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To guarantee the safety of metropolitan cities’ vegetable supply is not only the important basis of eco-
nomic development and social stability, but also a key part of the national food security strategy in China.
Based on the practical data of Beijing, Shanghai and Hangzhou, this paper employs grey correlation dynamic
analysis (hereafter GCDA) method to comparatively analyze the influence factors that impact the three cit-
ies’ vegetable production in the natural, technical, and economic aspects, such as vegetable sown areas,
yearly rainfall, average air temperature, sunshine hours, yield per area, effective irrigation areas, total agri-
cultural machinery power, rural electrical power consumption, amount of chemical fertilizer consumption,
total costs of unit vegetable production, net profits of unit vegetable production, labor number, urbanization
and industrial development levels. The analysis results show that different factors have different influences
on the vegetable production for the metropolitan cities in different regions. Especially, the following fac-
tors, such as the vegetable sown areas, total power of agricultural machinery, reasonable fertilizer consump-
tion, effective irrigating areas, and sufficient labor number, have higher impacts on the vegetable production
capability of the three major cities compared with other factors. In the end of this paper, the different
countermeasures for the different metropolitan cities are put forward according to the analysis results.
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INTRODUCTION

China is a country of mass vegetable production and
consumption, with 30 percent of the world’s total vege-
table production. As one of essentials in people’s daily
lives, the supply of vegetables has distinctive features,
such as long production cycle, being seasonal, lack of
alternative products, short storage time, high demand
of storage condition, high rate of loss and difficult to
transfer the products, etc., so as to the vegetable supply
needs more focus on timeliness and security of supply
when compared with other necessities. In recent years,
the security issues of urban vegetable supply become
more and more important, with the increasingly out-
standing problems of lack of adequate circulation and
distribution facilities, frequent natural disasters and
price fluctuation of vegetables. The State Council of
China specially held an executive meeting on August
18, 2010 to study and plan to further promote vegetable
production, and to ensure the basic stability of market
supply and price policy measures, which raised the
requirements of stabilizing and improving the capacity
of the vegetable self-sufficient supply in particular for
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metropolitan cities with more than millions of people in
the urban areas. In China’s most famous cities such as
Beijing, Shanghai, Hangzhou, it is especially important
and urgent to ensure a degree of self—sufficient supply
capacity and security of vegetable supply.

Previous researches for the Chinese vegetables
mainly focused on the following aspects: First, studies
from the perspective of vegetable supply chain (Yang,
2006; LU, et al., 2009; Lee and Zhou, 2009; Shao, 2009;
Wu, 2009, Zang, 2009), started from the local or
national level, evaluated existing vegetable supply chain,
and set up a series of analysis on how to build a more
perfect vegetable supply chain, optimize the supply
chain structure and other aspects. Second, studies from
the perspectives of vegetable production, consumption,
processing, distribution, foreign trade and other angles
(Wang, 2004; Xiao, 2007; Lee, 2006; Liu, 2005; Wang,
2007; Zheng, 2005; Lee, 2006), explored the effects of
different influencing factors on the vegetable industry
and put forward suggestions and countermeasures on
improving the international competitiveness of China's
vegetable industry in the future. Third, studies from
the perspective of price changes (Zhao et al., 2010; Pan
and Mu, 2010), made a systematic analysis of trends
and causes of vegetable price changes in different parts.
Fourth, studies from the perspectives of vegetable indus-
try development and modes of market organization
(Yang, 2004; Feng, 2004; Kou, 2004), analyzed the prob-
lems of the vegetable industry are facing and put for-
ward the countermeasures in the end. Fifth, studies
from the perspectives of vegetable supply security of
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quality and quantity (He, 2007; Zhao and Zhang, 2008;
Zhao, 2009; Chen, et al., 2009), analyzed the quality
and quantity of vegetable supply condition in different
provinces, and made corresponding countermeasures on
the future security of vegetable supply.

The studies above are of importance for this paper.
From the perspective of research, however, most of the
papers analyzed issues such as vegetable supply chain,
vegetable trade, vegetable industry and vegetable prices,
while the researches on the production and safe supply
of vegetables in China’s major cities are still not in—
depth. Although some documents are related to the safe
supply of urban vegetable production, there is still a
lack of systematic quantitative analysis, less typical cit-
ies selected, a lack of comparative analysis on security
situations among the cities and defects. Therefore, this
paper tries to make up these gaps above, selects Beijing,
Shanghai and Hangzhou as study areas, fully thinks the
various factors which influence the capacity of vegeta-
ble production, such as natural conditions, technical
level and economic factors, and initially takes the GCDA
method to compare and analyze different roles of these
factors on vegetable production in different regions of
the Chinese cities, and then puts forward the counter-
measures. In the current background of declining trend
in production and self—sufficient supply rate, increasing
ups and downs trend of vegetable prices and increas-
ingly prominent problems of urban vegetable’s safe sup-
ply, this study has positive significance for the stability
of vegetable production and security protection of sup-
ply in Chinese metropolitan cities.

MATERIALS AND METHODS

Basic Idea

The basic idea of this paper is as follows: first to
make a statistical comparative analysis of vegetable
industry development trend in the three metropolitan
cities: Beijing, Shanghai and Hangzhou; second to tease
out possible factors influencing urban vegetable pro-
duction, and make use of GCDA method to explore the
dynamic relationship between various factors and vege-
table production of the three major cities since 2000;
third to find out the effects that these factors have
affected differently on the three cities’ vegetable pro-
duction; and finally to take the outcomes of data analy-
sis and characteristics of different metropolitan cities
above into account, the measurements are given to pro-
mote Chinese metropolitan cities’ vegetable production
rate. Some suggestions for further studies are discussed
in the end.

Index system construction

The capacity of urban vegetable production can be
influenced by some factors. These influence factors are
described in figure 1.

Natural conditions factors mainly include the sown
areas of vegetables, yearly rainfall, average air tempera-
ture, hours of sunshine, etc.. The sown areas directly
determine the outputs level of urban vegetable. Yearly

rainfall, average air temperature and hours of sunshine
have a direct impact on vegetable varieties, qualities and
output levels.

