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Abstract

No matter where it is, cities must find a way towrsustainably. Food security should
not be ignored when assessing the future of oigsciFood for cities will either have to be
sourced from remote locations, or they will haveniworporate their own food-production.
However, it is criticized that transportation ofotb from remote areas contributes to a
variety of environmental impacts, e.g. increasexlafenergy, CO2 emission. It is approved
that an increase in food self-sufficiency rate t@nan effective option to increase food
security and reduce CO2 emission. Recently, loedlifood production—consumption
system strategies have received considerable iattentEurope, North America and Japan
as a means of improving sustainability.

A scientific question is how cities and the lan@a needed to feed them scale in
relation to city population density. Agriculturattavities in the city play a vital role in
provision the food, e.g. urban/peri-urban agria@tBut their products are still not enough
for city need. The concept of ‘city region’ is nesary to consider ‘sustainable city’ because
it integrates city and its hinterland where exigyé agricultural areas. Chinese city based
on administrative boundary is an exact examplecdl ‘region’ which includes urban,
suburban, and rural areas.

Most Asian megacity regions are located in richhadll deltas that have long served as
the “rice-baskets” of their respective regions. Tamest Asian megacity regions are in
China because of large boundary, so Chinese mggagdions make a vital contribution to
Asian (and global) social and economic sustainal@eelopment. Among the Chinese
megacity regions, Tianjin not only has a largeitety, but a relevant large portion of
agricultural areas. So the aim of this study ietaKianjin city region as an example, to
search for the ‘sustainable city region’ from thew point of food production. It hypnotizes
that Tianjin city region will highly depend uponethocal for its food provision generated
from suburban and rural. Food self-sufficiency ($8Rd land areas are two indicators of
localization of food production in city region.

The study was carried out in China’s national @piegion, Tianjin, which is in the
northeast part of the North China Plain and located low-lying alluvial plain along the
mouth of the Hai River (38°34'N-40°15'N and 116B4318°04'E). This area has not only
experienced rapid industrialization and urbanizaffmcluding the famous Jing-Jin-Tang
Industrial Belt), but it also has played a pionegniole as an urban development model for
other Chinese cities. The main objectives of thelstwere (1) to identify the extent to
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which the region’s food consumption depends onllgraduction Chapter 2; (2) to
examine spatial-temporal and functional change® 1893 to 2009 in terms of agricultural
land use and food production in both suburban aral areas of the cityQhapter 3; and

(3) to explore whether the dependence of local wmption on local production could be
improved based on the current trend of agricultlanal use changes, in particular changes
in paddy fields Chapter 4. Furthermore, suggestions for how to promotestiasuable city
region in Asia are discussed in Chapter 5. The rapproaches were food flow analysis,
landscape analysis by satellite image interpretagmd semi-structured and key informant
interviews with local people.

Chapter 2 examines the calculated food self-sefiicy ratio (CSSR) and observed food
flow in Tianjin, divided into three areas (urbanbarban, and rural), as a case study to gain
a better understanding of the extent to which @oreégfood consumption depends on its
local production. The main objectives were to eatenthe self-sufficiency within its
administrative boundary by calculating a self-sdfncy ratio by the formula which is
commonly used in China using statistical data ah lthe city region and local scales, to
explore food flow at the regional scale from thiimation provided by local government
authorities, and to observe real flows of the twionpry types of arable crops (cereals and
vegetables) from semi-structured household intarsiat the local scale. The results show
that Tianjin has experienced a rapid increase i8RCSince the 1980s, and it appears to
have the capacity to support the citizens withenbiorders. By 2007, the CSSR of major
foods were relevant high; cereals were the lowagtgory which was below 100%. Even
with these high ratios, wholesalers, retailers @aoetsumers have chosen to use and
exchange products from distant areas, utilizingorea food flow. Local fresh vegetables
can meet the demand in peak harvest season, facoald still export some to other
Chinese areas to increase revenue; however ireaffom, local fresh vegetables accounted
for only 30% of the vegetable market because ofaality, whereas the other 70% is
supplied by other regions of China. Government irtgzb around 70% of total cereals
consumption, not only for citizens, and also fdress, e.g. stock in case of emergency. All
cereal products consumed by the urban populatiensapplied by other regions. At the
local scale, rural areas have had a surplus ifoadl categories studied since the 1980s, and
suburban areas have a history of high self-suffimyefor vegetables, poultry, and fish.
However, a low degree of locally sourced produetvflivas observed. Most local cereal
crops were consumed in agricultural production sréat 50% of vegetables produced in
rural areas flowed outside of the region and didsapport local consumption in Tianjin.

Local agricultural production is the main driver s#lf-sufficiency and food flow. An
accurate understanding of changes in land areasthendiriving factors, especially the
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cereals and where the CSSRs changed dramaticallyirhportant implications for the
future of localization of food production and pglimaking. In Chapter 3, Landsat images
are used to evaluate agricultural land use chaap#se landscape scale in suburban and
rural areas in Tianjin from 1993 to 2009, basedwao case studies where experienced a
dramatic decreasing CSSR of cereals. The mainndyivactors of the changes were
investigated at the farm scale through a survelpacdl farmers. The image classification
results showed an obvious loss of agricultural Isinde the early 1990s in suburban areas,
similar to what has occurred in other peri-urbagaarin developing countries. Two other
notable trends in land use, which differ from tho§ether peri-urban areas, were observed:
(1) land was converted from the production of tiadal perishable food to cereals, in this
case, from vegetables to maize; and (2) there washifa from cereals to non-food
production, in this case, from paddy rice and m#izeotton. Areas for cereals production
was decreased by 53%. In rural areas, a simildtr fsbin cereals to non-food production
was noted during the study period, in this casanfrice and maize to cotton. Two other
results, which differ from those of suburban arease found: (1) a relatively small amount
of land had been converted from the productioneséals to fresh food, in this case, from
maize to vegetables; and (2) recently, some lasdshdted back from non-food production
to the production of cereals, in this case, frorticzoto rice. Areas for cereals production
was decreased by 60%. Through semi-structured holtsenterviews, a scarcity of water
was noted as an important problem for agricultureTianjin—this was found to be a
primary factor for agricultural land use changehbotsuburban and rural areas. Beyond the
limitation of clean water, suburban farmers hadatust their agricultural activities by
adapting to an insufficient amount of labor and tise of treated wastewater from urban
areas for irrigation. Rural farmers’ activities, wever, were still driven by market
mechanisms and government policies. Changes i pwoduction have accounted for the
trend of food self-sufficiency levels and contriédito the current regional and local pattern
of food flow. Specialized vegetable productionunal areas generated an active flow from
the rural areas of Tianjin to other Chinese regiamsereas the decreased production of
paddy rice was only able to support consumptioth& production areas themselves, so
there was no local surplus to flow locally.

Rice is the principle staple crop in Tianjin, anay aleterioration of rice production
systems would seriously impair food security. liasiag land area is one option to solve
food deficit. Given some paddy fields in suburbarevconverted into developed areas, the
possible to enlarge the production area for locasamption will be only in rural areas.
Chapter 4 conducted a further study in rural ate@xplore whether it would be possible to
enlarge the production area for local consumptiorthis case of paddy rice, to enhance
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food security and develop a more sustainable uroaal-system. Further understanding of
the dynamics of the traditional rice-dominated agiture area was undertaken both at the
county and village level in rural areas throughoenparative study of the planting area of
recent annual crops, precipitation variability, andter flow. The manner in which the
involved stakeholders attempt to cope with and attap constantly changing environment
was also determined through semi-structured andiff@ymant interviews. With limited
water flow from the outside and in response tomebéstoric precipitation variability, local
people adjusted to both year-to-year variabilitd @xtreme events through collective and
individual actions in the short term by changingmnting areas and switching crops. Annual
rainfall and water flow records show that a seriand continuous drought occurred during
1999-2003. The drought compelled farmers to slhaittdy fields to field crops, and some
irrigation and drainage systems were also destroygdsl they switched to less
water-intensive crops (e.g. cotton), the farmerpeaped to be making a relatively
permanent adaptation to water stress, but in sogdonany have become more vulnerable
through worsening pest and disease management dow devel of self-sufficiency.
Although most villagers were willing to replant adrice, shifting land use back to paddy
cropping to adapt to the more recent increasedptaion has not been common because
of damaged irrigation and drainage systems andkadhwillingness of community leaders
to maintain the systems as they previously did.yGartmers in a few villages, which
maintained their properties well and had leaders s#emed aware of the importance of
traditional crops, succeeded in switching backaddy cropping again. Resilience building
is important for local agricultural communities tmprove the self-sufficiency. The
possibility of enlarging the paddy rice productanea will most likely be highly dependent
on local institutions in initiating and supportiaglaptations and participating in collective
irrigation regimes. It was suggested that new tuistinal arrangements including collective
irrigation regimes for rice production is necessargrder to establish localization of food
production.

From this study, in order to apply the localizatairfood production, the priority should
be given to the production of rice which is thenpipal staple food for security. To improve
rice production in Asian city region, it is impantato consider both the climate fluctuation
and collective irrigation regime. Urban, suburbaamd rural linkage need to be
re-structuralized, so that food production in siaur and rural can be fully used for urban
dwellers closed by. To apply the results of thiglgt appropriate spatial boundary/size need
to be considered to define the city region.
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Chapter 1 1

Chapter 1 Introduction

1.1 Background

1.1.1 Sustainable city

No matter where it is, cities must find a way t@wrsustainably (Nature 467, 899;
2010). In fact, there is no agreed definition cfustainable city (Satterthwaite, 1997). The
efforts to measure the level of sustainability @f @re infinitely complex because city
systems are interrelated and are constantly chgn@hoon et al., 2011). Haughton and
Hunter (1994) described a sustainable city as ‘on&hich its people and businesses
continuously endeavor to improve their natural, Itbaind cultural environments at
neighborhood and regional levels, whilst workingtwo ways which always support the
goal of global sustainable development’ (p. 27)eiTdefinition means that the concept of a
sustainable city is a multidimensional one and ed$ated to higher geographical levels. On
the other hand, emphasizing the outcome of the afsdocal resources, both for
consumption and for production purposes, viz. thell of welfare or per-capita income,
Nijkamp and Opschoor (1995) stated that urban mwdike development (USD) is ‘a
development which ensures that the local populatamattain and maintain an acceptable
and non-declining level of welfare, without jeopaidg the opportunities of people in
adjacent areas’(Camagni et al., 1998).

A key component of the sustainable city is a ‘dacunetabolism’ which assures the
most efficient possible use of resources. From tpoiirview of system ecology, cities are
self-regulating systems and may be seen as suganiesms, created for the benefit of
human beings and for sustaining their livelihoodie§ cannot be self-regulating without
maintaining stable links with the surrounding arram which they draw energy, food, and
materials and into which they release their wagtksang and Hsu, 2003). The need for
sustainable, or harmonious, urban development duntquires cities to function with a
circular, rather than a linear, metabolism (UN-Haihi2008). City can be developed more
sustainable by increasing the ability of systent sotieties to absorb and adapt to multiple
stresses, including population growth, urban spralwvhate change/variability and disaster
(Hay and Mimura, 2006).
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1.1.2 Food for the cities

Each city’s “food system” is conceptualized as eg@stystem of production, distribution,
marketing and consumption of goof demanded byditpt Relevant system boundaries for
useful analysis are set respectively at the cityistropolitan limits, at its geographical
hinterland, at the national border and then with riést of the world (Deutsch et al., 2009).
The areas produce surplus foods can supply oteasaand whereas in food deficit need to
get food from other areas to meet consumption (E4uét al., 2009). Food in this context
is taken to mean grains, vegetables, fruit, medk, and fish.

Food for cities will either have to be sourced freemote locations across the globe, or
cities will have to incorporate their own food-puation facilities by such developments as
peri-urban farming (Porter et al., 2011). Currenthpst societies are dependent on distant
food flows through national and international maskand are no longer directly dependent
on local production for food supply (Sundkvist al, 2005). Most basically, the
geographical scaling-up of agriculture is achievénough the intensification and
centralization of agricultural production in regsoravourable to capital accumulation
through industrial agriculture, and the simultareemarginalization of agriculture in areas
less fertile to reaping profits (Kurita et al., ®)0Residents of any given region are no
longer connected with traditional food, mainly hested from the local environment, and
instead utilize products and services of ecosysteceted far outside their local borders.
The large distance, both geographically and irntgtitally, impedes the flow of information
in the food system and blocks ecological feedbamhkgathe whole chain from extraction to
consumer decision (Princen, 1997). It is importantighten the feedback loop between
production and consumption to achieve sustaingtffiindkvistet al, 2001).

Recently, an “alternative food network” (food suppihain) strategy has received
considerable attention in Europe and North Ameaiga means of improving sustainability
(Ilbery et al., 2006; Jarosz, 2008; Renting et2003; Weatherell et al., 2003). It is argued
that in order to make food systems more sustaindble important to avoid a trade-off
between chain links (Gerbens-Leemtsal, 2003). A central notion in this literature is the
idea that food consumed closer to its point of potidn has the potential to provide
economic, environmental, and social benefits iatreh to sustainable development at the
local scale (Chambers et al., 2007; Guptill andking, 2002). In Japan, there are also some
calls for the re-localization of agricultural pradion and food consumption (Kurita et al.,
2009). Many studies have addressed the benefitscaf food chains, such as the union of
both social and ecological aspects of resource thselinkages between rural and urban
producers and consumers and the inclusion of fa¥reeplogical knowledge (Duram and
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Oberholtzer, 2010), an increase of local heteragena the agricultural landscape
(Hinrichs, 2003; Stephens et al., 2003), mainteaavfcphysical infrastructure and public
health (Desjardins et al., 2010), and the poteftialeducing the use of energy and water
as well as greenhouse gas emissions (Coley eR@09; Cowell and Parkinson, 2003;
Sundkvist et al., 2001). Some studies have alswishbat the consumption of imported
goods and services has environmental impacts ier gitaces around the world (Deutsch
and Folke, 2005; Wiedmanet al, 2007). Food localization can also contribute tmwa
carbon society and a green economy due to shoatesgortation rotes (Coley et al., 2009;
Cowell and Parkinson, 2003; Sundkvist et al., 2001)

1.1.3 Agricultural in the city regions

An increase in food self-sufficiency rate can beedfective option to increase food
security and reduce G@mission (Miyawaki et al., 2005). But, a sciectidjuestion is how
cities and the land areas needed to feed them spalelation to city population
density(Porter et al., 2011). Agriculture in theéyas an important way to provide the food
needed. But it is still insufficient by the limitembricultural areas. The concept of “city
region” is necessary to consider “sustainable ciycause it integrates city and its
hinterland. Since the advent of the automobile, rgional city has been the emerging
urban form organizing human activities and settleimmatterns in the Anglo New World
countries. Today, a more appropriate term is regioity as city and region are increasingly
integrated (Russwurm, 1987). The city region is a series ofcentric zones with a cluster
of settlements of varying size and administratilegiance whose inhabitants perform
different roles, composed by municipality and rikattor, 1988).

Few sectors in society have had such profound itepaic ecological systems as the
food industry, ranging from problems of soil erasiand depletion of groundwater in
agricultural areas to emission of greenhouse dasasfood processing and transportation
(Sundkvist et al., 2001). Agriculture and food psian for cities population is the key
function of cities’ areas. Food security should betignored when assessing the future of
our cities (Nature 467, issue 7318; 2010). Whataggculture add to a city’s sustainability?
There is a strand in the urban agriculture litemathat is high on advocacy, and has become
associated in recent times with ideas of food sefficiency in cities at both household and
city-wide levels, of poverty reduction addressetklgowithin urban boundaries, and of
futuristic waste recycling systems that can maxarcity food output in an ecologically
friendly and sustainable way (Ellis and Sumber@8)9

Agriculture also supports other values that haveobe increasingly important in our
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urbanized society: it supports landscapes in what of our historic and cultural heritage
is embedded; it modifies, contains and is suppdsiethe biophysical environment; and it
is associated with open spaces around our cit@¥ributing to the provision of out door
recreational opportunities for the urban populatBryant and Johnston, 1992).

Beyond the immediate benefits of providing freslsnelietary variety and landscape
diversity to urban dwellers, are longer term gadassible from growing food in and around
cities? Agriculture in the cities is concerned witbman-environment interactions and
rural-urban relations in seeking a sustainable feaydevelopment. Agricultural activities
play a vital role in maintaining the sustainabiléyyd conservation of urban and rural
environments. Agriculture sustains both rural andan populations (UN-Habitat, 2008).
Urban agriculture is increasingly practiced by gaor to supplement declining incomes
and to mitigate food and income insecurities (UNsitit, 2008). The sustainability can be
achieved at the scale of city region compared witth

1.1.4 Urban-rural linkage

Sustainable development of regional cities calis/fable regional-spatial strategies that
strengthen the network of cities and their hintedfa(Kidokoro et al., 2008). At present, the
significance of urban—rural interactions has beegll established for sustainable city
development (Gutman, 2007; Lin, 2001).

Generally people living within the hinterland otcily no longer think of the city as a
strange world occasionally visited but as a wothéttis part of their regular lives.
Numerous flows of people, good, money and inforaratintegrate the population and
activities of the regional city. Integration of ies and their immediate hinterlands is a
response to rising incomes, increased mobility imcdeased leisure time associated with
population and employment growth in urban areaschiielogical accessibility in
transportation and communications along with peakohoice has made easily possible the
dispersal of population and economic activitie® istirrounding settlement nodes and the
open countryside (Russwurm, 1987).

