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Foreword

TEEB Agriculture and Food is a global initiative by UNEP -TEEB that engages leading
institutes to identify and quantify the externalities (i.e. hidden costs and benefits) of the
global food system. Understanding the hidden costs and benefits of our food production

and consumption system is crucial to address the challenge of feeding the world
sustainably.

True Price was asked by UNEP-TEEB, together with Wageningen UR and Trucost, to develop
a comparative assessment and valuation of the impact of animal husbandry systems
worldwide . The resulting study is to the best of our knowledge the fi  rst comprehensive
analysis that quantified and monetizes the externalities of animal husbandry worldwide.

This report presents the methodology used by True Price in this assessment . It presents
the general theoretical and methodological frameworks and then illustrates the valuation
approaches used for the assessment of negative externalities and dependency on
ecosystem services of livestock systems. It also illustrates t he innovative method used for
the valuation at the landscape level in a pastoral region of Tanzania where natural capital
is especially at risk .

As the measurement and valuation of externalities of agricultural supply chains is such a
new research area, it is crucial to be transparent about the methodology used as well as
its strengths and | imitations. We hope that the report will be useful to researchers and
practitioners working on impact measurement and valuation.
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TEEB Animal Husbandry z Methodology Report

1 Introduction

In Part | of this report we provide a brief exposition of the underlying valuation framework

that was used in the bottom -up valuations for the TEEB Animal Husbandry study.

The valuation of external effects is a classic topic in welfare and environmental economics.
However, the systematic valuation of environmental impacts is relatively new. Methods to
value environmental impacts such as pollution and resource use have emer  ged in the last
20 years in the areas of Life Cycle Analysis (eg. Steen, 2000) and policy (eg. ExternE, 2005).
The social costs of global warming as a result of greenhouse gas emissions has received
significant public attention (Stern, 2006). Costanza (199 7) provided the first global estimate
of the value of ecosystem services. Ecosystem services were first defined, identified and
classified in a structured way in the Millennium Ecosystem Assessment (MEA) (2005)

report.

The initial TEEB study (2010a, 2010b) provided a major push globally in the analysis,
measurement and valuation of ecosystem services and biodiversity. It extended and
further specified the list of services in the MEA report, added a comprehensive
classification of ecosystem types and associa ted services (TEEB 2010a) and resulted in a
database with thousands of values of ecosystem services based on academic research

(Van der Ploeg and De Groot 2010, McVittie and Hussain 2013).

From a governmental perspective, a coalition of intergovernmental institutions led by the

United Nations has developed a conceptual framework for a System for Environmental

Economics Accounting framework J3SEEA} ( UN, 2014abc
Framework (UN, 2014a) that does not fully integrate ecosystem ser vices as well as an

experimental framework for ecosystem accounting (UN, 2014c).

From a business perspective, the Natural Capital Coalition comprised of business and civil
society actors is developing a Natural Capital Protocol for businesses to conduct N ational

Capital Assessments (NCC, 2013).

From an academic perspective, an appealing high -level valuation framework is provided
by the research into 3inclusive wealth.};j This appr

economists (eg. Arrow et al 2012) and provi des a consistent conceptual framework for
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wealth accounting that includes, in addition to manufactured capital, also natural and
human capital. It has led to several reports with a global outlook (UNEP 2012, 2014). The
inclusive wealth approach focuses on  human well -being and has a broader scope than the
SEEA framework, which restricts itself to environmental effects on marketable goods and
mostly excludes externalities. The comprehensive wealth approach (Worldbank, 2011)
takes a position in the middle: it has a similar theoretical structure as the inclusive wealth

approach, but is aligned in terms of scope with the SEEA approach.

The current framework, which has been used for the bottom  -up valuations of this study,

builds mostly upon existing approaches. Th e underlying assumptions are in line with the

True PriceAs Principles for Umpact Measurement and
With respect to the characterization and classification of Natural Capital it follows the SEEA

framework (UN, 2014abc). Wi th respect to valuation, it is founded upon the inclusive

wealth approach (UNEP 2012, 2014).

Chapter 2 describes the methodological framework. Chapter 3 provides a brief exposition
of how the framework is applied. Chapter 4 provides a discussion of the lim itations of the

framework and a justification for it.

2  Methodological Framework

This section descr ibes the framework used to measure and value the impact of human
activity on Natural Capital. This framework follows True Price A rinciples on Impact
Measurement and Valuation (True Price, forthcoming ). The underlying perspective is that
measuring and valuing Natural Capital can be used to inform decisions. The starting point
is a decision maker, such as a policy maker or a consume r, who faces a choice and whose
choice has a certain impact on the state of the world. The framework follows the three

steps that have to be taken to make an informed decision:

1. lIdentify the decision problem and in particular the decision set of choice
alternatives

2. Measure the impact of the choice alternatives on the state of the world by
characterizing a system and estimating the consequences of choice alternatives

3. Value the impact of choice alternative s by attaching a quantitative measure of the

desirabili ty of a choice alternative to the decision -maker

10
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Traditionally, a valuation or welfare function is assumed to represent the complete
preferences of the decision maker so that the desirability of a state of the world can be
reduced to a single number. As shown in True Price ( forthcoming ), this assumption can be
relaxed, so that the valuation function represents a partial order of the set of alternatives

and the desirability of an option can be represented by several dimensions. These
dimensions can represe nt several capitals but can also represent, on a higher level, various
valuable characteristics such as wealth, equality, intrinsic value etc. These dimensions

could be aggregated to one overall welfare function but need not be.

In particular, in this stu dy we have valued Natural Capital in terms of inclusive wealth
(UNEP, 2014). In terms of interpreting the results of the valuations, this can be considered
as an important decision dimension but not necessarily the only one. Issues such as
inequality or th e intrinsic value of nature can be complementary decision criteria for

decision makers.

2.1 Decision set

A natural capital valuation of livestock externalities can inform several decision makers. It
can inform policy makers, who face several policy options wit  h various potential impacts
on Natural Capital. It can inform businesses that face, for example, various options to
source and produce their products. It can also inform consumers who face decisions as to
what products to buy. For example, the snapshot val uations can inform several types of
decision makers, although one has to be careful that only those snhapshots can be
compared that present alternatives (substitutes) to consumers, businesses or policy
makers. The Natural Capital valuation of the Maasai Steppe can inform choices of

Tanzanian policy makers, in particular in relation to the issue of land conversion.

2.2 Impact measurement

To measure impact, first a system has to be defined and characterized. In characterizing
the system of Natural Capital, we foll ow the approach described in the System of
Environmental Economic Accounting (SEEA) 2012 (UN 2014abc) and in particular the
Experimental Ecosystem Accounting framework. For the purposes of the current study,
which focuses on products, agricultural practice s and a region, we adapt and abstract from

the national accounting focus of SEEA. In addition, the terminology used here is slightly

11
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different, mainly because we have chosen to use Natural Capital as the overarching

concept.

In the current framework, Natur al Capital is composed out of Natural Capital assets
(Environment al assets in SEEA), whi ch alivilg 3t he nat
components of the Earth, together constituting the biophysical environment, which may

provide benefits to humanity ( UN, 2014a). There are two types of

- Ecosystem assets

- Abiotic assets

An ecosystem is Ja dynami c c o mpoigansm eafmmupitieaa nt , ani ma
andtheirnon -l i vi ng environment interactingnimpsertast f uncti on:
aspect of ecosystems is biodiversity, Jthe wvariabi

sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the
ecological complexes of which they are part: this includes diversity  within species, between

species and of ecosystemsi ( UN, 1992) .

Natural Capital assets, which are stocks, provide flows of Natural Capital Services. In
classifying the ecosystem assets, we follow the CICES classification (SEEA, 2013). We

distinguish three types of ecosystem services provided by ecosystem assets:

- Provisioning services
- Regulating services

- Cultural services

Analogously (although with a bit of a stretch), abiotic assets can be said to provide abiotic
services. Through these services, NaturalC api t al assets provide natural g

the SEEA Framework) to people.

The set of natural goods is defined here as all goods that require direct input of a Natural
Capital asset and either have a market price or have direct consumption value. Th is
includes goods like agricultural products, clean water, clean air, timber products, oil, gas,

etc.

Once the system has been characterized, the impact of the different choice alternatives in

the decision set can be estimated. This requires making a scena rio describing the course

12
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of events following a choice and a reference scenario.  All valuations in this chapter are
absolute. In the snapshot valuations, the reference scenarios are supply chains with zero
natural capital impact. In the valuation of Natura | Capital, the reference scenario involves

zero Natural Capital value.

