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Abstract: 

This paper examines the effect of the 90s financial crisis in Sweden on patent quantity and attempts to 

determine the potential mediating role that institutions of higher education may play. The empirical 

design consists of a difference-in-differences model which relies on cross-municipality variation in 

crisis exposure, which is defined as the percentage of employment loss during the crisis years, 1991-

1993. The results suggest that the crisis did not significantly affect the overall number of patents issued; 

however, Innovation significantly increased in municipalities with an above-median college attendance 

rate. Additionally, I find that municipalities with access to institutions of higher education were also 

positively affected by the crisis in terms of patent quantity. Both these results indicate that government 

policy to expand access to higher education institutions may in fact facilitate innovation activity during 

times of financial crisis.  
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1. INTRODUCTION 

This paper examines the effect of major economic shocks on innovation activity. Economic 

theory shows several explanations of how financial crises are linked to innovation activity. The 

Schumpeterian view is that recessions provide an opportunity for firms to reorganize and 

innovate (Schumpeter 1939; 1942). Schumpeter (1942) defined this innovation mechanism as 

creative destruction. Macroeconomic shocks, such as financial crises, could be seen as natural 

economic adjustment processes pushing economic changes which are necessary for innovation 

to occur (Schumpeter 1934). Several models have been formalized using Schumpeter’s ideas 

(e.g. Caballero and Hammour 1994; Aghion and Saint-Paul 1998; Manso et al. 2019). These 

models are based on that firms’ opportunity cost to innovate decreased during financial crises. 

In other words, firms avoid innovation activities as it requires investment which could be used 

in production, but in recessions the additional production is not necessary as demand drops, 

reducing the opportunity cost to innovate. Following Schumpeter’s view, recessions should be 

a time in which innovation activity increase. However, empirical work by such as Babina et al. 

(2020) and Nanda and Nicholas (2014) present results that are inconsistent with the 

Schumpeterian view and suggest that financial crises negatively affect innovation activity. 

Manso et al. (2019) and Aghion et al. (2012) extend their models by including financial 

constraints and suggest that massive financial crises reduce firms’ short-term earnings and 

undermine their ability to take loans, which in turn lowers firms’ investments in innovation. 

Additionally, financial crises increase competition as demand falls, and as investments in 

innovation are uncertain firms may be discouraged to innovate (Aghion et al. 2005; Archibugi, 

Filippetti, and Frenz 2012). 

 

How economic crises ultimately affect innovation may determine the long-term evolution of 

the economy. Macroeconomic models such as endogenous growth models, the real-business-

cycle (RBC) model, and the New-Keynesian DSGE model attempt to describe and predict the 

growth of economies. One of the key factors in these models is technological development, 

which specifies the effectiveness of labor and capital and explains how more output can be 

produced given a constant level of labor and capital today compared to the past (Romer 2019). 

Many of these models postulate a strong link between innovation activity and human capital 

(Benhabib and Spiegel 1994; Anselin, Varga, and Acs 1997). Does an economic shock only 

affect innovation in the short run, or can major shocks lead to long-term setbacks in innovation 

leading to permanently delaying economic growth?  
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This paper studies the effect of the massive 90s financial crisis in Sweden on innovation 

activity. By studying the 90s financial crisis in Sweden, the paper explores a scenario where 

firms faced decreasing demand and financial constraints, increased unemployment, and an 

uncertain currency. The intuitive idea is that these factors may reduce the resources available 

to invest in R&D, resulting in a decline in innovation activity. However, considering the 

Schumpeterian view of creative destruction, a decline in innovation activity is not necessarily 

the case.  

 

Studying the effects of macroeconomic crises is difficult as they usually affect entire countries 

and economies, making it hard to distinguish the effect of the crises among other factors. 

However, studying the Swedish 90s financial crisis comes with advantages that make it 

possible to avoid many of the methodological issues with identifying the effects of the crisis. 

Firstly, the magnitude and sudden outbreak of the crisis imply that the crisis effects should be 

easier to identify and uncontaminated by proactive actions by households, firms, and the 

government. Secondly, because the crisis affected industries differently, the local impact of the 

crisis depended on the local industry mixes, creating a cross-regional variation in crisis 

exposure. Thirdly, I have access to a rich panel dataset observing municipalities from 1980 to 

2009. The dataset allows me to identify the severity of the crisis in each municipality by 

observing the employment loss during the crisis years 1991-1993. The dataset includes pre-and 

post-crisis municipality covariates such as population size, education level, and housing prices. 

Additionally, Sweden provides a unique opportunity to easily access patent data, allowing me 

to observe the number of patents issued in each municipality for each year in the dataset. This 

allows me to study the long-term effects of the crisis on innovation. 

 

Previous studies that have examined the effect of economic shocks on innovation have used a 

differences-in-differences approach (Babina et al. 2020) or IV models (Nanda and Nicholas 

2014). Nanda and Nicholas use religious fragmentation to instrument for the magnitude of 

economic shocks. This paper utilizes the cross-municipality variation in crisis exposure and 

patent quantity in a differences-in-differences design to estimate the effect of the crisis on 

innovation activity. The analysis differentiates between municipalities that experienced low 

and high exposure to the crisis. By comparing the two groups I can identify the causal effect of 

the crisis if the standard assumption of common trends holds. Taking advantage of the panel 

structure of the dataset, I can both visually and statistically assess the common trends 

assumption by plotting the differences-in-differences coefficients for the interaction between 
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each year and the crisis exposure indicator. The panel dataset also allows me to control for 

unobserved time and municipality invariant covariates. 

 

This paper contributes to the literature on determinants of innovation where previous research 

has been done on the determining effects of immigration, taxation, government investments, 

and competition (e.g. Moser et al. 2014; Akcigit et al. 2017; Moretti et al. 2019; Aghion et al. 

2005). While previous research has been done on the effect of crises on innovation, there are 

few studies and the results do not give a clear and complete picture. Additionally, previous 

studies have not studied the effect of crises on innovation in the Swedish context, but instead 

mainly study the effects of the Great Depression in the U.S.  

 

Babina et al. (2020) find that bank distress caused by the Great Depression in the 1930s had a 

negative relationship with the number of patents issued from independent inventors. However, 

they find that the effect of the Great Depression was mitigated as many independent investors 

moved into firms less affected by the crisis. The negative effect of the Great depression was 

also mitigated by a suggested increase in the quality of the patents that were issued measured 

by the number of citations for each patent. Nanda and Nicholas (2014) also study the effect of 

bank distress on the quality and quantity of patents during the Great Depression. Similarly, as 

Babina et al. (2020), Nanda and Nicholas (2014) find a negative relationship between bank 

distress and the number of patents issued, however, they additionally find a negative effect on 

the quality of patents. Nanda and Nicholas (2014) further show that the impact on innovation 

varies regionally in a way that depends on the industries that a county’s firms were invested in. 

This result is relevant for the paper as the empirical design partly relies on that the impact of 

the 90s financial crisis varies between municipalities.  

 

The main results in this paper show statistically insignificant estimates of a small magnitude, 

suggesting that the 90s financial crisis in Sweden did not affect innovation activity, in terms of 

patent quantity. These results remain robust when changing the cutoff point and using different 

logarithmic transformations. The paper further investigates the potential existence of non-linear 

effects in relation to the lowest exposed municipalities. The initial estimates show a significant 

negative effect of the crisis on patent quantity for the most exposed municipalities relative to 

the least exposed municipalities. However, this estimate converges to zero when controlling 

for municipality covariates. A potential explanation for these non-effects could be that the 

negative effects are mitigated by innovation mechanisms, such as creative destruction. In 
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addition to looking at the effect of the crisis, this paper also examines the potential mediating 

role of access to institutions of higher education. The results from the analysis show that the 

crisis increased the number of patents issued by 18.5 to 19.5 percent for municipalities with 

above-median college attendance and increased the number of patents issued by 40 to 20 

percent for municipalities with an institution of higher education. While the estimates 

explaining the impact of college attendance are robust and convincing, the estimate explaining 

the impact of institutions of higher educations are less robust. However, the results are 

consistent with previous literature and support the claim that access to institutions of higher 

education facilitates innovation activity during times of financial crisis. 

