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Abstract

This study compares GHG emissions from nine extehsand intensively managed dairy
producers in a dryland area of Inner Mongolia, @hifhese included zero-grazing enterprises
reliant on off-farm feed inputs; seasonal grazintggorises with off-farm feed inputs; and year-
round grazing enterprises with limited off-farm ing. GHG emissions were estimated using
recall survey questionnaires and default valuegifaission factors from the published literature.
Given limitations on the inventory survey methoded, the estimated emissions per farm and per
kg milk can only be considered rough approximatidrie main results are:

Average emissions across the 9 farm enterprises &&82 kg C@e per kg milk produced,

with a range from 2.53 kg G© per kg milk to 57.6 kg C@ per kg milk. Excluding two

farms with the highest emissions, emissions fordtter 7 farms averaged 6.9 kg £e(er

kg milk. For the two highest emitters, the averags 39.5 kg Cée per kg milk.

The highest emissions per unit milk produced westérated for two farm enterprises that

adopt broadly traditional, extensive grazing prgi with no or limited external inputs.

Estimated average milk yields per cow for thesemmises were significant lower than other

enterprises.

Milk yields per cow and GHG emissions per ha lasddiemerge as key determinants of the

GHG emissions per kg milk produced.

On-farm emissions were the majority of emissions5mf the 9 farm enterprises studied.

Enteric fermentation is a major source of emissiaik of which occurs on-farm. The

allocation of other emissions to on-farm or offffiasources is primarily driven by fodder

procurement strategies.

Land use related emissions (primarilyyON emissions) were a major source of on-farm

emissions for 7 of the 9 farms studied.

Emissions embodied in imported feeds accountedhtomajority of off-farm emissions for

all but one farm enterprise.
The study finds that land use is critical to GHGssions in the dairy production process. While
the results of the LCA point to the mitigation paieal of intensifying dairy production, it does not
follow that all cattle raising in the drylands skabintensify. Most extensive grazing systems
produce multiple products, not just milk. Indigesaattle breeds are often less specialized in
milk production, but are good multipurpose breedispted to dryland conditions. In some
contexts, intensification of dairy production wdllive conversion of dryland rangelands to crop
lands, a process which incurs large emissions db&HDairy development and GHG mitigation
strategies in the drylands should consider theydaictor mitigation options in relation to the
economics of production systems (e.g. considerimantial and opportunity costs of adopting
intensifying practices), and also in relation te tilosts and benefits of alternative land uses.
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1. Introduction

1.1 Dairy production and emissions of greenhouse gases

Agriculture and land use together contribute aroBi®b of global greenhouse gas
(GHG) emissions. Within agriculture, methane (C&hd nitrous oxide (pD) are the
main GHGs emitted, while GQOs the main emission from land use and land use
change. Agriculture accounts for 51% of global,@&rhissions, a large proportion of
which is due to enteric fermentation by ruminafestilizer use in crop production
and animal manure management account for a suladtardportion of global MO
emissions from agriculture. Steinfeld et al (20062) estimate that livestock account
for 18% of total anthropogenic emissions, of whieb thirds are from extensive
production systems and one third from intensiveéesys. Dairy production is a source
of several GHGs:

CO, from land use and land conversion involved in bgthzing and feed

production as well as G@missions from fuel and energy used in production,

processing and transport;

CH, from enteric fermentation and manure managemeudt; a

N.,O and ammonia from manure management and fertilizeg in feed

production.

Although there is no reliable estimate of the sfpecontribution of the global dairy
sector to livestock related emissions, it is likiybe significant, and is projected to
grow as demand for dairy products grows worldwiskeinfeld et al (2006) suggest
that globally dairy cattle contribute around 18%at#l livestock methane emissions
from enteric fermentation and manure managemedt1afo of livestock nitrous
oxide emissions from manure management.

Driven by increasing demand from both developeddeakloping country
populations, the livestock sector is one of theéefstsgrowing agricultural sectors in
many developing countries. Emissions from livestprdduction are therefore
projected to increase (for an introductory revieeg Steinfeld et al, 2006: Ch. 2).
One question is whether this future demand shoedd lbe met from increased
support to new intensive production, or from suppmextensive production in
pastoral areas where dairy production has traditipmaken place anyway? Livestock
(including dairy) production and grazing systemgehaultiple values, social,
economic and environmental impacts. The GHG impboa of different production
systems are just one perspective on the relatiweflie of different systems.

In many dryland areas across the globe, intensaug groduction is being promoted.
As urban demand for dairy products increase, tasrgerceived economic
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advantages to intensive production in peri-urbatinggs. This economic advantage is
also partly supported by government subsidies teysban dairy enterprises. By
comparison, there are rarely strong governmentimvents and subsidies for dairy
production in extensively managed pastoral arelss. i§ probably due to the
perception that total milk yields in extensive gyss are low, that milk collection
costs are higher, and that investment in pastoealsas less efficient. Food safety and
hygiene concerns may also support concentratedatmlh of milk over collection
from dispersed sources. Extensive dairy produagersféen blamed for causing
degradation of vegetation and desertification @sda consequence, face increasing
regulatory constraints on grazing activities. Padtareas, and extensive production
within pastoral areas, are therefore commonly peedeto have less comparative
advantage in and to be less desirable sourcesliofami other dairy products than
intensively managed producer enterprises in pd&rauareas.

With increasing concern over the GHG emissions fagmcultural practices, there is
potential for future regulation to emerge goverrtingg GHG emissions of different
tradable agricultural products. Initial concern fa=used on the emissions due to
transportation from remote areas, but it has beews that this concern is often not
justified (Brenton et al 2009). Life cycle analysisboth beef and dairy production
mostly find that the majority of emissions occuthe upstream feed production
process and in on-farm production processes, nbeimownstream transport of the
livestock products produced (see sources citecaimé&it 2009).

There have been no comparisons of GHG emissionsdiary production in
extensive and intensive production systems in dd/eeas. The purpose of this
study is to provide a comparison of GHG emissisomfdairy production in
extensive and intensive managed production sysiemsiryland context. Case
studies from nine dairy producers in dryland addsner Mongolia, China, are
presented and analyzed. The comparison is givesrims of GHG emissions (kg
CO.e)' per kg of raw marketable milk produced.

1.2 Dairy production in Inner Mongolia

Dryland areas differ greatly in the livestock tygesviding milk as well as in the
production management practices employed. Withenstime area, a variety of
management practices are often employed by différemseholds and enterprises.
Even without accounting for differences in grazmgnagement practice,
internationally accepted enteric fermentation emisfactors for dairy cattle in
different parts of the developing world vary bynasch as 29% (Steinfeld et al 2006).
Therefore, it is not possible for a small scalelgtio represent GHG emissions across

! COe (carbon dioxide equivalent units) are a way faress the global warming potential of different
greenhouse gases. 1 kg of methane,j@Hequivalent to 25 kg CO1 kg of nitrous oxide (bD) is equivalent to
296 kg of CQ.
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the drylands as a whole. The production practioesGHG emissions from these case
studies in Inner Mongolia, China, also reflect itt@acts of rangeland management
and dairy sector development policies implememethat region, which are certain

to differ in many respects from policies elsewhere.

Across North China, in recent years, restoratiograéslands has mainly been
pursued through programmes supporting fencing gfatked grasslands to exclude
livestock from grazing, and afforestation of degm@reas. In several provinces,
resettlement of agricultural and pastoral poputetibas been promoted in order to
move these populations away from degraded and rabieelands. Since 1999, Inner
Mongolia has implemented a large scale programmviras ‘fencing and
relocation’ (Chineseweifeng zhuanyj in which areas with extensive amounts of
degraded grazing and arable lands are fencedanff frse, and the local populations
moved to new villages in peri-urban areas, wheieiritended that they can generate
livelihoods from alternative sources. In many artbas the population has moved in
to, government has provided support for zero-gadairy production as one of those
alternative income sources.

Promotion of zero-graze dairy production has aksenbdriven by provincial
government support for dairy sector developmeigemeral. From 1996 to 2007 the
volume of milk production in China grew by moretHase times, to a total of more
than 35 million tonnes per year. Currently, Innesrigolia produces about 25% of
China’s total milk yield. Decisions about the foahfuture producer support —
whether support is given to extensive dairy prodsioe intensive producers — have
implications for both dairy sector development &rdand use policy in Inner
Mongolia’s drylands.

A comparison of GHG emissions from extensive amensive dairy producers in
Inner Mongolia is also highly relevant to China&tional climate change mitigation
policy. China is the world’s largest emitter of GBIG\ study by McKinsey & Co
(2009) highlighted that grassland management im&provides the most significant
mitigation potential within China’s agriculture $ec(up to 80 million tonnes C©

up to 2030), and that it can be implemented atdost and on the basis of existing
technologies. The management practices consideri study included reduced
grazing intensity, irrigation of grasslands andigation of pasture. In general,
implementation of these policies would supportnstecation of livestock production
in dryland areas. Intensification, however, regaigesater inputs of feed from
agricultural sources. Development and climate changigation policies in the
livestock and dairy sectors have implications ford use and mitigation policies in
the agricultural sector as a whole. GHG mitigapaticies and practices should avoid
perverse outcomes and account for ‘leakage’ duscteased emissions outside the
target area or sub-sector. The impacts on GHG enssf intensification in the
dairy sub-sector, therefore, cannot be considefttbut examination of implications
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for emissions from land use decisions in other sedtors.