2.3 Valuation

Building on the framework provided by UNEPAs Uncl us

starting point is the total wealth of a region.

Definition 1 . The total wealth of ar egion is

I T denotes the time period in years

1 ® 0 isthe wealth of the region at time t

1 i a capital asset (including natural, human, social, reproducible capital assets,
possibly other type of assets and time) and Athe countable set of all capital assets

1 U0 0 the stock quantity of capital asset i

f 0 the internal shadow price of asset i denoting the value of i to the (stakeholders
inhabiting the) region

Furthermore, we define 0 0 as the external shadow pr ice of an asset, denoting the value

of the asset to all other regions. The total shadow price  is0O 6 0 o6 0 0.lftheregion

under study is the world,then 0 &6 0 o.

Let N be a subset of A containing all Natural Capital assets. The i nternal Natural Capital
Valueb 6 B 0 06U 0 isthe sum of the values of all Natural Capital Assets to the region.
The external Natural Capital Value 06 B 0 00 0 is the sum of the value of these

assets to all other regions and the (total) Natural Capital Valueis 0606 06 068

Let F be the set of final consumption goods, i.e. all goods from which human individuals
derive value (use and non -use). Letd 0 be the guantity of consumptiongood k and 0 0o
its consum ption value. Let G be the set of natural goods and let 0 0 be the quantity of

natural capital good j. Observe that the quantity of good k supplied in an economy in a

13
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given year (6 0) will be influenced by the supply of at least some natural good s. In
addition, the production of natural good  j (0 o will depend on the input of at least some
Natural Capital asset 0 and possibly the input of other type of capital assets (eg.

manufactured and human capital).

The internal shadow price of any a sset 0 0 can be valued by its contribution to final
consumption goods:

- ’ P T Oqi

o o Ui 1)

where s the social discount rate.

Equation (1) can also be expressed as

l' )

where “ i B 0 ( isthe shadow price of natural good .

3 Application of valuation framework

To apply the valuation framework, one must first characterize at least the relevant subset
of Natural Capita | assets, the relevant subset of other type of assets as well as the relevant

subset of natural goods.
In the valuation of a Natural Capital Asset, one needs to identify two parts of equation (2).

0] The marginal product of each natural good the asset  provides

(ii) The shadow price of each natural good

Identifying the marginal product requires knowledge of the production function of natural
good | as well as the quantities of all input assets. This will require knowledge about the
ecosystem and/or abiotic services provided by the Natural Capital Asset. In case inputs

such as labor or capital assets are used as well, such as in agriculture, also eco nomic data

14
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is required. Estimating how the marginal product will develop over time is complex and it

involves substantial environmental and economic assumptions.

How to identify the shadow price of a natural good will depend largely on the type of good.

If it is a marketable good, standard economic techniques can be used (UNEP, 2014). A good
approximation for the shadow price is the market price if markets are well -functioning
(Dreze and Stern, 1990). In practice, even if markets are only reasonably well -functioning
it may be the best approximation. The SEEA framework for example, strongly prefers to

use market prices (UN 2014a).

If the natural good is not marketable, then it provides direct consumption value and

revealed or stated preference elicitation tec  hniques need to be used.

Ideally, to identify both the marginal product and the shadow price (through market or
preference data) local data is used. In practice, this data is difficult to obtain for all goods
and assets. Hence, benefit or value transfer of some sort is required. When doing so, the

general guidelines by Brander (201 3) are taken into account.

Note that the approach above is consistent with the unit resource rent approach described
qualitatively in the SEEA 2012 Experimental Ecosystem Accounti ng (UN, 2014c). The
marginal product times the shadow price of each natural good is broadly equivalent to the

total product of a natural good by a Natural Capital asset times the unit resource rent.

The framework can be used to value impacts, dependencies and externalities.

To value the impact of human activity on Natural Capital, one needs to estimate how that
human activity affects the quality and quantity of Natural Capital assets. Once that has

been done, the valuation is straightforward.

To value the d ependency of human activity (or product or business) on Natural Capital one
needs to identify all natural capital goods that are required for that activity as well as the

input intensity and shadow price of each good.

Finally, the externality of a market a ctivity can be defined as the change in total wealth not
reflected by market prices. The externality of a consumption good can be defined as the
total externalities incurred in the activities involved in the production, consumption and

disposal of such con sumption good.

15
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4 Discussion

4.1 Relation to previous literature

As described before in broad strokes, the current valuation framework follows the SEEA
(UN, 2014abc) in its characterization of Natural Capital and builds on the inclusive wealth
framework (UNEP 20 12, 2014) for the valuation. It has adapted the SEEA framework to be
applicable and manageable for smaller functional units than countries and provides a
specific interpretation of the inclusive wealth framework. In particular, it makes a
distinction betwe en internal and external Natural Capital value to include transregional

externalities and builds more structure into the valuation function.

We have chosen to follow the SEEA framework to characterize Natural Capital, as it
provides the most robust charac terization and classification of Natural Capital in our
perception. We have chosen to build upon the Inclusive Wealth approach for the valuation

framework, as that provides the most robust and sound economic framework.

4.2 Assumptions and Limitations

In terms of its characterization of Natural Capital, the current framework is compatible
with a wide range of models for ecosystems and their services. At the same time, this
means that it does not provide more guidance with respect to characterizing Natural
Capital than the approaches it is built upon. Current approaches to describe Natural
Capital, in particular ecosystems, face serious limitations due to the complexity of
ecosystems and the many theoretical and data challenges remaining (UNEP, 2014, UN

2014abc).

One particular challenge is to integrate biodiversity in the production function of an
ecosystem. In addition to the practical difficulty of measuring it, the concept covers so
many aspects of ecosystems that it is difficult to include quantitatively in a systematic
manner. Generally, the quantitative relationship between biodiversity, ecosystem
components and processes and services is still poorly understood (De Groot et al 2010). In
addition, most measures of biodiversity such as the mean species index a re relative,
whereas a valuation requires an absolute measure (Colwell, 2009). Most importantly,

although it is highly intuitive that biodiversity should benefit ecosystem function, the actual

16
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empirical evidence for a causal link between measures of biodiv  ersity and ecosystem

functions is quite tenuous (Haynes Young and Potschin, 2010).

In terms of economic valuation, the current framework inherits the many fundamental and

practical limitations of the economic theories and models it follows, among others:

- Avaluation implicitly contains intrapersonal comparisons of utility, which is highly
problematic (eg. Elster and Roemer, 1991);

- Market prices are only equal to shadow prices in perfect markets (eg. Dreze and
Stern, 1990);

- Market prices only reflect shadow prices (from a utility perspective) even in perfect
markets if all individuals earn the same income;

- Distributional effects of decisions are not easy to take into account and are
therefore often not taken into account, although there is strong evidence th at
people have social preferences (Fehr & Schmidt, 1999, Fehr & Fischbacher 2003);

- Comparing income or wealth between countries or years based on a price index,
which is implicitly done in the inclusive wealth framework, is problematic (Van
Veelen, 2002);

- A valuation on the basis of marginal effects can only be extrapolated to a certain
degree and provides limited insight in total or average effects in several cases;

- An economic valuation assumes a certain degree of substitutability between
goods, which at the margin is a valid assumption but is not valid if the scale of
substitution is too large (eg. one cannot substitute the entire planet in the
foreseeable future);

- Most environmental and economic models assume a certain degree of
smoothness, monotonicity or even linearity of production functions, which is not
always a valid assumption, certainly for large impacts that would seriously affect
the environmental or economic system (eg. Farley, 2012). In particular, appearance
of critical thresholds is not acco unted for;

- The outcome of a valuation is strongly dependent on the discount rate. There is no
scientific manner to identify the social discount rate and discounting future
generations is problematic from an ethical perspective (Beckerman and Hepburn,

2007);

17
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- Intrinsic values of Nature can be difficult to take into account in an economic
valuation (e .g. Farley, 2012);

- Translating various effects of a different nature into one single number can be
problematic from a theoretical and ethical perspective;

- The necessary data for a precise valuation is typically lacking (Brander 2013, UNEP
2014, UN 2014abc), requiring value transfer and a considerable number of

assumptions.

In general, due to the challenges on the environmental science and economic side,

valuation outcomes have considerable uncertainty.

