 20 for other agriculture
industries (Rae and Strutt, 2011)

εregcomdr,c Elasticity of substitution between commodities from different regions.

Derived from Robson (2012)

γccdr Scale parameter for the CES function for composite capital.
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Name Description

Calculated from base year SAM given assumed elasticity of substitu-
tion

γcominputdr,i Scale parameter for the CES function for composite intermediate in-
puts.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γcommddr,c Scale parameter for the CES function for composite domestic and im-
ported commodities.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γcommregddr,c Scale parameter for the CES function for composite domestic com-
modities.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γfactdr,i Scale parameter for the CES function for composite factors.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γfidr,i Scale parameter for the CES function for composite factors and inter-
mediate inputs.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γflandez Share parameter for Constant Elasticity of Transformation (CET)
function for land use change allocation.

Derived from calibration

γgovtcg,dr Scale parameter for the CES function for composite government con-
sumption.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γhhldcdr Scale parameter for the CES function for composite household con-
sumption.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γinvestcdr Scale parameter for the CES function for composite investment con-
sumption.

Calculated from base year SAM given assumed elasticity of substitu-
tion

γnatcapdr,i Scale parameter for the CES function for composite natural capital.

Calculated from base year SAM given assumed elasticity of substitu-
tion

ψcomsr,c Elasticity of transformation between export and domestic commodity
supply.
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Name Description

For each commodity, elasticities are assumed to be similar to that
assigned for substitution between imports and domestic goods, i.e.
εcomdr,c

ψcomsupsr,i Elasticity of transformation in the supply of different types of com-
modities by industries.

Set to 0.8

ψnatcapdr,nct Elasticity of transformation in the supply of natural capital to different
industries.

Set to 0.4 (informed by Rae and Strutt (2011))

ψregcomsr,c Elasticity of transformation in the supply of commodities to different
regions.

For each commodity, set equal to the elasticity of substitution between
different region’s goods, εregcomdr,c

θcommregssr,c Scale parameter for the CET function for supply of commodities to
different regions.

Calculated from base year SAM given assumed elasticity of transfor-
mation

θcommsdexpsr,c Scale parameter for the CET function for supply of commodities to
either the domestic or export market.

Calculated from base year SAM given assumed elasticity of transfor-
mation

θcomsupsr,i Scale parameter for the CET function for the supply of different types
of commodities by industries.

Calculated from base year SAM given assumed elasticity of transfor-
mation

θnatcapdr,nct Scale parameter for the CET function for the supply of natural capital
to different industries.

Calculated from base year SAM given assumed elasticity of transfor-
mation

ξcommregssr,dr,c Share parameter for regions in the CET function for the supply of
domestic commodities to different NZ regions.

Calculated from base year SAM given assumed elasticity of transfor-
mation

ξcommsdomsr,c Share parameter for the domestic market in the CET function for the
supply of commodities to the domestic or export market.

Calculated from base year SAM given assumed elasticity of transfor-
mation

ξcommsexpsr,c Share parameter for the export market in the CET function for the
supply of commodities to the domestic or export market.

Calculated from base year SAM given assumed elasticity of transfor-
mation
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Name Description

ξcomsupsr,i,c Share parameter for commodities in the CET function for the supply
of different types of commodities by industries.

Calculated from base year SAM given assumed elasticity of transfor-
mation

ξnatcapdr,i,nct Share parameter for industries in the CET function for the supply of
natural capital to different industries.

Calculated from base year proportions of Natural Capital between dif-
ferent industries and regions given assumed elasticity of transformation

τcasurplus Time to adjust perceived current account surplus to actual current ac-
count surplus.

Derived from model calibration

τincome Time to adjust recognised income to actual income.

Derived from model calibration

τindustry Time to adjust desired industry production to value of industry de-
mand.

Derived from model calibration

τinterest Time to adjust interest rate to desired interest rate.

Derived from model calibration

τprices Time to adjust price stocks to calculated prices.

Set to the time step ∆t.

τ Time adjustment constant for stocks that we wish to adjust almost
instantaneously.

Set to the time step ∆t.

Table A.20 Description of agriculture policy interface exogenous inputs

Name Description

ANNUALFENCEfmu,agi Annual fencing costs over period during which fencing undertaken, in
base year dollar terms

ANPCONSENTCagi Average annual costs of Council consenting for farm plans, excludes
first plan year, in base year dollar terms

ANPOTHERCagi Average annual other costs for farm plans, excludes first plan year, in
base year dollar terms

DATENONPERMITTEDez,ft,mt Date by which all adoptions out of a mitigation state must be complete
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Name Description

FARMFRINPUTCOEFHAc Farm forestry input coefficient per hectare

FARMFROUTPUTCOEFHAc Farm forestry output coefficient per hectare

FARMRETIREMENTBY TIMEez,agi(t) Quantity of effective hectares retired from production

FENCEENDfmu,agi Time fencing ends

FENCEMAPc Vector identifying fencing commodity - set to zero for all commodities
except commodity 21 set to one

FENCESTARTfmu,agi Time fencing commences

FIRSTPCONSENTCagi Council consent costs for farm plans, first year plan only, in base year
dollar terms

FIRSTPOTHERCagi Other costs for farm plans, first year plan only, in base year dollar
terms

FIRSTPTIMEagi Time of first farm plan

FRRETIREez,agi Land retirement within farms to farm forestry (hectares per effective
ha)

INTENSITY SCALEez,ft De-intensification scalar associated with farm forestry mitigation

LANDUSERESTRICTIONez,ft,mt Maximum area of effective hectares allowed

LRIMPENDez,agi Implementation end time for land retirement within farms

LRIMPSTARTez,agi Implementation start time for land retirement within farms

MAXIMUMRATEez,ft,mt Maximum adoption rate

NONPERMITNOTICEDATEez,ft,mt Date at which adoptions out of a mitigation state commence
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Name Description

NPRETIREez,agi Land retirement within farms to non-productive use (hectares per ef-
fective hectares)

PLANMAP1c Vector of zeros except for the commodity type associated with council
consenting which is allocated a value of one

PLANMAP2c Vector of zeros except for the commodity type associated with farm plan
creation which is allocated a value of one

SELECTEDADOPTIONez,ft,mt Adoption rate selected (1=early adoption, 2=medium adoption, 3=late
adoption)

V IABLEMITez,ft Vector indicating whether farm forestry mitigation is a viable mitiga-
tion (1=yes, 0=no)

Table A.21 Description of municipal exogenous inputs & auxiliaries

Name Description

CAPINV ESTRESPyrmt,mf,lt Share of funding responsibility for new capital

FISCOMMMAPc Vector identifying financial intermediate services commodity (value of
one for com24, zero for all other commodities)

FISSHARE Component of interest rate charged for financial intermediate services

LOANRATE Interest rate for loan

LOANY Ryrmt Year loan commences

MUNCAPINV ESTBY TIMEdr(t) Total capital investment for new municipal wastewater treatment (ex-
cludes land purchases)

MUNINDTAXRT Industry tax rate for municipal wastewater treatment

(continued on next page)
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Table A.21 (continued)

Name Description

MUNINV ESTRATIOc Commodity share of capital investment for municipal wastewater treat-
ment

MUNLANDINV ESTBY TIMEdr(t) Total land purchases for new municipal wastewater treatment

OPEXDEMANDBY TIMEdr(t) Total operating expenditure on new municipal wastewater treatment

OPEXRESPBY TMEmf (t) Share of funding responsibility for operating expenditures

PAYMENTSPERY EAR Payments per year

WASTEMAPc Vector identifying wastewater treatment service

WASTEINDMAPi Vector identifying wastewater treatment industry

Y EARSFORLOAN Number of years for loan

Table A.22 Description of time-varying exogeneous inputs

Name Description

ACINFLATIONRT (t) Actual inflation rate

Historic data of the headline CPI (Reserve Bank NZ)

ACRWSAV INGS(t) Actual rest of world savings.

Historic data (Statistics NZ)

ACTUALEXCHANGERT (t) Actual exchange rate

Historic data (Reserve Bank NZ)

ACTUALGDPGAP (t) Actual GDP gap

Historic data (Reserve Bank NZ)

ACTUALINTERESTRT (t) Actual interest rate

Historic data of the 90 day bank bill yield rate (Reserve Bank NZ)

ACTUALLANDez,agi(t) Actual land use

Historic data (Environment Southland Land Use Map)

ADDHHLDTRAV ELdr,c(t) Net additional household consumption of transport-related commodities.

(continued on next page)
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Table A.22 (continued)

Name Description

Scenario specific settings from assessment of direct transport outage im-
pacts

ADV ALOREMEXPORTPc(t) Ad valorem export price parameter

Scenario-specific percentage-based adjustment to the perceived price of
New Zealand exports

ADV ALOREMIMPORTPc(t) Ad valorem import price parameter

Scenario-specific percentage-based adjustment to the perceived price ex-
perienced in New Zealand of imported commodities

ADV ALOREMIMPTARIFFc(t) Ad valorem import tariff parameter

Scenario-specific additional tariffs charged on imports (applied as a per-
centage increase in price)

CAPINDEXdr,i(t) Capital augmenting index parameter

Scenario-specific adjustment to ‘effective’ capital factors held by each
industry

DMARGINSHOCKCOEFsr,dr,c(t) Net additional domestic transport margins per unit of commodity

Scenario specific settings from assessment of direct transport outage im-
pacts

EMARGINSHOCKCOEFsr,c,m(t) Net additional export transport margins per unit of commodity

Scenario specific settings from assessment of direct transport outage im-
pacts

HHLDTAXRTADJUSTdr(t) Adjustment to household tax rate

Scenario-specific adjustment to household tax rate

IMARGINSHOCKCOEFdr,c,m(t) Net additional import transport margins per unit of commodity

Scenario specific settings from assessment of direct transport outage im-
pacts

INDTAXRTADJUSTi(t) Adjustment to industry tax rate

Scenario-specific adjustment to industry tax rate

LABINDEXdr,i(t) Labour augmenting index parameter

Scenario-specific adjustment to ‘effective’ labour factors held by indus-
tries

MFPADJUSTdr,i(t) Adjustment to multifactor productivity.

Derived from model calibration

MULTIFACTORPRODdr,i(t) Multifactor productivity index

Econometrically determined projection

NATURALGDP (t) Natural GDP

Potential output from Reserve Bank estimation with econometrically
determined projection going forward

NETTRANSFERS(t) Net transfers

(continued on next page)
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Table A.22 (continued)

Name Description

Historic time series of net rest of world transfers

NONPRODINV ESTSH(t) Non-productive investment share

Scenario-specific share of investment assigned to non-productive items

OPERABILITYsr,i(t) Industry operability index

Scenario specific settings from the Business Behaviours Module

PARTICIPATIONRTsr(t) Workforce participation rate

Historic participation rates for New Zealand regions with forecast ad-
justments from 2019-22 (Treasury 2018) and held constant post 2022

PCOMMWORLDEXPc(t) World commodity prices for exports

Econometrically determined projection

PCOMMWORLDIMPc(t) World commodity prices for imports

Econometrically determined projection

POPULATIONdr(t) Total population in each region

Statistics New Zealand’s regional population projections

REGSHEXPMARsr,dr,m(t) Regional supply share of export margins

Scenario specific settings

REGSHIMPMARsr,dr,m(t) Regional supply share of import margins

Scenario specific settings

WORKINGAGEPOPsr(t) Working age population

Statistics New Zealand’s regional population projections

WORLDGDPINDX(t) World gross domestic product index

Historic data and econometrically determined projection

WORLDINTERESTRT (t) World interest rate

Historic data and econometrically determined projection, capped at 4%
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B Model equations
B.1 Household module equations

B.1.1 Stocks

d

dt
(Rhhldincomedr) =

1

τincome

(
actualhhldincomedr −Rhhldincomedr

)
(B.1)

d

dt
(Phhldccdr) =

1

τprices

(
actualphhldccdr −Phhldccdr

)
(B.2)

B.1.2 Auxiliaries

actualhhldincomedr = capincomehhlddr + entincomehhlddr + labincomesupplysr→dr + rwhhldtransdr

+
∑
g

(govthhldtransg,dr) + hhldregtransoutDReg1↔DReg2 − hhlddirecttaxdr − hhldloanpaymentsdr

−
∑
c

vmunopexdr,c,mf=Hhld (B.3)

capincomehhlddr = caplocalhhldtransdr + capreghhldtransDReg1↔DReg2 (B.4)

entincomehhlddr = enthhldtransdr + entreghhldtransDReg1↔DReg2 (B.5)

labincomesupplysr =
∑
dr

(
labincomedregiondr reglaboursupplysr,dr∑

sr(reglaboursupplysr,dr)

)
(B.6)

labincomedregiondr =
∑
i

(factorsuh=LAB,dr,i (1−RWFACTRTh=LAB,dr)Pfacth=LAB,dr,i) (B.7)

hhldrwtransdr = HHLDRWTRANSBSdrWORLDGDPINDX(t) (1− FCSHHHLDRWTRANSdr)

+HHLDRWTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHHHLDRWTRANSdr

(B.8)

rwhhldtransdr = RWHHLDTRANSBSdrWORLDGDPINDX(t) (1− FCSHRWHHLDTRANSdr)

+RWHHLDTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHRWHHLDTRANSdr

(B.9)
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hhldenttransdr = (Rhhldincomedr − hhldrwtransdr − addtravelcostsdr)
×HHLDENTTRANSRTdr (B.10)

hhldgovttransg,dr = (Rhhldincomedr − hhldrwtransdr − addtravelcostsdr)
×HHLDGOV TTRANSRTg,dr (B.11)

hhldregtransoutdr = (Rhhldincomedr − hhldrwtransdr − addtravelcostsdr)
×HHLDREGTRANSRTdr (B.12)

hhldtotaldr =Rhhldincomedr − hhldrwtransdr − hhldregtransoutdr − hhldenttransdr
−
∑
g

