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

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

CGE (Computable General Equilibrium) A class of applied economic models often used to illus-
trate an economy’s responses to changes in policy, technology or other external shocks.
Typically, CGE models recognise a number of 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, STELLA®and Vensim®. Both contain visual display and input and output
features that enable users to easily grasp model structures, interactively run models and review
results.

A core set of concepts employed in the development of this model is the distinction between
endogenous variables: stocks or auziliaries, 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.! 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 $2097100 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 $9097150 at ¢ = 10.

IStatistics 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 («) 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 o 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 T ices = At, 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, Tincome > At. Other examples in the model include the industry
production which is determined by considering the demand over the past 7,qustry & 3 months,
and the interest rate and cash surplus, which are smoothed over the times Tjnterest and Teqsurplus,
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 Pregdomcommy, ;4. . denotes a price of regional domestic commodities specified by
supply region (subscript ‘sr’), demand region (subscript ‘dr’) and commodity type (subscript
‘¢’). 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 DRegl <+ DReg?2 in a subscript
is used when a quantity is transferred between regions i.e. the output from D Regl goes to D Reg?2
and the output from DReg2 goes to DRegl.

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
£St0ck = 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 = [Factsl, Interl] Input types: Factor inputs and Intermediate inputs

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

sr = [SRegl, SReg2] Supply Regions: Region of interest and RoNZ

dr = [DRegl, DReg2] Demand Regions: Region of interest and RoNZ

i = [Indl, Ind2,...] Industries: see Table A.2 in Appendix A.1

agi = [AgIn01, AgIn02,.. ] Agricultural Industries: see Table A.4 in Appendix A.1

I0ag = [IOAg01,I0Ag02,.. ] 10 Agricultural Industries: see Table A.5 in Appendix A.1

ri = [ShBfDr,DaCaFm,.. .| Report industry: see Table A.6 in Appendix A.1

¢ = [Coml,Com2,..] Commodities: see Table A.3 in Appendix A.1

nect = [NatCapl, NatCap2, .. | Natural Capital types: see Table A.1 in Appendix A.1

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

It = [Capital, Land)] Loan type: Capital and Land

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

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

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

mt = [Miti01, Miti02, . . ] Mitigation states: see Table A.8 in Appendix A.1

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

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

fmu = [Apar, M ata, . . .] 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 = [Year0l,Year02,.. ] 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 At 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 + At) = Stock(t) + (rateofchange) x At (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 At = 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 (Teasurpiuss Tincomes
Tindustry, Tinterest, a0d Tprices) Must be greater than or equal to the time step, At, 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, €, 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 @Q; can
be specified as:

1

Qi =i |67 (M) + 64D ™ (2.3)

where M; and D; are the demand for the two input types (e.g. imported and domestic) available
to produce good @;, and ~y; is the CES scale parameter. The CES input share coefficients for
input types M; and D; are d,, and d4, where 0 < ¢; < 1 and §;" + 5? = 1. Furthermore 7; is a
parameter defined by the elasticity of substitution between inputs M; and D;:

€ — 1

= ni <1 (2.4)
(2

Now we can see that since 1; < 1, we have 1/(1 —n;) > 0, so as expected, when the price of an
input p¢ (or pi) increases the demand for that input D; (or M;) decreases.

There are some special cases of the elasticity of substitution that are worth noting. Firstly, as
€ — 00, 1 goes to one and we have perfect (or linear) substitution. Conversely, in the extreme case
where € = 0 (1 goes to negative infinity) we have fixed shares of inputs, and Eq. 2.3 becomes
a Leontief function. Finally, in the limit where n goes to 0, Eq. 2.3 becomes the well known
Cobb-Douglas production function.
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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:

1

q 1—n;
= e 2 e
; 1 (2.5)
D; = [(%)m & pzl] T
b;

where pi" and pgl respectively denote the relative prices of input types M; and D;, and p is
the price of the composite @Q); created by combining inputs M; and D; (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 Q;, D; and FE; represent two alternative types of products into which the output Z; can be
transformed (e.g. export or domestic goods). The gross output must satisfy the equation:

Zi = 0; |€6(B)™ + €D © (2.6)

Where D; and E; are the supply of the two possible outputs, and 6; is the scale parameter for
the CET function. The share parameters §Z‘-1 and & have the properties 0 < 5;1 <1,0<¢ <1,
and de + & =1, as for the CES scale parameters.

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

i+l

o o

¢i > 1 (2.7)

By assuming profit maximisation we get the supply of D; and F; to be:

1
, 21 1g;
E, = {(ai)¢z p] Z;
bi . (2.8)
< 1—¢,;
D; = [(91')‘#"5?%} Zi
p;

where p? is the price of the gross output Z; (including and taxes or tariffs), and p;i and p§ are
the prices of transformed outputs D; and FE; respectively. However, since ¢; > 1, the quantity
1/(1 = ¢;) < 0 and the relative quantity of D; (or E;) supplied will increases if the relative price
of that product pg (or p§) increases compared to the gross output price p?.
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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 .4,  capincomehhld 4, govthhldtrans ;4
Rest of world Enterprise Regional
transfers transfers transfers Sum across
. governments
less direct tax X(1-TAXHHLD 4 ) rwhhldtrans 4, entincomehhld ,, hhldregtransout pregi<.>oeg2
|

[ sum INCOME

—————————————————————————— Total Households Account = == = = = = = = m m m e e m e m e m e mmm—m——m - =
I I | Subtract fixed costs first EXPENDITURE

Rest of world Additional
transfers travel costs
hhldrwtrans 4, addtravelcosts 4
Fixed proportions from SAM
| | Notes:
Govt Regional Enterprise ! split given
transfers transfers transfers which deps
hhldgovttrans g 4 hhldregtransout 4, hhldenttrans 4,
Total household Household
cunsumption1 savings1
totalhhldconsump 4, hhldsavings 4,
less indirect tax X(1-HHLDINDTAXRT 4, )
Total commodity
consumption
CES
Com1 Com 2 Comn

hhldconsump 4, com 1 hhldconsump 4, com > hhldconsump 4, com n

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—qr, capital income paid directly to households, capincomehhldg,., and enter-
prise income that is transferred to households, entincomehhldgy,.. Household incomes are further
sourced from transfers from the rest of the world, rwhhldtrans, the government, govthhldtransg 4,
and interregional household transfers, hhldregtransing.. Altogether these sources of income, less
direct taxes hhlddirecttaxy. and income that is compulsory allocated towards funding new mu-
nicipal wastewater schemes (hhldloanpaymentsg, and vmunopexdr’c’mf:thd), constitute the
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actualhhldincomeg, = capincomehhldg, + entincomehhldy, + labincomesupplysy_sq, + Twhhldtransg,

available household income actualhhldincome (Eq. B.3):

+ Z (govthhldtransg qy) + hhldregtransout pregi« Dreg2 — hhlddirecttaxq, — hhldloanpaymentsg,
g
- Z VMUNOPEX dy.com f=Hhld

[

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

hhldloanpaymentsg.—pRreg1 = Z totalloanpayments,i—Normal,mf=Hhid,lt
It

hhldloanpaymentsg,—ppreg2 = 0

Direct tax is charged on the capital income paid directly to households, capincomehhldy,., and
the factor payments to labour, labincomesupplys,—ar, at the rate TAXHH LDy, (Eq. B.23):

hhlddirecttax 4. = (capincomehhldg, + labincomesupplysy—qr) X TAX HH LDy,

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

capincomehhldy, = caplocalhhldtransg, + capreghhldtransppregicspReg2
entincomehhldg, = enthhldtransg, + entreghhldtransppregi«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, factorsup—raB 4r,i by the current

labour price, preglabourg,. 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, RW FACTRT, remains constant with the base year (Eq. B.7):

labincomedregiong, = Z (factorsup=raB.dri (1 — RWFACTRTh~1,AB.4r) preglabourg,)

)

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):

(l abincomedregiong, reglabour supplys, qr )

labi lysr =
ARTLCOMESUPD-Yor Z > (reglaboursupplysy 4r)

dr
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Incomes received by households from the rest of the world, rwhhldtransg,, are assumed to grow
from the base year amount, RW HH LDTRANSBSy,, at the same rate of growth as world Gross
Domestic Product (GDP). The index of world GDP, WORLDGDPIN DX (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. FCSHRW HHLDTRANS, is calculated in foreign currency
(Eq. B.9):

rwhhldtransg, = RWHHLDTRANSBSg; WORLDGDPINDX (t) (1 — FCSHRWHHLDTRANSy,)

1

+RWHHLDTRANSBSs WORLDGDPINDX (t) (Exchangert

> FCSHRWHHLDTRAN Sy,

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, Tincome (Eq. B.1):

d 1
7 (Rhhldincomey, ) = (actualhhldincomedr — thldincomedr)

d Tincome

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,
addtravelcostsg,., 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):

hhldrwtransg, = HHLDRWTRANSBS; WORLDGDPINDX (t) (1 - FCSHHHLDRWTRANSy,)

1

+HHLDRWTRANSBS; WORLDGDPINDX (t) <Exchangert

> FCSHHHLDRWTRAN Sy,

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

The household transfers to the rest of the world, hhldrwtransg,, 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, addtravelcostsg,.. These will be subtracted next.
Once these expenditures have been subtracted, the exogenous constants HH LD ENTTRANSRTy,,
HHLDGOVTTRANSRT, 4,, and HHLDREGTRANSRT,, are used to define the shares of
income reallocated from households to enterprises (hhldenttransg, ), government (hhldgovttransg 4, ),
and other NZ households (hhldregtransoutg, ), respectively. This gives Eqs. B.10, B.11, and B.12:

hhldenttransg, = (Rhhldincomeg, — hhldrwtransg,. — addtravelcostsg,)
x HHLDENTTRANSRT,,
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hhldgovttransg ¢ = (Rhhldincomeg, — hhldrwtransg,. — addtravelcostsg,)
x HHLDGOVTTRANSRT, 4,

hhldregtransouty. = (Rhhldincomeg, — hhldrwtransg, — addtravelcostsg,)
x HHLDREGTRANSRTy,

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, Egs. B.13, B.14, and B.15:

hhldtotaly. =Rhhldincomey,. — hhldrwtransg. — hhldregtransouty,. — hhldenttransg.

- Z(hhldgovttransgm) — addtravelcostsg,
g

totalhhldconsumpg, =hhldtotal g hhldconsumprt g,

hhldsavingsg. =hhldtotaly, (1 — hhldconsumprtg,) + HHLDSAVINGADJU STy,

Where an additional savings adjustment, HHLDSAVINGADJUSTy,, 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 CIRELASTICITYy,. controls the degree to which household consumption
changes in response to changes in the real interest rate, which gives the relationship, Eq. B.16:

realinterestrt B
BASERFALINTERESTRT

x BASECONSUMPRTy,

hhldconsumprtg, = [( 1) CIRELASTICITYy +1

Where BASEREALINTEREST RT is the interest rate in the base year, and BASECONSUM PRTy,
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, hhldindirecttaxrtadjustedg.. The default tax rate is
calculated from base year data, but can be adjusted over time, if required under a scenario
(Egs. B.22, B.24).

hhldindirecttaxq. = totalhhldconsumpg, x hhldindtaxrtadjusted g,
hhldindtazrtadjustedy, = HHLDINDTAXRTy. + HHLDTAXRTADJU STy, (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, hhldcompcommdg,, by dividing
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the value of total consumption (minus the indirect taxes) by the applicable composite commodity
price, Phhldccy, (Eq. B.21):

totalhhldconsumpg, — hhldindirecttaz g,
Phhldccy,

hhldcompcommdy, =

Next, the first-order conditions for the CES problem enables a function to be generated that
specifies the quantity of each commodity consumed, hhldconsumpg, ., given the price of the
particular commodity, Pcompcommd,, ., relative to the composite price, Phhldccg,, and the
applicable CES scale parameters, 'ygfldc, share parameters, 53ﬁlcdc,

nhhlde (Bq. B.19):

and elasticity of substitution,

1
hhlde Phhldcc 1—nhhlde
Tthideyng, ™ ghhlde dr ¥ hhldcompcommdy,

Ahidconsumpare = [(fyd dnye Pcompcommd,
r,C

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):

dr,c

1
Z e
ghhldecay = ;"™ [ (fshhldC (hhldconsumpdr,c)ng’}}ld )] d

c

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

Y e (Pcompcommddm hhldconsumpdr’c)
qhhldccg,

actualphhldccg, =

The price stock Phhldccg,. adjusts to the calculated current price actualphhldccy, at the rate
Tprices (Eq B2)

d 1
pn (Phhldccy,) = (actualphhldccdr — Phhldcch)

d Tprices

In order to have the prices respond almost instantaneously, the adjustment time is set to be
equal to the time step 7ppices = At. 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 Phhldccy, (t) = actualphhldecg, (t — At).

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 g,
and indirecttaxincomeg 4-. In addition to income from taxes, the governments receive some
transfers of income from capital, capgovttrans, 4., enterprise, entgovttransy 4, and households,
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indirect tax indirect tax direct tax
indindirecttax 4,; govtindirecttax g g govtdirecttax g,
|_|__| Household Investment |_J Rest of world Household Enterprise Rest of world
Sum across indirect tax indirect tax Sum across indirect tax direct tax Sum across governmentgirect tax direct tax
industries hhidindirecttax 4, indirecttax 4, governments rwindirecttax 4, hhiddirecttax 4, entdirecttax 4 rwdirecttax 4,
Sum Sum
Capital Enterprise X INDIRECTTAXSH 54" X DIRECTTAXSH o4,
transfers transfers
capgovttrans 4, entgovttrans 4,
Indirect tax Household Between govt Direct tax
Sum income transfers transfers income
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| sum INCOME
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Subtract fixed costs first EXPENDITURE
Rest of world
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betwgovttransout 4 4, govtsavings g, g totalgovtconsump g4 govthhldtrans ;4
less indirect tax X(1-GOVTINDIRECTTAXRT = 4)
Total commodity
consumption
CES
Com1 Com 2 Comn
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Figure 3.2 Tree diagram showing governments’ income and expenditure. CES: Constant Elasticity
of Substitution calculation. SAM: Social Accounting Matrix.

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

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

hhldgovttransg qr. The model also accounts for some minor financial transfers between govern-
ment agents, betwgovttransoutcentralG«sLocalG,dr- Lhese 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 qr =directtaxincomegy 4, + indirecttaxincomeg g, + capgovttransgy 4, + entgovttransg g,

+ hhldgovttransg g4 + Z betwgovttransing s 4r — govtdirecttazy g,

ST

— centralgovmunpaysg q¢r + importtarif fsg qr

centralgovmunpaysg 4. = Z totalloanpayments,—Normal,mf=Cgovt,it + Z VIMUNOPET gy c.m f=Cgovt

It c

Rgovtincome, ;.

X

>4 Rgovtincome, ;.

Direct tax is charged on the capital and enterprise income transferred to governments at the rate
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GOVTDIRECTTAXRT, 4 (Eq. B.31):

govtdirecttaxy 4 = [capgovttrans%dr + entgovttrans%dr] X GOVITDIRECTTAXRT, 4

In the calculation of all direct and indirect tax transfers to governments, exogenous tax rates,
DIRECTTAXSH, 4 and INDIRECTTAXSH, 4,, 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, entdirecttaxy,, households, hhlddirecttazy,, the rest of the world, rwdirecttaxy,,
and the governments itself, govtdirecttax, 4 (Eq. B.29):

directtaxincomey g = [entdirecttaxdr + hhlddirecttaxq, + rwdirecttax g, + Z (govtdirecttaxgdr)
g
X DIRECTTAXSH, 4

While indirect taxes (including GST) come from the consumption of households, hldindirecttaz 4,
investments, investindirecttaxq,, industries indindirecttax gy ;, the rest of the world, rwindirecttax,,
and the government, govtindirecttaz, 4, (Eq. B.30):

indirecttaxincomegy g, = [investindir@ctmmdr + rwindirecttaxg, + hhldindirecttazy,

Z(indindirecttaxdm) + Z(govtindirecttamgydr) x INDIRECTTAXSH, 4

% g

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, INDINDIRECTTAX RTy, ; is determined from
the base social accounting matrix, but can be adjusted if necessary when applying different
scenarios (Egs. B.76, B.77):

indindirecttazxyy; = Z (indconsumpdr,i,c Pcompdomcommddw) x indindirecttaxrtadjustedgy, ;

[

indindirecttaxrtadjustedq,; = INDINDIRECTTAXRTy,; + INDTAX RTADJU ST;(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, govthhidtransg ., other government
agents, betwgovttransouty ., and the rest of the world, govtrwtransy 4. The stock Rgovtincome
which is the recognised governments’ (local and central) income, smoothed over the time T;pcome
(Eq. B.26):

g,dr»

4 (Rgovtincomegdr) = !

dt

: (govtincomeg’dr — Rgovtincome gyd,,)
Tincome

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 q,, vary from the base
year amount GOVI' RWTRANSBS, 4-, depending on the current account surplus Casurplus
according to the elasticity parameter EGOVTTRANS (Eq. B.32):

GOVTRWTRANSBS, 4
govtrwtransg 4, :sgn(Casurplus) ‘Casurplus‘EGOVTTRANS ( g >

>y Sar (GOVTRWTRANSBS, 4y)
+GOVTRWTRANSBS, 4

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

govthhldtransg g, = [Rgovtlncome — govtrwtransg, dr] X GOVIHHLDTRANSRT, 4,

betwgovttransouty 4 = [Rgovtlncome — govtrwtrans,, dr] X BTWGOVTTRANSRT, 4,
govtsavingsg qr = [Rgovtlncome — govtrwtransg, dT} x GOVTSAV RT, 4,
totalgovtconsumpyg 4, = [Rgovtlncome — govtrwtransg, dr] X GOVICONSUMPRT, 4

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

govtindirecttaz, g4 = totalgovtconsumpg gp GOVTINDIRECTTAXRT g,

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, govtcompcommd, 4y,
by dividing the total consumption (minus indirect taxes) by the applicable commodity price,

Pgovtcc, 4. (Eq. B.42):

totalgovtconsumpy q4r — govtindirecttaxy gy

ovtcompcommd, =
g P gudr Pgovtcc, 4,

Next, the consumption of individual commodities, govtconsumpg 4, 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, Pcompcommdy, ., relative to the composite

using the CES scale parameters 'ygmm §oovte

g, dr g,dr,c’ and

price, Pgovtcc the CES share parameters

g,dr>
the elasticity of substitution ngovtc (Eq. B.40):

govtc
govtC)ngydT

govtc
govtconsumpyg, dr.c = [(’yg

S S
Pgovtce, 4, 1—pgote
govtcompcommdy, gy

g.dric Pcompcommd,, .

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):

govtc govtc piovte ngf?;rtc
qgovtcey.ar = Vg 4y E (5g drc(govtconsump%dm) 9,dr )

C
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The actual price of government composite commodities is then calculated (Eq. B.38):

>, (govtconsumpg 4 . Pcompcommdy, )

qgovtceg gy

actualpgovteey g =
And the price stock Pgovtcc, 4. adjusts at rate Tppices to meet this price (Eq. B.27):

d 1
7 (Pgovtec, 4,) = — (actualpgovteey qp — Pgovtee, 4,)
prices

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 g4, rwenttrans 4,
| | Regional Household
transfers transfers
less direct tax X(1-ENTTAXRT 4,.) entregtransout pregi<spregz  hhldenttrans g4,
I |
| sum INCOME
——————————————————— Total Enterprise AcCOUNt — = = = = e c e m e e e m == =
| Subtract fixed costs first EXPENDITURE
Rest olf world
transfers
entrwtrans 4,
Fixed proportions from SAM
I I I I I
Regional Within region Enterprise Outside region Govt
transfers household transfers savings household transfers transfers
entregtransout 4, enthhldtrans 4, entsavtrans 4, entreghhldtrans 4, entgovttrans , 4,

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, capentertransg,, trans-
fers from households, hhldenttransg., and transfers from the rest of the world, rwenttransg,.
Additionally, this model includes enterprise income transfers between regions, which are simulta-
neously an expenditure for the providing region entregtransouty,, and a source of income for the
receiving region entregtransout ppregi«sDRreg2$. This gives the equation for the total enterprise
income (Eq. B.46):

actualenterincomeg, =capentertransg, + hhldenttransg,. + rwenttransg,

+ entregtransout preg1«s DReg2 — entdirecttax g,
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Where there is direct tax charged on capital and rest of world transfers only, at a rate ENTT AX RTy,
(Eq. B.47):

entdirecttary. = (capentertransg, + rwenttransg.) X ENTTAX RTy,

Transfers to enterprises from the rest of the world, rwenttransg,., 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, RWENTTRANSBS,,., following the GDP index
WORLDGDPINDX (t), with a fixed proportion, FCSHRW ENTTRAN Sy, being set in for-
eign currency (Eq. B.48):

rwenttransg. = RWENTTRANSBS; WORLDGDPINDX (t)(1 — FCSHRWENTTRANSy,)
1

+RWENTTRANSBS4 WORLDGDPINDX (t) (EXChangert

> FCSHRWENTTRAN Sy,

The recognised enterprise income stock, Renterincomey,., follows the actual enterprise income,
actualenterincomey,., adjusting over the time Tincome (Eq. B.45):

) 1 . .
— (Renterincomey, ) = (actualentermcomedr — RenterlncomedT)
dt Tincome

Enterprise income is distributed to six different ‘sinks’ of expenditure: transfers to the rest of
the world, entrwtransg., enterprise transfers between regions, entregtransoutg., transfers to
governments, entgovttransy 4., transfers to households within the region, enthhldtransg,, and
outside the region, entreghhldtransg., with the remaining transferred to savings, entsavtransg.

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):

entrwtransg = ERWTRANSBS; WORLDGDPINDX (t)(1 — FCSHENTRWTRANYS)
1

+ERWTRANSBS, WORLDGDPINDX(t) <Exchangert

> FCSHENTRWTRANS

The remaining income is then allocated according to the proportions: EREGTRANSRTy,,
EGOVTTRANSRT, 4r, FEHHLDTRANSRT;,, ERHHLDTRANSRTY,, and ESAVTRAN SRTy,
(Egs. B.50 - B.54):

entregtransoutq, = [Renterincomedr — entrwtransdT] x FEREGTRANSRT,,
entgovttransg ¢, = [Renterincomedr — entrwtransdr] x EGOVITRANSRT, 4
enthhldtransq. = [Renterincomey, — entrwtransq,| x EHHLDTRANSRTy,
entreghhldtransgy. = [Renterincomey, — entrwtransg,| x ERHHLDTRANSRTy,

entsavtransg, = [Renterincomedr — entrwtransdr] x ESAVTRANSRT,,

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

3.4 Industries module

Starting with the first, the model assumes that each industry has a desired level of production,
Desiredprod,, ;, 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):

veomdemandg, . = Z(Pregdomcomm
dr

srdr.c regdomcommdsy gy )

Pexpcomm,, .

dityd
+ ETPCOMMOGIY Gar,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, supcoef fsr.c,
thereby determining the total value of demand for industries’ output, vinddemandcg, ; . (Eq. B.58):

vinddemandcsy ;.. = supcoef fs; . vcomdemandgy. .

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, Tjngustry (Eq. B.55):

1

d
— (Desiredprod,,.;) = ——
dt ( dr,z) Tindustry

(Z (vinddemandcsy—yqy.ic) — DeSiI‘edPI'Oddr,z)
C

The model further allows for the value of actual industry production, actualprodg,;, 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, OPERABILITYj, ;(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, unitcosty.;. Given also the
quantity of factors required per unit of production, factinputshareg ;, it is possible to determine
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the total demand for composite factors by industries, comp factordg, ; with (Eq. B.71):

mazxprodsupgy; factinputshareg, ;

comp factordg, ; =
2 dri unitcostyy;  multifactorprod2q, ;

The denominator, multi factorprod2gy,;, is the index of multi-factor productivity for each indus-
try - see the factors and primary Modules for more detail. A scaling of (1/multifactorprod2g4,.;)
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 maxprodsup,,; (does not capture temporary adjust-
ments to as-normal prudction) rather than mawprod,, ; 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, e f fectcomp factordg, ;,
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):

actualprodg,;  factinputshareg,;

ef fectcomp factordg,; =
11 2 drt unitcostyy; multifactorprod2gy ;

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

unitcostqy; = interinputunitcostq, ; + factinputunitcostq, ;
The contributions to unit cost are calculated based on the relative shares of intermediate inputs
and factors necessary for production, interinputshareq,; and factinputsharegq,;, the relative

prices of these inputs, Pintinputs,, ; and Pcfacty, ;, and accounting for current state of multi-
factor productivity and the imposition of indirect taxes on intermediate inputs (Eqs. B.74, B.75):

interinputunitcostqy; =(interinputshareqy; Pintinputs,, ; (1 + indindirecttazrtadjustedq,.;))

1
X
( multi factorprod2gq,.; >

1
factinputunitcosty,; = ( factinputshareg,; Pcfactg, l) X -
’ ’ ’ multi factorprod2q, ;

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

industryincg,; = Z (actual supplysy—dr.i.c)

C
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where actualsupplysy; . is the minimum of the value of commodities supplied and the value of
commodities demanded (Eq. B.69).

actual supplys, i . = min[potentialsalesgy ; ¢, vinddemandcsy.; |

The value of commodities supplied, or in other words, potential sales supplied, potentialsalessy ; .,
is determined simply by multiplying the quantity of commodities supplied, indcommodityssy, ; .,

by the respective commodity prices, Pcompcomms,, . (Eq. B.70):

potentialsalesssy i = indcommodityss ;. Pcompcomms,, .

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):

indexpendug, ; = Z (domcommexpendgy ; . + importcommezxpendgy ; )
C
+ Z (factorsup, qr; Pfacty, 4;) + indindirecttaxqy ;
h

When calculating expenditure on domestic commodities, domcommezpendy, ; ., and imported
commodities,importcommezxpendy, ; ., 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 (Egs. B.65, B.67, B.66, B.64, refer also to the commodities module for derivation of
variables):

domcommexpendg,; . = indusesharegy; E (domcommodityusesy gy pregdomcomminclmarging, qr.c)

sr
domcommmodityuseq, ; . = min[regedomcommsgy gy ¢, regedomcommdg, gy )

indconsumpgy ;. .

induseshareg,; . =
e totalcomdemandgy. .

importcommezpendg,; . = induseshareg, ; . importdemandgy. . pimpcommnzg, .

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

d 1
T (Industrybalancedr,i) = (realindustrybalancedr’i — Industrybalancedr’i)

realindustrybalancegr—pRregi; = 1NAUSITYINCIr=DRegl,i — tNdexpendugr—pRegl,i
— 2 pmu(indf encingcosts pma,; + indplancosts fma,i)
realindustrybalancegr—pRrege; = 1NAUSErYINCir—DReg2,i — indexpendigr—pRreg2,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 4, .
| Splitting up subscripts

Regional demand Regional demand Regional demand

of Com 1 of Com 2 of Comn
totalcomdemand g, com 1 totalcomdemand g, com ; totalcomdemand 4, com o
CES

Demand of Com 1
from import market
importdemand g com 1

Demand of Com 1
from domestic market
domcomdemand g, com 1

CES

Demand of Com 1
from RoNZ
regcdomcommd speg: ar,com 1

regional domestic commodity
prices including margins

Demand of Com 1
from study region
regcdomcommd sgeg1,ar,com 1

Add margins

pregdomcomminclmargins

Regional domestic commodity
prices
Pregdomcomm

Supply of Com 1
to study region
regcdomcomms g, ppeg1,com 1

¥
Supply of Com 1
to RoNZ

regcdomcomms g, ppegs com 1

| cer
Supply of Com 1
to domestic market
domcommoditys . com 1

Supply of Com 1

to export market
expcommoditys o com 1

CET
Regional supply
of Com 1
regcommoditys ¢, com 1

Sum across industries

Com 1 supply
by industry
indcommoditys . ; com 1

Com 2 supply
by industry
indcommoditys . com >

Com n supply
by industry
indcommoditys ;. ; com n

| CET
Total industry
production by region
regindprodincltax

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 ¢ from each supply region sr to each demand re-
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gion dr. These quantities are termed regional domestic commodity supply, regecdomcomms.;. gy,
from the supply side, and regional domestic commodity demand, regdomcommd,, 4y, from the
demand side.

The prices for these commodity flows, Pregdomcomm,, ;4. . 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):

regedomecommssg;. gy

excessproductiong, g, . = p ]
regdomcommdg, 4y c

The prices Pregdomcomm change following the rate equation:

sr,dr,c

sr,dr,c

pregdomcomm
d 1 e
T (Pregdomcommsﬁdm) = (( > — 1) Pregdomcomm

excessproductions, g

From this equation we can see that the price is adjusted upwards if demand is greater than supply
(excessproductiong, g, . < 1), and downwards if supply is greater than demand (excessproductiong, g >
1). The parameter aPregdommeomm 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 DM ARGINSHOCKCOEF, 4. is the quantity
of additional road transport margins charged per unit of commodity under a road outage scenario,
and pimproadmarginss, ¢, is the price per unit of road transportation services, the adjusted
price, pregdomcomminclmarging, 4., can be calculated as (Eq. B.449):

pregdomcomminclmarging. g =DMARGINSHOCKCOEF,, 4 . pimproadmarginss, 4,

+ Pregdomcomm,, 4, .

