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Note: N denotes labor, N; and N, are quantities of labor input before and after the
adoption of food safety production technologies; F denotes fertilizer, F;and F>

are quantities of fertilizer input before and after the adoption of food safety
production technologies; Q and Q’are isoquant curves before and after the

adoption of food safety production technologies; 4, and 4, are equilibrium points
before and after the adoption of food safety production technologies; Asis the
equilibrium point after adopting quality safety production technologies under the
assumption of neutral technological progress, N;and Fjare quantities of labor
and fertilizer inputs after adopting quality safety production technologies under
the assumption of neutral technological.
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Fig.1 Impact of safety-ensured technologies on factor allocation
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Tablel Variable meaning and descriptive statistics of SFA model

AT smuy kgl PR
. . . Standard
Variable name Variable meaning Mean ..
deviation
oo o L 3| B e Bl
Vegetable yield y/kg
5% in| 1 |
f&%m%’ﬁﬁ‘ﬁf/\ Vezgetable JIT i A% 796.98 50472
planting/m [iap;A
o i e v
A SBN R 405.11 247.06
Labor input //d EEIVAES SN
.PCHE&]\ - LA IN 3339.88 391651
Fertilizer input f/7G
. &%&)\ . RUGHN 1059.93  1307.87
Pesticides input p/7t
HoAh
SN HABIEN 3664.57  3439.76
Other Input o/J0

FR2 BKRIUFRARBTES N RMEMST
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Table 3 Estimation results of stochastic frontier transcendental
logarithmicproduction function
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Note: Standard errors in parentheses, "*", "**" and "***" indicate significant
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Table 4 Output elasticity of fertilizers and pesticides and
substitution elasticity of fertilizers and pesticides for other

elements
o ULt (b AT B} 57 P AE XS 3
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B M A A by E AR
Eiztan Elasticity of  Elasticity of  Elasticity of
Output o o L
Index . substitution of substitution of substitution of
elasticity of e . o
. fertilizer on fertilizer on fertilizer on
fertilizer R
land labor other input
PC-HIE -0.023 9 03321 -0.938 6 0.202 3
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S 2%t 2557 ZhntH:
R Z?’JJ! ?Q’JJ{ il ;!
B M A A by E AR
Eiztan Output Elasticity of  Elasticity of  Elasticity of
Index u I.m substitution of substitution of substitution of
elasticity of .. .. ..
osticides pesticides on  pesticides on  pesticides on
P land labor other input
sl
ZQT’J. 0.016 8 03321 1.7557 02222
Pesticide

e RAE BT E S B R T R A .
Note: According to the definition of elasticity of substitution, the elasticity of
substitution is a dimensionless value.
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Table 5

Estimated results of simultaneous equations for chemical fertilizers and pesticides

SR Jeki PORE = 3 HEE AT B HEE AL B E AL A
5 " Output elasticity Elasticity of substitution  Elasticity of substitution Elasticity of substitution of
Equation Index o G . o .
of fertilizer of fertilizer on labor of fertilizer on land fertilizer on other input
T -0.019%%*%* 0.920 4.022 -5.801
! (-0.003) (-7.472) (-6.207) (-4.822)
T -0.002 9.100%** -0.581 -1.161
? (-0.003) (-4.068) (-1.609) (-1.238)
r 0.020%** -10.320 -6.494 5.426
} (-0.003) (-7.623) (-6.530) (-5.045)
T 0.006* -4.257 -0.055 1.936
¢ (-0.003) (-4.071) (-2.086) (-1.615)
7 0.002 -4.837 1.395 0.013
AT FE4L : (-0.003) (-3.947) (-1.521) (-1.178)
Fertilizer equations LT 335.750 225.894 313.842
The output elasticity of
fertilizer (-326.213) (-323.173) (-249.881)
55 Bl -1.529
The output elasticity of (-20.810)
lahAsw
3 A -0.285
The output elasticity of
land (-2.741)
Hopth 7= A 2.049
The output elasticity of
other input (-2.820)
JiFl Jeky R RUERIFE) RUEHA LM RUEAIAL
5 " Output elasticity Elasticity of substitution  Elasticity of substitution Elasticity of substitution of
Equation Index .. - - .. .
of pesticides of pesticides on labor of pesticides on land pesticides on other input
r -0.003%* -0.594 -0.451 -3.770
! (-0.002) (-1.189) (-1.663) (-7.405)
r -0.002 -0.112 -1.408 0.782
: (-0.001) (-0.850) (-1.310) (-5.844)
. 0.001 0.303 -2.452% 7.200
} (-0.001) (-0.916) (-1.409) (-5.607)
T 0.002 0.432 0.980 6.948
* (-0.001) (-0.930) (-1.383) (-5.951)
T 0.001 -0.423 1.865 2.821
Py Ll : (-0.001) (-0.908) (-1.363) (-6.009)
Pesticides equations ARE A -92.407 -39.913 -1240.985
The output elasticity of
pesticides (-261.633) (-338.683) (-1493.567)
F7 e -2.032
The output elasticity of
labor (-3.080)
e A -0.299
The output elasticity of
Jand (-2.931)
Fot = sk 1.090
The output elasticity of
other input (-26.370)

