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Preface

Thi s report describes simulations of the fut!

Chinagro welfare model. The model was originally conseddh the period 20062004 as part

of the ECGfunded Fifth Framework project of the same namig) support of the Natural Science
Foundation of Ching#70024001)and has beemlevelopedurtherin 2006 and 2007under the
folowup project O6Opltti wmal fDev Algap me nt in Chinabo
Ministry of Agriculture Nature Management and Food Quality

At the same time, the publication of this report marks the beginning of the modeling activities in
the CATSEproject, an ECfunded Sitt Framework project started in January 2007, of which

the three research themes (Trade, Social and Environment) can easily be recognized in the
presentation of theurrentsimulations. The Chinagro model will be updated and extended under
CATSEI, integranhgthe research resultsats three themes.

Five partner institutes cooperated in the Chinagro project: the International Institute for Applied
Systems Analysis (IIASA), Laxenburg, Austria; the Centre for World Food Studies\(8QW

Vrije Universiteit Amsterdam, The Netherlands; the Center for Chinese Agricultural Policy
(CCAP), Chinese Academy of Sciences, Beijing; the Institute for Geographical Sciences and
Natural Resources Research (IGSNRR), Chinese Academy of Sciences, Beijing; and the China
Agricultural University (CAU), also in Beijing. The first three institutes hawtendedtheir
cooperation in the CATSHiroject, together with the Schoof Oriental and Arican Studies
(SOAS) of the University of London, the International Food Policy Reldastitute (IFPRI) in
Washington and the Agricultural Economieesearchnstitute (LEI) in The Hague.

We acknowledge the contributions of several of our colleagues and project partners in obtaining
the results presentedn this report, in the form of awsultations, background studies, technical
assistanceand logistic support. We mention especially Peter Albersen (SQNY Chen Fu
(CAU) andXiubin Li (IGSNRR).
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Abstract

The report describes prospects and challenges for Chinese agriculture until 2030 under different
scenarios, using the Chinagro welfare model. A scenario is defined as a coherent set of
assumptions about exogenous driving forces (farm land, populat@ragricultural growth,

world prices etc.), derived from the literature and own assessments. Under these assumptions,
simulations with the Chinagro model analyze the pbased interaction between the supply
behavior of farmers, the demand behavior ofstoners and the determination of trade flows by
merchants.

The outcomes from théBaseline scenarioseem eassuring in that foreign imports remain
moderate relative to Chinabds size, though qui
possible to fed people as well as animals without excessive imports. There is even a potential for
significant export flows of vegetables and fruits. Regardingcerns, the trends in per capita
agricultural value added are problematic, becabsg stay in all regionbe hind per capita value
added outside agriculture, albeit that thag lising steadily. This leads to growing disparity in

per capita incomeswithin and across regions. The mounting environmental pressure from
fertilizer losses and unused manure surplusesnother cause of concern. The second scenario
the Trade liberalization scenaricappears to hurt farimcomesmore than it benefits theand to

raise the gap with neagriculture, also because food becomes cheaper in urban areas. Hence, it
highlights the difficult choice between economic efficiency and poverty alleviation that
agricultural policy makers often face. Thegh income growth scenariteinforces the national

food seltsufficiency result of the baseline simulation. Even with meat demaneérighn under

the baseline, levels of imports remain manageable. Hlgh R&D scenarioshows that a
considerable reduction in dependence on agricultural imports is possible. However, a substantial
part of the gains will accrue to consumers rather thaarodrs, due to price reductions. Finally,

the Enhanced irrigation scenariehows outcomes similar to those of the high R&D scenario.
Here also the agricultural trade balance improves and consumer welfare improves, but farmers
have to cope with drapin prices, and those who do not benefit from land improvement, only
experience losses through faling prices.

The present report is written at the onset of the CAT|8Blect that will analyze policy packages

with more specfificity and detail after imple mentitig following model improvements. First, the

i mpact of Chinads imports and exports on world
the developments outside agriculture in rural areas will be accounted for endogenously,
particularly to representafm revenue from offarm employment. Third, the trade and
transportation margins between fagates and markets will be made dependent on the relative
flexibility of the actors (farmers, processors, traders) along the chain. Finally, the various
techniqus to identify more efficient and more sustainable use of scarce water and nutrients and

to address health risks will appear more expiicitly.



1. Introduction

Chinads unpr ecede rsihce the statt of ihe reforen prograonwit 18481 the
gradual liberalization of its trade have dramatically improved the living conditions in rural,areas
largely through increased efairm employment but also throughgnificant productivitygains
within the crop sector amdirther specialization of farms partilarly tovard livestock production

and horticulture Only 8 percent of therural population was reported as being below the
international poverty linkin 2004, down from B percent in 199QNBSCb, various issues)
However, already since the 198@® rurd to urban income gap hasaglually widenedfroma

ratio of less than 2.5 in the middle 1980s to nearly 8usrently (NBSCa, various issues)
Containing this aspect of income disparingquires spreading industrial development inland,
while ensuring modmization of agriculture itself so de combine sustainable rural development
with the necessary agtmentof the agricultural sector tohe further opening br trade, in
particular since the nationds acceigBeaember t o t h
2001, and toemergingscarcityon international agricultural marketafter decades of surpluses
food availability is expected to become tighter as a result of contiecedomic growth in Asia
and the associated rise in demand fawd@and animaldeds, jointly with upcomingemand for
biofuels andg over the medium term, the impact of climate change and the asscg@gptation

and mitigation policies worldwide. Hencprolongation of current success will require several
issuesto be attendetb simultaneously.

Continued trade liberalization should enable China to ease the pressure on its food markets,
where the trend of a fast growing demand for meat and animal feeds experienced over the past
two decades is expected to persist &nother two deakes or more. Howeverit will also
necessitatesignificant adaptation in existing farming practices and regional specialization
patterns within China, as farmers will in many areas find it difficult to sustain competition with
imports. The options for impwing productivity per farmer are restricted by limited availability

of new arable land, loss of land due to soil degradation and urbanizaater, shortagesnd
exhaustion of the unused potential for yield increases on the basis of conventional @ghAlo

the same timefarmerswill face increasingly strict regulations taitigate the environmental and

health risks of intensifiedgricultue. Giventhese restrictions, farmers are left with three options:
modernizing staple crop production, switchit@ higher value products such as livestock and
horticulture, or seeking employment outside the sector.

Policy response

In response to these challenges, the Chinese goverri@Rat, 2003has formulated as its major

strategic and policy aims: (i) to inceaee f ar mer s 0 i ncomes and pr ov
employment, so as to maintain social stability at the local level; (ii) to narrow regional and rural
versus urban disparity, so as to preserve political stability at national level; (iii) to improve
resouce use efficiency and product quality, so as to obtain the economic sustainability needed to
face foreign competition; (iv) to arrest environmental degradation, so as to retain environmental
sustainability; and (v) to keep an adequate degree ofal@ice in food at national level, which

is considered an issue of state security.

Even though these strategic goals are by now well recognizewidety accepted, the ways and
means to achieve theare still subject to intensgebate With respect to natial food security,
the basic question seems no longebewhether China can produce sufficieaninounts of rice

'Defined as one US dollar of 1993 per day peamshngerson,
Power Parity exchange rate.



and wheatfor its vast populatiorbut whether it can feed the vast number of animadguiredto

satisfy the rapidly increasing demand for mead, if not, whether it should import meat or

import feed orimport both. FurthermoreChi naés huge population comp
nationalities spread over a vast territory of complex geography and topography. Consequently,
every region has its owgeographical, ecological, and so@oonomic specificity. This implies

that an effective nationwide policy needs a diverse andadapted development package, based

on a thorough understanding of the underlying diversity. In this context, an optimas twibe

found between public and private actions as the competitive market is in many respects better
equipped to address diversity than any other institution.

However, despite the ongoirgocess of decentralization atréde liberalization, a numbef o

key market institutions are still underdeveloped. On the commodity markets, those related to
product grading and consumer protection leave to be desired. On agricultural factor markets,
better titling of land is necessary, water management needs to éepmme efficient, and
environmental protection should receive higher priority. Safety regulations for workers would be
required and wor kersé health and education nee
and insurance must ensure that agricaeltteceives sufficient credit while avoiding poor debt
service and bad loans. Furthermore, income transfers will surely be needed in order to contain
income disparity across regions and between rural and urban areas. Moreover, the
decentralization processself, whereby autonomy is to be transferred to or left with individuals

and local organizations, has become all the more subtle as the wealth becomes less evenly
distributed among the population. In short, several interventions will be needed that kéould
planned carefuly and duly justified to the public as well to foreign investors worldwide.

Hence, government agencies at both national and provincial level will have to draft transparent
policy documents in which sufficient motivation is provided &ach policy measure taken, in
particular to demonstrate that the interventions proposed are necessary, not overly centralized and
answering to the local needs of every province.

The present papemtends to contribute to this process of poldgsign It reports on scenario
simulatiors with the Chinagremodel, originally developed underthe EC-funded Fifth
Framework project of the same name, and adapted further un@pt i ons f or Agr i
Devel op me n,thefollow-up projectduided by the NetHands Ministry of Agriculture

Nature Management and Food Qualitywill be updated and extendeshder CATSEI, an EC

funded Sixth Framework project devoted to studying the prospects of agricultural trade between
China and the EU. These projects seekfter sciencebased decision support tools that can help

in the formulation of adequate policy packages to facilitate the continued modernization of
Chinese agriculturand the smooth development of trade relations with foreign partAgesnst

the backgound sketched above, these tools had to be designed so as to represent the following
five aspects of agricultural planning in sufficient detail:

(1) the constraints of geophysical and natural resource conditions on agriculture production,

(2) the markefforces determining the distribution of agricultural activities,

(3) the spatial spread and social diversity of
(4) the impacts of policy on farm incomes and on regional disparity,

(5) the environmental impacts of agricudur

Literature
As these five aspects are well recognized, the literabmesidering them is extensivet
essentially falls in two parts, one the domain of agronomists and economic geographers



describing the gephysical and natural resource conditions in eaclioreghe other the domain
of agricultural economists comparing production costs across regions.

Among the agronomic studies, the study by Zhot
agricultural regional pl anni rvay reagon was ekemingd qu ot e
according to its climate, temperature, precipitation, soil, landform, length of crop growing period

etc. Based on the assessment of these factors, suggestions are made as to which type of grain and
livestock would best match thege onds nat ur al environment . Wi t t
geographical information system (GH&chniques, geographers have been able to extend this
approachinto a comprehensive spatial assessment of the impact of the natural resource
constraints onagi cul tur al producti on, f o fEcolgicaldgnése by n
(AEZ) methodology (Fischer et al., 2002).

This AEZ-methodology can be used to identify the geophysical limitations on agriculture
production within every region, and to formuladgtions for more efficient use of the local
natural resources, and in fact provides one of the major inputs of the Chmagded. However,

while agricufture production undeniably depends on the available natural resources and
environmental conditions, desbing agricultural potentials is only a first step. Regional
development planning has to go several steps further, as agriculture is conducted by farmers using
inputs provided by industry and delivering outputs to the -ggooessing sector and eventyéab
consumers, domestically and abroad. In short, the full supply chain and its embedding within the
economy have to be taken into consideration. Furthermore, the rapid change currently
experienced in this chain has to be accounted for.

Turning to the stdies on regional development planning by Chinese agricultural econavhists

focus on comparing production costs across regions, weédaigg and Ma (2001) and Xu et al.

(2001). These two worksise the Domestic Resource Costs (DRC) method to analyze each
provinceods cost advantage in producing staple
products. This approach has the advantage that it takes into account the differences in prices and
input intensities between regions for, say, labor and fertilizenvév¥er, it only measures the

present situation. It can at best provide a useful guideline on the direction of agricultural
restructuring because any actual restructuring would change the prices and intensities in every
region. A decision support tool musé able to account for these changes.

Furthermore, the available studies on regional development do not consider the implications of
changes in regional demand resulting from increased income andaunddan migration, both

of which significantly affetinterregional and foreign trade as well as the patterns of production
across regions. Indeed, a region with strong cost advantages may not be able to realize these
advantages fully as high transportation coggr-regional trade barriers, and otheade costs can

offset all of them. Young (2000) and Hussain (@0@oint out that transaction costs play an

i mportant role in determining the distribution

Recently, several partial equilibrium models have beerldped to take the supply, demand and

trade aspects simultaneously into consideration. Haamt Rozelle(2003) and Huang, Li and

Rozelle (2003use the CAPSIM regional model, a partial equilibrium model with 18 agricultural
commodities, to analyze the pacts of WTO accession on agricultural productiand
consumption ana@n farm income in different provinces across China. Beestudes show that

while trade |liberalization wil!l stimulate stru
more cometitive sector {e. laborintensive agricultural products) and increase the average
farming income, it will also enlarge income disparity among regions. However, the CAPSIM

model does not fully consider resource constraints, such as water and landiltyaéxisting at



local level. Xin et al. (2002 and 2003) have also developed a regionalized partial equilibrium
mode | , representing Chinaés domestic grain and
transportation costs, but as grain and meatraogleled and simulated independently it cannot

handle the interactions between grain and livestock sectors. Neither does it consider the local
resource constraints in each region.

The Chinagro models

The importance of the five aspects mentioned earliet e limitations of available studies
inspired the Chinagrprojectto develop and implement models of two kinds, one comprehensive
with the countylevel as the lowestkevel geographical unit, and the other commodipgcific but
spatially expilicit.

The comprehensive model is a-t@mmodity, 8region general equilibrium welfare modearm
supply is represented at the level of 2,433 counties (virtually all), and accommodates for every
county outputs of 28 products and 14 land use types and livestotsksysConsumption is
depicted at regional level, separately for the urban and the rural populeaicm,divided into

three income groupsgnd domestic trade is interregiondhe modelstructureis describedin
Keyzer and Van Veen (2005)hile a comprehasive list ofclassificationsand thedata basere
documentedin Van Veen et al. (2005).

The modeldescribesthe price-basedinteraction betweenthe supplybehaviorof farmers, the
demand behavior of consumers and the trade floarsnecting themFarmes maximize their
revenue byoptimally allocating labor andequipment tocroppingand livestock activities, at
exogenously specified land resourcetsible capacitieand levels of technologyvhile takingthe
buying and selling prices in the county as giveConsumers maximizéheir utility, at given
prices,by optimally allocating their expendituresccording to autility function thatis quasilinear,
l.e. linear with unit coefficient in part efonfood consumptiorand obeying a linear expenditure
systemin agricultural commodities and the remainder of Hagmiculturalconsumption, \wich
acts @numeraire.

Trade between regions in China and with the rest of the world is cost minimizing at exoge nously
given world prices and import and export tariff rat&@erough its significant geographic detail,

the modelcan incorporate locatiempecific information on climate, resources and technology
while its equilibrium structure enables it to represeaprdinationflows among the various
agents andlescribemarketclearing at different levels.

A model with such a level ofdetail in classificationsis not designed to represent truly
endogenous dynamics, as this would inevitably lead to serious accumulation of prediction errors
over time. Thereforea formulation wa opted for that assumes an exogenaaisie for a wide

range of driving variables, and statically sohfes the values of the endogenous variables for
each year of simulation separately, given the assumed vefiude driving variablesTogether

these eggenous variables define a simulation scenario

Major driving forces arenonagricultural output growth, population growth, urbanization and
interregional migration,international priceschanges inland and waterresourcesand stable
capacities,adjustmat of food preferencestechnical progress and trade liberalizatiorhe
important role of these shing forces requires a carefahd coherentpecificationof their future
trends.

The present report focuses ome findings fromfive simulation exercise with the general
equilibrium modelover the period 1992030 (i) baseline, (ii) trade liberalization, (iii) rapid



economic growth, (iv) high agricultural R&D investmerand (v) enhanced irrigation efforts
Each scenario is designed to refledferent pathways forthe major driving forcesThe partial
model was operated in the background to analyze spatial aspects in greater detail.

The report proceeds as follows. Section 2 highlights the key concernsagricultural
developmentto be addressed ithe report.Section3gi ves a birddés eye vVvie
specificationexpanding on the description given abo®ection4 introduces the scenarios based

on the mairdriving forces that will impact upon Chinese agriculture until 2030. Se&i@ports

on the model results for théaselinescenario assumptionsvhereas section @iscussesthe

outcomes of the othercenarios.Finally, section 7summarizes the findings, mentioning possible

policy implications and concludes with some suggestions for futuseareh. AppendixA

describes the output specification of crop and livestock activities, as background in understanding

the tables with model outcomesnd Appendix B presents comprehensive tables with outcomes

of all five scenarios



2. Agricultural devebpment issues

As argued in the introductiomajordeterminants n s haping the future dyna
and agricultural sector include: (i) increasing ffarm incomes, (ii) further urbanization, (iii)

changing consumer demand patterns as a coeseg of (i) and (i) as well as of globalization,

(iv) land scarcity due to substantial conversion of land for-agrcultural as well as ecological

reasons and water scarcityand (v) environmental threats such gsound and surface water

pollution tha could severely affect drinking water quality in some regibdtexe, we will provide

some background to each of these determinanisinating inthe formulation of key questions

to be analyzed with the model simulations.

Non-farmincomes

On averagegross domestic product (GDP) has grown at more than 9 per cent annually since the
start of the reform program in 1978, an unprecedented record that is even more impressive in
view of t he n a t gerocapites GD® rreaahed ,080Yuar2 @ /A0 US dollar,
measured at the official exchange rate. Althou
growth rate was soon surpassed by the growth rates in industry and services, leading to sharp
structural changes in the economy. While agricultaceounted for 40% of GDP prior to the
economic reforms in 1970, its share had fallen to 28% in 1985 and further to 16% in 2000.
During the same periodhe share of industry, including construction, increased from 46% in
1970 to 51% in 2000, and the shaifethe service sectors from 13% to 33% (Huang et al., 2003).

In recent years the relative decline of the agricultural sector continued, reaching a share of 13% in
2005 (NBS@, 2006).

At its early stage the reform processutside agriculturecould easilymake use of local labor
surpluses, abundantivailable and weltisciplined that made it possible to achieve the initial
high growth rates, which in nominal terms were actually quite modest in those days. Far more
remarkable is thathe high growth ratesould bemaintaired over such a long perio€ommon
explanationé comprisethe political and social stabilityn partattributable tathe improved rural

and urban living conditionand the success in agricultutbe programs to improve education and
acelerate technological progress, and the timely relaxation of migration and trade policies. These
factors also made the country attractive to foreign investors, who increased their direct
investments from 1.7 billion US $ in 1985 (0.5% of GDP) to 35.8dmllJS $ in 1995 (4.9% of

GDP) and 54.9 billion US $ in 200@.8% of GDP). More importantjythe astonishingly high
domestic saving rate of around 40 per cent of GDP in most years (NBSCa, various issues) made it
possible to finance massively timvestmers that fueled this growth.

Figure 2.1 gives an illustration tfie geographical distribution of the developmenisexpressed

as the average annual provincial growth rates in the industrial sector (including construction)
during the period 1972004. The figure shows that\er the whole posteform period, growth
rateswere highesin the Southern and Eastern coastal aresezhing more than 15% annually
butalsoin inland areas average growth was impresslesgely due to the success of Township
and Vi | age Ent er iprabsaheng rur@l TaWoE fdosthie own region In all provinces

the averageagrowth rates reach abover.5% and in most inland provinces even above 10%. For
servicesthe differencescross provincewere even less, withll growth rates ranging from 20

to 14% annually. Hence, per capi@nagriculturalincomes have risen significantly in every
province.

2 E.g. Arayama and Miyoshi (2004), Huang et al. (1999), Hubacek and Sun (2001) and Keng (2004).
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Figure 2.1 Growth rates of industry (including construction) by province, 183X

Industry growth 1979 —2004

.

Growth in %
s s - 9.00
g9.00 - 10.50
10.50 - 12.00
12,00 - 13.50
N ss0 - 15.00
B 500 - 17.00 ©2005 SOW—VU

Source: calculated fromB8C, Staistical Yearbook of China, various issues.

However, under fast economic expansion seemingly small differences in regional performance
caneventuallycreate significant disparity. Over peiod of 25 years the difference between, for
instance, 9 and 12%naual growth lads to 100% difference in the cumulative facof increase

(8.6 versus 17)Migration from the slower to the faster growing segments of the economy could
not mitigate these gaps, especially not in the earlier, restrictive years of then yggoiod, and
neither couldgrowth inagricultural incomes. Therefore, the rapid fagricultural expansion was

a source of increasing inequality across regions, which is confirmed by the income datdein

2.1, taken from Lin et al. (2004).

Table 2.1 Regional income disparity, 19&%00

1985 1990 1995 2000

Coastinland income ratio
Urban 1.25 131 1.42 1.42
Rural 1.27 1.38 1.66 1.67
Urban plus rural 1.31 1.43 1.65 1.65

Source: Lin et al. (2004). Coastal provinces are Liaoning eidltianjin, Beijing, Shandong, Jiangsu, Shanghai,
Zhejiang, Fujian, Guangdong, Guangx and Hainan.

Table 2.1 shows that the relative incomes (corrected for provincial differe ndeHaition) of
coastal provinces increased steadily from 1985 to BH9®@bthen stabilized more or less in the last
years of the previous century. The differences are larger for rural than for urbansageatng
that in coastal provinces the rural areas benefited more from thagnmultural expansion than
in inland povinces.
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In addition the fastexpansioroutside agriculture led tevidening income disparitiealsowithin

the same province, especially between urban and rural areas. The national average per capita rural
and urban incomes in thgeriod 197&004 areshown in kgure 2.2, expressed in constant 2000
Yuan. The absolute income gap increased in all years since 1985 but the relative income gap,
albett less easy to see in the figure, shows an alternating piotitineits lowest value in the mid

eighties at bout 2.5, then rising until 1995, declinisgightly between 1995 and 20@&hdrising

again in recent years, reaching a value of around 3.3 in 2004.

Figure 2.2 Development of rural and urban per capita income (in constant 2000 Yuan)

1000C
9000 —e—Rural —8— Urban
8000
7000
6000
5000
4000
3000
2000

1000

Source: calculated from NEE, Statistical Yearbook of China, various issues

The rising inequality across and within regions is also reflected in the trend of the Gini
coefficients, which for rural areas went up from 0.24 in 1980 to 0.3008 NBSCc, various
issues). Ever since the mi®90s, this rising disparity has attracted great attention from both
policy-makers and the public at large. In response, several regional development and poverty
alleviation programs were launched, with somsuccess, as the gap in industrial growth rates
between the developed and less developed regions shrank significantly since th&96sd
(Huanget al 2003, Table 9). Nonetheless, since the annual rate of netemgfEnal migration is
typically less tn 1 percentage point (Let al 2003, Table 11), these differences in growth rates

stil generate a widening income gap on a per capita basis.

The consequences obntinued growtloutside agriculturevould be threefold (1) there will be

strong competion for land and water in urban ane@msiurban areas, and in sonmmegons
possibly also for labor, jZXood selfsufficiency becomes less critical #® country can afford
significant agricultural impor{s(3) the rising incomes will shiftlemandto bette quality foods.

These three developments combined define the major policy challenge of containing the
widening income gap between the agricw@fusectorand the rest of the economy, and more
generally between urban and rural areas.

Population dynamics
When t he Peopl ebds Re pudolnieda popaasion bf G40mdlieqeoplen 194 9
Two decades later the figure had risen to more than 800 million &@DBit reached 1.3 billion.
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Despitetheseenormousincreases in absolute numbers, theuatgrowth rates have been rather
moderate, with an average annusé of 2.0% from 1949 to 1970 and only 1.4% since 1970.

Indeed, population policies and campaigns have been ongeergince the 1950s. During the
1970s, a campai gni sofa cocoenpet aibsl eg caondd, tthwaee is t 0«
in 1979 the emphasis was even more drastigalligedon the benefits for the country of having

only one child per household, promoted by a system of social control and fines. Theirefore,

view of tre medium term effect# is no surprise that natural population growth tgsnow
droppedfurther to 0.6 per cent annually.

At present, the Chinese population is still young witBe3telow the age of 25, and a fraction of
working age population of P2 (NBSCa, 2005, Table 46). This composition has created a
vigorous and mobildabor force that fuels current growth and suppdrigh levels of savings.
Furthermore, the youthfulness tife population will inevitably keep population numbers rising

for many yeas to comedespite low fertility ratesSpecifically, the present demographic situation
exhibits two counteracting trends: while economic growth, urbanization and the associated
change in lifestyle may lead to lower fertility rates, modernization andpesing of society
might trigger a reversal of the strict eohild policy infamily planning. The latter couldlso
reverse the recent unfortunate trend of increasing male surpluses in the lower age classes, as
becoming more and more visible in the reguipulation figure, with 55% male among &l
chidren below the age of ten

Apart from the age composition, the concentration of its population in the Eastern part of the
country is a basic characteristic poadr tChofna®msi rce
land such as the Gobi Desert, the steep slopes of the Himalayas, and the vast dry grasslands of the
northcentral region remain virtually uninhabitedlbout 1.15 billion people, or about 90 qpent

of the population, live orlittle moretan 30 per cent of hisGirees withh s | a n
historical settlement patternsvith population concentrated along the coast and in the fertile

alluvial plains of the East, as well as in the Red Basin. The urban agglomerations have developed

in thesezones as well.

