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Purpose

Environmental-economic accounts: Sources and methods presents an introduction to the accounts,
and the data sources and methods used in each of Stats NZ’s environmental-economic accounts.

Environmental accounting shows the interactions between the environment and the economy. It
can be used to assess whether patterns of economic activity are depleting or degrading our
resources; and to show the value of natural resources, who benefits from natural resource use,
and what actions are being undertaken to protect the environment.

The System of Environmental-Economic Accounting (SEEA) is an internationally accepted
framework that specifies how environmental and economic information can be integrated
coherently and impartially. SEEA uses concepts, definitions, and classifications consistent with
those under the System of National Accounts, which is used by Stats NZ for producing economic
statistics such as gross domestic product. Direct comparisons between environmental and
economic information can be made under SEEA. The comparisons can lead to a clearer
understanding of environmental-economic trade-offs and provide a more complete picture of a
country’s economic and environmental performance.

SEEA brings individual information together to inform integrated policies, and evaluates the trade-
offs between different policies and the impacts of these policies across aspects of the economy,
the environment, and society.

Stats NZ redeveloped its environmental accounts as a result of renewed interest in environmental
accounting. This document provides a technical background to understanding the compilation
and interpretation of the accounts.

This report begins with an introduction to the SEEA framework. It describes the measurement of
stocks and flows of natural resources in broad terms, and then provides a description of the
specific sources and methods for each account.
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Introduction to environmental-economic accounting

Natural capital refers to all types of environmental assets, as defined in the SEEA central framework.
The concept of natural capital incorporates a broad perspective on the set of services from ecosystems
assets, as described in SEEA Experimental Ecosystem Accounting. Measures of natural capital are
therefore broader than the measures of environmental assets described in the SEEA central
framework, which are limited to consideration of material/System of National Accounts (SNA) benefits
(United Nations, 2014a).

Natural capital is essential for economic growth, employment, and, ultimately, prosperity. Whether it
be the use of environmental assets as raw materials for production, the dependence on environmental
conditions for production, or the benefits derived from being able to enjoy nature, we constantly derive
benefits from the environment.

We also place pressure on the environment. Our economic activities can deplete finite material stocks
and generate waste. We may be using our natural assets for economic purposes to an extent that is
unsustainable, depriving future generations of the capabilities we have enjoyed. We may, however, use
some of our income to protect the environment and adjust our behaviours, activities, and technologies
to mitigate such effects. Growing the economy while maintaining a healthy environment is the aim of
the natural resource sector.

The interdependency between the environment and the economy, therefore, is something that is
crucial to understand. The policy relevance is clear: how can we grow our economy while sustaining
our environmental assets for future generations? Have we consumed too much and reached a point of
irreversibility? Can the link between economic activity and environmental outcomes be broken? What
incentives are needed to protect the environment, and where will that expenditure be most effective?
Are economic gains worth the biodiversity loss? What is at stake if we do nothing?

These are some of the big questions facing us nationally and globally. Answering them requires reliable
data. By knowing what natural assets are available - their value, who is using them, the rate of
depletion, and the drivers of various emissions - we can form an evidence base for assessing these
guestions. Data that relates economic activity to the environment in a coherent, impartial, and
meaningful way provides a powerful approach for informed debates.
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Figure 1

Physical flows of natural inputs, products and residuals

Natural inputs (including mineral
resgurces, timber resources, agquatic
resources and water resources)

Products (goods
Industries and services
Households produced
Government and consumed in
the economy)

Environmeant

Residuals (including air emizsions
and retum flows of water)

Source: United Nations (2014b)

Environmental-economic accounts:

¢ measure the value and volume of many of New Zealand's natural resources (through
monetary and physical stock accounts)

o identify the industries using New Zealand's natural resources and the extent of emissions
and discharges to the environment resulting from economic activity (through monetary
and physical flow accounts)

¢ measure the amount of economic activity undertaken for environmental purposes, such as
expenditure on protection and management, and other transactions including taxes,
subsidies, grants, and rent (through environmentally related economic transaction
accounts).

A note on terminology

Publications use different terms to define both the measurement of stocks and the flows of
environmental assets. These terms include ‘natural resource accounts’, ‘natural capital accounts’,
‘environmental accounts’, and ‘environmental-economic accounts’. No formal distinction exists
between these terms and they are often used interchangeably.

The System of Environmental-Economic Accounting 2012 (SEEA) is based on the same principles,
concepts, and definitions that are used for compiling economic statistics, such as gross domestic
product (GDP) under SNA.

GDP is arobust, internationally comparable measure of economic growth, but it has a limited view
of the environment. For example, it measures oil extraction from the environment as an increase
in GDP, but it does not account for oil being a non-renewable resource leading to the depletion of
its stock levels. Similarly, although the cost of cleaning up the environment after an oil spill are
accounted for in GDP (as increases), effluent and other discharges into the environment from
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social or economic activity are not (as decreases). The SEEA framework addresses these issues by
expanding the SNA framework to cover the environment.

Economic growth and human well-being are dependent on the services provided by the
environment, such as the provision of raw material and energy, absorption of waste, and other
amenities. Acommon framework enables analysis between the environment, economy, and
society. SEEA accommodates this type of analysis by integrating environmental and economic
data on a consistent basis.

Environmental-economic accounts measure New Zealand’s total natural wealth. Information
from the accounts can improve resource management, and will help determine whether natural
resources are being used efficiently on a national basis and across sectors. The accounts can be
used to assess the physical and monetary extent of environmental depletion and degradation.

Environmental-economic accounts serve the basic functions of an accounting system.
Policymakers, businesses, and individuals use the information to track important trends and to
determine the economic importance of changes to environmental resources.

New Zealand’s economy is heavily reliant on its natural resources. To manage our environment
efficiently, it is important to measure its stocks and flows to better inform the following topics.

e Resource management - this can be improved through the ability to assess the physical
extent of environmental depletion and degradation.

o Policy analysis - natural resource accounts help analyse the effectiveness of current
economic and environmental policies. They provide the information needed for making
better use of our resources by analysing sectoral economic performance and measuring
total natural wealth.

¢ Indicator development - accounting data can be expressed in alternative ways or can be
integrated with economic and social statistics to compile indicators. For example, a
comparison of the proportions of indigenous and exotic forests, or carbon dioxide
equivalent emissions per unit of GDP.

e Sustainable development strategies and policies - information about environmental and
economic interactions help improve sustainable development strategies and policies.

Stats NZ’s environmental-accounting history

Stats NZ’s environment team, set up in 2001, was initially funded by the Ministry for the
Environment. New Zealand was then the only OECD country that had yet to compile a suite of
environmental accounts. From 2001 to 2005, Stats NZ created the natural resource accounts
based on the SEEA framework. The focus was to establish stock and flow accounts that are
measured in monetary and physical terms.

The accounts did not cover the full range of potential accounts, and data gaps existed in all of
them. Most of the accounts provided estimates at the national level, with minimal sectoral or
regional breakdown. From 2001 to 2011 Stats NZ produced 18 publications on environmental
accounting covering energy, environmental protection expenditure, forestry, fish, the marine
economy, minerals, and water.

The accounts’ scope and frequency were reduced after 2009 as focus shifted to reporting on
sustainable development and to developing an environmental domain plan. In August 2012, the

10
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Cabinet Committee for Economic Growth and Infrastructure concluded that SEEA accounts “need
to be produced more frequently to improve the utility of the information”.

Development of Stats NZ’s environmental accounts began while the SEEA was still experimental.
Renewed concerns about understanding well-being ‘beyond GDP’ (Stiglitz et al, 2009), the need to
better account for nature, and the adoption of SEEA as a statistical standard in 2012 led to regular
SEEA production worldwide.

System of Environmental-Economic Accounting

SEEA is a conceptual framework for understanding the interactions between the environment and
the economy. The SEEA began its development following the 1987 Bruntland Report, which was
the first document to define sustainable development. SEEA is produced by the United Nations,
European Commission, Food and Agriculture Organization, Organisation for Economic Co-
operation and Development, International Monetary Fund, and World Bank Group.

The broad nature of SEEA means it is suitable for all countries and all aspects of environmental
accounting. A country, however, can choose to implement different aspects of SEEA depending on
its needs and priorities.

SEEA is a satellite system of SNA, and brings environmental and economic information together
using SNA principles, concepts, and definitions.

The different publications within the SEEA ‘family’ are discussed below.

Central framework

The central framework covers the concepts, definitions, classifications, accounting rules, and
tables for the stocks and flows of a range of environmental assets (in both physical and monetary
terms), and for environmentally-related economic transactions. It was adopted by the United
Nations Statistical Commission (UNSC) in 2012 as the international statistical standard for
environmental-economic accounting, to be implemented in a flexible and modular approach.

The central framework provides guidance on assembling economic and environmental
information in a consistent and comparable way using national accounting principles and
techniques. The coverage includes accounting for different types of physical flows (such as energy,
water, waste, and air emissions) and for different types of environmental assets and natural
resources (such as minerals, soil, timber, fish, and water).

The outputs consist of a comprehensive set of tables and accounts on the environment and its
relationship with the economy. Generally, accounts prepared under the central framework are at
the national level for integration with national economic accounting. However, in theory, these
could be produced at a local or regional level provided the same concepts, classifications, and
definitions have been applied.

Many countries produce environmental accounts regularly based on the central framework,
including Australia, Canada, the Netherlands, and the United Kingdom. Water, energy, and air
emission accounts tend to be usual accounts produced using the central framework.

11
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Experimental ecosystem accounting framework

The experimental ecosystem accounting framework extends the central framework into the
domain of ecosystem condition, extent, and services, and has a holistic view of environmental
assets. Like the central framework, its strength is its capacity to integrate environmental
information with standard measures of economic activity. Endorsed by the UNSC as international
guidance in 2013, it uses the same principles, structure, and accounting approach as the central
framework to maintain coherency.

The ecosystem accounting framework has a systems rather than individual resource perspective
on environmental assets. The central framework assesses environmental assets individually (eg
timber, water, and fish). In contrast, the ecosystem accounting framework perspective is on a
given ecosystem and the range of ecosystem services provided. It assesses how individual
environmental assets interact as part of natural processes within a spatial area, to provide a range
of services for economic and other human activity. It has a broader scope than the physical asset
boundary of SNA because it focuses on assets that have an economic use.

The ecosystem accounting framework aims to provide information on the capacity of an area or
system to provide ecosystem services and how these services change over time. It monitors
ecosystem degradation and conveys evidence and data gaps on important services and
characteristics. Ecosystem accounting makes extensive use of subnational data and accounts can
be compiled at any scale within a nation. The use of the same concepts, classifications, and
definitions across geographic scales provides consistency and the ability to aggregate to the
national level.

Ecosystem assets are the basis upon which the ecosystems function and provide ecosystem
service flows. Ecosystem services provide the link between ecosystem assets and the benefits
received by society. Ecosystem service flows are classified into three broad categories of
provisioning services, regulating services, and cultural services.

e Provisioning services generate the ‘goods’ in ecosystem goods and services. They reflect
the material and energy provided by ecosystems, such as timber, fish, or plants that are
harvested.

¢ Regulating services represent the capacity of ecosystems to control the climatic,
hydrological, and bio-chemical cycles, as well as biological processes.

e Cultural services are generated from the physical setting, location, and characteristics of
ecosystems. They are the emotional, intellectual, and symbolic benefits that people obtain
from ecosystems through recreation, knowledge development, relaxation, and spiritual
reflection.

Some countries have produced initial ecosystem accounts but none has yet developed a complete
set of ecosystem service accounts.

SEEA manuals produced to date include Extensions and applications, which outlines
applications of environmental economic accounting such as decoupling indicators and input-
output analysis. Manuals have been produced for SEEA-Water, SEEA-Energy, and SEEA-
Agriculture, forestry and fisheries (see Methodology on the UN’s SEEA page to access these
manuals).

12
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SEEA account types

SEEA covers three broad types of account: stocks, flows, and transactions.

Stocks

The economy’s use of natural inputs is linked to changes in the stock of environmental assets that
generate those inputs. Environmental assets are the naturally occurring living and non-living
components of Earth, together constituting the biophysical environment, which provide benefits
to humanity. Although they are naturally occurring, many environmental assets are transformed
to varying degrees by economic activities. SEEA has two perspectives on environmental assets.

e Central framework focuses on individual components of the environment that provide
materials and space to all economic activities, for example, resources such as mineral and
energy, timber, water, and land.

e Experimental ecosystem accounting framework focuses on the interactions between
individual environmental assets within ecosystems. It looks at the broad set of material
and non-material benefits that accrue to the economy and other human activity from
flows of ecosystem services. Ecosystems are dynamic communities of plants, animals, and
microorganisms interacting with their non-living environments as a functional unit.
Examples are terrestrial (eg forests and wetlands) and marine ecosystems. Often, different
ecosystems interact at local and global levels.

Flows

Flow accounts use physical units to measure the flows of materials and energy that enter and
leave the economy and the flows of materials and energy within the economy. These measures are
called physical flows. In broad terms, the flows from the environment to the economy are
recorded as natural inputs (eg flows of minerals, timber, fish, and water). Flows from the economy
to the environment are recorded as residuals (eg solid waste, air emissions, and return flows of
water).

Transactions

SEEA records the flows of economic activities related to the environment, such as expenditures on
environmental protection and resource management, and the production of environmental goods
and services.

Records of economic activities undertaken for environmental purposes are called functional
accounts. The SEEA framework provides a more complete view of the environmental aspects of
the economy by considering environmental transactions such as taxes, subsidies, grants, and rent.

Combining physical and monetary accounts

The physical and monetary accounts complement each other. To maintain consistency with the
economic accounts, it is preferable to measure the value of natural resources using exchange
values. Some assets may only be measured in physical terms, such as soil resources, many water
resources, and ecosystems, as there is no economic exchange of these assets. Changes within
these assets often can be measured (eg the degradation and depletion of soil resources or the
volume of water in lakes), but the opening and closing stocks cannot.

13
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The physical accounts show what is actually happening in the environment and are expressed in
terms that are easy to understand. For example, the accounts can show how expansive the forests
of New Zealand are, or how much coal is left in our mines.

Monetary accounts are expressed in a common unit of measurement (ie New Zealand dollars)
allowing different resources to be compared using the same units. Valuation is calculated in a way
that is consistent with SNA, meaning monetary estimates can be linked to the current national
accounts. Because monetary accounts can be more difficult to interpret, it is important to
understand its underlying concepts, such as net present value and exchange value.

When monetary and physical accounts are combined, the change in the value of an environmental
asset is due to price or quantity effects, or a combination of both. This applies to both stock and
flow accounts.

Coverage

SEEA covers a broad range of environmental assets, residuals, and environmentally related
economic transactions. Table 1 describes stock and flow accounts, Table 2 covers transaction
accounts.

14



Table 1

Environmental-economic accounts: Sources and methods

SEAA stock and flow accounts

Account Type of account Information it provides
Physical Physical Monetary
stock flow stock and
flow

Air X Generation of air emissions by resident economic units (industry and

emissions households) and by substance type.

Ecosystem X Overall quality of the ecosystem asset and its size.

condition

and extent

Ecosystem X X Provisioning, regulating, and cultural ecosystem services from a

services specified ecosystem (eg agricultural or forested land, inland waters).
Most services are specified in physical terms, although services that
are traded are estimated using market prices.

Economy- X Aggregate overview of the material inputs and outputs of an economy,

wide material including inputs from the environment, outputs to the environment, and

flow the physical amounts of imports and exports.

Energy X X X Energy flows from the initial extraction or capture of energy resources
from the environment into the economy, to the flows of energy within
the economy in the form of the supply and use of energy by industries
and households. Also, the flows of energy back into the environment.

Fish X X X Total biomass of all species that are subject to harvesting activity or
cultivated within the national boundary.

Timber X X X Volume and value of timber resources at the beginning and end of an
accounting period and change in the stock (natural growth and
removals) over the accounting period.

Land X X Land use and land cover data, useful for assessing impact of
urbanisation, intensity of crop and animal production, and afforestation
and deforestation.

Minerals X X Quantities and values of stocks and resources and the changes in
these over accounting periods. Flows of extraction, depletion, and
discoveries provide information on the availability of individual
resources.

Waste X X X Generation of solid waste and management of flows of solid waste to
recycling facilities, controlled landfills, or directly to the environment.

Water X X X Water flows from the initial abstraction of water resources from the
environment into the economy, to the water flows within the economy
in the form of supply and use by industries and households, and finally
flows of water back to the environment.

Table 2

SEAA transaction accounts

Account

Information it provides

Environmental goods and
services sector

Considers environmental activities from the supply perspective and presents information on the
production of environment goods and services. Assists in understanding the economic response to
the challenges of environmental degradation and the depletion of natural resources.

expenditure

Environmental protection

Identifies and measures society’s response to environmental concerns through the supply of and
demand for environmental protection services and through the adoption of production and
consumption behaviour aimed at preventing environment degradation.

Environmental taxes

Records the amount of energy, transport, pollution, and resource taxes paid to government for
something that has a proven scientific negative impact on the environment.

15
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The marine economy, which is not specifically described in the SEEA account, is a satellite
account. Satellite accounts are governed by and consistent with SNA and most use reworked
versions of key SNA tables. Satellite accounts ‘cut across’ traditional industry definitions to group
common activities. They are used to increase the understanding of and provide analysis for
specific sectors or functional activities within the national economy, making them ‘satellite’ to the
‘core’ accounts. Common examples include transport, health, and tourism.

SEEA recommends that countries adopt its production in a modular approach; it does not require
countries to produce all accounts. Countries are encouraged to produce accounts that have most
value and relevance to the issues it faces.

SEEA myth busting

There are some perceptions on what SEEA can or cannot do.

Myth 1: SEEA is only concerned with national-level estimates, so is not useful for regional
analysis

SEEA allows the combination of environmental and economic data, but this can be done at
regional or local levels where the data were compiled according to national accounting principles.

National-level SEEA accounts can be used to benchmark regional-level analyses so that the
regional study maintains consistency with national-level data.

Often, the barrier to fine-scale analysis is not due to SEEA, but to the availability of data. In
concept the SEEA can be compiled at any level of detail.

Myth 2: SEEA does not account for the quality of the environment

The central framework does not directly address the quality of the environment, but does provide
guidance on compiling accounts that show pressures on the environment (eg residual flow
accounts). The experimental ecosystem accounting framework is strongly focused on the
condition of ecosystems. Underlying this myth is the perception that the ecosystem accounting
framework is not part of SEEA when in fact it is.

Myth 3: SEEA is about ‘commodifying’ natural capital

The central framework values in monetary terms only those environmental assets exchanged in
markets. However, SEEA clearly distinguishes environmental assets in terms of whether they are
or are not available for economic use. SEEA does not promote any particular action from the
valuation of environmental assets: this stems from the interpretation placed upon the accounts by
users.

SEEA provides a framework for measuring the cost of depletion. It covers the economic benefits
received from the use of natural capital in terms of production, but also the effect that the
depletion of resources has on GDP.

Myth 4: A complete set of SEEA accounts means data for all rows and columns for all accounts
is available

16
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The number and completeness of SEEA accounts depend on the needs of a country. Some
accounts may not be relevant for some countries.

A particular account does not need to describe and quantify all possible sources of stock change,
industry, ecosystem, or species type. In many cases, data may not be available. However, the
accounting framework promotes a coherent way of thinking about how the interactions between
the environment and economy occur, even if no data are available to quantify it.

System of National Accounts

SNA is an internationally agreed set of guidelines that gives a comprehensive and consistent
description of economic activity in each country. This description helps monitor the behaviour of
the economy, and assists with macroeconomic analysis, economic policy, and decision-making.

The standards are internationally accepted and implemented, so comparisons of economic
performance can be made between countries. SNA consists of a variety of accounts including
current accounts, capital accounts, production accounts, accumulation accounts, balance sheets,
and satellite accounts.

Generally, the national accounts are intended to record economic transactions that have been
observed and can be expressed in monetary terms. This approach has the disadvantage of failing
to identify either the scale of environmental damage or the extent of the resource depletion
caused by these transactions.

Satellite accounts were introduced to address these perceived limitations within SNA. In the
satellite accounts, the national accounts aggregates are amended to treat natural resources as
capital in the production of goods and services. They also record the cost of use (depletion or
degradation). Many cost and capital items needed to account for natural resources are already
identified separately. Others will need to be disaggregated further and reclassified, while others
will need to be added. In SNA, only produced assets are included explicitly within net value added.

Similarities and differences between SEEA and SNA

SEEA is a satellite system of SNA and consistency between both is essential for integrating
environmental and economic data. SEEA and SNA share the same accounting rules, concepts, and
principles to facilitate this integration.

Examples of shared principles and concepts include:

e domestic production - under SEEA and SNA, only activities of resident economic units are
included, those for non-residents are excluded (whereas most environmental statistics are
collected on a territorial basis)

e use of the same standard industry or product classifications to allocate activities, resource
use, or residuals to households and industry

e use of the ‘exchange value’ principle in expressing stocks and flows in monetary terms

e timing of recording.