2. Research Objective

The goal of this study is to compare GHG emissltsveen dairy producers across a
gradient of intensive and extensive production foizas in the drylands of Inner
Mongolia, China. A further sub-goal has been totgiethods for data elicitation and
analysis where detailed production data are unabiailfrom the production units
under study. Thus the concluding sections payqadaii attention to reflection on the
shortcomings in the methods used in this study.

3. Methodology

There is a growing body of research on GHG emissimom livestock production.
The general approach for study of any particuladpct and for comparison between
production units or production systems is Life @y8halysis (LCA). LCA is a
method for assessing the integrated environmemiahcts of production processes,
and can be applied to accounting for environmantphcts in the production of
inputs to the process of interest, the procesH,issewell as environmental impacts of
subsequent processing and transport processeetedt production units are to be
compared, the analysis should account for environah@npacts in terms of
comparable product outputs, and apply the samedawigs in defining the units to be
compared. There are no strict or widely acceptaddstrds yet for LCA of milk
production. General standards for the conduct oA Gave been produced (e.g. ISO
2006, BSI 2008), and a list of case studies repgipplication of LCA to dairy
production is provided in Annex 2. Reportedly, FAQurrently preparing guidelines
for the conduct of lifecycle analysis of livestgatoducts (P. Gerber, pers. comm.),
which will shortly be available on the FAO’s LEADebsite
(http://www.fao.org/agriculture/lead/en/The following sections describe the
methods used in this study, including descriptibthe nine dairy producers sampled,;
the system boundaries defined for the life cyclalysis of each enterprise and for
comparison between enterprises; the managemenitydata obtained and the
sources of default values used for estimation agsions.

3.1 Sampling of dairy producers

In the conduct of this study, nine dairy productionts were investigated in Inner
Mongolia, China. To represent intensive, zero-graziairy production in a peri-
urban, dryland setting, four households in Xinc#iltage, Duolun County, were
interviewed. To represent dairy production withsseeal grazing, we interviewed two
households and one company in the vicinity of Magdeivestock Farm, Xilongol
City. Two households with dual purpose herds urygar-round grazing were also
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interviewed in Xilingol. Within each area, dairygolucers were sampled
opportunistically and purposively in order coves thaximum possible range of
different production patterns in the region. Figlirghows the location of the two
study areas. The following sub-sections summanzenarrative fashion the
characteristics of the producers interviewed, aalbld 1 compares each farm on the
basis of selected characteristics.

3.1.1 Peri-urban zero grazing producers

Duolun County, located in the southeast of Innenljtiia, is an agro-pastoral area.
Elevation in the county varies between 1150 — I/&@€ers above sea level. Annual
average precipitation is around 400 mm. The cobhatya land area of about 387,000
ha, of which 94% is agricultural land (includingagsland). Of the agricultural land,
14% is arable land, 18% forested, and 67% grasslamid the beginning of the
present century, desertification was a pressinglpno in the county, often attributed
to conversion of grassland to arable land in eaykars. In the last 10 years, more
than 30,000 ha of arable land has been abandonedeturned to grassland or
afforested.

Xincang Village is 1 km from Duolun county town.l&ge dairy corporation has a
collection and primary processing plant on the o#iide of town. Xincang was
constructed in 2002 to house people resettled &amas suffering from land
degradation. It has around 400 households. Resideoved from several different
parts of Inner Mongolia to this village. Most cafm@m agricultural areas. In general,
in their home area, households took part in the&ld=armland Conversion
Programme (Chines&igeng huanlifin which they planted trees on former arable
land and government gave a subsidy of 2400 RMBhpgyer year for a period of 8
years (subsequently extended for another 8 yelns)converted land cannot be used
for any other land use. When resettled to Xincaagh person was allocated 0.1 ha of
marginal arable land. Many households use thisifage corn production, but yields
are mostly low because although there are irrigatrells, the electricity wires to run
the pumps were stolen some years ago, so moss aeddunirrigated. With limited

and low productivity arable land, most feed is jpased from off-farm sources. For
most households, dairy production provides only patheir income. Being located

in a peri-urban setting, wage labour, transponrises and urban employment also
provide important income sources in addition toghbsidies from land conversion
that the households receive.

In order to support development of livelihoodsttoe new migrants, local
government supported the construction of a millgtagion in Xincang, and assisted
many households to access loans to purchase Hokiesian cows. Thus, the model
of intensive production studied involves individiiuseholds in the same
community raising their own cows, and with dairp@essing companies purchasing
from the village milk station. Yili Corporation hasarge dairy plant located near the
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county town. Artificial insemination services an®yided by the county animal
husbandry bureau. In 2008, the government also gaweall subsidy (100 RMB

14.7 USD) to households for each dairy cow raibetlthis subsidy was not available
in 2009. Villagers reported that a future subsidyyrhe provided for each pure-bred
calf born. Xincang now has more than 300 househaldsg dairy cows. In 2008,
the ‘melamine milk’ scandal in China brought abmatny changes and shocks to the
dairy industry. When households were intervieweduly 2009, the village milking
station was in operation but the price was very, lssvmany households were
unwilling to sell.Households processed the milk into other storaaily goroducts for
their own consumption instead of selling. Pricexsilate 2008 have been very low,
and several households have recently sold off gteak.

Four households were interviewed. They were saldoteepresent households with
relatively large herds and households with smé&léds, as well as households that
produce their own silage corn and households thatod. Milk and silage corn yields
also differ among the households. Overall, the Bbakls interviewed represent a
broad spectrum of the range of productivity in ¥iikage.

Farm 1: Average size herd, low yield silage corndids, low milk yields: This
household has five members, including an elderlynbes, two adults and two school
children. They have ten cows, and also earn incoome wage labour. They estimate
dairy income accounts for about 60% of househatdnme. They have been raising
cows since 2002, when they bought their first cathha loan. The household has 0.5
ha of unirrigated arable land which they use tongsdage corn. Other feeds (hay,
corn kernels and composite feed) are bought offtfabout one third of cattle dung
is used for household energy, and two thirds usezbacultural input.

Farm 2: Large size herd, no arable land, low milk yelds: This household has five
members, all of whom are able-bodied labour. Hathe family income comes from
wage labour, a quarter from land conversion suesidnd a quarter from milk sales.
The family moved from another province only threans ago, and was not allocated
any arable land in Xincang village. They beganimgigows only after their move to
Xincang, and now have 23 cows, of which 13 areenly lactating cows. Hay and
feed meal concentrate are the only forages fedn&llsamount of cattle dung is used
for household energy needs, as the household mestly coal instead. Most dung is
sold for use as manure by nearby farmers.

Farm 3: Average size herd, low yield silage corndids, low milk yields: This
household has four members, of whom two are satfululren. They have been
raising cows for four years. They now have ninél€abf which five are currently
lactating. With limited labour resources, the hdwdé subsists off land conversion
subsidies and milk sales. The household has Ocf hairrigated arable land. Hay,
silaged corn stalks, corn kernels and cobs, ardifezal concentrate are fed. About
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half of the cattle dung produced is used for hoakkanergy, and half used for
manure.

Farm 4: Small herd, high silage corn yields, high ik yields: Before moving to
Xincang, this household had been a worker on a-staned livestock farm and has
experience of raising cows. With five able bodieghmbers, their main income is

from wage labour and transport services, and nailessonly account for about 20%

of household income. They have six cows, of whveb &re currently lactating. They
have 0.5 ha of irrigated land used for growinggglaorn. In addition to feed meal
concentrate, they feed protein cakes bought franrdpe seed oil factory in the
county town. The household’s energy needs are moet €oal, so cattle dung is used
as an agricultural input on-farm and the remainslepld for use as manure by nearby
farmers.

3.1.2 Dairy production with seasonal or year-round grazing

Xilingol Municipality is one of Inner Mongolia’s nsd well-known grassland and

dairy production areas. Annual average precipitatoaround 295 mm. Grassland
vegetation is dominated I8tipa grandisandLeymus chinensi§ he western part of
the municipality is severely desertified. In thstleen years, large areas of arable land
have been abandoned, and grassland conservatigrapnmes have greatly improved
vegetation cover in formerly degraded areas.

Maodeng Livestock Farm was established in thel@&9s as a state-run livestock
farm. It has a land area of 585 sq km, with ab@@® Households and a population of
2000. In the 1990s, the user rights over some pétte state farm were allocated to
the farm workers, and livestock production becaneerésponsibility of each
household. The farm became a service provideradtiuseholds, and runs its own
enterprises, including production and sale of sdgige and tree saplings. In 2003,
‘fencing and relocation’ was also implemented amfdrm. With support from local
government, a Milk Production Zone containing dleetent of some 200 households
and a milking station were constructed on the eddke farm’s property. About 200
households were also moved to an adjacent pl@naf from neighboring Chaoke
Township. Subsidized loans were provided for pusehaf Holstein Fresian cows.
Households raise their own cows, purchase silagéhay from the state farm, and
feed concentrate from the privately-run milkingtista.

Farm 5: Large size herd, seasonal grazing, houseldobased dairy production:

This household moved to the Milk Production Zon2@94, when it bought eight
cows and calves, which have now developed to adfe28. Eight cows are currently
lactating. The household has 67 ha of grasslandhikifar from their new residence
and the milking station, so they use it to raisesB8ep. Their cows graze on common
property grassland for three months each year. @tsgybuy hay, feed concentrate
and silage maize. Most household income comes ¥vage labour around the
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Maodeng Livestock Farm, and from sheep. Milk saleside a small proportion of
their income. The household uses cattle dung aabfepheating.