 

There are several reasons why access to higher education may influence the way economic 

crises affect innovation. The first mechanism is that human capital is necessary for innovation 

to occur and that education increases human capital. Access to higher education increases the 

number of inventors, increasing the number of ideas, leading to increased levels of innovation 

activity (Benhabib and Spiegel 1994). Toivanen and Väänänen (2016) find evidence supporting 

the existence of this mechanism when studying the effect of university engineering education 

on individuals’ inclination to patent in Finland. They find positive effects on individuals’ patent 

quantity and quality from engineering education at the master’s level. Additionally, they find 

that establishing new universities increased the patent quantity. This result takes us to the 

second mechanism, which is that access to institutions of higher education drive education but 

also facilitates innovative activity. Andersson et al. (2004) study the effect of Sweden’s school 

reform during the 90s, which lead to an expansion of the education system and decentralization 

of institutions of higher education. They find that labor productivity is higher in regions that 

experienced increased university investments due to the school reform. They also find that the 

effect is larger in regions that previously did not have institutions of higher education. This 

result insinuates that institutions of higher education create clusters that can lead to knowledge 

spillover effects, possibly explaining why regions without colleges or universities experienced 

a larger effect on productivity as they were completely missing out on these possible 

agglomeration effects (Andersson et al. 2004). The presence of knowledge agglomeration 

effects generate from institutions of higher education is supported by Griliches (1998) and Jaffe 

(1989). Jaffe (1989) find positive effects on output from university research and Griliches 

(1998) discusses and present empirical results suggesting institutions of higher education 

generate agglomeration effects. If agglomeration effects from universities and colleges affect 

innovation activity, we should expect to find that municipalities with institutions of higher 
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education should be better off in terms of patent quantity relative to municipalities without 

intuitions of higher education. 

 

For the results to be interpreted as causal the key assumption of common trends must be 

fulfilled. By plotting the average number of patents issued each year for the low and high 

exposure municipalities I visually assess the assumption. I also statistically reinforce the 

common trends assumption by estimating yearly differences-in-differences coefficients and 

perform a joint significance test for the pre-crises period. I further test the balance of the 

covariates between the high and low exposure municipalities. The estimates suggest that the 

employment level is balanced between the groups. This result is important as the indicator of 

low and high exposure depends on the employment loss during the crisis, and if the 

employment level is not balanced the indicator variable could be contaminated from other 

factors determining employment. While employment seems balanced, other municipality 

covariates such as college attendance are unbalanced, revealing the importance of including 

these in the main regressions.  

 

The paper continues in the following order, section 2 reviews the Swedish 1990s financial crisis 

and explains the causes, the outbreak, and the recovery of the crisis. Section 3 covers the data 

used in the paper and explains the empirical design. Section 4 presents the results of the paper, 

including validity tests and robustness checks. Section 5 will conclude the findings and 

discussed the results in relation to previous studies. 

2. THE SWEDISH FINANCIAL CRISIS 

In the following section, I will give a summary of the Swedish financial crisis that began in 

1990/91 and ended in 1993. The summary will describe the causes, outbreak, and recovery of 

the crisis and will assist in interpreting the results and understanding the underlying 

mechanisms. My summary draws from the following papers and reports, Englund (2015), 

Jonung (2003), Holmlund (2011), Jonung, Kiander and Vartia (2008), Regeringskansliet 

(2001), and Svenskt Näringsliv. (2011). 

 

The Causes 

The deregulations on the credit market in 1985 are usually said to be the beginning of the crisis. 

The regulations consisted of cash requirements, liquidity ratios, lending ceilings, interest 

regulations, and bond issuance permits. The regulations meant that banks were forced to invest 
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in government and housing bonds and that their lending to households was strictly controlled. 

Since 1980 these regulations have also enclosed other financial institutes such as insurance 

companies, pension funds, and mortgage institutions. The deregulation meant that banks and 

financial institutes that were previously heavily regulated now became more competitive and 

could compete for larger shares on the credit market, which quickly expanded due to the new 

supply of credit. In the years following the deregulations, the credit volume in Sweden 

increased on average by 16 percent each year (Regeringskansliet 2001). 

 

In 1985 the main driving force of the Swedish economy became private- and public 

consumption and households’ spending quickly surpassed their income. Households’ 

borrowing was partly allowed to rise to this level because interest payments were tax-

deductible, creating low post-tax interest rates. As households’ disposable income increased, 

real estate and stock prices were driven up by the new demand.  While there was an increase 

in loans to households, lending to firms increased even more, where a large share of firms 

invested in real estate and the construction sector. Firms’ investment in the construction and 

real estate sector was largely driven by the increase in real estate prices caused by the rising 

demand from households. Firms were also enabled to invest in high-risk projects by finance 

companies, which had thrived in the regulated market, but now lost market shares to the banks. 

Therefore, Finance companies began giving loans that the banks had turned down, which were 

usually loans of higher risk. The competition for market shares between the banks themselves 

also enabled loans with higher risk, as it was one of few ways to attract new customers. 

 

Since 1970 Sweden had experienced a high inflation rate compared to its competing countries. 

The high inflation appreciated the krona, which caused Swedish exports to be less competitive 

on the international markets. The Swedish government disrupted the appreciation of the krona 

by several devaluations, where the last one was in 1982 which devalued the krona by 16 percent 

(Englund 2015). Sweden’s net exports grew following the devaluation but began falling again 

in 1985, as Sweden continued having a high inflation rate. The unbalanced price level brought 

expectations of a new devaluation and caused pressure on Sweden’s fixed exchange rate which 

the central bank had to defend increasing interest rates. The defense of the fixed exchange rate 

obstructed the central bank’s ability to implement monetary policies in the coming crisis. 
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The Outbreak 

Sweden’s economy continued booming until the end of 1989. At the time there were no 

immediate signs of a crisis, however, with the unemployment rate reaching an all-time low of 

2.2 percent (see Figure A.1), the stock market peaking at 42 percent above the year’s opening 

level (Englund 2015), and the inflation rate still high, there were several indications of an 

overheated economy. 

 

The outbreak of the crisis was set in motion when the post-tax interest rate suddenly increased. 

The explanation for this sudden increase came from a few exogenous shocks. The fall of the 

Soviet Union and the reunification of Germany induced uncertainty on the international 

currency market, increasing the pressure on Sweden’s fixed exchange rate and forcing the 

central bank to raise interest rates to defend the krona. The pressure on the fixed exchange rate 

further increased when the Swedish Finance Minister resigned in February 1990, which 

contributed to more speculations on the krona. Meanwhile, the pre-tax interest rate was 

increased as major tax reform was implemented by the government. The tax reform included a 

reduction in the tax deduction on interest rates. The combination of the increasing interest rates 

with the tax reform meant that households, in only two years, saw a jump in their post-tax 

interest rates by six percentage points.  

 

The rising interest rates made asset prices decrease. Meanwhile, firms’ and households’ wealth 

declined, their loans, which were their main source of financing, kept their nominal value. Both 

firms and households were over-indebted and saw increasingly higher costs and losses. The 

reaction was seen in increased private savings and investments rapidly decreasing. As the 

construction sector was the driving force of the Swedish economy, the stall of investments and 

reduced demand dropped real estate prices and halted the construction industry.  

 

The effects of the declining economy first showed themselves when the finance company 

Nyckeln defaulted in 1990, and other finance companies later followed Nyckeln into 

bankruptcy. The finance companies were the first to fall because they were involved in the 

financing of many high-risk projects, however, the finance companies’ investment certificates 

were usually guaranteed by the banks, meaning that the banks were indirectly exposed to the 

finance companies’ risks. This became apparent when the crisis quickly spread to the banks. 

The banks reported accumulated credit losses of 1.1 percent of the total stock of loans in 1990, 

which increased to 3.5 percent in 1991 and had by the end of the crisis reached 7.5 percent 



8 
 

(Englund 2015). These losses lead major banks as Första Sparbanken, Nordbanken, and Gota 

Bank to struggle to fulfill the liquidity requirements. As Nordbanken was partly state-owned, 

the government increased its ownership in Nordbanken to save it. Första Sparbanken was saved 

by their owning entity, Sparbanksgruppen AB, by adding equity and giving an interest-free 

loan, however, this loan was guaranteed by the Swedish government which would eventually 

come to cost the taxpayers 1.3 billion SEK (Englund 2015). Gota bank went into bankruptcy 

and was 1992 acquired by Nordbanken at the price of 1 SEK. 

 

While the banking crisis was occurring, the fixed exchange rate was heavily pressured, and the 

central bank kept responding by increasing the interest rates. The pinnacle of the central bank’s 

defense of the fixed exchange rate was in September 1992 when the marginal rate reached 500 

percent. In November 1992, after several attacks, the central bank stopped defending the krona 

which depreciated by 20 percent by the end of the year (Englund 2015). Sweden had been 

forced to abandon the fixed exchange rate for a floating exchange rate. 

