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The Estimation Methods for Agricultural Surplus Labor Based on

Stochastic Frontier Production Function

Chaozhou LU, Yanfen LUO*
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Abstract The existing calculation methods for the number of agricultural surplus labor have a common flaw, that is, they can not reflect the

impact of technical efficiency changes in agricultural production on the surplus labor. Based on the basic principle of stochastic frontier produc-

tion function, this paper calculates the agricultural production technical efficiency of various provinces, and selects the province with the high-

est technical efficiency to assume that its agricultural labor is fully utilized, and there is no agricultural surplus labor. With the ratio of agricul-

tural labor number to agricultural output value in this province as a reference, this paper calculates the number of agricultural surplus labor in

other provinces. This calculation method makes up for the shortcomings of the existing calculation methods ; it reflects the relationship between

the number of agricultural surplus labor and production technical efficiency.

Key words Agricultural surplus labor, Stochastic frontier production function, Technical efficiency

1 Introduction

A lot of literature believes that there is agricultural surplus labor in
China, but for its number, different scholars use different calcula-
tion methods and the results vary widely. The common calculation
methods for the number of agricultural surplus labor mainly in-
clude three types. The first is to use labor — land ratio for estima-
tion. The second is to use agricultural production function for esti-
mation, and describe the production of agricultural sector accord-
ing to the Cobb — Douglas production function or variable elasticity
of substitution (VES), thereby calculating the number of agricul-
tural surplus labor. The third is to calculate based on the optimi-
zation model of production resource allocation.

For the first method, the number of agricultural surplus labor
is only assumed to be related to land and the number of agricultur-
al labor, but not to be related to the number of effective labor; for
the second and third methods, the calculation results are closely
related to the setting of the form of the production function, the se-
lection of different production functions will cause different estima-
tion results, and both of them fail to reflect the impact of technical
efficiency changes on the surplus labor in agricultural production.
When the agricultural production technical efficiency is very low,
the output will be very low in the case of the same amount of factor
inputs, or at the same level of output, the amount of factor inputs
is excessive.

Conspicuously, the excess amount of factors is closely linked
with the production technical efficiency. The excess amount of fac-
tors will increase along with the improvement of technical efficien-

cy. In other words, if the output is maintained unchanged, the
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amount of factors needed will be less along with the improvement
of technical efficiency. In terms of the agricultural labor, with the
improvement of agricultural production technical efficiency, if the
agricultural labor needed is less, there will be more surplus labor.

Using the stochastic frontier production function, this paper
first measures the annual agricultural production efficiency in vari-
ous provinces during the period 1995 — 2004, and then it selects
the province with the highest technical efficiency as the represent-
ative, and believes that various factors have been fully utilized in
this province during the agricultural production, there is no agri-
cultural surplus labor, and the amount of labor needed per unit of
output in the province is the amount of effective labor. Finally,
according to the ratio of actual amount of labor per unit of output
to the amount of effective labor per unit of output in other prov-
inces, it measures the number of agricultural surplus labor in vari-
ous provinces. This estimation method can reflect the relationship
between the number of agricultural surplus labor and production

technical efficiency.

2 The basic principles of stochastic frontier produc-
tion function
2.1 Technical efficiency

conditions and total amount of resources, if resources are fully uti-

In the case of established technical

lized, then the output should be in the production possibility fron-
tier, and if the observed output point falls within the production
possibility frontier, it indicates that the resources have not been
fully utilized, as shown in Fig. 1.

Point I in Fig. 1 means that the resources are fully utilized
so the production is in the state of perfect technical efficiency;
Point H means that the resources are not fully utilized, so the pro-
duction is in the state of non-perfect technical efficiency.

According to the distance relationship between production in-
efficiency point and the production possibility frontier under the

same input, the technical efficiency of a production unit can be
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Fig.1 The production possibility frontier

measured. Taking the single factor input for example, the estima-

tion of technical efficiency is shown in Fig. 2.
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Fig.2 The production technical efficiency

In Fig. 2, assuming the input is at point G, if the resources
are fully utilized, and the technique is brought into full play, the
output should be at point E, namely at the production possibility
frontier line; if the observed output is at point F, namely below
the production possibility frontier, it indicates that the production
does not meet the perfect technical efficiency.

The technical efficiency (TE) of point E, F is calculated as
follows :

Point E: TE, =GE/GE =1; Point F: TE, = GF/GE.