Given the large pool of underemployed rural labor force and the important disparities in income
and living standards, the natural push towards furbdn migration has been strong for a long
time. As the absorption capacity of the citieasMimited, migration was kept in check through
dedicated institutional arrange ments such astheouregistration system, the land tenure system
and the social welfare and security system, all designed to keep the people linked to their place of
origin. Nevertheless, under the pressure of the increasing regional andinbmal discre pancies

the hukou system has gradually been relaxed in the 1980s and 1990s (Liu et al. D20idg).

that period migration from Western and Central China to the Easteriomegespecially the
coastal areas, has contributed significantly to theujadipn growth of these region$he three

major destinatiomwerethe provincesShanghai, Beijing and Guangdong, with 3.5, 2.7 and 11.4
million immigrants respectivelyduring tre period 1992000(Liu et al., 2003). Yetbecause of
higher fertility the overallpopulation growth rate®iave not been much lowen the poorer
hinterland in the Wedthan in the richer coastal regions sincefadility rates are higher. Tlse
regiond differences in fertility rate areexpected to be maintained coming years (Jiang and
Zhang, 1998).

In spite of its persistent urbanizatio@hina can still be considered a predominantly rural society.
In 2000, after two decades of rapid grovetltsice agriculturewith high demand for urban labor,
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only some 36 per cent of the population was living in urban &re@ikis distributioncould

become anmpediment togrowth, as it creates the problem knownfas an nongo (or
n o ngt@agnationofageiul t ur e, f & andhmuralsdéve lopment.oltn@ppreciated that

the agriculturakector cannot resolve these problems by itself, as it needs labor outmigration to
improve its productivity per hectare and its income per worker. The authoritiesniee dis

hur dle and have proclaimed the promotion of
economic development in the coming decades. In line with this policy, a further relaxation of the
hukou system was applied at the begng of 2001 (Liu €al., 2003) allowing the urbanization

rateto rise toover 40 per cent in 2005.

Food patterns

Traditionally, grains have been of overriding importanc€lnese dietswhile meat, fishery
products, vegetables, and fruits were considered rare lux@imgously, the rising living
standards have dramatically changed this picture. Nowadays, urban residents typically prefer
a more diverse diet with a greater share of processed foods. All Chinesatowre meat

and dairy productswhile grain consumptioas levdked off and even declined in some
regions. Table 2.2 showthe considerable increases in meat, milk and egg consumption
between 1980 and 200@henper capita consumption of porkore than doubled whereas
per capita consumption of poultry meaen became six times as high, both rural and
urban aread-urthermore, the table shows tipar capitaconsumption of livetock products

is still much lower in rural than iorbanareasand that urban consumption is now beginning
to diversify towards mminant meat and dairy

Table 2.2 Per capita consumption of livestock products

Rural (kg/person/year) Urban (kg/person/year)

1980 1990 2000 1980 1990 2000
Pork 9.9 14.9 221 145 29.9 32.8
Beef 0.2 0.5 1.0 0.5 25 4.8
Mutton 0.4 04 1.0 0.8 2.0 22
Poultry 0.8 16 4.8 2.0 5.0 12.3
Milk 0.6 14 15 4.6 104 18.6
Eggs 1.6 39 8.0 50 13.7 18.7

Source: CCAP data base. The figures are higher than the official ones due to coverage of consumption
outside the own house

Also within rural andurbanareasmajor differences can be observed. For example, according to
the 2006 Statistical Yearbook of B, meat consumption of poorest urban households only
reaches60% of tle levelof middle income householdsnd even less when foodten outside
homeis taken into consideratio®y comparisonthe Chinagro data bag¢an Veen et al., 2005)
revealsthat in 1997 average per capita meat consumption of the poorest third of the rural

*we adopt the definition of urban population used in the Fifth National Population census of 2000. For a
detailed comparisoacross different definitions, see Lat al. (2003).
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population was only half of the consumption of the r&hird. This strongly suggests that meat
consumption will continue to grow fast in coming decades, givere dpectedncomerise and
further urbanization.

I nternational comparison confirms this conclu
Balance &eets (FAO, 203 Chinadbs average food calorie sup
about 15% below the level of rich developed countries, a difference almost fully dukweer
consumption of animal products. Curreine(20032005averagé food caloie supply of animal

products in China is 609 kcal per person compared to 482 in South Korea, 585 kcal in Japan, 955

in UK, 1063 kcal in USA, 1103 in Germany and 1255 in Frafidese gaps are expected to
disappear in the coming decadfige to thesurge inmeat consumption of the poor segments of

the population (see also Keyzer et al., 2005). Furthermore, looking more closely at the figures for

the Asian countries, it appears that with 37 kagdiast89 kcal in South Korea and 172 kcal in
Japan, toredntake drem fishas on the low side in Chiaacompaedto these neighbors,
suggesting that fish demand might rise quickly as well, presumably leading to intensified
aquaculture in Chinagsocean fishery would never suffice to fill the gap. Sincedll practical

purposes aquaculture can be considered a form of intensive livestock production, this only
amplifies future feed grains requirements.

Farmland and water resources

Within agriculture itself, availability of arable land is generally pervedi as the major
determinantof he nati onés capacity to produce suffici
large territory, China is severely limited in its farmland resources, which are, moreover,
threatened by land degradation and by the esqoanof norRagricultural land uses in response to
rapid economic growth and urbanization, particularly in the river plains. Total cropland area is
currently estimated at about 135 million hectare (or 0.1 hectare per inhabitant), of which 10
million hectareconsists 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
assuming an intermediate level of management and input conditions (Fischer28023),In
WesternEasterndirection, land suitability is highly correlated to the distribution of population
but within the coastal regions the population concentrations in North and Northeastuahe
better endowed with goegliality cereal land than thesin the South.

According to the land monitoring data of the Ministry of Land and Resources of China (MLR),

bet ween 1987 and 2000 the net decrease (after
amounted to more than 4 million hectares, whiches@nts an annual loss of 0.3 million hectares,

due partly to competition from other sectors, and partly to conservation measures. Indeed, of the

total farmland lost between 1987 and 2000, 25 per cent was transformed into orchards and
fishponds, 22 per cento built-up lands, 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 hazBetsause ofthese factorencroachingon

farmiand is generally expected to continirecoming decades.
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Figure 2.3 Land suitability for cereal production
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Source: calculated by IIASA following the methodolodgscribed inFischer at al. (2002)

Regarding environmental degradation and naturaalds 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
Yellow River basin have heght ened publ ic awareness of t he
ecological degradation and its dire environmental and economic consequences. The loss of key
ecosystem services has resulted in a series of severe environmental and ecological problems
downstreamThe highly fragile environments have adversely affected the livelihood and welfare

of millions of poor farmers and herders, and act as a brake on economic development in some of

Chinads poorest provinces. Unt i | o florest, shnub bry , cor
grassland has been greatly stimulated through the National Land Conversion Program, initially
called the #AGrain for Greeno Program. As the

provided by the greelands are not rewarded by the kel government has a crucial role to play

in this domain to combat environmental degradation and to act as a fiarstetire generations

in its natural resource management. The current policy is to ensure that by 2010 all farmland on
slopes steeper tha25°will be transformed into forest, shrub or grassland.

While degradation affects the largest areas of fragile marginal lands, the drop in agricultural
production potential is mainly caused by construction activities as these tend to take away the
bestquality farmland. Furthermore, as this loss commonly takes place in the densely populated
urban fringes, it has undoubtedly caused a great number of farmers to lose their land. Statistical
regression exercises using data at provincial level indicatettbaannual increase in builp

land is highly and positively correlated with the annual growth rate of provincial GDP and
population (Luet al, 2004).

According to the Land Management Law and related regulations, farmland converted into
construction landhould be fully compensated by an equivalent area of reclaimed, consolidated
or rehabilitated farmland. However, the feasibility of this requirement is questionable. First, the
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newly builtup areas will typically not be situated in the same county withiprovince 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 buitt areas tend to be unwilling to migrate to these
compensation areas that are usually located in more remote and backward areas. Third, execution
of land reclamation, consolidation or rehabilitation projects is expensive. Finally, even
disregarding theseosts, farming might not be economically viable on these compensation lands.
Not surprisingly, in view of the difficulties, a recent land survey suggests thativerage
compensation takes place for only about ibds of newly builtup land convertedrom
farmland and this only as long as reclaimable land is available within the same proviratea{Lu
2004). On the whole, in the period 198800, 9.1 million hectares of farmland was lost whereas

5.1 million hectares was reclaimed, leading to thelogst of 4 milion hectares mentionezarlier.

Next to the availability of farmland itself, adequacy of water consdhe major determinant of
agriculturalpr oduct i vity. Nearly 45 per cent of Chinat
and becase of the common practice of mudiiopping on this land, even 54 per cent of all sown
area is irrigated. The share of irrigated land varies significantly across regions, due to diverse
environmental conditions, and ranges from 74 per cent in the EasbrRegRl per cent in the
Northeast. Farming is also more intensive on irrigated land. Under similar natural conditions,
cropping on irrigated land uses 50 per cent more farm labor and 100 per cent more chemical
fertilizers than cropping on rainfed land,chits yield is generally more than double. We estimate
that 72 per cent of grain output is produced on irrigated land. For rice, the share is well over 90
per cent, for wheat over 85 per cent, whereas it only is about 45 per cent for maize and 30 per
centfor soybeans, both major feed grains.

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

a pressing problem due to fast rising ramricultural water demand. The water resources of
mainly the middle and lower reaches of the Yellow River and the Huai and Haiskatls are
severely overexploited (MWR, 2002). The difference between renewable water supply and
demand is being made up by groundwater overpumping, lowering the water table in several areas
of the North China Plain by-2 meters per year and allowing wedter 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 continue due to farmland conversion toupiland and the consequent
disruption of irrigation systms. The remaining regions are expected to maintain their current
share of irrigated land. As water available for irrigation will at best be stagnant and more likely
be declining due to competing demands for -agniculture use in the future, the key to
preservation and expansion of irrigated areas lies in a more rational and efficient water use. In
addition, pans have been designed and work has begun for the -8ebtbrth Water Transfer
Project consisting of three large diversions to bring nearly 4Bmbitubic meters of water per

year from the Yangtze River to the dryer areas in the North, to be constructed phase by phase and
to be completed in 2050.

* The figures in this paragraph are from the Chinagro data base. The definitions of the regions of the Chinagro
model are shown in Figure 3.1.

®To give an impression of the size of these works: M{2B02) estimates total national water use in 2002 at
550 bilion cubic meters!
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Agricultural adaptation and environmental threats

The gradual shift of production responsibilityfarm fouseholds over the past decadesiated

with the dismantling of the communes and the introduction of the Household Responsibility
System in the period 197P984° has enable the agricultural sector to adapt to changing external
conditions such athe process of trade liberalization and the increased demand for richer diets.
This adjustment led to significant changes in the composition of the sectorpfrethat was

At akingaindassodi ts key | ink®hi(nahbes nSaonctoraadynasncr ipnegr i c
sector in which livestocland feed grainsaquaculture, higtvalued fruits and vegetables can
increa® their share at a breathtaking pace. The agricultural sector in this new, commercialized,
marketoriented setting islgetherdifferentfromthe one that existed even a decade or two ago
that primarily aimed at producingnough rice and whedb supply the people with sufficient
calories Table 2.3 shows the relative decline of the foodgrain areas and the relative increase of
vegetables, friis and feedgrain areas since 1985, as well asgheg shareof the livestock sector

in farmvalued added

Table 2.3 Changes in agriculture, 19805

1985 1995 2005
Total sown area, in milion ha 143.6 149.9 155.5
of which:
Rice,in % 22.3 205 18.6
Wheat, in % 20.3 19.3 14.7
Maize, in % 12.3 15.2 17.0
Soybean, in % 54 54 6.1
Tubers,in % 6.0 6.4 6.1
Vegetables, in % 3.3 6.3 11.4
Orchard area, in milion ha 2.7 8.1 10.0
Share of livestok in
agricultural output value (in %) 22.1 29.7 33.7

Source: NBBC, 2006 Statistical yearbook.

Following the strong improvements yields per hectare, domestic foodgrain availability has not
really suffered from the area declin@he Statistical Yedooks (NBSCa, various issues) show

that wheat yields went up from 3.0 ton per hectare (average-198P to 4.2 ton per hectare
(average 2002005), while paddy yields increased in the same period from 5.3 to 6.2 ton per
hectare and maize yields from 3@85.1 ton per hectare. Thereforapderatefood grain imports

have sufficed so fain the period 1992004 annual net wheat imports averaged 2.4 million tons
(say, 3% of production) whereas for rice there wereaverageeven net exports of 1.3 miliio

tons per year. Yet, due to fluctuations across years foodgrain supply did remain an issue of major
concern for policy makers, leading to frequent alterations of grain procurement policies, also in
the last decadéln the end, the advocates of compulsgrgin procurement policies seem to have
lost their case, especially after the hugmsts ofstock disposaincurred in 2002004 as the

® Under the Household Responsibility System farmers obtained individual land tenure rights, initially for a
period of 15 years. For a discussion of the agricultural reformrieqoe see e.g. Huang and Rozelle (2004).

"Overviews of Chinads grain policies since the initi
provided by e.g. Huang and Rozelle (2004), Gale et al. (2005) and Chen (2007, chapter 2).
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procurement system was abolished and replaced by a more roeie@ed national grain reserve
system.

The rise in pe hectare yields, observed for graias well asfor other crops, went along with
considerable shifts in input use. In the period 128®5 the availability of machinery power
increased with 6.1% annually, and chemical fertilizer use with 5.1%. Furtherthereshare of
irrigated land increased with 1.1%ut this was als@ period of diminishingabor use. Between

1985 and 1999, manpower input per hectare went down with 2.6, 2.3 and 1.7% annually for rice,
wheat and maize, respectively, according to thex& Agricultural Production Cost and Revenue
Compilation (NDRCa, various issues)Theseredictions are seen as the combined effefct
technological improvement and a more rational use of labor induced by better employment
opportunities outside agriculture.

Yet, these productivity increases leaneich room for further improvements. Fexample, while

grain yields on average achiekgherlevelsthan in mos developing countries, they I&ill well

below the averagylevels in developed countries: theD32005average yields fovheatwere 4.2

ton per hectare against8rton in Western Européor paddy 6.2 ton per hectare agaiish ton in

USA andfor maize 5.1 ton per hectare agains® 8n in Western Europe and even more than 9
ton in USA (FAO, 200@). Alsowithin China,comparisorof realized yields with yields achieved

at experimental stationpoints to significant room for improvemeglin et al., 2002¥.These

gains could be achieved through wider adoption of improved HYV seeds, a more balanced
application of chemical fertilizer and pesticides, more intensive mechanization as well as through
the increased use of modern inputs such as plastic film and specialized equipment, improved
water control for drainage, increased irrigation efficiency, andengenerally, through improved
extension services and related agricultural research.

Figure 2.4 Hot-spots of fertiizer consumption (kg nitrogen/ha cultivated land), 2000

Source: IASA calculationgescribed in Ermolieva et al. (2005)

8 For theyear 1995 this source mentions 7.2, 5.2 and 7.9 ton per hectare as adopted potentials for paddy, wheat
and maize, respectively. These levels haverisen since.
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In raising futire crop yields, special attention will have to be paid toaghyelication of fertilizer,
from bothchemical and organic origiipplication of chemical fertilizers hasow reached high
levels, on average close to 350 kg nutrient per hectare. Conbtinuatithis increasing trend
would poseseverethreats toground and surface water qualiip,the area of application as well
as at more distant location®onpoint source pollution). Figure 2.4 shows the -bpbts of
fertilizer consumption (chemical plusganic) in terms of kg nitrogen per hectare cultivated land,
as determined for the year 2000.

With respect to livestock, Ching among the countries with the highest densities of pigs and
poultry in the world. It ranks first in pig and poultry productid®ork production is typically
classified in one of three production systems: traditional backyard production with 1 to 5 pigs per
production unit, specialized farms/households with 5 to 1000 pigs per unit andsdzige
industrialized farms with more d@m 1000 pigs per enterprise. To satisfy the growing meat
demand, China has, as many other countries, rapidly adopted intensifieutljgeriand urban
livestock production systems. As shown in Figure 2.5, the share of the traditional backyard
systems in pdt production decreased sharply from 95% in 1985 to about 60% in Gd&h the
foreseeable rise in demand for meat and the limited potential of the traditional, crop-residue
pastue-based production technologies, this trend wil definitely persist.

Figure 2.5 Share of pork output by production system, 12899
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The rapid adoption of intensified livestock production systems hase#&ahing geographical,
economic and social impliciahs, as these systems deto be introduceth areas where feed can

be obtained at low cost and where market outlets are favorable. Hence, they concentrate in the
vicinity of large cities and harbors, close to consumers, with easy access to foreign markets and
where food and feepgrocessing industries produce large volumes of byproducts useable as feeds.
This concentration in turn breaks the traditional link between livestock and cropping activities
and through this strongly impacts on the economic geography of the country.

In this connection, some important geographical aspects of the country need to be noted. Several
major urban agglomerations are situated along the coast and, except in the delta region, separated
from the hinterland by hill tracts. Since inland transport is ff@are expensive than ocean
shipping, especially when transporting from locations in rugged or hilly terrain, this gives foreign
suppliers a significant cost advantage. In other words, at competitive pricing of products it may



20

be cheaper to export meat erefigrains from New York or Rotterdam to Shanghai than from the
Red Basinwhere much of the livestock is being produced, and similarly, transporting maize from
the Northeast to the Southwest may be as costly as importing it from overseas. This argument
limits the possibilities ofinland farmers but it works also the other directitarmers located

inland have a considerable advantage in supplying neakbyd population concentrations with

fresh products as compared to foreigaders the more so sinceicher consumers prefer fresh

meat that is not deepozen and hence produced locally, with little competition fromafany

coastal areagsigure 26 illustrates this by showinthe hotspots of high intensity of confined (i.e.
nontpastoral) livestock fothe year 2000

Figure 2.6 Hot-spots of confined livestock (livestock biomass in kg/ha cultivated land), 2000
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Source: IASA calculationgescribed in Ermolieva et al. (2005)

Currently, close to 50% of all feed still originates from crop residuadéssgad house hold waste,
mainly usedin traditional livestock system®ecause of their bulky nature, these feeds are not
transported over large distances and hence referred to as local Adidhdsigh availability of

grass and crop residuals will increafairther due to improved cultivation techniguasdspecial

green fodder crops will play an increasing ratewel| local feedscannot satisfy the needs of the

fast growirg intensified livestock sectors that witherefore requirerising amounts of @dable

feeds. Figure 2.6 givesnaindication of the areas where strongéstreases in feedise are
expected It appears thathese arem are mosty limited in their scope forexpandng feed
production particularly in Southleading to the question whethit will be more profitable to get

the feed from the grain surplus areas in the North and Northeast or to import them from abroad.
So far, the share of imports in national feed supply is rather limited. In terms of energy content,
imports total around 10%f tradable feed intakéa sharehat would even be much lower hae
applieda correction fotthe (subsidized) maize exports realized since 1997 to get rid of excessive
domestic stock levels.

The geographical concentration of confined livestock letodshree types of environmental
concerns: (1) nutrient burden where not enough land is available for manure disposal and

® Calculated for 2003 from the Chinagro data base.
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recycling, causing land and water pollution, (2) danger of rapid spread of contagious animal
diseases, and (3pad congestionand pollution caused by the trucks that transport the required
amounts of feed. Together with the abaventioned problems of nutrient losses in areas with

high chemical fertilizer applicationsavell as with thdood safety regulations that may restrict

the useof pesticides and the choice of food prodegstechniques, these concerns defihe
environmental constraints within which Chinads
the changing external conditiorisven relocation bintensified livestok& farms possibly has tioe

considered, taking into accoutite danger of contagious animal diseases together théth

relative costs of transportation of animals (or meat) compared toaste of transportation of

feed

Key questions
The considerationsabove ¢ad to thefollowing key questionsfor further analysis through
scenario simulations with the model

1. Will the increasing demand for meat under continggdwth and rural to urban
migration cause China to become a major importeeitsfer meat ofeed grainsor
bott?

2. Will the shift to luxury food, jointly with technological progress, generatgrain
surplusto be disposed of on the world market, or will the ongoing shift in cropping
patterns towards fruits and vegetables and the loss of farmlamdbanization offset
this effect?

3. Willfarmers in poorer regions of China be able to increase their incomes by supplying
the growing domestic livestock and feed grain market, or will intensive -Ecgle
production units and foreign exporters be bettacet particularly for deliveries to the
coastal regions?

4. How can theegions in Nortkasten China thastill havelarge potential for feed grain
production, overcomehe disadvantage of thelong distance from the livestock
industry?

5. How can tle irrigaion requirements in theemtarid and generally watedeficit areas
of the NorthChina Plainbe metto turn them into major feed producing zobes

6. What are appropriate agricultural develaarhoptions in Southerprovincesthatare
less suited for livestocland cereal production but enjoy ample rainfall?

7. How will enhanced trade liberalization measures affect specific commodities with
strong competition from outside, such as sugar, protein feeds and feed grains? How
will this impact on the income distributicacross regions and between the rural and
urban segments of the population?

8. To which extent are the projected developments in livestock intensities and irrigation
requirements environmentalustainable in the longer term, arichot, what type of
measues should be taken to achieve sustainability?

As mentioned before,he Chinagreproject seeks to address these questions by means of a
dynamic simulation modeés a device to project the developments under different assumed
scenarios with respect to poli@assumptions as well as the external environment in which the
sector will operate.These scenarios establish plausible future trends for all important
socioeconomic, political, and environmental processes that are and have to be treated as given in
the simulation model.Before proceeding with the description of the scenarios, we give a short
overview of the Chinagro general equiibrium welfare maaelused for scenario simulations.
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3. Abirddos eye view of the model

The general equilibrium welfare meld (Keyzer and ¥n Veen, 2005)used for scenario
simulations iscast in the form of a singlperiod welfare program that is solved &lecte dieas

of simulationover the period 1992030, evaluating solutions under given scenario conditions
with respectto resourceavailability, demographynonagriculturalgrowth, life-style changes,
technological progress, international prices and government polifles years selected for
simulation are1997, 2003, 2010, 2020 and 203fith respect to validationthe modelfully
replicates for every county and region of China in the 1997-y@ase conditions, adequately
mimics changes over the period 198J03 and provides interpretable results until 2030.

As mentioned in the introduction, theelfare model is an 8egion model, with farm supply
described at the much more disaggregated county level. The regions are shown in Figure 3.1.
distinction between theight regionsis based on their respective geographic, agmmatic and
demographic features, and econondevelopment levels. The regions are subdivided into
provinces, the actual administrative unitsChina.

Figure 3.1 Map of China with provincial boundaries and the eight Chinagro regions
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Farm supply ismodeledfor each of 2433 countiesoveringvirtually the whole of Chinawith
farm output cast in terms of 28 activitie®nsisting ofl4types ofcrops, dypes ofanimals and 5
related activities such as colleati of household wastand supply of machinery powelCrop
activities take place on three land use types (irrigda@d, rainfedland, orchard), whereas the
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livestock activities areonductedn six different livestock systems, distinguishexl the basiof
mode and intensityof production The autput of the cropping land use types and livestock
systemscomprises both [al and tadable commodities Local commodities are traded only
inside the own county, and even then only over limited distances. Thsystof local feed
(grass, crop residuals, household waste, green fpddeganic fertilizer @nimal manure,
nightsoil) and power (draught power, machinery pow@&radablecommodities areexchanged
across all regions and from and to abroad. Their praresdetermined endogenously the
general equilibriummodel. Themodel distinguishes 1@f suchtradable commoditiesAppendix

A presentghe supply classifications and explaime telation betweemgriculturalactivities and
tradable commotlies for livestock production separately by livestock system.

As usual in general equilibrium (see e.g. Ginsburgh and Keyzer, 2002), supply and demand are
balanced for all commodities simultaneously throutgmestic (herejntra-regionaland inter-
regiona) and inernationaltrade jointly with price adjustment subject to various policy
interventions such as tariffs and quotas on international tigue.model has beemple mented

as a fully integrated software package that efficiently runs from basic data, viaoisolu
algorithms and simulation, to automatic production of detailed celengl maps and tabulation

of results, mainly in GAMYsee Brooke et al1998) but with use of dedicatedffran and SAS
programs for production of tables and maps.

In tandem withthe general equilibrium welfare model, commoeBgecific modelshave been
developed thatollow a common specification as a partial equilibrium model with transportation
costs. These partial equilibrium models are spatially explicit and represent sdepignd and

trade flows on a 2®y-10 kilometer grid, totally about 94,000 cells. They serve to provide a
transparent geographical representation of supply, demand, and commodity flows between cells,
and also of price transmission through the delivery ghalmile accounting for transportation

costs as well as border measures such as tariffs and quotas, and producer and consumer taxes and
subsidies. This in particular makes it possible to calculate the density distribution of consumer as
well as producer ptes within every county and to infer average transport margins from price
information, for subsequent use in the general equilibrium welfare model.

The general equilibrium welfarenodelitseIf focuses orthe description of (a) supply response by
farmersunder their prevailing technology and natural resource endowments by county, (b) the
behavior of consumers by region and income group for rural and urban separately, (c) the
balancing on the regional markets of supply and demand, with appropriate ttade eegions

and with the foreign market3.ogether, thee decisions ofproduces, consumes and trades are
suchthat at givenexogenousconditions (in particular, agricultural resources and technology,
nonagricultural outputinternational prices,goven me nt pol icies and the <co
and at given welfare weights, optimal social welfare is obtaitmediel, once market distortions

have been eliminated the model in every particular year generates an optimal allocation of
agricultural prodation among regions, based on comparative advantage, while accounting for
transportation costs.

