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Glossary

Computable General Equilibrium (CGE): A class of applied economic models typically used to
illustrate an economy’s responses to changes in policy, technology or other external shocks.

Households: New Zealand resident individuals and families, and Private Non-Profit
Organisation (PNPO) serving households.

Input-Output Model: A quantitative economic technique that represents the
interdependencies between different branches (industries or sectors) of a national economy
or different regional economies. The technique depends on a matrix of raw economic data
collected by companies and governments to study the relationship between suppliers and
producers within an economy. Of particular interest is the extent that the outputs of one
industry become the inputs to another.

Industry Value Added: Value added summed according to industry groups.

Modified Emplo s): Statistics New Zealand typically reports employment
data according ount (EC) measure. ECs are a head count of all salary and
wage earners period. This includes most employees but does not capture all

working prop i i ho pay themselves a salary or wage. The modified
employment counts is based on ECs but includes an adjustment to
incorporate an estimate g number ofworking proprietors.

Value Added: The value added ] ervices by the contributions of capital and
labour, i.e. the value of output € terials and services has been
deducted. It includes the ng goriés ‘gross operating surplus’,

‘compensation of employees’, ‘other 1z ‘subsidies’. The sum of all
value added is equal to gross domesti ding taxes on products and
import taxes net of subsidies. Thus in , total value added is equal to

approximately 88% of GDP.
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Executive Summary

STILL TO COMPLETE

A
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1 Introduction

With the aim of improving water quality in Lake Rotorua, the Bay of Plenty Regional Council
(BoPRC) is currently investigating options to reduce nitrogen discharges from agricultural
land. The Bay of Plenty Regional Policy Statement (the Regional Policy Statement) sets a
nitrogen limit of 435 t N yr' for Lake Rotorua, and requires that the council allocate the
capacity of the lake to assimilate nutrients among land use activities. To achieve the 435t
annual target, an estimated reduction of 320 t N yr' is required, with approximately 270 t N
yr'* arising from the pastoral sector. This 270 tonne reduction will require land use and land
management change, and will be achieved by the purchase of 100t of nitrogen discharge
allowances from farmers, on-farm reduction of nitrogen discharges by farmers, and the
conversion of gorse land to forestry.! This report describes methods employed to assess
economy-wide effects resulting from proposed policies and interventions to reduce nitrogen
discharges from pastoral activities.

This report has been commissioned by the Bay of Plenty Regional Council, and is part of a

wider programme ed with evaluating the economic effects of alternative
nitrogen disch ation methods. Various management options or scenarios
have been consi i porating alternative nitrogen trading right allocations and
assumptions. Thi es on presenting economic outcomes, in terms of value-
added and emplo the full range of economic sectors’ within the Lake
Rotorua Catchment istrict, Bay of Plenty region and New Zealand. Reference
should also be made to evel modelling work undertaken on behalf of
the Lake Rotorua Catchment Sta y Group (the Stakeholder Advisory Group),

each scenario, constitute a direct ig national level economic
modelling described in this report.
This study of district/regional/national economic 4 cts has been undertaken through a
ut-Output (I0) analysis. Today, 10
analysis is one of the most widely applied methods in economics, with the approach being

modelling framework that is based primarily o

especially popular in the study of regional-level economics (Miller and Blair, 2009). One of
the core strengths of |0 analysis is that it captures the complex interactions and
interdependencies occurring between different actors within an economy. This means that
it is possible to consider a vast number of the indirect or flow-on effects that occur
throughout an economy as a result of any type of economic change. 10 analysis also enables
economic impacts to be evaluated at the level of individual sectors or industries, thus
providing a disaggregate picture of the nature of economic impacts.

! These approaches are referred to collectively as the ‘integrated framework’ (Bay of Plenty Regional Council,
2013).

2 Impacts were assessed for 106 economic industries as per Statistics New Zealand’s latest inter-industry study of
the New Zealand economy (Statistics New Zealand, 2012). Sector definitions are as per the Australia and New
Zealand Standard Industrial Classification (ANZSIC) 2006 system.
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It is important to note that other methods do exist for assessing district, regional and
national level economic impacts associated with nitrogen reduction initiatives. The key
alternative, which is also based on 10 analysis, is Computable General Equilibrium (CGE).
Market Economics has specialist skills in the application of both 10 and CGE models,
particularly multi-regional and fully dynamic CGE modelling. The selection of an 10 rather
than dynamic CGE modelling framework for use in this study is primarily a consequence of
the need to ensure compatibility with the farm and forestry-level modelling work®.

A

® This work has been undertaken in a Comparative Static Partial Equilibrium framework which reports only on the
equilibrium consequences of nitrogen discharge reduction initiatives i.e. this work is unable to trace the
transition pathways, which key stakeholders face, through time. This simplification is required as current farm
and forestry level data sources are insufficient to support a fully dynamic analysis — which would be compatible
with dynamic CGE modelling.
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2 Background

2.1  Scenarios Evaluated

The Stakeholder Advisory Group was established to provide oversight, advice and
recommendations on the development of policy to meet the nitrogen discharge reduction
targets, including allocation of allowances and development of a nitrogen trading scheme
within the catchment.

The Regional Policy Statement requires the Council have regard to the following principles
when allocating nitrogen discharge allowances:

a) Equity/fairness, including intergenerational equity

b) Extent of immediate impact

c) Public and private benefits and costs

d) Iwiland ownership and its status including any Crown obligation
Cultural

This report informs co i f in relation to principles a) and f). Within
economics, resource use efficie generally considered to be achieved when
scarce resources are allocated e best outcomes for society.
can be used to help compare the
e relative distribution of
ions of equity and fairness
conomic impacts are distributed
and nation) and across different

(principle a). This report considers parti
differently across space (catchment, district, r
economic activities or sectors.

Eight scenarios were considered in the farm system modelling, each involving alternative
assumptions about the way in which nitrogen discharge rights are initially allocated among
land owners (see Doole et al., 2015, p.24).

The regional/national economic analysis has concentrated on three of the eight allocation
scenarios investigated by the farm system modelling. These are:

- Single sector target (S1), where each sector (dairy, drystock, forestry) is allocated a
constant amount. This corresponds with an allocation to dairy of 42.5kg/ha, to drystock
of 20.kg/ha and to forestry of 3kg/ha.

- Natural capital allocation (S4), where allocation is based on the inherent productivity of
land. Average pasture production per year is estimated for each spatial zone based on
expert opinion, reported pasture production for farms in the region, and data available
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for the representative farms. The total amount of nitrogen to be allocated among
farmers in each zone is then distributed according to the proportion of total pasture
production that can be achieved within that zone. The model uses proven productive
capacity rather than potential according to land use capability (LUC), due to the ready
availability of data.

- Sector ranges (S8), where the final dairy allocation range is 40-53kgN/ha with an average
of 46.6kgN/ha, and the final drystock allocation range is 15.5-31.5kgN/ha with an
average of 20.5kgN/ha.

It is important to note that provided trading in nitrogen discharge rights is fully efficient, the
farm system modelling produces the same distribution of land uses and types of farm
systems across the catchment. In other words, the allocation mechanism determines who
receives the initial distribution of discharge rights (a form of capital), but over time the
management regime will all move towards the same (most efficient) use of the land.
Nevertheless, to help inform stakeholders of the types of outcomes that are possible, this
analysis has considered situations of optimum trading and trading with 50% trading frictions®
for each of the three allocation scenarios listed above. Additionally, the analysis tests the

outcomes when it i med that land use change is limited to 5,000 ha.

The BoPRC ha of approximately $40 mil®> to purchase nitrogen discharge
entitlements o wish to change to lower nitrogen leaching land uses. These
purchases will tion scenario, although depending on the extent to

which trading occur§ya use change assumed, the degree to which this fund
jos. Additionally, the BoPRC has a fund of $5.5
mil for providing advice and suppg . The total funding is to be contributed to
ional rates) (Pers. Comm. May
2015, Sandra Barns, BoPRC). Thg ici f these funding mechanisms

An additional baseline or reference scenarj the farm system modelling
(Doole et al., 2015). . This scenario essentia e situation were we to assume that
into the future. When undertaking the
district, regional and national economic modelling each of the scenarios S1, S4 and S8,
we consider only net changes from the baseline scenario.

the current rules and circumstances were to conti

2.2 Selection of an Appropriate Modelling Framework

Although 10 analysis has been selected as the core analytical framework for this study,
alternative methodologies exist for assessing economic impacts; the most notable

“A ‘trading friction’ is a broad term that outlines that the optimal level of trading predicted by economic theory is
not realised due to people being unwilling to trade. There may be a variety of reasons for unwillingness to trade
including hoarding related to risk aversion, desires to retain flexibility, or utilisation as an investment for future
periods. In this study, trading friction is simulated through limiting the total amount of trade that can occur. For
example, the 50% trading friction means that a bound limiting trading to less than or equal to half of the optimal
level of trade (measured in tonnes of nitrogen) is introduced into the model for these particular runs.

