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9. Productivity, Innovation and China’s 
Economic Growth
Yanrui Wu, Xiumei Guo and Dora Marinova

The role of productivity and innovation in China’s economic growth is fiercely 
debated among economists.1 With the economy currently progressing through the 
middle-income stages, China is forced to confront difficult areas of restructuring, 
and this has intensified that debate. Following the Global Financial Crisis (GFC), 
Chinese policymakers opted to make innovation and entrepreneurship new drivers 
of economic growth over coming decades.2 This policy shift has merely intensified 
the debate about and research on productivity growth and innovation in China. 
This chapter presents an updated literature review and provides new estimates of 
productivity growth, innovation and efficiency changes in the Chinese economy. 
In addition, it explores what can be learnt from China’s recent experience and 
how economic growth may be sustained through innovation and productivity 
improvement.

The chapter begins with a brief review of the literature on productivity growth 
analysis, before discussion of the literature on innovation and catch-up. Recent 
extensions in the field are investigated in the third section and new estimates of 
productivity growth at the sector level are reported in section four. Section five 
presents a comparison of productivity performance between coastal and non-coastal 
areas, while section six offers concluding remarks.

Productivity growth analysis
According to the traditional growth accounting framework, economic growth in 
a society arises as a result of changes in production inputs and technological progress 
(Solow 1957). The latter is also known as productivity or total factor productivity 
(TFP) growth. Consider the following Cobb–Douglas production function 
(Equation 9.1).

Equation 9.1

y = Ak αl β

1  For comprehensive literature surveys, see Wu (2011); Tian and Yu (2012); and Zhang (2016).
2  For reviews of China’s innovation capacity and development, refer to Wu (2012); and Fan (2014).
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In Equation 9.1, it is assumed that capital (k) and labour (l ) are employed to 
produce output (y) in the production process; α and β are the capital and labour 
income shares, respectively; and A provides a measure of productivity. Equation 9.1 
can be converted into the following growth rate format (Equation 9.2).

Equation 9.2

In Equation 9.2, the superscript dot indicates the rate of growth and tfp is total 
factor productivity. Equation 9.2 implies that TFP growth is defined as the residual 
of output growth that is unexplained by input changes. Given this equation, 
conventionally, at least three terms—namely, TFP growth, technical change and 
technological progress—are used interchangeably by economists. 

Many authors have followed this practice in their empirical analysis of the 
Chinese economy. For example, Wu (1993) presented a comprehensive survey of 
the relevant literature published up to and including 1992. A follow-up survey 
covering the period from 1993 reported 151 TFP growth estimates for the Chinese 
economy (Wu 2011). Wu (2011) observed substantial variation in the estimated 
TFP growth rates across the 74 studies reviewed, and derived a mean TFP growth 
rate of 3.62 per cent. That rate accounts for about one-third of China’s average rate of 
economic growth during the period under study. Adopting a meta-analysis method, 
the study also demonstrated that the manufacturing sector in China outperforms 
agriculture in terms of TFP growth. An interesting additional observation by 
Wu  (2011) was his claim that English-language journal articles tend to report 
relatively high TFP growth rates compared with those in Chinese. 

Since the review by Wu (2011), more empirical studies have emerged in the literature. 
Zhu (2012) studied the period 1978–2007 and concluded that TFP growth was 
responsible for about 78 per cent of China’s per capita gross domestic product 
(GDP) growth over those years. Morrison (2013) reported annual TFP growth 
rates rose from about 4 per cent in 2000 to a peak of around 9 per cent in 2007. 
From 2008 to 2012, however, Morrison (2013) found that TFP growth showed 
a  sustained downward trend. International Monetary Fund (IMF) economists 
Anand et al. (2014) also observed this inverted-U shaped pattern of TFP growth in 
a comparative study of China, India and economies of the Association of Southeast 
Asian Nations Five (ASEAN-5). In particular, they considered capital utilisation. 
Their argument is that rapidly declining capital utilisation could lead to biased 
estimates of TFP growth. They identified that the observed inverted-U shape in the 
case without considering capital utilisation is much flatter than that with capital 
utilisation being adjusted. 
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Wang et al. (2013) estimated agricultural productivity growth using provincial data 
for the period 1985–2007 and found that TFP growth was responsible for more 
than 50 per cent of China’s agricultural growth, with the coastal regions enjoying 
relatively faster productivity growth than non-coastal areas. They also found, 
however, that TFP growth showed a downward trend over time. Du et al. (2014) 
examined firm-level data for the period 1998–2007 and reported that TFP growth 
tended to decline over time, and approached zero at the end of their sample period. 
They argued that this situation was due to resource misallocation between the state 
and non-state sectors on the one hand, and reduction in technological progress in 
surviving firms on the other. 