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. regedomcommssg,. gy
and regdomcommd,;. 4y, 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,
regindprodincltaxs, ;. Production levels achieved by industries are controlled in the model by
industries’ effective use of composite factors, ef fectivecomp factorug,— s ; as determined under
the factors module (Section 3.6) (Eq. B.96):

ef fectcomp factorugr—sr;

regindprodincltaxs,; =

PRODSCALAR gy i multi factorprod2gqy sy

factinputshareg,— o ;

(3.1)

Here factinputshareg,—sr; specifies the ratio of composite factor inputs per unit of production,
and PRODSCALAR g5 and multifactorprod2g,_,, ; 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, regindprodincltaxs, ;, are transformed into quantities of specific commodities produced

by each industry within each region, indcommodityss, ;.. This equation relies on scale and

share parameters, scalecommsuply,; and sharecommsupls,; . 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):
1

I

Pcompcommsg,

. . comsup PCindustI'yS
indcommodityssy.i . = | (scalecommsuplg, ;)®sri  sharecommsuplg ;

x regindprodincltaz . ;

fiscalecomsuproqg—i if @ = agricultural industry

geomsup if

scalecommsupl g ; =
STy

¢ = non-agricultural industry

fisharecomsuproag—i.c if 4= agricultural industry

é~comsup if

sharecommsupl; . =
STy1,C

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

indcommoditysgy;

supcoe o=
peoef forie >~ (indcommoditysg,; )

Summing commodity production across all industries provides the total quantities of each com-

modity produced within each supply region, regcommoditysg, . (Eq. B.93):

regcommodityssy . = Z(indcammodityssr,i,c)

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

ecommsdexp)qﬁg?fg commsexrp

sr,c sr,c

.

Pcompcomms,, .| 1-¢57
: ,
regcommodityssy. .

expcommoditysg, . = [( P—
sr,c

1

1— com

ecommsdexp)qbgg’g commsdom Pcompcommssm BT
sr,c " Ssryc

domcommoditysg, . = [( regcommodityssy .

Pcompdomcomms,, .
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Note that the share parameters in these CET functions sum to one: 55?;’}’”5@”’ +&re P =1,

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

Pcompdomcommsy, .| i=475%™

regcom
ecommregs) sTc

sr,c

commregs
sr,dr,c

regedomcommsgy grc = | (

Pregdomcomm,, 4, .

x domcommodityssy, .

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, totalcomdemandygy ., these demands are first split into de-
mands from the domestic market, domcomdemandg, ., and demands from the import market,
importdemandy, . via CES functions (Egs. B.111, B.103):2

com
domcomdemand,y. . = [(’ygﬁygmd)”dm §gommddom

. 1
Ppercelvedcompcommddm] =05
Pcompdomcommdy, .

x totaldemandgy. .

. com d'
importdemandg,. . = [(ﬁ??md)”dm 527‘27?’” vmp

. .
Pperceivedcompcommdy, . =757
perceivedimportpgr.

X totalcomdemandgy. .

Note that the share parameters in these CES functions sum to one: 5§$f7gmdd0m + 6§?deimp =1.

Next, demands from the domestic market are split into demands from each individual region,
regdomcommds, 4r.c, via another CES function (Eq. B.102):

regcom
commregd)ndr -
c

dr,c

S S
Pcompdomcommdy, . 1=y cgcom

commregd ~ldr,e

sr,dr,c

regdomcommdgy ar. = | (7 ' )
ar, pregdomcomminclmar ging. drc

x domcomdemandgy. .

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):

totalcomdemandg, . = Z(govtconsumpg,dr,c) + hhldconsumpgy. . + investconsumpqqy,c
g

+ Z(indconsumpdr’i,c) + marginconsumpqqy . + total fencingdemandgy. .

7

+ totalplandemandgy. . + loandemandsg, . + OPEXDEMANDBYTIM Eg,(t)
x WASTEMAP,

The term total fencingdemandg,. . represents additional demands for fencing commodity as may
be required under a scenario, while totalplandemandg, . represents additional demand for com-
modities necessary for farm plan creation. The variable marginconsumpqq, . captures addi-
tional consumption of road or rail transportation services for moving freight (all of domestic,
import and export freight), while ADDHHLDTRAV ELyg, . 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, indconsumpgy ; ., required the following steps. First, we
divide the total use of composite factors by industries, ef fectcomp factorug, ;, by the quantity of
factors required per unit of production, factinputshareg, ;. 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, interinputshareg,;, which gives us the overall demand for intermediate
inputs from industries. Finally, the auxiliary variable intinputcoef fq,; ., 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):

interinputsharegy ;

indconsumpgy ;. . = intinputcoef far; Factinputshare
dr,i

" comp factorug, ; for OPERABILITY; =1 or STOCKPILECOMM, =1
ef fectcomp factorug,; for OPERABILITY; <1 & STOCKPILECOMM, <1

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

totalindconsumpgy. . = Z(indconsumpdmjc)

i

The coefficients in the above equation, factinputshareq, ;, interinputsharegq, ; and intinputcoef far; c,
are also derived from CES functions. At the top tier, factinputshareg,; and intinputcoef fa,;

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):

T
dr,i

1

| o | Pfiinputs,, ;]

factinputshareq, ; = [(scaleledr,i)nd’“ﬂ(sharelemputFactsLdr’i W
X

17ndr,i

. 1

L . .y . Pfiinputsg, ; I

interinputshareqy; = |(scalefilgy ;)" i(share filipput=rInterl dr,i) Pintinputs,. .
dryi

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):

. fiscale fitnputioag—i if i = agricultural industry
scalefilgy; = fi

Viri if 4 = non-agricultural industry

) fisharefitnputioag—iimput if ¢ = agricultural industry
SharefZ1input,dr,i = 6fz

input.dri if ¢ = 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 (Eqgs. B.126, B.140, B.139):

1
. . . ncomi'nput . Plntlnputsdr i 1,,,];0"_”'"1’“’5
intinputcoe f fdr’i’c = (scalecommputldr’i) dryi sharecominputly, ; . ’ ™

Pcompcommd,, .

fisalecominputioag—; if i = agricultural industry

cominput .
P if

dr,i

scalecominputly, ; =
P o { 1 = non-agricultural industry

fisharecominputioag—si,c if 1 = agricultural industry
cominput .
dr,i,c if

sharecominputl g ;. =
P e { 1 = non-agricultural industry
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Exportand Import prices In the model, the world commodity price of imports PCOM MW ORLDIM P,(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, pimpcommnzgy ., is

calculated simply as (Eq. B.108):

3.5.3 Calculating prices

PCOMMWORLDIM P.(t)
Exchangert

PIMPCOMMnNz gy, = + pimportmarginsg, . + pimporttarif fs.

where the margin component of the price pimportmarginsg, . 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 pimporttarif fs. 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):

PCOMMWORLDIMP.(t
pimporttarif fs. = ®) ADVALOREMIMPTARIFF.(t)
Exchangert

importtarif fsg—centralG,dr = Z (pimporttarif fs.importdemandgy. )
C

importtarif fsg—rocaic,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,
perceivedimportpgr ., is used. It is calculated in a similar manner to pimpcommnzg, ., 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).

PCOMMWORLDIM P,(t)

perceivedimportpgy . =(1 + ADVALOREMIMPORTP,.(t)) Exchangert
X

+ pimportmarginsdr, c + pimporttarif f sc

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, PCOMMWORLDEX P,(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 ‘looding’ of markets, we have included a specific export commodity demand
function in the model. Separate ‘base’ prices for export commodities, Pexpcomm are then
calculated (Eq. B.84):

ST,C)

d (Pe comm ) inl1 1 e 1 | Pexpcomm
a x = min o g B *
7 p sT,c "\ exportratios, . ’ o
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using the ratio of export commodity supply and demand, exportratios,. (Eq. B.89):

expcommodityssy. .

exportratios, . = -
expcommoditydy. .

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, pexportcommds, ., compared to the world price. The exogenous parameter,
EXPORTP,, controls how responsive foreign demands are to changes in these relative prices as
follows (Eq. B.97):

PCOMMWORLDEXP.(t) EXPORTPF.
percetvedpexportdsr, c

X WORLDGDPINDX<t)GDPPARAMC

expcommodityds,. . = BASEEXPORTS gy (

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 pexportcommds, . can vary from the price
received by NZ producers for those same commodities, pexpcommnz,, ., 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 (Egs. B.137, B.98, B.92):

perceivedpexportds, . = (1 + ADVALOREMEXPORTP,(t)) pexportcommdg, .

pexportcommds, . = Pexpcommy, . + pexportmarginss, (Exchangert

1
pexpcommnzsy,. = Pexpcomm,, . (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, domcomdemandg, . into
demand from specific regions, regdomcommdyg, 4., requires as an input the composite demand
price for all regions, Pcommpdomcommd,, 4. . (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):

TEGCOoMm
n
d d ___commregd 5commregd( d d )ngigccom dr,c
gaomcommadr.c = Ygr,c srdr.c regdomcommdg gy ) "

ST

Then, the total price for this quantity of composite demand can be calculated by multiplying
the price for the base commodity demand (including margins), pregdomcomminclmarging. dr.c,
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by the base commodity demand, regdomcommds, 4, and then dividing this total value by the
quantity (Eq. B.114):

Yo (pregdomcomminclmarging, g, regdomcommds, gy )

actualpcdedg, . =
gdomcommdygy. .

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. Tprices = At (Eq. B.82):

d
7 (Pcompdomcommd,, .) =

(actualpcdcdd,ﬂ,c — Pcompdomcommd,, C)
d Tprices ’

The equations to calculate the remaining composite prices (Pcindustrys,, ;,
Pperceivedcompcommdy, ., Pcompcomms,, ., Pcompdomcomms
follow the same steps and are provided in Appendix B.5.

Pcompcommd,, .,
Pfiinputs,, ;, Pintinputs,, ;)

sr,cr

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, comp factordg, ;, as derived from the industries module (Section
3.4).

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

1
Pcfact, ; l—nﬁi‘;t

fact
factorsdy g ; = | (factscaleplyy ;)i factshareply gr; comp factordgy;

Pfacthdm
X (1 — RWFACTRTth)

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):

Factscaleply,; — { fiscale factorinput;oag—; if 1 = agricultural industry
dri = fact

o if ¢ = non-agricultural industry

fisharefactorinput;oag—in if @ = agricultural industry

factshareply gr; = . . .
o ;{Zcfz if 4 = 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, RW FACT RI},—r1,4B ar, 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 (RW FACTRT,—cap4r = 0), also in accordance
with base SAM.

The price appearing in the numerator of the above equation, Pcfactg, ;, 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
(Egs. B.148, B.149):

1
p (Pcfacty,;) = — (actualpefactqy; — Pcfactqy; )
prices
actorsdy_q-; Pfacty, g
actualpcfactdr,i = Zh (f h,dr,i h,dr,z)

gcomp factdgy;
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1
fact 7]5::?
gcompfactdg,; = factscaleplyy; Z (factshareplmdr,i (factorsdy, gy ;)"ari )
h

Interestingly, the factor price contained in the denominator is a composite price in the case of
capital, Pfact,_capqr;, but a base price in the case of labour, Pfact,—7 4 4r;. 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 (Egs. B.151, B.152):

d .
7 (Pfacty—capdri) = (actualpcapztaldr’i — Pfact,—ca P7d7»,l')

d Tprices

capitaltypedcap=puic,dr; Pbuiltcapy, ;

actualpcapital g, ; = -
' qcapitaldgy ;

capitaltyped cqp=NatC,dr,i Pcompnaturalcapddm

qcapitaldg, ;

ce Nri
qcapitaldg,; = scalecclgy; [Z <sharecclcap7dr7i(capitaltypedcapydr,i)"dm)]

cap

where the built capital and composite natural capital demand prices, Pbuiltcapy, ; and Pcompnaturalcapd,, ,
are provided from the capital module (Section 3.8). The supply of (composite) capital, factorssp—capdri
is also taken directly from the capital module (Eq. B.154):

factorssy,—c ap.ari =ccapitalsgy ;

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, labratiog,; (Eq. B.153):

> (factorssp—rAB,dr,i)
> (factorsdp—raB.dri)

labratiog,; =

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

lab
d 1 o
& (Pfacth:LABdm) = ( <) — 1) PfaCth:LAB,d'r,i

labratiog,;

where the supply component for labour, factorss,—rap.4r; is taken directly from the labour
module (Eq. B.154):

factorssp—r,AB,ari =adjustedindlaboursupgy ;

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

min|factorsdp, g, factorssy ar,i
1 — RWFACTRT}, g

factorsup, gr; =
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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):

1
fact fact
actor sup, dgr.; Mdr,i Mdr,i
comp factorug,; = factscaleply, ; [ gh (factshareplhydr,i <1 — ]J;WFAC};“dgTth) >]

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, ef fectcomp factorug, ;, 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):

Pcfactg,;

1
fact _ fagt
ef fectfactorsdy ar; = |(factscaleply, ;)i factshareply gr; ' i ef fectcomp factordgy ;

Pfacthdm-
x (1 — RWFACTRT}, 4,

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

minlef fect factorsdy qri, e f fect factorssy ari]
1 — RWFACTRT), 4

ef fectfactorsup qr; =

where (Eq. B.160)
ef fectfactorssy ar; = factorssy gr; x OPERABILITY gy

And finally, the effective factors used are combined to give the effective composite factor use

(Eq. B.161):

1
fact “Fact
ef fect factorsup g ; )"dm' )] Mdr,i

ef fectcomp factorug,; = factscaleplyy; [Z (factshareplh,dm (1 ~ RWFACTRTpg

h

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 comp factorug, ;
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, multifactorprod2q4,;. 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 m fpadjustedq,; (Egs. B.165, B.145, B.164, B.166)

Agfarmsystemprod ;,._ . if ¢ = agricultural industr
multi factorprod2q, ; = & . Y PrOCdr=DRegli S & ) ] Y
mfpadjustedg, ; if 4 = non-agricultural industry
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actualagriprodgr=pReg1,; — Agfarmsystemprod;,_preg1 ;
TIME STEP
x (1-OVERRIDEMAP;)

d
7 (Agfarmsystemproddr:DRegl’i) =

agriprodrtioeg—i if 4 = agricultural industry

actualagriprodg,; =
g " { 0 if ¢ = non-agricultural industry

mfpadjustedq,; = MULTIFACTORPROD,,; (1+ ADJUSTRATE)""™¢ — 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.

Indlaboursupy, ; 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, labtoreallocatey, ;, 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
(Egs. B.167, B.169, B.168, B.170, B.171)

d
7 (Indlaboursupdm) = newlabsupplyqy; + reallocatedlabg, ; — labtoreallocateq, ;

labtoreallocateq,; = Indlaboursupy, ;, MAXREALLOCATERT

A 1
factorsdp—raB,dr,i X LABINDEX 4, ()

reallocatedlabgy ; = Z labtoreallocategy ; x .
i > (f actorsdp—pAB,dr,i ¥ LABINDEXdH-(t)>

Indlaboursupy, ;

newlabsupplyy,; = netincreaselab
PP Ydr dr >_;Indlaboursupy, ;

1
netincreaselabgy, = — Z reglabour supplysy ar — Z Indlaboursupy, ;
T sr 7 7

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 adjustedindlaboursupgy; (Eq. B.177):

adjustedindlaboursupg, ; = Indlaboursupdr’i LABINDEX, ;(t)
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The total annual quantity of labour supply available to each region, from each region, reglaboursupplys;. 4r,
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):

reglabour supplys, ar = reglabouresty, 4 LSFCONV ERTy,

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, M ECRAT1Oq,.
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, LABFORCEADJUST,,, 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, M ECTRANSOU T,
(Egs. B.175, B.176, B.174, B.173):

labour forces, = (1 = LABFORCEADJUSTs,) WORKINGAGEPOP;,(t) PARTICIPATION RTs,(t)
unavailablelabs, = (1 — LABFORCEADJUST,.) WORKINGAGEPOP,,(t) FUN EM PLOY RT

mecforces, = (labour forcegs, — unavailablelabs,) MECRATIO,

mecforces, — MECTRANSOUT,,. for dr = sr

reglabourests, 4. =
’ MECTRANSOUTS, for dr # 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, Builtcapitaly, ;, grow from the
addition of new capital items and decline as a result of depreciation (Eq. B.178):

d . . . . .
7 (Bulltcapltaldm) = netcapitalchangeq,; + newcapitalg,; — depreciationg, ;

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

depreciationg,; = Builtcapital,, ; [RDEP.; (1+ DEPSHFTy, ;)]
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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 netcapitalchangeg,; is also included in the
calculation of the built capital stocks (Eq. B.222):

. netratelandusechangeroqg—i Builtcapital ., if ¢ = agricultural industry
netcapitalchangegq,; = . ) .
0 if ¢ = non-agricultural industry

Total investment in new capital is determined under the investment and savings module through
the calculation of aggregate investment value, aggregateinvestvg,. 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,
Pinvestccy,, as determined under the savings and investment module, and further adjusted for
exogenous set quantities of investment defined by SETINV ESTCQgy...

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 capincomeshg, ; defined as follows (Eqgs. B.203, B.204, B.205):

indcapincomegy;

capincomeshg,; = - -
"N (indeapincomeqy. ;)

indcapincomegy.; = builtuseq,; Pbuiltcapy, ;

builtuseq,; = min [Builtcapitaldr7i KSFCONVERTg,;, capitaltyped qp— BuilC’,dr,i]

where Pbuiltcapy, ; is the industry specific built capital factor price, and Builtcapitaly, ; X
KSFCONV ERTy, ; 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 MOBILESHy, ; 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 immobileinvestg, ;, is calculated as follows (Eq. B.198):

aggregateinvestvly. (1 — NONPRODINV ESTSH(t
Pinvestccy,

x (1 = MOBILESHygy;) capincomeshgy. ;

immobileinvest g, ; =

) . S (SETINVESTCQq.)

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, mobileinvestshq, ; (Eq. B.199, B.200, B.201, B.202):

mobileinvestly, ;
> (mobileinvestlg, ;)

mobileinvestshg, ; =

ALLOCATESH,, + INV ESTCONSTSHgy;
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mobileinvestlg,; = (INVESTPARAMg, ; netreturndm)EINVESTd” x capincomeshgy ;
netreturng,; = grossreturng,; — RDE Py, ;

Pbuiltcapy, ; KSFCONV ERTy,;

Pinvestccy,

grossreturng; =

For the above equations, ALLOCAT ES H g, is the share of mobile investment that is allocated to
industries based on the relative returns to capital in those industries. INVESTCONSTSHy, ;
is the industry share of regional investment held constant. EINV ESTy, ; is a parameter that
controls the degree to which investment allocated to industries response to changes in the rate
of return on capital and INVESTPARAMy, ; 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):

aggregateinvestvly (1 —= NONPRODINVESTSH(t))
Pinvestccy,

x MOBILESH g, ; mobileinvestshgy;

mobileinvestq, ; = + Z(SETINVESTCer,c)

[

newcapitalg, ; = mobileinvesty, ; + immobileinvest g, ;

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
p (Naturalcapitaly, ,,.;) = CONVERSION RTy, s Naturalcapitaly, .,

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

industrylandjoqg—; if nct = Landl

agrilandsupg, ; =
g Pdrinct { 0 if mnct 75 Land1l

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 (Egs. B.180, B.181):

builtratiog, ;

d 1 apbuiltcap
T (Pbuiltcapdm) = (() — 1) Pbuiltcapy, ;

1

naturalcapratiogy; pet

d apnatcap
T (Pnaturalcapdr,i,nct) = << > — 1| Pnaturalcap,. ; ;.o
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where the ratios of supply and demand are (Egs. B.185, B.210):

builtsdr,i
capitaltyped cqp—Builc,dr,i

builtratiog,; =

indnaturalcapsar i net

naturalcapratiogy ; pet =
h naturalcaptypedgy ; net

A tree diagram showing how the supply (builtsq,; and indnaturalcapsdyine) and demand
(capitaltypedeap—puiic,dr; and naturalcaptypedqy ; net) for capital factors is calculated is shown
in Figure 3.7.

Demand for
capital from industry
factorsd pcap,ari

CE
Demand for natural
capital from industry
capitaltyped cop-narc.ari
| ces
\/ XI/NATCAPCONVERT ,,; {/ XI/NATCAPCONVERT V XI/NATCAPCONVERT
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 cp-suic.ari naturaleapd g, napcops naturalcapd o narcap2 naturalcapd g arcap n
A A A
Built capital prices i H H e Natural capital prices
Pbuiltcap R TTyTTTTTTTTTTTTT 2 === Pnaturalcap
v A\ v
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 g, indnaturalcaps 4, napcap1 indnaturalcaps g, notcop2 indnaturalcaps g, natcop n
Supply of natural Supply of natural Supply of natural
capital type 1 capital type 2 capital type n
XKSFCONVERT 4 indnaturalcaps1 y,napcopr  indnaturalcaps 4 ; nacapz indnaturalcaps1 4, natcap n
[ cer
Built Natural
capital capital
Builtcapitaly, ; Naturalcapital, o

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,
factorsdp—cap ar,i, into demands for built capital, capitaltypedcqp—Buiic,ar,i» and composite nat-
ural capital, capitaltypedcqp—nNatC,dri, by the following equations (Eq. B.208)

PfaCth:CAP,dr,i] T
Pbuiltcapy, ;

. cc
cap@taltypedcap:BuilC’,dr,i = [(ScaleCCIdr,i)ndr‘z ShareCCICap:BuilC,dr,i

X factorsdp—cap,dr,

1
1—772‘3

%

Pfact,—capdr,

capitaltyped cop—nNatC,dri = [(scaleccldm)"dm shareccl cop—NatC,dri Pcompnaturalcapd
cap=NatC,dr,i

X factorsdy—cap,dr,

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 (Egs. B.221, B.220):

agricultural industry

fiscalecapitalinputiogg—i if @
scalecclyy; = o ) _
Veri if 4 = non-agricultural industry
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fisharecapitalinput;oag—icap if 7= agricultural industry

5521, dri if ¢ = non-agricultural industry

shareccl qp dri = {
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,
Pfactp—capdri, with the price of built capital, Pbuiltcapg, ;, while demands for composite
natural capital are calculated by comparing the composite capital factor demand price with the
composite natural capital demand price, Pcompnaturalcapd,, ;. 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 Egs. 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 Egs. 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):

I B .
natcap Pcompnaturalcapd dri | 1o ng:ﬁcap capitaltyped ap—NatC dri
drinet Pnaturalcapg, ; e NATCAPCONV ERTy,;

’I’latC(lp nnatcap
naturalcapdgy i net = | (7 i )lari

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 ERTy, ;, 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, indnaturalcapsari net,
based on a CET function (Egs. B.213, B.211):

1

Pcompnaturalcapsdr,nct 1*¢3f,tncgtp

Hnatcap)qﬁ"atcap natcap

dr,nct
dr,nct

indnaturalcapslay; net = |( dri et

Naturalcapital
Pnaturalcapg, ; ,,. pitalg, net

mndnaturalcapslay; net

indnaturalcapsgy i net = Naturalcapitaldr’mt + agrilandsupgy i net

>, (indnaturalcapsl gy i pet)

We then have available both the supply- and demand-side components of natural capital, allowing
for computation of the natural capital base price, Pnaturalcap,, ; ,.; (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
Egs. 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,
Pcompnaturalcapsy, ., is determined in the usual manner (Egs. 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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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 4, indnaturalcaps 4, napcap1 indnaturalcaps 4, natcap2 indnaturalcaps g, natcap n
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Composite
natural capital
compnaturalcaps g,
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Quantity of composite
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ccapitals 4,;

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. ) ;(Industrybalance, ;), 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):

capitalincome _ 2 (factorsun=cap.ri Pfacti—capar.) + capregtransout
dr I — RWFACT RTh:CAP,dr g DRegl<+DReg2

+ Z(Industrybalancedm) — bussloanpaymentsg, — Z VIMUNOPET dy. c.m f=Buss

) Cc

vmunopexdy.emf = OPEXDEMANDBYTIMEy,(t) x OPEXRESPBYTIME,, ¢(t)
X Pcompcommd,, . WASTEMAP,

bussloanpaymentsgr—pregi = Yy totalloanpaymentsyi—Normal,mf=Buss,it

bussloanpaymentsgr—pregz = 0

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

1
— (Rcapincome,,) = (capitalincomey, — Rcapincome,.)
dt Tincome

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

capregtransouty. = Rcapincome,, x CREGTRANSRTy,
capentertransg, = Rcapincome,, x CENTTRANSRTY,
capgovttransy 4 = Rcapincome,, x CGOVTTRANSRT g,
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caplocalhhldtransg, = Recapincome,, x CHHLDTRANSRTy,

capreghhldtransg. = Rcapincome,;, x CRHTRANSRTy,

v

where the proportions CREGTRANSRT,., CENTTRANSRTy,, CGOVITRANSRT, 4., CHHLDTRANS.
and CRHTRANSRT,. sum to 1. The auxiliary, capregtransouty,, is the value of capital

income transferred to the capital account in the other NZ region.

Whilst capentertransg,,

capgovttransy qr, caplocalhhldtransg,. and capreghhldtransg, are respectively capital income
transferred to enterprises, governments, within-region households and out-of-region households.

Quantity of
capital factors used
factorsu y-cap,ar,i

multiply by price of factors x Pfact _cap o
Net industry Value of
income capital factors used
Industrybalance ,,;
Sum across
) . Transfers from
industries i
Sum across other region
industries plus RW transfers | x(1/(1-RWFACTRTH p_cap.ar)) capregtransout pregs <> preg2
Sum INCOME
——————————————————— Total Capital Account e
Fixed proportions from SAM EXPENDITURE
Transfers to Within region Enterprise Outside region Govt
other region household transfers savings household transfers transfers
capregtransout 4, caplocalhhldtrans 4, capentertrans 4, capreghhldtrans 4, capgovttrans g 4

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, regsavingsy,, less interregional transfers of savings, savregtransoutg,, and savings derived
from the rest of the world, rwsavingsg, (Eq. B.237):

savingstotalyg. = rwsavingsg, + regsavingsq, — savregtransout g,
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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):

savingstotal g,

savingstotally. = savingstotalg, + Z (totalloanpaymentsyi=FinIntServ,m f,lt)

mf,lt >4 savingstotal g,

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 4, hhldsavings 4, govtsavings 4 savregtransout pregi<s>preg2 rwsavingstotal
Sum split into regions XRWREGSAVSH 4,
Savings from Rest of world savings
regions split into regions
regsavings g4, rwsavings 4,
[ sum INCOME
—————————————————————————— Total Savings Account — == == === — = — == — = — = = — =
savingstotal 4, EXPENDITURE
Regional
transfers
savregtransout 4,

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,
RWREGSAVCON STy, is also required in the equation, given that some regions start with
negative rest of world savings in the base year (Eq. B.239):

Holdregvaladd,,
>4 Holdregvaladd,,

rwsavingsq, = rwsavingstotal + RWREGSAVCON STy,

In turn, regionally-derived savings are the sum of enterprise, household, and government savings,
i.e. entsavtransg,, hhldsavingsg,, and govtsavings, 4, respectively, plus the receipt of interre-
gional transfers which are given by savregtransout ppregispreg2 @s transfers into DReg2 equal
the transfers out of DRegl (savregtransoutppegi), and vice-versa. This gives the equation for
regionally-derived savings (Eq. B.241):

regsavingsq, = entsavtransg, + hhldsavingsg, + g (govtsavingsgdr) + savregtransout pReg1«s DReg2
g

Lastly, interregional transfers of savings are indexed to households within the origin region, where

SAVREGTRANSBSy, defines the value of these transfers during the base year (Eq. B.242):

Rhhldincomey,

= SAVREGTRANSB
savregtransouty. = SAVREGTRANS SdTBASEHHLDACCOUNTdT

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).
ACRWSAVINGS it Time <4

rwsavingstotal = { 100 Interestrt x NZINTERESTW EIGHT
+WORLDGDPINDX (t) GDPWEIGHT
+ RWSAVCONST + 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 RWSAVCONST 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, ACRW SAVINGS(t), for the historic time
over which data is available (presently ¢ < 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 Tipserest (Eq. B.225):

1 (ACTUALINTERESTRT(t) — Interestrt) for t<3
1

Tinterest

d
p (Interestrt) = {

(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, NATURALGDUP(t)
(Egs. B.245, B.229):

INTERESTCONST + INTERESTINFLW (desiredin flationrt — 0.02)

+INTERESTGDPW ACTUALGDPGAP(t) for t<3
taylorinterestrt =
INTERESTCONSTGFC 4+ INTERESTINFLW (Inflationrt — 0.02)
+ INTERESTGDPW gdpgap for t>3
J _ realgdp 1
JOPIP = N ATURALGDP(t)

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 aggregateinvestvg, (Eq. B.235):

aggregateinvestvg, =

(realinterestrt ALPHA + Z (savingstotalg BET A)
dr

Holdregvaladd,,
>4 Holdregvaladd,,

x (1— INVESTINDIRECTTAXRT},)

+ INVESTCONST> + REGINVESTCONST,,
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where ALPHAy,., BET Ag,., and INVESTCON STy, 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,
ie. INVESTINDIRECTTAXRTy,, 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):

INVESTINDIRECTTAX RTy,
1—INVESTINDIRECTTAXRTy,

mvestindirecttazr g, = aggregateinvestvly,

4+ MUNCAPINVESTBYTIME ;. x MUNINDTAXRT %
Variable
investment’

realinterestrt ALPHA ,, + savingstotal 5, BETA 4, + INVESTCONST 4,

less indirect tax X(1-INVESTINDIRECTTAXRT 4, )

Investment
consumption
aggregateinvestv 4,

CES
Consumption Consumption Consumption
of Com 1 of Com 2 of Comn
disinvestconsump g4, com1  disinvestconsump g, com > disinvestconsump g, com n
plus contant consumption +SETINVESTCQq;,com 1 +SETINVESTCQy, com 2 +SETINVESTCQy, com n
Total consumption Total consumption Total consumption
of Com 1 of Com 2 of Comn
investconsumpq 4, com 1 investconsumpq g, com 2 investconsumpq g, com n

Figure 3.11 Tree diagram showing how available investment is calculated and where it is allocated.
CES: Constant Elasticity of Substitution calculation.
' 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):

aggregateinvestvly. = aggregateinvestvg, — (investadjustcap + investadjustland)

aggregateinvestvg,
Zdr aggregateinvestvg,

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, Pinvestccy.. 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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disinvestconsumpgy. (Eq. B.234):

v

disinvestconsumpgy . = (fy’nvestC)nmve“c5mvestc Pinvestccy, L-ngreeste aggregateinvestvg,
T7C - d

dr,c

Pcompcommd,, . Pinvestccy,

In this equation 77"“’65“3 is the commodity substitution parameter for investment consumption,

while y/veste and 5”“’65750 are the CES scale and share parameters. Additionally, Pcompcommd,, .
is the commodlty—spemﬁc 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 (Eqgs. B.226, B.232, B.231):

1
— (Pinvestccy.) = —— (actualpinvestcey, — Pinvestccy,)

d Tprices

dr,c

nznvestc
. : investc dr
ginvestceg, = ’ygrwesm [ E ((5”“’65“ (disinvestconsumpgy.)"dr )]

C

Y e (dismvestconsumpdr,c Pcompcommddw)

actualpinvestccy, = -
qinvestccy,

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, investconsumpqqy . (Eq. B.243):

investconsumpqqy . = disinvestconsumpgy . + SETINV ESTCQ 4y . + muninvestconsumpgy .