The (unique equilibrium is found at regional prices for which the net quantities purchased in
every region coincide with the net deliveries by tradersthe 17 traded commoditiesne ntioned
earlier,13 are food commodities and 2 are feed commodities whdreasnmodity (maize) is
used for both food and feed aridd commodity is noragricultural. The price of the nen
agricultural commodity is kept equal to thevgm export f.o.b. pricdor all market locations
consideredafter conversionrbm the dollarto Yuan) Hence taxes and trade and transportation
costs on noragricultureare not distinguished separateBincethe utility functions of consumers
and the pblic demand by government treat the ragricultural good as residual (i.e. are linear in
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it with unit coefficient), and thenonagricultural export f.o.b. priceand the dollato-Yuan

conversion rateare keptconstant over the years, tliomestic noragrcultural price remains

fixed and normaligs all other pricesas is necessary for this commoditydot as numeraire
Thereforeall resultingprices ancéexpenditures an be interpreted as freal
1997 price andexpenditure levels.

The specification of the model is best @nstood in terms of the be haviof the individual age nts
that appear in iti.e. consumers, farmers and traders

Consumers

Consumersare distinguished byocation @rban rural), by region and by income group (poor
middle, rich). Each individual of a specific group spends revenue on food according to a linear
expenditure system with tirnde pendent coefficie ntéhs mentioned earlieexpenditures on nen
food appear in this demand system as well but also separatelglpsing itermon individual
budgetsof consumer groupand in the nationalgovernmentbudget Revenue originates from
direct earningg(entrepreneurial income, factor rewards)d private transfers as well as from
government transfers (which are negativease they pay income taX)Velfare weights on group
utility determine the level of uncommitted expenditures of eacbinsumergroup. Hence,
consumer demand adjust®th to scenario variables and to variables determined by the model
itself, the latter ofwhich are referred to as endogenous variables.

The scenario variables include (a) the population numbers in every group as resulting from
natural fertility, mortality, and migration across regions and from rural to urban; (b) the shifting
coefficients ofthe demand systems reflecting the change in lifestyle as consumers become richer,
including a shift from staples to luxury foods; (c) the social welfare weight on the ;didjuihe

price of nora gr i cul t ur al commodi ties. € lhe prices oflaly 6 end
agricultural commodities, at consumer level, that is after the appropriate processing from raw
material to retail level.

Farmers

Farmsare distinguished by county. The typical farm of a county chooses its cropping pattern and
livestockactivities by allocating its labor and equipment so as to maximize its current revenue, i.e.
the net proceeds from sales minus the cost of current inputs (purchased feeds for animals and
fertilizer for crops), subject to technological constraints spatgieparately focroppingland use

types (irrigated land, notirrigated land orchards)and for several types of livestock systems
(ruminant, norruminant with varying degree of intensificat)prior given land areas and stable
capacities.

The technologyf each land use typ@ncluding the livestock systems represented via a two
branch production functigh® as shown in Figure .2 The upper panel indicates how much
fertilizer per hectaré (respectively, feed per stable unit) is needed to achievwea gieldy. The

lower panel shows for a given land use type how much yield can be obtained from given labor
per hectare (respectively, labor per stable unit). The yield appears on the horizontakigette

level y, refers tothe yied obtained without any input gfurchased fertilizer antbrmal labor

and bullock or tractor power and equipment (i.e. with only child labor or informal wgskjo

the yield obtained with formal labor, but without purchased fertilizer (resp. purchased feed),

l.e. with locally available manure and nightsoil (resp. with locally available crop and household
residues), and, finallyys to the yieldthreshold beyond whicpuchasedfertilizer (resp. feed)

10 Earlier experience in estimating productioelations for China as described in Albersen et al. (2002),
contributed to this specification.
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use becomes less effective. The curve in the lower panel shows the response with decreasing
returns to labor, where the bphysical cropping potential/ appears on the rigittand side as a

ceiling (asymptoteand measures the maximal amount of biomass that could be produced through
photosynthesis under the given climate and soil conditiefe extensive grazinga similar
relationship is postulated but with the herd size in the role of labor input.

Figure 3.2 Two-branchproduction function of atypical farm

<

The variables irFigure 3.2 arendexes specifiedat county leveby land use typel hese indexes
fertilizer (or feed) inputf and yieldy, in turn determme demandand supply of tradable
commodities, whereas labor inpdt is expressedin terms of equippedlabor equivalents
comprising labor as well asvailableanimaldraughtpowerand machineryLocal commodities
(organic fertilizer and local feeylare aso accounted for and reduce the demand for fertilizer and
feed inputf by shifting the intercept, .

On the output sideevery land use type produces several crop (resp. livestock) commodities,
according tesubstitution possibilies within each land use type For example, the neruminant

farm type jointly produces pork, poultry and eggs in cotsggcific proportions that can change
under shifts in the relative prices of these goods. In addition, this farm type produces nsaaure a
byproduct that can be used as fertilizer, and hence substitutes for purchased fertilizer. Similarly,
cropping systems produce variowadablegoods such as grains, vegetapfesits and marketed

feeds as well ascrop residualsuch asstrawand husk that can be used dxal source ofeed

for livestock. Clearly, ruminants can use feed from pastures and grazings as well as other types of
roughage, while nemuminants are more restricted in their di&xogenous, counigpecific
utiization rates acmunt for the limited possibility to use all byproducts from farming

1 The calculation proceeds for each land use type in two steps, one describing substitution between livestock
and cropping activities, the other associatngommodity basket to each activity. The correspondence is given
in Appendix A.
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Hence, the supply model has as trend scenario variables (a) the areafefiri&@nd, irrigated

land, orchard land, grazing land, forests, bailt land; (b) the stable capacities tbk various
livestock systems; (c) the total farm labor available equipped with animal and tractor, pdwer
utilization rates of local feed and organic manufarthermore,d) neutral technological progress
enters by specified trends on the aggregaddyof a landuse type, andf) labor-saving technical
progress by specified trends on the labtiectiveness in a landse type. Most importantly, the
prices at county level endogenously determined on the market enter as determinants of farm
supply andnput demand.

Traders

Traders minimize for every traded commodity the total cost of delivery they must incur to satisfy
consumption and input demand, given (i) the supply in the various counties, (ii) the possibility to
import from and export to the worltharket at a given, tariff ridden price possibly subject to
guota on foreign trade, and (iii) the unit cost of transport between regions as well as the unit cost
to process the agricultural producdbm county levelup to consumer level. This leads to ®ad

levels as well as regional and county prices at which deliveries take plarcthis trade module,

(a) government taxes, tariffs and quotas are the scenario parameters describing the policy being
implemented. Furthermore, (b) the foreign trade pricesk (ah the trend assumptions on the unit

cost of tradetransport and processirgnter as scenario variables.

Non-agriculture

Non-agricultural supply and demand is specified by region (hence, not at county level) and
largely exogenously, thus setting tharmework within which the agricultural sector operates.

The nonragricultural scenario variables include (a) output volumes, (b) public consumption, (c)
investment demand and (d) changes in inventories, whereas (e) technical changes may be
implemented viarends in the inpubutput coefficients. Als@utput fromfisheryand foresty are
represented exogenously. Given the dominantrole ofangmr i cul t ure i n Chinads
countrydés trade surplus (al so a withdhesernono var i
agricultural trends.

Methodological results

In the process of building the Chinagro general equilibrium model, the following methodological
results could be obtained (see Keyzer and Van Veen, 2005, for further details).

First, we couldprove that the model possesses a solution that is, moreover, unique, and
maximizes social welfare once all distortions are eliminated.

Second, we have specified a modular calibration procedure through which it can be assured that
the base year (1997) @tibrium solution of the full welfare program exactly replicates the base
year data. Agricultural supply is calibrated, in a modular way as well, for every county so that
production as well as factor and nfactor input use are fully replicated and maiaencounty
revenue. For interregional trade, wpplya new dual programming technique to calibrate flows

SO as to meet given net export positions of each region at prices that are sufficiently close to the
observed ones and cover the associated transiporieosts. Nofagriculturalstock changesare

treated as a closing item to fit the balance of payments. We note that such a modular
decomposition of the calibration process is essential for the future maintenance of this very large
model, as it makes itggsible to keep database operations fully separate from the modeling work,
while improvements in the database are in a transparent way transmitted to the model outcome
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and future replacements in specific model components can be implemented without geguirin

new calibration full of surprises of the complete model. Moreover, initialization at a fully
calibrated basgear solution provides a large number of checks and clues for detecting
programming errors in the debugging phase of model buiding, and@ealsup computation.

Third, we have specified a globally convergent algorithm to solve this very large model. This
algorithm decomposes the problem in two components, oner@gi@ exchange component that
maximizes social welfare of consumers whileatieg the output and input of the 2,433 counties

as given and is solved as a regular medairad convex program (via a Mine®lve statement in
GAMS), the other an agricultural supply module consisting of a series of ecepabjfic farm

income maximizatin programs that take prices as given and are solved with a-rzilde
algorithm that terminates in a finite number of iterations and has an exact solution. This property
of finte and exact termination makes it possible to embed both components withnioea
adjustment loop (implemented through parameter adjustments in GAMS) and to prove global
convergence. The algorithm proves to be remarkably fast and ptecise.

12 Numerical performance is as follows. Starting from given data files and estimates of the consumer demand
system, the model calibration and preparation of GAM&it files br simulation take about 5 minutes, on a
regular laptop (Pentium®,-M CPU, 512MB RAM, 1.70 Ghz). A fivgeriod simulation (1997, 2003, 2010,
2020, 2030) with tabulation is completed within 25 minutes, at a precision of .08% for every regional
commodity pice in every year.
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4. Scenario Design

As mentioned earlier, the scenarestablish future trends for thenportant socieeconomic,
political, and environmental processés the extentthat these are treated as given in the
simulation model. This involves consideration of a range of policies and institutional sebings
frame the changing contextthin which agriculture operates. We consider the following:

regional development,

1
1 population growth, urbanization and migration of rural labor,
1 world agricultural prices,

1

land use change dynamicscluding level of protection of farmlandind climate
change impactsand water sector development, especially with regard to irrigation
practices and intelpasin water transfers,

stable capacities and their geographical spread,
farm labor availability and mechanization

trends of agricultural technological change, and R&d@nding in agriculture,

= =4 =4 =4

institutional features of agricultural markets, including policy interventions in
domestic mar kets and policy decisions abou
the international trade system (WTO and bilateral agreeinents

1 lifestyle changes affecting consumer preferences

Apart from world prices, climate change impacts anddifge changes, these trends depend to a
large extent on government policies.

I n view of C h ieconofnis, geapgraplaict ands exalodiadiversity, the above
mentioned forces impact very differently on the various parts of the country and they follow
different temporal patterns. Therefore, the Chinaggenarios are designed by province and
region, leading to assumptions for scenario folations at the county level as far as agriculture is
concerned and separately for rural and urban areas as far as consumption and trade are concerned.
Each scenario embodies key assumptions on the shifters of demand, supply and the external
economy.

Scerario simulations with the Chinagnmodel cover the period 1992030. In consultation with

all partners and a large number of experts, the main exogenous elements of the model scenario
specification for the period 2068030 were identified. Decisions wereade about the design of

the scenario input file, and its transmission from data set to model software (for details of data
files used in the Chinagro welfare model, 8&en Veen et al. 2005). Then, a process of intensive
testing and readjusting followed torive at a plausible and broadly accepted simulation of a
reference scema (BASELINE). Finaly, a range ddcenarios &sspecified.

All scenario simulations start from a common assessment of the outcomes in reference year 1997
and the latest year fovhich data were available, namely 2003. Policy variants are evaluated from
there onward, for the years 2010, 2020, and 2030 as variants tasledine As a first set of
simulation experiments, to provide substantive inputs to the Chinagro policy ezerftse
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policy variants to thébaselineare simulated. These policy variants address four key concerns of
agricultural development:

- full liberalization (LIBERAL) scenario: assumegadualremoval of agricultural border
protection beyond currently planndelvels, to be completd between 2010 ana(20,

- high economic growth (HHGHGROW) scenario: assumes a high economic growth path in
the nonragricultural sectors, combined with a faster rtuedan migration and hence a
higher urbanization level than thasdne,

- high agricultural R&D investment (TECHPROG) scenario: assulnigis (Solow neutral)
output increasing technical progress for crops and livestas kyell ashigh labor saving
technical progress in both,

- enhanced irrigation development (IRRIGUP) smdm assumes same changes of total
cultivated land as thbaseling but expanded irrigation development.

We describe the assumptions of thaseline(section4.1) before turning to thdour variants
(section4.2).

4.1 Baseline

The baselineis charaterized by (1) continuation of the current growth rates in ragriculture,
supported by large investments in the manufacturing and service sectors and a considerable
outflow of labor from the rural area&2) this urban and industrial expansion leadsricreased
pressure on agricultural land and water availability in densely populated cg(8}ieisthe same

time, the higher incomes from n@griculture lead to shifts in consumption patie towards

more meat and dairy4) to cope with possible threafor domestic food supply, government
continues its policy of liberalization of agricultural foreign trade, reduces producer taxes and
stimulates technical progress by sustained spending on research and deve lGpaignt(5) the
international agricuitral price projections in thbaselineshow moderate changes, with increases

for feed and meat and a mixed picture for food crops.

Below we discuss thee assumptions in more detail, arranged by theme. If geographically
different, the trends are presentby region althoughmany of these, such as the trends in
population and agricultural resourceseactually specified at provincial level.

4.1.1 Regional development

In the strategy for longerm economic development as laid down inTisth andEleventhFive

Year Plans (20012005 and 200&€010), China set ambitious goals to move the nation to a
‘welfare society” (Xaiokun Shehui) in the next 20 years: (a) doubling oP @ery10 years,
with a smooth transformation of the economy from rural to urban anddgpioulture to industry

and service basedb) ensuringsustainable management of the environment, and (c) maintaining
a socially balanced growth pa(NDRCb, 2006) Doublingof GDP in 10 years means obtaining
an annual average growth rate of %.,2and, herefore, a evenhigher ratein industry and
services mce agriculture cannot grow at such a pace aprolonged period.
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In the period 1992003the industry and service sectors have realized higls citgrowth of
more than%% and 8% respectivelyon average, rather uniformly distributed over the regions
(NBSCa,various issues)High growth is likely to continue in the coming decadegnthough
inevitably moving to a lower rate as the size of the economy becomes Higeng et al. (2003)
have forrulated three differengrowth scenariogbout the nomagricultural sector describing the
context withinwhich agriculture will operate. Their central projection is used fobtse lineand
shown in Bble 4.1. High growth continues in all regions, but guatly at morecommonrates
ending with 46% in the period 20230, implying that by 2020C h i n a éagricuftuoahoutput
will have grown to 3.2 times its 2003 leyeihereas it will reach 5.3 times its 2003 letgy!2030
The table also mentions the grdwpath for fisheries and forestry (exogenous sectors in the
model) that are kepat constant rates of 2d&nd 2%, respectively.

Table 4.1 Nonfarm production: regional growth rateshaseline

Annual growth ate (in %) at constant prices

Region Sector 1997 output 1997 2003 2010 2026 2003
(bilion Yuan) 2003 2010 2020 2030 2030

North Industry 3248.9 9.8 7.6 5.8 4.6 5.8
Services 1339.9 8.3 9.2 7.6 5.6 7.3

Northeast Industry 1248.7 8.6 6.2 51 3.8 4.9
Services 490.7 6.1 7.6 6.2 5.0 6.1

East Industry 3830.0 9.8 8.0 6.2 5.0 6.2
Services 1224.2 9.5 9.6 7.7 5.7 74

Central Industry 1255.6 105 7.0 5.7 4.0 5.4
Services 506.5 8.7 8.9 7.0 5.2 6.8

South Industry 2385.5 105 8.7 6.9 5.7 6.9
Services 949.3 9.5 9.9 8.7 6.6 8.2

Southwest  Industry 876.8 7.8 6.0 5.1 3.8 4.8
Services 414.7 8.2 8.6 6.6 54 6.7

Plateau Industry 25.1 9.0 7.1 5.7 4.9 5.7
Services 195 9.0 8.4 7.1 5.8 7.0

Northwest Industry 530.4 9.5 6.5 5.6 4.3 54
Services 300.0 6.7 8.4 7.0 5.8 6.9

China Fisheries 233.2 25 25 25 25 25
Forestry 80.4 2.0 20 2.0 2.0 20

Industry 13400.9 9.7 7.6 6.0 4.8 6.0

Senices 5244.7 8.6 9.2 7.6 5.8 7.3

Promoting balanced devel opment among rYegi ons I
Plans.This policy is refleted in the distribution of investments and public consumption. Table

4.2 showsfor the period 1992003 highestgrowth in investmerg in the poorest regions,
Southwest, Plateau and Northwest. Tiaselineassumes gradually more moderate increases (as

in the output projections above), leading in all regions to investment growth ratesYofa®.d

3.8 for the periods 2012020 and 2022030, respectively. The growth rate 20202030

might seem rathelow compared to thearlier periodbutthis reflects thait would be difficultto

keep on spending productively more tha®et@f GDP on fixed investment as is done in the
baselineuntil 2020.
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Table 4.2 Exogenous no@agricultural demand: regional growth ratedbaseline

Annual growth rate (in %t constant prices

Region Type of 1997 level 1997 2003 20106 2020 2003
demand (bilion Yuan) 2003 2010 2020 2030 2030
North Public cons. 254.1 9.0 12.0 7.0 6.0 7.9
Investment 649.2 11.9 7.4 6.8 3.8 5.9
Northeast Public cons. 97.0 7.7 10.9 7.0 6.0 7.6
Investment 200.5 125 7.4 6.8 3.8 5.9
East Public cons. 150.6 11.7 14.2 7.0 6.0 8.5
Investment 650.6 12.7 7.4 6.8 3.8 5.9
Central Public cons. 93.8 75 10.7 7.0 6.0 7.6
Investment 228.5 12.0 7.4 6.8 3.8 5.9
South Public cons. 1743 105 13.2 7.0 6.0 8.2
Investment 427.7 134 7.4 6.8 3.8 5.9
Southwest  Public cons. 83.3 95 124 7.0 6.0 8.0
Investment 211.3 14.3 7.4 6.8 3.8 5.9
Plateau Public cons. 4.7 17.1 18.8 7.0 6.0 9.6
Investment 12.6 18.3 7.4 6.8 3.8 5.9
Northwest Public cons. 69.2 4.0 7.8 7.0 6.0 6.8
Investment 151.3 16.5 7.4 6.8 3.8 5.9
China Public cons. 927.0 9.2 12.4 7.0 6.0 8.0
Investment 2531.7 13.0 7.4 6.8 3.8 5.9

When comparing nceagricultural output and neagricultural demand in the period 262830

one may observe thatdhaverage growth rate of fixed investments is a little lower than the
average growth rate of outputhereas the opposite applies to the averagevtir rate of public
consumption to represeat steady improvement in thgovision of public ®rvices.Togetter,
these trends point to a graduallgore pronouncedole of human and institutional capital
formation as compared to fixed capitidrmation in maintaining the growth momentum of the
economy.

Degite the expected highmports of capital goodsssocited to the persistentlyhigh levels of

fixed investment, th trade surplus of the country, also a scenario varisbiessumed to growt

10% in real terms annualig the period 2002030up toabout 470 billion dollar (1997 prices) in

203Q reflectingthi nadés i ntention to maint aiCombinetdthe gr owt |
high investment rate and the high trade surplus imply that the domesitigy sate, which is well

over 4%%6 in 2003,is to bekept around that levein the baseline

4.1.2 Population and migration

As discussed in section 2, projections of the regional growth rates of the Chinese population are
dominated by three major effects: (1) the large share of young people in the current population, (2)
the reaction of the fertility rates, aantly rather low as consequence of a lstagnding restricted
government policy, to more prosperous economic conditions, and (3) the change in government
policy towards active stimulation of urbanization and migration, in order to suppor non
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agriculturalgrowth. Hence, the assumptions about population growth are closely linked to the
assumed regional development strategy.

Toth et al. (2003) have designed Chinagro population projections on the basis of cohort analysis,
starting from assumjuns at nationk level before disaggregating these to province level
Regardingthe natural growth rate ofpopulation, thebaselinesupposeghat national average
fertility ratesremain constant durinthe period 2002030 at levels of 1.98 and 1.%8rural and
urban aeas, respectively, whilaverage life expectanceyseswith 4.5 years in rural areas and 3.5
yearsin urban areas. Regardingbanization and migration, th®selineassumes a total net rural
to-urban migration of 288 million people in the period 2EWBO, of which 90 million {n each
five-year period 15 milliopare migrantsto otherprovinces Interprovincial migrants are assumed
to come mainly from Sichuan, Anhui, Henan, Guangxi, Guizhgunan and Heilongjiang
whereas Guangdong is the major provintelestination (receiving more than halff), followed by
Shanghai and Beijing.

Table 4.3 presents the resulting population figures at regional level. Total population keeps on
growing, at an average annual rate of 0.4%, reaching 1,459 million by 2030.ug\tthtbe
baseline fertility rate falls below reproduction level, the large share of young people in the
population keeps numbers rising until 2040. Yet, at regional level a population decline can
already be observed from 2020 onwards in Northeast, CenicalSauthwest, caused by high
outflows from the rural areas to other provinc&specially in Northeast the outflow is high,
related to the restructuringf the old stateownedheavyindustrial sectorwhich wentalong with
massive layoffs. Also in East tk rural outflow is high but here many migrants stay in the own
region. Population growth is highest in South, due to the enormous need for labor in this region
with the highest projected neagricultural growth rate. Furthermore, Plateau keeps a high
popuktion growth, due to a more relaxed population policy in this region.

In the medium variant of its most recent projectiohsh e United Nationos D
Economic and Social Affairs expects population to grow until 2030, reaching a level of 1.46
billion, and then to fall slightly to 1.41 billion in 2050. In the high variant population keeps on
growing until a level of 1.65 billion in 2050, whereas in the low variant population remains below

1.38 billion, with the turning point around 2025 (UNDESA, BpHe nc e , Chinagroos
projectionof 1.46 billion people in 203@losely resembles the medium varianttbé United

Nations
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Table 4.3 Population growth irbaseline

1997 Annual growth rate (in %)

Region Location population 1997 2003 2010 2020 2003
(millions) 2003 2010 2020 2030 2030

North Rural 209.82 -0.6 -0.7 -0.8 -14 -1.0
Urban 94.50 3.1 2.6 1.9 1.7 2.0

Total 304.33 0.7 0.6 0.4 0.1 0.4

Northeast Rural 51.92 -0.7 -0.9 -1.0 -1.9 -1.3
Urban 50.58 2.2 1.2 0.7 0.5 0.8

Total 102.49 0.8 0.3 0.0 -0.3 0.0

East Rural 115.21 -0.7 -1.0 -1.1 -1.8 -1.3
Urban 76.82 2.8 21 15 1.3 1.6

Total 192.04 0.8 0.5 0.3 0.1 0.3

Central Rural 115.22 -0.6 -0.8 -0.9 -1.6 -1.1
Urban 48.73 2.9 2.3 1.6 1.3 1.7

Total 163.95 0.5 0.3 0.1 -0.2 0.1

South Rural 98.70 -0.2 0.1 0.0 -0.8 -0.3
Urban 71.40 3.3 3.3 25 2.3 2.6

Total 170.10 1.3 1.6 14 11 1.4

Southwest Rural 148.06 -0.5 -0.6 -0.8 -15 -1.0
Urban 46.88 3.1 25 1.9 1.7 20

Total 194.95 0.5 0.4 0.2 -0.1 0.1

Plateau Rural 5.78 0.0 04 0.3 -05 0.0
Urban 1.92 34 3.3 2.6 2.6 2.8

Total 7.69 0.9 1.3 1.1 0.8 1.0

Northwest Rural 76.30 -0.3 -0.1 -0.3 -1.0 -0.5
Urban 32.75 3.1 2.7 2.1 19 2.2

Total 109.05 0.8 0.9 0.7 04 0.6

China Rural 821.01 -05 -0.6 -0.7 -14 -0.9
Urban 423.59 3.0 24 1.8 1.6 1.9

Total 1244.60 0.7 0.7 0.5 0.2 0.4

However, thepredominant feature of théaselineis the acceleration of the current urbanization
trend, in response to the labor needs of theagricultural sector. In each region rural popiola
declines at increasing speed, leading to an urbanization leveR6firb030, hencencluding

more than half of the population. For a proper riptetation of these figures, it must be
mentionedthat the Chinagrano d e | foll ows t hne pdoepfuidseudadiimatim® o f
2000 Population Census, which accordind-to et al. (2003)canbe summarized as follows: (1)
areas are designated as cities and towns on the basis of administrative rules biia¢ ceneral
types of criteriasuch as populédn density, employment, value added and infrastructural
provisions, (2) cities and towns are subdivided into urban districts, (3) in urban districts with a
population density higher than 1500 persons pertkmwhole population is counted as urban, (4)

in urban districts with a population density lower than 1500 persons gesritynpeople that live

in streets, town sites or adjacent villages are counted as urban, (5) immigrants without official
residence permit (hukou) who have resided in cities andsdamger than 6 months are included

in the local urban populatioddopting this definition means that growth of the urban population
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in the projections ofTable 4.3 is dueboth to natural growth and inflow of migran&nd to
anticipated reclassificationf aural areas into urban areas.

Clearly, the decliningnumbers ofrural population willput a strain orthe availability offarm
laborand make it necessary for agriculture to achisigmificant increases in labgroductivity

through mechanization, lad consolidationeconomies of scaland technical innovationsNe

return to this aspect when discussing our assumptions on technical progressojectionslso

indicate that the inevitable process of population ageing will be even faster in ruratt@eas
average, due to the fact that most of the rural to urban migrants are from the most active, younger
segment of the labor forc&igure 4.1 shows that by 2030 the share of people of 65 years and
older will have increased in rural areas to about 28%wpposed to a mere 13.5%urban areas.
Agricultural labor, to be specified in sectiohl.6 below will follow the growth in rural
population by province.

