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The analysis and forecast of China’s productivity 

Shi Faqi 

1. Traditional production function 

In 1957, after having combined Douglas and Kendrick’s contribution with the national 

production accounts complied by Kendrick (1956), Solow put forward technology change and 

aggregate production function. The production function takes the form as follows: 

),,( TLKFY =                            （1-1） 

Here Y is output, K is capital input, L is labor input, T is time. Under the assumption of 

constant return to scale, this function reflects the benefit of technology change. Aggregate 

production function reflects the dependence relation of output and input. By mathematical 

derivation, we can get Solow equation:  

ϕ++=
...

lsksy lk                           （1-2） 

Here 
.

y  is the growth rate of output, 
.

k  is the growth rate of capital input, 
.

l  is the 

growth rate of labor input, ϕ  is the growth rate of productivity. ks and ls  are separately 

the share of capital and labor in initial input, so 1=+ lk ss . Before 1980s, ϕ  was defined 

as total factor productivity (TFP). From the viewpoint of producer equilibrium theory, ϕ  

means the contribution of technological progress. （1-2）reflects that output growth is 

composed of growth of capital input, growth of labor input and growth of productivity. If we 

take the factor of production capital and labor as productivity, then technological progress is 

also productivity.  

From (1-2) we can get the measuring method of growth rate of productivity: 

...

lsksy lk −−=ϕ                             （1-3） 

Until now, many countries in the world are using Solow growth function to measure the 

growth rate of productivity. After Solow, many scholars such as Denison and Jorgenson have 

made great efforts to try to improve Solow’s method, but because the national accounting 

systems can’t satisfy the need of data, most of the models they put forward were theoretical 

attempts and were far less practical than Solow equation. 
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In many foreign research reports, Yln∆  denotes the growth rate of output 
.

y ，

Kln∆  denotes the growth rate of capital input 
.

k , Lln∆  denotes the growth rate of 

labor input 
.

l . Then （1-3）can be written as :  

LsKsY lk lnlnln ∆−∆−∆=ϕ                 （1-4） 

Or  

)/ln()/ln( LYsKYs lk ∆+∆=ϕ                （1-5） 

Here )/ln( KY∆  is the growth rate of capital productivity, )/ln( LY∆  is the 

growth rate of labor productivity. So the growth rate of productivity is equal to the weighted 

sum of the growth rate of capital and labor.  

2. Translog production function 

In 1973, Christensen, Jorgenson and Lawrence put forward the econometric method of 

“Conjugate Duality and Translog Production Function” to measure the productivity. The basic 

model they use is still Solow aggregate production function, and they assume that it has the 

feature of constant return to scale. 

They define 
Y

KP
Y K

K =  and 
Y

LP
Y L

L =  as the share of capital input return and 

labor input return to the value-added separately. KP  and LP  is the price of capital and 

labor separately, and KPK  and LPL  is the return of capital return and labor return 

separately. The necessary condition of producer equilibrium is the share of every input equals 

to the elasticity of corresponding input to output. That is  
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Meantime, the growth rate of productivity TY  is： 
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The econometric model of translog production function put forward by Jorgenson etc. is 

as follows:   
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Here 0α 、 Kα 、 Lα 、 Tα 、 KKβ 、 KLβ 、 KTβ 、 LLβ 、 LTβ 、 TTβ  are undetermined 

parameters. Under the assumption of constant return to scale ，we have the formulae as 

follows:  
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By means of historical data, we can use econometric methods to estimate these 

parameters in an unbiased way, and then calculate the average growth rate of productivity in a 

certain period TY : 

TLK
T

TLKY
Y TTLTKTTT βββα +++=

∂
∂= lnln

ln

),,(ln

 

Since the translog production function introduces quadratic terms, and will improve the 

precision of productivity estimates, but it is not suitable for measuring the productivity of two 

adjacent years or short periods. So most OECD countries (including the USA ) still use Solow 

growth function in evidence analysis. The translog production function model has some 

innovation in theory or method, but it is not widely used in practical work. 

