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when the global financial crisis heavily affected the manufacturing and export 
sectors of the economy. The shock caused a sudden increase in unemployment. 
Based on field surveys, China’s central government estimated that around 15 
percent of 130 million migrant workers left cities jobless during the economic 
downturn. The government was concerned that large numbers of unemployed 
workers could lead to social unrest (Hogg, 2009). How swiftly government and 
businesses respond to sudden events depends on timely information. In particular, 
timely information about unemployment is very important to assess and predict 
the overall economic condition. 

There was literarily no unemployment in China before the economic reform of 
1978. Under the centrally planned economy, all rural workers worked for the 
communes and all urban workers worked in either state-owned or urban 
collectively-owned enterprises. Unemployment was disguised (John and Xue, 
2006). No unemployment statistics were needed. Since reform and opening, 
private firms that hire and lay off workers have progressively replaced many 
inefficient state-owned economic institutions, and so unemployment became an 
economic phenomenon in China. 

Even though information about unemployment is important, the reliability and 
accuracy of China’s official unemployment statistics are questionable (Giles et  
al., 2005; John and Xue, 2006). First, the unemployment definition used for 
statistics by the National Bureau of Statistics of China (NBSC) is very 
restrictive.1 The narrow definition of unemployment excludes millions of people 
who are out of work by a common-sense definition. For example, rural migrants 
who move to work in cities generally are not registered at local employment 
service agencies, therefore they are not counted in the official unemployment 
figures. From this perspective, the official unemployment statistics have become 
increasingly misleading for China’s transformed economy (John and Xue, 2006). 

Second, the official unemployment statistics might be biased downwards 
because the NBSC uses a centralized system to collect data. The unemployment 
data is generated from administrative reports compiled by local government 
officials. Some of them may manipulate data for political purposes (John and 
                                                        
1 In China, the unemployed are defined as those who are registered as permanent residents in 
urban areas, having engaged in non-agricultural activities, within the range of working age 
(age of 16 to 50 for male and age of 16 to 45 for female), capable to work, having no job but 
wanting one, and having reported unemployment status to the local employment service 
agencies. 
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Xue, 2006). Local governors can enhance their career and promotion prospects 
within the bureaucracy by presenting the central government with promising 
macroeconomic data, such as a lower unemployment rate. 

Third there exists no monthly data on unemployment in China. The available 
official unemployment rate is quarterly and its publication is delayed. To a large 
extent, the official quarterly unemployment rate is not informative for actual 
unemployment in China. Despite the urgent needs for timely and accurate 
information, studies that develop and investigate indicators for real-time 
monitoring of change in unemployment in China are surprisingly scant. 

In order to assess the most recent developments in economic activities, 
economists have paid much attention to exploring high-frequency economic data 
and its likely implications for economic monitoring. Data sources from search 
engines now play an important role in the game. The query data from search 
engines, which is available on a daily or weekly basis, is proven by some 
researchers to be correlated with various current economic activities. Several 
studies have shown that the popularity of online keyword searches regarding to 
unemployment and job information may help predictions of short-run and 
long-run unemployment. In this study, I attempt to build some indicators for 
online unemployment-relevant keyword searches, using query data from two 
leading search engines in China, Baidu and Google. Then I test the 
unemployment-related search indices’ relationships with a set of macroeconomic 
indicators correlated with unemployment in China. Moreover, I investigate the 
potential of the search indices to predict the macroeconomic indicators. 

This paper is organized as follows. Section 2 reviews the literature that uses 
query data to predict economic activities, especially on forecasts or now casts of 
unemployment trends. Section 3 describes the data sources and construction of 
the unemployment-related search indices from Baidu Index and Google Trends’ 
data. Section 4 provides an analysis of the correlation between the search indices 
and the macroeconomic indicators. Section 5 presents Granger causality analysis 
to access the performance of the search indices in predicting the macroeconomic 
indicators and vice versa. Empirical results are discussed. Section 6 contains my 
conclusions. 

2  Literature Review 

In recent years, as people increasingly turn to web search engines for information, 
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the amount of search queries can be taken as a snapshot of the collective 
behaviors of people in the real world. Therefore, there are emerging works that 
link web search information to real-world social and economic data. For example, 
based on Yahoo’s web query logs for the market of the United States, search 
volumes for movies are predictive for the movies’ box-office revenue. Searches 
for a video game are leading indicator of the game’s sales (Goel et al., 2010). The 
categories of weekly query indices from Google Trends are used to predict sales 
in various industries in the United States, such as data from the category “Motor 
Vehicles and Parts” for a prediction of automotive sales and information derived 
from the category “New House Sold and For Sales” for a prediction of house 
sales (Choi and Varian, 2012). On aggregate, some Google-based indicators 
perform better than survey-based indicators in forecasting and now casting 
private consumption in the United States (Kholodilin et al., 2010; Vosen and 
Schmidt, 2011). In developing countries like Chile, an index of interest in 
automobile purchases constructed from data on Google search queries can 
improve nowcast of automobile sales (Carrière-Swallow and Labbé, 2011). 