 

The Recovery 

The depreciation that followed the abandonment of the fixed exchange rate, helped the Swedish 

economy to recover. Profits from exports were quickly back at the pre-crisis level and interest 

rates were gradually lowered. During the crisis, many firms went into bankruptcy and the 

unemployment rate increased and remained at a level above ten percent until 1997 when the 

unemployment rate dropped (see Figure A.1). However, the unemployment rate never 

recovered completely and never reached the low pre-crisis levels around two percent. Besides 

the depreciation, government involvement in the banking system and monetary and fiscal 

policies contributed to the recovery of the Swedish economy. The government-owned, 

Nordbanken, created their own “bad bank” called Securum. Securum was created to absorb 

poorly performing loans from the major banks to improve their situations. Securum became a 

successful project and was eventually reconstructed into an asset-managed company. In 1993, 

private consumption and investment began to rise again, and the GDP grew by four percent in 

1994 (Englund 2015). To conclude, the main causes for the crisis were the liberalization of the 

financial system, excess risk-taking, exogenous shocks, and major tax reform. 
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3. DATA AND RESEARCH DESIGN 

The data used in the paper is a (balanced) municipality level panel dataset consolidated from 

Statistics Sweden. The dataset covers the period 1980 to 2009. Data has mainly been collected 

from the data registers RAMS, ÅRSYS, and UREG, but is also collected from the Swedish Tax 

Agency. 

 

This paper measures innovation by the number of patents. Using the number of patents as a 

measure of innovation has been used and discussed previously by Babina et al. (2020), Nanda 

and Nicholas (2014), Manso et al. (2019), and Griliches (1990). Griliches (1990) discusses the 

use of patents as a proxy for innovation and finds a strong relationship between patents and 

R&D expenditures, suggesting that patents are a good proxy for identifying differences in 

innovative activity in cross-sectional dimensions. Griliches (1990) also mentions the use of 

patent citations in combination with the number of patents to create quality-controlled patent 

variables which would better measure inventive activity. In the regressions, I use the standard 

measurement for patent quantity, the logarithmic transformation of one plus the number of 

patents issued in each municipality per year. 

 

A key issue to deal with is how to measure the level of exposure of the 90s financial crisis that 

each municipality experienced. Previous papers such as Babina et al. (2020) and Nanda and 

Nicholas (2014) study the effects of crises on innovation by using bank distress as the 

measurement for crisis exposure. I instead use the percentage of employment loss during the 

crisis years, 1991-1993, as the indicator for crisis severity. Using this variable, I construct high 

and low exposure groups by using the median employment loss as the cutoff point. This 

measure has been used previously to quantify the effect of economic crises on labor markets 

and social mobility (e.g. Yagan 2019 and Feigenbaum 2015). The reason I use employment 

loss instead of bank distress is that employment loss captures a wider extent of the crisis, 

whereas bank distress mainly captures the alleged effect of reduced accessibility to credit. 

 

The empirical analysis includes a range of covariates, Population is measured as the total 

population size in each municipality per year, and when included in the regression the 

logarithmic transformation of the variable is used. Employment consists of all workers at the 

age of 16-64 for each municipality per year. Similarly, as for population, I use the logarithmic 

transformation of employment when included in the regressions. College Attendance is the 
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share of each municipality’s population that has attended college per year. It is calculated by 

taking the number of individuals that have less than 3 years of college education, more than 3 

years of college education, and individuals that have a Ph.D. divided by the total population in 

each municipality each year. Housing Price is defined as the average housing purchasing price 

per municipality each year and is measured in thousands of kronor (tkr). As both the 

employment level and housing prices were significantly affected by the crisis, I interact pre-

crisis observation from 1985 with controls for time trends in the regressions. Figure A.2 (see 

Appendix) gives a visualization of the geographical distribution of the average number of 

patents issued, crisis exposure, college attendance, and housing prices.  

 

Table 1: Municipality-Level Descriptive Statistics for All and High Exposed Municipalities 
  All 

Municipalities 

Low Exposed 

Municipalities 

High Exposed 

Municipalities 

Period Mean Std.Dev

. 

Mean Std.Dev

. 

Mean Std.Dev

. 

Innovation Activity Variables:        

Number of Patents (log) 1980-2009 1.88 1.36 2.02 1.22 1.74 1.46 

Municipality-level Emp. Variables:        

Employment (log) 1985-2009 9.02 1.07 9.07 1.10 8.97 1.04 

% Emp. Loss During Crisis 1991-1993 -15.54 2.59 -13.52 1.42 -17.55 1.81 

Municipality Covariates:        

Population (log) 1980-2009 9.73 1.32 9.67 1.58 9.78 1.00 

College Attendance 1985-2009 0.12 0.06 0.14 0.06 0.11 0.05 

High College Attendance 1985-2009 0.42 0.49 0.51 0.50 0.33 0.47 

Avg. Housing Price (tkr) 1981-2009 672.57 607.67 790.45 715.93 557.28 449.78 

Notes: Summary statistics are presented for all, low, and high exposed municipalities. Low and high exposed municipalities 

where those that experienced a below or an above median employment loss during the 90s financial crisis in Sweden. Values 

are rounded to a maximum of two decimals. Standard errors are presented in parenthesis. 

 

Descriptive Statistics 

Table 1 presents descriptive statistics for the variables used in the paper. Firstly, we see that 

there are slightly fewer patents issued on average amongst the high exposure municipalities 

and slightly more amongst the low exposure municipalities compared to all municipalities. The 

employment and population level are close to equal between all municipalities and low and 

high exposure municipalities. The share of college attendance is one percentage point lower 

for the high exposure municipalities and two percentage points higher for the low exposure 

municipalities compared to all municipalities. The average housing prices seem to be lower 

among the high exposure municipalities and higher among the low exposure municipalities. 

While these descriptive statistics suggest that the low and high exposure municipalities are 

fairly balanced, I later statistically test the balance of the low and high exposure municipalities. 



11 
 

Empirical Design 

The following section will describe the empirical design used to identify the effect of the 90s 

financial crisis in Sweden on innovation. The identification relies on a differences-in-

differences method which utilizes the local municipality-variation in crisis exposure. The main 

OLS model is given by the following specification 

 

𝐿𝑛(𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛)𝑚𝑐𝑡 = 𝛼𝑚 + 𝛾𝑐𝑡 + 𝛽(𝐻𝑖𝑔ℎ𝑚𝑐  ×  𝐴𝑓𝑡𝑒𝑟1989𝑡) + 𝑋𝑚𝑡 + 𝜀𝑚𝑐𝑡    (1) 

 

where, 𝐿𝑛(𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛)𝑚𝑐𝑡, is the logarithmic transformation of innovation activity in 

municipality m,  county c, and time t. 𝛼𝑚 are municipality fixed effects which control for time-

invariant variations between municipalities. 𝛾𝑐𝑡 are county-by-time fixed effects which control 

for regional economic fluctuations. The indicator variable is denoted by 𝐻𝑖𝑔ℎ𝑚𝑐 which 

indicates the level of exposure to the crisis in municipality m in county c. 𝐻𝑖𝑔ℎ𝑚𝑐takes the 

value 1 for municipalities that had a decline in employment during the crisis which was equal 

to or above the median and 0 for municipalities that had a decline in employment which was 

below the median. 𝐴𝑓𝑡𝑒𝑟1989𝑡  is a post dummy variable that takes on the value 1 for the years 

after 1989, post-crisis, and 0 for the years before 1989, pre-crisis. 𝑋𝑚𝑡 is a vector for 

municipality-specific covariates. 𝜀𝑚𝑐𝑡 is the error term. (𝐻𝑖𝑔ℎ𝑚𝑐  ×  𝐴𝑓𝑡𝑒𝑟1989𝑡) denotes the 

saturated form of the interaction between the indicator and post dummy. The estimator for the 

interaction between 𝐻𝑖𝑔ℎ𝑚𝑐 and 𝐴𝑓𝑡𝑒𝑟1989𝑡 , �̂�, is the estimator of interest and captures the 

estimated effect of the crisis on innovation activity. Standard errors are clustered by 

municipalities in all regressions. 

 

For a causal interpretation of the differences-in-differences estimates, the assumption of 

common trends must be fulfilled, which in this scenario implies that the trend of innovation 

activity for high exposure municipalities and low exposure municipalities would have been the 

same if the crisis never took place. Figure 1 and 2 allows for a visual assessment of the common 

trends assumption. Figure 1 shows the (unadjusted) trends for the two groups, and Figure 2 

present the differences-in-differences coefficients for the following model 

 

𝐿𝑛(𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛)𝑚𝑐𝑡

= 𝛼𝑚 + 𝛾𝑐𝑡 + ∑ 𝛽1𝑡1𝑡

09

𝑡=85
𝑡≠89

+ ∑ 𝛽2𝑡1𝑡𝐻𝑖𝑔ℎ𝑚𝑐

09

𝑡=85
𝑡≠89

+ ∑ 𝛽3𝑡1𝑡𝑃𝑜𝑝𝑚𝑐𝑡

09

𝑡=85
𝑡≠89

+ 𝜖𝑚𝑐𝑡    (2) 
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where the 𝐿𝑛(𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛)𝑚𝑐𝑡 is the logarithmic transformation of the measurement of 

innovation activity in county c, municipality m, and time t. 𝛼𝑚 are municipality fixed effects 

and 𝛾𝑟𝑡 are county-by-time fixed effects. 1𝑡 is an indicator for each year which takes on the 

value of 1 for year t, and 0 otherwise. 𝐻𝑖𝑔ℎ𝑐𝑚 is the same indicator variable as in equation 1. 