4.3 Justification

The most important reason to conduct Natural Capital valuations is that making decisions
is inevitable . All the challenges mentioned above do not go away by not doing a valuation.

A valuation does not create challenges of decisions making but just makes them visible.

From a theoretical point of view , a good case can be made that the preferences of a
rational decision maker can be represented by a quantitative valuation function ( eg. Von
Neumann and Morg enstern, 1947; Blume and Easley, 2008). This is a normative result (not
a descriptive result of actual choice behaviour), that shows that a valuation can serve as

an ideal of informed decision making.

From a practical point of view, pol icy makers must make decisions that involve complex
effects on Natural Capital and involve balancing interests of various individuals now and
in the future. A valuation can help to make a decision more informed and more objective

with clearly defined assumptions.

In addition , it can make the decision problem more clear and simple. This is relevant to
policy makers, since people are by now well known to display a wide number of cognitive
biases, in particular when faced with complex problems involving uncertainty (e .g.

Kahnemann 2003).

Most fundamental concerns regarding valuation can be addressed by providing additional
decision criteria (possibly valued in distinct dimensions) to accompany a valuation in terms

of inclusive wealth.
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The uncertainty, assumptions and limitations  involved in a valuation should be addressed
by providing transparency about these issues and providing an uncertainty analysis to the

decision maker.
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1  Snapshot s overview

Snapshots represent different production systems for beef, milk and poultry in specific
regions and countries within the scope of the TEEB - Animal Husbandry project (Baltussen
et al. 2016) to which this report represent an annex . The production systems are
conventionally called farms !. Each farm is characterized by a set of technical parameters
and environmental indicators. These include the output of the system in t erms of product
and pollutants and the inputs to the production process, namely feed imports. Parameters
characterizing the herd kept at each farm fix the performance in terms of negative impact

per unit output.

See Appendix A of the main report TEEB Anima | Husbandry (Baltussen et al. 2016), for

more details. Parameters used are:

Beef/Milk/Meat/Eggs output, according to snapshot.
Herd and farm size. The latter expressed as land use by the farm itself.
Dressing, bone -free meat ( BFM) fraction and protein cont ent of each product.

Feed conversion rate, land use of feed and feed composition .

= =4 -4 -a -

N and P leaching coefficients.

1.1 Retail prices

A comparison with retail prices is contained in the main report. When a farm produces
mor e than one product, externalities are  allocated between them in order to make the
comparison . The allocation is done in terms of the protein output per farm . Specifically,
the allocation factor is the protein contained in the total farm output of a certain product

type (e.g. milk , beef) over the total protein output of the farm.

1 Not all production systems listed here fit the term accurately. Pastoralists systems do not
occupy a fixed area and landless farmers do not own land but still have their own farms
Additionally, in the dairy mixed feeding farms only the livestock production part of the
farm is looked at and not other activities, for example arable farming unrelated to feeding
animals.
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Consumer prices of products in the country of each snapshot are collected in the table
below for comparison with externalities . Expert opinion from livestock researchers at
Wageningen UR who developed the database for the TEEB Animal Husbandry study
(Baltussen et al. 201 6) is marked as WUR.

Product | Country Price location Price ($/kg | Source
boneless
meat or
milk)
Tanzania Rural 3.20 WUR
Poultry India Rural 2.38 WUR
Netherlands | Rural 4.77 WUR
Tanzania Rural 1.18 WUR
) India Rural 0.65 WUR
Milk Netherlands | Rural 0.92 WUR
Indonesia Rural 1.17 WUR
Brazil Retail price 6.71 Instituto de
Economia Agricola
2015
Tanzania Average of | 3.26 Kadigi et al. 2013;
urban and Elinaza A., Tanzania
rural Daily News 2015
Beef India Rural 2.31 Mini_str.y of
Statistics &
Programme
Implementation
2012
Netherlands | Urban 8.08 CBS consumer
prices 2014
Indonesia Rural 7.68 National Bureau of

Statistics 2014
Tablel: Retail prices of livestock products
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1.2 Scope of the bottom up valuation

greenhouse gases, WD = Water dependency, WP = Water pollution, LU = Land

Table2. Snapshot Scope. GHG

use

Snapshot Product System Scope off Scope of] Notes on scope
specifics Quantification | Valuation
Tanzania backyard] Meat, Eggs] Backyard GHG GHG WD, WP, LU were no
poultry material.
Indonesia family farm | Meat Commerical GHG, WD, LU GHG, WD [ WP was not material.
broilers
Netherlands industrial § Meat Commercial GHG, WD, LU | GHGWD WP was not material.
broilers
Tanzania pastoralistcattle | Beef, Milk | Grassfed GHG, WP, LU | GHG, WHP] Natural capital valuation.
LU WD was not material.

India pastoralist buffaloes | Beef, Milk | Grassfed GHG, WP, LU | GHG, WP | WD was not material.
Brazil beef grazing with | Beef Mixed GHG, WP, LU | GHG, WP | WD was not material.
feedlot
Tanzania dairy mixed § Milk, Beef | Mixed GHG, WD, WH GHG, WD
feeding LU WP
India dairy mixed feeding | Milk, Beef | Mixed GHG, WD, WH GHG, WD

LU WP
Netherlands dairy mixed | Milk, Beef | Mixed GHG, WP, LU | GHG, WP | WD was not material.
feeding
Indonesia dairy mixed | Milk, Beef | Mixed GHG, WD, WH GHG, WD
feeding LU WP
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2  GHG valuation methodology

2.1 Introduction

Animal husbandry systems emit greenhouse gasses (GHG) in various ways . Methane is
emitted via enteric fermentation of rumi nants and storage of manure . Nitrous oxide is
emitted in all cases where nitrogenous compounds play a role such as manure storage
and application and fertilizer use and production. Carbon dioxide is emitted in all cases
where f ossil fuels are used or where soil organic matter is lost due to loss of (soil) organic
matter caused by land use and land use change. Carbon dioxide fixation by crops and
exhale of animals is considered as part of the short Carbon cycle and not included i n the
emissions. The impact of these GHG emissions on society is valued by a social cost of
carbon (SCC), which is a comprehensive estimate of climate change damages. Costs of
GHG emissions of the various animal husbandry systems are compared taking 1 kg of

protein as a functional unit or z wherever relevant z a kg of animal product .

2.2 Scope and Design

The scope of the GHG wvaluation i s equal
Environment Assessment Model 2. Tables 2, 3 and 4 based on Gerber, et al. (2013), gives an

overview of the included and excluded GHG sources.

The model considers all the main sources of emissions along livestock supply chains; only
emissions that are generally reported as marginal were omitted (Gerber, et al., 2013). Two
sources of emissions that can be significant but are not included in the scope are (i)
changes in soil and vegetation carbon stocks not involving land -use change, and (ii)
emissions associated with the labour force and the provision of serv  ices and assistance to
stakeholders along the chain. The carbon stock changes are excluded from the GLEAM

model due to a lack of information and reliable frameworks.

For the purpose of readability, the various sources of GHG emissions in this study are

clustered in 8 categories:

2 Details can be found in Appendi x A of the TEEB Animal husbandry study (Baltussen et al.
2016).
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Organic and artificial fertilizer use (N 20 emissions)
Manufacturing of fuel and electricity

Transport

Enteric fermentation

Manure and organic waste storage (CH 4 emissions)
Manure and organic waste storage (N 20 emissions)

Land use change

© N o g »~ w0 D BB

Other

Table3. Overview scope: sources of GHG emissions, Upstream.

