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1. Introduction

About fifteen years ago, when the Chinese population broke tBebillion mark, the world
started to worry about how to feed the Chinese people. It was a reasonable imcersiich a
huge population could have created unbearable pressure on the go@msiculturalresources
and further onthe international foodmarket. Fortunately, with sound incentivenproved
technology,and good planningstarvation didnot become an issuelowever, while the rest of
the world starts to feel less concerned w@bhfwod security in China, the Chinese are still
worrying. This is because the population islonger satisfied with being fed by carbohydrates
aloneand starts to pagttention to environmeniThey want protein, or in othevords, meatto

be produced ian environmentally sustainable wakhis creates a new concekvho will feed
Chinese livestock, and how?

There is an inherent tension between the rapidly increasimguas for agricultural products

and constraints on natural resource exploitai@nina 6 s past success Iin meet
demand for food and meat has put heavy pressure on its limited natural resources and led to
degradation of the local environment at unprecedented ratesnciease land productivity

China is following the trendof agricultural production intensification characterized by high
fertilization rates, especially of nitrogen, and rapid introduction of industrial livestock production
units in the vicinity of urbanized areds.is now weltknown thatintensification ofagricultural

land use and management for crop and livestock produatsonge neratesignificant emissions

of CO,, CH4 and NO into the atmospheré&.urthermoregxcess leaching of nitrogen into ground
water and rivers as well as volatilization of > and NQ contribute to regional and local air
qguality problems such as acidification and eutrophication of ecosystems)agrchuse damage

to human health via the exposure to highyRBMoncentrations. Increasing demand for-biwergy

in coming decades mdurther exacerbate environmental pressures.

In this report, wewill first provide an assessment of future availability of land and water as well
as the stable capacities for livestock production. Nexdstimates current and futupotential
nutrientloadsfrom livestock and crop production in China quantified in the context of plausible
economic, demographic and urbanization scenario assumititopged in the CATSEI project
Following the division of labor across working packadmgs treportwill focus on thenegative
impacts of production intensification trends environment. In more details will highlight the
critical locations of nutrients output in excess of uptake capacity of available cultivated land.



2. Avalilability of Key Natural Resources
2.1. Land and Water

Availabiity of arable land is naturalyperceived as themost important resource base for
producing sufficient food for a country withhuge populationike China Despite its large
territory, China is severely limited in its farmland rasmes, which are, moreover, threatened by
land degradation and by the expansion of-agncultural land uses in response to rapid
economic growth and urbanization, particularly in the river plains. Total cropland area is
estimated at about 133rhillion hectare (or 0.1 hectare per inhabitaint)2010, of which 11
million hectare consists of orchard land. Figure 2.3 gives a geographical overview of the land
suitability for cereal cropping, based on the AEZ agdaphic suitability classification and
assumig an intermediate level of management and input conditions (Fischer et al, 2002). In
WesterrEastern direction, land suitability is highly correlated to the distribution of population
but within the coastal regions the population concentrations in Nodh\emtheast are much
better endowed with goeguality cereal land than those in the South.

Figure 1.Land suitability for cereal production based on AEZ assessment
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According to the land monitoring data of the Ministry of Land and Resources of China (MLR),
bet ween 1987 and 2000 the net decrease (aft
farmland amounted to more than 4 million hectares, which represents amlaloss of 0.3

million hectares, due partly to competition from other sectors, and partly to conservation
measuredndeed, of the total farmland lost between 1987 and 2000, 25 per cent was transformed
into orchards and fishponds, 22 per cent into bupltlands, and 38 per cent into forestland and
grassland for conservation purposes. The remaining 15 per cent were abandoned altogether as
they became unusable due to severe damage by natural hazards. Because of these factors
encroaching on farmland is gealy expected to continue in coming decadlas et al, 2004).

Regarding environmental degradation and natural hazards several provinces of Western China

are particularly at risk, as a significant fraction of their cultivated land is located on steep
mountainous and hilly slopes. The 1998 Yangtze River flooding and recurring droughts in the
Yell ow River basin have hei ghtened public av
ecological degradation and its dire environmental and economic consequenc&ssTdikekey

ecosystem services has resulted in a series of severe environmental and ecological problems
downstream. The highly fragile environments have adversely affected the livelihood and welfare

of millions of poor farmers and herders, and act askdon economic development in some of

Chinabés poorest provinces. unt i | recently, CC
grassland has been greatly stimulated through the National Land Conversion Program, initially
called t he A @®rogrdm Asfthe recosgsteeneservices and environmental goods

provided by the green lands are not rewarded by the market, government has a crucial role to
play in this domain to combat environmental degradation and to act as a trustee for future

generationsn its natural resource management. The current policy is to ensure that by 2010 all

farmland orslopes steeper than 25°il be transformed into forest, shrub or grassland.

While degradation affects the largest areas of fragile marginal lands, thendegpiculural
production potential is mainly caused by construction activities as these tend to take away the
best quality farmland. Furthermore, as this loss commonly takes place in the densely populated
urban fringes, it has undoubtedly caused a greatber of farmers to lose their landpagial
econometricregression exercises usih@hresolution satellite imagery data and socioeconomic

data atountylevel for the period of 1982000indicate that the annual increase in buptland

is highly and psitively correlated with the annual growth ratecouinty GDP andpopulation

One most recent study indicates that when GDP rose by 10%, the size of the urban core rose by
3% (Deng et al 2010, 2008

According to the Land Management Law and related legigms, farmland converted into
construction land should be fully compensated by an equivalent area of reclaimed, consolidated
or rehabilitated farmland. However, the feasibility of this requirement is questionable. First, the
newly builtup areas will tgically not be situated in the same county within a province and,
hence, not fall under the same administrative jurisdiction as the areas where compensation is
supposed to take place. This creates asymmetric incentives and monitoring difficulties. Second,
the farmers who lost their land to the newly built areas tend to be unwilling to migrate to
thesecompensation areas that are usually located in more remote and backward areas. Third,
executionof land reclamation, consolidation or rehabilitation prtges expensive. Finally, even
disregarding these costs, farming might not be economically viable on these compensation lands.



Not surprisingly, in view of the difficulties, a recent land survey suggests that, on average,
compensation takes place for ordpout twethirds of newly buikup land converted from
farmland and this only as long as reclaimable land is available within the same proviatelLu
2004). On the whole, in the period 198000, 9.1 milion hectares of farmland was lost whereas

5.1 nillion hectares was reclaimed, leading to the net loss of 4 million hectares mentioned earlier.