𝑃𝑜𝑝𝑚𝑐𝑡 controls for the total population in municipality m, in county c, at time t. 𝜖𝑚𝑐𝑡 is the 

error term. Standard errors are cluster by municipalities in all regressions. 

 

The difference-in-differences coefficients from equation (2) will estimate the effect of each 

year on the average number of patents issued among the low and high exposure municipalities 

each year. If the estimated coefficients are close to zero and statistically insignificant, we can 

interpret that as that the average number of patents issued that year did not significantly change 

for the high exposure municipalities in relation to the low exposure municipalities. Such an 

estimate would then suggest that the common trends assumption holds. If the estimated 

coefficients are statistically significant, it would mean that the number of patents issued that 

year increased or decreased relatively more for high exposure municipalities than for low 

exposure municipalities. Which would mean that the common trends assumption would not 

hold. Along with a joint significance test for the pre-crisis period, I can assess if the common 

trends assumption holds or not. 

 

Threats to Identification 

If the exposure groups are not balanced over covariates that are not constant over time or 

municipality the estimates can suffer from omitted variable bias. The differences-in-differences 

method relies on that the treatment is as good as random. This means that the level of crisis 

exposure for each municipality must be as good as randomly assigned and is not affected by 

any pre-determined municipality characteristics. Put differently, pre-determined municipality 

characteristics should not differentially affect the evolution of innovation activity over time in 

the high and low exposed municipalities. The balance test consists of regressing the 

measurement of innovation activity on the standardized municipality covariates before the 

crisis, 1985-1989. The regression is performed with and without a population control and the 

results are reported in Table 2. If the estimates suggest that there are unbalances, the empirical 

design can still proceed, however, the regression will have to control for these unbalances. 

Then assuming that the exposure assignment is as good as random conditional on these 

unbalanced covariates. 
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Table 2 presents the results from the balance test between the low and high exposure groups 

across counties, where the cutoff is set at the median of employment loss between 

municipalities during the crisis. The municipality covariates are standardized with a mean of 0 

and a standard deviation of 1 to facilitate the comparison of the impact of each covariate in 

relation to the other covariates. The regressions are performed over the pre-crisis period 1985 

to 1989. By only considering the period before the crisis we avoid observing differences 

between the groups that could be caused by the crisis. The most important result from Table 2 

is that we do not observe a significant difference in employment between the groups. This 

result is important for the validity of the empirical design as the indicator variable is based on 

the variation in an employment loss during the crisis. If the pre-crisis employment differed 

between the groups before the crisis the indicator variable could be contaminated with 

predetermined municipality employment factors which would weaken the identification of the 

empirical design. The balance test shows that there is a difference in the level of education 

between the high and low exposure groups. 

 

Table 2: Covariates Balance Test Across Municipalities 

 High>Median 

 (1) (2) 

Std. Patents 0.344* 0.404** 

 (0.196) (0.195) 

Std. Employment 0.0251 -0.0193 

 (0.0633) (0.0685) 

Std. College Attendance -0.281*** -0.321*** 

 (0.0746) (0.0787) 

Std. Housing Prices 0.121 0.127 

 (0.0943) (0.0941) 

Population control N Y 

County FE Y Y 

Start Year 1985 1985 

End Year 1989 1989 

Adj R-Sq 0.213 0.213 

Obs. 1,420 1,420 
Notes: The regressions test the balance of municipality covariates between the treatment and 

control group. The independent variables are standardized with mean of 0 and standard deviation 

of 1. The regressions are carried out over the period 1985 to 1989 where regression (2) includes 

a control variable for the total population in each municipality. Both regressions include county 

fixed effects. Standard errors are presented in the parentheses and are clustered at the 

municipality level. (***), (**), (*) indicates that the estimate is statistically significant at the 1%, 

5%, and 10% level respectively. 
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The estimates, which are statistically significant at the one percent level, suggest that the 

average share of individuals attending college in the low exposure group is higher than in the 

high exposure group. Finding this result is expected and is probably driven by the fact that the 

crisis impacted the construction and manufacturing industries harder than other industries. As 

these industries usually do not require a college degree and experienced large employment 

losses, we should expect to find a relationship between municipalities’ employment loss and 

average education level. Still, the results call for some caution when interpreting the results and 

the need to control for this variable in the regressions. 

 

The estimates for the average number of patents issued suggest that there is a difference 

between the low and high exposure groups before the crisis. The estimate is statistically 

significant at the five percent level when controlling for population size. I use the variable 

average housing price per municipality as a proxy for average income. The intuition is that 

households with higher average incomes are more likely to live in areas where the average 

housing prices are higher. The estimates for average housing prices suggest that there is a 

higher average income in high exposed municipalities, however, the estimates are not 

statistically significant. While employment seems to be balanced between the exposure groups, 

the estimates for the other covariates suggest that there are possible unbalances. To account for 

this, I will present the results with controls for municipality covariates. 

4. RESULTS 

In this section, I present the results from the empirical analysis on the impact of the 90s 

financial crisis in Sweden on innovation activity. I begin by visually and statistically assessing 

the common trends assumption. Thereafter, I present the main results from the differences-in-

differences analysis on patent quantity. In all regressions, the dependent variable is the 

logarithm of one plus the innovation measurement, which retains observations of zero. I test 

the robustness of the result by examining the impact of using different logarithmic 

transformations and test different cutoff points for the indicator variable. After looking at the 

effect of the crisis on patent quantity, I continue by investigating the interaction between crisis 

exposure and higher education institutions on the crisis effect. This examination consists of 

estimating equation (1) but only for municipalities with above or below median college 

attendance rate and for municipalities with or without an institution of higher education before 

the crisis. I again test the assumption of common trends and check the robustness of the results. 
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The Effect of the 90s Financial Crisis on Patent Quantity 

In Figure 1 I present a visual presentation of the trends in average patent issues between the 

low and high exposure groups. We see that the unadjusted trends for the groups are fairly 

similar before the crisis suggesting that the common trends assumption likely holds. The trends 

continue being similar during and after the crisis, where it seems that the control group has a 

slightly steeper growth rate after the crisis, implying that there could be some minor negative 

effects on patent quantity from the crisis. 

 

 

 
Figure 1: Yearly Average Patent Quantity for Low and High Exposure Municipalities 

Notes: The figure illustrates the trends of the log average number of patents issued for the treatment and control 

group by year. The aim of the figure is to visually assess the common trends assumption. 

 

To statistically assess if the common trends assumption holds and also to provide a preview of 

the main results to be elaborated in detail below, I estimate equation (2) and plot the 

differences-in-differences estimates for each year, including their 95% confidence interval in 

Figure 2. The regression controls for county-by-year fixed effects, municipality fixed effects, 

and population size. We see that all coefficients are negative; however, only the coefficient for 

2002 is statistically significant. This overall result suggests that there is no effect of the crisis 
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on the number of patents. When doing a joint significance test for the period before the crisis, 

1985-1988, I get a p-value of 0.7816, suggesting that the common trends assumption holds. 

When doing a joint significance test for the crisis period, 1991-1993, I get a p-value of 0.5813, 

suggesting that there is no impact on the number of patents from the crisis. 

 

 

 
Figure 2: Yearly Crisis Diff-in-Diff Coefficients on Patent Quantity 
Notes: The figure illustrates the differences-in-differences coefficients from equation 2. Each dot represents 

the coefficient of the interaction of the crisis exposure indicator and each year. Each coefficient is estimated in 

relation to the reference year 1989. The regression includes county-by-year fixed effects and municipality fixed 

effects. Standard errors are clustered at the municipality level. 

 

In Table 3 we see the results of the impact of the 90s financial crisis on patent quantity. To 

recapitulate, the estimates are the result from running equation (1) and controls for county-

by-year fixed effects, municipality fixed effects, and runs over the period 1985-2009. In all 

regressions, the standard errors are clustered at the municipality level. The dependent variable 

is the log of 1 plus the number of patents and the estimated effect of the 90s financial crisis 

on patent quantity is captured by the interaction between the high exposure and After1989 

variables.  
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Table 3: The Impact of the Crisis on Patent Quantity 

 Ln (# Patents + 1) 

 (1) (2) (3) (4) (5) (6) 

High>Median X After1989 -0.0526 -0.0652 -0.0573 -0.0149 -0.00554 0.0305 

 (0.0624) (0.0612) (0.0605) (0.0572) (0.0571) (0.0619) 

Controls       

Population N Y N N N Y 

Employment N N Y N N Y 

College Attendance N N N Y N Y 

Housing Prices N N N N Y Y 

CountyXYear FE Y Y Y Y Y Y 

Municipality FE Y Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 2009 

Adj R-Sq 0.844 0.845 0.846 0.854 0.850 0.855 

Obs. 7,250 7,250 7,218 7,190 7,184 7,184 

Notes: The regressions show the results from the differences-in-differences specification. The regressions are 

carried out over the period 1985 to 2009 where regression and all regression controls for county-by-year fixed 

effects and municipality fixed effects. Standard errors are presented in the parentheses and are clustered at the 

municipality level. (***) and (**) indicates that the estimate is statistically significant at the 1% and 5% level 

respectively. 