> Throughout this report, all dollar values are stated in current (i.e. $ 2015) terms unless stated otherwise.
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alternative is the use of Computable General Equilibrium (CGE) modelling. The authors of
this report are published in the application of both input-output and general equilibrium
techniques (see, for example, McDonald and Smith (2010, 2013), Yeoman et al. (2009),
Zhang et al. (2008) Smith and McDonald (2011, 2014), Fairgray et al. (2014) and Smith et al.
(2015)). Key studies undertaken by the authors include the 2010 Waikato Independent
Scoping Study Economic Impact Assessment (EIA) (NIWA, 2010, 2010a), the official 1999 and
2003 America’s Cup ElAs for the Office of Tourism and Sport/Ministry of Tourism, the EIA of
the 2011 Rugby World Cup for the NZRFU, ElAs for Auckland International Airport, Exercise
Ruaumoko.

Key reasons for adopting an 10 rather than CGE framework for use in this study are:

e Disaggregation — The |0 approach readily produces results that are disaggregated by
study regions (in this case the Lake Rotorua Catchment, Rotorua District, Bay of Plenty
Region and New Zealand) and economic sector (altogether 106 economic sectors or
‘industries’ are reported in the model), thus providing important information on the
distribution of economic impacts.

Paucity of data —Creation of a multi-regional CGE model that reports down to the level

ideration of the ‘circular flow of income’ within an
economy, much lik on a social accounting matrix or CGE. Both
‘backward’ and ‘forward’ linka idered, as well as the ‘opportunity costs’ of

funding alternative policy og % ithis e of an extensive application of

e Timeframe and budget — It wa ed model to the selected
farm system models, so as to p strict, regional and national
economic impacts, while keeping wit i and budget of the project.
Linking a CGE model to the outputs of the far em models is a major piece of work
and is beyond the scope of this project. date this type of work has not been
undertaken within New Zealand, although it is tWe topic of a research funding proposal
recently submitted in part by the authors of this report to the Ministry of Business and
Innovation.

2.3  An Introduction to Input-Output Analysis

Prior to describing the specifics of the methodology, it is helpful to provide readers,
particularly those not familiar with input-output analysis, with a brief introduction to the 10
framework.®  This introduction is provided below. The remaining sections of the
methodology describe the way the different scenarios are incorporated into an 10
framework, including the major assumptions that are applied.

® Those who wish to learn more about 10 analysis please refer to Miller and Blair (2009).
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At the core of any |0 analysis is a set of data that measures, for a given year, the flows of
money or goods among various sectors or industrial groups within an economy. These flows
are recorded in a matrix or ‘10 table’ by arrays that summarise the purchases made by each
industry (its inputs) and the sales of each industry (its outputs) from and to all other
industries. By using the information contained within such a matrix, |10 practitioners
calculate mathematical relationships for the economy in question. These relationships
describe the interactions between industries — specifically, the way in which each industry’s
production requirements depend on the supply of goods and services from other industries.
With this information it is possible to calculate, given a proposed alteration to a selected
industry (a scenario), all of the necessary changes in production that are likely to occur
throughout supporting industries within the wider economy. For example, if one of the
changes anticipated for the Bay of Plenty region were to be a loss in the amount of dairy
farming, the 10 model would calculate all of the losses in output that would also occur in
industries supporting dairy farming (e.g. fertilizer production, fencing contractors, farm
machinery suppliers), as well as the industries that, in turn, support these industries.

As with all modelling approaches, 10 analysis relies on certain assumptions for its operation.
Among the most i pt is the assumption that the input structures of industries (i.e. the
mix of commodj i puts used in producing output for a specific industry) are
fixed. In the Ver, these ‘technical coefficients’ will change over time as a
rice shifts causing substitutions, and the introduction of
ysis is generally regarded as most suitable for short-
s are unlikely to change greatly from the initial

result of new
new industries.
run analysis, wher€
snapshot of data used t tables.
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3 Method

3.1 Overview of Impacts Assessed

The study of economy-wide economic impacts commenced with identifying nine key
categories of likely economic effects associated with the proposed options for nutrient
reductions:

1. Changes to dairy farming and drystock farming systems — backward linkage supply chain
impacts. Nitrogen limits cause changes in land management practices for both dairy and
drystock farms within the Lake Rotorua catchment. Examples might include removing
summer crops and replacing with supplements and lowering fertiliser use. These
measures result in changes to the purchase patterns of dairy and drystock farms,
creating flow-on upstream impacts through economic supply chain linkages.

2. Changes to dairy farming and drystock farming systems — forward linkage supply chain

impacts. The changes in farming practices will also result in reductions to the overall

ckward supply chain impacts. In addition to the
changes in land ma ggen limits, trading and incentives scheme will
result in changes in hment. This will create additional impacts
for industries that would o lying goods and services to the
existing farms. Businesses t , direct inputs to the forestry
sector (e.g. pruning contract@ i positively impacted by

4. Conversion between land uses — forward linka
forward linkage effects resulting from chang
land from one use to another will result in ¢

pply chain impacts. Similar to the

n farming systems, the conversion of

ges to the supply of key products to
downstream processors (for example, more timber to processors, but less raw milk to
dairy product manufacturing).

5. Changes in incomes for land owners. For each of the scenarios evaluated, there will be
changes in income for landowners in the form of wages/salaries and profits. This will
cause changes in expenditure patterns of these land owners, hence creating impacts
through the rest of the economy.

6. Outlays and revenues associated with land conversion. The conversion of land into
different uses is associated with a set of discrete capital investments and other economic
transfers. For land owners these can be both outlays (e.g. land improvement costs,
planting costs) and revenues (e.g. sale of Fonterra shares, sale of dairy herds). The
income and expenditure patterns of land owners will have flow on implications through
the district, regional and national economies.
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7. Advice and support to farmers. The provision of advice and support to farmers will create
some (minor) additional income to pass through the Rotorua District economy via farm
advisors, thus creating small positive economic impacts for the wider regional and
national economy. However the funds required to pay for advice/support will likely
divert expenditure from elsewhere in the economy.

8. Incentives funding. A fund of $40 million has been established by the regional and
national governments to buy nitrogen discharge allowances from farmers. There is an
opportunity cost associated with the establishment of this fund in terms of reduced
ability to purchase other goods and services.

9. Positive impacts associated with reduced nitrogen. The reduction of nitrogen levels in
Lake Rotorua has the potential to create positive economic spin-offs. Among the most
obvious are opportunities for improved water-based activities such as tourism and
recreation. The direct increase in expenditures resulting from such activities (e.g. on
tourism operators, accommodation) will have flow-on implications through the district,
regional and national economies.

3.2 Incorporati the#Scenarios within the Modelling
Framew

3.2.1 Overview

A summary of the m used to e catchment, district, regional and national
economic impacts is provided ipghi ' . Information obtained from the farm

systems modelling that flows in rcise, is depicted in the circles.
The primary components of the n the grey boxes. The final
results produced by the model (depi the diagram) are the value

e economy under this scenario, but
ario and the baseline scenario.

S1 without trading is not the total value added i
rather the difference in value added between that

FIGURE 1 - STILL TO BE PROVIDED
3.2.2  Step 1: Production of multi-regional input—output table

At the core of an 10 modelling framework is a matrix recording transactions between
different actors within an economy. Each column of the matrix reports the monetary value
of an industry’s inputs, while each row represents the value of an industry’s outputs. Sales
by each industry to final demand categories (i.e. households, local and central government,
gross fixed capital formation, etc) are also recorded, along with each industry’s expenditure
on primary inputs (wages and salaries, consumption of fixed capital, gross operating surplus,
etc). The data requirements for constructing |0 matrices are enormous, and this is part of
the reason 10 tables are produced in New Zealand on an irregular basis. The latest available
10 table for the New Zealand economy is based on data for the 2006—-07 financial year. This
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means that except in the case of the agriculture and forestry sectors which are considered in
detail through the farm system modelling, the industry production mixes used in this study
are based on 2006-07 information. Changes in technology and/or production techniques
that have occurred since 2006-07 are not considered. Note, however, that when
determining the likely destination of agriculture/forestry output for processing,
consideration is given to changes in the distribution of processing employment since 2006-
07. Where necessary the allocation coefficients determining the destination of output are
adjusted. This is discussed in more detail below.