Figure 4.1 Trend of ural population by age class lraseline
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Source: Toth et al. (2003)

4.1.3 World prices

The projections offuture foreign tradeprices are determined independentisom the other
elements of thdaselineFirst, we establish trends for the period 12®@20.For grains, meat and

dairy they aretakenfr om t he centr al price scenario in
Rosegrant et al. (2001} This scenario accoumtfor the effects of expected rises in meat
consumption in Asia and other developing countties does notake into consideration the
possble future growth in demand for biofuekor theremainingcommoditieswe indepe nde ntly
formulate @asumptions for theear 2020 relative to01997. Specifically, for6 o t dtaple food,
vegetable oil and sugar the price change in this period is assurbe dbmut the same as for food
grairs, whereas for carbohydrate feed and protein thedrend followsthe price change of feed

grairs. Fruits and, especially, vegetables are assumed to become cheaper relative to grains, due to

13|n addition, for poultry meat we make a correction for an overestimated and, hence, not representative 1997
price, but this correction is neglected here.
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expected worldwide export éneases. For fish the price changethe period 1992020 is
assumed tdollow that of pork.Next, the 2030 price indices are obtained by extending the-1997
2020 trends, whereas the 2010 prices are derived from interpolation between the observations for
2003 and the longeterm trendsassuming for most commaodities that privedl be back on their

trend values by 2015.

The last step is texpressall price trends relative to the increase of the unit value of Chinese
manufacturing traddgy converting then fromthe unit value of international manufacturing trade
to this unit Thus, the foreign trade price of nonfood remains constant in the scemaeo
resulting trends arehsewnin Table 4.4.

Table 4.4 Real* foreign price trends ibaseline

Price index (1997=100) Annual growth
Commodity 1997 2003 2010 2020 2030 20032030
(in %)
Milled rice 100.0 68.3 79.0 84.2 77.5 0.5
Wheat flour 100.0 96.0 93.1 88.6 83.6 -0.5
Maize 100.0 83.1 90.6 94.9 92.0 0.4
Other staple food 100.0 86.1 87.6 85.5 79.3 -0.3
Vegetable oil 100.0 87.2 88.1 855 79.3 -04
Sugar 100.0 76.1 83.3 855 794 0.2
Fruits 100.0 83.8 79.9 76.3 74.4 -04
Vegetables 100.0 69.5 63.1 60.2 58.8 -0.6
Ruminant meat 100.0 87.3 94.0 97.1 93.1 0.2
Pork 100.0 65.8 81.5 93.2 89.7 1.2
Poultry meat 100.0 66.5 81.2 91.8 87.7 1.0
Milk 100.0 96.9 92.1 85.5 79.4 -0.7
Eggs 100.0 69.6 83.3 92.7 89.1 0.9
Fish 100.0 67.2 82.0 92.6 89.0 1.0
Non-food excl feed 100.0 100.0 100.0 100.0 100.0 0.0
Carbohydrate feed 100.0 83.1 90.6 94.9 92.0 0.4
Proteinfeed 100.0 83.1 90.6 94.9 92.0 0.4

*Price trends are expressed relative to the trend of (

Comparingthe years 1997, 2020 and 2030 ordge may see thall agricultural prices exhibit a
steady declinereflectingthege ner a |l t r e n de piojactiohsF IFolRdvénge alpar i c
account forthe draméic price fall for most commoditiesluring the period20032003 and the
subsequent recovery that we take to last until 28@bnsequentlya mixed picture emerges
when one onsiders the period from 2003 to 2030. With the exception of dairy, the prices of
animal products rise, and also feed prices rise. But for food crops there is a net decline in prices,
except for rice and sugar. Farmers will take these relative price chaingso far as transmitted

to the domestic markets, into account when deciding on the allocation of labor inputs and
cropping patterns.

In view of the world price increases for grains and dairy of 2005 and 2@08,(E007b) the assumption of
recovery by 2010 seems modest.
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4.1.4 Availability of land and water

As discussed at some length in sectionladyd reclamation and rehabilitation wiltontinue
providing some additionadropland in the coming decadesut larger will be the losse® land
degradation, ecological conversion programs anust importantly to urbanization and
industrialization. Furthermore, the process of transformation ofiaincrop land into ottards

will continue for a vhile. Water will become a pressing problem in the North region, whereas
Northeast will have possibilitieto expand its irrigatiorsinceit still has ample unused water
available. These considerations aeflected in Rble 4.5, following the same methodology as in
Lu et al. (20@), at regional level The model uses provincial growth ratgsplied at county level

The baselineassumes thabtal farmland losfrom conversion to buiup landis about6 million
hectarein the period 2002030 which is 4.3% of available crop lanévailable nationwiden
2003 Yet, this nationalfigure masks important differencemmong regionswith top shares of
10% and 1% in East and SoutlrespectivelyOn average, twohirds of crop land losses from
conversion to buitup land areassumed to beompensated by newly reclaimed farmland, as long
as such land is available in a province.

In total Table 4.5 predicts a continued reduction in land plantedtmual cropsalbeitat a
declining ratefrom 125.6million hectare in 20030 122.4, 119.4 and 116.6 million hectare in
2010, 2020 an@030 respectively During this periodthe share of irrigated land in total rises
from 46.6% in 2003 to 4799 in 2030, mainly due to thexgansion in the Northeast. In all other
regions both irrigated and rainfed areas being reduced

Conversion to butup land is the main factor driving the reduction of farmland in the coastal
North, East and South regions, with their rapidly growingan population and nemgricultural

sector. From 2003 to 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 ecologically fragile
cultivated land is the main rean for the changes in the Central, Southwest and Northwest
regions with net declines of annual crop larid.7, 0.9 and 1.6 million hectare, respectively. Part

of this loss of annual crop land is due to conversion into orchards that increases in tine base
from 2003 to 2030 by 2.3 milion hectare, especialy in the North.
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Table 4.5 Available cropland: growth rates 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 1.54 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 -041 -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 2.04 181 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 14.820 -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 -0.38 -0.13 -0.09 -0.18
Rainfed 68.694 -0.38 -0.39 -0.36 -0.36 -0.37
Orchard 9.222 1.47 1.34 0.69 041 0.76
Total 137911 -0.25 -0.25 -0.17 -0.17 -0.19
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For grassland thébaselinesupposessteady but moderate decreasessurfacesin all coastal
regions, and mre or less constasturfacesnland, leading to anwerall loss of 9 million hectare
during the period 2002030. However, in terms of grass output the net trend is positive since the
area of improved, sown grasslamdith a yield five to eifpt times as igh as the yield on natural
grassland is assumed to increase Yy dnnually, from 5.6 million hectare in 2003 to 21.9 million
hectare in 2030. Tabld.6 summarizes thbaseline growth rates fgrassland.

Table 4.6 Available grassland: growth rateshaseline

Annual growth rate (in %)

Region Type of 1997 area 1997 2003 20106 2026 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 13.700 -04 -0.5 -04 -0.2 -04
Sown 0.480 0.6 4.9 2.6 2.1 3.0
Total 14.180 -04 -0.3 -0.2 -0.1 -0.2
East Natural 3.906 -1.7 -1.4 -1.3 -0.6 -1.0
Sown 0.090 3.6 6.2 3.3 2.7 3.8
Total 3.996 -15 -11 -1.0 -0.3 -0.8
Cental Natural 14,585 -0.1 -0.2 -0.2 -0.1 -0.2
Sown 0.151 45 8.8 4.0 3.1 4.9
Total 14.737 -0.1 0.0 0.0 0.0 0.0
South Natural 11.978 -0.6 -0.5 -05 -0.2 -0.4
Sown 0.096 3.6 8.0 3.8 3.0 4.6
Total 12.074 -0.6 -04 -04 -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 04 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 -05 9.1 3.8 2.7 4.7
Total 138.519 -0.3 -0.2 -0.2 -0.1 -0.1
China Natural 330.979 -0.2 -0.4 -0.3 -0.2 -0.3
Sown 5.672 0.0 10.1 4.1 2.9 51
Total 336.652 -0.2 -0.1 -0.1 0.0 -0.1

4.1.5 Stable capacities

As discussed inextion 2, China is rapidly moving from traditional natural resource based
management to intesified periurban and urban production systenmsresponse to the growing
demand for livestock producth is very hardto predict the future geographical distributiofnthe
intensified livestock production in any detail, because unlike crop cultivation and grazing this
sector tends to be footlse, andshifts in locationwill be determined by a wide array factors,
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including developments in infrastiwre, availabity of feed, changes in relativecarcitiesof

land, labor and capital, ariie severity and enforce ment efivironmental regulationg his also
motivates our treating of stable capacities as scenario varifidéseem plausiblgiven the
population practions, demand growth scenarios for animal products, and consideration of
environmental factorswhile leaving it to the endogenous supply response of the model to
determine the actual intensity of production based on prices, feed availability andaattues f
such as the availability of manpoweStable capacities are expressed in numbers of standard
animal places. For each land use typespecific stadard animal is defined. Animal numbexse
convertedinto this uniton the basis of their annual engriptake (orpotentialannualenergy
intake in case their life ishorter).

Rather than being purely exogenoum, projected trends have been generaedrovincial level,
through simulations outdé the Chinagravelfare model, for differentivestock management
systems, on the basis of three principles describeBrimolievaet al. (2005): (i) the future
distribution of livestock in confine'd traditionalsystems is linked to projected changes in rural
population; (ii) the geographical distribution aledel of pastorallivestock follows the projected
trends of the availability and productivity of grasslands, hence taking account of planned
grassland improvement and rehabilitation to increase productivity above current natural
conditions; and (iii) the mmber of animal places (stable units) in confingmbcialized and
industriallivestock systems is expanding to compensate for decreases in traditional systems and
to meet (approximately) the substantial growth in demand that is anticipated at provimeid! le

The resultingoaselinegrowth rates, aggregated to regional level, are showialries4.7 and4.8,
for ruminants and nenuminants respectively.Confined ruminant livestockyste msrise relative
to pastoral systems, as grassland resources aradglrunder great pressure asgnificant
expansion of grasbased livestock systemsould requiremajor effortsbeyond those assumed in
the baselineto rehabilitate degraded pastures aadmprove grassland productivityrable 4.6
indicates thathe basgline supposes that modest efforts are made in this direction

At the same timgfor draught animalswhichinclude all animals use dh transportationa marked
declineis projectedrom 66.4 million units in 1997 to 41.2 millions in 2030. The rate aflide

is rather uniform across regions, except in the sparsely populated, accidented and less developed
Plateau and Northwestvhere thenumber ofdraught animalkee s on rising until 201Q whena

decline sets in

Thatthen u mber of a rradimadlly niixed tuminamnt sectdis growing by as much
as 2.3% annudy over the period 2002030 in the baseline might be surprising given the
pressure on the land alluded to earlier but thiseisausahe sector includeall intensified cattle
meat prodction, for whichwe expecthe number of livestock placeésrise. For milk cattle there
is a separate intensified land use tyipeéhe modelwhosecapacity grow from 1.7 million places
in 2003 to 4.7 milion places in 2030, largely in North, Northesagt Northwest.

15 Confined livestock systems allow for pesarvest stubble grazing but are mainly based on feeding of crops,
crop byproducts and (processed) crop residues, as opposed to grazing systemprisharly on pastures.

8 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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growth rates inbaseline

Table 4.7 Stable capacities of ruminants, in milion standard animal places:

Type of 1997 capacity Annual growth rate (in %)
Region ruminant (million 1997 2003 201G 2026 2003
system places) 2003 2010 2020 2030 2030
North Draught 13.83 -0.8 -1.3 -1.8 -2.5 -1.9
Grazing 1.64 0.5 1.0 11 1.0 11
Trad. mixed 20.50 0.3 25 1.9 1.1 1.8
Spec. milk 0.20 215 6.7 2.9 15 34
Northeast Draught 5.59 -0.9 -1.5 -2.0 -2.9 2.2
Grazing 1.77 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 8.0 5.9 2.3 0.8 2.7
East Draught 4.04 -1.1 -1.9 -25 -3.3 -2.7
Grazing 0.33 -1.2 1.2 1.0 0.6 0.9
Trad. mixed 4.80 -0.2 1.6 1.2 0.2 0.9
Spec. milk 0.09 12.2 4.9 21 1.0 24
Central Draught 8.42 -0.8 -1.5 2.1 -2.9 2.2
Grazing 1.16 0.2 -0.3 0.0 0.2 0.0
Trad. mixed 1.82 0.9 13 0.8 0.0 0.6
Spec. milk 0.01 17.3 9.8 3.6 15 4.3
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 1.1 2.6 1.6 0.8 15
Spec. milk 0.03 8.2 6.7 3.3 2.0 3.7
Southwest  Draught 15.01 -0.6 -1.1 -1.7 2.4 -1.8
Grazing 7.58 0.2 0.6 0.5 0.6 0.6
Trad. mixed 7.73 0.6 3.2 2.0 1.1 2.0
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 0.4 0.4
Trad. mixed 1.60 4.6 134 5.8 3.2 6.7
Spec. milk 0.01 10.3 31.1 6.7 35 11.3
Northwest Draught 8.55 0.3 0.1 -0.2 -0.6 -0.3
Grazing 15.73 1.1 0.9 0.9 0.9 0.9
Trad. mixed 8.45 29 4.8 34 18 3.2
Spec. milk 0.12 18.8 10.9 4.3 2.2 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 1.0 34 24 1.3 2.3
Spec. milk 0.71 155 8.0 3.3 1.7 3.9
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For nonruminants (pigs and poultry)he model distinguishetsvo land usetypes onetraditional
covering the mixed dckyard production and onatensified covering production of specialized
householdsis well asndustrial farms. Thatablecapacities of these systems asgressed in pig
places. As mentioned earlier, tbapaities in the traditional sector are assumed to follow the
rural population. Hence, the stable capacity of this sefeills by about one percent annually
during the peri@d 20032030, as Bown in Table 48. The intensified sector more than
compensates fdahis declinenot so much in stable capacities but because ofhifeto intensive
production with a riseof 2.8%, especialy in the period until 2010.

These growth rates imply that the ratio of traditional to modernranorinant animal placesll
from 2.8 in 2003 to about.0 in 2030 whereachhas abou270 million animal places in pig
equivalents In all, the regional distribution of the intensified stable capacity fal@epulation
rather closely. BY2030 the sharein animal placesliffers from he population share by less than
one percentagpoint in four of the eightegions withdifferenceslargest inNortheast (3.%
higher) and Northwest (3.3% higher

Table 4.8 Stable capactties of pigs and poultry, in milion standard animal places:
growth rates irbaseline

1997 capacity Annual growth rate (in %)
Region Type of (million 1997 2003 2010 2020 2003
managemertt places) 2003 2010 2020 2030 2030
North Trad. mixed 75.01 -0.8 -0.8 -0.9 -15 -11
Intensified 21.16 6.3 5.0 2.3 1.3 2.6
Northeast Trad. mixed 30.10 -1.1 -1.1 -1.0 -1.9 -1.4
Intensified 11.09 5.6 4.7 2.1 1.0 24
East Trad. mixed 41.44 -1.1 -1.1 -1.1 -1.8 -1.4
Intensified 14.50 5.6 4.4 1.6 1.1 21
Central Trad. mixed 57.08 -0.9 -0.9 -1.0 -1.7 -1.2
Intensified 10.90 6.7 6.5 2.7 1.2 3.1
South Trad. mixed 41.79 -0.1 -0.1 0.0 -0.8 -0.3
Intensified 13.37 6.4 6.2 3.2 2.1 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 2.9
Plateau Trad. mixed 1.14 0.2 0.2 0.1 -0.6 -0.1
Intensified 0.11 6.6 8.6 4.2 2.9 4.8
Northwest Trad. mixed 22.13 -04 -0.4 -0.5 -1.3 -0.8
Intensified 3.79 6.5 7.2 3.6 2.3 4.0
China Trad.mixed 376.63 -0.8 -0.7 -0.8 -1.5 -1.0
Intensified 87.93 6.2 5.4 25 14 2.8

* Intensified captures specialized rsmholds and industrial systems.

4.1.6 Farm labor and machinery

Baseline trends in labor availability and mechanization are summarizédbie 4.9. In each
province, available farm labor is assumed to chamgg@roportion withthe rural population
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(regionalrates of change may be slightly different due to aggregation). Hencleadldinehas a
general decline in farm labor, on average one percent annually between 2003 and 2030, but at
accelerating speed, especially after 2020. Agricultural machiategts cropping only For the
livestock sector, the machinery is taken to be part of the livestock system itself and labor saving
operatesto a large extentyia the transition to more intensified productiorhe period 1997

2003 witnessed high rates of growthavailable machinery, ranging from 3.7% annually in the
South to 7.5% in the North. After that, thmselineis supposed to follova more modest but
sustained growth patat an average d8.1% annually, withrateshighestin Central, Southwest

and Plateau

Table 4.9 Farm labor and crop machinery: growth ratebaseliné

Annual growth rate (in %)

Region Type of resource 1997 level 1997 2003 20106 202G 2003
2003 2010 2020 2030 2030

North Farm labor 61.73 -0.6 -0.7 -0.8 -1.5 -1.0
Crop machinery 131.80 75 25 25 25 25

Northeast Farm labor 12.91 -0.7 -0.9 -1.0 -1.9 -1.3
Crop machinery 19.15 6.5 3.0 3.0 3.1 3.0

East Farm labor 36.78 -0.7 -1.0 -1.1 -1.8 -1.3
Crop machinery 54.22 4.9 2.7 2.7 2.7 2.7

Central Farm labor 34.16 -0.6 -0.8 -0.9 -1.6 -1.2
Crop machinery 28.43 6.9 4.0 4.0 4.0 4.0

South Farm labor 31.81 -0.3 -0.1 -0.1 -0.9 -0.4
Crop machinery 26.99 3.7 3.8 3.8 3.8 3.8

Southwest  Farm labor 51.76 -0.5 -0.6 -0.8 -15 -1.0
Crop machinery 24.76 6.6 4.0 4.0 4.0 4.0

Plateau Farm abor 1.46 0.0 04 0.3 -05 0.0
Crop machinery 1.74 5.8 4.0 4.0 4.0 4.0

Northwest Farm labor 22.39 -0.3 -0.2 -0.4 -1.1 -0.6
Crop machinery 29.42 6.8 3.6 3.6 3.7 3.6

China Farm labor 253.00 -0.5 -0.6 -0.7 -1.4 -1.0
Crop machinery 316.50 6.5 3.0 3.1 3.1 3.1

* Labor is expressed in million marears (fulttime equivalent), machinery in million KVeind animal power

whose availability follows from the stable capacity of the drauginimal sectoralso in milion KW. The

Chinagro model works with the condep o f 6equipped | ab or 6ith animalcahd/on s l abo
machine power

4.1.7 Technical change in agriculture

The baseline assumptions about technical progress in agricdnaredefinedagainst the
background of labomavailability and mechanizationf oTable 4.9. The scenario simulations
distinguish thredaypes of technical progres&) labor efficiencylaborsaving technical progress
expressed as increage productivity of one unit of equipped labore. labor equippedvith
machinery and draughnanals), (b) output efficiency: output of specified commodities per unit

of aggregate output, at given prices; for given land use type we take progress to be Solow neutral,
letting all outputs increase at the same rated (c) input efficiency: reductionn amount of
fertiizer and animal feed needed to obtain a given (aggregate) yield by land use type
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While difficult to quantify, the rates of progress are highly correlated with agricultural R&D
investment. Tabled.10 shows the assumptions for thaselne that are keptonstant over the
whole period. The baseline abstrastfrom increases in input efficiency.

Table 4.10 Annual rates of technical progress in agriculture
in baseline(1997%2030)

Land usetype Rate of labossaving Rateof Solowneutral
technical progress technical progress
Cropping (irrigated, rainfed)
All regions excl. Northeast 0.8% 0.2%
Northeast 1.0% 0.2%
Cropping (orchards)
All regions excl. Northeast 0.8%
Northeast 1.0%
Livestock (ruminants)
Draught 0.5% -
Grazirg 0.5% 0.3%
Traditionally mixed 0.5% -
Specialized dairy 0.3% 0.8%
Livestock (pigs and poultry)
Traditionally mixed 0.5% 0.8%
Intensified 0.3% 0.8%

The table showshat hborsaving technical progress is assumed to be the dominant type in
croppirg (especially in the Northeastin livestock farming technical progress mainly of the
Solowneutral type in conjunction with the intensification represented by the trends in stable
capacities These various kinds of technical progress affect yieldstlypwith other drivers such

as prices and also the availability of land and stable capacity that determines to which extent
progressin input productivityis hampered as yields come closer to technological ceilings. The
baselineappears to induce modeltit steadyincreasesof crop yields per hectareof about 0.6
percent on average annualin both irrigated and rainfed landlithough somewhat higher than
the rates suggested in World Bank (200agdreases of this order of magnitude seem plausdole

a baseline scenarjespeciallysincethe yield improvements in the Chinagro model also cover
increases in thenuttiple-cropping indexFor livestock, the yield changes per animal place appear
to be around 0% for ruminants and around ¥&2for nonruminants

In addition to these sectaride formsof technical progresshe baselinespecifiesimprovements
in specific crop or livestock activiteamplemented through changes the mapping from
aggregate outpguto tradable model commodities (shown Appendix A). Specfifically, it
introducesthe following adjustments:

- improved processing of sugarcane, sugar beet and soybean in the perie2D1997aising
output by 10 to 206 in total

- gradual shift towards more soybean processing at the expense of direatnptios,
reducing the food share annualy 56,1



44

- gradual decline (09 annually) in the conversion of root crops and vegetables into
carbohydrate feedeflecting stricter sanitary regulations,

- gradual increase of the meat output of traditional catid&t @nd sheep (%6 annually)
reflecting a gadually participationof modern enterprises.

Furthermore, losses in trade and transportation are assumed to ir@seasgenousle mandat a
modest annual rate of 0.5%, with higher rates for-gastving peridhable commodities such as
fruits and vegetables (0.7%) and, especially, milk and fish (2.5%3.r&Hecs the rise in trade
volumes, buis not treated as a fraction of trabdecause it is assumed that the expanded trade will
benefit fromimproved presemtion technigues.

Finally, we mention that thévaselinekeeps the efficiency of local inpussich as manure and crop
residuals unchanged, whereas from 2010 onwards the share of household waste that is converted
into feed is reduced annually by 5%fleding tightening up of the sanitary rules.

4.1.8 Agricultural markets

The baselineconsidersmarket policies and reforms as well as changefade andtransport

costs?’ Market policies and reforms distinguisihterventions onforeign tradefrom those on

donmestic transactions. Since the 1980shi na6s f orei gn trade policies
a gradual integration in the international agricultural trade system, culminating in the WTO
accession in Decemb 2001. Thebaseline supposes thathis trend of opening up and
liberalizationis to continue and buildsxésting agreements and commitments regarding tariffs

and quota into the scenario assumptions. Taldlé summarizes the specificatidsyilding

on Huang (2002and Huang Rozelle and Chang (2004)

Import tariffs consist of three elements: applied official tariffs, differences with the effective
domestic value added tax and raniff barriers. In the historical period 192003 the applied
tariffs are rather low for grainspot crops and soybeaut high (206 and more) for o#r crops
and livestock produst the value added tax rate on impri8%to 15%) is much higher than the
domestic rate, andarious nontariff barriers exist mainly for oilseeds, sugar and maize. The
baselineassumes sepagatrends for these three elemerity:applied tariffs are halved from 2003
to 2010 and kept constant afterwary,the valueadded tax difference gradually vanisitee to
increases in the domestic rate, dofithe nontariff barriers are halved from0®3to 2010 and
then phased out. In all thisads to a ratherflat rate of reductiorfor most commodities of about
2% annually andhie resulting 2030 rates range from 8.5% for grains to 20% for stilgare are

no import tariffs on the composite commoeii carbohydrate feed and protein feed

17 Actually, the scenario was formuéad in 2004. In hindsight, the pace of tariff and tax reduction assumed for
the period 2002010 is rather modest, especially for domestic taxes.
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Table 4.11 Agricultural tariff rates* on foreign trade Ipaseline

Tariff rate (in %) Annual growth
Commodity 1997 2003 2010 2020 2030 20032030
(in %)
Import tariffs
Milled rice 17.0 14.0 115 10.0 8.5 -1.8
Wheat flour 5.0 14.0 115 10.0 8.5 -1.8
Maize 7.0 14.0 115 10.0 8.5 -1.8
Other staple food 25.0 15.0 12.0 105 9.0 -1.9
Vegetable oll 47.0 23.0 155 14.0 125 -2.2
Sugar 50.0 36.0 23.0 215 20.0 -2.2
Fruits 50.0 27.0 19.0 175 16.0 -1.9
Vegeables 50.0 27.0 19.0 175 16.0 -1.9
Ruminant meat 60.0 27.0 19.0 175 16.0 -1.9
Pork 35.0 27.0 19.0 175 16.0 -1.9
Poultry meat 35.0 25.0 18.0 16.5 15.0 -1.9
Milk 235 28.0 20.5 19.0 175 -1.7
Eggs 33.0 23.0 16.0 145 13.0 21
Fish 27.0 25.0 17.0 155 14.0 2.1
Carbohydrate feed 0.0 0.0 0.0 0.0 0.0 0.0
Protein feed 0.0 0.0 0.0 0.0 0.0 0.0
Export tariffs
Milled rice 8.0 4.0 3.0 15 15 -3.6
Wheat flour 5.0 3.0 2.2 11 11 -3.6
Fruits 10.0 5.0 3.8 1.9 1.9 -3.5
Vegetables 10.0 5.0 3.8 1.9 1.9 -3.5
Ruminant meat 8.0 4.0 3.0 15 15 -3.6
Pork 20.0 10.0 75 3.7 3.7 -3.6
Poultry meat 6.8 8.0 6.0 3.0 3.0 -3.6
Eggs 4.0 2.0 15 0.8 0.8 -3.3
Fish 15.0 8.0 6.0 3.0 3.0 -3.6

* Impornt tariffs: applied tariff plus difference in value added taxr{gared to domestic) and naariff barriers
Bport tariffs: implicit tariff minus domestic tax rebates and applied subsidies.

