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ABSTRACT

Using the spatial equilibrium model, this studyireates the flow direction and quantity in thirtyeoprovinces and
three overseas imported strongholds, including &aliNingbo and Fangchenggang, and it reveals Dabana
representative port city plays an important roletlire process of grain transshipment at home andadbrLastly,
this paper puts forward the key to future developnies in the center position of the key port Gty the grain
logistics and the fixation of the function of et city.
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INTRODUCTION

Since the 21th century, China’s food security Hamgs been tightly balanced. The grain circulatias become an
important factor to affect people’s life and protioc. On the one hand, China’s grain productiofnmbalanced
with the consumption, and the North-to-South Giaimersion has become an important feature in Chida.the
other hand, the imported grain is increasing aredptbrt city as a traffic hub is becoming a highlighcompanied
by the strategy of grain production Going Out. §iieg the study of grain flow direction and quaniit the port
city is the key to achieving food security stratebpalbrendt & Gempseaw & Chen (1989),Hearn & Hatblte&

Gempseaw & Webb (1990) used Spatial Equilibrium BMIddSEM ) to investigate China’s agricultural market

[1,2], and Xin (2002) used GAMS (The General AlggbrModeling System) and the railway freight oueternet
to investigate the circulation and price of fodtéetween provinces[3]. Chen (2004) simulated andlipted the
spatial equilibrium of rice, wheat, soy, animal guots and aquatic products [4]; Zhang (2006) ubedSEM to
study the changes of natural rubber in the worldketa[5]; Liang (2007, 2010) used the GIS (Geograph
Information System) and SEM to study the comprelvensansportation costs of grain and the optinagiidtics
routine [6,7]. However, the above research is lafcthe study of port city in the role of grain aifation. Under the
condition of imbalance between the production aaldss as well as the increasing import, it is int@atr to make
full use of the advantage of port city as a trafffid and to regulate the circulation of grain anbaaccording to the
production and the sales.

The following parts will introduce the relationstiptween grain circulation and the port city, amehtthe imitation
of the grain flow orientation and quantity usedthy SEM; the fourth part is about the ways to ojztingrain in the
port city, and then the conclusions.

Port city and grain circulation

Definitions

Grain circulation means the grain moved on thesbakthe best transport routes and the cheapesisvazording
to different needs, which is in order to achieve lblest economic and social benefits.
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Port, as the most important hub in the global liggschain, plays an important role in the whokensportation
system. The main port cities in charge of grainanipg and exporting include Dalian, Qingdao, Liangang,
Shanghai, Ningbo, Shenzhen, Fangchenggang. ThggeHarbor cities are unique in geographical pmsigind rich
in deep water resources, which provide the congkeninditions for the international freight. Mearileh these
harbor themselves with the advantage of transpontare the main places to distribute the goods @sd the
important inland sea channels with strong capdoiiynport, export and discharge goods.

Port city asthe centre of grain logistics

Port city is the hub in the process of the gramuation, and itself is a large grain logisticsédo produce, store,
and transport. Meanwhile, as these port citiestlaeeforefront of China’s economic reform and opgnto the
outside world, they have a great advantage in aiitiga foreign investment and are characterized hy t
export-oriented. Since the reform and opening potice local cities have established economic addstrial zones
with a certain scale, which have a great demandraim. The port cities not only play the role oéigrimport and
export and the logistics center of grain transpima but also the demand of grain circulation fieeted by the
international grain price, the supply and the dednan

