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Abstract

Nitrogeni indispensable in agriculture to stimulate plant growtimay be harmful to the
environment in a number of ways. In this study we investigate indicatarsieg the most
important flows of reactive nitrogen compounds to different pools in the environiftamnt.

project Al ntegrated Nitrogen Msedatg avaiklbiet i n

on fertilizer consumption anlivestock numbers (to estimate anure nitrogenjor Chinaas
parameters describing input of reactive nitrogen to soil. Agricultural production figures allow
assessingremoval by plants. Using regionalized information on soil properties, solil
conditions, climate conditiongnd cropping &bits we are able to simulate the fractions of
nitrogen compounds leaving the soil B$l3 or N>O to the atmosphere, or as nitrate to
groundwater. (GaseousHs contributes to health relevant formation of fine particles, and
also to eutrophication and sotidification; N-O is a greenhouse gas and nitrate is a hazard
for drinking water.) Combined with information on input and removal in the crop, we obtain
the actual fluxes, which we use as indicators to specify the magnitude of the relevant
environmental ipact i without actually modelling such impacts.

While for the base year statistical data on agricultural production are used, we aretatde to
advantage offood-demand driven simulations to assess future production.these
simulationswe estimateive stocknumbers and amounts of crop needed to satigfgl¢imand

using projections on population development and assumptions on the consumption patterns
(triggered by urbanizatioand income increayeWe allow for regionalized solutions that
would optimizeproduction to minimize transport costs. The amount of fertilizer required to
sustain crop production at that level indicated reflects standard practice guidelines. The
model approach used samulate, analyse, and optimize fut@egriculturalproduction gths

has been developed in the framework of theflitded project CATSEL.

Using projectednputs we provide information on the future situation of the indicators used
(up to 2030). While still nomeasuring thempacts, the indicators allownderstandindguture
trends of the nitrogerelated problems, presented by Chinese district. pMgose and
discuss a number of alternative policiesmodify the expected agricultural practice in order
to mitigate nitrogen spills into the environment. Haescenariosfocus purely on adapting
practice and do not compromise on agricultural output.

The following scenarios have been developed:

C |



9 Businessasusual allocation scenario
9 Sustainablereallocation scenario

1 Optimizing fertilizer usescenario(first apply manure; oly match rest of the demand
with mineral fertilizer)

1 Minimized ammonia scenario based on advarieetinology options

The scenarios show that the underlying demand leading to nitrogen pressure on the Chinese
environment will still increase, due to congdele increases in food demand (population
growth is still to continue, coupled with increased meat shahich adds to the nitrogen
requirement). In the baseline, increases of leaching are expected to be stronger (more than
50% increase between 2000 a2@d30) than those of gaseous emissions. But options are
available that are expected to considerably improve the current situation and revert the trend.
Again especially leaching would be affected, almost halving the current release of nitrate,
while gaseousemissions would remain at a level slightly lower than now. Optimized
application of reductions will lead to a -megret situation, avoiding negative interactions
between environmental pools
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Integrated nitrogen management in China

T. Ermolieva, W. Winiwarter, G. Fischer, G. Cao, Z. Klimont, W. Schipp, Y. Li,
W.A.H. Asman

1 Introduction

China is a huge countyn habi ted by about one fifth of
China largely depends on national resources to feed its population. Food production is
of national importanceThe rapid growth of the natal economy, urbanization, rising
living standards, and population growth have cawhtha's demand and production of
livestock products over thast yeardo increaseemarkably Production expansion has
been achieved through rapadyriculture intensitationand theintroduction ofindustrial
periturban and urban production systemAshuge achievement in crop production has
been made owing to rapid increase in fertilizers use, both chemical and livestock
manure.The use of fertilizers is justified by need to increase the yields on scarce
land resources. Heren® common approach is to intensify inputs, especially nitrogen
(N) fertilizers.

