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Glossary

TERMS RELATING TO FEED AND FOOD SUPPLY CHAINS

Abattoir Animal slaughterhouse.

Arable land Land on which the vegetation is dominated by production of 
�eld crops (e.g. maize, wheat and soybean).

Cultivation Activities related to the propagation, growing and harvesting 
of plants including activities to create favourable conditions 
for their growth.

Feed Any single or multiple materials, whether processed, semi-
processed or raw, which are intended to be fed directly to 
food-producing animals (FAO/WHO, 2008).

Fodder Forage harvested from both cultivated and non-cultivated 
land, fed intact to livestock, including fresh and dried forage.

Silage Forage harvested and preserved (at high moisture content 
generally > 500 g/kg) by organic acids produced during par-
tial anaerobic fermentation. 

TERMS RELATING TO DIFFERENT LIVESTOCK SUPPLY CHAINS

Backyard system Production that is mainly subsistence driven or for local mar-
kets, displaying animal performance lower than in commer-
cial systems and mostly relying on swill and locally sourced 
materials to feed animals (less than 20 percent of purchased 
concentrate). Backyard production systems are the most ba-
sic traditional systems of keeping animals and the most com-
mon in developing countries, in both urban and rural areas. 
They are typically semi-intensive production. Backyard sys-
tems are the most basic traditional system of keeping pigs 
and the most common in Asian and African countries.

Beef Culinary name for meat from bovines, especially domestic 
cattle, although also refers to meat from the other bovines: 
antelope, African buffalo, bison, water buffalo and yak. 

Broiler Chicken reared for meat.
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Buffalo (and other 
Bovinae)

Popularly known as water buffalo or domestic Asian wa-
ter buffalo (Bubalus bubalis), a large member of the Bovi-
dae family, it originated in India and is found on the Indian 
subcontinent, and in Viet Nam, Peninsular Malaysia, Sri 
Lanka, the Philippines and Borneo. Used as draught animals 
and suitable for milk production. Also known as carabao. In 
addition, Bovinae are also found in North America and are 
known as American bison (Bison bison). Bisons also live in 
Poland. European bison (Bison bonasus) are also known as 
wisent. In Europe, buffalos are widely used for milk produc-
tion to produce mozzarella cheese.

Calf Bovine offspring of either sex below the age of one year.

Carcass weight (CW) 
or dressed weight 
(DW) of the animal

Weight after slaughter and removal of most internal organs, 
head (cattle and poultry) and skin (ruminants). 

Cow Mature female of a bovine animal.

Dairy farm Agricultural facility to raise and maintain animals for the 
harvesting and/or processing of animal milk � mostly from 
cows or goats, but also from buffaloes, sheep, horses or cam-
els � for human consumption.

Extensive farming 
system

Low-input, low-output � and consequently low-intensity � 
system using small inputs of labour, fertilizers and capital, 
relative to the land area being farmed. In less developed re-
gions, they are often small-scale and mixed cropping subsis-
tence farming systems. In more/hightly developed regions, 
they are often grassland-based farming systems, such cattle 
and sheep grazing.

Flock Group of poultry.

FPCM Fat and protein corrected milk (kg).

Grasslands Large open area of country covered with grass, particularly 
when used for grazing. 

Graze Animals feeding directly on growing grass, pasture or forage 
crops.

Hay Harvested forage preserved by drying, generally to a mois-
ture content of < 200 g/kg.

Herd Group of bovines.
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Heifer Young cow � normally over one year old � that has not pro-
duced a calf.

Hide Skin of a large animal, such as a cow or buffalo, which can be 
used for making leather.

Intensive farming 
system

High-input, high-output � and consequently high-intensity 
� system using large inputs of labour, fertilizers and capital. 
It is geographically concentrated, commercially oriented and 
associated with specialized production.

Meat Fresh, chilled or frozen edible carcass, including offal, de-
rived from food animals.

Mixed crop�
livestock system

Combination of crop and livestock activities in a production 
system.

Replacement rate Percentage of adult animals in the herd replaced by younger 
adult animals each year.

Ruminant Even-toed or hoofed mammal of the suborder Ruminantia.

TERMS RELATING TO LIFE CYCLE ENVIRONMENTAL 
INVENTORY AND ASSESSMENT 

Allocation Partitioning the input or output �ows of a process or a prod-
uct system between the product system under study and one 
or more other product systems (ISO, 2006a, 3.17).

Animal 
perspiration

Processing or sweating that assists in regulation of body tem-
perature through evaporative cooling.

Background 
process

Processes on which no in�uence or, at best, only indirect in-
�uence may be exercised by the decision-maker for which 
an LCA is carried out (UNEP, SETAC and Life Cycle Ini-
tiative, 2011), herein referred to as �indirect� (see �Indirect 
water� below). 