More recent studies include Yao (2015), H. Wu (2016) and Mallick (2017). 
Yao  (2015) demonstrated that economic reform and the policy of opening up 
boosted China’s productivity growth significantly, but this growth shows a declining 
trend over time and especially during the GFC. H. Wu (2016), on the other hand, 
found that TFP growth has played a minor role in China’s economic growth, and 
TFP growth had even turned negative during the period 2007–12. Mallick (2017) 
compared China with India and showed that the contribution of TFP growth 
is substantial in China, but tends to decline over time. 

Overall, research findings in the existing literature on the role of TFP in China’s 
economic growth are mixed. But there is one consensus in the literature: most 
authors observed that China’s TFP growth declined during the GFC. Maliszewski 
and Zhang (2015) drew comparison between this decline and that during the East 
Asian Financial Crisis in the 1990s. Lai (2015) claimed this productivity slowdown 
was responsible for China’s slow economic growth in recent years. 

Innovation and catch-up
The conventional concept of TFP growth has been extended to distinguish between 
innovation or technological progress and efficiency change or catch-up since the 
work of Aigner et al. (1977), Meeusen and van den Broeck (1977) and Battese 
and Corra (1977), to cite a few. In the extended framework, innovation refers to 
the shift of the production frontier while efficiency change captures movement 
towards best practice or the production frontier (Nishimizu and Page 1982; Lau and 
Brada 1990). The sum of the rates of technological progress and efficiency change 
gives the rate of TFP growth. In other words, TFP growth is decomposable into 
two components: technological progress and efficiency change. Since the 1980s, 
a large pool of literature has adopted this concept. Lovell (1996) and Greene (1997) 
provide reviews of that literature. The decomposition method has also been applied 
to analyse productivity growth in the Chinese economy. Wu (1995) was one of the 
earlier studies to use China’s regional data, and showed technological progress to be 
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the main driver of TFP growth in farming and rural and urban industries. He also 
observed variations across sectors as well as among China’s three regions—namely, 
the coastal, central and western regions. Wu (2011) reviewed the earlier literature. 

Recently, Li et al. (2011) investigated the source of TFP growth in Chinese 
agriculture and found significant productivity growth since the 1980s. They pointed 
out that since the 1980s this growth has been driven mainly by technological 
progress. Ma et al. (2013) derived a similar conclusion by analysing micro-level 
data. You  and  Sarantis (2013) observed that rural transformation or efficiency 
improvement has made an important contribution to TFP growth; however, its 
importance has declined over time and that of technological progress has increased. 
Gao (2015) adopted a data envelopment analysis approach and examined agricultural 
TFP by using regional data for the period 1992–2012, reaching a conclusion that 
confirms the findings by Li et al. (2011) and Ma et al. (2013). 

Wang and Szirmai (2013) found that efficiency changes dominated industrial 
productivity growth in the 1980s while technological progress played the major 
role in the 1990s. This is consistent with the conclusion about China’s rural 
sector by You and Sarantis (2013). Zhang et al. (2014) drew attention to the 
declining trend in the contribution of TFP to economic growth during the period 
1978–2012, and raised the important related question of the sustainability of 
economic growth in China. 

More recently, Han and Shen (2015) adopted the data envelopment method and 
showed an annual TFP growth rate of 5.9 per cent over the period 1990–2009. 
This  growth is dominated by the rate of technological progress: 5.5 per cent. 
However, Yu et al. (2015) argued that China’s catch-up process is characterised by 
‘creative restructuring’ (or efficiency improvement) rather than ‘creative destruction’ 
(or innovation). Curtis (2016) argued that relocation of resources could account 
for 21.5 points of TFP growth during 1992–97. In sum, the views of the research 
community as to the role of technological progress and efficiency changes are varied 
overall. However, more evidence appears to support the idea that technological 
progress has dominated TFP growth in the Chinese economy in recent decades and 
that TFP growth tends to decline over time, particularly during the GFC.