Export tariff rates appean the table only for commoditiewith significantcommercial exports.
These rates aralso built up from three elementga) applied official subsidies(b) rebates of
domestic taxes an@) estimates of implicit tariffs, where (c) is relativélighand dominat. The
baselineassumes that the applied subsidies are abolislied 2003, whereas thetax rebates
remain unchanged and the implicit tariffs are reduced by two thirds from 2003 to 2020 and kept
constantafterwards. As shown indble4.11, these assumptions lead to a rather uniform annual
decline of 3.5%for most commodities starting from akadylow export tariff rates in 2003.

The tabledoes not include the subsdi on maize exportprovided in 2003 that werguite
substantial at the time and related to the policy of reducing exceptionally high stock lisvels

15 million ton onetime subsidized exportFor wheat and rice similar huge stock decreases were
realized but without large export volumeausing the domestic market to becoiloeded with
wheat and riceand leading, together with low international prices and reduced government
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sypport in grain marketing, tdepressegrices By early 2004 the situatiooshangedworried as
policy makers had become about the fall in rice and wheat output in previous years.

Domestic tax ratesre assumed toapture the combined effect of local taxand procurement
policies that historicallyhave effectivelyacted also as tas onfarmers (Huang and Rozelle,
2004), even though botarehardto quantify. Locataxesto a significant e xte nlepe ndon power
relations in villages andire, therefore, notecorded accuratelpy central governmentnor
controlled by it whereas procurement rules and prices have been subject to frequent changes, as
mentioned earlier in section 2. For 1997, CCAP estigetfiective tax ratesationwide aB% for
grain and 12%for other commodities, as shown Trable 4.12. Since then, thmolicy trend is
towards a reduction of thHeurden on farmers wi t ne s s -far-h e e & u nteodluced ima x
20022003 after a pilot project in Anhui province (Yep, 2004nhd the introdction of grain
subsidies in 20040 prevent another serious fall in suppyale et al., 2005)These changesare
representedn the baselinethrougha generaldecline of tax rates until 2010which are kept
constant afterwardBy that time tax rateswill have halved to reacha level of 5% for most
commoditiesand a level of 3%for oil and sugar For grains,the conversion oftaxesinto
subsidiesis represented via subsidyrate 0f5% throughout the periodJnderthe WTO rules a
domestic subsidyf up to 8.5% would be possiblebut t is assumed that government wilbt

fully fill this room.

In Table 4.12 the baseline taxes are showre 2003 rate for grasis an outlier and an exception

It does not represemin official tax measurebut amounts to anmputedrate that was introduced

to reflect the generally unfavorable situation for grain farmers in the early years of the 21
century,in part reflecting their contributigrdirectly or indirectly,to the financing ofthe huge
stock disposakostsduring these years

Table 4.12 Agricultural domestic tax rates aseline

Tax rate (in %)

Commodity 1997 2003 2010 2020 2030
Producer taxes
Milled rice 8.0 12.0 -5.0 -5.0 -5.0
Wheat flour 8.0 12.0 -5.0 -5.0 -5.0
Maize 8.0 12.0 -5.0 -5.0 -5.0
Other staple food 8.0 8.0 4.0 0.0 0.0
Vegetable oll 12.0 6.0 3.0 3.0 3.0
Sugar 12.0 6.0 3.0 3.0 3.0
Fruits 12.0 10.0 5.0 5.0 5.0
Vegetables 12.0 10.0 5.0 5.0 5.0
Ruminant meat 12.0 10.0 5.0 5.0 5.0
Pork 12.0 10.0 5.0 5.0 5.0
Poultry meat 12.0 10.0 5.0 5.0 5.0
Milk 12.0 10.0 5.0 5.0 5.0
Eggs 12.0 10.0 5.0 5.0 5.0
Consumer taxes on food
Rural 0.0 0.0 1.0 2.0 3.0

Urban 1.0 1.0 2.0 3.5 5.0
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The consumer tax rates in Tallel2 givea simplified representation of the pattern foresafer
effective introduction of value added taxes. They are applied atrvedmard, hence without
regional or growspecific differences.

Turning from market policies and reform to trade and transport costs, we mention that
infrastructural improvementare keptmodest in thebaselinebut takento reduce the trade and
transport costs on foreign trade by % annually with for vegetables, fruits, meat and figtat

have largetrade margins in the base yean additional reduction of around 308uring the
period1997%2010. Trade and transport costs between farmers and regional market places remain
unchanged in théaseling except for specific improvements in oil and sugar markefimgde

and transport costs between regions are kept unchanged as well. In addgitéonincide ntal shift,

the general worsening of rice and wheat marketing condidomsnd 2003, referred to earlies,
representedby a temporary increase of domestic tradargins for 2003 only

Finally, regarding foreign tradewvo additional mechaisms should be mentioned. One is that f
vegetables, an upper bound is imposed onvtiiamesthe world market can absorlbheseare
relaxedin the baselinefrom 5.2 million ton in 2003 (i.e. about 10% of total world trade in
vegetables) to 10.1 millioton in 2010 and then afteéhat by 2% annually.The other is thatdr

fish, the model assumes a committed export volume of 1.4 million ton in 2003 reflecting the
heterogeneity of this commodijtywhich is not sufficiently captured in theommodity
classifiation of the modelitself. In the baselinethe committed fish export volume growsith

0.%% annually

4.1.9 Consumer demand patterns andife style

As discussed earlieconsumption ofmeat and egghas risen fasin the lastwo decadesdue to
the growth inper capita incomes and the changes in lifestéglpecially related tmigration from
rural to urban areas. €tbaselinegtakes this trend to continue in line with the persisggotvth in
nonagricultural output and the sustained rei@Urbanmigration ecified earlier in &bles4.1
and4.3.

Recall from the discussion in section 3hhtin the Chinagro model consumer expe nditunes
agricultural goods obey a linear expenditure systBemce with committed and uncommitted
expenditurescorresponding taa StoneGeary utility functionthat appeas as the nonlinear
component in a quasilinear utility function. The quasilinearity implies that the utility functions
are expressed in money metric ahderefore effectively apply a conversion by multiplication
through a welfare weightScenario parameters amow these welfare weights,population
numbersandthe budget shared the uncommitted expenditurgir each upan and rural income
class. Per capitaommitted consumption volumes ak constant

Sinceshowing the shifts in model coefficients actually introduced in the model would not be very
informative, and because consumer demand is so significantly driven by the exogenous growth of
nonagricultural income, we describe baselinespecification in érms of total uncommitted
expenditureon food (Table4.13) and their distributio acrosscommodities (Tablet.14), albeit

that thesdtems are to some extent endogenous within the model.

Wealsorecalt hat ¢ omb i n e dce nornfalezationom @ fixd dénenragpicultural price,
and the gquasilinearity of thatility functiors ensurethat these expenditures can be interpreted as
freab andcomparable to the 1997 expenditure levels.
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Table 4.13 shows the development of total uncommitted food expenedifby region and for
rural and urban separatelgnd also mentions the sum of committed and uncommitted food
expenditures in the base yess backgroundThe largemart of food expentures, around 670
percent,is in factcommitted, anc¢thanges over ime merely due to endogeus price changes in
the model Hence, thebaselineleaves about twohirds of base year food intake volumes
unaffected. For the remaining otieird, uncommitted demandteady per capitéincreasesare
projectedthat do not differmuch betweerregions,and arehigher for urban than for rural
consumers, abo% versus 2.%, and gradually declmover time. On average, for rural classes
the resulting per capita uncommitted food expenditures are in 2030 about twice as high as in 2003
and for urban classes about 2.2 times as Mgh.add that th consumption levels were chedke
against their nutritional content in calorjeand shifts are suckhat areasonable nutritional
balanceis maintained

Table 4.13 Food expenditures ihasehe

1997 food expenditures in Annual growth of uncommitted per capita
Yuarn/person/year food expenditures (in %)

Region Location Total Uncommitted 1997 2003 2010 2020
2003 2010 2020 2030

North Rural 9314 317.5 3.7 2.5 2.5 24
Urban 2090.9 689.2 4.2 3.2 3.2 3.0

Northeast Rural 1042.0 410.3 3.6 2.3 2.3 2.2
Urban 1813.1 628.9 4.0 3.0 3.0 2.7

East Rural 1350.3 483.0 4.0 2.6 2.6 2.6
Urban 3062.8 916.5 4.2 3.1 3.1 2.8

Central Rural 1120.1 396.6 3.6 2.3 2.3 2.1
Urban 2078.8 674.3 4.1 3.1 3.1 2.9

South Rural 1551.6 532.8 4.0 2.6 2.6 24
Urban 2966.3 734.8 4.3 3.4 34 3.3

Southwest Rural 1033.1 404.3 3.6 2.0 19 1.7
Urban 2216.6 665.8 4.2 3.2 3.2 3.0

Plateau Rural 922.2 371.7 5.7 2.1 19 1.7
Urban 1858.6 479.4 5.3 34 34 3.3

Northwest Rural 705.0 281.4 3.8 2.5 24 2.3
Urban 1727.2 649.4 4.0 3.0 3.0 2.7

On the basis of Tablet.14, we may lookat these trends in more detail, for individual
commodities and by income group (for all regions together). Two feastia@sl out First, one

may rote the important risen consumption of meat, milk, eggs and fish, partly at the expense of
the consumption of crops. Uncommitted meat expenditure levels are in 2030 for all classes two to
three times as high as in 2003. At the same time, uncommitted@iyoes on cropfall slightly

with the exception of fruits and vegetables in rural areasraaize in urban areas. Secoiige

table shows increasingdisparity in food consumptionpatterns, due to the fact that the rich
become richer faster than the podet, thebaselineassumes that government managesotaain

the food expenditure gafpnder constant prices total food expenditures of the urbanitigime
groupin 2030 would be 1.6 times as high as in 2003, whereas the ratio would be 1.2 for the rura
low income group
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Table 4.14 Annual growth (in %) of uncommitted per capita food expenditures
by commodity, baseling 20032030

Commodity Rural Rural Rural Urban Urban Urban

low middle high Low middle High
Milled rice -0.3 -0.4 -0.2 -0.5 -0.5 -0.1
Wheat flour 0.0 -0.2 -0.1 -04 -0.5 -0.1
Maize -0.2 -04 -0.3 15 0.5 0.9
Other staple food -0.1 -0.8 -1.1 -0.5 -1.0 -1.1
Vegetable oll -0.1 -0.3 -0.1 -04 -04 -0.1
Sugar -0.1 -0.3 0.0 -0.4 -0.5 -0.1
Fruits 04 0.2 0.5 -04 -0.5 -0.1
Vegetables 0.9 0.6 0.9 -0.5 -0.5 -0.1
Ruminant meat 35 3.3 34 3.0 2.9 3.2
Pork 33 4.1 4.5 3.9 4.2 4.9
Poultry meat 25 3.3 4.6 2.6 3.6 5.0
Milk 3.9 4.2 54 35 3.9 5.2
Eggs 0.9 1.7 29 15 25 3.7
Fish 1.0 0.8 21 15 4.0 53
Total food 1.7 2.2 2.8 2.1 2.9 3.8

The growth rates offable 414 do not cover the period 192D03. In general, agdicated
already, the shifts in consumption pattern in this historical period were similar to the trends
afterwards butwe should mentioralso that detailedstudy of food consumption data ovethe
historical perioded to aconsiderableeduction in shares spent on wheat and rice from 1997 to
2003

4.2 Senariovariants

As mentioned beforghis report considers foscenariovariants to the baseling/e discuss them
by turns and &the end of the sectiohighlight the main differences between them

4.2.1L iberalization scenario (LIBERAL)

The liberalization scenario uses the same demographic, economic growth, life style and
technology change assumptions as the baselifie same applies to land and water resources
availability, i.e. the projections of cultivated land and irrigated land are the same in both scenarios.
Only the agriculturalprice and border protection policiese changé In addition to the WTO
agreemets of thebaseling the full liberalization scenario assumes a 50% elimination of border
protectionin 2010 from the 2003 levels, followed lyll elimination between 2010 and 2020.
Furthermore, the upper bound on vegetable exports increases iwildditbnal one percent
annually International prices are the same as inltaseline Hence, the additional liberalization
measures are assumed to be unilatemajt he scenario abstracts fr
international prices.
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4.2.2 High income growth €enario (HIGHGROW)

The high income growthscenario assumefaster GDP and income growth, driven by higher
output of the nosagricultural sectorsas compared to thebaselineBy 2020 Chinaos
agricultural output willhave risento 3.5 times its size i2003, and by @30 it would reach 6.4

times this &e, which amount t@an average annual nayricultural growth rate of 8.3% for the

period 20032010, of 7.2% in the 2010s, and of 6.2% in the 2020s, compared to respectively
8.0%, 6.86 and 5.% in the baseine. A substantial part of the additionadbn-agriculturaloutput

is exported, leading tatrade surplugrising at12% annually 2% abovethe baseline

Higher economic growth isssociated with faster urbanization, higher investment and higher
publicexendit ures. The countryés f i xedowassumedsa me nt
grow at annual rates of 8&3and 5.66, respectivelywhereas by 20364% of the population will

be uban. Higher economic growthnd enhanced investment, jointlwith more rapid
urbanization, cause an additional 2 million hectares of farmland to be lost due to conversion into
built-up areas. At the same time, the accelerated decline of the rural population leanigtchat

higher reduction infarm labor, resulting in 180 rion manyears in 203@&s opposed td89

million in the baselineThis is partly compensated by highecchnical progresén agricultue

with an additional 0.1% of output increasindechnical progress in cropping and an additional

0.1% in livestock prodution annually

Higher ubanization leadso more rapid changes g¢onsumption patterof migrantsbut also for
those who remain within the same area,libterincomes raisefood expenditures, espettjaon
livestock products. This exogenous componenthaf adjustment operates via rural to urban
migration as well as via an additional shift in budget shares, leadingcdommittedper capita
food expenditure levelbetween3 and5% higher thann the baseline with an additionatipward
shift for meat andmilk.

Finally, population growth is a little higher in this scenario in respaosacome improve ments,
and total populatioreacles1,462 million people by2030, 3 million more than under the baseline.

4.2.3 High agricultural R&D investment scenario(TECHPROG)

The high agricultural R&D investmengcenario assumes that atilshal policy efforts would be
made to increase funding and investment in R&Dr agriculture This is supposed to lift
technical progress agriculturewith an additional 0.2% oSolowneutral productivity growth in
annualcropping, and an extra 0.15% @ork and poultryproductionand the specialized dairy
sector Furthermore, the scenario assumes an annual improve ment of fertilizer efficiency of 0.5%.
Feed efficiencyremains a# the baseline.

The assumptions buliddAuang and Hu (2002) who estimate 't h;
on regarch in agriculture is 56 60% in terms of value added gaionly slightly lower than the

averageof 120 studies in Asia (%), but hgher than the world average %49 reportedin the

compre hensivassessmeriy Evenson (2001)Nonetheless, in the scenario the increase is purely
disembodied, and while not out of line from a historical perspective, the assumed growth rates
neglectpossibé setbacks due to new animal and plant diseasesaenio generato have a

direct link to ongoing research efforRather this scenario is primarilytended to point to some

of the bottleneks that mightbe alleviated through effective research aedetbpment.
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4.2.4Enhanced irrigation development scenariqlRRIGUP)

In specifying theenhanced irrigationsimulation experiment the aim is to investigate the impact

of an assumed further irrigation expansion. The scenario uses the same demograpbimjceco

and urbanization assumptions as tiaseline This also leads to the same trends in farmland
conversion, i.e. a total land area of 116.6 million ha cultivated with seasonal crops in 2030. The
main difference compared to theaselineis a gradual shiffrom rainfed to irrigated land that

i ncreases the countryods eff &cind0Wed % in 2020aandl a b | e
10.0% in 2030 while orchard landis kept at baseline leveThen, by 2030, the irrigated land
amounts to 61.5 milion l¢are, compared to 55.9 milion hectare in Haeseline

The additionatransformation of rainfed intorigated land is regionally distributelnlilding on a
special study by Chen et aRQ05) Additions arelargest inNortheast, North, Northwest and
Certral with 1.3,1.1, 1.0 and 0.9 million ha, respectiveily 2030. In East, South and Southwest

the additions are smaller (0.6, 0.3 and 0.4 million hectare, respectively) and in Plateau the
difference is negligible.

Sinceirrigated land requires more laband machinery per hectare, the scenario also assumes that
government stimulates additional investments in machinery, as part of the enhanced irrigation
program, and that increased labor requirements lead to a slightly lower decline of farm labor.
Furthemore, the (exogenous) allocation of manure, animal draught power and machine power to
rainfed and irrigated land is adjusted to the scenario sAftsse assumptiorare imple mented

so as to keepverage yields on irrigated and rainfed laaldse to heir baselinelevel in each
province For the country as a whole, farm labor2030 is 0.% higher than undethe baseline
andfarm machinery % higher.

We conclude this section by an overview of the main differences in the specification of the five
scenaio variants, at national level. They are summarized able 4.15.
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Table 4.15 Key parameters underpinning the Chinagro scenarios at national level

Major driving forces Scenarios
BASELINE LIBERAL HIGHGROW TECHPROG IRRIGUP
Non-agricultural output (indx)
2003 100 100 100 100 100
2010 172 172 175 172 172
2020 323 323 352 323 323
2030 533 533 642 533 533
Population (millions)
2003 1301 1301 1301 1301 1301
2010 1362 1362 1362 1362 1362
2020 1429 1429 1431 1429 1429
2030 1459 1459 1462 1459 1459
Urbanization (%)
2003 39 39 39 39 39
2010 44 44 45 44 44
2020 50 50 55 50 50
2030 58 58 64 58 58
Croplandwith orchards (mill.ha)
2003 136 136 136 136 136
2010 133 133 133 133 133
2020 131 131 130 131 131
2030 129 129 127 129 129
Irrigation share (%)
2003 46.6 46.6 46.6 46.6 46.6
2010 46.6 46.6 46.6 46.6 47.8
2020 47.2 47.2 47.2 47.2 50.1
2030 47.9 47.9 47.8 47.9 52.7
Farm labor (million manyear)
2003 245 245 245 245 245
2010 235 235 233 235 235
2020 219 219 212 219 219
2030 189 189 180 189 190
Import tariffs (index)*
2003 100 100 100 100 100
2010 707 80 50 707 80 707 80 707 80
2020 6071 70 0 6071 70 607 70 607 70
2030 5571 60 0 5571 60 5571 60 557 60
BExport tariffs (index)
2003 100 100 100 100 100
2010 75 50 75 75 75
2020 38 0 38 38 38
2030 38 0 38 38 38
Yearly neutral technical progres
Cropping 0.20% 0.20% 0.35% 0.40% 0.20%
Livestock 0.80% 0.80% 0.90% 0.95% 0.80%

* In case of differences across commodities, the ranigdisated.
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5. Resultsof the baselinemodel simulation

Based on the scenarios described in the previous section, simulations were conducted with the
Chinagro welfare modebvera 30 yeartime horizon.The present section discusses the outcomes

of the baelinescenarigreporting on(1) production, consumption and trade at national |2 |
prices,(3) production, consumption and tratlg region, @) farm incomes and value addexhd

(5) environme | pressureOutcomes of th scenari@lternatives will be reported onin the next

section With respect to crops, the results are presemet@rms of the Chinagro commodity
classification noting thatthey are also available at a more detailed level, viz. the 17 crops listed

in Appendix A.

5.1 Food prodiction, consumption and tradat national level

We discuss general tendencies before reporting on comnsyubtyific developments. Overall,
the outcomes from the bds® show that Chin@an produce most of its food domesticafiythe
coming thirty yearsHowever, with the fast growth of income and urbanization, it will have to
import large amounts of animal feeds ft¥ fast growing livestock herds, and eventually import
white meat (pork and poultry).

Given Chinads relat i ve kyarmlpopulatibnaabadable to misetmorand t |
livestock, given also the large scope for productivity improvements in livestock production as

well as the relatively high cost of ocean transport of frozen meat, it seems efficient for China to

make all efforts atproducing its meat domesticallyyet, as decreasing returns in yield
improvements eventually set in and urbanization proceeds, availability ofldaamwill fall,

labor cost will rise, and environmental pressures mount, reducing the rooexpansion of

stable capacitySuch considerationsotivate the assumegeneral decline in thbaselinegrowth

rates of stable capacti@s the intensified nomuminant sectorspecifiedearlier n Table 4.8that

trigger the growth in meat imports found in simulation

In monetary termsthe meat and feedmports are projected to amount 9 billion USD*in

2030 To a significant extentl0 billion USD)they areoffset by exportof fruits and vegetables

as well as riceRevenuedrom net exports of fruits and ve gdleshavealreadybeen rising very

steeply in recent yearseacling 2.5 and 3.3 billion USD in 2003 and 2004, respectively (NSC

2005). Imports of milk (6 billion USD) and other food crops, mainkggetable oils and sugér

billion USD) will also rise In all, our model simulations suggest that in 2030 China will l&ve
agricultural trade deficiof 29 billion USD.Hence,asChi nad6s tr adagriculturep | us i
already exceeds 100 billion USD in 2008BSCa, 2006), it wouldinder the assumed trendh
nontagriculture not be difficult to finance the agriculturiaade deficitin 2030.

The demand system postulated in the model assumepaheapitaconsumptionof food grairs
will decreasewith income and even more so with migration to urban are&se demand for
livestock products will increase. Thebaseline outcomeseflect these trendsin particularthe
major impact 6 rurakto-urban migrationon the resulting average$or example, from 1997 to
2030, per capita demand of rideclines slight for bothrural and urbamouse holdsbut because
of urbanizationthe national average per capita demand of dicgs from 96.7 kg to 87.3 kg in
2030.In certain regions or periodsish per capita declines evdgadto declining absolute grain
consumpibn levels, as will be seen belovRer capita demand of other fooctops will
approximatelykeeptheir current leves or increasemodestly For livestock produstthe demand

8 Throughout, USD refers to US dollars of 1997.



54

pressuresare so high thateven considerablerice increasg cannotforestall highgrowth in per
capita consumption.

Turning to commodityspecific developmentéshown inTable 51 for food crops, Table 5.2 for
livestock products and Table 5.4 for feed, with in Tak® more detail on consumptipand
focusing on the period 206830, we note the following.

Rice Initial selfsufficiency turns into moderate exports (4 million ton) from 2020 onwards. We
recall from the scenario description that in 2003 expedsge related to stock disposathereas
production was at its lowest leveihse years® Given the current world market trade in rice of
close to 30million ton, the export levelin 2020 and 203@o not seem excessive. Per capita
consumption declines from 95.2 kg at present to 87.3 kg, largely due to urbanization. That
exports donot rise faster, given this drop in per capita demand, the ongoing technological
progress and new developments of irrigation is due to modest but steady population growth, and
the loss of irrigated land to urbanization.

Wheat The trends generated arengar to those of riceproduction in 2003 is at its lowest level
since yearsexports in 2003 are due to stock dispasad the market turns into selfifficiency
afterwards, while per capita consumption declines from 61.8 to 55.7 kg. The drivers Wedsied t
trends are similar as well: population growth and loss of land to urbanization compensate for
demand satiatioand technological progress. However, unlike rice, wheat does not endamp in
export regime.

Vegetable s and sugar There are steady ireases of import volumes, leading to 9.1
million ton oil imports and 3.1 million ton sugar imports in 20B@duction of vegetable oil
stagnates, and even declines somewhat, due to unfavourable Peceapita consumption

of oil remains almost constaat about 9.5 kg, while sugar consumption increases modestly
from 7.1 to 8.4 kg because of rise in income and urbanizatiearly, thisincrease in imports
assumesunchanged policies, in particular regarding the development of new sugar refineries in
the South. For reference, current world trade levels are around 42 million tons of sugar
(refned-equivalent) and 60 million tons oils (incl. animal fats).

Fruits and vegetables€Exports of fruits grow steadily from 2.3 million ton in 2003 to 4.7 million

ton in 2030 while per capita consumption increases modestly, from 45 to 48 kg. Similarly,
vegetableexportsrise from4.6 million ton in 2003 to 13.3 million ton in 2030, while per capita
consumption declines slightly from the 2003 level of 165 to 163 kgchvis still high by
international standards. The baseline scenario imposes an upper bound on these exports that
increases from 5.3 to 15.4 million ton, as this volume is high relative to the current world exports
of about 50 milion ton according to FAO.

Meat Per capita consumption rises from 3.5, 26.1 and 6.3 kg in 2003 for ruminant meat, pork and
poultry meat to 5.6, 40.1 and 11.8 kg, respectively, in 2030. Until 2010 China can maintain self
sufficiency in meat but beyond that year it will import sopoultry (4% of consumption). After

2020 imports accelerate, reaching 16 percent of poultry consumption and 10 percent of pork
consumption, mainly because the stable capacities grow less than deSediralifficiency is

19We note, however, that, the baseyear (1997) producti@fsider rice and wheat are both at artiale high.
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maintainedin ruminant meat and egghroughout the next thirty yeaiSNoneheless, vith 9.1
million ton altogether, the meat import flows will be consideratel@tive to the current level of
world tradein meat ofabout 25 milion ton.

