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Introduction

China is a huge country andopudion of enough food for feedinghe population is of
nationalimportance. Thus, China's demand and production of livestock products oveastthe
years has increased remarkably due to rapid growth of the national economy, urbanization, rising
living standards, and population growth. @uotion expansion has been achieved through rapid
introduction ofintensified periurban and urban production systeshuge achievement in crop
production has been made owing to rapid increase in fertilizers use, both chemibadstadk
manure.The we of fertilizers is justified by the need to increase the yields on scarce land
resourcesHere, me commorapproach is tontensify inputs especiallynitrogen (N) fertilizers.
Nitrogen in excess of crop requirements becomes a source of water andidiomoWith
regards to regional human and ecosystem health, excess leaching of nitrogen into ground water
and rivers as well as volatilization of NHN2 and NQ contribute to regional and local air
quality problems such as acidification and eutrophicatdf ecosystemsNitrogen pollution
alone is a source of a number of vital for human health threats, risks, and human diseases.
in ground water used as drinking water may have toxic impact on humans. Nitrate is converted
into nitrite, which has Igh acute toxicity and is supposedctuse digestion problems aaden
be indirectly carcinogenicOnce ground water becomes surface water, nitrate contributes to
eutrophication and also induces emissions of nitrous oxide, a major. GHGronmental
impact and health hazards associated with intensive agricultural producti@hina have
increased awareness and established the need to identify pathways towards sustainable
agriculture.

Among the most inevitable forces driving intensification trends are:tHe rapid
urbanization along with the economy growth, (ii) changing consumption patterns as a
consequence of increasing income, (iv) substantial farmland conversion, and (v) regionally
severe land degradatio@urrently, China has reached the potentiahit of almost all its
agricultural resources (land, irrigation water, and most fertilizers) in terms of conventional
technologies. Further increases of agricultural production will have to rely on improved
resourceuse efficiencyand intensification Although intensification is required to meet fast
growing demands, considerations of environmental and health risks may essentially influence the
development strategies.

In this paper we demonstrateathrisk adjusted approaches under limited resoures
required to ensure sustainable agricultural developmétussiderations of risksanessentially
alter developmenpaths productionand markestrategieq1-2], facilities allocation[1-2], and
composition of producer&Environmental and healthsks and exposuresmay becharacterized
by certainnorms,standardsand thresholds o mmonl 'y i mposed as additi or
on admissible values of some indicators, e.g., constraints on ambient standards in the pollution
and water qualitycontrol. For exanple, health risks from intensification of agricultural



production may be measured and mitigated with the hefpwfessential indicators or criteria:

water, air, and soil pollution level and risks of livestock diseaShsse indicators and criteria

may aggregate other important variables and factors reflecting environmental risks to human
health from several categories, e.g., economic growth, populatronture, income levels,
agricultural production, nutrients loadsy, andwaterquality, etc. Theselected variables for the

indicator maybe combined, e.g.added averaged, and ranked from lowest to higltegiending

on the importance and economic or health dval

For example, water quality and level o pollution by agriculture may be determined by
two major variables:one variable represenfsotential exposure to poor quality water (ie.,
percentage of the populatidiving in areas with different degree of water contamination by
agricultural leaching and the second is a modeiderived estimate of agricultural
leaching/nutrients losses. Further desegregation of population by income classes may provide
better insights into the soeeconomic heterogeneity of locations and complexity of problems
relatedto acquiring adequate sanitation and financial help for eradication of diseases.

The challenge here is th#te information on theindicators factors,and risks may be
disperse, noineasurable aanalytically tractablelt maybe availableonly on aggregte levelsor
may be derived only with a help of simulation and psesampling procedures. For example,
for the analysis of plausible geographically explicit scenarios of livestodkcropproduction in
China, severaldownscaling methodologies angrocedires based on behavioral principles
utilizing spatial risk preference structurevhabeen developed and implementgd?2]. The
approach providesalso a tool for dateharmonizationfrom various spatial levels.

The problenof sustainable developments, tHere, may be framed as a task to enstie
fulfilment, in some sense, gbcial, environmental, health goals and constraints while satisfying
demand for agricultural products. Such a multicriteria formalization requires appropriate spatio
temporal modetig resolutions and proper computational approadHd€. programat IIASA is
currently involved in a 3ear research program, CATSECHinese Agricultural Transtion:
Trade,Social andEnvironmentallmpacts) under FP6 of the European Commissidwe. goal is
to derive conclusions as to sustainable pathways of agricultural developments in&iktirira.
this context, LUC has developed a dynamic livestock and crop production model, which
integrates demographic, economic, agricultural and environmental modedingoaents
(modules) The model is spatially detailed and runs for a time horizon of 30 years, witlear 5
time step. It performs analyses at China county (about 2400 administrative units) and province
levels (31 provinces), for which it employs specilown and up scaling procedures. The
model generates levels and geographical distribution of agricultural supply and consumption in
China by major agricultural products, e.g., cereals, meat, milk, etc., under alternative economic
and demographic projectis. The model estimates alternative strategies and agricultural policies
to achieve robust against risks production allocation and intensification with regard to factors
such as demand concentration, environmental and health impacts, probability any sdveri
disease outbreaks, agricultural input levels and management, composition of farms and trade
relations.