Nitrogen in excess of crop requiremeaiso means source of water and air pollution.
With regards to regiohdhuman and ecosystem health, excess leaching of nitrogen into
ground water and rivers as well as volatilizatioN#f; and NOy contribute to regional

and local air quality problems such as acidification and eutrophication of ecosystems.
Nitrogen pollutionalone is athreat tohuman health. Nitrate in ground water used as
drinking water may have toxic impact on humans. Nitrate is converted into nitrite,
which has high acute toxicity and is supposed to cause digestion problems and even be
indirectly carcinognic. In surface water, nitrate contributes to eutrophication and also
induces emissions of nitrous oxid®l.,0), a majorgreenhouse gas, which is also
released from the fertilized soil directlifollution of the atmosphere, water and soil
resources by rasdiles of intensive agricultural production is becoming a critical
environmental issue in China. The trend is alarming and in some locations, without
appropriate measures, it may turn irreversitigmplieva et al200b)

Environmental impacts and health haim associated with intensive agricultural
production in China have increastt awareness and established the need to identify
pathways towards sustainable agriculture.



Among the strongestforces driving agricultural intensification are: (i) the rapid
urbanization along with the economy growth, (ii) changing consumption patterns as a
consequence of increasing incomdij) (substantial farmland conversion, ang)(
regionally severe land degradation. Currently, China has reached the potential limit of
alnost all its agricultural resources (land, irrigation water, and most fertilizers) in terms
of conventionalagriculture Further increases of agricultural production will have to
rely on improved resourease efficiency and intensification. Although intdigsition is
required to meet fast growing demands, considerations of environmental and health
risks may essentially influence the development strategies.
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Figure 1. Provinces and economic regions of China

In this report we compie indicators, derived from the drivers and trends of
intensification presented ihe projectsCHINAGRO and CATSE] to assess the pathways

L with support of the European Union (INGDEV ICA-200020039), support of the Chinese and Dutch
Governments, and support of lIASAgsearch partners in Europe and China have been developing new

metto dol ogies and modeling tools for a detailed case
Sustainable Adaptation of Chinads Agriculture to Gl
ChineseAgricultural Transition: TradeSocial andEnvironmentd Impacts(CATSEI)



and extent of nitrogen release into the Chinese environmbataim $ to estimatethe
magnitude of environertal burdenunder alternativele mograp hiand socic-economic
scenariosandto provide policy suggestions deasiblepathwayshow to mitigate or
minimize negative environmentand health risks from agriculture

Agricultural developments may be essentiallyaltered by inclusion of risks
considerationgnto the production planningn this study, the following risk-adjusted
scenarioshave been developeahd comparedo thecurrent intensification trend

1 Sustainableeallocation (spatial reattributioof producton based on minimized
risk functions)

1 Optimizing fertilizer use (first apply manure; only match rest of the demand
with mineral fertilizer)

1 Minimized ammonia (based on advandedhnology options

Environmental sustainabilitgf the alternativesvascompaed with respect to the share
of people in Chinabds regions expos®&d to dif
work is guided by a set ofigor researchyuestions:

1 What will be the demand for agricultural products in China, in particular, for
meat, under plausible economic, demographic and urbanization development
paths to 20307

1 How will increased demand for feed and food translate into litketock
number and crop production?

1 How much nitrogen will become available frodivestock manureas a
consguence of livestock production intensification? How much mineral
fertlizer would be needed in addttion to local manure supply?

1 What environmental loads, GHG emissions, and water pollution through
leaching are expected as a result of agricultural producttensification?

1 What improvements can be achieved by production planbhagged onrisk
indicators by wusing simple Agoodo agri.
environmental pollution through water and air contamination in different stages
of agriaultural production chain, i.e., from nutrients losses in livestock houses to
emissions and nutrients losses on crop fields?



2 Main driving forces

2.1 Population and agriculture

The incentives that govern the demand for agricultural products are aggregatde into
three main driving forces: economic growth, urbanization, and demographic
development. Demand patterns differ between urban and rural areas, between
geographical regions, and vary with incom@part from these the ayricultural
developments in Chinaealso determined by theubstantial farmland conversion due

to economic as well as ecological reasons,ragwnally severe land degradation.