According to Overbeek (2009), the term ‘rural-urb@bationship’ may refer to three
different relations between rurality and urbaniBirstly, they are based on the flows
between different places such as between the frimgk or rural hinterland and the town or
urban area; secondly, based on the different ¢eialtbounds of the actors living inside or
outside the rural area. Thirdly, it also pointsthe different functional relations between
actors mainly living and working in rural areas dhd actors living in the rural areas, but
working in urban places(Overbeek, 2009).



Chapter 1 5

Urban, peri-urban and rural food production intesgbrough both resource and output
markets. In classic accounts of the economics ohtion, these markets are mediated
especially by transport costs and the value of Esd resource (Ellis and Sumberg, 1998;
Grigg, 1995). Several classical models anticiplagestructure and adaptation of agricultural
land use near the edge of urban areas. In thec®etiury, Von Thinen stated that the most
perishable commodities and items that are diffitmfransport should be located nearest to
the urban edge because of transportation limitat{@rigg, 1995; Sharp and Smith, 2004).
In 1967, Sinclair proposed that high-value, urbaesded production (e.g., vegetables and
fruits) will exist closest to the urban edge whiened values are higher (Sharp and Smith,
2004).

1.1.5 Chinese mega-city and its agriculture

In recent decades, the number and size of megsscitities of over 10 million
inhabitants) in Asia has grown tremendously. Thentin of these cities significantly raises
their caloric requirements while, at the same timegucing the amount of available
agricultural land through sprawling development. eThlisappearance of potential
agricultural production is exacerbated by the faat most Asian megacities are located in
rich alluvial deltas that have long served as thee“baskets” of their respective regions
(Kurita et al., 2009; McGee, 2008). In-line withethapid urbanization, cities in Asia are
now at a crossroads: will they decline or get betteler the impacts of globalization?

In response to population growth, urbanization, elnttate change, Asian megacities
and agricultural producers are facing complex emges; bio-resources management has
become a prominent area of research as well ampariant policy in agricultural areas
near large cities (Hara et al., 2005; Midmore aaas@n, 2003; Vagneron, 2007). In such
areas, agricultural land management in rural-urfsange is particularly important. The
changing nature of the relationship between rumatl arban land uses has deep
consequences both for human quality of life andth® environment (Kidokoro et al.,
2008).

Chinese megacity regions are larger but with lowybation density on the continent
because of large boundary (Figure 1-1). Chineseaniggregions make a vital contribution
to Asian (and global) social and economic sustddbvelopment.
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/Share of agricultural land in total arezﬁ
(2008)

Area | Agricultur | Pop.
(km2) | alland (mil.)
Beijing 16410 19% 17.8
Tianjin 11920 36% 12.3
Shanghai 8240 20% 19.2
Guangzhou | 7434| 14% 10.2

Source from China Statistical Yearbook (2009),
Guangzhou Statistical Yearbook (2009)
O Size of city
Population density Source from Hara (2007)

Figure 1-1 Mega-city regions in Asia and profile ofour Chinese mega-city regions

The spatial organization of the city region allovikd Chinese city to achieve the goals
of self-sufficiency through the flow of resourcestween the urban and the surrounding
rural under its administration. Traditional Chinesgy was used to highly depend upon
local ecosystem for its food through the flow otaerces between the urban and the
surrounding rural areas. Suburban areas produagetaldes and other non-staple foods to
supply the daily needs of the population of thetr@rcity, and farms in rural areas in the
outer ring, sometimes known as the outer suburbgrevmost of the farmland of the city
region was located, produced the bulk of the cistple foods and cereals grains (Victor,
1988) (Figure 1-2).

In order to guarantee food security, the Chineseveigonent has promoted
self-sufficiency in food production at the city apbvincial levels since the 1949, and until
recently, most provincial governments set a dedlgeal of cereal grain self-sufficiency in
their long-term plan (Lichtenberg and Ding, 2008he accelerated industrialization and
urbanization following the economic reforms of 19548 well as the population increase
have greatly affected agricultural production ardlé (Fan and Zhang, 2002; Huang et al.,
2009). China's cities continue to expand rapidist\racts of agri-cultural land and their
associated villages have already been absorbedh@torban areas (Yang et al., 2010). The
adoption of market principles has resulted in agoamg international restructuring of
agriculture from traditional concept of self-suiincy in cereal crop production to more
commercialized and diversified activities such ashccrops, fruits and aquaculture. A shift
from local self-sufficiency towards a domestic agidbal commodity market is ongoing.
The terms of exchange between the countryside laaity have been going against the
former.
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Urban/ MiX

District administered town / [X
County administered town / £
Village / #}
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Figure 1-2 The traditional spatial organization ofthe agriculture in city region, China

During these four Chinese mega-city regions, Tiargimains much agricultural land (36%)
than others which indicates that Tianjin owns thgh Ipotential of self-sufficiency (Figure 1-1).

1.2 Objectives

This study hypnotizes that Tianjin city region wiiighly depend upon the local for its
food provision generated from suburban and rusésu~ood self-sufficiency ratio (SSR)
and land areas as indicators of localization ofifpcoduction in city region, takes Tianjin
city region as an example of the search for thetanable city region” from the view point
of food production.

This study attempts to identify and analyze the rgmg form of the urban—rural
relationship through examining the role of agriowdt in one of the Asian metropolitan
regions in China, Tianjin. The main objectivesio# study were:

(1) to identify the local and regional food flowdathe extent to which the region’s
food consumption depends on local production an@dsess the relationships between
urban, suburban, and rural areas in the re(firapter 2;

(2) to examine spatial-temporal and functionalnges from 1993 to 2009 in terms of
agricultural land use and food production in botibwgban and rural areas of the city
(Chapter 3;

(3) to explore whether the dependence of locasamption on local production could
be improved based on the current trend of agricallttand use changes, in particular
changes in paddy field€bhapter 3.

Furthermore, suggestions on how to promote a sudild city region are discussed in
Chapter 5 The detailed research framework is shown as Eift8.
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Self-sufficiency analysis

Which food items can’t meet the local demand?
Combination calculated food sufficiency ratio and food flow

SSR

To better understand the actual land areas and their locations for food
provision, it is essential to grasp the agricultural land use change.

Agricultural land use change and driving factors
Why low local production?
Evaluation a set of resources draw by food production ‘

LanL areas

To improve the self-sufficiency level, it is necessary to find out the
limitation for local production related to local condition and problems.

Constrain detection for increasing production area Feefback
How to overcome the constraints?
Local evidences of food production

uoibal Ao (uononpoud pooy
JO UOIeZI[eI0]|) 3|qeurrISnS B SpJemo |

Suggestion

Figure 1-3 Study flow

1.3 Definition of terms

1.3.1 City and city region

On the basis of the Merriam-Webster’s Dictionanyernational Edition, city is defined
as an inhabited place larger or more important théown. Although there is no agreement
on how a city is distinguished from a town withiengral English language meanings,
many cities have a particular administrative, le@al history status based on local law.
Generally speaking, in west sense, city referfi¢oareas where is all developed; however,
in Asian sense, city usually contains continuefiesaéent, including urban, suburban and
rural areas.

For example, in the United State, a city is a mipaidy in the U.S. governed under a
charter granted by the state; also, in Canadag#@n® an incorporated municipal unit of the
highest class (Merriam-Webster, 2004). HistoricaltyEurope, a city was understood to be
an urban settlement with a cathedral (from Wikipgdi

In Mainland China, a city is an administrative dign. There are three types of cities: a
municipality of a provincial-level division (e.gh8nghai or Beijing); a prefecture-level city
is governed by provinces or autonomous regions;aaodunty-level city is a sub-unit of a
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prefecture-level administrative division. No matidrich type, a city usually has associated
urban, suburban and rural. In this study, the @iwiof urban, suburban and rural is on a
basis of local administrative boundary. So, Chirggebased on administrative boundary is
an exact example of “city region” including subumband rural areas where exist huge
agricultural areas.

In this study, a sustainable city region is a aitysigned with consideration of
environmental impact, inhabited by people dedic&tedhinimization of required inputs of
energy, water and food, and waste output of héapaddiution - CG, methane, and water
pollution.

1.3.2 Urban agriculture

Peri-urban regions are the transitional zones lmtwarban and rural areas. Many
peri-urban agricultural areas have been rapidlpsfiamed as urban sprawl has caused
decreases in the area under cultivation (Thapavamdyama, 2008). The peri-urban area in
this study was defined as the suburban areas simokigure 1-2.

Global attention for the phenomenon of urban agiticet has been increasing since the
1990s. Usually, urban agriculture is located witbimon the fringe of a city or peri-urban
area, and comprises of a variety of productionesyst ranging from subsistence production
and processing at household level to fully comnadim@d agriculture (Veenhuizen M. van,
2006; Yang et al. 2010). This definition is partanly based on experiences in countries
where UA (i.e. horticulture, aquaculture, livestqmoduction, and forestry) maybe part of
livelihood strategies of the urban and peri-urbanrpand in which many food production
activities are still based on relatively small-scirming practices by relatively low income
farmers. Such a focus is very much evident for gtann sub-Saharan Africa and the
countries of Latin America (De Bon et al., 2011nyeet al., 2010).

In this study, urban agriculture is defined as ¢ghewing of plants and the raising of
animals for food and other uses under the city adhtnation (city region), and related
activities such as the production and deliverynpiits, and the processing and marketing of
products, including peri-urban areas and its cgside, in China.

1.4 Methodology

The main approaches were food flow analysis, layscanalysis by satellite image
interpretation, and semi-structured and key inforiaterviews with local people.
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1.4.1 Food flow analysis

- Flows of local agricultural production

In order to develop a self-regulating relationsiifh the biosphere, cities will need to
adopt circular metabolic systems that ensure tiéiraang viability of the environment on
which they depend. Adopting circular metabolic flowwill help cities to reduce their
footprint, and thus, their impact on the biosph@feiang and Hsu, 2003). It is vitally
important to recognize the pattern of resource ffown the perspective of sustainable
development. The materials flow approach has inapbrimplications for evaluating the
sustainability of city region development.

The areas produce surplus foods can supply otleasaand whereas in food deficit
need to get food from other areas to meet consomgiDeutsch et al., 2009). Food
production carried out within regions draw on adfegxisting resources (land, water, labor,
waste, energy, etc.) and generates food and nahffows (Vagneron, 2007). Such this
flow directly influences environmental change, oegil ecosystem, agricultural structures
in future and rural-urban sustainability (Prandk&i 2008; Sundkvist et al., 2001,
Sundkuvist et al., 2005). In related to the agrimalt land use, this study focused on the flow
of agricultural products, food.

Food provision is a vital function of agricultureosystem services for consumption
needs. Food production relies on the ecosystemi lhigo impacts the environment. Food
flow analyses can show the ecosystem dependenceramdnmental impacts embodied in
the production process, regardless of where theyganerated. A better understanding of
food flows and the extent to which a region’s foomhsumption depends on the local
ecosystem is important to understand what is swstée both for the food system and the
ecosystem. In this study, food flow refers to thevement of agricultural commodities
from the point of production to the point of finebnsumption; it includes the flow from
rural to urban areas as well as that between regad countries (Hubacek and Sun, 2001;
Swinton et al., 2007).

1.4.2 Landscape approach

- Identify the food production and agricultural damse/cover change

Accurate and comprehensive land use change statistie useful for devising
sustainable urban and environmental planning gfiege It is therefore very important to
estimate the rate, pattern and type of LULC changerder to predict future change in
urban development (Dewan and Yamaguchi, 2009). Satuelies have identified
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agricultural land loss and urban expansion in Tiefsondhalekar, 2007; Haget al, 2010),
but the dynamics of the internal restructuring @fi@ultural land use for production and its
driving factors in the past decade remain unkno®m.accurate understanding of this
restructuring and its driving factors is of crifigenportance to assess food security and
encourage sustainable development in the region.

Land cover in this study was captured by analy$isemotely sensed imagery. An
analysis of the pattern of agricultural land cosleange undertaken by the entire population
of local farmers will indicate changes in the agitieral structure and land use in the study
area. Because annual cropping is the main cropgystem used in this area and crop
rotation is not common, land cover can represett lese on the landscape scale.

1.4.3 Resilience-based approach

- Explore whether the local production could beriaved
The resilience-based approach is one of severdhadst(the other methods include

vulnerability research, ecological economics arngtagnability science) used to understand
the adaption process in systems thinking; this @gogr was designed to understand the
changing dynamics of the integrated social-ecollgaystems (SES), and it can provide
insights into potential management options duringditions of uncertainty and change

(Allison and Hobbs, 2004; Cutter et al., 2008; [E0lR006; ResilienceAlliance, 2010).

The resilience-based approach is one of severdhadst(the other methods include
vulnerability research, ecological economics arngtagnability science) used to understand
the adaption process in systems thinking; this @gogr was designed to understand the
changing dynamics of the integrated social-ecollgaystems (SES), and it can provide
insights into potential management options duringditions of uncertainty and change
(Allison and Hobbs, 2004; Cutter et al., 2008; [E0lR006; ResilienceAlliance, 2010).

1.5 Study areas

The Beijing-Tianjin metropolitan region, China’stimmal capital region, has not only
experienced rapid industrialization and urbanizaffmcluding the famous Jing-Jin-Tang
Industrial Belt), but also has played a pioneeriolg for as urban development model for
other Chinese cities. Tianjin is one of four praarevel municipalities under the direct
control of the central government of China, and ithe gateway to Beijing and northern
China.

The study was carried out in Tianjin, which is e thortheast part of the North China



Chapter 1 12

Plain (NCP) and located on a low-lying alluvial iplaalong the mouth of the Hai River
(38°34'N-40°15'N and 116°43'E-118°04'E). With altpermanent resident population was
12.28 million in 2007 (40.4% live in the urban gred@ianjin is the third largest city in
China and the second largest port city. In econderims, the role of agriculture in Tianjin
is modest. The share of agriculture in the are®@# Gas decreased from 6.1% in 1978 to
2.2% in 2007. Among the permanent population, thenlver of people employed in
agriculture, including in fisheries and animal hastry, fell by 8% from 1980 to 2007.
Agricultural land accounted for 58.7% of all lamd2007, and cereal crops, vegetables, and
cotton are the predominant crops in both suburbdmraral areas (Tianjin Statistics Bureau,
1991, 2008). No agricultural land exists in theaumlzentre, which is entirely dependent on
outside sources for food. Because Tianjin functiassthe economic centre of northern
China and is an international shipping centre andlesignated eco-city, the local
government has not made food self-sufficiency apaicy objective. Food flows and trade
are much greater in this area than in other Chingigs. The whole areas are divided based
on local government: urban; suburban, 7 districtsal, 5 counties (Figurel-4).

The terrain is generally flat and swampy near theest but it is hilly in the far north and
covers an area of 11,760 kmit has a semi-arid monsoon climate, with an ayera
precipitation of about 544 mm/year, about thretdifof which occurs in July and August
(Figure 1-5). Precipitation is also extremely vdrfeom year to year, typically in cycle of
several consecutive wet years followed by sevemasecutive dry years (Song et al., 2011).
The city of Tianjin has an available per capitawoé of water resources of only 1/15 the
national average and 1/50 the world average (Bailamura, 2001; Song et al., 2011). Due
to the rising demand for water caused by indusaral urban development and upstream
irrigation construction, water has become a pronedrfactor limiting development of the
city. As is true with peri-urban agriculture in nyaother countries, the Tianjin region has
suffered a shortage of freshwater in semi-arid ad zones, and treated wastewater from
urban areas has become an important source cdtiorgwater for agriculture in suburban
areas over the past 45 years in Tianjin (Cao g2@05; Shi et al., 2005; Tao et al., 2004).
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Chapter 2 Food self-sufficiency and observed foodofvs

A Dbetter understanding of food flows and the extémtwhich a region’s food
consumption depends on its local area’s productoommportant to understand future
sustainable cities. However the recent rapid dewvetmt of transportation and specialized
production has generated an active flow of food seple must be clear about the degree
of dependence that exists today with respect tauserof ecosystem areas and services.

This chapter examined the food self-sufficiency &l flow in Tianjin, divided into
three areas (urban, suburban, and rural), as astadg to gain a better understanding of
local and regional food flow and of ecosystem panfnce. The main objectives were to
evaluate the city’s capacity for self-sufficiencyithvin its administrative boundary by
calculating a self-sufficiency ratio using statiatidata at both the city and local scales, to
estimate potential food flow at the city scale frdata derived from field surveys of local
markets and statistics provided by local governmaeitorities, and to observe real flows of
the two primary types of arable crops (cereal grand vegetables) from semi-structured
household interviews at the local scale.

2.1 Introduction

Food flow refers to the movement of agriculturalmeoodities from the point of
production to the point of final consumption; itiades the flow from rural to urban areas
as well as that between regions and countries (¢&kband Sun, 2001; Swinton et al.,
2007). Different food production structures and szonption patterns in different regions
may accelerate the trade of agricultural commaglitieabrooket al, 2006), and a
significant change in the flow of food implies thiagional agriculture and agricultural land
use may change (Seabroekal, 2006). A dramatic transformation of regional agtiural
production and land use can also be a main drdastihg to a shift in the flow of food.