Technical factors include yield per unit area, irri-
gated areas, total agricultural machinery power, electri-
cal power consumption and amount of chemical ferti-
lizer. The level of technology represents the level of agri-
cultural modernization, and it also affects the vegeta-
bles’ quality and yield. While the level of yield per unit
area represents the level of vegetables’ cultivation tech-
nology and has a direct impact on vegetable production.
For the irrigated areas, even if the yearly rainfall is insuf-
ficient, as long as there are efficient irrigation equip-
ments to irrigate the vegetable plots, in the case of elec-
trical power guaranteed, there still would be higher
outputs. Combined with effective fertilization, total agri-
cultural machinery power helps improve the ability to
keep the soil moisture and form a favorable environ-
ment for vegetables’ growth, and as a result the outputs
of vegetable can be improved. Meanwhile, total agricul-
tural machinery power applied in circulation field can
effectively improve the efficiency of vegetables’ sales
and other aspects, which plays a positive role in promot-
ing vegetables’ industry development.

Economic factors include the total costs per unit
area of vegetable production, net profits per unit area of
vegetable production, labor number per unit area of
vegetable production, urbanization rate and industrial
development level etc.. Here, the first three factors
directly affect the vegetables’ cultivation and the vege-
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Fig. 1. Influence Factors of Urban Vegetable Production.
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table outputs. The lower of the cost, the fewer of labor
numbers and the higher of the profit can effectively
improve the vegetable outputs. On the other hand, the
vegetable outputs would be lower. In addition, under
the condition of limited land resources, with the metro-
politan cities’ industrialization, urbanization and the
rapid development process of the secondary and terti-
ary economic sectors, the areas of vegetable planting
are increasingly declined, and more human resources
are swarming into the secondary and tertiary indus-
tries, which to some extent are not conducive to the
development of urban vegetable production. This study
adopts the proportion of the total value of agricultural
outputs to GDP to reflect the gradually weakened pro-
portion of the agricultural economy in the national
economy and the possible impacts on urban vegetable
production caused by the rapid development of the sec-
ondary and tertiary industries.

In addition, the policy factors such as government
subsidies, supporting policies etc. should play a positive
role on promoting the development of vegetables’ indus-
try. However, there factors are not considered in this
paper in view of without accurate data. The policy fac-
tors will be researched in another paper based on spots
investigation.

Methodology

The GCDA method is adopted in the paper, which
was formulated by Deng (1982). In the grey system the-
ory, completely information in a system is defined as a
white system. On the contrary, nobody can obtain any
information and system characteristics which are in
black system. Then the grey system is situated between
the two systems above. “The minimal data require-
ment, simplicity of use and reasonable expected results
are the advantages of the grey system over the tradi-
tional regression analysis.”” GCDA method can be used
to distinguish which are the primary factors, and which
are the secondary factors within an imperfect informa-
tion system, and the statistical tests are not necessary
using this method. Now, it has been widely approached
by dozens of scholars from diverse research perspec-
tives, such as energy-related studies (Morita, et al.,
1996; Lu, et al., 2008), agriculture field (Wang, et al.,
2010; Huang, et al., 2007), economics field (Hamzacebi
and Pekkaya, 2011; Zhao, et al., 2011), management field
(Sun, et al., 2007; Lin, 2003), etc.. The basic procedures
of GCDA method generally include the following steps.
Step 1: Defining data

Let x, be the grey relational set, it is called mother—
sequence with m entries, x, = (x,(1), 2,(2),..., x,(m))".
Let x, be the 7" sub-sequence, x, = (x,(1), x,2),...,
x,(m))", where 7 = 1,2,..., m, and n represents the number
of sub—sequences. The correction coefficient is calcu-
lated between x, and «, in the end. In this paper, the
vegetable production in different metropolitan cities is
the mother-sequence, and the different influence fac-

tors are the sub—sequences.
Step 2: Normalizing the raw data

In this step, the raw data are normalized to elimi-
nate the dimensional influence. The normalization
method is given as follows:

= xo(k) = xi(k) M
xo(1) xi(1)

Where ¢ = 1,2,...,n; k = 1,2,...,m; y, is the normalized
mother-sequence, and y, is the normalized sub-
sequences.
Step 3: Calculating the grey correlation coefficient

The grey correlation coefficient ¢, (k) of the nor-
malized sub-sequences ¥,(t) is to the normalized
mother—sequence y,(1) at the time t=k can be expressed
as the following formula:

min, min, | y,(k)—y.(k) | + omax, max, | y,(k)-y,(k) |
[y, (k) ~y.(k) | + omax, maz, | y,(k)y,(k) |
@

Colk) =

Where o is the distinguishing coefficient used to adjust
the difference of the correlation coefficient, usually
0=<(0,1)(Deng, 1989). According to the sensitivity
analysis, 0 = 0.5 is a good choice which can due to the
moderate distinguishing effects and good stability of out-
comes (Lu, et al., 2008). Therefore, p= 0.5 is adopted
in the following calculation in this paper.
Step 4: Calculating the grey correlation grade

Grey correlation grades for y,(t) and y,(t) are given
by the average of the grey correlation coefficients as

n
o= 2,00, ®
L)

Step 5: Ranking the grey correlation grade

In this step, the order of the grey correlation grades
is ranked according to their values. The higher values
of the grey correlation grades are, the higher influence
degree of the sub-—sequences affect on the mother—
sequence.
Step 6: Calculating the dynamic grey correlation
grade

In this step, the grey correlation grades based on dif-
ferent base year are calculated repeatedly to show the
dynamic changing trends with the time varying and
avoid the possible contingency in a particular year. Then
the ultimate dynamic grey correlation grades are calcu-
lated by the average of the grey correlation grades based
on different base year.