(hhldgovttransg,dr)− addtravelcostsdr (B.13)

hhldsavingsdr =hhldtotaldr (1− hhldconsumprtdr) +HHLDSAV INGADJUSTdr (B.14)

totalhhldconsumpdr =hhldtotaldr hhldconsumprtdr (B.15)

hhldconsumprtdr =

[(
realinterestrt

BASEREALINTERESTRT
− 1

)
CIRELASTICITYdr + 1

]
×BASECONSUMPRTdr (B.16)

actualphhldccdr =

∑
c

(
Pcompcommddr,c hhldconsumpdr,c

)
qhhldccdr

(B.17)

qhhldccdr = γhhldcdr

[∑
c

(
δhhldcdr,c (hhldconsumpdr,c)

ηhhldcdr
)] 1

ηhhldc
dr

(B.18)

hhldconsumpdr,c =

[
(γhhldcdr )η

hhldc
dr δhhldcdr,c

Phhldccdr
Pcompcommddr,c

] 1

1−ηhhldc
dr

hhldcompcommddr (B.19)

ηhhldcdr =
εhhldcdr − 1

εhhldcdr

(B.20)

hhldcompcommddr =
totalhhldconsumpdr − hhldindirecttaxdr

Phhldccdr
(B.21)

hhldindirecttaxdr = totalhhldconsumpdr × hhldindtaxrtadjusteddr (B.22)

hhlddirecttaxdr = (capincomehhlddr + labincomesupplysr→dr)× TAXHHLDdr (B.23)

hhldindtaxrtadjusteddr = HHLDINDTAXRTdr +HHLDTAXRTADJUSTdr(t) (B.24)

hhldloanpaymentsdr=DReg1 =
∑
lt totalloanpaymentsrt=Normal,mf=Hhld,lt

hhldloanpaymentsdr=DReg2 = 0
(B.25)
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B.2 Government module equations

B.2.1 Stocks

d

dt

(
Rgovtincomeg,dr

)
=

1

τincome

(
govtincomeg,dr −Rgovtincomeg,dr

)
(B.26)

d

dt

(
Pgovtccg,dr

)
=

1

τprices

(
actualpgovtccg,dr −Pgovtccg,dr

)
(B.27)

B.2.2 Auxiliaries

govtincomeg,dr =directtaxincomeg,dr + indirecttaxincomeg,dr + capgovttransg,dr + entgovttransg,dr

+ hhldgovttransg,dr +
∑
sr

betwgovttransing,sr,dr − govtdirecttaxg,dr

− centralgovmunpaysg,dr + importtariffsg,dr (B.28)

directtaxincomeg,dr =

[
entdirecttaxdr + hhlddirecttaxdr + rwdirecttaxdr +

∑
g

(govtdirecttaxg,dr)

]
×DIRECTTAXSHg,dr (B.29)

indirecttaxincomeg,dr =

[
investindirecttaxdr + rwindirecttaxdr + hhldindirecttaxdr

∑
i

(indindirecttaxdr,i) +
∑
g

(govtindirecttaxg,dr)

]
× INDIRECTTAXSHg,dr

(B.30)

govtdirecttaxg,dr =
[
capgovttransg,dr + entgovttransg,dr

]
×GOV TDIRECTTAXRTg,dr (B.31)

govtrwtransg,dr =sgn
(
Casurplus

) ∣∣Casurplus∣∣EGOV TTRANS ( GOV TRWTRANSBSg,dr∑
g

∑
dr

(
GOV TRWTRANSBSg,dr

))
+GOV TRWTRANSBSg,dr (B.32)

betwgovttransing,dr = betwgovttransoutCentralG↔LocalG,dr (B.33)

betwgovttransoutg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×BTWGOV TTRANSRTg,dr (B.34)

govthhldtransg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×GOV THHLDTRANSRTg,dr (B.35)

govtsavingsg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×GOV TSAV RTg,dr (B.36)

totalgovtconsumpg,dr =
[
Rgovtincomeg,dr − govtrwtransg,dr

]
×GOV TCONSUMPRTg,dr (B.37)
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actualpgovtccg,dr =

∑
c

(
govtconsumpg,dr,cPcompcommddr,c

)
qgovtccg,dr

(B.38)

qgovtccg,dr = γgovtcg,dr

[∑
c

(
δgovtcg,dr,c (govtconsumpg,dr,c)

ηgovtcg,dr

)] 1

η
govtc
g,dr

(B.39)

govtconsumpg,dr,c =

[
(γgovtcg,dr )η

govtc
g,dr δgovtcg,dr,c

Pgovtccg,dr
Pcompcommddr,c

] 1

1−ηgovtc
g,dr govtcompcommdg,dr (B.40)

ηgovtcg,dr =
εgovtcg,dr − 1

εgovtcg,dr

(B.41)

govtcompcommdg,dr =
totalgovtconsumpg,dr − govtindirecttaxg,dr

Pgovtccg,dr
(B.42)

govtindirecttaxg,dr = totalgovtconsumpg,dr GOV TINDIRECTTAXRTg,dr (B.43)

centralgovmunpaysg,dr =

(∑
lt

totalloanpaymentsrt=Normal,mf=Cgovt,lt +
∑
c

vmunopexdr,c,mf=Cgovt

)

×
Rgovtincomeg,dr∑
drRgovtincomeg,dr

(B.44)

B.3 Enterprise module equations

B.3.1 Stocks

d

dt
(Renterincomedr) =

1

τincome

(
actualenterincomedr −Renterincomedr

)
(B.45)

B.3.2 Auxiliaries

actualenterincomedr =capentertransdr + hhldenttransdr + rwenttransdr

+ entregtransoutDReg1↔DReg2 − entdirecttaxdr (B.46)

entdirecttaxdr = (capentertransdr + rwenttransdr)× ENTTAXRTdr (B.47)

rwenttransdr = RWENTTRANSBSdrWORLDGDPINDX(t)(1− FCSHRWENTTRANSdr)

+RWENTTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHRWENTTRANSdr

(B.48)

entrwtransdr = ERWTRANSBSdrWORLDGDPINDX(t)(1− FCSHENTRWTRANS)

+ERWTRANSBSdrWORLDGDPINDX(t)

(
1

Exchangert

)
FCSHENTRWTRANS (B.49)
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entregtransoutdr =
[
Renterincomedr − entrwtransdr

]
× EREGTRANSRTdr (B.50)

entgovttransg,dr =
[
Renterincomedr − entrwtransdr

]
× EGOV TTRANSRTg,dr (B.51)

enthhldtransdr =
[
Renterincomedr − entrwtransdr

]
× EHHLDTRANSRTdr (B.52)

entreghhldtransdr = [Renterincomedr − entrwtransdr]× ERHHLDTRANSRTdr (B.53)

entsavtransdr =
[
Renterincomedr − entrwtransdr

]
× ESAV TRANSRTdr (B.54)

B.4 Industry module equations

B.4.1 Stocks

d

dt

(
Desiredproddr,i

)
=

1

τindustry

(∑
c

(vinddemandcsr→dr,i,c)−Desiredproddr,i

)
(B.55)

d

dt

(
Industryaccountdr,i

)
= industryincdr,i − indexpendudr,i (B.56)

d

dt

(
Industrybalancedr,i

)
=

1

τ

(
realindustrybalancedr,i − Industrybalancedr,i

)
(B.57)

B.4.2 Auxiliaries

vinddemandcsr,i,c = supcoeffsr,i,c vcomdemandsr,c (B.58)

vcomdemandsr,c =
∑
dr

(Pregdomcommsr,dr,c regdomcommdsr,dr,c)

+ expcommoditydsr,c
Pexpcommsr,c

Exchangert
(B.59)

actualproddr,i =

 maxprodsupdr,i if OPERABILITYsr→dr,i(t) = 1

min[maxprodsupdr,i,maxproddr,i] if OPERABILITYsr→dr,i(t) < 1
(B.60)

maxprodsupdr,i = Desiredproddr,i (B.61)

realindustrybalancedr=DReg1,i = industryincdr=DReg1,i − indexpendudr=DReg1,i
−
∑
fmu(indfencingcostsfmu,i + indplancostsfmu,i)

realindustrybalancedr=DReg2,i = industryincdr=DReg2,i − indexpendudr=DReg2,i

(B.62)
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indexpendudr,i =
∑
c

(domcommexpenddr,i,c + importcommexpenddr,i,c)

+
∑
h

(factorsuh,dr,iPfacth,dr,i) + indindirecttaxdr,i (B.63)

importcommexpenddr,i,c = indusesharedr,i,c importdemanddr,c pimpcommnzdr,c (B.64)

domcommexpenddr,i,c = indusesharedr,i,c
∑
sr

(domcommodityusesr,dr,c pregdomcomminclmarginsr,dr,c)

(B.65)

indusesharedr,i,c =
indconsumpdr,i,c

totalcomdemanddr,c
(B.66)

domcommodityusedr,i,c = min[regcdomcommssr,dr,c, regcdomcommdsr,dr,c] (B.67)

industryincdr,i =
∑
c

(actualsupplysr→dr,i,c) (B.68)

actualsupplysr,i,c = min[potentialsalessr,i,c, vinddemandcsr,i,c] (B.69)

potentialsalessr,i,c = indcommodityssr,i,cPcompcommssr,c (B.70)

compfactorddr,i =
maxprodsupdr,i
unitcostdr,i

factinputsharedr,i
multifactorprod2dr,i

(B.71)

effectcompfactorddr,i =
actualproddr,i
unitcostdr,i

factinputsharedr,i
multifactorprod2dr,i

(B.72)

unitcostdr,i =interinputunitcostdr,i + factinputunitcostdr,i (B.73)

interinputunitcostdr,i =
(
interinputsharedr,iPintinputsdr,i (1 + indindirecttaxrtadjusteddr,i)

)
×
(

1

multifactorprod2dr,i

)
(B.74)

factinputunitcostdr,i =
(
factinputsharedr,iPcfactdr,i

)
×
(

1

multifactorprod2dr,i

)
(B.75)

indindirecttaxdr,i =

[∑
c

(
indconsumpdr,i,cPcompdomcommddr,c

)]
× indindirecttaxrtadjusteddr,i

(B.76)

indindirecttaxrtadjusteddr,i = INDINDIRECTTAXRTdr,i + INDTAXRTADJUSTi(t) (B.77)
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B.5 Commodities module equations

B.5.1 Stocks

d

dt

(
Estimportsdr,c

)
=
(
importdemanddr,c −Estimportsdr,c

)
(B.78)

d

dt

(
Pcindustryssr,i

)
=

1

τprices

(
actualpcindustryssr,i −Pcindustryssr,i

)
(B.79)

d

dt

(
Pcompcommddr,c

)
=

1

τprices

(
actualpccddr,c −Pcompcommddr,c

)
(B.80)

d

dt

(
Pcompcommssr,c

)
=

1

τprices

(
actualpccssr,c −Pcompcommssr,c

)
(B.81)

d

dt

(
Pcompdomcommddr,c

)
=

1

τprices

(
actualpcdcddr,c −Pcompdomcommddr,c

)
(B.82)

d

dt

(
Pcompdomcommssr,c

)
=

1

τprices

(
actualpcdcssr,c −Pcompdomcommssr,c

)
(B.83)

d

dt

(
Pexpcommsr,c

)
=

((
1

exportratiosr,c

)αpexpcomm
− 1

)
Pexpcommsr,c (B.84)

d

dt

(
Pfiinputsdr,i

)
=

1

τprices

(
actualpfiinputsdr,i −Pfiinputsdr,i

)
(B.85)

d

dt

(
Pintinputsdr,i

)
=

1

τprices

(
actualpintinputsdr,i −Pintinputsdr,i

)
(B.86)

d

dt

(
Pregdomcommsr,dr,c

)
=

((
1

excessproductionsr,dr,c

)αpregdomcommc

− 1

)
Pregdomcommsr,dr,c

(B.87)

d

dt

(
Pperceivedcompcommddr,c

)
=

1

τprices

(
actualpercccddr,c −Pperceivedcompcommddr,c

)
(B.88)

B.5.2 Auxiliaries

exportratiosr,c =
expcommodityssr,c
expcommoditydsr,c

(B.89)

expcommodityssr,c =

[
(θcommsdexpsr,c )φ

com
sr,c ξcommsexpsr,c

Pcompcommssr,c
pexpcommnzsr,c

] 1
1−φcomsr,c

regcommodityssr,c

(B.90)
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domcommodityssr,c =

[
(θcommsdexpsr,c )φ

com
sr,c ξcommsdomsr,c

Pcompcommssr,c
Pcompdomcommssr,c

] 1
1−φcomsr,c

regcommodityssr,c

(B.91)

pexpcommnzsr,c = Pexpcommsr,c

(
1

Exchangert

)
(B.92)

regcommodityssr,c =
∑
i

(indcommodityssr,i,c) (B.93)

indcommodityssr,i,c =

[
(scalecommsup1sr,i)

φcomsupsr,i sharecommsup1sr,i,c
Pcindustryssr,i
Pcompcommssr,c

] 1

1−φcomsup
sr,i

× regindprodincltaxsr,i (B.94)

supcoeffsr,i,c =
indcommodityssr,i,c∑
i(indcommodityssr,i,c)

(B.95)

regindprodincltaxsr,i =
effectcompfactorudr→sr,i
factinputsharedr→sr,i

PRODSCALARdr→sr,imultifactorprod2dr→sr,i

(B.96)

expcommoditydsr,c =BASEEXPORTSdr→sr,c

(
PCOMMWORLDEXPc(t)

perceivedpexportdsr,c

)EXPORTPc
×WORLDGDPINDX(t)GDPPARAMc (B.97)

pexportcommdsr,c = Pexpcommsr,c + pexportmarginssr,cExchangert (B.98)

actualpexportssr,c =
actualexportssr,cPexpcommsr,c

expcommodityssr,c
(B.99)

excessproductionsr,dr,c =
regcdomcommssr,dr,c
regdomcommdsr,dr,c

(B.100)

regcdomcommssr,dr,c =

[
(θcommregssr,c )φ

regcom
sr,c ξcommregssr,dr,c

Pcompdomcommssr,c
Pregdomcommsr,dr,c

] 1

1−φregcomsr,c

× domcommodityssr,c (B.101)

regdomcommdsr,dr,c =

[
(γcommregddr,c )η

regcom
dr,c δcommregdsr,dr,c

Pcompdomcommddr,c
pregdomcomminclmarginsr,dr,c

] 1

1−ηregcom
dr,c

× domcomdemanddr,c (B.102)

importdemanddr,c =

[
(γcommddr,c )η

com
dr,c δcommdimpdr,c

Pperceivedcompcommddr,c
perceivedimportpdr,c

] 1
1−ηcom

dr,c

× totalcomdemanddr,c (B.103)

loandemandsdr=DReg1,c = FISCOMMMAPc
∑
mf finintservdemandsmf,lt

loandemandsdr=DReg2,c = 0
(B.104)
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totalcomdemanddr,c =
∑
g