Farm 6: Medium size herd, seasonal grazing, houselddbased dairy production:
This household is a former staff of Maodeng LivektBarm that moved to the farm’s
Milk Production Zone in 2004. They have 12 Holstémasian cows (six of which are
lactating), and earn most of their income from nsidites. The household has 67 ha of
grassland, and their cattle graze for two montleh gaar. But since it is poor quality
grassland, they hire machine operators to makevhiash they sell, and then buy
good quality hay from other sources. They also Ipase silage maize from Maodeng
Livestock Farm and feed concentrate from the mglgtation. The household uses
cattle dung and coal for heating.

Farm 7: Intensive production enterprise with seasoal grazing: This dairy and

beef cattle enterprise has 520 head of cattle ha¢w250 are lactating cows. This
enterprise is owned by a private company whichgnaduction bases all over Inner
Mongolia producing grain and oil crops. The cafdlem is located next to Maodeng
Livestock Farm’s Milk Production Zone. It has it milking station, produces its
own sugar beet and prepares its own feed mixntsrever 2300 ha of grassland from
the livestock farm and buys silage maize from Magdeivestock Farm. Lactating
cows are stall-raised, but all other cattle graxedf5 months each year. The farm
sells milk directly to a major milk processing corgtion, and receives a higher price
for its milk compared to the price given to smaltteys who sell through the milking
station. Apart from milk, the enterprise also salisund 100 head of fattened two-
year old beef cattle each year. Heating energyshasgimet by burning around 100
tonnes of coal each year.

Farm 8: Small-scale extensive household dual purpegproduction: This

household is located about 1 km from the Milk Pidthn Zone in Maodeng
Livestock Farm. It does not belong to the farm, touteighboring Chaoke Township.
The household raises cattle in a traditional wath wo off-farm feed inputs. The
cattle raised are indigenous cattle breeds. Thedtmid has 220 ha of grassland and
earns most of its income from sale of hay harvelyekired machine operators from
its grasslands. Other income comes from sale ofr®8th old calves. Milk is used
for household consumption only. Heating energy cofrem cattle dung and coal.

Farm 9: Large-scale extensive household dual purpegproduction: Three

brothers have joined their grassland and livestogkther to develop a large-scale,
household-based, dual purpose cattle producticer@nde. The main income is from
sale of livestock. Milk is used to feed calves deglelop the herd, and for household
consumption. They do not sell milk because yieldslaw, and in the last year milk
prices have also been low. The livestock raisednatigenous breeds and Simmental
and Charolais cross-breeds with indigenous cdattie.brothers feel the indigenous
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and Charolais are well-adapted to the semi-aridrenment. Pure Simmental are less
well adapted until they have been cross-bred witlhgenous cattle. Together, the
three brothers have 400 ha of grassland, and eld@bout 330 ha of grassland for
hay making. They have their own tractor with fitrteefor hay making, and their own
truck for transport. Heating energy comes fromleatting and coal.

3.2 Definition of system boundaries

General guidelines on the definition of system latauies are given in ISO (2006) and
BSI (2008). Full life cycle analysis should inclueleissions from core production
processes that occur on-farm, upstream processesdtur on and off-farm

providing inputs into core milk production processand downstream processes that
are necessary to the production, processing aec$ahilk products.

In this study, we attempted to consider all on- affidarm emissions in core and
upstream processes. Upstream processes are poeEsséng in inputs to core on-
farm production processes. These include emissormdied in inputs imported
from off-farm. Since the ‘melamine milk’ scandalilking stations have been wary of
investigations, so we were unable to elicit datalownstream processes such as
milking and product processing. The system boundey therefore drawn at the
farm gate, and excluded all downstream processgste=2 shows how the
boundaries were defined in this study.

All households and enterprises surveyed produde oniffarm. Core processes
documented include on-farm utilization of grass&mtoduction of feed crops, cattle
raising activities, manure production and manureagament on-farm, all of which
are necessary to the production of milk. The saiofeGHGs estimated in these
processes are listed in Table 2. Following IPCGlgunce for drylands (IPCC 2006
Vol 4 Ch 11: 11.2.2.3), nitrogen leaching was ratoaunted for because
evapotranspiration is much higher than precipitairothe study areas. Emissions of
all GHGs were converted to Ge®units using IPCC values for Global Warming
Potential (Table 7).

Emissions from on-farm upstream processes documhémtkide the use of fertilizer,
fuel and electricity in feed production on-farmefwsed on-farm (e.g. diesel used in
hay making and on-farm transport of feeds); andssimins from land use (soils).
Emissions for off-farm upstream processes inclheédertilizer, fuel and electricity
used in the production of feed concentrates aner grchased fodder; land use
(soils) emissions in forage and feed production; @missions from fuel use in
transport to the farm of imported forage and feeds.

Production of milk leads to co-products on-farng thain one being manure, but also
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including live animals sold for meat (e.g. off-taddeyoung calves), hides and other
products. Emissions from manure application afk@oet from the farm were not
included in the system boundary. A portion of emiss from dung burning for
household energy use was allocated to dairy pramtubased on the estimated
percentage contribution of dairy income to the letwadd enterprise. Although the
same occurs for coal energy used, this was natdied in the study. Since the most
intensive enterprises studied (Farm 7) burns awahéating needs, this omission
leads to a significant underestimation for thiseemtise in particular. It is necessary to
produce calves in order to produce milk, therefdnesct emissions (due to enteric
fermentation) from calves before their sale watuthed, but emissions from weaned
male livestock was excluded. Land use emissions akocated to dairy production
based on the percentage of female + calves indhee ihe method of allocation to
dairy as opposed to other products may overestithatemissions attributable to
dairy production, especially for the dual purpostegorises, because outputs of other
products (e.g. hides, live animal sales etc) weteeramined in detail.

Data on on-farm management activities and on inspafroff-farm feeds and
transport activities were elicited through intewsewith producers. The main
imported feeds are silage maize and feed concen#dditional interviews were held
with the manager responsible for silage produabieMaodeng Livestock Farm to
estimate inputs and yields in silage productiowl &ith a manager of a feed
concentrate factory in nearby Hubei Province tareste inputs into feed concentrate
processing. Feed concentrate inputs include a rahagricultural products. As a
substitute for calculating the emissions from puiotun of all these products, we used
published data on inputs and yields from winter athgroduction in North China,
correcting for the proportion of winter wheat whishan input into feed concentrate.
Our estimate of emissions from feed concentratdymrion is therefore only an
approximation.

Outputs of each production unit included milk, manand GHG losses to the
environment. Milking is done by machine for all boé two extensive year-round
grazing households. Emissions occur from elecyrinitd diesel used in milking,
storage of milk and transport of the raw milk togessing enterprises, but data on
these downstream processes were not collected sibmssfrom transport of milk to
processors and consumers are reportedly a contsomie other countries, but unless
products are transported by air (Edwards-Jonels28i08), other studies have mostly
found that post-production transport is not a mpgmt of total emissions of dairy
products (see references cited in Garnett 2009).

Emissions from direct land use and from land usaghk induced by demand for feed
should ideally be included in the LCA (Garnett 2D0Fhe intensive peri-urban
producers studied are located in an agro-pastocatane. It can be assumed that the
arable land they use was at some point convertadatde land from grassland, a
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process which causes large loss of soil organiwore(Guo and Gifford 2002).
However, the land plots used were arable land poidineir use by the current dairy
producers. Therefore, land use conversion invoimedtensive production was not
included in the system. Feed meal inputs were mediin agricultural areas where it
is assumed that no land use change occurred. Bindeise change driven by
intensification of dairy production is reportedly ssue of concern in some other
countries, the implications of excluding land usewersion are discussed in Section
5. Emissions from direct land use (i.e. soil respan from mown or grazed
grasslands and arable land used for fodder prazhyctire difficult to quantify. In this
study, we used values of GCH, and NO per ha based on published research from
the study region. Research shows that in Xilongi@zed and ungrazed grassland are
both CQ sinks in wet years and sources in dry years. Simestocking rates of the
farms studied were quite low, and no long-term dégtion process could be
demonstrated, we assume that grassland is neitwiree nor a sink of GO
Grasslands and arable land are both €iRHks in the region, but they are both also
N>O sources. Values for net ¢lEnd NO fluxes were taken from the published
literature.

Energy used by producer units can be a large cantn to total GHG emissions.
Some part of household energy use should not bbu#d to milk production related
emissions because it is not a necessary activityarproduction of milk. In the study
area, dung and coal are used for household anthes&heating needs. Part of the
emissions due to dung burning were attributed 1& prioduction based on the
reported percentage of the producer’s income dwegifrom milk production.
Emissions from coal combustion were not calculafés: commercial enterprise
studied (Farm 7) uses coal to heat the milking slmetito warm employees’ quarters,
but other smallholder enterprises do not use doatitly in milk production. To avoid
complications and issues of comparability betweremlpcer units, we decided to
exclude GHG emissions from coal combustion fromstiuely. This leads to an
underestimation of the emissions from Farm 7, andralerestimation of total farm
emissions from all the enterprises that burn doa the proportion of emissions
attributable to dairy production would require mucbre detailed examination of
energy use and farm incomes, and allocation of ®ams to different production
processes based on the resulting analysis.