Threegrain circulation belts

From the distribution, the overall grain logistigatterns come into being around the Bohai Seay #mgtze River
Delta, and the Pearl River Delta. From the trarntsgion maritime channels at home, the grain inheast of China
are transported by railway and highway to LiaoniBglian, and other ports, and then transported btemto
Tianjin, Shandong, Shanghai, Jiangsu, ZhejiangaRujGuangdong, Guangxi, Hainan and other placks.fiain
grain logistics nodes include Harbor Beiliang, Bali Yingkou, Qinhuangdao, Jinzhou, Dandong, Tiargiimgdao,
Lianyungang, Shanghai, Ningbo, Xiamen, Huangpuk8&heZhanjiang, Shantou, Fangchenggang, which ainne
with the railway channels and the water channel¥arigtze and Pearl River. These passages stretobsathe
major producing and sales areas, covering north#estareas around Bohai Sea, Yangtze River De#arl River
Delta, and other economic zones. The amount ofargrain circulation is nearly to 50 million torecounting for
26.5% of the total grain logistics [8]. From thartsportation channels of grain import and expbdan be seen that
they are mainly composed of soybean import chararescorn export channels. The soybean import ctamafer
to the imported soybean flowing into the southeastst of China, Shandong, Beijing and Liaoning frAmerica,
Brazil, and Argentina. The exported corn channeferrto the corn exported to South Korea, Japariaydm,
Canada and other countries from Harbor Beiliangjaba Yingkou, Jinzhou, and Dandong. Therefore, plot
cities not only bear the task of international gramport and export, but also responsible for tbendstic grain
transportation from the main producing areas tathé sales areas.

Theanalysis of grain circulation in the port city smulated by SEM
Spatial Equilibrium Model considering price

The objective function:

Constraint conditions:

(D Gy =F xdy
N

(2) Z X < MIQ,
i=1
30-N

(3 > X 2MOQ,
j=1

) (MIQit ) MOijt ) Rt ) Pjt ) Xijt ’Cljt) 20

Solve: X;
MIQ represents the net imported quantity of graireach province; MOQ is the net exported quantitgrain in
each province; i refers to the grain imported pnoei j refers to the grain exported province; this year; x is the

traffic volume; c is per transportation cost peit gnain between two regions; F is the grain tramsgion cost; d is
the distance between regions.

Constraints:

(2) is the formula to calculate the transportatiost per unit grain between regions.

(2) means the in-flowed restrictions that the qgitrguaif inflow grain from other provinces is lessathor equal to the
amount lacking of in the local.

(3) refers to out-flowed restrictions that the mpsantity at the local is more than or equal togh®unt out-flowing.
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(4) is the restriction for each variable symbol.

Data

The objects in this paper involves with China’srighibne provinces, including the autonomous regians!
municipalities (except Hong Kong, Taiwan, and M3gcathe data comes from China Statistical Yearboo#t a
China Agriculture Statistical Yearbook, among whiakiolve with the quantity of imported and exportgain,
namely the total quantity of cereal and cereal pawd

Thegrain surplusin each province

Grain supply is decided by the long-term productond net import, which is affected by the graircksoin a short
term. Grain consumption is determined by the totathber of population and per capita consumptionth&sdata of
grain stocks is unavailable, this paper adoptedhtban in the five years from year 2006 to 2010litnieate the
influence of grain stocks to the supply. In thip@a the total grain supply is the quantity of grannual production
plus the net quantity of the imported grain; thaigrannual consumption per capita is the ratio arall grain
supply divided by the total number of China’s p@tian. The grain annual consumption per capitasisaa
benchmark, which multiplies with the total poputetinumber in each region respectively to calcuthte grain
annual consumption in every province. The diffeeebetween the grain annual production and annueduwoption
is the overage or the shortage.

