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Improved estimation model and empirical analysis of relationship 

between agricultural mechanization level and labor demand 
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Abstract: The research on the relationship between mechanization level in planting industry and labor demand was carried out 
based on the present literatures.  The former estimation model of labor demand in planting industry was established without 
analyzing the effects of planting structure on labor demand in planting industry.  The purpose of the research is to develop and 
perfect the theory of estimating both labor demand and rural surplus labor in planting industry, then to provide some theoretical 
references for scientific estimation.  The model established in this research can be used to calculate not only the amount of 
current labor demand, but also the demand in the various moment of future according to forecasted mechanization level and 
cultivated areas.  Furthermore, it was explored how to obtain the indexes of cultivated areas, mechanization level and the 
average cultivated area that each labor can burden when the mechanization level is 0 and 100%.  According to statistics 
principle, the methods of inspection to eliminate abnormal data and data processing were given in order to make the data more 
credible.  Finally, an example was presented for demonstration purposes. 
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1  Introduction  

Labor demand estimation in planting industry is the 

basis of the estimation of rural surplus labor force[1-3].  

The labor demand of a certain region is not only related 
to the cultivated land area, but also to the level of 

mechanization[4-7] and the planting structure.  
Traditional researches only consider the planting area, 

such as man-days method[8-10], demonstrate method of 

cultivated land[11,12], base year method[13,14], etc.  Wang 
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et al.[15] proposed and established the relationship 

between the level of mechanization of planting industry 

and the demand of labor force on the basis of the existing 

literature researches.  However, in this research, the 

effect of planting structure on the labor demand of the 

plantation was not considered when establishing the 

relationship between the level of mechanization and the 

demand of labor force, which had a certain gap with the 
actual situation.  Because of the difference in the peak 

period of different crops planting, the land area of a labor 

planting single crop is less than that of different kinds of 

crops, but the calculated results would be much more than 

the amount of labor force needed in actual production[15].  
To solve this problem, an improved method was proposed 

for obtaining and processing the parameters.  The 

research can not only improve the labor demand 

estimation theory on planting industry, but also lay a 

theoretical foundation for the scientific estimation of rural 
surplus labor. 
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2  Improved estimation model 

According to the definition of mechanization level[16],  
let s(t) be the area of cultivated land of t moment, s′(t) is 
the finished area of t moment and x(t) stands for the level 
of mechanization, then 

( )( ) 100%
( )

s tx t
s t
′

= ×             (1) 

( ) ( ) ( )s t s t x t′ = ⋅                (2) 

Hence, the finished area by labor and livestock s″(t) is 
( ) ( ) ( ) ( )[1 ( )]s t s t s t s t x t′′ ′= − = −        (3) 

Let a be the demanded people per hectare with 0 level 
of mechanization; b is the demanding labor force with 
100% level of mechanization; l(t) means the demanded 
people of planting industry at time t.  Mechanization 
level 0 refers to all operations are done by human and 
animal; Mechanization level 100% refers to all 
assignments are complete by machinery.  The following 
mathematical model can be established: 

( ) ( )[1 ( )] ( ) ( )L t as t x t bs t x t= − +         (4) 

where, the first items denoted the amount of labor of 
people and living stocks, and the second item denoted the 
amount of labor when using machines. 
   In the actual calculation, we can use the index of 
cultivated land area per capita burden in order to facilitate 
data acquisition, so the relationship between the amount 
of labor force needed for crops per hectare and cultivated 
land area per capita burden can be described as: 

1a
A

=                   (5) 

1b
B

=                   (6) 

where, A is the planting area burden by per labor with 0 
level of mechanization, hm2; B is the planting area with 
100% level of mechanization, hm2. 

Put Equations (5) and (6) into Equation (4), then, 

( ) ( ) ( )( ) ( )s t s t s tL t x t
A B A

⎡ ⎤= + −⎢ ⎥⎣ ⎦
         (7) 

The Equation (7) is the improved model for the 
estimation of labor demand in plantation presented in this 
research.  In this model, A and B are values of 
aggregative indicators which take in the account of many 
factors such as regional characteristics, planting structure, 

natural conditions, cropping patterns, meteorological 
factors, etc.  The key is the confirmation of values of A 
and B when putting it into use of this model. 