In order to simplify the estimation process, builgs, equipment and facilities (e.g.
concrete silage tanks) were excluded from analysis.

Downstream emissions occurring after the raisingattfie were excluded. Some zero-
grazing peri-urban dairy producers sell dung talmgéarmers for use as an
agricultural input. The emissions related to thpliaation of this dung as manure was
excluded, because it is beyond the boundary ogptbeucer unit and not necessary to
the production of milk. The initial storage of theng before its sale was, however,
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attributed to the producer unit because its managéwon-farm results in emissions
prior to sale.

3.3 Management activity data and estimation of emissions

This study did not involve the collection of pripatata on GHG emissions, nor did
we directly measure the key input or output paransan the production units
surveyed. The general approach adopted was tanadsigult values for emissions
based on emission factors reported in existingipatibns and data on management
activities provided through interviews by each daroducer unit. Where available,
values from studies in Inner Mongolia or North Ghimere used. Where these were
not available, values for China or East Asia fraimeo authoritative sources (e.g.
IPCC 2006) were used. Annex 2 gives a list of exfee sources for emission factors.

Interviews were held with each dairy producer tmiinderstand and quantify
management practices over the previous year (0§ 2 July 2009). The data
collected included the following:

(1) Cattle herds (stocks and flows)Data collected included: (i) current cattle
numbers and the age, sex, breed and status (digtitey, pregnant) of each; (ii)
changes in herd composition over the past yeatalbeths, sales, mortality and
purchases and the month in which the event occufiteese data were used to
calculate the total ‘residence time’ of each typeattle in the dairy production unit
over the past year. Total residence time of eagol bof cattle was used together with
reported feed and forage use to calculate dundsyidlotal residence time of each
type of cattle was also used in estimation of amfamissions due to enteric
fermentation.

(2) Milk production: Producers do not keep records of milk yields ofrtarimals.
Data from the milking stations could not be accddsrause this is a trade secret. In
general, cows have a high yield period directlgmfialving, after which the milk
yields gradually decline. Yields vary for differesges of cow / sequence of
parturition. Producers were asked for informatiartite age of each lactating cow
and the daily maximum vyield during the high yielefipd, and on the daily yield
towards the end of the lactation period. This aeda fitted to a yield curve from
research conducted in the study region (Su JiaBi0&, Shi Hongjun 2005, Zhang
Huilin et al 2006), from which the total yield df &ctating cows in the previous year
was estimated. Milk yields are expressed in kg, @msider only marketable milk
(i.e. excluding milk fed to calves). Interviews @iom that producers in the intensive
system do not consume milk unless it cannot be $adthe two extensive dual
purpose households, milk consumed on-farm was takenmeasure of marketable
milk in order to facilitate comparison with the kngold by other producers. Data on
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fat and protein content of milk is collected by théking stations, but was not
available because it is a trade secret. Therefeediave not corrected milk yield data
for this. The functional unit used is kg of raw kil

(3) Feed rations:Interviews with producers collected data on thaltfeed ration
(TFR) and structure of TFR fed to different aged aelasses of cattle over the course
of the year. TFR is expressed in kg dry matterailed data on TFR can be used to
calculate emissions of GHlue to enteric fermentation (the method of calouteais
given in IPCC 2006 Vol 4 Ch 10). However, for simjy, we used default values for
enteric fermentation adjusted for the level of npHoductivity of the cows in the
herd. The default values were derived from IPC@EPand are shown in Table 3. In
general, the herds studied were of two types: figlling Holstein-Fresian (av.
annual yield per cow: ca. 5,345 kg), and lowerdjigy indigenous cattle with other
cross-breeds (av. annual yield per cow: ca 1,638 eric fermentation from the
higher yielding cows was estimated using the averagission factor for Western
Europe and North America, while the lower yieldoaywvs were estimated using the
average emission factor for Asia.

(4) On-farm feed production: In the intensive, peri-urban system, some dairy
producers have their own arable land on which fireduce feed crops. Data was
collected on arable land area, crop types, yiddddM), tillage practices,
fertilization and manure use (type and kg appleattj fuel consumption (liters of
diesel consumed) in the cultivation, harvesting @adsport process. Default values
for direct emissions from fertilizer use, manurelagation and direct emissions from
fuel use were drawn from the published literat&@missions from land use on-farm
were estimated using default values drawn fronptiigished literature on GHG
fluxes in the study region. Table 4 shows the defalues used and their sources.
GHGs emitted in the process of producing the feetis used on-farm are accounted
for as an off-farm emission. Some households haee dwn grassland which is used

for hay-making, which was accounted for as an emfamission. Several households

seasonally rent grassland from others for the fipgmirpose of hay making once a
year. This is accounted for as a forage import,thedelated land-use and fuel
consumption emissions were counted as off-farm @ons.

(5) Off-farm feed production: Off-farm feed imports included hay, silage maiz&] a
feed concentrate. Only one producer used small atead protein cakes procured
from a nearby rape seed processing factory. Enmsgrom this minor feed source
were omitted. Estimates of fuel use in hay making @ansport were obtained from
interviews with producers. Inputs per kg of silagere estimated on the basis of an
interview with the manager of silage productioatodeng Livestock Farm.
Electricity and fuel inputs per kg feed concentiatecessed were estimated on the
basis of an interview with the manager of a featceatrate factory near Beijing.
Because feed concentrate has a variety of agrralittops as their contents, we
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made a simplifying assumption that feed concentrgget production could be
represented by winter wheat production in Northn@hinputs into winter wheat
production and emissions from land use were estithasing default values drawn
from the published literature on GHG fluxes in #tedy region. Table 5 shows the
default values used and their sources.

(6) Manure management:Data was collected from interviews on the uses of
manure. For some uses (e.g. household energy aseyenapplied to arable land),
estimates of the amount of manure consumed (kg €&Jld be obtained through
interviews. In some cases, interviewees could prbyide an estimate of the
proportion of total dung production used for difet purposes. Based on the data on
forage and feed rations, and following methods idiesd in Feng (2006), the volume
of total dung production per cattle type was calted. The proportions of dung
allocated to different uses were then applied éotdal dung production. In the case
of dung burned for household energy consumptigarpportion of emissions from
dung burning was allocated to the dairy processdas the proportion of income
from milk sales. However, the two extensive prods@® not sell their milk, so the
value of the milk they produce was imputed the entrmarket price, and a proportion
of income due to milk production was imputed ors thasis. Emissions from coal
burning by households were not accounted for asguirt in the milk production
process. Farm 7 uses coal to warm the milking simeldstaff quarters, so omitting
this source will underestimate the total GHG enoissifrom this enterprise.
Emissions from manure management were calculaied tlee method described in
IPCC (2006 Vol 4 Ch 10), and using default valuasdairy cows in Asia.

(7) Emissions from fuel and electricity useData on fuel use on-farm as well as in
the import of off-farm feed and forage were coktthrough interviews, and where
interviewees were unable to provide reliable ediésiadata was collected on the
distance traveled, and estimates made on the tlastiandard fuel consumption
values for a 10-tonne truck (i.e. assuming 20ditkesel per 100 km traveled). GHG
emissions were then estimated on the basis of Emitsctors reported in Audsley et
al (2003). For emissions due to electricity usg.(g irrigation pumps for crops), the
marginal operating emission factor for the Northrargrid was applied. Table 6
shows the emission factors used.

3.4 Calculation of GHG emissions per unit of milk yield

The GHG emissions considered due to the manageangwities described above
include CQ, CH,and NO. These were converted to €€quivalent units (C&)
using Global Warming Potentials provided by IPCQQ2) (Table 7). Milk yield is
expressed in kg raw milk.
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4. Results

4.1 Descriptive data on dairy producers

Table 1 presents some indicators that enable a&osop of the characteristics of the

dairy producers surveyed, the main forage and ifgaats, and estimated yields.
The producers surveyed represent a variety of mtamu patterns, from zero-
grazing using mostly off-farm feed inputs (Farméd)lto seasonal grazing with
off-farm feed inputs (Farms 5-7), and all year mgrazing with no or limited
off-farm feed inputs (Farms 8-9).
The scale of production also varied. Individual Bhadders had between six and
23 cows (average 14); a commercial operation hadl &Bvs, and a joint
household enterprise had 130 cows.
Total farm milk yields were estimated by a comhimatof numbers of cows,
forage and feed intake, breed and age (humber rtdirfieons) structure of the
herd. With the exception of Farms 8 and 9, all pttem enterprises raised
Holstein-Fresians. Farms 8 and 9 raised mixed ha&r@harolais, Simmental and
indigenous cows. Estimated annual milk yields paw waried between farms
depending on feed intake, herd structure and biEeel estimated yields per cow
varied between 1,688 kg per year (Farms 8 and 8)nm@aximum of almost 8,000
kg per year (Farm 4). The average estimated yielsl 4532 kg per cow per year.
(This is much higher than the yields on which IP@&ault values for Asia are
based.)
The different farming systems of the nine farm girises are reflected in
different land uses in dairy production. Table &suarizes the land uses of each
farm enterprise (including arable and grasslandemlivand grassland rented by
the households, but not including the arable lasetun producing silage or feed
concentrate).