RESULTS

General Statistical Analysis

The general statistical analysis is firstly done before
the GCDA to compare and analyze the changing situa-
tion of vegetable production in different metropolitan

Tt is quoted from Lu, 1.J. et al., 2009. Grey relation analysis of motor vehicular energy consumption in Taiwan. Energy Policy 36: pp. 2557.
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Table 1. Vegetable Production in the Three Major Cities since 2000

Indicators 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Sown Areas (k.km?) 1040.00 1130.00 1150.00 1080.00 910.00 790.00 710.00 700.00 680.00  680.00
Vegetable Outputs (M.kg) 4663.00 4910.00 5074.00 4867.00 4441.00 3731.00 3412.00 3401.00 3213.00 3171.00
Yield Per Unit Area (kg/km”)  4484.00 4345.00 4412.00 4506.00 4880.00 4723.00 4806.00 4859.00 4725.00 4663.00
Per Capita Vegetable
Production (kg) 341.96 35449 35652 33418 29751 24259 21581 20827 189.56  180.68
Vegetable Output Values

Beijing  (million yuan) 5188.70 4434.82 4973.18 4854.71 443279 4617.13 432549 4063.79 4233.90 5335.37
Proportion of Sown Areas to
azt;ﬂAgriculturaISownAreaS 2291  29.74 3433 3588 2993 2565 2219 2373 2112 2125
Proportion of Vegetable
Output Value to Agricultural 56.96  53.08  56.10  59.02 5347 4972 4319 4238  39.07 3931
Output Values (%)
Sown Areas (k.km®) 1400.00 1494.00 1607.00 1504.00 1399.00 1309.00 1362.00 1339.00 1336.00 1282.00
Vegetable Outputs (M.kg) 3770.00 4240.40 4766.00 4605.40 4366.50 4090.30 4187.60 4134.90 4099.90 3940.80
Yield Per Unit Area (kg/km?) 269300 2838.00 2966.00 3062.00 3121.00 3125.00 3075.00 3088.00 3069.00 3074.00

Shanghal ﬁf;ﬁ;‘;ﬁiv(i%gable 23436 26273 29329 269.16 25066 23000 230.71 22254 217.10 20511
Proportion of Sown Areas to
;Zt;tlAgriculturaISownAreas 26.85 3043 3371 3588 3459 3243 3393 3427 3440 3237
Sown Areas (k.km?) 863.00  889.00 1023.00 1021.00 1041.00 1031.00 1017.00 1070.00 1027.00  989.00
Vegetable Outputs (M.kg) 2360.50 2490.80 2675.80 2882.80 3010.30 309320 3144.00 3278.20 3236.10 3133.50
Yield Per Unit Area (kg/km?) — 2736.00 2803.00 2617.00 2822.00 2891.00 3002.00 3092.00 3065.00 3151.00 3167.00
Per Capita Vegetable
Production (kg) 379.76 39590 420.19 44849 46192 46835 471.85 48758 47756 458.54
Vegetable Output Values

Hangzhou (million yuan) 3035.83 3330.16 3403.08 3512.06 2956.71 3545.68 3811.84 4048.75 4296.70 4650.40
Proportion of Sown Areas to
Eﬂzt;ﬂAgriculturalsownAreas 1919 2084 2491 2603 2614 2593 2610 2710 2545  24.96
Proportion of Vegetable
Output Value to Agricultural 3361  34.06 3575 3496 2974 3148 3125 31.78 3175  30.38

Output Value (%)

Data sources: 2001-2010 Beijing Statistical Yearbook, Shanghai Statistical Yearbook, Hangzhou Statistical Yearbook, and China Statistical
Yearbook. Also, the data of vegetable output values in the table are excluded the factors of price changes based on the 2000; the data of
proportion is calculated according to the raw data in the table 1; and the production of vegetables per capita is calculated from vegetable
output divided by the resident population of the city. Additionally, with the lack of data of total vegetable output values in the Shanghai

Statistical Yearbook, it’s not shown in the table.

cities such as Beijing, Shanghai and Hangzhou in recent
years, so as to find out the actual situations of vegetable
production in the three cities, which lays the foundation
for the further analysis.

The indicators, such as areas, yield, outputs and
other indicators created by the proportion of the total
number are used to compare and judge a city’s level of
vegetable production (data shown in Tablel).

The comparison results can be seen from figure 2,
3, and 4. Overall, Beijing’s moving trend of vegetable
production is the least optimistic. According to the indi-
cators like the sown areas and its proportion, per capita
vegetable production, vegetable output values and the
proportion of total agricultural output value and so on,
Beijing has shown a downward trend in recent years.
However, according to the indicator of the yield per unit

area, the level in Beijing is much higher than that of
Shanghai or Hangzhou, showing an obvious advantage.
Compared with Beijing, the trend of vegetable produc-
tion in Shanghai moves slowly with a gradual decline.
The capacity of vegetable production in Hangzhou is the
most stable, with the highest level per capita vegetable
production, and the strongest ability of vegetables’ com-
prehensive production.

It can be seen that the capacities of vegetable pro-
duction of Beijing, Shanghai and Hangzhou are differ-
ent through the comparison above. Now we consider
what factors on earth affect urban capacities of vegeta-
ble production? This part mainly do a systematic anal-
ysis by GCPA method and a comparative analysis on the
influence factors of urban capacities of vegetable pro-
duction, and then find out the main reasons that result
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in the uneven capacities of vegetable production of the
three metropolitan cities.

Impact Analysis of Various Factors on the Capacity
of Vegetable production in Beijing

The dynamic correlation grades of the influence fac-
tors on the vegetable output of Beijing are obtained
through the GCDA, which represent the relative influ-
ence degrees of the factors to Beijing vegetable output.
(Data are shown in table 2 and 3). According to the
descending order, the order of the dynamic correlation
grades is: vegetables’ sown areas > total agricultural
machinery power > the proportion of agriculture output
value to GDP > labor number per unit > the amount of
fertilizer consumption > the effective irrigated area >
sunshine hours > electrical power consumption > aver-
age air temperature > yield per unit area > yearly rain-

fall > total costs per unit area of vegetable production >
net profits per unit area of vegetable production.