In this paperwe summarize assumptions on the main drivers and trends behind rapid
intensification. We alsashow how sociceconomic, demographienvironmental and health
variables and indicatorsan beintegratedin the modelbased processto guide sustainable
agricultural planningwithin limited resourcesThe aim it to estimate potential trends of future
agricultural developments under alternatidemographic, socieconomic scenarios and provide
policy suggestionsn how to mitigate or minimizenegativeenvironmental and health impacts



Alternative scenarios of futuragriculturalproductionmay becomparedo demonstrate the need
for explicit risk-adjusted approacheslying on risks indices and indicatorgor example

() an intensification scenario, representing the case in which the increase of production is
allocated proportionally to demand increase, which is concentrated in the pyotanaensely
populated urban areas, and

(i) a robustscenario that combines the demand driven preference structure of the first scenario
with considerations of environmental and health nolinfsymation on population densities and
its vulnerability toenvironmental risks caused hygricultural production.

The scenarios may be compared with respeét keealthr i s k p r o xeyatives (sharb ofas fr
total population) distribution of populatidalling into different environmental pollutioolasses

(classs of severity, classes of water/air pollution, livestock disease risksn agricultural
productiom

The work is guided by a set of common research and policy questions:

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

1 How increased demand for feed and food will translate into the number of animals and crop
production?

1 How does it compare to the amounts and types of livestock manuregltie available as
a consequence of livestock production intensification? How much mineral fertilizer would be
needed in addition to local manure supply?

1 What environmental loads, GHG emissions, and water pollution through leaching are
expected as a nels of agricultural production intensification?

1 What improvementsan be achieved by production planning within risk indicators by using
simpefigoodd agricultural practices that j oint
water and air contaminatiom idifferent stages of agricultural production chain, i.e., from
nutrients losses in ivestock houses to emissions and nutrients losses on crop fields?

1 What effects have income levels, education, provision of medical and social security on the
potential tomitigated or minimize the consequences of environmental and health risks from
agriculture?

Main driving forces

Agricultural developments in China are driven by several geographically explicit and
interdependent socieconomic and environmental procesggsong major contributing factors,

the most important are: (i) increasing GDP and incomes, (i) progressing urbanization, (iii)
changing demand patterns as a consequence of urbanization, increasing wealth, and globalization,
(iv) substantial farmland conkgion due to economic as well as ecological reasons, and (V)
regionally severe land degradatiomable 1 shows projected GDP growth, while TaBle
summarzes population trends and rutaban spili.



Table 1 Nonfarm production: regional growth rates iadelne

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 105 7.0 5.7 40 54
South 10.5 8.7 6.9 5.7 6.9
Southwest 7.8 6.0 51 3.8 4.8
Plateau 9.0 7.1 5.7 49 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 al.

Table 2.Population development and urbanization by region, central scenario.

2000 2015 2030

Region Total Urban Total Urban Total Urban
(million) (%) (million) (%) (million) (%)
North 309 33 332 46 333 57
Northeast 106 52 109 61 102 69
East 197 42 209 55 207 66
Central 166 32 172 43 164 54
South 129 50 174 62 212 72
Southwest 240 26 247 37 234 48
Plateau 8 27 9 37 10 47
Northwest 110 32 124 43 129 53
CHINA 1,263 36 1,376 48 1,392 59

Source: Toth et al. (2009, forthcominng); Liu et(@8003).
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Figure 1. Urban and Rural population trends.
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Figure 2. Urban population trends. Figure 3. Rual population trends.