Biomass Biogenic material derived from living or recently living or-
ganisms. It originates from processes of primary production 
that convert inorganic chemical compounds, mainly car-
bon dioxide (CO2) and water (H2O), into sugars and other 
energy-rich organic compounds that build up the bodies of 
plants, animals and microorganisms.
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Blue water Freshwater �ows originating from run-off or percolation, 
contributing to freshwater lakes, dams, rivers and aquifers. 
Soil moisture is considered blue water if it originates from 
blue water added through irrigation, is the result of hydro-
logical events (e.g. �ooding), or comes from springs or capil-
lary rise.

By-product Material produced during the processing of livestock or a 
crop product that is not the primary objective of the produc-
tion activity.

Capital goods Capital goods are �nal products that have an extended life 
and are used by the company to manufacture a product, pro-
vide a service, or sell, store and deliver merchandise. In �-
nancial accounting, capital goods are treated as �xed assets or 
as plant, property and equipment. Examples include equip-
ment, machinery, buildings, facilities and vehicles (WRI and 
WBCSD, 2013).

Characterization 
factor

Factor derived from a characterization model applied to con-
vert an assigned life cycle inventory (LCI) analysis result 
to the common unit of the category indicator (ISO, 2006a, 
3.37). The characterization factor represents the degree of 
impact (on the relevant category indicator) per unit of inven-
tory, such as the increase in local water scarcity per m3 of wa-
ter consumed. Therefore, the values in the LCI are multiplied 
by the relevant characterization factor to estimate potential 
impacts.

Comparative 
assertion

Environmental claim regarding the superiority or equiva-
lence of one product versus a competing product that per-
forms the same function (ISO, 2006a, 3.6).

Co-product Product from a plant cultivation system that can be used ei-
ther directly as feed or as raw material in food or feed pro-
cessing. In contrast to by-products, co-products are any of 
two or more products coming from the same unit process or 
product system that are of primary objective and with higher 
�nancial value (ISO, 2006a, 3.10).

Cradle-to-gate System boundary including all life cycle stages from raw ma-
terial extraction (cradle) to the gate of the production phase.

Critical review Process intended to ensure consistency between a life cycle 
assessment and the principles and requirements of the In-
ternational Standards on life cycle assessment (ISO, 2006a, 
3.45).
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Crop coef�cient Plant parameter used in predicting evapotranspiration (ET). 
The crop coef�cient, Kc, is the ratio of evapotranspiration 
observed for the crop (ETc) over the reference evapotranspi-
ration (ET0) of a grass reference crop under the same condi-
tions. In the dual crop coef�cient approach, the crop coef�-
cient is split into two factors describing separately the differ-
ences in evaporation and transpiration between the crop and 
reference surface.

Data quality Characteristics of data that relate to their ability to satisfy 
stated requirements (ISO, 2006a, 3.19).

Direct water Direct water consumption (foreground) refers to water con-
sumption that is within the control of the focus of the study. 
For example, if the study is at farm level, on-farm water con-
sumption is direct. If the study refers to a business (e.g. a 
dairy), water consumption within the factory is direct. Con-
versely, indirect water consumption (background) is outside 
the control of the focus of the study (e.g. water consumption 
in the supply chain of inputs).

Downstream Life cycle assessment (LCA) terminology: Occurring along a 
product supply chain after the point of referral. (EC, 2013).

HYDROLOGIC TERMINOLOGY: DIRECTION IN WHICH A FLUID 
IS MOVING

Drainage basin Area from which direct surface run-off from precipitation 
drains by gravity into a stream or other water body (ISO, 
2014, 3.1.8).

Economic value Average market value of a product at the point of production 
possibly over a 5-year time frame (adapted from BSI, 2011, 3.17). 
Note: When barter is in place, the economic value of the com-
modity traded can be calculated based on the market value and 
the amount of commodity exchanged.

Effective rainfall Also known as effective precipitation (Pe), the fraction of the 
total amount of rainwater that is retained in the root zone 
and can be used by plants. It is calculated as: total rainfall � 
(evaporation + run-off + deep percolation).

Effective irrigation The fraction of the total amount of irrigation applied that is 
retained in the root zone and used by plants. It is calculated 
as: total irrigation applied � (evaporation + run-off + deep 
percolation).
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Elementary �ow Material or energy entering the system under study that has 
been drawn from the environment without previous human 
transformation, or material or energy leaving the system un-
der study that is released into the environment without sub-
sequent human transformation (ISO, 2006a, 3.12). Example: 
�ow of water pumped directly from the river/lake for irriga-
tion. 

Emissions Release of a substance to air, water or soil.