(govtconsumpg,dr,c) + hhldconsumpdr,c + investconsumpqdr,c +
∑
i

(indconsumpdr,i,c)

+marginconsumpqdr,c + totalfencingdemanddr,c + totalplandemanddr,c

+ loandemandsdr,c +OPEXDEMANDBY TIMEdr(t)×WASTEMAPc
(B.105)

indconsumpdr,i,c = intinputcoeffdr,i,c
interinputsharedr,i
factinputsharedr,i

×

 compfactorudr,i for OPERABILITYi = 1 or STOCKPILECOMMc = 1

effectcompfactorudr,i for OPERABILITYi < 1 & STOCKPILECOMMc < 1

(B.106)

totalindconsumpdr,c =
∑
i

(indconsumpdr,i,c) (B.107)

pimpcommnzdr,c =
PCOMMWORLDIMPc(t)

Exchangert
+ pimportmarginsdr,c + pimporttariffsc (B.108)

actualpccddr,c =
pimpcommnzdr,c importdemanddr,c + Pcompdomcommddr,c domcomdemanddr,c

qcompcommddr,c
(B.109)

qcompcommddr,c = γcommddr,c

[
δcommdimpdr,c (importdemanddr,c)

ηcomdr,c

+δcommddomdr,c (domcomdemanddr,c)
ηcomdr,c

] 1
ηcom
dr,c (B.110)

domcomdemanddr,c =

[
(γcommddr,c )η

com
dr,c δcommddomdr,c

Pperceivedcompcommddr,c
Pcompdomcommddr,c

] 1
1−ηcom

dr,c

× totaldemanddr,c (B.111)

actualpccssr,c =
pexpcommnzsr,c expcommodityssr,c + Pcompdomcommssr,c domcommodityssr,c

qcompcommssr,c
(B.112)

qcompcommssr,c = θcommsdexpsr,c

[
ξcommsexpsr,c (expcommodityssr,c)

φcomsr,c

+ξcommsdomsr,c (domcommodityssr,c)
φcomsr,c

] 1
φcomsr,c (B.113)

actualpcdcddr,c =

∑
sr (pregdomcomminclmarginsr,dr,c regdomcommdsr,dr,c)

qdomcommddr,c
(B.114)

qdomcommddr,c = γcommregddr,c

[∑
sr

(
δcommregdsr,dr,c (regdomcommdsr,dr,c)

ηregcomdr,c

)] 1

η
regcom
dr,c

(B.115)

actualpcdcssr,c =

∑
dr

(
Pregdomcommsr,dr,c regcdomcommssr,dr,c

)
qdomcommssr,c

(B.116)
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qdomcommssr,c = θcommregssr,c

[∑
dr

(
ξcommregssr,dr,c (regcdomcommssr,dr,c)

φregcomsr,c

)] 1

φ
regcom
sr,c

(B.117)

actualpcindustryssr,i =

∑
dr

(
indcommodityssr,i,cPcompcommssr,i

)
qcindustryssr,i

(B.118)

qcindustryssr,i = scalecommsup1sr,i

[∑
c

(
sharecommsup1sr,i,c(indcommodityssr,i,c)

φcomsupsr,i

)] 1

φ
comsup
sr,i

(B.119)

actualpfiinputsdr,i =
factinputsharedr,iPcfactdr,i + interinputsharedr,iPintinputsdr,i

qfiinputsdr,i
(B.120)

qfiinputsdr,i = scalefi1dr,i

[
sharefi1input=InterI,dr,i (interinputsharedr,i)

ηfidr,i

+ sharefi1input=FactsI,dr,i (factinputsharedr,i)
ηfidr,i

] 1

η
fi
dr,i (B.121)

factinputsharedr,i =

[
(scalefi1dr,i)

ηfidr,i(sharefi1input=FactsI,dr,i)
Pfiinputsdr,i
Pcfactdr,i

] 1

1−ηfi
dr,i (B.122)

interinputsharedr,i =

[
(scalefi1dr,i)

ηfidr,i(sharefi1input=InterI,dr,i)
Pfiinputsdr,i
Pintinputsdr,i

] 1

1−ηfi
dr,i (B.123)

actualpintinputsdr,i =

∑
c

(
intinputcoeffdr,i,cPcompcommddr,c

)
qintinputsdr,i

(B.124)

qintinputsdr,i = scalecominput1dr,i

[∑
c

(sharecominput1dr,i,c

(
intinputcoeffdr,i,c)

ηcominputdr,i

)] 1

η
cominput
dr,i

(B.125)

intinputcoeffdr,i,c =

[
(scalecominput1dr,i)

ηcominputdr,i sharecominput1dr,i,c
Pintinputsdr,i

Pcompcommddr,c

] 1

1−ηcominput
dr,i

(B.126)

ηcomdr,c =
εcomsubdr,c − 1

εcomsubdr,c

(B.127)

ηcominputdr,i =
εcominputdr,i − 1

εcominputdr,i

(B.128)

ηfidr,i =
εfidr,i − 1

εfidr,i
(B.129)
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ηregcomdr,c =
εregcomdr,c − 1

εregcomdr,c

(B.130)

φcomsupsr,i =
ψcomsupsr,i + 1

ψcomsupsr,i

(B.131)

φcomsr,c =
ψcomsr,c + 1

ψcomsr,c
(B.132)

φregcomsr,c =
ψregcomsr,c + 1

ψregcomsr,c
(B.133)

pimporttariffsc =
PCOMMWORLDIMPc(t)

Exchangert
ADVALOREMIMPTARIFFc(t) (B.134)

importtariffsg=CentralG,dr =
∑
c (pimporttariffsc importdemanddr,c)

importtariffsg=LocalG,dr = 0

(B.135)

actualpercccddr,c = max

[
1,

1

qcompcommddr,c

(
perceivedimportpdr,c importdemanddr,c

+Pcompdomcommddr,c domcomdemanddr,c
)]

(B.136)

perceivedpexportdsr,c = (1 + ADVALOREMEXPORTPc(t)) pexportcommdsr,c (B.137)

perceivedimportpdr,c = (1 + ADVALOREMIMPORTPc(t))
PCOMMWORLDIMPc(t)

Exchangert
(B.138)

sharecominput1dr,i,c =

 fisharecominputIOag→i,c if i = agricultural industry

δcominputdr,i,c if i = non-agricultural industry
(B.139)

scalecominput1dr,i =

 fisalecominputIOag→i if i = agricultural industry

γcominputdr,i if i = non-agricultural industry
(B.140)

sharefi1input,dr,i =

 fisharefiinputIOag→i,input if i = agricultural industry

δfiinput,dr,i if i = non-agricultural industry
(B.141)

scalecommsup1sr,i =

 fiscalecomsupIOag→i if i = agricultural industry

θcomsupsr,i if i = non-agricultural industry
(B.142)

sharecommsup1sr,i,c =

 fisharecomsupIOag→i,c if i = agricultural industry

ξcomsupsr,i,c if i = non-agricultural industry
(B.143)

scalefi1dr,i =

 fiscalefiinputIOag→i if i = agricultural industry

γfidr,i if i = non-agricultural industry
(B.144)
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B.6 Factors module equations

B.6.1 Stocks

d

dt

(
Agfarmsystemproddr=DReg1,i

)
=
actualagriproddr=DReg1,i −Agfarmsystemproddr=DReg1,i

TIME STEP
× (1−OV ERRIDEMAPi) (B.145)

d

dt
(Pcfactdr,i) =

1

τprices

(
actualpcfactdr,i −Pcfactdr,i

)
(B.146)

d

dt
(Pfacth=CAP,dr,i) =

1

τprices

(
actualpcapitaldr,i −Pfacth=CAP,dr,i

)
d

dt
(Pfacth=LAB,dr,i) =

((
1

labratiodr,i

)αplab
− 1

)
Pfacth=LAB,dr,i

(B.147)

B.6.2 Auxiliaries

actualpcfactdr,i =

∑
h

(
factorsdh,dr,iPfacth,dr,i

)
qcompfactddr,i

(B.148)

qcompfactddr,i = factscalep1dr,i

[∑
h

(
factsharep1h,dr,i (factorsdh,dr,i)

ηfactdr,i

)] 1

η
fact
dr,i

(B.149)

ηfactdr,i =
εfactdr,i − 1

εfactdr,i

(B.150)

actualpcapitaldr,i =
capitaltypedcap=BuilC,dr,iPbuiltcapdr,i

qcapitalddr,i

+
capitaltypedcap=NatC,dr,iPcompnaturalcapddr,i

qcapitalddr,i
(B.151)

qcapitalddr,i = scalecc1dr,i

[∑
cap

(
sharecc1cap,dr,i(capitaltypedcap,dr,i)

ηccdr,i

)] 1
ηcc
dr,i

(B.152)

labratiodr,i =

∑
i(factorssh=LAB,dr,i)∑
i(factorsdh=LAB,dr,i)

(B.153)

factorssh=LAB,dr,i = adjustedindlaboursupdr,i

factorssh=CAP,dr,i = ccapitalsdr,i

(B.154)
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factorsdh,dr,i =

[
(factscalep1dr,i)

ηfactdr,i factsharep1h,dr,i
Pcfactdr,i
Pfacth,dr,i

] 1

1−ηfact
dr,i compfactorddr,i

× (1−RWFACTRTh,dr) (B.155)

factorsuh,dr,i =
min[factorsdh,dr,i, factorssh,dr,i]

1−RWFACTRTh,dr
(B.156)

compfactorudr,i = factscalep1dr,i

[∑
h

(
factsharep1h,dr,i

(
factorsuh,dr,i

1−RWFACTRTh,dr

)ηfactdr,i

)] 1

η
fact
dr,i

(B.157)

effectfactorsuh,dr,i =
min[effectfactorsdh,dr,i, effectfactorssh,dr,i]

1−RWFACTRTh,dr
(B.158)

effectfactorsdh,dr,i =

[
(factscalep1dr,i)

ηfactdr,i factsharep1h,dr,i
Pcfactdr,i
Pfacth,dr,i

] 1

1−ηfact
dr,i effectcompfactorddr,i

× (1−RWFACTRTh,dr) (B.159)

effectfactorssh,dr,i = factorssh,dr,i ×OPERABILITYsr→dr,i (B.160)

effectcompfactorudr,i = factscalep1dr,i

[∑
h

(
factsharep1h,dr,i

(
effectfactorsuh,dr,i

1−RWFACTRTh,dr

)ηfactdr,i

)] 1

η
fact
dr,i

(B.161)

factsharep1h,dr,i =

 fisharefactorinputIOag→i,h if i = agricultural industry

δfacth,dr,i if i = non-agricultural industry
(B.162)

factscalep1dr,i =

 fiscalefactorinputIOag→i if i = agricultural industry

γfactdr,i if i = non-agricultural industry
(B.163)

actualagriproddr,i =

 agriprodrtIOag→i if i = agricultural industry

0 if i = non-agricultural industry
(B.164)

multifactorprod2dr,i =

 Agfarmsystemproddr=DReg1,i if i = agricultural industry

mfpadjusteddr,i if i = non-agricultural industry
(B.165)

mfpadjusteddr,i = MULTIFACTORPRODdr,i

(
1 +ADJUSTRATE)Time − 1

)
(B.166)

B.7 Labour module equations

B.7.1 Stocks

d

dt

(
Indlaboursupdr,i

)
= newlabsupplydr,i + reallocatedlabdr,i − labtoreallocatedr,i (B.167)
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B.7.2 Auxiliaries

reallocatedlabdr,i =
∑
i

labtoreallocatedr,i ×
factorsdh=LAB,dr,i × 1

LABINDEXdr,i(t)∑
i

(
factorsdh=LAB,dr,i × 1

LABINDEXdr,i(t)

) (B.168)

labtoreallocatedr,i = Indlaboursupdr,iMAXREALLOCATERT (B.169)

newlabsupplydr,i = netincreaselabdr
Indlaboursupdr,i∑
i Indlaboursupdr,i

(B.170)

netincreaselabdr =
1

τ

(∑
sr

reglaboursupplysr,dr −
∑
i

Indlaboursupdr,i

)
(B.171)

reglaboursupplysr,dr = reglabourestsr,dr LSFCONV ERTdr (B.172)

reglabourestsr,dr =

 mecforcesr −MECTRANSOUTsr for dr = sr

MECTRANSOUTsr for dr 6= sr
(B.173)

mecforcesr = (labourforcesr − unavailablelabsr)MECRATIOsr (B.174)

labourforcesr = (1− LABFORCEADJUSTsr)WORKINGAGEPOPsr(t)PARTICIPATIONRTsr(t)
(B.175)

unavailablelabsr = (1− LABFORCEADJUSTsr)WORKINGAGEPOPsr(t)FUNEMPLOY RT
(B.176)

adjustedindlaboursupdr,i = Indlaboursupdr,i LABINDEXdr,i(t) (B.177)

B.8 Capital module equations

B.8.1 Stocks

d

dt

(
Builtcapitaldr,i

)
= netcapitalchangedr,i + newcapitaldr,i − depreciationdr,i (B.178)

d

dt
(Naturalcapitaldr,nct) = CONV ERSIONRTdr,nctNaturalcapitaldr,nct (B.179)

d

dt

(
Pbuiltcapdr,i

)
=

((
1

builtratiodr,i

)αpbuiltcap
− 1

)
Pbuiltcapdr,i (B.180)

d

dt

(
Pnaturalcapdr,i,nct

)
=

((
1

naturalcapratiodr,i,nct

)αpnatcap
− 1

)
Pnaturalcapdr,i,nct (B.181)
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d

dt

(
Pcompnaturalcapddr,i

)
=

1

τprices

(
actualpcnaturalcapddr,i −Pcompnaturalcapddr,i

)
(B.182)

d

dt

(
Pcompnaturalcapsdr,nct

)
=

1

τprices

(
actualpcnaturalcapsdr,nct −Pcompnaturalcapsdr,nct

)
(B.183)

d

dt
(Rcapincomedr) =

1

τincome
(capitalincomedr −Rcapincomedr) (B.184)