The first major step required for the assessment of economy-wide effects is regionalisation
of the national table so as to produce tables for the following regions or study areas:

Lake Rotorua Catchment,

Rest of Rotorua District in Bay of Plenty,
Rest of Rotorua District in Waikato

Rest of Bay of Plenty

Rest of New Zealand.

u e N RE

For each region, pmic industries are defined.

The process 3 gcregate the latest available input-output tales from Statistics
New Zealand ing bles covering New Zealand’s 16 regional councils is

regional 10 tables to de rict and Lake Rotorua Catchment. The GRIT
method consists of a series i steps that reduce national input-output
coefficients to sub-national (or s i ! eference to available regional

and household income data for each o . modelling approach, partly
based on big-data obtained for EFT-POS a i sactions, is also applied to
estimate the magnitude of trade between areas. The general idea behind a
ocations is a function of the supply or
sumption at the destination location,

gravity model is that the flow of goods between t
production at the origin location, the demand or
and some measure of the impedance factors, usually distance, existing between the two
locations.

Importantly, the 10 framework used in this study is multi-regional. This means that the
model considers not only the relationships between economic actors within any given study
area, but also the relationships between economic actors across study areas. This multi-
regional approach provides a means to evaluate the nation-wide implications.

’ To be precise, our regionalisation processes generates multi-regional supply and use tables. These are then
translated into the symmetric industry-by-industry input output format utilising the ‘Industry Technology’
assumption (ITA). For more information on the difference between supply-use and input-output tables and the
ITA, refer to Smith and McDonald (2011).
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3.2.3  Step 2: Calculation of technical coefficients and allocation coefficients
tables

The multi-regional 10 tables created for the study areas are now translated into tables of
technical coefficients (i.e. A matrices) and tables of allocation coefficients (B matrices). The
technical coefficients indicate, for each industry, how much input is required to produce one
dollar’'s worth of output, and are derived from the Base |0 tables assuming continuous,
linear relationships between inputs and outputs of each industry. Allocation coefficients can
also be calculated from input—output tables in a similar manner to the calculation of
technical coefficients. However, whereas technical coefficients describe the value of inputs
purchased from each industry per unit of output, allocation coefficients detail the value of
outputs sold to each industry per unit of output.

In this study the allocation coefficients are used solely for the purposes of determining the
likely shares of primary commodities produced within the Lake Rotorua Catchment
distributed to key processing activities (e.g. meat processing, dairy product manufacturing,
timber processing). A detailed analysis of employment data is also undertaken to capture
likely changes in pre ing locations occurring since 2007 (which is the year described by

3.2.4  Step 3:Cal i putput change vectors (Y and M)

The purpose of this i i et of industry output change vectors, for which we
wish to trace the backw i or Y) and forward linkage (i.e. vector M) impacts.

e Lake Rotorua Catchment.
These changes in input purch about by stronger nutrient
regulations causing changes in far i Section 3.1 above) , as well
as switching from one type of farming point 3 in Section 3.1). The
magnitude of these input changes is deriVed dir rom the results of the farm system
modelling (Doole et al. 2015). The revenue/e diture line items from the farm system
modelling accounts are matched to the in categories (i.e. different types of
commodities/services as well as primary inputs such as wages and salaries) specified in
the multi-regional input output table.

2. Net changes in expenditure resulting from loss or gain in household income within Lake
Rotorua Catchment. The outputs of the farm system modelling are used to determine
the net changes in income for land owners and employees. This includes changes in
income resulting from changes to the nature and extent of different types of farm
systems within the catchment (point 5 in Section 3.1), as well as revenues and
expenditures associated with land conversion (point 6 in Section 3.1). It is assumed that
any income loss (or gain) will result in a corresponding loss (or gain) in household
expenditure. In order to translate income changes into spending changes, average
household expenditures shares generated from the National Social Accounting Matrix
(see Smith at al. 2015) are used. In generating these average household expenditures
shares, consideration is given to the proportion of household income that is used to
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purchase goods and services overseas, and is thus effectively lost from the New Zealand
economy.

3. Additional purchases of goods and services necessary to undertake land conversion
(point 6 in Section 3.1). This information is derived from the forestry and farm-level
system modelling (Doole et al. 2015) and is matched to the input output categories.

4. Net changes in expenditure resulting from funding of the incentives scheme and advice
and support for farmers (points 7 and 8 in Section 3.1). It is assumed that Council
supplied funding is ultimately derived through rates®, and that the consequence of
funding the scheme is therefore a reduction in regional household expenditure. As with
(2) above, average household expenditure shares are used to apportion the total loss of
expenditure among different types of commaodities and services. Similarly, it is assumed
that national government funding results in a corresponding decrease in other
government expenditures.

5. Additional demand for farm advisors and other specialist services (point 7 in Section 3.1).
To maintain consistency with the farm system modelling, these expenditures are
‘annualised’ over 25 years. These expenditures appear in vector Y as an additional
demands for services from the |0 sectors ‘agriculture, forestry and fishing support
services’ and ‘sei ic, architgctural and engineering services’.

and 4 in Section 3.1). The changes in output produced by
ilin the catchment will impact the industries directly
modities (dairy, meat and wood processing) and, in

Note that as the 10 table is express i necessary for all values to
be translated into 2007 prices prior i del. For these purposes a
combination of price index series produce i.e. the Farm Expenses Price
Index Series, Producers Price Index — Output Seri d the Implicit Price Deflator (GDP)
Series. The outputs of the input-output model (i lue added terms) are then translated

back into 2015 terms for presentation in the results tables below.

Finally, the other output vector, M, is an estimate of the change in production of
agricultural/forestry commodities for the Lake Rotorua Catchment, under each of the
scenarios. This information is derived directly from the farm system modelling for outputs of
commodities sheep, beef/cattle, wool and milk.>*°

& Other funding mechanisms are possible.

® To avoid double-counting of economic interlinkages, it is necessary to adjust the estimates of output change to
account for output changes that are already included as a backward linkage effect.

% The conversion of dairy farms to other land uses creates an additional supply of beef from the catchment.
These sales enter the model as ‘annualised’ data directly from the farm system modelling.
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3.2.5 Calculation of backward-linkage impacts

As previously explained, the direct changes in output occurring in each industry will create
indirect economic impacts that flow through the wider New Zealand economy. For example,
reductions in fertiliser use by farmers is a reduction in demand for fertiliser manufacturers.
In turn, the industries that supply fertiliser manufacturers will experience some loss in
demand, and so on. Very simply, the vector of direct and indirect output effects by industry,
X, is calculated according to the equation,

_ o -1
X=(-A"Y (1)
Where A is the matrix of technical coefficients (refer to Miller and Blair (2009) for further
explanation), l is the identity matrix and the vector Y is a set of exogenous output changes by
industry, the impacts of which are sought to be measured. The inverse matrix (I — A)* is
termed the ‘Leontief Inverse Matrix’.

There is some debate within IO literature and applications of the degree to which an input-
output model shoulddaes’closed’ with respect to the household sector'* when calculating the
impacts accordj Juati above (Miller and Blair, 2009), so as to capture the
d consumer spending.’? This study utilises a model that is
Id and other final demand sectors. The primary reasons

are:

e The input-output approach @ ¢ impacts, primarily due to the
absence of price-related feedb ulate economies. The use
of the open Leontief Inverse Mat derate the economic impact
estimates generated by the analysis.

3.2.6  Calculation of forward-linkage impact

In most examples of regional economic impact analysis, the focus is on estimating backward
linkage or demand-side effects. In this study we have endeavoured to also capture the most
important supply-side or forward-linkage effects associated with changes in

™ Under this approach, households are treated in a similar manner to industries in the 10 matrix, with a column
and row of the matrix recording inputs and outputs of the household ‘sector’. Transactions presented along the
household row of the matrix record the income generated for households by each industry within the economy
in the form of payments for labour, while transactions recorded in the household column of the matrix record the
structure of household purchases (i.e. consumption). If it is assumed that the structure of household expenditure
among different product types remains constant irrespective of the level of income, it is possible to calculate a
vector of technical coefficients for households which can be included in the A matrix described above. When the
vector of exogenous output changes (Y) is multiplied by the Leontief Inverse Matrix (I — A)?, the model will
calculate the value of outputs from each industry that will be purchased by households. Household incomes are,
in turn, also determined by the level of output of each industry.