Next to the availability of farmland itself, adequacy of water control is the major determinant of
agricultural productivityAccording to the assessment of AGRO project, early 45 per cent

of Chinabs f ar ml a n drrigitesl,xaod bedchuser af theocorontoa prattce of i s
multi-cropping on this land, even 54 per cenatésown area is irrigated. The share of irrigated
land varies significantly aoss regions, due tdiverse environmental conditions, and ranges
from 74 per cent in the East Region to 21 per d¢erthe Northeast. Farming is also more
intensive on irrigated land. Under similar naturahditions, cropping on irrigated land uses 50
pe cent more farm labor and 100 per cent molemical fertilizers than cropping on rainfed
land, and its yield is generally more than double. &f8mate that 72 per cent of grain output is
produced on irrigated land. For rice, the share is owedr 90 pe cent, for wheat over 85 per cent,
whereas it only is about 45 per cent for maize ang&0cent for soybeans, both major feed
grains.

In terms of potentials for future expansion of irrigated surfaces, the share in the Northeast is
likely to increase, écause this is a major grain producing area that has the lowest irrigated share
of all regions but plenty of water available. By contrast, in the North region, water availability is

a pressing problem due to fast rising +agricultural water demand. Theater resources of
mainly the middle and lower reaches of the Yellow River and the Huai and Hai watersheds are
severely overexploited (MWR, 2002). The difference between renewable water supply and
demand is being made up by groundwater overpumping, lowdwngater table in several areas

of the North China Plain by-2 meters per year and allowing saltwater intrusion in coastal areas.
In the coastal provinces of the South region, the share of irrigation area has been dropping. This
trend is expected to ctinue due to farmland conversion to buipp land and the consequent
disruption of irrigation systems. The remaining regions are expected to maintain their current
share of irrigated land. As water available for irrigation will at best be stagnant andikedyre

be declining due to competing demands for -agnculture use in the future, the key to
preservation and expansion of irrigated areas lies in a more rational and efficient water use. In
addition, plans have been designed and work has begun fSoth&to-North Water Transfer
Project consisting of three large diversions to bring nearly 45 billion cubic meters of water per
year from the Yangtze River to the dryer areas in the Nartbetconstructed phase by phase
andto be completed in 205@his total transfer amounts to 8.2 percent of the national water use

in 2002.

While land reclamation and rehabilitation will continpeviding some additional gpland in
the coming decadedarger will be the losses to landegradation, ecological conversion
programs and, most importantly, to urbanization awllstrialization. Furthermore, the process
of transformation of annual crop land into orchandls continue for a while. Water will become
a pressing problem in the North region, whersastheast willhave possibilities to expand its
irrigation since it still has ample unused wademilable. These considerations are refledted



Table 1 following the same methodology as lin et al. (2004), at regional level. The model
uses provincial growth ratesp@id at county level.

Table 1Available cropland: growth rates in baseline

Annual growth rate (in %)

Region Type of 1997 area 1997 2003 20106 2020 2003
land (milion ha) 2003 2010 2020 2030 2030
North Irrigated 17.232 -0.51 -0.53 -0.21 -0.19 -0.29
Rainfed 12.137 -0.64 -0.67 -0.34 -0.29 -0.41
Orchard 2.008 2.37 2.06 1.23 0.81 1.29
Total 31.377 -0.36 -0.37 -0.12 -0.12 -0.19
Northeast Irrigated 3.944 0.71 0.67 1.60 1.60 1.36
Rainfed 16.681 0.08 0.08 -0.61 -0.71 -0.47
Orchard 0.678 1.72 154 0.72 0.52 0.86
Total 21.304 0.25 0.25 -0.09 -0.08 0.00
East Irrigated 9.882 -0.40 -0.41 -0.40 -0.43 -0.41
Rainfed 3.827 -0.41 -0.42 -0.25 -0.25 -0.29
Orchard 1.324 0.36 0.36 0.55 0.28 0.40
Total 15.032 -0.33 -0.34 -0.26 -0.31 -0.30
Central Irrigated 8.043 -0.43 -0.44 -0.14 -0.11 -0.21
Rainfed 3.866 -0.54 -0.56 -0.27 -0.22 -0.33
Orchard 1.047 1.02 0.96 0.52 0.40 0.59
Total 12.956 -0.34 -0.35 -0.12 -0.09 -0.17
South Irrigated 5.413 -0.68 -0.71 -0.88 -0.96 -0.87
Rainfed 4.623 -0.54 -0.56 -0.77 -0.82 -0.73
Orchard 2.292 0.12 0.12 -0.09 -0.45 -0.17
Total 12.327 -0.48 -0.49 -0.67 -0.80 -0.67
Southwest Irrigated 6.387 -0.46 -0.47 -0.16 -0.13 -0.23
Rainfed 12.095 -0.26 -0.26 -0.16 -0.13 -0.18
Orchard 1.241 2.04 1.81 0.75 0.56 0.96
Total 19.723 -0.17 -0.17 -0.08 -0.07 -0.10
Plateau Irrigated 0.391 0.04 0.04 -0.05 -0.05 -0.03
Rainfed 0.644 -0.05 -0.04 -0.06 -0.05 -0.05
Orchard 0.008 0.00 0.00 0.00 0.00 0.00
Total 1.043 -0.02 -0.01 -0.06 -0.05 -0.04
Northwest Irrigated 8.703 -0.30 -0.31 -0.16 -0.14 -0.19
Rainfed 14.82 -0.72 -0.75 -0.17 -0.15 -0.32
Orchard 0.624 4.70 3.60 1.23 0.86 1.70
Total 24.148 -0.41 -0.42 -0.10 -0.09 -0.18
China Irrigated 59.995 -0.38 -0.3 -0.13 -0.09 -0.18
Rainfed 68.694 -0.38 -0.39 -0.36 -0.36 -0.37
Orchard 9.222 147 1.34 0.69 0.41 0.76
Total 137.911 -0.25 -0.25 -0.17 -0.17 -0.19




Table 2 Available grassland: growth rates in baseline

Annual growth rate (in %)