If only taking the demand of labor force into account, 
the static model is: 

s s sL x
A B A

⎡ ⎤= + −⎢ ⎥⎣ ⎦
             (8) 

where, L is the amount of demand for the labor force; s is 
planting area, hm2; x is the level of mechanization, %. 

Using the model described in Equations (7) and (8), 
we can calculate the amount of labor demand in a certain 
area and forecast the amount of labor demand in 
anywhere and anytime in the future. 

3  Data acquisition and processing 

3.1  Data acquisition 
Cultivated area, the degree of mechanization, the 

cultivated land area with 0 or 100% level of 
mechanization are included in the data acquisition of 
labor force demand in the estimation model.  Those are 
s(t), x(t), A, B in Equation (7).  After analysis, s(t) and 
x(t) belong to the same class of data.  A and B belong to 
the same class of data. 
3.1.1  Data acquisition of planting area and the level of 
mechanization 

When calculating labor demand in one area at certain 
moment, we need to estimate according to the historical 
data of planting area and the level of mechanization 
which can be acquired by statistical yearbook.  In 
general, the planting area and level of mechanization can 
be estimated by regression model and Delphi method[17]. 
3.1.2  Acquisition of affordable planting area per labor 

The data for the affordable planting area per labor 
when the level of mechanization between 0 and 100% are 
unavailable from statistical yearbook, but these can be 
obtained from the investigations of actual actives of 
plantings. 

There are two methods to acquire A and B. One is to 
investigate from the farmers, another is to survey of 
farmers in the towns and villages of the different degree 
of mechanization.  Using this method, we can get the 
average cultivated land area per capita, then the value of 
A and B can be calculated using the regression model.  
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No matter which method is chosen, the survey sample 
must be sufficient, generally should not less than 50 
samples, and it must be statistical test.  If the statistical 
test does not pass, it should expand the number of 
samples, until the statistical test satisfied. 

During the survey, first is to prepare the survey table; 
the second is to make it clear that the cultivated land per 
capita burden is decided by the busiest planting time, that 
is, the maximum number of labor input; the third is that 
hired labor should be calculated in the amount of labor 
demand, if there is a necessary of seasonal workers. 
3.2  Data processing 
3.2.1  Distribution test 

In order to improve the reliability of data, it is 
necessary to test if there is abnormal data, and the 
abnormal data should be removed.  The choice of data 
eliminating method is determined by the distribution of 
data.  Therefore, it is necessary to test the distribution of 
the data. 

The common method of distribution test is χ2 test, the 
basic idea is: All the results of the random test are divided 

into A1, A2, ..., AK (A1∪A2∪...∪AK = Ω, Ai∩Aj = ∅ , i≠j;  

i, j=1, 2, ..., k), So under the assumption H0, it can 
calculate pi=P(Ai), i=1, 2, ..., k. 

Obviously, in n trials, frequency of events fi/n 
differences with the pi, Generally, if H0 stand, the 
difference was not significant and if H0 does not exist, the 
difference is significant. Based on the idea, Pearson is 
used as statistic 

2
2

1

( )k
i i

i i

f np
np

χ
=

−
= ∑             (9) 

As a test hypotheses, H0 tallies with the actual size. 
The actual step of χ2 test method is that let general ξ 

theoretical distribution is F(x), F0(x) is given in advance 
of a distribution function.  In order to test: 

0 0 1 0: ( ) ( ) : ( ) ( )H F x F X H F x F x= ≠      (10) 

1) The sample value range is divided into k mutually 
disjoint intervals: 

0 1 1 2 1 1] ] , ], ]( , ,  ( , ,  ,  (  ,  ( ,i i k ka a a a a a a k− −⋅ ⋅⋅ ⋅ ⋅⋅ , and 

0 1 1 1<i i k ka a a a a a a− −−∞ < < < ⋅ ⋅ ⋅ < < < < ⋅ ⋅ ⋅ < < +∞ . 

2) Calculating the sample values falling into each 
range (ai−1, ai] (i=1, 2, ..., k). 