In these studies we make use of the national and regional economic, demographic
projectionsderived from the reent studies of the CHINAGRO and CATSEI projects

(Huang et al., 2003a). The CHINAGROATSEI formulated three alternative, plausible
macreeconomic growttprojectionswithin which the agricultural sector will operate.
Theassumptions opfojedibrhae fotmouated in ddblé.1Economic

regions are shown as definedFigure 1. At the national level, population projections

are based on a population of 1.275 billion in 2000. For the year 2015 projected national
populaton isetsi mat ed to be 1.38 bil-high megpation

projection 1. 39 bi l |l i projectoma ndhed . d®emtirddli@-n i n t h
| ow mi gprogdtidndnn2030, projected population totals are 1.43 billion, 1.46
billi o n, and 1.47 billion i n fréspegtihed(Jothfec e nt r a |

al,, 2003).Table2 summarizes population trends and rwddan split (see alsbigure

2-4). To capture variability of plausible future population developments in China in
combination with economic growth, the following three developnpaofection are

found as most relevant to this studyhe Al owhifg@ht migrgti onodo po
settngscor respond to a i h iprgjaction fereseeing mghc gr ow
technological progress, substantial urbanization, as well as rapidly aging population;
Aicentral o population assumptions are used
performance char&erized by still relatively high technological growth, moderate
urbanization processes, and more badanced |
l ow migr at i o ntechrinlegicdl highly tasedependent ezonomy and is

used i n friomic dgiowihprofectioa ¢

Without loss of generality, this report presente s ul t s o nl yprdjeotbn t he fic:
while the other results may be made avaiable on request.



Table 1. Nonfarm production: regional growth ratesfin e n t progedtian

Annual growth rate (in %) at constant prices

Region 1997 2003 2010 2020 2003
2003 2010 2020 2030 2030

North 9.8 7.6 5.8 4.6 5.8
Northeast 8.6 6.2 5.1 3.8 4.9
East 9.8 8.0 6.2 5.0 6.2
Central 10.5 7.0 5.7 4.0 5.4
South 105 8.7 6.9 5.7 6.9
Southwest 7.8 6.0 5.1 3.8 4.8
Plateau 9.0 7.1 5.7 4.9 5.7
Northwest 9.5 6.5 5.6 4.3 5.4
CHINA 9.7 7.6 6.0 4.8 6.0

Source: Huang et a2003)

Table 2. Population development and urbanization by region, aeptojection

2000 2015 2030

Region Total Urban Total Urban Total Urban

(million) (%) (million) (%) (million) (%)
North 311 33 337 45 348 48
Northeast 106 51 110 60 106 62
East 198 42 212 54 215 57
Central 167 31 175 42 172 45
South 130 50 176 59 221 62
Southwest 243 26 254 37 250 40
Plateau 8 26 9 36 11 38
Northwest 111 32 127 41 135 44
CHINA 1,275 36 1,400 47 1,459 58

Source Toth et al. 200); Liu et al. (2003).
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Figure 3. Urban population trends. Figure 4. Rural population trends.

Arable landis considered the most important resource in China to produce the food for
its huge popul at i o timtedlcuitivate@ lane has begnethaeratened Ch i n
by degradation and by the expansion of-agnicultural land use in response to rapid
economic growth and urbaation. The most important factors, which are causing loss
of cultivated land, include: (i) the eadical conversion of marginal and steslpping
farmland into forest and grassland areas (e.g., Goaireen program), (i) expansion

of built-up area (iii) transformation of farmland into orchards and fishponds, and (iv)
farmland losses due to envinmental hazardsTable 3 presents overall changes in
cultivated land for the threprojectionderived in CHINAGROCATSEI according to

the methodology describealy Liu et al. (2003)and Fischerand Ermolieva(200%,
200%). Accounting for the above four major land change factors and based on assumed



GDP growth rates, urbanization expansidal{le 2), as well as feasible and plausible

l and recl amat i on proeeaisnexpectsdecredasésenf ciiltivaded &and a | 0
horticulture land from current (base year 20A@3B8 million hectares to131 million

hectares in 2015, and 27 mi | | i on hectares i n 2030.
projections(representing high and low economic growbttpe ctationsjhe estimates of
remaining cultivated landh 2015 and 203@re 130 andl25 million hectares and32

and 1® million hectares respectively Table 3 and Table 4 preseit changes of
cultivated and orchard land by regions for the ceprajectionand Figure 4 depicthe

spatial distribution of cultivated land by China counties.