Activity GHG Included Excluded
Feed N>O | Direct and indirect NbO from: A N0 losses related
produc- A Application of synthetic N to changes in C
tion & manure stocks
A Direct deposition of A Biomass burning
manure by grazing and A Biological fixation
scavenging animals A Emissions from
A Crop residue non-N fertilizers
management and lime
caQ/ A Energy use in field A Changes in carbon
N.O/ operations, feed stocks from land
CH transport and processing use underconstant
A Fertilizer manufacturing management
A Feed blending practices
A Production of non-crop
feedstuff (fishmeal, lime
and synthetic amino
acids)
A CH, from flooded rice
cultivation
A Land use change related
to soybean cultivation
(Brazil/Arg.)
Nonfeed |CQ A Embedded energy related A Production of
produc- to manufacture of on cleaning agents,
tion farm buildings and antibiotics and
eguipment pharmaceuticals
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Table4. Overview scope: sources of GHG emissions, Animal Production Unit

Activity

Livestock
production

GHG

Ch

A
A

Included

Enteric fermentation
Manure management

Excluded

N2O

A

Direct and indirect
N.O from manure
management

CcQ

Direct on-farm energy
use for livestock (e.g.
cooling, ventilation
and heating)

Table5. Overview scope: sources of GHG emissions, Downstream

Activity GHG

Post
farmgate

cQ/
CHy/
( &# 8

Included

A

Transport of live
animals and
products to
slaughter and
processing plant
Transport of
processed products
to retail point
Refrigeration
during transport
and processing
Primary processing
of meat into
carcasses or meat
cuts and eggs
Manufacture of
packaging

Excluded

A
A

On-site waste water
treatment
Emissions from
animal waste or
avoided emissions
from on-site energy
generation from
waste

Emissions related
to slaughter by
products (e.g.
rendering material,
offal, hides and
skin)

Retail and post
retail energy use
Waste disposal at
retail and post
retail stages (food
losses are not
included)
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2.3 Methodology

The impact of direct and indirect GHG emissions caused by the animal husbandry systems

is monetized via the social cost of carbon ( SCQ. The SCC is an estimate of the monetized
damages associated with an incremental increase in carbon emissions in a given year. It is
intended to include (but is not limited to) changes in net agricultural productivity, human
health, property damages from i ncreased flood risk, and the value of ecosystem services
due to climate change (US IAWG, 2013) In the context of the general methodology
described in Part | z Methodological Framework Bottom -up Valuations , a marginal increase
in carbon emissions reduces natural, manufactured and human capital assets. The
valuation of damage is then the decrease in the value of an asset associated with a
decrease of their stock quantity (for property and human health) or their marginal

productiv ity (for ecosystems and agricultural damage).

This study uses the SCC developed by the Interagency Working Group on Social Cost of
Carbon (IAWG) under the United States Government. More specifically, the 95th percentile
of the SCC estimate at a 3 percent d iscount rate of 2015 was chosen. The value of the SCC
(inflated to January 2015) is 128 USD/ton CO ». According to the IAWG, this value represents
the higher -than -expected economic impacts from climate change. However, it remains a
conservative estimate as this figure does not take into account all effects, something that
will likely raise the value. SCC estimates have been rising over time, due to completer
models. The 128 USD/ton value is in the middle of a range of o ther credible estimates

(Table 6).

TaHe 6. SCC estimates, expressed in 26ASD

SCC method Year of| SCC Source
publication

Tol 2008 $26 (Tol, 2008)

IAWG (average, 3% discoun| 2013 $43 (US IAWG, 2013

rate)

Stern review 2008 $121 (Stern, 2006)

IAWG (95th percentile, 3%| 2013 $128 | (USIAWG, 2013

discount rate)

CPM report 1999 $208 (Steen, 1999)

Stanford University 2015 $220 (Moore and Diaz,

2015)
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2.4 Data and analysis

GHG emission data were extracted from the GLEAM. Specifically, data used throughout
the GHG, water pollution and land use analysis was collected and adapted by Livestock
Research/Wageningen Uni versity from various sources. As the use of transport is
negligible in both the Tanzania backyard chicken and pastoral system, GHG emissions

caused by transport use were omitted for these two shapshots.

In order to allocate the emissions to the various ou tput products, protein allocation was
applied. Product output numbers (kg live weight, eggs and milk per farm), dressing factors

(kg carcass/kg live weight), bone free meat ( BFM) factors for beef (kg bone free meat/kg
carcass) and protein contents for beef and milk (kg protein per kg BFM or milk) were
provided by WUR ( see Baltussen et al. 2016, Appendix A). The protein content of chicken
meat and beef was taken from Lawrie and Ledward (2006). The dressing percentage and

the fraction of bone free meat, the same percentages have been used as in GLEAM.

2.5 Discussion

Feed production and processing, and enteric fermentation from ruminants are the two

main sources of emissions in both studies, representing at least 25 percent of emissions.

Two main limitations of the GHG valuation are the uncertainty of the applied SCC and the

scope of GHG emissions (discussed in Scope and Design and Methodology).

Future research and reliable frameworks are needed on changes in soil and vegetation
carbon stock s not involving land -use change. This source (or sink) of GHG emissions is not

included in the scope of this study
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3  Water dependency valuation methodology

3.1 Introduction

According to Mekonnen and Hoekstra (2010) global animal production requires about
2422 Gm3 of water per year (87.2% green, 6.2% blue, 6.6% grey water). Most of this volume
(98.07%) refers to the water footprint of the feed while drinking water for the animals,
service water and feed mixing water account only for 1.1%, 0.8% and 0.03%, respec tively.
For this reason, the water valuation described in this chapter, focuses on the water

footprint of the feed.

This chapter describes the methodology for valuing blue water dependency in livestock

systems. The methodology is based on the valuation o f irrigation water used for livestock

feed production using a modified residual met hod. i
which represent different production systems from various countries: Tanzania backyard

poultry, Indonesia family farm broilers , Netherlands industrial broilers, Tanzania

pastoralist cattle, India pastoralist buffaloes , Brazil beef grazing with feedlot , Tanzania

dairy mixed feeding, Indonesia dairy mixed feeding, India dairy mixed feeding and

Netherlands dairy specialised.

3.2 Scope and de sign

The geographical scope of the research is based on the water use in the country of origin
of the crops used in the feed of each system. Feed consists of a combination of fresh grass,
hay/silage, crop residues, grains (wheat and maize), oilseed meals (soybean meal and
cottonseed meal) and a number of other agro industrial by products . Most of the feed
used in pastoralist and mixed systems is composed of grass, hay, and crop residues.

Fibrous materials as grass and crop residues are not utilised by the p  oultry systems.

The water footprint can be broken down into three parts: green, blue and grey water. Blue

water consumption refers to 3| osssurtadéewatexbodyr from t he
in a catchment area Y when i t(Mekionenh&Hoekstrp,@0l@t ed i nt o
such as livestock products. Gr een water refers to 3consumption of
(r ai nwMekkonen & Hoekstra, 2010). Fi nal ly, grey water is defined
polluted water that associates with the productio n of all goods and services for the

i ndividual or communi tyj i0didatosd thevolame of2eBvatgr and i s 3 a
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pol l utioni (Mekonnen & Hoekstra, 2010) . Gr ey

water dependency, as it is not an indicato r of water dependency but of the water pollution

impact.

In this study, it has been chosen to limit the scope to blue water consumption. Given the
high data requirements to assess water dependency, a choice had to be made and for blue
water consumption considering more data is available and is often considered a S more
relevant for decision makers as green water availability is only indirectly influenced by
human action. (Fulton, J., Cooley, H., Gleick, P., 2014; Hoekstra, A. & Mekonnen, M.M., 2012;
Pahlow, M. & Mekonnen, M.M., 2012).

According to Hoekstra (2010), crop residues and by -products such as bran, straw, chaff
and leaves and tops from sugar beet have a water footprint of about zero, because the
water footprint of crop growing is mainly attributed to the main crop products, not the
low-value residues or by-products 3. Some systems use crops grown entirely on green
water. Since green water resources are out of scope in this water dependency analysis,

only systems using crops grown (partially) with blue water are considered. This includes:

- Poultry systems (Indonesia family farm broilers , Netherlands industrial broilers )
that have to import crops that use blue water.

- Dairy mixed systems that use locally grown blue water -fed crops (grown on farm
or purchased) and/or imported feed ( as in the case of Tanzania dairy mixed

feeding , Indonesia dairy mixed feeding, and India dairy mixed feeding).
Systems that are out of scope:

- Tanzania backyard poultry (feed is mainly second grade food products and swill).
- Beef systems (Tanzania pastoralist cattle, India pastoralist buffaloes , Brazil beef
grazing with feedlot ,) where feed is mainly non-irrigated grass, hay/silage, grains

and soy.
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- Netherlands dairy specialised system that imports feed which is grown mostly

under rain fed conditions.

3.3 Methodology

The methodology used in this chapter consists of two steps. The first step involves
quantifying the water being used in crop production relevant to animal feed. By making

an analysis of the feed composition in each snapshot, the country of origin is established

for each crop used in the feed. Mekonnen & Hoekstra (2010) made an assessment of the
green, blue and grey water footprint of global crop production. Their study takes a high
resolution approach, estimating the water footprint of crops at a 5 by 5 arc minute grid,
meaning their figures for crop water use at national level are relatively accurate. This

database is used to calculate the blue water footprint per crop per snapshot.