 

For regression (1) we get an estimate that suggests that crisis decreased the number of patents 

issued in the high exposure group by 5.26 percent relative to the low exposure group. This 

negative effect increases to 6.52 percent when controlling for the population size and is 5.73 

percent when controlling for municipality employment. While the point estimates are negative, 

they are not statistically significant, and when controlling for education and housing prices we 

see that the impact of the crisis diminishes and approaches zero. In regression (6) all the 

controls are included and the point estimate of the effect of the crisis is positive, however, still 

not statistically significant. We also observe that the estimates of the control variables now are 

not statistically significant. Overall, the results presented in Table 3 suggest that there is no 

effect of the crisis on the number of patents issued. 

 

To test the robustness of the result present in Table 3, I ran the same regressions using different 

cutoff points for the indicator variable. The results from the regressions are presented in Table 

A.1 (see Appendix). The regressions are done both with and without a control for the 

municipality population size. The estimates when using the mean as the cutoff instead of the 

median are of a smaller magnitude but remain being not statistically significant. The estimates, 
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when using the 75th percentile, are of a larger magnitude than when using the mean or the 

median suggesting that the effect might be larger for the most exposed municipalities, however, 

these estimates are statistically insignificant. When using the 25th percentile we find a 

statistically significant estimate at the ten percent level, suggesting that the crisis decreased the 

average number of patents issued in the high exposure group by 14.2 percent and 13.5 percent 

when controlling for population size compared to the low exposure group. The overall results 

from Table A.1 suggest that different levels of crisis exposure affect the magnitude of the crisis 

effect on the number of patents. 

 

To test how the logarithmic transformation of the patent variable possibly affects the result I 

run the simple differences-in-differences regression without controls but changing the 

logarithmic transformation used, the results are presented in Table A.2 (see Appendix). When 

I do not add one to the value of each observation before transforming all observations of 0 will 

be omitted. When looking at the number of observations in the regression we see that about 

1000 observations drop. The estimate decreases by close to one percentage point compared to 

the standard logarithmic transformation used, but it remains statistically insignificant. I also 

approximate the logarithmic transformation by using the inverse hyperbolic sine 

transformation (IHS). The benefit of the IHS transformation is that it approximates a simple 

logarithmic transformation and can handle values of zero without changing the original values. 

The estimate for the IHS transformation increases the magnitude of the estimate by two 

percentage points, however, the estimate remains not statistically significant. I also test a 

transformation like the standard logarithmic transformation used in the paper, but instead of 

adding one to each observations’ value I only add 0.5. Adding a smaller value to the original 

value put less weight on the observations of a value of zero compared to when adding one to 

all original values. The estimate for this logarithmic transformation has a slightly larger 

magnitude than the standard transformation, but the estimate stays statistically insignificant. 

The overall result from Table A.2 is that there are slight differences from using different 

logarithmic transformations, however, none of these differences change the fact that the 

estimate is not significant. 
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Figure 3: Yearly Diff-in-Diff coefficients on Patent Quantity by Quartiles 
Notes: The figure illustrates the differences-in-differences coefficients from equation 2 by quartile. Each dot 

represents the coefficient of the interaction of the crisis exposure indicator and each year. Each estimate should be 

interpreted as the relative change in relation to the reference year 1989 and the 1st quartile. The regression includes 

county-by-year fixed effects and municipality fixed effects. Standard errors are clustered at the municipality level. 

 

Quartile Analysis of the Crisis Effect on Patent Quantity 

While the results presented above are not enough to imply a notable crisis effect, there is an 

indication that there could be a crisis effect for municipalities with specific levels of crisis 

exposure. To look deeper at these potential effects, I split the municipalities into quartiles by 

crisis exposure level, where the 1st quartile is the least exposed and the 4th quartile the most 

exposed. To assess the common trends assumption for the quartile analysis I plot the 

differences-in-differences coefficients from equation (2) but now using quartile cutoff points. 

Figure 3 present these results where the coefficients are the relative change in the number of 

patents issued in relation to 1989 and quartile 1. Visually it seems like the common trends 

assumption holds. When testing the joint significance for the period before the crisis 1985-

1988, I get the p-values of 0.489, 0.640, and 0.720 for the 2nd, 3rd, and 4th quartile respectively, 

statistically reinforcing that the common trends assumption holds. Looking past the crisis it 

seems like neither of the quartiles has a statistically significant difference in the effect on patent 

quantity relative to the least exposed (1st) quartile. Although, the 3rd and 4th quartile seem to 

have overall lower estimates than the 2nd quartile, which could suggest that these municipalities 

were more negatively affected by the crisis, in the long run, relative to the 1st quartile than the 
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Table 4: Impact of the Crisis on Patent Quantity by Quartiles 
 Ln(#Patents+1) 

 (1) (2) (3) (4) (5) (6) 

Q4 X After1989 -0.178** -0.195** -0.171* -0.0715 -0.0455 0.0105 

 (0.0903) (0.0898) (0.0871) (0.0812) (0.0819) (0.0926) 

Q3 X After1989 -0.0186 -0.0581 -0.0607 0.0193 0.0615 0.0668 

 (0.0850) (0.0838) (0.0813) (0.0772) (0.0781) (0.0831) 

Q2 X After1989 -0.0624 -0.0898 -0.0860 -0.000289 0.0394 0.0273 

 (0.0770) (0.0783) (0.0771) (0.0737) (0.0728) (0.0743) 

Controls       

Population N Y N N N Y 

Employment N N Y N N Y 

College Attendance N N N Y N Y 

Housing Prices N N N N Y Y 

CountyXTime FE Y Y Y Y Y Y 

Municipality FE Y Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 2009 

Adj R-Sq 0.844 0.845 0.846 0.854 0.850 0.855 

Obs. 7,250 7,250 7,218 7,190 7,184 7,184 
Notes: The regressions show the results from the differences-in-differences specification by quartiles, where all 

the results are in relation to the 1st quartile. The regressions are carried out over the period 1985 to 2009 where 

regression and all regression controls for county-by-year fixed effects and municipality fixed effects. Standard 

errors are presented in the parentheses and are clustered at the municipality level. (***), (**) (*) indicates that 

the estimate is statistically significant at the 1%, 5% and 10% level respectively. 

 

municipalities in the 2nd quartile. Such a result would be expected considering the results from 

previous studies; however, these estimates are not precise enough to prove such an effect. 

 

In Table 4 I present the main results from the quartile analysis. The estimates first suggest a 

statistically significant negative effect on patent quantity for the 4th quartile in relation to the 

1st quartile in regression (1) to (3). Although, when controlling for education and housing 

prices in regression (4) and (5), the effect reduces and becomes statistically insignificant. When 

including all controls in regression (6) the estimate becomes positive but also statistically 

insignificant. The estimates for the 3rd and 2nd quartiles are not statistically significant and the 

overall results in Table 4 are consistent with the result from Table 3 and suggest that the crisis 

did not affect patent quantity. We also see that the control variables lose significance in 

regression (6). Both in Table 3 and Table 4 we see that the college attendance rate has a 

relatively large effect on the point estimate for the crisis’s impact on patent quantity, suggesting 

that the results so far may mask important heterogeneity. 
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The Role of College Attendance and Institutions of Higher Education 

The results above have shown that the college attendance rate has a considerable effect on the 

point estimate for the crisis effect. Previous literature (e.g. Benhabib and Spiegel 1994; 

Toivanen and Väänänen 2016) also suggests that human capital is strongly linked to 

innovation. It is, therefore, likely that access to human capital and higher education institutions 

play a potential mediating role during times of crisis, which is important to examine further. 

The results can also have important implications for future government policy to expand access 

to higher education institutions to mitigate negative crisis effects on innovation. To assess how 

college attendance affects the crisis effect on patent quantity, I do a similar analysis as I did for 

the whole sample, but now splitting it into two samples. The samples include municipalities 

that had a below- or above-median college attendance rate in their population. When assigning 

municipalities to the above- and below-median college attendance rate groups I only consider 

the pre-crisis period, 1985-1989. When assessing how institutions of higher education affect 

the crisis effect on patent quantity, I again split the sample into two. One for municipalities that 

had a college or university before the crisis occurred and one for municipalities that did not 

have a college or university before the crisis occurred. 