Food production carried out within region draws amset of existing resources (land,
water, labour, waste, energy, etc.) and generatetdnd non-food flows (Vagneron, 2007).
Such flows directly influence environmental changegional ecosystems, future
agricultural structures, and rural-urban sustairtghiPrandl-Zika, 2008; Sundkvist et al.,
2001; Sundkvist et al., 2005), and food provis®a vital function of agriculture ecosystem
services for consumption needs (Metzgeal, 2006; Swintoret al, 2007; Verburget al,
2009). The flow of food also influences the useregources and energy and generates
pollution, thereby impacting the environment (Debutsand Folke, 2005; Gadda and
Gasparatos, 2009; Sundkvist et al., 2001). Thezefimod flow analyses can be useful in
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studying ecosystems and associated environmenfealdts, taking into account where the
food was consumed and produced (Deutsch and F20K%; Sundkvist et al., 2001; Turner
et al., 2007). The recent rapid development ofspartation and specialized production has
generated an active flow of food. It is now cldaattpatterns of production, consumption,
and well-being not only develop from economic andia relations within and between
regions but also depend on the capacity of othgions’ ecosystems to sustain these
patterns (Arrow et al., 1995; Folke et al., 1998kE, 2006).

Few studies have examined the characteristics ofl fllows. The most relevant
comprehensive studies have been of food distribuii@svald and Stirn, 2008), food miles
(Coley et al., 2009; Kemp et al., 2010; Sundkvistle 2005), the food web (Rossberg,
2008; Sakka Hilaili et al., 2008), food networksr@3¥a, 2008; Seyfang, 2006), and
alternative food supply chains (llbery and MayeQ20Renting et al., 2003) in Europe and
North America. Studies on the degree of dependemcénternal ecosystems have been
conducted at a national or regional scale (Deugtchl., 2009; Deutsch and Folke, 2005),
but studies at the local scale are few. The spatigk of regional food transportation is not
known with certainty in emerging countries. Therefounderstanding food flows and the
extent to which a city’s food consumption dependstee local ecosystem is important to
understand what is sustainable both for the fostesy and the ecosystem.

In this study we examined the food self-sufficieranyd food flow in Tianjin city,
divided into three areas (urban, suburban, and)ruaa a case study to gain a better
understanding of local and regional food flow aridecosystem performance. The main
objectives were to evaluate the city’s self-suffimy capacity within its administrative
boundary by estimating a self-sufficiency rationgsstatistical data at both the city and
local scales, to estimate potential food flow at dity scale from data derived from field
surveys of local markets and statistics providedidmal government authorities, and to
observe real flows of the two primary types of &atrops (cereal grains and vegetables)
from semi-structured household interviews at thealoscale. Finally, the differences
between the theoretical self-sufficiency capacitg éhe observed local food flows as well
as the ecosystem impacts were considered.

2.2 Methods and data sources

2.2.1 Calculated self-sufficiency capacity

Self-sufficiency depends upon trends in producaad consumption which in turn are
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affected by the individual country’s political emmment. The self-sufficiency ratio (SSR)
measures the extent to which a broad commodity mr@ug. cereal crops, meat, or
vegetables) produced within a given region meegscbnsumption needs of that region
(Cowell and Parkinson, 2003; Deutsch et al., 2009}his study, SSR was defined as the
ratio of local food production to local food conguion for each year in the period from
1980 to 2007 for the suburban and rural region&iajin as well as for the entire area for
each major food categor§iven the historical net imports data were not labée, SSR

was estimated on a amount basiusing the following equation:

SSR = Pain 100
" Cpaiy ’
a,l,y

whereSSR y) is the SSR of agricultural commodityn areaa in yeary; Pda;y) is the total
production (ton) of agricultural commodityin areaa in yeary, andCpa;y) is the total
consumption (ton) of agricultural commodityin areaa in yeary. SSR was calculated
within the whole city area, suburban and rural syead each county, respectively.

To account for differences in consumntion by afeagd consumption for the entire area
was calculated as foIIowsCF?.,y) =Z|:%a,y)c(a,i,y) , WhereP, y)is the resident population in
areaa in yeary, andcg, i y)is the pear capita consumption of produ@h areaa in yeary.
SSRs were calculated for the following major adtimal commodities: cereal crops,
vegetables, eggs, meat (pork, beef and mutton)Jtrgodish, and milk. The total
consumption of cereal crops is the sum of humanl faed animal feed, where the feed
consumption is calculated as meat production midtdpby the following feed/meat ratios
on the basis of Feng (2007): pork, 1.08; milk, @&ultry, 1.6; eggs, 1.9; beef and mutton,
2; fish, 1. These ratios were assumed to be sthlnieag the study period. All data were
collected from annual Tianjin Statistical YearbooRsr capita food consumption was taken
from household survey data of the Tianjin StatstureauGiven Chinese official data,
including production and population statistics, @@exmonly perceived to be inaccurate,
although data quality has improved since the 200@. “calculated SSR” in this study
was paid more attention to its trend and its re¢atialue, not absolute values.

2.2.2 Potential food flow at the city scale

In order to explore the actual flow of food in Tjian four researchers from the Tianjin
Academy of Agricultural Sciences conducted qualieatinterviews with researchers,
government officers, food sellers in open markatg] managers of wholesale markets in
August 2009. Seven government officials were inewred, including two from the
Commercial Committee, one from the Bureau of Cerettiree from the Bureau of
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Agriculture, and one from the Agriculture Committédo one official agency tracks the
flow of food. Rather, each of these agencies woskih different aspects related to
agricultural production, local sales, and food immgdoth within and outside of the region.

The two largest wholesale markets in the centra) @ihe Honggi and Jinzhong
wholesale markets) were also visited and interviewese conducted. According to the
market mangers and local government authoritiesethwo markets supply almost 50% of
all foodstuffs to the central city. The other 508supplied by two other, smaller wholesale
markets, supermarkets that have their own procurearal distribution systems, and local
retail markets. Trade data for most fresh vegetabtdd in the Hongqgi wholesale market
from December 2008 to June 2009 were obtained froanket staff for each type of
vegetable. Data included the daily amount sold @) origin of the product (either local
or from outside of Tianjin), as well as the averalpavest, and highest price per unit
(CNY/kg).

2.2.3 Observation of local food flows at the losadhle

Food flows at the local scale were estimated frtatistical data reported by the Tianjin
Statistics Bureau and a qualitative semi-structigevey undertaken from 23 December
2009 to 29 January 2010 with farm families in thgixg district and Ninghe county, which
represent areas of typical agricultural producfiorsuburban and rural areas, respectively
(Figure 1-5). Several major raw products (wheag,rcorn and vegetables) were examined
in terms of both food consumption and production.

In each area, the villages to be surveyed wereteeleaccording to their distance from
the urban centre, main production patterns, andggs that occurred in the past two
decades. A maximum of three households were randsetécted to be interviewed in the
sample villages. A total of 40 interviews were cocigd in 17 villages in suburban areas,
and 27 interviews were carried out in 17 villagesrural areas. For each selected crop,
farmers were first asked if the purpose of plantieg commercial or for subsistence. If the
farmer replied both commercial and subsistencerg¢bponse was classified as the one the
farmer thought of greater importance. If the farmeplied commercial, the following
questions were asked: “who is the buyer?” and “eiveill the commodities go?” We then
divided the number of “commercial” responses by tibtal number of responses (%) for
rice, wheat, corn, and vegetable farmers, respaygtignd took that proportion as the rate of
commercial flow. We also calculated the share chespe of food produced as compared
to total production of each crop in each area ianjin. The total amount of flow was
estimated for each selected product, as weredhertiutes (Figure 2-1).
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Figure 2-1 Approach used to observe local food flemat the local scale

2.3 Results

2.3.1The changes in food consumption patterns

Growing economies and individual incomes have douted to growing demand and a
shift in food consumption patterns. Meanwhile, aonption patterns were strongly
influenced by the local availability of commoditiegesulting in large regional and
inter-generational differences (Gerbens-LeenedNathebel, 2005).

According to the household survey data from theeyby statistic department, which
can figure out the consumption habit of householdhie form of expenditure, per capita
food consumption showed the changes and largereliifes between rural and urban areas
(Figure 2-1).

In the past three decades, both rural and urbaas aspurred a rapid increase in per
capita consumption for animal products, notably lfppuand pigs, and other high-value
food, such as fish, and oils, whereas a stabileedse in demand for grain. Per capita
vegetable consumption is special, which is alwaygseasing in rural, but in urban area, it
decreased from 148.0kg in 1980 to 123.4kg in 20@7 year. In urban, per capita
consumption on each food item is higher than irumal except the grain. By growing
population either in urban and rural, the totalstanption of food is decreasing, including
vegetable, poultry, fish, dairy and eggs, excepirgr
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Figure 2-2 Per capita consumption pattern change ém 1980 to 2007 (Unit: kg)

2.3.2 Calculated self-sufficiency capacity

The agricultural sector in Tianjin was not selffsuént in 1980, particularly in terms of
beef and mutton. By the 1990s, however, Tianjinraldéad achieved self-sufficiency in
most categories. By 2007, there was a surplus gétebdles, meat, and fish, and the only
category in which the agricultural sector did n@enhdemand was cereal crops (Table 2-1;

Figure 2-3).

500%
400% [
300% |-
200% |
100% | - s
0% 6)
1980 1985 1990 1995 2000 2005 2007
e— Grain —— Vegetables —— Pork Beef&Mutton
—— Poultry ——Eggs ——Fish --- 100% self-
sufficient

Figure 2-3 Ratio of local production to consumption
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In Figure 2-3, the 100% line indicates the levelaich the city can meet its demand
from local production. Commodities shown abovelihe indicate local surpluses available
for export elsewhere in China and then to theoé#te world. Commaodities below the line
indicate a local deficit and the need for impootsrteet local consumption.

Not surprisingly, rural areas have had a surpluslincategories since the 1980s.
Suburban areas have generally had high SSRs fetalglgs, poultry, and fish, but SSRs for
the other categories were generally below 50%.

Table 2-1 SSRs (%) for various agricultural producs produced in Tianjin from 1980 to 2007

Area Periods Cereals Vegetables Poultiy Fish Pork f 8ddutton | Eggs
Suburban| 1980~1989| 29 95 - - 11 - 41
1990~1999( 28 129 123 167 27 26 78
2000~2007] 13 119 157 227 56 33 40
Rural 1980~1989( 163 134 - - 262 - 709
1990~1999| 222 655 2518 286 407 1052 556
2000~2007] 211 833 3576 387 989 957 428
Total 1980~1989( 69 100 86 97 72 17 88
1990~1999( 84 280 170 188 78 74 141
2000~2007| 67 321 277 305 181 145 144

Note: - indicated no production data available

Given thecereal crops was the only commodity which the céty meet its demand from
local production, SSR of cereal crops was calcdlatghin each district of Tianjin to
indentify the area in cereal deficit. The result®wed in the rural areas, Ninghe county
enjoyed a highest SSR in 1980, whilst its SSR bectm lowest among the rural areas;
Xiging district was the only self-sufficient area suburban areas, which experienced a
decreasing SSR along with the other suburban cistiuring the study period (Figure 2-4).
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2.3.3 Potential food flow at the city scale

Local government authorities stated that, aftempttiee of pork was deregulated in 1992,
the increased local demand was met by the rapidrestpn of local commercial feedlot
production, not by the traditional practice of gnaz This change in the method of meat
production allowed Tianjin to change from a net ampr of meat (primarily from Sichuan
Province) to a net exporter to surrounding areasng@oily Beijing and Hebei Provinces).
Almost all large national milk producers have faigts in Tianjin that mainly produce milk
powder and fresh milk, which are sold in Beijinglasurrounding areas. The aquatic food
industry supports the entire city primarily becaak#és geographic location near Bohai Bay.
As for the vegetables, the self-sufficiency andvfldepend on the species and seasons.
During the off seasons, the self-sufficient rattw fegetables only reached to 30%, the
remaining 70% was supported by the south Chinanduhe peak seasons, they can feed
by themselves and export to the north China (TaB)e2

Table 2-2 Local vegetable harvest and flow calendar

Month 12 |1 2 3 4 5 6 7 8 9 10 |11
Harvest Offf seaso Peak Season Off Seaso Peak season
Weather Cold Hot, rainy
SSRs Leafy veg. 30% | > 100% 30% >100%

Fruit veg. 10%
Regional | Import (South) Export (North) Import (North)| Export (North)
flow Export (North) Export (South

According to interviews with managers of the twogst wholesale markets, most
vegetables produced locally are from individuahfars, but they do not produce enough
for urban consumption and trading. The manageteditiis more convenient and cheaper
to import vegetables from outside the region (Feg2w6). The trade data obtained from the
Hongqgi wholesale market from December 2008 to J20@9 showed that local fresh
vegetable products account for a small share of/éigetable market in Tianjin, averaging
only 33% of all vegetables sold during that timeiqe (Figure 2-5). The other 67% was
usually transported from other Chinese regionsutindrade in domestic markets.

Using the self-sufficiency capacity data and thepomses from local government
authorities, researchers and managers of wholesatkets, we mapped the potential food
flows at the city scale as shown in Figure 2-7.e@eproducts were supplied by Northeast
China (e.g. rice from Heilongjiang Province). Veggges, meat, dairy and fish produced
locally flowed to the surrounding area outside @njin, whereas vegetables were imported
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from outside of Tianjin’s administrative boundary.
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Figure 2-5 Average market share of locally producedegetables at the largest wholesale

market in Tianjin from December 2008 to July 2009

Note: the black line indicate the average share

v& §W‘ b Y‘.\"".ﬂ‘:‘g“ k
in August, 2009

Figure 2-7 Local food items which were found in théocal market; eggs produced today from
Xiqing (left); local grape (middle)
Note: the only local rice grown in Ninghe, othersrevimported from the Northeast China
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(right). The red marks indicated that the item ¥vam the local.
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Figure 2-8 Potential food flows at city scale in &njin

2.3.4 Local food flows within the city

As can be seen in Table 2-3 and Figure 2-8, thaseanimited flow of locally produced
cereal grains between rural, suburban, and urbeesaMost rice was consumed where it
was produced, whether in terms of own or otherllocasumption or by being processed in
local factories. Almost all of the wheat producealsveonsumed by the farmers. In contrast,
81% of corn produced in rural areas was sold talléeed factories to be processed into
manufactured feed, or to individual pig farmersngighbouring villages. The remaining
19% was consumed by producers.

The flow of vegetables was more active than thaterkal grains. Rural vegetables
flowed within the rural area and out of the regiarhereas suburban vegetables flowed
from suburban areas to the urban centre. Almost @D%&getables produced in rural areas,
accounting for 50% of total vegetable productioianjin, went to other Chinese regions.
Because of monocultural planting practices in ranaas, a surplus of specific types of
vegetables is produced and traders from outsideéamijin buy the vegetables directly from
the farmers and transport them by truck or traimarily to regions in the north. The other
30% of vegetables produced in rural areas wereurned by rural residents. All of the
vegetables produced in suburban areas (30% of potaluction) were consumed in the
urban centre.
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Table 2-3 Share (%) of local production and producflows
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Suburb Rural
Share of ProductioJ\ Commercial| Subsistence Share of Production Commercial| Subsistence
Wheat 2 30 70 98 0 100
Rice 4 20 80 96 0 100
Corn 9 20 80 91 90 10
Vegetables| 30 100 0 70 100 0
A
50%
—> 20% fe% ADE | [(98%: 9.1% = Suburb
= | T B == Urban
e ep = ke ‘7' Self-eaten
ﬁ I:I Iil D "} Factory Processing
L —» Flows
Vegetables Rice Wheat | | 81:9% Com

Figure 2-9 Agricultural products flows within the city

2.4 Discussion

2.4.1 Calculated self-sufficiency capacity and obse real local food flows

The analyses of calculated self-sufficiency capaaitd potential flow at the city scale
show Tianjin was a net importer of food in 1980,endas, theoretically at least, the only
inflow was cereal grains in 2007. Rural areas halée experienced surpluses since the
1980s, and suburban areas have a history of highlated self-sufficiency for vegetables,
poultry, and fish. The flows of two major local tbdems were observed at the local scale:
(1) most cereal grains were consumed in agricdlfpn@duction areas, and there was little
flow from either rural or suburban areas to theaarbentre, with the result that the bulk of
cereal grain consumption by the 40% of the popuativing in the urban centre was
supplied from other areas of China; and (2) 70%vexetables produced in rural areas
flowed outside of the region and did not suppoanjin local consumption, whereas almost
all of the fresh vegetables produced in suburbaasawere sold in the urban centre, but
they only accounted for about 33% of total locaisiamption.

Despite the predicted surplus in vegetable prodogtTianjin is highly dependent on
vegetables supplied from other areas of China. Mbde, many other Chinese areas
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remain highly dependent upon selling their prodttSianjin. Currently, many agricultural
products are imported from other localities, madsly because of a greater availability of a
wider variety of products and to take advantagewer prices in the national market.

Tianjin is a major consumer of cereal grains, anliberally trades cereal grains with
other major cereal-producing provinces. Local gowent authorities face little pressure to
produce sufficient cereal crops and seldom condider to raise food self-sufficiency or
promote local food production and consumption.dadt the focus is on helping farmers be
more profitable and produce food with high valud gnality, or special varieties to capture
market share in terms of both domestic sales apdrex A focus is also on guaranteeing
stable food provision, especially of rice, as adfeecurity issue, and on providing special
foods, for example, off-season vegetables and sfruib enrich consumer choice.
Government authorities want to create a friendljtipal environment for food distribution
and trade in a free market. Farmers generally dacaee as much about where their food
ends up, but they are concerned about whetherllitseli at a high price. Moreover, it is
also difficult for local consumers to discern tloaice of products.