The second part of the method consists of calculating the residual value of wate r for each
crop used in each individual snapshot. A number of methods exist for the economic
valuation of water resources in agriculture (FAO, 2004). Considering the scope of the
analysis (using various crops from different countries) and the goal of valui ng blue water,
the choice was made for a combination of the residual or imputation method (FAO, 2004)
and the residual rent method (Thompson & Johnson, 2012). The residual method is a
frequently used method to value irrigation water (Hellegers, P. & Davids  on, B., 2010; Berbel
et. al 2011; Speelman et. al, 2011, Ziolkowska, J., 2015). FAO (2004) describes the residual
method as a budget analysis used to estimate return attributable to water where the total
returns are calculated and then all non -water expens es are subtracted. This means that
the full net profit is attributed to water. To correct for this we use the residual rent method
(Thompson & Johnson, 2012) where irrigated crop profits are compared with non -irrigated
crop profits. The difference between these values is divided by total water use to end up
with an estimate for the value for water for each specific crop. The value of one cubic meter
of irrigation water for each crop in each relevant country is represented in the
mathematical definition belo w:
WOO'VIBVA 6 Q

YQUQE 6 Qi Ot NI o YQU Q¢ 6 Qi O¢ NdOHI o

WO Bi Q
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In the context of the general methodology in ~ Part | this is an approximation to the shadow
price of water, as it is based on the average increase in productivity instead of the marginal
increase after irrigation is applied. Once the value of water has been estimated for each
crop and country relevant to each snapshot, it is multiplied by the corresponding blue
water footprint of each crop in the snapshot to come up with the valuation of water per

shapshot.

Some snapshots import feed from several countries. This results in a blue water
dependency comp osed of different water footprints and different residual values (because
water in each country is valued separately). To keep the analysis manageable, the choice
was made to take the top three importing countries and take a weighted average of each

c r o pwAter value (hence providing a water value as if the top -3 import countries
represented the total import). Table 7 provides an overview of the crops used in each

shapshot.

In line with the methodological framework as defined in Part I, this will reflect the internal
shadow price of water by valuing its contribution to the final consumption of goods, in this

case, animal products.

Table7. Overview of crops used in feed

Indonesia family farm broilers Wheat Australia Canada India
Maize India Argentina United States
Soghum Local (Indonesia)
Soybean meal Argentina Brazil India
Netherlands industrial broilers Wheat UK France Germany
Maize France Brazil Germany
Soybean Brazil Paraguay United States
Soybean meal Brazil Argentina
Sorghum Local (Netherlands)
Rapeseed Germany France
Brazil beef grazing with feedlot Maize Local (Brazil)
Soybean meal Local (Brazil)
Tanzania dairy mixed feeding Cottonseed cake Local (Tanzania)
Maize Local (Tanzania)
Indonesia dairy mixed feeding Palm kernel expeller Local (Indonesia)
Maize India Argentina United States
India dairy mixed feeding Cottonseed cake Local (India)
Wheat Local (India)
Rice Local (India)
Netherlands diary specialised Wheat UK France Germany
Rapeseed Australia

Significant blue water footprint (>1% of total)
Mostly rain fed (>99% green water)

36



TEEB Animal Husbandry z Methodology Report

3.4 Data and Analysis

Figure 1 gives an overview of the blue water footprint used in all the snapshots. It should
be noted that most of the snapshots have a low or non  -existent blue water footprint since
they use crops grown with green water or use crop residues that do not count towards the

total water footprint (Mekonnen, M. M. and Hoekstra , A. Y., 2010; Mekonnen, M. M. and
Hoekstra, A. Y., 2011). It is expressed in liters per kilogram of protein produced to make it
comparable. The conversion was made using data provided by = WUR (see Baltussen et al,.
2016, Appendix A). The data shows that In dia has a high blue water footprint because its

crops are highly irrigated in comparison to other countries.

Another interesting insight is that the  Indonesia family farm broilers and Netherlands
industrial broilers systems have a higher water footprint than the beef =~ Tanzania pastoralist
cattle, India pastorali st buffaloes and Brazil beef grazing with feedlot snapshots. This
difference is mainly due to the amount of feed concentrate needed in the poultry system S,
which is composed of crops that are partially grown  using blue water. On the other hand,
pastoralist and feedlot systems uses crops such as grass, hay/silage and maize/soybean

meal; mainly g rown under rain fed conditions.

Figurel. Blue water footprint for all snapshots (liters/kg protein)

8000
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1000 I
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Tanzania Indonesia Netherlands Tanzania India Brazil beef Tanzania dairy India dairy Netherlands Indonesia dairy
backyard family farm industria pastoralist pastoralist grazing with  mixed feeding mixed feeding dairy mixed feeding
poultry broiler broiler cattle buffaloes feedlot specialised

Next, Figure 2 shows the different residual values of water calculated for relevant crops.
The residual value of water was calculated for each crop used in snapshots with significant
blue water foo tprints. This was done by gathering data related to irrigated and non -
irrigated crop yields, input costs, prices and water usage. In total, 15 different residual

values for water were calculated using national averages for irrigated and non -irrigated
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crops, measuring the difference in profits and  dividing by the average water use per

hectare. References for each residual value are found in Table 8 and 9.

Table8. Sources for residual value of water, soybeans, rice, cottonseed cake and sorghum

Country/region | Sources

of origin

Soybeans | United States Index Mundi (2015), Kansas Agricultural Statistics (2010),
National Geographic (2015), Plastina, A. (2015), USD|
National Agricultural Statistics Service (2014)

Soybeans | Argentina Ghida Daza, C., (2013), Infobae, (2014), Econoagro, (201]
Global Yield Gap Atlas, (2011)Mercopress, (2014), Roulet, N,
(2013), Arena, A. P., c§2009),

Rice India Duttarganvi, S. et. al (2014), Ramana Murthy, R. V. et.
(2012), Navadka, D. S et.al (2012), Fischer, R. A. et. al (201
Siddig, E. A., (2000), Singh, V. P. et. al (2000XE (2011),
Lagos, J. E. et. al (2015), WWF (2009), Facon, T. (2000)

Cottonseed | India Aggarwal, P. K. et. al (2008), Singh, J. el (2012),
cake Ramasundaram, P. et. al (2001), Sood, D. (2015), Sood,
(2014), Bhaskar, K. S. (2004), Netafim (n.d.), I& Foreign
Agriculture Service, (2015)

Sorghum Europe Department of Primary Industries (2013), Index Mundi
(2015), KSU Department of Agricultural Economics (2014)
Klocke and Currie (2009),Lloveras, et al. eds(2006), Philip,
Peake and MclLean (2010), UN (2013), University of
Nebraska Lincoln, (2013)

Sorghum Asia NSW, (2013)

38



TEEB Animal Husbandry z Methodology Report

Figure2. Residual rent value of blue water per crop and country ($/m3)
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Table9. Sources for residual value of water, wheat and maize

Country/region  Sources

of origin
Wheat Australia Smith, D. J. et al., (2009), lowa State University, (2015), AW
(2015), Farrell, R., (2015), Scoot, F., (2012)
Wheat India Chouhan et. al (2014), Shirazi, S. edl (2014), EMCBENVIS

(2013), FAO (2014), Kumar, S. (2008)Fischer, R. Aet. al
(2014), JalotaS. K. et. al (2007)

Wheat United States | Kansas Agricultural Statistics (2012), KFMA (2011), USD
(2014), USDA National Agricultural Statistics Service (2012)
National Geographic (2015)

Wheat Canada Agriculture and Agri-Food Canada (2015), Crozier, T2012),
Ministry of Agriculture, Food and Rural Affairs (2015),
Statistics Canada (2011), World Bank (2013).

Maize Argentina Ghida Daza, C., (2013), Infobae, (2014), Econoagro, (201
Infocampo.com.ar, (2013), Global Yield Gap Atlas, (2011
Mercopress, 014), Informa Economics, (2014), Teixeira, R
(2007)
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3.5 Results

An estimation of the value of blue water used for the production of feed for the relevant
systems is expressed in terms of US$ per kilogram of protein produced (Figure 3). It is
notable that various systems have no value, due to the fact that these systems mainly use
crops cultivated under rain fed (green water) conditions. The valuation of blue (irrigated)
water is based on a modification of the residual value method focusing on the change in

residual profit as a result of blue water use.