Extensions
New growth theory recognises the role of non-traditional production factors such 
as human capital and research and development (R&D) spending in the growth 
process. A stream of literature has adopted new growth theory ideas in case studies 
on the Chinese economy. Wang and Yao (2003) were probably the first to provide 
human capital estimates for the period 1952–99 with incorporated human capital 
growth accounting. They found that rapid human capital accumulation and related 
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productivity growth that arose during China’s reform period (1978–99) made 
a positive contribution to economic growth. Ding and Knight (2011) found a positive 
impact of human capital formation on economic growth. Wei and Hao (2011) 
examined the role of human capital in China’s TFP growth and found a significantly 
positive effect from human capital on provincial TFP growth during 1985–2004. 
The effect of human capital, however, is found to vary between the coastal, central 
and western regions. Luckstead et al. (2014) showed that human capital accounted 
for an average 24 per cent of TFP growth over the period 1952–78 and 42 per cent 
for the period 1979–2000. Chen and Funke (2013) explained how a sequencing 
of physical capital accumulation, human capital accumulation and innovation has 
driven China’s growth since the 1980s. 

A secondary body of research explores how additional variables have affected 
China’s TFP growth. For example, Jiang (2011) found a negative relationship 
between regional openness and TFP growth. Later, however, Yu (2015) found 
tariff reduction was responsible for at least 14.5 per cent of China’s economy-wide 
productivity growth. Lin et al. (2011) explored the relationship between foreign 
direct investment (FDI) and regional productivity, concluding that the overall effect 
of FDI on productivity is positive, especially in coastal regions. Hong and Sun 
(2011) support this finding. Choi et al. (2015) considered environmentally sensitive 
productivity growth, the rate of which is found to be low and relatively constant in 
China. They also observed that related productivity growth has been driven mainly 
by innovation.

Hu (2001) analysed firm-level data and found a strong link between private 
R&D and firm productivity. Ljungwall and Tingvall’s (2015) meta-analysis of the 
literature on the effects of R&D spending on economic growth in a large number 
of economies, however, finds that R&D spending in China has weaker impacts on 
economic growth than it does in other economies—both Organisation for Economic 
Co-operation and Development (OECD) and non-OECD countries—covered in 
the literature. Their finding is supported to some extent by Boeing et al. (2016), 
who provided micro-level evidence in their finding that a strong increase in patent 
stock is linked with a falling positive or even vanishing influence on TFP in listed 
Chinese firms. Boeing et al. (2016) are, however, disputed by Fang et al. (2016), 
who also used firm-level data. The latter analysis used propensity-score matching 
methods to demonstrate the link between intra-firm increases in patent stock and 
TFP growth.

Finally, scholars have also derived estimates of intangible capital in China and 
examined the related contribution to productivity growth. Intangible capital 
generally refers to knowledge embedded in intangible products or processes (Li and 
Wu forthcoming). Examples include software, R&D, designs and advertising. 
Hulten and Hao (2012) were probably the first to derive these, and they showed 
that about one-sixth of productivity growth was due to intangibles during 2000–08. 
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Li and Wu (forthcoming) looked at the role of intangible capital at the provincial 
level and concluded that TFP growth estimates would be biased if intangibles 
were not considered. They observed the decline in TFP growth during the GFC; 
however, Li and Wu also noticed that both human capital deepening and intangible 
capital deepening played a greater role during the GFC than before it. Fleisher 
et al. (2015) presented evidence at the micro level that showed that investment 
in knowledge capital is productivity enhancing among domestically owned and 
foreign-invested firms. 

Growth accounting estimates
To identify new evidence on productivity growth and technological progress using 
the latest statistics at both the sector and the regional level, we study productivity and 
economic growth sources using a growth accounting framework. The framework we 
adopt takes Equations 9.1 and 9.2 and extends them with the inclusion of a time 
trend in the production function. The coefficient (δ) of the time trend measures 
the rate of technological progress. The difference between TFP growth rates and δ 
gives an indication of efficiency changes ( ). The underlying model is essentially 
a deterministic one (Aigner and Chu 1968). Given this definition, Equation 9.2 
expands as follows (Equation 9.3).

Equation 9.3

To estimate the right-hand side components of Equation 9.3, panel data from 
31 Chinese provinces covering the period 1991–2015 are compiled. The raw 
data are sourced from China’s Statistical Yearbooks (NBS various issues). Output 
(y) is measured by value added in three sectors—agriculture, manufacturing and 
services—at the provincial level. Capital stock (k) estimates are described in Y. Wu 
(2016), who adopted region-specific and sector-specific rates of capital depreciation. 
Both output and capital stock are expressed in constant prices. Labour (l ) is 
measured by the year-end employment numbers because information for the actual 
hours worked is not available. 