12 Often referred to as ‘induced’ impacts in economic impact assessments.
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agriculture/forestry output under each scenario, such as supply of raw milk to local
manufacturers. The basic assumption in applying this supply-side approach is that the
output distributions within the economic system are stable. This means that if the output of
a sector is, say, doubled, sales from that industry to all other industries that purchase from
that industry will also be doubled. Although this assumption is unlikely to hold for many
economic situations (see, for example, Giarrantani 1980, 1981), it is a reasonable assumption
for changes in output for agricultural and forestry industries. This is because the industries
that will be primarily affected by the supply-side effects are those that use the agricultural
and forestry commodities to manufacture products (i.e. dairy product manufacturing, wood
product manufacturing, meat product manufacturing, and textile manufacturing). For these
industries a relatively constant relationship between the availability of commodities for
processing and the value of manufactured products produced is likely.

It is assumed that a change in supply of an agricultural/forestry commodity to a processor
will result in a proportional change in processing output. For example, if the supply of raw
milk to dairy product manufacturing in the Bay of Plenty reduces by 10 percent, then total
output of the dairy product manufacturing industry also reduces by 10 percent. Additional
backward linkage effe associated with the loss of dairy product manufacturing are then
included in the Y (see above).

3.2.7

I0-based modelling is to capture changes in capital stocks. The
indicators produced by 10 analysi§;st es in value added, are flow-based measures

rather than stock-based measu

1. Sale of Fonterra shares — Under the far the one-off income derived
from sale of Fonterra shares is incorp e decision making of farmers by
translating the income into an ‘annualised inc . In the 10 modelling this addition to
farmer annual income adds to regional inv ent spending (ie. farmers choose to
substitute their sale of capital (ownership in Fonterra) for new capital investments).™ In
theory, there will be purchases of these shares by farmers within the rest of the region
or nation. Given that these purchases will experience both positive (right to now supply
milk to Fonterra and receive income from milk sales and dividends) and negative
(expenditure to purchase shares) impacts associated with the share sale, it is not
necessary to undertake any further adjustments to the 10 model.*

2. Greenhouse gas emission rights — In line with the recommendations of Statistics New
Zealand (Statistics New Zealand, 2010), acquisition/surrender of emission rights are
considered a subsidy/tax flow between industry and government, while trading of

 The value of share sales are not included when deriving value added for the catchment because they are a sale
of capital (a stock), rather than income (a flow).

Yt s beyond the scope of this study to consider the implications of price change for Fonterra shares or
greenhouse gas emission rights brought about by changes in the ratio of supply and demand.
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emission rights are considered capital transfers. Similar to the situation with Fonterra
shares, the net annualised proceeds from sale of greenhouse gas emission rights are
assumed to add to the available funds within the catchment for investment. While
purchasers of greenhouse gas emission rights must expend funds they will also receive
the right to undertake activities that emit greenhouse gases. Presumably the value of
purchasing the emission rights will roughly balance the additional income received from
undertaking industrial activities. Thus no additional adjustments are made to the 10
model.

3.2.8 Translation of output impacts into value added and employment
impacts

The final stage of the analysis is to transform estimates of net output change into value
added and employment impacts. This occurs by multiplying the output change for each
industry by the industry’s ratio of (1) value added per unit of output, and (2) employment
per unit of output. These ratios are assumed to be constant and are obtained from data for
the 2006-07 financial year.

3.2.9 Tourism Imp

The importanc resources is undeniable. These resources provide for a myriad

waste assimilation ies by the farming sector versus recreational use by
empted to measure all of the various trade-offs
at may occur under alternative water
enefits of water management
d with some type of market
transaction (e.g. incomes derived ion, purchases of fishing
licences), other values are more loosely@erive ehaviour (e.g. comparisons of
prices of houses within and without close imi tional water resources) and
others are not captured by market behaviours all (e.g. satisfaction derived from
ntribution to cultural identity). Also,
re likely to occur almost immediately,
other impacts may be in the distant future and thus very difficult to predict. Another

between different type
management options. A full e
options is difficult as while somé

conserving resources for future generations an
while some impacts on freshwater resource values

complication is that freshwater resources not only provide value to people directly, but also
indirectly, via their contribution to the functioning of health ecosystems which, in turn,
provide for a variety of ecosystem goods and services.'® Ecosystems themselves are
‘complex adaptive systems’, characterised by uncertainty, non-linear dynamics and marked
thresholds or ‘tipping points’. Thus the behaviour of ecosystems under different
management options and levels of stress can be very difficult to ascertain.

> Due to data limitations it has not possible to take into account changes in labour efficiency (ie. the ratio of
output per worker) since 2007. Note, however, that labour generally becomes more efficient over time. The
employment results should therefore be interpreted as ‘2007 employment equivalents’.

16 Refer to Millennium Ecosystem Assessment (2005), Boyd and Banzhaf (2007), Wallace (2007) and Fisher and
Turner (2008) for a discussion and classification of ecosystem services.
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Previous work which has considered some of the more difficult-to-measure values of
freshwater resources includes studies by Shaw (1990), Weber et al. (1992), Andrews (2000),
Bell and Yap (2004, updated 2011) and Mkwara and Marsh (2011). Shaw (1990) estimated
that in the 1986-87 season, anglers spent more than Sig013 million in the Rotorua Lakes
district on their sport, while Andrews(2000) estimated that the freshwater recreational
fishing industry bring more than $,00025 million to the Bay of Plenty Region. In a survey
Weber et al (1992) found widespread willingness-to-pay to improve the quality of water in
Lake Rotorua, even by households that did not use the lake. Similarly, Bell and Yap (2004,
2011) reported that both locals and those living outside the district and region were willing
to pay for improvements in water quality. For a hypothetical closure of Lake Rotorua to
anglers in 2008, Mkwara and Marsh (2011) estimated a welfare loss of $235 per angler per
year ($5.1 million over the study population).”

As with the previous study undertaken for the Bay of Plenty Regional Council (Market
Economics, 2011), M.E has been asked to provide some indication of the possible economic
implications of changes in tourism based on the quality of the lake. Importantly, unlike the
studies quoted above, our analysis is not an assessment of changes in welfare or
components thereg : contribute to a cost-benefit analysis). Rather, maintaining
consistency wi i economic impacts from agriculture and forestry system
changes, we e changes in industry value added and employment arising
from changes district. While these provide indicators of the general
‘economic heal S distpi /nation and trade-offs occurring between different
economic sectors, ot measures of welfare in themselves. Theoretically, an
he benefits and costs to society of freshwater
management options (including 8S | arket and non-market, direct and indirect, use
and non-use, present and future

It is also beyond the scope of this studi i i er (a) the type of tourism-
related activities which would most likely eve aner Lake Rotorua, or (b) the
would require a substantial study in its own right, ead, we approach the quantification
of these potential impacts through the use of a t if’ scenario analysis, specifically by
assessing the implications of a 1 percent, 2 percent and 3 percent increase in tourist activity
within the Rotorua district economy. The rationale for selection of 1, 2 or 3 percent change
in tourist activity is arbitrary; however, it is our expert opinion that the tourism-related

impacts are likely to lie within this range.

The following analytical steps were followed in this assessment;

Y The appropriate study population is deemed to consist of all adult New Zealand resident anglers who brought a
fishing licence during the 2007/08 fishing season.
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Step 1: Determine Rotorua District’s Tourist Gross Output by Industry

The tourist component of gross output of each of the 106 industries within the 2007 MRIO
was determined by multiplying each industry’s regional gross output for 2012 by the
appropriate national level ‘Tourism Industry Ratio’*® obtained from Statistics New Zealand.

Step 2: Determine 1 Percent, 2 Percent and 3 Percent Contributions

The 1 percent, 2 percent and 3 percent gross output contributions were determined for each
industry by multiplying the tourism-related regional gross output figures derived in Step 1 by
1 percent, 2 percent and 3 percent.

Step 3: Determine Final Demand Contribution and Economic Impacts

It was assumed that the 1 percent, 2 percent and 3 percent tourism-related regional gross
output contributions were all net additional final demand. In turn, these figures were used
to ‘shock’ (change) final demand (i.e. vector Y), and through the application of 10
mathematics (as outlined in earlier in the report), the value added and employment
economic impacts were generated.

A

'8 This is the latest date for which we have regional information available.
¥ The ‘Tourism Industry Ratio’ for an industry shows the percentage share of total output attributable to tourism
activity. Ratios are, however, only available at the national level.
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3.3 Discussion and Caveats

There are three key caveats that must be acknowledged in this study.