2.4.2 Local food flows and urban-rural linkage

A low proportion of locally sourced products anovis was observed in this study. The
urban centre clearly depended on areas outsideetfien’s borders for almost 100% of
cereal grains and 67% of its vegetable consumplimtead of using the local ecosystem,
the population in urban and suburban areas us&htiscosystems. The food flow between
the local areas in the region seems separate, mockover, there is a general lack of
communication about food flow.

s 4 e T X i \  ——

Figure 2-10 Local farmer with cargo trike in the maket (left); retailers with car (right)

Approx. 20 years ago, the face-to face interadbietween the producers and consumers
in farm market still occupied the major terms abdomarket; now it became not officially
recognized in the urban area, even forbidden, erigts in the suburban and rural areas.
During the survey, the author found that it wasiiesting to distinguish the local farmers in
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the local markets. The feature of local farmersuides food items in seasons, few amounts,
various types, and transported by cargo trike/bike so on (Figure 2-10).

Fortunately, during the field survey, we observédtt although cereal grains and
vegetables seldom flowed from rural to suburbaagrsuch paddy rice straw flowed from
rural to suburban areas to be used as a coveringe¢p greenhouses at a constant
temperature for vegetable production.

2.5 Conclusions

Tianjin has experienced a rapid increase of caledlaelf-sufficiency capacity since the
1980s, and it appears to have the capacity to stffgocitizens within its borders. By 2007,
the self-sufficiency ratio of major foods reachedrenthan 140%, and in the case of milk,
the ratio was 360%; the only category in whichdlgeicultural sector did not meet demand
was cereal crops. Even with these high ratios,cibhe has chosen to use and exchange
services from distant areas, utilizing regionaldoitow. In the urban area, local fresh
vegetables currently account for only 33% of thgetable market, whereas the other 67%
is supplied by other regions of China. The situati® even worse for cereal grains. All
cereal products consumed by the urban populatiensapplied by other regions. At the
local scale, rural areas have had a surplus ifalhe food categories studied since the
1980s, and suburban areas have a history of hifisigéciency for vegetables, poultry,
and fish. However, a low degree of locally sourpeaduct flow was observed. Most local
cereal crops were consumed in agricultural prodactareas, but 70% of vegetables
produced in rural areas flowed outside of the negiod did not support local consumption
in Tianjin.

Owing to the limited access to historical data émmparative purpose, it was not
possible to estimate changes over time in the amkroutes of local food flows. But it is
possible to explore the main drive, local food prettbn, which will contribute to the food
flow. Next chapter will be focused on food prodaoatiand agricultural land use changes,
and how this may contribute to the current fooavflo
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Chapter 3 Agricultural land spatial temporal dynamics and their

function change

As discussed inChapter 2 local agricultural production is the main drivef
self-sufficiency and food flow. Different food proction structures and consumption
patterns in different regions may accelerate thdetrof agricultural commodities, and a
significant change in the flow of food implies thragional agriculture and agricultural land
use may change. A dramatic transformation of regiagricultural production and land use
can be a main driver leading to a shift in the floinfood. This chapter tried to understand
the food production structure first, then to evéuacent structural changes in agricultural
land use at the landscape scale in suburban aablangas in Tianjin from 1993 to 2009,
based on two case studies where experienced theaticadecreasing SSR during the study
period, and to understand farmers’ decision-makiaelgavior of these changes at the farm
scale.

3.1 Introduction

In response to population growth and urban devetspmagriculture in peri-urban
regions has become an increasingly important palmycern, particularly in light of the
rapid growth of cities and other urban centerseuedbping countries (Huang et al., 2006;
Sharp and Smith, 2003; Thapa and Murayama, 200§p&ran, 2007; Yang et al., 2010).
Agricultural land use changes in peri-urban areaghmportant food security implications
for neighboring urban populations, as well as fesigning sound environmental planning
and management programs and for creating sustaifigelihoods for local communities in
urban-rural fringe areas (Liu et al., 2005; Tortésa and Rodriguez-Sanchez, 2008).
Although a number of researchers have describeccdheersion of agricultural land to
nonagricultural uses in urban fringe areas (Dewath ¥amaguchi, 2009; Tan et al., 2005;
Xiao et al., 2006), few have distinguished spattalictural changes and the driving forces
for the changes within the agricultural landscageafd Yeh, 2004), both in urban fringe
areas and in city’s countryside.

Some academics have acknowledged that agricultarglscape components and the
magnitude of change should be related to the faymaystems’ structural influences on the
regional landscape (Mander and Jongman, 1998; §direa and Rodriguez-Sanchez,
2008). The examination of farmers’ decisions hasnbeecognized as a helpful way to
understand agricultural changes at the rural-urbtarface (Kizos et al., 2010; Sharp and
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Smith, 2004). Decisions at the farm level includlen@nagement practices, including the
type and intensity of inputs and the land covend_ase decisions and landscape changes at
the farm scale are driven by many different factatsich are often related to the economic
efficiency of the specific land uses and otheradssues (Kizos et al., 2010).

This chapter aimed to quantify recent structuranges in agriculture land use in the
Tianjin’s countryside and explore whether markethamisms, land use policies, or other
environmental factors have been the primary driviegors in farmers’ decision making.
We interpreted Landsat images from two periods laracterize temporal patterns of
agricultural land cover from 1993 to 2009. The @yndriving factor of the change was
evaluating by interviewing local farmers. The u$erop inputs and treated water was also
evaluated to better understand farmers’ decisiokimgabehavior. Two case studies were
chosen where experienced the dramatic decreasiRgiB8fhg the study period (Fig. 3-1).

Changing rate of
CSSR (cereals)
<075
10.75 --0.50
= 0.49 -0.00
->0

Figure 3-1 Study areas

3.2 Agricultural processes at the city scale

3.2.1 Profile of Tianjin agriculture development

In consequence of increased trading and the av#yatf natural resources, agriculture
in Tianjin has experienced a profound structurange during the past three decades. This
is reflected in the decreasing of share of plaftivaiion, and increasing of share of fish
and animal husbandry. Decreasing sown area of packlyogether with increasing of corn,
cotton and vegetable are notable in plant cultvatespecially cotton. Livestock, poultry
and aquaculture are currently growing faster tihamrest of agriculture. The area devoted to
cropping has decreased from 431.5km406.0km (1990-2007), or nearly 6% in 17 years;
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while, the planted area has decreased from 549°%ck#84.0 krf during the same period,
more than 21%.

The most rapidly increasing crop in Tianjin is wvathh doubt the cotton, whose
cultivation areas have grown from 10.4%im 1990 to 67.5 kfin 2007, for an increase of
549%:; the second one is vegetable raised by 25%h 0.8 kni to 63.4 kmi. The
dramatically decreasing crops are rice, wheateffidtly 63%, 28%, respectively).

The cereal production amount decreased 22.0% fr&® rhillion ton in 1990 to 1.47
million ton in 2007(wheat, rice dropped by 21.9%,.8%, and corn raised by 15.0%).
Vegetable grew by 2.3% which means there has befactlme of 18.0% in the yield per
hector (although we doubt there are some statstiblems according to officer from
Tianjin Agriculture Committee). Extraordinarily, asistic records have shown that the
agricultural productivity of cereals (average yigler hector) has been growing, which are
1.2 times larger in 2007 than in 1990 (as wheag,rcorn are 1.08, 1.32 and 1.09 times
larger, respectively) (Tianjin Statistics, 1991030

3.2.2 Agriculture specialization index analysis

The specialization index§l) is generalized to understand agricultural prodact
specialization, which is calculated as follows:

o= (30 73

where X; is the amount of agriculture productipnin countyi . The range of index value
lies between 0 and positive infinity. If the indeguals unity, the share of the courisy
production in producf is identical to its share of productipm total agriculture products.
Accordingly, if the index value is greater thantynit indicates a relative specialization of
the country in produdt. If it is less than unity, the respective speggation of each county
in a given production is weak. The dynamics of @gtural products specialization are
analyzed at the district level from 1990 to 200@r Bach of the twelve districts, data for
area and output are compiled for partial product&ls and vegetables (as land), meat,
poultry, milk and agquaculture (as output) (Figus2)3

The results showed the pattern of specializatidierdi according to their location and
urbanized level. The pattern change of speciatimaimplies that agriculture process is
connected with urban regional development. Cerdahtpd became concentrative in
specific counties; vegetables cropping expandedirtal area with a decline in urban-rural
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interface; the movement of poultry production olusburban can be seen as well.

Tianjin has a long history of growing vegetablespsinof which are in suburban
(because it closed to the consumption area). Cueyraoblery, pepper, tomato and Chinese
cabbage are the most four vegetables, each ones gnone than 7000ha. Recently, in order
to compete with other city, a complementary areago¥ernment support concerns
investment aimed at increasing the off-season gupplvegetable, flattening price and
species seasonality. Main areas for cropping cemealnorth rural counties; cotton are
grown the same area as cereal except mountaineas ar
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Figure 3-2 The pattern of specialization from 199@ 2007/2005

3.3 Methodology

3.3.1 Two study cases

Tianjin consists of six inner urban districts withoagricultural activities, five
surrounding suburban districts with agriculturatiates, and four rural districts. For the
purpose of the study, the area was divided intamrbuburban, and rural areas (Figure 3-3).
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Two areas were selected as case studies to statigefeuburban areas (Xiqing district) and
rural areas (Ninghe county) in Tianjin. Annual quop is predominant in both two case
areas, although multiple cropping of vegetablesmmon.

Xiqging is a typical suburban district southwestToénjin with a population of about
336,200 people; almost 30% of the population dagsemgage in agricultural activities.
Several canals, drainage channels, and naturasniua through Xiging.

Ninghe is typical rural area, the major land usethis county is agriculture, and
agricultural land accounts for more than 55.6%haf area. Irrigated paddy rice, corn and
cotton are the primary crops, particular plantintgpeal traditional brand of rice named
“Xiaozhan”. Given its chewy texture and nutty flayd has been known as a geographical
indication in China. There are two main rivers through Ninghe, Ji Cancle and Chaobai
River.

X7
: ’////4/ City center
// 2 Suburban
i {5 Rural
! ///A [ Study area

Figure 3-3 Two study areas

3.3.2 Definitions and research structure

Farmers are important agents in urban-rural lanmscaanagement because they modify
the land cover to suit their needs. Therefore, égmctivities represent some of the most
significant contributions to land cover changegshat landscape level (Kristensen et al.,
2001). Land use on the farmer scale was obtainea fiyrvey of farmers, which included
qguestions on crop arrangements and farm inputsfarhe survey should allow us to gain a
better understanding of factors that influence fmshdecision-making about cropping
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activities.

In the first stage of the analysis, we investigdtet cover changes during the study
period (1993-2009) to quantify cropping patternrgfes at the landscape scale. We then
analyzed the main factors farmers considered whanging crops. In the third stage, we
applied the standard economic assumptions of ratioehavior and profit maximization to
farmers and their land use decisions. We invest@g&ariable inputs, costs, and profit of
each crop (or land use type) at the farm scalestonate and assess the factors that
influenced farmer activities as well as currentdibans and historical changes. Because
agriculture is strongly influenced by the availapibf water(Olesen and Bindi, 2002), we
also analyzed the use of irrigation water.

3.3.3 Detecting agricultural land cover changes

Remote sensing provides an efficient tool to map-gdan agriculture and monitor
long-term land cover changes. At a medium resalutib30 m, Landsat Thematic Mapper
(TM) and Enhanced Thematic Mapper (ETM) data enatdeping of important crops and
primary cover types (Gao et al.,, 2006). A singléeltitge image from Landsat was
inadequate to identify all of the required land asé crop categories (Birnie et al., 1982);
some researchers have noted that mixed pixels neaya bproblem in pixel-based
classification if land cover variation occurs withb-15 m, which can be the case with
small-scale peri-urban agriculture(Forster et a010). A segmentation algorithm is a
bottom-up region-merging technique that takes shiaxéure, and spectral information into
account to attempt to overcome the problems aassativith pixel-based methods (Bock
et al., 2005; Munyati et al.)Yet al, 2006; Munyatiet al, in press). Limited data were
available because land cover and peri-urban agmireumapping of large areas using a large
number of images and high spatial resolution wasaramst-efficient approach for our study.
Instead, we applied an approach that combined bmiiman interpretation and
machine-based segmentation to ensure mapping agcufhe detailed processes are
described in the following sections.

(1) Image collection and preprocessing

Three Landsat images (Path 122, Row 33; cloud-inee selected to classify the study
area, one from 15 June 1993 (TM), the other fro®eptember (ETM) and the third one
from 30 August 2009 (TM). Ancillary data layerscimding a Japan Earth Resources
Satellite-1 Very Near Infrared Radiometer imagenfr8 September 1992, an IKONOS
image from 20 November 2000, a Quickbird image frbtnJanuary 2004, and Google

Earth images were also used to aid in Landsat inraggpretation and quality control. The
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June 1993 Landsat5 TM image was taken when theypadklhad been planted and the soil
was saturated by water; the other summer cropsalsdbeen planted. In the September
2001 image and August 2009 image, most of the anepe near harvest.

Landsat images were received from the U.S. GeddbgRBurvey with geographic
coordinates WGS_1984. High-resolution images wetaioned from DigitalGlobe. Because
there was no ground control point or relief geerefced map, image-to- image correlation
was conducted in terms of relative geometrical emmu ERDAS Imagine 9.3 was used to
create image subsets. The preprocessing did nhidme@ither atmospheric correction or
topographic normalization.

(2) Segmentation

In this study, eCognition 4.0 was used to segmemdges into disjoint, spatially
continuous, and homogeneous regions that referganmgful objects in the real world
(Bock et al., 2005; Pekkarinen et al., 2009). Mrggolution segmentation was applied
because it generates objects that very closelymaleeground features. The segmentation
parameters were defined as follows: layer weighdgevget to 1, scale to 8, shape factor to
0.3, and compactness to 0.8. Finally, the imag&iging was divided into 15,048 objects
with consistent shapes in 2009, 15479 objects @l2&nd 14,175 objects in 1993, the
image of Ninghe was 23760 divided into objects witmsistent shapes in 2009, 33019
objects in 2001 and 27194 objects in 1993.

(3) Classification

Classification of segmented objects was performedially to ensure the highest
accuracy. To support the visual interpretationugebtruth data were collected in August
2009 and January 2010. A PhotoTracker (GISTEQ) wgesl in the field that integrated
photographs with precise location information foture reference in Google Earth. During
the field survey, large parcels or plots correspagdo different land cover types or crops
were selected for identification and recorded i phinted images. A total of 177 ground
truth sites in Xiging and 241 in Ninghe were caiégtto reduce the uncertainty. Interviews
with local residents were conducted as well to iconpast land covers in 1993.

A hierarchical classification system of four majéend cover categories was
distinguished from Landsat TM/ETM+ data: agricudiuareas, built-up areas, water bodies,
and others. The land cover class of primary intemeghis study was agricultural land,
which was further subdivided into six classes: yadde, maize, cotton, vegetable fields,
orchards, and fish ponds. Built-up land includedamr areas, rural settlements, and other
similar areas (e.g., roads). Water bodies includests, canals, and reservoirs. Other areas
included areas with bare soil and reeds. A crogtiat of winter wheat-summer maize is
still practiced in some plots, but given the snaka affected, we omitted it in the land
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cover mapping and included those areas in the Anmaiae cropping category (Table 3-1).
ArcGIS 9.3 was used to interpret the data at aamatale of 1:100,000, displayed with
bands 4 (near infrared), 5 (shortwave infraredyl ar{red) shown as red, green, and blue,
respectively. To facilitate assigning attributidossegmented objects, a point was manually
added inside each segmented object in a new @yet.IThe points and segmented polygon
layer were spatially joined where the polygon feataompletely contained the selected
points with the same category by using the progsaselect feature by location tool. A
value was then assigned to the selected polygotieiattribute table. If there was a mix of
crop types on one object, the object was classdgethe dominant land cover in all cases.
All land cover patches smaller than 0.4 ha weregetmwith surrounding dominant land
cover patches. Thus, spatial features consistingess than approximately four Landsat
pixels (corresponding to a 60-m-wide square) wetenmapped.
(4) Change detection

Post-classification comparison was used to deterroiranges in land cover from 1993
to 2009. An overlay of two classified polygon layaevas done in ArcGIS 9.3, in which all
polygons from both classified layers were splittlair intersections and preserved. A
transition matrix analysis was then conducted talyae the spatial distribution of land
cover changes from 1993 to 2009. The rate of chamgealso calculated.

3.3.4 The farming survey

A quantitative semi-structured survey was underiakem 23 December 2009 to 29
January 2010 in Xiging and Ninghe, additional oraswarried out from 6 December 2010
to 29 December 2010. The survey focused on farmachexistics, reasons for land cover
(crop) change, and types of inputs used. The sad/ejllages were selected according to
the distance from the city center, main productpaiterns, and changes that occurred
between the two study periods. A maximum of threeseholds were randomly selected to
be interviewed in the sample villages.