Region Type of 1997 area 1997 2003 2010 2020 2003
grassland (milion ha) 2003 2010 2020 2030 2030
North Natural 14.481 -1.0 -1.5 -1.3 -0.9 -1.2
Sown 0.646 0.2 11.3 4.3 3.0 5.6
Total 15.127 -0.9 -0.7 -0.6 -0.2 -0.5
Northeast Natural 13.7 -0.4 -0.5 -0.4 -0.2 -0.4
Sown 0.48 0.6 49 2.6 21 3.0
Total 14.18 -0.4 -0.3 -0.2 -0.1 -0.2
East Natural 3.906 -1.7 -1.4 -1.3 -0.6 -1.0
Sown 0.09 3.6 6.2 33 2.7 3.8
Total 3.996 -1.5 -1.1 -1.0 -0.3 -0.8
Central Natural 14.585 -0.1 -0.2 -0.2 -0.1 -0.2
Sown 0.151 45 8.8 4.0 3.1 49
Total 14.737 -0.1 0.0 0.0 0.0 0.0
South Natural 11.978 -0.6 -0.5 -0.5 -0.2 -0.4
Sown 0.096 3.6 8.0 3.8 3.0 4.6
Total 12.074 -0.6 -0.4 -0.4 -0.1 -0.3
Southwest Natural 35.306 0.0 -0.1 -0.1 -0.1 -0.1
Sown 0.142 -1.5 16.0 5.0 3.3 7.1
Total 35.448 0.0 0.0 0.0 0.0 0.0
Plateau Natural 102.377 0.0 -0.1 -0.1 -0.1 -0.1
Sown 0.194 0.4 25.8 6.1 3.8 10.0
Total 102.571 0.0 0.0 0.0 0.0 0.0
Northwest Natural 134.645 -0.3 -0.6 -0.4 -0.3 -0.4
Sown 3.874 -0.5 9.1 3.8 2.7 47
Total 138.519 -0.3 -0.2 -0.2 -0.1 -0.1
China Natural 330.979 -0.2 -04 -0.3 -0.2 -0.3
Sown 5.672 0.0 10.1 4.1 29 51
Total 336.652 -0.2 -0.1 -0.1 0.0 -0.1

The baseline assumes that total farmland lost fromvexsion to buikup land is about 6 million
hectare in the period 20830, which is 4.5% of available crop land available nationwide in
2005 Yet, this national figure masks important differences among regions, with top shares of
10% and 15% in East ar®buth, respectively. On average, ttiirds of crop land losses from
conversion to buiup land are assumed to be compensated by newly reclaimed farmland, as
long as such land is available in a province.

In total, Table lpredicts a continued reduction land planted to annual crops, albeit at a
declining rate, om 125.6 million hectare in 2006 122.4, 119.4 and 116.6 million hectare in



2010, 2020 and 2030, respectively. During this period, the share of irrigated land in total rises
from 46.6% in 20050 47.9% in 2030, mainly due to the expansion in the Northeast. In all other
regions both irrigated and rainfed areas are being reduced.

Conversion to buiup land is the main factor driving the reduction of farmland in the coastal
North, East and Souttegions, with their rapidly growing urban population and-agnculural

sector. From 200%0 2030, the absolute decline in annual crop land in these regions is 2.4, 1.5
and 1.9 million hectare, respectively. Conversion programs to restore ecologicediie f
cultivated land is the main reason for the changes in the Central, Southwest and Northwest
regions with net declines of annual crop land of 0.7, 0.9 and 1.6 million hectare, respectively.
Part of this loss of annual crop land is due to conversida orchards that increases in the
baselinefrom 2005to 2030 by 2.3 million hectare, especialy in the North.

For grassland the baseline supposes steady but moderatasdscie surfaces in all coastal
regions, and more or less constant surfaces inlaadjng to an oarall loss of 9 million hectare

during the period 2062030. However, in terms of grass output tie¢ trend is positive since the
area of improved, sown grassland, with a yield five to eight teseBigh as the yield on natural
grasslandis assumed to increase by 5% annually, from 5.6 milkentare in 2003 to 21.9

milion hectares in 2030. Table stmmarizes the baseline growth rates for grassland.

2.2. Stable Capacities

In response to the growindgemand for livestock products, China is icdp moving from
traditional natural resource basethnagement to intensified panmban and urban production
systemslt is very hard to predict the future geographical distribution ofrtfemnsified livestock
production in any detail, because unlike groultivation and grazing thisector tends to be
footloose, and shifts in location will be determined by a wide array of faciaegding
developments in infrastructure, availability of feed, changes in relative scarciti@sdpflabor
and capital, ach the severity and enforcement of envimental regulations. This alsootivates
our treating of stable capacities as scenario vasatilat seem plausible given thepulation
projections, demand growth scenarios for animal products, and consideragomi@hmental
factors, while leaving it to the endogenous supply response of the matitetonine the actual
intensity of production based on prices, feed availability and other faguiobsas the availability
of manpower. Stable capacities are exmés®m numbers of standaehimal places. For each
land use type, a specific standard animal is defined. Animal numbersrarerted into this unit
on the basis of their annual energy intake (or potential annual eingagg in case their life is
shorter)

Rather than being purely exogenous, the projected trends havgdresrated, at provincial level,
through simulations outside the Chinagro welfare model,dfferent livestock management
systems, on the basis tie followingthree principles(i) the futuredistribution of livestock in
confined traditional systems is linke to projected changes in rurgopulation; (i) the
geographical distribution and level of pastolimestock follows the projectedrends of the
availability and productivity ofgrasslands,hence taking account of plannegrassland

! Confined livestock systems allow for pesarvest stubble grazing butare mainly based on feeding of armys,
by-products and (processed) crop residues, as opposed tqggsgatems relying primarily on pastures.
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improvement and rehabilitation to increasedarctivity above current naturabnditions; and (iii)
the number of animal places (stable tehiin confined specialized anadustrial livestock
systems isexpanding to compensate for decreases in traditional systemstoamdeet
(approximately) the substantial growth in demand thattisigated at provincial levél.

The resulting baseline growth rates, aggregated to relgieve, are shown in Tables&hd 4,

for ruminants and neruminants, respectively. Confined rumindiaéstock systems rise relative

to pastoral systems, as grassland resources are already gnedermpressure and significant
expansion of grasBased livestock systems would require anajfforts beyond those assumed in
the baseline, to rehabilitate degraded pastures and to improve grassland productivitg Table
indicates that the baseline supposes that modest efforts are made in this direction.

At the same time, for draught animaldhigh include all animalssed in transportation, a marked
decline is projected from 66.4 million units in 1997 to 41.2 million2030. The rate of decline

is rather uniform across regions, except in the sparsely popudatedented and less developed
Plateau and Northwest, where the number of draught animags keerising until 2010, when a

decline sets in.