In the empirical exercises, period-specific dummy variables are included in the 
production function to capture possible variations in the values of δ, α and β over 
three subperiods: the 1990s, the 2000s and the period of the GFC. This division 
is to ensure that the subsamples have approximately equal size. In addition, the 
three eight-year subperiods coincide with major reform campaigns—starting in 
1992 with Deng Xiaoping’s ‘southern tour’, China’s accession into the World Trade 
Organization (WTO) in December 2001 and the period including and following 
the GFC (since 2008). These major events or policy changes may have led to 
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structural changes in the Chinese economy during the relevant periods. In effect, 
the inclusion of the dummy variables allows for different production frontiers for 
the three subperiods. The computation results use the first set of regression outcomes 
(not reported here due to space limitations) and are summarised in Table 9.1.

From Table 9.1, it is evident that TFP growth has been the dominant driver 
of  economic  growth in China since the 1990s. This relates to the fact that the 
share of TFP growth over output growth ranges from 63 per cent to 93 per cent 
(column ‘TFP/Output’ in Table 9.1). The contribution of TFP to economic growth 
is highest in agriculture, followed, in turn, by services and manufacturing in recent 
years. This presents a sharp contrast to the findings of H. Wu (2016) and Hoffman 
and Polk (2014), with the main difference in the latter being their assumption 
of constant returns to scale by following the conventional growth accounting 
framework proposed by Solow (1956) and Swan (1956). In fact, the sum of the 
estimated output elasticity with respect to labour and capital in Table 9.1 is well 
below one. Since this implies decreasing returns to scale in all three sectors, growth 
accounting with assumptions of constant returns to scale would in this case inflate 
the contribution of production inputs and hence underestimate the role of TFP 
growth. 

Table 9.1 Calculated growth rates, shares and returns to scale (per cent, 
unless otherwise noted)

Period Output TFP TP EC TFP/Output Scale*

Agriculture
1 5.17 3.90  4.24 –0.33 75.48 0.46
2 4.40 4.05 4.25 –0.19 92.25 0.46
3 4.32 3.90 3.41 0.49 90.30 0.49
Manufacturing
1 13.45 10.87 9.98 0.89 80.82 0.55
2 14.42 11.31 10.56 0.75 78.43 0.53
3 13.74 8.68 8.09 0.59 63.17 0.56
Services
1 13.26 10.95 9.92 1.03 82.58 0.26
2 11.89 9.76 9.19 0.57 82.04 0.25
3 10.77 7.73 7.57 0.16 71.77 0.29

* ‘Scale’ reports the estimated returns to scale and has no unit. 
Notes: Period 1 refers to the years 1992–99, period 2 is the second subperiod (2000–07) and 
period 3 is the third subperiod (2008–15). The values in the columns represent average growth rates 
of provincial value added (output), TFP, technological progress (TP) and efficiency change (EC). 
The numbers in the ‘TFP/Output’ column are shares of TFP growth over output growth. The sum 
of TP and EC may not be equal to TFP due to rounding. 
Source: Authors’ own work.
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The results in Table 9.1 suggest that technological progress plays a dominant role 
in productivity growth in all three sectors. The data also suggest that TFP growth 
in China slowed during the GFC, although growth remains relatively high. Other 
researchers have also observed this downward trend (e.g. Wang et al. 2013; Yao 
2015; Mallick 2017). The implications of this slowdown are worth monitoring as 
the global economy recovers incrementally. It is also noted in Table 9.1 that the 
estimated returns to scale in the service sector are much smaller than those in the 
manufacturing sector. Given that services generated more than 50 per cent of 
China’s total GDP in 2016, Liu and Yang (2015) have argued that China’s future 
growth relies on improvement in the performance of productivity growth in the 
service sector. Lee (2016) made a similar argument by examining Korea’s economic 
growth and catch-up process. Lee reckons Korean productivity growth was affected 
by the poor performance in services and China should avoid this by improving 
productivity in the service sector.

Finally, it is interesting to note that the relatively high rates of TFP growth estimated 
in this study are consistent with the findings of others (Table 9.2). Examples include 
Zhu (2012), who reported similar estimates for the Chinese economy, and Gao 
(2015), who investigated the agricultural sector. Brandt et al. (2012) and Ding et al. 
(2016) focused on the manufacturing sector. 