Environmental 
impact

Any change to the environment, whether adverse or bene�-
cial, wholly or partially resulting from an organization�s ac-
tivities, products or services (ISO, 2015). Example: contribu-
tion to water scarcity. 

Evaporation The change of phase of water from liquid to vapour from any 
surface at a temperature below boiling point.

Evapotranspiration 
(ET)

Quantity of water transferred from the soil to the atmo-
sphere by evaporation and plant transpiration.

Foreground system See �Direct water� above.

Functional unit Quanti�ed performance of a product system for use as a ref-
erence unit (ISO, 2006a, 3.20).

Green water Precipitation that is stored as soil moisture and eventually 
transpired or evaporated. 

Indirect water Indirect water consumption (background) is outside the con-
trol of the focus of the study (e.g. water consumption in the 
supply chain of inputs). 

Impact category Class representing environmental issues of concern to which 
life cycle inventory analysis results may be assigned (ISO, 
2006a, 3.39). Examples: water scarcity, human toxicity.

Infrastructure Capital goods.

Input Product, material or energy �ow that enters a unit process 
(ISO, 2006a, 3.21).

Land use change Change in the purpose for which land is used by humans 
(e.g. cropland, grassland, forestland, wetland, industrial land) 
(BSI, 2011, 3.27).
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Life cycle 
assessment

Compilation and evaluation of the inputs, outputs and po-
tential environmental impacts of a product system through-
out its life cycle (ISO, 2006a, 3.2).

Life Cycle 
Inventory 

See �Water inventory� below.

Precipitation Liquid or solid products of the condensation of water vapour 
falling from clouds or deposited from air on the ground.

Primary data Quanti�ed value of a unit process or activity obtained from 
a direct measurement or from a calculation based on direct 
measurements at its original source (ISO, 2014, 3.6.1).

Product(s) Any goods or service (ISO, 2006a, 3.9). Example: 1 litre of 
milk for consumer consumption.

Product system Collection of unit processes with elementary and product 
�ows, performing one or more de�ned functions and model-
ling the life cycle of a product (ISO, 2006a, 3.28).

Raw material Primary or secondary material used to produce a product 
(ISO, 2006a, 3.1.5). Example: feed crop.

Reference �ow Measure of the outputs from processes in a given product 
system required to ful�l the function expressed by the func-
tional unit (ISO, 2006a, 3.29). Example: 1 litre of milk.

Reporting Presenting data to internal management or external us-
ers, such as regulators, shareholders or speci�c stakeholder 
groups (adapted from Food SCP RT, 2013).

Run-off Part of the precipitation that �ows towards a river on the 
ground surface (surface run-off) or within the soil (subsur-
face run-off or inter�ow).

Secondary data Data obtained from sources other than a direct measurement 
or a calculation based on direct measurements at the origi-
nal source (ISO, 2014, 3.6.2). Secondary data are used when 
primary data are not available or it is impractical to obtain 
primary data. Some emissions, such as methane from manure 
management, are calculated from a model, and are therefore 
considered secondary data.

Sensitivity analysis Systematic procedures for estimating the effects of the choic-
es made regarding methods and data on the outcome of a 
study (ISO, 2006a, 3.31).
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Sewer Channel, drain for waste water.

System boundary Set of criteria specifying which unit processes are part of a 
product system (ISO, 2006a, 3.32). Examples: �eld, farm, ba-
sin/catchment. 

Tier Categorization unit of uncertainty assessment depending on 
scale of analysis and data availability/sources.

Transpiration Process by which water from vegetation is transferred into 
the atmosphere in the form of vapour.

Unit process Smallest element considered in the life cycle inventory anal-
ysis for which input and output data are quanti�ed (ISO, 
2006a, 3.34).

Water body Entity of water with de�nite hydrological, hydrogeomor-
phological, physical, chemical and biological characteristics 
in a given geographical area. Examples: aquifer, lake, river, 
groundwater, sea, iceberg, glacier and reservoir. 
Note: In case of availability, the geographical resolution of a 
water body should be determined at the goal and scope stage: 
It may regroup different small water bodies (ISO, 2014, 
3.1.7).

Water 
consumption

A form of water use. The term is often used to describe water 
removed from, but not returned to, the same drainage basin. 
Water consumption can be due to evaporation, transpiration, 
integration into a product, or release into a different drain-
age basin or the sea. Change in evaporation caused by land-
use change is considered [a form of blue] water consumption 
(e.g. reservoir) (ISO, 2014, 3.2.1). Consumptive water use 
has the same meaning. Water consumption can refer to blue 
and/or green water. All water evapotranspired is considered 
consumed. It has to be noted that consumed water enters the 
water cycle as long as it is not chemically transformed. 