According to the above method and the calculatesults of the data from year 2006 to 2010, elevewipces
among the thirty-one provinces are the surplussaiiealuding Heilongjiang, Jilin, Henan, Inner Maig, Anhui,
Shandong, Hunan, Jiangxi, Liaoning, Ningxia, Xingia and Jiangsu, and the other provinces belorthetgrain
imported areas. (Seen in Table-1)

Table-1. Thegrain production, consumption in each province (Mean Y ear 2006-2010)

. Overage and
. . Production Consumption Shortage
Province Production Consumption | Overage and Shortage Province (ten (ten thousand (ten
(en thousand ton) (en thousand ton) (ten thousand ton thousand h d
ton) ton) thousan
ton)
Heilongjiang 3425.47 1519.12 1906.35 Hubei 2180.06  2291.79 -111.73
Jilin 2621.00 1082.10 1538.90 Qinghai 95.60 217.52 -121.92
Henan 4892.54 3758.41 1134.13 Hainan 177.94 332.3] -154.43
Inner 1762.88 952.82 810.06 Sichuan 3083.64 3288.83 1905.
Mongolia
Anhui 2826.73 2459.92 366.81 Gansu 832.65 1038.5% 05.99
Shandong 3978.42 3698.25 280.17 Yunnan 1509.19 1781 271.92
Hunan 2704.40 2551.90 152.50 Tianjin 139.97 431.90 291.93
Jiangxi 1827.32 1725.23 102.09 Shanxi 1029.68 0. 311.31
Liaoning 1777.22 1692.99 82.23 Guizhou 1136.6¢ 18D6 369.47
Ningxia 310.80 239.74 71.06 Shaanxi 1069.79 1484.19 -414.41
Xinjiang 874.57 814.74 59.83 Guangzh 1428.0 118D6 -468.08
Jiangsu 3002.56 3001.79 0.77 Beijing 100.36 631.20| -530.84
Tibet 94.13 111.53 -17.40 Shanghai 109.56 721.94 12.38
Hebei 2705.76 2741.80 -36.04 Fujian 688.11 1414.15 -726.04
Chongging 1092.88 1143.39 -50.51 Zhejiang 807.56 6915 -1162.20
Guangdong_;I 1340.14 3640.52 -2300.38

Estimating the flow orientation and quantity based on the SEM
The study of grain circulation optimization in tpert city is under the background of China’s grairculation,

which estimates the grain flow orientation and ditanvhen the route of grain circulation is the moptimal. The
grain circulation in this paper focuses on the mtaansfer in space and time. In terms of spae ntbst optimal
route is chosen to ensure the grain transportecbtlyobetween regions; In terms of time, the lengthgrain
transporting between different regions is the sfsirtin terms of expenses, the total expensesair girculation is
minimized. Ideally, the optimal grain route shoblel optimal in space, time, and expenses. Howetver difficult
to make the above three factors be optimal atdahgesime as a result of the limitation of objectbemditions. The
fastest transportation route means higher costtlamtbast cost is likely to be long in time andhp& herefore, this
paper chooses the railway and water as the maiagdoatation ways.

As the grain price is unavailable and basicallyt fta the long term though there is narrow gap betwéhe
purchased grain, and the grain transportationicésti by the capacity and volume, so the differenc€ price
estimating are eliminated. Therefore, it becomesctidculation of the optimal producing quantityemch place and
the optimal number of transportation between regjioramely the allocation, to minimize the transaiioh cost
according to the demand, production potential aadsportation cost. The transportation cost heferseo the
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transportation over railway¥ 0.0616/ ton per kilo[6] and wate¥ 0.035/ ton per kilo, and the distance between
provinces is the railway distance between the abgib each province.

If take the grain surplus provinces as a benchnsa#t,do not take imported grain into account, it ba seen from
the simulation of SEM that it is impossible to m#é®t grain demand in the main sales districts kxtat the remote
areas. For example, Tibet, Chongging, Hainan, Sichivunnan, Guizhou and Guangxi are lack of graim
Guangdong is partly lack of grain. From the disttibn, most of regions which are lack of grainitiehe southwest
of China, and followed by the coastal areas irstheth of China.

On the basis of the above situation, this paperstdle net grain gap 18.5718 million as the impgbgt@in quantity.
Considering the current grain logistics situatiorihie coastal port cities and the results of trevatsimulation, this
paper will analyze thirty-one provinces, besidesttiree ports, namely Dalian, Ningbo, Fangchenggahgh are
the important hub in the North-to-South Grain Dsien, a representative city in the Yangtze Riveltddend a port
city in the Pear River Delta correspondingly.