For

Table 3. Culivated and orcharénd (16 ha)

Projection 2000 2015 2030 (Co/*;‘)i”ge 20062030
Central 138 131 127 8.1
High 139 130 125 -10.1
Low 139 132 129 71

Table 4. Culivated land by regions, centratojection (10° ha).

Region 2000 2015 2030 g/t“';‘”ge 20062030
North 29.7 29.2 28.7 34
Northeast 223 21.9 21.6 3.1
East 146 13.9 13.2 95
Central 13.0 12.3 12.1 -6.8
South 121 11.2 9.8 18.7
Southwest 21.7 18.9 188 134
Plateau 1.0 1.0 10 26
Northwest 24.0 22.3 22,0 85
CHINA 138.4 130.7 127.2 8.1
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Figure 5. Intensity of cultivated and orchard land (percent of total land in county) in
2000.

2.2 Demand for cereals and livestock products

Total direct food consumption of cereals and other staple grains is expected to change
only modestly during @00 to 2030(Huang et al., 2003)The explanation lies in two
factors: first, the food consumption level in China is already high and there is a low or
even negative propensity to spend extra income on food grains. Second, there are
significant differencebetween rural and urban consumption patterns, with lower per
capita consumption of cereals in the urban lifestyles compared to rural diets. While
urbanization is slowing down cereal consumption it will likely accelerate increases in
other food categoriesn particular meat consumption. Urban diets include much higher
consumption of meat than rural diets, and per capita meat demand and consumption is
responding strongly to income growfhluang et al., 2003)

The supply of livestock products has been caarsidly improved due to enhancements

in the marketing sector, enabling the potential demand to be met adequately,
satisfactorily and more timely. Especially the expansion of retailer srepgippedwith
refrigerator facilitieshas significantly enlarged themarket reach of milk and meat
products. As analyzed in this report, the incentives that govern the demand for livestock
products are aggregated into the three main driving forces: economic growth,
urbanization, and demographic development. Demand patiéfersbetween urban and



rural areas, between geographical regions, and vary with income. With increasing
income higher quality lowiat meat, e.g., poultry is preferreBigure 6 and 7 show
projected meat consumptianapproximately doubling between 2000 and 2030 in the
central projectioni by rural and urban population segments and by broad meat
categories.
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Urban
40000 40000

Pork

1000 mt

20000 Rural 20000
Other meat
0 j ' ' ' ' 0 T T T T T
2000 2005 2010 2015 2020 2025 2030 2000 2005 2010 2015 2020 2025 203¢
Figure 6. Urban and rural meat demand Figure 7. Expected meat demand
(central projectior). by type (centraprojectior).

Table 5 presents meat demand for the thmejections and Table 6 details meat
demand by region for the centraojection In each of the analyzegrojections the
demand is expected to increase by about hundred pefd@ntregional differentiation
may reflect the higher degree of urbanization in some regions alreadyimiimg the
potential of further growth.