For more detail, the first factor is the vegetable sown
areas, it has the highest grey correlation grade (0.95) to
the vegetable outputs, which indicates that the capacity
of Beijing’s vegetable production depends on the amount
of vegetables’ sown areas to the maximum extent. The
second factors is the total power of agricultural machin-
ery (the grey correlation grade is 0.88), which means
that high level of agricultural machinery can promote
vegetable production. The third factor which affects
the vegetable production is the proportion of agricul-
ture output values to GDP (the grey correlation grade is
0.86). With the status of agricultural economy in the
national economy gradually weakened, and the rapid
development process of industrialization, urbanization
and the service industry meanwhile, the lands used for
vegetables planting before are now used for industrial
development, real estate and other service projects. This
development trend negatively affects vegetables produc-
tion and the self-sufficient supply capacity in Beijing in
a large extent. The fourth factor is labor number per
unit area of vegetable production (the grey correlation
grade is 0.84). With the rapid development of non—-agri-
cultural industries, a great number of human capitals
pour into the secondary and tertiary industry. As a
result, the number and quality of labor power engaged
in vegetable production are decreasing year by year.
This situation is not conducive to vegetable production
in Beijing. The fifth factor is the amount of fertilizer
consumption (the grey correlation grade is 0.81), and
the sixth factor is the effective irrigated areas (the grey
correlation grade is 0.81%), which reflect that the tech-
nology level plays a positive role in the vegetable pro-
duction in Beijing. Appropriate amount of fertilizer
consumption and effective irrigation areas contribute
to the increasing of vegetable production in Beijing.

Other factors, such as sunshine hours, electrical
power consumption, average air temperature, yield per
unit area, have relatively secondary impacts on the veg-
etable production capability compared with the factors
above. As for the sunshine hours and the average air
temperature factors, both have a certain influence on
Beijing vegetables planting. Sunshine duration and the
average air temperatures influence the quality and out-
put of vegetables to a large extent. However, there is
longer duration of sunshine while lower average air tem-
perature compared with the other two cities, so it’s a
common way to plant vegetables taking greenhouse
facilities in Beijing. That might be the reason that to
some extent decreases the impact degree of average air
temperatures on Beijing’s vegetable production. For the
factor of yield per unit area, its effects on promoting
vegetables production is too limited in Beijing, because
the extremely scarce land resources has already result-

* The grey correlation grade between the effective irrigated areas and the vegetable outputs in Beijing is 0.8078 if it keeps four figures
after the decimal point, which is a little bit below the grey correlation grade between the amount of fertilizer consumption and the
vegetable outputs in Beijing, so as to the effective irrigated areas is the sixth impact factors, behind the amount of fertilizer

consumption.
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ing sharp drop in vegetable acreage. The reason which
resulting the weak correlation of rural electrical power
consumption and vegetable production may be that:
much electrical power is consumed in the secondary and
tertiary industries which located in Beijing rural areas.
This situation leads to the role of this index on vegeta-
ble production is relatively weak.

Rainfall, total costs per unit and net profits per unit
have lower grey correlation grade values with Beijing’s
vegetable production compared with the impact factors
above. For the rainfall factor, the lower grey correlation

grade vale with the vegetable production is not a bad
thing, which means that the amount of rainfall in Beijing
is no longer an important restricting factors in vegeta-
ble production, with the continuous increases in China’s
national and local financial resources for investment in
irrigation and water conservancy facilities. As for the
two factors of total costs per unit and net profits per
unit, it is an unexpected result that the both grey cor-
relation grade values with Beijing’s vegetable produc-
tion are not very high, which means the impacts of the
both factors are not very strong to Beijing’s vegetable

Table 2. Influence Factors on Vegetable Production in the Three Major Cities since 2000

Cities  Year Vegetable  Sown Yearly — Average Air Hours of Yield Per Effective Total Electrical Amount of  Total Net Labor  Proportion