4.2 Total GHG emissions by farm and GHG emissions per kg milk

Figure 3 shows the total GHG emissions per farrerpnise (kg C@e). For seven of
the nine farm enterprises, total emissions per famierprise ranged between 277,000
kg COe to 486,000 kg Ce per year. For two of the farms — a large scad du
purpose enterprise with 500 head of cattle (Farand)a dual purpose joint
household enterprise with 250 head of cattle (Fmtotal emissions were 4.11
million and 2.22 million kg C@e respectively. Exclusion of emissions from coal-
based energy use underestimates total emissioadl farms, and for Farm 7 in
particular.
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Figure 4 shows the GHG emissions (kgzZ&)Xer kg of milk produced in each
production unit studied. Average emissions acrossitne farm enterprises were
14.32 kg CQe per kg milk produced. There is a wide range aksions per kg milk,
from a low of 2.53 kg Cé&& per kg milk to a high of 57.6 kg G®per kg milk.
Among households sharing a roughly common genatéim of production, there is
a wide difference in per kg milk emissions. Formapée, Farms 1-4 which are all
zero-graze smallholder enterprises, per kg milkssians range between 2.53 to
14.37 kg CQe. Farms 5 and 6 (3.95 and 7.57 kg.€are both seasonal grazing
smallholders, and Farms 8 and 9 (22 and 57.6 kgelC&e both dual purpose year-
round grazing enterprises with traditional bredds highest emissions per unit milk
produced are both year-round grazing enterprisésma or limited external inputs,
i.e. more traditional pastoralist household andtjbousehold enterprises. For the
other 7 farms, the average per kg milk emissidh9skg CQe. For the two high
emission farms, the average is 39.5 kp€Q'he pattern of emissions among farm
enterprises is different from the pattern of teaissions per farm (Figure 3). Farm 7
(the large-scale dual purpose enterprise) hasatigedt total farm emissions, but the
second lowest per kg milk emissions. Farm 1 (a-geaaing household enterprise)
has the third lowest total farm emissions, butthaghird highest per kg milk
emissions. Farm 8, a dual purpose household ergenpith year-round grazing, has
relatively low total emissions, but the highest bgmilk emissions. Because milk
from the extensive dual purpose enterprises (F&rargd 9) is not marketed, and
because other livestock products are also derngad the cows in these farms, the
allocation rules adopted in this study may oveneste the proportion of emissions
attributable to milk production for these two farms

The estimated annual milk yields per cow and tatadual milk yields per farm
enterprise are key factors determining per kg mtkssions. Figure 5 shows that
there is a general inverse relationship between @hhSsions per kg milk and the
average milk yields per cow. That is, more productiows tend to lead to lower
GHG emissions per kg milk. There is also a genawaltive correlation between
GHG emissions per kg milk and GHG emissions pesfltan-farm land use (Figure
6). That is, as GHG emissions per unit of landfaeGHG emissions per unit of
milk also tend to fall. As the analysis of the carspion of farm emissions below
shows, fodder procurement strategies and theiricaipdns for land use are a key
determinant of emission levels.

The range of estimated emissions per kg milk predus generally significantly
higher than for other estimates in dryland areas ernebeek and Gerber 2008
estimate 1.63 kg for a farm in Ropar, India) anghkr than in most European studies
(0.69 — 1.3 kg Cek per kg, various studies cited in de Boer 2008-11.5 kg CG@e

per kg for a conventional and an organic farm aNetherlands cited in Thomassen
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et al 2008Y.

4.3 GHG emissions by source

GHG emissions in the system as defined above calivlzked into on-farm and off-
farm emissions. Figure 7 shows the percentage fseons for each farm due to on-
farm and off-farm sources. On-farm emissions actamlfor less than half of total
emissions for four of the nine farm enterpriseseséhfarms included three of the four
zero-grazing households (Farms 1-3), and one af¢hsonal grazing smallholder
enterprises (Farm 6), which depend to a large éxteimmported feeds. Farm 8 is a
traditional year-round grazing household that intpao off-farm inputs, and all its
emissions were on farm. Farm 4 is a zero-grazingl/lboider producer that is able to
meet all fodder needs from its own cropland andgjeamds from which it makes hay.
96% of its emissions were from on-farm sources. Jdéreentage of total emissions
due to off-farm emissions were the highest for hef4 zero-grazing smallholders
(Farms 1-3). These households have limited croplansilage production, and must
meet all other fodder needs by importing forage faed from off-farm sources.

4.3.1 Composition of on-farm emissions

Figure 8 shows the composition of on-farm emissiongach farm enterprise
surveyed. Land use emissions (excluding feed ptazhjcaccounted for more than
70% of on-farm emissions for six of the nine fambegprises. Enteric fermentation
was the second biggest on-farm emission sourcallfof these farms. Two farms had
no on-farm land use emissions, and enteric fernientaccounted for more than 80%
of both these farm enterprises’ on-farm emissi&msissions due to manure
management (i.e. storage and burning) were avelgtsmall proportion of estimated
emissions for all farm enterprises, averaging 3of%n-farm emissions (min. 0.9%,
max 9.7%).

Among land use related emissions, emissions iomharm feed production process
were limited for all farms because of the very sraedas of arable land involved. The
main contributors to on-farm land use emissionsveenissions from grassland,
whether it is used for grazing or for hay makingislis because in this dryland area
of Inner Mongolia, although grassland is a net $orkmethane, it is a net source of
N>O emissions, andJ® has a very high Global Warming Potential. In the
assumptions used in the estimation of land useseonis, we conservatively assumed
that both grasslands and arable land are neit@€)kaource nor a sink. The exact
size of CH and NO fluxes is a matter requiring more research. Tierés used in
this study were relatively conservative, but theme also literature reports of much
higher emissions of CQOCH,; and NO from land use.

2 Note, however, that most of these studies caledlag CO2e per kg of energy corrected milk or peofkigt
and protein corrected milk.
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The exclusion of on-farm use of coal-based eneardkis study underestimates the
contribution of energy sources to on-farm emissiéiasm 7 in particular uses 100
tonnes of coal per year for heating of milking shadd workers’ quarters, so the
exclusion of this emission source from this stutBatly underestimates the
contribution of this emission source to on-farm gsrons in this enterprise.

4.3.2 Off-farm emissions

Figure 9 shows the composition of off-farm emissiod@ne farm enterprise (Farm 8)
had no off-farm emissions. For all other farm egotises, more than 85% of off-farm
emissions were the emissions embodied in feedsrieghto the farm. The majority
of feeds imported were silage, hay and feed conatentThis suggests, then, that land
constrained dairy producer enterprises in the regre increasing feed resources by
importing feeds from off-farm sources, but thasthiso implies that they are
‘exporting’ their dairy emissions to feed and fazayppliers. The emissions from
fuel consumption in the process of importing fee@se in general not a significant
source of emissions. Other studies have also fthaidoost-production transport of
dairy products is not a major contributor to enuasi(see Garnett 2009).

4.3.3 Emissions in off-farm feed production

Emissions embodied in feeds imported to the fartarprises were the main source
of off-farm emissions. In terms of GHG emissions kg feed, hay had the highest
emission (1.9 kg Cé per kg hay), with feed concentrate (0.15 kg€ @er kg) and
maize silage (0.08 kg G® per kg) having much lower emissions per kg preduc
Figure 10 shows the estimated composition of ewskr the three main types of
feed imported from off-farm sources. Emissions fieay are mainly from land use
(again, mainly due to XD emissions despite haylands being a methane svhikg
much higher yields per ha of silage and wheat ntieaihnet CH and NO emissions
directly from soils account for a limited proportiof silage and feed concentrate
emissions. For agricultural feed sources, direassions from fertilizers and
embodied emissions from fertilizer production wan@ajor component of unit feed
emissions (36% for silage and 67% for feed conessitr Silage and wheat produced
in the drylands of the study area are produced withation which uses electricity
powered pumps, and electricity is a major input iieied concentrate processing. The
North China electricity grid is coal-based, whidsta relatively high emission factor.

The inclusion of land use, fertilizer and electyi@missions from off-farm feed
production in the emissions of the dairy produdegn enterprises studied is a
guestion of the definition of system boundariesndty be argued that this is
inappropriate, since these emissions should beuated for in the emissions of the
feed producing enterprises, not of the feed consgranterprises. If emissions from
hay, silage and feed production off-farm are noluded in the emissions of the nine
dairy enterprises studied, then total farm emissifail on average by 31% (range: 0%
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- 87%), and GHG emissions per kg milk produced ayerl0.3 kg Cé2 per kg milk
(range: 0.8 — 57.6 kg G®/ kg milk). Enteric fermentation and on-farm lars®
remain by far the major sources of emissions (lEdu).

5. Evaluation and Analysis

5.1 Evaluation of methods

At best, this study provides only rough indicatiafishe level and composition of
GHG emissions from the dairy producing enterprigadied. There were
shortcomings both with the method for inventoryomgfarm dairy input,
management and output parameters, as well ashdtimethods used to allocate and
calculate estimated emissions.

5.1.1 Sampling, system boundaries and allocation of emissions

The survey covered a range of dairy producer wwiits different farming systems.
Some enterprises surveyed depend to a large degriegported feeds. With limited
on-farm feed resources, these imported feeds aesgary to dairy production. It was
therefore decided to include the emissions creatéie feed production process
within the boundary of the dairy producing systashas been done in several other
LCAs of dairy production (e.g. van Kernebeek & GarB008, Cederberg & Mattson
2000). Including emissions in the process of pratyéeeds off-farm reflects more
fully the GHG implications of milk production ingfhregion. But because different
farms have different fodder procurement strategiesn with identical levels of
consumption of hay or silage, the allocation ofrslated emissions to on- or off-farm
sources varies between enterprises.