1. Wider ecological and environmental benefits of reduced nutrient discharges. The accumulation
of reactive nutrients within the environment can be associated with considerable costs, many of
which can extend for significant years or generations to come. Excess nitrogen threatens the
quality of air, soil and water. It affects ecosystems and biodiversity, and alters the balance of
greenhouse gases (see, for example, Sutton et al. (2011)). Due to significant system complexity
and limited time and budget constraints, this study has not attempted to evaluate the wider
benefits of efforts to reduce the effects of nitrogen accumulation within the catchment. In part
this is justified given that the level of nitrogen reduction sought is the same under each
scenario, and thus an assessment of the benefits does not add value when comparing the
alternative nitrogen discharge allowance allocation scenarios with the same environmental
outcome. Nevertheless, to provide some context to the scenarios, a simple analysis of possible
tourism impacts is included. It should not be interpreted that these tourism outcomes are the
only likely benefits or even the most significant benefits accruing from reductions in nitrogen

discharges.

2. ‘Average’ Impact ition Pathway’. As discussed, a principal input into the
analysis is the fa elling which determines how land use and land management
within the catchmght is e nge under the alternative allocation scenarios, in order

to reduce nitrogen d
optimisation model. It

st (Doole et al., 2015). The farm system model is an
eady-state or equilibrium outcomes, but does not
describe the transition pat . i jonal/national economic analysis is consistent
with the farm system modelling i Thus the results presented show the
‘average’ impact on the econom i nowledging that during any

3. Application of current prices and mitiga j tion of the future. Without
better information available, this study (and a modelling upon which this

and land use options that exist today to the evalua of each scenario. This is particularly
important given that the proposed policies to reduce ogen within the catchment run out to
2032, with final reductions by landowners not due until that year. This means that farms have
more than 15 years to achieve the proposed nitrogen reductions.

Future changes in prices may alter the assessment of optimum land uses and thus impact on
farmer’s decisions in ways different from those modelled. Such changes would also flow into
the evaluation of economic impacts at a district/regional/national level. As an example, we
know that over the last 15 years world export prices for dairy products have performed better
than wood/log prices. Should the relative prices of these commodities to continue to grow
disparately, the income loss for landowners, and the flow on effects to the rest of the country,
associated with converting to forestry would be relatively larger than those assessed.

By applying only nitrogen mitigation and land use options that exist today the analysis also does
not take into account possible improvements that may occur in land management techniques
and technologies. Significant research is being undertaken, both within New Zealand and
abroad, on ways to improve nitrogen management within farming system. Uptake of new
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methods and technologies could potentially mean that the nitrogen targets assigned to land
uses could be met at less costs than those evaluated in this study, with flow on benefits to the
district, region and nation. Also, it is quite possible that other low-nitrogen land use
possibilities that are viable alternatives to forestry could emerge of the next one to two
decades.

Finally it is worth noting that, consistent with the farm system modelling, income and expenditure
flows that do not occur each year (for example initial land development costs for converting to
another land use, revenues for timber harvest) are ‘annualised’ by determining the ‘constant
periodic payment’ over a 25 year horizon, assuming an interest rate of 8 percent per annum.”
Another important consideration is that benefits/costs occurring nearer in time are given more
weight than benefits/costs occurring later in time. This is particularly relevant to the forestry
sector, where revenues from timber sales are generated many years after expenditure on land

A

development.

%% A discount rate is intended to reflect the opportunity cost of capital and simultaneously reflect the preference
for current, over deferred consumption. The discount rate applied is selected so as to be consistent with the
farm system modelling. There is a wide-ranging academic literature on the setting of discount rates. Treasury
recommends a default rate of 8% for public sector projects (Treasury, 2008).
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4 Results

4.1 Impacts Related to Changes in Agricultural and Forestry
Systems

Tables 4.1 and 4.2 below describe the value added and employment impacts associated with
the proposed measures to reduce nitrogen discharge, excluding those associated with
increased tourism (tourism is covered separately in Section 4.2 below). Consistent with the
scenarios chosen for evaluation, these impacts are described for the single sector target (S1),
a natural capital allocation (S4) and sector ranges (S8). Furthermore the scenarios are
evaluated under four different combinations of assumptions:

1. Optimum land use change and no trading frictions,
2. Optimum land use change and 50% trading frictions,
3. Restricted to 5000 ha of land use change and no trading frictions
4. Restricted 30 ha of land use change and 50 % trading frictions.
Within these e also disaggregated according to 16 economic sectors (also

termed ‘indus results are measured by the ‘modified employment

for the optimum land use a i umptions. This is consistent
ltogether an annual value
added loss of $12.9 mil is estim nd economy, with $3.4 mil
originating from within the Bay of Ple i from the Rotorua District,
place these results in context, the
ay of Plenty Region was estimated as
industry value added in the Rotorua

most of this within the Lake Rotorua catchmen
total industry value added for New Zealand a
$212,000 mil and $11,000 mil for 2014.” Al
District is estimated to be equal to approximately one-quarter of the total industry value
added of Bay of Plenty. Thus at least in terms of value added, the impact equates to
approximately 0.09% at the district level, 0.03% at the regional level, and 0.01% of the
economy at the national level.

2. Within the Lake Rotorua Catchment itself, the impacts are confined largely to the
agricultural/ forestry industries under all scenarios and land use/ trading assumptions.
The annual loss in value added from the local dairy farming sector ranges from $3.6 mil
under all scenarios with optimum land use and no trading friction, to $11.5mil under S4
with optimum land use and 50% trading frictions. For the sheep, beef and grain sector
the annual value added impacts range from a gain of $4.4 mil (S4, optimum land use and

L A concordance matching the 16 sectors to the 106 sectors contained in the |0 model is provided in Appendix A
2 statistics New Zealand, 2015. Regional and Gross Domestic Product: Year Ended March 2015.

www.stats.govt.nz
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50% trading frictions), to a loss of to a loss of $1.8 mil (all scenarios, optimum land use
change, 50% trading frictions). The local forestry sector experiences a maximum annual
gain in value added of $2.7 mil (all scenarios, optimum land use change, 50% trading
frictions), and at worse a loss of $0.5 mil (S4, 5000 ha land use change, 50% trading
frictions).

3. For Rotorua District, the economic impacts are primarily made up of those captured
within the Rotorua Lake Catchment, with addition of some relatively minor additional
impacts for processing sectors (e.g. under the optimum land use and no trading friction
assumptions, 91% of the total value added impact and 98% of the total employment
impact for the district is comprised of impacts occurring within the Rotorua Catchment).

4. On average the value added impacts for the Bay of Plenty Region are 25% higher than
those occurring within Rotorua District, and the employment impacts are 10% higher at
the regional level compared with the district. The primary differences appear to be
greater losses at the regional level for meat and dairy processing and agricultural
supporting services (e.g. transportation and wholesale trade), as well as generally higher
losses for service sectors due to supply chain linkages and reductions in consumer
spending.

5. At the nationa

he impacts on service industries become even more pronounced.

in spending e nutrient reduction interventions. Notice that for
each of the scenari ets of assumptions evaluated, a small additional loss of value

This is derived by the input pply-chain interconnections —
i.e. a proportion of the outp e rest of New Zealand is supplied to

export market rather than local market. way the model is likely to slightly
overstate the impacts on rest of New Zealand ers.

6. Regardless of the allocation mechanism and set of assumptions employed in the
modelling regarding land use change and trading frictions, the majority of the economic
impacts are not felt within the local catchment, or even the local district. For example
under the scenarios with optimum land use change and no trading frictions,
approximately 81% of the total value added impact is outside of Rotorua District. Even
for S1 with 5000 ha land use change and 50% trading frictions, approximately 66 percent
of the total value added impact is outside of Rotorua District. There are three primary
causes for these results: (1) the incentives scheme is funded equally by the Regional and
National governments. Essentially this creates a net flow of funds from the whole region
and nation into the Rotorua Catchment to foster land use change. As explained above,
we assume that this funding is derived by across-the-board changes in expenditure
which ultimately has negative consequences for all sectors within the wider national
economy regardless of location; (2) A high proportion of the key manufacturers
responsible for processing primary outputs from the Lake Rotorua Catchment
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(particularly dairy product, meat product and textile manufacturers) are not located
within the local catchment, or even the local district; and (3) A very high proportion of
the indirect effects associated with changes in agricultural systems affect organisations
outside of the catchment (e.g. changes in demand for fertiliser products, transport
services, machinery).