3. The measuring results of productivity in China in 1953-2004 and the analysis of 
the change  

Before using Solow model to measure the productivity in China, we have to introduce 

the measuring methods of capital input and labor input and the selecting method of parameter 

ks and ls . 

(1) Capital  input 

Capital input is in fact capital stock and it equals to the capital stock of last year plus 

fixed capital formation in this year and minus depreciation, that is:  
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tttt DIKK −+= −1                       （1-6） 

Here tK  is capital stock in year t, tI  is gross capital formation in year t, tD  is the 

depreciation of fixed capital. Because being lack of the historical data of capital stock at 

constant prices, we have to estimate the data of capital stock at constant prices before 2004. 

For the convenience of measuring, we make 1952 as the initial year and assume that the 

capital stock at the year-end of 1952 equals to the GDP at current price of that year (that is 

67.9 billion Yuan). It should be noted that the National Bureau of Statistics haven’t calculated 

GDP by income approach yet in a systematic way, but the regions have done it by income 

approach, so the data of depreciation of fixed capital mainly adopts the sum of the 

depreciation in every region with proper revision. The reason for revision is that the 

assembled GDP of the regions is not equal to the GDP at national level. The revision formula 

is as follows:            

'' / tttt GDPGDPDD ×=                  （1-7） 

Here tD  and tGDP  is the national depreciation and GDP separately, '
tD  and '

tGDP  

is the assembled depreciation and GDP of the regions separately. Because the data of 

depreciation in every region before 1978 are not available, we have to estimate them in a 

proper way. The estimating method is to determine a fixed proportion ( e.g.  the proportion 

of depreciation in 1978 to the GDP of that year) first, and then we can derive the depreciation 

by multiplying each year’s GDP by it in 1952-1977. when  the data of net capital formation 

are available, we have to find proper price index to deflate it to get the data of capital stock at 

constant prices. Obviously, the most proper price index is the deflator of gross capital 

formation, which equals to gross capital formation at current prices divided by gross capital 

formation at constant prices. Gross capital formation at constant prices can be constructed 

from the known fixed base index of gross capital formation. For example, if we make 1952 as 

the basic year of constant price, then the gross capital formation calculated at 1952 prices is 

equal to fixed base index （1952 =100）*153.7/100. So far, we can estimate the capital stock 

series of 1952-2004.  
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Table 1-2  The estimates of capital stock in 1952-2004 

(Unit: 100 million Yuan )    