Most of the enterprises studied were householdgnges, and one was a fully
commercial enterprise. All produced milk, but thveere dual-purpose enterprises,
producing milk, meat and other livestock produ@iso of these do not sell milk, and
therefore it was difficult to use the proportionio€ome from dairy production as a
factor for attributing emissions from different éarm sources to the dairy enterprise.
This may lead to some overestimation of emissidingbated to milk production for
these enterprises. Other allocation issues alseaFwmr example, all but one of the
farm enterprises studied burn coal in winter foungehold heating. Some of this could
be attributed to dairy production, but only in trese of the dual purpose commercial
enterprise is it actually used to warm cow shedkvaorkers’ quarters. With such
complications, it was decided to exclude emissfom® coal combustion altogether,
though this leads to some underestimation of eonssior most of the farm
enterprises studied and for the commercial enwgffarm 7) in particular. Future
studies in drylands could attempt to categorizerpnise types in advance, and
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develop comparable protocols in advance of thd Bekvey.

All enterprises also produce other products. Eheséa enterprises which raise only
dairy cows also sell male calves. Dual purposerpnges earn income from both
milk and live animal (meat) sales. Therefore, emarssfrom various sources should
be allocated to dairy only in proportion to the doution of dairy production to use
or demand for these emission sources. No dataham ptoducts were collected, and
it was difficult therefore to perform this kind aflocation. Future studies could
consider inventorying a wider range of livestock&dqucts and developing appropriate
and workable rules for allocation of emissionshiese different products. In
multifunctional livestock systems in the drylanttss approach would be particularly
relevant.

‘Downstream’ processes, such as milking, storagesport and processing of milk
were not included in this study, primarily becaos¢he lack of access to data on
management practices following the ‘Melamine M#kandal in China in 2008. The
exclusion of these processes in this study maypeadatignificant because of the high
degree of similarity in the processes used byhalldommercial enterprises studied. In
the study area, all smallholder dairy farms (Fatr®) take their cows to a nearby
milking station where cows are milked using milkimgchines, and the milk stored
on-site temporarily before collection and transpora nearby processing factory. The
commercial enterprise (Farm 7) has its own milkimgchines and temporary storage
facilities, but the milk is also then collected a@allen to the same nearby processing
factory. Other studies have found that emissioms firansport of milk are not a

major emission source (see references cited ingia2009). Unless the
specifications of the milking and storage machinesd or the energy sources used to
power the machines are very different, the emissfoym milking, storage,
transportation and processing for Farms 1-7 shbelsimilar. Farms 8 and 9
consume their own milk raw on-farm, and therefaendt incur emissions in these
downstream processes prior to consumption. Howdlvergomparison used in this
study was between raw marketable milk (i.e. in thieoilk from Farms 8 and 9 could
be marketed instead of being consumed). If Farausd39 marketed their milk, we
assume they would also use the same downstrearagsexcand therefore also incur
similar emissions in these processes. In othetilmts, intensive and extensive
producers may be integrated into very differentigathains and use very different
processes subsequent to production of milk. In sasles, it would be very important
to inventory the processes used and to comparesimssin ‘downstream’ processes
between intensive and extensive enterprises amdréspective value chains.

5.1.2 Inventory survey methods

Measured data on key input and output parametessumavailable for the farm
enterprises studied. The eight smallholder entegprstudied do not collect data on
production inputs or milk yields. The commerciatezprise studied retains this data
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but it was not available to the researchers. Sateyant data exists at milking
stations, but since the ‘melamine milk’ scanda2008, producers have been very
wary of attempts to access such data. We therefere only able to estimate input
and output parameters by interviews that dependedspondent recall or estimation.
Estimates of forage and feed use and dung produatse cross-checked using rule
of thumb figures, but they still remain only estiem The values for these parameters
are, however, within the plausible range for thggae. High quality inventory data
documenting the precise amounts of inputs, managepaeameters and outputs is
required for accurate calculation of emissions fim@astock enterprises. It is highly
recommended that future studies select producemsth measured and recorded
input and output data are available, or that reteigrundertaken to fill in data gaps
on management parameters.

5. 2 Summary of results

Bearing in mind the methodological limitations d#sed above, the study estimated
total GHG emissions per farm enterprise and GHGsloms per kg milk produced
for nine farm enterprises in two localities in theer Mongolian drylands. The main
results are:
Average emissions across the nine farm enterpvses 14.32 kg Cé& per kg
milk produced. There was a wide range of emisspmrskg milk, from a low of
2.53 kg CQe per kg milk to a high of 57.6 kg G®per kg milk. Excluding two
farms with the highest emissions, emissions for dtieer seven enterprises
averaged 6.9 kg C@ per kg milk. For the two highest emitters, therage was
39.5 kg CQe per kg milk.
The highest emissions per unit milk produced westnmated for two farm
enterprises that adopt broadly traditional, extemgjrazing practices with no or
limited external inputs. Estimated average milkldse per cow for these
enterprises were lower than for all other entegsis
The productivity of cows is one determinant of ggrmilk GHG emissions. In
general, as per cow milk yields rise, per kg milK@& emissions fall. Land use is
another important influence of per kg milk emissionn general, as GHG
emissions per ha of land used falls, the per ki @HG emissions falll.
On-farm emissions were the majority of emissions ffee of the nine farm
enterprises studied. Enteric fermentation is onmnsource of emissions, all of
which occurs on-farm. The allocation of other emoiss to on-farm or off-farm
sources is primarily driven by fodder procuremerdtsgies.
Land use related emissions (primarilyONemissions) were a major source of on-
farm emissions for seven of the nine farms studied.
Emissions embodied in imported feeds accountedhfermajority of off-farm
emissions for all farm enterprises except Farm &kwhad no feed imports. Hay
has a higher GHG emission per kg than silage a teacentrate, primarily due
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to NO emissions in land use. For silage and feed caraten fertilizer and
electricity used in irrigation and processing acdsuor significant proportions
of emissions per kg feed produced.

If emissions occurring during the production of onjed feeds are excluded from
the system boundary, enteric fermentation and on-fiand use are the main
sources of GHG emissions.

In other milk LCA studies, land use has also beemd to be a significant contributor
to dairy emissions. In a study of one dairy farnRwpar, India, which imported large
amounts of feed, van Kernebeek and Gerber (2008)late that off-farm land use
contributed almost 50% of total farm emissions. Wha-farm land use was added,
57% of total farm emissions were derived from lasd. NO was also found to be
the main contributing GHG. JO was the main GHG linked to land use emissioras in
study of two Swedish milk enterprises (Cederbengl&tson 2000), and in a
predominantly grazing system in New Zealand, Balstats et al (n.d.) identify land
use as a significant contributor to per kg milk GEIiGissions.

It is interesting to note that this study foundttwéhin the nine sampled farm
enterprises, higher average milk productivity p@w s generally associated with
lower GHG emissions per kg milk; estimated averagk yields per cow (4350 kg
per year) were much higher than the IPCC assunedsyfor Asia; and average
emissions per kg milk in this study were estimatede much higher than have been
reported in almost all other milk LCA studies. [@&fncies with the estimation
method have been noted. However, there results seamicate that land use
emissions in the dryland area studied are sigmfiganigher than in other dairy
producing areas. A review of GHG emissions assediaith different land uses in
dryland areas of the world would indicate whetter $ame high emissions per kg
milk produced could also be expected in other drylareas.

5.3 Possible mitigation actions

The findings of this study, as well as results gaderal prescriptions elsewhere,
suggest the following actions can reduce on-farnGGthissions per unit of milk
production:

(1) Improving productivity of cow herds: A variety of livestock husbandry
decisions and practices can increase total hetdyalds, including changes in herd
structure (e.g. by increasing off-take of non-l&ntacattle), increasing fodder supply
and improving the quality of fodder (and thus abkortening the ‘dry’ period of each
cow), raising specialized dairy breeds, improvingpilation of warm sheds in winter,
etc. Increasing intake of feed inputs is likeljhtove the largest impact because it
reduces Chklemissions as well as increasing milk yields, dedé benefits will
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probably outweigh the increased emissions from feeduction.

(2) Changing management practices:
In terms of feed management, improving the digdsyitof feed which reduces
methane emissions per cow, can be done by incigasports of off-farm feeds;
Land management: Research shows that winter graeohgces greatly the level
of CH, absorbed by grasslands,ONemissions of ungrazed grasslands are also
much lower than of grazed grasslands. A shift tp mmaking with less grazing
can reduce land use emissions from grasslands.rdplamds, adoption of
precision fertilization (measuring soil nutrient fideencies before devising
fertilization dosage) and more efficient irrigatioan increase yields per kg &O
emitted from land use.

(3) Changing management of outputs:
Substituting renewable energy sources for dung ostdn can reduce
emissions. Biogas is one option that integrated weh the management of
dung, and technologies have been developed to imakas work even in cold
dryland areas.
Dung management: Research shows that the manmdriah dung is collected,
piled and stored can reduce £&hd NO emissions from cow dung management.
Lu et al (2007 and 2008) found that piling dung@cm height emitted less than
either piling to 25 cm height or adding 10 kg dyvey day, and that covering
dung heaps with maize stalks significantly redudg® emissions.