7. Employment impacts are a little more concentrated within the local catchment
compared to value added impacts. To a large extent this is because a number of the key
sectors impacted within the rest of the region and nation exhibit relatively low
employment intensities (e.g. dairy product manufacturing).

8. When looking at the employment impacts, it is important to note that a lot of the
changes in employment demand associated with changes in land use are captured within
the ‘agriculture and forestry support sector’, rather than in the dairy, sheep and beef
and forestry sectors themselves. This is consistent with the FARMAX model applied as
part of the farm system modelling, as it assumes that many of the changes in inputs to
farms are contract-based. Note that the agriculture and forestry support sector
experiences both losses in demand (e.g. from dairy) but also increase in demand (e.g.
from forestry) so at a total level appears only moderately impacted.

9. The model inc e additional demand for services providing advice and support
for farmers, i cenarios. Nevertheless, for the industries responsible for
providing .e. scientific, professional and administrative services and
central a this additional demand is more-than-compensated by

demand for scientifi
sectors and related processo
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Table 4.1 Annual Value Added Impacts by Industry, excluding Tourism-Related Impacts ($mil)

Scenario

Sector Lake Rotorua  Bay of Plenty Lake Rotorua  Bay of Plenty Lake Rotorua  Bay of Plenty
. X New Zealand . ) New Zealand .. ) New Zealand

Catchment District Region Catchment District Region Catchment District Region

-1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -1.8
-3.6 -3.6 -3.6 -4.0 -3.6 -3.6 -3.6 -4.0 -3.6 -3.6 -3.6 -4.0
2.7 2.7 2.7 2.8 2.7 2.7 2.7 2.8 2.7 2.8 2.7 2.8
0.0 0.0 -0.1 -0.3 0.0 0.0 -0.1 -0.3 0.0 0.0 -0.1 -0.3
-0.1 -0.1 -0.3 -0.6 -0.1 -0.1 -0.3 -0.6 -0.1 -0.1 -0.3 -0.6
0.0 0.0 0.0 -0.1 -0.4 0.0 0.0 -0.1 -0.4
0.0 0.0 -0.2 -0.3 -2.8 0.0 -0.2 -0.3 -2.8
0.7 0.7 0.7 0.9 13 0.7 0.8 0.9 1.3
0.0 0.0 -0.1 -0.2 -13 0.0 -0.1 -0.2 -13
0.0 0.0 0.0 0.0 -0.4 0.0 0.0 0.0 -0.4
0.1 0.1 0.1 0.1 -0.1 0.1 0.1 0.1 -0.1
-0.1 -0.1 -0.1 -0.2 -0.9 -0.1 -0.1 -0.2 -0.9
0.0 0.0 0.0 -0.1 -0.7 0.0 0.0 -0.1 -0.7
-0.1 -0.1 -0.1 -0.2 -1.0 -0.1 -0.1 -0.2 -1.0
0.0 0.0 0.0 0.0 -0.2 0.0 0.0 0.0 -0.2
-0.2 -0.2 -0.2 -0.3 -2.4 -0.2 -0.2 -0.3 -2.4
-2.3 -2.5 -3.4 -12.9 -2.3 -2.5 -3.4 -12.9
0.1 0.1 4.4 4.4 -0.1 -0.1 -0.1 -0.1
-5.3 -5.3 “11.5 -12.6 -4.8 -4.8 -4.8 -5.3
1.5 1.5 0.2 0.1 1.7 1.7 1.7 1.7
0.0 0.0 0.0 -0.2 0.0 0.0 -0.1 -0.3
-0.1 -0.1 -0.3 -0.5 0.0 -0.1 -0.3 -0.5
0.0 0.0 0.7 3.6 0.0 0.0 0.1 0.7
0.0 -0.3 -0.9 -7.5 0.0 -0.3 -0.4 -3.6
0.4 0.4 0.1 0.0 0.4 0.5 0.5 0.8
0.0 0.0 -0.1 -1.2 0.0 0.0 -0.2 -1.1
-0.1 -0.1 -0.2 -0.9 -0.1 -0.1 -0.1 -0.5
0.3 0.3 0.4 0.0 0.3 0.3 0.3 0.1
-0.1 -0.1 -0.3 -1.5 -0.1 -0.1 -0.2 -0.9
0.0 0.0 -0.1 -0.8 -0.1 -0.1 -0.2 -1.2 0.0 0.0 -0.1 -0.8
-0.1 -0.1 -0.2 -11 -0.1 -0.1 -0.2 -1.8 -0.1 -0.1 -0.2 -1.0
-0.1 -0.1 -0.1 -0.5 -0.2 -0.2 -0.2 -0.9 -0.1 -0.1 -0.1 -0.5
-0.3 -0.3 -0.5 -33 -0.7 -0.7 -1.0 -5.8 -0.3 -0.3 -0.4 -3.0
-3.8 -4.1 -4.9 -15.6 -7.7 -8.3 -9.2 -25.9 -3.2 -3.5 -4.3 -14.4
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Table 4.1 (continued) Annual Value Added Impacts by Industry, excluding Tourism-Related Impacts (Smil)

Scenario 1
Lake Rt.)tm"ua Bay of I.’Ienty New Zealand Lake Rt?tor.ua Bay of l"lenty New Zealand Lake R(?tor‘ua Bay of I?Ienty New Zealand
Catchment District Region Catchment District Region Catchment District Region

-0.6 -0.6 -0.6 -0.6 -0.7 -0.6 -0.6 -0.6 -0.7
-4.7 -4.7 -4.7 -4.7 -5.2 -4.7 -4.7 -4.7 -5.2
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
0.0 0.0 0.0 -0.1 -0.4 0.0 0.0 -0.1 -0.4
-0.1 -0.1 -0.2 -0.5 -0.8 -0.1 -0.2 -0.5 -0.8
0.0 0.0 0.0 0.0 -0.3 0.0 0.0 0.0 -0.3
0.0 0.0 -0.3 -0.4 =35 0.0 -0.3 -0.4 <15
0.5 0.5 0.5 0.6 0.9 0.5 0.5 0.6 0.9
0.0 0.0 0.0 -0.2 -1.4 0.0 0.0 -0.2 -1.4
0.0 0.0 0.0 -0.1 -0.5 0.0 0.0 -0.1 -0.5
0.1 0.1 0.1 0.1 -0.1 0.1 0.1 0.1 -0.1
-0.1 -0.1 -0.1 -0.2 -1.1 -0.1 -0.1 -0.2 -11
0.0 0.0 0.0 -0.1 -0.9 0.0 0.0 -0.1 -0.9
-0.1 -0.1 -0.1 -0.2 -13 -0.1 -0.1 -0.2 -13
0.0 0.0 0.0 -0.3 0.0 0.0 0.0 -0.3
-0.3 -0.3 -0.4 £hil -0.3 -0.3 -0.4 £hil
-3.4 -3.7 -4.8 -4.8 -16.7 -3.4 -3.7 -4.8 -16.7
1.2 1.2 12 2.7 2.6 1.0 1.0 1.0 1.0
-4.5 -4.5 -4.5 -6.6 -7.2 -3.8 -3.8 -3.8 -4.2
0.9 0.9 0.9 -0.5 -0.5 0.9 0.9 0.9 0.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.2
0.0 -0.1 -0.2 0.1 0.0 0.0 0.0 -0.2 -0.3
0.0 0.0 0.2 0.4 2.3 0.0 0.0 0.2 0.9
0.0 -0.2 -0.4 -0.5 -4.5 0.0 -0.2 -0.3 -2.8
0.2 0.3 0.3 -0.1 -0.1 0.2 0.3 0.3 0.4
0.0 0.0 -0.1 -0.1 -0.7 0.0 0.0 -0.1 -0.7
-0.1 -0.1 -0.1 -0.1 -0.5 -0.1 -0.1 -0.1 -0.3
0.2 0.2 0.2 0.2 0.0 0.2 0.2 0.2 0.0
-0.1 -0.1 -0.1 -0.2 -0.9 -0.1 -0.1 -0.1 -0.7
0.0 0.0 -0.1 -0.1 -0.7 0.0 0.0 -0.1 -0.5
0.0 0.0 -0.1 -0.1 -0.9 0.0 0.0 -0.1 -0.7
0.0 0.0 0.0 -0.3 -0.1 -0.1 -0.1 -0.5 0.0 0.0 0.0 -0.2
-0.2 -0.2 -0.3 -2.3 -0.4 -0.4 -0.6 -3.4 -0.1 -0.1 -0.2 -1.9
-2.4 -2.7 -3.3 -11.1 -4.8 -5.2 -5.6 -15.1 -1.8 -2.0 -2.5 -9.2
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Table 4.2 Annual Employment Impacts by Industry, excluding Tourism-Related Impacts (MECs)
Scenario
Sector Lake Rotorua  Bay of Plenty Lake Rotorua  Bay of Plenty Lake Rotorua  Bay of Plenty
.. i New Zealand .. ) New Zealand .. i New Zealand
Catchment District Region Catchment District Region Catchment District Region
-48 -48 -48 -48 -49 -48 -48 -48 -50
-60 -60 -60 -61 -65 -60 -60 -61 -65
15 15 15 15 15 15
0 -4 0 0 =il -4
-1 -10 -1 -2 5 -10
0 -5 0 0 -1 -5
0 -14 0 -1 -2 -14
10 19 10 11 13 19
-2 -16 -2 -2 -3 -16
0 =l 0 0 -1
2 -2 2 2 2 -2
-2 -13 -2 -2 -3 -14
0 -9 0 0 =il -9
-1 -16 -1 -1 -3 -16
1 -2 1 1 1 -2
=1l -21 =1l -1 -2 -21
-87 -191 -88 -89 -97 -192
-1 59 -17 -17 -17 -18
-75 -151 -69 -69 -69 -75
8 1 9 9 9 9
0 0 0 0 =il =2
-1 -10 =il -2 -4 -9
0 43 (0] 0 1 8
0 -37 0 -1 -2 -17
6 1 6 7 8 12
0 -6 0 0 -1 -10
0 -2 0 0 -1
5 1 5 5 6 2
-2 -23 -2 -2 -3 -14
0 -16 0 0 =il =)
-1 -27 -1 -1 -2 -16
-2 -2 -3 -7 -4 -4 -4 -12 -2 -2 -3 -7
=2 -3 =5 -33 -6 -6 =) -58 -2 -2 -4 -30
-76 -78 -85 -185 -84 -88 -96 -237 -75 -76 -83 -178
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Table 4.2 (continued) Annual Employment Impacts by Industry, excluding Tourism-Related Impacts (MECs)

