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Motivation:  Why Business Cycles Matter

 Relevance for:
Academic Research

 Is Innovation driven more by long term (LT) or short term (ST) factors? And 
if ST, is R&D/Patenting pro-cyclical or counter-cyclical?

International Organizations
 Policy and Planning

 Our Contribution:
Separate Cycles from Trend

 Utilize measures of cyclical shocks (Intensity and Timing)
Panel Data Analysis 
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FRAMEWORK:  BUSINESS CYCLES FOR GDP (Y)

Y = YT + YC

where YT is the trend level of output

YC is the cyclical component of output.

The trend component is positive, but the cyclical component

can be positive or negative.

The business cycle variable is 

Then, since YC/YT is small, assume that   ln (1 + u) ≈ u  

via the Hodrick-Prescott (HP) Filter Method
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ECONOMETRIC MODEL FOR PATENT FILINGS WITH BUSINESS CYCLES

where P is the number of EPO Total filings from a source country; 
L is the number of workers in the source country;
i is the source country and t is time (years);
-1 and -2 indicate lags of one year and two years respectively;
R is R&D expenditures, sometimes lagged;  
The GDP of the source country Y  is split into two components:-

YT is the “trend” level of output 
u is the business cycle variable; 

α terms are estimable parameters (αt is a trend term over time);
ε is an error term, assumed to be normal with constant variance;
ln( ) denotes natural logarithm.

Estimation by System Two-Step GMM



Data
Variable Data Sources

Patenting • European Patent Office (EPO), EPASYS
• World Intellectual Property Organization (WIPO), 

http://www.wipo.int/ipstats/en/statistics/pct/

Gross Domestic 
Product

• World Bank, World Development Indicators
http://data.worldbank.org/data-catalog/world-development-indicators

Business 
Research and 
Development 
Funding (R&D)

• Organization for Economic Cooperation and Development (OECD)
www.oecd-ilibrary.org

• United Nations Educational, Scientific and Cultural Organization (UNESCO)
http://stats.uis.unesco.org/unesco/ReportFolders/ReportFolders.aspx?IF_ActivePat
h=P,54&IF_Language=eng

Labor • World Bank, World Development Indicators
http://data.worldbank.org/data-catalog/world-development-indicators

Unemployment 
Rates

• World Bank, World Development Indicators
http://data.worldbank.org/data-catalog/world-development-indicators

• International Monetary Fund (IMF), International Financial Statistics,
http://elibrary-data.imf.org/

Exchange Rates, 
PPP Conversion

• Penn World Tables
https://pwt.sas.upenn.edu/

• International Monetary Fund (IMF), International Financial Statistics,
http://elibrary-data.imf.org/

• Organization for Economic Cooperation and Development (OECD)
www.oecd-ilibrary.org

http://www.wipo.int/ipstats/en/statistics/pct/
http://data.worldbank.org/data-catalog/world-development-indicators
http://www.oecd-ilibrary.org/
http://stats.uis.unesco.org/unesco/ReportFolders/ReportFolders.aspx?IF_ActivePath=P,54&IF_Language=eng
http://data.worldbank.org/data-catalog/world-development-indicators
http://data.worldbank.org/data-catalog/world-development-indicators
http://elibrary-data.imf.org/
https://pwt.sas.upenn.edu/
http://elibrary-data.imf.org/
http://www.oecd-ilibrary.org/
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RESULTS – u IS GENERALLY SIGNIFICANT
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SENSITIVITY CHECK:  RESULTS DRIVEN BY 2009?



Experiment

 Estimate the model up to 2005

 Estimate AR2 models of Trend GDP and the Business Cycle Index (u), 
also up to 2005

 Use their fitted values to generate forecasts for 2006 – 2013

 Root Mean Square Percentage Error (RMSPE) is used as the measure 
of forecast accuracy
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CONCLUSIONS

Forecasting patents valuable for Institutions (Patent Offices) and Multinational 
Businesses

Patent filings decisions respond procyclically to GDP shocks.

Forecasting cycles adds ‘value’ to forecasts of trends (in terms of forecast accuracy).

‘Tinkering’ cyclical forecasts does not add value

The results suggests that quite large disruptions to GDP need not have large or long 
lasting effects on numbers of patent filings.
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