Agricultural inputs include materials, labor, teology, and other resources (Shriar,
2000). The amount of inputs used per hectare wisrdmed at the farm level on the basis
of the interview. Three inputs were quantified: @img expenses (CNY Hg?), labor
(days hdy™?), and water (mhha'y™). Operating expenses included seeds, organic iaater
chemical fertilizers, pesticides, rent paymentsci@ery and fuel costs, irrigation, and
hired labor. Labor inputs were unpaid work daysrfrfamily members or others. For each
type of input, we determined both the amounts umed the cost incurred by farmers.
Finally, we estimated and ranked the average armusalof each crop.
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Farmers were asked whether land use (crops plahgetifhanged since the early 1990s.
If the response was yes, the farmer was asked &ive ieason for the change. If the answer
was no, the farmer was asked the main reason dotipfy the current crop. We totaled the
responses to determine the main driving force st ghanges as well as the reasons for
current land use. Farmers were also asked wheliegr faced water shortages or water

pollution problems.
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Table 3-1 Land cover interpretation key

Land cover class Texture Tone Descriptions Example
Paddy field Medium fine Dark red -
Maize Coarse Brown Texture varies with regions -
Agricultural land  Cotton Fine Yellow ; 1
Vegetable field Coarse Blue and brown  Mixed; located along withdheal or rural settlement areas fn
Fish pond Fine Blue to purple With rectangular ghap -
Built-up areas Mottled Highlight blue Rﬁ
Water surface Fine Dark blue Smoother texture fisnpond -
Others Medium fine Green e

Image acquired on September displayed with bamdr(infrared; NIR), 5 (shortwave infrared; SWIRH® (Red) as R, G, B
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3.4 The suburban areas: a case study of Xiging dist  rict
3.4.1 Agricultural land cover changes

Land cover changes and transition rates are pesémtFig. 3-4 and 3-5, respectively.
The area of land being used for agricultural puegasecreased by 17.3% during the period,
although agriculture was still the dominant coveasss in 2009, accounting for 50.8% of the
total area. About 44.0% of newly built-up areas2®09 had previously been used for
agriculture.

Paddy rice cropping accounted for 11.0% of theystea in 1993. Paddy fields had
declined by 89.2% in 2009, 38.0% of which was tfamsed to built-up areas, 20.1% to
cotton, 19.5% to maize, and 11.8% to fish ponds28§9, paddy rice cropping was carried
out only in four aggregated plots. In 2009, orcsandd also decreased by 60%, vegetable
fields by 49%, and maize by 38% as compared to .1888versely, the area under cotton
production grew rapidly, occupying 23.6% of theatadgricultural land in 2009. Planting
areas for cereals production decreased by 53%.

Some spatial shifts in agricultural land types @éstble within the study area over the
time frame of study (Fig. 3-6). The land cover mlsition maps show that crop cover
dominates in the western and southern parts ofstney area, but agricultural use
(particularly paddy rice fields) decreased in thstern and central parts, which are closer to
the city center. Agricultural land in the southnisde up of large plots that were primarily
occupied by paddy and maize fields in 1993, buse¢hareas were largely converted to
cotton by 2009.

Vegetable fields are more common in the westera ateng the south canal, which is
part of the longest artificial canal in China, ipldts that existed in 1993 near the city center
were converted to urban uses. Seven industrialspagte built in this area during the last
two decades, and they have expanded toward eaehaslpart of the larger urban sprawl,
leaving only parcels of agricultural land in thi®@a Most plots along the canal that were
classified as maize in 2009 had been vegetablgsfial 1993.
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3.4.2 Household agricultural land use

A total of 40 interviews were conducted in 17 \gis. The farmer characteristics in the
study areas are presented in Table 3-2. The avagegef interviewed farmers was 54 years,
and 27% of the farmers interviewed were over 60syedd and still engaged in full-time
farming. About 30% of interviewed farmers had ofjodas to supplement their incomes. Per
capita farming income in the study area was highan the rural average (5310 vs. 4039
CNY y*), and per capita non-farming income was also higfien the rural average (7443
vs. 5768 CNY ). The total per capita income was less than tharuaverage (14,753 vs.
21,402 CNY ), however. The samples therefore seem to be remats/e of people living
in urban-rural fringe areas.

Table 3-2 Farmer characteristics in Xiging

Mean

No. of villages 17

No. of interviewees 40

-Female 10
Average age(years) 54

Farming income (CHY¥ 1) 5310

Non-farming income(CH¥ 1) 7443
Average property size (ha) 3.3
Average farm size (ha) 1.7

-Cost to land lease (CNNa'ly'l) 4625

The current average planted area of rice and ctyandividual farmers is larger than
1ha in the study area, whereas the average plamntedfor vegetables, maize, and fruits are
relatively small (Table 3-2). Vegetable farmersvgr@5 different species on average and
harvested 2.9 times annually.

The main reasons given for the current croppingepatand crop choice at the farm
level were local custom, self-consumption, cropfitability, available labor, and physical
characteristics of the fields (e.qg., soil typeldisize, and available water; Table 3-3). Of the
40 farmers interviewed, 15 (37%) had not changegsciduring the study period; 11 of
those 15 are commercial vegetable farmers and tther d are subsistence farmers. The
remaining 25 farmers (63%) changed their land usghe 1990s. The two most common
reasons for the change were “preferred to reduma’lg9) and “compelled to change from
paddy rice due to water shortage” (8). Other remsonoluded water quality, profitability,
and urban development (Table 3-3).
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Table 3-3 Crop profiles in Xiging in 2009

Crop Yield Plant area(ha) Labor Expenses Irrigation  Net income Reason for cropping
(t ha'y™ (days hdy?) (CNYha'yh) (m°’haly?®) (CNYha'y™h)
Rice 1 6.8 2.7 56.3 11,250 7,200 4,800 Historydlage consumption (1/1)
Maize 15 5.6 0.2 30.0 2,109 120 8,159 Home consumption(GxEgnsive labor(7/15)
Tolerant to saline soil and scarce water (1/2),
Cotton 2 29 1.3 97.5 11,250 0 6,803

Vegetables 18 56.7

Fruit

5

41.3

Profitable (1/2)
0.2 2025.0 61,140 4,997 218,160 History (1R/i@fitable (3/18)
0.4 150.0 11,250 1,800 41,000 Praoftdb/5)
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(1) Agricultural land use change in the past N

a. No change 15

b. Changed and the main reason was: 25

-Developed 2

- Internal agricultural change 23
Labor Water scarcity Water quality Profitability

R—-C 2 1

R—M 6

V—-M 5 1

F—M

M—C

M—F 2

Total 9 8 2 4

(2) Current water quantity

a. Water shortage 2

b. Satisfies basic irrigation needs 17

c. Completely satisfies irrigation needs 16

(3) Current water quality

a. Irrigation water is clean 7

b. Irrigation water is polluted 26

c. Irrigation water is saline 2

Note: N, number of respondents:# planted by migrant farmers; R, rice; M, maizecGiton; V,

vegetable; and F, fruit.

3.4.3 Profit, operating expenses, and labor input

The results of the economic analysis showed thgétadles were the most profitable crop,
generating a net income of 218,160 CNY*yi& The second-most profitable crop, fruit,
generated a net income of 41,000 CNYyi§ less than one-fifth that of vegetables. Rice
farmers had the lowest net income (Table 3-3).

Vegetable farms also had the highest cost, andenfaims had the lowest. Rice, cotton,
and fruit farms had roughly similar operating co3tee main cost of producing rice and
cotton was the rent of land, whereas the main cbgirowing fruit was the purchase of
pesticides.
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Vegetable farmers used the most family labor (20@% hay™), and maize farmers used
the least (30 days Hg™). If the cost of family labor is included at thanse payment as
hired labor, the operating expenses rank orderrbeswegetables, fruit, cotton, paddy rice,
and maize. Figure 3-7 showed that elder vegetalbhedrs worked in their green house.

T

Figure 3-7 Elder vegetable farmers worked in theilgreen house

3.4.4 Water use and pollution

Paddy rice consumed the largest amount of irrigatvater, with an annual average of
7200 nt ha’. Vegetables were the second largest consumerigsdtied water (4997 frhal),
whereas cotton did not require irrigation and mdiae a fairly low demand for irrigated
water (Table 3-3). According to the intervieweesthbsurface water and groundwater used
for irrigation are free; farmers only need to pafea for electricity to pump the water in
some cases.

When farmers were asked whether they currentlydfacserious water shortage, only
5% (2/40) said they suffered from water scarcityg 0% (16/40) had direct access to as
much irrigation water as they needed from a canaler. The remaining farmers accessed
water from drainage channels or wells. A majorg/40) of farmers, however, noted a
problem because of a lack of access to clean WEdbie 3-4).

3.5 The rural areas: a case study of Ninghe county
3.5.1 Agricultural land cover changes

Land cover changes and transition rates are pesémtFig. 3-8 and 3-9, respectively.
The area of land being used for agricultural puesosonverted a little to un-agricultural
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land during the period, agriculture was the domir@ver class in 2009, accounting for
70.0% of the total area.

Paddy rice cropping accounted for 36.0% of theystuea in 1993. Paddy fields had
declined by 70.1% in 2009, 53.4% of which was tfamsed to cotton and 15.5% to maize.
By 2009, paddy rice cropping was carried out onlg2® of the study area. In 2009, maize
had also decreased by 19.6% as compared to 1998/e(ely, the area under cotton
production grew rapidly, occupying 44.2% of theatagricultural land in 2009. Vegetable
had also increased by 47.6% during the period. tiRgirareas for cereals production
decreased by 60%.

The land cover distribution maps show that tiele area is dotted with built-up areas
consisted by towns and villages, vegetables doewhtte northeast. Compared with 2001,
the paddy field got increased until 2009(Fig. 3-10)

. i

Cotton

Figure 3-8 Land use changes from 1993 to 2009 inrigihe
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Figure 3-10 Land covers in Ninghe in 1993 (left),@D1(middle), and 2009 (right)

3.5.2 Household agricultural land use

A total of 78 interviews were conducted in 30 \gks. The farmer characteristics in the
study areas are presented in Table 3-5. The avagegef interviewed farmers was 51 years,
and 26% of the farmers interviewed were over 60setd and still engaged in full-time
farming. About 43% of interviewed farmers had otjodas to supplement their incomes.

Compared with the case of Xiging in peri-urban are¢he current average planted area
of each crop by individual farmers is smaller thHHma in Ninghe, whereas the average
planted area for vegetables and Maize are larger Xiging (Table 3-6). Vegetable farmers
grew 2.75 different species on average and ha@stetimes annually.

The main reasons given for the current croppingepatand crop choice at the farm
level were crop profitability, self-consumption,agable labor, governmental promotion,
and physical characteristics of the fields (e.gw-lying; Table 3-6). Of the 78 farmers
interviewed, 8 (10%) had not changed crops dutiegstudy period; all are subsistence rice
farmers. The remaining 70 farmers (90%) changen lwed use since the 1990s. The two
most common reasons for the change were “comp#dledhange from paddy rice due to
water shortage” (8) and “change to vegetables tochmse more profit”. Other reasons
included government promotion, rotation, water giyuahnd available labors (Table 3-7).



Table 3-5 Farmer characteristics in Ninghe

Mean

No. of villages 30
No. of interviewees 78

-Female 21
Average age(years) 51
Farming income (CHY V) 15318
Non-farming income(CHY V) 23904
Average property size (ha) 0.62
Average farm size (ha) 0.84

-Cost to land lease (CNY Hg?) 4020

Table 3-6 Crop profiles in Ninghe in 2009
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c N Yield Plant Labor Expenses Irrigation  Netincome R ¢ )

ro eason for croppin

P (tha'y!) area(ha) (days hdy™) (CNYha'y') (m’ha'y?) (CNYha'y? pping

. Home consumption (12/19); plots in

Rice 19 85 0.6 75 3,845 7,650 18,005 low-lying area(4/19): rotation(3/19)

Maize 48 8 03 37 3.429 300 10,961 Extensive Iabor(_27/48); stable profit(9/48);
home consumption(10/48)
Profitable(28/46); tolerant to scarce water

Cotton 46 3.4 0.7 150 4,974 480 16,801 (12/46): suitable to store(2/46)

Greenhouse Government promotion(9/15);

vegetables 15 1075 0.2 1350 83,490 4,770 111,510 Profitable (3/15)

Field vegetables 20 32.1 0.2 1170 10,866 3,150 36,804 Profitabl®©&able market(3/20)

Fruits 3 3.8 0.2 105 12,000 1,200 33,000 Profit@8)
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Table 3-7 Survey results in Ninghe

(1) Agricultural land use change in the past

a. No change 8
b. Changed and the main reason was: 70
-Developed 0
-Internal agricultural change 70

Labor Water quantity Water quality Profitability Policy Rotation Self-consumption

R—C 30 3 5

R—-C—-R 1 3 3
M-V 20 9

M—C 8

C—-M 2 3

Total 2 31 3 33 9 6 3
(2) Current water quantity

a. Water shortage 10
b. Satisfies basic irrigation needs 46
c. Completely satisfies irrigation needs 22

(3) Current water quality

a. Irrigation water is clean 48
b. Irrigation water is polluted 19
c. Irrigation water is saline 11

Note: N, number of respondents; R, rice; M, maizegotton; and V, vegetable.

3.5.3 Profit, operating expenses, and labor input

The results of the economic analysis showed thgetedles were the most profitable
crop, generating a net income of 111,510 CNYyia The second-most profitable crop,
fruit, generated a net income of 41,000 CNYyh around one-third that of vegetables.
However, Maize farmers had the lowest net incomehvivas differ with that in suburban
areas (Table 3-6).

As the same with suburban areas, vegetable farsashald the highest cost, and maize
farms had the lowest. Rice, maize, and cotton famats roughly similar operating costs.
The main cost of producing rice and cotton was teas half of that in suburban because
there was no rent fee, they almost crop on them tamd. The main cost of growing fruit
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was the similar as suburban area, the purchasestitjles.

Vegetable farmers used the most family labor (18&@s hay™), which is less than the
suburban area, and maize farmers used the leadag@7hady™). If the cost of family labor
is included at the same payment as hired labompleeating expenses rank order becomes
greenhouse vegetables, field vegetables, cottait, fraddy rice, and maize. Figure 3-11
shows that rural farmers own relative large plbtfarmers in suburban areas.

Figure 3-11 Farmer crop on their relative large plds

3.5.4 Water use and annual precipitation

Paddy rice consumed the largest amount of irrigatiater, with an annual average of
7650 ni ha'. Greenhouse vegetables were the second largestiroen of irrigated water
(4770 i ha?), whereas cotton and maize had a fairly low denfanirigated water (Table
3-6). As in the suburban, both surface water amdirggtwater used for irrigation are free;
farmers only need to pay a fee for electricity tonp the water in some cases.

When farmers were asked whether they currentlydfacserious water shortage, only
13% (10/78) said they suffered from water scareitgst farmers (46/78) had direct access
to irrigation water only for their basic need from canal or river. According to the
researcher in Tianjin Agricultural University, givethe local government recently has
initiated several new modern agriculture statesstrvegetables produced in greenhouse
now are irrigated by groundwater through drip oragpirrigation; other crops irrigate by
surface water. A majority (48/78) of farmers caness to clean water (Table 3-7).
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3.6 Discussion

3.6.1 Farm dynamics and adaptations

Peri-urban agriculture has been evaluated as aoahethintensive production of highly
perishable foods such as fruits, vegetables, mmehfish, and dairy products in both model
and case studies (Mander and Jongman, 1998; Midamatdansen, 2003; Sharp and Smith,
2004; Thapa and Murayama, 2008; Vagneron, 2007). l@udsat image classification
analyses showed another trend in suburban aredelsetiie conversion to development
areas: a notable conversion of land use from tleyation of perishable food to staple
foods, for example, from vegetables and fruits @ize. We also found a shift from the
production of food to the production of fiber, inig case, from paddy rice and maize to
cotton.

While in cities countryside little agricultural ldnconversion was found, one same
finding as in suburban area is a shift from stdbtel to fiber production was significant
(from Rice & Maize to Cotton). We also found twdfelient results are: some small land
had been converted from the production of stapteldoto fresh food, from Maize to
vegetable; and recently, there was a trend thaedamd under fiber production had been
converted to the production of staple foods agaim cotton to rice.

Choices about which crops to plant and which inpgatsise are made by producers
within some technological, economic, organizatipaald legal limitations, and at the farm
level, within the limitations of the particular faing system in use (Primdahl, 1999). Our
interviewees stated that in suburban area, thegidered available labor and water as the
main factors when they made decisions, rather tharket mechanisms and government
policies, as has been discussed in previous st(@i&s et al., 2006; Li and Yeh, 2004; Wu
et al., 2009). Therefore, crops that require leatewand less labor intensive crops, such as
cotton and maize, are increasingly being farmethis area. However, in the rural area,
farmers considered crop profitability and availablater as the main factors when they
made decisions. Available water became the comrotmib suburban and rural areas.

In other areas in China, many paddy fields haven bmmverted into other types of
agricultural land use to increase revenue as dt r@stine influence of market mechanisms,
such as conversion of paddy fields into aquaculéune mulberry fields for silk production
in the Yangtze Delta (Wu et al., 2009) and the dfamation to cash crops, fruits, and
aquaculture in the Pearl River Delta (Li and Ye®0Q4). We also noted a large decrease in
the area of paddy fields, but local farmers sa@pghmary reason for changing crops was a
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shortage of water.

Our interview results indicated that the main reafw the shift from rice to cotton in
suburban area was that farmers needed to adaitér shortages and to the use of treated
water from the city and industrial parks; in theatuareas, there are not so much treated
water, farmers only faced the stress of water alged caused by climate variability and
high water demand for non-agriculture use.