2.2 Stochastic frontier production function The production
process in the state of perfect technical efficiency exists only in
theory, that is, the production possibility frontier in the real pro-
duction can not be observed. In reality, we can only observe the
actual amount of inputs and outputs, and based on actual observed
values, we can only calculate the actual production function, but
fail to calculate the production possibility frontier.

If we build the external output envelopment frontier based on
the actual observed values of input and output so that all the ob-
served values of output are below the frontier and close to it as far
as possible, then this frontier is called frontier production func-
tion, and it can replace the production possibility frontier, as
shown in Fig. 3.

Further, the formation of production possibility frontier can
be viewed as the result of joint action of the determining factors
and random factors, and the production possibility frontier built

according to this method is called stochastic frontier production
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Fig.3 The frontier production function
function.

The determining factor is the actually observed value of in-
puts and outputs. The random factors include the following two
types:

(1) The first type is the random factors beyond the control of
the production units, such as weather and luck, which will lead to
fluctuations in the observed value of output of the same production
unit with the same input in different time periods, and will also
lead to differences in the observed value of output between differ-
ent production units with the same inputs even in the case of the
same technical efficiency.

The error v between the observed value of output with the
same input and the maximum possible output, caused by the un-
controllable random factors, is a bilateral error which can be posi-
tive or negative.

(ii) The second random factor is caused by the mismanage-
ment of production units, and since the level of management of the
same production units in different time periods or since the level of
management of different production units is inconsistent, the ob-
served value of output is not the same in the case of the same input

"natural" conditions.

and the same

The error u between the actual output and the maximum pos-
sible output, caused by the level of management, is a unilateral
error less than zero.

The two random factors jointly affect the error between the
actual output and the production possibility frontier. The stochas-
tic frontier production function model developed by Aigner, Lovell
and Schmidt (1977) , Meeusen and van den Rroeck is as follows:

Let the production function be:

Y, =f(X;; B) xexp(v; —u,)

Take the logarithm to get the following form:

v =f(x;5 B) + (v, —w;)
where observation point 1 =1,2------ N; y, is the output logarithm
value of observation point i; «; is the input logarithm value of ob-
servation point z; v, is the random bilateral error; u, is the random
unilateral error greater than zero.

According to the frontier production function estimated by the
above equation, it is determined by the distribution characteristics
of the random error term.

Assuming that v; and u; are independently distributed, v, —= N
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0, o), u, -N* (0, o).

lete=v-u, o =a +0., A=c,/0,, f () is the stand-
ard normal distribution density, and F* () is the standard normal
distribution function.

Based on the derivation of M. A. Weinstein (1964), there is:

fle) = f (= ) «[1-F (Ao ") ]
For N observatlon points, the log-likelihood function can be
constructed :
N
g (/8. A o) = Nn 2 4 Mg~ + 3 1n[ 1 -
g <

] 12
(é‘i/\o- l)] - 2_2‘9?
20°i=1
Seek partial derivative of 8, A, o, respectively, and let it

be zero, the equation can be obtained as follows:
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u; By calculating the optimal solution of linear programming
of the above equations, we can get the estimated value of B, A,
o, and thus calculate the frontier production function.
2.3 The calculation of the number of agricultural surplus
labor In reality, the agricultural labor forces in the agricultural

sector all participate in productive labor, but from the whole coun-

try, there is an underutilized state for the agricultural labor, or,
under given output, the agricultural labor input is excessive. In
theory, the technical efficiency of part of the labor can be consid-
ered as 1, namely having the perfect technical efficiency while the
technical efficiency of another part of the labor can be considered
as 0, namely in the perfectly inefficient state, with the marginal
product is 0.

2.3.1

Chinese provinces and cities. Let the logarithmic form of agricul-

The agricultural production technical efficiency of the

tural production function of the Chinese provinces be:

InA =8, +B,InK +B,InH + B;InT + B,InN + 3;1nB
where A is the actual output value of agriculture; K is the total ma-
chinery power; H is the application rate of chemical fertilizer; T is
the effective irrigation area; NN is the number of agricultural labor;
B is the number of large livestock.

The error between annual frontier production function and ac-
tual production function is: (v —u),
distributed, v, = N(0, ¢°), u, -N" (0, o).

The data are collected from the agricultural input and output

v; and u; are independently

data of 30 provinces and cities except Chongqing in the period
1995 —2004.

According to the basic solving methods for the stochastic
using FRONTIER ( Version 4. 1)

software , we calculate the technical efficiency of various provinces

frontier production function,

in different years based on the panel data of agricultural input of
30 provinces and cities in the period 1995 —2004, and the real ag-
ricultural output calculated with the prices in 1978 as the base

year prices, as shown in Table 1.