That the number of ani mal units in Atradition
as 2.3% annually over the period 202330 in thebaselire might be surprising given the

pressure on the land alluded to earlier but this is because the sector includessafienhteattle

meat production, for which we expect the number of livestock placese. For milk cattle,

thereis a separatetensified land use type in the model, whose capaptws from 1.7 million

placesin 2003 to 4.7 miion places in 2030, largely in North, Northeast and Northwest.

For norruminants (pigs and poultry), the model distinguishes two land use typesadietal

covering the mixed backyard production and one intensified covering production of specialized
households as well as industrial farms. The stable capacities of these systems are expressed in
pig places. As mentioned earlier, the capacities irtrdwhitional sector are assumed to follow the

rural population. Hence, the stable capacity of this sector falls by about one percent annually
during the perio@003 2030, as shown in Table #he intensified sector more thaompensates

for this decline noso much in stable capacities but because of the shift to intepreidection,

with a rise of 2.8%, especially in the period until 2010.

These growth rates imply that the ratio of traditional to modermrapinant animal places fall
from 2.8 in 2003 taabout 1.0 in 2030 when each has w@b®70 million animal places ipig
equivalentsIn all, the regional distribution of the intensified stable capacity follows population
rather closely. By 2030, the share in animal places differs from the populatienbshiss than
one percentagpoint in four of the eight regions with differences largest in Northeast (3.5%
higher) and Northwest (3.3% higher).

% For the provinces Beijing and Shanghai where cultivated land is very scarce, reallocation of the intensive
production has been assumed at a rate proportional to projected reduction of farmland.
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Table 3 Stable capacities of ruminan{snilion standard animal placesgrowth rates in baseline

Annud growth rate (in %)

Region Type of ruminant 1997 capacity 1997 2003 20106 2020 2003
system (million places) 2003 2010 2020 2030 2030
North Draught 13.83 -0.8 -1.3 -1.8 -25 -1.9
Grazing 1.64 0.5 1 11 1 11
Trad. mixed 20.5 0.3 25 19 11 18
Spec. milk 0.2 21.5 6.7 2.9 15 34
Northeast Draught 5.59 -0.9 -1.5 -2 -2.9 -2.2
Grazing 177 0.4 0.3 0.4 0.5 04
Trad. mixed 5.78 0.5 1.9 13 0.3 11
Spec. milk 0.25 8 5.9 23 0.8 2.7
East Draught 4.04 -1.1 -1.9 -25 -3.3 -27
Grazing 0.33 -1.2 1.2 1 0.6 0.9
Trad. mixed 438 -0.2 1.6 1.2 0.2 0.9
Spec. milk 0.09 12.2 4.9 21 1 24
Central Draught 8.42 -0.8 -1.5 -2.1 -2.9 -2.2
Grazing 1.16 0.2 -0.3 0 0.2 0
Trad. mixed 1.82 0.9 13 0.8 0 0.6
Spec. milk 0.01 17.3 9.8 3.6 15 43
South Draught 9.98 -0.3 -0.8 -1.3 -2.4 -1.6
Grazing 0.85 -0.3 -0.3 -0.1 0.2 -0.1
Trad. mixed 1.64 11 2.6 16 0.8 15
Spec. milk 0.03 8.2 6.7 33 2 3.7
Southwest Draught 15.01 -0.6 -1.1 -1.7 -2.4 -1.8
Grazing 7.3 0.2 0.6 0.5 0.6 0.6
Trad. mixed 7.73 0.6 3.2 2 11 2
Spec. milk 0.02 27.9 13.9 4.6 24 6.1
Plateau Draught 1.02 0.2 0.2 -0.1 -0.5 -0.2
Grazing 16.21 0.1 04 04 04 04
Trad. mixed 1.6 4.6 134 5.8 3.2 6.7
Spec. milk 0.01 10.3 311 6.7 35 11.3
Northwest Draught 8.55 0.3 0.1 -0.2 -0.6 -0.3
Grazing 15.73 11 0.9 0.9 0.9 0.9
Trad. mixed 8.45 29 48 34 18 32
Spec. milk 0.12 18.8 10.9 4.3 22 5.2
China Draught 66.43 -0.5 -1.1 -1.5 -2.2 -1.6
Grazing 45.27 0.5 0.6 0.6 0.6 0.6
Trad.mixed 52.33 1 34 24 13 2.3
Spec. milk 0.71 15.5 8 3.3 17 3.9




Table 4 Stablecapacities of pigs and poultmilion standard animal places
growth rates in baseline

Annual growth rate

1997 capacity (in %)
Regim Type of (million 1997 2003 2016 2020 2003
management* places) 2003 2010 2020 2030 2030
North Trad. mixed 75.01 -0.8 -0.8 -0.9 -1.5 -1.1
Intensified 21.16 6.3 5 2.3 13 2.6
Northeast Trad. mixed 30.1 -1.1 -1.1 -1 -1.9 -1.4
Intensified 11.09 5.6 4.7 21 1 24
East Trad. mixed 41.44 -1.1 -1.1 1.1 -1.8 -1.4
Intensified 14.5 5.6 4.4 16 11 21
Central Trad. mixed 57.08 -0.9 -0.9 -1 -1.7 -1.2
Intensified 10.9 6.7 6.5 2.7 12 31
South Trad. mixed 41.79 -0.1 -0.1 0 -0.8 -0.3
Intensified 13.37 6.4 6.2 3.2 21 35
Southwest Trad. mixed 107.94 -0.8 -0.8 -0.8 -1.6 -1.1
Intensified 13.01 6.2 54 2.6 14 29
Plateau Trad. mixed 1.14 0.2 0.2 0.1 -0.6 -0.1
Intensified 0.11 6.6 8.6 4.2 29 4.8
Northwest Trad. mied 22.13 -04 -0.4 -0.5 -1.3 -0.8
Intensified 3.79 6.5 7.2 3.6 2.3 4
China Trad.mixed 376.63 -0.8 -0.7 -0.8 -1.5 -1
Intensified 87.93 6.2 54 25 14 2.8

3. Environmental Pressure

Expansion of agricultural production create® types ofstrorg pressures on the environment

The firstoneresults fromthe intensified use of chemical inputs Bacs herbicides and fertilizers.