B.8.2 Auxiliaries

builtratiodr,i =
builtsdr,i

capitaltypedcap=BuilC,dr,i
(B.185)

builtsdr,i = Builtcapitaldr,iKSFCONVERTdr,i CAPINDEXdr,i(t) (B.186)

ccapitalsdr,i =
[
sharecc1cap=BuilC,dr,i (builtsdr,i)

ηccdr,i + sharecc1cap=NatC,dr,i (naturalcapitalsqdr,i)
ηccdr,i

] 1
ηcc
dr,i

× scalecc1dr,i (B.187)

naturalcapitalsqdr,i = compnaturalcapsdr,iNATCAPCONV ERTdr,i (B.188)

compnaturalcapsdr,i = γnatcapdr,i

[∑
nct

(
δnatcapdr,i,nct(indnaturalcapsdr,i,nct)

ηnatcapdr,i

)] 1

η
natcap
dr,i

(B.189)

capitalincomedr =

∑
i (factorsuh=CAP,dr,iPfacth=CAP,dr,i)

1−RWFACTRTh=CAP,dr
+ capregtransoutDReg1↔DReg2

+
∑
i

(Industrybalancedr,i)− bussloanpaymentsdr −
∑
c

vmunopexdr,c,mf=Buss

(B.190)

capregtransoutdr = Rcapincomedr × CREGTRANSRTdr (B.191)

capentertransdr = Rcapincomedr × CENTTRANSRTdr (B.192)

capgovttransg,dr = Rcapincomedr × CGOV TTRANSRTg,dr (B.193)

caplocalhhldtransdr = Rcapincomedr × CHHLDTRANSRTdr (B.194)

capreghhldtransdr = Rcapincomedr × CRHTRANSRTdr (B.195)

newcapitaldr,i = mobileinvestdr,i + immobileinvestdr,i (B.196)

mobileinvestdr,i =

[
aggregateinvestv1dr (1−NONPRODINV ESTSH(t))

Pinvestccdr
+
∑
c

(SETINV ESTCQdr,c)

]
×MOBILESHdr,imobileinvestshdr,i (B.197)
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immobileinvestdr,i =

[
aggregateinvestv1dr (1−NONPRODINV ESTSH(t))

Pinvestccdr
+
∑
c

(SETINV ESTCQdr,c)

]
× (1−MOBILESHdr,i) capincomeshdr,i (B.198)

mobileinvestshdr,i =
mobileinvest1dr,i∑
i(mobileinvest1dr,i)

ALLOCATESHdr + INV ESTCONSTSHdr,i (B.199)

mobileinvest1dr,i = (INV ESTPARAMdr,i netreturndr,i)
EINV ESTdr,i × capincomeshdr,i (B.200)

netreturndr,i = grossreturndr,i −RDEPdr,i (B.201)

grossreturndr,i =
Pbuiltcapdr,iKSFCONV ERTdr,i

Pinvestccdr
(B.202)

capincomeshdr,i =
indcapincomedr,i∑
i (indcapincomedr,i)

(B.203)

indcapincomedr,i = builtusedr,iPbuiltcapdr,i (B.204)

builtusedr,i = min
[
Builtcapitaldr,iKSFCONV ERTdr,i , capitaltypedcap=BuilC,dr,i

]
(B.205)

depreciationdr,i = Builtcapitaldr,i
[
RDEPdr,i (1 +DEPSHFT )

]
(B.206)

naturalcapddr,i,nct =

[
(γnatcapdr,i )η

natcap
dr,i δnatcapdr,i,nct

Pcompnaturalcapddr,i
Pnaturalcapdr,i,nct

] 1

1−ηnatcap
dr,i capitaltypedcap=NatC,dr,i

NATCAPCONV ERTdr,i
(B.207)

capitaltypedcap=BuilC,dr,i =

[
(scalecc1dr,i)

ηccdr,i sharecc1cap=BuilC,dr,i
Pfacth=CAP,dr,i
Pbuiltcapdr,i

] 1
1−ηcc

dr,i

×factorsdh=CAP,dr,i

capitaltypedcap=NatC,dr,i =

[
(scalecc1dr,i)

ηccdr,i sharecc1cap=NatC,dr,i
Pfacth=CAP,dr,i

Pcompnaturalcapdcap=NatC,dr,i

] 1
1−ηcc

dr,i

×factorsdh=CAP,dr,i
(B.208)

ηccdr,i =
εccdr,i − 1

εccdr,i
(B.209)

naturalcapratiodr,i,nct =
indnaturalcapsdr,i,nct
naturalcaptypeddr,i,nct

(B.210)

indnaturalcapsdr,i,nct =
indnaturalcaps1dr,i,nct∑
i (indnaturalcaps1dr,i,nct)

Naturalcapitaldr,nct + agrilandsupdr,i,nct

(B.211)
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actualpcnaturalcapsdr,nct =

∑
i

(
indnaturalcaps1dr,i,nctPnaturalcapdr,i,nct

)
Naturalcapitaldr,nct

(B.212)

indnaturalcaps1dr,i,nct =

[
(θnatcapdr,nct )φ

natcap
dr,nct ξnatcapdr,i,nct

Pcompnaturalcapsdr,nct
Pnaturalcapdr,i,nct

] 1

1−φnatcap
dr,nct Naturalcapitaldr,nct

(B.213)

φnatcapdr,nct =
ψnatcapdr,nct + 1

ψnatcapdr,nct

(B.214)

actualpcnaturalcapddr,i =

∑
nct

(
naturalcapddr,i,nctPnaturalcapdr,i,nct

)
actualindcompnaturalcapsdr,i

(B.215)

actualindcompnaturalcapsdr,i = γnattypdr,i

[∑
nct

(
δnatcapdr,i,nct (naturalcapddr,i,nct)

ηnatcapdr,i

)] 1

η
natcap
dr,i

(B.216)

ηnatcapdr,i =
εnatcapdr,i − 1

εnatcapdr,i

(B.217)

vmunopexdr,c,mf =OPEXDEMANDBY TIMEdr(t)×OPEXRESPBY TIMEmf (t)×Pcompcommddr,c
×WASTEMAPc (B.218)

bussloanpaymentsdr=DReg1 =
∑
lt totalloanpaymentsrt=Normal,mf=Buss,lt

bussloanpaymentsdr=DReg2 = 0
(B.219)

sharecc1cap,dr,i =

 fisharecapitalinputIOag→i,cap if i = agricultural industry

δcccap,dr,i if i = non-agricultural industry
(B.220)

scalecc1dr,i =

 fiscalecapitalinputIOag→i if i = agricultural industry

γccdr,i if i = non-agricultural industry
(B.221)

netcapitalchangedr,i =

 netratelandusechangeIOag→iBuiltcapitaldr,i if i = agricultural industry

0 if i = non-agricultural industry
(B.222)

agrilandsupdr,i,nct =

 industrylandIOag→i if nct = Land1

0 if nct 6= Land1
(B.223)
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B.9 Investment and savings module equations

B.9.1 Stocks

d

dt
(Casurplus) =

1

τcasurplus
(actualcasurplus−Casurplus) (B.224)

d

dt
(Interestrt) =

 1
τ (ACTUALINTERESTRT (t)− Interestrt) for t < 9

1
τinterest

(taylorinterestrt− Interestrt) for t ≥ 9
(B.225)

d

dt
(Pinvestccdr) =

1

τprices
(actualpinvestccdr −Pinvestccdr) (B.226)

B.9.2 Auxiliaries

actualcasurplus = rwexpenditure− rwincome (B.227)

desiredinterestrt =Inflationrt + INTERESTCONST + INTERESTINFLW (Inflationrt− 0.02)

− INTERESTGDPW gdpgap (B.228)

gdpgap =
realgdp

NATURALGDP (t)
− 1 (B.229)

realinterestrt = Interestrt− Inflationrt (B.230)

actualpinvestccdr =

∑
c

(
disinvestconsumpdr,cPcompcommddr,c

)
qinvestccdr

(B.231)

qinvestccdr = γinvestcdr

[∑
c

(
δinvestcdr,c (disinvestconsumpdr,c)

ηinvestcdr

)] 1

ηinvestc
dr

(B.232)

ηinvestcdr =
εinvestcdr − 1

εinvestcdr

(B.233)

disinvestconsumpdr,c =

[
(γinvestcdr )η

investc
dr δinvestcdr,c

Pinvestccdr
Pcompcommddr,c

] 1

1−ηinvestc
dr aggregateinvestv1dr

Pinvestccdr
(B.234)

aggregateinvestvdr =

[(
realinterestrtALPHA+

∑
dr

(savingstotaldr BETA)

+ INV ESTCONST

)
Holdregvaladddr∑
drHoldregvaladddr

+REGINV ESTCONSTdr

]
× (1− INV ESTINDIRECTTAXRTdr) (B.235)
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aggregateinvestv1dr = aggregateinvestvdr − (investadjustcap+ investadjustland)
aggregateinvestvdr∑
dr aggregateinvestvdr

(B.236)

savingstotaldr = rwsavingsdr + regsavingsdr − savregtransoutdr (B.237)

savingstotal1dr = savingstotaldr +
∑
mf,lt

(totalloanpaymentsrt=FinIntServ,mf,lt)
savingstotaldr∑
dr savingstotaldr

(B.238)

rwsavingsdr = rwsavingstotal
Holdregvaladddr∑
drHoldregvaladddr

+RWREGSAV CONSTdr (B.239)

rwsavingstotal =



ACRWSAV INGS if Time < 4

100 Interestrt×NZINTERESTWEIGHT

+WORLDGDPINDX(t)GDPWEIGHT

+RWSAV CONST +NETTRANSFERS(t) if Time ≥ 4

(B.240)

regsavingsdr = entsavtransdr + hhldsavingsdr +
∑
g

(govtsavingsg,dr) + savregtransoutDReg1↔DReg2

(B.241)

savregtransoutdr = SAV REGTRANSBSdr
Rhhldincomedr

BASEHHLDACCOUNTdr
(B.242)

investconsumpqdr,c = disinvestconsumpdr,c + SETINV ESTCQdr,c +muninvestconsumpdr,c (B.243)

investindirecttaxdr = aggregateinvestv1dr
INV ESTINDIRECTTAXRTdr

1− INV ESTINDIRECTTAXRTdr

+ MUNCAPINV ESTBY TIMEdr(t)×MUNINDTAXRT
Gdpindex

1000
(B.244)

taylorinterestrt =



INTERESTCONST + INTERESTINFLW (desiredinflationrt− 0.02)

+ INTERESTGDPW ACTUALGDPGAP (t) for t ≤ 3

INTERESTCONSTGFC + INTERESTINFLW (Inflationrt− 0.02)

+ INTERESTGDPW gdpgap for t > 3

(B.245)

B.10 Municipal module equations

B.10.1 Stocks

d

dt
(Loantopayyrmt,rt,mf,lt) = totaltopayyrmt,rt,mf,lt − loanpaymentsyrmt,rt,mt,lt (B.246)
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B.10.2 Auxiliaries

finintservdemandsmf,lt = totalloanpaymentsrt=Normal,mf,lt − totalloanpaymentsrt=FinIntServ,mf,lt
(B.247)

totalloanpaymentsrt,mf,lt =
∑
yrmt

loanpaymentsyrmt,rt,mf,lt (B.248)

loanpaymentsyrmt,rt,mf,lt =

 maxloanpaymentyrmt,rt,mf,lt if Loantopayyrmt,rt,mf,lt > 0

0 if Loantopayyrmt,rt,mf,lt ≤ 0

(B.249)

totaltopayyrmt,rt,mf,lt = loanpaymentsbyyearloanyrmt,rt,mf,lt Y EARSFORLOAN (B.250)

loanpaymentsbyyearloanyrmt,rt,mf,lt =


annualloanpaymentsrt,lt CAPINV ESTRESPyrmt,mf,lt

if LOANY R− 0.5 < Time ≤ LOANY R+ 0.5

0 if LOANY R− 0.5 ≥ Time > LOANY R+ 0.5

(B.251)

annualloanpaymentsrt,lt = periodicloanpaymentsrt,lt PAYMENTSPERY EAR (B.252)

periodicloanpaymentsrt,lt=Capital = investadjustcap periodicratert (1+periodicratert)
numberpayments

((1+periodicratert)numberpayments)−1

periodicloanpaymentsrt,lt=Land = investadjustland periodicratert (1+periodicratert)
numberpayments

((1+periodicratert)numberpayments)−1
(B.253)

investadjustcap =
∑
dr,c

(
muninvestconsumpdr,cPcompcommddr,c

)
+
∑
dr

(
MUNCAPINV ESTBY TIMEdr(t)

×MUNINDTAXRT
Gdpindex

1000

)
(B.254)

muninvestconsumpdr,c = MUNCAPINV ESTBY TIMEdr(t)×MUNINV ESTRATIOc (B.255)

investadjustland =
∑
dr

(
MUNLANDINV ESTBY TIMEdr(t)

Gdpindex
1000

)
(B.256)

numberpayments = Y EARSFORLOAN × PAYMENTSPERY EAR (B.257)

periodicratert=Normal = LOANRATE
PAYMENTSPERY EAR

periodicratert=FinIntServ = LOANRATE−FISSHARE
PAYMENTSPERY EAR

(B.258)

maxloanpaymentyrmt,rt,mf,lt(t+ 1) =



loanpaymentsbyyearloanyrmt,rt,mf,lt(t+ 1)

if loanpaymentsbyyearloanyrmt,rt,mf,lt(t+ 1)