Information gathered from Google Trends not only has been used to forecast 
business sales and consumer consumption, it is also used to predict 
unemployment. In the United States, rates of employment-related searches by 
Internet users are significantly and positively associated with official 
unemployment levels. When a prediction of unemployment by the online job 
search variables are compared with a prediction by official weekly 
unemployment insurance claims, the explanatory powers of online search 
predictors dominate (Ettredge et al., 2005). Similarly, data in “Jobs” and 
“Welfare & Unemployment” categories from Google Trends can help predict 
initial claims for unemployment benefits (Choi and Varian, 2009). 

The popularity index of employment-related queries from Google Trends has 
been proven to have predictive power in forecasting unemployment trends in 
Germany (Askitas and Zimmermann, 2009), Israel (Suhoy, 2009), Italy 
(D’Amuri, 2009) and the United States (D’Amuri and Marcucci, 2009). Askitas 
and Zimmermann (2009) find that data from Google Insights on returns for the 
keywords “unemployment office” or “unemployment agency” (intended to 
measure the process of contacting the unemployment office or the flow into 
unemployment) have a positive and statistically significant impact on predicting 
unemployment in the short- and long-run. Suhoy (2009) suggests that it is 
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possible to use the recruiting and staffing query index from Google for monthly 
unemployment projections because the index has been shown to be a leading 
indicator of job openings ratios. D’Amuri (2009) constructs a Google 
unemployment-related index and tests the empirical relevance of the index in 
forecasting unemployment in Italy. He finds that the Google index performs 
fairly well in estimating and forecasting short-term evolution of unemployment. 
D’Amuri and Marcucci (2009) compare many traditional forecasting models of 
the unemployment rate in the United States with some innovative forecasting 
models augmented by Google Index, a Google job-search indicator. Their study 
shows that the models augmented with Google Index perform better in most 
state-level forecasts than traditional predictors. Besides, the forecasting models 
with the Google predictor outperform the models of national unemployment 
forecasts obtained from the Survey of Professional Forecasters conducted by the 
Federal Reserve Bank of Philadelphia. 

These studies suggest that the keyword queries about job searches, 
employment, or unemployment tracked by search engines over time are 
predictive of contemporaneous labor market activities. Motivated by these 
studies, I attempt to build some indices for online unemployment-related 
searches in China, using query data provided by Baidu Index and Google Trends. 
Then I examine the correlation between the search indices and some 
macroeconomic indicators that correlate with unemployment conditions, and the 
search indices’ potential to predict the macroeconomic indicators. 

3  Data 

3.1  The Unemployment-Related Keyword Search Indices 
 
The Internet penetration rate in China increased rapidly over the past several 
years. According to China Internet Network Information Center (CNNIC) reports 
search engines are the second most important application used by Internet users 
in China. Since 2010, 80 percent of all Internet users have ever used search 
engines. In 2013, 470 million Internet users used search engines, a 9.7 percent 
increase from 2012. Over 98 percent of search engine users use popular engines, 
such as Baidu and Google. In China, Baidu, instead of Google, is the leader in 
the search engine service market. In 2013, 97.9 percent of search engine users 
have ever used Baidu and 37.3 percent used Google (CNNIC, 2013). The age 
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distribution of Baidu users is close to the age distribution of the Internet users in 
China as a whole. On average, Google users are more educated than Baidu users 
(CNNIC, 2009). In order to have a relatively complete picture, I analyze data 
from both Baidu Index and Google Trends. Baidu Index returns a user popularity 
index for keyword searches through the search engine of Baidu.2 The index of a 
keyword is the ratio of the index value in a certain period over the index value in 
the baseline period. The index values depend on total counts of Internet Protocol 
(IP) addresses that search the keyword during a day.3 Google Trends provides an 
index that summarizes the keyword searches performed through Google on a 
weekly basis. That is, Google Trends reports the incidence of queries for a 
keyword on total queries performed through Google in the relevant week.4 
Google Trends data is normalized to a scale with the highest value of 100.5 

The underlying assumption of building the indices for unemployment-related 
searches is that the keyword searches submitted by people to search engines 
reveals information about their needs, interests, and concerns. It is reasonable to 
expect that searches for keywords regarding to unemployment or jobs through 
search engines are to some extent informative about people’s labor market 
activities. For example, when unemployed people want to access unemployment 
service agencies, they commonly use search engines first to locate relevant 
websites. In the United States, Current Population Statistics (CPS) Computer and 
Internet Use Supplements Survey has shown that workers are integrating online 
job searches into their regular search process. Those who were searching for a 
job online are more likely to change jobs and more likely to become unemployed 
(Stevenson, 2008). On the other hand, the keywords people search may reflect 
their concerns about the issue designated by the keywords. Thus, a large-scale 
collection of daily searches for unemployment-related keywords expresses the 
public sentiment about the real labor market conditions. 