Water inventory Phase of water use assessment involving compilation and 
quanti�cation of inputs and outputs related to water for 
products, processes or organizations as stated in the goal and 
scope de�nition phase (adapted from ISO, 2014, 3.3.2). Wa-
ter inputs refer to blue and/or green water. In some cases, 
water accounting is used as a synonym for water inventory. 

Water scarcity 
footprint (WSF)

Metric that quanti�es the potential environmental impacts 
related to water scarcity (based on ISO, 2014).
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Water use Use of water by human activity (ISO, 2014, 3.2.1).

Water withdrawal Anthropogenic removal of water from any water body or 
from any drainage basin, either permanently or temporarily 
(ISO, 2014, 3.2.2).

Metabolic water 
production 

Formation of water by a type of metabolism called catabo-
lism in which complex molecules are broken down to release 
their stored energy, with water as a by-product.

Water productivity 
(WP)

Ratio of the bene�t to the amount of green and blue water 
consumed to produce those bene�ts in a production process 
(examples of product units: mass, energy, nutrition per m� 
water). The WP is reported with fractions of green and blue 
water consumed.

Water productivity 
direct (WPdirect)

Direct water productivity (in output unit per m3) calculated 
for a speci�c process, unit or stage, including only the direct 
water consumed (see �Direct water� above). The goal of this 
metric is to identify potential improvements in direct water 
use per output unit of the system assessed as a means to track 
its performance. 

Water productivity 
direct + indirect 
(WPdirect+indirect)

Water productivity metric including both direct and indirect 
water consumption (in output unit per m3), hence performed 
on more than one unit process or life cycle stage. This metric 
is disaggregated and � optionally � aggregated over different 
units (potentially located in different regions as the supply 
chain is included, e.g. imported feed water use would be in-
cluded in this metric). Such assessment is always accompa-
nied by a water scarcity footprint as per these guidelines.

Water scarcity Extent to which demand for water compares to the replen-
ishment of water in an area (ISO, 2014).
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Scope

In livestock production systems, FU and RF are speci�c to each species and dif-
fer depending on the nature of the �nal product used. Where meat is the prod-
uct, it is necessary to differentiate between live weight (LW) of the animal (at the 
farm gate) and carcass weight (CW) or dressed weight (DW) (at the abattoir gate). 
Dressed weight is the �nal weight of the animal once the internal organs, head and 
inedible parts (tail, legs, skin, feathers etc.) have been removed. LEAP animal guide-
lines detail the FU and RF for each speci�c livestock species, especially when the 
�nal product could be different from meat. Table�1 in the LEAP guidelines on pig 
supply chains (FAO, 2018b) provides recommendations for the choice of FUs/RFs; 
Table�2 in the LEAP guidelines for large ruminants (FAO, 2016a) illustrates the rec-
ommended FUs/RFs for the three main product types from large ruminants (meat, 
milk, draught power) according to whether the product is leaving the farm or pri-
mary product processing gate; Table�1 in the LEAP guidelines on poultry (FAO, 
2016b) reports the recommended FUs/RFs for different main product types of the 
sector (meat and egg); Table�1 in the LEAP guidelines on small ruminants (FAO, 
2016c) illustrates the recommended FUs/RFs for the three different main product 
types from small ruminants (meat, milk, �bre) according to whether the product is 
leaving the farm or primary product processing gate. Commonly used functional 

Figure�1 
System boundary and main water �ows  

of livestock production systems: cradle-to-processing gate

Note: t = transport. 
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4. Water use inventory

4.1 OVERVIEW 
One of the �rst steps required for the livestock water use assessment is to gather 
proper knowledge of the animals, their populations and the conditions in which 
they are managed. Water is essential for livestock health and production. Water 
requirements vary considerably depending on species, breed, age, growth rate, 
pregnancy, production status, activity, feed type and weather. Water requirement 
and intake are also strongly affected by climatic factors, particularly environmental 
temperature. Up-to-date steps to calculate the water requirements of livestock spe-
cies (taking into account physiological status and environmental conditions) can 
be obtained from standard scienti�c guidelines detailing the nutrient requirements 
of a given species. For example, the most up-to-date equations to determine the 
drinking water requirement of various classes of beef cattle are presented in a docu-
ment released recently by the National Academies of Sciences, Engineering, and 
Medicine (2016).

As with any inventory exercise, the steps involved are: data collection (using the 
principles outlined in Chapter�3); recording and validation of data; relating of data 
to each unit process and functional unit (including allocation for different co-prod-
ucts); and aggregation of data, ensuring all signi�cant processes, inputs and outputs 
are included within the system boundary. 

The water use inventory shall comply with ISO�14046 standards.