The secondis brought about bythe discharge of organic manure and residuals from food
processing.While the first type ofpressure has been widely recognized, there has been a
shortage of attention to the second type. In this section, we will first estimate the total weights of
manure produced by the livestock sector and the potential demand for chemical fertilizer
applicatonin the years 02005 2010, 2020, an@03Q Then, we will estimate nutrient surplus,
which will lead to environmental pollution if not properly treated, by taking into accdwent
maximum uptake of nutrients by crops.
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3.1. Manure Productian and Chemical Fetilizer Utilization
Manure Production

The gquantification of manure production and its nutrient composition is based on the nutrient
balance calculation approach (NuFA&YI) developed in the context of the Livestock,
Environmental and Development liaiive (LEAD). Results of applications of this approach for
Jiangsu province in China were consulted for the determination of conversion coefficients from
livestock to manure (Menzi, 2002The calculation procedures distinguish livestock by type and
prodiction system. Coefficients that are used in the estimation of manure produced by pigs
poultry, and large animals are summarized in Table 5.

Table 5a Nutrients content of pig manure by production system

Excretion (kg per head per year)

Production systes Annual slaughterrate Slaughter weight N P,0O5 K,0
1. Industrial >1.3 >90 kg 11.0 7.0 4.0
2. Specialized 1.01.3 6590 kg 7.7 4.8 3.0
3. Traditional <1.0 <65kg 49 2.7 21

Source: Gerber et al2005 anaur survey of the literature

Table 5bNutrients content of poultry manure by production system

Excretion (kg per head per year)

Poultry types Production systems N P,O K,0

Laying hen Industrial 0.65 0.43 0.21
Specialized 0.56 0.34 0.17
Traditional 0.46 0.26 0.13

Broiler Industrial 0.53 0.25 0.17
Specialized 0.46 0.21 0.14
Traditional 0.39 0.17 0.11

Duck All systems 0.60 0.30 0.18

Source:Our assumption based on literature survey

Table 5cNutrients conte t i n manwame mafsd@l ar ge

Livestock type Excretion (kg per head per year)

N P,Og K,0
Dairy Catttle 70 25 74
Other Cattlé 35 17 36
Other Large Livestock 30 16 30
Horses 25 15 35
Donkeys/Mules 15 10 23
Sheep 3.0 2.7 48
Goats 3.0 2.7 4.8

Note: ! Includes meat and draught catléncludes buffaloes, yaks and camels.

Source:Our assumption based on literature sutvey
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Theestimatecamount of manure produced by stielfl and otherwise confined livestork2005
is in the oder of 1.4 billion tonslf fully disposedof on farmland, his would amounts to about
10.3 tons of manure per hectarecodp and orchard land per year. In thaselinescenario, the
amountof total manure production would reat® billion tons in 2030amouning to 15.3 tons
per hectare of then available cultivated lahfully disposed of on the landPigs and poultry
produce about5 percent of nutrients in the totmbnureproduction in 2005For 2030, the share
contributed by pigs and poultwould increase to 54 percedtie to changes in livestock mix as
well as changes in production systefbe pastoral livestockroduction wouldaddabout365
million tons of manure annuallyf this amount is fully disposed of o@ h i n2&0 million
hectares of usable grasslandwoud lead tol1l.5 tons/haon average Note that there is great
heterogeneity of grassland productivity and hence livestock density throughout China.

The composition of manure varies in terms of nutrients, contents of heavy metals and organic
matter eépendingon livestock category and production systeapplied manure management,
feeding characteristics and manure type. Nutrigrdemprising nitrogen (N), phosphate (P205)

and potassium (K2Oi) together account for an estimated 1.4 percent (in weight) ofothé t
manure of confined animals in 2000; for pastoral livestock the estimated average is about 1.1
percent. Nutrients in manure of confined livestock, calculated at county level, have been
aggregated to provincial, regional and national levels. The gieansite expressed in tons. For
China as a whole, the current amount of nutrients from manure of confined aninstlmated

to be in the order of 11.3 million tons nitrogen, 5.8 million tons phosphates amdilo® tons
potassium Pig and poultry prodce about half of the total manure nutrients from confined
livestock. The pojected increases of confined livestoalould lead to an increase ddtal
amounts of nitrogen, phosphate, and potassiy0-50 percenfrom 2005 t02030(Table §.

Table 6 Marure nutrients from confined livestock ,QD0 tons), by region, baseline scenario

. 2005 2015 2030
Region N P205 K20 N P205 K20 N P205 K20
North 3150 1663 1775| 3726 1957  2,004] 3913 2061 2,204
Northeast 996 509 577 1,104 572 633| 1,132 506 644
East 1133 621 552| 1,491 797 781 1,677 890 909
Central 1487 765 732 1,787 919 912 1,853 959 967
South 1,329 623 662| 1,949 938 1,034| 2223 1,089 1,208
Southwest 2120 1043  1153| 2877 1397  1567| 3181 1548 1,745
Plateau 117 52 79 371 178 174 518 252 236
Northwest 997 479 741 1491 735 949| 1,788 896 1,080
CHINA 11328 57%  6274| 14797 7494 8144 16285 8291 8992

Utilization of Chemical Fertilizer
China is the largest consumer of chemical fertilizer and worldwide accounts for 90 per cent of

the increase in fertilizer use since 1981 (Liu and Diamond, 2005). Though there is significant
scopefor improving input use efficiency, the level of crop production anticipated for China in
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the nextthirty years may require even further increases in fegtilapplication. @bles 7a and 7b
reporton the demand for chemical fertilizers projected by the model simulatfd®sliiIN AGRO.
Table 7a presents the amounts per hectare and Téblie absolutevolumes, both by region.
The figures are weighted averagestlod underlying separate figures fiorigated and rainfed
crop land.

Table 7ashows moderate increases in the application per hectare. For the whole of China, on
averagechemicalfertilizer use per hectare of cultivated land will increase fB3®&kg in 2003

to 376 kg in 2030 In more detailschemical fertilizer applied on irrigated land increases from
508 kg per hectare @003 to 559 kg in 2030, whereas on rainfed land it increases from 189 to
207 kg per hectare. lierms of absolute amounts, the E@ses are even less since ltatable

land drops from 125.6 million hectare in 20@3116.6 million hectare iB030. In 2003thetotal
chemical fertilizer use irChina is 42.5 million tonswith the composition ofitrogen27.5

million tons phosphate9.1 million tonsand potassiun®.9 million tons. 1 will rise to 43.8

milion ton only in 2030, as seen in Table 7b

Table 7aChemical fertilizer used per hectare, by regiander baselinescenario(kg/ha)

1997 2003 2010 2020 2030
North 424 457 479 492 495
Northeast 199 199 203 211 215
East 509 526 543 561 568
Central 444 460 494 525 551
South 456 472 520 576 601
Southwest 273 279 294 313 330
Plateau 90 89 84 83 84
Northwest 142 145 151 154 154
China 325 338 354 369 376