Outputs ~ Areasof ~Rainfall Temperature Sunshine Unit Area Irrigated ~Agricultural Power Chemical ~ Costs ~ Profits  Number of
(Mkg) Vegetable (m.m) [(8) (ks)  (kg/km®) Areas  Machinery Consumption  Fertilizer ~ Per Unit Per Unit (ks/km®) Agricultural
(k.km®) (k.km?) Power (GW/s)  Consumption (yuan/  (yuan/ Output
(MW) (Mkg) km?)  km?) Value to
GDP (%)
2000 4663.00 1040.00  371.10 12.80 160.03  4484.00 3227.00  3992.00 95.38 179.00 8.50 741 0.45 2.51
2001 4910.00 1130.00  338.90 12.90 156.70  4345.00 3227.00  3949.00 103.30 157.00 859 9.20 0.43 2.18
2002 5074.00 1150.00  370.40 13.20 15530 4412.00 2197.00  3818.00 69.04 149.00 8.56 7.88 0.42 191
2003 4867.00 1080.00  444.90 12.90 13561 4506.00 1789.00  3669.00 71.21 143.00 8.74 8.94 0.42 1.68
2004 4441.00  910.00 48350 13.50 150.92  4880.00 1867.00  3403.00 63.99 145.00 1175 1042 0.49 145
peiing 2005 3731.00  790.00  410.70 13.20 15457 4723.00 1815.00  3377.00 70.28 148.00 1163 10.71 0.44 127
2006 3412.00  710.00  318.00 13.40 13156 4806.00 1815.00  3255.00 69.41 148.40 1316 10.07 0.42 1.09
2007 3401.00  700.00  483.90 14.00 141.07  4859.00 1736.00  3005.00 68.54 139.90 1402 148 0.41 1.03
2008 3213.00  680.00  626.30 13.40 14348 4725.00 171800  2670.00 71.23 136.00 1477 1265 0.37 1.01
2009 3171.00  680.00  480.60 13.30 150.71  4663.00 1652.00  2715.00 73.18 138.00 1540 13.92 0.37 0.97
2000 3770.00 1400.00 1331.70 1720 98.97 2693.00 2859.00  1425.00 121.98 193.30 8.50 741 0.45 1.61
2001 424040  1494.00 1276.80 17.20 11489 2838.00 2806.00  1339.20 132.77 202.80 859 920 0.43 1.50
2002 4766.00 1607.00 1435.40 1750 106.80  2966.00 2704.00  1268.70 136.32 176.80 8.56 7.88 0.42 1.39
2003  4605.40 1504.00  756.90 17.00 102.84  3062.00 2573.00  1126.10 149.50 158.70 8.74 8.94 0.42 121
2004 4366.50 1399.00 1158.10 18.10 11578 3121.00 2457.00  1051.50 190.58 150.20 1175 10.42 0.49 1.03
shangha 2005 4090.30  1309.00 1254.90 1750 106.70  3125.00  2373.00 964.60 207.55 144.40 1163 10.71 0.44 0.98
2006 4187.60 1362.00 1042.60 18.40 98.29  3075.00 — 972.30 239.23 145.30 1316 1007 042 0.89
2007 413490 1339.00 1208.80 18.50 85.00 3088.00 2061.00 976.80 286.13 140.80 1402 148 041 0.82
2008 4099.90 1336.00 1512.80 1750 92.08  3069.00 2345.00 945.10 296.75 14320 1477 1255 0.37 0.79
2009 3940.80 1282.00 1457.90 17.80 90.39  3074.00  2023.00 992.30 319.67 125.60 1540 1392 0.37 0.76
2000 236050  863.00 1198.30 17.20 90.83 2736.00 1708.10  2664.20 62.98 111.30 850 741 0.45 7.52
2001 249080  889.00  1566.60 17.30 99.86  2803.00 1699.00  2683.10 73.17 120.20 8.59 9.20 0.43 7.11
2002 2675.80 1023.00 1744.00 17.50 87.28 2617.00 1680.50  2786.30 91.31 129.20 8.56 788 042 6.43
2003 2882.80 1021.00  948.90 1750 10357 2822.00 1768.10  2808.10 11323 129.60 8.74 894 042 6.03
2004 3010.30 1041.00 1046.50 17.80 11249  2891.00 166450  2875.30 109.97 130.90 1175 1042 0.49 5.20
fangzhon 2005 3093.20 1031.00 1138.60 1750 105.73  3002.00 1654.10  2972.80 127.77 130.50 1163 10.71 0.44 5.04
2006 3144.00 1017.00 1164.30 18.30 85.37 3092.00 1759.40  3008.40 142.31 13020 1316 1007 042 4.50
2007 327820 1070.00 137850 18.40 88.37 3065.00 1726.60  3097.70 159.62 130.40 1402 148 0.41 3.99
2008 3236.10 1027.00 1273.90 1750 9847 3151.00 172640  3153.50 161.79 119.30 1477 1265 0.37 3.74
2009 313350  989.00 1615.90 17.80 10259 3167.00 172640  3223.20 164.97 118.90 1540 1392 0.37 3.74

Data Sources: Beijing Statistical Yearbook over the years, Shanghai Statistical Yearbook over the years, Hangzhou Statistical Yearbook over the years, and the National Agricultural
Product Costs and Returns Compilation 2010. For more detail, about the three factors: total costs, net profits and labor numbers, we adopt the data in “Average Cost and Earnings of
Vegetables in Major Cities” from “National Agricultural Costs and Returns Information” (2000-2010)
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Table 3. Influence Factors on Vegetable Production in the Three Major Cities since 2000
GCDA Cities Sown Yearly  Average Air  Hours of Yield Per Effective Total Electrical Amount of Total Net Labor  Proportion
Results Areasof ~Rainfall Temperature Sunshine Unit Area Irrigated Agricultural Power Chemical Costs ~ Profits ~ Number of
Vegetable Areas  Machinery Consumption  Fertilizer ~ Per Unit Per Unit Per Unit Agricultural
Power Consumption Output
Value to
GDP
Dynamic Beijing 0.95 0.65 0.77 0.79 0.76 0.81 0.88 0.78 0.81 0.62 0.61 0.84 0.86
correlation ~ Shanghai 095 0.76 0.89 0.86 0.90 0.88 0.88 0.59 0.88 0.67 0.70 0.85 0.76
grade Hangzhou  0.85 0.66 0.83 0.74 0.89 0.82 0.88 0.61 0.79 0.68 0.68 0.70 0.58
Orderof  Beliing 1 11 9 7 10 6 2 8 5 12 13 4 3
correlation  Shanghai 1 9 3 7 2 5 6 13 4 12 1 8 10
gade  mnghow 3 11 4 7 1 5 2 12 6 10 9 8 13
0=05

' For Beijing data, the grey correlation grade between the effective irrigated areas and the vegetable outputs in Beijing is 0.8078 if it keeps four digits after the decimal point, which is a
little bit below the grey correlation grade between the amount of fertilizer consumption and the vegetable outputs in Beijing, so as to the effective irrigated areas is the sixth strongest
impact factors, less than the amount of chemical fertilizer consumption. For Shanghai data, the following three grey correlation grades: between amount of chemical fertilizer
consumption and the vegetable outputs in Shanghai, between effective irrigated areas and the vegetable outputs in Shanghai, and between total agricultural machinery power and the
vegetable outputs in Shanghai respectively are 0.8771, 0.8744 and 0.8732 if they keep four digits after the decimal point, so the three impact factors orders of the dynamic correlation
grades are the amount of chemical fertilizer consumption > the effective irrigated areas > total agricultural machinery power. For Hangzhou data, the following two grey correlation
grades: between net profits and the vegetable outputs in Hangzhou, and between total costs and the vegetable outputs in Hangzhou respectively are 0.6834 and 0.6825 if they keep
four digits after the decimal point, so the two impact factors orders of the dynamic correlation grades are net profits > total costs.

production compared with other factors above. It seems
that the results of the data analysis on the costs and
profits per unit does not conform to the actual situation.
This may be because the vegetable production in Beijing
still are in extensive growth stage which mainly depend
on increasing sown areas to extend their vegetable total
outputs, so that the farmers in Beijing who plant vege-
tables may pay more attention to the annual total
incomes than the costs and profits per unit, they might
continue their vegetable planting and try to improve
their total incomes through increasing the crop num-
bers and expanding the sown areas if possible, even
though the costs and profits per unit are not so satis-
fied; or may because the costs and profits per unit fac-
tors have a lag impact on vegetable production, and these
influences may be shown in the future years.