Farmers also mentioned soil salinity. In the cdastea near the lower reaches of the
Hai River, there is a large area of both salineland saline soils. Cotton is a major cash
crop in this area and also quite tolerant of sadimiés. Although rice is not tolerant of excess
salinity, it can be grown in saline sdild.ocal farmers planted paddy rice as a reclamation
crop to reduce the salt in the upper soil succéigsfuthe 1970s, but they stated that the
rice tasted worse as a result of being irrigatett wweated water. And soil salinity became a
serious problem in some plots because of the sabhitreated water.

As mentioned above, more than one-third of farnreps§iqing and around one-fourth of
farmers in Ninghe interviewed changed their crgpsnarily because of past problems with
scarce water for irrigation. Only 5% of farmersXiging and 13% in Ninghe currently
suffer from water scarcity. However, this is notdease irrigation water has become more
available, but rather because farmers have alraddpted to the situation and changed to
less water intensive crops, such as cotton andenagzwas confirmed by the results of our
image analysis.

The survey results in Xiging case study also suggethat the conversion from the
production of perishable to staple foods represantadaptation to insufficient labor for
labor-intensive crops, such as fruits and vegesablée decline in the agricultural labor
force is particularly strong on the edge of urbasaa, and the amount of labor available
may become insufficient for some labor- intensiveps (Grigg, 1995). Our analysis of
inputs showed that the production of vegetable famid crops requires almost 70 and 5
times the amount of labor required by maize, rethypeyg. Farmers who live near the city or
industrial parks can find jobs in the nonagricudtwsector more easily and are less likely to
farm intensively. In addition, a substantial numbkeworkers engaged in intensive cropping
in the study area are facing old age, and sometkaydwill give farming up in the future.
Farmers can also get a direct subsidy for cere@giscirom the central government, which is
appropriately 1050 CNY haannually.

Although the annual profit from vegetable croppwmgs shown to be high, few farmers
have recently converted to vegetable farming inin{jq By contrast, many farmers have

1 FAO, Salt-Affected Soils and their Management, 1988
<http://www.fao.org/docrep/x5871e/x5871e04.ht(merified 7 June 2011).
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converted to vegetable farming in Ninghe, includigggenhouse vegetables and field
vegetables. The Tianjin city government has a siyp&r an initial investment in new
plastic greenhouses for areas of no less than&3.But it is difficult for individual farmers

in suburban areas to take advantage of this sulb&dgtuse of size limitations, while it can
be put into practice in the large rural areas. €Hasmers are also constrained by available
water and labor. Fruit crops need less labor thegetables (Table 3-3), and they are
profitable as cash crops. Two farmers in Xigingexdtahey changed from maize to fruits to
increase their net income (Table 3-4).

3.6.2 Study limitations

Our sample of rice and cotton farmers in Xiging Wasted. Rice cropping is currently
carried out by collective units (villages) sharithg irrigation system. The one rice farmer
interviewed said that all of the paddy fields is killage were cultivated by 15 farmers who
agree to give 215 kg of rice to other village membennually. Much of the land used for
cotton farming is rented by migrant farmers fromighboring provinces who have
experience growing cotton. The migrant farmers gokhto their hometowns in the winter
and return for farming the next spring. Therefave, could not find many cotton farmers
for our survey.

The lack of field verification after classificatioa partly the result of the difficulty of
conducting field surveys so long after the acquisiof the image. Visual interpretation is
regarded as a necessary tool for an accuracy asseissSome studies conducted using
visual interpretation have shown classificationusacy exceeding 85% using field truth
sites(Liu et al., 2005; Jansen et al., 2008; Gaveeleal., 2009), but other studies using
visual interpretation did not assess accuracy (Gukgf al., 2009; Gong et al., 2010; Niu et
al., 2010). Interpretation errors are caused bynamties and regular mistakes (Gong et al.,
2010). In this study, ground truth data and higlohation images were utilized to the extent
possible to control quality and ensure high mappioguracy, and we are confident that the
overall accuracy is acceptable.

3.7 Conclusions

Agricultural processes are connected with the esxd urbanization that accompanied
the urban regional development in Tianjin. The imagassification results showed an
obvious loss of agricultural land since the eaB90s in suburban areas, similar to what has
occurred in other peri-urban areas. Two other netabnds in land use, which differ from



Chapter 3 52

those of other peri-urban areas, were observedaft) was converted from the production
of traditional perishable food to the productiorstdple foods, in this case, from vegetables
and fruits to maize; and (2) there was a shift fistaple production to fiber production, in
this case, from paddy rice and maize to cottorruhal areas, a similar shift from staple
food to fiber production was noted during the stpdyiod, in this case, from rice and maize
to cotton. Two other results, which differ from fieoof suburban areas, were found: (1) a
relatively small amount of land had been convefteth the production of staple foods to
fresh food, from Maize to vegetables; and (2) rdgesome land has shifted back from
fiber production to the production of staple fooisthis case, from cotton to rice. Through
semi-structured household interviews, a scarcitywater was noted as an important
problem for agriculture in Tianjin—this was founal ibe a primary factor for agricultural
land use change both in suburban and rural aredsirSan farmers had to adjust their
agricultural activities by adapting to an insu#int amount of labor and the use of treated
wastewater for urban areas for irrigation. Ruralmirs’ activities, however, were still
driven by market mechanisms and other governmdidig® To enhance food security and
develop the region in a sustainable way, it is ssag/ to integrate agriculture into
development and water management planning.

Rice is the principle staple crop in Tianjin (Figu8-12), and any deterioration of rice
production systems would seriously impair food siguncreasing land area is one option
to solve food deficit. Given some paddy fields utbgrban were converted into developed
areas, the possible to enlarge the productionfardacal consumption will be only in total
areas.

Others,
39.2Kg

Rice, 100Kg
Wheat flour,
53.4kg

Figure 3-12 Annual per capita consumption of cerealin Ninghe (2006)
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Chapter 4 Can local rice production be enlarged for

local markets?

Changes in local production have accounted fotrémed of food self-sufficiency levels
and contribute the current regional and local patte food flow. Specialized vegetable
production in rural areas generated an active fimm the rural areas of Tianjin to other
Chinese regions, whereas the decreased produdtipeddy rice was only able to support
consumption in the production areas themselveghere was no local surplus to flow
locally.

In Chapter 3 the primary reason for a large decrease in pédttis area was a shortage
of water. Attention to the link between food andeveshortages continued from the 1980s.
Chapter 4uses the concept of resilience as a frameworletdlg evidence from the local
to explore whether it would be possible to enlalgeproduction area for local consumption,
in this case of paddy rice, to enhance food secwiid develop a more sustainable
urban-rural system.

4.1 Introduction

Climate change has emerged as one of the mostfacelied manifestations of global
change (Dessai et al., 2007), and it is expectedfézt many economic sectors, including
forestry, energy consumption and tourism, but itipalarly affects the agricultural sector
(Moriondo et al., 2010). The current vulnerabibti® climate are strongly correlated with
climate variability, in particular precipitation iability. These vulnerabilities are largest in
arid and semi-arid low-income areas, where preatipmh and stream flow are concentrated
over a few months, and the year-to-year variatsonigh (Kundzewicz et al., 2007; Lenton,
2004). This year-to-year variation is of high camce agricultural sectors (Thomas, 2008).
Although humans and the natural ecosystems in miary basins suffer from a lack of
water, in the water-scarce areas, the people apsiystems are particularly vulnerable to
the decreasing or variable precipitation that tedubm climate change (Kundzewicz et al.,
2007).

Several recent studies have assessed the vulrtgradiglobal environmental change
and the adaptive capacity to cope with these clarge local and global scales
(Acosta-Michlik and Espaldon, 2008; Dessai and Hylr@007; Kelkar et al., 2008;
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Saldafna-Zorrilla, 2008). In recent years, the cphoéresilience has been increasingly used
in the research on the human dimension of globat@mmental change science (Cutter etal.,
2008; Janssen et al., 2006; Vogel et al., 2007ngpR010). The resilience-based approach is
particularly appropriate for managing the impactsckimate change because the future
climate and climate predictions are inherently utaie (Dessai et al., 2007; Marshall,
2010).

The agricultural system is an integrated systemt toatains an agricultural natural
environment and a society engaged in agricultune. development of resilient agricultural
systems is an essential topic of study because roammunities greatly depend on the
provision services of such systems for their livetid; these services include food, fodder,
fuel and other bio-resources (Lin, 2011). On a yeayear basis, agricultural systems on
the community level are often highly resilient;ather words, the people are able to absorb
the small disturbances, including droughts, floatsynomic fluctuations and pest attacks,
while the agricultural system retains its core cuieal features. In fact, this resilience
reflects the history of the agricultural processmany agricultural areas throughout the
world. However, severe disturbances, such as agnggndrought or tsunamis, may provide
the incentive to adopt new states of non-linearcstral dynamics, thereby changing the
reliable supply of provision services. Such altégrnstates may be desirable or undesirable
for the continued production by sectors.

The factors that enable social systems to respooacpvely to environmental change
have emerged as a core domain of global changarcts¢Conway and Schipper, 2011,
Frank et al.,, 2011; Larsen et al.,, 2011; Marsh2i10). A society’s ability to manage
resilience resides in the sectors, social netwandinstitutions (Lebel et al., 2006). Terms
such as property regimes, population growth, farég and social networks, community
coping strategies, social learning, governance iastitutional factors are all important
aspects for the understanding of the resiliencagoicultural communities that have the
ability to respond to disturbances, including bottividuals and collectives (Engle and
Lemos, 2010; Fraser and Stringer, 2009; Larsenl.et28@11; Tompkins, 2005). Other
aspects of maintaining the resilience of agricelibased communities include the crop
diversity and resilient environment (Fraser anéh§ar, 2009; Lin, 2011).

The Fourth Assessment Report of the IntergovernahePanel on Climate Change
mentioned that the water and agricultural sectoesligely to be those that are the most
sensitive to climate change-induced impacts in ASraz et al., 2007). Rice is the principle
staple crop of Asia, and any deterioration of tioe production systems through climate
change would severely impair the food securityhils tontinent (Wassmann et al., 2009).
Water availability is the primary factor that detémes the success of rice cropping.
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Although the production of rice has increased otiere in the wake of the Green
Revolution, the production of rice in the past fdecades has declined in many parts of
Asia due to the increasing water stress that gvagd#y from climate variability and change
(Cruz et al., 2007). Therefore, the vulnerabilifytlee rice-dominated agricultural system to
water stress has become a key concern in Asia.

In China, rice is the largest cereal crop; it actsdor 25% of the cultivated land and is
primarily grown in the southeast and is secondagilywn in the northeast. The combined
impacts of climate change and socio-economic deweémt have caused decreases in the
future Chinese irrigation areas, especially irgated fields (Xiong et al. 2009). The North
China Plain (NCP), which is a major agriculturabghuction area in China, is one area that
has suffered; its mean precipitation is 500-600ynm/and the crop actual
evapotranspiration is 800-900 mm/yr. The NCP inetithree main river basins, which are
the basins of the Yellow River, the Hai River amd tHuai River. For many years, a
shortage of water resources in the NCP has beesy adncern of the sustainable crop
production (Liu et al., 2008; Liu and Xia, 2004;,0Tand Zhang, 2010). Rice cultivation in
the NCP will be highly sensitive to the future cdite change if no adaptation measures are
implemented (Xiong et al., 2009). Extensive studiase used crop models and several
climate change scenarios to simulate the impactdimfate change on rice production in
Asia (Asada and Matsumoto, 2009; Masutomi et &8l092 Matthews and Wassmann, 2003)
and specifically in China (Chavas et al., 2009; H®oal., 2008; Xiong et al., 2009).
However, there have been limited local studies migg the stakeholders’ responses to
climate change and socio-economic developmentaenpioduction in the NCP or in other
areas in China.

This study used the concept of resilience as adveork to understand the dynamics of
the traditional rice-dominated agricultural areashie NCP on the county, village and farm
scales and the methods used by the involved stidesisoto cope with and adapt to the
constantly dynamic and changing environment. Ii$ ttontext, in the agriculture-based
communities, the resilience performance refersh®e area and types of the dominant
planted crops in terms of their food provision fiime. This study aimed to sustain the
agriculture and enhance adaptive capacity andeaesé in the context of climate change;
the specific focus was on precipitation variabilitiirst, we detailed the historical
trajectories of the crop planting areas and preatipn variability using a comparative study
on the county scale, and we posed research questam the resilience perspective. Next,
we assessed whether the current state was a desiwrabndesirable state; this assessment
involved the opinions of the stakeholders and dwall communities’ resilience within the
agricultural system to the precipitation varialgilénd to any disturbances induced both on
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the village and farm scales. Finally, methods fohancing the resilience of the local
communities and their associated farmers to pratipn variability and for promoting
sustainable agriculture are suggested.

4.2 The case study

4.2.1 Study area

The Hai River basin, northeast of the NCP, is ohéhe most developed regions in
China and flows through Beijing (the Chinese cdpitaianjin (China’s third largest city),
and the primary Heibei province into the Bohai Gafltthe Yellow sea. This basin has the
lowest annual precipitation in the Chinese eastatasgion and contains the lowest per
capita water availability among all of the Chinds#sins. Recently, due primarily to the
rising water demand and competition for non-agtigal uses in the Hai River basin, the
flow decreased greatly (Liu and Xia, 2004).

This study was conducted in a traditional rice-dweated agricultural area comprising
two administrative counties of Tianjin, Ninghe aaodi, which are located on a low-lying
alluvial plain along the mouth of the Hai River {238'N-39°50'N, 117°08'E-117°56'E) (Fig.
4-1). The terrain is generally flat and swampy nibar coast, and covers an area of 1,414
km?in Ninghe and 1,509 kiin Baodi. This area has a semi-arid monsoon cénaaid an
average precipitation of approximately 530 mm/yhe Tprecipitation is highly irregular
between seasons and from year to year, and appatedin8/5 of the precipitation occurs in
July and August. The city of Tianjin has an avdeapber capita volume of water resources
that is equal to only 1/15 of the national average 1/50 of the world average (Song et al.,
2011).The major land use in this area is agriculturat| te arable land accounts for more
than 55.6% of the area. Annual cropping is predamtimn the study area, and the multiple
cropping of vegetables is common. Irrigated paddg,rcorn and cotton are the primary
crops; specifically, a local traditional brand mler named “Xiaozhan” is common. Given its
chewy texture and nutty flavour, “Xiaozhan” has meegarded to be a geographical
indicator in China. Historically and for a considele length of time, wetland and paddy
fields were widespread in study area. However, bszaf severe water shortages, the area
encompassed by wetland and paddy fields has decreasr the past two decades (Li et al.,
2007). In 2009, the paddy fields in these two cmsnaccounted for approximately 12% of
the whole area of paddy fields in the Hai Riverithaad 83% of all paddy fields in the
Beijing-Tianjin capital region.
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Figure 4-1 Study area

There are two main rivers in study area, the JiaCand the Chaobai River (Fig. 4-1).
In the rainy season, the local farmers till, feséland irrigate their land by utilising rainfall.
In the winter and spring, they bring water to tHestds from the rivers, which are used for
the collection and storage of the surface runoffrduthe rainy season; when the irrigation
water is insufficient, they transfer water from ethrivers. Based on the amount and
composition of the available surface water resajrcalthough two counties are
geographically adjacent, Baodi County has more ffumater than Ninghe because Baodi
County is located upstream, near the mouth of th@oBai River. The agriculture in Baodi
County is not as vulnerable to water stress asithilinghe. After Baodi County uses the
water that they need from the rivers, they mayastethe dam so that the water may be
used in Ninghe County. The water stored in thersive the primary water source in Ninghe
after the rainy season. Thus, the water is morgddrin Ninghe than in Baodi because of
the geographical locations; as a result, the iegafor agriculture relies heavily on
precipitation (Fig. 4-2).
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Figure 4-2 Composition of the annual available surface watergsources and precipitation in

the study area (1993-2009)

4.2.2 Statistic analysis and data collection

To understand the historical trajectories of thecadfural system and their responses to
precipitation variability, it is assumed that theerplanting area (acreage) in the current year
measures the farmers’ cropping intentions and resg®to their perspective perception,
which is biased on the precipitation in the pregigear. It is also reasonable to expect that
when they suffer from the damage caused by extsefoel precipitation, the famers may
convert their paddy fields to crop fields. In thedy area, several alternative crops were
utilised by farmers to resist water stress, ingigdiotton, maize and chilli pepper. Because
cotton is the most common crop, occupying 45.6%heftotal agricultural land in 2009,
this study considered cotton planting to be theradite state of the agricultural system,
which shifted from a food- to a fibre-dominated yasion. The planting areas of rice and
cotton were analysed and related to a historicés®f annual accumulated precipitation
from 1990 to 2009 in both counties, as well asrtassociated differential responses.

The annual precipitation and acreage data werdnalotdrom statistical yearbooks in
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the study area (Tianjin Municipal Bureau of Statst 1991-2010). Precipitation trend
analysis was made using linear regression. Thesledion between the system’s response
and variable precipitation was examined on the gosoale by comparing the acreage of
water-intensive rice or drought-tolerant cottonhwthe long-term variability in annual
precipitation over the last two decades. To fat#itthe observation, the study period was
also separated into two time series (until drougidl after drought) for the correlation
analysis; the former series encompassed the y8&&2001, and the latter series ranged
from 2002-20009.