In monetary terms, the asset boundaries of the SEEA central framework and SNA are the same.
Only environmental assets with an economic value that can be measured using the valuation
principles of SNA are included in the SEEA central framework (eg natural resources and land).
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In physical terms, the asset boundary of the SEEA central framework is broader as it includes all
natural resources and land areas of an economic territory that may provide resources and space
for use in economic activity. Thus, the scope in physical terms is not limited to the assets with
economic value. It is recommended that environmental assets with no economic value be clearly
distinguished.
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Stock accounts

Stock accounts show the amount, in physical units and monetary values (where market prices are
available), of an environmental asset and the additions and reductions to those stocks.

Introduction to stock accounts

Integrated economic and environmental accounting requires measuring the stocks of assets,
which are presented in a stock account. The two main objectives of a stock account are to
measure the absolute level of natural resources at a point in time as an indication of New
Zealand’s wealth, and to show any change in stock levels over a certain period. The change in
stock level is determined by calculating the difference between the opening and closing balances.
The stock accounts can also be linked to flow accounts by recording the associated harvest or
extraction.

SEEA methodology distinguishes between two types of assets included in stock accounts:
economic assets and environmental assets.

Economic assets

For a natural resource to be considered an ‘economic asset’, and therefore included in SNA,
ownership rights must exist over the natural resource and it must bring economic benefit to the
owners.

Under SNA, natural assets can either be fixed assets or work-in-progress. They are classified as a
fixed asset if the same asset repeatedly or continually produces products, such as apple trees, or
are classified as work-in-progress if they produce only once, such as forests for wood harvesting.
Fisheries can be an example of both a fixed asset and work-in-progress. Fish used for breeding are
considered a fixed asset, while fish cultivated for sale are considered work-in-progress.

Environmental assets

In SEEA, environmental assets are "natural assets that function as a source of materials and
energy as well as of environmental services of waste absorption, ecological functions, such as
habitat or flood and climate control and other non-economic amenities such as health or aesthetic
values. Therefore, uncultivated forests, wild animals, fish within the exclusive economic zone
(EEZ), and all ecosystems are included in the SEEA asset boundary” (United Nations, 2014b).

Under SEEA not all elements are considered environmental assets. Some elements by themselves
do not directly provide benefits, but the larger element within which they belong, such as an
ecosystem, provides direct benefit. Itis the ecosystem that is considered an environmental asset.
The parts that make this up are not considered environmental assets in their own right. For
example, “the countless species involved in decomposing organic matter in forests do not
themselves provide either use or non-use environmental benefits to humans [with the exception
of those used for medicinal purposes or as a food source] and are not, therefore, considered
environmental assets in the SEEA. The forest ecosystems of which they are an element clearly do
benefit humans...and therefore, qualify as environmental assets in the SEEA” (United Nations,
2014b).
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Some environmental assets appear more than once within the classification, once in their own
right, and again as an integral part of another asset. Timber, for example, is an asset in its own
right, but it also plays an important role as part of an ecosystem. This highlights the fact that some
natural resources provide multiple benefits. It does not normally cause problems in double-
counting, in monetary terms, because usually it is only the ‘integrated’ asset for which a monetary
value can be established.

Use and non-use values

Where available, an asset value can be combined with those for alternative uses of an asset to
indicate whether the asset is being used efficiently. Figure 2 shows how the total economic value
of an environmental asset consists of its use and non-use values. Resource rents (revenue
generated from a resource less all costs incurred in its extraction) and asset values measure the
direct-use value of environmental assets. Direct-use values are easy to measure because market
values are available. Non-use values are harder to measure.

A natural resource may retain an option value for future production, even if its current use value is
close to zero (eg coal could have a future value as cost-effective carbon-capture technologies are
being developed).

Figure 2

Total economic value of environmental assets

Total economic value

Use value Non-use value

Direct-use value | Indirect-use value Option value Existence value | Other non-use value

Retaining option

Commercial use, Indirect benefits, eg Knowing that a Bequest value, eg
o L ; value to use, eg . . : :

eg irrigation and swimming, angling, isit ai i | resourceis being | persevering for future
electricity health, cultural use visita certain par managed well generations

one day

Source: Kaye-Blake etal, 2014

General structure of stock accounts

For each asset, the structure of the account works like a balance sheet (table 3 shows the basic
accounting form of a stock account). Changes between the opening and closing stock levels are a
result of both economic activity and environmental processes.

20



Environmental-economic accounts: Sources and methods

Table 3

Basic accounting form of a stock account

Opening stock
Additions to stock
Growth in stock
Discoveries of new stock
Upward reappraisals
Reclassifications
Reductions of stock
Extraction
Natural loss of stock
Catastrophic losses
Downward reappraisals
Reclassifications
Revaluation of the stock®
Closing stock

1. Monetary accounts only

The coverage of the monetary accounts is relatively limited as not all natural resources can be
valued in monetary terms (eg soil). For resources that can be valued, there may be issues on the
appropriate valuation method. Monetary accounts should generally be used in conjunction with
the physical accounts so that it can be assessed whether the value of the resource is changing due
to physical or price effects.

In practice, only partial information may be available to describe the change in stock, for example,
data may only be available for total additions and total reductions to stock. However, whether
data is available or not, SEEA provides a framework for thinking about the reasons why stocks may
change.

Table 4 shows the range of assets included in the SEEA central framework.
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Table 4

Assets included in the SEEA central framework

Mineral and energy resources
Oil resources
Natural gas resources
Coal and peat resources
Non-metallic mineral resources (excluding coal and peat resources)
Metallic mineral resources
Land resources
Soil resources
Timber resources
Cultivated timber resources
Natural timber resources
Aquatic resources
Cultivated aquatic resources
Natural aquatic resources
Other biological resources (excluding timber resources and aquatic resources)
Water resources
Surface water
Groundwater

Soil water

Measurement units

Stock accounts describe the state of assets at a given point in time. According to the nature of the
assets, and the purpose of the accounts, the unit of measurement may simply be a count of
individual items, or an additive measure that allows for additions and subtractions from the
stocks, such as area, volume, or mass. Assets can also be valued in monetary terms if prices are
available.
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Another way of measuring natural assets in physical terms is by aggregating different assets. By
using conversion factors, different physical units of measurements are expressed as ‘equivalents’.
Expressing tables in equivalents will usually make the tables more useful analytically.

Measuring quality changes in an asset could be used in a stock account for resources where the
total stock is too vast to measure, or measurement is otherwise impractical or of no real benefit.
Assets can be classified according to their inclusion in a given quality class. Stock accounts
describe not only changes in quantity but also changes in quality that can be measured by
changes in classification. An asset in a given quality class may change to another class, for
example, land may change from ‘agricultural land’ to ‘land underlying buildings’. In general,
complex environmental assets, such as ecosystems and air, cannot be fully described by their
monetary value or by any other additive measure. The quality of the asset may be used as an
alternative description, for example, how the quality of air changes over time.

Whatever physical measurement unit used for a particular asset, several important points should
be noted:

the units should be consistent and comparable over time

different assets can have different physical units of measurement

astock account can be compiled, for example, by quality classes, species, or ownership
not all assets can have total stock volumes because they are not available or particularly
useful, for example, soil and water

e consistency and comparability in measurement units mean changes between the opening
and closing levels of stock can be accurately measured.

Accounting for natural resources in monetary terms

Measuring stocks in monetary terms focuses on the value of individual environmental assets and
changes in those values over time. The monetary valuation of assets focuses on the benefits that
accrue to economic owners of environmental assets, and assists in a broader understanding of
national wealth.

This approach to measuring stocks of environmental assets aligns with the measurement of
economic assets in the national accounts. Other social benefits that may accrue to current and
future generations are not incorporated here, but may be developed over time as we develop
ecosystem accounts.

Resource rent

Resource rent is the current value of the environmental asset. The resource rent from an
environmental asset is based on the concept of economic rent. Resource rent reflects the surplus
value accruing to the extractor or user of an environmental asset calculated after all costs and
normal returns are taken into account (United Nations, 2014b, p140). It is the current value after
accounting for both supply and demand factors. The amount of resource rent is always derived
relative to the returns earned by other firms on average over time (ie normal returns) and may be
positive or negative. Economic theory suggests that a resource rent should be positive in the long
term. It reflects the gross return attributable to the environmental asset, or income generated by
the use of such assets. The resource rent therefore, reflects the impacts of resource use on the
economy. It provides the basis for computing the asset value using the net present value (NPV)
approach.
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The three main approaches to estimating resource rents are:

1. Residual value method - resource rent is estimated by deducting user costs of produced
assets from gross operating surplus after adjusting for any specific subsidies and taxes.
This is outlined in more detail in table 5. Operating cost consists of intermediate
consumption, compensation of employees, and other taxes and subsidies on production.
The user cost of a produced asset includes consumption of fixed capital and a return to
produced assets. The residual value method is used in the estimation of renewable energy
values.

2. Appropriation method - resource rent is estimated using the actual payments made to
owners of environmental assets.

3. Access price method - resource rent is estimated from the purchase of licenses and
guotas which determine the market price of the rights to access the resource. This method
is used in estimating the value of the fish stock.

Table 5

Deriving resource rent from environmental assets
Output

- operating costs

= gross operating surplus (SNA basis)

- specific subsidies on extraction

+ specific taxes on extraction

= gross operating surplus (for resource rent derivation)

- user cost of produced assets

=resource rent

In theory, all these methods will generate the same estimates of resource rent. However, the
applicability of the appropriation and access price methods depends more heavily on institutional
arrangements in a country. For these reasons, estimates of resource rent based on the residual
value method should be compiled and, where possible, reconciled with estimates obtained using
other methods.

Net present value approach

Net present value (NPV) approach values the asset as the net present value of future benefits
accruing from holding or using the asset. Asset value is calculated by discounting resource rent
from the environmental asset using the NPV approach.
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The logic of the NPV approach requires estimating the stream of resource rents that are expected
to be earned in the future, and then discounting these resource rents back to the present
accounting period. This provides an estimate of the value of the asset at that point in time. The
asset value represents the discounted future income stream, and therefore, the benefits to accrue
to future as well as current generations.

An asset valuation calculated using the NPV approach values only the natural resource currently
being used for economic gain.

An integral part of the NPV methodology is the application of a discount rate, which discounts the
value of the asset over the time period, from the date of valuation to the expected maturity date of
the asset. NPV values the asset at a point in time, and depending on current market prices, the
physical characteristics and the discount rate chosen.

NPV approach requires:

e the estimated current market income of the resource (the resource rent)
e assumptions or projections around the future income stream of the resource
o lifespan of the resource

e adiscount rate.

Choice of discount rate

Adiscount rate is a time preference for money, reflecting that income received in the future is not
as valuable as income received today. By discounting future income so that it is comparable with
income earned today, an asset’s value, based on future income, can be estimated. Choosing the
discount to be used in estimating an asset’s value is a pivotal variable and is often the subject of
considerable debate (United Nations, 2000).

SEEA outlines a number of approaches and considerations to be taken into account when
selecting a discount rate, but it does not prescribe methods or rates. In Europe, legislation
requires countries to compile a selection of SEEA accounts. In these cases a country’s treasury
department may well prescribe the rates to be used. The New Zealand Treasury’s current
discount rates are primarily targeted to inform cost-benefit analysis of generally publicly owned
assets and may or may not be applicable for use in environmental accounting.

Use of stock accounts

Asset accounts provide the basis for assessing natural wealth. In SEEA, asset accounts include
both produced capital and natural capital. The accounts can be used to estimate the extent to
which New Zealand maintains the value of its natural wealth, thereby helping to ensure a steady
flow of future income from the sustainable use of environmental resources.

Accounting for natural wealth and its distribution provides measures of the availability of natural
resources for productive and financial activities, and of the concentration of economic power
within and among nations. The composition of a country’s natural wealth is important. A
developing nation’s economy may show large increases in the share of cultivated assets to total
assets, while for developed nations this ratio may show little change over time.
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Link between the stock and flow accounts

Environmental accounts consist of stock accounts and flow accounts. Stock accounts show the
opening and closing stock level of the specific asset, and the changes that occurred during the
time period. The flow accounts are linked to the stock accounts. Given the stock changes specified
in the stock account, the flow accounts describe these changes further, particularly the economic
harvesting or extraction of the resource. They will show how the natural resource has been
supplied and used within the economy, and by whom.
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Flow accounts

Flow accounts show the supply of resources from the environment to the economy, the use of
resources within the economy, and the flow of resulting products and residuals to the
environment.

Introduction to flow accounts

Understanding the physical flows between the environment and the economy helps to identify the
consequences of economic activities on natural resources and ecosystems. It is the purpose of
flow accounts (also referred to as supply and use accounts) to record these flows.

Flow accounts aim to capture the natural resources used as inputs to the production and
consumption processes, and the outputs including disposal of solid waste and other residuals
(such as to air or water) from the economy back into the environment.

In their most complete form, the physical flow accounts describe how material and energy are
used as inputs in the economy, how commodities are produced and used, and how residuals and
wastes are the result of economic activities by industries and households. Individual flow accounts
can help highlight the origin or destination of some specific natural resources, materials, or
residual flows within the economy, or between the economy and the environment.

Flow accounts have a number of purposes, including:

¢ revealing the economic flows generated by harvesting or extracting the resource

¢ identifying potential threats to the environment as a result of residual flows and the
economic source

e providing information needed to construct environmental performance indicators that
help analyse further the environmental impacts of particular economic and social
activities (eg emissions per unit of GDP).

Flow accounts are measured in physical and monetary terms. As with assets in the stock accounts,
assets in the flow accounts that are traded within the economy (eg minerals and timber) can be
accounted for as an economic asset and therefore measured in physical and monetary terms.
Residuals (ie flows from economic activity back to the environment) are only measured in physical
terms.

Flow accounts can be compiled at different levels of aggregation if data can be converted into
compatible units or equivalents. Examples of physical weighting procedures used internationally
include the conversion of greenhouse gas pollutants into carbon dioxide equivalents, and the
conversion of sulphur and nitrogen oxides and ammonia into acidification equivalents.

Types of flows

Flows are characterised according to their origin and destination.

o Natural resource flows are renewable or non-renewable physical inputs that can be
withdrawn from the natural environment for economic use (eg timber from forests to
sawmills). When natural resources are harvested or extracted for sale or economic use,
they have entered the economic sphere, and will be classified further as products. Table 6
shows the list of natural resource inputs included in SEEA.
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¢ Product flows consist of the flows within the economic sphere (eg wood products from
sawmills to furniture manufacturers, and furniture to consumers). They are products
resulting from production, and include both goods and services. Physical flows of goods
are the most important, but there may also be services related to the delivery of goods.

e Residuals include all physical outputs discharged from the economic sphere back into the
natural environment (eg timber treatment chemicals). Residuals can be reabsorbed into
the economic sphere by recycling or waste (water) collection and incineration activities. As
aresult, these residual inputs are converted into products, or outputted as less harmful
residual flows. Pesticides, fertiliser, and compost are examples of products whose use and
function is brought into the environment on purpose, and so are related to flows from the
economy into the environment.

Further distinctions about flows can be made, including flows between the economic and the
environmental spheres, flows of products within the economy, and the flows between the national
economy and the rest of the world.

Table 6

Natural resource inputs in SEEA

Extraction used in production
Mineral and energy resources
Oil resources
Natural gas resources
Coal and peat resources
Non-metallic mineral resources (excluding coal and peat resources)
Metallic mineral resources
Soil resources (excavated)
Natural timber resources
Other natural biological resources (excluding timber and aquatic resources)
Water resources
Surface water
Groundwater
Soil water

Natural resource residuals
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Inputs of energy from renewable sources
Solar
Hydro
Wind

Wave and
tidal

Geothermal
Other electricity and heat
Other natural inputs
Inputs from soil
Soil nutrients
Soil carbon
Other inputs from soil
Inputs from air
Nitrogen
Oxygen
Carbon dioxide
Other inputs from air

Other natural inputs not elsewhere classified

Analytical indicators

One purpose of flow accounts is to provide information that enables the construction of
environmental performance indicators. These indicators help assist the analysis of the
environmental impacts resulting from certain economic activities, such as domestic consumption
and production, and international trade. Flow accounts are often used to show how ‘resource
efficient’ the economy is, and how efficiency has changed for particular industries and sectors.
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Environmental activity accounts

In addition to accounting for the stocks and flows of natural resources, SEEA also includes a set of
accounts called environmental activity accounts. The accounts record the range of transactions, in
monetary terms, between economic units (eg firms, households, or government) that may be
considered environmental.

Introduction to environmental activity accounts

Generally, environmental activity accounts record the transactions on an activity (ie expenditure)
undertaken to preserve and protect the environment. Further, a range of transactions, such as
taxes and subsidies, reflects efforts by governments on behalf of society to influence the
behaviour of producers and consumers with respect to the environment.

The accounts enable an understanding of the economy’s response to environmental change. They
can identify not just the extent of the transactions being undertaken, but also which economic
units are involved in the transactions.

Most of these environmental transactions are recorded within the core national accounts
framework, but many cannot be easily identified owing to the structure of the accounts or the
types of classifications used. SEEA provides appropriate definitions and accounts for organising
information in a manner consistent with the national accounts.

Purpose of the accounts

A strong motivation for undertaking this work is to identify an environmental component within
the key aggregates of SNA. Further, in combination with information on the changing pressures on
the environment, information on these transactions may be used to help assess whether
economic resources are being used effectively to reduce pressures on the environment and
maintain the capacity of the environment to deliver benefits. In addition, different policies may be
compared and contrasted.

Scope of environmental activities

Traditional industry and product classifications do not identify the economic activities, products,
and producers that are characteristic of the environment. Alternative classifications are needed to
for this by considering the purpose of each activity.

A distinction is drawn between economic activities that should be considered environmental, and
other economic activities that are closely associated with the environment or that use the
environment directly in their production processes (eg the extraction of mineral and energy
resources). These activities may be considered ‘environmentally related’ but to varying degrees, as
all economic activities require a functioning environment and interact with the environment in
some way. Hence, an exhaustive categorisation and description of all environmentally related
activities are not pursued in SEEA.

The scope of environmental activities encompasses economic activities whose primary purpose is
to reduce or eliminate pressures on the environment or to make more efficient use of natural
resources. Examples of these activities are restoring polluted environments, conservation and
resource management, and investing in technologies designed to prevent or reduce pollution.
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The various activities are grouped into two broad types of environmental activity: environmental
protection and resource management (see table 7).

Table 7

Classification of environmental activities

Environmental protection Resource management

Protection of ambient air and climate Management of mineral and energy resources
Wastewater management Management of timber resources

Waste management Management of aquatic resources

Protection and remediation of soil, groundwater, | Management of other biological resources
and surface water

Noise and vibration abatement Management of water resources

Protection of biodiversity and landscapes Research and development activities for
resource management

Research and development for environmental Other resource management activities

protection

Other environmental protection activities

Types of environmental activity accounts

Environmental activity accounts in SEEA include:
e environmental protection expenditure account (EPEA)
e environmental goods and services sector (EGSS)
e arange of other transactions, including environmental taxes and subsidies, permits and
licences to use environmental assets, and transactions relating to fixed assets used in
economic activities related to the environment.

EPEA closely follows the concepts, definitions, and accounting rules of the core national accounts.
However, some degree of deviation from SNA is required when considering either environmental
specificities or the measurement objectives of the EPEA, which are more targeted than the broader
macroeconomic focus of the core national accounts.

EGSS focuses on the supply of environmental goods and services. These statistics include
information on the production of the range of environmental goods and services, including
environmental protection and resource management specific services, environmental sole-
purpose products, and adapted goods.

Unlike EPEA, statistics on EGSS are not compiled in a full accounting format. However, the
statistics included are defined and measured in a manner consistent with national accounts
principles.

Both EPEA and EGSS statistics provide information that assists in understanding society’s

response to the challenge of environmental degradation and depletion of natural resources. They
also show the potential for economic activity to be based on environmentally friendly and more
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resource-efficient activities. However, each set of information presents a different coverage of,
and perspective on, environmental activities.
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Air emissions

The air emissions account presents estimates of greenhouse gas emissions by industry and
households. It is currently experimental as we continue to develop estimates and to align the
account with SEEA concepts.

The air emissions account converts sector-based emissions to emissions by industry. It uses the
same industrial classification as GDP, so that changes in greenhouse gases can be compared with
GDP for a range of industries. This enables us to assess:

e whether emissions have decoupled from economic growth

e whether structural change in the economy has affected our emissions profile

e where there are opportunities for targeted policies on emissions reduction while
maintaining economic growth.

Data sources

The Ministry for the Environment publishes New Zealand’s Greenhouse Gas Inventory (the
inventory) in April each year. The inventory is the official report of all human-induced emissions
and removals of greenhouse gases in New Zealand. It measures New Zealand’s progress against
obligations under the United Nations Framework Convention on Climate Change and the Kyoto
Protocol.

The inventory reports on New Zealand’s emissions and removals of the greenhouse gases:

e carbon dioxide

e methane

e nitrous oxide

e hydrofluorocarbon

e perfluorocarbon

o sulphur hexafluoride.

The indirect greenhouse gases, carbon monoxide, sulphur dioxide, oxides of nitrogen, and non-
methane volatile organic compounds are also included.