Table 5. Meat demand (1%ons), byprojection

Projection 2000 2015 2030 Change 20062030 (%)
Central 49.2 79.5 99.7 103
High 49.2 80.2 102.9 109
Low 49.2 78.6 96.2 96




Table 6. Meat demand (1%ons) ty region, centraprojection

Region 2000 2015 2030 Change 20062030 (%)
North 8.7 14.5 18.3 110
Northeast 3.7 54 6.3 71

East 7.8 12.2 14.4 84

Central 7.0 11. 0 12.9 85

South 9.7 17.1 23.6 144
Southwest 9.2 14.1 17.2 88

Plateau 0.3 0.4 0.6 145
Northwest 2.8 4.8 6.3 124

CHINA 49.2 79.5 99.7 103

The livestock production is projected on county level, and then the estimation
aggregatedo province level. The main livestock categories include poultry, pigs, dairy,
cattle, buffaloes, yaks, sheepdagoats, and other large animals (combing horses,
donkeys, and camels). Evolution of livestock sector is accomplished within three
management systems: traditional, specialized/industrial, and gratiivgstock
production distributiorstarts from the baseyear data for province and county levels,
respectively and by management system according to the following principles:

1 Projections of livestock distribution of confinetiaditional systems has been
inked to projected changes in rural population.

1 The canfined specialized and industrial livestock systems have been modeled to
meet projected province demands for livestock products. For this reason, these
systems compensate for decreases in traditional systems and evolve consistently
with demand growth proged at provincial level.

1 The geographical distribution of pastoral livestock has been projected in
accordance with availability and productivity of grasslands.

Production ottonfined livestockis concentratesh the ®uthandcentralregions in the
larger part of northeastand inpart of north region. Density of confined livestock is
visualized inFigure8 andFigure9 in terms of livestock bioma3per hectare cultivated
and achard land, calculated by county.

2 Confined systemmay include pelsarvest stubble grazing, as opposed to grazing systems relying on
astures.
Livestock biomass refers to summed Jiweights of all types of livestock in a county.

1C
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Figure 8. Hot-spots of high intensity of confined livestock (livestock biomass in kg/ha
cultivated land) in 2000.
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Figure 9. Hot-spots of high intensity of confined égtock (livestock biomass in kg/ha
cultivated land) projected for 2036entral projectior).
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3 Sources of nitrogen: manure and mineral fertilizer

3.1 Manure production

The quantification of manure production and its nutrient composition is based on the
nutriert balance calculation approach (NuFlBXVI) developed in the context of the
Livestock, Environmental and Development Initiative (LEAD). Results of applications
of this approach for Jiangsu province in China were consulted for the determination of
conversio coefficients from livestock to manure (Menzi, 2DOLivestock excretion

rates are made consistent WiliF luxAWI (Menzi, 20Ql) and GAINS- methodology
(Klimont and Brink, 2004 Assessingmanurenutrients requires tdistinguish between
animals in confned, grazing and traditio nalystems

The composition of manure varies in terms of nutrients, contents of heavy metals and
organic matter depending on livestock cate§amd production systet{Ermolievaet

al, 20®, NuFluxAWI: Menzi, 20a), applied maure management, feeding
characteristics and manure type. Nutrient® mprising nitrogen (N), phosphate;(2)

and potassium (¥O) - together account for an estimated 1.4 percent (in weight) of the
total manure of confined animals in 2000; for pastoveldiock 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 quantities are
expressed in tons as well as tons per hectdtwated land. For China as a whole, the
current amount of nutrients from manure of confined animals is estimated to be in the
order of8.0 million tons nitrogen,3.9 million tons phosphates antl3 million tons
potassium (se@able8) or 57 kg nitrogen,28 kg phosphates aril kg potassiunsee

Table 9), respectively per hectare cultivated land.

4 Estimated staffed and otherwiseanfined livestock in 2000: pigs: 407 million, poultry: 3.8 billion,

cattle: 94 milion, sheep and goat: 290 milion, and otherlarge animals: 57 million.

® Livestock production is typically structured in three categories of production systems: traditional
backyard production, specialized livestock farms/households and industrial farms. The industrial farms
are often situated in the vicinity of urban areas with insufficient land available to recycle livestock related
waste and manure. In the worst casegdtock manure is simply released into the water courses or is
otherwise lost due to inadequate and inappropriate manure handling, that leads to manure components
leaching into groundwater, ruoff to surface water, overloading soils by nutriemsd emiting manure

related gaes to atmosphere.