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 muninvestconsumpgy; 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
MUNCAPINVESTBYTIME,(t), ® 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):

muninvestconsumpgy . = MUNCAPINVESTBYTIME,(t) x MUNINVESTRATIO,

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
(Egs. B.254, B.256):

vestadjustcap = Z (muninvestconsumpdm Pcompcommddm)

dr,c
1 Z (MUNCAPINVESTBYTIMEdr (t) x MUNINDTAXRT Gdﬁ;gsex)
dr
‘ ‘ Gdpindex
investadjustland = » _ ( MUNLANDINV ESTBY TIM Eg,(t) 000

dr

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, LOAN RATFE, and assuming
a fixed number of payments made per year, PAYMENTSPERY EFAR, and years over which
the loan is taken out, Y FARSFORLOAN (Egs. B.252, B.253, B.257, B.258):

annualloanpayments,; ;; = periodicloanpayments,, y PAY MENTSPERY EAR

periodicrate,t (1—Q—periodicratemg)"“mb”p“yme”tS

((1+periodicrate7«t)"“mb”P’lymems ) -1

periodicloanpayments,t ji—cCapital = 1nvestadjustcap

periodicrate,t (1+periodicrate7-t)"“mb”myme”ts

((1+perz’odic7‘atem ynumberpayments ) -1

periodicloanpayments, ji—rand = tnvestadjustland

3For reasons outlined in the preceding paragraph, MUNCAPINVESTBYTIME as well as
MUNLANDINVESTBYTIME 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 x PAYMENTSPERYEAR

LOANRATE

periodicrateri=Normal = PAVMENTSPERYEAR
.. _ LOANRATE—FISSHARE
periodicrateri=rinIntServ = “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 C'govt) 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,
totalloanpayments,, 1.1, is determined as follows (Egs. B.248, B.249, B.246, B.250, B.250, B.259):

totalloanpayments,t m it = Z loanpaymentsyrm rt,mf,it
yrmt

mal‘loanpaymentyrmt,rt,mﬁlt if LoantopaYyrmt,rt,mf,lt >0

loanpayments =
pay yrmt,rt,mflt { 0 if Loantopay i tmfi < 0

d
%(Loantopayyrmt,mm f}lt) = totaltopayyrmi,rt.mfit — loanpaymentsyme vt me.it
totaltopayyrmi,re,mfie = loanpaymentsbyyearloany mi rtmypi Y FARSFORLOAN

annualloanpayments,;jy CAPINV ESTRES Pyt m,it
loanpaymentsbyyearloanyrme rt.mf,it = if LOANYR—0.5<Time < LOANYR+0.5
0 if LOANYR—0.5>Time > LOANYR+0.5

loanpaymentsbyyearloanyrme rt.mf,it(t + 1)
if loanpaymentsbyyearloan,,m rtmfi(t + 1)

> loanpaymentsbyyearloanyrme rt.mf.it(t)
mazloanpayment yrme vt mpit(t +1) =
loanpaymentsbyyearloanyrmt rt.mf,it(t)

if loanpaymentsbyyearloany,m rempi(t + 1)

< loanpaymentsbyyearloanyrmg remg,it(t)
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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.

3.11  Primary module

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.* 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 1Oag). 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-

4 Although 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 Landuse. 7
thus receives inputs of new land acquired via land use change, landusechangein,. fim¢, and
outputs of land lost to land use change landusechangeout., ¢ m:- Land use change occurring as
a result of adoption of new mitigation states also creates inflows, mitigationin,. f¢m¢, and out-
flows, mitigationoute, ftme, for the land use stock. Furthermore, land can be retired altogether
from primary production, with this occurring through the outflow farmretiremente. ¢ me. In
summary the equation for Landuse,, fr.m: is defined as (Eq. B.263):

ﬁ(Landuseez,ft,mt) = actuallandusec,, ftmi + landusechangeine, it me — landusechangeoute, fime

— farmretiremente. t¢ mi + mitigationine, pime — mitigationoute. fi mi

The additional term used in this above equation, actuallanduse,. f¢.m¢, 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, MAXCHANGERTYy;. 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 (Eqgs. B.326, B.307, B.301):

( Landuse,. ft m:

X MAXCHANGERTy if Time> KNOWLANDTIME and
landusechangeoute, ftme = Time < HOLDLANDTIME
0 if Time < KNOWLANDTIME or

Time > HOLDLANDTIME

D gi (landtoreallocate. agindshareo fallocatione qqi
landusechangeinez ftymt = X fsshareallocationez,ftvmt,agi) if Time> KNOWLANDTIME

0 if  Time < KNOWLANDTIME

landtoreallocate,, = Z landusechangeout. f¢me + Z landnomitigation,. f
ft,mt 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 landnomitigationes f¢m¢. The
inclusion of this term is to cover land that is required to change out of a mitigation state, but

Page \ 51



v

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, agindshareofallocatione. qgri, defines the proportion of land within a zone allocated
to a particular agricultural industry while the second, fsshareallocatione;, ¢t m¢ 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 Egs. 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. Eqgs. 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, farmretirementc. f¢mi-
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 Egs. 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 Eqgs. 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. Eqgs. 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 Percfsreturnsperha,, ¢ ,,,. While based on actual
returns per hectare, fsretunsperhac;, ¢t 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):

[sreturnsperhac,, ftmt — Percfsreturnsperha,, ;.
ADJUSTTIME

d
7 (Percfsreturnsperhaez, ft,mt) =

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
Egs. 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. toreplace ¢5, " and £, ">"" respectively). Also calculated,

is the relative rate of commodity production compared to the base year (Eq. B.351).

Eqgs. 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 ’ygﬁ ;, and
51

input,dr,i i i
for each type of commodity input (replacing 5 """ ut and Sopinp “"). Finally, Egs. 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 %{f ?t and 5}’:0&? ;) and the scale and share

parameters but for built capital/land inputs (replacing 75 and §5°).

). Similarly, Egs. B.277, B.335, and B.340 calculate revised share and scale parameters
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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.

3.12 Rest of world module

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):

mriresrep (ACTUALEXCHANGERT — Exchangert) for ¢ <3

d
ﬁ(EXChangeI‘t) - aemchangert
<< 1 ) — 1) Exchangert for t>3

bopratio

with the rate of response dependant on the exogenous alpha parameter, af*hengert 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):

) rwincome
bopratio = ————
rwexpenditure
Enterprise Labour Government
transfers income transfers
entrwtrans 4, rwlabourincome 4, govtrwtrans ;4
| | Household Purchase of
transfers imports Sum across governments
less direct tax X(1-RWDIRECTTAXRT 4, ) hhldrwtrans 4, nzimportpurchases 4,
| Sum across regions
Rest of world
income
rwincome
? Exchange
————————————————————————————— +—---—-———--— rate —_——————-
|
v Exchangert
Rest of world
expenditure
rwexpenditure
Sum across regions
Rest of world Enterprise Household less indirect tax X(1-RWINDIRECTTAXRT )
. 1 2 2
savings transfers transfers
rwsavings 4, rwenttrans 4, rwhhldtrans 4, Export

sales
nzexportsales , , 4,

Figure 3.12 Tree diagram showing rest of world income and expenditure.
'Exogenously 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 = E (rwlabourincomedr + E (nzimportpurchasesdr,c) + entrwtransg,

dr c

+hhldrwtransg, + Z (govtrwtransgvdr) — deirecttaxdr>
g

Transfers from enterprises, entrwtransg,, households, hhldrwtransg,., and governments, govtrwtransg g,
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

(Egs. B.365, B.366):

rwlabourincomeg, = Z (rwlaboursupplyqy ; Pfacty—r A dri)

i

RWFACTRT)—p 4 ar
1 — RWFACTRTh—1AB.ar

rwlaboursupplyq,; = factorsup—rAB,dr,i
Similarly, rest of world income from imports is determined by multiplying the quantity of import
commodities demanded, by the import price (Eq. B.367):

PCOMMWORLDIM P.(t)
Exchangert

nzimportpurchasesg, . = importdemandg.

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

rwdirecttazg. = (entrwtransg,. + rwlabourincomeg,.) RW DIRECTT AX RT,,

On the expenditure side, funds are transferred into the economic system via transfers from
enterprises, entrwtransg,, households, rwhhldtransg,, from NZ export sales ,nzexportsaless, .,
via payments of indirect taxes, rwindirecttazxy,., and from net rest of world savings, rwsavingsg,

(Eq. B.369):

rwezxpenditure = Z (rwsavingsdr + rwenttransg, + rwhhldtransg, + rwindirecttaxdr)

dr
+ Z Z(nzemportsalessr,c)
ST Cc

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

rwindirecttax g, = Z(nzea:portsalesﬂﬁdm) RWINDIRECTTAXRTy,

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

expcommodityss, . actualpexportss, .

nzexportsalesg, . = Exchangert
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actualexports,, . Pexpcomm,, .
)

actualpexportsg. . = -
’ expcommodityssy.

actualexportsg, . = min (expcommodityds, ., expcommodityssy. )

where the quantities of export demands and supply, expcommodityds, . and expcommodityss, .,
along with the export commodity price, Pexpcommy,, ., 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, Teqsurpius (Eq. B.224):

d 1
— (Casurplus) = —— (actualcasurplus — Casurplus)
dt Teasurplus

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, targetin flationrt. 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 ACINFLATION RT (t), if appropriate (Eqgs. B.373, B.375, B.376):

d 1
7 (Inflationrt) = — (targetinflationrt — Inflationrt)
T

ACINFLATIONRT(t) for t<11.5

targetin flationrt = o .
desiredin flationrt for t>11.5

desiredin flationrt = 4 <szf(t) —cpif(t 025))

epif(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 X 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 (Egs. B.378, B.379):

>ar 2o (Pcompcommd,, . BASEHHLDCON SUM Py, )

.
it = 1000 S~ B ASEPCOMPCOMMD,,, BASEHHLDCONSU M Fyy)

>ar 2o (Pcompcommd,, . hhldconsumpqy. )
Yodr 2o (BASEPCOMPCOM M Dgy . hhldconsumpgy. )

cpip = 1000

In the above equations, BASEHHLDCON SUM Py,. ., is, for each region, the quantity of house-
hold consumption of each commodity, ¢, at time zero (the base period), while BASEPCOM PCOMM Dy .,
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 = Z ( (hhldconsumpdr’c + Z govtconsumpyg qr.c + investconsumpqdm> Pcompcommd,,

dr,c g

+ stockchangesdr,c> + Z nzexportsalesg, . — Z nzimportpurchasesgy. .

sT,C dr,c

Z ((hhldconsumpdr,c + Z govtconsumpy gr . + investconsumpqgy.

dr,c g

stockchangesgy .

BASECOMPCOMM Dy, .
Pcompcommd,, . ’

nzexportsales
+ Z P "¢ Exchangert
pexportcommd, .

sr,c

Z( nzimportpurchasesgy. .

Exchangert x 1
PCOMMWORLDIMP.(t) ¢ angert = >

dr,c

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
BASEHHLDCONSUM Py, is the same as hhldconsumpg, . 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 = z [(hhldconsumpdr’c + Z govtconsumpg gy + investconsumpqdn(;)
dr,c g

X Pcompcommddm} + Z nzexportsalesgs . — Z nzimportpurchasesqy .

sr,c dr,c
+ E stockchangesqy . + g otherindirecttaxesg,
dr,c dr

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

1000
actualgdpindex

realgdp = X 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 (indvalueaddedq, ;) and real (dindvalueaddedy, ;) terms (Eqs. B.396, B.397, B.398,
B.395, B.394):

indvalueaddedg, ; = Z (factorsup, qr; Pfacty, 4r;) + realindustrybalancegq, ; + indindirecttazgy ;
h

totalvalueaddedy, = Z indvalueaddedg, ; + otherindirecttaxesgq,

)

otherindirecttaresy, = Z govtindirecttaxy g + hhldindirecttarq, + rwindirecttax g,
g
+ investindirecttazx g,

totalvalueaddedg,

dtotalvalueaddedg, = 1000 otatva uea‘ edg
actualgdpindex

indvalueaddedg, ;

dindvalueaddedy, ; = 1000 Inavarueadaeddr,
7 actual gdpindex

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

d 1
pn (Holdregvaladd,,) = — (totalvalueaddedy, — Holdregvaladd,, )
T
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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 (Egs. 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 (Egs.
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
Egs. 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 Eqgs. 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:

e 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.

e 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:

o 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.

o Multi-factor productivity - the model incorporates industry-specific default time series of
multi-factor productivity indices MULTIFACTORPRODg, ;(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 ADJUST RAT Eg4, ; parameter.
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World commodity prices - the model also incorporates econometric projections of world
commodity prices. Export prices, PCOMMWORLDEX P,(t), are provided separately
from import prices, PCOMMWORLDIM P,(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 ADVALOREMIMPTARIFF.(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 series ADVALOREMEX PORT P.(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, ADVALOREMIMPORTP,(t), can be used to alter relative demands for
imported goods by the New Zealand market.

e Labour and capital productivity indices - the two exogenous time series, LABIN DEX,(t)
and CAPINDEX;(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.

e 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, INDTAX RTADJUST;(t),
provides an opportunity to increase or decrease industry taxes. Additionally, the time
series, HHLDTAXRTADJUST,(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 nhames 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

NatCapl Agricultural/forestry land
NatCap2 Coal
NatCap3 Oil/gas

Table A.2 Industry categories

Name Description

Indl  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

Indll Utilities

Ind12  Construction

Ind13 Wholesale and retail trade

Indl4  Accommodation and food services

Indl5 Transport, postal, courier, transport support and warehousing services

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

(continued on next page)

Page | 66



Table A.2

(continued)

Name

Description

Indl7
Indl8
Ind19

Ownership of owner-occupied dwellings
Government, education, health and social services

Personal and recreational services

Table A.3 Commodity categories

Name Description

Coml  Trade margins

Com?2  Horticulture and fruit

Com3  Forage products, fibres, sugar crops and unmanufactured tobacco

Com4  Cereals

Comb5  Sheep

Com6  Cattle

Com7  Deer

Com8  Other livestock and animal products

Com9  Raw milk

Coml10 Wool

Comll Wood and non-wood forest products and standing timber

Coml12 Coal, oil, gas and other mining and quarrying

Coml13 Meat products

Coml4 Dairy products

Com15  Other food

Coml16 Animal feed

Coml7 Textiles

Coml18 Wood and paper products

Com19 Other manufactures

Com?20 Utilities

Com?21 Construction

Com?22 Accommodation and restaurant services

Com?23 Transport services, storage and warehousing

Com?24 Finance, insurance, rental and leased property services, real estate services and
business services

Com?25 Owner-occupied dwellings

Com?26 Government, education, health and social services

Com?27 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 10 Agricultural industry categories

Name Description

TI0OAg01 Sheep, beef, deer, other livestock and grain farming horticulture
I0Ag02 Dairy cattle farming

10Ag03 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

FilnReBu Finance, insurance, real estate and business services
OtServ Other services

Table A.7 Farm type categories

Name Description
FaTyp0l Sheep & Beef A
FaTyp02 Sheep & Beef B
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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

FaTypl0 Deer B

FaTypll Deer C

FaTypl2 Deer D

FaTypl3 Deer E

FaTypld Dairy cattle farming
FaTypl5 Forestry and logging
FaTypl6é Horticulture
FaTypl7? 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)

Page | 69



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

MoFa0l 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
MoFal0 Sheep, beef and dairy case study farm 11
MoFall Sheep, beef and dairy case study farm 12
MoFal2 Sheep, beef and dairy case study farm 13
MoFal3 Sheep, beef and dairy case study farm 14
MoFald Sheep, beef and dairy case study farm 15
MoFals Sheep, beef and dairy case study farm 16
MoFal6 Sheep, beef and dairy case study farm 17
MoFal7 Sheep, beef and dairy case study farm 18
MoFal8 Sheep, beef and dairy case study farm 19
MoFal9 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
MoFa4l 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
MoFa4b5 Dairy economic zone 1

MoFa46 Dairy economic zone 2

MoFa47 Dairy economic zone 3

MoFa48 Dairy economic zone 4

MoFa49 Dairy economic zone 5

MoFab50 Dairy economic zone 6

MoFab51 Dairy economic zone 7

MoFa52 Dairy economic zone 8

MoFab3 Dairy economic zone 9

MoFab4 Dairy economic zone 10

MoFa55 Horticulture

MoFab6 Arable

MoFab7 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
Zone0l 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
Zone(09 Mataura, small, mixed, well drained, wet farm
Zonel) Mataura, small, mixed, poorly drained, wet farm
Zonell Mataura, small, mixed, well drained, dry farm
Zonel2 Mataura, small, mixed, poorly drained, dry farm
Zonel3 Mataura, small, flat, well drained, wet farm
Zoneld Mataura, small, flat, poorly drained, wet farm
Zoneld Mataura, small, flat, well drained, dry farm
Zonel6 Mataura, small, flat, poorly drained, dry farm
Zonel7 Oreti large farm
Zonel8 Oreti, small, mixed, well drained, wet farm
Zonel9  Oreti, small, mixed, poorly drained, wet farm
Zone20 Oreti, small, flat, well drained, wet farm
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Table A.12 (continued)
Name Description
Zone2l  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
Zone3l Waiau - South, small, mixed, poorly drained, wet farm
Zone32 Waiau - South, small, flat, well drained, wet farm
Zone3d3 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
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Name

Year01
Year02
Year03
Year04
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Table A.15 (continued)

Name

Year05
Year06
Year07
Year08
Year09
Yearl0
Yearll
Yearl2
Yearl3
Yearld
Yearlh
Yearl6
Yearl7?
Yearl8
Yearl9
Year20
Year2l
Year22
Year23
Year24
Year2h

A.2 Stocks
Table A.16 Description of stocks and equation references

Name Description Eq. ref
Builtcapital, ; Built capital (B.178)
Casurplus Current account surplus (B.224)
Desiredprod,, ; Value of desired industry production (B.55)
Estimports,, . Commodity imports (B.78)
Exchangert Exchange rate (B.362)
Holdregvaladd,, Total regional value added (B.374)
Indlaboursup,, ; Supply of labour to industries (B.167)
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Table A.16 (continued)

Name Description Eq. ref
Industryaccount,, ; Available industry funds (B.56)
Industrybalance,, ; Difference between industry income and industry expenditure (B.57)
Inflationrt Inflation rate (B.373)
Interestrt Interest rate (B.225)
Landuse.. ¢ m: Land use (B.263)
Loantopay ,.,¢ vt mf.it Loan to pay (B.246)
Naturalcapital, ,, ., Natural capital (B.179)
Pbuiltcap,, ; Industry built capital price (B.180)
Pcfacty,; Industry composite factor price (B.146)
Pcindustrys,, ; Composite industry supply price (B.79)
Pcompcommd,, . Composite commodity demand price (B.80)
Pcompcomms,, . Composite commodity supply price (B.81)
Pcompdomcommd,, .. Composite domestic commodity demand price (B.82)
Pcompdomcomms,, . Composite domestic commodity supply price (B.83)
Pcompnaturalcapd,, ; Composite natural capital demand price (B.182)
Pcompnaturalcaps,, ,, . Composite natural capital supply price (B.183)
Percfsreturnsperha,, ¢, ., Perceived returns per hectare (B.262)
Pexpcomm,, . Price of export commodities (B.84)
Pfacty, 4 i Price of factors (B.147)
Pfiinputs,, ; Price of composite inputs (B.85)
Pgovtcc, ;. Perceived government composite commodity consumption price (B.27)
Phhldccy, Household composite commodity consumption price (B.2)

Pintinputs,, ; Price of composite intermediate inputs (B.86)
Pinvestccy, Investment composite commodity consumption price (B.226)
Pnaturalcap,,. ; Price of natural capital types (B.181)
Pperceivedcompcommd,, ., Perceived composite domestic supply price (B.88)
Pregdomcommy,. 4, . Price of commodities produced in and for the domestic market (B.87)
Rcapincome,, Recognised capital income (B.184)
Renterincome, Recognised enterprise income (B.45)
Rgovtincome, ;. Recognised government income (B.26)
Rhhldincomeg, Recognised household income (B.1)

Shareretirefr., q4; Share of land retired to forestry (B.261)
Shareretirenp,, Share of land retired to non-productive use (B.260)
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Table A.17

Initial condition settings for stocks

Name

Notes

tBuiltcapital gy ;

1Casurplus
iDesiredprodgy, ;
1Estimportsgy, .
1Exzchangert
1Gdpindex

iIndlaboursupgy ;

tIndustryaccount gy, ;
iIndustrybalanceg, ;
iIn flationrt
iInterestrt

iLandusec,, ¢ mt

iNaturalcapital gr net

1Pbuiltcapgy i
iPcindustrysgr. ;
iPcfactyy;
iPcompcommdy .

tPcompcommsy .

1Pcompdomcommdy .
iPcompdomcommsy.
tPcompnaturalcapdgy,;
1Pcompnaturalcaps, ;

iPercfsreturnsperhac;, ft.m¢

tPexpcommyg,. .

Net capital stock by 31 industry types obtained from Statistics New Zealand (series
SGO7TNAC04K90). 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)

Set to 0 in base year

Set to BASEPRODUCTION in base year
Set to BASEIMPORTS in base year

Set to 1 in base year

Set to 1000 in base year

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)

Derived from base year Social Accounting Matrix (SAM)
Set to 0 in base year

Set as ACINFLATION RT(0)

Set as ACTUALINTERESTRT(0)

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

Total agricultural land data (NatCapl) 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)

Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1
Prices in base year set to 1

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

Prices in base year set to 1
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Table A.17 (continued)

Name

Notes

inacth,drﬁi

iP fiinputsayr;
iPgovtceg gy
iPhhldccg,
1Pintinputsg, ;
tPinvestccy,
1Pnaturalcapar i net
iPregdomcommyy dr,c
i Recapincome g,
tRegvaladd g,
1Renterincomeg,
iRgovtincomeg gy

1Rhhldincomeg,

Prices in base year set to 1

Prices in base year set to 1

Prices in base year set to 1

Prices in base year set to 1

Prices in base year set to 1

Prices in base year set to 1

Prices in base year set to 1

Prices in base year set to 1

Derived from base year SAM

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

Derived from base year SAM

Set to BASEHHLDACCOUNT in base year

A.3 Auxiliaries

Table A.18 Description of auxiliaries and equation references

Name Description Eq. ref
actualagriprodgy.; Actual primary industry production (B.164)
actualcasurplus Actual current account surplus (B.227)
actualenterincomeq, Current enterprise income (B.46)
actualexportssy . Current commodity exports (B.372)
actualgdpindex Current Fisher Gross Domestic Product (GDP) index (B.380)
actualhhldincome, Current household income (B.3)

actualindcompnaturalcapsqy ; Current supply of composite natural capital to industries (B.216)
actuallandusec., ¢t mt Actual adjustment to land use to account for known changes  (B.264)

in land use

actualpcapital g, ; Current capital price (B.151)
actualpcedgy Current composite commodity demand price (B.109)
actualpccsgy ¢ Current composite commodity supply price (B.112)
actualpeded gy, . Current composite domestic commodity demand price (B.114)
actualpedcesgy. Current composite domestic industry supply price (B.116)
actualpefactgy ; Current composite factor price (B.148)
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Table A.18 (continued)

Name Description Eq. ref

actualpenaturalcapdgy; Current composite natural capital demand price (B.215)

actualpenaturalcapsdr et Current composite natural capital supply price (B.212)

actualperceccdgy Actual perceived price of composite commodity demand (B.136)

actualpexportssy Current exports price (B.99)

actualp fiinputsqy ; Current composite factor and intermediate inputs price (B.120)

actualpgovtcey gy Current government composite commodity consumption  (B.38)
price

actualphhldccg, Current household composite commodity consumption price  (B.17)

actualpintinputs gy ; Current composite intermediate inputs price (B.124)

actualpinvestccgy, Current investment composite commodity consumption (B.231)
price

actualprodgy,; Actual production (B.60)

actual supplysr ;.o Actual supply of commodities by industry (B.69)

addtravelcosts g, Additional household travel costs (B.433)

adjustedindlaboursupgy ; Industry labour supply adjusted for additional productivity — (B.177)

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

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

adoptiontypee., ft mt Type of adoption (0=no adoption, l=early adoption, (B.324)
2=medium adoption, 3=late adoption)

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

aggregateinvestv2 g, Total value of investment, second estimate with adjustments  (B.236)
for committed investment in municipal wastewater treat-
ment

agindshareo fallocatione, agi Share of land subject to land use change allocated to each  (B.297)
primary industry as a new land use (final estimate)

agindshareo fallocationlste, agi Share of land subject to land use change allocated to each  (B.296)
primary industry as a new land use (first estimate)

agrilandsupdr ; net Agricultural /forestry land supply by industry (B.223)

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

annualloanpayments, i Annual load payments (B.252)

avgreturnsperhae. qqi Average returns per hectare (B.294)

belowcape., tt,mt Status of land use in relation to land use cap (1=below land  (B.320)
use cap, 0=at or above land use cap)

betwgovttransing g4, Within-region transfers between government agents, by pay-  (B.33)
ing agent

betwgovttransouty g, Within-region transfers between government agents, by re-  (B.34)

ceiving agent
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Table A.18 (continued)

Name Description Eq. ref
bopratio Balance of payments ratio (B.363)
builtcaprevsh sy Share of revenue allocated to built capital (B.270)
builtratiogy ; Ratio of industry built capital supply to industry built cap-  (B.185)
ital demand
builtsar.; Supply quantity of built capital (B.186)
builtuseqy ; Built capital used (B.205)
bussloanpayments g, Loan payments by industries (B.219)
capentertrans g, Transfers of capital income to enterprises (B.192)
capgovttransg g, Transfers of capital income to government (B.193)
capitalincomeg, Total capital income (B.190)
capincomehhldg, Transfers of capital income to households, by receiving re- (B.4)
gion
capincomeshgy; Industry share of total regional capital income (B.203)
capitaltypedecap. ar.i Industry capital demand (B.208)
caplocalhhldtransg, Capital income transferred to within-region households (B.194)
capreghhldtransg, Capital income transferred to out-of-region households, by  (B.195)
region of capital income receipt
capregtransout g, Capital income transferred between regions, by receiving re-  (B.191)
gion
ccapitalSar.; Composite capital supply (B.187)
centralgovmunpaysg. ar Additional municipal costs (loan payments + operating (B.44)
costs) allocated to central government
comp factordgy,; Industry demand for composite factors (B.71)
comp factorugr,; Industry use of composite factors (B.157)
compnaturalcapsgr ; Composite natural capital supply (B.189)
council feeprice Council fee price (B.282)
cpif Fisher Consumer Price Index (CPI) (B.377)
cpil Laspeyres CPI (B.378)
cpip Paasche CPI (B.379)
deadlinepressurec,, ftmt Deadline pressure (B.332)
depreciationgy ; Depreciation (B.206)
desiredin flationrt Desired inflation rate (B.376)
desiredinterestrt Desired interest rate (B.228)
df muindva i Deflated (to base year dollar terms) value added by industry  (B.409)

and Freshwater Management Unit
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Table A.18 (continued)

Name Description Eq. ref

dindvalueadded gy ; Industry value added deflated to constant (base year) dollar  (B.394)
terms

directtaxincomegy g, Government income from direct taxes (B.29)

disinvestconsumpgy. . Investment consumption by commodity (B.234)

domcomdemand gy, Domestic commodity demand (B.111)

domcommexpendgy; Value of industry expenditure on domestic commodities (B.65)

domcommodityss, Domestic commodity supply (B.91)

domcommodityusegy ;.. Domestic commodity use of commodities (B.67)

dommargingq, Quantity of domestic margins (B.437)

dtaindvag, ; Deflated (to base year year dollar terms) value added by  (B.426)
industry and Territorial Authority

dtotalvalueadded g, Total regional domestic product calculated based on value-  (B.395)
added method and deflated to constant (base year) dollar
terms

ef fectcomp factordgy ; Effective composite factor demand during a disruption that  (B.72)
affects operability

ef fectcompfactorugy, ; Effective composite factor use during a disruption that af- (B.161)
fects operability

ef fect factorsdy qr,i Effective factor demand during a disruption that affects op-  (B.159)
erability

ef fectfactorssy, gr.q Effective factor supply during a disruption with reduced op-  (B.160)
erability

ef fect factorsup, gr; Effective factor use during a disruption that affects oper-  (B.158)
ability

entdirecttaz g, Enterprise direct taxes (B.47)

entgovttransg qr Enterprise transfers to government (B.51)

enthhldtransg, Enterprise transfers to households (B.52)