The following actions can reduce off-farm emissions
Reduced tillage or no tillage: Wu et al (2007) sttbat in North China compared
to conventional tillage, because of reduced in@#swell as benefits for soil
carbon accumulation, reduced tillage reduces cadmissions of winter wheat
cultivation by 16.2 kg Ce2 per ha, and no-tillage reduces carbon emissigns b
8.4 kg per ha.
Improve fertilizer use efficiency: Research in Dwolcounty, Inner Mongolia
(Zzhang & Han 2008) shows that nitrogen fertilizatiof cropland is a major
source of MO in the regional GHG budget. Precision fertilinat(measuring soil
nutrient deficiencies before deciding on fertilizgplication doses) can increase
the efficiency of fertilizer use.
Improving water use efficiency: Electricity used pumping water for crop
irrigation accounted for about 20% of feed produttemissions. Increasing the
efficiency of water use in irrigation systems ca&aduce pumping requirements
and electricity use (or diesel use where dieselgsuare used).

Before recommending specific changes in manageprantice, it is necessary to
assess the direct financial costs and opportungyscof adopting different practices.
This study has not assessed whether adoption aflitnee mitigation actions would
be economically feasible either in the absencaadntive payments or within the
framework of support from carbon finance projeétsus, while the suggestions listed
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above in general support increasing intensificatibdairy production, it does not
follow that all producer households should intensiir that intensification is the best
option for livestock production in dryland areas.

5.4 Implications for dryland dairy development

5.4.1 Dairy development, land use and GHG emissions  in Inner Mongolia
Inner Mongolia provides 25% of China’s raw milk, ahuof it sourced from
smallholders. In the last ten years, a range oéguowent policies aimed at restoring
degraded environments and protecting vulnerable@mwents has resulted in
relocation of large numbers of households to commated rural settlements and peri-
urban villages. Other policies have promoted theetigpment of a region-wide
network of milk collection stations. Large dairyogucers are only allowed to source
milk from milking stations that monitor milk accongy to the regulations. This means
that dairy producers selling to commercial souaresoften not households engaging
in traditional, extensive grazing (because herdg@w far from milking stations), but
are households or small enterprises that engagerangrazing, seasonal grazing or
seasonal grazing of non-lactating livestock on gjeasls near milking stations.

This transformation of settlements and the daicyaehas been accompanied by
major changes in land use. Formerly vulnerableegralded arable land and
grasslands have been abandoned and allowed toerew@iiout grazing. Milk
production under the new settlement conditions mdiarited on-farm land use (e.qg.
under zero grazing), limited grazing during thesgrgrowth season (which limits the
risk of degrading grasslands by overgrazing), shiét from grazing to hay making on
grasslands. All these transformations can be egdentgeneral to reduce the GHG
emissions from land use in pastoral areas.

Grassland and hay yields are limited. Zero-graaimg) seasonal grazing require the
import of extra forage from other grasslands anfitefl from agricultural sources. At
a regional level, it is not clear whether demandiore feed crops increases land
conversion in the grassland areas, increases stende that feed crops are
transported or whether it competes with food goemand. Significant rates of land
conversion have been documented for many partsnefr IMongolia, but no study has
attempted to link the drivers of land conversiowlifferent sources of demand. So, if
we assume that the producers of feed were cropupens before the development of
the dairy sector, then it is plausible that incesbfeed can be provided to dairy
producers without increasing GHG emissions frond f@e@duction. That is, the
increased use of imported feeds can have a positiget in reducing GHG emissions
per unit of milk produced, especially when combimeth other factors such as
increased populations of dairy specialized cow dseartificial insemination services
and improved access to milk stations. This studydiso identified a range of generic
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actions that can further reduce GHG emissionstamnsified dairy production systems
in the region.

5.4.2 Implications for livestock production in othe r dryland areas
Do the findings of this study mean that pastorsilistother dryland areas should
intensify? From a GHG emission and mitigation pecsppe, many aspects of
intensification can reduce GHG emissions per uinmitk produced. However,
intensification has several preconditions and agsiams. For example:
Lactating cows would have to stay close to milkstgtions and refrigeration
facilities in order for their milk to be sold commally, so specialized milk
production is not feasible for all households ie gastoral areas;
Increased dependence on milk incomes and spetiatiza milk production can
increase household risk (e.g. as the market caldpowing the ‘melamine
milk’ scandal showed);

Maintaining indigenous breeds reduces risks dusxteeme weather events (e.g.

droughts), and reduces expenditures on veterinadigmes;
This study has focused solely on quantifying GHGssmns per unit of milk
produced. Dual purpose herds also produce meagshahd other livestock
products. Indigenous breeds are often more suitableroviding multifunctional
services than specialized breeds.
Therefore, it should be stressed that dual purpesas, indigenous breeds, and
production strategies based on extensive grazing theeir rationality in the dryland
context, and — in the absence of payments for enmental services — it does not
follow that all cattle raising households wouldlzdter off if they followed a GHG-
minimizing development strategy.

As has been found in other dairy LCASs, this stunlynid that land use contributes
significantly to GHG emissions related to dairyqwotion. Firstly, it should be noted
that while there has been significant attention paithe carbon sequestration
potential of dryland ecosystems (see e.g. FAO 2004mper et al 2008), JD
emissions were estimated in this study to be muafersignificant than CQemitted

or sequestered by land use processes. Secondbtuthewas undertaken in areas of
Inner Mongolia that had previously undergone prees®f land conversion and land
degradation, but which are now undergoing a lahdlvditation process. Increased
demand from off-farm sources for feeds is being Inygmports from nearby
agricultural areas. However, in many other contexasversion of rangelands to
cropland is taking place on a significant scalel tms process has major implications
for GHG fluxes.

According to global analysis by the World Resouressitute (White et al 2000),
temperate grasslands, savannas and shrublandsx@emenced heavy conversion to
agriculture. In temperate areas of the world, thgtymate that more than 40% of
historical grassland has now been converted tdandp In tropical and subtropical
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grassland 15 percent has been converted to agmeulthe process of conversion
removes native vegetation, increases soil erosidrchanges soil water retention
properties. Irrigated agriculture in dryland ecadeygss has been associated with a
range of land degradation processes (Safriel arelA2D05). In terms of GHG
emissions, Guo and Gifford (2002) estimate thaawerage 59% of soil carbon stocks
are lost (and therefore emitted asL&fter conversion of native grassland to
cropland. Impacts of conversion on £&hd NO emissions are generally less severe
(Del Grosso et al 2002). Where dairy intensificativives land conversion, and
particularly where after conversion agriculturadlgs are low, costs may well
outweigh benefits. Therefore, it may also be theedhat extensive land use in
dryland areas is the land use option with the |I€&$G emissions over a given
accounting period. Accounting for the multiple autipof livestock systems in
drylands (e.g. meat, milk, wool, leather, environtaéand cultural services — see
Rodriguez 2008) would also give a different pictafé¢he GHG emissions
attributable to different products. Garnett (2008htly suggests, therefore, that the
results of LCAs should be viewed from the perspeatif (i) impacts of livestock
production on land use and land use GHG emiss{onepportunity costs of
alternative land uses and (iii) social needs.

6. Conclusions

This study reported a comparison of GHG emissioo® fnine dairy producers in
Inner Mongolia, China, broadly covering three typésdairy production: zero-grazing,
seasonal grazing with off-farm feed inputs, andyeand grazing with limited off-
farm feed inputs. There have been few other studfi@&HG emissions in dairy
production in developing country dryland conteXtst(see Saxena 2002 and van
Kernebeer and Gerber 2008). Production systemther dryland areas are likely to
differ in many respects from those studied here fEsults of this study are therefore
not directly transferable to milk production in ethdryland areas. It is recommended
that studies based on management activities conimitie local context are
undertaken.

Two key findings from this study are:

0] GHG emissions from land use constitute a signifiganportion of emissions
in the dairy production process.

(i) Intensification of dairy production by increasingports of off-farm feeds,
accompanied by increases in milk yields and impdowe-farm management
of emission sources, can reduce GHG emissionsgoef kilk produced.

However, if intensification of dairy production Esto conversion of rangelands to

agricultural production, this is likely to causeddtbnal GHG emissions — as well as

other land degradation problems — that may outwtigtbenefits of reduced
emissions per kg of milk produced.

Drynet“GHG Emissions from Dairy Production in Drylands"jINés & Wang

gea?29



Drynet is concerned to support CSOs working wittnocwnities to address land
degradation and drought in dryland areas. Drylaaid/gector development and
factors driving land use changes often involve llogad even national governments.
The findings of this study are relevant not onlyators in the livestock and dairy
sectors, but also to actors with influence on lasel and agricultural irrigation
policies, since these often drive conversion of iatehsification of agriculture in
dryland areas. Where relevant, the findings of shisly should be communicated in
the context of trends in land use changes in th®newhere the CSO works, and in
the context of the concerns of stakeholders invbinghese policy arenas.

At the international level, the findings of thisidy are relevant to ongoing
discussions in both UNCCD and UNFCCC. Since largtat#ation processes most
often involve emission of soil nutrients (e.g. aarbnitrogen) into the atmosphere,
there is a natural linkage between UNCCD and UNF@@Ehe contributions of
sustainable land management to climate changeatidigin ways that benefit local
populations. Scientific advisors to UNCE&Mave recently been stressing the need to
focus less on land degradation itself, and mortherinks between land use,
ecosystem services and human well-being. The ‘Ddyl2evelopment Paradigm’
stresses that socio-economic and biophysical aspénd management processes
are integrated. Garnett (2009) also argues thakethdts of Life Cycle Analysis such
as this study should be viewed from the wider pegpes on the biophysical, social
and economic implications of land use changes &ssdcwith changing trends in
GHG emissions. This study can provide an exampteadeoffs between multiple
goals in dryland development.