4.2 PRODUCTION SYSTEMS
Large ruminants. Cattle and buffalo are the main economically important large 
ruminants in the world; in 2014, they totalled, respectively, about 1.5�billion and 
195�million heads. Large ruminants are raised in a wide variety of agro-ecological 
zones with varied climatic, soil and topographic conditions that determine the quan-
tity, quality and composition of the livestock feeds � and thereby the productivity. 
Cattle and buffalo play valuable multifunctional roles. A detailed classi�cation of 
large ruminant production systems and a description of the supply chains of beef 
and dairy cattle are provided in the FAO-LEAP document, Environmental per-
formance of large ruminant supply chains: Guidelines for assessment (FAO, 2016a).

Small ruminants. Globally, there were 1.2�billion sheep and 1�billion goats in 
2014. About 83�percent of the world�s small ruminants are found in Africa and Asia. 
Sheep and goats have valuable multifunctional roles, especially in low-input farm-
ing systems.�Small ruminant production presents diverse systems with different in-
tensities and production objectives. The major regional and global small ruminant 
production systems and supply chains are presented in the FAO-LEAP document, 
Greenhouse gas emissions and fossil energy use from small ruminant supply chains: 
Guidelines for assessment (FAO, 2016b).

Pigs. The world pig population in 2014 was about 987�million, of which Asia 
accounted for 60� percent. Several pig production systems can be identi�ed in a 
given country or region, from the simplest systems requiring a small amount of 
investment (e.g. backyard production systems) to large-scale commercial pig farms.  
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excluded from the human food chain. The mix of livestock production and feeding 
systems that utilize concentrate feeds varies across the different farming systems 
and geographical regions of the world. The animal feed sector depends on a number 
of sources for feed material, including the crop production sector, the food indus-
try, products deriving from the slaughter and processing of livestock, the marine 
industry, and biofuels. Consequently, feed supply chains vary greatly depending 
on the speci�c raw material and its intended uses. A broad distinction can be made 
between ruminant and monogastric species: ruminants are largely dependent on 
feed materials from crop production, such as grains (cereal and legume crops), oil-
seed crops (canola, cotton, soybean etc.) and household waste; monogastric species 
depend on roughages, such as grasses, plant leaves and forage feedstuffs. 

4.4 FEED PRODUCTION
4.4.1 Water balances of feed production
A water balance should be performed for each unit process contributing to the supply 
chain. The water balance quanti�es all elementary �ows (i.e. input and output) cross-
ing the system boundary. In accordance with ISO�14046 (ISO, 2014), the elementary 
�ows are listed and details are provided on: quantity of water used; resource type 
(precipitation, surface water, seawater etc.); type of usage (evaporation, transpiration, 
incorporation, return, consumption etc.); and temporal and geographical aspects. 
Typically, the results of a water balance are reported relative to the appropriate refer-
ence �ow for a particular process � for example, per tonnes of grain (in a feed system). 

In accordance with ISO�14046, �water consumption� refers to water removed 
from, but not returned to, the same drainage basin. Water consumption can be due 
to evaporation, transpiration, integration into a product, or release into a different 
drainage basin or the sea. Water consumption can refer to blue and/or green water 
and should be identi�ed as such when building the inventory. Water in�ows and 
out�ows are described in general terms in subsections 4.4.2, 4.4.3 and�4.5.3.

As a result of biological, geological and meteorological changes, as well as civil 
engineering projects, land use variations occurring during the life cycle of livestock 
may change the hydrological �ows of both surface water and groundwater. Chang-
es in land use may affect the partitioning of precipitation between surface run-off, 
percolation and evapotranspiration, with consequences for water consumption. 
Speci�c notes on the issue of land use are available in section 5.8, �Working towards 
impact assessment of green water consumption�. 

This section applies to feed ingredients of plant origin, all of which require water 
to meet the growth and transpiration requirements of the plant. Inputs of water to 
the feed system include rainfall or irrigation, depending on the climate and produc-
tion system. Outputs include percolation to groundwater, surface run-off, evapora-
tion, transpiration and removal of water in biomass (as harvested feed or ingested 
by grazing animals). Removal of water in biomass may be transferred to a different 
drainage basin depending on the nature of the feed. Evaporation and transpiration 
are considered water consumption, as they are not returned to the drainage basin. 
Water in plants eaten by grazing animals and subsequently excreted as urine or in 
manure in the �eld is recirculation within the feed system boundary. Water associ-
ated with urine and manure may evaporate from the system, representing an output 
of the water balance and a consumptive use. Evaporative losses from irrigation sup-
ply systems should also be treated as water consumption (Emmenegger et al., 2011).
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change freshwater consumption almost twofold between low and high water avail-
ability during the year (Wiedemann, McGahan and Murphy, 2017). The water use in-
ventory shall be crop speci�c, including geographic location of the watersheds (when 
available) or country of origin. With regard to water scarcity, it is preferable to avoid 
making averages over diverse geographies speci�cally, as they would result in differ-
ent impact assessment values. For this reason, if two different regions export the same 
feed component, a separate �gure should be speci�ed for each region (ideally using a 
weighted average by the relative import volume between them). 