3) Under the theory of distribution ξ falling into  
(ai−1, ai], when H0 is true, the probability falling into  
(ai−1, ai] is: 

{ }1 0 1( ) , ( 1,2, , )i i i ip P a a F a i kξ− −=< ≤= =   (11) 

Hence we get ξ falling into (ai−1, ai], this theoretic 
frequency npi, npi should not be less 5. 

4) Statistical magnitude: 
2

2

1

( )k
i i

i i

f np
np

χ
=

−
= ∑  

According to Pearson theory, 2 2~ ( 1)k rχ χ − − , r is 

the amount being estimated in F0(x). 
5) Given level of significance α, check the χ2 

distribution table, we can have threshold 2 ( 1)k rαχ − − . 

6) Calculated χ2 from sample observation value of the 
statistic. 

7) Induce: when 2 2 ( 1)k rαχ χ> − − , reject H0, that is, 

F(x) unmatches F0(x). when 2 2 ( 1)k rαχ χ< − − , accept 

H0, F(x) matches F0(x). 
χ2 test method is derived when n is infinite, so must 

pay attention to use N that is large enough, and npi is not 
so small.  According to experience, the required sample 
size n is not less than 50, and each npi is not less than 5, 
and npi is best above 10, otherwise should be properly 
merged interval (or Ai), make the npi to satisfy this 
requirement. 
3.2.2  Elimination of abnormal data 

Suppose that the samples of the affordable planting 
area per labor be confirming to normal distribution   
N(μ, σ2), μ is the mathematical expectation of samples of 
affordable planting area per labor, σ2 is the variance of 
affordable planting area per labor, according to the 
principle of mathematical statistics[18], if probability 
density of random variable ξ is: 

2

2
( )

21( )
2

x

f x e
μ

σ

πσ

−

= , ( )x−∞ < < +∞      (12) 

where, x−∞ < < +∞ , 0σ > is an constant, then ξ obeys 

the normal distribution with parameters of μ and σ, i.e. 
ξ~N(μ, σ2).  The function of Normal Distribution random 
variable ξ is: 

2

2
( )

21( )
2

x
x

F x e dt
μ

σ

πσ

−
−

−∞
= ∫          (13) 
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Specially, when μ=0, σ =1, the normal distribution is 
standard normal distribution N(0,1), its probability 
density is: 

2

21( )
2

x

f x e
πσ

−
= , ( )x−∞ < < +∞       (14) 

The distribution function is: 
2

21( )
2

tx
F x e dt

πσ

−

−∞
= ∫            (15)                        

For a random variable of normal distribution, such as 
ξ~N(μ, σ2), the can get the probability by using 

xu μ
σ
−

=  and ( )uΦ , since: 

2

2
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∫ ∫

∫
    (16) 

According to the principle shown above, the 

probability variance σ those three times of absolute 

difference of an inspect value ξ and mathematical 
expectation (average) is: 

{ }
2

2
( )

3
2

3

13 0.9974
2

x

P e dx
μ

μ σ
σ

μ σ
ξ μ σ

πσ

−
−+

−
− < = =∫  (17) 

While it varies of standards for different countries to 
control quality, it is bounded by μ±3σ generally, that is, 
considering it’s normal when the inspect values fall into 
[μ±3σ], and abnormal when miss and should be 
eliminated, hence we call this elimination principle the 3σ 
Principle. 
3.2.3  The method of data arrangement 

Suppose the inspect sample of affordable planting 
area per labor A is N1 when the level of mechanization is 
0, and the affordable planting area per labor b is N2, after 
inspection if the number of A’s abnormal data is 
m1(m1<N1) and B’s m2(m2<N2), let the number of A’s 

inspection value be N′1 and B’s be N′2, we have: 

1 1 1N N m′ = −                (18) 

2 2 2N N m′ = −               (19) 

Let the ith sample be Ai of affordable planting area per 
labor after eliminating abnormal samples and the level of 
mechanization is 0, and the jth sample is Bj when level of 
mechanization is 100%, we have: 

1

11

1 N

i
i

A A
N

′

=

=
′ ∑               (20) 

2

12

1 N

j
j

B B
N

′

=

=
′ ∑               (21) 

According to method of data arrangement above, A 
and B are believable. 