Impact Analysis of Various Factors on the Capacity
of Vegetable production in Shanghai

The dynamic correlation grades of the influence fac-
tors on the vegetable outputs in Shanghai in table 3.
According the descending order, the order of the
dynamic correlation grades is: vegetables sown areas >
yield per unit area > average air temperature > the
amount of fertilizer consumption > the effective irri-
gated areas > total agricultural machinery power > sun-
shine hours > the labor numbers per unit > rainfall and
the proportion of agriculture value to GDP > net profits
per unit> total costs per unit> electrical power con-
sumption.

For more detail, first, vegetables sown areas and
yield per unit area have the higher grey correlation

grades to the vegetable outputs in Shanghai. These
results are in line with the actual situation, since these
two factors are very important to determine vegetable
production in Shanghai. Second, the average air tem-
perature also has a higher grey correlation grade value
to the vegetables outputs in Shanghai. As a southern
city, Shanghai’s annual average air temperature main-
tains at about 17°C, it is suitable for planting open field
so as to there is very few greenhouse vegetable growing
areas in Shanghai’. That might be the reason that the
average air temperature has a very important influence
on vegetables production in Shanghai. In the event of
extreme weather, Shanghai vegetable production is
largely affected. Third, the following three technical
factors: effective irrigated areas, total power of agricul-
tural machinery and fertilizer consumption have greater
influence on vegetables production in Shanghai.
Effective irrigated areas, efficient agricultural machin-
ery and appropriate fertilizer consumption can conduce
to the increase of vegetable production in Shanghai.
Fourth, sunshine hours have a certain influence on the
cultivation and output of vegetables in Shanghai.
Sunshine duration has a significant impact on the qual-
ity and yield of vegetables. Fifth, the labor numbers per
unit affect the vegetable production in Shanghai to a
certain extent. Adequate labor power input is conducive
to the improving of vegetable production; otherwise it
will negatively affect the increase of vegetable produc-
tion. With the rapid development of non—agricultural
industries, a great number of human capitals pour into
secondary and tertiary industries, as a result, the labor
number and quality engaged in vegetable production

> According to the statistics of Shanghai Statistical Yearbook 2010, the sown area of greenhouse vegetable of Shanghai was 66 k.km® in

2009, only 5.15% of the total vegetables sown area in that year.
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are decreasing year by year. This situation is not con-
ducive to vegetable production capability in Shanghai.
It’s similar with Beijing.

Other factors, such as sunshine hours, the propor-
tion of agriculture value to GDP, total costs per unit and
net profits per unit, have limited influence on the vege-
table production capability in Shanghai. Like the situa-
tion of Beijing, the rainfall has a little effect on the veg-
etable production. In recent years the huge financial
capital has made tremendous investment in irrigation
and water conservancy facilities, for which the amount
of rainfall is no longer an important restricted factor in
vegetable production in Shanghai. The impact of the
proportion of agriculture value to GDP in Shanghai is
relatively limited. This is closely related with the policy
which launched in Shanghai in recent years, ensuring
the local vegetables a certain “inventory™. Although
the secondary and tertiary industries are being rapidly
developed, the process of industrialization and urbani-
zation keep accelerating, the “inventory” policy to ensure
a certain amount of vegetable growing areas has a posi-
tive effect on vegetable production in Shanghai. The
main reasons that the total costs per unit, net profits per
unit and the rural electrical power consumption have a
lower correlation with Shanghai’s vegetable production
might be the similar with Beijing.

Impact Analysis of Various Factors on the Capacity
of Vegetable production in Hangzhou

The respective grey correlation grade of every fac-
tor on Hangzhou vegetable outputs is shown in table 3.
According the descending order, the order of the grey
correlation grades between all factors and Hangzhou
vegetable production is: yield per unit area > total power
of agricultural machinery > vegetable sown areas >
average air temperature > the effective irrigated areas >
the amount of fertilizer consumption > sunshine hours
> the labor numbers per unit > net profits per unit >
total costs per unit > yearly rainfall > electrical power
consumption > the proportion of agriculture value to
GDP.

Specifically, first, vegetable sown areas and yield
per unit area have higher grey correlation grade value on
the vegetable output in Hangzhou. This result is in line
with the actual situation, since these two factors are
the most important factors to determine vegetable pro-
duction. The total power of agricultural machinery has
a greater impact on vegetables outputs in Hangzhou,
indicating that high levels of agricultural machinery
contribute to the increase in vegetable production.
Second, the average air temperature has a higher cor-
relation with vegetables yield in Hangzhou. Similar to
Shanghai, the average air temperature maintained at

around 17°C in the whole year, and it’'s common to grow-
ing vegetables in open field. In the event of extreme
weather, the capacity of self-sufficient supply in
Hangzhou will be largely affected. Third, the effective
irrigated areas and fertilizer consumption, these tech-
nological factors, have a certain influence on the out-
puts of vegetables in Hangzhou. Fourth, the sunshine
hours have a certain influence on the cultivation and
outputs of vegetable in Hangzhou. Similar to Beijing and
Shanghai, sunshine duration has a significant impact
on the quality and yield of vegetables. Fifth, the labor
numbers per unit affect the vegetable production in
Hangzhou to a certain extent. Sufficient labor input is
conducive to the improvement of vegetable production
and vice versa. With the rapid development of non—agri-
cultural industries in Hangzhou, a great number of
human capitals pour into secondary and tertiary indus-
tries, as a result, the labor power engaged in vegetable
production is decreasing both in quantity and in quality
year by year. This is not conducive to the improvement
vegetable production capability in Hangzhou.