Table 1 The technical efficiency of various provinces and cities in the period 1995 —2004

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Beijing 0.263 28 0.265 11 0.266 93 0.268 76 0.270 59 0.272 43 0.274 26 0.276 11 0.277 95 0.279 79
Tianjin 0.210 82 0.212 52 0.214 23 0.215 95 0.217 66 0.219 39 0.221 11 0.222 84 0.224 58 0.226 32
Hebei 0.625 01 0.626 53 0.628 04 0.629 55 0.631 06 0.632 56 0.634 06 0.635 56 0.637 05 0.638 53
Shanxi 0.217 36 0.219 08 0.220 80 0.222 53 0.224 27 0.226 01 0.227 75 0.229 50 0.231 26 0.233 01
Inner Mongolia  0.333 23 0.335 13 0.337 03 0.338 93 0.340 83 0.34273 0.344 63 0.346 53 0.348 44 0.350 34
Liaoning 0.589 96 0.591 57 0.593 18 0.594 78 0.596 38 0.597 98 0.599 57 0.601 15 0.602 74 0.604 32
Jilin 0.366 34 0.368 24 0.37015 0.372 06 0.373 96 0.375 87 0.377 78 0.379 68 0.381 59 0.383 49
Heilongjiang 0.414 15 0.41604 0.417 93 0.419 82 0.421 71 0.423 60 0.42548 0.427 36 0.429 25 0.431 13
Shanghai 0.359 41 0.361 31 0.363 22 0.365 13 0.367 03 0.368 94 0.37085 0.372 75 0.374 66 0.376 56
Jiangsu 0.969 22 0.969 38 0.969 53 0.969 69 0.969 84 0.97 000 0.97015 0.970 30 0.970 45 0.970 60
Zhejiang 0.845 07 0.845 81 0.846 54 0.847 27 0.847 99 0.848 71 0.84943 0.850 15 0.850 86 0.851 57
Anhui 0.543 20 0.544 92 0.546 63 0.548 34 0.550 04 0.551 75 0.55344 0.555 14 0.556 83 0.558 52
Fujian 0.685 83 0.687 17 0.688 50 0.689 83 0.691 16 0.692 48 0.69379 0.695 10 0.696 41 0.697 72
Jiangxi 0.471 63 0.473 47 0.475 30 0.477 13 0.478 96 0.480 79 0.48261 0.484 43 0.486 25 0.488 07
Shandong 0.826 30 0.827 12 0.827 93 0.828 74 0.829 54 0.830 34 0.83114 0.831 93 0.832 72 0.833 51
Henan 0.663 51 0.664 91 0. 666 32 0.667 72 0.669 11 0.670 50 0.67189 0.673 27 0.674 65 0.67602
Hubei 0.557 80 0.559 49 0.561 17 0.562 85 0.564 52 0.566 19 0.567 86 0.569 52 0.571 18 0.57284
Hunan 0.654 59 0.656 02 0.65 745 0.658 838 0.660 30 0.661 72 0.663 13 0.664 54 0.665 95 0.66735
Guangdong 0.863 31 0.863 97 0.864 62 0.865 27 0.865 92 0.866 56 0.867 20 0.867 84 0.868 47 0.869 11
Guangxi 0.454 59 0.456 45 0.458 30 0.460 16 0.462 01 0.463 85 0.465 70 0.467 54 0.469 38 0.471 22
Hainan 0.302 02 0.303 89 0.305 77 0.307 65 0.309 53 0.311 41 0.313 29 0.315 18 0.317 07 0.318 96
Sichuan 0.705 80 0.707 07 0.708 34 0.709 61 0.710 86 0.712 12 0.713 37 0.714 61 0.715 86 0.717 09
Guizhou 0.275 20 0.27705 0.278 89 0.280 74 0.282 59 0.284 44 0.286 30 0.288 15 0.290 01 0.291 87
Yunnan 0.360 77 0.362 68 0.364 58 0.366 49 0.368 40 0.370 30 0.372 21 0.374 12 0.376 02 0.377 93