Year GDP at 

current prices 

GDP at 1952 

price 

Gross capital 

formation at 

current prices 

Depreciation of 

fixed capital at 

current prices 

Capital stock at 

1952 price 

1952 679.0  679.0 153.7 61.7 679.0 

1953 824.2  784.9 198.3 73.8 790.6 

1954 859.4  818.2 226.9 79.7 926.7 

1955 910.8  873.9 221.5 86.2 1056.9 

1956 1029.0  1005.6 257.6 97.7 1217.3 

1957 1069.3  1056.5 280.0 105.5 1398.4 

1958 1308.2  1280.6 432.0 128.4 1717.0 

1959 1440.4  1394.0 621.7 148.3 2197.1 

1960 1457.5  1389.2 575.0 156.2 2626.6 

1961 1220.9  1009.7 274.6 114.4 2775.9 

1962 1151.2  953.3 178.1 111.2 2828.3 

1963 1236.4  1050.4 265.3 118.3 2949.1 

1964 1455.5  1241.9 350.3 132.3 3129.9 

1965 1717.2  1453.7 462.1 152.4 3404.3 

1966 1873.1  1609.9 569.8 169.9 3773.7 

1967 1780.3  1518.2 425.7 158.6 4013.9 

1968 1730.2  1455.8 432.2 152.0 4277.5 

1969 1945.8  1701.6 485.9 174.0 4577.3 

1970 2261.3  2032.2 744.0 203.0 5119.1 

1971 2435.3  2175.5 819.0 219.3 5717.0 

1972 2530.2  2257.0 791.1 228.2 6269.3 

1973 2733.4  2434.2 903.5 244.8 6918.6 

1974 2803.7  2490.6 936.1 247.6 7591.8 

1975 3013.1  2707.2 1062.3 271.1 8365.3 

1976 2961.5  2663.0 990.1 269.7 9068.6 

1977 3221.1  2866.1 1098.1 299.5 9845.6 

1978 3645.2  3200.8 1377.9 349.3 10880.5 

1979 4062.6  3443.2 1474.2 385.7 11950.1 

1980 4545.6  3712.8 1590.0 440.3 13056.3 

1981 4891.6  3907.6 1581.0 480.9 14091.4 

1982 5323.4  4261.4 1760.2 525.6 15246.3 

1983 5962.7  4724.5 2005.0 595.5 16536.3 

1984 7208.1  5440.8 2468.6 711.1 18082.3 

1985 9016.0  6173.5 3386.0 884.7 20119.1 

1986 10275.2  6720.1 3846.0 1061.6 22248.3 

1987 12058.6  7498.2 4322.0 1275.7 24461.0 

1988 15042.8  8344.2 5495.0 1579.6 26989.0 
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1989 16992.3  8683.1 6095.0 1895.9 29471.6 

1990 18667.8  9016.4 6444.0 2158.8 31900.3 

1991 21781.5  9844.1 7517.0 2655.5 34442.7 

1992 26923.5  11246.3 9636.0 3413.3 37299.2 

1993 35333.9  12816.8 14998.0 4004.8 41380.2 

1994 48197.9  14493.3 19260.6 5538.7 45944.2 

1995 60793.7  16076.7 23877.0 7191.5 51140.9 

1996 71176.6  17685.7 26867.2 8713.6 56617.3 

1997 78973.0  19330.0 28457.6 10172.7 61746.3 

1998 84402.3  20844.1 29545.9 11365.9 66974.4 

1999 89677.1  22432.4 30701.6 12364.8 72553.6 

2000 99214.6  24323.8 32499.8 13780.1 78229.9 

2001 109655.2  26342.7 37460.8 15293.9 84838.9 

2002 120332.7  28735.2 42304.9 16477.5 92649.6 

2003 135822.8  31616.0 51554.7 18665.7 102575.6 

2004 159878.3  34804.5 62875.3 25514.9 113342.2 

 

(2) Labor input  

There are many types of employment in Western countries, such as full-time, half-day, 

several-hour, and some people have two jobs every day, so they use hours worked as the labor 

input. Until now, the exact statistical data of working time of all types of workers are not 

available, so labor input can be approximately substituted by the numbers of employed 

persons at the year-end. However, it should be noted that the number of employed persons 

have two sets of data, of which one is 567,400,000 persons by the old standard and  another 

647,490,000 persons by the new standard, along with the change of survey coverage in 1990. 

In order to make the historical data of employed persons comparable, we have to adjust the 

number of employed persons before 1990. The adjusting method is to use an adjusting 

coefficient (equals to 64749/56740）to multiply the original number of employed persons 

before 1990（Table 1-3）. 
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Table 1-3  The estimate of labor input in 1952-2004 

Year  

Number of employed 

persons (10,000 

persons ) 

Number of employed 

persons after 

adjustment  (10,000 

persons ) 

Growth rate of number 

of employed persons 

after adjustment  

(10,000 persons ) 