The gases are reported under five sectors:

e energy

e industrial processes and product use (IPPU)

e agriculture

e land use, land-use change, and forestry (LULUCF)
e waste.

These sectors represent the source of emissions from a process perspective. The emissions
included in the inventory are those over New Zealand’s territory. Gross emissions are those from
anthropogenic sources (ie energy, IPPU, agriculture, and waste) and net emissions are
anthropogenic emissions less the LULUCF sector.

The inventory compiles data from the Ministry of Business, Innovation, and Employment, Ministry
for Primary Industries, Environmental Protection Agency, Stats NZ, and businesses. It contains
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extensive detail on the data sources for the activity data and emissions factors used and the
guality of these revisions and improvements.

The Ministry for Business, Innovation, and Employment provide disaggregated data for fuel
combustion categories aggregated across industries in the inventory. Data from Stats NZ’s
national accounts are used to allocate some emissions to industry where there is no unique match
to an industry.

Coverage

Sectors

The air emissions account records the gross emissions of greenhouse gases for the energy, IPPU,
agriculture, and waste sectors, but excludes LULUCF.

The air emissions account aggregates emissions based on the source of economic production
rather than type of process. This has two implications.

1. The sectorsin the inventory do not necessarily align with those in the air emissions
account. For example, the agriculture sector in the inventory does not include the
associated energy emissions used in production, while the air emissions account takes the
definition of agriculture from the Australian and New Zealand Standard Industrial
Classification and combines agricultural process emissions with the associated energy
emissions (ie all emissions from agricultural producers).

2. Only emissions relating to New Zealand’s economic production are included. Emissions by
economic residents abroad are to be included, while emissions from non-residents over
New Zealand’s territory are to be excluded. This is to enable comparisons with other
economic statistics, such as GDP. In practice, these adjustments have yet to be made but
are a priority for future development.

Greenhouse gases

The air emissions account currently includes estimates for carbon dioxide, methane, nitrous oxide,
and carbon dioxide equivalent emissions.

Residuals included in the SEEA central framework include all atmospheric emissions, including air
pollutants (ie non-greenhouse gases) such as particulate matter, carbon monoxide, and sulphur
dioxide. We will investigate the potential for including further greenhouse gases, such as
hydrofluorocarbons, perfluorocarbons, sulphur hexafluoride, and other pollutants over time.

Industry coverage

The air emissions account provides estimates for the industries and aggregates shown in table 8.
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Table 8

Industries included in the air emissions account

Total economy
Primary industries
Agriculture, forestry, and fishing
Agriculture
Forestry
Fishing
Mining
Goods-producing industries
Manufacturing
Food, beverage, and tobacco product manufacturing
Textile, leather, clothing. and footwear manufacturing
Wood and paper products manufacturing and printing

Petroleum, chemical, polymer, and rubber product
manufacturing

Non-metallic mineral product manufacturing
Metal product manufacturing

Transport equipment, machinery, and equipment
manufacturing

Furniture and other manufacturing
Electricity, gas, water, and waste services
Construction
Service industries
Transport and storage
Services excluding transport and storage

Households
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The service industries aggregate includes wholesale trade; retail trade; accommodation and food
services; transport, postal and warehousing; information media and telecommunications;
financial and insurance services; rental, hiring and real estate services; professional, scientific, and
technical services; administrative and support services; public administration and safety;
education and training; health care and social assistance; arts and recreation services; and other
services.

This level of publication:

e maintains consistency with the level of published real GDP, allowing for decoupling
indicators (ie GDP/emissions) to be developed

¢ maintains confidentiality, particularly important in New Zealand where monopolies or
oligopolies are more likely at low industry levels

o ismore feasible given that many common reporting format codes are aggregated, that is,
much lower-level greenhouse gas emissions data will not be available, and therefore
modelling approaches, which require more assumptions and data, are not required.

At present, we only have estimates for total household emissions. The SEEA framework
disaggregates this into transport, heating, and other. We will assess this disaggregation over time.

Time series

The air emissions account is available from 1990 onwards, reflecting the availability of the data
from the Greenhouse Gas Inventory. Real GDP at the level shown in the previous section is also
available from this point.

The Greenhouse Gas Inventory is compiled on a calendar-year basis, as is real GDP. Other statistics
that are based on a March year are converted to a December year to align with the emissions data.

The Greenhouse Gas Inventory is published approximately 15 months after the latest reference
period.

Concepts and principles

The air emissions account is compiled using the definitions, concepts, and standards presented in
the SEEA framework.

To be able to integrate greenhouse gas emissions with economic data, such as GDP, the same
principles of SNA need to be applied to the emissions data. These include:

e production boundary - include only emissions relating to New Zealand, for example,
emissions by tourists are excluded; this approach differs from the ‘territorial’ approach
used in the inventory

e consistent industrial classification -use a classification system that aligns with
economic data

e timing of recording - align other input and comparison data to calendar years for
consistency.

Estimates of greenhouse gases compiled under the SEEA framework will differ, in theory, from
those in the inventory due to the production boundary principle. However, we have yet to make
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adjustments for economic residents. When we do, we will present a bridging table to show how
the inventory and air emissions account compare.

The air emissions account and greenhouse gas inventory are compiled using standard
international frameworks. Using either data source depends on why the information is required.
The greenhouse gas inventory, New Zealand’s official measure of greenhouse gases, provides the
source information for understanding New Zealand’s position under the Kyoto Protocol and for
achieving the targets in the Paris Agreement. The air emissions account is the source information
for understanding the economic context of greenhouse gas emissions and for showing how they
are changing in relation to economic activity.

Allocating emissions to industry

Industries are defined according to the Australian and New Zealand Standard Industrial
Classification (ANZSIC) 2006. Emissions are allocated to industry in two ways:

e one-to-one matches when the common-reporting-format class aligns solely to an industry
e one-to-many matches when the common-reporting-format class is attributable to multiple
industries.

Most common-reporting-format classes can be allocated directly to an industry (ie a one-to-one
match). To allocate a common reporting-format class to an industry, an assessment is made on
which producers (firms) are engaged in the process-based emissions and where those firms were
allocated to in the industry classification system. The use of a high-level industry classification
helps allocate emissions to industry (ie many common-reporting-format classes may cut across
lower-level industries but still align to a higher-level grouping).

The common-reporting-format class is allocated to multiple industries in three cases: road
transport, industrial wastewater, and unmanaged waste disposal sites.

Road transport emissions in the greenhouse gas inventory do not have an industry vv dimension.
Instead, they are compiled on the basis of fuel use. Therefore, a modelling approach was used to
allocate to industry, using information from MBIE’s energy balance tables and Stats NZ’s national
accounts supply and use tables. The combined datasets allow for a time series of proportions of
fuel use, at the required level of industry disaggregation, to be compiled and applied to the
greenhouse gas inventory data. The method can be summarised as:

Industry level road transport emissions
equals GHG inventory emissions
multiplied by sector share of fuel use from energy balance tables

multiplied by industry share of that sector’s fuel use from use table and intermediate
consumption data related to road transport vehicles.

The energy balance data provides fuel use data for the following sectors: agriculture, forestry,
fishing, mining, industrial (which aligns to manufacturing, and electricity, gas, water, and waste
services), construction, commercial (which aligns to the service sector less transport and storage),
transport and storage, and households.
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The energy balance data for the transport sector overestimates the contribution of the transport
industry to total fuel use, while underestimating household contribution. The proportion of
household expenditure (by fuel type) from the use table is used to adjust the energy balance data.
This proportion is applied to the time series from 1990 onwards.

Stats NZ’s supply-use tables allow for further disaggregation of the manufacturing industries, and
the reallocation of transport fuel use to households. Fuel expenditure (petrol, diesel, and other
petroleum products) by industry is used to apportion the energy balance data. However, the
supply-use tables are only available for the March 2007 and 2013 years, which means they cannot
solely be used to create a time series. At present, we are only using the proportions from the 2013
use table.

Under the assumption that each industry faces a common price for each fuel, then the proportions
from the use table become quantity weights rather than expenditure weights. The proportions are
calculated in relation to the relevant category, not total expenditure (eg the proportion for
wholesale trade is based on the industry’s fuel use relative to other commercial industries fuel
use). These proportions are then backcast using intermediate consumption (as fuel is a
component of it). Under the assumption that the proportion of expenditure on fuel to total
intermediate consumption is constant, then intermediate consumption is an appropriate variable
to reflect change over time. A further adjustment is made to separate fuel use by the type of
capital used in its combustion so that the fuel use only applies to road transport vehicles. For
fishing for example, diesel can be used either for the shipping fleet or for road transport vehicles.
The share of the user cost of capital of road transport vehicles, by industry, is used in this
adjustment.

Industry proportions of fuel use are applied to the inventory road transport data to ensure
consistency with the inventory, and brings in implicit emissions factors by fuel type.

Industrial wastewater and unmanaged waste disposal sites are allocated to industry based on
expert advice from the Ministry for the Environment’s climate change team and shares of current
price GDP of the contributing industries. The inventory provides indicative information on the
industrial sources of these emissions. These emissions are allocated to:

¢ meat and meat product manufacturing; dairy product manufacturing; and pulp, paper,
and converted paper product manufacturing for industrial wastewater

e sheep, beef, cattle, and grain farming; dairy cattle farming; and construction for
unmanaged waste disposal sites.

Table 9 summarises the sources of emissions (from the inventory) to industry.

Table 9

Sources of emissions by industry

Industry Emissions sources®

Agriculture Energy, agricultural processes, waste

Forestry Energy

Fishing Energy

Mining Energy (manufacture of solid fuels and other energy industries,
mining (excluding fuels) and quarrying), fugitive emissions from
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solid fuels, natural gas venting and flaring, exploration and
production of oil and natural gas

Food, beverage, and tobacco Energy, waste
product manufacturing

Textile, leather, clothing, and Energy, waste
footwear manufacturing
Wood and paper products Energy, waste
manufacturing and printing
Petroleum, chemical, polymer, Petroleum refining energy, chemical manufacturing, oil refining
and rubber product and storage, natural gas processing, chemical industry industrial
manufacturing processes
Non-metallic mineral product Non-metallic minerals energy, mineral industry industrial
manufacturing processes (including cement, lime and glass production)
Iron and steel and non-ferrous energy, metal industry industrial
Metal product manufacturing processes (including iron and steel, aluminium, lead and zinc
production)
Transport equipment, Manufacturing of machinery and transport equipment energy

machinery and equipment
manufacturing

Furniture and other Industrial processes
manufacturing

Electricity, gas, water and waste | pyblic electricity and heat production, transmission and storage
services and distribution of natural gas, geothermal, managed waste
disposal sites, uncategorized waste disposal sites (including
waste incineration and open burning of waste)

COI’]StFUCtIOﬂ Energy’ waste

Other services Commercial/institutional stationary energy emissions, medical
applications

Transport and storage Domestic aviation, railways, domestic navigation, pipeline
transportation

Households Residential energy, domestic wastewater

1. Road transport is allocated across all industries and households.

Unallocated emissions

Two sources of emissions recorded in the inventory are currently unallocated to industry:
transport, distribution of oil products, and other oil and natural gas emissions from oil and natural
gas and other emissions from energy production; and non-energy products from fuel and solvent
use.

The unallocated emissions result in a discrepancy between the air emissions account and the
inventory. These statistical discrepancies are reported in the Excel tables that accompany this
report.

Data quality

The air emissions account is currently experimental. Areas for development include:
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e adjusting the emissions data for economic residence and producing bridging tables that
link the inventory to the air emissions account

o further refining the method for apportioning road transport emissions, depending on
customer feedback

e disaggregating the household emissions series by type of emissions

¢ including additional greenhouse gases.

Relevance

Estimates are available for most industries that are a significant source of greenhouse gas
emissions. The air emissions account is currently compiled on a territorial rather than economic
residence basis.

Accuracy

Uncertainty in the emissions estimates can arise from both the activity data and emissions factors.
These are described in detail in the inventory. The allocation of the one-to-one industry-inventory
match is considered to be accurate at the level of publication. Greater uncertainty, which has not
been quantified, exists in the allocation of road transport emissions to industry and households.

Timeliness

The inventory is published with a 15-month lag from the latest reference period.

Coherence and consistency

The air emissions account is consistent with the estimate of gross emissions in the inventory. The
residence principle of air emissions accounting in the SEEA framework has not yet been applied.

Interpretability

Be cautious in comparing the change in emissions over time with the change in GDP when the
levels of emissions are low. A large percentage change in emissions could still reflect a small
change in absolute terms. As decoupling indicators are based on indexes, this volatility could
overemphasise the significance of emissions change in relation to GDP.

The industries cannot be interpreted in the same manner as the sectors in the inventory even if the
name is the same (eg agriculture and waste) as they are compiled using different perspectives.

Accessibility

All industry-level data which is currently considered to be robust has been made available via
Excel and CSV format.
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Environmental protection expenditure

The environmental protection expenditure account (EPEA) presents information on the amount of
expenditure by central and local government on activities whose primary purpose is the
prevention, reduction, and elimination of pollution and other forms of degradation of the
environment (United Nations, 2014b, para 4.12). This can include resource management activities,
which are activities whose primary purpose is preserving and maintaining the stock of natural
resources and hence, safeguarding against depletion (United Nations, 2014b, para 4.13).

The estimates currently produced are experimental as further work is required to align available
data to the conceptual framework of SEEA. The account is also partial as the scope of the account
needs to be expanded to cover the market sector.

EPEA is an environmental activity account. A fully developed EPEA closely follows the concepts,
definitions, and accounting rules and structure of the core national accounts to facilitate
comparisons with economic statistics.

EPEA aims to enable identification and measurement of society’s response to environmental
concerns through the supply of and demand for environmental protection services, and through
the adoption of production and consumption behaviour aimed at preventing environmental
degradation. EPEA provides information on the output of environmental-protection-specific
services produced across the economy.

EPEA can therefore be used to analyse the extent of environmental protection activities and to
assess how expenditure on environmental protection is financed. The accounts can also be used
to derive indicators for highlighting change in key areas, such as the expenditure on pollution
prevention and abatement, the contribution made by environmental protection activities to the
economy, and the shift to pollution-preventing technologies.

Analytical extensions of EPEA include valuating the influence of environmental protection costs on
(domestic or international) competitiveness, implementing the ‘polluter pays’ principles, and
determining the cost-effectiveness of environmental control mechanisms. EPEA may also be
analysed alongside the environmental taxes account to examine the extent to which different
economic agents internalise the actual costs of environmental protection in their decision-
making, and the extent to which different economic instruments prevent environmental
degradation. The analytical value of EPEA can be enhanced by comparing it to biophysical data,
such as the amount of waste treated or the quality or quantity of air emissions.

Central government

Central government environmental protection expenditure is sourced from the government
finance statistics produced by Stats NZ. Data are based on departmental expenditure (obtained
via the Crown Financial Information System (CFIS)) for those departments whose primary purpose
is to provide environmental protection. Government expenditure in the government finance
statistics is classified according to the Classification of Function of Government. Central
government EPE cannot be disaggregated by type of environmental protection as the data is fit for
purpose only at the total environmental protection expenditure level.
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Government final consumption expenditure for units whose primary purpose is to provide
environmental protection is used as a measure of environmental protection expenditure for
central government. As output is performed on a non-market basis, it is valued as the sum of costs
in the absence of a market price.

Final consumption expenditure has been calculated as the sum of intermediate consumption,
compensation of employees (which includes salaries and wages, Accident Compensation
Corporation (ACC) levies, employer superannuation contributions, and fringe benefits), indirect
taxes, and accounting depreciation.

Measuring non-market output, or output for own use, requires excluding non-production
expenditure items such as interest, grants, and subsidies that are in the government finance
statistics.

Gross fixed capital formation is the additions less disposals of fixed assets. Itincludes, among
other items, furniture, computer software and hardware, land improvements, transport
equipment, non-residential buildings, other construction, and plant, machinery, and equipment.

Estimates are in current prices, exclusive of GST, and therefore reflect increases in unit costs as
well as real output.

Local government

Final consumption expenditure and gross fixed capital formation are compiled using the same
definitions used for central government environmental protection expenditure. Estimates are in
current prices, exclusive of GST, and therefore, reflect increases in unit costs as well as real output.

Information on these five environmental protection categories are included.

o Wastewater includes sewerage network (including mains), reticulation of sewage,
sewerage treatment: oxidation ponds and on land disposal, stormwater (the water that
runs off surfaces such as roads, driveways, footpaths, and rooftops). Also includes culverts
and open drains. Excludes land drainage in non-urban areas as this should be included in
land and soil management.

e Solid waste/refuse includes collection and disposal (aftercare, landfill operations, street
and roadside rubbish bins), and recycling collection and recovery (recycling centres,
reusable materials depots, and roadside recycling).

e Air and water quality includes any measurement and analysis of air and/or water quality
and education. Also includes dairy effluent.

¢ Land and soil management and river control includes shelter belts, management of
contaminated sites, and soil conservation to reduce erosion. For non-urban areas,
includes any drainage of the land (eg run off), flood protection schemes and river control
functions, maintenance, works, and monitoring.

e Pest managementincludes both animal and plant. Pests are defined as organisms that
are capable of causing, at some time, a serious adverse and unintended effect on people
and/or the environment and can include rabbits, stoats, birds, possums, feral goats,
wasps, and invasive weeds and pest plants.
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Local government financial information is collected by ‘activity’ (eg stormwater, environmental
protection, solid waste) through the local authority census (LAC). This activity data, for the
categories described above, are available for both final consumption expenditure and gross fixed
capital formation.

Final consumption expenditure includes:
e consultants, experts, and legal advice
e insurance premiums
o employee costs (salaries and wages, ACC levies, and superannuation contributions)
o depreciation and amortisation
e purchases and other operating expenditure
e indirect taxes.

LAC’s definition of environmental protection includes non-production expenditure items, such as
interest payments, subsidies, and grants, which are excluded for environmental accounting
purposes. The environmental accounting estimates differ from those used in local authority
statistics due to the concepts being applied. Depreciation and amortisation from LAC is also
included. However, as this is financial accounting depreciation rather than economic depreciation,
further work is required to align the concepts to those in SEEA.

The local government component includes data from regional councils, unitary authorities, city
councils, and district councils. Data are based on June years available from 2009 reflecting the
availability of data by environmental protection category.

Data quality

EPEA is currently experimental as further work to extend the coverage and alignment to national
accounts is required.

Stats NZ has taken all possible reasonable steps to ensure the quality of the data. An assessment
against the six data-quality criteria for official statistics is presented below.

Relevance

The estimates include a breakdown of all environmental protection expenditure for local
government only. Further work is required to produce estimates by type of environmental
protection expenditure for central government. We have yet to include estimates for market-
based environmental protection expenditure.

Accuracy

We are confident with the estimates as the differences in concepts despite some conceptual issues
(see coherence/consistency below).
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Timeliness

Data are consistent with the latest available national accounts release. This report covers data
until the year ended March consistent with the latest period available from the national accounts
at the time we have compiled the latest SEEA report.

Coherence/consistency

¢ The methodology used here is broadly consistent with guidance in SEEA. However, further
work is required to align the estimates with the national accounts: adjustments to the
national accounts, such as financial intermediate services indirectly measured and research
and development, have not been applied to the estimated environmental protection
expenditure; we expect the impact of these adjustments to be small.

e The concept of depreciation used is based on accounting depreciation, not consumption of
fixed capital.

Time-series consistency has been ensured. Data are available from 20009.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data are
available in CSV format with this report.

Interpretability

This report contains the appropriate information to interpret these estimates. Interpretability can
be enhanced by comparing these estimates with total final consumption expenditure and
investment produced by the national accounts.
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Environmental taxes

The environmental tax account is an environmental activity account. It records transactions
undertaken within the economy for reducing the negative effects of activity on the environment.

Environmental taxes reflect efforts by governments, on behalf of society, to influence the
behaviour of producers and consumers with respect to the environment (United Nations, 2014b,
para4.1). There is considerable interest in the use and effectiveness of these taxes as they show a
direct response of countries to manage environmental change through economic instruments.
Environmental taxes are one of six SEEA accounts that European Union countries are required to
produce under legislation (see Environmental accounts - establishing the links between the
environment and the economy).

In addition to SEEA guidance, compiling environmental tax accounts is further described in
Eurostats’ Environmental taxes: A statistical guide 2013 edition.

Defining environmental tax

The SEEA central framework defines environmental tax as a tax whose tax base is a physical unit
(or a proxy of a physical unit) of something that has a proven specific negative impact on the
environment.

The SEEA central framework (United Nations, 2014b, para 4.150) states that, in practice, this
definition is applied by looking at all the various taxes levied in a country and determining
whether the tax base in each circumstance is something that has a negative environmental
impact.

The Eurostat guidance emphasises that:

1. taxes may be collected with more than one purpose but will generally be included if they
apply to products or activities that have an adverse effect on the environment
2. taxaccounts be consistent with the definition of taxes within SNA.

Environmental taxes can be one of four bases (referred to subsequently and in the report as
types): energy, transport, pollution, and resource.