Table 7bTotal chemical fertlizer used by regioonder baselne (Q00 tons)

2003 2020 2030

Region N P205 K20 N P205 K20 N P205 K20

North 8,260 3,064 1,662 8,332 3,185 1,531 8,271 3,055 1,508
Northeast 2,959 710 479 3,133 802 479 3,149 808 487
East 4,820 1,412 810 4,736 1,478 828 4,599 1,431 837
Central 3,231 1,236 854 3,456 1,364 954 3,603 1,377 991
South 2,475 772 1,318 2,621 847 1,433 2,435 828 1,411
Southwest 3,527 1,129 405 3,776 1,269 403 3,951 1,295 428
Plateau 60 28 4 56 27 3 57 26 3
Northweg 2,296 756 244 2,270 805 232 2,246 778 234
China 27,543 9,100 5,867 28,294 9,791 5,933 28,338 9,666 5,804
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In terms ofthe regional differences with respect to chemitatilizer application Table 7a
indicates thaiNorth has high levelat 634 and205 kg/ha in 2003, on irrigatehdrainfed land
respectivelybut the growth rates are below average. In Northbedtvels are rathdow at 333
and 166 kg/ha in 2003, and constant over the simulation period. Eashénhigh levelsof 601
and 333 kgha in 2003, with growth rate slightly below average. Centralthaaverage levels
on irrigated landwith 525 kg/ha in 2003 and rather high levels on rain fed \aitd 321 kg/ha
and furthermore theannualgrowth ratesin the regionare above averagat 0.7% and 0.6%
respectively The South has botte high levelsof application, ab80 and 346 kg/ha in 2003
and high growth rateat 0.9% and 1.0% The application in Southwest atthe moderate levels
of 421and 205 kg/ha in 2003, b@nnualgrowthrates are above average0.8% and 0.5%The
application levels inPlateauare naturally very low at 102 and 82 kg/hain 2003, and even
decline over time because the availability of animal manure increassserably. Finally, in
Northwestthe levels arelow at 262 and 74 kg/ha in 20Q&nd also the annuabrowth rates are
below average.

It is important to note that chemical fertilizer use is far higher in densely populated regions than
in remote areas. This only exacerbates the prevailing environnpeatdéms. For example, in

1997 the use of chemical fertilizer already reaches on average 456 and 509 kg per hectare in the
most developed regions South and East, respectively, and it would rise to 601 and 568 kg per
hectare in 2030. The distribution ofglpressure over the countiesd&picted in Figur@. The

upper panel applies to 2003, the lower panel to 2030. Both plaanedsthe same legend classes,

for ease of comparison. We observe that in 2003 the higphp$itations are found in pockets of

the mastal regions North, East and South, and that by 28688 hotspots have expanded
considerably, especially in the South.
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Figure 2Chemicalfertlizer used at county level in baseline in 2003 and 2R8Ma
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3.2.  CropNutrient Uptake

Crops requirenutrients for growth. The amounts needed are specific to the type of crop and
growing condiions, i.e., yield level, soil type, climatic conditions, availability of irrigation, etc.
Crop requirements for nutrients are satisfied from different sourcekjding natural soil
fertility, fixing of nutrients from the atmosphere, and from fertilizers and marmreobust
method of estimating nutrient uptake by crops, suitable at different scales, is based on the
guantification of the nutrient composition of prdoiomass and yield, and then applying the
measured content factor® total crop output. Table &resents typical nutrient uptake
requirements of main crops in terms of kg nitrogen, kg phosphate and kg potassium per ton of
crop yield, for main produce armop residues.

Supplementary sources of nutrients come from crop residues, which are recycled in the soil, and
from fixation of atmospheric nitrogen by legume crops. In the assessment it has been assumed
that on average half of available crop residuesracycled. Furthermore, soybeans can satisfy
half of the nitrogen requirements by fixation, and pulses and groundnuts obtain 65 percent of
necessary nitrogen by biological fixation.

Table 8 Nutrient uptake of crops (kg nutrients per 1000 kg crop yield).

Yield Residue Total Uptake

Crop

N P,Os K.0 N P,Os5 KO N P,Os K0
Paddy rice 13 6.9 42| 70 21 28.8 20 8.9 33
Winter wheat 23 12 48| 9.0 2.7 31.2 32 14 36
Spring wheat 23 12 48| 9.0 2.7 31.2 32 14 36
Root crops 3.2 0.9 48| 2.0 11 3.0 5.2 2.0 7.8
Potato 3.0 0.9 53| 20 11 3.0 5.0 2.0 8.3
Maize 15 8.9 60| 11 2.7 24 26 12 30
Sorghum 18 7.6 54| 14 21 22 32 9.6 27
Setaria (millet) 22 16 6.6 7.0 4.8 26 29 20 33
Other starch crops 18 8.0 60| 14 25 24 32 10 30
Soybean 60 15 216( 20 8.0 17 80 23 38
Cotton 30 6.6 18 95 40 24 125 47 42
Oilseeds 40 16 84| 50 9.2 12 90 25 20
Groundnuts 32 6.9 12 18 3.2 12 50 10 24
Rapeseed 40 16 84 50 9.2 12 90 25 20
Sesame 40 16 84| 50 9.2 12 90 25 20
Fiber crops 20 9.2 12| 150 46 24 170 55 36
Tobacco 15 4.6 4.8 12 4.6 7.2 27 9.2 12
Sugarcane 1.0 0.5 18| 15 0.3 1.2 25 0.8 3
Sugar beet 2.0 0.7 3.36| 15 0.5 12 35 11 4.6
Vegetables 45 15 48| 45 15 4.8 9.0 3.0 9.6

Source: FAO, 1995.

Countylevel aop production data of year 20@md crop production pregtions for20052030
were used to estimate total crop neut uptake capacity. Table (Fesents nutrient tipke for
crop production in 200&s well as nutrient uptake in projected crop production for 2015 and
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2030. The total amount of nitrogen to be takg by crops in 2 is estimated at 15.5 million
tons, and some 6.@illion tons of phosphate and 14miillion tons of potassium, a total of 36.1
million tons of nutrients. In thbaselinescenario, owing to increases in crop output and changes
in crop mx, Chinawide nutrient uptake increases between 2802030 by about 44 percent for

nitrogen, 43 percent for P205, and 36 percent for K20.