≥ loanpaymentsbyyearloanyrmt,rt,mf,lt(t)

loanpaymentsbyyearloanyrmt,rt,mf,lt(t)

if loanpaymentsbyyearloanyrmt,rt,mf,lt(t+ 1)

< loanpaymentsbyyearloanyrmt,rt,mf,lt(t)

(B.259)
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B.11 Primary module equations

B.11.1 Stocks

d

dt
(Shareretirenpez,agi) =

NPRETIREez,agi
LRIMPENDez,agi − LRIMPSTARTez,agi

(B.260)

d

dt
(Shareretirefrez,agi) =

FRRETIREez, agi

LRIMPENDez,agi − LRIMPSTARTez,agi
(B.261)

d

dt
(Percfsreturnsperhaez,ft,mt) =

fsreturnsperhaez,ft,mt −Percfsreturnsperhaez,ft,mt
ADJUSTTIME

(B.262)

d

dt
(Landuseez,ft,mt) = actuallanduseez,ft,mt + landusechangeinez,ft,mt − landusechangeoutez,ft,mt

− farmretirementez,ft,mt +mitigationinez,ft,mt −mitigationoutez,ft,mt
(B.263)

B.11.2 Auxiliaries

actuallanduseez,ft,mt =



[∑
agi (ACTUALLANDez,agi(t) fsshareallocationez,ft,mt,agi)

− Landuseez,ft,mt
]

1
TIME STEP if Time < KNOWLANDTIME

0 if Time ≥ KNOWLANDTIME

(B.264)

totalfilabourIOag =
∑

ez,ft,mt

(managsystlabcoefhaez,ft,mt Landuseez,ft,mtMAPTOIOAGIOag)

+RESIDUALLABOURIOag (B.265)

mangsystindtaxcoefhaez,ft,mt =
∑
mofa

(MAPTOMANGSY STez,ft,mofaMODFARMINDTAXCOEFHAmt,mofa)

(B.266)

managsystlabcoefhaez,ft,mt = MAPTMITFFmt
∑
mofa

[
MAPTOMANGSY STez,ft,mofa

× (MODFARMLABOURCOEFHAmt,mofa +MODFARMLABOURCOEFHAmt=Miti04,mofa)
]

(B.267)

mangsystdepreccoefhaez,ft,mt = MAPTMITFFmt
∑
mofa

[
MAPTOMANGSY STez,ft,mofa

× (MODFARMDEPCOEFHAmt,mofa +MODFARMDEPCOEFHAmt=Miti04,mofa)
]
(B.268)
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modfarmoscoefhaez,ft,mt =
∑
c

(managsystoutputcoefhaez,ft,mt,c −mangsystinputcoefhaez,ft,mt,c)

−managsystlabcoefhaez,ft,mt −mangsystindtaxcoefhaez,ft,mt
−mangsystdepreccoefhaez,ft,mt (B.269)

builtcaprevshft = 1− LNDREV ENUESHft (B.270)

totalfibuiltcapitalIOag =
∑

ez,ft,mt

[
Landuseez,ft,mtMAPTOIOAGIOag,ft

×
(
modfarmoscoefhaez,ft,mt builtcaprevshft +mangsystdepreccoefhaez,ft,mt

)]
+RESIDUALBCAPITALIOag (B.271)

totalfilandIOag =
∑

ez,ft,mt

(
modfarmoscoefhaez,ft,mt Landuseez,ft,mtMAPTOIOAGIOag,ft

× LNDREV ENUESHft
)

+RESIDUALLANDIOag (B.272)

fifactorinputh=CAP,IOag = totalfibuiltcapitalIOag + totalfilandIOag

fifactorinputh=LAB,IOag = totalfilabourIOag

(B.273)

ficapitalinputcap=BuilC,IOag = totalfibuiltcapitalIOag

ficapitalinputcap=LandC,IOag = totalfilandIOag

(B.274)

fifiinputcoefinput=InterI,IOag =
∑
c totalfiintinputIOag,c∑

c totalfiintinputIOag,c+totalfilabourIOag+totalfibuiltcapitalIOag+totalfilandIOag

fifiinputcoefinput=FactsI,IOag =
totalfilabourIOag+totalfibuiltcapitalIOag+totalfilandIOag∑

c totalfiintinputIOag,c+totalfilabourIOag+totalfibuiltcapitalIOag+totalfilandIOag

(B.275)

totalfiintinputIOag,c =
∑

ez,ft,mt

(
mangsystinputcoefez,ft,mt,c Landuseez,ft,mtMAPTOIOAGIOag,ff

)
+RESIDUALINPUTIOag,c (B.276)

fiintinputcoefIOag,c =
totalfiintinputIOag,c∑
c totalfiintinputIOag,c

(B.277)

landintensityscalarez,agi = 1− Shareretirefrez,agi − Shareretirenpez,agi (B.278)

landintensityscalar2ez,agi =
∑
agi

(landintensityscalarez,agiMAPTOAGINDft,agi) (B.279)

forestryintensityscalarez,ft =
∑
agi

(Shareretirefrez,agiMAPTOAGINDft,agi) (B.280)
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fenceprice =
∑
c

(
Pcompcommddr=DReg1,c FENCEMAPc

)
(B.281)

councilfeeprice =
∑
c

(
Pcompcommddr=DReg1,c PLANMAP1c

)
(B.282)

otherfeeprice =
∑
c

(
Pcompcommddr=DReg1,c PLANMAP2c

)
(B.283)

ffmitinputcoefhaez,ft,c =
∑
mofa

(modfarmitffinputcoefhamofa,cMAPTOMANGSY STez,ft,mofa)

× INTENSITY SCALEez,ft + (1− INTENSITY SCALEez,ft) (B.284)

mangsystinputcoefhaez,ft,mt,c =

[
ffmitinputcoefhaez,ft,cMAPTMITFFmt

+
∑
mofa

(
MAPTOMANGSY STez,ft,mofaMODFARMOUTPUTCOEFHAmt,mofa,c

)]
× landintensityscalar2ez,ft + FARMFRINPUTCOEFHAc forestryintensityscalarez,ft

(B.285)

ffmitoutputcoefhaez,ft,c =
∑
mofa

(modfarmmitffoutputcoefhamofa,cMAPTOMANGSY STez,ft,mofa)

× INTENSITY SCALEez,ft + FARMFROUTPUTCOEFHAc (1− INTENSITY SCALEez,ft)
(B.286)

managsystoutputcoefhaez,ft,mt,c =

[
ffmitoutputcoefhaez,ft,cMAPTMITFFmt

+
∑
mofa

(MAPTOMANGSY STez,ft,mofaMODFARMOUTPUTCOEFHAmt,mofa,c)

]
× landintensityscalar2ez,ft + FARMFROUTPUTCOEFHAc forestryintensityscalarez,ft

(B.287)

fioutputIOag,c =

[ ∑
ez,ft,mt

(managsystoutputcoefhaez,ft,mt,c Landuseez,ft,mtMAPTOIOAGIOag,ft)

+RESIDUALOUTPUTIOag,c

] ∑
i

(mfpagdjusteddr=DReg1,i INDMAPi,IOag)

(B.288)

fsreturnsperhaez,ft,mt =

[∑
c

(
managsystoutputcoefhaez,ft,mt,cPcompcommssr=SReg1,c prodadjustft

−mangsystinputcoefhaez,ft,mt,cPcompcommddr=DReg1,c
)

−managsystlabcoefhaez,ft,mt pfarmlabourft
−mangsystdepreccoefhaez,ft,mt pfarmbuiltcapitalft

−mangsystindtaxcoefhaez,ft,mt
(
Gdpindex

1000

)]
LNDREV ENUESHft

(B.289)
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viableffmitez,ft,mt = V IABLEMITez,ftMAPTIMITFFmt + (1−MAPTMITFFmt) (B.290)

shareofadoptionsez,ft,mt =
selectedfsez,ft,mt∑
mt selectedfsez,ft,mt

(B.291)

farmcontragindreturnsez,ft,agi =
maxpermittedreturnsez,ft permittedlandez,ftMAPTOAGINDft,agi∑

ft (permittedlandez,ftMAPTOAGINDft,agi)

(B.292)

expagindreturnsperhaez,agi =
∑
ft

farmcontragindreturnsez,ft,agi (B.293)

avgreturnsperhaez =
∑
ft

farmcontrzonereturnsez,ft (B.294)

φflandez =
εflandez + 1

εflandez

(B.295)

agindshareofallocation1stez,agi =

[
(γflandez )φ

fland
ez δflandez,agi avgreturnsperhaez expagindreturnsperhaez,agi

RETURNSCALEez,agi

] 1

1−φflandez

(B.296)

agindshareofallocationez,agi =
agindshareofallocation1stez,agi∑
agi agindshareofallocation1stez,agi

(B.297)

permittedlandez,ft =
∑
mt

Landuseez,ft,mt
∑
mt

shareofadoptionsez,ft,mt (B.298)

fsshareallocationez,ft,mt,agi =
Landuseez,ft,mt permittednowez,ft,mtMAPTOAGINDft,agi∑

ft,mt (Landuseez,ft,mt permittednowez,ft,mtMAPTOAGINDft,agi)

(B.299)

landnomitigationez,ft = (1−
∑
mt

shareofadoptionsez,ft,mt) totalfslandmitigatedez,ft (B.300)

landtoreallocateez =
∑
ft,mt

landusechangeoutez,ft,mt +
∑
ft

landnomitigationez,ft (B.301)

totallanduseez,agi =
∑
ft,mt

(Landuseez,ft,mtMAPTOAGINDft,agi) (B.302)

farmcontrzonereturnsez,ft =
maxpermittedreturnsez,ft permittedlandez,ft∑

ft permittedlandez,ft
(B.303)

farmindustrylandft =
∑
ez,mt

Landuseez,ft,mt (B.304)
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landshareft,mt,agi =
Landuseez,ft,mtMAPTOAGINDft,agi∑

ft,mt (Landuseez,ft,mtMAPTOAGINDft,agi)
(B.305)

netlandusechangeez,ft =
∑
mt

(landusechangeinez,ft,mt − landusechangeoutez,ft,mt

+mitigationinez,ft,mt −mitigationoutez,ft,mt) (B.306)

landusechangeinez,ft,mt =


∑
agi(landtoreallocateez agindshareofallocationez,agi

× fsshareallocationez,ft,mt,agi) if Time ≥ KNOWLANDTIME

0 if Time < KNOWLANDTIME
(B.307)

totalfslandmitigatedez,ft =
∑
mt

mitigationoutez,ft,mt (B.308)

mitigationinez,ft,mt =


totalfslandmitigatedez,ft shareofadoptionsez,ft,mt if Time ≥ KNOWLANDTIME

0 if Time < KNOWLANDTIME

(B.309)

farmretirementez,ft,mt =


∑
agi (FARMRETIREMENTBY TIMEez,agi(t)MAPTOAGINDft,agi)

×
∑
agi landshareez,ft,mt,agi if Time ≥ KNOWLANDTIME

0 if Time < KNOWLANDTIME

(B.310)

mitigationoutez,ft,mt =


max[ 0, (Landuseez,ft,mt − LANDUSERESTRICTIONez,ft,mt)

× adoptionrateez,ft,mt deadlinepressureez,ft,mt] if Time ≥ KNOWLANDTIME

0 if Time < KNOWLANDTIME

(B.311)

fencingcostsbytimeaifmu,agi =



ANNUALFENCEfmu,agi if Time > FENCESTARTfmu,agi

and Time ≤ FENCEENDfmu,agi

0 if Time ≤ FENCESTARTfmu,agi
and Time > FENCEENDfmu,agi

(B.312)

fencingcostsbytimeioagfmu,IOag=IOAg01 = fencingcostsbytimeaifmu,agi=AgIn01

+ fencingcostsbytimeaifmu,agi=AgIn02 + fencingcostsbytimeaifmu,agi=AgIn05

+ fencingcostsbytimeaifmu,agi=AgIn06

fencingcostsbytimeioagfmu,IOag=IOAg02 = fencingcostsbytimeaifmu,agi=AgIn03

fencingcostsbytimeioagfmu,IOag=IOAg03 = fencingcostsbytimeaifmu,agi=AgIn04

(B.313)
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plancost1bytimefmu,agi =FARMPERHAfmu,agi
∑
ez

(totallanduseez,agi FMUZONEMAPfmu,ez)

×
[
FIRSTPCONSENTCagi initialpyearagi +ANPCONSENTCagi subpyearagi

1000000

]
(B.314)

plancost2bytimefmu,agi =FARMPERHAfmu,agi
∑
ez

(totallanduseez,agi FMUZONEMAPfmu,ez)

×
[
FIRSTPOTHERCagi initialpyearagi +ANPOTHERCagi subpyearagi

1000000

]
(B.315)

plancostsbytimeioagfmu,IOag=IOAg01 = councilfeeprice (plancost1bytimefmu,agi=Ag01

+ plancost1bytimefmu,agi=Ag02 + plancost1bytimefmu,agi=Ag05

+ plancost1bytimefmu,agi=Ag06 + councilfee1fmu,IOag=IOAg01)

+ otherfeeprice (plancost2bytimefmu,agi=Ag01

+ plancost2bytimefmu,agi=Ag02 + plancost2bytimefmu,agi=Ag05

+ plancost2bytimefmu,agi=Ag06 + plancost2bytimefmu,agi=Ag01

+ otherfee1fmu,IOag=IOAg01)

plancostsbytimeioagfmu,IOag=IOAg02 = councilfeeprice (plancost1bytimefmu,agi=Ag03

+ councilfee1fmu,IOag=IOAg02) + otherfeeprice

× (plancost2bytimefmu,agi=Ag03 + otherfee1fmu,IOag=IOAg02)

plancostsbytimeioagfmu,IOag=IOAg03 = councilfeeprice (plancost1bytimefmu,agi=Ag04

+ councilfee1fmu,IOag=IOAg03) + otherfeeprice

× (plancost2bytimefmu,agi=Ag04 + otherfee1fmu,IOag=IOAg03)