Energy taxes (including fuel for transport)

o Energy products used for transport purposes
= unleaded petrol
= |eaded petrol
= diesel
= other energy products for transport purposes (eg LPG, natural gas,

kerosene, or fuel oil)

o Energy products for stationary purposes
= light fuel oil
= heavy fuel oil
» natural gas
= coal
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= coke
» biofuels
= electricity consumption and production
= district heat consumption and production
= other energy products for stationary use
Greenhouse gases
= carbon content of fuels
= emissions of greenhouse gases (including proceeds from emission permits
recorded as taxes in the national accounts)

Transport (excluding fuel for transport)

O

O O 0O O O O

Pollution
O

O

Resources
O

O
@)
@)

motor vehicles import or sale (one off taxes)

registration or use of motor vehicles, recurrent (eg yearly taxes)
road use (eg motorway taxes)

congestion charges and city tolls (if taxes in national accounts)
other means of transport (ships, airplanes, railways, etc)

flights and flight tickets

vehicle insurance (excludes general insurance taxes)

Measured or estimated emissions to air
= measured or estimated NO, emissions
»= measured or estimated SO,emissions
= other measured or estimated emissions to air (excluding CO,)
ozone-depleting substances (eg chlorofluorocarbons or halons)
Measured or estimated effluents to water
= measured or estimated effluents of oxydisable matter (biochemical oxygen
demand, chemical oxygen demand)
= other measured or estimated effluents to water
= effluent collection and treatment, fixed annual taxes
Non-point sources of water pollution
= pesticides (based on eg chemical content, price, or volume)
= artificial fertilisers (based on eg phosphorus or nitrogen content or price)
*  manure
Waste management
= collection, treatment, or disposal
= individual products (eg packaging, beverage containers, batteries, tyres,
lubricants)
Noise (eg aircraft take-off and landings)

water allocation

harvesting of biological resources (eg timber, hunted and fished species)
extraction of raw materials (eg minerals, oil, and gas)

landscape changes and cutting of trees
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These transactions are recorded in SNA but are not specifically related to the environment. The
environment taxes presented in national accounts (industry production and investment) are a
subset of the total taxes on production and imports.

Annual national accounts sources and methods defines taxes as compulsory, unrequited
payments, in cash or in kind, made by institutional units to government units. They are described
as unrequited because the government provides nothing in return to the individual unit making
the payment, although governments may use the funds raised in taxes to provide goods or
services to other units, either individually or collectively, or to the community as a whole.

The full classification of taxes on production and on imports consists of:

e taxes on products, for example excise duty on alcohol, or the gambling levy
e value added tax (VAT) - in a New Zealand context, GST
e taxes and duties on imports, excluding VAT
o import duties, this means taxes levied on imports that are specific to importing
o taxesonimports excluding VAT and duties - in New Zealand these include excise
duty on alcohol imports, as the rate is consistent with the excise duty on domestic
alcohol production
e exporttaxes
e other taxes on production - this includes taxes not elsewhere covered, including land
rates and taxes on pollution such as carbon taxes.

SNA 2008 (SNA08) notes that governments are increasingly turning to issuing emission permits as
ameans of controlling total emissions. The permits do not involve using a natural asset (no value
is placed on the atmosphere so it cannot be considered an economic asset) and are therefore
classified as taxes even though the permitted ‘activity’ is one of creating an externality. It is
inherent in the concept that the permits will be tradeable and that there will be an active market
in them. The permits therefore constitute assets and should be valued at the market price for
which they can be sold.

Goods and sales tax (GST) is not considered an environmental tax even though in some instances
GST may be levied against the consumption of goods which have a negative effect on the
environment (eg GST on electricity or equipment which combusts fuels).

Data source

Data for the environmental tax account is sourced from the national accounts. The New Zealand
System of National Accounts measures taxes on production in a standard way across all industries.
National totals are derived through the Treasury’s CFIS, a secure website that collects actual and
forecast information from government departments, Crown entities, and state-owned enterprises.
Taxes are allocated on a proportional basis to industries. The proportions used are derived mainly
from taxes and subsidies data collected though the annual enterprise survey (AES).

Method

An assessment is first made on whether the tax base in each circumstance is something that has a
negative environmental impact. The following are useful guides for making these decisions: SEEA
2012, Environmental taxes - a statistical guide — 2013 edition, and Environmental taxes: 2014.
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The individual taxes are then allocated to industry. Where specific information is available,
generally supplied by the administrative agency responsible for each tax, then we could do this
with some confidence. Where taxes are allocated using proportions derived from AES, they are
generally allocated at the total aggregated level within the national accounts systems. For this
reason we are less confident in the industry allocation for some taxes and therefore, the figures for
breakdown of environmental taxes by industry should be interpreted with caution.

Tax proportions for the following agriculture industries are particularly limited:

e AAl1l1l horticulture and fruit growing

e AA121 sheep, beef cattle, and grain farming

e AA131 dairy cattle farming

e AA141 poultry, deer, and other livestock farming.

Itis therefore hard for these industries to separate local authority rates (which are not covered
under environmental taxes) from other taxes. To be able to proceed with an industrial breakdown
of environmental taxes, we assumed that for energy and transport taxes the AAl industries have
similar levels of tax payments to the AA2 and AA3 industries below. This is an area for future
improvement but consistency with the national accounts taxes on production needs to be
maintained.

o AA211 forestry and logging

e AA311aquaculture

o AA312fishing

e AA321 hunting and trapping

o AA322 agriculture, forestry and fishing support services.

Environmental taxes data are available at the New Zealand Standard Industrial Qutput Categories
NZSIOC) level 1 classification, which is a 19-class aggregation of all ANZSICO6 industrial codes.
Ideally we would produce environmental accounts at the more detailed NZSIOC level 3
classification to be consistent with the annual national accounts. This work will be prioritised for
the next release of environmental taxes.

For all industries except AAL agriculture, proportions are available from AES for the years 2007-16.
Before 2007 the proportions were available under the ANZSIC96 classification rather than
ANZSICO06. Although backdating was done for the taxes on production and imports series in the
national accounts, it was not done at a sufficiently detailed level to be able to re-compile
environmental taxes. For this reason, we held the 2007 AES proportions constant for the 1999-
2007 period.

Data quality

Stats NZ has taken all possible reasonable steps to ensure the quality of the data. An assessment
against the six data-quality criteria for official statistics is presented below.

Relevance

The estimates include a breakdown of all environmental taxes by tax type. We also show total
environmental taxes paid by industry and households. These figures are directly comparable with
those in the national accounts.
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Accuracy

We are confident with the figures for total environmental taxes and their breakdown by tax type.
For most of these taxes, particularly the larger amounts, we are also confident in the allocation to
industry. A source of uncertainty is the use of proportions derived from various sources to allocate
remaining taxes to industry and to split taxes between those paid by households and by industry.

Timeliness

Data are consistent with the latest available national accounts release. This report covers data
until the year ended March consistent with the latest period available from the national accounts
at the time we have compiled the latest SEEA report.

National accounts data are provisional for the most recent year. Future updates of the SEEA report
will incorporate national accounts revisions to the most recent year and where applicable, any
other national accounts revisions, for example, due to updates on the classification of
methodology.

Coherence/consistency

The methodology used here is consistent with guidance in both SEEA and the Eurostat guide.
Time-series consistency has been ensured. Data are available from 1999 to 2016.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data are
available in CSV format with the report.

Interpretability

This report contains the appropriate information to interpret these estimates. Interpretability can
be enhanced by comparing these estimates with total taxes produced by the national accounts.
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Fish
For the fish account we used the SEEA central framework’s concepts, methods, and definitions.

The methodology used was adopted following the recommendations of the SEEA central
framework and Handbook for integrated environmental and economic accounting for fisheries
(SEEAF) (United Nations, 2004). The SEEA central framework states that where possible, asset
values of natural resources should be based on market transactions. Since most of New Zealand’s
commercial fish resources are available for trading under the quota management system (QMS), it
provides a robust market value for fish resources.

Asset values are derived from average values per tonne for transactions occurring during the
fishing year. These transactions are for the transfer of individual commercial fisheries quota or
annual catch entitlement managed under QMS. The values are in market prices (current prices).

The fishing year for most fisheries is from 1 October to 30 September. However, the fishing year
for rock lobster and southern blue whiting, as well as some other minor stocks, is from 1 April to 30
March. The fishing year for Lake Ellesmere eels is from 1 February to 31 January (Ministry for
Primary Industries, 2017). For the purposes of this account, all fisheries quota transactions ending
in the same calendar year are aggregated into the total for that year ended September. For
example, the fishing year ended 2002 includes fisheries quota for the years ended 31 January 2002
(one QMA only), 31 March 2002, and 30 September 2002. To see a list of all species and QMAs,
including year ending and year first added, managed under the QMS as at September 2016, refer to
the fish monetary stock Excel tables.

For ease of comparison between fisheries years, all export revenue figures, by weight and value,
are given in September years.

Quota management system

The QMS divides New Zealand's exclusive economic zone into 10 fisheries management areas
(FMASs) (figure 3). For each guota management species, fish stocks are identified to provide for
more effective management. Each fish stock is defined by a quota management area (QMA). This
QMA may be the same as an FMA or a grouping of FMAs, depending on the geographical
distribution of that fish stock. For example, the species john dory has one fish stock called JDO3
that incorporates FMAs 3, 4, 5, and 6, while snapper has a fish stock called SNA1 that matches
FMAL.

Under the QMS, commercial catch limits (in tonnes) are set annually for each fish stock by the
Minister of Fisheries as total allowable commercial catch. The catch limits are based on advice
from the Ministry of Primary Industries and submissions from the fishing industry and other
interested groups. TACC may be altered from the previous year if assessments of stock numbers
show change.
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Figure 3
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Individual transferable quota

Commercial fishers own individual transferable quota (ITQ). Quota is the property right
representing the shares owned in a fish stock which can be bought and sold. Quota itself cannot

be fished against.

Annual catch entitlement (ACE) is the catching right generated each year from the share of the
TACC the quota holding represents. Therefore, a person or enterprise that owns quota cannot fish
for that quota unless they hold ACE; but a person or enterprise that holds ACE may fish for that
stock regardless of whether they hold, or own, quota. Quota for fish stocks are expressed as shares
in whole numbers. The sum of that quota is always 100,000,000 shares for each stock. The value of
one share is equal to one hundred-millionth of the total quota shares for that fish stock.
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On the first day of every fishing year that person’s or enterprise’s quota shares generate an ACE,
which is expressed in kilograms. On allocation, the quota and ACE separate so the ACE can be
traded independently of quota. All quota and ACE transfers must be registered with FishServe. ACE
can be transferred up to 15 days after the end of a fishing year, to allow for transfers to take place
to balance catches.

As an example:

JMA7Y has 100 million quota shares.

J Fisherans 10,000 quota shares or 0.01 percent of the JMA7 fish stock.

On1l Oc;ber, J Fisher’s shares generate ACE.

The TACZfor JMA7 is set at 50,000 tonnes (50 million kg), therefore 1 share = 0.5kg.
J Fisher’Zl0,000 quota shares generate 5,000kg of ACE.

J FisherZan catch 5 tonnes of JMA7 in that year.

Before 1 October 2001, under the Fisheries Act 1983, quota could be leased by the quota owner to
another party. For these transfers the term ‘lease’ is used. These leases could be for varying
periods, as determined by the two parties to the transaction. After 1 October 2001, under the
Fisheries Act 1996, the quota holdings split into two property rights. It is now the ACE that can be
purchased by a second party for the term of the fishing year. When referring to transactions that
occurred during or after the fishing year ended September 2002, the term ‘ACE transfer’ is used to
describe the transfer of catch entitlement between two parties. ACE can be on-sold multiple times
before it is actually fished.

Under the current QMS system, only New Zealand residents can own quota (unless permission is
granted by the Minister of Finance and the Minister of Fisheries). However, quota owners can
contract overseas fishing vessels to harvest fish. However, the foreign-owned fishing vessels
operating in New Zealand waters must be reflagged to New Zealand and comply with relevant
New Zealand regulations.

Methodology

Scope

The fish account presents an asset value of New Zealand’s commercial fish resources. The account
values non-produced assets (wild stocks) and does not include produced assets (aquaculture). In
theory, market prices for the sale of produced assets (aquaculture) are available and can be used
to estimate the value of live fish owned by an establishment (United Nations, 2014b, para 5.441). In
practice, the value of the fish resources is not readily separated from the capital involved in the
industry. As such, the asset value of aquaculture stocks is not able to be calculated at this time,
but is an area for future development.

The asset value of the fish stock is taken as equal to the value of those species managed under

QMS. This assumption is made on the basis that non-ITQ species will have zero rent and hence,
zero asset value for the commercial fishing industry. Over time, more species have been brought
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into QMS resulting in an increase in the monetary valuation of the fish stock - effectively fish with
zero rent value now acquires a non-zero value as their harvest is now restricted. In practice, this is
not a major issue, as species comprising 95 percent of the total commercial catch, by weight, are
managed under QMS (Clement and associates, 2016) although this proportion was lower in the
earlier years of the series. Of about 130 commercial species, 100 are managed under QMS in the
year ended September 2016 (MPI, 2017).

Previous method used

Fish monetary stock account: 1996-2003 used a quota valuation methodology which is explained
in this section. Subsequent releases of the fish monetary stock account altered the initial
methodology used in the account in order to incorporate the values for ACE transfers in the
calculation of asset values.

When the fish monetary stock account 1996-2003 was produced for the first time, calculating the
asset value of fish resources was relatively straightforward, using a quota valuation method. This
approach followed the SEEA guidelines (United Nations, 2004), which states that an asset value for
fish stocks can be produced through the value of licences and quotas where realistic market
values are available.

The asset value based on quota valuations methodology is equal to the average value of the
traded quota ($/tonne) multiplied by the total allowable commercial catch. Previously, for any
individual quota where no quota trades were available, modelled figures were generated by using
the average values of that quota’s trades in the previous year. Where these were unavailable,
quota trade information from the following year was used.

SEEA has since been revised and passed into statistical standard. The revised version is the SEEA
central framework (United Nations, 2014b). The revision of the central framework has not resulted
in any change to the methodology used in this account.

Declining quota trades

The amount of modelling within the valuation increased over time from less than 5 percent (on
average for the period 1996-2001) to over 50 percent (had the valuation been produced in the
same manner in 2004).

From 1996 the number of quota trades has generally declined. The number of quota trades used in
this account averaged approximately 2,000 a year over the period 1996-2001, but this dropped to
an average of around 900 transfers a year over 2002-16. At the same time the number of ACE
transfers steadily increased. Newell et al (2005) found an average of 9,300 lease transactions a year
for the period 1986-2000; subsequently, the average number of total ACE transfers a year has been
around 69,000. In Newell’s analysis and any work done before October 2001, ‘lease’ would be an
appropriate term as quota could be leased for a period determined by the two parties to the
transaction. After this, quota holdings split into two property rights; it is ACE that can be
purchased by a second party for the term of the fishing year. When not referring to pre-2001
transactions, the terms ‘ACE transactions’ or ‘transfers’ are used. ACE can be sold multiple times
before it is actually fished.

Since QMS was introduced in 1986, operators with higher overheads may have disposed of their
guota for those who can most efficiently use it. It may also be a sign of a maturing market that
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operators are choosing to maximise their capital gain over time, by retaining ownership of their
asset while extracting an economic return from that asset.

Current approach

SEEA states that where quota trade information is not available, another method to produce the
asset value is to base the value on the net present value (NPV) of the resource rent of the fish
stock.

This method led to the adoption of a supplementary method using the value of ACE transfers. ACE
is the catching right generated each year from the share of total allowable commercial catch that

the quota holding represents. Before 2001 there was no ACE; the quota itself could be leased, and

lease periods were often varied. ACE was first used from October 2001. Because lease transactions
before 2001 may have been for variable periods, this account uses only ACE transactions from the

year ended September 2002 onwards in calculating the asset value for fisheries.

The NPV method uses the value of ACE transfers as an approximation of the asset’s resource rent
for year, and discounts the sum of the future net income stream (or rent) in order to express its
value at the present time. This approach requires assumptions to be made, including the choice of
discount rate. The quota value represents the NPV of the owner’s expected income using the
guota over its period of validity. If the fishery is managed with such quotas and the quotas are
valid in perpetuity, the value of all quotas, at the market price, should be equal to the value of the
use of the fish stock. If the quotas are valid for a single year only, the total should give an
approximation of the resource rent for the year (United Nations, 2014b).

Two approaches are now used in this account. Where quota trade figures exist, the quota
valuation method is preferred. Where quota trade information is unavailable, then the NPV
method, using ACE transaction values, is used in order to avoid reliance on modelled figures.

Before 1 October 2001, QMS had not created the property and harvest rights of quota shares and
ACE. Previously, quota holders could lease their quota holding directly. These leases may have
varied in duration and are therefore excluded from the analysis. ACE transaction figures (which are
effectively a one-year lease) are used for the 2002-16 years only.

A small amount of modelling was still required (averaging less than 0.35 percent of total value
between 2002 and 2016). Missing quota trade information is modelled using the subsequent year’s
information first, and then information from the previous year.

Using net present value method to incorporate ACE transfers into the
valuation

The fish account assumes that under QMS management, fish stocks have stabilised at current
levels and that the current rent will continue into the future. Although the assumptions may not
hold true for individual fish stocks on a year-to-year basis, they are made because the sustainable
use of the fisheries resource is a major objective of QMS. Under the assumptions, the NPV formula
becomes the resource rent divided by the discount rate. The expanded formula is given below.

The NPV method discounts the sum of the future netincome stream (or rent) in order to express its
value at the present time. The general formula for calculating the asset value of a resource is
described below.
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At the beginning of period 0, the value Vyis:

To
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where

Vi value of the asset at time t

p: unit rent price of fish at time t

Q:quantity of fish catch during time t

r the discount rate

R: total resource rent at time t

To the remaining lifespan of the resource computed at time 0

St volume of stock at the end of the accounting period t.

In the case of a renewable resource like fisheries, which is being harvested at a constant and
sustainable rate, the lifetime is infinite and the formula reduces to:

P+ Q¢
r

VO ==

A note on assuming sustainability

As stated above, this account assumes that, under QMS management, fish stocks have stabilised
at current levels and that the current rent will continue into the future. This assumption may not
hold for all species, in all management areas, all the time. However, sufficient evidence shows fish
stocks within New Zealand are currently being managed at an acceptable level, with management
programmes in place to rebuild fisheries identified as being below target level.

MPI uses three performance measures to assess fish stocks: a soft biomass limit (below which a
stock rebuilding plan is required), a hard biomass limit (below which closing a fishery should be
considered), and an overfishing threshold (above which the rate of extraction exceeds the optimal
extraction rate).

MPI reports on fish stock status every year. Stats NZ’s environmental reporting team assesses the
quality of the reports for inclusion in the marine domain indicators, which are published under the
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environmental reporting series produced by the Ministry for the Environment and Stats NZ. State
of fish stocks for the 2015 fishing year is one of these indicators.

NIWA is the main provider of fisheries resource surveys, catch monitoring, and stock assessment
research for New Zealand fisheries. See fisheries services for further information on NIWA’s work in
this area.

The central framework states that unless those setting the total level of the quotas do so based on
knowledge of the maximum catch consistent with preserving stocks, earnings from the catch will
not correspond to the level of income that maintains the aquatic resource intact. A total
permissible catch resulting in earnings higher than this level will mean that some of those
earnings should be regarded as depletion of the aquatic resources and not as income (United
Nations, 2014b).

Choice of discount rate

Adiscount rate is a time preference for money, reflecting the fact that income received in the
future is not as valuable as income received today. It also reflects the owner’s attitude to risk. In
general, individuals and enterprises will have higher rates of time preference than society; that is,
they will tend to demand a quicker return from ownership of an asset than will the society as a
whole. Higher rates of time preference translate into higher discount rates (United Nations,
2014b).

By discounting future income so that it is comparable with income earned today, an asset’s value,
based on future income, can be estimated. The choice of the discount to be used in estimating an
asset’s value is a pivotal variable and is often the subject of considerable debate. Applying the
general concept of a discount rate to economic issues has generated much discussion (as yet
unresolved) by many economists (Arrow, Nordhaus, and Stiglitz, among others). Choosing a
discount rate has become a focus of discussion in environmental economics because of the
impact this choice will have on models of economic outcomes over long periods of time. The
choice of a discount rate and the nature of the assumed preferences may be perceived as having
ethics-related underpinnings.

The Integrated Environmental and Economic Accounting for Fisheries (United Nations, 2004) lists
the discount rates used in different economies when preparing their fisheries asset values. The
rates varied from a low of 3.5 percent in Norway to a high of 10 percent in Namibia. Previous
versions of this account used a fixed discount rate of 9 percent, which was chosen because it was
consistent with the return on similar assets in the New Zealand economy over the period
measured. The existence of both quota and ACE trade values for part of the stocks across the
2002-09 period meant that the choice of discount rate could be tested, which supported the use of
adiscount rate in the range of 8 to 9 percent. Work done at that time also supported the
adjustment of the rate in line with changes in real market rates.

StatsNZ released provisional tables for the fish monetary stock account in August 2017. This
release did not make the recommended adjustment and for consistency used a 9 percent rate in
all years after 2002 when NPV methods were adopted.

After the August provisional release StatsNZ consulted with Treasury, and with colleagues in other
national statistical agencies to get feedback on the adoption of a moving discount rate.