Different keywords on unemployment-related searches are analyzed in 
previous Google Trends studies. Ettredge and his colleagues (2005) use 
WordTracker’s Top 500 Keyword Report to identify six terms likely to be used 
by people seeking jobs: job search, jobs, monster.com, resume, employment, and 

                                                        
2 The Baidu Index website is http://index.baidu.com/. 
3 Baidu Baike has details about Baidu Index. The website link is http://baike.baidu.com/view/ 
1235.htm. 
4 The website of Google Trends is http://www.google.com/trends/.   
5 More details can be found in website http://support.google.com/trends/?hl=en#topic=13762. 
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job listings. The explanatory variable in their models to predict the number of 
unemployed and the unemployment rate is the ratio of total searches for these six 
job-search terms over the total number of searches. D’Amuri and Marcucci (2009) 
compare relative Google Index incidences across different job-search-related 
keywords and find that the keyword “jobs” was the one showing the highest 
incidence. They augmented it with other job-search-related keywords, such as 
“unemployment benefits” or “state jobs,” in their forecasting models for the 
unemployment rate. D’Amuri (2009) uses the incidence of queries for “job 
offers” on total queries to predict Italy’s quarterly unemployment rate. 

Linguistic developments, generational parameters, social and economic levels, 
and a host of other factors may affect the choice of keywords by search engine 
users. It is important to use keywords that contain consistent information of 
interest during the period observed for research purposes. After trying a wide 
range of keywords, I start with analyzing data of queries for “unemployment” 
and “job search.” 

Fig. 1.1 depicts an example from Baidu Index for the query of the keyword 
“unemployment.” Baidu Index visualizes the indices of searches for the keyword, 
lists keyword-related phrases and news, and summarizes characteristics of the 
population who search the keyword. Note that the search volumes for 
“unemployment” dramatically increased at the end of 2008, which is probably 
due to an increasing unemployment or concerns about unemployment during the 
economic downturn. The search index for “unemployment” is the highest in the 
Guangdong area where many manufacturing factories are located. Beijing, 
Shanghai, and Guangzhou are cities with the top three highest search indices for 
“unemployment.” Among people who search for “unemployment,” nearly 
sixty-nine percent are male. Many of them are between the ages of 20 and 39 
years old, working in the Information Technology industry or studying in schools, 
and have a bachelor degree or higher.6 

                                                        
6  Readers need to be cautious about interpreting the statistics of demography. The 
demographic information of keyword searchers is generated from information Baidu users fill 
out when they register for a Baidu account. It could be very noisy because people do not 
necessarily input the true information or they do not frequently update true information when 
their status changes. For example, the figure shows that a high percentage of the Baidu users 
who search “unemployment” are students, while most students are not in the labor force. It is 
highly possible that a user started to use Baidu when he or she was a student and registered a 
Baidu account with this status, but did not update it when he or she graduated. 
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Fig. 1.1  Baidu Index Search for Keyword—Unemployment 
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To build meaningful indicators with Baidu Index data, it is necessary to 
consider the fact that an increase of keyword search volumes can be driven by an 
increase of new search engine users. It is assumed that changes in search engine 
user population are not systematically related to their search behavior. That is, 
the new search engine users do not act differently from existing users. Therefore, 
the relative frequencies of keywords can take account of the problem due to 
population changes of search engine users. An index that indicates the intensity 
of the searches for a keyword exposes the degree of keyword-related behaviors 
underlined or concerns on the keyword-related issues. I define the Baidu 
Indicator (BI) for unemployment-related searches as the ratio of Baidu Index for 
keyword “unemployment” versus “job search,” which measures the relative 
intensity of “unemployment” searches. The Baidu Index data is available daily 
starting from June 1, 2006. I get the data on keywords of interest up to the end of 
November, 2012.7 Weekly BI is the average of the aggregate daily BI. 

The data taken from Google Trends is standardized figures of the fractions of 
the search volumes of a keyword on the total search volumes. The weekly data is 
available starting from the week in January 2004. The data is scaled and 
normalized for regions, time frames, and selection of keywords. I conduct the 
Google Trends query on keyword search for “unemployment” in China between 
June 2006 and November 2012, defined as Google Indicator (GI). The weekly GI 
can be downloaded free of charge. Fig. 1.2 is an example for the query of the 
keyword “unemployment” from Google Trends. The Google Trends index for 
“unemployment” also significantly increased at the end of 2008. It also infers an 
increase of unemployment information searches online in industry-concentrated 
areas, where the top three regions with the highest search intensity are Liaoning, 
Zhejiang, and Shanghai. It is apparent that the popularity dynamics of keyword 
queries in Baidu Index and Google Trends coincide with economic dynamics. 

 
3.2  Moving Average Indicators 
 
The weekly BI and GI are volatile. As shown in Fig. 2, before smoothing the 
indicators rapidly rise and fall each week. In order to reduce noises of the time 

                                                        
7 The Baidu Index does not provide data download services, but embeds the daily data on the 
graph for keyword search trends, which is displayed on the website. I manually record the 
daily data. 
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Fig. 1.2  Google Trends Search for the Keyword “Unemployment” 

 
series and derive consistent and informative indicators, I smooth the search 
indicators with a simple temporal smoothing technique, a moving average over a 
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accompanies a drop in consumption. Consumers purchase decisions change 
according to their unemployment expectations. Therefore, consumer goods sales 
are linked to unemployment or unemployment sentiment. In China, the data of 
year-on-year changes of manufacturing sales is published by the National Bureau 
of Statistics (NBS).  