 

I start by assessing the balance of the low and high exposure groups for municipalities with 

above- or below-median college attendance. I present the results from the balance test in Table 

A.3 (see Appendix). The estimates emphasize the importance of controlling for municipality 

covariate when running the difference-in-differences regressions on municipalities with below-

median college attendance. To assess the common trends assumption for the municipalities 

with below and above median college attendance I again plot the average number of patents 

issued for low and high exposure municipalities with below or above college attendance. 

Looking at Figure A.3 (see Appendix) we see that the trends in patent quantity seem similar 

between the high and low exposure groups for both below- and above-median college 

attendance. While the plots in Figure A.3 visually suggest that the common trends assumption 

holds, I statistically reinforce the common trends assumption by running equation (2) for below 

and above median college attendance municipalities and plot the yearly difference-in-

differences coefficients in Figure A.4 (see Appendix). The joint significance test for 

municipalities with below-median college attendance in the pre-crisis period gives a p-value of 

0.226. When doing the same test for above-median college attendance I get a p-value of 0.333. 

Both these results statistically reinforce that the common trends assumption holds. 
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Table 5: The Impact of the Crisis on Patent Quantity for Below- and Above-Median College 

Attendance 

Panel A. Below Median College 

Attendance 

Ln (# Patents + 1) 

(1) (2) (3) (4) (5) 

High>Median X After1989 -0.156* -0.111 -0.150* -0.155* -0.142 

 (0.0897) (0.0884) (0.0899) (0.0882) (0.0928) 

Controls      

Population N Y N N Y 

Employment N N Y N Y 

Housing Prices N N N Y Y 

CountyXYear FE Y Y Y Y Y 

Municipality FE Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 

Adj R-Sq 0.559 0.562 0.559 0.560 0.562 

Obs. 3,550 3,550 3,550 3,550 3,550 

Panel B. Above Median College 

Attendance 

Ln (# Patents + 1) 

(6) (7) (8) (9) (10) 

High>Median X After1989 0.198** 0.186** 0.186** 0.195** 0.195** 

 (0.0870) (0.0905) (0.0940) (0.0831) (0.0825) 

Controls      

Population N Y N N Y 

Employment N N Y N Y 

Housing Prices N N N Y Y 

CountyXYear FE Y Y Y Y Y 

Municipality FE Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 

Adj R-Sq 0.874 0.874 0.874 0.877 0.883 

Obs. 3,700 3,700 3,600 3,550 3,550 

Notes: The regressions show the results from the differences-in-differences equation (1) for municipalities with 

below (Panel A) and above (Panel B) median college attendance. The regressions are carried out over the period 

1985 to 2009 where all regression controls for county-by-year fixed effects and municipality fixed effects. 

Standard errors are presented in the parentheses and are clustered at the municipality level. (**) and (*) indicates 

that the estimate is statistically significant at the 5% and 10% level respectively. 
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The estimates of how municipalities’ college attendance affects the impact of the 90s financial 

crisis on patent quantity are presented in Table 5. In panel A we see results that suggest that 

the crisis decreased the number of patents issued by 11-15 percent. The estimates for regression 

(1), (3), and (4) are statistically significant at the ten percent level. In Table A.3 when 

controlling for the population size, we saw that the municipality covariates were not balanced 

for the municipalities with below-median college attendance. We see how this affects the 

estimates in regression (2), where the magnitude of the estimate is smaller and statistically 

insignificant. In regression (5), we control for population size, employment, and housing prices 

and get an estimate that is closer to 15 percent. The overall results hint that the municipalities 

with college attendance below the median experienced a negative effect on patent quantity 

from the crisis, however, the estimates are not precise enough to uphold this conclusion. In 

panel B of Table 5, the estimates are for municipalities with above-median college attendance. 

The estimates suggest that the crisis had a positive effect on patent quantity, increasing the 

number of patents issued by 18.5 to 19.5 percent. The estimates are robust when including 

different municipality covariates and are statistically significant at the five percent level. The 

results confidently suggest that municipalities with higher college attendance rates were 

positively affected by the crisis in terms of patent quantity, suggesting that populations with a 

higher share of educated individuals can increase innovation activity, despite a vast financial 

crisis. 

 

To test the robustness of the estimates in Table 5, I change the cutoff point for high crisis 

exposure and run equation (1). The results from these regressions are presented in Table A.4 

(see Appendix), where all regression control for the population size. In panel A, we see the 

estimates for the municipalities with below-median college attendance. The main takeaway is 

that the suggested negative effect for the municipalities with below-median college attendance 

seems to be driven by the most exposed municipalities as the estimate for the 75th percentile as 

for the estimate from using the median, whereas, the estimate for the 25th percentile is close to 

zero. However, all the estimates are statistically insignificant, meaning that we cannot draw 

any conclusive outcomes from these results. When looking at the municipalities with above-

median college attendance in panel B, the effect seems to be larger for the most exposed 

municipalities, however, the significant effects are found when setting the crisis exposure 

cutoff point close to the middle of the sample. To further test the robustness of the estimates, I 

change the logarithmic transformation used on the dependent variable. The results are 

presented in Table A.5 (see Appendix). The overall result from panel A is consistent with the 
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main results for municipalities with below-median college attendance, despite the estimate for 

regression (2) being statistically significant at the ten percent level. A statistical significance at 

the ten percent level is usually considered too weak to be used to draw any decisive 

conclusions. When looking at the municipalities with above-median college attendance the 

estimates seem to be robust of all logarithmic transformations. The estimates lose a bit of 

significance in regressions (7) and (8), but overall, the results in Panel B reinforce the 

robustness of the main results presented in Table 5. 

 

To extend the analysis on how college attendance affects the impact of the crisis on patent 

quantity, I continue by analyzing the quartile effects for below and above median college 

attendance municipalities. To reinforce that the common trends assumption I plot the 

difference-in-difference coefficients from equation (2), but now using the quartiles as the 

indicator variables. All the coefficients are plotted with their 95% confidence interval and 

estimated in relation to the 1st quartile, the least exposed municipalities, and the year 1989. We 

can see the results from these regressions in Figure A.5. The joint significance test for 

municipalities with both below- and above-median college attendance gives p-values that 

suggest that the common trends assumption holds1. In Table A.6 (see Appendix) and panel A 

the results are not statically significant and suggest that the crisis did not affect patent quantity 

among the municipalities with below-median college attendance. When looking at the 

estimates for the municipalities with above-median college attendance in panel B in Table A.6, 

we once again get statistically insignificant results, except for Q3 in regression (10). This 

estimate is significant at the ten percent level. While the estimates are not precise enough to be 

significant, we get estimates of the same magnitude for Q3 and Q4, suggesting that the effect 

we find in Table 5 seems to be constant over different levels of high crisis exposure. This 

interpretation is also reinforced by the negative and smaller estimates, when including controls, 

for Q2. 

 

To analyze how institutions of higher education affect the crisis effect, I run regressions with 

equation (1) for municipalities with and without institutions of higher education. The results 

from these regressions are presented in Table 6. 

  

 
1 I get p-values of 0.831, 0.5698, and 0.3683 for Q2, Q3, and Q4 respectively for municipalities with below-

median college attendance, and I get p-values of  0.6812, 0.6880, and 0.002 for Q2, Q3, and Q4 respectively for 

municipalities with above-median college attendance. So, we must be cautious when interpreting the estimate 

for Q4 for municipalities with above-median college attendance. 
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Table 6: The Impact of the Crisis on Patent Quantity for Municipalities with and without Institutes 

of Higher Education Before the Crisis 

Panel A. Municipalities without 

Institutes of Higher Education 

Ln (# Patents + 1) 

(1) (2) (3) (4) (5) (6) 

High>Median X After1989 -0.138** -0.130* -0.131* -0.0344 -0.0765 0.0204 

 (0.0671) (0.0671) (0.0679) (0.0662) (0.0644) (0.0670) 

Controls       

Population N Y N N N Y 

Employment N N Y N N Y 

College Attendance N N N Y N Y 

Housing Prices N N N N Y Y 

CountyXYear FE Y Y Y Y Y Y 

Municipality FE Y Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 2009 

Adj R-Sq 0.804 0.805 0.805 0.808 0.808 0.812 

Obs. 6,525 6,525 6,425 6,375 6,375 6,375 

Panel B. Municipalities with 

Institutes of Higher Education 

Ln (# Patents + 1) 

(7) (8) (9) (10) (11) (12) 

High>Median X After1989 0.469** 0.329** 0.415** 0.427** 0.326** 0.255 

 (0.200) (0.147) (0.155) (0.175) (0.144) (0.225) 

Controls       

Population N Y N N N Y 

Employment N N Y N N Y 

College Attendance N N N Y N Y 

Housing Prices N N N N Y Y 

CountyXYear FE Y Y Y Y Y Y 

Municipality FE Y Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 2009 

Adj R-Sq 0.913 0.918 0.915 0.914 0.915 0.917 

Obs. 725 725 725 725 725 725 

Notes: The regressions show the results from the differences-in-differences equation (1) for municipalities without 

(Panel A) and with (Panel B) institutes of higher education. The regressions are carried out over the period 1985 to 2009 

where all regression controls for county-by-year fixed effects and municipality fixed effects. Standard errors are 

presented in the parentheses and are clustered at the municipality level. (**) and (*) indicates that the estimate is 

statistically significant at the 5% and 10% level respectively. 
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First looking at panel A in table 6, we see that regressions (1), (2), and (3) show negative effects 

of the crisis, significant at the five and ten percent levels. The estimates drop towards zero 

when controlling for college attendance and housing prices, and remain so when including all 

controls, suggesting that the crisis did not affect the patent quantity among municipalities 

without institutions of higher education. 