Figure3. Value of blue water (US$/kg protein)
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The results show that the Indi an dairy mixed feeding system has the highest dependency
on blue water per kg of protein produced . Even though most of the feed in this system is
based on crop residues, a small percentage of grains (wheat and rice)  is used. Considering
crops in India are highly irrigated , these small percentages still have a significant impact
on the systemAs wRotlte systehs that arel deperedgnt on imported feed
also depend on blue water to a certain extent, although these dependencies are not as
high becau se part of the crops, such as maize and soybeans, are partially grown under rain
fed conditions. Aside from India, blue water dependency is generally immaterial within the
snapshots assessed because most of these systems feed animals with crops that rely

predominantly on green water ( Mekonnen, M. M. & Hoekstra, A. Y., 2011).

3.6 Limitations

Considering the large scope of the study, some assumptions had to be made. The water
footprint ( Mekonnen, M. M. & Hoekstra, A. Y., 2011) scope is at national level, whereas

several other factors such as yields, input costs for irrigated and non  -irrigated crops can
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vary per region within a country. With regards to yields, national averages were taken, as

far as possible, for irrigated and rain fed crops. Regarding input costs, it was not possible
to find input costs for all irrigated and rain fed crops. To make up for it, the yield that
corresponded to the input costs that were found was taken as a base and extrapolated
using the difference in yield between irrigated and non  -irrigated. With regards to irrigation
methods, average application rates were used. Furthermore , additional factors that can
influence yields, such as climate, rainfall, fertilizer application and soil type are assumed

to be the same. This assumption was tak en to keep the analysis manageable. Finally, it has

to be noted that in this analysis blue water footprints were attributed fully to main crops,

rather than crop residues, following the approach defined by Hoekstra (2010) which is
assumed to be the mainstream method for blue water foot printing . This allocation
method differs from the ones used in other parts of this study, where allocation between

crop and byproducts based on feed digestibility has been used. If one would instead
decide to allocate part of the water footprint to crop residues, the results could change
significantly. This would apply in three snapshots (Tanzania dairy mixed feeding, Indonesia
dairy mixed feeding and India dairy mixed feeding), where cropre  sidues are about 70% of

total feed composition.

3.7 Conclusion

The results provide the interesting insight that most animal productions systems studied
are not too dependent on crops that use blue water, even those relying on imported feed.
However, if we loo k at the various residual values of water, we reach the conclusion that
blue water has the potential to contribute significant  ly to the value of the crops. This value
might be better directed at crops that are meant for human consumption rather than

animal production systems.

Besides high water use in India, these results cannot contribute to a discussion on policy
implications for water management as animal production uses mostly feed grown with
green water. If any debate on managing green water would come into scope, then it would
be recommended to conduct additional research that looks at the dependency on green

water which could shift due to climate change.
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4  Eutrophication valuation methodology

4.1 Introduction

Animal husbandry systems produce varying amounts  of dung and urine, containing a
portion of the nutrients absorbed through the feed that animals consume. Depending on

the amount of animals, the size of the farm, the soil types and waste water management,
these nutrients can leach into surface and ground  water and cause eutrophication . The
costs of water pollution are calculated by measuring the total amount of leached nitrogen

(N) and phosphorus (P) from each animal husbandry system and costing it with national

water pollution coefficients for N and P.

4.2 Scope

The scope of the eutrophication valuation focuses on beef and mixed dairy systems that
leach significant amounts of nutrients (nitrogen , N, and phosphorus , P) into water. These
are defined as: Tanzania pastoralist beef, India pastoralist buffaloes , Brazil beef grazing
with feedlot and its alternative systems , Tanzania dairy mixed feeding, Indonesia dairy
mixed feeding, India dairy mixed feeding and Netherlands dairy specialised. Poultry
shapshots will not be valued as these are landless systems. All water pollution that could
result from the use of poultry manure in agriculture is therefore not attributed to the

poultry system but to the cropland that makes use of it.

4.3 Method ology

The biophysical farm model described here was built by researchers at Wageningen
University/Livestock Research (WUR) and more details can be found in  Appendix A of the
TEEB Animal Husbandry report ( Baltussen et al. 2016 ). In broad terms, w ater pollution is

quantified by applying a leaching factor of 30 % for N (IPCC 2006) to t he total input of N to

the land. Total input of N is calculated as the sum of N excretion of animals and N input

via fertilisers. T otal animal N excretion is calculated as the difference between N intake via
feed and the retention in meat, milk and/or eggs. The same calculation is applied for P,

albeit assuming 1% leaching. In mixed crop -livestock systems (Tanzania, India and
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Indonesia dairy mixed feeding snapshots *) not all leaching can be attributed to livestock
as crops also constitute a farm output. In these cases , one third of the leaching is attributed
to livestock and two thirds to crops, based on standard economic allocation factors

between crop and straw .

Fertilizer used at the supply chain level (N and P leach ing at farms that cultivate crops used

in livestock systems) are out of scope.

Once the amount of leached N and P has been quantified, the valuation is done by using

a global water pollution coefficient provided by WUR . A full justification of the water
pollution costing approach is described in a Ponsioen (2016). Monetary v alues are based
on the Life Cycle Impact Assessment monetary coefficients presented in Weidema (2009)
They represent the economic value of lost well -being due to environmental damage,

quantified using a budget constraint approach.

4.4 Data and analysis

The cost of water pollution is compared between production systems by expressing it on

a protein basis, i.e. an average protein produced by the  livestock production system. Water
pollution was defined in terms of leached N and P per hectare (ha) for each snapshot. To
make this comparable across all systems, leached N+P was converted using total live
weight output per ha to leached N+P per kilogram protein. The data used to make this
conversion z namely, product output (kg live weight and kg milk ), dressing factors (kg
carcass weight /kg live weight), bone -free meat (BFM) factors for beef (kg BFM/kg carcass)
and protein contents for beef and milk (kg protein per kg BFM or milk) Zwas also provided
by WUR (see Baltussen et al. 2016, Appendix A). In mixed crop -livestock systems (Tanzania,
Indonesia and India dairy mixed feeding systems ) nutrient output as crops was estimated

to be 60 kg N/ha and 11 kg P/ha based on average grain yields and p rotein content s.

The initial data analysis in biophysical terms presents some interesting insights into how
the efficiency of each system has an imp act on water pollution. Figure 5 gives an overview

of the total leached N and P per snapshot. It shows that dairy systems have a higher

4 The Netherlands dairy specialised system is described as a crop -livestock system but
without crop output. The entirety of crop production and crop residues is fed to the
animals and it is therefore modelled in the same way as a pure livestock system.
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leaching of nutrients per hectare than pastoralist systems , as the latter are extremely

extensive, with very low productivity and stocking density

Figure4. Leached N+P (kg/ha)
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To get a better idea of system efficiencies, Figure 6 shows total protein output per farm.
Figure 6 shows that the Netherlands dairy specialized system has the highest level of
productivity, resulting in lower water pollution impacts per kilogram of output as can be

seen in th e next figure.

Figure5. Farm protein output (kg protein/ha)
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Combining the data in Figures 5 and 6, water pollution expressed in leached N+P per

kilogram of protein output is derived (Figure 7).

Figure6. Leached N+P per protein output (kg/kg protein)
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The results tell another story yet again when valuing the N and P leached using country -
specific monetary coefficients for water pollution  expressed in US$/kg protein produced

(Figure 8). This is explained in the next section.

45 Results

Figure 8 shows that Nitrogen pollution is more important than Phosphorous. T he Tanzania
pastoralist cattle snapshot has the highest costs of water pollution per kilogram of protein
produced among all snapshots (US$4). This is the snapshot with the lowest nutrient
leaching per hectare, but also the least productive system, meaning that productivity is so
low that water pollution, although limited is still high relatively to the proteins produced.
Pastoral buffaloes in India also have a high cost of water pollution , for similar reasons.
Brazil grazing with feedlot systems have a comparable eutrophication cost per kg protein,

as they are more productive but they also lead to more manure and more nutrient
deposition and leaching . Similarly, d airy systems, which are characterized by high leaching
per hectare, also have relatively lower water pollution cost per kg of protein produced.
This is mainly due to the high protein production represented by milk . Among them,
Tanzania and India dairy mixed feeding systems have higher external costs due to,

respectively, high use of imported feed and high use of mineral fertilizer. The Netherlands
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dairy specialised system has the highest leaching of water pollution per hectare but, being

highly productive, also the second lowest eutrophication cost

Figure7. Water pollution costs for Animal Food Products in the Selected Snapshots (US$/kg protein)
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The extended interpretation and discussion of the results are found in the main TEEB-

Animal Husbandry report (Baltussen et al. 2016).