Arable landis considered the most important resource in China to produce the food for its
huge populati on. I n recent year s, Chinabds
degradation and by the expansion of 4agniculturalland uses in response to rapid economic
growth and urbamation. The most important factors, which are causing loss of cultivated land,
include: (i) the ecological conversion of marginal and steleping farmland into forest and
grassland areas (e.g.,&mfor-Green program), (i) buffip area expansion, (iii) transformation
of farmland into orchards and fishponds, and (iv) farmland losses due to environmental hazards.
Table 3 presents overall changes in cultivated land for the three scenarios derived i
CHINAGRO according to the methodology described in Lu et al. (2003). Accounting for the
above four major land change factors and based on assumed GDP growth ratesl)(Table
urbanization expansiofTable 2) as well as feasible and plausible land reclomameasures,
the ficentral o scenario projects decreases of
year 2000) 139 million hectares to 131 million hectares in 2015, and to 126 million hectares in



2030. For the fAhi gh oimaes df refdinmgvodiltivated dandeare L3 sndt h e
123 million hectares and 131 and 128 million hectares in respectively 2015 and 2038 3¥able
presents changes of cultivated and orchard land by regions for the central saaddfigure 4

depicts spatiabistribution of cultivated land by China counties

Table 3.Culivated and orcharénd (16 ha).

Scenario 2000 2015 2030 Change(o/i())OGZOSO
Central 138 131 127 -8.1
High 139 130 125 -10.1
Low 139 132 129 71

Table 4.Cultivated land by regionsgentral

scenario (ftha).

Region 2000 2015 2030 Change((é())092030
North 29.7 29.2 28.7 34
Northeast 223 21.9 216 3.1
East 14.6 13.9 132 95
Central 13.0 12.3 12.1 -6.8
South 12.1 11.2 9.8 -18.7
Southwest 21.7 18.9 18.8 -13.4
Plateau 1.0 1.0 1.0 -2.6
Northwest 24.0 22.3 22.0 85
CHINA 1384 130.7 127.2 8.1
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Figure 4. Intensity of cultivated and orchard land (percent of total land in county) in 2000.




Demand for cereals and livestock products

Total direct food consumption of cersadnd other staple grains is expected to change only
modestly during 2000 to 203(6]. 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 owdd grains. Second, there are significant differences between 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 likel
accelerate increases in other food categories, in particular meat consumption. Urban diets include
much higher consumption of meat than rural diets, and per capitadereand andonsumption

is responding strongly to income growts.
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Figure 5. Nitrogen uptakedy crops,in kg nutrients/ha cultivated land, in 2000.
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Figure 6. Nitrogen uptakdoy crops,in kg nutrients/ha cultivated land, in 2030, central scenario.

The supply of livestock products has been considerably improved due to enhandaments
marketing sector, enabling the potential demand to be met adequately, satisfactorily and more
timely. Especially the expansion of retailer shops with refrigerator facilities, have significantly
enlarged the market reach of milk and meat prod#gtsandyzed 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 patterns differ between
urban and rural areas, betwegeographical regions, and vary with income. With increasing
incomes higher quality loviat meat, e.g., poultry is preferred. Figuitand 8 show projected
meat consumption approximately doubling between 2000 and 2030 in the central scerayio
rural and urban population segments and by broad meat categories.
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Figure 7. Urban and rural meat demand
projections (central scenario).
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Figure 8. Projections of meat demand
by type (central scenario).

Table5 presents projected meat demand for the threeas®s, and Table 6 details meat demand
projections by region for the central scenario.

Table 5.Meat demand (10tons), by scenario.

Scenario 2000 2015 2030 Change 20062030 (%)
Central 48.9 78.4 95.5 96
High 48.9 79.2 97.3 99
Low 48.9 77.8 94.2 93

Table 6.Meat demand (10tons) by region, central scenario.

Region 2000 2015 2030 Change 20062030 (%)
North 8.7 14.4 17.7 103
Northeast 3.7 5.4 6.1 65
East 7.8 12.1 14.0 78
Central 6.9 10.8 12.3 77
South 9.6 16.9 22.8 136
Southwest 9.0 13.8 16.2 79
Plateau 0.2 0.4 0.6 132
Northwest 2.8 4.7 6.0 115
CHINA 48.9 78.4 95.5 96

In each of the analyzed scenarios, the demand is expected to increase by hundred percent.
i vestock
model, and then the estimation will be calculated into province level. The main livestock
categories include poultry, pigs, dairy, cattle, buffaloes, yaks, sheep and goats, and other large
animals (combing horses, donkeys, and camels). Evolufidimestock sector is accomplished
within three management systems: traditional, specialized/industrial, and giasigconfined
livestock grows in South, central, most part of northeast, part of north reQemsity of

The

confined livestock is visualizedh Figures9-10.
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Figure9. Hot-spots of high intensity of confined livestock (livestock biomass in kg/ha cultivated
land) in 2000 (central scenario).

Figure 10. Hot-spots of high intensity of confined livestock (livestock biomass in kg/ha
cultivated land) projected for 203Qcentral scenario).
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