PMI consists of five sub-indices that measure economic performance, which are 
derived from monthly surveys of purchasing and supply managers in more than 700 
firms across China. PMI employment index is one of the sub-indexes. A reading 
above 50 percent indicates employment expansion, while a reading below 50 percent 
indicates employment contraction. China Federation of Logistics and Purchasing 
(CFLP) and NBS jointly release the data.  

Another commonly used monitoring signal of the macroeconomic climate is 
the Consumer Confidence Index, which is measured by the degree of optimism 
an economy’s consumers express through their saving and spending activities. 
CCI puts a great weight on labor market conditions. A higher value of CCI 
indicates that consumers are more confident about the economy and their job 
security. The China Economic Monitoring and Analysis Center (CEMAC) and 
NBS publish monthly CCI. 

4  Correlation Analysis 

To investigate whether BI and GI can provide useful information for 
macroeconomic forecasting, I can match the search indices to the relevant 
business cycle indicators. The monthly GI, BI, export growth rate, consumer 
goods sales’ growth rate, PMI employment index, and CCI log are plotted in Fig. 
3. It is apparent that BI and GI approximately have opposite cyclical patterns 
with these macroeconomic indices in the period between June 2006 and 
November 2012 (2006: m6–2012:m11. For example, during the outbreak of the 
global financial crisis at the end of 2008, BI suddenly increased from 10 percent 
in October to 24 percent in November 2008 and it remained above 20 percent 
during the first half of 2009. During the same period, the export growth rate 
declined from 19 percent to –2.2 percent. The negative export growth rate 
maintained throughout the whole year of 2009. Similarly, BI and GI seem to 
peak on the downward slides of the other macroeconomic indicators during the 
crisis time. 
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series are rejected. I cannot reject the non-stationary consumer goods sales 
growth and log of CCI in the short sample and full sample. Since the 
macroeconomic indicators are possibly I(1) and the search indices are potentially 
co-integrated with the PMI employment index, the maximum order of integration 
for the group of the time series is 1. 

 
Table 1  Zivot and Andrews Test for Unite Root and Break 

 2006:m6–2009:m12 2006:m6–2012:m11 

Variable 
Min. 

t-statistics 
Break 

Min. 

t-statistics 
Break 

BI –7.409*** November-2008 –7.894*** November-2008 

GI –5.705*** November-2008 –5.403** October-2008 

Export growth rate –2.503 January-2009 –4.863* December-2009 

Sale growth rate –2.985 December-2008 –3.868 November-2008 

PMI –6.124*** October-2008 –4.897* June-2009 

Log of CCI –4.361 November-2008 –3.832 October-2008 

Note: (1) The null hypothesis of the Zivot and Andrews test is that there is unit root in the time 
series. (2) The critical values for the Zivot and Andrews test are –5.57, –5.08, and –4.82 
at 1 %, 5 % and 10% levels of significance respectively. (3) *** denotes statistical 
significance at 1% level. ** denotes statistical significance at 5% level, and * denotes 
statistical significance at 10% level. 

 
The search indices indicate a break in October or November 2008, which is the 

same or close to the turning point identified by the macroeconomic indicators. 
Given the search indices are available months before the official macroeconomic 
data, the knowledge of the turning point of the time series has important 
implications for the quick and accurate determination of structural changes 
caused by sudden events. 

Then I determine the appropriate maximum lag length for the variables in the 
VAR model. The lag orders for the model are chosen by lag order selection 
statistics, Akaike’s Information Criterion (AIC), where the lag order with the 
lowest AIC is selected. Tables 2.1 and 2.2 present the lag order selection criterion. 
A VAR model is set up. For example, in a VAR model for BI and export growth 
rate using the short sample of 2006:m6–2009:m12, 3 lags of the variables are 
included in the VAR model, according to AIC. Following the lag-augmented 
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VAR approach, I add in 1 additional lag of each of the variables into each of the 
equations. Thus, the VAR model is run with 4 lags of BI and export growth rate. 
When using the Wald test to test for Granger non-causality, the hypothesis is that 
the coefficients of the first 3 lags of BI in the export growth equation are zero 
and vice versa. In other words, I do not include the coefficient for the extra 1 lag 
of BI in the equation for export growth rate when performing the Wald test and 
vice versa. 
 
Table 2.1  Selection Order Criteria—Akaike’s Information Criterion 

Lag 
BI GI 

Export growth 

rate 

Growth of

  sales 
PMI Log of CCI 

0 –2.39108 7.03726 8.99819 5.19102 4.67473 –3.36427 

1 –3.68792 6.52348* 7.86423 3.88325 3.65292 –6.46895 

2 –3.71385 6.57278 7.75634* 3.86597* 3.59934* –6.55496* 

3 –3.82971* 6.61924 7.80345 3.88847 3.64297 –6.52155 

4 –3.78117 6.6672 7.77933 3.8784 3.67284 –6.49109 

Note: (1) * denotes the lowest value of AIC. (2) Time period is 2006:m6–2009:m12. 