 

When looking at municipalities with institutions of higher education, in panel B, we find 

estimates of a large magnitude and statically significant at the 5 percent level. These estimates 

suggest that the crisis increased the number of patents issued by 32 to 47 percent, however, this 

is only the case while including the controls separately. In regression (12), when including all 

municipality covariates in one regression, we see that the magnitude of the estimate drops to 

25 percent and loses its significance. While there is a sizable decrease of the magnitude 

compared to the previous estimates, a point estimate of 25 percent is still large. While the last 

estimate is not significant, I think the interpretation of the overall results in panel B suggest 

that the existence of institutions of higher education do play a role in the efficiency of adopting 

new human capital to productive activities, increasing innovation activity. 

5. CONCLUSION 

The impact of financial crises on innovation activity is relatively unexplored, and the results in 

previous studies do not give a complete picture. This paper contributes to the literature on 

determinants of innovation by studying the impact of the 90s financial crisis in Sweden on 

patent quantity. The empirical analysis builds on a differences-in-differences design that 

utilizes the cross-municipality variation in crisis exposure and the number of patents issued. 

Studying the 90s financial crisis in Sweden solves many of the methodological issues with 

identifying the impact of the crisis, as the crisis was sudden and had a significant impact on the 

economy and that patent data is comprehensive and easily accessible. The results show that the 

key assumption of common trends holds and that the employment level is balanced over the 

exposure groups. The results suggest that the 90s financial crisis did not affect the patent 

quantity, and the estimates are robust over different cutoff points and logarithmic 

transformation of the dependent variable. The quartile analysis first suggests a negative effect 

for the most exposed municipalities; however, the effect disappears when controlling for 

municipality covariates.  



27 
 

These results are interesting as they are not consistent with the results from previous empirical 

studies (e.g. Babina et al. 2020; Nanda and Nicholas 2014). These results are instead more 

supportive of the theoretical works of Schumpeter (1942) and Caballero and Hammour (1994), 

who argue that the innovation mechanism of creative destruction is necessary for innovation 

growth. A possible interpretation of the results is that mechanisms, such as creative destruction, 

mitigate the negative effects generated from the crisis. Another possible explanation for this 

inconsistent result is that the patent data in this paper does not differentiate between firms’ and 

independent inventors’ patents. It is possible that the crisis affected independent patents but 

that the negative effect is not large enough to be identified in a dataset where independent and 

firm patents are not defined. The inconsistency with previous empirical papers highlights the 

incomplete understanding of how financial crises affect innovation and discloses a gap in the 

literature that needs to be examined further.  

 

This paper also relates to the literature on how human capital and institutions of higher 

education are linked to innovation. Having an above-median college attendance increased the 

patent quantity by 18.5 to 19.5 percent and having access to an institution of higher education 

before the crisis occurred increased the patent quantity by 25.5 to 45 percent during the crisis. 

While the estimates for college attendance are robust the estimate for access to an institution 

of higher education are less robust. However, my results are consistent with previous literature 

(e.g. Toivanen and Väänänen 2016; Andersson et al. 2004; Jaffe 1989; Benhabib and Spiegel 

1994) and suggest that access to higher education institutions facilitate innovation activity 

during times of financial crisis. The results also have important implications for government 

policy to expand access to higher education institutions as they may improve the long-term 

innovation climate during times of financial crises. 

 

This paper examines innovation activity by measuring the crisis effect on patent quantity. 

While patent quantity has been argued to be a good measure of innovation (Griliches 1990) 

and has been used in several empirical papers (e.g. Babina et al. 2020; Nanda and Nicholas 

2014), it is not the only measure for innovation activity. Both patent quantity, measured in 

patent citations, and R&D expenditure have been used as a measurement for innovation 

activity. A suggestion for an extension of this paper or future studies is to estimate the effect 

of the 90s financial crisis not only on patent quantity but also on patent quality or R&D 

expenditures. An additional suggestion for future studies is to investigate how firms’ financial 

constraints affect crises’ effects on innovation. Both Manso et al. (2019) and Aghion et al. 
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(2012) suggest that the innovation mechanism of creative destruction loses efficiency if firms 

are financially constraint. 

 

A potential weakness of the paper is that I find that the exposure groups are not balanced over 

all the tested covariates. While the results in the paper account for the unbalances found, the 

existence of these unbalances means that we must acknowledge that other unbalances are 

possible. The unbalances can generate bias if they are not controlled for, however, it is not 

possible to control for all municipality covariates. This means that there are possible sources 

of bias that are not accounted for, which we must remember when interpreting the estimates in 

this paper. 

 

Since the 90s financial crisis occurred there have been social, industrial, and institutional 

changes which means that modern economies would likely react differently to an economic 

shock. The results from this paper will, therefore, capture a general effect of how innovative 

entities react to financial crises. Even if the results might not translate fully to a modern setting, 

we might still learn about possible impacts of contemporary crises, such as the COVID-19 

pandemic. 
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APPENDIX 

 

 

 

 

 

 

 

 

 

Figure A.1: The Swedish unemployment rate between 1985-2004 
Notes. The figure shows the Swedish unemployment rate from 1985-2004 for individuals aged 16-64. 

Source: Statistics Sweden 
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a) Avg. Number of patents/year b) % Employment loss during the crisis 

  

c) % College Attendance d) Avg. Housing prices (tkr) 

  
Figure A.2: Municipality Geographic Distribution of Municipality Covariates and Crisis Severity 
Notes. a) illustrates the average number of patents issued each year across municipalities. b) illustrates the percentage employment 

loss during the crisis years, 1991-93, across municipalities. c) illustrates the average share of each municipalities population that 

attended college each year. d) illustrates the average housing price in each year across municipalities. Each image covers the 

period associated with the municipality covariates and crisis severity presented in table 1. 
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(a) College Attendance Below the Median (b) College Attendance Above the Median 

  
Figure A.3: Yearly trends of the logarithm of the number of patents issued for Low and High Exposure Municipalities for 

Below and Above Median %College 
Notes: The figure illustrates the trends of the log average number of patents issued for the treatment and control group by year, for 

municipalities with below (a) and above (b) median college attendance. The aim of the figure is to visually assess the common trends 

assumption. 
 

(a) College Attendance Below the Median (b) College Attendance Above the Median 

  
Figure A.4: Yearly Crisis Diff-in-Diff Coefficients on Patent Quantity for Below and Above Median %College 

Notes: The figure illustrates the differences-in-differences coefficients from equation 2. Each dot represents the coefficient of the 

interaction of the crisis exposure indicator and each year. Each coefficient is estimated in relation to the reference year 1989. The 

regressions include county-by-year fixed effects and municipality fixed effects and control for population size. Standard errors are 

clustered at the municipality level. 