(B.316)

maxpermittedreturnsez,ft = max
mt

[fspermittedreturnsez,ft,mt] (B.317)

initialpyearagi =


1 if FIRSTPTIMEagi + 0.5 > Time > FIRSTPTIMEagi − 0.5

0 if FIRSTPTIMEagi + 0.5 ≤ Time ≤ FIRSTPTIMEagi − 0.5
(B.318)

subpyearagi =


1 if Time > FIRSTPTIMEagi + 0.5

0 if Time ≤ FIRSTPTIMEagi + 0.5
(B.319)

belowcapez,ft,mt =


1 if Landuseez,ft,mt < LANDUSERESTRICTIONez,ft,mt − 0.001

0 if Landuseez,ft,mt ≥ LANDUSERESTRICTIONez,ft,mt − 0.001

(B.320)

fspermittedreturnsez,ft,mt =



Percfsreturnsperhaez,ft,mt if belowcapez,ft,mt = 1 and viableffmitez,ft,mt = 1

and Percfsreturnsperhaez,ft,mt > 0

−1000 if belowcapez,ft,mt = 0 or viableffmitez,ft,mt = 0

or Percfsreturnsperhaez,ft,mt = 0

(B.321)
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rulenotifiedez,ft,mt =


1 if Time ≥ NONPERMITNOTICEDATEez,ft,mt

0 if Time < NONPERMITNOTICEDATEez,ft,mt

(B.322)

permittednowez,ft,mt =



1 if rulenotifiedez,ft,mt = 0 and

Landuseez,ft,mt − LANDUSERESTRICTIONez,ft,mt ≤ 0

0 if rulenotifiedez,ft,mt = 1 and

Landuseez,ft,mt − LANDUSERESTRICTIONez,ft,mt > 0

(B.323)

adoptiontypeez,ft,mt =


SELECTEDADOPTIONez,ft,mt if rulenotifiedez,ft,mt = 0

0 if rulenotifiedez,ft,mt = 1
(B.324)

selectedfsez,ft,mt =



1 if fspermittedreturnsez,ft,mt −maxpermittedreturnsez,ft ≥ −0.00000001 and

1− rulenotifiedez,ft,mt + belowcapez,ft,mt > 0 and

fspermittedreturns 6= −1000

0 if fspermittedreturnsez,ft,mt −maxpermittedreturnsez,ft < −0.00000001 or

1− rulenotifiedez,ft,mt + belowcapez,ft,mt ≤ 0 or

fspermittedreturns 6= −1000

(B.325)

landusechangeoutez,ft,mt =



Landuseez,ft,mtMAXCHANGERTft if Time ≥ KNOWLANDTIME and

Time ≤ HOLDLANDTIME

0 if Time < KNOWLANDTIME or

Time > HOLDLANDTIME

(B.326)

noticeperiodez,ft,mt = DATENONPERMITTEDez,ft,mt −NONPERMITNOTICEDATEez,ft,mt
(B.327)

midpointez,ft,mt = NONPERMITNOTICEDATEez,ft,mt + noticeperiodez,ft,mt noticeperiodscalar
(B.328)

noticeperiodscalar =


0.5 if adoptiontypeez,ft,mt = 1

0.85 if adoptiontypeez,ft,mt = 2

1.25 if adoptiontypeez,ft,mt = 3

(B.329)
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adoptionsteepnessez,ft,mt =



4
noticeperiodez,ft,mt

if adoptiontypeez,ft,mt = 1

6
noticeperiodez,ft,mt

if adoptiontypeez,ft,mt = 2

8
noticeperiodez,ft,mt

if adoptiontypeez,ft,mt = 3

(B.330)

adoptionrateez,ft,mt =
MAXIMUMRATEez,ft,mt

1 + e(−adoptionsteepnessez,ft,mt) (Time−midpointez,ft,mt)
(B.331)

deadlinepressureez,ft,mt = min

[
20, 5

(
1

DATENONPERMITTEDez,ft,mt − Time
− 1

noticeperiodez,ft,mt

)]
(B.332)

sharefiinputdisagIOag,input=InterI = Pintinputsdr=DReg1,i→IOag (fifiinputcoefIOag,input=InterI)
1−ηfifiinputIOag

sharefiinputdisagIOag,input=FactsI = Pcfactdr=DReg1,i→IOag (fifiinputcoefIOag,input=FactsI)
1−ηfifiinputIOag

(B.333)

sharecapitaldisagIOag,cap=BuilC = Pbuiltcapdr,i→IOag (ficapitalinputIOag,cap=BuilC)1−η
ficapital
IOag

sharecapitaldisagIOag,cap=LandC = Pcompnaturalcapddr,i→IOag (ficapitalinputIOag,cap=LandC)1−η
ficapital
IOag

(B.334)

fisharecominputIOag,c =
Pcompcommddr=DReg1,c (fiintinputcoefIOag,c)

1−ηficominputIOag∑
c

[
Pcompcommddr=DReg1,c (fiintinputcoefIOag,c)

1−ηficominputIOag

] (B.335)

fisharecomsupIOag,c =
(Pcompcommssr=SReg1,c (fioutputIOag,c)

1−φcomoutputIOag∑
c

[
Pcompcommssr=SReg1,c (fioutputIOag,c)

1−φcomoutputIOag

] (B.336)

fisharefiinputIOag,input =
sharefiinputdisagIOag,input∑

input sharefiinputdisagIOag,input
(B.337)

fisharefactorinputIOag,h =
(fifactorinputIOag,h)

1−ηfifactinputIOag∑
h

[
(fifactorinputIOag,h)

1−ηfifactinputIOag

] (B.338)

fisharecapitalinputIOag,cap =
sharecapitaldisagIOag,cap∑
cap sharecapitaldisagIOag,cap

(B.339)

fisalecominputIOag =
1∑

c

[(
fisharecominputIOag,c (fiintinputcoefIOag,c)

ηficominputIOag

) 1

η
ficominput
IOag

]
(B.340)

fiscalefiinputIOag =
1∑

input

[(
fisharefiinputIOag,input (fifiinputcoefIOag,input)

ηfifiinputIOag

) 1

η
fifiinput
IOag

]
(B.341)
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fiscalefactorinputIOag =

∑
h fifactorinputIOag,h∑

h

[(
fisharefactorinputIOag,h (fifactorinputIOag,h)

ηfifactinputIOag

) 1

η
fifactinput
IOag

]
(B.342)

fiscalecapitalinputIOag =

∑
cap ficapitalinputIOag,cap∑

cap

[(
fisharecapitalinputIOag,cap (ficapitalinputIOag,cap)

ηficapitalIOag

) 1

η
ficapital
IOag

]
(B.343)

totalplandemanddr=DReg1,c = PLANMAP1c

[∑
fmu

(∑
agi plancost1bytimefmu,agi

+
∑
IOag councilfee1fmu,IOag

)]
+PLANMAP2c

[∑
fmu

(∑
agi plancost2bytimefmu,agi

+
∑
IOag otherfee1fmu,IOag

)]
totalplandemanddr=DReg2,c = 0

(B.344)

totalfencingdemanddr=DReg1,c =
∑
fmu (fencingcostsbytimeioagfmu,IOag)FENCEMAPc

totalfencingdemanddr=DReg2,c = 0

(B.345)

indfencingcostsfmu,i =
∑
IOag

(fencingcostsbytimeioagfmu,IOag INDMAPi,IOag) fenceprice (B.346)

indplancostsfmu,i =
∑
IOag

(plancostsbytimeioagfmu,IOag INDMAPi,IOag) (B.347)

fiscalecomsupIOag =

∑
c fioutputIOag,c∑

c

[(
fisharecomsupIOag,c (fioutputIOag,c)

φcomoutputIOag

) 1

φ
comoutput
IOag

] (B.348)

industrylandIOag =
∑
ft

(
MAPTOIOAGIOag,ft

∑
ez,mt

Landuseez,ft,mt

)
(B.349)

netratelandusechangeIOag =

∑
ez,ft (netlandusechangeez,ftMAPTOIOAGIOag,ft)

industrylandIOag
(B.350)

agriprodrtIOag=IOAg01 =
∑
c fioutputIOag=IOAg01,c(

∑
ez,ft,mt iLanduseez,ft,mtMAPTOIOAGIOag=IOAg01,ft)

(
∑
ez,ft,mt Landuseez,ft,mtMAPTOIOAGIOag=IOAg01,ft) iIndustryaccounti=Ind1,dr=DReg1

agriprodrtIOag=IOAg02 =
∑
c fioutputIOag=IOAg02,c(

∑
ez,ft,mt iLanduseez,ft,mtMAPTOIOAGIOag=IOAg02,ft)

(
∑
ez,ft,mt Landuseez,ft,mtMAPTOIOAGIOag=IOAg02,ft) iIndustryaccounti=Ind2,dr=DReg1

agriprodrtIOag=IOAg03 =
∑
c fioutputIOag=IOAg03,c(

∑
ez,ft,mt iLanduseez,ft,mtMAPTOIOAGIOag=IOAg03,ft)

(
∑
ez,ft,mt Landuseez,ft,mtMAPTOIOAGIOag=IOAg03,ft) iIndustryaccounti=Ind3,dr=DReg1

(B.351)
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ηficapitalIOag=IOAg01 = ηccdr=DReg1,i=Ind1→IOag

ηficapitalIOag=IOAg02 = ηccdr=DReg1,i=Ind2→IOag

ηficapitalIOag=IOAg03 = ηccdr=DReg1,i=Ind3→IOag

(B.352)

ηficominputIOag=IOAg01 = ηcominputdr=DReg1,i=Ind1→IOag

ηficominputIOag=IOAg02 = ηcominputdr=DReg1,i=Ind2→IOag

ηficominputIOag=IOAg03 = ηcominputdr=DReg1,i=Ind3→IOag

(B.353)

ηfifactinputIOag=IOAg01 = ηfactdr=DReg1,i=Ind1→IOag

ηfifactinputIOag=IOAg02 = ηfactdr=DReg1,i=Ind2→IOag

ηfifactinputIOag=IOAg03 = ηfactdr=DReg1,i=Ind3→IOag

(B.354)

ηfiffiinputIOag=IOAg01 = ηfidr=DReg1,i=Ind1→IOag

ηfiffiinputIOag=IOAg02 = ηfidr=DReg1,i=Ind2→IOag

ηfiffiinputIOag=IOAg03 = ηfidr=DReg1,i=Ind3→IOag

(B.355)

φcomoutputIOag=IOAg01 = φcomsupsr=SReg1,i=Ind1→IOag

φcomoutputIOag=IOAg02 = φcomsupsr=SReg1,i=Ind2→IOag

φcomoutputIOag=IOAg03 = φcomsupsr=SReg1,i=Ind3→IOag

(B.356)

prodadjustft=FaTyp01 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp02 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp03 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp04 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp05 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp06 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp07 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp08 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp09 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp10 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp11 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp12 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp13 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp14 = mfpadjusteddr=DReg1,i=Ind2
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prodadjustft=FaTyp15 = mfpadjusteddr=DReg1,i=Ind3

prodadjustft=FaTyp16 = mfpadjusteddr=DReg1,i=Ind1

prodadjustft=FaTyp17 = mfpadjusteddr=DReg1,i=Ind1

(B.357)

pfarmbuiltcapitalft=FaTyp01 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp02 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp03 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp04 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp05 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp06 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp07 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp08 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp09 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp10 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp11 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp12 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp13 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp14 = Pbuiltcapdr=DReg1,i=Ind2

pfarmbuiltcapitalft=FaTyp15 = Pbuiltcapdr=DReg1,i=Ind3

pfarmbuiltcapitalft=FaTyp16 = Pbuiltcapdr=DReg1,i=Ind1

pfarmbuiltcapitalft=FaTyp17 = Pbuiltcapdr=DReg1,i=Ind1

(B.358)

pfarmlabourft=FaTyp01 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp02 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp03 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp04 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp05 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp06 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp07 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp08 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp09 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp10 = Pfacth=LAB,dr=DReg1,i=Ind1
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pfarmlabourft=FaTyp11 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp12 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp13 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp14 = Pfacth=LAB,dr=DReg1,i=Ind2

pfarmlabourft=FaTyp15 = Pfacth=LAB,dr=DReg1,i=Ind3

pfarmlabourft=FaTyp16 = Pfacth=LAB,dr=DReg1,i=Ind1

pfarmlabourft=FaTyp17 = Pfacth=LAB,dr=DReg1,i=Ind1

(B.359)

modfarmitffinputcoefhamofa=MoFa01,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa01,c

modfarmitffinputcoefhamofa=MoFa02,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa02,c

modfarmitffinputcoefhamofa=MoFa03,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa03,c

modfarmitffinputcoefhamofa=MoFa04,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa04,c

modfarmitffinputcoefhamofa=MoFa05,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa05,c

modfarmitffinputcoefhamofa=MoFa06,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa06,c

modfarmitffinputcoefhamofa=MoFa07,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa07,c

modfarmitffinputcoefhamofa=MoFa08,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa08,c

modfarmitffinputcoefhamofa=MoFa09,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa09,c

modfarmitffinputcoefhamofa=MoFa10,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa10,c

modfarmitffinputcoefhamofa=MoFa11,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa11,c

modfarmitffinputcoefhamofa=MoFa12,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa12,c

modfarmitffinputcoefhamofa=MoFa13,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa13,c

modfarmitffinputcoefhamofa=MoFa14,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa14,c

modfarmitffinputcoefhamofa=MoFa15,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa15,c

modfarmitffinputcoefhamofa=MoFa16,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa16,c

modfarmitffinputcoefhamofa=MoFa17,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa17,c

modfarmitffinputcoefhamofa=MoFa18,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa18,c

modfarmitffinputcoefhamofa=MoFa19,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa19,c

modfarmitffinputcoefhamofa=MoFa20,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa20,c

modfarmitffinputcoefhamofa=MoFa21,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa21,c

modfarmitffinputcoefhamofa=MoFa22,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa22,c

modfarmitffinputcoefhamofa=MoFa23,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa23,c

modfarmitffinputcoefhamofa=MoFa24,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa24,c
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modfarmitffinputcoefhamofa=MoFa25,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa25,c

modfarmitffinputcoefhamofa=MoFa26,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa26,c

modfarmitffinputcoefhamofa=MoFa27,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa27,c