1952 20729 23655

1953 21364 24380 3.06

1954 21832 24914 2.19

1955 22328 25480 2.27

1956 23018 26267 3.09

1957 23771 27126 3.27

1958 26600 30355 11.90

1959 26173 29867 -1.61

1960 25880 29533 -1.12

1961 25590 29202 -1.12

1962 25910 29567 1.25

1963 26640 30400 2.82

1964 27736 31651 4.11

1965 28670 32717 3.37

1966 29805 34012 3.96

1967 30814 35163 3.39

1968 31915 36420 3.57

1969 33225 37915 4.10

1970 34432 39292 3.63

1971 35620 40648 3.45

1972 35854 40915 0.66

1973 36652 41826 2.23

1974 37369 42644 1.96

1975 38168 43556 2.14

1976 38834 44316 1.74

1977 39377 44935 1.40

1978 40152 45820 1.97

1979 41024 46815 2.17

1980 42361 48340 3.26

1981 43725 49897 3.22

1982 45295 51689 3.59

1983 46436 52991 2.52

1984 48197 55000 3.79

1985 49873 56913 3.48

1986 51282 58521 2.83

1987 52783 60233 2.93

1988 54334 62003 2.94

1989 55329 63139 1.83
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1990 64749 64749 2.55

1991 65491 65491 1.15

1992 66152 66152 1.01

1993 66808 66808 0.99

1994 67455 67455 0.97

1995 68065 68065 0.90

1996 68950 68950 1.30

1997 69820 69820 1.26

1998 70637 70637 1.17

1999 71394 71394 1.07

2000 72085 72085 0.97

2001 73025 73025 1.30

2002 73740 73740 0.98

2003 74432 74432 0.94

2004 75320 75320 1.19

 (3) The selection of parameter ks  and ls  

Until now, nearly all countries select ks  and ls  to measure productivity in the 

evidence analysis. They estimate ls  by the share of labor’s compensation in GDP by income 

approach, and then use lk ss −= 1  to estimate ks . Since 1978 the data of labor’s 

compensation have three sources: flow of fund table (1992-2003), input-output table (1983, 

1987, 1990, 1992, 1995, 1997), regional GDP by income approach. For the sake of making 

the data comparable, we adopt the pooled data of the regions after 1978 ( the year of reform 

and opening to the outside world), and  estimate them on the basis of related indicators 

before 1978. 

As seen from table 1-4, from 1953 to 2004, GDP in China has seen 6 years of negative 

growth, so the productivity also must decline in these 6 years. Of all 52 years, 16 years in 

which the productivity declined can be regarded as the years with the worst economic growth 

efficiency. Of these 16 years, besides the 6 years with negative GDP growth, there are still 10 

years in which the productivity declined, although the GDP kept on growing. Of these 16 

years, 13 years happened before 1978  accounting for half of the 26 years from 1953 to 1978, 

and the other three years happened in 1981, 1989 and 1990 respectively. 

From table 1-4 we can also see that during the full period of 1953-2003, the growth rate 

of capital input is 1.3 times as much as that of GDP, and the growth rate of productivity is 

only 1.6 percent. The contribution of capital input to economic growth is 65.6 percent, the 

contribution of labor input to economic growth is 14.3 percent ( total contribution of factor 

input is 79.9 percent), while the contribution of TFP is only 20.1 percent, indicating the low 

efficiency of economic growth. Of 7.9 percentages of GDP growth, capital input contributes 
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to 5.2 percentages, labor input 1.1 percentages, productivity 1.6 percentages. It fully reflects 

that during more than a half of the century after our new country have carried out socialist 

five-year plans, economic growth mainly depends on factor input, especially capital input. 

The input-driven economic growth will lead to lagged growth of household consumption,  

industrial structure dominated by heavy industry, and lagged development of the service 

sector. 

If dividing the full period into two sub-periods, during the first sub-period of 1953-1977, 

as China suffered from wrong decision-making, natural disasters and political turmoil and etc., 

its annual economic growth rate is only 5.9 percent on average. The contribution of growth of 

capital input to economic growth is as high as 102.3 percent and pushes up 6.1 percentages of 

economic growth; The contribution of growth of labor input to economic growth is 20.3 

percent and pushes up 1.2 percentages of economic growth; While the contribution of TFP to 

economic growth is -22.6 percent and pushes down 1.4 percentages of economic growth. 

During this period, the input of our economy outpaced the output, resulting in the negative 

growth of productivity, indicating that the economic growth mode is very extensive and the 

economic growth efficiency is extremely low. 