® Cultivated land includes orchards.



Table 7. Manure nutrients from confined livestock {16ns), by projection

o 2000 2015 2030 Change 20062030

Projection (%)

N P,Os | KO | N P,Os [K,O [N P,Os [K,O [N P,Os | K,O
Central 80 | 39 | 43 | 111 | 56 | 58 | 124 | 6.4 | 6.4 | 554 | 63.1 | 47.9
High 80 | 39 | 43 | 111 | 56 | 58 | 123 | 6.4 | 6.2 | 54.2 | 63.4 | 453
Low 80 | 39 | 43| 111 | 56 | 58 | 125| 6.4 | 6.5 | 56.5| 63.0 | 50.2

Table 8. Manure nutrients from confined livestock {16ns), by region, centratojection

Region 2000 2015 2030

N P,0s K,O N P,Os K0 N P,O0s K0
North 2.01 1.03 1.13 250 1.29 1.39 256 1.33 1.41
Northeast 0.64 0.32 0.34 0.82 0.41 0.44 0.89 0.46 0.47
East 0.88 0.46 0.44 1.14 0.60 0.56 1.25 0.67 0.63
Central 1.10 0.54 0.54 153 0.78 0.73 1.73 0.89 0.82
South 112 0.50 0.58 1.48 0.71 0.75 1.67 0.83 0.84
Southwest 1.61 0.77 0.85 2.29 1.14 1.16 255 1.30 1.26
Plateau 0.05 0.02 0.04 0.21 0.10 0.10 0.26 0.13 0.13
Northwest 0.56 0.27 0.38 1.12 0.57 0.65 1.46 0.77 0.81
CHINA 8.0 3.9 43 11.1 5.6 5.8 12.4 6.4 6.4

Table 9. Intensity of manure nutrients from confineeebtock (kg nutrients/ha cultivated land)
by region, centrgbrojection

e 2000 2015 2030 Change 20062030
Region %)
N |P0s KO [N [P,0s [KoO [N P05 KO [N | P,0s [KO
North 67 34 37 85 44 47 89 46 49 33.7 36.1 30.8
Northeast 29 14 15 37 19 20 41 21 22 43.0 48.3 40.9
East 61 31 30 82 43 41 95 51 47 56.6 61.0 59.0
Central 85 42 42 124 63 60 143 74 68 68.7 76.3 62.6
South 93 42 48 132 63 67 171 84 86 83.9 | 103.4| 80.2
Southwest | 74 | 36 | 39 | 121 | 60 | 61 | 136 | 69 | 67 | 83.1| 944 | 711
Northwest | 23 | 11 | 16 | 50 | 26 | 29 | 67 | 35 | 37 |187.7|211.4|130.4
CHINA 57 28 31 85 43 44 97 50 50 69.7 78.0 61.5

Projected increases of confined livestock coincide with a decrease of cultivated land
available for nutrient recycling. This inevitably leads to a considerable increase of
nutrient supplyin manure per hectare of cultivated land. For the ceptogéction total
amounts of nitrogen, phosphate, and potassium increase in the raBg&®percent

" The Plateau regiofXizang i Tibeti and Qinghai provinces)as mainly grasbased livestock systems
and includes only very limited cultivated land, less than 0.05 percenéofthe gi on 6 s
these special circumstances, results for confined livestock systems are irrelevant to judging environmental
risks from livestock intensification and were omitted.

territory.



(seeTable7) in 2030, and in terms of nutrients per lagetof then available cultivated
land Chinawide by 66-81 percent Table 9). However, note that manure nutrients
production by available cultivated land varies considerably across regions.

3.2 Mineral fertilizer use

In order to provide sufficient food, &rge amount of nitrogen fertilizer is applied to
agriculture to increase the food production. The increase in nitrogen fertilizer mainly
occurs in central, east, south west and scetjon Figure 10 and Figure 11).

Figure 10. Fertilizer consumption (kg nitrogen/ha cultivated land) in 2000.

14