Scenario
Lake Rotorua  Bay of Plenty Lake Rotorua  Bay of Plenty Lake Rotorua  Bay of Plenty
.. ) New Zealand L. X New Zealand .. N New Zealand
Catchment District Region Catchment District Region Catchment District Region
-29 -29 -29 -29 -31 -29 -29 -29 -31
/4! 7/l -71 -72 -77 7/l -71 -72 7
11 11 11 11 11 11 11 11 11
0 0 0 -1 -5 0 0 -1 -5
-2 -7 -14 -2 -3 -7 -14
0 0 -3 0 0 0 -3
0 -2 -17 0 -1 -2 -17
7 10 14 7 8 10 14
il -2 -15 il =1 -2 -15
0 0 -1 0 0 0 =il
2 3 -2 2 2 3 -2
-2 -4 -16 -2 -2 -4 -16
0 =il -11 0 0 =il -11
-1 -3 -20 -1 -1 -3 -20
0 (0] -3 (0] 0 0 -3
-2 -4 -29 -2 -2 -4 -29
-88 -102 -219 -88 -91 -102 -219
5 40 39 0 0 -1 -1
-61 -85 -91 -51 -51 -51 -56
5 -3 -3 5 5 5 5
0 0 1 0 0 -2
0 1 0 (0] -1 -2 -6
0 5 27 0 0 2 10
0 -3 -22 0 -1 -2 -13
3 -1 -2 4 4 5 7
0 0 -3 0 0 =il -6
0 0 -1 0 0 -1
3 3 3 (0] 4 4 4 0 3 3 3 1
-2 -2 -2 -11 -2 -2 -3 -14 =il -1 -2 -10
0 0 -1 -7 0 0 -1 -9 0 0 -1 -6
-1 -1 -2 -12 -1 -1 -2 -14 -1 -1 -2 -10
il -1 -1 -4 -1 -1 -1 -6 -1 =il -1 -3
-2 -2 -3 -22 -4 -4 -6 -35 =il -1 -2 -18
-49 -50 -56 -125 -49 -51 -54 -132 -44 -45 -50 -109
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An additional table, Table 4.3 below, describes the value added loss per kg of reduction in
the nitrogen commercial load. This can be a useful indicator to compare the scenarios at a
top level. Generally the scenarios with optimum land use change and no trading frictions
perform the best in terms of loss of New Zealand value added per kg of nitrogen load
reduced. This is not surprising, as it is under these assumptions that land owners move to
the optimum use of their land which is of benefit not only to themselves, but also the wider
district, regional and national communities. Interestingly, under Scenario 8 with 5000 ha
land use change 50% trading friction, the outcome is actually slightly better than the
scenarios with optimum land use change and no trading frictions, at least as measured by
loss of industry value added per kg of nitrogen reduced. It is, however, worth noting that
while all scenarios meet the target nitrogen reduction (see Doole et al. 2015), under the
5000 ha land use change and 50% trading frictions assumption set, the environmental
outcome is not as good as under the other sets of assumptions. Specifically for each of S1,
S4 and S8, the agriculture system modelling predicts a total level of nitrogen load reduction
for the 5000ha land use change and 50% trading frictions assumption set that is about 80%
of that achieved under the other sets of assumptions. Presumably the less-costly nitrogen
reduction options are implemented first, and thus the indicator produced for S8 under these
assumptions is be

Considering a
considered, cl

sumptions, S8 performs the best of the allocation options
S4 is clearly the least favourable allocation option when

entitlements is reqd i leve the optimum level of dairying in the catchment
(see Doole et al. 2015). ing frictions are introduced this is not possible,

Table4.3 Annual Loss in New Zealand Ind ded per unit of Nitrogen Load
Reduction ($/kg)

Sector enario1 Scenario 4 Scenario 8
Optimum land use, no trading frictions 49 49 49
Optimum land use, 50% trading frictions 60 99 55
5000 ha land use change, no trading frictions 64 64 64
5000 ha land use change,50% trading frictions 54 73 45

4.2 Tourism-Related Impacts

Tables 4.4 and 4.5 describe the value added and employment impacts estimated for Rotorua
District and New Zealand following a gain of 1%, 2% and 3% of tourism-related activities
within Rotorua District. Of no surprise, it is particularly the service sectors that are positively
impacted by a gain in tourism. When interpreting the employment results it is important to
keep in mind that the employment indicator now used by Statistics New Zealand (i.e. the
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employment count or ‘EC’) does not account for part time employment. Thus an employee
working part time is counted the same as an employee working full time. Many tourism
oriented services, such as restaurants and hospitality, tend to employee a high proportion of
part time workers.

Table 4.4 Annual Value Added Impacts due to Increase in Tourism ($mil)
Assumed increase in Rotorua District tourism
2%
Rotorua Rotorua Rotorua
.. New Zealand .. New Zealand .. New Zealand
District District District

0.0 0.0

0.0 0.0

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.1
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.2 0.0 0.3
0.0 0.0 0.1 0.0 0.1
0.0 0.0 0.1 0.0 0.1
0.2 0.3 0.4 0.5 0.7
0.2 0.3 0.5 0.5 0.7
0.3 0.2 0.5 0.3 0.8
0.0 0.0 0.0 0.0 0.0
1.2 1.9 2.5 2.8 3.7
2.2 2.8 4.5 4.2 6.7

Table 4.5 e in Tourism (MECs)
.reasein P Plenty Region tourism
1% 2% 3%

Rotorua R u Rotorua
.. New Zecaland ) New Zealand .. New Zealand
District istrict District

Annual Employment Impact

Sector

0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 1 0 1
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 1 0 2 0 3
0 0 0 0 0 0
0 1 1 1 1 2
3 4 7 9 10 13
1 2 3 4 4 6
2 4 4 9 5 13
0 0 0 0 0 0
26 29 53 57 79 86
34 43 67 85 101 128
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4.3 Rotorua District Results

The appropriate management of nitrogen load reductions for the Lake Rotorua Catchment is
a policy issue particularly pertinent to Rotorua District economy and its local government.
To complete the results section we therefore provide a collation of the impacts, both those
from Sections 4.1 and 4.2 at the district level.