 
Table 2.2  Selection Order Criteria—Akaike’s Information Criterion 

Lag 
BI GI 

Export growth 

rate 

Growth of

sales 
PMI Log of CCI 

0 –2.91419 6.91495 8.69813 4.94727 4.27162 –3.4092 

1 –3.96204 6.62766 7.84931 4.22325 3.39026 –5.06686* 

2 –4.0108 6.62561 7.67422* 4.05822* 3.34965* –5.0433 

3 –4.15704* 6.61176* 7.69682 4.08212 3.36033 –5.02309 

4 –4.13453 6.63711 7.68748 4.08482 3.37794 –5.00138 

Note: (1)* denotes the lowest value of AIC. (2) Time period is 2006:m6–2012:m11. 

 
Tables 3.1 and 3.2 contain the statistical significance (p-value) of testing for 

Granger non-causality of BI and GI, which are smoothed by windows of up to 4 
weeks, to macroeconomic indicators, respectively. The rejection of the null 
hypothesis supports the presence of Granger causality. The results show that 
some of the macroeconomic indicators are better predicted by the search indices 
in the short-run and long-run. Within the period of 2006:m6–2009:m12, both BI 
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and GI improve predictions of export growth rate, growth of consumer goods 
sales, and PIM employment index. Among the augmented models using the 
sample, 2006:m6–2012:m11, BI and its lags significantly improve the prediction 
accuracy of the consumer goods sales growth rate and PMI employment index, 
when GI and its lags contribute to the prediction accuracy of the PMI 
employment index. 

In reverse, some macroeconomic indicators have predictive information about 
the search indices. Tables 4.1 and 4.2 contain the statistical significance (p-value) 
of testing for Granger non-causality from macroeconomic indicators to BI and GI, 
respectively. For example, CCI improves the prediction of BI and GI in the 
period 2006:m6–2009:m12. Inclusion of PMI employment index in the GI 
equation increases the prediction power for both the short sample and the full 
sample. 

In the short-run and long-run, both BI and GI have significant Granger 
causality relation with the PMI employment index. Using the short sample, I 
estimate the autoregressive models for the PMI employment index, one by PMI’s 
own lags and the other augmented by either BI0 or GI0 and its lags. I perform the 
in-sample and out-of-sample estimation of the PMI employment index, based on 
the autoregressive models. Fig. 5 visually shows the in-sample and out-of sample 
prediction performance. The figures show that the prediction augmented by BI0 
or GI0 fit realizations of the PMI employment index better than the prediction 
only augmented by PMI’s own lags during the short sample period. Particularly 
over the period of 2008:m10–2009:m6, the prediction of the PMI employment 
index augmented by BI0 well specifies the degree of downturn, bottom, and the 
upward changes as the true PMI employment index moves. Fig. 5 also shows the 
out-of-sample prediction for the PMI employment index by the search indices. 
The evidence that either BI or GI improve the out-of-sample forecast is not very 
obvious. It suggests that BI and GI contribute more to short-term and sudden 
event predictions than to long-term trend forecasts. Nevertheless, the lack of 
sophisticated models that derive trendy patterns of the variables limits the 
inferences. Of course, this study does not aim to identify the most accurate model 
for predicting macroeconomic indicators, but rather to evaluate to what extent the 
popularity of Baidu and Google search queries provide useful information about 
real conditions related to unemployment in China. 



 

      Ta
bl

e 
3.

1 
 S

ta
tis

tic
al

 S
ig

ni
fic

an
ce

 o
f T

es
tin

g 
fo

r 
G

ra
ng

er
 Non
-C

au
sa

lit
y 

fr
om

 B
I t

o 
M

ac
ro

ec
on

om
ic

 In
di

ca
to

rs
 

 
20

06
:m

6–
20

09
:m

12
 

20
06

:m
6–

20
12

:m
11

 
T

im
e 

pe
rio

d 

E
qu

at
io

n 
E

xp
or

t g
ro

w
th

 r
at

e
G

ro
w

th
 o

f s
al

es
P

M
I 

Lo
g 

of
 C

C
I

E
xp

or
t g

ro
w

th
 r

at
e

G
ro

w
th

 o
f s

al
es

P
M

I 
Lo

g 
of

 C
C

I 

B
I 0

 
0.

00
1**

*
 

0.
00

0**
*
 

0.
01

1**
0.

04
9**

0.
31

1 
0.

00
6**

*
 

0.
00

0**
*

0.
02

3**
 

B
I 1

 
0.

00
1**

*
 

0.
00

0**
*
 

0.
01

5**
0.

19
2 

0.
43

3 
0.

00
5**
*
 

0.
00

0**
*

0.
09

9*  

B
I 2

 
0.

00
1**

*
 

0.
00

0**
*
 

0.
02

3**
0.

33
6 

0.
46

5 
0.

00
4**
*
 

0.
00

0**
*

0.
19

3 

B
I 3

 
0.

00
1**

*
 

0.
00

0**
*
 

0.
02

7**
0.

46
5 

0.
48

0 
0.