Data relative to feed system water balances can be obtained from databases or 
estimated through modelling (Table 6). Where feed is grown off farm, care must 
be taken to ensure that accurate and representative data sets are used to determine 
water consumption. These data sets may require speci�c attention to ensure water 
�ows are accurate and complete. 

4.4.2 Calculation of crop water consumption
Crop water consumption (QET, mm) for determining the green water inventory and 
parts of the blue water inventory can be calculated as the cumulative evapotranspi-
ration during the period of crop growth.

In the absence of estimates from �eld measurements or remote sensing, QET from 
feed crop or pasture should be calculated using local meteorological information 
and crop coef�cients following FAO guidelines (Allen et al., 1998). QET is estimated 
from the cumulative evapotranspiration under standard conditions (i.e. no plant 
stress due to water or nutrient constraints) (ETc), adjusted for soil water availability 
using the water stress coef�cient (Ks):

ETo refers to reference crop evapotranspiration (i.e. potential evapotranspiration 
of short grass). ETo can be estimated on a monthly or daily basis using the climate 
data from the closest available meteorological stations and empirical formulae (e.g. 
Hargreaves, Thornthwaite, Priestley-Taylor), and the physically based formula of 
Penman-Monteith. 

Kc is the crop coef�cient under optimal agronomic conditions; it changes during 
plant growth depending on plant cover and ground area under wet conditions. It is 
highly recommended to use local Kc when available. Kc can be calculated locally mea-
suring at �eld level both ETc and ETo (Kc = ETc/ETo) at different crop stages. When 
local values are not available, Kc can be obtained from other regional and national stud-
ies or the values provided by Allen et al. (1998) can be used. To be able to distinguish 
between productive and non-productive water consumption, transpiration Tc (mm/
day) and soil evaporation Ec (mm/day) can be calculated separately using the basal 
crop coef�cient (Kcb), applying a double crop coef�cient method (Allen et al., 1998). 

The actual crop water consumption depends on whether there is enough water 
from rainfall or irrigation to meet the evaporative demand. To calculate QET, a daily 
or decadal soil water balance that includes ETc and changing water storage can be 
applied. Several databases and agro-hydrological models are available to support the 
inventory of crop water use. The selection of models/database depends on the ob-
jective of the study and the resources available (for a review, see Payen et al., 2017). 
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4.4.3 Indirect water in feed production
Inputs to the cultivation of feed ingredients
Where available, crop production data should be obtained from local or regional data 
sources taking into account �uctuations in yearly averages. If such data are not avail-
able, national estimates may be used. If national estimates are used, the impact of these 
data on the uncertainty of the model shall be determined and discussed in the study.

Data include the amount of green and blue water consumed in the crop growth 
process (described in detail in Chapter�4), which may be considered a background 
process when feed is not grown on farm. Water can be associated with inputs neces-
sary to grow crops (e.g. electricity, fertilizers, pesticides and fuel) and all the water 
�ows associated with crop inputs shall be accounted for. Background data exist, 
but are highly uncertain (P�ster et al., 2011). If these �ows represent a signi�cant 
proportion of the total water consumption, they should be further investigated. 

Processing of feed ingredients
Many feed ingredients undergo processing prior to consumption, either as a co-
product of another process or as the main product. At the processing plant, water 
can be required as a cooling agent or as an input (e.g. steam in a feed mill). When 
the process is not under the control of the undertaker of the study, secondary data 
could be used.

4.5 ANIMAL PRODUCTION
4.5.1 Diet composition and feed intake
Often, over 90�percent of the water consumption in livestock and poultry produc-
tion is associated with feed production (Legesse et al., 2017; Mekonnen and Hoek-
stra, 2012). Speci�c care is required to determine the relative proportions of the dif-
ferent feed types consumed, as well as the geographical location and characteristics 
of the production systems in which the feeds were grown. 

Diet composition differs substantially both across livestock species and within dif-
ferent systems and different production cycle stages of the same livestock species. 
Diets fed in con�nement are often complex, comprising several ingredients designed 
to meet the nutrient requirements for optimizing meat, milk or egg production. These 
ingredients may be sourced locally or imported over vast distances. Other diets may 
be less complex, consisting of a single ingredient (e.g. grass hay used to maintain beef 
cattle). The exact composition of the diet may sometimes be dif�cult to determine, 
for example, with grazing cattle or free-range poultry. Where possible, primary data 
should be used to de�ne diet composition and the geographical site of feed produc-
tion. When not available, regional or country averages may be used. 