Table 9Crop nutrient uptake (@00 tons) by region, baselirgecenario

2005 2015 2030

Region N P205 K20 N P205 K20 N P205 K20

North 4,531 2,017 4,130 6,371 2,695 6,039 7,346 3,031 7,108
Northeast 2,054 879 1,691 2,439 1,045 2,152 2,630 1,134 2,413
East 2,228 924 1,979 2,550 1,049 2,323 2,692 1,095 2,476
Central 1,903 802 1,802 2,515 1,029 2,465 3,064 1,221 3,044
South 1,170 502 1,359 1,760 716 2,013 1,890 759 2,154
Southwest 1,892 796 1,692 2,588 1,056 2,415 3,106 1,245 2,944
Plateau 75 27 41 78 28 45 81 29 48
Northwest 1,677 702 1,270 2,098 861 1,677 2,394 968 1,970
CHINA 15,530 6,650 13,966 20,398 8,479 19,128 23,202 9,481 22,156

A comparison athe first glance across Tables#® and 9 shows thatdé nutrient composition of
appliedchemicalfertilizers in China differs substantially from the nutrient composition required

p r a csignificastlgoversippliedt@ g e n
crops,phosphate is ovesupplied at a lestegree andpotassium seesin deficits. In addition, a
naturalmismatchexiss betweenthe nutrient composition divestock manure anthe nutrient

by crops. As a result of farmes 6

composition of crop uptake

Figure 3shows the geographical patterns of current and projected futitn@ge nuptake in kg
nutrient per hectre cultivated land. The apparent increase in uptake capacity reflects the
expected further intensifican of crop production ithe major crop production areas©fina.

The results are shown for locations wetiopand orchardand at the 5km grid cell leveDue to
increasing yields as Weas further intensivaise of cultivatedand orchardand, the ingnsity of

total nutrient uptake per hectareabdpping and orcharthnd increasebetween 2005 and030

by about 50 percent.

17

current






3.3.  Nutrient Balance Accounting

The sum of manure nutrients from confined livestogkoduction (cf. Table ¥pand chemical
fertilizer nutrients applied in crop productigef. Table 7b) gives a good approximation of total
nutrient supplyWe recognize thathis sum underestimatdale totalnutrient supply because we

do not take into accouthe availability of human excrement athe application of green manure,
ashes of plants residuals and other traditidesilizers. Nevertheless, it is already sufficient to
demonstratehe magnitudeof excessive supply afitrogenandphosphatas we will show below

The estimated total nutrient supply minus the maximum nutrient uptake by crops leads o a first
order approximation of the total nutrient balartable 1& presents such approximate amaunt

in the absolute volumand Table 10b in per hectare of crop and orchard land, bothrdxyion.

The significant surplus of nitr ogasaof@umientsp hosp
to the enviroment in the processes of crop and livestock piciion.

Table 10a Total Nutrient Balance by Regioim 1,000 tonspaseline scenario

2005 2015 2030

Region N P205 K20 N P205 K20 N P205 K20

North 6,878 2,710 -693 5,687 2,448 -2,414 4,838 2,085 -3,396
Northeast 1,900 340 -635 1,798 329 -1,040 1,650 271 -1,281
East 3,725 1,108 -616 3,677 1,226 -713 3,584 1,226 -730
Central 2,816 1,200 -215 2,728 1,254 -599 2,392 1,114 -1,086
South 2,634 893 621 2,811 1,070 454 2,768 1,158 465
Southwest 3,754 1,375 -134 4,066 1,610 -445 4,026 1,598 =771
Plateau 102 53 42 349 177 132 495 249 191
Northwest 1,616 533 -285 1,663 679 -497 1,641 705 -657
TOTAL 23,341 8,206 -1,825 22,693 8,807 -5,052 21,421 8,475 -7,360

Table 1(b Excessive Total Nutrient Supply beyond Crop Uptake (kg/beop & orchard lang by
region, baseline scenario

Nitrogen Phosphate
Region 2005 2015 2030 2005 2015 2030
North 223 192 165 88 83 71
Northeast 88 83 76 16 15 13
East 252 261 263 75 87 90
Central 221 222 197 94 102 92
South 219 259 276 74 98 115
Southwest 192 212 211 70 &4 84
Northwest 68 73 73 23 30 31
CHINA 171 172 166 60 67 66

Note:For comparability reasorRlateauregion is excluded from this calculation because agricultural land in
this region is dominated by grasslaantt livestock manure is mainly dispasof on grassland.
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Table 10c Excessive Nutrient Supply from Chemical Fertilizer Utiization (kg/ha crop & orchard
land) by region, baseline scenario

Nitrogen Phosphate
Region 2005 2015 2030 2005 2015 2030
North 121 66 32 34 17 1
Northeast 42 32 24 -8 -11 -15
East 175 155 140 33 31 25
Central 104 77 44 34 27 13
South 108 79 54 22 12 7
Southwest 84 62 44 17 11 3
Plateau -14 -21 -23 1 -1 -3
Northwest 26 8 -7 2 -2 -8
CHINA 88 60 40 18 10 1

Note: The key assumption underpinning this tabléhat all nutrient uptale of cropsare first met by chemical
fertilizer applied.The table serves the purpose of a coufgetual illustration.

Tables 10a and 10b show that the excessive supplies of nitrogen and phosphate aresiriking.
the wholeof China, he absolute amount of nitrogen c\sapply is 23.3 million tons in 2005 and
would decrease slightly to 21.4 million tons by 203he average amount of nitrogen cver
supply per hectare crop and orchard land is 171 kg in 2005 and decreasey énkg up to
2030.With regard tothe oversupply of phosphate, the absolute amount at the national level is
8.2 million tons in 2005 and would increase to 8.5 million tons in 2030; and the average amount
per hectare farmland is 60 kg in 2005 and woulgteiase to 66 kg in 2030.

It is illustrative to conduct a countefactual exercise as presented in Table 10c, in which we
assume thatll nutrient demands of cropsefirst met by chemical fertilizer appliedecause we
derive future chemical felizer demand based on wddehaved twebranch production functions,

in which farmers intend to optimize thef@rming practices in line with new knowledge they
have acquired and new technology they have graspied oversupplies of nitrogen and
phosphatefrom chemical fertilizer applicain decrease significantlyn this exercise as a
consequencefom a high level in 2005 (88 kg/ha of nitrogen and 18 kg/ha of phosphate) to a
more or less environmentally safe level in 2030 (40 kg/ha of nitrogen andd diggimosphate).