The role of sustainable land management in implé¢atiem of the UNFCCC has been
somewhat uncertain. Land use mitigation optiongothan afforestation /
reforestation have been excluded from eligibildy $upport under the Clean
Development Mechanism. This has primarily beentdube perceived risk that GHG
emission reductions can be reversed (and theratorgoermanent) if land uses again
change. However, if non-forestry land uses aretdinue to be excluded from
international agreements, then most of the wodidigand rangeland and agricultural
areas will be unable to receive international supfoo mitigating climate change
under the UNFCCC. Methane reduction actions aggbédi under the CDM. But as
this study has shown, GHG emission trends in tlry dactor are closely linked to
drivers of GHG emissions in other sectors, notalgigicultural land use. This study
therefore provides an example of how different sabttors are linked and how these
linkages drive GHG emissions in both sectors. This form part of the basis of an
argument for inclusion of a wider range of agriatdd and land use based mitigation
options in future international climate agreememd mechanisms (e.g. the CDM) so
that emissions from dryland land use and livelihegstems can be more completely
accounted for.

3 See http://dsd-consortium.jrc.ec.europa.eu/phpfiqzthp?action=view&id=150
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8. Annexes

Annex 1: Tables and Figures
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Table 1: Characteristics of the farms surveyed

# Location | Characterization | No. of | No. of No Total annual Estimated av. milk Grazing? Feed sources
cattle cows | lactating | milkyield (kg) | vyield per cow (kg)
cows

1 Xincang, | Small scale hh 10 10 3 12,795 4,265 No Grow silage; Buy h
Duolun zero-grazing corn, feed

2 Xincang, | Small scale hh 23 23 13 54,403 4,185 No Buy hay, feed
Duolun zero-grazing

3 Xincang, | Small scale hh 9 9 5 27,615 5,523 No Grow silage; Buy h
Duolun zero-grazing corn, feed

4 Xincang, | Small scale hh 6 6 2 15,851 7,926 No Grow silage
Duolun zero-grazing Buy feed, protein

cakes

5 Maodeng,| Small scale hh 23 23 8 42,435 5,304 3 months / year Buy hay, feiaje
Xilingol seasonal grazing

6 Maodeng,| Small scale hh 12 12 6 26,042 4,340 2 months / year Make hay; hay,
Xilingol seasonal grazing silage & feed

7 Maodeng,| Dairy / beef| 520 360 250 1,467,750 5,871 Non-lactating cov&ow turnip; make
Xilingol enterprise graze 4.5 months |/hay; buy silage

year

8 Chaoke, | Small scale hh 15 15 5 8440 1,688 Year-round grazing Make hayaomf

Xilingol dual purpose
production

9 Chaoke, Small scale hh | 200 130 60 101,280 1,688 Year-round grazing  Makeoffafarm

Xilingol dual purpose

production
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Table 2: Emission sources and GHGs estimated in thstud
Activity / source CO, CH,4 N>O

On-farm emissions

Enteric fermentation

Dung & manure mgt.

- solid storage

- grassland deposit

- dung burning

Feed production &
land use on-farm

- direct emissiong
from fertilizer use

- fuel use

- electricity use

- land use

Off-farm emissions

Feed imports

- fuel used in
harvesting & transpor

- electricity used

- direct emissiong
from fertilizer use

- emissions embodied
in fertilizers used off-
farm

Emissions embodied
in fertilizers used on
farm

Table 3: Default values for enteric fermentation ued in this study

Producer unit

Av. milk yields per cow (kg)

Defaultvalue adopted
(kg CH4 per head per year)

Farms 1,2, 3,5, 6 4,723 Cow: 108
Other: 57

Farm 4, 7 6,899 Cow: 122
Other: 55

Farms 8 and 9 1,688 Cow: 68
Other: 47

Source: IPCC 2006 Vol 4 Ch 10 Table 10.11

Table 4: Default values used to estimate emissiofiem on-farm forage & feed production

Emission source

Default value applied

Reference

Arable land use
production)

(silagel CO;: 0 kg per ha

CHg: -1.1 kg per ha
N,O: 3.29 kg per ha

Various inconsistent
Wang (2001), Ma (2006)
Wang (2001), Ma (2006)

Grassland, grazed

CO.: 0 kg per ha

Various inconsistent

CHg: -1.8 kg per ha Ma (2006)

N,O: 7.2 kg per ha Ma (2006)
Grassland, ungrazed CO,: 0 kg per ha Various inconsistent

CHg: -2.3 kg per ha Ma (2006)

N,O: 3.6 kg per ha Ma (2006)
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Table 5: Default values used to estimate emissiofiem off-farm forage & feed production

Emission source

Default value applied

Reference

Arable land use (silage| COs: 0 kg per ha Various inconsistent
production) CH,: -1.1 kg per ha Wang (2001), Ma (2006)
N,O: 3.29 kg per ha Wang (2001), Ma (2006)
Arable land use (wheat| CO.: 0 kg per ha Various inconsistent
production) CH,: - 0.62 kg per ha | Qi et al (2002)
N,O: 0.0195 kg per ha | Ding et al (2007)
Electricity COse: 0.00095 kg per http://cdm.unfccc.int/

kwh

|4
~

UserManagement/FileStorage

FS_147407685

Table 6: Emission factors for fuel and electricityuse used in this study

Source

Emission factor

Reference

Fuel consumption

CO,: 2.961 kg CQper | diesel
CH,: 0.0038 kg MO per | diesel
N,O: 0.0000067 kg BO per | diesel

Audsley et al. (2003)

Electricity
consumption

CO.e: 0.00095 kg per kwh

http://cdm.unfccc.int/
UserManagement/FileStorage
FS_147407685

~

Table 7: Global Warming Potential used to convert GIGs to CO.e

Methane (CHy) 25
Nitrous oxide (N;O) 296
Carbon dioxide (CGO,) 1

Table 8: Land use by dairy producing enterprises sweyed (ha)

Farm1l| Farm2 Farm3 Farm{4 Farm5 Farm6 FammamB| Farm9
Crop 0.5 0 0.4 0.5 0 0 20 0 0
land
Mown 30 324 42 43 9 6.4 6.6 0 333
grassland
Grazed | O 0 0 0 50 67 2333 220 400
grassland

Figure 1: Location of the case study sites in Inneongolia
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Figure 2: System boundaries defined in this study.

Dashed lines define the boundary of on-farm emmssi®ouble lines define the boundaries of the
system documented in this study. Boxes outsideltluble lines have not been documented in this
study.
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Figure 3: Total GHG emissions per farm (kg CQe)

4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000

500000

0
Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Farm 7 Farm 8 Farm 9

Figure 4: GHG emissions per kg milk (kg CQe)
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Figure 5: Relationship between emissions per kg nkiland average milk yields per cow
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Figure 6: Relationship between per ha on-farm landise emissions and per kg milk emissions
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Figure 7: Percentage of on- and off-farm emissions
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Figure 8: Composition of on-farm emissions (%)
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Figure 9: Composition of off-farm emissions (%)
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Figure 10: Composition of emissions embodied in afarm feed sources (%)
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Figure 11: Composition of total farm emissions exading embodied emissions in feed imports (%)
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Annex 2: Reference sources for emission factors and relevant case studies

1. References sources for emission factors

IPCC 2006 Vol 4 Ch. 10 Emissions from Livestock aahure Management

IPCC 2006 Vol 4 Ch. 11 N20 emissions from managdld and CO2 emissions from Lime and
Urea application

IPCC 2006 Vol 2 Ch. 2 Stationary combustion [fonduourning emission factors]

The above IPCC publications can be obtained findtiwt//www.ipcc-
ngqip.iges.or.jp/public/2006gl/index.html

Other useful reference sources include:

US EPA, 1995http://www.epa.gov/ttn/chief/ap4Pior chemical fertilizer emission factors]
Wood, S and A Cowie, 2004, ‘A Review of GreenhoGses Emission Factors for Fertiliser
Production’,IEA Bioenergy Task 38 [for embodied emissions tilieers]

2. Relevant case studies

de Boer, 1.J.M., 2003, ‘Environmental impact asses# of conventional and organic milk
production’, in Livestock Production Science 80-89

Basset-Mens, C., Ledgard, S. and A. Carran, riKirst Life Cycle Assessment of Milk Production
from New Zealand Dairy Farm Systems’, available at
http://www.anzsee.org/anzsee2005papers/Basset-MEhs NZ_milk_production.pdf

Cederberg & Mattson 2000, , Life cycle assessmémnitk production — a comparison of
conventional and organic farming’, in Journal oé&ter Production 8: 49—60

van Kernebeek, H. and P. Gerber, 2008, ‘Environaidrte Cycle Analysis of milk production in
Ropar, India,” FAO: Rome

Thomassen, M.A., van Calker, K.J., Smits , M.Gepema, G.L. and 1.J.M. de Boer, 2008, ‘Life
cycle assessment of conventional and organic nnd&yction in the Netherlands’, in
Agricultural Systems 96: 95-107

Drynet “GHG emissions from dairy production in gmgtls“, Wilkes & Wang
page 42