56


http://www.stats.govt.nz/browse_for_stats/environment/environmental-reporting-series/environmental-indicators/Home/Marine/state-fish-stocks.aspx
http://www.stats.govt.nz/browse_for_stats/environment/environmental-reporting-series/environmental-indicators/Home/Marine/state-fish-stocks.aspx
https://www.niwa.co.nz/fisheries/our-services
http://archive.stats.govt.nz/browse_for_stats/environment/environmental-economic-accounts.aspx
http://archive.stats.govt.nz/browse_for_stats/environment/environmental-economic-accounts.aspx

Environmental-economic accounts: Sources and methods

Discount rates are essential for converting present values into future discounted values. Higher
discount rates imply that individuals attach greater weight to costs and benefits accruing in the
immediate period (ie myopic time preference as they are heavily discounting the future).
Conversely, a lower discount rate implies that individuals attach greater weight to benefits and
costs accruing in future periods.

Implications of either a variable or a fixed discount rate

Afixed discount rate is assumed to hold every year. This is the previous approach with the rate set
at 9 per cent. The alternative is to vary the rate every year, using an appropriate method, to
account for changing time preferences.

Afixed approach, where it is easy to verify the assumed value is valid, is advantageous in that it is
easy to implement and does not require judgement of statistical models. However, the fixed
approach means that when the ‘true’ discount rate is different from the assumed rate then the
estimate of the asset value will be biased.

The variable approach, on the other hand, needs to be based on an empirical method, using
reliable data and sound economic and statistical assumptions. Assumptions include the extent to
which previous and future profit flows are important in determining the current periods’ decision.
Variable approaches can also be computationally more complex. However, the variable approach
can account for changing time preferences and produce more accurate estimates of the fish
monetary stock.

Discount rate estimates derived from comparisons of quota and ACE values

Where there are incidences for any fish species where we have an average quota sale value
(the right to access the fishery in perpetuity and receive a share of the total allowable
catch set each year) and average annual catch entitlement (ACE) transaction data
available, we can examine the implied or endogenous discount rate.

Previous work by Newell (2002) analysed quota prices and quota leases for the period
1986-2000 and found that the implied discount rate fell by about half, from 14 percent to
7 percent, which approximately matched a similar fall in market rates (as measured by
New Zealand Treasury bills).

Undertaking a similar exercise comparing ACE prices with quota prices for the period
2002-07 indicated an implied discount rate of 8-9 percent. These studies suggest that
while the original rate of 9 percent used in this account appeared reasonable at the time,
there may be a good case: (i) to lower the rate over time, to reflect the progressive
increase in certainty as the QMS matures, property rights become entrenched, and more
knowledge on fish populations and sustainable total allowable commercial catch is
acquired; and (ii) to allow the rate to fluctuate in line with changes in real market interest
rates.

The derived discount rate and its three-year moving average rate is shown in figure x. We
prefer the moving-average approach to account for adaptive and forward-looking
expectations, as well as reducing volatility.
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Figure 4

Discount rate calculation
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Source: Stats NZ

In addition, we looked at business lending rates (nominal) available from the Reserve
Bank (see Retail interest rates on lending and deposits) and compared them to the
derived rate. Broadly, they tracked quite closely although the three-year moving average
rate appeared slower to adjust after the global financial crisis. This may be because quota
had been purchased in the years up until September 2008, with an expectation around
subsequent ACE prices. We found that after 2008, ACE transfer prices continued to
increase while new quota purchase transactions did not recover to the same average price
per tonne until 2013.

Due to the variation in the available data and in the type, location, and equipment used in
the fisheries covered, the variable discount rate is not appropriate for every species in
every management area or year as was the case for the fixed rate. For this reason we have
looked closely at the estimates produced for the most important species (in monetary
terms) and also the deep-water species (removed from the influence of recreational or
customary access). The variable rate does appear to be producing realistic results for
these fish.

Where we have sufficient data we have also looked at the movement over time of total
allowable commercial catch limits and actual recorded catch in relation to the derived
rates. There is some evidence that caution or concern about sustainability may be driving
a shift towards a lower rate over time. However, the extent to which this is occurring
cannot be distinguished from market conditions that have led the interest rate to decline.
Although the New Zealand government set total catch limits based on stock assessments,
capture-fish harvest rights in New Zealand are freely traded and owned entirely by private
individuals and organisations. For this reason the use of a social discount rate has not
been considered.
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Data quality

Estimates are based on quota and ACE trade values, but in some years the trading of individual
guota is low or even non-existent, so that some species receive no asset value. Trades (quota and
ACE) for nominal amounts, possibly between economically related parties, are not uncommon and
are removed by the data supplier. In addition, we did not use a few ACE values (2 percent over the
2002-06 period) supplied by FishServe. We replaced them with imputed figures as they were
unreasonably high, and would have resulted in severe distortions to the estimated asset values
and trends. It is likely that these trades contained other assets, or were for periods of more than
one year.

All quota and ACE transfers must be registered with FishServe, and the total price of any transfer is
collected on quota and ACE share transfer forms. Even after removing unreasonably high or low
values, as described above, there is still some variation in transfer information (particularly ACE
transfer information) that is difficult to explain. To capture any data revisions, we requested a re-
supply of FishServe data for catch 2002-16, quota 2008-16, and ACE 2008-16. No outliers were
identified or removed from this updated series.

Further variation may be caused by using the NPV method to produce an asset value estimate for a
species quota management area, in any year where quota trade information is absent, and using
the quota valuation method in the subsequent or previous year. The NPV method discounts future
resource rent (ACE values) to express its value at the present time. Therefore, where the value of
the asset equals the resource rent divided by the discount rate, then the discount rate can be

given by dividing the resource rent by the asset value of the fishery. The 9 percent discount rate
used in previous accounts was appropriate on average across the fish stocks and the 2002-09
period, but for some stocks ACE values are lower or higher than would be expected in relation to
guota transfer values. This may be because the prices recorded against ACE transactions are
determined by other considerations, such as transfers between related parties.

Every effort was made to evaluate the accuracy of the time series estimates included in this report.
While trends in the figures are indicative, the use of absolute figures requires care.

Missing values

The previous section noted that some species may have no price information in one or more of
their QMAs. Quota or ACE transfer information may be absent for many reasons. Some of these
reasons are for example, when the Ministry of Fisheries allocates quota directly to the industry, or
when the industry perceives the deemed values for that quota to be low enough that they do not
need to secure ACE. When a fisher does not hold sufficient ACE, they incur a financial cost for
taking the fish, and they are required to pay a deemed value. The system of deemed values is
designed to encourage fishers to cover all their catch of QMS fish stocks with ACE. See deemed
values for more information.

Quota or ACE transfer information may also be absent when the fishery is not economically
significant at the time. Most unvalued QMAs have a TACC of less than 10 tonnes and recorded
catch is often only a small proportion of TACC, or in many cases, zero. When some unvalued
species are economically significant, we use an alternative method to estimate an asset value.

Scampi, a high-value low-volume fishery (MPI, 2016), is one example of an unvalued, economically
significant species. Since scampi entered QMS on 1 October 2004, there has been no information
on quota trades. In 2005, there were ACE trades in 10 scampi QMAs, giving it an asset value of $116
million (the ninth most-valuable species the year). In 2006, 2007, and 2008 there were ACE trades
in the main scampi QMAs but after 2008 there were no available ACE trade information until 2015 -

59


https://fs.fish.govt.nz/Page.aspx?pk=91
https://fs.fish.govt.nz/Page.aspx?pk=91

Environmental-economic accounts: Sources and methods

this made the fishery effectively impossible to value with existing methodology. Fish monetary
stock account: 1996-2008 modelled the asset value for scampi from the average asset values for
the previous three years. When the fish monetary stock account was updated in 2009, the
continued lack of quota and ACE transfer information resulted in a revision of scampi asset values
using a new methodology based on the movement in the $/tonne export price for scampi. This
methodology was expected to be a temporary measure. For the 2009 update we decided to use
deemed values rather than export prices as they are likely to give a better indication of ACE
pricing.

Interim deemed values are used because these are the prices that are in place during the fishing
season and are more likely to be similar to prices paid for ACE during the fishing season. Note that
deemed values effectively place a ceiling on ACE values (Townsend, 2010; Holland, nd) and may
result in a higher asset value than would have been estimated if ACE transfer information was
available. If final (annual) deemed values were used rather than interim values, the effect would
have increased, as overfishing is controlled by graduated administrative incentives based on the
payment of deemed values (Ministry of Fisheries, 2005).

Where fishers are unable or unwilling to obtain ACE they are required to purchase sufficient
deemed values to cover their catch. For this reason, where ACE is unavailable for scampi and a few
more economically significant species, the net present value methodology is repeated with
interim deemed values substituted for ACE. The discount rate is the same as that used for ACE
calculations, but catch volumes are substituted for TACC to better reflect the actual level of
importance of the fishery in economic terms.

Stats NZ has taken all possible reasonable steps to ensure the quality of the data. An assessment
against the six data-quality criteria for official statistics is presented below.

Relevance

The fish account presents an asset value of New Zealand’s commercial fish resources. The
estimates include all species as managed under the New Zealand quota management system,
which captures most commercial fishing as non-QMS species account for less than 5 percent of
catch (Clement and associates, 2016). Asset values for aquaculture, recreational, and customary
fishing are not included and are an area for future work.

Accuracy

Key sources of uncertainty are the use of a discount rate to discount the sum of the future net
income stream (or rent) in order to express its value at the present time. A further source of
uncertainty is the assumption of sustainability. Where TACC and resulting catch is set at too high a
level then some of the earnings (rent paid to the owners) should be regarded as depletion of the
aquatic resources and not as income.

Timeliness

Data are consistent with the latest available administrative data from FishServe at the time of
compiling results and where possible with the valuation of other assets contained in the report.

Coherence/consistency

The methodology used here is consistent with guidance in SEEA. Time-series consistency has been
ensured. Data are available from 1996. The resource rent and asset values are based on fisheries
years. The fishing year for most fisheries is from 1 October to 30 September. However, the fishing
year for rock lobster and southern blue whiting, as well as some other minor stocks, is from 1 April
to 30 March and the fishing year for Lake Ellesmere eels is from 1 February to 31 January. For the
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purpose of this account, all fisheries quota ending in the same calendar year are aggregated into
the total for that year ended September.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data are
available in CSV format with this report.

Interpretability

This report contains the appropriate information to interpret these estimates. Renewable assets
should be placed in context with non-renewable and other environmental assets to fully
understand their relative value.
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Timber

The timber stock accounts record the stock of timber in New Zealand, whether or not is available
for wood supply, and its monetary value.

Timber physical stocks

The timber physical stock account provides estimates of the annual stock of timber in New
Zealand in cubic metres. The changing level of timber resources over time, both cultivated and
natural, provides an insight into the reasons for and types of change, such as harvesting, fires, and
natural growth. These changes will indicate the sustainability of land and resource management,
and inform on issues of policy interest such as carbon sequestration.

The timber physical stock accounts follow the structure recommended in the SEEA central
framework, section 5.8. The account provides information opening stocks, additions to stock,
reductions to stock, and closing stock. Cells that currently contain no information indicate areas
that are too difficult to measure, are not significant enough to identify separately, or do not apply,
or are considered unlikely to be significant.

The balancing item enables the account to balance; where the opening and closing stock levels
add up to the sum of the associated changes. It has been assumed that the opening and closing
area totals are correct, and the balancing item has been used to reconcile the differences. This
item is needed for several reasons including; accounting for inconsistencies in the National Exotic
Forest Description survey (see the data timber accounts data sources section below for further
discussion), to enable fires to be included only in the total timber resources estimates, and to
allow for expected margins of measurement error in the data.

Data sources

Key data sources used in the timber physical stock account include:

¢ National Exotic Forest Description (NEFD)

e Land Cover database (LCDB)

¢ National Rural Fire Authority

¢ Indigenous forestry statistics provided by the Department of Conservation (DOC)
e Temperate and Boreal Forest Resource Assessment (TBFRA.2000)

See timber monetary stocks - data sources for more detail.

Methods

Cultivated timber resources

Information on cultivated timber resources that are available for wood supply has largely been
taken from the NEFD. It is assumed that all exotic forests are cultivated timber resources and are
available for wood supply. While there may be some exotic forests that are not economic to
harvest during the current period, due to factors such as current economic conditions or their
location, these are considered to be not significant enough to be estimated separately, or the data
is simply not available.
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There are a number of areas of exotic forest serving a protection function. The East Coast Forestry
Project (ECFP) is the largest of these, with main intention of preventing land erosion, and is the
only project of its kind funded by the Crown. There may also be others funded by local
government, but they are not on the same scale. While these forests are often described as
commercial (available for wood supply), generally they are funded subject to replanting, implying
that abandoning them after clear-felling is not an option. At present it is included in the NEFD
estimate used for exotic timber available for wood supply.

Natural timber resources

Estimates for the opening and closing stocks of total natural timber resources is based on the
number of hectares of indigenous forest from the LCDB version 4.1 and information on the average
stock (in cubic metres) per hectare.

The LCDB is only updated every five years, but version 4.1 has been used in all years. Data in
unavailable years is imputed, and revisions are expected after the next LCDB becomes available in
2018.

The hectares data for indigenous forest was converted into cubic meters for use in the timber
stock account. A simple conversion factor is used is based on a figure calculated for the
TBFRA.2000 report, which measures the standing volume of trees in 1996. The estimate from this
report includes growing stock only, does not include any dead trees, and take little account of
differing species, age, or location of trees in the indigenous forests. The TBFRA.2000 states that
these estimates were very hard to compile and should be treated as preliminary. Given the
absence of any other estimate, however, these figures will be used in the timber account until
further research has been completed and more accurate information is available.

The conversion factor is the basis for all of the cubic metre estimates for natural timber resources,
whether available or not available for wood supply.

Itis currently assumed that all indigenous forest in New Zealand is natural; there is no estimate
made for indigenous forest which is a cultivated timber resource. It is currently believed that
indigenous plantations are insignificant. These forests may become more significant in the future,
but the degree of likely significance is not yet known. Many indigenous tree species take a
significant length of time to reach maturity, which inhibits the profitability of establishing
indigenous plantations.

Estimates have only been made for natural timber resources not available for wood supply due to
legal restrictions, that is, forests that are under Department of Conservation (DOC) administration,
and privately owned forests under protected covenants. No estimate has currently been made for
indigenous forests not available due to other restrictions (economic, topographical, or for forests
providing a protective function, such as reducing soil erosion). As with cultivated timber resources,
there is insufficient information available for this category. The split between natural timber
resources that are available for wood supply and natural timber resources that are not available
for wood supply has been calculated using indigenous forest statistics provided by the
Department of Conservation, with imputations made for missing years. Future revisions are
expected as the forestry accounts are further developed.
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Natural losses

Data available for natural losses only includes fires. Fires data comes from the National Rural Fire
Authority. As there were no details available on where these fires had occurred, the total figure has
been included in total timber resources estimates only.

Timber monetary stocks

The timber monetary stock account provides information on the monetary stock of commercial
forestry resources in New Zealand for the period. It shows the changes in monetary stock levels
over time.

The timber monetary stock account does not currently value all timber resources as
recommended in the SEEA central framework, section 5.8. This is an area for future development.

Data sources

Key data sources used in the timber physical stock account include:

o National Exotic Forest Description (NEFD)
e forestry company annual reports
e annual enterprise survey (AES)

See timber monetary stocks - data sources for more detail.

Scope

Under the SEEA, only timber resources available for wood supply are in scope of the timber
monetary stock account as they are commercially viable (in contrast, timber resources unavailable
for supply are out of scope as they are not commercially viable). The timber physical stocks
account includes timber resources both available and unavailable for wood supply. Therefore, any
comparisons between the accounts need to take this into account.

As with the timber stock account, it has been assumed for the monetary stock account that that all
exotic forests are cultivated timber resources and are available for wood supply. Wood available
for supply from natural timber resources, while in scope of the SEEA, are currently notincluded in
the monetary stock account. This will be reviewed in future.

Methods

The timber monetary stock account estimates are calculated by multiplying the volume of
cultivated timber (exotic) in cubic metres by the price of timber stocks per cubic metre.

The volume of timber stocks is taken from the NEFD. Prices are estimated using a variety of
sources, including a sample of forestry companies’ annual reports and AES data. Sample data
collected include hectares of planted forest owned by each company and an estimate of their net
present value. The hectares planted data are totalled and then converted into cubic metres of
timber stock using NEFD data on total hectares and total cubic metres planted. This allows for
calculation of the price per cubic metre of timber stock by dividing the total of the sample of prices
by the total sample of timber stock.
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This methodology therefore relies on the net present value estimates reported by the forestry
companies in their reports and completed surveys. Different forest owners may have quite
different valuation approaches. Some companies may estimate future timber prices in their
valuation estimates, while others extend current timber values out to the future. In many cases,
differences in valuation technique may be justified by factors such as location. These estimates,
therefore, make no adjustment for different valuation approaches from different companies, or
companies changing their own valuation assumptions.

Data sources

National Exotic Forest Description

The National Exotic Forest Description (NEFD) is an annual publication produced by the Ministry of
Primary Industries (MPI). It is based on an annual survey of commercial forest companies,
administered by MPI. This survey covers all planted exotic commercial forests in New Zealand.
Indigenous forest plantations are not included. The NEFD is usually available 12 months after the
reference period.

Stock data collected in the NEFD survey include species, area and age information. Stock data are
point data for a particular period (as at 1 April). The survey also collects stock change data,
including new plantings, restocking, and harvest area and volume. The stock change data covers a
full year.

Recoverable annual increment and current annual increment

MPI derives two annual volume estimates of exotic forest growth from its NEFD survey. The
Recoverable Annual Increment (RAI) is an estimate of the recoverable volume of tree growth
within New Zealand’s exotic forests. The Current Annual Increment (CAl) is an estimate of the total
volume of tree growth within New Zealand’s forests. The CAl is currently used to estimate Natural
growth for cultivated timber resources available for wood supply.

Land Cover Database

The Land Cover Database (LCDB) is a digital thematic map of land cover, derived primarily using
satellite imagery at four nominal time steps; summer 1996\7, summer 2001\02, summer 2008\09,
and summer 2012\13. The full land area of New Zealand has been classified into 33 mutually
exclusive standard classes according to land cover. Landcare Research produces the LCDB and the
timber accounts use version 4.1 of the LCDB.

Only the class indigenous forest is used in the timber account, and is described as tall forest
dominated by indigenous conifer, broadleaved, or beech species. Therefore, exclusions from
indigenous forest measures used in the timber account include the following.

e Manuka and/or kanuka: scrub dominated by manuka and/or kanuka, typically as a
successional community in a reversion toward forest. Manuka has a wider ecological
tolerance and distribution than kanuka, with the latter somewhat concentrated in the north
with particular prominence on the volcanic soils of the central volcanic plateau.

¢ Broadleaved indigenous hardwoods: lowland scrub communities dominated by indigenous
mixed broadleaved shrubs such as wineberry, mahoe, five-finger, Pittosporum spp, fuchsia,
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tutu, titoki, and tree ferns. This class is usually indicative of advanced succession toward
indigenous forest.

National Rural Fire Authority

Figures for fires were received directly from the National Rural Fire Authority. The figures apply to
total hectares of forest burned from fires. It excludes hectares of scrub and grassland burned.
Information regarding the type of forests burned was not available.

Temperate and Boreal Forest Research Assessment 2000

The Temperate and Boreal Forest Resources Assessment 2000 (TBFRA.2000) was created by the
United National Economic Commission for Europe and the Food and Agriculture Organization.

The TBFRA was an effort to collect and subsequently provide the best possible information on the
forest resources of the 55 countries it covers, including New Zealand. It came about as a response
to the need for timely, accurate and internationally comparable data on the forest resource at a
global and national level.

While much of the information for New Zealand has come from currently available statistics
predominately compiled by MPI, there are some estimates made for the first time, based on the
advice and experience of forestry experts in New Zealand.

Forestry company annual reports

Many forestry company annual reports are available publically through the New Zealand
Companies Register. Using these reports we collected data on the total hectares of forestry
planted, and their estimates of the net present value of their timber stocks.

Annual enterprise survey

AES is an annual survey with a population of all active businesses, which collects information on a
firm’s financial performance and financial position. The survey sent to firms in the forestry
industry also collects data on hectares of planted forest owned/leased, and closing book values of
growing tree stocks.

Data quality

Stats NZ has taken all possible reasonable steps to ensure the quality of the data in the timber
accounts. An assessment against the six data-quality criteria for official statistics is presented
below.

Relevance

The timber physical stock accounts provide a complete picture of key drivers of change over time.
This enables analysis of the relationship between these drivers and key variables of interest, such
as gross domestic product and carbon sequestration.

The estimates also include total timber monetary stock estimates. We do not yet show complete
accounts for monetary stocks; this is an area for future development. The estimates include total
timber monetary stock estimates.
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Accuracy

In the timber physical stock account, cultivated timber statistics are sourced primarily from the
NEFD. The NEFD survey was originally designed to assist in forecasting exotic forestry production.
The harvesting cycle of pine forests in New Zealand is fairly predictable, with most pine trees ready
for harvesting after 25-30 years.