The second sub-period of 1978-2004 is a period ending up with the political turmoil, in 

which China carried out the guideline of taking economic construction as the center and a 

series of reform and opening up to the outside world. During the 27 years, the average 

economic growth rate per year is 9.7 percent and is 1.6 times as much as that of the previous 

25 years, and the growth rate of capital input is slightly lower than that of GDP. The 

contribution of growth of capital input to economic growth is as high as 47.1 percent and 

pushes up 4.6 percentages of economic growth; the contribution of growth of labor input to 

economic growth is 10.3 percent and pushes up 1.0 percentage of economic growth; the 

contribution of TFP to economic growth is 42.6 percent and pushes up 4.1 percentages of 

economic growth. Obviously, though economic growth still mainly depends on factor input 

since the reform and opening up to the outside world, the contribution of technological to 

economic growth  goes up significantly, indicating that the economic growth mode and the 

economic growth efficiency have improved to some extent.  



 10 

Table 1-4  Growth rate of GDP, factor input and productivity 

(Unit: %) 

Year GDP Capital input Labor input Productivity 

1953 15.6 16.4 3.06 5.57 

1954 4.2 17.2 2.19 -5.46 

1955 6.8 14.0 2.27 -1.66 

1956 15.0 15.2 3.09 5.65 

1957 5.1 14.9 3.27 -3.79 

1958 21.3 22.8 11.90 3.59 

1959 8.8 28.0 -1.61 -3.72 

1960 -0.3 19.5 -1.12 -9.57 

1961 -27.3 5.7 -1.12 -29.42 

1962 -5.6 1.9 1.25 -7.13 

1963 10.2 4.3 2.82 6.68 

1964 18.3 6.1 4.11 13.09 

1965 17.0 8.8 3.37 10.71 

1966 10.7 10.9 3.96 2.83 

1967 -5.6 6.4 3.39 -10.69 

1968 -4.1 6.6 3.57 -9.24 

1969 16.9 7.0 4.10 11.12 

1970 19.4 11.8 3.63 10.73 

1971 7.0 11.7 3.45 -1.40 

1972 3.8 9.7 0.66 -2.34 

1973 7.9 10.4 2.23 0.76 

1974 2.3 9.7 1.96 -4.18 

1975 8.7 10.2 2.14 1.86 

1976 -1.6 8.4 1.74 -7.08 

1977 7.6 8.6 1.40 2.22 

1978 11.7 10.5 1.97 5.41 

1979 7.6 9.8 2.17 1.68 

1980 7.8 9.3 3.26 1.64 

1981 5.2 7.9 3.22 -0.20 

1982 9.1 8.2 3.59 3.32 

1983 10.9 8.5 2.52 5.58 

1984 15.2 9.3 3.79 8.79 

1985 13.5 11.3 3.48 6.30 

1986 8.8 10.6 2.83 2.35 

1987 11.6 9.9 2.93 5.27 

1988 11.3 10.3 2.94 4.76 

1989 4.1 9.2 1.83 -1.36 
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1990 3.8 8.2 2.55 -1.38 

1991 9.2 8.0 1.15 4.75 

1992 14.2 8.3 1.01 9.58 

1993 14.0 10.9 0.99 8.02 

1994 13.1 11.0 0.97 7.16 

1995 10.9 11.3 0.90 5.07 

1996 10.0 10.7 1.30 4.30 

1997 9.3 9.1 1.26 4.37 

1998 7.8 8.5 1.17 3.25 

1999 7.6 8.3 1.07 3.09 

2000 8.4 7.8 0.97 4.13 

2001 8.3 8.4 1.30 3.53 

2002 9.1 9.2 0.98 4.08 

2003 10.0 10.7 0.94 4.16 

2004 10.1 10.5 1.19 4.24 

Table 1-5  Contribution of factor input and productivity to economic growth by period  