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

entreghhldtransg, Enterprise income transferred to out-of-region households,  (B.53)
by region of enterprise income receipt

entregtransout g, Transfers between enterprises within different regions, by  (B.50)
paying region

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

entsavtransg, Enterprise savings (B.54)

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

expagindreturnsperhae; qgi Expected primary industry returns per hectare (B.293)

expcommodityds,. Export commodity demand (B.97)
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Table A.18 (continued)

Name Description Eq. ref
expcommodityss,. . Export commodity supply (B.90)
exportmargindemandg, m, Demand for transport margins on exports (B.438)
exportmarginsupplydr, m Supply of transport margins on exports (B.439)
exportratios, Ratio of export supply to demand (B.89)
factinputshareqy ; Share of total inputs comprised of factors (B.122)
factinputunitcost gy ; Unit cost of factor inputs (B.75)
factorsdy, gr.; Demand for factors (B.155)
factorssy ar. Supply of factors (B.154)
factorsup, gr; Use of factors (B.156)
factscaleplyy; Scale parameter for the CES function for composite factors, (B.163)
with primary industries adjusted for any changes calculated
in the primary module
factshareply, gy, Share parameter for the CES function for composite factors, (B.162)
with primary industries adjusted for changes calculated in
the primary module
farmcontragindreturnse., rt agi Expected returns by farm type, weighted by current pro- (B.292)
portion of land in relevant agricultural industry and zone
currently allocated to farm type
farmcontrzonereturnse, Expected returns by farm type, weighted by current pro- (B.303)
portion of land in relevant zone currently allocated to farm
type
farmindustryland s, Total land area in region allocated to each farm type (B.304)
farmretiremente ftme Land retired from primary production (B.310)
fenceprice Fencing service price (B.281)
fencingcostsbytimeai fmu,agi Fencing costs by time and by agricultural industry where (B.312)
fencing takes place
fencingcostsbytimeioag ¢tmu,10ag Fencing costs by time and by IO agricultural industry where  (B.313)
fencing takes place
ffmitinputcoefhaes, ft.c Farm forestry mitigation input coefficient per hectare (B.284)
f fmitoutputcoefhae, ft,c Farm forestry mitigation output coefficient per hectare (B.286)
ficapitalinput cqp 10ag Total quantity of capital inputs for primary industries (B.274)
fifactorinputy 10ag Total quantity of each factor inputs for primary industries (B.273)
fifiinputcoe finput,10ag Input coefficient for factor and intermediate inputs for pri-  (B.275)
mary industries
fiintinputcoe f10ag,c Input coefficient for intermediate inputs for primary indus-  (B.277)
tries
fioutputioag,e Total commodity outputs by primary industries (B.288)
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Table A.18 (continued)

Name Description Eq. ref

finintservdemands, s 1t Quantity of financial intermediate services demanded (B.247)
through loans funding new municipal wastewater treatment

fisalecominput;oag Revised scale parameter for primary industries in the CES  (B.340)
function for composite intermediate inputs

fiscalecapitalinputioag Revised scale parameter for primary industries in the CES  (B.343)
function for composite capital inputs

fiscalecomsuproag Revised scale parameter for primary industries in the CET  (B.348)
function for composite commodity supply

fiscale factorinputioag Revised scale parameter for primary industries in the CES  (B.342)
function for composite factor inputs

fiscale fiinputoag Revised scale parameter for primary industries in the CES  (B.341)
function for composite factor and intermediate inputs

fisharecapitalinput oag,cap Revised share parameter for primary industries in the CES  (B.339)
function for composite capital inputs

fisharecominputioag,c Revised share parameter for primary industries in the CES  (B.335)
function for composite intermediate inputs

fisharecomsuproag,e Revised share parameter for primary industries in the CET  (B.336)
function for composite commodity supply

fishare factorinput;ogg,n Revised share parameter for primary industries in the CES  (B.338)
function for composite factor inputs

fishare fiinputioag,input Revised share parameter for primary industries in the CES  (B.337)
function for composite intermediate and factor inputs

fmuagindva fmu,10ag First estimate of primary industry value added by Freshwa-  (B.406)
ter Management Unit

fmufarmeapital prma, £t Total returns to capital by Freshwater Management Unit  (B.404)
and farm type

fmufarmlabymy, pe Total labour factor payments by Freshwater Management (B.401)
Unit and farm type

fmufarmlablOind sy, 10ag Total labour factor payments by Freshwater Management (B.402)
Unit and primary industry

fmuindemployment fmuy. i Employment by industry and Freshwater Management Unit  (B.415)

fmuindustryva2017 foy Value added by industry and Freshwater Management Unit  (B.410)
in 2017 dollar terms

fmureportindemp ¢y, ri Employment by reporting industry and Freshwater Manage-  (B.416)
ment Unit

fmureportindva ¢y ri Value added by reporting industry and Freshwater Manage-  (B.411)
ment Unit

fmushareagindva fmu,10ag Freshwater Management Unit share of regional value added  (B.407)
for primary industries

fmushareindempagri fmau, fi Freshwater Management Unit share of regional employment  (B.413)

for primary industries
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Table A.18 (continued)

Name Description Eq. ref

fmushareindvaagri fmu,qi Freshwater Management Unit share of regional value added  (B.408)
for all industries

fmushemploy frmau.i Freshwater Management Unit share of employment for all  (B.414)
industries

forestryintensityscalare s Forestry land use intensity (B.280)

fsreturnsperhac, i mt Returns per hectare (B.289)

fspermittedreturnse, femi Perceived returns per hectare (set to very low value for farm  (B.321)

fsshareallocatione,, fi.mt,agi
gdpindexp

gdpgap
gdppercapita
govtcompcommdg gy,
govtconsumpy dr,c
govtdirecttax g qr
govthhldtransg g,
govtincomey gy
govtindirecttaz g g,
govtrwtransg, qr
govtsavingsg qr
grossreturngy;
hhldcompcommd,g,
hhldconsumpgy. .
hhldconsumprtg,
hhlddirecttax g,
hhldenttransg,
hhldgovttransg g,
hhldindirecttaz g,
hhldindtaxrtadjustedg,
hhldloanpayments g,

hhldregtransout g,

hhldrwtransg,

hhldsavingsg,

type mitigations that are not permitted to increase in land
area)

Farm type and mitigation allocation share of new land uses
Paasche GDP index

Difference between perceived and actual GDP index
GDP per capita

Government composite commodity demand
Government commodity consumption

Direct taxes on government

Transfers from government to households
Government income

Indirect taxes on government

Transfers from government to the rest of the world
Government savings

Gross returns on capital

Household composite commodity demand
Household commodity consumption

Household consumption rate

Direct taxes on households

Transfers from households to enterprises

Transfers from households to government

Indirect taxes on households

Household indirect tax rate with adjustments

Household loan payments for new investments in municipal
wastewater treatment

Transfers between households within different regions, by
paying region

Transfers from households to the rest of the world

Household savings
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Table A.18 (continued)

Name Description Eq. ref
hhldtotal 4, Remaining household income after transfers and additional  (B.13)
fixed costs (e.g. travel margins)
immobileinvest gy ; Investment that is fixed to industry responsible for capital (B.198)
income
importcommexpendgy; Expenditure by industries on commodities (B.64)
importdemandgy Demand for commodity imports (B.103)
importmargindemandgy, m Demand for margins on imports (B.440)
importmarginsupplysr.m Supply of margins on imports (B.441)
importtarif sy, ar Value of tax income received by government from import (B.135)
tariffs
indcapincomegy. ; Current rate of income on capital, by industry (B.204)
indcommodityssy ; Supply of commodities by industries (B.94)
indconsumpgy. ;.. Use of commodities by industries (B.106)
indexpendu gy ; Industry expenditure (B.63)
indfencingcosts fmu.i Industry fencing costs (B.346)
indindirecttaz gy ; Indirect taxes on industries (B.76)
indindirecttaxrtadjustedgy, ; Adjusted indirect tax rate on industries (B.77)
indirecttaxincomeg 4y Government income from direct taxes on industries (B.30)
indnaturalcapsar i net Industry supply of natural capital, final estimate (B.211)
indplancosts tmay.i Industry plan costs (B.347)
indnaturalcapslgr ; net Supply of natural capital to industries, first estimate (B.213)
indusesharegr; Each industry’s share of total commodity use by industries (B.66)
industryincgr,; Industry income (B.68)
industrylandroag Total agriculture/forestry land use by primary industries (B.349)
indvalueadded gy ; Industry value added (B.396)
initialpyearqgi Defines whether time is within the initial year for farm plans  (B.318)
(1= yes, 0=no)
interinputshareq, ; Share of industry inputs comprised of intermediate inputs (B.123)
interinputunitcostqy ; Unit cost of intermediate inputs (B.74)
intinputcoef far; c Commodity share of intermediate inputs (B.126)
investadjustcap Adjustment to regional investment fund relating to physical — (B.254)
capital purchases for new municipal wastewater treatment
investadjustland Adjustment to regional investment fund relating to land pur-  (B.256)
chases for new municipal wastewater treatment
investconsumpqgy. Quantity of commodities consumed for investment (B.243)
investindirecttaz g, Indirect taxes on investment (B.244)
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Table A.18 (continued)

Name Description Eq. ref
toindfencingplancosts fmu,10ag Total fencing and farm plan costs (B.423)
labincomedregiong, Total labour income by region of income generation (B.7)
labincomesupplys, Total labour income paid to households, by region of labour (B.6)
supply
labour forces, Labour force (B.175)
labratiogy. ; Ratio of labour supply to labour demand (B.153)
labtoreallocateqy ; Labour potentially reallocated between industries (B.169)
landintensityscalares, qg; Land intensity scalar (B.278)
landintensityscalar2.,. g Land intensity scalar (B.279)
landnomitigatione,, ¢+ Land with no available mitigation for current farm type (B.300)
landsharee,, t¢ mt,agi Share of zone’s current land use (B.305)
landtoreallocate, Land to reallocate (B.301)
landusechangeine., f¢ mt Land added under land use change (B.307)
landusechangeoute., ¢t mt Land subtracted under land use change (B.326)
loanpaymentsyrmt.rt. m it Loan payments (B.249)
loanpaymentsbyyearloany,miri,mrie  Annual load payments by year loan commenced (B.251)
managsystlabcoe fhac, ftm¢ Labour coefficient per hectare by farm type and mitigation  (B.267)
managsystoutputcoe fhaes, fime,c Output coefficient per hectare by farm type and mitigation  (B.287)
mangsystdepreccoe fhaes, ft.me Depreciation coefficient per hectare by farm type and miti-  (B.268)
gation
mangsystindtaxcoefhae, fims Industry tax coefficient per hectare by farm type and miti- (B.266)
gation
mangsystinputcoefhae., tt mt.c Commodity input coefficient per hectare by farm type and  (B.285)
mitigation
marginconsumpqdr. . Consumption of margin commodities (B.442)
maxloanpaymentyrme rt,mf,it Maximum annual loan payments (B.259)
mazxpermittedreturnse., st Maximum returns per hectare among those land uses within ~ (B.317)
a zone that are permitted to increase in size
maxrprodgr; Maximum production under operability constraints (B.434)
maxprodsupgr ; Maximum production (B.61)
mecforces, Available labour measured in modified employment counts (B.174)
(MECs)
mfpadjustedqy ; Adjusted multifactor productivity B.166

midpointe,, fi.mt
mitigationines ft.mt

mitigationoute,, ft mt

Midpoint of the technological adoption curve
New land added to a mitigation state

Land lost from a mitigation state

B.328
B.309
B.311

—~ o~ o~
—_ —_— =
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Table A.18 (continued)

Name Description Eq. ref
mobileinvest g, ; Mobile investment (B.197)
mobileinvestlgy, ; First estimate of mobile investment (B.200)
mobileinvestshgy ; Industry share of total mobile investment (B.199)
modf armit f finputcoe fhamofa,c Selected commodity input coefficient for farm forestry mit-  (B.360)
igation (land not under forestry)
modf armmit f foutputcoe fhamofa,c Selected commodity output coefficient for farm forestry mit-  (B.361)
igaton (land not under forestry)
modf armoscoe fhae,, £t mt Operating surplus coefficient per ha (B.269)
multi factorprod2qy, ; Multifactor productivity adjusted for changes in productiv-  (B.165)
ity calculated with primary module
MUNINVEStConsSUMmpgr. Consumption of investment commodities for new municipal  (B.255)
wastewater upgrades
naturalcapitalsqqy ; Supply quantity of natural capital in normalised units (B.188)
naturalcapdgr i net Demand for natural capital (B.207)
naturalcapratiog, ; net Ratio of natural capital supply to demand (B.210)
netcapitalchangeqy ; Net capital change associated with primary industry land (B.222)
use change
netincreaselabg, Net increase in labour supply (B.171)
netratelandusechangeroag Net land use change per total land use (B.350)
netreturngy. ; Net return on investment (B.201)
newcapital gy ; New capital (B.196)
newlabsupplyaqy,i New labour supplied to industries (B.170)
netlandusechangee. ft Net land use change (B.306)
noticeperiodes, ¢, mt Period of notice for rule requiring mitigation (B.327)
noticeperiodscalar Notice period scalar (B.329)
numberpayments Number of loan payments (B.257)
nzexportsalesg, . Value of commodity exports (B.371)
nzimportpurchasesgy, Value of commodity imports (B.367)
otherindirecttares g, Other indirect taxes from government, household, invest-  (B.398)
ment, and rest of world
percetvedpexportds,. . Perceived price of export commodities (B.137)
perceivedimportpgy Perceived price of import commodities (B.138)
periodicloanpayments,; i+ Loan payment each loan pay period (B.253)
periodicrate, s Periodic interest rate (B.258)
permittedland. ft Land area in farm types that have at least one mitigation (B.298)

that is a permitted option for land use change
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Table A.18 (continued)

Name Description Eq. ref
permittednowe., f Defines if land in a particular farm type and mitigation is  (B.323)
permitted recipient of land use change (0=no, 1= yes)
DETDPCOMMNZ sy, Price of export commodities in NZ currency (B.92)
pexportcommdg, Price of export commodities including margins (B.98)
perportmarginssy Price of export margins (B.448)
pexprailmarginsg, dr Price of rail margins on composite commodity demand (B.446)
pexproadmarginssey, dr Price of road margins on composite commodity demand (B.447)
pfarmbuiltcapital s Price of built capital for primary industries (B.358)
pfarmlabour s Price of labour for primary industries (B.359)
PIMPCOMmMnzgy. ¢ Price of import commodities in NZ currency (B.108)
pimportmarginsgyr Price of import margins (B.445)
pimporttarif fs. Price of tariffs on import commodities (B.134)
pimprailmarginsg, qr Price of rail margins on commodities produced in and for  (B.443)
the domestic market
pimproadmarginsgy dr Price of road margins on commodities produced in and for  (B.444)
the domestic market
plancostlbytime fmuy,agi Farm plan costs, consenting related (B.314)
plancost2bytime ¢y, agi Farm plan costs, other than consenting related (B.315)
plancostsbytimeioag fmu,10ag Total farm plan costs faced by primary industries (B.316)
potentialsalesqy ; Potential value of industry sales (B.70)
pregdomcomminclmargins, ar.c Price of regional domestic commodities including margins (B.449)
prodadjust s Adjusted productivity by farm type (B.357)
geapitaldgy ; Quantity of capital demand (B.152)
gecompeommd gy Quantity of composite commodity demand (B.110)
gcompeommssy. ¢ Quantity of composite commodity supply (B.113)
gcomp factdgy ; Quantity of composite factor demand (B.149)
gasplannedprodg, ; Available quantity of production - based on production at (B.435)
onset of disruption
gdesiredprodgy. ; Quantity of production desired (B.436)
gdomcommdgy. Quantity of domestic commodity demand (B.115)
gdomcommsg, ¢ Quantity of domestic commodity supply (B.117)
qfiinputsay,; Quantity of composite factor and intermediate input supply  (B.121)
qgovtceg gr Quantity of composite government consumption (B.39)
qhhldccg, Quantity of composite household consumption (B.18)
gintinputsqy ; Quantity of composite intermediate inputs (B.125)
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Name Description Eq. ref
qinvestccgy Quantity of composite investment consumption (B.232)
realgdp Real GDP (B.383)
realindustrybalanceqy, ; Difference between industry income and industry expendi-  (B.62)
ture
realinterestrt Real interest rate (B.230)
reallocatedlabgy ; Labour reallocated from other industries (B.168)
regedomcommsgy dr,c Domestic commodity supply, by region of commodity pro- (B.101)
duction (sr) and commodity consumption (dr)
regcommodityssy Total commodity production within NZ regions (B.93)
regdomcommdsy dr.c Domestic commodity demand, by region of commodity pro-  (B.102)
duction (sr) and commodity consumption (dr)
regindprodincltaz, ; Composite industry production (B.96)
reglabourest sy 4r Labour supply, by region of labour origin (sr) and labour  (B.173)
use (dr), first estimate
reglabour supplysr, dr Labour supply, by region of labour origin (sr) and labour (B.172)
use (dr)
regsavingsg, Total regional savings (B.241)
residualcaproag Residual capital (B.403)
residuallabroag Residual labour (B.405)
rulenotifiedes rtmt Defines whether a rule restricting a mitigation state is noti-  (B.322)
fied
rwdirecttax 4, Rest of world direct tax (B.368)
rwenttransg, Transfers from the rest of the world to enterprises (B.48)
rwexpenditure Total expenditure for the rest of the world (B.369)
rwhhldtransg, Transfers from the rest of the world to households (B.9)
rwincome Total income for the rest of the world B.364
rwindirecttax g, Total indirect taxes on exports B.370
rwlabourincomegy, Rest of world labour income B.365

rwlabour supplyaqy ;
rWSavingsd,
rwsavingstotal
savingstotall g,

savingstotal2 g,

savregtransoutq,

Rest of world labour supply

Rest of world savings, by NZ region
Total rest of world savings

First estimate of total regional savings

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

Transfers of savings between regions, by paying region
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Name

Description

Eq. ref

scaleccl gy i

scalecominputl g, ;

scalecommsupl g, ;

scaledhhldincomeg,

scalefilgy ;

selectedf scz, rt,mt

sharecapitaldisagroag,cap

shareccleap,dr,i

sharecominputlgy, ; .

sharecommsupls, ; ¢

share fitnputdisagroag,input

Sharefilinput,dr,i

shareofadoptionse., ft.m¢

stockchangesgy. .

subpyearqg;

Supcoeffsr,i,c

taagindcapia,agi

Scale parameter for the CES function for composite capital,
adjusted for changes to primary industries as calculated in
the primary module

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

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

Household income scaled to 2017 dollar terms

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

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

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

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

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

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

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

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

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

Value of commodity production less commodity use

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

Commodity share of composite industry production

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

(B.221)

(B.140)

(B.142)

(B.412)
(B.144)

(B.325)

(B.334)

(B.220)

(B.139)

(B.143)

(B.333)

(B.141)

(B.291)

(B.382)
(B.319)

(B.95)
(B.419)
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Table A.18 (continued)

Name Description Eq. ref

taagindlabig qgi Total payments to labour for primary industries, by Terri-  (B.420)
torial Local Authority

taindemployment,, ; Employment by industry and by Territorial Local Authority — (B.431)

taindustryva2017y, ; Value added by industry and by Territorial Local Authority, (B.427)
scaled to 2017 dollar terms

tatoagindcapiq,10ag Returns to capital for primary industries, by Territorial Lo-  (B.421)
cal Authority

taioagindlabia, 10ag Payments to labour for primary industries, by Territorial (B.422)
Local Authority

taioagindvaia 10ag Value added by primary industries by Territorial Local Au-  (B.424)
thority

tareportindempy, ; Employment by reporting industry, by Territorial Local Au-  (B.432)
thority

tareportindvalyg ri Value added by reporting industry, by Territorial Local Au-  (B.428)
thority

targetin flationrt Target inflation rate (B.375)

tashareioagriempia, 10ag Share of industry employment attributed to Territorial Lo-  (B.429)
cal Authority, primary industries only

tashareindvaagriy, ; Share of primary industry value added attributed to Terri- (B.425)
torial Local Authority, mapped to full model industries

tashemployq, i Share of industry employment attributed to Territorial Lo-  (B.430)
cal Authority

taylorinterestrt Modelled interest rate (B.245)

totalcomdemandgy. . Total regional commodity demand (B.105)

totalcommodityexpendgy. . Total industry expenditure on commodities both from do-  (B.393)
mestic and imported origin

totalexpenditure Total domestic expenditure (B.385)

total fencingdemandgy ¢ Total demand for commodities for fencing (B.345)

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

total fiintinpute,, £t .me Total use of composite factors and composite intermediate  (B.276)
inputs by primary industries

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

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

total f slandmitigated.., ¢+ For a farm type and zone, quantity of land adopting a new  (B.308)
mitigation state

totalgovtconsumpy. qr Total value of government consumption (B.37)

totalhhldconsumpgy, Total value of household consumption (B.15)

totalindconsumpgy, Total value of industry consumption (B.107)
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Table A.18 (continued)

Name

Description

totallanduse,; qq;

totalloanpayments, s mf1t

totalplandemandgy. .
totaltopayyrmt,rt,my,it
totalvalueadded g,
unavailablelabs,
unitcostqr ;
vcomdemands, .
veommoditydemandgy. .
veommoditysupplyar
vgovtconsumMpPgr,
vhhldconsumpgy. .
viablef fmite. fi.me
vinddemandcsy ;
vinvestconsumpgr.

VIMAUNOPET 4 cm.

zoneagindcapez agi
zoneagindlabe, qq:
zone farmcapitale.. ft

zone farmlabes, r¢

cc
ndr,i

com
ndr,c

cominput
dr,i

fact
ndr,i

fi
ndr,i

ficapital
IO0ag

ficominput
IOag

fifactinput
I0ag

Total land use

Total loan payments

Total demand for commodities for farm plan creation
Total loans to pay

Total value added

Unavailable labour

Unit cost of production

Value of commodity demand

Total value of commodity demand

Total value of commodity supply

Value of government consumption

Value of household consumption

Defines whether farm forestry mitigation is viable
Value of industry demand for each commodity
Value of investment consumption

Value of operating expenditure for new municipal wastewa-
ter treatment, by entity responsible for funding

Returns to capital for primary industries, by zone
Payments for labour for primary industries, by zone
Returns to capital by farm types, by zone

Payments for labour by farm types, by zone
Parameter for input substitution between capital types

Parameter for input substitution between domestic and im-
ported commodities

Parameter for input substitution between different types of
commodities

Parameter for input substitution between factors

Parameter for input substitution between composite factors
and composite intermediate inputs

Parameter for input substitution between built and land
capitals for primary industries

Parameter for input substitution between commodities for
primary industries

Parameter for input substitution between labour and capital
factors for primary industries
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Table A.18 (continued)

Name Description Eq. ref
i ai;"p ut Parameter for input substitution between intermediate in-  (B.355)
puts and factors for primary industries
gO;: © Parameter for commodity substitution in government con-  (B.41)
sumption
nhhlde Parameter for commodity substitution in household con-  (B.20)
sumption
pipveste Parameter for commodity substitution investment consump-  (B.233)
tion
i teap Parameter for input substitution between natural capital (B.217)
types
egeom Parameter for input substitution between commodities pro-  (B.130)
duced in different NZ regions
e Parameter for transformation of commodity supply between  (B.132)
export and domestic markets
¢§OO";ZMP ut Parameter for transformation of industry supply between (B.356)
different types of commodities, for primary industries
e Parameter for transformation of industry supply between (B.131)
different types of commodities
@fland Parameter for transformation of total land available for land  (B.295)
use change into each type of land use
o trfgtp Parameter for transformation of natural capital supply be- (B.214)
tween different industries
oo Parameter for transformation of commodity supply between (B.133)

different regional commodity markets

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

ALLOCATESH,, Share of total mobile investment that is allocated to industries based
on the relative returns to capital in those industries.

(continued on next page)
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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
BASECOMMFLOWg, ar.c Commodities used by (dr) regions and sourced from production (sr)
regions during the base year.
Derived from base year SAM
BASECONSUM PRTy, Rate of household consumption during the base year.
Derived from base year SAM
BASEEXPORT S, Value of commodity exports during the base year.
Derived from base year SAM
BASEGDP,, GDP for the base year.
Derived from base year SAM
BASEGOVTCONSUM Py 4y Government commodity consumption for the base year.
Derived from base year SAM
BASEHHLDACCOU NTy, Household income available for current consumption and savings dur-
ing the base year.
Derived from base year SAM
BASEHHLDCONSUM Py, Household commodity consumption for the base year.
Derived from base year SAM
BASEINVESTCONSUM Py, . Investment commodity consumption for the base year.
Derived from base year SAM
BASEPCOMPCOMM Dy, . Base year composite commodity demand price.
Derived from base year SAM
BASEPRODUCTION,; Base year industry production.
Derived from base year SAM
BASERFEALINTERESTRT 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
BTWGOVTTRANSRT, g Rate of transfers between government agents.
Derived from base year SAM
CENTTRANSRTy, Share of capital income transferred to enterprises.

Derived from base year SAM
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Table A.19 (continued)

Name Description

CGOVITRANSRT, 4 Share of capital income transferred to government.
Derived from base year SAM

CHHLDTRANSRTy, Share of household income transferred to households.
Derived from base year SAM

CIRELASTICITY , 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)

CONVERSIONRT 4y et Rate of change of total natural capital stocks
Set at -0.72% for NatCapl (agricultural land) based on Agricultural
Production Statistics timeseries trends.

CREGTRANSRTy, Share of capital income transferred out of the region.
Derived from base year SAM

CRHTRANSRTY, 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

DIRECTTAXSH, 4 Share of total regional direct tax income allocated to government
agents.
Derived from base year SAM

EGOVTTRANS 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

EGOVITRANSRI g Government savings rate.
Derived from base year SAM

EHHLDTRANSRTYy, Share of enterprise income transferred to households.
Derived from base year SAM

EINVESTy; 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

ENTTAXRT,, Enterprise direct tax rate.
Derived from base year SAM

EREGTRANSRTY, Share of enterprise income transferred out of the region.
Derived from base year SAM

ERHHLDTRANSRTY, Share of enterprise income transferred to households located out of the

region.
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Table A.19 (continued)

Name

Description

ERWTRANSBS i,

ESAVTRANSRT,,

EXPORTP.

FARMPERHAfpy agi

FCSHENTRWTRANS

FCSHHHLDRWTRAN Sg,

FCSHRWENTTRAN S,

FCSHRWHHLDTRAN Sgy,

FMUSHAREEM Py i

FMUSHRESIDUAL tppu. 10ag

FMUTAMAPm,fmu,IOag

Derived from base year SAM

Transfers from enterprises to the rest of the world during the base year.
Derived from base year SAM

Share of enterprise income transferred to savings.

Derived from base year SAM

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)
Average number of farms per hectare
Data sourced from Environment Southland

Foreign currency share of transfers from enterprises to the rest of the
world.

Set at 0.5

Foreign currency share of transfers from households to the rest of the
world.

Set at 0.5

Foreign currency share of transfers from the rest of the world to en-
terprises.

Set at 0.5

Foreign currency share of transfers from the rest of the world to house-
holds.

Set at 0.5

Share of regional industry employment within each Freshwater Man-
agement Unat.

Calculated from data on Modified Employment Counts by Meshblock
for 2017, Sourced from Market Economics BD Deluxe Database

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

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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Table A.19 (continued)

Name

Description

FMUZONEMAPfpye-

FUNEMPLOY RT

GDPSCALAR

GDPWEIGHT

GDPPARAM,

GOVTCONSUMPRT, 4,

GOVTDIRECTTAXRT, g

GOVTHHLDTRANSRT, 4

GOVTINDIRECTTAXRT, 4

GOVTRWTRANSBS, 4

GOVTSAVRT, 4

HHLDENTTRANSRT,,

HHLDGOVTTRANSRT 4,

HHLDINDTAX RT,,

Maps relationship between ecomomic zomes 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
Frictional unemployment rate.

Set at 3.5% as this is the lowest level of unemployment achieved in
recent times and likely reflects ‘full employment’

GDP Price Inflator.

Sourced from SNZ series: Implicit price deflator, seasonally adjusted,
Total (Qrtly-Mar/Jun/Sep/Dec)

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

Parameter that determines extent to which demand for exports in-
creases with increases in world GDP.

Derived from model calibration

Share of government income allocated to consumption.
Derived from base year SAM

Government direct tax rate.

Derived from base year SAM

Share of government income transferred to households.
Derived from base year SAM

Indirect tax rate on government commodity consumption.
Derived from base year SAM

Transfers from government to the rest of the world during the base
year.

Derived from base year SAM

Rate of savings on government income.

Derived from base year SAM

Share of household income transferred to enterprises.
Derived from base year SAM

share of household income transferred to government.
Derived from base year SAM

Indirect tax rate on household commodity consumption.

Derived from base year SAM
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Table A.19 (continued)

Name

Description

HHLDREGTRANSRTy,

HHLDRWTRANSBS

HHLDSAVINGADJU STy,

HOLDLANDTIME

INDINDIRECTTAXRTy,;

INDIRECTTAXSH, 4

INTERESTCONST

INTERESTCONSTGFC

INTERESTGDPW

INTERESTINFLW

INVESTCONST

INVESTCONSTSHg,;

INVESTINDIRECTTAXRTy,

INVESTPARAM,;

KNOWLANDTIME

Share of household income transferred to households located outside of
the local region.

Derived from base year SAM
Transfers from households to the rest of the world during the base year.
Derived from base year SAM

Adjustment to household budget to reflect household spending above
household income.

Derived from base year SAM
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

Indirect tax rate on industry commodity consumption.