00
5**
*
 

0.
00

0**
*

0.
27

9 

B
I 4

 
0.

00
1**

*
 

0.
00

0**
*
 

0.
02

5**
0.

55
1 

0.
48

6 
0.

00
5**
*
 

0.
00

0**
*

0.
39

8 

N
ot

e:
 (

1)
 T

he
 n

ul
l 

hy
po

th
es

is
 o

f 
G

ra
ng

er
 c

au
sa

lit
y 

W
al

d 
te

st
 i

s 
th

at
 B

I 
do

es
 n

ot
 g

ra
ng

er
-c

au
se

 
m

ac
ro

ec
on

om
ic

 i
nd

ic
at

or
s.

 R
ej

ec
t

io
n 

of
 t

he
 n

ul
l 

hy
po

th
es

is
 s

up
po

rt
s 

th
e 

pr
es

en
ce

 o
f 

G
ra

ng
er

 c
au

sa
lit

y.
 (

2)
 

P
-v

al
ue

s 
of

 G
ra

ng
er

 c
au

sa
lit

y
 W

al
d 

te
st

s 
ar

e 
re

po
rt

ed
. 

(3
) 

**
* 

de
no

te
s 

st
at

is
tic

al
 

si
gn

ifi
ca

nc
e 

at
 1

%
 le

ve
l. 

**
 d

en
ot

es
 s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

 a
t 

5%
 le

ve
l, 

an
d 

* 
de

no
te

s 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 1

0%
 le

ve
l.

 

     



 

      Ta
bl

e 
3.

2 
 S

ta
tis

tic
al

 S
ig

ni
fic

an
ce

 o
f T

es
tin

g 
fo

r 
G

ra
ng

er
 Non
-C

au
sa

lit
y 

fr
om

 G
I t

o 
M

ac
ro

ec
on

om
ic

 In
di

ca
to

rs
 

T
im

e 
pe

rio
d

20
06

:m
6–

20
09

:m
12

 
20

06
:m

6–
20

12
:m

11
 

E
qu

at
io

n 
E

xp
or

t g
ro

w
th

 r
at

e
G

ro
w

th
 o

f s
al

es
P

M
I 

Lo
g 

of
 

C
C

I
E

xp
or

t g
ro

w
th

 r
at

e
G

ro
w

th
 o

f s
al

es
P

M
I 

Lo
g 

of
 C

C
I 

G
I 0

 
0.

01
2**

 
0.

01
8**

 
0.

04
2**

0.
68

5 
0.

56
5 

0.
37

7 
0.

00
9

**
*

0.
21

4 

G
I 1

 
0.

01
5**

 
0.

00
8**

 
0.

01
7**

0.
68

8 
0.

43
6 

0.
35

3 
0.

00
1

**
*

0.
11

2 

G
I 2

 
0.

01
6**

 
0.

00
8**

 
0.

01
0**

0.
80

5 
0.

37
5 

0.
29

9 
0.

00
0

**
*

0.
08

2*  

G
I 3

 
0.

01
4**

 
0.

00
3**

 
0.

00
9**

0.
88

5 
0.

36
9 

0.
23

6 
0.

00
0

**
*

0.
09

0*  

G
I 4

 
0.

01
4**

 
0.

00
2**

 
0.

01
9**

0.
91

8 
0.

32
7 

0.
21

2 
0.

00
0

**
*

0.
11

1 

N
ot

e:
 (

1)
 T

he
 n

ul
l 

hy
po

th
es

is
 o

f 
G

ra
ng

er
 c

au
sa

lit
y 

W
al

d 
te

st
 i

s 
th

at
 B

I 
do

es
 n

ot
 g

ra
ng

er
-c

au
se

 
m

ac
ro

ec
on

om
ic

 i
nd

ic
at

or
s.

 R
ej

ec
t

io
n 

of
 t

he
 n

ul
l 

hy
po

th
es

is
 s

up
po

rt
s 

th
e 

pr
es

en
ce

 o
f 

G
ra

ng
er

 c
au

sa
lit

y.
 (

2)
 P

-v
al

ue
s 

of
 G

ra
ng

er
 c

au
sa

lit
y

 W
al

d 
te

st
s 

ar
e 

re
po

rt
ed

. 
(3

) 
**

* 
de

no
te

s 
st

at
is

tic
al

 
si

gn
ifi

ca
nc

e 
at

 1
%

 le
ve

l. 
**

 d
en

ot
es

 s
ta

tis
tic

al
 s

ig
ni

fic
an

ce
 a

t
 5

%
 le

ve
l, 

* 
de

no
te

s 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 1

0%
 le

ve
l.

 



 

      Ta
bl

e 
4.

1 
 S

ta
tis

tic
al

 S
ig

ni
fic

an
ce

 o
f T

es
tin

g 
fo

r 
G

ra
ng

er
 Non
-C

au
sa

lit
y 

fr
om

 M
ac

ro
ec

on
om

ic
 In

di
ca

to
rs

 to
 B

I
 

T
im

e 
pe

rio
d 

20
06

:m
6–

20
09

:m
12

 
20

06
:m

6–
20

12
:m

11
 

E
qu

at
io

n 
B

I 0 
B

I 1
 

B
I 2

 
B

I 3
 

B
I 4

 
B

I 0
 

B
I 1

 
B

I 2
 

B
I 3

 
B

I 4
 

E
xp

or
t g

ro
w

th
 r

at
e 

0.1
67

 
0.