4.6 Limitations

The main limitations of the biophysical and monetary models underlying the water
pollution analysis are discussed here. First of all, mixed farms are studied only for their
livestock -related activities, as crop production was out of scope. Crop output was modelled
roughly, with a standard allocation factor based on farm size, but it can be an important
variable considering the importanc e of allocation. However, a full assessment of mixed
farms would be a study on its own. Furthermore, a global leaching factor, rather than
region specific, was used to quantify leaching from application of nutrients to soil. This is
common practice (i.e. f ollowing IPCC guidelines) although a detailed bottom up
assessment could in principle investigate leaching more in detail, taking into account
parameters like distance from water bodies or rainfall. This is especially true for pastoral
systems as the consi dered leaching factors were developed for managed grasslands and
farmlands rather than natural grasslands. Finally, monetary valuation has some
limitations. First of all it could also be done at country level, or even at a regional (i.e.

watershed) level , but here it was chosen to apply a glob al monetary coefficient to
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guarantee comparability between snap shots in face of data scarcity (Ponsioen, 2016).
Secondly, because e stimation of societal costs of eutrophication vary widely in literature
(Ponsioen, 2016), it is important to exercise caution when drawing policy
recommendations from these results , for example by comparing valuations done with

different approaches to gain insights on a specific regional context

4.7 Conclusion

The on-farm water pollution analysis shows that water pollution costs depend on a
number of factors including producti vity, varying N+P inputs (both as fertiliser and as
purchased feed) and national water pollution coefficients. By examining nutrient leaching
per hectare it is shown that pastoralist systems have a low impact on water pollution and
that the Netherlands dairy mixed feeding snapshot has a considerably higher impact than
all other systems . However, looking at natural capital costs per kg of protein  produced itis
found that monetary damage related to nutrient leaching has sharp differences based on

the relatio nship between feed and fertilizer use with animal productivity
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5 Land occupation quantification methodology

5.1 Introduction

The impact of animal husbandry on land is assessed by quantifying land use in terms of
area, commonly known as the land footprint. A s land use is not valued in monetary terms,
the results of the analysis should be interpreted with care and always in relation to the
impact of each land use type on biodiversity and the ecological and social context of each

shapshot.

5.2 Scope and Design

The land use of a livestock production system consists of the total area used for feed
production, both pasture and crops 5. As feed is often produced in pastures or croplands
that have multiple economic functions, land use has to be attributed between these
services. Land use originating from other activities, like processing, is out of scope due to

low materiality (see the scope section in the main report Baltussen et al. 2016)

Each snapshot represents a production system, the outputs of which are animal protein

contained in livestock products. The land under consideration are grassland and cropland.

Grassland use is divided into three types: ranging where animals graze vast area s, grazing
and roadside grazing. Ranging in pastoralist systems in Tanzania and India allow wild
herbivores to graze next to livestock and their impact on the ecosystem is small or even
positive. Grazing is done with fenced grassland in Brazil, although no t very intensive, this
system has already a relatively large impact on ecosystems and biodiversity. Finally,
smallholders with little or no land in India, Tanzania and Indonesia partly rely on utilizing

roadside grass by grazing or by cut -and-carry systems .

Cropland can provide different types of animal feed. Primary feed crops can be grown,
such as feed grains, maize silage etc., but also agro industrial by products of food crops

can be used as animal feed. The most important source of feed from cropland are the

5> Land to keep animals is either the pasture or special housing such as stables, which is
negligible compared to pasture.
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residues annual and perennial crops as e.g. cereals, sugar cane, bananas and many others.
Land use is allocated to the different types of feed, applying LCA allocation rules. The
different snapshots are compared on the basis of how efficiently they produce protein in
terms of land use. This depends on how intensive the system is , feed quality , the animal
breed and associated productivity of animals . Animals produce more than one product in
some of t he systems and land use should be allocated between them. However, all results

are expressed per unit of protein independent of product.

5.3 Methodology

Livestock consume feed and convert it into protein (in this case meat, milk and eggs). The
rate of conversi on is called the feed conversion ratio (FCR = kg feed/kg protein) and it is
specific to each snapshot. It is derived from kilos of feed consumed per kilo of product
produced by the animal, where it is assumed that feed is converted to protein at the same

ratio as it is converted to product, independent of the type of feed.

Each type of feed requires a certain area to be produced. The area depends on the type of
main crop, the region of origin and the type of feed. The type of main crop and the region

of origin specify the yield of the crop, which determines the total land use. The type of feed
(crop, crop residue and food processing by -product) specifies how land use is allocated

between different output products of the land where the main crop is produced

Land use (LU, m?) in each snapshot results from the above mentioned land use, which can
occur on the farm itself, but also on other locations (even other continents) . The feed ration
and origin is assessed for each snapshot on the basis of GLEAM database s and FAOstat
information about import of feed products. Land use is calculated for all feeds on the basis

of net yields and allocation rules for crop residues and agro industrial by products (AIBP).

The general formula is
LU = 1/yield * 10,000.
The 10,000 is used for converting from hectares to m2.

Specifically, allocation of land use between crops and crop residues, which are produced

on the same land, is done based on digestibility.
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Allocation of land use to by -products from processing is based on ec onomic value, as it is

the most accepted allocation mechanism in the feed production chain.

The total land use associated with a livestock product containing protein (kg) is the product
of the feed conversion rate and the average land use of the used feed s The Feed

Conversion Rate is taken from the GLEAM database and calculation results.

LU total/kg protein = FCR * (average land use of 1 kg of ration)

5.4 Data and analysis

Farm level data was provided WUR (see Appendix A of the main TEEB Animal husbandry
study, Baltussen et al. 2016) for each snapshot, including farm size and herd size. Herd
parameters that were used include animal productivity, FCR for all livestock products and

protein content in livestock products for each region.

In certain snapshots modi fications were made to the methodology to accommodate for
the snapshot context and data being inadequate. This is the case for the Tanzania

pastoralist cattle, Tanzania backyard poultry and Netherlands dairy  specialized snapshots.

In the Tanzania pastoral ist cattle system, it is not feasible to estimate a farm size, as the
system is transhumant and the grazing area changes over time to where there is grass. An

estimate was made of the animal density  (FAO, 2014)

In the Tanzania b ackyard poultry system, feed is composed of products found while
scavenging (snails, worms, insects etc.), swill and second grade food crops. No land use is
attributed to scavenging material and swill and with a low allocation factor the second
grade food products, used as feed. The meat products ar e converted to protein content
by the successive application of processing factors. Specifically, the animal productivity is
defined in terms of animal live weight or the weight of the animal at slaughter. This is
converted to carcass weight by applying th e dressing factor and subsequently to bone free
meat (BFM) by applying the BFM factors summarized in Appendix A of the TEEB Animal

husbandry study (Baltussen et al. 2016) .

Protein content of milk was not available in the pastoralist snapshots and the same

estimate as in the mixed -dairy snapshots was used.
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The methodology and data sources for the estimation of land use for feed production,
including digestibility factors, crop yields, crop residue yields, trade matrices and by -

products are summarized by WU R (Baltussen et al. 2016, Appendix A ).

5.5 Results

Results are compared with literature in Table 11. The Tanzania pastoralist cattle and India
pastoralist buffaloes snapshots have land occupancies much higher than the rest. This is
explained by the extremely h igh feed conversion rate (FCR associated with both
snapshots, which reflects poor feed basis of the system: problems with availability and

quality of feed, leading also to animal health problems.

A comparison of the all snapshots is shown in Fig. 10.

Figue 8. Poultry, beef and dainsnapshot comparison (m2/kg protein
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Snapshots based on grassland grazing and ranging result into much higher land -use than
intensive systems Land use is zero in the case of Tanzania backyard poultr y because it is
economically allocated. Intensive systems do minimize land use by using feed grown from
crops on - or off -farm . Animal productivity also has a large impact on land -use, as the most
productive systems, Netherlands industrial broilers and Netherlands dairy specialized,
have a very small footprint compared to all other snapshots. This is because of the small

FCR that characterizes both systems.