Derived from base year SAM

Share of indirect tax income allocated to government agents.

Derived from base year SAM

Interest rate constant in calculation of desired interest rate (post GFC).
Estimated from linear regression of historic data

Interest rate constant in calculation of desired interest rate (pre GFC).
Estimated from linear regression of historic data

Parameter applied to GDP gap in the calculation of desired interest
rate.

Estimated from linear regression of historic data

Parameter applied to inflation rate gap in the calculation of desired
interest rate.

Estimated from linear regression of historic data
Constant term in investment function.

Derived from model calibration

Industry share of regional investment held constant.
Model calibration

Indirect tax rate on investment commodity consumption.
Derived from base year SAM

Parameter for scaling net return on capital.

Model calibration

Time prior to which actual land use change is known from historic
data.
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Table A.19 (continued)

v

Name Description
Set to t = 10

KSFCONV ERTy, ; Built capital stock-to-flow conversion parameter.
Derived from base year estimates of stock values by industry (refer to
input data for iBuiltcapitaly,;) and factor payments from the base
year SAM

LABFORCEADJUSTs, 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.

LNDREVENUESH ¢, Share of returns to capital allocated to land.
Derived from base year SAM for industry in which farm type belongs

LSFCONVERTy, Labour stock-to-flow conversion parameter.
Derived from base year estimates of labour supply (refer to input data
for iIndlaboursups,) and labour factor payments from the base year
SAM

MAPTMITFF,, 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

MAPTOAGIND g4 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.
FaTyp0l1-FaTyp08 mapped to AgIn01, FaTyp09-FaTypl3 mapped
to AgIn02, FaTypl4d mapped to AgIn03, FaTypls mapped to
AgIn04, FaTypl6 mapped to AgIn06, FaTypl7 mapped to AgIn05

MAPTOIOAG10ag,ft Mapping of Farm Types to 10Agricultural Industries - value of one

MAPTOMANGSY ST.. ft.mofa

MAXCHANGERT

indicates Farm Type belongs within I0Agricultural Industry, value of
zero indicates does not belong.

FaTyp0l-FaTypl3 and FaTypl6-FaTypl7? mapped to IOAg01,
FaTypl4 mapped to IOAg02, FaTypl5 mapped to 10Ag03

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 — MoFab54) is mapped to FaTypl4, for each economic zone
MoFab54, MoFa56 and MoFab7 are mapped to FaTypl6, Falypl7
and FaTyplb respectfully, the mapping of drystock case study farms
(MoFa0l - MoFa44) derived from industry expert’s farm weighting
exercise

Mazimum proportion of land within a land use that can undergo land
use change during any given year.
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Table A.19 (continued)

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.
MECRATIOg, 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.
MECTRANSOUTs, 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.
MOBILESHg, ; Share of investment that is mobile between industries.

MODFARMDEPCOEFHApta,mt

MODFARMINDTAXCOEFH Apofamt

MODFARMINPUTCOEFHApofa,mt,c

MODFARMLABOURCOEFHApofa,mt

MODFARMOUTPUTCOEFHApmofamt,c

NATCAPCONV ERTy,;

NZINTERESTWEIGHT

PRODSCALARg,

RAILMAP,

Assumed to be 0.7 but can be adjusted in calibration

Depreciation coefficients per hectare for each Case Study Farm and
mitigation state.

Derived from Case Study Farm financials

Tax coefficient per hectare for each Case Study Farm and mitigation
state.

Derived from Case Study Farm financials

Commodity input coefficients per hectare for each Case Study Farm
and mitigation state.

Derived from Case Study Farm financials

Labour input coefficient per hectare for each Case Study Farm and
mitigation State.

Derived from Case Study Farm financials

Commodity output coefficients per hectare for each Case Study Farm
and mitigation state.

Derived from Case Study Farm financials
Natural capital stock-to-flow conversion parameter.

Derived from base year estimates of natural capital (refer to input data
for iNaturalcapitalg, net) and natural capital payments calculated for
the base year

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

Scalar to adjust industry production to account for indirect tazes.
Derived from base year SAM

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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Table A.19 (continued)

v

Name

Description

RDEP,,,

REGINVESTCON STy ;

REPORTINDMAP,; ,;

RESIDUALBCAPITALj0qq

RESIDUALINPUT0qg,c

RESIDUALLABOUR[0ag4

RESIDUALLAN D0qq

RESIDUALOUTPUTr0ag,c

RETURNSCALE,, 44

ROADMAP,

RWDIRECTTAX RTy,

RWENTTRANSBSg,

RWFACTRT), 4

RWHHLDTRANSBS,,

Rate of capital depreciation.

Derived from base capital stock estimates (refer to input data for
iBuiltcapitaly, ;) and region and industry

Adjustment term in allocation of national investment to regions.
Derived from base year SAM

Mapping between Industries and Reporting Industries, value of 1 in-
dicates Industry is included in Reporting Industry and value of zero
indicates not included.

Indl maps to ShBfDr, Ind2 maps to DaCaFm, Ind3 maps to
FoLog, Ind4 maps to OtPrim, Indb and Ind7 map to OtFoManuf,
Ind6 maps to DaManuf, Ind8-Indl0 map to OtManuf, Indll-
Indl5 map to UtCoTr, Indl3 and Indl4 map to TrHosp, Indl6
and Indl17 map to FilnReBu, Indl8 and Indl9 map to OtServ

Additional capital payments above that captured by Case Study Farms.
Derived from comparing sum of Case Study Farms with base SAM
Additional commodity inputs above that captured by Case Study Farms.
Derived from comparing sum of Case Study Farms with base SAM
Additional labour payments above that captured by Case Study Farms.
Derived from comparing sum of Case Study Farms with base SAM
Additional payments for land above that captured by Case Study Farms.
Derived from comparing sum of Case Study Farms with base SAM

Additional commodity outputs above that captured by Case Study
Farms.

Derived from comparing sum of Case Study Farms with base SAM

Scalar applied to returns per hectare for primary industries prior to
calculating land use change.

Set to 1 by default

Concordance defining road freight service commodity.

All commodities set to 0 except commodity 23 which is set to one
Direct tax rate for the rest of the world.

Derived from base year SAM

Transfers from the rest of the world to enterprises during the base year.
Derived from base year SAM

Share of factors supplied by the rest of the world.

Derived from base year SAM

Transfers from the rest of the world to households during e base year.

Derived from base year SAM
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Table A.19 (continued)

Name

Description

RWINDIRECTTAX RTy,

RWREGSAVCONSTy,

RWSAVCONST

SAVREGTRANSBSy,

SETINVESTCQqr..

SHOCKINITIATION

STOCKPILECOMM,

TASHAREEM P, ;

TAXHHLDy,

TAZONEMAPta,ez,agi

aemchangert

apbuiltcap

qperpcomm

aplab

pnatcap
nct

Indirect tax rate on rest of world commodity consumption.
Derived from base year SAM

Constant term in function that splits rest of world savings among re-
gions.

Derived from base year SAM

Rest of world savings held constant.

Estimated from linear regression of historic data

Savings transferred out of the region during the base year.
Derived from base year SAM

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

Time at beginning of disruption (shock).
Set specifically for each scenario

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

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

Direct tax rate on households.
Derived from base year SAM

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

Ezxchange rate change parameter.

Derived from model calibration

Built capital price change parameter.
Derived from model calibration

Ezport commodity price change parameter.
Derived from model calibration

Labour price change parameter.

Derived from model calibration

Natural capital price change parameter.

Page | 101

(continued on next page)



Table A.19

(continued)

Name Description
Derived from model calibration

qpregdomeomm Price of regional domestic commodities change parameter.
Derived from model calibration

0% 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

gﬁngi”p ut Share parameter for commodities within the CES function for compos-

ite intermediate inputs.
Calculated from base year SAM given assumed elasticity of substitu-
tion

632?2’”‘16[‘”” 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

5§:szamp 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

g;’%ﬁregd Share parameter for regional commodities within the CES function for

composite domestic commodities.
Calculated from base year SAM given assumed elasticity of substitu-
tion

5;{“;: i Share parameter for factors within the CES function for composite
factors.
Calculated from base year SAM given assumed elasticity of substitu-
tion

i Share parameter for factors/intermediate inputs within the CES func-

input,dr,i

5fland

ez,agt

govtc
g.dr,c

hhldc
5dr,c

tion for composite inputs.

Calculated from base year SAM given assumed elasticity of substitu-
tion

Share parameter for agricultural industries within the CET function
for land use change allocation.

Derived from calibration

Share parameter for commodities within the CES function for compos-
ite government consumption.

Calculated from base year SAM given assumed elasticity of substitu-
tion

Share parameter for commodities within the CES function for compos-
ite household consumption.
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Table A.19 (continued)

Name Description
Calculated from base year SAM given assumed elasticity of substitu-
tion
53’;}?5“ Share parameter for commodities within the CES function for compos-
ite tnvestment consumption.
Calculated from base year SAM given assumed elasticity of substitu-
tion
Sar. icsgt 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
€dri 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))
de FElasticity of substitution between imported and domestic commodities.
Derived from Robson (2012, p.95) and Hertel et al. (2012)
;if?mp ut Elasticity of substitution between commodities of different types.
Set to 0.8 for all industries
gfj—t Elasticity of substitution between factors.
Derived from Hertel et al. (2012)
gfjtmt Elasticity of substitution between factors and intermediate inputs.
Set to 0.5 for all industries (Robson, 2012)
efland Elasticity of substitution between primary industry land uses.
Derived from calibration
g?jf € Elasticity of substitution between commodities in government consump-
tion.
Set to 0.5
eﬁf}ldc Elasticity of substitution between commodities in household consump-
tion.
Set to 0.5 (Robson, 2012)
gipveste Elasticity of substitution between commodities in investment consump-
tion.
Set to 0.5
o teap Elasticity of natural capital substitution.
Set to 0.4 for forestry and logging and to 20 for other agriculture
industries (Rae and Strutt, 2011)
vt Elasticity of substitution between commodities from different regions.
Derived from Robson (2012)
Yo Scale parameter for the CES function for composite capital.
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Table A.19

(continued)

Name Description
Calculated from base year SAM given assumed elasticity of substitu-
tion
;ﬁ?i”p ut Scale parameter for the CES function for composite intermediate in-
puts.
Calculated from base year SAM given assumed elasticity of substitu-
tion
'yflﬁf?md Scale parameter for the CES function for composite domestic and im-
ported commodities.
Calculated from base year SAM given assumed elasticity of substitu-
tion
;:’Tmregd Scale parameter for the CES function for composite domestic com-
modities.
Calculated from base year SAM given assumed elasticity of substitu-
tion
75;17 ‘;t Scale parameter for the CES function for composite factors.
Calculated from base year SAM given assumed elasticity of substitu-
tion
'yﬁ,i Scale parameter for the CES function for composite factors and inter-
mediate 1nputs.
Calculated from base year SAM given assumed elasticity of substitu-
tion
fland Share parameter for Constant Elasticity of Transformation (CET)
function for land use change allocation.
Derived from calibration
'ygf)dvf ¢ Scale parameter for the CES function for composite government con-
sumption.
Calculated from base year SAM given assumed elasticity of substitu-
tion
Ay hide Scale parameter for the CES function for composite household con-
sumption.
Calculated from base year SAM given assumed elasticity of substitu-
tion
ryinveste Scale parameter for the CES function for composite investment con-
sumption.
Calculated from base year SAM given assumed elasticity of substitu-
tion
. Emp Scale parameter for the CES function for composite natural capital.

com
sr,c

Calculated from base year SAM given assumed elasticity of substitu-
tion

Elasticity of transformation between export and domestic commodity
supply.
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Table A.19

(continued)

Name Description
For each commodity, elasticities are assumed to be similar to that
assigned for substitution between imports and domestic goods, i.e.
e
Yori Elasticity of transformation in the supply of different types of com-
modities by industries.
Set to 0.8
. teap Elasticity of transformation in the supply of natural capital to different
industries.
Set to 0.4 (informed by Rae and Strutt (2011))
o Elasticity of transformation in the supply of commodities to different
7€gIONS.
For each commodity, set equal to the elasticity of substitution between
different region’s goods, €, 7"
Oriemress Scale parameter for the CET function for supply of commodities to
different regions.
Calculated from base year SAM given assumed elasticity of transfor-
mation
0;";’)’?’”3‘1”” 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
Ocri ¥ 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
i beap 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
Eomire 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
ggjj}msdom 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
commsexrp

sr,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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Table A.19 (continued)

Name Description
Camia” 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
gﬁf :Czﬁt Share parameter for industries in the CET function for the supply of

Tcasurplus

natural capital to different industries.

Calculated from base year proportions of Natural Capital between dif-
ferent industries and regions given assumed elasticity of transformation

Time to adjust perceived current account surplus to actual current ac-
count surplus.

Derived from model calibration

Tincome Time to adjust recognised income to actual income.
Derived from model calibration

Tindustry Time to adjust desired industry production to value of industry de-
mand.
Derived from model calibration

Tinterest Time to adjust interest rate to desired interest rate.
Derived from model calibration

Tprices Time to adjust price stocks to calculated prices.
Set to the time step At.

T Time adjustment constant for stocks that we wish to adjust almost
instantaneously.
Set to the time step At.

Table A.20 Description of agriculture policy interface exogenous inputs

Name Description

ANNUALFENCE tpmu,agi Annual fencing costs over period during which fencing undertaken, in
base year dollar terms

ANPCONSENTC g4 Average annual costs of Council consenting for farm plans, excludes
first plan year, in base year dollar terms

ANPOTHERC,4; Average annual other costs for farm plans, excludes first plan year, in

DATENONPERMITTED., ft mt

base year dollar terms

Date by which all adoptions out of a mitigation state must be complete
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Table A.20 (continued)

Name

Description

FARMFRINPUTCOEFHA,

FARMFROUTPUTCOEFHA,

FARMRETIREMENTBYTIME.,, 44:(t)

FENCEEND fpmy.agi

FENCEMAP.

FENCESTART fpmu,agi

FIRSTPCONSENTC g

FIRSTPOTHERC,,,

FIRSTPTIME,,;

FRRETIRE,. oy

INTENSITY SCALE,,

LANDUSERESTRICTION,; tt.mt

LRIMPEND.,. a4

LRIMPSTART.,, 44i

MAXIMUMRATE,, ¢t mt

NONPERMITNOTICEDATE:., i mt

Farm forestry input coefficient per hectare

Farm forestry output coefficient per hectare

Quantity of effective hectares retired from production

Time fencing ends

Vector identifying fencing commodity - set to zero for all commodities
except commodity 21 set to one

Time fencing commences

Council consent costs for farm plans, first year plan only, in base year
dollar terms

Other costs for farm plans, first year plan only, in base year dollar
terms

Time of first farm plan

Land retirement within farms to farm forestry (hectares per effective

ha)

De-intensification scalar associated with farm forestry mitigation

Mazimum area of effective hectares allowed

Implementation end time for land retirement within farms

Implementation start time for land retirement within farms

Mazximum adoption rate

Date at which adoptions out of a mitigation state commence
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Table A.20 (continued)

Name Description

NPRETIRE:.; o4 Land retirement within farms to non-productive use (hectares per ef-
fective hectares)

PLANMAP1, Vector of zeros except for the commodity type associated with council
consenting which is allocated a value of one

PLANMAP2, Vector of zeros except for the commodity type associated with farm plan

SELECTEDADOPTION,; ¢t mt

VIABLEMIT,, s

creation which is allocated a value of one

Adoption rate selected (1=early adoption, 2=medium adoption, 3=late
adoption)

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

CAPINVESTRESPyrmt mf.it

FISCOMMMAP,

FISSHARE

LOANRATE

LOANY Ry

MUNCAPINVESTBYTIM Ey,.(t)

MUNINDTAXRT

Share of funding responsibility for new capital

Vector identifying financial intermediate services commodity (value of
one for com24, zero for all other commodities)

Component of interest rate charged for financial intermediate services

Interest rate for loan

Year loan commences

Total capital investment for new municipal wastewater treatment (ex-
cludes land purchases)

Industry tazx rate for municipal wastewater treatment
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Table A.21 (continued)

Name

Description

MUNINVESTRATIO,

MUNLANDINV ESTBYTIM Eq,(t)

OPEXDEMANDBYTIM Ey,(t)

OPEXRESPBYTME,,(t)

PAYMENTSPERY EAR

WASTEMAP,

WASTEINDMAP;

YEARSFORLOAN

Commodity share of capital investment for municipal wastewater treat-
ment

Total land purchases for new municipal wastewater treatment

Total operating expenditure on new municipal wastewater treatment

Share of funding responsibility for operating expenditures

Payments per year

Vector identifying wastewater treatment service

Vector identifying wastewater treatment industry

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 N7)
ACRWSAVINGS(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)
ACTUALLAN D, 44 (t) Actual land use

Historic data (Environment Southland Land Use Map)
ADDHHLDTRAV ELy, .(t) Net additional household consumption of transport-related commodities.
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Table A.22 (continued)

Name

Description

ADV ALOREMEX PORTP,(t)

ADVALOREMIM PORTP.(t)

ADVALOREMIMPTARIFF,(t)

CAPINDEX g, (t)

DMARGINSHOCKCOEF,, 4r..(t)

EMARGINSHOCKCOEFyy o (t)

HHLDTAXRTADJUSTy,(t)

IMARGINSHOCKCOEF jy. o (t)

INDTAXRTADJUST;(t)

LABINDEX g, (1)

MFPADJUSTy,.i(t)

MULTIFACTORPROD, ;(t)

NATURALGDP(t)

NETTRANSFERS(t)

Scenario specific settings from assessment of direct transport outage im-
pacts

Ad valorem export price parameter

Scenario-specific percentage-based adjustment to the perceived price of
New Zealand exports

Ad valorem import price parameter

Scenario-specific percentage-based adjustment to the perceived price ex-
perienced in New Zealand of imported commodities

Ad valorem import tariff parameter

Scenario-specific additional tariffs charged on imports (applied as a per-
centage increase in price)

Capital augmenting index parameter

Scenario-specific adjustment to ‘effective’ capital factors held by each
industry

Net additional domestic transport margins per unit of commodity

Scenario specific settings from assessment of direct transport outage im-
pacts

Net additional export transport margins per unit of commodity

Scenario specific settings from assessment of direct transport outage im-
pacts

Adjustment to household taz rate
Scenario-specific adjustment to household tax rate
Net additional import transport margins per unit of commodity

Scenario specific settings from assessment of direct transport outage im-
pacts

Adjustment to industry tax rate
Scenario-specific adjustment to industry tax rate
Labour augmenting index parameter

Scenario-specific adjustment to ‘effective’ labour factors held by indus-
tries

Adjustment to multifactor productivity.
Derived from model calibration
Multifactor productivity index
Econometrically determined projection
Natural GDP

Potential output from Reserve Bank estimation with econometrically
determined projection going forward

Net transfers
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Table A.22 (continued)

Name Description

Historic time series of net rest of world transfers
NONPRODINVESTSH(t) Non-productive investment share

Scenario-specific share of investment assigned to non-productive items
OPERABILITY,, ;(t) Industry operability index

Scenario specific settings from the Business Behaviours Module
PARTICIPATION RT,(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
PCOMMWORLDEXP.(t) World commodity prices for exports

Econometrically determined projection
PCOMMWORLDIMP,(t) World commodity prices for imports

Econometrically determined projection
POPULATION,(t) Total population in each Tegion

Statistics New Zealand’s regional population projections
REGSHEXPMAR, dr.m(t) Regional supply share of export margins

Scenario specific settings
REGSHIMPMAR, drm(t) Regional supply share of import margins

Scenario specific settings
WORKINGAGEPOP;,(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 ) 1 ) .

7 (Rhhldincomeg,.) = - (actualhhldzncomedr — thldlncomedr) (B.1)

d 1

pr (Phhldccg,) = — (actualphhldcch — Phhldccdr) (B.2)
prices

B.1.2 Auxiliaries

actualhhldincomey, = capincomehhldg, + entincomehhldg, + labincomesupplysy—sqr + Twhhldtransg,

+ Z (govthhldtransg qr) + hhldregtransout p regi«s DRreg2 — hhlddirecttaxq, — hhldloanpayments g,
g

— Z VIMUNOPEX dr. . m f=Hhid (B.3)
capincomehhldgq, = caplocalhhldtransg, + capreghhldtranspregi«s DReg2 (B.4)
entincomehhldg, = enthhldtransg, + entreghhldtransppregi>DReg2 (B.5)

labincomesupplys, — Z <labincomedregiondr reglabour supplysy, dr > (B.6)
o > o (reglabour supplysr,ar )
labincomedregiong, = Z (factorsup=rap,ar; (1 — RWFACTRIT =1 AB,ar) Pfact,—raB dr,i) (B.7)

K2

hhldrwtransgy = HHLDRWTRANSBSs; WORLDGDPINDX (t) (1 - FCSHHHLDRWTRAN Sy,)
1

+HHLDRWTRANSBS ;. WORLDGDPINDX (t) (m

) FCSHHHLDRWTRAN Sy,
(B.8)

rwhhldtransg, = RWHHLDTRANSBSs WORLDGDPINDX (t) (1 — FCSHRWHHLDTRAN Sy,)
1

+RWHHLDTRANSBSy WORLDGDPINDX (t) <m

) FCSHRWHHLDTRAN Sy,
(B.9)
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hhldenttransg, = (Rhhldincomeg, — hhldrwtransg,. — addtravelcostsg,.)
X HHLDENTTRANSRTy,

hhldgovttransg ¢r = (Rhhldincomeg, — hhldrwtransg,. — addtravelcostsgy)
x HHLDGOVTTRANSRT 4

hhldregtransouty, = (Rhhldincomey, — hhldrwtransg,. — addtravelcostsg,.)
x HHLDREGTRANSRT,,

hhldtotal - =Rhhldincomeg, — hhldrwtransg,. — hhldregtransouty, — hhldenttransg,
- Z(hhldgovttransgwdr) — addtravelcostsg,

g
hhldsavingsg, =hhldtotalg, (1 — hhldconsumprty,) + HHLDSAVINGADJU STy,
totalhhldconsumpg, =hhldtotal 3. hhldconsumprt g,

realinterestrt B
BASEREALINTERESTRT
x BASECONSUM PRTy,

hhldconsumprtq, = [( 1) CIRELASTICITY, +1

Yo (Pcompcommddr, c hhldconsumpdr’c)
qhhldccg,

actualphhldccg, =

T,hgldc
ghhldecq, = "% [Z (5hhldc (hhldconsumpdr,c)"gﬁldc)] ’

dr,c
(&

Phhldcc,, ] TR

hhldc
hhldconsumpgy,. = [(Wgrhldc)"dr Shhtde compcommd
m min dr,c

dr,c

hhldcompcommd g,

hhld
hhide _ €dr . — 1
dr = 7 Chhlde
dr
totalhhldconsumpg, — hhldindirecttax g,
hhldcompcommdg, =

Phhldccy,
hhldindirecttax g, = totalhhldconsumpg, X hhldindtaxrtadjustedg,
hhlddirecttazq. = (capincomehhldgy, + labincomesupplysy—ar) X TAX HH LD,

hhldindtaxrtadjustedy, = HHLDINDTAXRTy,. + HHLDTAX RTADJU ST, (t)

hhldloanpaymentsgr—pRreg1 = th totalloanpayments,i— Normal,m f=FHhid,it

hhldloanpaymentsgr—pregz = 0
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B.2 Government module equations

B.2.1 Stocks

d 1
— (Rgovtincome, ;) = (govtincomeg 4r — Rgovtincome, ,, ) (B.26)
dt Tincome

d
7 (Pgovtccg’dr) = (actualpgovtccg,dr - Pgovtccg’dr) (B.27)

d Tprices

B.2.2 Auxiliaries

govtincomegy qr =directtaxincomegy q4r + indirecttaxzincomegy qr + capgovttransg 4 + entgovttransg g,

+ hhldgovttransg, qr + Z betwgovttransing s 4r — govtdirecttaxy qr

ST

— centralgovmunpaysg qr + tmporttarif fsg ar (B.28)

directtaxincomegy gr = [entdirecttaxdr + hhlddirecttaxy, + rwdirecttaxg, + Z (govtdirecttax g qy)
g

x DIRECTTAXSH, 4, (B.29)

indirecttarincomeg gr = [investindirectta:cdr + rwindirecttax g, + hhldindirecttazx g,

Z (indindirecttazgr,;) + Z (govtindirecttaa:g)dr)] X INDIRECTTAXSH, qr

[ g

(B.30)

govtdirecttazy qr = [capgovttransgdr + entgovttransg,dr] X GOVI'DIRECTTAXRT, g (B.31)

GOVTRWTRANSBS
govtrwtransg g, :sgn(Casurplus) |Casurplus|EGOVTTRANS < g,dr )

Dy 2dr (GOVTRWTRANSBS, qr)
+ GOVITRWTRANSBS, 4r (B.32)
betwgovttransing 4 = betwgovttransoutcentralGes LocalG,dr (B.33)
betwgovttransouty 4r = [Rgovtincomeg’dr — govtrwtransg’dr] X BTWGOVTTRANSRT, 4, (B.34)
govthhldtransg 4r = [Rgovtincomemdr — govtrwtransg,dr] x GOVIHHLDTRANSRTy 4y (B.35)

gouvtsavingsy ar = [Rgovtincomeg,dr — govtrwtransgar] X GOVT'SAV RTy 4, (B.36)

totalgovtconsumpg ¢r = [Rgovtincomeg’dr — govtrwtransg,qr] x GOVICONSUM PRT 4, (B.37)
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ovtconsum Pcompcommd
actualpgovteey gy = Xy Po.dre p ire) (B.38)
qgovtcey gr

1

govic
ovte ovte govte "g,dr
agovtce,ar = 7% [Z (59922 (govteomsumpy.ar) 5 )] (.39
c
Pgovtcc 1—qpyovte
_ govte\n°lte cgovte g,dr Mg, dr
govtconsumpy ar.c = [('Yg,dr )Tordr frin Poompoommds 4 govtcompeommdyg gy (B.40)
T,C

6go’utc ~1
govtc __ “g,dr
ng,dr - govte (B41)
g,dr

totalgovtconsum — govtindirecttax
govtcompcommdyg g, = 9 Pg,dr — 9 g,dr (B.42)
’ Pgovtce, 4,

govtindirecttaxy 4 = totalgovtconsumpg ¢ GOVIINDIRECTTAX RTy 4y (B.43)

centralgovmunpaysg ar = < E totalloanpayments = Normal,m f=Cgouvt,it + E vmunopewdr,c,mf=cgovt>
it c

Rgovtincome, ;, (B.A1)
>4 Rgovtincome '

g,dr

B.3 Enterprise module equations

B.3.1 Stocks

d
7 (Renterincomey,) = (actualenterincomeq, — Renterincome,,) (B.45)

Tincome

B.3.2 Auxiliaries

actualenterincomeg, =capentertransg, + hhldenttransg, + rwenttransg,

+ entregtransout pregi« DReg2 — entdirecttax g, (B.46)
entdirecttaxq, = (capentertransg, + rwenttransg.) x ENTTAX RTy, (B.47)

rwenttransg. = RWENTTRANSBSy WORLDGDPINDX (t)(1 — FCSHRWENTTRAN S4)
1

+RWENTTRANSBS. WORLDGDPINDX (t) <anert

) FCSHRWENTTRAN Sy,
(B.48)

entrwtransg, = ERWTRANSBSg WORLDGDPINDX (t)(1 — FCSHENTRWTRANS)
1

+ERWTRANSBSq. WORLDGDPINDX (t) (m

) FCSHENTRWTRANS  (B.49)
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entregtransouty, = [Renterincomedr — entrwtransdr] x FEREGTRANSRTy,
entgovttransy ¢ = [Renterincomeg, — entrwtransg,| x EGOVITRANSRT, 4,
enthhldtransg, = [Renterincomedr — entrwtransdT] x EHHLDTRANSRT,,
entreghhldtransg, = [Renterincomeg, — entrwtransg,] x ERHHLDTRANSRT,,

entsavtransg, = [Renterincomedr — entrwtransdr] x ESAVTRANSRTy,

B.4 Industry module equations

B.4.1 Stocks

d 1
7 (Desiredproddm‘) = — (Z (vinddemandcgsy—dr,i,c) — Desiredproddm)

Tindustry -

d

7 (Industryaccountdr’i) = industryincg,; — indexrpendug, ;

d 1 )

o (Industrybalancedm») == (realmdustrybalancedr,i — Industrybalancedm-)

B.4.2 Auxiliaries

vinddemandcsy; . = supcoef for i c vcomdemands, .

vecomdemandgy . = g (Pregdomcomm regdomcommdsy gr.c)

sr,dr,c
dr
) Pexpcomm
+ expcommoditydsy,. Wrnge::f
maxprodsupgr.; if OPERABILITY; .4r(t) =1

actualprodg, ; =
min[maxprodsupgy ;, maxprodg, ;| if OPERABILITY ,4r(t) <1

mazxprodsupqy; = Desiredprodqg, ;

realindustrybalancegr—pregi,i = NAUSIrYINCir—DReg1,i — INdexpendigr—pRegl,i

- ndfencingcosts fmy.i + indplancosts fmqy. i
fmu fmu, fmu,

realindustrybalancegr—preg2,; = NAUSITYINCIr=DReg2,i — INdexpendigr—DReg2,i
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indexpendug,; = E (domcommexpendgy ; . + importcommezpendgr,; )

c

+ Z (factorsup, 4r; Pfacty, qr ;) + indindirecttaz gy ; (B.63)
h
importcommexpendqy ; . = induseshareqy i . importdemandgy, . pimpcommnzgy (B.64)

domcommexpendgy; . = indusesharegr g (domcommodityuses,, qr,c pregdomcomminclmargings, ar.c)

ST

(B.65)
. ndconsumpgr;.c
induseshareg, ; . = = B.66
dryi,e totalcomdemandgy. . ( )
domcommodityuseqy ; . = min[regedomcommssgy. ar.c, regedomeommdsy gy ] (B.67)
industryincg,; = Z (actual supplysr—ar.i,c) (B.68)
C
actual supplysy, ; . = min|potentialsalessy, ; ., vinddemandcsy ; ] (B.69)
potentialsalessy ; . = indcommodityss, ; . Pcompcomms,,. . (B.70)
comp factordg, ; — ma:c]?rodsupdr,i fact‘inputsharedm (B.71)
’ unitcostqr;  multifactorprod2qy, ;
tualprodg,; tinputsh ;
ef fectcompfactordy, ; = ac u'a prodar; _fac -mpu ShaTCdri (B.72)
’ unitcostqr; multifactorprod2qy, ;

unitcost gy ; =interinputunitcostqy ; + factinputunitcostqy ; (B.73)

interinputunitcost gy ; z(interinputsharedm Pintinputsdr’i (1+ indindirecttaxrmdjusteddr’i))

1
X B.74
<multi factorprod2g;; ) ( )
factinputunitcosty,. ; :( factmputshared,«,-Pcfactd”») X - 1 (B.75)
’ ’ ’ multifactorprod2qy, ;

indindirecttaxqy; = lz (indconsumpdr’i,c Pcompdomcommddm)] x indindirecttaxrtadjustedq, ;

c

(B.76)

indindirecttazrtadjustedg,; = INDINDIRECTTAXRTy, ; + INDTAXRTADJUST,(t) (B.77)
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B.5 Commodities module equations

B.5.1 Stocks

d
7 (Estimports,, .) = (importdemandgy . — Estimports,,. ) (B.78)
d . ; .
7 (Pcmdustryssm-) = (actualpcmdustryssr’i - Pcmdustryssm-) (B.79)
’ Tprices ’
d 1
7 (Pcompcommd,, ) = (actualpcedgy,. — Pcompcommd,,. ) (B.80)
’ Tprices ’
d
7 (Pcompcomms,, ) = — (actualpcesgy, . — Pcompcomms,, ) (B.81)
prices
d
7 (Pcompdomcommd,, ) = (actualpededgy,. — Pcompdomcommdy,. ) (B.82)
T Tprices ”
d
7 (Pcompdomcomms,, ) = (actualpedess,,. — Pcompdomcomms,,. ) (B.83)
” Tprices / o
4 (Pexpcomm,, ) = _t T — 1) Pexpcomm (B.84)
dt P smel exportratios,, P ane '
d . .. .
pn (Pfiinputs,, ;) = (actualp fiinputsq,; — Pfiinputsy,. ;) (B.85)
’ Tprices ’
d o o. .. L o
T (Plntlnputsdr Z) = (actualpmtmputsdm — Pintinputs,, i) (B.86)
’ Tprices ’

1

excessproductiong, dr.c

sr,dr,c

(B.87)

pregdomcomm
d e
T (Pregdomcommsndm) = (( > — 1) Pregdomcomm

d
T (Pperceivedcompcommddr’c) = (actualpercccdd?ny(3 — PperceivedcompcommddnC)

d Tprices
(B.88)
B.5.2 Auxiliaries
, expcommoditySsy
exportratios, . = - d (B.89)
’ expcommoditydsy.
. deapy pEOT o ___ Pcompcomms,, . o5 )
expcommodityssy,c = |(OgpmaMICETP)Psr,e £OTIMSETP : regcommoditySgr.
’ ’ pexrpcommnzsy ¢
(B.90)
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1
Pcompcomms,, . T=987Te

ocommsdezpybg‘;"g commsdom

sr,c sr,c regcommodityss,

domcommodityss, . = [( P 3
compdomcomms,,. .