(To be continued )
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( Continued Table 1)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Tibet 0.077 60 0.078 63 0.079 67 0.080 72 0.081 78 0.082 85 0.083 92 0.085 00 0.086 09 0.087 19
Shaanxi 0.28156  0.28341  0.28527  0.287 12 0.28898  0.29084  0.29270  0.29457  0.296 44 0.298 31
Gansu 0.227 08 0.228 82 0.230 58 0.232 33 0.234 09 0.235 86 0.237 62 0.239 40 0.241 17 0.242 95
Qinghai 0.079 55 0.080 60 0.081 66 0.082 72 0.083 79 0.084 88 0.085 97 0.087 06 0.088 17 0.089 28
Ningxia 0.085 85 0.086 95 0.088 05 0.089 17 0.090 29 0.091 42 0.092 55 0.093 70 0.094 85 0.096 02
Xinjiang 0.306 11 0.307 99 0.309 87 0.311 75 0.313 63 0.315 52 0.317 41 0.319 30 0.321 19 0.323 08
Average 0.453 87 0.455 38 0.456 88 0.458 39 0.459 89 0.461 40 0.462 91 0.464 41 0.465 92 0.467 42
2.3.2 The number of agricultural surplus labor in various Chi- Province is close to 1, and its output accounts for a high propor-
nese provinces and cities. From the annual technical efficiency of tion of national agricultural output, so the agricultural production
various provinces and cities in Table 1, it can be found that the of Jiangsu Province can be considered as the representative of the
agricultural production technical efficiency is the highest in Jiang- Chinese agricultural production in the case of full utilization of fac-
su Province, and its technical efficiency is at around 0.97, close to tors. The number of per unit of labor required for agricultural out-
1, that is, it is close to perfect technical efficiency state. We can put in Jiangsu Province can be regarded as the number of effective
believe that factor inputs of Jiangsu Province have been fully utilized labor per unit of output in China’s agricultural production. Based
during the agricultural production, that is, the number of surplus la- on this, we can calculate the annual number of agricultural surplus
bor in Jiangsu Province from 1995 to 2004 was close to 0. labor of various provinces and cities.

Meanwhile, the agricultural output of Jiangsu Province ac- The number of effective labor per unit of output = The number
counts for about 8% of the country’s total agricultural output, and of agricultural labor in Jiangsu Province/Total agricultural output
this proportion is higher than the proportion of agricultural output value in Jiangsu Province
of other provinces except Shandong and Henan. v is defined as the proportion of effective labor to agricultural

The agricultural production technical efficiency of Jiangsu labor, then:

e The number of agricultural labor in Jiangsu Province/Total agricultural output value in Jiangsu Province (1)

The number of agricultural labor in one province/ Total agricultural output value in one province

u is defined as the proportion of inefficient labor to agricultur- SN=Nxu (3)
al labor, then: Using the production data concerning the agricultural sector

u=1-v (2) and the above three formulas, we can calculate the annual number

According to formula (1), (2), we can calculate the num- of agricultural surplus labor of various provinces and cities, as
ber of surplus labor (SN) in one province: shown in Table 2.
Table 1 The number of agricultural surplus labor of various provinces and cities in the period 1995 —2004 Unit: 10* people

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Beijing -84.6849 -74.7965 -78.8573 -78.5594 -79.8587 -84.8355 -91.0641 -91.0119  -96.0363 -65.0913
Tianjin -40.8576  -39.1583  -46.1702 -49.9642 -41.4457 -44.0392 -44.8330 -41.6218 -53.6024 -32.6332
Hebei 666. 5671 532.9546 407. 6358 388.3197 378.6618 442.5953 417.2937 487. 8525 426.9380 485.0753
Shanxi 357.3666 339. 6005 345.4870 342.4120 404.7312 403. 0631 434.1121 421.6927 391. 6464 414.1274
Inner Mongolia  161.7311 123.7635 99. 1602 69.8121 89.5972 94.2606 105.6513 140.5146 94. 4267 124.1721
Liaoning -103.1969 -143.6804 -152.3404 -170.1845 -157.1350 -114.6691 -127.4256 -103.2318 -98.4077 -23.2778
Jilin 89.4053 34.3951 28.1866  -34.9926  -33.5330 34.3515 24.8489 52.3142 3.3090 55.1049
Heilongjiang ~ —132.0418 -181.0183 —133.6023 150. 4993 203. 6896 249.2222 214.5608 223.0031 165.5294 172.5430
Shanghai -101.1325 -102.5729  -99.7639 -94.9709 -79.0702 -86.7982 -85.8113 -75.7663 -84.1514 -51.6417
Jiangsu 0. 0000 0.0000 0. 0000 0. 0000 0.0000 0. 0000 0. 0000 0.0000 0. 0000 0. 0000
Zhejiang 331.0975 316. 1630 258.7669 271.4397 250.2485 173.4257 162.4985 164.6100 126. 8289 201. 1751
Anhui 1034.5847  1010.3182 929. 9489 997. 1600 980.0945 1035.9531 1041.5093  1052.5323 1037.9212 1022.7652
Fujian 77.6319 27.6487 -9.5096 -29.3660 -48.2384 -52.5074  -27.7952 23.6557 10.3999 104.3166
Jiangxi 535.1732 487.9207 426. 6528 465. 0588 445.6351 381.4874 390. 6343 428.4227 440.9135 465.7487
Shandong 804.9224 646.2401 614.0396 686. 0878 669.6399 646.2536 612.3457 670.3237 435.4095 558.7271
Henan 1616.2379  1440.5082  1459.8448 1430.4987 1737.4550 1989.8904 1911.0631 1915.3971  1939.0819 1843. 6490
Hubei 425.9279 339.5871 216.6876 282.5451 288.5203 267.9875 272.9617 320.9036 264.8924 309. 8241
Hunan 1158.0282  1060.6161 058.4884  1041.9000 1113.0591 1104.2072 1106.0520 1131.0051  1082.0019 1077.7348
Guangdong 21.4886 116.2058 104. 6186 170.9948 176.6130 271.1942 313.1572 366. 8856 340.5142 513.4669
Guangxi 883.5248 825.2981 762. 8561 886.9651 911.4309 900. 4991 906. 9866 939.9857 891.3144 908.4196
Hainan -20.0694  -22.4527 -28.6789 -30.6375 -56.6905 -69.7243 -61.5085 -60.7971 —-52. 1806 —-15. 1400
Sichuan 2590.6581 2448.8612  1682.2537 1657.3120 1607.2920 1512.2218 1493.6012  1425.7298  1289.3866 1309. 6972