Overall, the value added impacts stemming from changes in agriculture and forestry land
management to reduce nitrogen loads (refer to Section 4.1 above) range from a loss of
$2.0mil (S8, 5000 ha land use change and 50% trading friction) to $8.3mil (S4, optimum land
use and no trading friction). These can be compared to impacts from tourism that range
from a gain in total value added of $1.4mil (assuming a 1% increase in tourism) to a gain of
$4.2mil (assuming a 3% increase in tourism) —see Table 4.4. Annual employment losses
stemming from changes in agriculture and forestry land management to reduce nitrogen
loads range from 45 MECs (S8, 5000 ha land use change and 50% trading friction) to 91 MECs
(all scenarios, 5000 ha land use change and no trading friction). By comparison, employment
gains from changes in tourism range from 34 MECs (assuming a 1% increase in tourism) to
101 MECs (assumig increasgiin tourism).

Similar to Tab
of nitrogen loa

4.6 provides an estimate of the value added impacts per kg
f the scenarios and sets of assumptions evaluated. This
idered only for Rotorua District, the impacts are
d both farm-system and tourism related impacts are
enerally comes out as the most favourable
option in terms of least impa tota ustry value added, across the range of
assumptions investigated.

time, however,
disaggregated by e
included. Once again
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Table 4.6  Net Annual Change in Rotorua District Value Added per unit of Nitrogen Load Reduced, by Economic Industry ($/Kg)

Scenario 1 Scenario 4 Scenario 8
Farm-System  Tourism Farm-System  Tourism Farm-System  Tourism
’ 5 Total ’ S Total ’ 5 Total
Impacts Impacts Impacts Impacts Impacts Impacts

-6.7 0.0 -6.7 -6.7 0.0 -6.7 -6.7 0.0 -6.7
-13.8 0.0 -13.8 -13.8 0.0 -13.8 -13.8 0.0 -13.8
10.5 0.0 10.5 10.5 0.0 10.5 10.5 0.0 10.5
0.0 0.0 0.0 0.0 0.0 0.0 0.0
-0.4 -0.4 0.0 -0.4 -0.4 0.0 -0.4
-0.1 -0.1 0.0 -0.1 -0.1 0.0 -0.1
-0.8 -0.8 0.0 -0.8 -0.8 0.0 -0.8
2.9 2.9 0.0 2.9 2.9 0.0 2.9
-0.2 -0.2 0.0 -0.2 -0.2 0.0 -0.2
-0.1 0.0 0.0 -0.1 0.0 0.0
0.1 0.5 0.4 0.1 0.5
0.6 0.2 -0.4 0.6 0.2
0.6 0.6 -0.1 0.6 0.6
0.4 0.1 -0.3 0.4 0.1
0.0 0.1 0.1 0.0 0.1
-0.7 3.6 3.0 -0.7 3.6 3.0
-9.5 -4.2 -9.5 5.3 -4.2
0.6 0.0 16.9 -0.3 0.0 -0.3
-20.4 0.0 -43.9 -18.4 0.0 -18.4
5.8 0.0 0.6 6.5 0.0 6.5
0.0 0.0 0.0 0.0 0.0 0.0
-0.4 0.0 -0.4 -0.4 0.0 -0.4
0.1 0.0 L 0.5 0.1 0.0 0.1
-11 0.0 0.0 -21 -1.0 0.0 -1.0
1.6 0.0 0.0 0.2 18 0.0 1.8
-0.1 0.0 ! 0.0 0.1 -0.1 0.0 -0.1
-0.4 0.0 -0.4 -0.6 0.0 -0.6 -0.4 0.0 -0.4
11 0.1 11 1.5 0.1 1.5 1.0 0.1 11
-0.4 0.6 0.2 -0.7 0.6 -0.1 -0.4 0.6 0.2
-0.2 0.6 0.5 -0.3 0.6 0.4 -0.1 0.6 0.5
-0.2 0.4 0.1 -0.3 0.4 0.0 -0.2 0.4 0.1
-0.5 0.0 -0.5 -0.7 0.0 -0.7 -0.5 0.0 -0.4
-1.2 3.6 24 -2.6 3.6 1.0 -1.0 3.6 2.6
-15.8 5.3 -10.4 -31.9 5.3 -26.6 -13.5 5.3 -8.2

Notes: 1. All impacts discussed in this report except those relating to tourism 2. Assuming a 1% increase in Rotorua District Tourism-Related Expenditure
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Table 4.6 (continued) Net Annual Change in Rotorua District Value Added per unit of Nitrogen Load Reduced, by Economic Industry ($/Kg)

Scenario 1 Scenario 4 Scenario 8
Farm-System  Tourism Farm-System  Tourism Farm-System  Tourism
’ , Total ’ A Total ’ A Total
Impacts Impacts Impacts Impacts Impacts Impacts

-2.4 0.0 -2.4 -2.4 0.0 -2.4 -2.4 0.0 -2.4
-18.0 0.0 -18.0 -18.0 0.0 -18.0 -18.0 0.0 -18.0
7.7 7.7 0.0 7.7 7.7 0.0 7.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0
-0.7 -0.7 0.0 -0.7 -0.7 0.0 -0.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0
-1.0 -1.0 0.0 -1.0 -1.0 0.0 -1.0
2.1 2.1 0.0 2.1 2.1 0.0 2.1
-0.1 -0.2 0.0 -0.1 -0.2 0.0 -0.1
-0.1 0.0 -0.1 -0.1 0.0 -0.1
0.5 0.1 0.6 0.5 0.1 0.6
-0.5 0.6 0.1 -0.5 0.6 0.1
0.6 0.5 -0.1 0.6 0.5
0.4 0.0 -0.3 0.4 0.0
0.0 0.0 0.0 0.0 0.0
3.6 2.6 -1.0 3.6 2.6
-8.8 -14.1 53 -8.8
5.6 0.0 12.8 4.8 0.0 4.8
-21.6 0.0 -31.7 -18.3 0.0 -18.3
4.4 0.0 -2.4 4.6 0.0 4.6
0.0 0.0 0.0 0.0 0.0 0.0
-0.3 0.0 0.4 -0.1 0.0 -0.1
0.2 0.0 . 0.4 0.2 0.0 0.2
-1.1 0.0 0.0 -1.6 -1.0 0.0 -1.0
1.2 0.0 0.0 -0.2 13 0.0 13
0.0 0.0 0.0 0.1 -0.1 0.0 0.0
-0.3 0.0 0.0 -0.4 -0.3 0.0 -0.3
0.8 0.1 0.9 1.0 0.1 1.1 0.7 0.1 0.8
-0.4 0.7 0.3 -0.6 0.7 0.2 -0.3 0.7 0.4
-0.1 0.8 0.7 -0.2 0.8 0.6 -0.1 0.8 0.7
-0.2 0.5 0.2 -0.2 0.5 0.3 -0.2 0.5 0.3
-0.2 0.0 -0.2 -0.3 0.0 -0.3 -0.2 0.0 -0.1
-1.0 4.6 3.6 -2.1 4.6 2.5 -0.7 4.6 3.8
-13.0 6.7 -6.3 -25.0 6.7 -18.2 -9.7 6.7 -3.0

Notes: 1. All impacts discussed in this report except those relating to tourism 2. Assuming a 1% increase in Rotorua District Tourism-Related Expenditure
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5 Conclusion

To limit the deterioration of the water quality in Lake Rotorua, a nitrogen limit of 435tNyr™
has been set by the BoPRC Policy Statement. This target requires a total reduction of
320tNyr with approximately 280tNyr™ arising from the pastoral sector. Using input-output
analysis this report calculates economic impacts, in terms of changes in industry value added
and employment, for the district, regional and national economies arising out of changes in
agriculture and forestry land use and practices to meet the nitrogen load targets. Assuming
land owners fully optimise by way of land use change and nitrogen right trading, an annual
value added loss of $12.9 mil is estimated for the New Zealand economy, with $3.4 mil
originating from within the Bay of Plenty Region and $2.5 from the Rotorua District. These
impacts equate to approximately 0.09% of the economy at the district level, 0.03% at the
regional level, and 0.01% at the national level.

Three alternative scenarios pertaining to initial allocation of nitrogen discharge rights among
land owners have been considered in this report. These are a subset of the eight allocation
scenarios investigate system modelling. Consistently, allocation option S8 (i.e.

context, and to explore impacts on the economy arising out of reduced
nitrogen accumulation, this reporta lated possible changes in value added and

arise from both increased visito S i Rotorua District, or avoided
losses in visitors/tourist spending. i analysis shows that a 1%
gain in tourism within the Rotorua Dist
from changes in farm systems by approxi assuming optimum land use
change and no trading frictions). There are, ver, significant differences in the
distribution of impacts across economic industri@g§i{with the service sectors benefitting in
particular from increased tourism activities and the @rimary sectors receiving relatively little
benefit.
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Appendix A

Still to complete

oA
7
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