(B.91)
P ! (B.92)
erpcommnzg, . = Pexpcomm,, .| ——————— .
pewp e P ¢ \ Exchangert
regcommoditysgy . = Z(indcommodityssr’i)c) (B.93)

i

1
) ) geomaup Pcindustrys,, ;, 1737
indcommodityser,ic = | (scalecommsuply, ;)?s~i  sharecommsupls,; . :
Pcompcomms,, .
x regindprodincltax, ; (B.94)
indcommoditys s, ;
sryic (B.95)

Supcoeffsr,i,c = Z

;(indcommoditysy.; )

ef fectcomp factorugr—sr,i

regindprodincltaxs, ; = PRODSCALAR gy sy, multi factorprod24r—sr.;

factinputsharegy_sr;

(B.96)
PCOMMWORLDEXP,(t)\ #XPOrT P
expcommodityd,. . =BASEEXPORT Sgr_sr.c : <(t)
’ ’ perceivedpexportdsy
x WORLDGDPINDX (t)¢PPPARAM. (B.97)
pexportcommds, . = Pexpcommy,. . + pexportmarginss, .Exchangert (B.98)
actualexports, . Pexpcomm
actualpexportsg,. . = P e P e (B.99)
’ expcommodityssy
d
excessproduction g, g . = [egCaomEommSsr,dr.c (B.100)
” regdomcommdsy drc
regecdomcomms = | (geommregs )T gcommegs Pcompdomcomms,, . D
g srdr.e sme s7dr,c Pregdomcomm,, . .
x domcommoditysy. (B.101)
1
regdomcommd., gy = (’Ycommregd)nsif’fom commregd___ P compdomcommd,, . e
smane dre s7ydr,C pregdomcomminclmarginsy dr.c
x domcomdemandgy. (B.102)
1
com .. Pperceivedcompcommd, T—ngome
importdemandgy. . = | (7504 nare geommdimp AL ’
P drye [(Vdr’c ) dr,c perceivedimportpay
x totalcomdemandg, . (B.103)
loandemandsgr=pregi,e = FISCOMMMAP, me finintservdemands, st (B.104)
loandemandsgr—pRreg2,e = 0
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totalcomdemandgy . = Z(govtconsumpgdr,c) + hhldconsumpgr . + investconsumpqayr,c + Z(indconsumpdr’i,c)

g [
+ marginconsumpqar. . + total fencingdemandgy . + totalplandemandg,.
+ loandemandsgqy . + OPEXDEMANDBYTIMEy, (t) x WASTEM AP,

(B.105)
intert tsh i
indconsumpgy.;.c = intinputcoe f far; ¢ m er?npu Shar€ar,
T " factinputsharegy;
compfactorugy,; for OPERABILITY; =1 or STOCKPILECOMM, =1
ef fectcompfactorug,; for OPERABILITY; <1 & STOCKPILECOMM, <1
(B.106)
totalindconsumpgr . = Z(indconsumpdr,i,c) (B.107)
i
PCOMMWORLDIMP,(t)

DPUMPCOMMNZgr,c = + pimportmarginsgy, . + pimporttarif fs. (B.108)

Exchangert

pirmpcommnzay. . importdemandg, . + Pcompdomcommd,;,. . domcomdemandy. .

actualpeedgy . = ccompeommda
r,c

(B.109)
L . com
qcompcommdgy, . = 'yjﬁf(r:””d {(flifmdmp (importdemand,y. .)"are
b
com o
+5§‘T”Zmddom(domcomdemanddr,c)”dnc} Mdr,e (B.110)
1
Pperceivedcompcommd =03
_ commd\n5°™ scommddom dr,c dr,c
domcomdemandg, . = (’Ydr,c )ar.e Ope P
compdomcommd,, .
x totaldemandgy (B.111)

PETPCOMMNZgy . €LPCOMMOdityssy . + Pcompdomcommssm domcommodityssy, .
actualpccsgy o =

qeompcommsy. ¢
(B.112)

_ acommsdezp commsexp
- Ysr,c sT,C

. com
qeompeommssgy. (expcommodztyss,,,c)d’sm

1
HEgymedom (domcommodityssr,c)(bgiq e (B.113)

sr,c

actualpededy,, — > o (pregdomcomminclmarging, qr, . regdomcommdgy. gy ) (B.114)
drie gdomcommdgy. '

dr,c sr,dr,c

redoom
regcom dr,c
gdomcommdgy. . = vcommmgd [ E ((5C°mmmgd(regdomcommdsr’dm)"drxgc )] (B.115)

ST

>4 (Pregdomcomm regedomcommsgr. gy )

sr,dr,c

actualpcdessy,c = (B.116)

gdomcommsy. .
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1
regcom ¢gi?ccom
T T
gdomcommssg,. . = 950m™IS E (fco IS (regedomeomms gy gy o) e ) (B.117)

sr,c sr,dr,c
dr

> ar (inalcommodityssm-,C Pcompcommssm)

actualpcindustryssy ; = (B.118)

geindustryssy ;

1
| | | ooy | P
geindustryss, ; = scalecommsupl, ; E (sharecommsuplsr,i,c(ancommodztyss,«,m) sy )

C

(B.119)
actinputsharey,; Pcfacty,; + interinputsharegy, ; Pintinputs . .
actualp fiinputsg,.; = ! P dr.i dri — d dr.i P Sar,i (B.120)
’ qfiinputsgr;
fi
qfiinputsg,,; = scalefilg, ; [sharefi1mput:1nte,~17dr,i (interinputshareqy ;)"
1
fi N
+ share filinput=FactsI,dr,i (factinputsharedr,i)"dm'] i (B.121)
1
7i Pfiinputs,,. .| 1—,77
factinputshareqy; = |(scale filgy ;)" i (sharefilinput=Factst,dr,i - TIOPTSdri | s (B.122)
’ ’ o Pcfacty,;
1
) ) ) i ) Pfiinputs,, ; 1177,
interinputshareq,; = [(scaleled,«,i)"dm(sharefzlinputzjnte,q,dm) m an (B.123)
intinputcoe i . Pcompcommd
actualpintinputsqy, ; = 2 ( P Jaric P dr’c) (B.124)

qintinputsgy ;

. . . . . . cominput n;g’?‘;linput
gintinputsqy ; = scalecominputl gy ; E (sharecominputlay; (mtmputcoe ffari,c)ari )

C

(B.125)
. . 1
. . . cominput . Plntlnputsdr i 17n§ominput
intinputcoef fari.c = |(scalecominputly, ;)"ar sharecominputly, ; . ; i
” ' ™" Pcompcommd,, .
(B.126)
gomsub -1
com __ ,c
ndr,c - 6comsub (B127)
dr,c
6cm’ninput -1
cominput __ —dri
dr,i - cominput (B128)
dr,i
fi
. €gri — 1
Mops =~ (B.129)
edr,i
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regeom _ 4

regcom __ —dr,.c
dr,c - regcom
dr,c
comsup __ wz:zﬂsup +1
o = o
s,
com _ Ysre +1
sr,e T com
sr,c
regcom __ ¢§ﬁ7%00m +1
sT,C - regcom
sr,c
PCOMMWORLDIMP,(t
pimporttarif fs, = <(t) ADVALOREMIMPTARIFF,(t)
Exchangert
importtarif fsg—centraic,ar = .. (pitmporttarif fs.importdemandgy..)
importtarif fSg=rLocalG,dr =0
1

actualpercccdgy . = max |1,
gecompecommdgy. ¢

(perceivedimportpdr,c importdemandgy. .

+Pcompdomcommd,, . domcomdemanddr,cﬂ

perceivedpexportds, . = (1 + ADVALOREMEXPORTP.(t)) pexportcommdsy. .

perceivedimportpgy . = (1 + ADVALOREMIMPORTP.(t))

fisharecominput;oag—i,c

sharecominputl g, ; . = .
e cominput

dr,i,c

fisalecominputioag—i if

scalecominputl gy ; =

. t .
cominpu lf

dr,i

fishare fiinputioag—i,input

5t

input,dr,i

Sharefilinput,dr,i =

fiscalecomsuproag—i if

scalecommsupl g, ; =
’ comsup if

sy

fisharecomsuproag—i,c

sharecommsupl, ; . =
Y é-comsup

sr,i,c

PCOMMWORLDIMP,(t)

Exchangert

if ¢ = agricultural industry

if ¢ = non-agricultural industry

1 = agricultural industry

1 = non-agricultural industry

if ¢ = agricultural industry

if 4 = non-agricultural industry

1 = agricultural industry

1 = non-agricultural industry

if i = agricultural industry

if ¢ = non-agricultural industry

fiscalefiinputioag—: if ¢ = agricultural industry

scalefilgy; =
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7(’;@ if 4 = non-agricultural industry

(B.130)

(B.131)

(B.132)

(B.133)

(B.134)

(B.135)

(B.136)

(B.137)

(B.138)

(B.139)

(B.140)

(B.141)

(B.142)

(B.143)

(B.144)



B.6 Factors module equations

B.6.1 Stocks

d
— (AgfarmsystemproddT:DRegl,i) =

actualagriprodgr=preg1,; — Agfarmsystemprod;,_ppreg1 ;

dt TIME STEP

x (1— OVERRIDEMAP)

d
7 (Pcfacty, ;) = (actualpc factar: — Pcfactdr,i)

Tprices
d 1 .
p (Pfact,=capdri) = (actualpcapztaldr,i - Pfacth:cf;p,dr,i)
t Tprices
d 1 apla.b
— (Pfact;,— ) = _ — 1 | Pfact,— i
dt ( h_LAB,dr,z) ( <lab7“atiodr,i > ) h=LAB,dr,i

B.6.2 Auxiliaries

> (factorsdy ar; Pfacty, 4.
gcomp factdgyr ;

actualpcfactqy; =

J
fact

fac Ndr,i
gcomp factdgr; = factscaleplyr; [Z (factshareplh,dr’i (factorsdh,dr’i)"dnit)] !
h

fact
fact €ari — 1
dryi fact
dr,i

capitaltypedcap=puiic,ar,; Pbuiltcapy, ;

actualpcapital g, ; = -
’ geapitaldgy ;

capitaltypedcop=NatC,dr,i Pcompnaturalcapddr’i

geapitaldgy ;

1

"3?,1'
geapitaldg, ; = scalecclyy ; lz (sharecclcandr,i(capz'taltypedcap’dm)"dm)]

cap

;(factorssp—raB,dari)
i(factorsdn—rap.ar,i)

labratiogy; = %

factorssp—rap,ar; = adjustedindlaboursupgy ;

factorssp—capdari = ccapitalsgr;
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(B.146)

(B.147)

(B.148)

(B.149)

(B.150)

(B.151)

(B.152)

(B.153)

(B.154)



1
Pcfactg, ; | 1-a]2

fact
factorsdy, gri = | (factscaleply, ;)" factshareply gr; comp factordgy, ;

Pfacth,dm
x (1 — RWFACTRT}, 4,) (B.155)

min|factorsdy, gr,i, factorssn ar.i

t - B.156
factorsup, qr, 1 — RWFACTRT, 4r | |
1
factorsuy, gr.i nr\
comp factoruay; = factscalepl gy ; Z factsharepln.ari <1 RWFAC]:E} >
— h,dr
4 ;
(B.157)

minlef fect factorsdy qri,ef fect factorssy, ari
ef fectfactorsup gri = leff fl — RW}}L{AC’T{ZThj hdri] (B.158)
,dr

1
Pcfacty,; | oo
ef fectfactorsdy, ar; = | (factscalepl g, i)nﬁm- factshareply, g, — GACkdri | 1 ef fectcompfactordg, ;
Y ’ Y Pfacthydr,i ’
x (1 — RWFACTRT.4,) (B.159)
ef fectfactorssy qr; = factorssp gri X OPERABILITY gy (B.160)

ef fectcompfactorug,; = factscaleplyr ;

1
fact\ 7 “Fact
E factsharepl ( ef fectfactorsup,ar,i Tar,i mary
Plhdri\ 72 RWFACTRT}, 4y

h
(B.161)

isharefactorinput;oqo—si if 4 = agricultural industr
factshareply gri = / / PUt10ag—ih 8 Y (B.162)

,J:‘fic:l if ¢ = non-agricultural industry

iscale factorinput;oge—si 1 1 = agricultural industr
factscaleplyy; = / ! PUt10ag~ & Y (B.163)
’ygz ot if ¢ = non-agricultural industry

agriprodrt ; if 4 = agricultural industr
actualagriprodg, ; = grp foag= 8 Y (B.164)

0 if i = non-agricultural industry

) Agfarmsystemprod,_ppe,1,; if 7= agricultural industry
multi factorprod2q, ; = ’
mfpadjustedgy ; if ¢ = non-agricultural industry
(B.165)

mfpadjustedg,; = MULTIFACTORPRODy, (1 + ADJUSTRATE)Time — 1) (B.166)
B.7 Labour module equations
B.7.1 Stocks
d
T (Indlaboursupdr’i) = newlabsupplyqr,; + reallocatedlaby, ; — labtoreallocateqy ; (B.167)
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B.7.2 Auxiliaries

. 1
faCtOTSdh=LAB,dr,z X LABINDEX 4,4 (1)

reallocatedlabg,; = Z labtoreallocateqy,; x

, 1
i 2 (faCtOTSdh=LAB,dm x LABINDEde-(t)>

labtoreallocateq,; = Indlaboursup,, ; MAXREALLOCATERT

Indlaboursupy,. ;

newlabsupplyq,; = netincreaselabg, S Tndlaboursup
7 dr,i

. 1
netincreaselabg, = - (Z reglaboursupplysy ar — ZIndlaboursupdm)

ST ?

reglaboursupplysy 4r = reglabourests, ¢ LSFCONV ERTy,

mecforces, — MECTRANSOUT,. for dr =sr
MECTRANSOUT,, for dr # sr

reglabourests, 4 =

mecforces,. = (labour forces, — unavailablelabs,) MECRATIOq,

(B.168)

(B.169)

(B.170)

(B.171)

(B.172)

(B.173)

(B.174)

labour forces, = (1 — LABFORCEADJUST,,) WORKINGAGEPOP;,.(t) PARTICIPATION RT,(t)

(B.175)

unavailablelabs, = (1 — LABFORCEADJUST,,) WORK INGAGEPOP,,(t) FUN EMPLOY RT

adjustedindlaboursupgy; = Indlaboursup,, ; LABINDEXq, ;(t)

B.8 Capital module equations

B.8.1 Stocks

d
I (Builtcapitaldr’i) = netcapitalchangeq, ; + newcapital g, ; — depreciation gy ;

d
p (Naturalcapital,. ,,.,) = CONV ERSION RTy; ».: Naturalcapital,. .,

pbuiltcap
d 1 “
— (Pbuilt i) = — — 1 | Pbuilt ;
dt ( ul capd'f‘,’t) <<builtrati0dr’i> ) ul capd'f‘,z

1
naturalcapratiogy ; net

d
o (Pnaturalcapdm,nct) = ((
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apnatcap
) — 1) Pnaturalcap,, ; ..

(B.176)

(B.177)

(B.178)

(B.179)

(B.180)

(B.181)



d
o (Pcompnaturalcapddr’i) =

7 (actualpenaturalcapdg, ; — Pcompnaturalcapd,, ;) (B.182)
Tprices ’

d
T (Pcompnaturalcapsdr’nct) = (actualpcnaturalcapsdr’nct - Pcompnaturalcapsdr’nct)

d Tprices
(B.183)
. 1 Lo .
7 (Rcapincome,,.) = P— (capitalincomeq, — Rcapincome,, ) (B.184)
B.8.2 Auxiliaries
builts gy ;
builtratiogy,; =——— - odr. (B.185)
Capltaltypedcap=3uilC,dr,i
builtsg, ; = Builtcapital,, ; KSFCONVERT4, ; CAPINDEX 4 ;(t) (B.186)

1
. . cc . ce | pGC .
ceapitalsqy ; = [sharecclcap:Bmlda,i (builtsgy;)"dri + shareccl cop=NatC,dr,i (naturalcapztalsqd,«,i)”drw} dryt

x scalecelyy; (B.187)
naturalcapitalsqqr; = compnaturalcapsqr; NATCAPCONV ERTy, ; (B.188)
1
natcapy | Mg T
compnaturalcapsqy,; = ﬁf, Ecap [Z (5gf ifsft(indnaturalcapsdr,i,mt)"dm' )1 (B.189)
nct

capitalincome _ 2 (factorsun—cap.ri Pfacti—capr.a) + capregtransout
dr 1_ RWFACTRTh:CAP,dr DRegl<>DReg2

+ Z(Industrybalancedm») — bussloanpaymentsg, — Z VIMUNOPET gy ¢, m f=Buss
i

c

(B.190)
capregtransoutq, = Rcapincome,, x CREGTRANSRTy, (B.191)
capentertransq, = Rcapincome,, x CENTTRANSRT,, (B.192)
capgovttransg ¢r = Rcapincome;, x CGOVTTRANSRT 4y (B.193)
caplocalhhldtransy, = Reapincome,, x CHHLDTRANSRTy, (B.194)
capreghhldtransg, = Rcapincome,;, x CRHTRANSRTy, (B.195)
newcapital g, ; = mobileinvest . ; + immobileinvest gy ; (B.196)
mobileinvestay; = | 299 eg0keinvestvlyy (;;‘]Lgt]:i?ODINVESTSH(t)) + ;(SETINVESTCer,c)
x MOBILESHg,; mobileinvestshqy,; (B.197)

Page | 126



tei tvlg. (1 — NONPRODINVESTSH(t
immobileinvestq, ; = Aggregarerocsiy d (Pinvegtcc RO VESTSH(t)) + Z(SETINVESTCer,c)
dr

c

x (1= MOBILESHy, ;) capincomeshgy ; (B.198)

mobileinvestly, ;

mobileinvestshgy,; = ALLOCATESHy, + INVESTCONSTSHy, ; (B.199)

>, (mobileinvestl gy ;)
mobileinvestly, ; = (INVESTPARAMy, ; netreturndr,i)EINVEST”*" x capincomeshgy ; (B.200)
netreturng,; = grossreturng,; — RDEPy, ; (B.201)

Pbuiltcap,, ; KSFCONVERT,,;

t rd — . B.202
grossreturngy, Pinvestecy, (B.202)
. indcapincomeg, ;

hari = 2 B.203
CAPICOMESTan, >, (indcapincomegy ;) ( )
indcapincomeg,; = builtuseq,; Pbuiltcap,, ; (B.204)
builtuseg,; = min [Builtcapitaldr,i KSFCONVERTy,;, capz'taltypedcap:Builc,dm] (B.205)
depreciationg,; = Builtcapital, ; [RDEPdm (1+ DEPSHFT)] (B.206)

71 .
l d o natcap\n*'“*? cnatcap Pcompnaturalcapdd'r,i 1’"51(},3%? CapltaltypedcapzNatC’,dr,i
naturalcapdy,inet = (’ydr’i ),

drinet Ppaturalcapy,. ; o NATCAPCONV ERT,;
(B.207)
Pfact T
. ACLL=CAP,dr,i |~ "dr.i
capitaltypedcap=pBuilc,dri = {(scaleccldm)”dm shareccleap=puilC.dr,i Pbuiltcap7 N
dr,i

X factorsdp—cap,dr,i

1
Pfacth:Cprdm- =gy

. cc .
capitaltypedeop=nNatc,ariy = |(scalecclyy ;)i shareccleap=nNatc,dr,i
Pcompnaturalcapd,.,,— yutc,dri

x factorsdp=c ap,dr,i

(B.208)
e _ Cdri 1
Nirsi = g (B.209)
dr,i
. indnaturalcapsqr i net
naturalcapratiogy ; net = = (B.210)

naturalcaptypedgy ; net

indnaturalcapslr i net

indnaturalcapsgr ; net = Naturalcapital + agrilandsupgdr; net
52y dr,nct g 3y

>; (indnaturalcapslar,; net)
(B.211)
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> (indnaturalcapsl gy ; net Pnaturalcapdr’i’mt)

actualpenaturalcapsgr et = (B.212)

Naturalcapital,, .,

1

n Pcompnaturalcaps 1-gnatcap
. o tcapy o atcap natcap dr,nct dr,nct .
indnaturalcapsl gy i net = | (052 dr,nct b Naturalcapital
PSLdr,ine ( dr,nct ) gdm,nct Pnaturalcapdr’imct b dr,nct
(B.213)
natcap
natcap __ ¢dr,nct +1 (B 214)
dronct natcap .
dr,nct
> net (naturalcapdgr; et Pnaturalcapy,.; ,..)
actualpcnaturalcapdgy ; = - (B.215)
actualindcompnaturalcapsqy ;
1
yratean
. __ _nattyp natcap ngat.cap dri
actualindcompnaturalcapsqr; = v, ,; S ime (naturalcapdar i pet) '@ (B.216)
nct
natcap
natcap __ edr,i -1 (B 217)
ndr,i - natcap :
dr,i

vmunopexdr,.c.ms = OPEXDEMANDBYTIMEg,.(t) x OPEXRESPBYTIM Ep,¢(t) x Pcompcommd,,. .

x WASTEMAP, (B.218)
bussloanpaymentsir—preg1i = ., totalloanpayments,t—Normal,mf=Buss,it (B.219)
bussloanpaymentsgr—pregz = 0

isharecapitalinput ;o ; if ¢ = agricultural industr,
shareccleap ari = / d P agteap 8 Y (B.220)

5§§p dri if ¢ = non-agricultural industry

iscalecapitalinputio ; if ¢ = agricultural industr
scalecclyr; = f d PUt10ag—i & Y (B.221)

Var.i if i = non-agricultural industry

) netratelandusechangeroqg—; Builtcapital,, ; if 4 = agricultural industry
netcapitalchangeq, ; = ’
0 if 4 = non-agricultural industry

(B.222)

industryland;oqo—; if net = Landl
agrilandsupgr i net = Y [Oag= (B.223)
0 if mnect # Landl
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B.9 Investment and savings module equations

B.9.1 Stocks

d 1
pn (Casurplus) = —— (actualcasurplus — Casurplus) (B.224)

Tcasurplus

d L(ACTUALINTERESTRT(t) — Interestrt) for t<9

— (Interestrt) = ¢ 7 (B.225)

dt Tmirm (taylorinterestrt — Interestrt) for t>9

d . ; .