19
9 

0.
15

4 
0.

16
0 

0.
16

4 
0.

05
8

*  
0.

12
2 

0.
14

5 
0.

22
3 

0.
31

8 

G
ro

w
th

 o
f s

al
es

 
0.

00
9**
*
 

0.
00

8**
*
 

0.
00

8**
*
 

0.
01

2**
 

0.
01

5**
 

0.
09

6*  
0.

07
5*  

0.
07

5*  
0.

14
3 

0.
28

6 

P
M

I 
0.

26
7 

0.
24

3 
0.

21
3 

0.
15

9 
0.

09
8

*  
0.

11
6 

0.
13

9 
0.

13
3 

0.
11

4 
0.

08
5

*  

Lo
g 

of
 C

C
I 

0.
03

1**
 

0.
02

1**
 

0.
01

3**
 

0.
01

0**
*
 

0.
00

8**
*
 

0.
24

4 
0.

31
0 

0.
33

9 
0.

32
7 

0.
29

5 

N
ot

e:
 (

1)
 T

he
 n

ul
l 

hy
po

th
es

is
 o

f 
G

ra
ng

er
 c

au
sa

lit
y 

W
al

d 
te

st
 i

s 
th

at
 m

ac
ro

ec
on

om
ic

 i
nd

ic
at

or
s 

do
 n

ot
 g

ra
ng

er
-c

au
se

 B
I. 

R
ej

ec
tio

n 
of

 t
he

 n
ul

l 

hy
po

th
es

is
 s

up
po

rt
s 

th
e 

pr
es

en
ce

 o
f 

G
ra

ng
er

 c
au

sa
lit

y.
 (

2)
 

P
-v

al
ue

s 
of

 G
ra

ng
er

 c
au

sa
lit

y
 W

al
d 

te
st

s 
ar

e 
re

po
rt

ed
. 

(3
) 

**
* 

de
no

te
s 

st
at

is
tic

al
 

si
gn

ifi
ca

nc
e 

at
 1

%
 le

ve
l. 

**
 d

en
ot

es
 s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

 a
t 

5%
 le

ve
l, 

an
d 

* 
de

no
te

s 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 1

0%
 le

ve
l.

 

  



 

     Ta
bl

e 
4.

2 
 S

ta
tis

tic
al

 S
ig

ni
fic

an
ce

 o
f T

es
tin

g 
fo

r 
G

ra
ng

er
 Non
-C

au
sa

lit
y 

fr
om

 M
ac

ro
ec

on
om

ic
 In

di
ca

to
rs

 to
 G

I 

T
im

e 
pe

rio
d 

20
06

:m
6–

20
09

:m
12

 
20

06
:m

6–
20

12
:m

11
 

E
qu

at
io

n 
G

I 0 
G

I 1
 

G
I 2

 
G

I 3
 

G
I 4

 
G

I 0
 

G
I 1

 
G

I 2
 

G
I 3

 
G

I 4
 

E
xp

or
t g

ro
w

th
 r

at
e 

0.
57

4 
 

0.
53

0 
 

0.
63

1 
 

0.
42

1 
 

0.
18

5 
 

0.
72

3 
 

0.
83

6 
 

0.
82

3 
 

0.
82

8 
 

0.
84

1 
 

G
ro

w
th

 o
f s

al
es

 
0.

61
0 

 
0.

53
6 

 
0.

33
3 

 
0.

12
4 

 
0.

02
7

**
 

0.
01

4**
 

0.
00

6**
*
 

0.
00

5**
*
 

0.
01

6**
  

0.
10

6 
 

P
M

I 
0.

00
0**

*
 

0.
00

0**
*
 

0.
00

0**
*
  

0.
00

0**
*
 

0.
00

0**
*
 

0.
01

8**
 

0.
02

1**
 

0.
02

1**
 

0.
02

3**
  

0.
02

8**
  

Lo
g 

of
 C

C
I 

0.
03

0**
 

0.
01

5**
 

0.
00

8**
*
  

0.
00

9**
*
 

0.
01

2**
 

0.
52

3 
 

0.
55

5 
 

0.
54

4 
 

0.
51

6 
 

0.
52

4 
 

N
ot

e:
 (

1)
 T

he
 n

ul
l 

hy
po

th
es

is
 o

f 
G

ra
ng

er
 c

au
sa

lit
y 

W
al

d 
te

st
 i

s 
th

at
 m

ac
ro

ec
on

om
ic

 i
nd

ic
at

or
s 

do
 n

ot
 g

ra
ng

er
-c

au
se

 G
I. 