Discrepancies between the differences in opening and closing stocks and stock change variables
(change over the period is the sum of new planting plus restocking less the area clear felled) can
arise. This can occur mainly because of new planting carried out by small landowners and private
investors. While the larger forestry companies usually provide accurate stocking statistics, smaller
private landowners tend to be more variable in their reporting accuracy. Independent information
is difficult to obtain, even from satellite imagery, as plantations younger than about five years of
age cannot be detected with any degree of accuracy. It should be noted that MPI is aware of this
issue and adjusts the NEFD figure for reported new planting accordingly.

In addition, discrepancies in the hectare data can occur when forestry companies revise their
estimates of forest area without revising their stock change information, therefore causing
inconsistencies in the survey data. Finally, the only stock change data collected in the NEFD are for
new planting, restocking, and area felled. Data on other types of stock change, such as losses due
to fire and wind throw, are not collected, but are picked up in the stock-level data. The forest
company would presumably report a smaller-sized forest after a large fire, but not in stock change
data. MPI is aware of these issues but many of them cannot be dealt with simply by changing the
survey. MPI is investigating ways of using other data sources, such as spatial information, to
improve the accuracy of the survey.

For the purposes of the forestry account it is necessary to find a method to deal with these
inconsistencies. Future options include adjusting the stock level or adjusting the stock change
variables. However, due to the fact that it is not always clear which combination of adjustments
would be correct, the discrepancies have at this stage been recorded in the tables as a balancing
item. When new stock change variables are introduced from sources other than the NEFD, such as
fires, the balancing item is adjusted again. In other words, the balancing item records all the
discrepancies between the stock change and stock-level data.

Cultivated timber stock totals are estimated using NEFD data alone, while natural timber stock
totals are estimated using data from the LCDB 4.1. It is of note that the LCDB 4.1 provides a
different total of total hectares planted of cultivated (exotic) timbers compared with the NEFD.
This discrepancy is an area for future development.

Total natural timber estimates in hectares, up to 2012, are considered to be reasonably high
guality, sourced from the LCDB 4.1. However, further breakdowns into natural timber available for
supply and unavailable for supply, and conversions into cubic metres of stock, are considered
much less reliable.

The hectares data for natural forest were converted into cubic metres for use in the timber stock
account. A simple conversion factor used is based on a figure calculated for the Temperate and
boreal forest resource assessment 2000 report, which measures the standing volume of trees in
1996. The estimate from this report includes growing stock only, does not include any dead trees,
and takes little account of differing species, age, or location of trees in the indigenous forests. The
TBFRA.2000 states that these estimates were very hard to compile and should be treated as
preliminary. Given the absence of any other estimate, however, these figures will be used in the
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timber account until further research has been completed and more accurate information is
available.

Estimates have only been made for natural timber resources not available for wood supply due to
legal restrictions, that is, forests that are under Department of Conservation (DOC) administration,
and privately owned forests under protected covenants. No estimate has currently been made for
indigenous forests not available due to other restrictions (economic, topographical, or for forests
providing a protective function, such as reducing soil erosion). As with cultivated timber resources,
there is insufficient information available for this category. The split between natural timber
resources that are available for wood supply and natural timber resources that are not available
for wood supply has been calculated using indigenous forest statistics provided by DOC, with
imputations made for missing years. Future revisions are expected as the forestry accounts are
further developed.

Timber monetary stocks use prices collected from AES and forestry companies’ annual reports. It
should be noted that because the estimates use prices from a sample of companies these
estimates will be affected by sample error of unknown size. These accounts and the methodology
underlying them are an area for future development.

Timeliness

Timber accounts data are available to 2016. Revisions to the data are expected in the future for
various reasons, including when new LCDB data is available, and to incorporate methodology and
data source improvements.

Coherence/consistency

The methodology and table format used in the timber physical stock accounts is consistent with
guidance in SEEA. Time-series consistency has been ensured. Data are available from 1995.

The timber monetary stock account is not yet consistent with SEEA. This is an area for future
development.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data are
available in CSV format with this report.

Interpretability

This report contains the appropriate information to interpret these estimates. See the SEEA
manuals on the United Nations’ methodology page for additional information on SEEA’s
classification and underlying concepts.
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Land cover

The land cover account presents national and regional estimates of New Zealand’s land cover in
hectares.

We use the land cover database (LCDB) and a classification consistent with SEEA to present
estimated land cover in an accounting format. To assist with international comparisons, we also
use the SEEA land cover classification to separate land cover from land use. In the future this will
allow us to assess how land is used according to the dominant land cover in the area.

The land cover account, currently experimental as we seek feedback on the classifications we use,
provides a valuable basis for developing ecosystem accounting.

Structure of account

The land cover account is presented as a stock account with estimates of opening stock, additions,
reductions, and closing stocks. The accounting format allows for net change, which is commonly
reported to be decomposed into additions and reductions in stock. A small net change in stock
may mask significant changes in land cover parcels if total additions are close to reductions.
Stocks, and additions and reductions, are calculated in hectares. As the polygons in the LCDB are
similar over time, additions and reductions are calculated by comparing the land cover in one
period to another. We are not yet able to determine whether the additions or reductions to stock
are due to economic or natural processes.

Data source
LCDB is a national classification of land cover mapped using satellite imagery. It covers mainland
New Zealand and the nearshore islands but not the Chatham Islands.

LCDB has four major versions (1-4) correlating to the four summer survey periods - 1996/97,
2001/02, 2008/09, and 2012/13. The land cover classification was developed over the first three
versions. We use version 4.1 consistently so that changes over time do not reflect classification
changes.

Classification
The SEEA classification for land cover is preliminary within the SEEA central framework, but
classifies land cover into these categories:

o artificial surfaces

e herbaceous crops

o woody crops

o multiple or layered crops

e grassland

e tree-covered areas

e mangroves

e shrub-covered areas
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o shrubs and/or herbaceous vegetation, aquatic or regularly flooded
o sparsely natural vegetated areas

e terrestrial barren land

e permanent snow and glaciers

¢ inland water bodies

e coastal water bodies and intertidal areas.

LCDB contains 33 lower-order classes which map to the 14 SEEA classes listed above. A
concordance between the SEEA classification and LCDB classes is presented in table 10. The SEEA
classification of land cover maps closely to the LCDB classes making it viable to produce a land
cover account. Multiple or layered crops and sparsely natural vegetated areas are not significant
features of New Zealand’s land cover and are not included in the land cover account. The SEEA
land cover account does not distinguish between natural and managed areas. SEEA notes:

Current land cover is a function of natural changes in the environment and of previous and
current land use, particularly in agricultural and forestry areas. Although characteristics of
vegetation (such as whether it is natural or cultivated) influence the land cover within an
area, they are not inherent features of the land cover. Thus, a clear and systematic
description of classes of land cover allows the land cover classification to be compared
with that for types of land use, while maintaining pure land cover criteria. The FAO LCCS
[Food and Agriculture Office Land Cover Classification System] provides a theoretical basis
for this approach (United Nations, 2014b, para 5.259).

The SEEA classification differs from that used in environmental reporting published by Stats NZ
and the Ministry for the Environment. The SEEA approach to land cover accounts focuses solely on
the cover, while the environmental reporting approach includes some aspects of land use in the
land cover classification.

Table 10

SEEA classes and lower-order LCDB classes

S el Detailed LCDB class
Artificial surfaces Transport infrastructure
Surface mine or dump
Built-up area (settlement)
Urban parkland/open space
Coastal water bodies and intertidal areas Estuarine open water
Grassland Alpine grass/herbfield

Depleted grassland

High-producing exotic grassland
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Low-producing grassland

Tall tussock grassland

Herbaceous crops Short-rotation cropland
Inland water bodies Lake or pond

River
Mangroves Mangrove
Permanent snow and glaciers Permanent snow and ice
Shrub covered areas Gorse and/or broom

Mixed exotic shrubland
Manuka and/or kanuka
Matagouri or grey scrub
Fernland

Sub-alpine shrubland

Shrubs and/or herbaceous vegetation, Flaxland
aquatic or regularly flooded

Herbaceous freshwater vegetation

Herbaceous saline vegetation
Terrestrial barren land Sand or gravel

Landslide

Gravel or rock
Tree- covered areas Forest - harvested

Deciduous hardwoods

Exotic forest

Indigenous forest

Broadleaved indigenous hardwoods

Woody crops Orchard, vineyard, or other perennial crop
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Data quality

The land cover account is currently experimental as the SEEA land cover classification undergoes
further testing and research. Future updates may include reallocations of detailed land cover
classes.

Stats NZ has taken all possible reasonable steps to ensure the quality of the data. An assessment
against the six data-quality criteria for official statistics is presented below.

Relevance
The estimates cover all of New Zealand’s territorial area, excluding the Chatham Islands.

Accuracy

Data have been checked for accuracy, duplication, and anomalies by Landcare Research. While
care has been made to allocate LCDB classes to the SEEA classification, the experimental nature of
the SEEA classification means some uncertainty may be present in these allocations.

Timeliness

The land cover database is available for four summer survey periods - 1996/97, 2001/02, 2008/09,
and 2012/13. Itis not yet known when the next land cover database will be available.

Coherence/consistency

Version 4.1 of the land cover database has been used for all survey periods. The land cover
classification is consistent with that in the SEEA, which is currently experimental.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data are
available in CSV format with this report.

Interpretability
This report contains the appropriate information to interpret these estimates.
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Marine economy

The marine economy is a function of both industry and geography. It is the sum of the economic
activities that take place in, or use the marine environment, or produce goods and services
necessary for those activities, and make a direct contribution to the national economy.

The marine economy is calculated using internationally accepted methodology and used the
following Stats NZ data:

o annual enterprise survey (AES) and national accounts to derive value added

° overseas merchandise trade, construction statistics, and linked employer-employee
data for complementary information on exports, consents related to marine
construction, and the number of jobs and earnings in marine-related industries.

Methods

To produce an estimate of the marine economy, we compiled data on those industries identified
as engaged in marine-based economic activities according to the definition of the marine
economy accepted for this study. After identifying and categorising the industries of interest, we
identified the industrial classifications that contained these industries based on ANZSICO6.

Reports by Colgan (2003), Kildow and Mcllgorm (2010), and Suris-Regueiro et al (2013) highlight
the four principles for developing a methodology:

. comparability across industries and space
° comparability across time
. theoretical and accounting consistency

ability to be replicated.

We met these principles by using ongoing Stats NZ economic and labour market collections and
associated accounting rules and classifications.

Direct value added

Direct economic impacts result from the flow of money between an organisation and its
stakeholders. This also describes the direct contribution to the economy when this flow of money
is estimated at industry level.

We estimated direct value added by using data from Stats NZ’s AES and from the annual national
accounts. Itis preferable to use national accounts estimates where possible, as these include
conceptual adjustments. However, the national accounts are not compiled at the level of industry
detail sufficient to provide data on the marine economy. Therefore, we used detailed AES data to
provide ratios to split the national accounts data into the categories of interest.

In this way we are able to provide a dataset consistent with and directly comparable with the
national accounts annual GDP series while using, where possible, the individual ANZSICO6 classes
that fall within the scope of the marine economy. We aggregated these classes to category level
and summed them to produce an overall estimate of the New Zealand marine economy and its
contribution to national GDP.
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AES is New Zealand’s most comprehensive source of financial statistics. It provides annual
information on the financial performance and financial position for industry and sector groups
operating within New Zealand, and is the primary source data for GDP, which is used to calculate
detailed annual national accounts.

Value added is calculated as the value of output (the value of goods and services produced) less
the value of intermediate consumption (the value of goods and services used to produce that
output). Marine economy estimates are in current prices (or the prices current at the time the
production takes place), so changes in estimates for a particular activity may come from:

. movements in prices or volumes of goods and services produced
. movements in prices or volumes of goods and services used in production.

Indirect value added

Indirect marine economy value added is derived as a residual item. We calculated the total value
added of the marine economy by using the table of industry-by-industry total requirements from
national account’s input-output tables for the March 2013 year (the most-recent total
requirements table available) and the direct value added estimates. We then calculated indirect
estimates as the total less direct marine economy value added. This approach is consistent with
that used in the tourism satellite account. (An input-output table shows how much extra output is
required from every industry if a particular industry is to produce more of its own output, defined
as direct requirements. These contributing industries would then need further input into their own
production processes or indirect requirements. The table shows total (direct and indirect
requirements). For more information about these tables, see National accounts input-output
tables: Year ended March 2013.

The input-output method used to estimate indirect effects assumes the inter-industry coefficients
are stable over time. It captures the first round of indirect supply, but does not account for
contributions further down the value chain.

An alternative approach is to use a computable general equilibrium (CGE) model to allow for input
constraints, changes in prices, and reallocation of input resources across sectors. CGE models can
be used to identify the economy-wide impacts of a shock to marine sectors, distinguishing direct
from indirect impacts.

Contribution to GDP

It is important to note the difference between GVA and GDP. GVA is defined as the value of output
less the value of intermediate consumption and is a measure of the contribution to GDP made by
an individual producer, industry, or sector. The GDP of a country, viewed as an aggregate measure
of production, is equal to the sum of the GVA of all resident institutional units engaged in
production (plus any taxes and minus any subsidies on products not included in the value of their
outputs). As taxes less subsidies will generally be positive, any industry breakdown compared with
GDP will be a lower percentage than the same breakdown compared with GVA.

For the offshore minerals, fisheries and aquaculture, shipping, marine tourism and recreation, and
marine services classifications, value added information is derived from AES and the national
accounts as described above. For these groups, the calculation of value added is gross output
minus intermediate consumption. The government and defence group, while still consistent with
the national accounts, is derived from the local authority census and the calculation of value
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added is the sum of costs: compensation of employees, depreciation, and taxes on production less
subsidies.

Employment and earnings

Information on jobs and earnings is from LEED. LEED uses existing administrative data from the
taxation system together with business data from Stats NZ's Business Frame to provide statistics
on filled jobs, job flows, worker flows, mean and median earnings for continuing jobs and new
hires, and total earnings. This information gives an insight into the operation of New Zealand's
labour market.

The term ‘jobs’ refers to a unique employer-employee pair present on an Employer Monthly
Schedule in the reference quarter. Note that self-employed individuals are not included in these
figures. The values presented are total earnings (before tax) paid in the reference quarter. LEED
information is presented for March years.

Ajob is defined as an employee-employer relationship where employer is a geographical location
(or workplace). A person could belong to the same enterprise but work in different locations
during the year. Wage and salary earners can also have multiple jobs within the marine economy
or elsewhere; hence, the LEED figures presented should not be used to calculate average annual
earnings.

For this report we calculated LEED data on a kind-of-activity unit (KAU) basis to be consistent with
the collection unit used for AES. This means there may be some differences in comparing these
LEED estimates with published LEED series, which use the geographic unit (GEO) structure. By
definition, a KAU is engaged in predominantly one activity for which a single set of accounting
records is available. The Business Frame is a database of all known individual private and public
sector businesses and organisations engaged in producing goods and services in New Zealand
that meet significant criteria. The structure of each business on the Business Frame consists of an
enterprise, a KAU, and a geographic unit. Collectively, they are referred to as statistical units.
Larger or more complex businesses may have a number of statistical units. We give each statistical
unit an industry classification based on its predominant activity. Different divisions of a company
may be spread across several industries, depending on how the company is structured. See Linked
employer-employee data for more information.

Coverage

We classified all marine activities included in this report into nine categories, following
international studies in other Asia-Pacific Economic Cooperation economies (Mcllgorm, 2004,
2016; Kildow & Mcllgorm, 2010). The nine categories are the same as those used in New Zealand’s
Marine Economy 1997-2002. We placed industries or sectors in the appropriate category following
international best practice and with regard to New Zealand’s economic structure. However, some
marine studies have grouped their marine sectors differently or use different terminology (eg
Australian Institute of Marine Science, 2014; Morrissey & O’Donoghue, 2012). There is a recent
European proposal to use a similar breakdown, but with a living and non-living resources
breakdown in a framework that groups activities as completely marine based, mainly marine, and
partially marine. This proposal (Suris-Regueiro et al, 2013) was developed for use by European
Union economies using the Statistical classification of economic activities in the European
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Community (NACE). An initial examination of this proposal showed it will not easily concord with
ANZSICO6.

Using national accounts data reduces the risk of double-counting any economic activity. However,
the industrial classifications used by Stats NZ to produce the national accounts were not designed
to separate marine from land-based economic activity.

See the appendix for a list of the industrial classifications we used to measure the marine economy
and those that we excluded.

The nine categories are:

offshore minerals

fisheries and aquaculture
shipping

government and defence
marine tourism and recreation
marine services

research and education
manufacturing

marine construction.

©CoNoOR~EWDdDRE

Although the limitations of using national accounts data in these valuations are well known, it is
essential in reducing the risk of double-counting, and it aids comparability (Mcllgorm, 2016).

Excluded activities

GDP is measured as the value added from production by industry, where GDP equals the sum of
value added for all producers, plus taxes on production and imports. To isolate the marine
component of GDP, this report cuts across traditional industry boundaries and uses information
from industries that specifically use the marine environment. This leads to an estimate of the
marine economy’s direct contribution to New Zealand’s economy. Note that the methodology we
used could not capture some activities that take place in the marine environment. Because some
activities could not be included, the value of the marine economy and its contribution to the total
economy is understated.

Although some marine categories in this report are underestimated and others are partly
represented, the final figure for the New Zealand marine economy is deemed to be a good but
conservative estimate. Because the marine economy crosses a broad range of ‘conventional’
industries, problems arise when attempting to isolate the marine component of industries without
a clear land/marine split. For example, fish retailing could not be included as it is covered in an
industrial classification that also includes fresh meat and poultry retailing (G412100). Overall, we
anticipate that except for government and defence and marine tourism and recreation, the
industries not measured would not have made up a major component of the marine economy.

Marine tourism

Marine tourism is difficult to measure. Although Stats NZ produces a tourism satellite account that
measures the sector’s contribution to the economy, no attempt has yet been made to estimate the
marine component of tourism.
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Government and defence

New Zealand’s marine economy 1997-2002 included partial estimates for the government and
defence category, which were not updated for the 2007-13 report. These estimates were based on
data provided directly from a selected group of units but this approach was not directly
comparable with the official estimates in the national accounts. Due to changes in industrial
classification from ANZSIC96 to ANZSICO6, government-owned units have moved from ANZSIC96
division M government administration and defence to one that records the type of service
delivered. ANZSICO6 prioritises a production function concept, where ownership is not a criterion
for classification; therefore, only units engaged in providing public administration and safety
(some of which are private sector units) are recorded in ANZSICO6 division O public administration
and safety.

Central government administration, which includes units whose primary activities are policy and
administration, is recorded in a separate ANZSIC06 (0751000); defence is recorded in O760000.
However, itis not possible to separate the marine component from the non-marine component of
these activities with any precision. For example, armed forces are included within 0760000 but
includes naval as well as ground and other support forces. The primary source of information for
the government sector accounts is the Crown's Financial Information System, which is not set up
to classify expenditure in terms of activities.

The latest estimates for the 2007-16 years include a partial measure of government and defence,
which uses local government information (from city, district, and regional councils) from the local
authority census,-which recorded expenditure under the activity code for marine safety.

Data quality

We made every effort to evaluate the accuracy of the time series; however, trends are considered
to be indicative and using absolute figures requires care. We have erred on the side of caution
when activity boundaries are blurred. In most cases, where the marine component of an activity
could not be isolated from its non-marine component, we excluded that activity from the analysis.

Sample errors

Estimates of the economic contribution of the offshore minerals, fisheries and aquaculture, and
shipping categories are deemed to be relatively robust due to the availability of data and the
relative ease of deriving the marine component of that data. The marine tourism and recreation
and the marine services categories are only partly represented and the sample errors for these
categories are above 50 percent for all years. Be cautious when interpreting these estimates.
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Renewable energy monetary stocks

An energy monetary asset account is a balance sheet for an energy resource. The balance sheet
shows a resource’s opening stocks at the beginning of a year, changes in its stock over a year, and
closing stocks at the end of a year.

The opening and closing stocks are calculated as the net present value (NPV) of anticipated
resource rent. The difference between opening and closing stocks is a residual that implicitly
accounts for other changes affecting asset levels and values, including changes in the capacity to
use renewable energy resources.

Definition of renewables

Arenewable resource, or ‘renewable’, is a resource that after being used, can return to previous
stock levels by natural processes of growth.

The SEEA central framework (United Nations, 2014b, p45) recognises the following renewable
sources of energy.

e solar
e hydro
e wind

e wave and tidal
e geothermal
e other electricity and heat.

The United Nations is developing the SEEA-Energy, an SEEA 'sub-system’, to provide compilers
and analysts with agreed concepts, definitions, classifications, tables, and accounts for energy and
energy-related air-emission accounts. SEEA-Energy elaborates and expands the guidance on
accounting included in the International Recommendations for Energy Statistics (IRES) and is fully
coherent with the broader SEEA. According to IRES, heat from renewable resources is considered
renewable but heat from chemical processes is considered non-renewable. Electricity data
supplied by MBIE includes electricity generated from waste heat, which includes heat from
chemical processes (eg the fertiliser industry). For this reason, we excluded electricity generated
from waste heat in this report.