The amount of feed consumed by livestock and poultry can be estimated in vari-
ous ways. In a limited number of situations, measured data can be used to de�ne 
the on-farm feed intake required to produce animal products. This is only likely 
to apply in situations where livestock and poultry are housed in con�nement with 
known amounts of feed delivered daily. In other cases, livestock and poultry may 
obtain feed partially or totally under free-range conditions where it may not be 
possible to have an accurate measurement of the total quantity of feed consumed. 

In such cases, the total feed intake is calculated based on the total energy require-
ments of the animals as outlined in the LEAP feed, poultry, pig, small ruminant and 
large ruminant supply chain guidelines. 
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In practice, wastage of feed occurs at the various stages between harvest and 
feeding and this shall also be accounted for. For example, if there is 10-percent wast-
age between the harvesting of maize and its consumption by animals, the water use 
estimates from crop sources should be based on the amount of feed harvested and 
not the �nal amount eaten. At the farm, a signi�cant amount of feed wastage occurs 
during feeding and this loss should also be accounted for (FAO, 2016d). 

4.5.2 Estimating livestock populations
To assess livestock water use, its productivity and related impacts, it is necessary 
to de�ne the population associated with the production of the products of interest 
(e.g. milk, meat, hide and eggs). A simpli�ed population example for a dairy farm is 
provided in Appendix�5 (Figure A5.1).

According to the LEAP animal guidelines (FAO, 2016a, 2016c), when estimating 
livestock populations it is necessary to account for the number of breeding females 
and males within the animal population as well as those used as replacements. The 
number of animals removed from the population � whether for use as meat or be-
cause of natural mortalities � shall also be estimated. The animal population shall 
be subdivided into cohorts based on age, sex, stage of production and, if possible, 
production system. Classes should be developed taking into account the various 
factors potentially in�uencing water use, such as season, ambient temperature and 
feed types used to meet the nutrient requirements of the de�ned classes. It is recom-
mended that an animal population �model� be constructed based on the number of 
adult breeding animals, population replacement rate and fertility, and following the 
LEAP animal guidelines (FAO, 2016a, 2016c). 

In general, annual average population is suf�cient for most livestock. However, 
estimation of the yearly population of some species (e.g. broilers) can prove chal-
lenging with several production cycles in one year. In such cases and where pos-
sible, regional information on the production system shall be used.

Population data may need to be extended to include livestock transferred be-
tween farms. Furthermore, the extent of water use, availability and impact may 
differ dramatically between production locations. In such cases, it is desirable to 
have location-speci�c data for each stage in the production cycle, although such 
traceable information can be dif�cult to obtain. For analyses at national or regional 
level, this can be accounted for using average data. However, for speci�c case stud-
ies, primary data from all source farms would be required, and where these data are 
unavailable, it is necessary to use regional data for the speci�c contributing farm(s) 
considered based on the system boundary of the study in question. 

Calculation of animal productivity also requires average data on male and female 
adult live weight, live weight of animal classes at slaughter, and milk production 
for dairy cattle and goats. This information is critical when the functional unit is 
established as a unit of a given product (e.g. litres [milk] or kg [meat]) and water 
consumption needs to be calculated for those functional units. The data relative to 
animal system water balances can be obtained from databases or estimated through 
modelling (Table 6).

The water �ows at farm level are depicted in Figure 2 (relative to a dairy farm). 
This type of balance can help in selecting the �ows that stay inside the system bal-
ance (e.g. soil water storage) and those that enter and exit the system boundary and 
must be taken into account.
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4.5.3 Drinking and cleaning water
Within the animal, the in�ows include ingested water consisting of drinking water 
and water ingested in feed. The out�ows include perspiration, respiration, excretion 
with manure and excretion as urine, as well as water incorporated into livestock 
products (e.g. meat, milk, wool, hair) that can be transported off farm (Figure 3). 

Figure�2 
Physical �ows of water at dairy farm level

Figure�3 
Water balance in a lactating Holstein dairy cow (%)

Source: Khelil-Arfa et al. (2012).
Note: Percentage �gures should not be used as a default reference, since water �ows depend on speci�c milk yield, 
dry matter intake, body weight and diet dry matter content.
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sewers by rainwater. Storm sewers usually drain directly into water bodies (lakes 
and streams), carrying many pollutants with the water. Potential impacts associated 
with these pollutants should be assessed according to water quality impact catego-
ries including eutrophication and acidi�cation (FAO, 2018a) and (eco)toxicity. 

4.5.6 Indirect water consumption in animal production
To capture the indirect water consumption of livestock products, the different life 
cycle stages before the livestock farm shall be included in the system boundaries. 
This chapter provides guidance regarding the water elementary �ows which shall 
or should be included in the water use inventory for the following stages, as listed 
in the LEAP feed guidelines (FAO, 2016d).