7 (Pinvestccy,.) = (actualpinvestccq, — Pinvestccg,) (B.226)
Tprices

B.9.2 Auxiliaries

actualcasurplus = rwezpenditure — rwincome (B.227)

desiredinterestrt =Inflationrt + INTERESTCONST + INTERESTINFLW (Inflationrt — 0.02)

— INTERESTGDPW gdpgap (B.228)
realgdp
= —1 B.22
9999 = N AT RALGDP () (B-229)
realinterestrt = Interestrt — Inflationrt (B.230)

Yo (disinvestconsumpd,.,c Pcompcommddm)

actualpinvestceq, = - (B.231)
qinvestccgy
qinvestceg, = yirveste [Z (53?7?8“ (disinvestconsumpdr’c)"éiﬁwm)] ' (B.232)
(&
investc ein‘vestc —1
piweste — Sdr — (B.233)
€dr
o X N investe o Pinvestccy, 177131}/.““5“ aggregateinvestvl g,
d t e = investc\ng,. investc
1SIMYCSIConSUMmPdr, [(Vdr ) drye Pcompcommddr’j Pinvestccy,
(B.234)
aggregateinvestvg, = (realinterestrt ALPHA + Z (savingstotaly. BETA)
dr
Hold ladd
+ INVESTCONST O CIOBYAACEd | REGINV ESTCON STy,
>4 Holdregvaladd,,
X (1= INVESTINDIRECTTAXRT,,) (B.235)
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aggregateinvestv
aggregateinvestvl g, = aggregateinvestvgy,. — (investadjustcap + investadjustland) 997cg dr

> ar Gggregateinvestvg,
(B.236)

savingstotal g, = rwsavingsq, + regsavingsq, — savregtransout g, (B.237)

savingstotal g

savingstotall g = savingstotalg, + Z (totalloanpaymentsrtzpmImsem,mf,lt) S savingstotaly
dr a

mf,lt
(B.238)
Hold ladd
rwsavingsg, = rwsavingstotal Zdrc;-loll-zfzgvzlagadr + RWREGSAVCONST,, (B.239)
ACRWSAVINGS if Time <4
rwsavingstotal = 100 Interestrt x NZINTERESTWEIGHT (B.240)

+WORLDGDPINDX (t) GDPWEIGHT
+ RWSAVCONST + NETTRANSFERS(t) if Time >4

regsavingsq, = entsavtransg, + hhldsavingsg, + Z(govtsavingsg,d,,) + savregtransout pRegi« DReg2

’ (B.241)

Rhhldincome,,
BASEHHLDACCOUNT,,

savregtransouty, = SAVREGTRANSBSy, (B.242)

investconsumpqar . = disinvestconsumpgy.. + SETINV ESTCQ gy, + muninvestconsumpgy . (B.243)

INVESTINDIRECTTAX RTy,
1—INVESTINDIRECTTAX RTy,

tnvestindirecttaxq,. = aggregateinvestvl g,

Gdpindex

+ MUNCAPINVESTBYTIMEy,.(t) x MUNINDTAXRT 1000

(B.244)

INTERESTCONST + INTERESTINFLW (desiredinflationrt — 0.02)

+INTERESTGDPW ACTUALGDPGAP(t) for t<3
taylorinterestrt =

INTERESTCONSTGFC + INTERESTINFLW (Inflationrt — 0.02)

+INTERESTGDPW gdpgap for t>3
(B.245)
B.10 Municipal module equations
B.10.1 Stocks
d
— (Loantopay ,,.,.; t.mf.1t) = totaltopayyrmt rt.mys,it — loanpaymentsyrms vt mt,it (B.246)

dt
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B.10.2 Auxiliaries

finintservdemandsy, s ;1 = totalloanpayments, i— Normai,mf,it — totalloanpayments,— pinrntServ,mf,it

(B.247)
totalloanpayments s mfit = Z loanpaymentsyrms rt,mf.it (B.248)
yrmt
mazloanpaymentyrmt rt,myie  if  Loantopay,, .., mfie > 0
loanpaymentsyrme,rt,mf,it = _

if Loantopayyrmt,rt,mf,lt < 0

(B.249)

totaltopayyrme,rt,mt,i¢ = loanpaymentsbyyearloany,me rtmfic Y EARSFORLOAN (B.250)

annualloanpaymentsy y CAPINV ESTRESPyrmt mf.1t

loanpaymentsbyyearloany,mt rtmf,it = if LOANYR —0.5 < Time < LOANYR+0.5
0 if LOANYR—0.5>Time > LOANYR+ 0.5

(B.251)

annualloanpayments,. i = periodicloanpayments,, s PAYMENTSPERY EAR (B.252)

periodicrate (1+periodicratert)"“mberpaymems
((14periodicrate,)numberpaymentsy_1

periodicloanpayments,t jt—cCapital = tnvestadjustcap

numberpayments

d periodicrate,, (1+periodicrate, )

periodicloanpayments,; j1—r.and = investadjustlan (T periodicrate ) ramberpagmentsy T

(B.253)

investadjustcap = Z (muninvestconsumpg,,. Pcompcommd,, ) + Z <MUNOAPINVESTBYTIMEdr ()
dr,c dr
deindex)

x MUNINDTAXRT 1000

(B.254)

muninvestconsumpgy,. = MUNCAPINVESTBYTIME, (t) x MUNINVESTRATIO, (B.255)

Gdpind
investadjustland = Y (MUNLANDINVESTBYTIM Ea(t) %) (B.256)
dr
numberpayments = Y EARSFORLOAN x PAYMENTSPERYEAR (B.257)
periodicrateri=Normal = PAYJ\/%SJ@?&I‘%;%I?YEAR
(B.258)
perioicrate-ruisers = ARSI IALE

loanpaymentsbyyearloanyrme rt.mfie(t + 1)
if loanpaymentsbyyearloanyrm rtmys,it(t + 1)

> loanpaymentsbyyearloanyrme, rt,mf,it(t)
mazxloanpaymentyrme rt,mfit(t +1) =
loanpaymentsbyyearloany me rt,mf.it(t)

if loanpaymentsbyyearloanwmt,Tt,mf,lt(t +1)

< loanpaymentsbyyearloanyrme, rt,mf,it(t)
(B.259)
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B.11 Primary module equations

B.11.1 Stocks

d NPRETIRE i

—(Sh ti )= Sl B.2
g (Shareretirenp,. ;) LRIMPEND,. i — LRIMPSTART.. .y: (B.260)
d FRRETIRFEez,agi

2 (Shareretirefr,, ,,;) = ’ B.261
gr (Shareretirelte wi) = T H B END. . 0 — LRIMPSTART o0, (B-261)
d sreturnsperhae,, fi.mt — Percfsreturnsperha,, ¢ .,

— (Percfsreturnsperha,, ;; ;) = f L ’JZ’D}USTTIME P JLmt (B.262)

dt

d )
%(Landuseez7ft7mt) = actuallanduse.. .+ mt + landusechangeine; fi.m: — landusechangeoute. ¢t ms

— farmretirementc; i me + mitigationine, ¢ me — mitigationoute, . me
(B.263)

B.11.2 Auxiliaries

Zagi (ACTUALLAN D, 44i(t) fsshareallocatione., ¢ mt,agi)
actuallanduseez, f.mt = 4 — Landuse.. jomt| 7rirmerep if Time < KNOWLANDTIME

0 if Time> KNOWLANDTIME
(B.264)

totalfilabouroag = Z (managsystlabcoe fhae ft,me Landusec; g mi MAPTOIOAG1044)
ez, ft,mt

+ RESIDUALLABOU R4, (B.265)

mangsystindtazcoefhae. it = » , (MAPTOMANGSY ST fi.mofa MODFARMINDTAX COEFH Apny mofa)
mofa

(B.266)

managsystlabcoefhac,. tt.mt = MAPTMITFF,,; Z [MAPTOMANGSYSTezﬁ’mOfa
mofa
X (MODFARMLABOURCOEFH At mofa + MODFARMLABOURCOEF H Ayt—ritioa,mofa) ]
(B.267)

mangsystdepreccoefhae,, tt.me = MAPTMITFF,,, Z [MAPTOMANGSYSTeZﬁ,mOfQ

mofa
x (MODFARMDEPCOEFH Ayt mofa + MODFARM DEPCOEF H Apy—pitios.mofa) ]
(B.268)
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modf armoscoefhac. frmt = Z (managsystoutputcoefhae, fmt,c — mangsystinputcoefhae, f.mt.c)

C
— managsystlabcoefhac. f.m: — mangsystindtarcoefhac. s mt

— mangsystdepreccoefhaec. ft mt (B.269)

builtcaprevshyy =1 — LNDREVENUESHy (B.270)

totalfibuiltcapitaliong = [Landuseez,ft,mt MAPTOIOAG [0ag.ft

ez, ft,mt
X (modfarmoscoefhaez’ft,mt builtcaprevshy + mangsystdepreccoefhaez,ftymt)}

+ RESIDUALBCAPITAL;0q, (B.271)

totalfilandroag = Z (modfarmoscoefhaez,ft,mt Landuse,. f mt M APTOIOAG 044 ft

ez,ft,mt
X LNDREVENUES’Hﬂ) + RESIDUALLAN Dioag (B.272)
fifactorinputh—cap,10ag = total fibuiltcapitalioag + total filandroag
(B.273)
fifactorinputh—raB,10ag = totalfilabourroag
ficapitalinput cop=Builc,10ag = totalfibuiltcapitalioag
(B.274)
ficapitalinpul cap=randc,10ag = totalfilandioag
ff . " f o > totalfiintinput;oag,c
LJUNPULCOE Jinput=Interl,IOag - >, totalfiintinput;oag,c+totalfilabouroag+totalfibuiltcapital;oag+totalfilandroag
cpe . ) o totalfilabour;oag+totalfibuiltcapitaljoag+totalfilandioay
flfllnputcoefznput:FactsI,IOag - Zc totalfiintinput;oag,c+totalfilabour;oag+totalfibuiltcapital;oag+totalfilandroag

(B.275)

totalfiintinput;oag,c = Z (mangsystinputcoefez’ft,mt’C Landuse.. f m: MAPTOIOAGIOag,ff)
ez,ft,mt

+ RESIDUALIN PUT;0ag. (B.276)

totalfisntinputioag,c

fiintinputcoefo,, . = S totalfimtinput ong . (B.277)
landintensityscalare, ogi = 1 — Shareretirefr., .4 — Shareretirenp,, ,,; (B.278)
landintensityscalar2e; qg = Z (landintensityscalares qgi MAPTOAGIN Dyy 44:) (B.279)
agi
forestryintensityscalare, r+ = Z (Shareretirefr., o5 MAPTOAGINDyy 44:) (B.280)
agi
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fenceprice = Z (Pcompcommd,_ppeg1.. FENCEMAP,) (B.281)

C

council feeprice = Z (Pcompcommd ,_ g, . PLANMAP1,) (B.282)

c

other feeprice = Z (Pcompcommd,,_p oy . PLANMAP2,) (B.283)

C

ffmitinputcoe fhae, st = Z (modfarmitf finputcoefhamora,c MAPTOMANGSY STe. tt.mofa)
mofa

x INTENSITY SCALE,. s + (1 - INTENSITY SCALE,. ;;)  (B.284)

mangsystinputcoe fhac ftmt.c = [ffmitinputcoefhaez,fm MAPTMITFF,,,

+ 3 (MAPTOMANGSYSTEZ, ftmofa MODFARMOUTPUTCOEFHAmt,mOfa,C)}

mofa

x landintensityscalar2e, . + FARMFRINPUTCOEFHA, forestryintensityscalares, f¢
(B.285)

f fmitoutputcoefhacs fi.c = Z (modf armmit f foutputcoe fhamofa,c MAPTOMANGSY ST, ttmofa)
mofa

x INTENSITY SCALE.. s + FARMFROUTPUTCOEFHA, (1 — INTENSITY SCALE, .. )
(B.286)

managsystoutputcoefhae, reme,c = [ffmitoutputcoefhaez,ft,c MAPTMITFF,,;

+ 3" (MAPTOMANGSY ST 1.mofa MODFARMOUTPUTCOEFH Ay mofa.c)

mofa

X landintensityscalar2e, o + FARMFROUTPUTCOEFHA, forestryintensityscalare,, s
(B.287)

fioutputioag,c = [ Z (managsystoutputcoefhaes, rimi,c Landusec, fi mi MAPTOIOAG[04g,ft)

ez, ft,mt

K2

+ RESIDUALOUTPUTIOQQ’C] Z(mfpagdjusteddT:DRegl,i INDMAP; 1044)

(B.288)

fsreturnsperhae;, fime = lz (managsystoutputcoefhaez’ft,mt,c Pcompcommssr:SRech prodadjust g4

c
— mangsystinputcoe fhaes, rt.mt,c Pcompcommddr:DRegLC)
— managsystlabcoe fhac. rime pfarmlabour s,
—mangsystdepreccoe fhac;, ft.me pfarmbuiltcapital p,
Gdpindex

1000 ﬂ LNDREVENUESH ¢,

(B.289)

— mangsystindtazcoe fhae, ri mi <
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viablef fmites frme = VIABLEMIT,. ;y MAPTIMITFFypy + (1 — MAPTMITFF,,,) (B.290)

selectedf scz, rt,mt

B.291
th selectedf ses, ft.mt ( !

shareofadoptionse., ft.me =

maxpermittedreturnse,, s permittedlande, yt MAPTOAGIN Dy q4i
th (permittedlande, fe MAPTOAGIN Dyt q4i)

farmcontragindreturnse., fiagi =

(B.292)
expagindreturnsperhte, agi = Z farmcontragindreturnse; i agi (B.293)
ft
avgreturnsperha., = Z farmcontrzonereturnse, (B.294)
ft
fland _ €4+ 1 (B.295)

ez - fland
€ez

1
1_¢£iand

( fland)¢>£ia"d 5ftand
ez

ez,agi avgreturnsperha., expagindreturnsperhac; qgi

agindshareofallocationlste, qq; =

RETURNSCALE,, o4
(B.296)
indsh, llocationlst ;
agindshareo fallocatione.,qq; = agen 48 areofalloca ZO’I?,. Stez,agi (B.297)
Zagi agindshareo fallocationlstc, qg4i
permittedlande, jr = Z Landuse.. s mt Z shareofadoptionses, fr.mt (B.298)

mt mt

Landuse,. ¢t mt permittednowes, rt.me MAPTOAGIND ¢4 4
> rt.me (Landusec; gt pe permittednowes, se,me MAPTOAGIND 4,q4;)

fsshareallocationes, ft.mt,agi =

(B.299)
landnomitigation.. g = (1 — Z shareofadoptionse., ¢ mt) total f slandmitigated.. ¢ (B.300)
mt
landtoreallocate,, = Z landusechangeoute, ¢t.mt + Zlandnomitigationez,ft (B.301)
ftmt ft
totallandusee qqi = Z (Landuse. f¢mt MAPTOAGIND ¢ o4;) (B.302)
ftymt
ttedret s ittedland..
farmcontrzonereturnse, f = mazpermitiedre urnfs .t PETTINEL D AN G ez 1 (B.303)
’ > ft permittedland.. ft
farmindustrylands; = Z Landuse.. f¢ mt (B.304)

ez,mt
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Landuse.. s mt MAPTOAGIND ¢ o4

landsh mt.agi = B.305
ATt mtagi = 5 (Landuse.., fr,mi MAPTOAGIN Dy ag:) (B-305)
netlandusechange,, ry = Z (landusechangeine. f+.mt — landusechangeoute. ¢ m¢
mt
+ mitigationine,, fr.me — mitigationoute, ¢ me) (B.306)
Zagi(landtoreallocateez agindshareo fallocatione qg;
landusechangeine., f1mt = x fsshareallocationes. fimt.agi) if Time> KNOWLANDTIME
0 if Time < KNOWLANDTIME
(B.307)
total fslandmitigatede re = Z mitigationoute,, f¢ me (B.308)

mt

total f slandmitigated., i shareofadoptionses frme if Time > KNOWLANDTIME
mitigationine;, f¢me =
0 if Time< KNOWLANDTIME

(B.309)

> agi (FARMRETIREM ENTBY TIME,. 44:(t) MAPTOAGIN Dyt a4:)

farmretirementez7ft7mt = X Zagi landshareez,ft,mtyagi if Time > KNOWLANDTIME
0 if Time < KNOWLANDTIME
(B.310)

max[0, (Landuse. f;mi — LANDUSERESTRICTION,, ft.mt)

mitigationoutes, ft.me = X adoptionratecs, fime deadlinepressurec, fime] if Time > KNOWLANDTIME
0 if Time < KNOWLANDTIME
(B.311)

ANNUALFENCEmyag if  Time> FENCESTART fry agi

and Time < FENCEEND fr4 a4
fencingcostsbytimeai fmu,agi =

0 if  Time < FENCESTART . ag:
and Time > FENCEEND fpu.agi
(B.312)

fencingcostsbytimeioag fmu,10ag=104g01 = fencingcostsbytimeai fmu,agi=AgIno1
+ fencingcostsbyltimeai fmu agi=Agino2 + fencingcostsbytimedai fmu agi=Agrnos

+ fencingcostsbyltimeai fmu,agi=AgIno6
fencingcostsbytimeioag fymu, 10ag=104402 = fencingcostsbytimeai fmu,agi=AgIno3

fencingcostsbytimeioag fmu,10ag=104g03 = fencingcostsbytimeai fmu,agi=AgInoa
(B.313)
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plancost1bytime fmu.agi = FARMPERH A gy agi Y (totallandusec. agi FMUZONEM APy, c-)

€z

" [FIRSTPCONSENTCWZ» initialpyearqg; + ANPCONSENTC,g; subpyear,g; }
1000000

(B.314)

plancost2bytime fmu.agi = FARMPERH A gy agi Y (totallanduse. agi FMUZONEM APy, o)

€z

" [FIRSTPOTHERCWZ- initialpyearqg; + ANPOTHERC,4; subpyearqg; ]
1000000

(B.315)

plancostsbytimeioag fmu,10ag=104901 = council feeprice (plancostlbytime fmuy, agi=Ago1
+ plancost1lbytime frmu,agi=Ag02 + plancostlbytime fmu,agi=Ag05
+ plancostlbytime fmuy,agi=Ag06 + council feel frmuy, 10ag=10A4401)
+ other feeprice (plancost2bytime fmu,agi=Ago1
+ plancost2bytime frmu,agi=Ag02 + plancost2bytime fmu,agi= Ago5
+ plancost2bytime ¢y, agi=Ago6 + plancost2bytime fmy,agi=A401
+other feel fmu,10ag=104401)
plancostsbytimeioag fmu,10ag=104g02 = council feeprice (plcmcost1bytimefmu,agi:,4903
+ council feel ¢y, 10ag=104402) + Other feeprice
x (plancost2bytime fry, agi=ag03 + other feel fmuy 10ag=104¢02)
plancostsbytimeioag fmu, 10ag=104403 = council feeprice (plancostlbytime fmuy,agi=Ag04
+ council feel pmu. 10ag=104403) + Other feeprice
X (plancost2bytime fruy, agi=Ag0a + other feel fmuy 10ag=104¢03)

(B.316)

maxpermittedreturnse, ry = ma;x[fspermittedreturnsez7ft’mt] (B.317)
m

1 if FIRSTPTIMEu4 +0.5> Time > FIRSTPTIMEq4 — 0.5
initialpyearqyg; = (B.318)
0 if FIRSTPTIME,y + 0.5 <Time < FIRSTPTIME,, —0.5

1 if Time> FIRSTPTIME,g; + 0.5
subpyear, i = .
b g B.319
0 if Time < FIRSTPTIME,y + 0.5

1 if Landusec; ttmt < LANDUSERESTRICTION,; f¢m: — 0.001
belowcape., tt,mt =
0 if Landusec; ftmt > LANDUSERESTRICTION, ¢ m: — 0.001

(B.320)

Percfsreturnsperha,, ¢, ,,, if belowcape, ft,mt =1 and viablef fmite, ft,me =1

and Percfsreturnsperha >0

. ez, ft,m
f spermzttedreturnsez ftomt =

—1000 if belowcapes, ft,me = 0 or viablef fmite, t.me =0

or Percfsreturnsperha,, ., =0
(B.321)

Page | 137



1 if Time> NONPERMITNOTICEDATE,. ftm:
rulenotifiedes ft.me = (B.322)
0 if Time < NONPERMITNOTICEDATE,, ¢t mt

1 if rulenotifiede. ft.me =0 and

Landuse,. ¢ mt — LANDUSERESTRICTION,. ftmt <0
permittednowe,, ¢ me =

0 if rulenotifiede, fe,me =1 and

Landuse,. f; mi — LANDUSERESTRICTION... ftmt > 0
(B.323)

SELECTEDADOPTION,., fime if rulenotifiedes, fime =0
adoptiontypec.. tt.mt = (B.324)
0 if rulenotifiede, femt =1

1 if  fspermittedreturnse,, ri.me — maxpermittedreturnse,, o > —0.00000001 and
1 — rulenotifiede., tt.mt + belowcape., ft.me > 0 and

fspermittedreturns # —1000
selectedf sc ftmt =

0 if fspermittedreturnse,, rime — maxpermittedreturnse, s < —0.00000001 or
1 —rulenotifiedes, r¢,me + belowcapes, f,me < 0 or

fspermittedreturns £ —1000

(B.325)

Landuse.; ftmt MAXCHANGERTy, if Time> KNOWLANDTIME and

Time < HOLDLANDTIME
landusechangeoute, ¢t.m: =
0 if Time< KNOWLANDTIME or

Time > HOLDLANDTIME
(B.326)

noticeperiodes o mi = DATENONPERMITTED,. ftmi — NONPERMITNOTICEDATE,. f4m:
(B.327)

midpointes, fr.me = NONPERMITNOTICEDATUE,, tt.m: + noticeperiode., st ms noticeperiodscalar
(B.328)

0.5 if adoptiontypec., ftmt =1
noticeperiodscalar = ¢ 0.85 if adoptiontypec, f1.mt = 2 (B.329)

1.25 if adoptiontypec., fime = 3
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4
noticeperiodez, ft,mt

if adoptiontypec., fime =1

adoptionsteepnesses ft.mt = 6 if adoptiontypees ftme = 2 (B.330)

noticeperiodez, ft,mt

8
noticeperiodez, ft,mt

if adoptiontypec. ft.mt =3

. MAXIMUMRATE,., ftm:
adoptlonrate@Z,fLmt = 1+ e(fadoptionsteepnessﬂ,ft,mt) (Time—midpointe, ft,mt) <B331)
deadli in [20,5 ! !
eadlinepressure = min , - - - -
p ez, ft,mi DATENONPERMITTEDe, rtm: — Time  noticeperiodes, fimt
(B.332)
. . e . e _ Fifiinput
share fitnputdisagroag, input=Interi = P1nt1nputsdr:DRegl,i_ﬂOag (fzfzznputcoefmagJnmt:mterl)1 MCag
.. . cpee _fifiinput
Sharef“np'ljftdlsafglOag,input:FactsI = PCfaCtdr:DRegl,i—)IOag (flf“nPUtcoefIOag,input:FactsI)1 10ag
(B.333)
. . . . R . _ ficapital
sharecapitaldisagroag,cap=Builc = Pbulltcapdm_ﬂo(lg (ficapitalinputioag,cap=Buiic) 109
ficapital
sharecapitaldisagroag,cap=Landc = Pcompnaturalcapdqujoag (ficapitalinputIOag,mp:Landc)1_”10agp
(B.334)
.. . _ Jicominput
Fisharecominputro ~ Pcompcommd,_ppegi . (fzmtmputcoefloamc)l NMOag (B.335)
ag,c — . j _ . ficominput :
Yo {Pcompcommddr:DRech (fzzntznputcoef10ag7c)1 Moag ]
) (Pcompcomms,, _gp.g1 . (fioutputloa%c)1*¢§§’§Z§“t"m
fisharecomsuproag,c = : coonte (B.336)
Zc [Pcompcommssrzs’Regl,c (inUtPUtIOag7c) _¢Ioa9 ]
. B sharefiinputdisa ;
fisharefiinput;oag,input = f p” g.IOag,z'erut (B.337)
Zinput share fiinputdisagroag,input
) ) 1_nfifactinput
. . 1 factorinput 10ag
fishare factorinputiogg,n = (fif PutiOag.h) —Fefact (B.338)
>on [(fifactorinputzo(zg,h) ~M10ag ]
sharecapitaldisa
fisharecapitalinputioag cap = p 910ayg,cap (B.339)

anp sharecapitaldisagroag,cap

. ; 1
fisalecominput;oag = T
. . .. . ficominput\ ~Ficominput
Yo [(fzsharecommput]oag’c (fitntinputcoe froag,c) "0 )ﬂzoag ’ t]
(B.340)
; . 1
fiscale fiinputioag = T
. .. g fifiinput\ “Fifiinput
Zinput |:(fzSharef”npuz‘;IOag,input (flfunputcoefloag,mput)7’10@9 ! )"Ioag ’ t:|
(B.341)
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Eh fifactorinput;oag,n

fiscalefactorinputioeg = T
3 . 3 . 77fifactinput pfifactinput
>on (fzsharefactormput]o%h (fifactorinputioag,n) 'O ) I0ag

(B.342)

anp ficapitalinput 10ag,cap

fiscalecapitalinputioag =
ficapital icapita
> fisharecapitalinput o (ficapitalinput )"IOG; s
cap ag,cap I0ag,cap

(B.343)

totalplandemandgr=preg1,. = PLANMAPI, {meu (Zagi plancost1bytime fpy,agi
+ 2" 10ag cOuncil feel fmu’IOag> ]
+PLANMAP2, [meu (Eagi plancost2bytime iy, agi (B.344)

+ 2 10ag otherfeelfmu,foagﬂ

totalplandemandgr=preg2,c = 0
total fencingdemandgr—pRregi,c = meu (fencingcostsbytimeioag fmu,10ag) FENCEMAP,
total fencingdemandgr=preg2,e = 0

(B.345)

indfencingcosts fmu,i = Z (fencingcostsbytimeioag fmu,10ag INDMAP; 104g) fenceprice (B.346)

IOag

indplancosts pmy,i = Z (plancostsbytimeioag fmu,10ag INDMAP; 10ag) (B.347)

I0ayg

Loutput1060.¢
fiscalecomsuproag = > fioutputioay, . (B.348)
comoutput ~ comoutput
Yo [(fisharecomsup;oag,c (fioutputloag,c)d’fow ) ¥10ag ]

industrylandroag = Z <MAPTOIOAG10ag’ft Z Landuseez’ft’mt> (B.349)

ft ez,mt

Zezﬁ (netlandusechangec. st MAPTOIOAG 10ag, ft)

B.
industrylandroag (B.350)

netratelandusechangeroag =

aarivrodrt - > inUt:DutIOag=10Ago1,c(Eez,ft,mt iLandusecz, ft,mt MAPTOIOAGIOag:IOAgOl,ft)
grep 10ag=10A4¢01 (Zez,ft,mt Landusec., ¢, mt MAPTOIOAGIoag:IoAQOLft) iIndustryaccount;—rnd1,dr=DRegl

aarivrodrt - 3, fioutputioag=104g02,e(X .z st me ibandusecs si.mi MAPTOIOAG104g=104402,51)
grip I10ag=I0Ag02 (Zez,ft,mt Landusec., ft,m¢ MAPTOIOAGIOag=10Agoz,ft) iIndustryaccount;—rnd2 dr=DRegl

aarivrodrt o > fioutputzoag:IOAgos,c(Zez,ff,,mt iLandusecs fi,mt MAPTOIOAGI0ag=10Aq03, )
grip I0ag=10Ag03 — (Eez,ft,mt Landusec;, £t m¢ MAPTOIOAGIOag=IOAg03,ft) iIndustryaccount;—rnd3 dr=DRegl
(B.351)
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ficapital
I0ag=I0Ag01

ficapital
10ag=I10Ag02

ficapital
N10ag=10Ag03

ficominput
N10ag=10Ag01

ficominput
N10ag=10Ag02

ficominput
10ag=10Ag03

fifactinput
I10ag=I0Ag01

fifactinput
I10ag=I10Ag02

fifactinput
N10ag=10Ag03

fif fiinput
I0ag=10Ag01

fif fiinput
I0ag=I0Ag02

fif fiinput
N10ag=10Ag03

(bcomoutput
I10ag=I0Ag01

comoutput
¢IOag:IOAgO2

¢comoutput
I10ag=I10Ag03

cC
Ndr=DRegl,i=Indl—I0ag

CcC
Ndr=DRegl,i=Ind2—I0ag

CcC
Ndr=DRegl,i=Ind3—I0ayg

cominput
dr=DRegl,i=Indl—I10ag

cominput
Ndr=DRegl,i=Ind2—I0ayg

cominput
dr=DRegl,i=Ind3—10ag

fact
Ndr=DReg1,i=Ind1—I0ag

fact
Ndr=DRegl,i=Ind2—I0ayg

fact
Ndr=DRegl,i=Ind3—I0ayg

fi
Ndr=DRegl,i=Ind1—I0ag

fi
ldr=DRegl,i=Ind2—I0ag

fi
Ndr=DRegl,i=Ind3—I0ayg

¢comsup
sr=SRegl,i=Indl—I10ag

¢comsup
sr=SRegl,i=Ind2—10ag

¢comsup
sr=SRegl,i=Ind3—10ag

prodadjust fi—parypor = mfpadjustedir—pRregt,i=rnd1

prodadjust fi— FaTypo2
prodadjust fi—FaTypo3
prodadjust fi—FaTypos
prodadjust fi—FaTypos
prodadjust fi— FaTypos
prodadjust fi— FaTypor
prodadjust fi—FaTypos
prodadjust fi—FaTypo9
prodadjust f1—raTypio
prodadjust f—FaTypi1
prodadjust fi— raTyp12
prodadjust fi—FaTyp13

prodadjust fi— FaTyp1a
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m fpadjustedir—pRegl,i=Ind1
mfpadeSteddrzDRegl,i=Ind1
m fpadjustedyr=pReg1,i=Ind1
mfpadjustedr—pReg1,i=Ind1
m fpadjustedqr—pRregt,i=Ind1
m fpadjustedir—pRegl,i=Ind1
mfpadjustedr—pReg1 i=Ind1
m fpadjustedir—pRegl,i=Ind1
mfpadeSteddr=DRegl,z'=Ind1
m fpadjustedqr—pRegt,i=Ind1
m fpadjustedr—pReg1,i=Ind1
m fpadjustedqr—pRegt,i=Ind1

m fpadjustedir=pReg1 i=Ind2

(B.352)

(B.353)

(B.354)

(B.355)

(B.356)



prodadjust fi—paryprs = mfpadjustedgr=pRegl i=Inds
. (B.357)
prodadjust fi=rarypie = mfpadjusteddr=preg1,i=ind1

prodadjust fi=raryp1r = mfpadjusteddr=pRreg,i=rnd1

pfarmbuiltcapital f1— parypor
pfarmbuiltcapital fi— poTypo2
pfarmbuiltcapital fi— paTypo3
pfarmbuiltcapital f1— Farypos
pfarmbuiltcapital fi— FaTypos
pfarmbuiltcapital f1— parypos
pfarmbuiltcapital fo— parypor
pfarmbuiltcapital fi— poTypos
pfarmbuiltcapital f1— Farypo9
pfarmbuiltcapital fi— FaTyp1o
pfarmbuiltcapital f1—parypin
pfarmbuiltcapital fi— paTyp12
pfarmbuiltcapital fi— paTyp13
pfarmbuiltcapital fi— poTyp1a
pfarmbuiltcapital fi— aTyp1s
pfarmbuiltcapital fo—Farypis

pfarmbuiltcapital fo— paryp17

Pbuntcapdr:DRegl,i:Indl
Pbuiltcap,—pregi,i=rnd
Pbuiltcap g, — preg1,i=rna
Pbuiltcap,,—pregi,i=rnd
Pbuiltcap,—pregi,i=rnd
Pbuiltcap,,_pregi,i=rnd
Pbuiltcapg,— preg1,i=1nd1
Pbuiltcap g, — preg1,i=rna
Pbuiltcap,,—pregi,i=rnd
Pbuiltcap g, preg1,i=rma
PbuiltcapdT:DRegl,izjna
Pbuiltcap,_preg1,i=rnd1
Pbuutcapdr:DReyl,i:Indl
Pbuiltcap,—pregi,i=rndz
Pbuiltcap g, —pregt,i=rnds
Pbuiltcap,,—pregi,i=rnd