R
ej

ec
tio

n 
of

 t
he

 n
ul

l 

hy
po

th
es

is
 s

up
po

rt
s 

th
e 

pr
es

en
ce

 
of

 G
ra

ng
er

 c
au

sa
lit

y.
 (

2)
 

P
-v

al
ue

s 
of

 G
ra

ng
er

 c
au

sa
lit

y 
W

al
d 

te
st

s 
ar

e 
re

po
rt

ed
. 

(3
) 

**
* 

de
no

te
s 

st
at

is
tic

al
 

si
gn

ifi
ca

nc
e 

at
 1

%
 le

ve
l. 

**
 d

en
ot

es
 s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

 a
t 

5%
 le

ve
l, 

an
d 

* 
de

no
te

s 
st

at
is

tic
al

 s
ig

ni
fic

an
ce

 a
t 1

0%
 le

ve
l.

 

 

 



600 Zhi Su 

 
 

 
Fig. 5  PMI and Prediction of PMI 

 

In summary, the results from the augmented prediction models demonstrate that the 
unemployment-related search indices somehow help improve the prediction of 
macroeconomic indicators. The search query data of unemployment-related keywords 
from search engines is probably a promising source for obtaining information about 
changes in unemployment within China’s complex and fast changing environment. 
 
5.3  A Robustness Check 

 
As a robustness check for the informative properties of the online 
unemployment-related search indices I aggregate the search indices into 
quarterly indices and compare them with the official quarterly unemployment 
rate and GDP growth rate. Despite the roughness of the official data, it is still 
able to provide some information about the business cycle of the Chinese 
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economy. It is interesting to directly match the quarterly search indices with the 
official indicators. The quarterly time series are presented in Fig. 6. 

The search indices, especially BI, have delivered similar information as the 
official unemployment rate about changes in unemployment in China. In the 
figures, the official unemployment rate increases from 4 percent to 4.2 percent 
between the third quarter and fourth quarter of 2008. Correspondingly, BI jumps 
sharply from 6.7 percent to 20 percent and GI changes from 28.1 to 49.9 during 
the same period. BI and GI identify a sharp turning point that is the same as 
official data. Official quarterly data indicates that unemployment is around 4.3 
percent during 2008:Q4–2009:Q4, when BI and GI remain high. 

At the same time, BI and GI have opposite cyclical patterns, compared to the GDP 
growth rate. For example, the GDP growth rate decreases from 9.7 percent to 7.6 
percent during the last quarter of 2008 and decreases further down to its lowest growth 
rate of 6.6 percent in the first quarter of 2009, when BI jumps from 28.1 percent to 
49.9 percent and GI increases from 6.6 to 20.6 during the same period. That is, the 
search indices peak when the GDP growth rate reaches its lowest level. It confirms the 
economic theory that unemployment is anti-cyclical with respect to GDP dynamics. 
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Fig. 6  A Robustness Check: Quarterly Search Indices, Unemployment Rate, and GDP 

Growth Rate 
 
Again, it is evidence that unemployment-related search indices can provide 

timely and useful information about changes in unemployment, especially in the 
circumstance of a sudden event. The results are robust to various transformations 
of the search indices and comparisons with various official macroeconomic data. 

6  Conclusions 

The search engines contain an enormous amount of internet users’ economic 
information, which gives a far more extensive sample than samples commonly 
surveyed in the field. Such information is derived directly from micro user data 
and comes timely on a continual basis. The cost of obtaining search query data is 
relatively low, compared to the collection of large-scale population survey data. 
These characteristics of search engine data are important for sound economic 
decisions at a time of economic shock, when the traditional flow of information 
is too slow or when there are no reliable official information sources. 

The Chinese economy in transition undoubtedly involves a high degree of 
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uncertainty and so demands reliable and fast information for real-time 
monitoring of macroeconomic activities. The Chinese government needs 
unemployment information to make sound macroeconomic policies, while 
official monthly unemployment data is unavailable and the official quarterly 
unemployment data is inaccurate. The lack of unemployment-relevant time-series 
data has restricted the labor market condition assessment.  

I propose an innovative method to track information on unemployment-related 
queries through major search engines in China, which could provide useful and 
timely information about real labor market conditions or public sentiment towards 
it. Two online unemployment-related search indices are built using data from 
Baidu Index and Google Trends. The search indices indicate a break in October or 
November 2008, which is the same as or close to the turning point indentified by 
some macroeconomic time series. I find that the indices have demonstrated 
significant correlations with some macroeconomic indicators interacting with 
unemployment in real world. Furthermore, the search indices increase the 
accuracy of predictions for the macroeconomic indicators. The findings suggest 
that Baidu and Google data is potentially promising information sources for 
unemployment-relevant conditions in China. With online information, a relatively 
low-cost tool can be developed for application on macroeconomic monitoring. 

The intense public interest in unemployment calls for timely and accurate 
predictions. This study limits its analysis to a few unemployment-related 
keywords and only presents a first insight about the possibility for Internet search 
data to provide such information in China. Given the increasing popularity of the 
internet as a job search method, Baidu Index and Google Trends data should be 
considered to be one way of collecting information. In the future, more 
sophisticated methods of building unemployment-related search indices, 
controlling for data noise, and constructing forecasting models may enhance the 
indicators predictive power and its usefulness. 
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