This exercise highlightshat the persistent ovaupplies of nitrogen and phosphate in the future
would increasinglyresult from the availability of livestock manur&his underscore the

i mportance of ma nur e mitueaagdeemarommnentdeverthel€sd) then a 6 s
excessive supply of nitrogen and phosphate from chemical fertilizers mldhe East Region

stil persists in this exercise.

While thenext subsection will focus on the release of nitrogen compound tespimere and
goundwater it is worth emphasizing here that great research attention is needed for
understanding thenvironmental thresholof phosphorus sorption, accumulation and leaclmng

the context of China. It is because (a) phosphates(Bftenthe limiting nutrient on primary
production in surface water systems and even small additions of P can lead to significant algae
growth and accelerate eutrophication in these waters; (b) P is relatively much easier to trace than
nitrogen (N), (c) there ia close association between the utilizations of N and P (e.g, the N:P
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ratio of livestock manure is typically 3:1 or less, where as the NP ratio of most crops is 4:1 or
mor e. When manure is applied tterm coasequence lise cr o
surplus of P in soi(see Flaten et al2003).

Although our nutrient balance accounting sh@assistent deficit ippotassiumit does not mean

that Chinese farmers have ignored this deficit. In fact, the applicatiqgreen manure from

green fodler, draw, stalkksandotherplants residuals, ash of plants residuafg] other traditional
fertilizers such as night soil has been practiced for thousands years and these potassium rich
fertilizers have supplied not only potassium but also organic substancaipport crop
production. A detailed balance accounting of potassium would be very interesting but goes
beyond the scope of this project.

3.4. Release of Nitrogen Compound to Atmosphere and Groundwater

Losses ofmanurenutrients occur in livestock housingdain all stages of manure storage and
handling pror to application to croland and grassland or to other usddanure losses in
livestock housing and manure storage facilities are causing-goimte pollution. Apart from

excess nutrients, the manure n@ytain insecticides, fungicides, drugs used for livestock, and
disease pathogens. They may cause pollution of surface and drinking water and create disease
risks. In this subsectionwe will focus on estimatinthe extent of releasingitrogen compound

to atmosphere and groundwater

For estimation of nitrogen leaching to ground water, we adopiitdodologyof MITERRA

model (Velthof et al., 2009). This model applies a simple combined water and nitrogen balance
methodology to derive indicators of leamd for a broad range of soil types aggregated into
seven representative classes (sandy, clay, gleyic, sglgye, peat, loam, and paddy soils)
having different leaching characteristics. Soils are also distinguished by the type of management,
l.e., wheher they have irrigated or rafad agriculture. For each soil class, climate condition
(e.g., precipitation, temperature), and land use, the approach allows to derive the fraction of
nitrogen surplus that is absorbed into the gmbuwater, the leaching dction So far the
parameters used in the leaching model have been taken from the dataset developed for Europe,
yet the results are considered meaningful indicatarull adapation ofthe leaching model to

East Asian conditions would be a desirable tésk the future. In a simplified way, the
accounting of nitrogen applied tme unit of dield may be described as follows

+ N, +N N

N _Surp|: N T Nfert fix dep” 'Nupt?

mn

where N _ Surpl denotes surplus of nitrogen applied to the fieNy IS nitrogen in manure
available for field fertilization (net of losses in stabledy;srt IS nitrogen in chemical fertilizers;
Ny, is nitrogen fixed by Mixing crops; Ngep is nitrogen deposition; Ny is nitrogen uptake

by all crops (net of nitrogen left in recycled crops residu€be estimatedesults on nitrate
leachingin terms of kg per hectare cultivated laa@presented in Figure. &he figure indicates
significant increase of nitrogen leaching across the major agricultural areas.

21






For estimating the PO emissions to the atmosphere we employed the methodology developed
for | 1 ASAGs siir epellutibno INteractiong aand Synergies (GAINS) model
(Winiwarter, 2005), which is based on application of IPCC default emission factors (IPCC,
2000). These default factors are still the recommended factors for national submissions to
UNFCCC and thus malts are highly comparable between countries. Hei® Bimissions are
computed as the product of an emission factor times the respective activity data in the respective
stages (manure management, grazing and soils). Indirect emissions (both from leadhing a
redeposition of gaseous releases) are implicitly covered in the emission factor applied, such that
the model results generally are very close to those assessed according to the IPCC method. Here
N-O emissions are assessed as the product of emissiamn fanes the activity data. This
methodology is based on IPCC guidelines, where IPCC default emission factors are applied
(IPCC, 2006). The result of any control measure to redug@ &missions is reflected in the
choice of an alternate emission factorgp\f it in reality addresses activities), as in GAINS
activities by definition are exogenous data:

N,O = a A XimEFRjm

1, ],m
where A, is location specific (indexed bj) activity data (indexed by) (e.g., number of
livestock by types),which may apply different mitigation measures at given shares of

implementationX;,, (all shares X add up to 1) with emission fact&if§,, . For the calculation

of baseline emission estimates, the implementationratetoe Auncontr ol |l edod ca:
emission factors of IPCC) is considered. The results of these calculations for China are presented
in Figure 5

Ammonia emissions (NH3) from livestock production are accounted at four major stages: in
animal housesduring storage of manure; when applying manure; and from livestock grazing.
These stages are explicitly distinguished in the livestock médsdher et al. 208 and in the

GAINS methodology (Klimont 2001; Klimont and Brink 2004). The accounting is based
experience and parameters developed primarily for Europe, but we are considering the impact of
local manure management piaes and reflect in the estimat®thedifferent levels of livestock
productvity (e.g., Bouwman et al, 1997; Menzi, 2001; M&@D2; NuFlux, 2001).

Emissions of ammonia from mineral fertilizer application depend on multiple factors including
type of fertilizer applied, soil properties, meteorological conditions, time of application in
relation to a crop canopy, and method of laggtion. The nitrogen losses from fertilizer
application are region specific. It must be stressed that the uncertainty range of emission factors
IS large. Typically, nitrogen losses from synthetic fertilizers vary between 1 and 4 percent, with
the exceptin of ammonium sulfate (8 percent), urea (15 to 25 percent) and ammonium
bicarbonate (ABC) (20 to 30 percent). In China, a large proportion of tetaltNzer use is
provided by urea and ABC, estimated at about 50 and 40 percent, respectively. Vkdgennit

loss is expressed as percentage of the total nitrogen in the fertilizer, the results have been
converted into mass of ammonigigure 6 presents the centtede estimation of ammonia
emissions from agriculture.
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Figure 6 Ammonia Emissions from ériculture (kg ammonia/ha cultivated landgentralline
Estimation
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