4.6 ANIMAL PRODUCT PROCESSING
Processing of livestock products typically uses a small but signi�cant proportion 
of blue water; as such, it shall be included in water use inventory estimates. Water 
consumption (as a consequence of water use) can vary substantially among process-
ing systems simple systems use water largely for cleaning and washing of products, 
while sophisticated processors use water in washing, chilling, scalding, cleaning 
and, in some instances, pasteurization. Even in large processors, water use can vary 
substantially due to the presence of water treatment facilities and the ability to re-
circulate water for use multiple times. Typically, water use (and consumption) by 
the primary processor accounts for a small percentage of total water use of major 
livestock products (Wiedemann et al., 2017; Wiedemann, McGahan and Murphy, 
2017); as a result, the system boundary is often at the farm gate. Where boundar-
ies lie beyond the farm gate, information on water use at the processor should be 
obtained. If this primary information is not available, default values can be used. A 
range of water use estimates for the processing of various meat sources is provided 
in Table�A4.6.

4.6.1 Transport, capital goods and energy carriers
Transport between the different life cycle stages (in addition to transport of feed 
and other inputs) may involve direct water consumption. In many countries, trucks 
may be cleaned for sanitary reasons before and after transporting animals or animal 
products. Water consumption can also be associated with the production of the 
means of transport, as for other capital goods in the life cycle.

Unless it can be demonstrated that the impact of capital goods is not signi�cant, 
the water consumption associated with capital goods (e.g. for the production of 
equipment, machinery, buildings, facilities and vehicles) shall be part of the water 
use inventory. The same applies for energy carriers (electricity, fuel). The recom-
mendations of the LEAP feed guidelines (FAO, 2016d) shall be used to identify the 
water use inventory requirements for energy carriers. 
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5. Assessment: Water scarcity impact

5.1 INTRODUCTION
Water scarcity impact assessment entails the appraisal of the potential environ-
mental impacts associated with the amount of water consumption quanti�ed in 
the water use inventory phase (ISO, 2006a and 2006b). The same amount of water 
consumption in different places does not produce the same environmental impact, 
because water availability and environmental vulnerability are not homogeneous 
throughout the world. Impact assessment provides additional information to inter-
pret the potential contributions to the environmental impact of the target livestock 
during its life cycle. 

There are several impact pathways leading to potential environmental impacts 
associated with water use, depending on whether the impacts affect human health, 
ecosystem quality or, more generally, local scarcity. The selection of impact catego-
ries, category indicators and characterization models shall be consistent with the 
goal and scope of the water use assessment.

Inventory results are converted to numerical values of category indicators in the 
characterization step. The calculation is performed by multiplying inventory results 
by characterization factors (which act as conversion factors from water inventories 
to impact category indicators).

The above steps are the required parts of a water scarcity impact assessment. 
Subsequent weighting and aggregation of different category indicators, if several are 
used, is optional and shall be done according to ISO 14046 (ISO, 2014). 

5.2 SELECTION OF IMPACT CATEGORIES
The selection of relevant impact categories is key for obtaining results that cor-
respond to the goal and scope of the assessment. In general, environmental issues 
related to water use are classi�ed according to two attributes: quantity and qual-
ity. However, document is limited to the discussion of quantity aspects. For water 
quality assessment, it is possible to refer to other guidelines in line with ISO�14046 
(ISO, 2014) and which cover eutrophication, acidi�cation and (eco-)toxicity (e.g. 
Guidelines for environmental quanti�cation of nutrient �ows and impact assessment 
in livestock supply chains [FAO, 2017]), PEF recommendations [Technical Secre-
tariat for the Red Meat Pilot, 2015; Technical Secretariat, 2015a, 2015b, 2016]) and 
the UNEP/SETAC Life Cycle Initiative [Sonnemann and Valdivia, 2007]).

With regard to quantity and the environmental impacts of water use, it is neces-
sary to consider the suf�ciency of water resources to meet local demand. In the water 
footprint ISO 14046 standard, water scarcity is de�ned as �the extent to which the 
demand for water compares to the replenishment of the area� (ISO, 2014). The water 
footprint assessment manual (Hoekstra et al., 2011) also discusses broader dimen-
sions (environmental, social and economic impacts) of sustainability in water use. 

The scopes of the impact categories de�ned in the ISO 14046 standard of wa-
ter footprint (ISO, 2014) and the environmental dimension of the water footprint 
sustainability assessment (Hoekstra et al., 2011) are similar. However, there are dif-
ferences: the latter focuses on the quanti�cation of the volumes of water used in 
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