T &S PObRIERS, <*s

corrn fleasmn S BIRORTE 10% S%AT 1%H) 23 MEAKCE Nl R, 3R e 24 s A8 & 1 S50l 1k 25 1

Note: Standard errors in parentheses, "*", "**" and "***" indicate significant levels of 10%, 5% and 1%, respectively.The results of parameter estimation of control

variables are omitted in the table
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Effect of agricultural products safety production technologies on
elasticity of substitution

Kang Ting", Mu Yueying™™, Hou Lingling®
(1.College of Economics and Management, China Agricultural University, Beijing 100083,China;
2. School of Advanced Agricultural Sciences, Peking University, Beijing 100871,China )

Abstract: Food safety is related to public health and has been highlighted worldwide. In order to motivate peasants to adopt
food safety production techniques sustainably, what is the relationship between food safety production technologies and
production factors and how these technologies work on food safety are important but still remain to be answered. This study
explores the mechanism how food safety production techniques improve food safety and quality by factor allocation effect
which can be decomposed into factor substitution effect and factor output effect. In order to address these problems, we
constructed a theoretical framework based on biased technological change and explained how food safety production
technologies affect factor output and substitution elasticity, especially output elasticity of fertilizer and pesticides and factor
substitution elasticity between them and other factors. On the basis of theoretical framework, empirical model was constructed
using a two-year pooled-data of household survey gathered from main vegetable production areas around Bohai bay. The
survey was conducted in Beijing, Tianjin, Hebei, Shandong and Liaoning covering household characteristics, cost-benefit
situation and food safety production technology adoption. By employing stochastic frontier translog production function,
accurate output elasticity of fertilizer and pesticide and substitution elasticity between them and three other kinds of input
factors(labor, land and other input) could be estimated accurately. In order to eliminate endogenous problems induced by
indirect path of food safety production technologies on factor substitution elasticity through factor output elasticity,
simultaneous equations was adopted. The result showed that:1)according to the result of stochastic frontier translog function,
output elasticity of fertilizer was negative which proved that fertilizer had been overused. Output elasticity of pesticides was
near zero indicating that pesticide had damage abatement effect rather than production increasing effect.2) Food safety
production technologies reduced fertilizer and pesticide use through increasing output elasticity and substitution elasticity of
fertilizer or pesticide to other input factor.For example, insect proof net decreased the output elasticity of fertilizer and
pesticides, greenhouse fumigation had negative effect on substitution elasticity of pesticide to land. This indicates that the food
safety production techniques do have factor allocation effect and this factor allocation effect can be decomposed into factor
output effect and factor substitution effect, but the indirect path working on substitution elasticity through output elasticity of
fertilizers or pesticides has not been supported. 3)Greenhouse disinfection by high temperature and smoke could reduce
fertilizer and pesticide input effectively through increasing the output elasticity and decreasing the substitute elasticity of
pesticide to land, soil disinfection significantly could also improves output elasticity of fertilizer thus reduce fertilizer use. 4)
The effect of some safety-ensured and quality-promoted technologies, for instance, insect proof net, is to stabilizing volatilities
of yield, but not increasing yield, thus can induce the negative effect on output elasticity of fertilizer and pesticide. 5)
Application of quality and safety production technology needs a supplementary input of capital, labor and other factors. On the
one hand, this induced that the indirect path of food safety production technologies on factor substitution effect through factor
output effect is not significant; on the other hand, this also intensifies the substitution of fertilizer for labor.

Keywords: agricultural products; quality control; safety production technologies; output elasticity; elasticity of substitution;
stochastic frontier translog function