Table 5.1 Supply, demand, net outflow and selfficiency rate of major
food crops for China under baseline (milion tons)

1997 2003 2010 2020 2030

Supply
Rice (milled) 124.7 1117 129.8 136.5 136.0
Wheat flour 80.6 68.3 83.5 85.2 84.1
Vegetable oil 8.7 10.6 9.8 10.1 10.2
Sugar 7.3 8.4 9.0 9.5 9.5
Fruit 54.0 63.2 69.2 74.7 78.3
Vegetables 216.4 244.0 253.7 268.3 278.7
Demand
Rice (milled) 124.0 127.7 129.8 132.1 131.7
Wheat flour 814 82.9 83.4 85.2 84.1
Vegetable oil 11.0 15.3 16.6 18.3 194
Sugar 7.7 9.7 10.7 11.7 12.6
Fruit 53.8 60.9 65.2 70.8 73.6
Vegetables 2147 2394 246.1 260.5 2654
Net outflow
Rice (milled) 0.7 15 0.0 4.4 4.3
Wheat flour -0.9 1.9 0.1 0.0 0.0
Vegetable oil -2.3 -4.7 -6.8 -8.2 9.1
Sugar -0.4 -1.3 -1.7 2.2 3.1
Fruit 0.2 2.3 4.0 3.8 4.7
Vegetables 1.8 4.6 7.6 7.8 13.3
Self-sufficiency rate (%)
Rice (milled) 101 101 100 103 103
Wheat flour 99 103 100 100 100
Vegetable oil 79 69 59 55 53
Sugar 95 87 84 81 75
Fruit 100 104 106 105 106
Vegetables 101 102 103 103 105

Note. In 2003 the net outflow of wheat and rice is not equal to supply minus demand since
stockdecreaseax 17.5 and16.5 million ton respectivelyare omitted from the tahle

20The existence of trade and transportation costs and tariffs results for each of the (homogeneous) commodities
in a domestic price range in which neither imports nor exports are profitable. Hencesldtieely high
frequency of selsufficiency rates of 100.
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Table 5.2 Supply, demand, net outflow and sslffficiency rate of iestock products
for China under baseline (milion tons)

1997 2003 2010 2020 2030
Supply
Beef and mutton 4.6 5.0 6.0 7.4 8.5
Pork 28.7 34.7 40.9 49.0 53.3
Poultry meat 6.5 8.2 10.2 12.6 14.6
Milk 10.0 13.7 18.8 24.5 28.7
Egg 12.7 16.2 20.3 25.4 29.2
Demand
Beef and mutton 4.5 5.0 6.0 7.4 8.5
Pork 28.4 34.7 40.9 49.0 59.5
Poultry meat 6.3 8.2 10.2 13.2 175
Milk 10.0 15.6 22.7 36.6 57.6
Egg 12.7 16.2 20.3 24.6 29.2
Net outflow
Beefand mutton 0.1 0.0 0.0 0.0 0.0
Pork 0.3 0.0 0.0 0.0 -6.2
Poultry meat 0.2 0.0 0.0 -0.6 -2.9
Milk 0.0 -1.9 -3.9 -12.1 -28.9
Egg 0.0 0.0 0.0 0.8 0.0
Self-sufficiency rate (%)
Beef and mutton 102 100 100 100 100
Pork 101 100 100 100 90
Poultry meat 103 100 100 96 84
Milk 100 88 83 67 50
Egg 100 100 100 103 100

Milk. Per capita consumption increases from 11.6 kg in 2003 to 38.7 kg in 2030. Domestic supply
cannot follow that pace, basically because the scenariomggfons are rather moderate for the
specialized dairy sectd?,which also starts from a very low base. By 2030 imports of 28.9
million ton of milk equivalent cover half of consumption, which is significant given the fact that
world trade in dairy curremtireaches around 90 milion ton in whole, fresh mik equitalen

Eggs Per capita consumptiomises from 12.0 kg in 2003 to 19.5 kg in 2030, a considerable
increasethat can, however, be mdtom domestic supply. Hence, the country remains in-self
sufficiency, andevenhassome exports in 2020.

Fish. Production is purely scenario driven and grows steadily, while consumption keeps on rising
at about 2.5 percent annually, which amounts to a per capita consumption increasing from 15.5
kg in 2003 to 27.7 kg i2030. Exports are fully exogenous and assumed to grow from 1.4 to 1.6
million ton.

21 Compared e.g. to Fuller et al. (2006).



Table 5.3 Per capita consumption of main agricultural product€hing rural and urbaitkg/person/yegr

Rural Urban National

1997 2003 2010 2020 2030 1997 2003 2010 2020 2030 1997 2003 2010 2020 2030
Milled rice 107.3 107.9 106.1 105.0 105.3 76.2 75.2 74.6 74.1 74.0 96.7 95.2 92.3 89.5 87.3
Wheat flour 70.6 71.7 70.2 70.3 70.7 47.2 46.3 45.5 45.2 447 62.6 61.8 59.3 57.8 55.7
Maize 16.1 17.3 17.0 16.7 16.4 7.4 8.1 8.2 8.4 8.6 13.2 13.7 13.2 125 119
Other staple food 144 15.6 155 15.3 15.1 20.5 224 221 215 20.6 16.4 18.2 184 184 18.3
Vegetable olil 8.7 10.3 10.5 105 10.5 8.0 84 8.5 84 8.3 8.5 9.6 9.6 9.5 9.2
Sugar 35 4.3 4.4 4.3 4.4 9.9 116 11.7 11.6 114 5.7 7.1 7.6 8.0 84
Fruits 29.6 31.2 304 309 30.6 65.6 66.9 65.2 63.8 61.1 41.9 45.1 45.7 47.4 48.2
Vegetables 138.9 152.2 149.6 1524 153.3 177.8 185.6 180.7 176.6 170.6 1521 165.2 163.2 1645 163.3
Ruminant meat 1.3 1.3 1.5 1.7 1.8 7.1 7.1 7.6 8.3 8.5 33 35 4.2 5.0 5.6
Pork 16.5 194 21.2 234 27.3 33.6 36.8 39.8 43.7 49.6 22.3 26.1 29.4 33.6 40.1
Poultry meat 3.0 35 3.9 4.4 54 9.4 10.6 11.8 13.7 16.5 5.2 6.3 7.4 9.1 11.8
Milk 0.9 2.0 2.9 4.7 7.3 20.9 26.7 33.1 45.3 61.9 7.7 11.6 16.1 25.0 38.7
Eqggs 59 7.2 8.2 8.9 9.5 17.4 19.7 22.2 24.6 26.8 9.8 12.0 14.4 16.7 195
Fish 7.2 7.3 7.3 7.5 7.7 26.9 28.6 31.2 36.3 42.5 13.9 155 17.8 21.9 27.7




Table 5.4 Supply, demand, net outflow and selifficiency rate of tradable feeds
for Chinaunder baseline

1997 2003 2010 2020 2030

Supply

Maize 98.8 107.1 1131 118.9 118.8

Carbohydrate feed 3035 305.6 297.8 289.8 275.8

Protein feed 191.9 190.8 203.7 2123 213.4
Demand

Maize, food 16.9 18.4 18.4 18.3 17.8

Maize, feed 81.7 95.2 108.0 120.6 123.0

Carbohydrate feed 304.2 327.3 336.6 348.3 3325

Protein feed 205.3 251.0 284.4 320.1 327.0
Net outflow

Maize 6.4 134 -134 -20.1 -22.0

Carbohydrate feed -0.7 -21.6 -38.8 -58.5 -56.7

Protein feed -13.4 -60.2 -80.7 -107.8 -113.6
Self-sufficiency rate (%)

Maize 107 114 89 86 84

Carbohydrate feed 100 93 88 83 83

Protein feed 93 76 72 66 65

Notes: - maize volumes are expresseduiifion tons,carbohydrate feedndprotein feeds immilion Gcal
- for maize the 1997 and 2003 stock decreasf&2 and20.0 million ton areomitted from the table

Animalfeeds (maize, carbohydrateedsand protein feedsSupples of maize and protein feed
grow at an average modest rate of 0.4% in the period 22030. This idessthanthe growth rate
of the main staples wheat and rideasically becauséhe latter hd to recover from a serious
production dip in 2003-or carbohydratdeedthe situations different since its supplppears to
decline,due partly to a weakperformance of root cropsn(response to priceeduction$ and
partly to the tighter sanitary measures assumed in the baseline that reduce the possibilities
using household wasteand crop residuals as feedih contrast,feed demandkeeps onrising,
especiallythe demandor protein feed$romthe intensifiedivestocksectors At the same timei
precisely $ this transition to intensified production that keeps the growth of tatal de mand
limited, throughthe higher feed efficiencyascompared to the traditional sectotsalsoappears
that in absolute amountthe role oflocal feeds is not diminishing. We will expand on this in
sulsection 5.4.

Consequentlyfeedimports rise gadily but the volumes do not become excessive. By 2030, for
maize, B percent of domestic use is imported, for carbohydrate feeds 17 percent and for protein
feeds 35 percent. Converting the carbohydrate quantities into grain equivalent through division by
a factor 3.4 mcalkg (see appendix A), gives an import of 16.7 million ton grain equivalent in
2030. Similarly, for a factor of 3 mcal/kge 2030 imports of protein feed can be expresseshas
import volume of 37.8 million torof cake/branequivalent.For reference, current world trade
levels of maize are around 90 million ton, other coarse grains around 15 million ton, bran around
5 million ton and soybean cake around 50 million tontereasworld trade in wheat reaches
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around 120 million ton (food plugeed) We note that wheat used as animal feed could be
considered part of carbohydrates and protein feeds, since it substitutes for these. In all, the
imports of animal feeds are spectacular, not so much from the perspective of China itself that can
easil cover them from exports but purely as a strain on the world market.

These commoditgpecific outcomes confirm thabrf nonfeed cropsselfsufficiency is largely
preserved, which is especially significaot fice and wheat, the two dominant food graimshe
country elf-sufficiencyin these two commodities hdsng beenseen as major yardstick of the
countryos .fAtkeo 202Q0srieecwillreven e exported, although one majen the
thinness of the world rice markgiut to questiorthatthis would be possible withoutausingthe
internationalprice to fall, as was assumed in this scenahivaddition, China will also export
significant volumes of fruits and vegetables while importing oils and sugar. cbimgortable
situationfor nonfeed copsis mainl becausdechnical progress in agriculture and higher input
intensity more than compensafter the reduction irtotal land area available, and becatise
drop in per capitdood-grain consumption with rising income and urbanization, is gEonhan
the increase in demand due to the, modest, overall rise in population.

As Chinads integration into the world mar ket
intensive products will become more evident, while lamédnsive products willdse. Hencean

orientation on livestock and horticulture would seem natural. Yet, it appears that the country will

have to import livestock products towards the end of the period, and also that the imports of feed
grains are quite high from the perspectivethe world market, especially if one takes into

account that the baseline scenario keeps world market prices fixed at scenario values and
disregards any Ainewd demands f or biofuels fro
countries.

5.2 Prices

Domestic pices of mainproductsin the crop sectowill more or lessfollow the same pattern of
recovery after 2003 as theorld market pricesn the scenario specificatiaiat mainly reflects

the upcoming demand for livestock products in Aglale disre@rding future growth in demand
for biofuels. The recovery is assumed to last until 2020nd followed by a period of slight
reduction inworld prices.Yet, thedomesticpattern is not exactly the same for each crop due to
decreasingtariff rates, decreasig trade and transport margins and switches of trade regime
(import, export, sefsufficiency). Below, we will discuss trop by crop By contrast,beef and
mutton, pork, and poultry medbat face high trade and transport margins on import and start
from autarky,will witnessa steadyprice increase significantly abovethe world price scenario

The narket clearing prices arksted in Tables % and 56 for crops and livestock products,
respectively. They pearby region since the Chinagronodel operdes withregional markets

and has no national market® Clearly, prices are determined simultaneousiith supply and
demangas in any equilibrium modekFarmgate priceslo not appealin the table They are
calculatedoy county and differ from the regioneiarket prices due to processing (including trade
and transport) and domestiwoducertaxes.In our discussion of farm value added belowe w
comment omotable price developments at county lev@bnsumer prices areomputed ashe
regional market price pg consumer tax and processing margin, specific for each rural and urban
income groupand are not discussed separately.

22The national market balances of the previous subsection are obtained by summation of the regional market
balances.
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Table 5.5 Regional market price of main crop products under lbasgruarkg)

North  Northeast East Central South  Southwest Plateau Northwest
Rice 1997 2.34 2.02 1.93 1.77 2.29 2.20 2.39 2.28
2003 1.94 1.62 1.54 1.37 1.89 1.80 1.99 1.88
2010 2.06 1.75 1.66 1.50 2.02 1.93 2.12 2.01
2020 212 1.80 1.72 1.55 2.07 1.98 217 2.06
2030 1.96 1.65 1.56 1.40 1.92 1.83 2.02 191
Wheat 1997 1.62 1.63 1.53 1.57 1.79 1.64 1.76 1.65
2003 1.23 1.24 1.14 1.18 1.40 1.25 1.37 1.26
2010 1.38 1.40 1.29 1.33 1.55 1.40 1.53 141
2020 1.33 1.35 1.25 1.29 151 1.36 1.48 1.36
2030 1.23 1.25 1.15 1.18 1.40 1.25 1.38 1.26
Maize 1997 111 1.18 1.19 1.21 1.20 1.18 1.20 1.16
2003 0.99 1.06 1.07 1.09 1.08 1.06 1.08 1.04
2010 1.05 1.12 1.13 1.15 1.14 1.12 1.14 1.10
2020 1.09 1.15 1.16 1.18 1.17 1.15 1.17 1.13
2030 1.04 1.10 111 1.13 1.12 1.10 1.12 1.08
Vegetable oil 1997 7.40 7.30 7.36 7.39 8.23 7.39 7.36 7.34
2003 5.74 5.64 5.71 5.74 6.58 5.74 5.71 5.69
2010 5.44 5.34 5.40 5.44 6.25 5.43 541 5.39
2020 5.23 5.14 5.20 5.23 6.00 5.23 5.21 5.19
2030 4.89 4.80 4.86 4.89 5.62 4.89 4.87 4.85
Sugar 1997 3.84 3.73 3.86 3.85 3.84 3.82 3.97 3.83
2003 2.79 2.68 281 2.80 2.79 2,77 291 2.77
2010 271 2.60 2.73 2.72 2.70 2.69 2.83 2.69
2020 272 2.62 2.75 2.74 272 2.70 2.85 2.71
2030 254 244 2.56 2.55 254 252 2.66 2.52
Fruits 1997 1.24 1.46 154 1.48 1.36 151 151 1.08
2003 1.36 1.58 1.66 1.60 1.48 1.63 1.63 1.20
2010 151 1.73 1.80 1.74 1.62 1.77 1.78 1.34
2020 152 1.74 1.82 1.76 1.64 1.79 1.79 1.36
2030 1.54 1.76 1.84 1.78 1.66 181 181 1.38
Vegetables 1997 0.87 1.04 0.78 0.71 0.87 0.99 0.96 0.90
2003 0.80 0.96 0.71 0.64 0.79 0.92 0.88 0.83
2010 0.94 1.10 0.84 0.77 0.93 1.05 1.02 0.97
2020 0.99 1.15 0.89 0.82 0.98 1.10 1.07 1.02

2030 1.04 1.14 0.94 0.87 1.02 1.10 112 1.06
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Table 5.6 Regional market price of main livestock products under baséfinarfkg)

North  Northeast East Central South Southwest Plateau Northwest

Beef and mutton 1997 10.45 9.59 10.97 9.87 10.68 9.42 8.19 9.53
2003 15.14 14.28 15.66 14.56 15.37 1411 12.88 14.21
2010 15.39 14.53 1591 14.81 15.61 14.36 13.13 14.46
2020 17.45 16.59 17.96 16.87 17.67 16.42 15.19 16.52
2030 21.44 20.58 21.96 20.86 21.67 20.41 19.18 20.52

Pork 1997 11.03 10.00 12.14 10.60 12.67 9.77 10.13 9.58
2003 12.75 11.69 13.86 12.32 14.47 11.49 11.82 11.29
2010 14.78 13.72 15.88 14.35 16.51 13.52 13.85 13.32
2020 19.02 17.96 20.13 18.59 20.74 17.76 18.09 17.56
2030 21.81 2091 22.62 21.39 22.09 21.14 21.04 21.34

Poultry meat 1997 10.75 1141 13.18 12.84 16.79 15.77 14.59 11.83
2003 12.28 12.95 14.72 14.38 18.32 17.30 16.13 13.37
2010 14.16 14.83 16.59 16.26 20.19 19.18 18.00 15.25
2020 18.06 18.73 20.50 20.16 21.70 20.68 21.90 19.15
2030 20.43 21.09 22.86 22.52 20.74 21.80 23.05 21.51

Milk 1997 3.08 2.67 2.97 2.85 2.76 2.73 2.79 2.53
2003 3.09 2.68 2.98 2.86 2.77 2.74 2.80 2.54
2010 2.82 241 271 2.60 251 2.48 2.54 2.27
2020 2.63 2.24 2.53 2.43 2.34 231 2.35 2.10
2030 2.46 2.10 2.36 2.27 2.18 221 2.18 2.00
Egg 1997 5.62 5.87 6.33 7.39 8.20 7.61 6.44 5.80
2003 5.23 5.58 6.04 7.10 7.91 7.32 6.15 551
2010 4.85 5.20 5.66 6.72 7.53 6.94 5.77 5.14
2020 5.44 5.78 6.24 7.31 8.11 7.52 6.35 5.72
2030 591 6.26 6.72 7.78 8.59 8.00 6.83 6.20

Note: The 1997beef and mutton priceappearig in the tableare too low due to statistical problems that no
longer exist in 2003Hence, hepricerise from1997 to 2003 isto some extent an artefact

We may recall fromsection 3that all prices arefreab and through deflation of the non
agricdtural price comparable tohe 1997level As the differences between regions are swed!
focus onaveragetrends over regionsn fact, regional differences mainly arise when a region
changesits traderegime, such as Southwesherein 2030the contiming increase irvegetable
output leads to a lower price relative to other regi@as can be seen in Table 5dlowing
exportsto some of theseegions We alsofocusour discussioron the period 2002030, hence
disregarding the price fakxperiencedby most crops between 1997 and 2003 and starting,
therefore, at relatively loverop prices.
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Rice prices end up slightly higher in 203@s compared t8003 However, they ardower thanif
they purely folloved the world price The main reason for the &gfence is thdransition toan
export regimethat reduces the domestic prgeAlthough this negatively impacts odomestic
supply production levek remain sufficiently high tenaintain positive exports.

Wheat prices in 2030are about as high as in 280They do mt follow the fall inthe world price
becausewheat operatesin a selfsufficiency regime which implies thatdomestic supply and
demand drive price formatioft appears that demand is strong enough to keep prices above the
level whereexport becomas profitable.

Maize prices in 2030 are about 4% higher than in 200M&ize remains inimport regime
implying that the domestic pricese equal tahe foreign pricancremented bymport tariffs and
the trade and transpontnargin on imports Sirce both the import tariff ratesand theimport
marginare graduallypeingreducedthe domestic price increases less thii@nforeign pricevhich
ends up in 2030 10% higher than in 20@her feed are not mentioned in the table but their
price patterns argmilar tothose ofmaize.

Vegetable oiandsugarare both importedh all years Therefore, theydllow the samepatternas
maize with their prices droppingmore thanthe world price, andby 2030end upabout 5% and
% below their2003 level, respeaively. Forfruits andvegetableghe patternis different since
these commoditieare exportedand he gradualdecrease iheir exporttariff and export trade
and transport margaraisesdomestic prics, leading to steadily rising priceBor vegetablg this
trend is maintainedlespte the upper boun@n exportsthat becoms active in 2030 in some
regions, thereby depressing tthemestic price.

Developments in eatprices(beef and mutton, pork, poultry mg¢aterealready discussed above.
Prices risesignificantly as demand grows faster than domestic supply, causangition toan
import regime.For example, the price of pork in 2003 is aboutYlZan'kg and it will almost
double relative to 2003 reainf 22 Yuankg by 2030

For milk, whichremainsin import regimethroughout the baseline simulatidhe domestic price
fall steadily, say, from 2.9 to 2.4 Yuan/kd-his decline is the@mbinedoutcomeof three &ects,
a falling world price, a reduced import tariff rate and a lower trade and trans@ogin on
imports.

Finally, egg prices are increasing steadilBy 2030 they areabout 12% higher than in 2003.
Since eggs areatgely inthe self-sufficiencyregime this outcomeresuls from domesticmarket
clearingwith a gradually strongedemand pessure

5.3 Food production, consumption and trade by region
We nowpresent the regional commodity balantest correspond to the national balances of

subsection 5.1. Obviously, the main national trends also show up at regional level. Therefore,
we orly mention relative differences across the regions.



Table 57 Per capita consumption of grain and meat in different regions under baseline (kg/caput)

Grain Meat and egg
1997 2003 2010 2020 2030 1997 2003 2010 2020 2030
Rural consumer
North 195.3 199.0 196.0 196.7 197.7 24.7 295 33.6 374 425
Northeast 176.7 183.4 180.4 180.1 182.3 279 332 374 415 47.4
East 2024 2054 2025 2024 204.7 30.1 35.3 39.7 44.8 52.7
Central 204.9 208.1 204.4 202.3 203.4 25.6 29.8 32.7 35.8 40.8
South 204.7 205.3 203.1 201.7 202.3 311 36.3 40.1 45.8 56.3
Southw est 190.9 192.1 187.1 182.4 180.7 29.7 347 37.2 39.0 41.9
Plateau 142.3 141.9 137.6 134.9 132.1 171 17.6 19.5 20.6 20.7
Northw est 169.6 172.9 169.1 168.7 168.4 16.6 19.7 225 25.1 279
Urban consumer
North 130.2 129.6 128.3 128.0 127.6 70.5 78.2 86.9 96.3 107.6
Northeast 131.4 130.7 129.3 128.7 128.2 59.9 66.1 73.5 81.1 89.7
East 1354 1334 131.3 129.7 128.4 74.1 81.3 88.6 97.0 107.0
Central 124.6 123.2 121.6 120.3 119.6 60.5 67.0 73.9 82.1 92.1
South 137.7 136.1 135.6 135.4 135.2 66.6 72.3 78.7 88.5 103.5
Southw est 117.2 116.4 1154 115.1 1149 76.0 824 88.9 97.4 108.0
Plateau 141.2 140.9 140.3 140.6 140.8 63.0 68.8 76.3 85.6 97.0
Northw est 133.8 132.8 131.2 130.7 130.1 55.2 60.8 68.0 75.8 83.6
Total population
North 175.1 174.1 168.0 163.9 158.8 389 46.9 55.6 65.5 78.6
Northeast 154.4 155.1 1511 148.4 145.9 43.7 50.9 58.1 65.9 75.8
East 175.6 173.0 166.6 161.1 155.8 47.7 56.0 64.4 74.4 87.5
Central 181.1 179.1 171.9 165.1 159.2 36.0 425 48.9 56.8 67.8
South 176.6 172.7 167.5 162.7 158.0 46.0 53.3 60.4 70.9 875
Southw est 173.2 170.8 163.6 156.2 150.0 40.8 48.1 54.1 61.7 72.7
Plateau 142.0 141.6 138.5 137.1 136.1 285 324 38.3 45.6 55.5
Northw est 158.8 159.1 1544 151.7 148.5 28.2 33.8 40.2 47.7 56.8




It appears that for many commoditieket distribution of production across regions remains
remarkably stable, despiteetlsignificant changes in farm population and in lardilability inthe
scenario, and the marked shifts in overall output composition in every region. The changes in the net
trading position of the regions largely originate from the demand side, drivewdrye changes and
migration, with price adjustmesi(discussed in the previous subsectias) mitigating factors. The
resultingfast rising internal trade flows place significant demands on domestic trade and transport
infrastructure.

Table 5.7 shows thdevelopment of per capita demand in each region, as well as the separate figures
for urban and ruradonsumers® For grain one may observea slight drop inper capita demand in

both rural and urban regionbotalper capitademand drops fastém all regions, due to urbanization.

For meat the individual trend and the urbanization effee mutually reinforcing, leading to
significant per capita increases at regional level. Treindper capita demandre rather similar
across the regions. Per capita mmdamand in 2030including eggs)s in all regions 1.5to 1.7 times
higher than in 2003. Per capita grain demand falls everywhere, ending up 6% te [204he2003

level, with the highest fall in Southwest and Central re giomsere urbanizationis fastand urban

grain intakerelatively low.

The effect of interregional migration and natural population growth on de mebedtér captured in
Tables 5.8 and 5.9 withbsolutedemand volumesAlthough populatiorcontinues togrow in all
regiors, the rate ofgrowth is not alwaysufficientto compensate for per capita declines in demand.
Therefore, significant differences show apross regiong-or rice and wheatde mand rises in some
regions and falls in otherRice consumption decreases in Northeast, @rand Southwest,
whereas wheat consumption decreases in Nortleastalso, despite net immigration from other
regions, inNorth and EastNaturally, the absolute levebf meat demand increase everywhere at a
higher rate than the per capita intake memdab above. It almost doubles in North and even more
than doubles in South.