Table 9.2 Selected estimates of TFP growth and its share in output growth 
(per cent)

Sources Years Growth TFP/ 
Output

Sectors

This study 1992–2015 8.9 77.1 Economy wide
1992–2007 9.4 81.1 Economy wide
2000–2015 8.7 75.5 Economy wide
2008–2015 7.9 69.0 Economy wide

Zhu (2012) 1978–2007 78.0 Economy wide
Morrison (2013) 2000–2012 6.0* Economy wide
Han & Shen (2015) 1990–2009 5.9 Economy wide
Ding et al. (2016) 1998–2007 9.6 Manufacturing
Brandt et al. (2012) 1978–2007 8.0 Manufacturing
Yang (2015) 1998–2009 3.8 Manufacturing
Gao (2015) 1992–2012 3.1 79.2 Agriculture

* This growth rate is estimated by using Figure 3 in Morrison (2013).
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Coastal versus non-coastal regions
A major policy focus in China is to reduce regional disparity—in particular, 
unbalanced development between the coastal and the non-coastal provinces. It  is 
therefore of policy relevance to evaluate and contrast the role of TFP growth in 
these two broad regions. For this purpose, the above exercises are repeated to 
allow for regional variations in technology—different values of δ, α and β in 
Equation 9.3—for the three sectors and the two regions (coastal and non-coastal). 
This is achieved through the use of both period-specific and regional dummy 
variables. The estimation results are not listed due to space limitations. Instead, the 
computational findings are summarised in Table 9.3.

Table 9.3 Computational results: Coastal versus non-coastal regions (per cent)
Coastal Non-coastal

Period Output TFP TFP/Output Output TFP TFP/Output
Agriculture
1 4.89 3.64 74.53 5.31 4.32 81.40
2 3.69 3.60 97.55 4.73 4.62 97.61
3 2.71 3.08 113.66 5.09 4.81 94.52
Manufacturing
1 15.84 15.27 96.38 13.40 11.35 84.67
2 14.09 10.64 75.51 14.58 12.24 83.99
3 10.27 4.41 42.96 13.27 8.82 66.51
Services
1 14.07 12.83 91.19 12.88 9.55 74.14
2 12.32 11.06 89.82 11.69 8.86 75.79
3 10.49 8.48 80.90 10.91 7.38 67.65

Note: See the notes to Table 9.1. 
Source: Authors’ own work.

Table 9.3 adds weight to our earlier findings that TFP has played an important role 
in China’s growth in recent decades. Both TFP and economic growth have, as also 
earlier noted, slowed over time. Here we identify, however, that this downward trend 
is much more serious in the coastal regions than in non-coastal areas. The coastal 
areas, China’s traditional manufacturing heartland, recorded the largest fall in TFP 
growth. In contrast, the non-coastal regions have maintained strong growth in 
manufacturing and in turn outperformed the coastal areas in all three sectors during 
the GFC. This is bad news for the coastal regions but good news for the reduction 
of regional disparity in the country. For the coastal regions, however, it is interesting 
to note that the service sector has outperformed the manufacturing sector since the 
onset of the GFC. Since the service sector dominates coastal economies, relatively 
fast growth in services may help economic restructuring in these regions and hence 
contribute to sustainable economic growth. 
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Conclusion
Understanding the role of productivity and innovation in economic growth in the 
case of China is controversial. The debate has attracted more attention since the 
GFC and as China’s economy attempts to shift to new sources of growth. From the 
various methods adopted to analyse related Chinese data at the macro, regional and 
firm levels, the dominant view in the existing literature appears to support the notion 
that TFP has made a significant and positive contribution to economic growth in 
recent decades. Most studies also agree that the rates of both TFP and economic 
growth have slowed in recent years. Whether this downward trend continues has 
important implications for China’s economic development.

This study has presented some new evidence about TFP and economic growth 
by examining the latest regional and sectoral statistics from China. Our estimates 
concur with the existing literature in finding that productivity growth has made 
a positive contribution to economic growth in China. It is specifically found that 
productivity growth is the main driver of economic growth in all three sectors: 
agriculture, manufacturing and services. It is also found that technological progress 
is primarily responsible for TFP growth. 

Though TFP growth tended to fall during the GFC, there are otherwise encouraging 
developments in the Chinese economy. First, the extensive non-coastal areas have 
maintained high growth and have outperformed the coastal regions in all three 
sectors. This is good for the reduction of regional disparity, which has been a major 
policy focus in China for many years. Second, while manufacturing seems to suffer 
the most in the coastal areas, growth in the service sector fell only slightly, and, 
in particular, TFP growth in this sector is still very strong. Since services generate 
more than 50 per cent of the value added in the coastal areas, strong TFP growth 
may help these regions sustain economic growth in the future. Finally, the decline 
in manufacturing and rise in less resource-intensive services may also be a positive 
development for the environment in the coastal areas of China.
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