4.2.3 Responses to past year-to-year precipitatamability at county scale

It was determined that these two counties expee@rtbe same annual precipitation
patterns during the study period (Ninghe CountyanS.E.=527.125+129.369; Baodi
County: mean+S.E.=533.910+134.917); both countiesoentered series of continuing
drought from 1992-1993 and from 1999-2002 (Fig.)4¥he second drought, with the
duration of four years and was observed across nuicthe Northern Hemisphere’s
mid-latitude regions from 1998 to 2002 (Zeng et aD05), dramatically decreased the
acreage of rice; the rice crops were maintainea decreased area in both of the counties
during that period. Increasing precipitation hasrbebserved in both two counties since
2002 (Ninghe County: linear regressigr34.%-68106.0,R?=0.341,p>0.05; Baodi County:
linear regressiony=28.%-57068.5R?=0.611,p<0.05), the precipitation levels were back to
normal or above normal.

In Ninghe, rice cropping was the most popular adunical practice and accounted for
33.4% of the agricultural area in 1990; this areelided by 67.8% in 2009. The area that
was cropped with rice decreased dramatically, &l decrease was accompanied by the
considerable increase in the area cropped witloraltiring the period from 1990-2009. By
2009, rice cropping was carried out only in 10.3%4h® agricultural area, while cotton
cropping increased by 198.8% from 1990 to 2009. agecultural practice in the study
area transformed from a rice-dominated systemciattan-dominated system.

The link between the precipitation variability awntbpping over time in Ninghe is
shown in Fig. 4-3. The acreage of rice productias wignificantly negatively correlated
with the acreage of cotton during the last two desar=-0.894 at the P=0.01 level) (Table
1). No significant relationship was found betweére tacreage of rice production and
precipitation with one-year lag over the whole gtpériod (r=0.268). However, the lagged
correlation was significant when the data after2@@re removed (r=0.635 at the P=0.05
level).
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In Baodi County, the paddy fields declined by 9.8¥%sing the study period, and the
cotton fields increased by 52.2%. Similar to Nin@®unty, the acreage of rice production
was also significantly negatively correlated wiktte tacreage of cotton during the last two
decades (r=-0.730 at the P=0.01 level). A significpositive relationship was found
between the acreage of rice production and pretipit with one-year lag over the whole
study period (r=0.638 at the P=0.01 level) (Fi® dnd Table 4-1).

The significant correlation between the rice antton cropping areas showed that the
local people responded to the precipitation fluttimaby adjusting the planting area and
switching crops. The different results of the clatien analyses of rice cropping and
precipitation during different periods showed thegcipitation is not currently perceived to
be a limiting factor for rice cropping in Ninghe @uay, even when the precipitation levels
were greater than normal. Although the rice croggm Baodi County also experienced
dramatic decreases during the continuous periddvefprecipitation from 1999-2002, its
cropping state was recovered and its resilience mwamtained after the extreme event
occurred. The supplementary evidence from BaodinGounelped us to exclude the
possibility of any larger-scale external disturbes)csuch as consumption pattern or wider
economic changes, exist in these two counties. Weothesise that some internal
disturbances may have occurred Ninghe County, hesetdisturbances may have caused
the failure to recover to the previous state of Goopping and loss of resilience. Therefore,
two questions were asked. First, why did Ninghe ri@pdail to recover to the previous
planting state even when the precipitation becanfiicent? Second, did this agricultural
system lose its resilience? The aim of the nextiaeavas to answer these questions by
examining the farmers’ responses to the variabd-te@year precipitation on the village
community scale and the farm scale in Ninghe County

Table 4-1 Correlation coefficients between the paddfield areas and the annual precipitation

(r1) or the cotton field areas (r2) in Ninghe and Bodi Counties

Ninghe Baodi
1990-2009 (N=20) 0.268 0.638**
r 1990-2001(N=12 0.635*
2002-2009 (N=8 0.572
r, | 1990-2009 (N=20) -0.894** -0.730**

** * Significant at the 0.01 and 0.05 level, respesdiiy2-tailed)
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Figure 4-3 Precipitation variability and fluctuatio ns in the cropped area with cotton and rice

in Ninghe and Baodi Counties (1990-2009)

4.3 Farmers’ coping strategies and adaptation capac ity

4.3.1 Interview survey

The semi-structured interviews were performed irvildge communities located along
the Ji Canal of Ninghe County in December 2010.(&td). All of these villages have the
same free access to the water in this canal. Qlageiwas considered as a community in
the study. There are 30 km between the town andhmafuthe river where the canal flows
into the Bohai Gulf. The surveyed villages wereesedd according to the distance from the
town along the Ji Canal, the main production patieand the changes that occurred during
the study period. The survey focused on the fararadteristics, reasons for the current
cropping state, crop changes, rationale for thie édienaintenance of the previous cropping
state and their future willingness to continue piog. An average of three to four
households were randomly selected to be interviemveshch sample village. In total, 53
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households were interviewed. Key informant intemgewith 14 village leaders were

conducted simultaneously to determine the commwrityntribution to adaptive measures.
Additional in-depth interviews were conducted withe local officers of water and

agriculture authorities to obtain information redjag the runoff and water consumption for
the local agriculture production.

4.3.2 Coping strategies on extreme event

The interviews with the individual farmers and age committee leaders in 14
communities along the Ji Canal confirmed the alestemation of the implications of this
variable precipitation for their production in eadghage. The majority of village committee
leaders (12/14) reported that their conversion fpaddy field to crop field started in 1998
and was concentrated on 2000 and 2001 due to $keofcharvest caused by the continuing
extreme drought that was followed by a high watdingy level.

The extremely low precipitation caused dramatiatstges in surface water and ground
water that was used for irrigation in Ninghe Cou(fyg. 4-2). The lack of freshwater
runoff coupled with the intrusion of coastal seaexaccelerated an extreme rise in the
water salinity level. Without freshwater to rinset éhe Ji Canal and its reaches, sea water
encroached further up the Ji Canal through thedwatuice gate, which was distorted by
the Great Tangshan Earthquake in 1976. Saline veattered as far inland as 100 km in
Yutian county, Hebei province, according to the aloofficer of Water Authority.
According to the local authority, the maximum wadafinity level in the Ji Canal reached
15 ppm, with an average range from 5 to 8 ppm @ut®98-2003. Although rice is a crop
that favours saline soils, it is not tolerant teess salinity. The high salt content threatened
the agricultural water supplies that depend onhfreder from rivers, and it prevented the
farmers in some areas from irrigating their crops.

Our interview results indicated that the farmerftesth from rice to cotton because they
needed to adapt to less rainfall and the use phsdéer. The farmers also mentioned the soll
salinity as a reason for their conversion to cottarthe coastal area near the lower reaches
of the Hai River, there is a large area of botlnsahnd saline-alkali soils. Cotton became
the major cash crop in the study area; it was dalerant of saline soils and consumed less
water than rice. The communities switched from ae-dominated system to a
cotton-dominated system to adapt to the extremegtitoduring that period.

4.3.3 Resilience lose and adaptive capacity in lenm

4.3.3.1 The responses of two involved stakeholders
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The interviews with the individual farmers and agle committee leaders made it quite
clear that two stakeholders were involved in tleisponse, the individual farmers and the
collective community committees. In rural areas @fina, land was defined to be
collectively owned, and the institutional units atee rural collective, e.g., villagers’
committees, village economic cooperatives or towmnshllective economic entities. In this
study area, individual farmers were free to makesiens regarding the cropping pattern
(which crop and how much to plant) they preferredptant in their own crop fields;
however, rice cropping was the exception to thiacpce (McGee, 2008). Only the
villager’s committee could plan and initiate riceogping due to the collective irrigation
scheme. The rice irrigation system is collectivelyned, operated and maintained by the
villagers’ community and operated on a self-finahbasis. The villagers’ committee was
formally in charge of these decisions through titehdriders of water distribution when rice
cropping. Typically, approximately four ditch ridawvere employed for one cropping season,
and they contributed to the operation activitiesnsure the delivery of water from the river
to the secondary channels and finally to the pdigdiys for the farmers of their village.

4.3.3.2 An undesirable alternate state

An increase in the supply of available irrigatioater after 2002 was observed from
both the meteorological data and the survey resgrasdHowever, only a slight increase in
rice cropping was observed in the study area. Wdeed about their plan for future
agriculture adaptation, 49.1% (26/53) of resporsistdted that they would let it remain as
it was, 24.5% (13/53) desired to change their ¢rapsl the remaining 5.7% (3/53)
mentioned that it depended on the decision madbeyillage committee.

However, the local farmers have high intensionshifting to the previous rice cropping
state. Of the interviewed farmers, 62.3% (33/53)eweilling to plant rice again. The most
two common reasons for this contradiction weref“padduction for family consumption”
(13/33) and “rotation for preventing the pests disgtases and improving the soil” (18/33).
However, this decision was made by the village cdtem leaders. One farmer explained,
“1 would like to eat rice produced by myself. Ydthoaigh | would buy it using the money |
earn from cropping cotton... en, simply speakingniéed to take one cup of rice per meal,
| can eat two cups in the case that | plant by dfiybat | may only eat half cup in the case
that | buy from the markét And the other stated,l “want to crop rice for family

consumption, then | will be not afraid of the ryggce rising”

However, most of the respondents considered théehigccurrence of pests and
diseases, particularly fusarium and wilt of cotttmbe a major problem. Cotton was the
most commonly grown crop when farmers changed fmoce cropping. In addition,
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continuous cropping was practiced by 58.5% of titerviewed farmers (31/53), with an
average of 4.5 years.

4.3.3.3 Social institutions and barriers to maimthie system'’s resilience

The results of interviews with village committeeaders indicate that there are
considerable differences between each village camitgnalong the Ji Canal with respect to
the current climatic situation (Table 4-2).

Within the 14 interviewed villages, two villagesT@nd QM) continued cropping rice
even during the extreme drought. All of the intewed households in these two villages
mentioned that because of their village’s smalicadfural land, it could not possibly be
profitable to change their limited land per persoto a cash crop. Therefore, both the
village committee leaders and the village membeztepred to crop rice. In 2005, these two
vilages dug wells as an alternative water resquesel when the surface water was
insufficient or at a high salinity level, they mtkéhe underground water with surface water
from the Ji Canal.

Two other interviewed villages (DW and XG) changhkdir rice cropping during the
extreme drought periods, but they recently retutioethe previous planting state. In 2007
(XG) or 2008 (DW), they resumed rice planting bessawf the more recent increased
precipitation. The interviewed village members anthmittee leaders in these two villages
all mentioned that they made this switch to imprdle soil and enhance soil disease
resistance. Another reason, which was mentionashkyfarmer in XG, was that the price of
rice was rising. Both of the committee leadershef two villages recently stated that when
the canal had sufficient water in the early sprofgeach year, they collected it and
transported the surface water to the local agucaltechnical support station to test the salt
content. If the salinity level was below the redialia of 1.5 ppm, they decided whether to
plant the rice for that year. The committee leaddW still remembered that the test result
in early 2010 was 0.8 ppm.

The remaining ten villages no longer cropped rige tb the extreme drought periods.
Of the interviewed farmers in these four village8,9 % (11/38) were not concerned about
the change, but they mentioned that the decisios made by the village committee.
Overall, 31.6% of the interviewed farmers (12/3@&}esd, “Our village can not crop rice any
more” because the community members and leadersatidnaintain their equipment,
which now was rusty or was sold as an asset foreyiahe ditches were also full of weeds
or occupied as the commons by surrounding farnmertheé enlargement of their own land.
As a result, the irrigation and drainage (I&D) gystwas disabled. Additionally, 23.7%
(9/38) also complained that the village committeaders did not want to concern
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themselves with or spend time initiating and manggice cropping. Only 15.8% (6/38) of
farmers mentioned the lack of irrigation water fare cropping (Fig. 4-4). Overall 40%
(4/10) of the village committee leaders stated thatcommittee did not have an adequate
budget for rice cropping, and it was difficult tollect the cost for rice cropping from
individual households. During the survey, the arghalso interviewed three farmers who
planted rice individually in three of the ten vdkss. All of the farmers cropped on the land
leased from the villagers’ committee, e.g., thallaiong the canal bank or a pervious fish
pond. No crop other than rice can be grown welleunrttie adverse conditions of unstable
water levels during the rainy season.

Lack of irrigation water |6
Commiitte leaders do not want to |9
Colletive action |11
Destroyed irrigation&drainage systems |12
Respondences Q 2 4 6 8 10 1‘2 14

Fig. 4-4 Farmers’ responses to the limitation of ge cropping

To determine the actual costs of cropping riceafaommunity, the costs and sources of
payment were asked from the leaders of the folagek that currently crop rice (Table 4-3).
On average, the cost of rice cropping paid by tHage committee was 2445 CNY/ha; this
was primarily used for electricity, labour paymerdad ditch cleaning; these costs
accounted for nearly half of the whole operatiot@dt and was equivalent to 10% of the
revenue for the individual farmers if the farmeogdstheir rough rice at the average price
for the autumn of 2009 (2.4 CNY/kg, 9000 kg/ha)isThperational cost was paid from
different sources among the four villages, but @swmainly derived from the money
obtained from the leased fishpond or the leasggotatural land to farmers. Despite this
revenue, the leaders also mentioned that the lackerational costs still restrains their rice
practicing annually. The committee leader of the ¥{lage mentioned Wwe planned and
succeeded to plant rice in 2007. The committee raemtvllected the operation fee from
most of the households (2250CNY/ha). Only thresdtmlds did not pay but still planted
and harvested. This situation let some other vdladgelt unfair. When we planned to plant
rice again in 2008, we failed to collect the mor®g.our committee has to find the other
source of money if plantirigThe committee leader of the DW village said tloeynot plan
to plant rice in 2011 because they have used ubeill savings and need to save money for
approximately two years to obtain the future ripemation costs.

All of the four villages that currently crop riceamtain a good irrigation infrastructure,
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which is now generally managed by a few farmergciby the community committee.
Commonly, due to the poor irrigation infrastructuaad the limited budget, a loss of
resilience followed. The local farmers are confidiat rice is the most effective rotational
crop to improve the soil and prevent pests andades® However, given the limitations
mentioned above, they failed to maintain or rettonthe previous planting state. The
short-term coping strategy may eventually resulloimg-term maladaptation. As a result,
the agricultural systems continued their resilieeeen when the rainfall was sufficient.

Figure 4-4 The ditches used for irrigation before were filled of weed
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Table 4-2 The profile of interviewed villages Unitha
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_ Popu. Total Agr. land _ . . _
Village Rice cropping Reason for rice cropping
/person | Ag. Land | per person
Upstream NMZ 2102 280 0.107| fishpond; accumulated water easily
BYz 1760 246 0.100| NG
TZT 1210 199 0.107| NG
ZXZ 620 57 0.047| NG
DW 265 59 0.167| C; at intervals improve the soil and disease resistance
XG 860 156 0.133| C; at interval$ improve the soil; good price
TC 454 109 0.200| NG
QJDG 299 43 0.133| NG
YBZ 1315 152 0.113] I flooding easily
GT 938 100 0.047| C; continuously limited arable land; family consuiop
QM 814 54 0.047| C; continuously limited arable land; family consuiap
DSW 2033 273 0.093| NG
\ DTZ 2074 169 0.053] I low-lying plots; flooding easily
coung’\ty centre BH 1458 37 0.037| NG
_* 30 km I: Individually grown; C: Collectively grown; NG: &t grown
Sluice gate

Bohai Gulf

1in 2009 and 201G:in 2007, 2009, and 2010




Table 4-3 Balance sheet of involved villages forag cropping Unit:1CCNY
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Village | Area/ha Paid Received
(Person/ha) ltems Amount| Items Amount
GT 26.7 electricity& payment of wages Yleased Agr. land fee(35ha, 4800CNY/ha) 156
(0.028) leased fishpond fee(2ha) 20
QM 40.0 electricity& payment of wages 10eased Agr. land fee(20ha, 6000CNY/ha) 120
(0.049) leased fishpond fee(2ha) 20
DW 40.0 electricity& payment of wages 9@ccumulated profit brought forward 10
(0.151) leased Agr. land fee(10ha,1500CNY/ha) 15
leased built-up land fee(village enterprise) 20
rice subsidy(40ha, 1095CNY/ha) 45
XG 66.7 electricity& payment of wages 150eased Agr. land fee(13.3ha) 7
(0.078) ditch cleaning 1Pleased fishpond fee(13.3ha) 100
rice subsidy(67ha, 1095CNY/ha) 73

At the time of the survey, the exchange rate waghty 1 US $=6.65 CNY.
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4 .4 Results and discussion

By focusing on the specific climate stress and cming the communities on both the
county and village scales, this study presentgesting and valuable evidence regarding
the short-term adaptation and long-term resilieatehe agricultural communities. The
responses to recent historical precipitation vditgband change in the case study
demonstrated that local people were adjusting tb hgear-to-year variability and extreme
events through their collective and individual ant in a short-term fashion by adjusting
the planting area and switching crops. The anntetdipitation behaviour and water flow
show that there was a serious, continuing droulgat tccurred during 1999-2002; this
drought compelled the farmers to convert their pegldo field crops. By comparing two
adjacent counties, it was observed that the upstreaunty had a high resilience of rice
cropping, even to severe drought events; thisieesé was a benefit of its geographical
location. However, because of the limited watewflioom the outside in the downstream
county, the paddy fields faced high water streskratied highly on precipitation, and they
displayed a low resilience to precipitation varigysi the possibility of external
disturbances on a larger scale was excluded. Busing on the county with a low
resilience on the village scale, it was determiriedt farmers who switched to less
water-intensive crops, e.g., cotton, appeared tkengamore lasting adaptation to water
stress; however, in making this change, many fasrasx becoming more vulnerable on the
long-term scale to a worsening pest and diseaseageament and a low level of
self-sufficiency. Most communities had a low resilce of traditional rice production to the
current precipitation variability. The shift in lduse to adapt to the increased precipitation
in recent years was not commonly reversible becafiske disabled 1&D system and the
farmers’ unwillingness to maintain the previoudestalthough most villagers were willing
to replant rice. Only a few villages, which maintd their properties well and possessed
leaders who had the awareness to practice theidraali crop, had a high resilience and
succeeded to recover from the variable precipitatio resume paddy cropping. The
initiation and support by local institutions, suas the collective irrigation system and the
role of village committees in participating, causkd local farmers to fail to replant rice
even they had high intensions and a normal pretipit level.