PbuiltcapdT:DRegl,i:mﬂ

(B.358)

pfarmlabourpi—parypor = Plact,—raB dr=DReg1,i=Ind1
pfarmlabour fi—parypo2 = Plactp—rap dr=DReg1,i=Ind1
pfarmlabour pi=parypos = Placty—rAB dr=DReg1,i=Ind1
pfarmlabour pi=parypoa = Plactp—rAB dr=DReg1,i=Ind1
pfarmlabour fi—parypos = Placty—rap dr=DRegl,i=Ind1
pfarmlabour fi—parypos = Placth—rap dr=DReg1,i=Ind1
pfarmlabourfi—rarypor = Plactp—rap dr=DReg1,i=Ind1
pfarmlabour pi=parypos = Placty—rAB dr=DReg1,i=Ind1
pfarmlabour fi—parypos = Plactn—rap dr=DReg1,i=Ina1
pfarmlabour yi—porypro = Placty—rap dr=DRegl,i=Ind1
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pfarmlabour pi=parypr1 = Placth—raB dr=DReg1,i=Ind1

pfarmlabourfi=rarypr2 = Placty—rap dr=DReg1i=Ind1
pfarmlabour fi—paryprs = Placth—rap dr=DReg1,i=1na1
pfarmlabour pi=raryp1a = Placty—raB dr=DReg1,i=Ind2 (B.359)
pfarmlabour fi—parypis = Placth—rap dr=DRreg1,i=Ind3
pfarmlabour pi=parypre = Placth—raB dr=DReg1,i=Ind1
pfarmlabour fi—parypir = Pract,—raB dr=DReg1,i=Ind1

modf armit f finputcoe fRGmofa=MoFa01,c
modf armit f finputcoe f hGmofa=MoFa02,c
modf armit f finputcoe fhamo fa=MoFa03,c
modf armit f finputcoe fRGmofa=MoFa04,c
modf armit f finputcoe fhamofa=MoFa05,c
modf armit f finputcoe f hGmofa=MoFa06,c
modf armit f finputcoe f hGmofa=MoFa07,c
modf armit f finputcoe fhamo fa=MoFa08,c
modf armit f finputcoe f RGmofa=MoFa09,c
modf armit f finputcoe fhamofa=MoFa10,c
modf armit f finputcoe fhGmofa=MoFall,c
modf armit f finputcoe fhGmofa=MoFa12,c
modf armit f finputcoe fhamofa=MoFa13,c
modf armit f finputcoe f RGmofa=MoFal4,c
modf armit f finputcoe fhamofa=MoFa1s,c
modf armit f finputcoe f RGmofa=MoFals,c
modf armit f finputcoe fhGmofa=MoFa17,c
modf armit f finputcoe fhGmofa=MoFa1s,c
modf armit f finputcoe f hGmofa=MoFa19,c
modf armit f finputcoe fhamo fa=MoFa20,c
modf armit f finputcoe fRGmofa=MoFa21,c
modf armit f finputcoe fhamofa=MoFa22,c
modf armit f finputcoe fhGmofa=MoFa23,c

modf armit f finputcoe f hGmofa=MoFa24,c
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MODFARMINPUTCOEFHAupt=Mitiod mofa=MoFa01,c
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFa02,¢
MODFARMINPUTCOEFH Api=itiod,mofa=MoFa03,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa0d,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa05,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa06,¢
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFa07,c
MODFARMINPUTCOEFH Api=itiod,mofa=MoFa08,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa09,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFal0,c
MODFARMINPUTCOEFH A= Mitiod, mofa=MoFall,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFal2,c
MODFARMINPUTCOEFHAut=Mitiod mofa=MoFal3,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFald,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFal5,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFal6,c
MODFARMINPUTCOEFH Aypt—Mitiod,mofa=MoFal7,c
MODFARMINPUTCOEFHAut=Mitiod mofa=MoFal8,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFal9,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa20,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa21,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa22,c
MODFARMINPUTCOEFH A= Mitiod, mofa=MoFa23,¢

MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa24,c



modf armit f finputcoe f RGmofa=MoFa25,c
modf armit f finputcoe fhamo fa=MoFa26,c
modf armit f finputcoe fRGmofa=MoFa27,c
modf armit f finputcoe fhamofa=MoFa28,c
modf armit f finputcoe fhGmofa=MoFa29,c
modf armit f finputcoe f hGmofa=MoFa30,c
modf armit f finputcoe fhamo fa=MoFa31,c
modf armit f finputcoe f RGmofa=MoFa32,c
modf armit f finputcoe fhamofa=MoFa33,c
modf armit f finputcoe fRGmofa=MoFa34,c
modf armit f finputcoe f hGmofa=MoFa35,c
modf armit f finputcoe fhtmo fa=MoFa36,c
modf armit f finputcoe f hGmofa=MoFa37,c
modf armit f finputcoe fhamofa=MoFa38,c
modf armit f finputcoe fRGmofa=MoFa39,c
modf armit f finputcoe f hGmofa=MoFa40,c
modf armit f finputcoe fhamo fa=MoFa4t,c
modf armit f finputcoe f RGmofa=MoFa42,c
modf armit f finputcoe fhamo fa=MoFaa3,c
modf armit f finputcoe fhGmofa=MoFada,c
modf armit f finputcoe fhamofa=MoFaas,c
modf armit f finputcoe f hGmofa=MoFa46,c
modf armit f finputcoe f hGmofa=MoFaa7,c
modf armit f finputcoe fhamo fa=MoFa4s,c
modf armit f finputcoe f RGmofa=MoFa49,c
modf armit f finputcoe fhamo fa=MoFas0,c
modf armit f finputcoe fhGmofa=MoFas1,c
modf armit f finputcoe fhGmofa=MoFa52,c
modf armit f finputcoe fhamo fa=MoFa53,c

modf armit f finputcoe fhGmofa=MoFas4,c
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MODFARMINPUTCOEF H A= Mitiod,mofa=MoFa25,¢
MODFARMINPUTCOEFH Apt=hitiod,mofa=MoFa26,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa27,¢
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa28,c
MODFARMINPUTCOEFH A= Mitiod, mofa=MoFa29,¢
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFa30,c
MODFARMINPUTCOEFH Api=htitiod,mofa=MoFa31,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa32,¢
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa33,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa34,c
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFa35,c
MODFARMINPUTCOEFHAut=Mitiod, mofa=MoFa36,¢
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa37,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa38,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa39,¢
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFad0,c
MODFARMINPUTCOEFHAupt=Mitiod mofa=MoFadl,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFad2,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa43,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFadd,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa45,c
MODFARMINPUTCOEF H A= Mitiod, mofa=MoFad6,c
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFadT,c
MODFARMINPUTCOEFH Api=itiod,mofa=MoFa4s8,c
MODFARMINPUTCOEFH A= Mitiod,mofa=MoFad9,c
MODFARMINPUTCOEFH Apt=itiod,mofa=MoFa50,c
MODFARMINPUTCOEFH A= Mitiod, mofa=MoFa51,¢
MODFARMINPUTCOEF H A= Mitiod,mofa=MoFa52,¢
MODFARMINPUTCOEFHAut=Mitiod mofa=MoFa53,¢

MODFARMINPUTCOEFH A= Mitiod,mofa=MoFa54,c



modf armit f finputcoe f hGmofa=MoFas5,c
modf armit f finputcoe fhamo fa=MoFas6,c

modf armit f finputcoe fRGmofa=MoFa57,c

modf armmit f foutputcoe fhamofa=MoFao1,c
modf armmit f foutputcoe fhamota=MoFa02,c
modf armmit f foutputcoe fhamofa=MoFa03,c
modf armmit f foutputcoe fhamofa=MoFao4,c
modf armmit f foutputcoe fhGmofa=MoFa0s,c
modf armmit f foutputcoe fhamofa=MoFa06,c
modf armmit f foutputcoe fhGmota=MoFa07,c
modf armmit f foutputcoe fhamofa=MoFa08,c
modf armmit f foutputcoe fhamota=MoFa09,c
modf armmit f foutputcoe fhGmofa=MoFal0,c
modf armmit f foutputcoe fhamofa=MoFall,c
modf armmit f foutputcoe fhGmofa=MoFai12,c
modf armmit f foutputcoe fhamofa=MoFa13,c
modf armmit f foutputcoe fhamota=MoFald,c
modf armmit f foutputcoe fhamofa=MoFals,c
modf armmit f foutputcoe fhamofa=MoFa16,c
modf armmit f foutputcoe fhGmofa=MoFal7,c
modf armmit f foutputcoe fhamofa=MoFa18,c
modf armmit f foutputcoe fhGmota=MoFal9,c
modf armmit f foutputcoe fhamofa=MoFa20,c
modf armmit f foutputcoe fhamora=MoFa21,c
modf armmit f foutputcoe fhGmofa=MoFa22,c
modf armmit f foutputcoe fhamofa=MoFa23,c
modf armmit f foutputcoe fhGmofa=MoFa24,c
modf armmit f foutputcoe fhamofa=MoFa2s,c
modf armmit f foutputcoe fhamota=MoFa26,c

modf armmit f foutputcoe fhamofa=MoFa27,c
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MODFARMOUTPUTCOEF H A= itioa,mofa=MoFa0l,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa02,¢
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa03,¢
MODFARMOUTPUTCOEFH A= Mitio4,mofa=MoFa04,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa05,¢
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFa06,¢
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa0T,¢
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFa08,¢
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa09,c
MODFARMOUTPUTCOEF H Apt=itioa,mofa=MoFal0,c
MODFARMOUTPUTCOEFH A= itioa,mofa=MoFall,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFal2,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFal3,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFald,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFals,c
MODFARMOUTPUTCOEFH A= Mitioa,mofa=MoFal6,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFalT,c
MODFARMOUTPUTCOEFH A= Mitioa,mofa=MoFal8,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFal9,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa20,¢
MODFARMOUTPUTCOEFH A= Mitioa,mofa=MoFa21,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa22,¢
MODFARMOUTPUTCOEF H A= Mitioa,mofa=MoFa23,¢
MODFARMOUTPUTCOEF HAt=itioa,mofa=MoFa24,¢
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFa25,¢
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa26,c

MODFARMOUTPUTCOEF H Apt=itioa,mofa=MoFa27,¢



modf armmit f foutputcoe fhamofa=MoFa28,c
modf armmit f foutputcoe fhtmofa=MoFa29,c
modf armmit f foutputcoe fhamofa=MoFa30,c
modf armmit f foutputcoe fhamota=MoFa31,c
modf armmit f foutputcoe fhamofa=MoFa32,c
modf armmit f foutputcoe fhamofa=MoFa33,c
modf armmit f foutputcoe fhGmofa=MoFa34,c
modf armmit f foutputcoe fhamofa=MoFa3s,c
modf armmit f foutputcoe fhtmota=MoFa36,c
modf armmit f foutputcoe fhamofa=MoFa3,c
modf armmit f foutputcoe fhamofa=MoFa3s,c
modf armmit f foutputcoe fhGmofa=MoFa39,c
modf armmit f foutputcoe fhamofa=MoFat0,c
modf armmit f foutputcoe fhGmota=MoFadl,c
modf armmit f foutputcoe fhamofa=MoFas2,c
modf armmit f foutputcoe fhamofa=MoFaa3,c
modf armmit f foutputcoe fhGmofa=MoFadd,c
modf armmit f foutputcoe fhamofa=MoFaa5,c
modf armmit f foutputcoe fhGmofa=MoFa46,c
modf armmit f foutputcoe fhamofa=MoFaar,c
modf armmit f foutputcoe fhamota=MoFa4s,c
modf armmit f foutputcoe fhamoa=MoFa49,c
modf armmit f foutputcoe fhamofa=MoFa50,c
modf armmit f foutputcoe fhGmofa=MoFas1,c
modf armmit f foutputcoe fhamofa=MoFa52,c
modf armmit f foutputcoe fhamota=MoFas3,c
modf armmit f foutputcoe fhamofa=MoFasa,c
modf armmit f foutputcoe fhamofa=MoFass,c
modf armmit f foutputcoe fhGmofa=MoFas6,c

modf armmit f foutputcoe fhamofa=MoFa57,c
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MODFARMOUTPUTCOEF H A= Mitioa,mofa=MoFa28,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa29,¢
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFa30,¢
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa31,c
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa32,¢
MODFARMOUTPUTCOEF H A= Mitioa,mofa=MoFa33,c
MODFARMOUTPUTCOEF HAyt=itioa,mofa=MoFa34,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa35,c
MODFARMOUTPUTCOEF HAt=Mitioa,mofa=MoFa36,c
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFa37,c
MODFARMOUTPUTCOEFH A= itioa,mofa=MoFa38,c
MODFARMOUTPUTCOEF HAt=itioa,mofa=MoFa39,¢
MODFARMOUTPUTCOEF H A= Mitioa,mofa=MoFad0,c
MODFARMOUTPUTCOEF HAt=itioa,mofa=MoFadl ¢
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFad2,c
MODFARMOUTPUTCOEF H Apt=Mitioa,mofa=MoFad3,c
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFadd,c
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFad5,c
MODFARMOUTPUTCOEF HApt=Mitioa,mofa=MoFad6,c
MODFARMOUTPUTCOEF H A= itioa,mofa=MoFadT,c
MODFARMOUTPUTCOEF HApt=itio4,mofa=MoFad8.c
MODFARMOUTPUTCOEF H Apt=itioa,mofa=MoFad9,c
MODFARMOUTPUTCOEF H A= Mitioa,mofa=MoFa50,¢
MODFARMOUTPUTCOEF HAt=itioa,mofa=MoFa51,c
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa52,¢
MODFARMOUTPUTCOEF HApt=itioa,mofa=MoFa53,¢
MODFARMOUTPUTCOEF H Api=itioa,mofa=MoFa54,c
0

0

(B.361)



B.12 Rest of world module equations

B.12.1 Stocks

L (ACTUALEXCHANGERT — Exchangert) for ¢ <3

d TIME STEP
% (EXChangert) = aezchangerﬁ
<(m) — 1) Exchangert for t>3
(B.362)
B.12.2 Auxiliaries
bopratio = —LCOME (B.363)
rwexpenditure
rwincome = Z <Twlabourincomedr + Z (nzimportpurchasesdr,c) + entrwtransg,
dr c
+hhldrwtransg, + Z (govtrwtrans%d,a) - rwdirecttaxdr> (B.364)
g
rwlabourincomeg, = Z(rwlaboursupplydr’i Pfacty—r45,dr:) (B.365)
i
RWFACTRT),—
rwlaboursupplyar,; = factorsup=raB,dri = RWFACT;ThiALiZdT (B.366)
PCOMM LDIMP,(t
nzimportpurchasesg, . = importdemandg,. . co WOR ®) (B.367)
' ' Exchangert
rwdirecttax g, = (entrwtransg, + rwlabourincomeg,) RW DIRECTTAX RTy, (B.368)
rwexpenditure = Z (rwscwingsdr + rwenttransg, + rwhhldtransg, + rwindirecttawdr)
dr
+ Z Z(nzexportsalessr,c) (B.369)
ST (&
rwindirecttazq, = Z (nzexportsalessy—qrc) RWINDIRECTTAX RT, (B.370)
nzexportsales,, , — pexportcommds, . actualerportsg,. (B.371)
’ Exchangert
actualexportss, . = min (expcommoditydsy, ¢, expcommodityssy,c) (B.372)
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B.13 Output variable module equations

B.13.1 Stocks

d ) 1 . . .

p (Inflationrt) = - (targetin flationrt — Inflationrt) (B.373)

d 1

pn (Holdregvaladd,, ) = — (totalvalueaddedy, — Holdregvaladd,,) (B.374)
T

B.13.2 Auxiliaries

ACINFLATIONRT(t) for t<11.5

targetin flationrt = (B.375)
desiredin flationrt for t>11.5

desiredin flationrt = 4 (szf(s;i}(ipifégg)o'%)> (B.376)

epif = +/cpip X cpil (B.377)

7 — 1000 >ar 2. (Pcompcommd,, . BASEHHLDCON SUM Py, ) B.378

P = S 5. (BASEPCOMPCOMMD,,, BASEHHLDCONSUMP,,.) (B.378)
Pcompcommd, .. . hhldconsumpg,..

cpip — 1000 2z e (Peomp dr.c Pire) (B.379)

Yodr 2oe (BASEPCOMPCOM M Dg,. . hhidconsumpgy. )
actualgdpindexr = 1000 x gdpindexp (B.380)

gdpindexp = Z ( <hhldconsumpdr,c =+ Z govtconsumpg. dr,c + investconsumpda,c> Pcompcommd,, .

dr,c g

+ stockchangesd,-7c> =+ Z nzexportsaless, . — Z nzimportpurchasesqy

sr,c dr,c

Z ( (hhldconsumpdr’c + Z govtconsumpg, qr,c + investconsumpqar,c

dr,c g
stockchanges g, . nzexportsalesg,. .
) BASECOMPCOMMD Dy | + -~ Exchangert
Pcompcommd,, ' &~ \ pexportcommdsy
nzimportpurchasesg,. .
— : Exch tx1 B.381
dz (PCOMMWORLDIMPC(t) xehangert x > (B-381)
stockchangesg, . = vcommoditysupplyqr,. — vcommoditydemandgy . (B.382)
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totalexpenditure

. B.383

reatgap actualgdpindex | |
. realgdp

d - B.384

gdppercapita Y ar POPULATION,,-(t) o

totalexpenditure = Z

dr,c

<hhldconsumpdr,C + Z govtconsumpyg, dr,c + investconsumpqdr,c> Pcompcommddr’C
g

+ E nzexportsalesg, . — E nzimportpurchasesqy. .

sr,c dr,c
+ Z stockchanges gy, + Z otherindirecttaxesgy, (B.385)
dr,c dr

veommoditysupplyar,c = Z(actualsupplyssr_,drvi,c) + vregimportsgy . + nzimportpurchasesgy. .
i

(B.386)

Vregimports gy . = regedomcommssRegl < DReg2,5Reg2< DRegl,c PregdomcommesRegi < DReg2,SReg2< DRegl,c
(B.387)

vregexportsgy.. =17 (B.388)

veommoditydemandgy . = vhhldconsumpgy . + Z (vgovtconsumpmdm) -+ vinvestconsumpgr.
g
+ vregexportsqy . + nzexportsales sy qr,c + totalcommodityexrpendg

(B.389)

vhhldconsumpgy . = hhldconsumpg, . Pcompcommd,, . (B.390)

VGoVtCONSUMPg, dr,c = JOVECONSUMPg dr,c Pcompcommddr’C (B.391)

VINVEStCONSUMPgr, = 1NVEStCONSUMPYdy, Pcompcommddm (B.392)

totalcommodityexrpendgy . = Z(domcommexpenddm,c + importcommexpendqy. ;. ) (B.393)

i
dindvalueaddedy, ; = 1000 ";i:ji;‘;;;lfjj;i (B.394)
dtotalvalueaddedy, = 1000 tf:tzisll;;;id;j;r (B.395)
indvalueaddedq, ; = Z (factorsup, qr,; Pfacty, g,.;) + realindustrybalanceqy ;

—:indindirecttaxdr,i (B.396)

totalvalueaddedy, = Z indvalueaddedg, ; + otherindirecttaxesq, (B.397)
otherindirecttaresy, = Z govtindirecttazy qr + hhldindirecttazq, + rwindirecttaxq,

jinvestindirecttaxdr (B.398)
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v

B.14 Freshwater Management Unit and Territorial Local Authority
reporting module equations

B.14.1 Auxiliaries

zonefarmlabe, gt = Z (managsystlabcoe fhaes, f1.me pfarmlaboury, Landuse.; ttmt) (B.399)

mit

( fsreturnsperhacs, fimi

zone farmcapitale, r+ = Z -+ mangsystdepreccoe fhac; ¢ mt pfarmbuiltcapitalft)

— LNDREVENUESH,
x Landuse.; ¢ m¢ (B.400)
fmufarmlab s, 1t = Z(zonefarmlabez)ft FMUZONEMAP; ) (B.401)
fmufarmlablOind fmy 10ag = Z(fmufarmlabfmu, ft MAPTOIOAG 04g,ft) (B.402)
ft
residualcapIOag = Z(PfaCth:CAP,dr:DRegl,i INDMAPL[OGQ)
X (RESIDUALBCAPITAL10qg + RESIDUALLAN D10ag) (B.403)
fmufarmcapital fyu, e = Z(zonefarmcapitalez)ﬁ FMUZONEMAPfy,c-) (B.404)

ez

residuallabroag = Y (Pfactn—rap.ar=preg1i INDMAP; 104g) RESIDUALLABOU R10ag  (B.405)

i

fmuagindva fmy, 10ag = Z {MAPTOIOAGIOag}ft (fmufarmlabfpmy, st + fmufarmcapitalfmu’ft)}
ft
+ FMUSHRESIDUAL ¢, 10qg(Tesidualcaproag + residuallabroag)

— Z [INDMAPLIOQQ (indfencingcosts fmy.; + indplancostsz,Wi)} (B.406)

fmuagindva mu,10ag

h indva fmu. 10ag = - B.407
fmushareagindva fmu,10ag meu FMuagindva fma, 1oag ( )
fmushareindvaagri fmy,; = Z (fmushareagindva fmy, 10ag INDMAP; 1044) (B.408)

IO0ag
df muindva gy, = (FMUSHAREEM Ppp, ; OVERRIDEM AP; + fmushareindvaagri fma,q)
x dindvalueaddedgr=pRegi i (B.409)
fmuindustryva2017 fpy s = df muindva gy, GDPSCALAR (B.410)
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fmureportindva frmy ri = Z (fmuindustryva2017 ¢, ; REPORTINDMAP, ;) (B.411)

scaledhhldincomeg, = actualhhldincomeg, GDPSCALAR (B.412)

fmufarmlablOind fmy, 1049

B.41
meu fmufarmlablOind fmu,10ag ( 3

fmushareindempagri fmu,10ag =

fmushemploy fmy,i = Z (fmushareindempagri fmu, 10ag INDM AP, 104g) + FMUSHAREEM Py, ;
IOag

x OVERRIDEMAP, (B.414)

factorsun=rAB dr=DRegl,i

muindemployment ; = mushemplo ; B.415
Jmuindemployment fmui = 7o B GONVERTIN Dayepregry | e 210U frm (B.415)
fmureportindemp ¢y ri = Z (fmuindemployment yy., i REPORTINDMAP; ;) (B.416)

i
zoneagindcapes. agi = Z(zonefarmcapitalez,ft MAPTOAGINDy ¢ q4i) (B.417)
ft
zoneagindlabe qqi = Z(zonefarmlabez,ft MAPTOAGIN Dy 44i) (B.418)
ft
taagindcapia,agi = Z(zoneagindcapez’agi TAZONEMAP;q4 ¢ agi) (B.419)
ez
taagindlabiq,qgi = Z(zoneagindlabez’agi TAZONEMAP;q ¢ agi) (B.420)
ez
taioagindcapia,10ag=104g01 = taagindcapia agi=Agmo1 + taagindcapia agi—Agrno2 + taagindcapia agi=—Agrnos
+ 2‘/‘aagindcafpta,agi:AgInOG
taioagindcapta,IOag:IOAgOZ = taagindcapta,agi:AgInO?,
taioagindcapta,IOag:IOAg03 = taagindcapta,agi:AgInOéL
(B.421)
tatoagindlabiy, 10ag=104401 = taagindlabiq,qgi—Agrno1 + taagindlabi, qgi—agrno2 + taagindlabig, agi=—AgInos
+ taagindlabta,agi:AgInOﬁ
taioagindlabta,IOag:IOAgOZ = taagindlabta,agi:AgInOi&
taioagindlabta,IOag:IOAgOS = taagindlabta,agi:AgInO4
(B.422)

toindf encingplancosts fmu, 10ag = Z [INDMAPUOW (indfencingcosts frma,; + indplancostsfmu,i)}

?

(B.423)
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taioagindvai,, 10qg = tatoagindcapiq 10ag + tatoagindlabia r0qg + (residualcaproqg + residuallabioag)

xS (FMUSHRESIDUAL iy, 10ag FMUTAM AP ta,10ag)

fmu

— Z (toindfencingplancosts fmy,10ag FMUTAM APf . ta,10ag) (B.424)
fmu

tashareindvaagrigg,; = Z (tashareioagindvaie, 10ag INDMAP; 1044) (B.425)
IO0ag

dtaindvai, ; = dindvalueaddedgr—pregi,i (TASHAREEM Py, ; OVERRIDEM AP; + tashareindvaagrizg, ;)

(B.426)

taindustryva2017,, ; = dtaindvai, ; GDPSCALAR (B.427)

tareportindvaliy ri = Z(taindustryan()l?mJ REPORTINDMAP, ,;) (B.428)
taioagindlabiq. 104

tashareioagriempia,10ag = AoAGINAa3ta,10ag (B.429)

> ta taioagindlabe, 10ag

tashemploysq,; = Z (tashareioagriempia,10ag INDMAP; 104g) + TASHAREEMP,, ; OVERRIDEMAP;

I0ag
(B.430)
) _ factorsup=pAB,dr=DRegl,i A
taindemployment, ; = LSFCONVERTIN Dyr—preqts tashemployiq, ; (B.431)
tareportindempiq, ri = Z (taindemployment,, , REPORTINDMAP, ,;) (B.432)
B.15 Scenario setting equations
B.15.1 Auxiliaries
addtravelcostsgq, = Z (ADDHHLDTRAV ELgy..(t) Pcompcommd,, ) (B.433)
(&
maxprodgy. ; z(qasplannedproddr,i X OPERABILITYsrﬁdm(t)) Pcindustryssr—dr,i (B.434)

qasplannedprodg, ; = max (qdesiredprodg,;(t = SHOCKINITIATION), qdesiredprodgy;) (B.435)

desiredorod. - — Desiredproddm (B.436)
qaestredprotdr,i  Peindustryssy—dr.i -
dOmma’l"giner = Z Z (TEQCdomcommssr,dr,c DMARGINSHOCKOOEFST’dT’C(t» (B437)

ST c
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exportmargindemandsy m, = Z (expcommodityss, . EMARGINSHOCKCOEFg, ;. m(t)) (B.438)

(&

exportmarginsupplydr,m = Z (exportmargindemandg, ., REGSHEXPM AR, 4r.m(t)) (B.439)
importmargindemandgy., = »  (Estimports,, . IMARGINSHOCKCOEF ;.. (t)) (B.440)
c
importmar ginsupplysy.m = Z (importmargindemandgy ., REGSHIMPM AR, gy m (1)) (B.441)
dr

marginconsumpqdr.c = (ezportmarginsupplydr’m: Road + importmarginsupplysr— dr.m=Road
+ dommarginqd,n) x ROADM AP,

+ (exportmarginsupplydr,m=Rai + importmarginsupplysy—dr.m=Rait)
x RAILMAP, (B.442)

pimprailmarginss.a- = Y _ (Pregdomcomm,, ;, . RAILMAP,) (B.443)

C

pimproadmarginsg, 4r = Z (Pregdomcomm ROADM APC) (B.444)

c

sr,dr,c

pimportmar gins gy . = (Z (REGSHIMPMARST,d,«,m:Road (t) pimproadmarginssr’d,«) >

ST

x IMARGINSHOCKCOEF 4y o m—poad(t)

+ (Z (REGSHIMPMARST,d,«,m:Raﬂ (t) pimprailmarginssr,dr)>

ST

x IMARGINSHOCKCOEF 4, ¢.mm—rai(t) (B.445)
pexprailmarginsg, = Z (Pcompcommd,, . RAILM AP,) (B.446)
pexproadmarginsg, = Z (Pcompcommd,,. . ROADM APF,) (B.447)

c

pexportmarginss, . = (Z (REGSHEXPM ARy dr.m=FRoad(t) pe:z:proadmarginsdr)>
dr
x EMARGINSHOCKCOEFjs; ¢ m=Road(t)

(Z (REGSHEXPMARST,dT,m:RaH (t) pexprailmarginsdr)>
dr

x EMARGINSHOCKCOEFy ¢ m—rail(t) (B.448)

pregdomcomminclmarging, ar.. =DMARGINSHOCKCOEF;, 4, .(t) pimproadmarginssy ar

+ Pregdomcomm (B.449)

sr,dr,c
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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
= —lr(t) + d(1)A
% =[r(t)+d(®)]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:

N

STy rem (©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- %
A=N [1 - m]
A=N E 1 Z:zz::; 1+ e—lk(t—m)]
—k(t—m
N 1]\;66_—;@_7:) (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 kN e=k(t—m)

& " I+ e e (e
(C.5)
And we know that % = —%, and so:
A _ kN —k(t—m)
dA  —kNe (C.6)

dt [1+ e—k(t—m)]2
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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:

— =—r(t)A .
o r(t) (C.7)
where r(t) is an adoption rate, or rate of change of A.

Comparing Egs. C.6 and C.3, we see that we can write:

dA —k
@“r_ T 9y )
dt 1 4 e—k(t—m) (C.8)
Which matches the form we want, Eq. C.7, if we set:

k

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:

0 for t<t,
r(t) = (C.10)

k
Tre—kG=—m) for t, <t

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).

4.5 4

4 4

3.5 4

3 4

Figure C.1 Adoption rates r(¢) from Eq. C.10, for three different cases with a policy announcement
time of t, = 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 1In 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:

1
T tg—t

d(t) for t<tg (C.11)
where t4 is the time of the deadline. It makes sense (we think) to have this term being zero before the
policy is announced (), and then to increase during the notice period (t4 — t,). To achieve this we can
set:

0 for t<t,
d(t) = 5 — 72 for ta <t <ty (C.12)
L for tg <t

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:

0 for t<t,
d(t) = { min (c (m%t - ﬁ) ,L) for to<t<ty (C.13)
L for tg<t

Where ¢ = 1 gives us the deadline pressure we had before, ¢ > 1 means there is pressure to change sooner,
and 0 < ¢ < 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.

10 -
100 4
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70 |
60 -
50 -
40 |
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20 |
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0 +=—r—r——r—r—T—T—r——————— 00T T T 7T

Figure C.2 Deadline pressure d(t) from Eq. C.13, with the deadline at t; = 3, the maximum rate
at L = 100 and the ‘urgency’ modifier ¢ = 0.5.
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Example results Results when the adoption curves are used but there is no regulatory deadline
enforced are shown in Figure C.3.

Alt)

-l
1

[ L L=
1

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

e We have assumed that there is total transition from A to B.

e 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.

e We haven’t explicitly assumed that A = N and B = 0 at t,, so this should work in a range of
situations. The main driving factor is how many hectares are in farmsystem A.

e If there are different possibilities (e.g. farmsystem A could change to farmsystem B or farmsystem
() 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.

e 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
il [max(r(t) +d(t),L)] A
% — [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).

e 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/t
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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