Tablel. Comparison with Literature

Extensive systems m2/kg protein Source

Brazil beef grazing with 1131 This study

feedlot

India pastoralist buffaloes | 5574 This study

beef, extensive 1765 (Nijdam, et al., 2012)
beef, BR 2302 (Marieke, et al., 2011)
grassfed steers 2318 (Ridoutt, et al., 2014)
Intensive systems, dairy | m2/kg protein Source
Indonesiadairy mixed 59 This study

feeding

Netherlands dairy 23 This study
specialized

India dairy mixed feeding | 275 This study

culled dairy cows 37 (Mollenhorst, et al., 2014)
milk, peat area 32 (Marieke, et al., 2011)
milk, cow, full-cream 26 (Marieke, et al., 2011)
Poultry systems m2/kg protein Source

Netherlands industrial 33 This study

broilers

Indonesiafamily farm 58 This study

broilers

chicken industrial 32 (Nijdam, et al., 2012)
chicken, conventional, NL | 31 (Marieke, et al., 2011)
chicken, corn, NL 20 (Marieke, et al., 2011)

5.6 Discussion and Conclusion

The most land efficient systems are dairy and poultry intensive systems, while extensive
systems have land demands two orders of magnitude larger. The land degradation

associated with each is outside the scope of this section. This is partially studied in the case
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study on land valuation for the Tanzania pastoralist cattle snapshot (see Part Ill of this

report) .

The results indicate that scaling -up intensive systems to satisfy the rising demand for food
is the best policy decision to reduce land occupation . However, the land occupation
associated with feed crops could lead to more severe degradation of the natural
environment than for extensive systems . A study that takes into account land degradation
is required to compare with other impacts, such as GHG, and reliably answer the policy

question.
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Part Ill z Landscape level valuation: Maasai
pastoralism in Tanzania

Abstract

Part Ill of this report explains the methodology used in the valuation of natural capital in

the Maasai Steppe in Tanzania, as presented in chapter 5 of the TEEB Animal Husbandry
study . In order to quantify the loss of natural capital  caused by land degradation , a model
is built to value ecosystem services under different land conversion scenarios. The annual
value of ecosystem services in the region is calculated using primary valuations and value
transfer. The aggregated value is then extrapolated into the future. The value per hectare
of ecosystem benefits in rangeland is compared with that of farmland and national parks,
using an attribution approach that allows the value added by ecosystems to be separated
from that added by human labour and other inputs. Additionally, alternative future
scenarios are developed to take into account ecosystem changes that have an impact on
ecosystem services in the long run . In each scenario land conversion is assumed to happen
at a different pace with different consequences for biodiversity and the value of ecosystem
services. The results show that farming creates a higher short -term value at the cost of
natural capital in the long -term. Specifically, soil degradation and the negative effects on
tourism and pastoral livelihoods offset the additi  onal value created by agriculture. A
sensitivity analysis of the model shows which key assumptions influence the results the
most . Finally, the value of ecosystems, calculated only for local beneficiaries, is compared
with the value of carbon stocks in the region which have value to the global community.
The value of carbon stocks is shown to be almost five times higher , highlighting the fact

that global community has an important stake in land conversion dynamics in the Maasai

steppe.




1.

2.

T o o (U1t i o] o HR PP TP PP OPPPPPTPI 73

SCOPE OF the @NAIYSIS ..oeoiiiiiiiiiiie et e s imre e e e eae 74
2.1 Ge0ographiCal SCOPE ......coiiiiiiiiiiiie ettt e e s 74
2.2 LANA USE TYPES .ttt ettt ekttt e et e et e e e sib et e et b e e e et e e e e aae 75
2.3 ECOSYSIEIM SEIVICES .. .eiiiiiiiiiiie ittt ettt e e et e e e s nene e 76

[1=]1pTe o (o] [0 o VAT PSP TP PPPPPPPI 79
3.1 MethodologiCal CONTEXE  ......oiiiiiiiie it 79
3.2 FOrmal definitioNS  .........eeiiiiiiiie et 80
3.3 ECOSYSIEIM SEIVICES .. .viiiiiiiiiiie ittt sttt e e st e e e s sane e 81
3.4 V2= LT = io] g =T o o] £ T- Lol o [PPSR 82

Land valuation MOAEI .........ooiiiiiiiiiii i 84
4.1 OVEBIVIBW .ttt etttk ettt ettt sa et ekt em e ek e e e sa et e sb s e e smb e e st sbe e e nmbe e e nnnee e 84
4.2 INPUL PAFBIMELEIS ..ottt 85
4.3 1oL =T o F= T LTS P PP PPP T PPPTPRIO 86
4.4 SEHUCTUINE .oeeiiiiiiiitte ittt r e e s s st ame s s s re e e e e e e 86
4.5 0] o101 a0 =1 - R PP UPPT PP 88

RESUILS .ttt e e e e e e 109
5.1 Value Of ECOSYSIEM SEIVICES ......uuiiiiiiiiiiiiiiiie ettt e e e 109
5.2 Value of Internal Natural Capital ...........cccceiiiiiiiiii e 111
5.3 CaArDON TOSSES ... 112

SENSILIVILY BNAIYSIS ...eiiiiiiiiiie it 113
6.1 Yoo o L= Lo o (=] o [ o S 113
6.2 METNOO ... e 114
6.3 RESUILS ...ttt e 116

DISCUSSION ..ttt r ettt ser et nn e e nene e st s en e e s e s e neeennne e 117




8.

9.

7.2 Discussion of MethodOIOgY .....coceeiiiiiiiii e
7.3 LIMITATIONS ettt ettt imr et e st e e e sab e e s mmre e e e sbneeeean
1670] 0 [od 1151 T ] o 1 ST PP O T PP TUTPPOPPPPUPPPPN
8.1 PoliCy reCOMMENTALIONS  ......oviiiiiiiiiie e e e
8.2 Directions for fULUre reSEArCh  .........ooiiiiiiiiiieie e
RETEIEICES ...ttt e kbt e e rh bt e et e e e sabe e e e s annnee e




TEEB Animal Husbandry z Methodology Report

1 Introduction

The Maasai Steppe region in northern Tanzania is an area characterized by rich
biodiversity, containing two of the most visited national parks in Tanzania 6 (Sekar, Weiss,
& Dobson, 2014),. It also sustains the pastoralist livelihoods of indigenous Maasai
communities, who largely rely on herd mobility to find grazing areas in a resource  -scarce

region (Homewood, Kristjanson, & Trenc h, 2002).

The rapid growth of farmland has been identified as a threat to the pastoralist livelihoods
and biodiversity (FAO, 2009; Kshatriya, 2007). A comprehensive valuation of each
ecosystem provides an insight into the hidden costs and benefits of the evolving dynamics

in the area.

In this study, the key trade -off between extracting more value from expanding one
ecosystem (land converted for agriculture) and preserving other types of ecosystems

(national parks and pastoralist rangelands) is assesse d quantitatively.

The purpose of this research is to quantify the benefits that ecosystems provide to local
stakeholders in the Maasai Steppe, and to understand the costs and benefits of the
ongoing conversion of grasslands and woodlands into agricultural land. A model that links
the value of ecosystems to land conversion is used. Based on the definitions presented in

Part I, the value of ecosystems for local stakeholders is defined as Internal Natural Capital 7.

The key research question of this study is: W hat is the Internal Natural Capital value of the

Maasai Steppe region, and how is land conversion to farmland affecting that value?

Part Il has the following chapters . Chapter 2 describes the region under study in terms of
ecosystem characteristics, local livelihoods and policy issues and defines the scope of the
land valuation in terms of region, population and ecosystem services. In chapter 3, the
methodology used for the Natu ral Capital valuation is described. Chapter 4 describes
firstly the model of the Maasai steppe, including land cover change and the time
dependence of land value, and presents the inputs used in the model in detail. In chapter

5 the results are shown, incl uding the Natural Capital valuation, losses in carbon stocks of

5 Namely, Tarangire and Manyara national parks
7 Distinct from the external value, the value for non  -local stakeholders.
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the Maasai steppe and a comparison between the two.  Chapter 6 provides an uncertainty
analysis of the model. Chapter 7 discusses the model and its results, including the
limitations of the mod el. Chapter 8 contains the con clusions and suggest directions for

future research.

2  Scope of the analysis

2.1 Geographical scope

The geographical scope consists of the relatively homogenous districts, in terms of climate,
economy, and ecosystems, of Monduli an d Simanjiro in Northern Tanzania, plus the
adjacent Lake Manyara and Tarangire national parks. These regions roughly comprise the

JMaasai Steppe.j

Figure9. Geographical sope

Table2. Key characteristicef the region studied
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