Assume the average 18.5718 million tons of graipdrted to China from port Dalian, Ningbo, and Faregmgang,
and each port accounts for one-third of the totamity respectively. The goods is transported avater from

Dalian, Ningbo, and Fangchenggang to other capdsigorts, and transported over railway to othaced, and the
distance is calculated to the capital of each prcai The results can be seen in Table 2 imitatetd byl inear

Programming).

It can be seen that the grain flows from the mairdpcing areas into the main sales places unidmemit The

surplus of grain in Anhui and Jiangsu are all tpamged to Zhejiang; the surplus in Shandong caplgupe overall

shortage in Hebei and Tianjin; the surplus of giaitdenan can meet the shortage in Chongqing, H@ehuan

and part shortage in Yunnan and Guizhou; the ssigllgrain in Inner Mongolia can meet the shortag®inghai,

Shanxi, and part shortage in Yunnan and Guizhaai;stirplus of grain in Guizhou just meet the padristge in

Guizhou; the surplus of grain in Jiangxi just minet part shortage in Guizhou; the surplus in Niagean meet the
overall shortage in Tibet and part shortage in @atige surplus of grain in Xinjiang can meet thet ghortage in
Gansu.

Port Dalian, Ningbo, Fangchenggang, as an importadé, plays an important role in domestic graamsportation
and import. Most grain in the main grain producargas in the northeast of China is transportedhé¢osbuth of
China through Dalian. Except the 2.4642 milliongaf grain in Heilongjiang are transported to Bwgjjidirectly,
and the rest 16.5993 million tons of grain aregpamted through Dalian to other places, and tha8bmillion tons
of grain in Jilin are all transported through Dalig&xcept the 488,000 tons of grain in Liaoning taa@sported to
Tianjin, the rest 344,300 tons are transporteduifindDalian. The grain transported though Dalian tedimported
grain can meet the overall demands in ShanghaFajidn, and also meet most grain shortage and gaslgrain
shortage in Zhejiang and Guangdong respectivelg.ifiported grain through Ningbo can satisfy the tdesnands
in Guangdong and small demands in Guangxi, andntiperted grain to Fangchenggang can meet the dveral
demands in Hainan, the most demands in Guangxipariddlemands in Yunnan. What should be paid attett is
the assumption in this paper that there is notdtigtinction between the varieties of grain, tiegtthe grain as a
whole.

Therefore, it can be seen that the flow orientadiad quantity of grain is different from the reglibut is roughly
similar. If every variety of grain is estimatedetfiow orientation and quantity of each varietyngsihe same
method can be achieved too.

Thewaysto optimizethegrain circulation in port cities

To strengthen the construction logistics facilities of port cities and optimize the logistics channels

At present, the distribution of grain logisticsifaies in south and north of China is greatly ind&ed. In the main
sales areas, the south-east coast is short innipaaind capacity, especially lacking in the capaadtythe
transshipment depot. The amount of raw grain flgwitio seven southeast coastal cities, namely Staangiangsu,
Zhejiang, Fujian, Guangdong, Guangxi, and Hainaepants for half of the total inflow in China. Hover, the
capacity in these cities is only 10%, and shoiighly mechanized silo and squat silo. Though thetsis rich in
water, the transport efficiency is not high as la€kulk grain barge and supporting discharged mgents. The
primary task is to fulfill the center position agjain logistics. Speeding up the constructionugiporting hardware
facilities in the port city, especially loading andloading equipment, construction of transportidors, is to make
the railway, highway and waterway joint seamless{eanwhile, pay attention to the construction oft so
environment in key port cities. To optimize thensportation routes in the whole society is to reddice
transportation cost and to stimulate the developmoggrain logistics over water.
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Table-2.The grain flow orientation and quantity in each province and port city