Adaptations are often place- and context-specKagér et al., 2005; Conway, 2005). It
has been assumed that traditional and subsistancesfs are the most vulnerable to the
impacts of globalisation and climate change (Acdsiehlik and Espaldon, 2008; Conway,
2005). The community-based rice production in thoeeanentioned study areas was mostly
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for the consumption by the farmer’s family or bynfeers living in neighbour villages who
did not grow rice. Only the cropping by individuarmers was for commercial use. This
finding presents the following opposing evidenadgeg the limited amount of agricultural
land per person in the GT and QM villages (0.028 @©49 ha/person, respectively), the
marginal profit of shifting land use from subsistemice cropping to the more valuable cash
crops cropping, such as cotton, is not much higher to the higher production inputs.
Instead, they consistently crop paddy fields fanifg consumption to maintain their staple
food sufficiency even in the presence of watersstre

The adaptation strategies of farmers to water stuwasy with the crops and across
different regions and levels of water availabillBommon adaptation strategies among rice
farmers to handle precipitation variability and grastress include minimal ponding periods
for rice fields, growing shorter-season rice vaetand increasing attendance at regular
discussion groups with extension specialists caricgrnew techniques and best practices
(Wei et al.). A key adaptation strategy is to irm® water productivity by making more
efficient use of the available water supplies. lofzamers have access to a range of
irrigation technologies, but the majority of farreen the study area usually use traditional
flood/furrow irrigation systems for winter irrigath, which accounted for 20% of the
agricultural water consumption each year accortbnpe local authorities of Ninghe. Only
the vegetable farmers applied efficient low-throwrirskler and drip/trickle irrigation
methods. It is critical to conserve water on thamfas’ scale and to make an effort to
reduce losses from the distribution systems andawgirrigation technologies. Several
case studies found that the improvement of richrtelogies that help reduce the losses to
drought can play an important role in long-termugylat mitigation (Pandey et al., 2007),
however, these technologies were not utilised ¢ty farmers in the study area.

The large fluctuation in annual precipitation hasaus effects on the rice production in
Tianjin. In the background of the community-managedation scheme, the resilience of
the agricultural system to the fluctuation, whicasameasured in terms of rice production in
the study area, was controlled by the community mdtee and not individual farmers.
Governance and institutions are critical determiswaof adaptive capacity and resilience
(Engle and Lemos, 2010). Institutions include taes ©f working rules (Ostrom, 1990). A
robust institution tends to enhance the capacityndfviduals and communities to use
resources in a sustainable way over long periodsnaf (Becker and Ostrom, 1995). There
is growing interest in identifying public policieand institutional arrangements that
currently impede the adaptation to environmentaldtmons; the goal is to remove such
impediments to adaptation (Smithers and Smit, 199§ original purpose of this local
irrigation institution was to work together as aitusf village and effectively use water
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when rice cropping; however, collective action ooly the village scale failed when the
whole basin faced water scarcity. The village lesidavareness and efforts to maintain the
facility and operate traditional rice planting areseful institution to enhance the resilience.
To address these current water issues, governnamtswater managers also need to
improve the existing managing organisations anttin®ns to promote more sustainable
water use by involving a wider range of stakehadard by redefining the scale of decision
making to the city and basin levels. Although aexahortage may occur rather frequently
in the future, these local communities could plice at least in turn by managing the water
allocation and distribution.
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Chapter 5 Conclusions

5.1 Discussions and Suggestions

5.1.1 Strengths of localizing food production aodd consumption as a sustainability—building

strategy

In Chapter 2, by 2007, the potential for increagmsmtl self-sufficiency, except grain
cereals, is great. The studies of observed foas floTianjin have found that most cereal
grains production is for household consumption eatthan for sale; the vegetable case
study showed that most vegetables production i®dtside area of Tianjin rather than for
the local. Population in urban core and suburbaasarcan not be blessed with their
surrounding mosaic; large area of city's countgyssdems to be isolated system because
little local flows were found from either side. Farban-rural sustainability, it is necessary
to re-establish a good relationship among the yrbaourban, and rural areas.

Recently, sustainable food and agriculture systeetmme important considerations in
regional planning, using a mix of instruments igdhg expanded local food marketing
opportunities. First, a system-oriented approachth® study of food and agriculture,
drawing inspiration from ecology, stresses the rirddatedness of the entire domain,
including the concept of the ‘ecological appetié’crops and foods, the union of both
social and ecological aspects of resource use,littk@ges between rural and urban
producers and consumers and the inclusion of fa'neeplogical knowledge (Duram and
Oberholtzer, 2010); secondly, more concrete econ@nd social linkages between urban
and rural areas can be established through loodl $gstems (Desjardins et al., 2010). For
example, in Canada, a system named “a collaboraffeet to build more locally based,
self-reliant food economies—in which sustainabledf@roduction, processing, distribution
and consumption are integrated to enhance the sgospenvironmental, and social health
of a particular place” has been defined (Desjardinal., 2010; Feenstra, 2002). In Europe,
a cultural economy approach to rural development hahlights the instrumental and
normative deployment of heterogeneous cultural eratksuch as regional foods (Cowell
and Parkinson, 2003; llbery and Maye, 2005).

Although Tianjin may have the capacity to feed ditezens within its borders, it has
increasingly distanced resource users from theuresdbase and disconnected production
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from consumption through trade. In September 2Qh6, central government selected
Tianjin as one of the first Chinese low carbon maukes. In order to build a low carbon
city, government policy has to be more focusedrmtustrial restructuring and developing
new energy sourced.ransportation contributes to a variety of enviremtal impacts,
e.g. increased use of energy, CO2 emisdioil now, the government offers too little by
failing to consider the role of rural-urban intarans. It is unsure whether such food
localization movement will occur in China becauérited public awareness or academic
concern about these issues in Tianjin and elsewihe@hina. Localizing food production
may seem a straightforward strategy for increasusjainability in Tianjin.

It is necessary to facilitate the circulation ails, active the interactions and flows, and
promote the role of local authorities in partngpshiith other major groups to exchange
information, build networks and create marketssioall farmers.

While Tianjin actually increased in "calculatedfsifficiency ratio” for a wide range of
food products in the period since 1980 to 2000 hiais been begun to fall quite sharply in
the period between 2000 and 2007. One reason wdddo the city has been sourced from
regional and national markets, which has been &gsdcmore generally in the coastal
regions of China with the increase of chemicalilfeers and a growth of Chinese form of
agri-business that can deliver cheaper food torudmmsumers. At the same time Tianjin is
being drawn into these wide regional food marketekporting its products to these areas
rather than the city. This is not a new story ia tleveloped countries but it has important
implications to the researchers who favor increasdecal food production within urban
regions in an attempt to preserve eco-systemseathate carbon inputs.

Tianjin needs to recognize the high level of prdolty of its local ecosystem and
reduce its dependence on the capacity of othelystamas to supply its food needs. A better
relationship between urban and rural areas nedaks éstablisheddowever the proportion
of locally sourced food is related to structurdfetence in supply and consumption of
agricultural products especially for vegetablesntly be reasonable for consumers to
consume distance distributed food produced by a#gions if there is no enough food
supply to meet their needs at right time and rigitte and right qualityFood flow
analysis alone, however, is insufficient to detemnif production is truly ecologically
sustainable.Further study need to consider how much extent isfadce sourced
products or how much proportion of locally sourdedd is reasonable, and then to
argue the unreasonable part in Tianjin.
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5.1.2 Local production, food security and environtaémanagement in urban fringe areas

There is growing concern about food safety andrenwmental contamination in the
rapidly expanding peri-urban interface in Asia (Hgaet al., 2006; Vagneron, 2007).
Around the many quite large and fast-growing citiesChina, and in particular the
mega-cities, the current high levels of agricultym@ductivity have been achieved through
the use of intensive agricultural practices, whach being adopted at an accelerated pace
(Sundkuvist et al., 2005; Wolf et al., 2003), a ttemhich is expected to continue in the
future. Recent studies agree that intensificatioagoiculture by means of external inputs of
fossil fuels, inorganic fertilizers, pesticides,daimported fodder has had significant and
widespread impacts on ecosystem functioning, anchnadl this impact has been negative
(Ericksen, 2008; Sundkuvist et al., 2005). Modetternsive agricultural practices can pollute
soil and water with agro-chemicals, reduce biodirgrdegrade the environment, increase
desertification, cause soil erosion, and, in mamges, result in poorly structured,
monotonic agricultural landscapes (Chenal, 2006; Huanget al, 2006; Prandl-Zika,
2008). Few sectors in society have had such profompacts on the ecosystem as the food
industry (Sundkviset al, 2001).

In areas where there is a strong demand for foodymts, mainly for commercial
purpose, are based on market with high-input imtengroduction, especially vegetable in
suburban area. As a result of irrigation with teglatvastewater in Tianjin, concentrations of
polycyclic aromatic hydrocarbons (PAHS) in vege¢sahin suburban area were higher than
those reported for other areas, and agriculturds Sn some areas are also severely
contaminated by PAHs (Tao et al., 2004). Consumptib vegetables produced in these
areas could lead to health risks, especially fddmm (Wang et al., 2005).

Agriculture in urban fringe areas is part of thebam ecological system. The
consequences of changes in agricultural land udereamagement have the potential to be
both positive and negative (Wat al, 2009). The transition from paddy rice to raid-fe
crops causes significant carbon loss from soilst{Miuraet al, 2008), while at the same
time substantially reducing methane emissions @tval, 2009). According to the farmers
interviewed, the south canal, which is currentilyged run through Xiging, is being
treated and reclaimed for cultural heritage andisoy and the traditional vegetable fields
and villages along the canal may be convertedheratses. This may reduce health risks,
but local famers could lose a reliable source afome from the loss of remaining
agricultural land.

Because of the long history of paddy rice culturéhie region, paddy fields in suburban
area may have high educational value for the ladadn population, while paddy fields in
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rural area may still have the production functiespecially for local consumption. Also
beyond the local precipitation, the irrigation wafier paddy fields in suburban are mainly
treated water from the industrial and residentieba in urban centre, whilst, in the rural,
the irrigation highly depends on the inflow frometiBeijing which is located on the
upstream of Tianjin. Therefore, paddy fields magdepecial protection and consideration
in their integration into a comprehensive land pé&n and water management in the
Beijing Tianjin region.

5.1.3 Adaptive capacity and resilience buildingrice cropping

Most Asian megacities are located in rich alludaltas that have long served as the
“rice-baskets” of their respective regions (McG2@08). Recently in China, many paddy
fields have been converted into other types ofcadjural land to increase revenue; this
conversion is the result of the influence of manketchanisms, such as the conversion of
paddy fields into aquaculture and mulberry fields $ilk production in the Yangtze Delta
(Wu et al., 2009) and the transformation to casipr fruits and aquaculture in the Pearl
River Delta (Li and Yeh, 2004). However, in thisdy area, water shortages and unreliable
rainfall compelled the farmers to shift their paedio field crops. The conservation of the
paddy field is important not only for the preservatof the traditional social culture, but it
allows the local farmers to be flexible in theiropping activities and enhances the
resilience to environmental change. Any fixed-ciagp system will increase its
vulnerability.

In order to apply the localization of food prodoctj the priority should be given to the
production of rice which is the principal stapledofor security. In order to improve rice
production in Asian city region, it is important tonsider: the climate fluctuation,
collective irrigation regime.

This study relays several lessons to other aguralltsystems experiencing global
environmental change. First, resilience-buildingsinbe integrated into the adaptation
measures to climate and global environmental chafaye sustainable agricultural
development strategies. Second, the local institybiays a vital role in building resilience.
Although farmers continuously adapt to changesedtwhanges may impact both the current
and future situations. The future climate is uraiart Diminished resilience reduces the
adaptive capacity, which is the ability of a so@ablogical system to cope with novel
situations without foreclosing future developmeptians (Folke et al., 2002). Thus, the
resilience and adaptive capacity of agriculturalmomnities and their associated
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stakeholders must be enhanced to better cope wdthonly the constraints but the
opportunities of the current climate variabilityftmdamental shift in thinking is necessary
for a community to move away from a short-term vigfwcoping measures and profit gains
to a long-term perspective that emphasises sublainagriculture and vulnerability
reduction. It is suggested that new institutiomahagements, including collective irrigation
regimes for rice cropping, are necessary to buile social resilience and enhance the
adaptive capacity. For rice production in the Asiace-basket”, it is important to consider
both the climate fluctuation and collective irriget regime.

During the preparation of our manuscript, the arglexperienced the devastating 2011
Tohoku earthquake and tsunami in Japan, which allavgetd recognise that in the face of
uncertain environmental change and disaster infubhge, it is important to build the
resilience of social-ecological systems to respprohctively. An improved understanding
of individual and societal resilience not only pdms insights for estimating future
adjustment, but it also helps to address the cupeablems of sustainable development in
light of our variable and uncertain environment.

5.1.4 Public food consumption perception to foocodpiction and flow

Urban, suburban, and rural linkage need to beruetsiralized, food production in
suburban and rural can be fully used for urban kngekclosed by. In this study, there is a
lack of empirical information regarding consumergaptions of local foods, which limits
the extent to which alternative systems can becefiey theorized and developed.
Although it was not recognized by this study, chaggegional consumption pattern of
food is the other driver of regional land use clemm@g well as environmental change.
Tianjin produces more food than they need for etxgarcal consumption for grain rations
might have little impact on agriculture land usarfe; while local production for meat and
dairy may respond for increasing crop of corn. Exjiag food trading with other regions
and countries may cause agriculture land use changeéanjin. Agricultural income is
perhaps able to be increased by exporting the ptedio other regions and countries.
Agricultural land in Tianjin is also, perhaps, altebe kept or increase in that case. In
another, expanding inflow of cheap and good qudlityd may let agricultural land in
Tianjin decrease instead of food intake by localstoner or industrialization.

Trade in animal products as well as feed is stypimgireasing worldwide, partly driven
by the variable availability of natural resourc&¥ith trade in these products, natural
resources and environmental impact are transfereéerred to as virtual trade in water and
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nutrients (Steinfeld and Wassenaar, 2007). Livésddand use includes grazing land and
cropland dedicated to the production of feed crapd fodder(Steinfeld and Wassenaar,
2007). Feedlot production relies on grain and legenops to feed livestock (predominantly
cattle) (McAlpine et al., 2009). Growing crops &eéfl animals requires high amounts of
external inputs of nutrients, water and energy i(&&l and Wassenaar, 2007), and has
substantial environmental impacts at the regiondl global scales. At the regional scale,
feedlots increase demand for agricultural land hedce generate added pressures for
conversion of native ecosystems to agriculturediede are also a significant contributor to
elevated greenhouse gases (McAlpine et al., 200®) .agriculture land for growing feedlot
needed in Tianjin is nearly as much as the existuitivated land.

5.2 Conclusion and new findings

This research took Tianjin, China as a case studg, aised self-sufficiency and land
areas for agriculture, especially for croppingivas indicators to explore a sustainable city
region in terms of localization of food productidinree new findings were got:

(1) Calculated SSR suggested that vegetables in Tiaityirregion is high, but the
real is still far from “the local production depesati because of seasonality and
limited types; on the other side, Calculated SSRexeals are relative low,
however cereals are mostly consumed in productieasa

(2)  Many paddy fields have been reported to conveot di@veloped areas and other
types of agricultural land use to increase reveBug. a large decrease in paddy
fields in Tianjin was due to a shortage of water;

3) Large fluctuation in annual precipitation has sesieffects on rice production in
Tianjin. Local institutions play a vital role ince production “recovery”.
Resilience building is important for local agriautil communities to improve
the self-sufficiency.

It was suggested that new institutional arrangemémtiuding collective irrigation

regimes for rice production is necessary in orderestablish localization of food
production.

In conclusion, the food flow and self-sufficienayadysis indicated that Tianjin needs to
recognize the high level of productivity of its &darea and reduce its dependence on the
capacity of other regions to supply its food neédbetter relationship between urban and
rural areas through local food production and congion needs to be re-established. Water
is currently the largest barrier to increasing f@odduction in the city. In order to improve
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self-sufficiency and establish a localized foodilat is necessary to enhance the resilience
and adaptive capacity of local agricultural comniersiand associated stakeholders to cope
better with not only the constraints but also tippartunities of climate variability and
urbanization. From this study, in order to apple tbcalization of food production, the
priority should be given to the production of riadich is the principal staple food for
security. To improve rice production in Asian aiggion, it is important to consider both the
climate fluctuation and collective irrigation regmUrban, suburban, and rural linkage need
to be re-structuralized, so that food productiorsuburban and rural can be fully used for
urban dwellers closed by. To apply the results lois tstudy, appropriate spatial
boundary/size need to be considered to defineitheegion.
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