4  Demonstration of calculation 

There are 640 000 hm2 farm land in northern of 
Heilongjiang Land Reclamation Area, the calculated level 
of mechanization is 82% after eliminating abnormal data, 
as shown in Table 1. 

 

Table 1  Cultivated area, level of mechanization, the cultivated 
land of crops per labor when the level of mechanization is 0 

and 100% in northern of Heilongjiang Land Reclamation Area 

Cultivated 
area/hm2

Level of 
mechanization/%

Cultivated land area of 
crops per labor with 0 

level of 
mechanization/hm2 

Cultivated land area of 
crops per labor with 

100% level of 
mechanization/hm2 

640 000 82 1.5 6.6 
 

The demand of labor force (L) in this area can be 

obtained after putting cultivated land area, level of 
mechanization into Equation (8): 

1620000 1620000 1620000( ) 0.82
1.5 6.6 1.5

412517

s s sL x
A B A

⎡ ⎤= + −⎢ ⎥⎣ ⎦

= + − ×

=

 

The level of mechanization and change of farm land 

area are shown in Table 2 according to Heilongjiang 
statistical yearbook.  We have the Regression model 

after the regressing of level of mechanization of 2013- 

2014: 

0.112

1ˆ( )
1 0.757 tx t

e−=
+

           (22) 

in which the correlation coefficient r =0.996>r(0.05)and 

inspection value F=1010.618>F(0.05).  t is time variable, 
t=1, 2, …, 10 is denoting to year 2004, 2005, … , 2013.  

The regression model is as follows: 

175526.30ˆ( ) 1442540.90s t
t

= −        (23) 

in which correlation coefficient r =0.989>r(0.05), and the 
inspect value F=369.249>F(0.05). 

According to Equations (22) and (23), the results are  
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obtained after a forecast of the level of mechanization and 
farm land area, and then get the demand of labor force. 
The forecasting value can be drawn as Table 3. 

 

Table 2  Mechanization level and cultivated land in northern 
of Heilongjiang Land Reclamation Area from 2004-2013 

Year Level of mechanization/% Cultivated land area/hm2 

2004 60.0 1 610 000 

2005 62.6 1 544 000 

2006 65.1 1 505 330 

2007 67.5 1 496 000 

2008 69.9 1 474 400 

2009 72.1 1 473 370 

2010 74.3 1 461 140 

2011 76.3 1 460 000 

2012 78.2 1 458 080 

2013 80.1 1 457 200 
 

Table 3  Forecasting value of mechanization level, cultivated 
land, plant industry labor demand quantity from 2014 to 2024 

Year Level of 
mechanization/% 

Cultivated land 
area/hm2 

Labor demand 
/person 

2014 81.9 1 458 497.8 356 979 

2015 83.5 1 457 168.1 344 643 

2016 85.0 1 456 042.9 333 200 

2017 86.4 1 455 078.5 322 635 

2018 87.6 1 454 242.7 313 011 

2019 88.8 1 453 511.3 304 100 

2020 89.9 1 452 866.0 295 981 

2021 90.8 1 452 292.4 288 567 

2022 91.7 1 451 779.1 281 807 

2023 92.5 1 451 317.2 275 656 

2024 93.3 1 450 899.3 270 067 
 

5  Conclusions 

1) This study points out the flaws of former 
researches on relationship between level of 
mechanization and demand of labor force which did not 
consider the effect of planting structure to demand of 
labor force. 

2) An improved model of relationship between level 
of mechanization and labor demand under planting 
structure was proposed.  It can not only calculate the 
demand for certain farm land area, but also can carry out 
the labor demand of every moment by forecasting future 
level of mechanization and farm land area. 

3) The new method was proposed for data acquisition 
of farm land area, level of mechanization and affordable 
planting area per labor.  At the meantime, we put 
forward the relevant problems to be considered in 

obtaining farm land area per labor. 
4) According to the principle of statistical, we studied 

and proposed methods of elimination, inspection, and 
arrangement for farm land area per labor when level of 
mechanization is 0 and 100%. 

5) Taking the northern of Heilongjiang Land 
Reclamation Area as an example, the relationship 
between level of mechanization and demand of labor 
force was calculated that both suitable for the present and 
future. 
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