  Full period  

1953—2004 

Sub-period 

1953—1977 

Sub-period 

1978—2004 

GDP 7.9 5.9 9.7 

Capital input  10.3 11.3 9.5 

Labor input 2.3 2.6 1.9 

Growth rate（%） 

Productivity 1.6 -1.4 4.1 

Capital input  65.6 102.3 47.1 

Labor input 14.3 20.3 10.3 

Contribution to 

economic growth 

（%） Productivity 20.1 -22.6 42.6 

Capital input  5.2 6.1 4.6 

Labor input 1.1 1.2 1.0 

economic growth 

percentages 

pushed up by（%）  Productivity 1.6 -1.4 4.1 

4. Forecast on productivity of 2005-2010 

From Solow economic growth function we can know that productivity is the residual 

between output and input growth, so it is affected by output, input and its weight. We first 

search for and filter out the influencing factors step by step, then fit  a multivariate linear 

regression equation (1991-2004) resorting to the econometric methods: 

INVERATEINVICSGRGDPGRPRODGR
)5.3()9.8()7.79()2.2(

067724.0363207.0991801.0959144.0 −−+=

    R squared:                    0.9985 

Standard error of regression:   0.082985 

D-W statistics:        2.4505 

 F statistics:      2294.357 
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The meaning of variables in the equation is: 

PRODGR——Growth rate of productivity  

INVICSGR——Real growth rate of capital stock  

INVERATE——Capital formation rate  

GDPGR——Real growth rate of GDP  

As seen from the above equation, this regression equation passes a series of basic 

statistical tests and enjoys a high goodness-of-fit. It indicates that growth rate of TFP is a 

linear function of growth rate of capital stock, capital formation rate and growth rate of GDP.    

If drawing the above four variables into a plot, we can see the rising and falling trend of 

capital formation rate. Especially during the period of 1992-1993 and 2000-2004 in which the 

capital formation rate is rising, while the growth rate of productivity is falling. Meantime, we 

can also see that both of capital formation rate and growth rate of capital stock tend to rise 

during the period of 1991-1994 and 2000-2004; The growth rate of capital stock which has a 

direct relation with the measurement of productivity takes opposite direction with that of 

productivity, while the growth rate of GDP and productivity basically has the same direction. 

This observation is consistent with the fact that the regression coefficients of growth rate of 

capital stock and capital formation rate are negative. 

Supposing that GDP grows by 8-10 percent, capital stock grows by 7.8-9.8 percent which is 

0.98 time as much as that of GDP, and capital formation rate is 35-45 percent during 

2005-2010. If dividing the aforementioned three assumptions into three points, then we shall 

have 27 forecasts. For the sake of simplicity, we choose the following three assumptions 

（8,7.8,35）、（9，8.8，40）and （10、9.8、45） to project: 

(1) For the first assumption, the growth rate of productivity is 3.68 percent and its 

contribution to economic growth is 46 percent;   

(2) For the second assumption, the growth rate of productivity is 3.97 percent and its 

contribution to economic growth is 44.1 percent; 

(3) For the third assumption, the growth rate of productivity is 4.27 percent and its 

contribution to economic growth is 42.7 percent. 
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Table 1-6  Growth rate of productivity, GDP and capital formation rate 

(Unit: %) 

 
Growth rate of 

productivity 

Growth rate 

of GDP  

Growth rate of 

capital  

Capital 

formation rate 

1991 4.75  9.2 8.0 34.8  

1992 9.58  14.2 8.3 36.6  

1993 8.02  14.0 10.9 42.6  

1994 7.16  13.1 11.0 40.5  

1995 5.07  10.9 11.3 40.3  

1996 4.30  10.0 10.7 38.8  

1997 4.37  9.3 9.1 36.7  

1998 3.25  7.8 8.5 36.2  

1999 3.09  7.6 8.3 36.2  

2000 4.13  8.4 7.8 35.3  

2001 3.53  8.3 8.4 36.5  

2002 4.08  9.1 9.2 37.9  

2003 4.16  10.0 10.7 41.0  

2004 4.24  10.1 10.5 43.2  
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