Turning to the supply side we remark that the regional volumas shown for 2003 and 2030 in
Tables 5.8 through 5.10 are actually derived as aggregates of espetyic outcomes As
mentioned earlier, the regional distribution is rather stable over time for many commodities but there
are a few exceptions to this general trend, which we discuss here. Supply increases of rice are higher
in Northeast, Central and Southwest than \eltee. The acceleration in Northeast is clearly the
result of the enlargement of its irrigated area. The large rice producers Central and Southwest do not
have this advantage, as none of the other regions, but their loss of irrigated area is relatillely sma
and dominated by the benefits of technical progress. In the two other important rice producing
regions, East and South, the loss of irrigated land goes faster, although also here a production
increase results. For fruits, supply is stagnating in Sou¢htd the decline of orchard langhereas

it is growing elsewherd-or vegetables, we see stagnation in East where it is the maiamidmgs a
relatively highfarmgate price due to favorable crop compositioBonsequently, a given absolute

rise in pri@ means less percentagése for this region, that also suffefrom a loss of irrigated and

rainfed land, especially ithe counties close to urban areaere vegetable production is most
intense The rates of growth iimeat and milk production largelyollow those ofstable capacities

that vary across regisnThis explains thameat increases al@gestin South, with about a doubling

of output between 2003 and 2030, athét milk increasesare largestin North, Northwest and
Plateau, where output ir020 is more than 2.5 times as high as in 2@®8.contrast, éed supply
increases at a rate that is remarkably uniform across regions.

23 pactually, the Chinagro model operatas a lower level of detail, viz. with three urban and three rural classes by
region.



Table 5.8

Regional supply, demand, and net outflow of main food croguarts under baserun (1000 tons)

Rice Vegetable oil Sugar Fruit Vegetable
2003 2030 2003 2030 2003 2030 2003 2030 2003 2030 2003 2030
Supply
North 3550 4120 36721 44151 2847 2669 69 79 23154 30120 71516 81720
Northeast 9442 13970 1855 2401 960 896 393 430 3796 4465 21745 24392
East 25698 28863 11060 13246 1973 1818 107 105 5729 6387 37544 38022
Central 32396 40341 2442 3209 1960 1960 489 515 4739 5640 36032 42082
South 20875 23649 151 166 519 537 5098 5496 13101 13249 29792 33736
Southwest 18239 23123 5697 7458 980 979 1556 1964 4160 5403 32079 39357
Plateau 3 4 616 758 81 80 0 0 23 24 481 580
Northwest 1486 1921 9727 12746 1243 1298 695 876 8492 13009 14795 18804
Demand
North 6873 8701 43395 41940 3652 4552 2060 2744 18389 23181 67740 74395
Northeast 9160 8627 4502 4473 1341 1486 548 569 6251 6246 26089 25755
East 24952 24415 9954 9487 3149 4214 2106 2470 12381 13642 32003 33761
Central 28197 25320 2590 2823 2314 2442 1059 1276 6949 7450 29263 30515
South 29124 37171 2479 4169 1928 3378 1961 2914 6229 9327 29726 40117
Southwest 26293 23390 4996 5073 1692 1765 1341 1716 5325 6858 36479 37994
Plateau 138 194 1032 1289 71 92 44 70 308 449 1189 1577
Northwest 2951 3920 13969 14879 1137 1456 599 836 5067 6473 16924 21303
Net outflow
North -2776 -4581 1980 2211 -805 -1883 -1991 -2665 4765 6939 3776 7324
Northeast 1697 5343 -2115 -2072 -382 -589 -155 -139 -2455 -1781 -4345 -1363
East 4778 4448 3932 3759 -1176 -2395 -1999 -2365 -6653 -7255 5540 4260
Central 9387 15021 504 386 -354 -482 -571 -761 -2210 -1809 6769 11567
South -4972 -13521 -2290 -4003 -1409 -2841 3138 2581 6872 3922 66 -6380
Southwest -5261 -267 2056 2384 -712 -786 215 248 -1165 -1455 -4400 1363
Plateau -135 -190 -274 -531 10 -12 -44 -70 -285 -425 -708 -997
Northwest -1217 -1999 -1941 -2133 107 -158 95 40 3425 6536 -2129 -2498

Note. In 2003 the net outflow of wheat and rice is not equal to supply minus demand since the stock decreases are omittedbi@mgshetable 5.1.



Table 5.9 Regional supply, demand, and netflow of main livestock products under base
scenario (1000 tons)

Beef and mutton Pork Poultry meat Milk Egg
2003 2030 2003 2030 2003 2030 2003 2030 2003 2030
Supply
North 1635 2838 6416 9330 2131 3409 3673 8745 6862 11782
Northeast 572 819 2555 3905 1193 1858 2306 3982 2161 3462
East 377 533 4501 6524 1449 2074 1074 1925 2581 4267
Central 303 343 6459 9682 532 1039 568 587 1052 2106
South 192 227 4990 10045 1632 3963 823 964 1031 2870
Southwest 432 618 7749 10342 1037 1864 1320 2215 1465 2676
Plateau 250 636 80 138 2 2 761 2123 19 62
Northwest 1210 2515 1968 3369 193 386 3132 8170 1039 1951
Demand
North 1322 2281 6585 11997 1594 3345 4115 16989 5871 10412
Northeast 772 1108 2470 3584 527 834 1713 5150 1867 2754
East 620 987 5947 9885 1870 3292 4164 13653 3045 5011
Central 389 660 4587 7014 818 1439 879 3028 1602 2852
South 494 1107 5817 12875 2082 5735 1236 5322 1569 3710
Southwest 391 639 7355 10535 929 1991 1188 4076 1228 2163
Plateau 124 207 112 266 9 26 428 1414 39 116

Northwest 860 1539 1845 3369 340 798 1876 7982 988 2159
Net outflow

North 313 557 -169 -2667 537 65 -442  -8244 991 1371
Northeast -200 -289 85 321 666 1024 594  -1168 294 707
East -243 -454 | -1446 -3362 -421  -1218 -3090 -11727 -464 -744
Central -86 -317 1872 2667 -285 -400 -311 -2441 -550 -745
South -302 -881 -827 -2830 -450  -1772 -413  -4358 -538 -840
Southwest 42 -21 395 -193 108 -126 131  -1862 237 513
Plateau 126 429 -32 -128 -7 -23 333 709 -20 -54
Northwest 351 976 123 0 -147 -412 1255 189 51 -207

After combining demand and supply ssde@ne obtains the net trade positions of the regions.

With respect to specific crop production, calculated by summation over counties, we see in Table

5.8 that by 2030 the geographic specializatiorice andwheatproduction will continue to make

the Central, Northeast and East regions be the leading sellers of rice and East, Southwest, and
North the leading sellers of wheat. On the buying side, the current number one buyer for rice, the
Southwestwill likely become close to sefufficient in rice, while South, the mostdustrialized

region, would become number one buyer for rice and remain number one buyer forNdnéat.

the minwheatr e gi on, with about hal f ndyfemainfeemodestmatt r y 6 s
seller.

For vegetable oiland sugar, demand increases faster than supply, largely since phe&ssme
unfavorable relative tother crops (asvasseen in Table 5.5). All regions remain or become net
buyers of vegetable giwhereas forsugar South remains a large sellehile Southwest and
Northwest manage to keep a supply surplus, addeihodestsize
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The present leading position of Sowth seller offruit will likely be overtakenby North and
Northwest for reasonsdiscused earlier The current top three buyers, East, Northeast and
Central, keep their positior-or vegetabls, the Central, North and East will continue to be
leading selles, with Eastlosing dominancedue to stagnation of its production. Southwelsto
bemmes a net selldyut South the most industrialized regiowill give up its position in 2003s

a seller to becomaumber one buyeby 2030.

Table 5.9 shows thahé largest buyers of livestock products will be the industrialized coastal
regions SouthEast and North, with increasingly large net inflowst@atandmilk,. Although by
2030meatsupply in these regions is 50% to 10@#ovethe level of 2003,this is not sufficient

to keep up with the demand increasesultingfrom risingper capitaincomes and immigration
induced population growth. Alsde traditional meat surplus region Southwest would become a
deficit region due to rising demand. Northeast and Central will continue to be the leading net
contributors but the risef their surplusess maderate.East will remain the largesnilk buyer,

with aninflow more than three times as high as in 2003. In Naatisimilar increase of milk
inflow will be required in spite othe considerable supply increases. South is the third-milk
buying region, alough their per capita demand levels remain far below the levels in East and
North. Remarkably Northwest does not become a major n@lporting region since its own
demand rises just as fast as its production.efggs there is nsignificantchange beteen 2003

and 2030, with North, Northeast and Southwkestping up aseling regions.

Giventhe impressive surgenimeat production and the lower growth rates in crop produdtien
large increases in feed inflowstanthe three industrialized coastakas North, East and South
appearing infable 5.10do not come as unexpected. Yet, saoelificationsare in order First,
North, traditionally amaizeselling regionby 2030has turned inta maize buyer, albeit a modest
one. South and East were in 2003 sellers otarbohydrate feednd remain sdput with lower
outflows. The picture is similar across the three regionspfatein feedonly, with large increases
in inflow throughoutWhile every region (with the exception of Plateau in 2003) will carito
be buyer ofprotein feed the net inflow is going to double in South, East, and Ndtthly for
Southwest the demand increase for protein fgéidbe rather modest, due to the relatively large
share of draught animals and traditionally raised m@gsl chicken in its livestock system.
Compared withprotein feed the changes imnet outflows will be less pronounced for
carbohydrateswith the exception of North and Northwest

One may observe in Table 5.10 that madagput in the two major maizeprodicing regions
Northeast and North is increasing only at a limited pace, for North even surpassed by its own
demand for maizedespite their often mentioned high potential referred to in sectioks 2a

result North becomes a maize import&let maize expds from Northeast remain about constant

(if one disregardshe impact of thestockreducingoperationof 2003, as high as about8 million

ton. Figure 5.1 provides more detail. The upper panel shows the distribution of maize production
over the countiesni 2003, distinguished by level of county output. Apart from some areas in
Southwest and far Northwest, the major maize producing counties are indeed concentrated in
Northeast and North. However, as shown in the lower panel, the increases between 2003 and
2030 are distributed more evenly over the four producing regions and do not show a strong
advantage of North and Northwest. In fact, in both regions several cohatiemaoincrease at all
(greencolored).
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Table 5.10 Regional supply, demand, and net loutf of feed products under baseline

Maize Carbohydrate feed Protein feed
Products
2003 2030 2003 2030 2003 2030
Supply
North 36.9 39.2 61.8 53.8 47.7 52.4
Northeast 30.7 325 23.3 21.6 19.0 21.0
East 5.1 55 45.6 41.0 36.6 39.0
Central 25 3.0 43.7 415 32.8 37.4
South 2.3 2.6 42.2 36.3 14.9 17.1
Southwest 14.7 18.1 56.5 52.3 20.4 24.1
Plateau 0.0 0.0 25 22 1.0 11
Northwest 15.0 17.8 29.9 27.0 185 21.4
Demand
North 32.6 40.9 104.6 113.8 58.0 76.6
Northeast 12.8 14.7 27.3 25.7 29.0 35.0
East 8.4 9.5 27.3 24.0 46.3 59.1
Central 8.6 10.9 23.0 19.0 40.6 48.3
South 115 19.2 28.9 30.7 26.0 41.7
Southwest 32.8 35.9 88.9 82.0 30.9 32.9
Plateau 0.7 1.3 5.1 8.7 1.0 1.7
Northwest 6.1 8.5 22.1 28.5 194 31.7
Net outflow
North 10.9 -1.6 -42.8 -60.0 -10.2 -24.2
Northeast 23.8 17.8 -4.0 4.1 -10.0 -14.0
East 24 -4.1 184 17.0 -9.7 -20.1
Central -5.6 -7.9 20.7 225 -7.8 -11.0
South -8.8 -16.6 13.3 5.6 -11.1 -24.6
Southwest -15.5 -17.8 -32.4 -29.8 -10.5 -8.8
Plateau -0.7 -1.2 -2.6 -6.6 0.1 -0.6
Northwest 11.8 9.3 7.7 -1.4 -0.9 -10.3

Notes: - maize volumes are expressedhiiion tonscarbohydrate feedndprotein feeds immilion Gcal
- maize includes both food and feed
- the 1997 and 2003 stock decreases of maize are omitted from the table, as in table 5.3.

We observe thaniNortheast, where the baseline scenario assumes arsamvef 2 million ha

of rainfed land into irrigated land and orchards, the moderate increase of maize output must
primarily be written on account of the relatilye poor profitability as compared to other crops.
Table 5.8showsthat the output of all othecrops, except oil crops, grows faster than maize.
Giventhe presencef the city of Dalian as one of the largest ports for maize import and export,
world prices have a strongfluenceon the maize market in this region. Thesultingincreasdn
farmgatepricesby about 0.8%annually isapparentlyinsufficient Especially the newly irrigated
land is seen testimulateprimarily rice output In North, the same profitability issue plays a role
but here both irrigated and rainfed laacka is diminishingn the baseline scenarioehceruling

out the possibility ofsignificant expansion inmaize production We returnto this issue when
discussing the outcomes of the enhanced irrigation scenario frexhasection.
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Figure 5.1: County level maize productiom baseline in 2003 and 20@830 increase
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5.4 Farmincomes and composition of value added

The combined effectsof economic growth, urbanization, trade liberalization, environmental
protection and technical progress will lead to significant charngeagricultural systems, with
major consequences for farm employment and farm incomes, especially compared to-the non
agricultural sector. The presesubsection reports on these impa&s mentioned earlierthe
impacts are tsome extentlreadycaptued exogenouslyhroughthe scenario specification of
available farm labor, machinery, crop land, grass land and stable capabéEsuse this
specification has to anticipate all interactions at play, and is, therefore, not truly exogenous in a
conceptubsense.

Nonetheless, igen these resources, the farmers in each county decide endogenously on the
intensity at which they willuse crop land and stable types. ThEsicallydo this by shifting

labor across the different land use optiomsesponse ttheir relative profitabilityas determined

by technical change arile prevailing market prices of inputs and outputs.

We may recdl from section 3 that the model distinguishes three land use types in cropping
(irrigated, rainfed and orchard), four landeutypes in raising ruminants (grazing, draught,
traditionally mixed and specialized dairy) and two land use types in raisingum@nants
(traditionally mixed and intensified). As seen in Table 4.5, the baseline crop land scenario
assumes declining irreded and rainfed areas, with irrigated land in Northeast as the only
exception, and increasing orchard areas. For rumindmsscenario assumes declining stable
capacities of draught animals but increasing capacities in grazingde possible via grassid
improvementand more than compensating for the effect of declining areas traditionally
mixed farming and very significantly, inspecialized dairy farming (Table 4.AVe notethat
intensified cattle meat productiorelatively unimportanin 2003, is not being distinguished as
separate land use type but included in the tiamhlly mixed system, whose gains efficie ncy

and stable capacity should partly bederstoodas intensification. For neruminants the
scenario assumes declining swaldapacities of traditionally mixed farming and increasing
capacities of intensified systems (Table 4.8).

As indicated earligroutputfollows a somewhat different patbince the intensity of usef stable
capacityis ensbgenous and trendsf technicalchange may diffe(Table 4.10). For cropsit
appears that yields per hectare (expressed in terms of dry matter) increase betwesard ZIEY)

in each region oirrigated & well asrainfed land, on averagd about 0.6% annually, which is in

each regionhigher than the rate dbss incrop land. Hence, crop output increases on both
irrigated and rainfed land. For livestock, output developments for the different land use types are
presented in Table 5.11.

Table 5.11indicatesthat expansion ofthe traditonal modes of production will continue in the

next three decadesespite the declining stable capacities. Their profitability remains gdoe

to increased demand for meat and milk, resulting in steadily increasing farm gate prices. However,
intensified systems will dominate eventually For example in 1997 the intensified pork
production system accounts for 20% of pork outpgginst52% in 2030. Th shiftis even more
evident in poultry productiorfrom 43% in 1997 to 78% in 2030. For milk the changes also
spectacular, with a nationwide increase of the output share of the specialized sector from 23% in
1997 to 62% in 2030.
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Table 5.11 Livestock production under different farming systems (milion tons)

1997 2003 2010 2020 2030

Beef and mutton

Grazing system 1.01 111 1.24 1.44 1.66

Trad.mixed system 2.99 3.24 4.12 5.40 6.36

Other (draughtand intens. dairy) 0.61 0.62 0.61 0.57 0.51
Pork

Trad. mixed system 22.98 25.05 25.59 26.79 25.39

Intens. system 5.67 9.67 15.36 22.17 27.94
Poultry meat

Trad. mixed system 3.68 3.71 3.59 3.56 3.26

Intens. system 2.80 4.46 6.64 9.09 11.33
Milk

Draughtanimal system 1.88 1.82 1.67 141 1.09

Grazing system 249 243 2.64 2.87 3.09

Trad. mixed system 3.32 3.57 4.56 5.87 6.73

Intens. dairy farming 2.35 5.84 9.93 14.37 17.80
Egg

Trad. mixed system 7.29 7.51 7.16 7.11 6.49

Intens. system 543 8.70 13.10 18.28 22.69

In view of the rising scarcity of animal feeds, the turnrtemsification is a necessary step, as the
traditional systems, while effective in their use of crop and household residuals, have far more
unfavorable feedo-meat conversion rat€é.Table 5.12 shows the development of feed demand

in the different systemdor local and tradable feed separately. We observe that the role of local
feed, although declining in relative terms, remains important. Measured in absolute amounts, its
use even increases. Together with the Sabtewtral technical progress and the stdfintensified
systems, this peisenceof local feed supply keeps growth of the demand for tradable feed
moderate compared to the output growth of the livestock sectarasslready apparent Table

5.4.

At the same time, the trend towards intéioation has important social implications, since the
traditional livestock sector offers essential income earning opportunities to poorer farmers. The
distribution of farm labor and farm value added reflects the rising importance of the intensified
sectos. Table 5.13 indicates that between 1997 and 2030, total farm labor will decrease from 253
million to 189.1 million full time equivalents (as specified in the scenario). But with the
expansion of livestock production, the farm labor employed in this seglidncrease from 38.7
million to 45 million in 2030, of which 11.8 in the intensified pork and poultry production,
whereas farm labor employed in the cropping sector will decline from 214.3 million to 144.1
million, due to laborsaving technical progss but also due to labor shifts to livestock sectors.

24 For nonruminants (pork and poultry) the average energy imuiput ratio of the traditional sector is 8.4 in
1997, declining to 6.5 in 2030. For the intensified seittis 5.5 in 1997 and declines to 4.3 in 2003.
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Table 5.12 Feed useinder different farming systemgh¢usand Gcal

1997 2003 2010 2020 2030

Draughtanimal system

Tradable feed 165.5 159.2 146.0 1231 95.6

Local feed 205.1 199.7 186.8 163.1 133.3
Grazing system

Tradable feed 7.1 15.0 116 13.9 17.8

Local feed 132.6 131.4 144.9 158.1 172.0
Traditionallymixed ruminants

Tradable feed 97.7 101.0 121.4 147.8 163.7

Local feed 99.1 107.1 140.9 184.7 2144
Specialized dairy

Tradable feed 2.3 7.4 12.8 17.7 20.3

Local feed 1.2 1.2 1.2 1.2 1.2
Traditionallymixed non-ruminants

Tradable feed 396.7 415.0 388.6 366.3 301.7

Local feed 174.3 173.6 173.0 172.0 166.6
Intensified non-ruminants

Tradable feed 128.2 210.8 315.3 418.6 487.2

Local feed 10.1 10.3 10.6 11.0 115
Total livestock

Tradable feed 797.5 908.4 995.7 1087.4 1086.3

Local feed 622.4 623.3 657.4 690.1 699.0

Table 5.13 Allocation of orfarm labor to land use type under baseline
(million ful-time equivalent year)

1997 2003 2010 2020 2030

Crop sector 2143 202.2 190.9 171.6 144.1
Irrigated land 120.4 105.3 1015 89.5 73.6
Rain-fed land 85.4 87.8 79.7 72.4 61.2
Tree cropping land 8.5 9.1 9.7 9.7 9.3
Livestock sector 38.7 432 44.3 47.1 45.0
Draughtanimal system 5.1 4.8 4.2 3.3 2.4
Grazing system 1.4 1.3 14 1.4 1.3
Trad. mixed ruminantfarming 4.4 45 53 6.3 6.6
Intens. dairy farming 0.2 0.4 0.6 0.7 0.8
Trad. mixed nonruminantfarming 25.2 27.6 25.8 25.4 221
Intens. nonruminantfarming 2.4 4.6 7.0 10.0 11.8

Total on-farm employment 253.0 2453 235.1 218.7 189.1
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Somewhat surprisinglymore labor is used orainfed land in the pérd 19972003, whereas
irrigated land sheds more than 10% of its labor. This difference is related to the difficult situation
of food grains in those years of which the large majority (98% of rice, 85% of wheat) grows on
irrigated land. After 2003, laborse on irrigated and rainfed land declines at about the same rate.
Considering regional difrences, employment in crop production declines albbav®mnal average

in East and Northeast, and belaw South, Northwest and Sdwtest, as shown in Table 5.14.
Rises in enploymentin livestock production ammainly found in South and Northwest.

Table 5.14 Allocation of onfarm labor tocropping and livestockby region under baseline
(million full-time equivalent year)

North Northeast East Central South Southwest Plateau Northwest

2003
Crop sector 49.0 96 311 27.2 26.6 39.9 1.0 17.9
Livestock sector 10.6 2.8 4.2 5.8 4.7 104 0.5 41
Total on-farm employment 59.7 123 353 33.0 313 50.3 15 220
2030
Crop sector 33.8 6.0 20.6 18.7 21.2 29.6 0.7 135
Livestock sector 11.4 26 4.1 54 6.5 9.0 0.7 53
Total on-farm employment 45.2 8.6 24.7 24.1 27.7 38.6 14 18.7

Next, we turn to value added. Table 5.15 shows the faane added (normalized to the 1997
price level) of the different land use types and the percentage of farm value added in total GDP.
Before discussing the figures, we should emphasize that we consider in this section only the
incomes from farmingand notthe incomes of farmersr incomes of farm householdwhich

could be much higher due to efirm activities and remittances from migrants. We observe that
total farming value added steadily growing from 1,223 billion Yuan in 2003 to 871 billion

Yuan n 2030, which means a fair increase of 3.2% annually. However, this rate is not enough to
keep up with the neagricultural sector that grows each year with 6.3%. Hence, the share of crop
and livestock farming in total GDP falls dramatically from 9.8% G2 to 4.4% in 20362

Whereas the value added in the crop sector rises slowly at an average annual rate of 2.3%,
reaching 1.8 times the 2008vel in 2030, the value added in the livestock sector will increase
from 369 billion Yuan in 1997 to,240 billion in 2030, amounting to an annual growth rate of
4.%%. Therefore, its contribution to farm value added will rise from 30 to 47 percent, mainly
earned in the production of pork and pouliny.conformity with the trends in output growth in

Table 5.11, theshare of the intensified sector in the earnings of pig and poultry farms rises
significantly, from 28% in 2003 to 55%, henbg more than half, in 2030. We remark that the
negative sign of farm value added in the draught animal system is due to thefabethalue of

the draught animal power for crop production and local transportation is not accounted for in the

25 Farm value added is relatively low in 2003 due to the reduced output and unfavorable farm price of rice and
wheat. The Statistical Yearbook (NBSCa, 2004) mentions for 2003 a higher percentage (13.9%) figure
includes also forestry and fisheries, togetherclose to 3% of GDP.
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table. This exclusion implies that the value added of livestock is underestimated and the value
added of the crop sector is overestimated.

Table 5.15 Farming value addednd its share in total GDP under baseline (bilion Yuan)

1997 2003 2010 2020 2030

Cropping sector 819.2 834.4 1250.3 1481.1 1525.6
Irrigated cropping 498.0 406.9 699.7 819.2 827.4
Rainfed cropping 277.3 3713 477.7 582.5 614.2
Tree cropping 43.9 56.2 73.0 79.4 84.1
Livestock sector 155.4 369.3 568.4 987.0 1339.8
Draughtanimal system -34.0 -23.6 -24.2 -20.9 -14.0
Grazing ruminantfarm 11.9 16.1 19.7 24.7 34.0
Trad. ruminantfarm 2.4 24.4 324 54.0 91.9
Intens. dairy farm 3.7 9.5 14.0 17.9 20.9
Trad. nonruminantfarm 136.8 2453 3231 481.3 549.0
Intens. nonruminantfarm 345 97.5 2035 430.0 658.0
Related sectors 20.3 18.7 14.0 8.9 53
Farming GDP 994.8 12225 1832.7 2476.9 2870.7
Total GDP 7658.6 12484.8 21326.1 39679.6 64768.9
Share of farming in GDP (%) 13.0 9.8 8.6 6.2 4.4

Note: related sectors cover collection of household waste, nightsoil and green feed

By combining Table 5.15 with Table 5.13, wanobtain the value added per farm worker, shown
in Table 5.160n average it growatthe rate of4.3% annuallyabout 3.6% in cropping and 4.7%

in livestock farming.Although less than in neagriculture, these rates are apprecialaad
mainly due to the labor ounigration from agriculture leaving more land per remaining worker,
to the intensification of the livestk sectorand to the expansion of fruits and vegetables, as well
as to the rising prices of livestock products.

Nonetheless, per capita growvhoverall GDP of around 5.8% much higher, which means that

the income gap between the farm and-faom setor will widen in the next three decades\d

suggest that stronger labor outmigration will be required and that development of théamn

sector should extend deeper into rural areas so as to provide sufficidatnofé mployment to

farm family membe s . |l ndeed, the ANew Rur al Devel opmen;
recognizes these tendencies and has, therefore, adopted targeted -eeathBry measures

including abolition of agricultural tax, direct income support, input subsidies, and langases

in agricuttural R&D and rural infrastructure investment to address the profflems.