modfarmitffinputcoefhamofa=MoFa28,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa28,c

modfarmitffinputcoefhamofa=MoFa29,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa29,c

modfarmitffinputcoefhamofa=MoFa30,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa30,c

modfarmitffinputcoefhamofa=MoFa31,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa31,c

modfarmitffinputcoefhamofa=MoFa32,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa32,c

modfarmitffinputcoefhamofa=MoFa33,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa33,c

modfarmitffinputcoefhamofa=MoFa34,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa34,c

modfarmitffinputcoefhamofa=MoFa35,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa35,c

modfarmitffinputcoefhamofa=MoFa36,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa36,c

modfarmitffinputcoefhamofa=MoFa37,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa37,c

modfarmitffinputcoefhamofa=MoFa38,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa38,c

modfarmitffinputcoefhamofa=MoFa39,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa39,c

modfarmitffinputcoefhamofa=MoFa40,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa40,c

modfarmitffinputcoefhamofa=MoFa41,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa41,c

modfarmitffinputcoefhamofa=MoFa42,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa42,c

modfarmitffinputcoefhamofa=MoFa43,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa43,c

modfarmitffinputcoefhamofa=MoFa44,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa44,c

modfarmitffinputcoefhamofa=MoFa45,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa45,c

modfarmitffinputcoefhamofa=MoFa46,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa46,c

modfarmitffinputcoefhamofa=MoFa47,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa47,c

modfarmitffinputcoefhamofa=MoFa48,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa48,c

modfarmitffinputcoefhamofa=MoFa49,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa49,c

modfarmitffinputcoefhamofa=MoFa50,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa50,c

modfarmitffinputcoefhamofa=MoFa51,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa51,c

modfarmitffinputcoefhamofa=MoFa52,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa52,c

modfarmitffinputcoefhamofa=MoFa53,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa53,c

modfarmitffinputcoefhamofa=MoFa54,c = MODFARMINPUTCOEFHAmt=Miti04,mofa=MoFa54,c
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modfarmitffinputcoefhamofa=MoFa55,c = 0

modfarmitffinputcoefhamofa=MoFa56,c = 0

modfarmitffinputcoefhamofa=MoFa57,c = 0

(B.360)

modfarmmitffoutputcoefhamofa=MoFa01,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa01,c

modfarmmitffoutputcoefhamofa=MoFa02,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa02,c

modfarmmitffoutputcoefhamofa=MoFa03,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa03,c

modfarmmitffoutputcoefhamofa=MoFa04,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa04,c

modfarmmitffoutputcoefhamofa=MoFa05,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa05,c

modfarmmitffoutputcoefhamofa=MoFa06,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa06,c

modfarmmitffoutputcoefhamofa=MoFa07,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa07,c

modfarmmitffoutputcoefhamofa=MoFa08,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa08,c

modfarmmitffoutputcoefhamofa=MoFa09,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa09,c

modfarmmitffoutputcoefhamofa=MoFa10,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa10,c

modfarmmitffoutputcoefhamofa=MoFa11,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa11,c

modfarmmitffoutputcoefhamofa=MoFa12,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa12,c

modfarmmitffoutputcoefhamofa=MoFa13,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa13,c

modfarmmitffoutputcoefhamofa=MoFa14,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa14,c

modfarmmitffoutputcoefhamofa=MoFa15,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa15,c

modfarmmitffoutputcoefhamofa=MoFa16,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa16,c

modfarmmitffoutputcoefhamofa=MoFa17,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa17,c

modfarmmitffoutputcoefhamofa=MoFa18,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa18,c

modfarmmitffoutputcoefhamofa=MoFa19,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa19,c

modfarmmitffoutputcoefhamofa=MoFa20,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa20,c

modfarmmitffoutputcoefhamofa=MoFa21,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa21,c

modfarmmitffoutputcoefhamofa=MoFa22,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa22,c

modfarmmitffoutputcoefhamofa=MoFa23,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa23,c

modfarmmitffoutputcoefhamofa=MoFa24,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa24,c

modfarmmitffoutputcoefhamofa=MoFa25,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa25,c

modfarmmitffoutputcoefhamofa=MoFa26,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa26,c

modfarmmitffoutputcoefhamofa=MoFa27,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa27,c
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modfarmmitffoutputcoefhamofa=MoFa28,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa28,c

modfarmmitffoutputcoefhamofa=MoFa29,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa29,c

modfarmmitffoutputcoefhamofa=MoFa30,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa30,c

modfarmmitffoutputcoefhamofa=MoFa31,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa31,c

modfarmmitffoutputcoefhamofa=MoFa32,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa32,c

modfarmmitffoutputcoefhamofa=MoFa33,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa33,c

modfarmmitffoutputcoefhamofa=MoFa34,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa34,c

modfarmmitffoutputcoefhamofa=MoFa35,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa35,c

modfarmmitffoutputcoefhamofa=MoFa36,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa36,c

modfarmmitffoutputcoefhamofa=MoFa37,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa37,c

modfarmmitffoutputcoefhamofa=MoFa38,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa38,c

modfarmmitffoutputcoefhamofa=MoFa39,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa39,c

modfarmmitffoutputcoefhamofa=MoFa40,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa40,c

modfarmmitffoutputcoefhamofa=MoFa41,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa41,c

modfarmmitffoutputcoefhamofa=MoFa42,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa42,c

modfarmmitffoutputcoefhamofa=MoFa43,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa43,c

modfarmmitffoutputcoefhamofa=MoFa44,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa44,c

modfarmmitffoutputcoefhamofa=MoFa45,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa45,c

modfarmmitffoutputcoefhamofa=MoFa46,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa46,c

modfarmmitffoutputcoefhamofa=MoFa47,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa47,c

modfarmmitffoutputcoefhamofa=MoFa48,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa48,c

modfarmmitffoutputcoefhamofa=MoFa49,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa49,c

modfarmmitffoutputcoefhamofa=MoFa50,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa50,c

modfarmmitffoutputcoefhamofa=MoFa51,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa51,c

modfarmmitffoutputcoefhamofa=MoFa52,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa52,c

modfarmmitffoutputcoefhamofa=MoFa53,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa53,c

modfarmmitffoutputcoefhamofa=MoFa54,c = MODFARMOUTPUTCOEFHAmt=Miti04,mofa=MoFa54,c

modfarmmitffoutputcoefhamofa=MoFa55,c = 0

modfarmmitffoutputcoefhamofa=MoFa56,c = 0

modfarmmitffoutputcoefhamofa=MoFa57,c = 0

(B.361)
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B.12 Rest of world module equations

B.12.1 Stocks

d

dt
(Exchangert) =


1

TIME STEP (ACTUALEXCHANGERT −Exchangert) for t < 3((
1

bopratio

)αexchangert
− 1

)
Exchangert for t ≥ 3

(B.362)

B.12.2 Auxiliaries

bopratio =
rwincome

rwexpenditure
(B.363)

rwincome =
∑
dr

(
rwlabourincomedr +

∑
c

(
nzimportpurchasesdr,c

)
+ entrwtransdr

+hhldrwtransdr +
∑
g

(
govtrwtransg,dr

)
− rwdirecttaxdr

)
(B.364)

rwlabourincomedr =
∑
i

(rwlaboursupplydr,iPfacth=LAB,dr,i) (B.365)

rwlaboursupplydr,i = factorsuh=LAB,dr,i
RWFACTRTh=LAB,dr

1−RWFACTRTh=LAB,dr
(B.366)

nzimportpurchasesdr,c = importdemanddr,c
PCOMMWORLDIMPc(t)

Exchangert
(B.367)

rwdirecttaxdr = (entrwtransdr + rwlabourincomedr)RWDIRECTTAXRTdr (B.368)

rwexpenditure =
∑
dr

(
rwsavingsdr + rwenttransdr + rwhhldtransdr + rwindirecttaxdr

)
+
∑
sr

∑
c

(nzexportsalessr,c) (B.369)

rwindirecttaxdr =
∑
c

(nzexportsalessr→dr,c)RWINDIRECTTAXRTdr (B.370)

nzexportsalessr,c =
pexportcommdsr,c actualexportssr,c

Exchangert
(B.371)

actualexportssr,c = min (expcommoditydsr,c, expcommodityssr,c) (B.372)
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B.13 Output variable module equations

B.13.1 Stocks

d

dt
(Inflationrt) =

1

τ
(targetinflationrt− Inflationrt) (B.373)

d

dt
(Holdregvaladddr) =

1

τ
(totalvalueaddeddr −Holdregvaladddr) (B.374)

B.13.2 Auxiliaries

targetinflationrt =

 ACINFLATIONRT (t) for t < 11.5

desiredinflationrt for t ≥ 11.5
(B.375)

desiredinflationrt = 4

(
cpif(t)− cpif(t− 0.25)

cpif(t− 0.25)

)
(B.376)

cpif =
√
cpip× cpil (B.377)

cpil = 1000

∑
dr

∑
c

(
Pcompcommddr,cBASEHHLDCONSUMPdr,c

)∑
dr

∑
c (BASEPCOMPCOMMDdr,cBASEHHLDCONSUMPdr,c)

(B.378)

cpip = 1000

∑
dr

∑
c

(
Pcompcommddr,c hhldconsumpdr,c

)∑
dr

∑
c (BASEPCOMPCOMMDdr,c hhldconsumpdr,c)

(B.379)

actualgdpindex = 1000× gdpindexp (B.380)

gdpindexp =

∑
dr,c

((
hhldconsumpdr,c +

∑
g

govtconsumpg,dr,c + investconsumpqdr,c

)
Pcompcommddr,c

+ stockchangesdr,c

)
+
∑
sr,c

nzexportsalessr,c −
∑
dr,c

nzimportpurchasesdr,c


÷∑
dr,c

((
hhldconsumpdr,c +

∑
g

govtconsumpg,dr,c + investconsumpqdr,c

+
stockchangesdr,c

Pcompcommddr,c

)
BASECOMPCOMMDdr,c

)
+
∑
sr,c

(
nzexportsalessr,c
pexportcommdsr,c

Exchangert
)

−
∑
dr,c

(
nzimportpurchasesdr,c

PCOMMWORLDIMPc(t)
Exchangert× 1

) (B.381)

stockchangesdr,c = vcommoditysupplydr,c − vcommoditydemanddr,c (B.382)
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realgdp = 1000
totalexpenditure

actualgdpindex
(B.383)

gdppercapita =
realgdp∑

dr POPULATIONdr(t)
(B.384)

totalexpenditure =
∑
dr,c

[(
hhldconsumpdr,c +

∑
g

govtconsumpg,dr,c + investconsumpqdr,c

)
Pcompcommddr,c

]
+
∑
sr,c

nzexportsalessr,c −
∑
dr,c

nzimportpurchasesdr,c

+
∑
dr,c

stockchangesdr,c +
∑
dr

otherindirecttaxesdr (B.385)

vcommoditysupplydr,c =
∑
i

(actualsupplyssr→dr,i,c) + vregimportsdr,c + nzimportpurchasesdr,c

(B.386)

vregimportsdr,c = regcdomcommsSReg1↔DReg2,SReg2↔DReg1,c PregdomcommSReg1↔DReg2,SReg2↔DReg1,c
(B.387)

vregexportsdr,c =?? (B.388)

vcommoditydemanddr,c = vhhldconsumpdr,c +
∑
g

(
vgovtconsumpg,dr,c

)
+ vinvestconsumpdr,c

+ vregexportsdr,c + nzexportsalessr→dr,c + totalcommodityexpenddr,c
(B.389)

vhhldconsumpdr,c = hhldconsumpdr,cPcompcommddr,c (B.390)

vgovtconsumpg,dr,c = govtconsumpg,dr,cPcompcommddr,c (B.391)

vinvestconsumpdr,c = investconsumpqdr,cPcompcommddr,c (B.392)

totalcommodityexpenddr,c =
∑
i

(domcommexpenddr,i,c + importcommexpenddr,i,c) (B.393)

dindvalueaddeddr,i = 1000
indvalueaddeddr,i
actualgdpindex

(B.394)

dtotalvalueaddeddr = 1000
totalvalueaddeddr
actualgdpindex

(B.395)

indvalueaddeddr,i =
∑
h

(factorsuh,dr,iPfacth,dr,i) + realindustrybalancedr,i

+ indindirecttaxdr,i (B.396)

totalvalueaddeddr =
∑
i

indvalueaddeddr,i + otherindirecttaxesdr (B.397)

otherindirecttaxesdr =
∑
g

govtindirecttaxg,dr + hhldindirecttaxdr + rwindirecttaxdr

+ investindirecttaxdr (B.398)
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B.14 Freshwater Management Unit and Territorial Local Authority
reporting module equations

B.14.1 Auxiliaries

zonefarmlabez,ft =
∑
mt

(managsystlabcoefhaez,ft,mt pfarmlabourft Landuseez,ft,mt) (B.399)

zonefarmcapitalez,ft =
∑
mt

[(
fsreturnsperhaez,ft,mt
LNDREV ENUESHft

+mangsystdepreccoefhaez,ft,mt pfarmbuiltcapitalft

)

× Landuseez,ft,mt

]
(B.400)

fmufarmlabfmu,ft =
∑
ez

(zonefarmlabez,ft FMUZONEMAPfmu,ez) (B.401)

fmufarmlabIOindfmu,IOag =
∑
ft

(fmufarmlabfmu, ftMAPTOIOAGIOag,ft) (B.402)

residualcapIOag =
∑
i

(Pfacth=CAP,dr=DReg1,i INDMAPi,IOag)

× (RESIDUALBCAPITALIOag +RESIDUALLANDIOag) (B.403)

fmufarmcapitalfmu,ft =
∑
ez

(zonefarmcapitalez,ft FMUZONEMAPfmu,ez) (B.404)

residuallabIOag =
∑
i

(Pfacth=LAB,dr=DReg1,i INDMAPi,IOag)RESIDUALLABOURIOag (B.405)

fmuagindvafmu,IOag =
∑
ft

[
MAPTOIOAGIOag,ft(fmufarmlabfmu,ft + fmufarmcapitalfmu,ft)