Other factors such as total costs per unit, net prof-
its per unit, yearly rainfall, rural electrical power con-
sumption and the proportion of agriculture value to
GDP have relatively limited influence on the vegetable
production capability in Hangzhou. Similar with Beijing
and Shanghai, the amount of rainfall has little effect on
the vegetable production. In recent years the central
and local financial capital have made tremendous invest-
ment in irrigation and water conservancy facilities, for
which the amount of rainfall is no longer an important
restricted factor in vegetable production in Hangzhou.

The reasons that the three factors, such as the total
costs per unit, net profits per unit and rural power con-
sumption have a lower correlation with Hangzhou’s veg-
etable production might have a similar situation with
Beijing and Shanghai. The impact of the proportion of
agriculture value to GDP on the output of vegetables in
Hangzhou is relatively small. It is also possibly related
with the relevant local government policies. With the
rapid development of the secondary and tertiary indus-
tries, the process of urbanization and industrialization
keep accelerating, Hangzhou municipal government
takes various measures to ensure the vegetables supply
and other necessities meanwhile. For example Hangzhou
founded the leaf vegetable production functional areas
after the snowstorm in 2008, and established the price
adjustment and compensation mechanisms of vegeta-
bles. These measures have a positive role on the stabil-
ity and enhancement of vegetables production and self—
sufficient supply capacity in Hangzhou. Now, vegetable
self-sufficient supply rate achieved over 52% in the
main part of Hangzhou city, and the self-sufficient sup-

® According to Yin, the deputy director of Shanghai Municipal Agricultural Commission, the national average price of vegetables rose by
40% since 2010, while Shanghai rose by only 20%. The experience is to ensure a certain amount of local. The rate of self-supply of
Shanghai vegetable achieved 55% in 2010, and local leafy green vegetables accounted to 90% of total supply. “The Second Five-Year”
plan of Shanghai clearly stipulated that by 2020 Shanghai must ensure the self-grown vegetables achieved more than 30% of the total
supply. Data from: Vegetable price increases, who is the promoter? , Liberation Daily, August 21, 2010, http://newspaper.jfdaily.com/

jfrb/html/2010-08/21/content_397179.htm.
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ply rate of leaf vegetables achieved over 72%".

Comparative Analysis on the Influence Factors of
Vegetable production of the three cities

In order to clearly see the different influences of var-
ious factors on the three major cities’ vegetable produc-
tion, this part will compare the grey dynamic correla-
tion grade results between these factors and the vege-
tables’ production and self—sufficient supply capacity of
the three major cities. As data in table 3 and figure 5
shows, the influences which have greater influence on
all the three major cities’ vegetable production mainly
include: the sown areas of vegetables, total agricultural
machinery power, effective irrigated areas, amount of
fertilizer consumption, sunshine hours and the labor
numbers per unit. These results indicate that for any
metropolitan cities, to maintain a certain amount of veg-
etables’ sown areas, high levels of agricultural machin-
ery, effective irrigation capacity, reasonable amount of
chemical fertilizer, a certain amount of sunshine hours
and the necessary labor input, are essential conditions
to improve urban capacities of vegetable production.

However, the following factors, such as yearly rain-
fall, rural electrical power consumption, the total costs
and net profits per unit, have relatively lower influence
on the capacities of the three major cities’ vegetable pro-
duction. The fact that the yearly rainfall factor has
lower influence on vegetables’ production illustrates the
investments of the Chinese central and local govern-
ments in construction of the irrigation facilities played
a positive role in recent years, and so as to the influ-
ence of the yearly rainfall on urban vegetables’ produc-
tion is declining. About the rural electrical power con-
sumption factor, in the future related researches, the
both data that the agricultural and the secondary and
tertiary industries’ electrical power consumption in the
rural areas should be distinguished in the total rural
electrical power consumption, so that the electrical
power consumption factor might have a higher impact
on vegetable production. As for the costs and profits per
unit factors, the further analysis should be carried out
based on new method thinking of lag factor and other
factors.

The influences of the other three factors on vegeta-
bles’ production are obviously different, such as average
air temperature, yield per unit area and the proportion
of agriculture value to GDP for the three metropolitan
cities. These significant differences are basically con-
sistent with the realities. For more detail, firstly, in
terms of average air temperature, this factor has greater
influence on vegetables’ production of the two southern
cities———Shanghai and Hangzhou, but it has less effect
on the vegetables’ production in Beijing. The average

air temperature in Beijing as a northern city is low, so
the planting patterns of greenhouse and facilities are
more widespread and the impact of temperature changes
is lower. While, since the average air temperature is
higher, the way of open—air vegetable planting is more
widespread than Beijing and the impact of temperature
changes is higher for Shanghai and Hangzhou.

Secondly, in terms of the level of yield per unit area,
this factor has greater influence on vegetables’ produc-
tion of Shanghai and Hangzhou, but it has less effect on
the vegetables’ production in Beijing. This difference is
also in consistent with the reality. As to the level of yield
per unit area, the level of Beijing's yield per unit area is
much higher than those of Shanghai and Hangzhou, but
as the capital city, the land resources in Beijing is
extremely scarce. With the rapid development of Beijing’
secondary and tertiary industries and the rapid process
of urbanization and industrialization, a large number of
human resources and material resources flocked from
the first industry to the secondary and tertiary indus-
tries. However, in this process Beijing’s government did
not take effective policies measures in time to ensure a
certain planting areas of vegetable and other resources®,
which resulted in a sharp drop of Beijing’s vegetable
planting area and total outputs in recent years, and so
as to the positive influence of the level of vegetables’
yield per unit area is decreased on vegetable outputs in
Beijing. At the same time, compared with Beijing, the
other two major cities of Shanghai and Hangzhou took
various effective measures to ensure a certain area of
local vegetables’ planting and self-sufficient supply rate.
Based on a certain planting area of vegetables, the posi-
tive role of the level of vegetables’ yield is prominent in
Shanghai and Hangzhou.