(To be continued)
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( Continued Table 2)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Guizhou 1047.7923  1042.5998  1030.2234  1055.2168 1093.9476  1045.1371 1057.4824 1063.4690  1027.9800 1042.2357
Yunnan 1198.7608  1166.1510  1137.2375 1152.8736 1128.6333 1135.2466 1167.0948 1199.5937 1186.4715 1240. 6038
Tibet 53.9963 56.2796 56.0280 54.2673 52.3198 49.5661 49.6543 51.1665 47.4696 55.7666
Shaanxi 700.5662  661.4844  654.5618 650. 3628 638. 2608 634.1490  630.4205 652. 1591 651. 8365 651.4056
Gansu 403.0873 396. 7605 405.8502  405.6918  427.1990  441.7881 440.8939  496.2415 508.2110 539.0929
Qinghai 81.4522 89.9909 88.4123 89.3323 95.6736 97.1744 94.5751 92.4035 86.3367 91.2471
Ningxia 85.7273 81.0776 83.9606 84.1457 88.9108 91.5075 88.4002 88.2263 80. 6361 85.0862
Xinjiang -95.7810  -73.0057 -99.2052 -77.5873 -70.7653  -71.2054 -47.8264 -27.4452 -102.8750 -13.0030
Total 13747.96 12607.74 11102.77 11766. 63 12214. 88 12477.40 12449. 53 13008.21 12042. 20 13071.20

Note: The negative value in the table means that the agricultural labor is relatively insufficient.

3 Conclusions

When the agricultural production technical efficiency is very low,
the output with the same amount of factor input is very low, or at
the same level of output, the amount of factor input is excessive.
Conspicuously, the excess amount of factors is closely related to
the production technical efficiency. The excess amount of factors
will increase along with the increased technical efficiency.

In other words, if output remains unchanged, with the in-
creasing technical efficiency, the number of factors required will
be smaller. In terms of the agricultural labor force, with the in-
creasing agricultural production technical efficiency, the agricul-
tural labor needed will be less and the surplus labor will be more.
The existing calculation methods for the number of agricultural
surplus labor all fail to reflect the impact of technical efficiency
changes in the agricultural production on the surplus labor.

In this paper, we use the basic principle of stochastic frontier
production function to calculate the agricultural production techni-
cal efficiency of various provinces and cities. And we select the
province (Jiangsu Province) with the highest technical efficiency
to assume that its agricultural labor is fully utilized, and there is
no agricultural surplus labor.

With the ratio of agricultural labor number to agricultural out-
put value in this province as a reference, we calculate the number
of agricultural surplus labor in other provinces. It turns out that
the national agricultural surplus labor is about 126 million in re-
cent years. This calculation method makes up for the shortcomings

of the existing calculation methods, and it reflects the relationship

between the number of agricultural surplus labor and production

technical efficiency.
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