Method

The resource rent from the electricity generation industry is first calculated: gross operating
surplus less user cost of produced capital, all sourced from the national accounts (see Industry
coverage for the subgroups under the electricity generation industry). No appropriate taxes or
subsidies on extraction are applicable to this industry, so nothing is added back to gross operating
surplus.

The resource rent from electricity generation using renewables is then calculated by applying the
proportion of total electricity production from MBIE to the national accounts data. Quarterly MBIE
data is converted to March years for consistency with the economic data.
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User cost and rate of return of produced capital

User cost is derived using the method used in productivity statistics. This is computed as the price
index of the asset multiplied by the sum of the rate of economic depreciation and rate of return, all
multiplied by the productive capital stock (derived using the perpetual inventory method). Stats
NZ adopted a 4 percent real rate of return for capital assets in the compilation of productive
capital stock and productivity estimates for all industries and all years. See MacGibbon (2010) for
more information on this approach to user cost.

Asset lifespan

For the asset value computations to work, we assume that the lifespan of the resource is infinite
(ie there will always be a minimum sufficient flow). The longevity of the fixed asset used to
generate electricity (ie the dams) are accounted for in calculating user cost.

Discount rate

The asset value for natural capital assets used for generating electricity is calculated as resource
rent divided by the discount rate (due to the assumption of infinite lifespan). The discount rate is 6
percent to be consistent with Treasury recommendations for undertaking cost-benefit analyses
for water and energy assets (see current discount rates).

In setting the discount rate, we first considered the purpose for which it is needed. When
considering the value of water for hydroelectric plants, a commercial rate is more appropriate
than a lower social rate of time preference to ensure that the valuation is aligned to the general
concept of market prices. For national accounting purposes, the focus is on average value to
production in current uses rather than marginal value of choices between uses. It is necessary to
assume that consenting conditions on hydro-generation internalise the externalities (including
environmental) - although in practice that may be inconsistently done.

The NPV approach invokes assumptions on the real rate of return and real discount rate (assumed
to be constant at 4 percent and 6 percent, respectively). Annual distortions from these rates may
lead to some bias in the trend, while systematic differences will affect the confidence in the level.

Under the NPV approach, renewable monetary assets are estimates of the net discounted income
stream from the resource. The estimate is not a measure, for example, of the value of the stock of
water in dams at that particular point in time. In fact, a hydro dam may be dry at the time of the
balance date, but is still valued on the basis of the expected future availability of water.

Coverage

Industry coverage

ANZSIC06 groups firms based on similar production functions (see table 10 for the structure of the
electricity, gas, water, and waste services industry).

The starting point for estimating the asset value of renewables used for electricity generation was
the national accounts benchmarks for electricity generation and on-selling industries. To estimate
resource rents from electricity generation, we excluded units engaged in on-selling electricity and
electricity market operation. We used data from the AES to exclude these units from the national
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accounts totals. This provides the baseline for computing the resource rent from electricity
generation. Units engaged in electricity transmission, electricity distribution, water supply,
sewerage, and drainage services are included in the electricity, gas, water, and waste services
industry but are not included in the asset values..

The resource rents for electricity generators used national accounts data at the working-industry
level (electricity generation and on-selling combined). This level of information is considered to be
robust. AES had complete coverage of firms in the electricity and gas supply industry (division
level). This means sample errors are zero.

The top-down approach we used involves using national accounting aggregates and
supplementary information to estimate the resource rent from renewables. This contrasts with a
bottom-up approach which would be based on firm-level data.

We explored a bottom-up approach using firm-level data from AES, but classification issues at the
ANZSIC level mean the validity of this approach could not be ensured. The top-down approach is
also not subject to confidentiality issues - aside from excluding on-selling electricity and
electricity market operation, it is based on publicly available data. However, using national
aggregates affects the potential to produce disaggregated estimates, for example, by region.

The use of supplementary information, in this case electricity production by generation type from
MBIE, results in an assumption that resource rents will be similar for all electricity producers. This
may not be the case for all producers, but due to the small number of large companies involved
and their structure (ie where a company may operate stations using several types of fuel) this
assumption is necessary to present information for all types of renewables used in electricity
generation.

Table 11
Industrial classification structure of the electricity, gas, water, and waste services
industry
ANZSICO06
Subdivision Group Class
Electricity supply
Electricity generation
Fossil fuel electricity generation
Hydroelectricity generation
Other electricity generation
Electricity transmission
Electricity distribution
On-selling electricity and electricity market operation
Gas supply
Water supply, sewerage, and drainage services
Water supply, sewerage, and drainage services
Water supply
Sewerage and drainage services
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Waste collection, treatment, and disposal services

Waste collection services

Solid waste collection services

Other waste collection services

Waste treatment, disposal, and remediation services

Waste treatment and disposal services

Waste remediation and materials recovery services

Asset coverage

The asset value of and resource rent from electricity generation reflects the role of land form in
generating electricity. For example, the land’s slope under a river and the land used for operating a
dam are essential to production. However, the role of land in generating hydroelectricity cannot
be readily extracted from these estimates. Similarly, land that generates gross operating surplus
may also be attributed to other renewable energy assets, such as an exposed or sunny position for
wind and solar generation, respectively. Although we cannot separate the contribution from land
form we expect its influence to be small.

Data quality

Stats NZ has taken all possible reasonable steps to ensure the quality of the data. An assessment
against the six data-quality criteria for official statistics is presented below.

Relevance

The estimates include all significant natural capitals used in generating electricity at the national
level.

Accuracy

Key sources of uncertainty are the use of a fixed discount rate and rate of return on produced
assets. The use of generation proportions may not capture the relative value of carbon to non-
carbon using assets. Resource rents may in fact be higher for renewable assets given they are
substantially carbon free.

Timeliness

Data are consistent with the latest available national accounts release. This report covers data
until the year ended March consistent with the latest period available from the national accounts
at the time we compiled the latest SEEA report.

Future updates will incorporate any national accounts revisions to any year in the series.

Coherence/consistency

The methodology used here is consistent with guidance in the SEEA. Time-series consistency has
been ensured. Data is available from 2007. National accounts data is available from 1987, but for
user costs there is greater uncertainty in the earlier part of the time series given the use of
constant price rather chain volume productive capital stock in the calculations. For future work we
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will endeavour to estimate values back to 1996 to enable comparability with the water physical
stock account, and to balance these values against data quality.

The resource rent and asset values are based on March years, so we recommend caution when
comparing these with other environmental information, such as river flow or rainfall which may be
in June or calendar years.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data is
available in CSV format with this report.

Interpretability

This report contains the appropriate information to interpret these estimates. Interpretability can
be enhanced by comparing these estimates with river flow and climate data. However, the lack of

regional estimates affects the ability for these comparisons to be made. Renewable assets should

be placed in context with non-renewable and other environmental assets to fully understand their
relative value.
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Water physical stocks

The water physical stock account describes how stocks of fresh water are affected by water flows
within the hydrological system during accounting periods. The structure of the account is defined
by the SEEA handbook, and the system of environmental-economic accounting for water (SEEAW)
(United Nations, 2007). These frameworks describe a system of stock or asset accounts, with
opening and closing stocks of water resources and the flows that affect these stocks.

In the New Zealand water physical stock account, total opening and closing stocks are not
guantified. Instead, the account is presented in terms of inflows, outflows, and changes in storage
levels.

The water physical stock account brings together a variety of hydrological data, including
precipitation, evapotranspiration, outflows, and changes in stored water, at both the national and
regional level. The account currently contains limited information on water abstraction.

The components of inflows we report on are:

e precipitation
¢ inflows from other regions (regional scale only).

The components for outflows are:

e evapotranspiration

e abstraction for hydroelectricity generation

e discharge from hydroelectricity generation

¢ outflows to sea and net abstraction

o outflows to other regions (regional scale only).

The changes in storage components are:

e netchange in lakes and reservoirs
e netchange in soil moisture

e netchange in snow storage

e netchangeinice storage

e changes to groundwater volume.

We also provide estimates of livestock drinking-water at the national level.

The account currently covers the years ended June, from 1995 to 2014. Each accounting period
represents the 12 months from 1 July to 30 June, inclusive. The year ended June 1995, for
example, ends on 30 June 1995. The period 1 July-30 June has been selected as the water
physical stock account accounting year because:

e June/July is generally a period when storage has been replenished and water levels are
stable.

e periods of low flows or drought are of interest and usually occur entirely within a June
year

e each June year contains a whole irrigation season
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The unit of measurement used is millions of cubic metres. One million cubic metres is equivalent
to one gigalitre, which is one billion litres.

Data sources

Surface water components of the water physical stock account (precipitation, inflows from other
regions, evapotranspiration, abstractions for and discharges from hydroelectricity generation,
outflows to sea and other regions, and net change in lakes, reservoirs, soil moisture, snow and ice
storage) are sourced from NIWA. The data are consistent with those in used in environmental
reporting (Stats NZ and Ministry for the Environment, 2015).

Changes in groundwater volumes are provided by GNS Science. The data are consistent with those
used in environmental reporting (Ministry for the Environment & Stats NZ, 2017).

Stats NZ’s agricultural production survey provides the annual livestock numbers for drinking-
water and dairy-shed requirement calculations. If data are not available for all livestock types for
all years, livestock numbers are estimated using imputation and linear interpolation techniques.
We acknowledge that this introduces a level of uncertainty to some values within the time series.
However, this approach is considered appropriate for providing high-level estimates that are fit for
purpose.

Horizons Regional Council’s 2007 report, Reasonable Stock Water Requirements: Guidelines for
Resource Consent Applications, provided the basis for the livestock drinking-water estimations.
The report was selected after a literature search of relevant publications, including
documentation from regional councils, Ministry of Agriculture and Forestry Biosecurity New
Zealand, and Lincoln University. The search revealed a range of possible values for each livestock
type, and some level of broad agreement, but no universally approved values. Therefore, we
approached Fonterra and a number of industry organisations for further advice. We appreciate the
advice provided by:

e Fonterra

e AgResearch

e Beefand Lamb New Zealand

o New Zealand Pork Industry Board

e DeerIndustry New Zealand

e New Zealand Equine Research Foundation

e Poultry Industry Association of New Zealand
o New Zealand Dairy Goat Breeders Association
o Dairy Goat Co-operative (NZ).

Methods

Precipitation

Precipitation is any form of water that falls to Earth’s surface, such as rain, snow, sleet, and hail. It
is the source of all inflows to the inland part of the hydrological system at the national level.

Daily measurements are obtained from rain gauges around the country and a detailed national
rainfall dataset that was developed using spatial interpolation modelling. Rain gauges have a
typical measurement uncertainty of 10 percent. Most rain gauges have a tendency to catch less
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rain than actually falls, especially at windy sites. On average, the standard 300mm-diameter rain
gauges used in New Zealand catch about 7 percent less than the rainfall on the ground.
Adjustments have not been made for this effect because the adjustment depends on wind speed,
which is not known at most rainfall measurement sites. Rain gauges are extremely sparse in
remote areas that have high, changeable rainfall. The national rainfall dataset obtained has been
calibrated against river flow measurements to reduce the effects of rain measurement error,
especially in high rainfall areas where most rainfall leaves as river flow (NIWA, 2011). The derived
rainfall dataset is used as an input into a hydrological model and compiled into regional volumes.

Inflows from other regions

In general, regions in New Zealand are bounded by catchment boundaries. Most rivers do not flow
from one region to another, but, there are exceptions. The major transfers between regions and
rivers are shown in table 12.

Table 12

Surface water transfers between regions

River From this region To this region

Motu, Waioeka (and Gisborne Bay of Plenty

others)

Wairoa (and others) Gisborne Hawke's Bay

Whanganui (and others) Manawatu- Waikato (by diversion)
Wanganui

Clarence Marlborough Canterbury

Wairoa Nelson Tasman

Waitaki (south bank) Otago Canterbury

Mokoreta Otago Southland

Kaiwera stream Southland Otago

Buller Tasman West Coast

Mangatawhiri (and others) | Auckland Waikato

Source: Surface water components of New Zealand’s national water accounts 1995-
2010 (NIWA, 2011).

Total inflows

Total inflows is the sum of precipitation and inflow from other regions. At the national level, there
are no inflows from other regions or countries. Regional inflows and outflows, when summed
across all regions, balance each other out.

Evapotranspiration

Evapotranspiration is the loss of water by evaporation from the soil and transpiration from plants.
It is one of the main freshwater components of the hydrological system in New Zealand,
accounting for about 20 percent of outflows at the national level.
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Evapotranspiration is calculated by the Topnet hydrological model, which calculates daily actual
evapotranspiration using measurements of temperature, wind speed, and solar radiation. The
model reports daily values and annual summaries for each catchment, and catchment volumes
are then summed into regional and national totals.

Outflows to other regions

Outflows to other regions is a measure of the total quantity of surface water that leaves a region
and flows to another region during an accounting period. Itis calculated by hydrological
modelling on the basis that no abstraction is occurring. At the national level, the outflow across
regional boundaries balances the inflow across regional boundaries.

Abstraction for hydroelectricity generation

Abstraction for hydroelectricity generation is a measure of the total volume of water abstracted
from surface water by hydro-generation companies during an accounting period. Volumes are
presented in the accounts at the national level only. Figures are additive, meaning that water
abstracted for use in a power station is often abstracted (and counted) several more times by
downstream power stations. Most abstraction by volume occurs in Canterbury, Waikato, and
Otago. Water that is stored behind hydro dams is accounted for in changes in lakes and reservoirs.

Discharge from hydroelectricity generation

Water abstracted for hydroelectricity generation is also discharged back into the hydrological
system. One hydroelectricity power station in Southland returns water direct to the sea, which
prevents others from reusing the fresh water. This could be defined as consumptive. The
consented weekly allocation for this take is 308 million cubic metres per week, over 40 percent of
the total national weekly consumptive allocation (Aqualinc Research, 2010). However, SEEAW
treats all discharges from hydroelectricity generation as non-consumptive abstraction, regardless
of where in the environment or economy the water is discharged.

Outflows to sea and net abstraction

Outflows to sea and net abstraction accounted for about 80 percent of outflows of fresh water
from New Zealand over the 1995-2010 period. Outflow to sea and net abstraction include both the
total volume of water that flows to the sea from rivers and a residual net abstraction figure. The
net abstraction figure is determined by adding total inflow to a region and subtracting outflows to
other regions, evapotranspiration, and changes in water storage.

Outflows of water to the sea includes outflows of groundwater and surface water. Groundwater is
slow-moving, while surface water may spend just a day or two in New Zealand’s network of small
catchments and fast-flowing rivers before reaching the sea.

Detailed breakdowns for this component are not available because there is insufficient data for
net abstraction volumes and little data or estimation methodology suitable for measuring the
volumes for private industrial abstraction at a national level.
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Total outflows

Total outflows are the sum of evapotranspiration, outflows to other regions, and outflows to sea
and net abstraction (which includes changes in storage). At the national level there are no
outflows to other regions or countries. Regional inflows and outflows, when summed across all
regions, balance each other out. Water that enters New Zealand’s inland part of the hydrological
system and that has not left by the end of the June year is dealt with in the storage components
below.

Changes in soil moisture

Soil moisture refers to water stored in land and soil - in the rooting zone (typically the top 1 metre,
depending on soil and vegetation type). The amount of moisture varies according to rainfall, soil
type, land use, and evapotranspiration. In turn, evapotranspiration varies according to air
temperature, day length, and vegetation. Soil moisture can vary markedly during the year, with
summer levels often being low while winter levels are high. Changes in soil moisture are calculated
using the Topnet hydrological model.

Changes in lakes and reservoirs

New Zealand has more than 50,000 lakes (NIWA, 2011). Of these, 3,820 are over 1 hectare in size
with 229 lakes being over 50 hectares (MfE, 2007).

Lakes and reservoirs store water for irrigation, town supply, and hydroelectricity generation. They
are also used for flood control, wildlife, recreation, and transportation. At least 16 artificial lakes
have been created for hydro-power stations. The South Island’s Lake Benmore, at 7,500 hectares,
is the largest of these (MfE, 1997).

The lakes and reservoirs in New Zealand that are monitored and for which data are available are
mostly hydroelectricity reservoirs and major lakes. Due to the very large sizes of these monitored
lakes, the monitored lake-level data covers approximately 80 percent of the surface area of all
lakes and reservoirs in New Zealand. For the water physical stock accounts, it is assumed that
those lakes and reservoirs for which data are unavailable will have the same changes in levels as
those that are monitored.

The net change in storage for each measured lake or reservoir is the difference in the level of water
between the start and end of each accounting period, multiplied by the area of the lake or
reservoir. Changes in lake and reservoir levels in the water physical stock account are point-to-
point movements from the end of one June year to another and can depend on rainfall in the last
few days or weeks of each June.

Changes in groundwater

Groundwater is the water contained in the saturated zone within pores and fractures of rock
formations (Fetter, 1994).The saturated rock formations through which groundwater moves are
called aquifers. Aquifers yield water in usable quantities and can be classified as unconfined, semi-
confined, or confined. Unconfined aquifers are estimated to contain about 96 percent of New
Zealand’s groundwater, with the Canterbury region having the largest groundwater storage.

Water enters aquifers from precipitation or by seepage from rivers, lakes, and reservoirs.
Groundwater in aquifers eventually flows naturally to the surface through springs and seeps, or it
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can be extracted through wells for agricultural, municipal, and industrial use. Most groundwater
replenishment occurs between autumn and spring, when evapotranspiration is low, and soils are
moist and unable to absorb much additional water. Data for groundwater volumes were provided
by GNS. The volumes are for water in aquifers that is currently used or potentially available for use.
There has been no change to the methodology used in estimating groundwater volumes for the
water physical stock accounts. The current water physical stock account uses the 15 well series in
Update of national groundwater volume stock account 2017 rather than the 37 well series. This is to
maintain a long term and comparable time series. Further consideration of moving to the 37 well
series will be made in the future. In addition, the indicator wells are the same as those used in the
previous water physical stock accounts except for two indicator wells: well 2970710 Takaka
marble aquifer, and well 951 Mamaku Ignimbrite aquifer. These wells have replaced well
WWD6713 and the Waikato indicator well. Further explanation of the methodology used in
estimating groundwater volume can be found in Update of national groundwater volume stock
account (Moreau & Bekele, 2017).

Changes in snow

The change in the quantity of water stored as snow is calculated using a component of the Topnet
model, similar to the SnowSim model used previously. Both are temperature index models that
include factors to simulate the effects of snow ageing and rain on snow events. Snow-water
equivalent was accumulated within every Topnet model catchment.

Mountain-fed rivers in the South Island usually have their lowest flows in winter, due to snow-pack
accumulation in the mountains. Melting snow in spring and summer raises river flows and, if
stored in lakes, can be used later in the year to generate electricity for meeting winter demand.

Changesinice

The change in the quantity of water stored in ice is measured indirectly in New Zealand, through
annual monitoring of the areas and end of summer snowline altitudes of 49 index glaciers. This
permits the estimation of changes in the mass of the index glaciers, and a spatial mapping
technique is then used to extend this to the 3,144 glaciers in the New Zealand glacier inventory.

A glacier is a body of ice at least one hectare in area that has persisted over the last two decades
(NIWA, 2011). The data reported in the water physical stock account are for changes in glacier
volume over a glacier accounting year, which ends at the end of summer (March or April). This is so
that the glaciers can be observed separately from temporary snow.

Total change in storage

Storage can be viewed as a balancing set of components. If inflows of water to the inland part of
the hydrological system exceed outflows then the excess must be going into storage. Conversely, if
the total storage volume reduces from one year to the next, then outflows will be higher than
inflows. Volumes of water held in storage can fluctuate throughout the year but it is the volumes at
the end of each June year that affects the water physical stock accounts. Storage levels are point-
to-point movements and are influenced by short-term changes in weather, such as storms and
longer-term weather cycles including the El Nifio-Southern Oscillation and Interdecadal Pacific
Oscillation.
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Changes in storage are a relatively minor part of the water physical stock accounts. The total
volume of water stored in aquifers, lakes, and reservoirs; and as soil moisture, snow, and ice, is
large but the annual changes are relatively small.

Livestock water requirements

Estimates of livestock drinking-water requirements are provided for the following livestock types:

o dairy cattle

o beef cattle

. sheep

o deer

. pigs

° poultry (includes chickens, ducks, and turkeys)
o horses

o goats.

Estimates of dairy-shed water requirements are provided for the following livestock types:

e (dairy cattle
e dairy goats.

Livestock drinking-water requirements

Livestock drinking-water requirements are estimates of the amount of drinking water required for
New Zealand’s livestock. Consumption of drinking water is highly dependent on many factors,
including the size of the animal, milk yield, quantity of dry matter consumed, temperature and
relative humidity of the environment, temperature of the water, quality of the feed, and moisture
content of the feed (Looper & Waldner, 2002). Where possible, estimates of drinking-water
requirements have been applied to the age, sex, and lactation state of each livestock type. The
per-head-per-day litre values are estimates based on average daily demand.