Thirdly, in terms of the proportion of agriculture
value to GDP, this factor has greater influence on vege-
tables’ production in Beijing, but it has less effect on the
vegetables’ production of Shanghai and Hangzhou. This
difference is still closely related to whether the local
government positively took policies to ensure a stable
local supply of vegetables or not. In recent years, with
the rapid development of Beijing’ secondary and terti-
ary industries and the rapid process of urbanization
and industrialization, the countermeasures taken by
Beijing government are not strong enough. Neither
clear policies to ensure a certain area of vegetables nor
positive policies to encourage human capital to be
engaged in the industry of vegetables’ planting were
taken by Beijing government. Under the background of
the expanding differences of comparative income, the
planting areas of vegetables are shrinking and the
human capital engaged in the industry of vegetables’
planting is losing. This may be very negative impact on

" Data resource: MO, F., Y. F. PAN 2011. Over Half of the Vegetable Consumption in Hangzhou City Produced in Local Field. Hangzhou

Dazly, Feb 19, 001.

® Now the related experts are investigating the vegetable market consumption, vegetable production facilities, existing agriculture
productivity and vegetable industrial layout, etc., so as to they could finally determine the minimum amount of vegetable sown areas.
However, the other two cities: Shanghai and Hangzhou have already taken a lot of policies and measures to ensure a certain area of
vegetables. Compared with Shanghai and Hangzhou, there is a time delay for Beijing government to take effective policies and measures

to ensure certain planting areas of vegetable and other resources.
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Fig. 5. Comparisons of the GCDA Results in the Three Major Cities
Data sources: derived from Table 3

the capacities of Beijing’s vegetable production. While,
the other two major cities of Shanghai and Hangzhou
took a number of effective measures to ensure a certain
amount of land resources, human capital and other
resources to remain in the field of vegetable industry.
For example, According to Yin Ou, the deputy director
of Shanghai Municipal Agricultural Commission, the
national average price of vegetables rose by 40% since
2010, while Shanghai rose by only 20%. The experience
is to ensure a certain amount of local. The rate of self—
sufficient supply of Shanghai vegetable achieved 55% in
2010, and local leafy green vegetables accounted to 90%
of total supply. “The Second Five—Year” plan of Shanghai
clearly stipulated that by 2020 Shanghai must ensure
the self-grown vegetables achieved more than 30% of
the total supply.” And for Hangzhou, the government
set up municipal leaf vegetable production areas since
2008 after the snowstorm happened, and also estab-
lished the mechanism of vegetable price adjustment and
compensation, these policies and measures play great
positive roles to stabilize and improve Hangzhou city’s
self-sufficient supply capacity. in 2011 the main urban
area of Hangzhou city vegetable and self—sufficient rate
to achieve 52% above, in which the leaf is self—sufficient
rate of more than 72%." So relatively speaking, com-
pared with Beijing, the urbanization, industrialization
and the declining proportion of agriculture have a less
negative influence on the vegetables’ production and
self-sufficient supply for Shanghai and Hangzhou.

DISCUSSION

Tactics and Suggests

It is shown from the aforesaid comparative analysis
that guaranteeing the important factors, e.g. the vege-
table sown areas, total power of agricultural machinery,
effective irrigating areas, reasonable fertilizer con-
sumption, and sufficient labor number, which have high

impact on the vegetable production capability of the
three megalopolis, is a prerequisite to enhance the veg-
etable production capability for the metropolitan cities
in China.

Therefore, the first point is to ensure considerable
vegetable sown areas, and pervade the bottom line
mechanism of the vegetable planting acreage in other
metropolitan cities in China. The second is to improve
continuously the agricultural mechanization level, which
is very meaningful for both vegetable production effi-
ciency and transportation and circulation efficiency
improvement. The third is to ensure effective irrigating
areas. With the continuous amelioration of farmland
irrigating infrastructure, the modern agriculture has
gradually throw off the difficult weather—dependant
problem, and convenient effective irrigating plays a sig-
nificant role in enhancing urban vegetable production
capability. So the irrigating infrastructure should be
enhanced and ameliorated in the future to guarantee
effective vegetable irrigating acreage. The fourth is to
use fertilizer reasonably. The fertilizer is necessary in
vegetable production and also is important for high and
stable production. As well known, inadequate fertilizer
impacts vegetable growth and then yield in vegetable
production.  Contrarily, excess fertilizer not only
increases the production cost and is unprofitable for
yield improvement, it also pollutes the environment and
waste the resource. Therefore, in the vegetable produc-
tion process, focusing on scientific planting and ensure
reasonable fertilizer dosage plays a very important role
in vegetable production, energy saving and pollution
alleviation, and environment protection.

The fifth point is necessary human resource invest-
ment. The human resource investment is an important
factor for agricultural production, and it plays an impor-
tant role in improving agricultural production efficiency,
farm produce guarantee, and sustainable development
of agriculture. Relative research shows that the high

? Data resource: Vegetable price increases, who is the promoter?, Liberation Daily, August 21, 2010, http:/newspaper.jfdaily.com/jfrb/

html/2010-08/21/content_397179.htm.

' Date resource: MO, F., Y. F. PAN 2011. Over Half of the Vegetable Consumption in Hangzhou City Produced in Local Field. Hangzhou

Dazly, Feb 19, 001.
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quality human resources have flowed to the second and
third industries, and the human resources in agricul-
tural production are in lower level, mainly women and
the elder engaged in agricultural production. This situ-
ation is not conducive to the efficiency improvement of
agricultural production. So it will be great benefit for
the efficiency improvement of vegetable production and
the supply safety of vegetable quantity and quality to
increase the human resource investment in the vegeta-
ble industry and enhance education and training for veg-
etable planting farmers.

Different cities have their own characteristics.
Beijing government should put Shanghai and Hangzhou
for reference and learn from them, and make greater
efforts in ensuring considerable vegetable planting areas
and enhance vegetable storage mechanism. Shanghai
and Hangzhou should use for reference the vegetable
planting technology of Beijing and make effort to
improve vegetable unit yield.

Main Limitation and Future Research

As we mentioned earlier, the government policy fac-
tors such as government subsidies and price supporting,
etc. are not analyzed in the paper for lack of accurate
data, which is a big drawback. We expect to obtain valid
corresponding data through future survey for the fur-
ther researches.
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