]
+ FMUSHRESIDUALfmu,IOag(residualcapIOag + residuallabIOag)

−
∑
i

[
INDMAPi,IOag(indfencingcostsfmu,i + indplancostsfmu,i)

]
(B.406)

fmushareagindvafmu,IOag =
fmuagindvafmu,IOag∑
fmu fmuagindvafmu,IOag

(B.407)

fmushareindvaagrifmu,i =
∑
IOag

(fmushareagindvafmu,IOag INDMAPi,IOag) (B.408)

dfmuindvafmu,i = (FMUSHAREEMPfmu,iOV ERRIDEMAPi + fmushareindvaagrifmu,i)

× dindvalueaddeddr=DReg1,i (B.409)

fmuindustryva2017fmu,i = dfmuindvafmu,iGDPSCALAR (B.410)
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fmureportindvafmu,ri =
∑
i

(fmuindustryva2017fmu,iREPORTINDMAPi,ri) (B.411)

scaledhhldincomedr = actualhhldincomedr GDPSCALAR (B.412)

fmushareindempagrifmu,IOag =
fmufarmlabIOindfmu,IOag∑
fmu fmufarmlabIOindfmu,IOag

(B.413)

fmushemployfmu,i =
∑
IOag

(fmushareindempagrifmu,IOag INDMAPi,IOag) + FMUSHAREEMPfmu,i

×OV ERRIDEMAPi (B.414)

fmuindemploymentfmu,i =
factorsuh=LAB,dr=DReg1,i

LSFCONV ERTINDdr=DReg1,i
fmushemployfmu,i (B.415)

fmureportindempfmu,ri =
∑
i

(fmuindemploymentfmu,iREPORTINDMAPi,ri) (B.416)

zoneagindcapez,agi =
∑
ft

(zonefarmcapitalez,ftMAPTOAGINDft,agi) (B.417)

zoneagindlabez,agi =
∑
ft

(zonefarmlabez,ftMAPTOAGINDft,agi) (B.418)

taagindcapta,agi =
∑
ez

(zoneagindcapez,agi TAZONEMAPta,ez,agi) (B.419)

taagindlabta,agi =
∑
ez

(zoneagindlabez,agi TAZONEMAPta,ez,agi) (B.420)

taioagindcapta,IOag=IOAg01 = taagindcapta,agi=AgIn01 + taagindcapta,agi=AgIn02 + taagindcapta,agi=AgIn05

+ taagindcapta,agi=AgIn06

taioagindcapta,IOag=IOAg02 = taagindcapta,agi=AgIn03

taioagindcapta,IOag=IOAg03 = taagindcapta,agi=AgIn04

(B.421)

taioagindlabta,IOag=IOAg01 = taagindlabta,agi=AgIn01 + taagindlabta,agi=AgIn02 + taagindlabta,agi=AgIn05

+ taagindlabta,agi=AgIn06

taioagindlabta,IOag=IOAg02 = taagindlabta,agi=AgIn03

taioagindlabta,IOag=IOAg03 = taagindlabta,agi=AgIn04

(B.422)

ioindfencingplancostsfmu,IOag =
∑
i

[
INDMAPi,IOag(indfencingcostsfmu,i + indplancostsfmu,i)

]
(B.423)
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taioagindvata,IOag = taioagindcapta,IOag + taioagindlabta,IOag + (residualcapIOag + residuallabIOag)

×
∑
fmu

(FMUSHRESIDUALfmu,IOag FMUTAMAPfmu,ta,IOag)

−
∑
fmu

(ioindfencingplancostsfmu,IOag FMUTAMAPfmu,ta,IOag) (B.424)

tashareindvaagrita,i =
∑
IOag

(tashareioagindvata,IOag INDMAPi,IOag) (B.425)

dtaindvata,i = dindvalueaddeddr=DReg1,i (TASHAREEMPta,iOV ERRIDEMAPi + tashareindvaagrita,i)
(B.426)

taindustryva2017ta,i = dtaindvata,iGDPSCALAR (B.427)

tareportindvalta,ri =
∑
i

(taindustryva2017ta,iREPORTINDMAPi,ri) (B.428)

tashareioagriempta,IOag =
taioagindlabta,IOag∑
ta taioagindlabta,IOag

(B.429)

tashemployta,i =
∑
IOag

(tashareioagriempta,IOag INDMAPi,IOag) + TASHAREEMPta,iOV ERRIDEMAPi

(B.430)

taindemploymentta,i =
factorsuh=LAB,dr=DReg1,i

LSFCONV ERTINDdr=DReg1,i
tashemployta,i (B.431)

tareportindempta,ri =
∑
i

(taindemploymentta,iREPORTINDMAPi,ri) (B.432)

B.15 Scenario setting equations

B.15.1 Auxiliaries

addtravelcostsdr =
∑
c

(
ADDHHLDTRAV ELdr,c(t)Pcompcommddr,c

)
(B.433)

maxproddr,i =
(
qasplannedproddr,i ×OPERABILITYsr→dr,i(t)

)
Pcindustryssr→dr,i (B.434)

qasplannedproddr,i = max (qdesiredproddr,i(t = SHOCKINITIATION), qdesiredproddr,i) (B.435)

qdesiredproddr,i =
Desiredproddr,i
Pcindustryssr→dr,i

(B.436)

dommarginqdr =
∑
sr

∑
c

(regcdomcommssr,dr,cDMARGINSHOCKCOEFsr,dr,c(t)) (B.437)
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exportmargindemandsr,m =
∑
c

(expcommodityssr,cEMARGINSHOCKCOEFsr,c,m(t)) (B.438)

exportmarginsupplydr,m =
∑
sr

(exportmargindemandsr,mREGSHEXPMARsr,dr,m(t)) (B.439)

importmargindemanddr,m =
∑
c

(
Estimportsdr,c IMARGINSHOCKCOEFdr,c,m(t)

)
(B.440)

importmarginsupplysr,m =
∑
dr

(importmargindemanddr,mREGSHIMPMARsr,dr,m(t)) (B.441)

marginconsumpqdr,c =
(
exportmarginsupplydr,m=Road + importmarginsupplysr→dr,m=Road

+ dommarginqdr
)
×ROADMAPc

+
(
exportmarginsupplydr,m=Rail + importmarginsupplysr→dr,m=Rail

)
×RAILMAPc (B.442)

pimprailmarginssr,dr =
∑
c

(
Pregdomcommsr,dr,cRAILMAPc

)
(B.443)

pimproadmarginssr,dr =
∑
c

(
Pregdomcommsr,dr,cROADMAPc

)
(B.444)

pimportmarginsdr,c =

(∑
sr

(
REGSHIMPMARsr,dr,m=Road(t) pimproadmarginssr,dr

))
× IMARGINSHOCKCOEFdr,c,m=Road(t)

+

(∑
sr

(
REGSHIMPMARsr,dr,m=Rail(t) pimprailmarginssr,dr

))
× IMARGINSHOCKCOEFdr,c,m=Rail(t) (B.445)

pexprailmarginsdr =
∑
c

(
Pcompcommddr,cRAILMAPc

)
(B.446)

pexproadmarginsdr =
∑
c

(
Pcompcommddr,cROADMAPc

)
(B.447)

pexportmarginssr,c =

(∑
dr

(
REGSHEXPMARsr,dr,m=Road(t) pexproadmarginsdr

))
× EMARGINSHOCKCOEFsr,c,m=Road(t)(∑
dr

(
REGSHEXPMARsr,dr,m=Rail(t) pexprailmarginsdr

))
× EMARGINSHOCKCOEFsr,c,m=Rail(t) (B.448)

pregdomcomminclmarginsr,dr,c =DMARGINSHOCKCOEFsr,dr,c(t) pimproadmarginssr,dr

+ Pregdomcommsr,dr,c (B.449)
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C Adoption of mitigations
C.1 Mitigation adoption in the presence of a regulatory deadline

We wish to model the situation where farmsystem A applies some sort of mitigation option and becomes
farmsystem B. These farmsystems will have different income and expenditure items/balances in the
economic model. We assume that all farms must be either A or B, so the rate of change will be described
as:

dA

dt
= −[r(t) + d(t)]A

dB

dt
= [r(t) + d(t)]A (C.1)

where A is the hectares in farmsystem A, B is the hectares in farmsystem B, r(t) is the rate of adoption in
the absence of a regulatory deadline, and d(t) is an additional term to model the impact of the deadline.

To simplify things, we initially consider the case in the absence of any sort of pressure due to regulatory
deadlines. Then we consider the deadline term separately.

Adoption curve First, we assume that farmsystem A fully (100%) transitions to farmsystem B fol-
lowing the sigmoidal (S-shaped) technological adoption curve:

B =
N

1 + e−k(t−m)
(C.2)

This is the standard logistic function, where k controls the steepness of the S-shaped curve, m gives the
midpoint of the curve, and N is the total number of hectares. In this case, all farms must be in A or B,
thus A = N −B and:

A = N − N

1 + e−k(t−m)

A = N

[
1− 1

1 + e−k(t−m)

]
A = N

[
1 + e−k(t−m)

1 + e−k(t−m)
− 1

1 + e−k(t−m)

]
A =

N e−k(t−m)

1 + e−k(t−m)
(C.3)

Next, what we need is the rate at which A decreases, or conversely that B grows at. We can differentiate
Eq. C.2 to give:

dB

dt
=

kN e−k(t−m)

[1 + e−k(t−m)]2
(C.4)

(C.5)

And we know that dB
dt = −dAdt , and so:

dA

dt
=
−kN e−k(t−m)

[1 + e−k(t−m)]2
(C.6)
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Whilst we could implement these two equations directly in our dynamic model, it would only work for
the case where all A→ B and there are no other changes to A or B. Intuitively, we want the rate to be
given in terms of the hectares still in farmsystem A, so that when this goes to zero, there is no further
change, and if this increases, the rate will increase. In other words, we want something in this form:

dA

dt
= −r(t)A (C.7)

where r(t) is an adoption rate, or rate of change of A.

Comparing Eqs. C.6 and C.3, we see that we can write:

dA

dt
=

−k
1 + e−k(t−m)

A (C.8)

Which matches the form we want, Eq. C.7, if we set:

r(t) =
k

1 + e−k(t−m)
(C.9)

Here the rate is the standard logistic (sigmoidal) function, multiplied by k (so this function will go from
0 to k, instead of 0 to 1).

If we make the assumption that there will be no transitions before the announcement time, we get the
extra condition:

r(t) =

 0 for t ≤ ta
k

1+e−k(t−m) for ta < t
(C.10)

The rate function for different values of k and m are shown in Figure C.1. If we implement this in a
dynamic model we get S-shaped curves for A and B as expected (shown in Figure C.3).

Figure C.1 Adoption rates r(t) from Eq. C.10, for three different cases with a policy announcement
time of ta = 1: k=2, m=2.5 (green), k=4, m=2.5 (blue), and k=4, m=4 (burgundy).
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Regulatory deadline curve In the above, we have assumed that there is total transition, but de-
pending on the k and m values chosen, it may take a long while. If we want to simulate the enforcement
of a regulation, we need to add a regulatory deadline term, d(t), see Eq. C.1. There are a few options for
this, but the simplest one is:

d(t) =
1

td − t
for t < td (C.11)

where td is the time of the deadline. It makes sense (we think) to have this term being zero before the
policy is announced (ta), and then to increase during the notice period (td − ta). To achieve this we can
set:

d(t) =


0 for t ≤ ta

1
td−t −

1
td−ta for ta < t < td

L for td ≤ t

(C.12)

where L is a large number that forces A→ B very quickly once the deadline is reached.

With a small time step this can mean that just before the deadline the deadline pressure goes to infinity,
which is not ideal numerically. We also might want to stretch the impact of the deadline pressure so that
it is felt sooner, or so that it is only close to the deadline. We can think of that as the ‘urgency’ people
feel relating to the deadline. These two considerations give us:

d(t) =


0 for t ≤ ta
min

(
c
(

1
td−t −

1
td−ta

)
, L
)

for ta < t < td

L for td ≤ t

(C.13)

Where c = 1 gives us the deadline pressure we had before, c > 1 means there is pressure to change sooner,
and 0 < c < 1 means that the pressure kicks in later.

This deadline curve, Eq. C.13, for some chosen parameter values is shown in Figure C.2.

Figure C.2 Deadline pressure d(t) from Eq. C.13, with the deadline at td = 3, the maximum rate
at L = 100 and the ‘urgency’ modifier c = 0.5.

Page 156



Example results Results when the adoption curves are used but there is no regulatory deadline
enforced are shown in Figure C.3.

Figure C.3 Number of hectares of farm system A and B for three different cases from Figure C.1,
with N = A(0) = 10.

Results when the adoption curves and the deadline pressure are included are shown in Figure C.4.
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Figure C.4 Number of hectares of farm system A and B for three different cases from Figure C.1
and with the deadline pressure applied and N = A(0) = 10.
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C.2 Notes/considerations
• We have assumed that there is total transition from A to B.

• If the incentives/reasons to change from A to B are low, transition wouldn’t happen before the
deadline. All change will be driven by the deadline term.

• We haven’t explicitly assumed that A = N and B = 0 at ta, so this should work in a range of
situations. The main driving factor is how many hectares are in farmsystem A.

• If there are different possibilities (e.g. farmsystem A could change to farmsystem B or farmsystem
C) then we will need to have a bit of a think about how to adjust these equations, as here we have
assumed that A+B = N . It should still work, but we haven’t covered that scenario here, so care
must be taken.

• Here we set the deadline curve to a maximum rate L. But as this is added to the adoption rate,
r(t), then in practice it might be better to set:

dA

dt
= − [max(r(t) + d(t), L)]A

dB

dt
= [max(r(t) + d(t), L)]A (C.14)

In which case, we could use the form of Eq. C.12, instead of Eq. C.13 for d(t).

• If the maximum rate L is set too high, then there is nothing stopping the stock A becoming
negative. If we are using Euler’s method to solve then we just chose the maximum rate as L ≤ 1/δt
but with RK this does not work. In InsightMaker and Stella, it is possible to just select that no
Stocks (land areas) can go negative, but this is not possible in Vensim.
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