The livestock drinking-water volumes provide an estimate of how much water animals actually
consume. It does not account for losses due to pipe leakage, spills, and evaporation.
Consequently, the amount of water abstracted from surface and groundwater will be higher than
the amount actually used.

Livestock dairy-shed water requirements

Livestock dairy-shed water requirements are estimates of the water required to operate New
Zealand’s dairy (or milking) sheds. Estimates of dairy-shed requirements include water used for
cleaning plant and equipment, washing down milking areas, and cooling of milk. The per-head-
per-day litre values are based on average daily demand. Estimates are provided for dairy cattle
and milking goats but exclude water requirements for yard wash-down and cleaning for other
livestock types, such as cleaning horse stables or chicken pens.

The dairy-shed water requirements provide an estimate of how much water is required. It does not
account for losses due to pipe leakage. Consequently, the amount of water abstracted from
surface and groundwater will be higher than the amount actually used.
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Coverage

Fresh water

The water physical stock account deals with the inland water components of the hydrological
system. The scope is broad and includes all freshwater (as opposed to seawater) resources
whether above, on, or below ground that provide both direct-use and non-use benefits. Direct-use
benefits include water that can be extracted in the current period and water that may be used in
the future. Non-use benefits (such as those for recreational benefit) arise simply by having the
resource in existence.

The water physical stock account measures, where possible, interactions between the
hydrological cycle and the economy. The exchange of water between the environment and the
economy is partly represented by net abstraction in the ‘outflows to sea and net abstraction’
component of the stock account. Estimates of water abstraction and discharges includes: water
use for livestock drinking and dairy-shed requirements; and abstraction and discharge for
hydroelectricity generation.

The stock classification for freshwater resources reflects those components of the hydrological
system that are available for water abstraction and that provide direct inputs into the economy.
Soil moisture, glaciers, and permanent snow are not specifically classified as a ‘stock’ as water is
not abstracted directly from these sources. However, they are important components of the
hydrological system and are included in this account.

Regional and national figures

The water physical stock account is compiled on a regional and national basis. Although New
Zealand is a relatively small country, there is considerable variation in precipitation and water
availability among regions, especially in the South Island. For example, droughts may occur in
Canterbury at the same time as heavy rainfall occurs on the West Coast. Accounts at the regional
level allow more meaningful analysis. Such extremes tend to average out at the national level.

Exclusions

Opening and closing stocks

Opening and closing stocks are excluded because of difficulties in measuring volumes, particularly
for rivers. SEEA includes opening and closing stocks in the water asset or stock account and
suggests that the stock of water in a river can be measured by the volume of the riverbed.
However, many South Island rivers are braided and have riverbeds that are constantly shifting.
Data are not available for riverbed volumes in New Zealand. The absence of opening and closing
stocks for rivers means that total opening and closing stocks cannot be calculated. The water
physical stock accounts therefore, are presented in the form of a water balance, where inflows
equal outflows plus changes in stored volumes.

Water abstraction

Currently, there is insufficient data to quantify the actual volumes of water abstracted for
irrigation, industrial use, municipal and domestic use, livestock use, and geothermal electricity
production.
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Outflows to sea and net abstraction are estimated as a residual volume, calculated as the inflow
minus other outflow and change in storage. Net abstraction is the difference between abstraction
and discharges. It is not specifically calculated because there is insufficient data on abstraction
and discharges back into the environment.

Estimates for these components will be included in future water physical stock accounts as robust
and comparable data become available.

Water quality

Water quality is outside the scope of the water physical stock account. Development of ecosystem
accounts may provide a means for integrating water quality and stock information.

Data quality

Stats NZ has taken all possible reasonable steps to ensure the quality of the data. An assessment
against the six data-quality criteria for official statistics is presented below.

Relevance

The water physical stock account is based on a water balance approach, showing the inflows,
outflows and changes in storage. Stock information is not available for many components. The
account does not yet contain information on key sources of abstraction, such as irrigation.

Accuracy

Customised reports from NIWA (2011) and GNS (Moreau & Bekele, 2017) provide more detail on the
accuracy of the data and models used in this account.

Timeliness

The water physical stock account is currently published with a significant lag. This account will be
updated once every 3-5 years.

Coherence/consistency

The methodology used here is consistent with guidance in SEEA. Time-series consistency has been
ensured.

Accessibility

All assumptions and explanations of the impact of these assumptions have been made. Data are
available in CSV format and Excel tables.

Interpretability

Customised reports from NIWA (2011) and GNS (Moreau & Bekele, 2017) provide more detail on the
components used in this account.
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Glossary

annual catch entitlement (ACE): Under the Fisheries Act 1996, the annual catch entitlement
system was introduced in October 2001. This system separates the property right of the quota
from the harvesting right. On the first day of each fishing year, individual transferable quota
(ITQ) generates a harvesting right - ACE. Ownership of ACE provides the harvesting right, and
this can be traded separately from quota during the fishing year. For example, if a fisher owns
1,000 quota shares, having the quota weight equivalent of 10 tonnes of ITQ, those quota shares
will generate 10 tonnes of ACE at the beginning of each new fishing year. The ITQ may be traded
separately at any time during the fishing year, but has no fishing rights attached to it (new
fishing rights will be generated by the ITQ at the beginning of each fishing year). During each
year, ACE can be used to balance catch, or satisfy or obtain a remission of deemed value
liability.

asset value: The asset value of a natural resource is conceptually the market value of the asset if it
was sold. However, in practice market values will not always be available. Where market prices do
not exist the asset value is estimated as the net present value of discounted resource rent.

carbon sequestration: A natural or artificial process by which carbon dioxide is removed from the
atmosphere and held in solid or liquid form

cultivated timber: Tree resources whose natural growth and regeneration are under direct
control, responsibility, and management of an institutional unit. Currently, in the timber account
all exotic timber is assumed to be cultivated timber.

deemed value: If a fisher does not hold sufficient ACE, they incur a financial cost for taking the
fish — being required to pay a deemed value. The deemed value is set at a rate that eliminates
any financial benefit that the fisher may receive from landing the fish.

degradation: Refers to the loss in quality of the natural resource as a result of surrounding
concentrations of pollutants or other activities and processes, such as improper land use,
natural disasters, pests and disease.

discount rate: Annual percentage by which future income is discounted to give an equivalent
value in the present period. The discount rate expresses a time preference for money now rather
than in the future. A social discount rate or social rate of time preference reflects the time and
risk preferences of society as awhole. It reflects the value that society attaches to present, as
opposed to future consumption. A social discount rate will usually be applied by governmentin
relation to its decision-making on behalf of a society.

El Nifio Southern Oscillation (ENSO): Cyclical change in the movement of wind and warm
equatorial water across the Pacific Ocean. An El Nifio or La Nifia phase of ENSO occurs every two to
seven years and lasts around a year (NIWA, nd). In New Zealand, the impacts vary between
individual phases, but over summer, an El Nifio tends to lead to increased westerly winds, with
more rain in the west and drought in the east (Salinger & Mullan, 1999). By comparison, a La Nifia
may lead to fewer westerly winds and more north-easterly winds in New Zealand. This tends to
cause warmer temperatures around the country and more rain in the northeast of the North Island
and less in the south and southwest of the South Island.
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environmental assets: Naturally occurring living and non-living components of Earth, together
constituting the biophysical environment, which may provide benefits to humanity.

exclusive economic zone (EEZ): Within its exclusive economic zone, which extends 200
nautical miles from the coast, New Zealand has sovereign rights over the management of the
resources of the seabed and water column. New Zealand also has jurisdiction in respect of
construction of artificial islands, marine scientific research, and protection and preservation of
the marine environment, subject to the rights of other States including: freedom of navigation,
overflight, and laying of submarine cables.

final consumption expenditure: Consists of expenditure incurred by resident institutional
units on goods or services that are used for the direct satisfaction of individual needs or wants,
or the collective needs of members of the community. Final consumption expenditure may
take place on the domestic territory or abroad. Final consumption expenditure is incurred by
households, non-profit institutions serving households and general government. Non-financial
corporations, financial and insurance corporations do not have final consumption expenditure.

free on board (FOB): Value of export goods, including raw materials, processing, packaging,
storage, and transportation up to the point where the goods are about to leave the country as
exports. FOB does not include storage, export transport, or insurance cost to get the goods to
the export market.

gigawatt hour (GWh): Unit of energy representing one billion (1,000,000,000) watt hours and is
equivalent to one million kilowatt hours. Gigawatt hours are often used as a measure of the output
of large electricity power stations. One GWh equals 0.0036 petajoules.

gross domestic product (GDP): Measure of the total economic activity of an economy occurring
within the natural boundary of a country.

gross fixed capital formation: Measured by the total value of a producer’s acquisitions, less
disposals, of fixed assets during the accounting period plus certain additions to the value of non-
produced assets (such as subsoil assets or major improvements in the quantity, quality or
productivity of land) realised by the productive activity of institutional units.

gross operating surplus. Surplus generated by operating activities after the labour input has
been compensated.

harvesting (non-recoverable volume): Volume of timber removed that is not commercially
viable for example, stumps and non-merchantable tops of stems.

harvesting (recoverable volume): Volume of timber removed that is commercially viable. The
entire tree is removed.

individual transferable quota (ITQ): Individual transferable quota system divides the
commercial catch among fishers. An ITQ permits the holder to catch a specified percentage of
the total allowable commercial catch (TACC) for a particular stock. Fishing companies and
independent fishers buy or sell their ITQs in the same way property is bought or sold. They are
owned in perpetuity unless sold. In 1986 provisional quotas were allocated to fishers in
proportion to their catch history. To reduce the provisional quotas, so the total quota issued
equalled the desired TACC for each fish stock, the Government bought up provisional quotas
from commercial fishers by a tender system. Initially, quotas were issued in tonnage, but in
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1990 the Government moved to proportional quotas. Quotas are now a percentage of the TACC
for each species. Foreign ownership of ITQs within New Zealand's exclusive economic zone
(EEZ) is not allowed, unless granted by the Minister of Finance and the Minister of Fisheries.

Interdecadal Pacific Oscillation (IPO): Pattern of sea-surface temperature and sea-level
pressure changes over the Pacific basin that occur over 20- to 30-year timescales. It affects the
strength and frequency of ENSO (Salinger et al, 2001). In New Zealand, a positive IPO phase is
linked to stronger west to southwest winds, more rain in the west, and drier conditions in the
north and east. The opposite occurs in a negative phase. IPO was in a negative phase from 1999
to 2013, then switched to a positive phase.

natural timber: Tree resources whose natural growth and regeneration are not under direct
control, responsibility, and management of an institutional unit. Currently, in the timber account
all indigenous forests are assumed to be natural timber.

lifespan: Estimated time for which an asset will continue to be in use and produce revenue.

megawatt: Unit for measuring power that is equivalent to one million watts. A megawatt hour
(Mwh) is equal to 1,000 kilowatt hours (Kwh). It is equal to 1,000 kilowatts of electricity used
continuously for one hour.

net generation: Generation that excludes that used on-site for auxiliary services (eg lighting, coal
grinders) and internal losses. Net generation does not include transmission/distribution losses.

net operating surplus (NOS): Gross operating surplus, less consumption of fixed capital.

net present value (NPV): Value of an asset, based on the summed value of discounted future
earnings from the use of the asset.

non-renewable energy. Exhaustible energy source that cannot be regenerated after use.

quota management system (QMS): System that has been in place since 1986. Catch limits for
each stock are set by the Minister of Fisheries and the commercial allocation is provided to
commercial fishers through the annual catch entitlements.

rate of return: Measures the ‘profitability’ of an asset. Often calculated by dividing the operating
surplus by the capital stock. Stats NZ adopted a 4 percent real rate of return for capital assets in
the compilation of productive capital stock and productivity estimates for all industries and all
years.

removals: Total volume of timber resources removed from forest land, other wooded land, and
other land areas during the accounting period.

renewable energy: Energy source that after exploitation can return to previous stock levels by
natural processes of growth or replenishment, as long as the resource is managed adequately.

new planting: Planting of trees for the primary purpose of producing wood or wood fibre, on land
that has not previously been used for growing planted production forests.

restocking: Replanting of planted production forest area that has been clear felled.

resource rent: The revenue generated from a resource, less all costs incurred in its extraction.
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System of Environmental-Economic Accounts (SEEA): Developed by the United Nations
Statistical Division as a satellite system to the System of National Accounts (SNA), to incorporate
environmental concerns (costs, benefits, and assets) in the national accounts. SEEA is intended to
be a system with global application and standards suitable for all countries and all aspects of the
environment. SEEA is the international standard for measuring the links between the environment
and the economy.

System of National Accounts (SNA): International accounting framework consisting of a
coherent, consistent and integrated set of macro-economic accounts, balance sheets and
tables. SNA is based on agreed concepts, definitions, classifications, and accounting rules. It
provides a framework within which economic data can be compiled and presented for the
purposes of economic analysis, and decision and policy making.

taxes on production and imports: Consist of taxes payable on goods and services when they are
produced, delivered, sold, transferred, or otherwise disposed of by their producers plus taxes and
duties on imports that become payable when goods enter the economic territory by crossing the
frontier or when services are delivered to resident units by non-resident units; they also include
other taxes on production, which consist mainly of taxes on the ownership or use of land,
buildings or other assets used in production or on the labour employed, or compensation of
employees paid.

thinning (non-recoverable volume): Additional timber lost when timber is extracted for
commercial use. This is removed from the tree without removing the tree entirely.

thinning (recoverable volume): Extraction of timber for commercial use. This is removed from
the tree without removing the tree entirely.

total allowable catch (TAC): Catch limit set each year by the Minister of Fisheries. It covers
total removals from the stock including commercial, recreational, and Maori customary.

total allowable commercial catch (TACC): Total allowable commercial harvest of fish. This is
set once each year by the Minister of Fisheries.

user cost of produced capital: Cost of using produced capital assets in a year. It accounts for the
price change of the asset, an exogenous rate of return, depreciation, and the sum of all taxes-less-
subsidies that the government levies on owning certain assets.
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Appendix: Marine industry activity categories

Offshore minerals

ANZSIC classification: B07000 oil and gas extraction
Primary activities (ANZSICO06): natural gas extraction; oil shale mining; petroleum gas extraction

ANZSIC classification: B10110 petroleum exploration
Primary activities (ANZSICO06): natural gas and petroleum exploration

General comments: Does not include refining or blending materials into petroleum fuel or
manufacturing fuel from liquefied petroleum gases. Oil and gas field support services, a primary
activity or B10900 other mining support services, are not included.

Fisheries and aquaculture

ANZSIC classification: A04110 rock lobster and crab potting
Primary activities (ANZSICO06): crab fishing or potting; rock lobster fishing or potting; saltwater
crayfish fishing

ANZSIC classification: A04120 prawn fishing
Primary activities (ANZSICO06): prawn fishing; scampi fishing

ANZSIC classification: A041300 line fishing
Primary activities (ANZSIC06): bottom long-line fishing; line fishing; ocean trolling; squid jigging;
surface long-line fishing

ANZSIC classifications: A04140 fish trawling, seining and netting
Primary activities (ANZSICO06): beach seining, fishing; bottom gill netting, fishing; Danish seining,
fishing; finfish trawling; pair trawling; purse seining, set netting, fishing; surface netting, fishing

ANZSIC classifications: A04190 other fishing

Primary activities (ANZSIC06): abalone/paua fishing; freshwater eel fishing; freshwater fishing
nec; marine water fishery product gathering; oyster catching (except from cultivated oyster beds);
pearling (except pearl oyster farming); seaweed harvesting; spat catching; turtle hunting

ANZSIC classifications: A02010 longline and rack (offshore) aquaculture

Primary activities (ANZSIC06): mussel farming (longline), offshore longline or rack aquaculture,
oyster farming (rack), paua farming (longline or rack), pearl oyster farming (rack), seaweed
farming (longline or rack)

ANZSIC classifications: A02020 caged (offshore) aquaculture
Primary activities (ANZSIC06): farming of caged finfish, salmon, trout, and tuna

ANZSIC classifications: C11200 seafood processing
Primary activities (as defined by ANZSIC 2006): crustaceans processed mfg (including
cooked/frozen) nec; fish cleaning or filleting; fish fillet manufacturing; fish loaf or cake
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manufacturing; fish pate and paste manufacturing; dried, smoked, and canned fish
manufacturing; molluscs processed mfg (incl shelled); oyster shelling, freezing, or bottling in brine;
scallops preserved mfg; seafoods preserved and canned mfg; seafood canned manufacturing

ANZSIC classifications: F36040 fish and seafood wholesaling

Primary activities (ANZSIC06): crustaceans wholesaling (incl processed, except canned); fish
wholesaling; molluscs wholesaling (incl processed, except canned); seafoods fresh or frozen
wholesaling

General comments: A020300 onshore aguaculture is excluded as by definition these activities
take place on land. All subdivision A041 fishing is included. Some units in A04190 other fishing may
be involved in freshwater fishing (longfin and shortfin eels). However, this is a small-value fishery
compared with commercial capture fisheries as a whole.

Shipping
ANZSIC classifications: C23910 shipbuilding and repair services

Primary activities (ANZSIC06): drydock operation, hull cleaning, ship repairing, ship wrecking,
shipbuilding, submarine constructing

ANZSIC classifications: C23920 boatbuilding and repair services

Primary activities (ANZSICO06): boat repairing; boat building; canoe, dinghy, and inflatable boat
manufacturing; jet boat building, motorboat, inboard, and outboard building; powerboat building;
sailboat manufacturing; yacht construction

ANZSIC classifications: 148100 water freight transport

Primary activities (ANZSIC06): coastal sea freight transport service between domestic ports,
freight ferry service; harbour freight transport service; international sea freight transport service
between domestic and international ports; river freight transport service; ship freight
management service (ie operation of ships on behalf of owners); water (river, sea, and lake) freight
transport service

ANZSIC classifications: 148200 water passenger transport

Primary activities (ANZSIC06): boat charter, lease or rental with crew for passenger transport;
ferry operation including vehicular; passenger ferry service; passenger ship management service
(ie operation of ships on behalf of owners); ship charter, lease or rental, with crew, for passenger
transport; water passenger transport service; water taxi service

ANZSIC classifications: 152110 stevedoring services
Primary activities (ANZSIC06): ship loading or unloading service (provision of labour),
stevedoring service

ANZSIC classifications: 152120 port and water transport terminal operations

Primary activities (ANZSIC06): coal loader operation (water transport); container terminal
operation (water transport); grain loader operation (water transport); port operation; ship
mooring service; water freight terminal operation; water passenger terminal operation; wharf
operation

General comments: C23920 boatbuilding and repair services excludes the manufacturing of boats
from fibreglass (included in C19190 other polymer product manufacturing) and manufacturing of
surfboards and sailboards (included in C25920 toy, sporting, and recreational product
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manufacturing). Sea freight forwarding services are included in C52920 freight forwarding services
and not included in this report. Leasing, hiring, or chartering ships without crew are also excluded
(aprimary activity of C66190 other motor vehicle and transport equipment rental and hiring). The
operating of charter fishing boats and whale-watching cruises are excluded as they could not be
separated from 150100 scenic and sightseeing transport. Constructing and planning port facilities
are not included in port and water transport terminal operations. Some activities may be operated
on fresh water rather than the marine environment, but is included as the majority of primary
activities are marine based.

Marine tourism and recreation

ANZSIC classifications: G42450 marine equipment retailing.

Primary activities (ANZSICO06): boat retailing (including used); boat trailer retailing; marine
accessories retailing nec; outboard motors retailing; sailing or nautical accessories retailing; yacht
retailing

General comments: The scope of this section would be all units providing services to tourists and
all retail products and services aimed to be used within the marine environment. It was not
possible to identify tourism and recreation ANZSIC classes that primarily dealt with marine activity
except marine equipment retailing. Retailing sailboards, canoes, or wetsuits are included in
G42410 sport and camping equipment retailing. Hiring of pleasure craft (without crew) are not
included as these activities are recorded in the rental, hiring, and real estate services industry.

Marine services

ANZSIC classifications: 152190 other water transport support services.

Primary activities (ANZSICO06): lighterage service; navigation service (water transport); pilotage
service; salvage service, marine; ship registration and agency service; towboat and tugboat
operation; water vessel towing service

General comments: Marine conservation. Many units whose activities include marine
conservation will be included within ANZSIC S95500 other interest group services. Many of these
will also be non-profit organisations.

Government and defence

The latest estimates for the 2007-16 years include a partial measure of government and defence,
which uses local government information (from city, district, and regional councils) from the local
authority census,-which recorded expenditure under the activity code for marine safety.

Marine construction

General comments: The scope of this section would include construction of wharves and port
facilities and also coastal defences and restoration. It was not possible to identify construction
ANZSIC classes identified that primarily dealt with marine construction.
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Marine manufacturing

General comments: The scope of this section would be all equipment used in the marine
environment not already included within the shipping category and all marine manufactures, for
example, medicines or health products not already covered within fisheries and aquaculture. It
was not possible to identify manufacturing ANZSIC classes that primarily dealt with marine
manufacturing.

Research and education

General comments: The scope of this section would be all research and education relevant to the
marine environment. It was not possible to identify education and research ANZSIC classes that
primarily dealt with marine manufacturing.
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