26 The New Rural Development Program was launched just before the Elevent¥iegiv®lan (NDRCb, 2006).
In fact, its main content coideéhdea wetwhstltée alast ecdwu
can be found ohttp://news.sina.com.cfin Chinese).
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Table 5.16 Value addegberfarm worker, by land use type

1997 2003 2010 2020 2030

Cropping sector 3820 4127 6552 8632 10584
Irrigated cropping 4135 3863 6893 9157 11237
Rainfed cropping 3244 4231 5997 8041 10040
Tree cropping 5148 6173 7545 8197 9013
Livestock sector 4028 8578 12841 20968 29800
Draughtanimal system -6605 -4939 -5778 -6323 -5813
Grazing ruminantfarm 8715 12415 14585 18319 25969
Trad. ruminantfarm 544 5462 6104 8621 13924
Intens. dairy farm 24800 25730 24509 25183 26821
Trad. nonruminantfarm 5438 8898 12512 18950 24829
Intens. nonruminantfarm 14315 21344 28946 42830 56000
Average 3852 4908 7736 11288 15153

Finally, we remark that Table 5.16 clearly shows that the level of value added per unit of labor is
higher in the livestock than in the croppisgctor, and that thgap will increase over time. This
reflects the differences in the amount of capital (buildings, machinery, animals, land) per worker,
leading to a steeper decline of the marginal labor productivity curve in the livestock sectors and,
therefore, to a larger discrepancy between average and marginal labor productivity. The gaps are
large especily for the intensified sectorsut also grazing and traditional pork and poultry appear

to have considerably higher levels of value added peravdtan cropping. For intensified dairy

the development over time is not thatomising in this scenario, due to the gradual decline of
world milk prices and the reduction of import tariff rates that have a depressing effect on the
domestic market pricegs seen already in Table 5.8.

Regarding the regional distribution of value added, the highest growthimatespping are found

in Southwest (2.8%), Northwest (2.6%) and South (2.6%), and the lowest rates in Northeast
(1.6%) and Plateau (1.8%), as canifferred from Table 5.17. As a restiie North region will

keep the largest value added in crop production, but Southwest and South will come close,
leaving East and Central behinflithough these rates may seem rather simileompounding

over thirty years they lead to &alue added in 203that is 2.1 times as high as in 2003 in
Southwest but only 1.5 times as high as in 2003 in Northeast.

The low growth of Northeast is surprising, given the expansion of its irrigated area and its
relatively high rdée of technical progress assumed in the sgendhe question is, therefore,
whether itis due to low output prices, high input prices or shortage of labor (and equipient).
appears thathe trends inlie market prices are relatively uniform acresgions, aswas see
already in Table 5.5, and this also holdsfimmgate prices (not shown here separat€ijence,

labor availability would seem to be the basic constraittthough crop labor input requirements

per hectare are low in Northeast (due te thhort growing season), the baseline scenario

27 Although the farmgate pricéevel of certain crops (rice, vegetables and especially wheat) is lower in
Northeastthn in other regions, this difference cannotexplain the low growth rate.
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assumption of 1.3% annual decline in farm labor, as specified in Table 4.9 following the decline
in rural populationappears to bseverecausingaggregate crop yield® improveonly slowly
between 2003 an?020 and even fall afterwards, in contrast to all other regions.

Table 5.17 Gross value addeaf crop and livestock sectandtotal GDP

1997 2003 2010 2020 2030
Crop sector (billion Yuan)
North 167.2 175.1 264.5 296.6 2995
Northeast 66.7 56.2 84.4 93.2 86.6
East 144.7 138.0 196.6 2295 2325
Central 131.7 123.1 177.0 204.1 212.6
South 123.1 142.9 2215 277.7 282.4
Southwest 122.7 133.7 203.6 258.0 282.8
Plateau 2.6 25 3.4 3.9 4.0
Northwest 60.4 63.0 99.3 118.2 125.2
Livestock sector (billion Yuan)
North 26.9 79.1 1171 205.4 283.5
Northeast 16.2 36.2 52.2 89.0 119.6
East 23.6 49.3 735 1214 160.2
Central 27.8 56.4 85.9 147.7 193.8
South 30.7 60.6 102.6 184.2 240.9
Southwest 10.6 50.1 82.5 148.3 206.0
Plateau 21 3.8 5.7 9.1 14.2
Northwest 175 33.8 48.9 82.0 121.6
Total GDP (billion Yuan)
North 1895 3123 5376 10016 16240
Northeast 725 1091 1711 2884 4321
East 1713 2867 5024 9543 15736
Central 810 1306 2158 3818 5846
South 1287 2204 3996 8117 14382
Southwest 733 1130 1818 3098 4719
Plateau 27 43 71 129 215
Northwest 469 722 1172 2078 3317

With respect to value added in the livestock sector, the largest increases are in Southwest (5.4%),
South (5.2%) and Plateau (5.0%) and the smallest increases in East (4.5%) and Northeast (4.5%)
In 2003, North, South and Central are tlop three largest earners. In 2030, North and South
maintain their ranking but Central is replaced by Southwest.

North is one of the traditional maize production areas. Given this ample availability of home
grown feed, the easy access to imports and itimity of a number of large cities, the North

region is wellplaced tdlift its livestock production. The Southwest region has been known for its

low cost pork production in past decades, but the poor transportation facilities, hilly roads and the
greaterdi st ance from many of Chinads maj or citie
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gradual reduction in transportation costs and the ample availability of farm, ialibe absence
of sufficient noragricultural employment, the livestock sector in this region reitleive a boost

in comingdecades. In the South region, the increase of livestock production is largely driven by
internal demand that actually surpasgssapacity aswasseen earlier in Table 5.5. Finally, we
remark that in Northeast the livestock sector, although also sufferingsitansity infarm labor,

becomesthe dominant contributor toagricultural value added

The maps of Figure 5.2 show hosvop value added is distributeatrossthe countiesWe

observe that the legend classes deéibsolute values irrespective of the size of the cquasy

opposed to per hectare valuds the regional boundarieslso appear othe mapsdistribution of
value added across counties within a region can readily be reat@ih@fupper panedhowsthe

situation in 2003. Themaps confirm thatounties with the highest value addedcrops are

concentrated in the coastal areas North, East, South and in Ce nt&dathevest, but not all over
these regions. The lower panel shows the absolute increases between 2003 and 2030. The picture

that emergess rather differentiated, showing counties with large increases throughout most

regions, intermingled withraas with laver increases. This shows that thesenot a single
outperf or ms

regionbesideghe area around the city of Chonggitige province of Yunnaalso performsrery
well. Figure 5.3 shows the corresponding maps for the livestock sector. In the upper panel we see
that the areas with highest value added are concentrated in the hinterlands of the big cties,

compact Oboomi

ng

areabo

t hat

t

especially in South, East, Central and Southwestrads the lower pangldicatesthat the major

increases from 2003 to 2030 generally take place in subsets of these areas.

Table 5.18 Shareof cropping and livestock itotal GDP(in %)

1997 2003 2010 2020 2030

North 10.2 8.1 7.1 5.0 3.6
Northeast 114 8.5 8.0 6.3 4.8
East 9.8 6.5 5.4 3.7 25
Central 19.7 13.7 12.2 9.2 7.0
South 11.9 9.2 8.1 5.7 3.6
Southwest 18.2 16.3 15.7 131 104
Plateau 174 14.6 12.8 10.0 8.4
Northwest 16.6 134 12.6 9.6 7.4
China 12.7 9.6 8.5 6.2 4.4

Table 5.18 shws the relative importance of farming in each region measured as its share in total

he

GDP.The shares are calculated frorable 5.17. Southwest will retain the highest share in 2030,
but not reaching more than 10.4%f which 6.0% crop and 4.4% livestock. Bit, Plateau,

Northwest and Central follow with shares from 8.5% to 7.0%, while for Northeast, North, South
and East the shares are in the range from 4.8 % to 2.5% only. Clearly, dhesgtw share of

farming value added do not have to be interpretdigs of trouble buttheyreinforce the point

that outmigration has to be significamio highlight the income posttion of the farming activities
we consider in Table 5.19 the value added per farm worker in the different regsaes,ived

from Tables 5.17 and 5.14.

r

e
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Figure 5.2: County level alue added from cropping Imaseline
in 2003 and 2002030 increase
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Figure 5.3: County level value added from livestoak baseline
in 2003and 2003 2030increase
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Table 5.19 Regional valueadded in Yuan per farm workdraseline

1997 2003 2010 2020 2030

Cropping sector
North 3186 3571 5777 7328 8862
Northeast 6368 5880 9561 12257 14389
East 4380 4436 6860 9131 11275
Central 4534 4532 6980 9105 11368
South 4471 5375 8507 11243 13303
Southwest 2927 3351 5344 7438 9558
Plateau 2519 2490 3707 4583 5479
Northwest 3199 3527 5791 7507 9289

Livestock sector
North 2912 7450 10633 17228 24784
Northeast 6675 12964 18985 31235 45824
East 6301 11846 17249 27393 39066
Central 5446 9739 14816 24824 36030
South 7161 12957 20074 30546 36943
Southwest 1075 4803 8065 14781 23021
Plateau 4929 8378 10000 13368 19944
Northwest 5009 8182 10769 15802 23162

Table 5.19would morethan Talte 5.18be a source of concernFor crops, the national growth

rate of 3.6% forthe value added peworker, seen in Table 5.16 above, appears to be rather
uniform across regions. The outlier on the high side is Southwest with 4.0% and on the low side
Plateau with 3.0%. For livestock, the growth rate of the value added per worker, nationally 4.7%,
variesmore. It is highest in Southwest with 6.0% dowest in South with 4.0%. Notieless, in

all regions it is below the growth rate of per capita GDP, withdkception of SouthwedBut

also hee, growth rate are attributable tthe intensified sectorss opposed tthe traditional ones.
Hence, thedangerof increasing income gaps between farmers andfaaners, expresed earlier

at national level would seeto applythroughout China, acrosd regions.

Finally, we mention that th8outh regiorcontrary to theconcerns raised in sectioni relation

to its limited possibilities for expansioof feed outputhas the highegtate ofcropyield increase

of all regions (in terms of dry matter, about 1.1% against 0.6% as national average), whereas in
terms of value added the annual increase of 2.6% ranks third. Also for livestock, output increases
of the livestock sector are among the highest, as seen in bahland although these require
more than a doubling of feed imports, the livestock value added at a rate d.2%, ranking
second. Hence, agriculair developments in the South do not sepamticularly alarmingas
compared to other regions, albehiat the degree of sefufficiency becomes loweMhe main
coneern is, as in all regions, the wideningcome gap with the nefarm sector.
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5.5 Environmental pressure

Expansion of agricultural production creates strong pressures on the environmewd, kahds,
one due to the intensified use of chemical inputs such as herbicides and fertilizers, the other to the
discharge of organic manure and residuals from food processing.

China is the largest consumer of chemical fertilizer and worldwide acclur@® per cent of the
increase in fertilizer use since 1981 (Liu and Diamond, 2005). Though there is significant scope
for improving input use efficiency, the level of crop production anticipated for China in the next
thirty years may require even furthmcreases in fertilizer application. The next two tables report

on the demand for chemical fertilizers projected by the model simulations, as well as on the use
of organic manure. Table 5.20 presents the amounts per hectare and Table 5.21 the absolute
volumes, both by region. The figures are weighted averages of the underlying separate figures for
irrigated and rainfed crop larfd.

Table 5.20 Organic and chemical fertlizer used per hectare, by region,
under baseline (kg/ha)

1997 2003 2010 2020 2030
Organic fertilizer
North 72 76 84 89 90
Northeast 32 32 32 33 32
East 59 61 63 65 63
Central 91 94 99 98 90
South 100 109 123 143 155
Southwest 100 101 106 106 100
Plateau 27 29 42 49 52
Northwest 25 28 34 40 44
China 63 66 71 75 74
Chemical fertilizer

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

28|n Tables 5.20 and 5.21 as well as in Figure 5.4, fertilizer use is measured in terms of its nutrient content, as
the sum of N, KO and BOs. Furthermore, they actually report oarphased (tradable) fertilizer, as opposed to

local fertilizer. Since 10% of organic manure is considered tradable, the real share of organic manure is
somewhat higher and the share of chemical fertilizer correspondingly lower than indicated.



82

Table 5.20 shows moderate increases in the application per hdetarde whole of China, on
average, fertilizer use per hectare of cultivatadlwill increase from 404 kg in 2003 (of which

66 kg organic fertilizer and 338 kg chemical fertilizer) to 450 kg in 2030 (74 kg organic fertilizer
and 376 kg chemical fertilizer). Organic fertilizer applied on irrigated land increases from 97 kg
per hecare in 2003 to 108 kg in 2030 and on rainfed land from 38 to 43 kg per hectare. During
the same period, chemical fertilizer applied on irrigated land increases from 508 kg per hectare in
2003 to 559 kg in 2030, whereas on rainfed land it increases fronto13%7 kg per hectare. In

terms of absolute amounts, the increases are even less since total arable land drops from 125.6
million hectare in 2003 to 116.6 million hectare in 20802003, total chemical fertilizer use in

China is 42.5 milion tons, antwil rise to 43.8 milion ton only, as seenin Table 21.

Table 5.21 Total organic and chemical fertlizer used by region,
under baseline (1000 tons)

1997 2003 2010 2020 2030
Organic fertilizer
North 2127 2156 2275 2370 2335
Northeast 652 659 682 691 657
East 807 810 825 812 758
Central 1088 1089 1103 1073 977
South 1007 1052 1137 1214 1208
Southwest 1842 1837 1874 1854 1723
Plateau 28 30 43 51 53
Northwest 586 630 734 867 936
China 8139 8263 8673 8931 8646
Chemical fertilizer

North 12439 12986 13049 13048 12834
Northeast 4106 4147 4293 4414 4444
East 6984 7042 7064 7042 6867
Central 5293 5322 5528 5774 5971
South 4580 4565 4804 4901 4673
Southwest 5040 5061 5208 5447 5674
Plateau 93 93 87 86 86
Northwest 3346 3296 3303 3307 3258

China 41882 42511 43336 44018 43807
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Figure 5.4: Per hectare fertiizer used at county levebaseline in 2003and 2030
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On the basis of Table 5.20, we can summarize the regional differences with respect to chemical
fertilizer appication as follows. North has high levels (634 and 205 kg/ha in 2003, on irrigated
respectively rainfed land), but the growth rates are below average. In Northeast levels are rather
low (333 resp. 166 kg/ha in 2003), and constant over the simulation pEdstl has high levels

(601 resp. 333 kg/ha in 2003), with growth rate slightly below average. Central has average levels
on irrigated land (525 kg/ha in 2003) and rather high levels on rain fed land (321 kg/ha) and
growth rates are above average (0.7 rés6%). The South has both high levels (580 resp. 346
kg/ha in 2003) and high growth rates (0.9 resp. 1.0%), supplementing the already high use of
organic fertilizer. Southwest applies at moderate levels (421 resp. 205 kg/ha in 2003), but growth
rates arebove average (0.8 resp. 0.5%). Plateau naturally has very low levels (102 resp. 82 kg/ha
in 2003), that even decline over time because the availability of animal manure increases
considerably. Finally, in Northwest levels are low (262 resp. 74 kg/ha0@3)2 whereas also
growth rates are below average.

It is important to note that chemical fertilizer use is far higher in densely populated regions than
in remote areas. Thisnly exacerbates thprevailingenvironmental probles For example, in

1997 theuse of chemical fertilizer already reaches on average 456 and 509 kg per hectare in the
most developed regions South and East, respectively, amduid rise to 601 and 568 kg per
hectare in 2030f one ircludesorganic manure, the amounts will be evsrhéggh as 756 and 631

kg per hectare, awas shownin Table 5.20. The distribution of this pressure over the couisties
depictedin Figure 5.4. The upper panel applies to 2003, the lower panel to 2030. Both panels
have the same legend classéx, ease ofcompaison We observe that in 2003 the highest
applications are found in pockets of the coastal regions North, East and South, and that by 2030
these hotspots have expanded considerably, especially in the South.

High application levels per hectare maad to serious environmental problems since not all
fertilizer applied by farmers can effectively be taken up by crops. In a study related to the
Chinagro project, Ermolieva et al. (2005) present detailed nutrient supply and uptake calculations
showing tha nitrogen (N) uptake by crop and fruit production in 2000 amounted on average to
110 kg N per hectare of cultivated and orchard land. Due to differe nte@gilogical conditions,

the provincial averages vary in the range of 50 kg N per hectare (e.gw8etjthip to 200 kg N

per hectare (e.g. Jiangsu province in the Ed$ig.authorsestimate that crop production in 2000

has taken up about5 million tons of nitrogenin total This compares to applied amounts of
about 24.5 million tons of nitrogen in chearal fertilizer and an estimate d®Bmillion tons of N in

|l i vest ock manur e.overbhdisurtaee, thegnirogenmele&shdi totlae Grvironment
amounts to about 20 kg N per hectare of total land. For Jiangsu and Zhejiang, both in the East,
and Henan and Hubei, adjacent provinces in North respectively Cetttmlyalue reachewell

over 100 kg N per hectargointing to a substantial environmental pressure on soils and
watercourses.

Regarding livestock production, the geographic concentratiod @creasingly intensive
utilization of stable spaces may also cause serious nutrient overioadsirface water,
groundwater and soils, and generate major emissions of meglated gases into the atmosphere
(methane, nitric and nitrous oxide, etc.).eTmanure composition in terms of nutrients, heavy
metals and organic matter depends on a variety of factors, such as livestock category, production
system and feeding characteristics. As an illustrationp@st calculations based on the 2003
outcomes ofded intake by livestock system, estimate the aggregate amount of nutrients produced
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by stalifed and otherwise confined livestock in China to be in the order of 15.5 milliorftons.
This amounts to approximately 114 kg of nutrients per hectare of cultieatédorchard land,

which can be subdivided into 59 kg nitrogen (N), 26 kg phospma¢agured as oxide,Os) and

29 kg potassiumnieasured as oxidé€,0). Pigs and poultry contribute about 50 percent of these
nutrients. When comparing these figures withahepping use of organic manure of Table 5°20,

we may conclude that in 2003 on average about 47%oofinedanimal manure nutrients is
actually applied in cropping. The remaining 53% is a potential source of pollution, unless used
for other purposesin this environmental assessmeihtis assumed that manure from pastoral
livestock is recycled on the grazing land or to a limited extent used as domestic energy source for
heating and cooking.

Applying the same epost calculations to the 2030 baseline outes leads to a nutrient
production in confined livestock systemsasfound17.5 million tons in 2030, which amounts to

136 kg per hectare of available cultivated and orchard land, consisting of 70 kg nitrogen, 31 kg
phosphates and 35 kg potassium. Taimounts to an increase imanure nutrient supply per
hectare of around 20% at national level between 2003 and 2030. As sucdvetiaige growth
percentagevould seem moderatand must be seen in conjunction with the assumed steady rates
of Solowneutral tehnical progress in the livestock sectotdowever, as was extensively
discussed earliethe differences are lardeetween as well as within regiots

To sum up both unused animal manure surpluses and losses in the application of fertilizer (of
chemicaland organic origin) lead to serious environmental concerns, now and even more in the
future. Especially since the geographical variation in the ratios of stable capacities to crop land is
wide, nutrient pressure may be strofgrally, creatinghealth risksto the populationralmost
inevitably. Use of pesticidess likely to add to these problems but we cannot substantiate this
claim on the basis of the Chinagro simulations, since pesticides arnelembified as separate

inputs in the model.

2°The coefftients used in these calculations are reported in Appendix A. For the base year, they are consistent
with the nutrient supply coefficients used in Ermolieva et al. (2005), i.e. 78.0, 11.8 and 1.0 kg per animal per
year for respectively large animals, pigsd poultry.

%0To make an exact comparison, we should undo the shift of organic to tradable fertilizer (+10%), deduct
nightsoil €20%) and make a correction for orchard las¥d4) in Table 5.20.

31 Ermolieva et al. (2005) report a nutrient growth ratenmfre than 50% between 2003 and 2030 at national
level. The difference with our outcomes is largely due to faster increases of the herd sizes of pigs, poultry and
sheep in their baseline scenario.
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6. Resultsfor other scenarics

Here, we discuss the outcomes of gpecifiedvariants of the baselinscenaripand compare
theseto the baselineWe recall that the Chinagro model wassigned as a tool for consultation

on upcoming policy issues rather thanoae that is tightlytailored to a fixed set of issueghe

model producesutcomesthroughnumerous and detailetdbles and mapsA policy analyst in

search of the answer to a particular question will have to consult these so as to follow the chain of
causation from scenario to result. In general the question posed will be rather general, and at the
beginning of the round of simulation exercises more oriented to a subject area than to a specific
policy. The scenarios described insectdbms k s uc h Hpw wilsapaniogup of tratle in

agriculture affect trade, regional distributio
growth i mpact on this?0, and ATo what extent ¢
sector help in addressing theoppb | e ms ? 0 , and, finally, i What aboc

expansion of r ri gation?o.

Every such question can be expressed in a number of scenario runs, each of which produces a
number of tables and maps far too large todq@orted on in full in anypaper In fact, at a future,

more practical stage of model application, the questions will hopefully become more focused, and
the policy packages more specific but at presemtreport on scenario outcomes aseparate
exercise that may highlight the md@e response and future use.

The discussion of results will start withe impactson prices andhationalcommoditybalances
followed by theregional effects onproduction, incomes employment and finally, on the
environment We summarize in separatecsions the main findings of each scenari@de
liberalizationin 6.1, high incomegrowthin 6.2,high R & D in 6.3 andenhanced irrigatiom 6.4
Maps with countyspecific effects are included in these sectionsthettables with numerical
outcomes &, for ease of comparison, presented jointly for all variantg\ppendix B

6.1 Trade LiberalizatiorScenario

The trade liberalizationscenario assumes sarongerreduction ® agriculturalborder protection
thanthe baseline assumption from 20032610, halving the 2003 tariff levelgnd eliminates all
taxes on internationadgriculturaltrade after 2010 Nonetheless, it can only be interpreted as
depicting partial liberalization, because it maintains at thagelinelevel: world prices, pricesfo
specific noragricultural inputsuch as fertilizeeand margins for trade and transportatias well

as production factor availability in agricultureotal farm labor machinery farm landandstable
capacitie}. Allowing for adjustment of world pricesvould presumably dampen the effects
reported, accounting for cheaper ragricultural input costs would make them more favorable
for farm incomesandincluding overall adjustments in factor availability to price changes would
make these effects more poomced.

Since traditionally,Chi nads trade regime in agriculture am
exports of most commodities, liberalization promotes both imports and exports as it leads to a
reduction of prices of imported goodge@etable dj sugar and, especially, miknd after 2010

also white medt whoseproduction drops and consumption increase®l a rise in the price in

exported goodsrice, fruits and vegetabk), whose production increasehile consumption falls.

Most pronouncedsithe effect on sugar, where abolition of protecieads toa significant drop
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in supply, which in combination with an increase in demand causes imports to rise appreciably.
For the ommodities in autarkyn the baselinethe effect of liberalization isot easily predicted

but it appears thavheat and eggs remain in autarkgd ruminant meat is imported but only in
small amountsThe supplydemand balances are shown in Tables BB.3 and the prices in
Tables B.5 and B.&8 whereas Table B.4 expressemsumption of grain and meat in per capita
terms.

Maize had a effectivesubsidyof some 15%on exports in 20080 reduce the high stock leve|s)
keeping prices slightly above world level, which turrefter 2003into a supply deficit with a
limited tariff in the baseline Eliminating this tariff incites increased use and also somewhat
discourages production of maize, leading to increased imports.

Protein feeds and carbohydrates are produced domestically and traded internationally but tariff
rates are mglected in the model for these composite commodifld®ey are used in compound
feeds that compete with maize and various locally produced feeds or grown as fodder or derived
as crop residuals, in which case their feed value only constitutes part ofothecpralue of the

crops they originate from. At the same time, demand for these feeds primarily depends on the
value of the livestock they nourish. Consequently, the effects of liberalization on these markets
are rather intricateThe simulation shows thanationwide,productionvolumesof carbohydrate

feed and protein feed are not affected very much but their intermediate use declines slightly
causing net import volumes g downsomewhat, with about one percartmpared to the 2030
baseline outcome

Overall the net agricultural trade deficit appears to increlage not dramatically from 28.9
billion USD in the baselineto 35.2 billion USD. On balance consumers gain from lower prices:
per capitagrain consumptiomisesfrom 155.0 to 152 kg per year meat and egg consumption
from 77.0 to 79.5g per year and energy intakérom 2828to 2866kcal per dayall in 2030
(Table B.4). National seffsufficiency in grains is hardlgffected, with the rate for rice going up
from 103% to 105%, for wheat constaat 100% and for maizialing from 84% to 82%.

The supply effectssummarized above for the country as a whole geeerallyfound in all
regions with the relativechange in each county depenihg on the magnitudeof the price
impacs andthe substituton possibilities. Figures 6.1L 6.4 show the geographicdistribution of
the effects for four commoditieémaize, sugar, fruit and porkmeasured in thousand metric ton
of output differencein 2030compared to the baseline. Evidently, these absolutenitoaigs of
changeto a large extentependon the importance of thecounty for the production of the
commodity concerned

%2 The market price trends are rather similar across abmsg Therefore, to reduce the amount of information,
Tables B.5 and B.6 showthe prices for only three regions (North, Central and Southwest).
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Figure 6.1: County level maize productiondifferencebetween Liberal and Baseline, 2030
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Figure 6.2: County level sugar pduction differencebetween Liberal and Baseline, 2030