Hei . Inner . . . . . . Fang
: Ji He An Shan Hu Jian Liao Nin Xin Jian Da Nin
Province 'I_ong lin nan Mo_ngo hui dong nan Xi K ning xiag jiang sug lian bog cheng Demands
jiang -lia gang

Dalian 1659.93 15384 34.43 0
Tibet 17.4 17.4
Hebei 36.04 36.04
Chongging 50.51 50.51
Hubei 111.73 111.73
Qinghai 121.92 121.92
Hainan 154.43 154.43
Sichuan 205.19 205.19
Gansu 92.41 53.66 59.83 205.9
Yunnan 237.41 34.51 271.92
Tianjin 24413 48.8 291.93
Shanxi 311.31 311.31
Guizhou 114.88 152.5 102.09 369.47
Shaanxi 414.41 41441
Guangxi 37.96 430.12 468.08
Beijing 246.42 284.42 530.84
Shanghai 612.38 612.38
Fujian 726.04 726.04
Zhejiang 366.81 0.77 794.62 1162.2
Guangdong 1719.28 581.1 2300.38
Supply 1906.35 1538.9 1134.1 810.p6 366/81 28(.17152.5 102.09 82.23 71.06 59.9 0.f7 619,06 619.06 19.06 8362.08
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To pinpoint the status of each port city

Avoid the repetitive construction and vicious comifpen in the grain logistics in port cities and fihe function of
each port city according to different functionseafch port city in transporting grain. Dalian can bbe replaced by
other ports, which is not only the main producimgl zales areas, but also the hub in the natiorthirdarnational
market. Meanwhile, Dalian owns the national graitufes trading center, namely Dalian Futures Exgban
Therefore, Dalian is the joint of grain cash andimgrfutures, the joint of water and land, and tbiatj of grain
trading, storage, and processing, which can radiaist areas of China. Ningbo is an important paxt io the
Yangtze River Delta. On the one hand, it is an irfgrd channel to undertake the grain transportatiom the
northeast of China and foreign countries. On theerohand, it is also an important entrance to ethierChinese
hinterland through the Yangtze River. Logisticsebhas been built in Ningbo, which plays an impdrtate in food
processing, storage and transportation and radiatie areas around Yangtze River Delta. Fangchengga
Guangxi province is an important exit in transpagtigrain in southwest of China. Because of the leateport
natures, it shoulders an important role in regaotatfood import and export, and particularly undeeta the
transportation of a large quantity of grain for BoAsia.

Furthermore, Qingdao in Shandong province, Liangmggin Jiangsu province, Shenzhen in Guangdongrey
and Shanghai are important nodes in transportiagngand are also important channels for the inftdwgrain from
northeast of China and the outflow to the othetgaf the world. Lianyungang and Ningbo, as Two y¢irof
Shanghai, belong to the Yangtze River Delta, wiriatliate strongly to the areas in the Yangtze RDelta.
Shenzhen and Fangchenggang, as Pearl River Graiid@s, play an important role in importing andpexting.
Qingdao, as an important port in Jiaodong Peninsalad together with other port cities meets thppsuand
demand in the local areas.

CONCLUSION

The key port cities in China mainly include Daliam Liaoning province, Qingdao in Shandong province,
Lianyungang in Jiangsu province, Shanghai, NinghbaZhejiang province, Shenzhen in Guangdong proyince
Fangchenggang in Guangxi province, etc. They apoitant channels to transport grain at home anditrgind
export overseas, and they are also important tarerfsod security strategy. This paper used the $&®stimate
the flow direction and quantity of grain in Chirand found that Dalian, Ningbo, and Fangchenggaag ph
important role in grain transportation in China ayrdin import and export overseas. The importaoblgm to be
solved in the future is the full use of the cemfein logistics and the fixation the status of epott city.
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