 

(a) College Attendance Below the Median (b) College Attendance Above the Median 

  
Figure A.5: Yearly Crisis Diff-in-Diff Coefficients on Patent Quantity for Below and Above Median %College by Quartiles 
Notes: The figure illustrates the differences-in-differences coefficients from equation 2 for below (a) and above (b) median college 

attendance by quartiles of crisis exposure. Each dot represents the coefficient of the interaction of the crisis exposure indicator and 

each year. Each coefficient is estimated in relation to the reference year 1989 and the 1st quartile. The regressions include county-by-

year fixed effects and municipality fixed effects and control for population size. Standard errors are clustered at the municipality level. 
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Table A.1: Robustness Test of Using Different Cutoff points for the Indicator of High Exposure 

 Ln(#Patents+1) 

 (1) (2) (3) (4) (5) (6) (7) (8) 

High>Median X After1989 -0.0526    -0.0652    

 (0.0624)    (0.0612)    

High>Mean X After1989  -0.0363    -0.0518   

  (0.0612)    (0.0598)   

High>25p X After1989   -0.142*    -0.135*  

   (0.0721)    (0.0691)  

High>75p X After1989    -0.0735    -0.104 

    (0.0692)    (0.0707) 

Population Control N N N N Y Y Y Y 

CountyXYear FE Y Y Y Y Y Y Y Y 

Municipality FE Y Y Y Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 2009 2009 2009 

Adj R-Sq 0.844 0.844 0.844 0.844 0.845 0.845 0.845 0.845 

Obs. 7,250 7,250 7,250 7,250 7,250 7,250 7,250 7,250 

Notes: The regressions show the results from the differences-in-differences specification. The regressions are carried out over the period 

1985 to 2009 where regression and all regression controls for county-by-year fixed effects and municipality fixed effects. Standard errors are 

presented in the parentheses and are clustered at the municipality level. (***) and (*) indicates that the estimate is statistically significant at 

the 1% and 10% level respectively. 
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Table A.2: Robustness Test of Using Different Logarithmic Transformations  

 Ln (#Patents+1) 

 (1) (2) (3) (4) 

High > Median X After1989 -0.0526 -0.0396 -0.0700 -0.0573 

 (0.0624) (0.0691) (0.0738) (0.0737) 

CountyXYear FE Y Y Y Y 

Municipality FE Y Y Y Y 

LHS Ln(x+1) Ln(x) IHS(x) Ln(x+.5) 

Start Year 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 

Adj R-Sq 0.837 0.835 0.819 0.810 

Obs. 7,250 6221 7,250 7,250 

Notes: The regressions are based on equation (1) but without control variables. Each regression has 

used a different logarithmic transformation to test the robustness of the estimate. Regression (1) is 

the standard transformation that I used in the main results. In regression (2) I just the simple 

logarithmic transformation. Regression (3) uses the inverse hyperbolic sine transformation (IHS). 

Regression (4) is like the standard logarithmic transformation used in the paper, but instead of 

adding 1 to each observations’ value I only add 0.5. Standard errors are presented in the parenthesis 

and are clustered at the municipality level. 
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Table A.3 Covariates Balance across Counties for Below- and Above-Median College Attendance 

 High>Median 

Below Median College 

Attendance 

Above Median College 

Attendance 

(1) (2) (3) (4) 

Std. Patents -0.263 

(0.430) 

0.0597 

(0.426) 

0.0687** 

(0.0344) 

0.0578 

(0.0353) 

Std. Employment -0.0410 

(0.142) 

-3.116*** 

(0.958) 

0.223*** 

(0.0694) 

-0.868 

(0.843) 

Std. College Attendance -0.432** 

(0.205) 

-0.516** 

(0.204) 

-0.0878 

(0.0653) 

-0.0799 

(0.0676) 

Std. Housing Prices 0.251 

(0.167) 

0.281* 

(0.156) 

-0.0144 

(0.0775) 

-0.00508 

(0.0758) 

Population Control N Y N Y 

County FE Y Y Y Y 

Start Year 1985 1985 1985 1985 

End Year 1989 1989 1989 1989 

Adj R-Sq 0.259 0.304 0.328 0.333 

Obs. 710 710 710 710 

Notes: The regressions test the balance of municipality covariates between the treatment and control group. The 

independent variables are standardized with mean of 0 and standard deviation of 1. The regressions are carried out over 

the period 1985 to 1989. Regressions include county fixed effects. Standard errors are presented in the parentheses and 

are clustered at the municipality level. (***), (**), (*) indicates that the estimate is statistically significant at the 1%, 

5%, and 10% level respectively. 
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Table A.4: Changing Cutoffs of the Indicator for Crisis Exposure for Below- and Above-Median College Attendance 

Panel A. Below Median College 

Attendance 

Ln(#Patents+1) 

(1) (2) (3) (4) 

High>Median X After1989 -0.111    

 (0.0884)    

High>Mean X After1989  -0.0817   

  (0.0836)   

High>25p X After1989   0.0191  

   (0.0988)  

High>75p X After1989    -0.105 

    (0.0850) 

Population Control Y Y Y Y 

CountyXYear FE Y Y Y Y 

Municipality FE Y Y Y Y 

Start Year 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 

Adj R-Sq 0.562 0.562 0.561 0.562 

Obs. 3,550 3,550 3,550 3,550 

Panel B. Above Median College 

Attendance 

Ln(#Patents+1) 

(1) (2) (3) (4) 

High>Median X After1989 0.186**    

 (0.0905)    

High>Mean X After1989  0.175*   

  (0.0895)   

High>25p X After1989   -0.0331  

   (0.0972)  

High>75p X After1989    0.104 

    (0.107) 

Population Control Y Y Y Y 

CountyXYear FE Y Y Y Y 

Municipality FE Y Y Y Y 

Start Year 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 

Adj R-Sq 0.874 0.874 0.873 0.873 

Obs. 3,700 3,700 3,700 3,700 

Notes: The regressions show the results from the differences-in-differences equation (1) for municipalities with below (Panel A) and above 

(Panel B) median college attendance. The regressions are carried out over the period 1985 to 2009 where regression and all regression 

controls for county-by-year fixed effects and municipality fixed effects. Standard errors are presented in the parentheses and are clustered 

at the municipality level. (**) and (*) indicates that the estimate is statistically significant at the 5% and 10% level respectively. 
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Table A.5: Different Logarithmic Transformation for Below- and Above-Median College Attendance 

Panel A. Below Median College 

Attendance 

Ln(#Patents+1) 

(1) (2) (3) (4) 

High>Median X After1989 -0.111 -0.187* -0.132 -0.115 

 (0.0884) (0.110) (0.112) (0.114) 

Population Control Y Y Y Y 

LHS Ln(x+1) Ln(x) IHS Ln(x+.5) 

CountyXYear FE Y Y Y Y 

Municipality FE Y Y Y Y 

Start Year 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 

Adj R-Sq 0.562 0.507 0.552 0.536 

Obs. 3,550 2,671 3,550 3,550 

Panel B. Above Median College 

Attendance 

Ln(#Patents+1) 

(5) (6) (7) (8) 

High>Median X After1989 0.186** 0.195** 0.193* 0.195* 

 (0.0905) (0.0921) (0.103) (0.101) 

Population Control Y Y Y Y 

LHS Ln(x+1) Ln(x) IHS Ln(x+.5) 

CountyXYear FE Y Y Y Y 

Municipality FE Y Y Y Y 

Start Year 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 

Adj R-Sq 0.874 0.868 0.861 0.858 

Obs. 3,700 3,550 3,700 3,700 

Notes: The regressions show the results from the differences-in-differences equation (1) for municipalities with below (Panel A) and 

above (Panel B) median college attendance. The regressions are carried out over the period 1985 to 2009 where regression and all 

regression controls for county-by-year fixed effects and municipality fixed effects. Standard errors are presented in the parentheses 

and are clustered at the municipality level. (**) and (*) indicates that the estimate is statistically significant at the 5% and 10% level 

respectively. 
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Table A.6: Quartile Analysis for Municipalities with Below- and Above- Median College Attendance 

Panel A. Below Median College 

Attendance 

Ln(#Patents+1) 

(1) (2) (3) (4) (5) 

Q4 X After1989 -0.128 -0.0852 -0.123 -0.132 -0.146 

 (0.121) (0.117) (0.120) (0.118) (0.131) 

Q3 X After1989 -0.0540 -0.0207 -0.0437 -0.0598 -0.0650 

 (0.120) (0.117) (0.121) (0.115) (0.122) 

Q2 X After1989 0.123 0.112 0.125 0.113 0.0682 

 (0.122) (0.117) (0.119) (0.116) (0.122) 

Controls      

Population N Y N N Y 

Employment N N Y N Y 

Housing Prices N N N Y Y 

CountyXYear FE Y Y Y Y Y 

Municipality FE Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 

Adj R-Sq 0.559 0.562 0.559 0.560 0.562 

Obs. 3,550 3,550 3,550 3,550 3,550 

Panel B. Above Median College 

Attendance 

Ln(#Patents+1) 

(6) (7) (8) (9) (10) 

Q4 X After1989 0.101 0.0681 0.0548 0.147 0.184 

 (0.120) (0.133) (0.137) (0.117) (0.124) 

Q3 X After1989 0.132 0.0996 0.0915 0.169 0.188* 

 (0.113) (0.120) (0.123) (0.110) (0.110) 

Q2 X After1989 -0.135 -0.151 -0.163 -0.0506 -0.00873 

 (0.105) (0.115) (0.116) (0.106) (0.106) 

Controls      

Population N Y N N Y 

Employment N N Y N Y 

Housing Prices N N N Y Y 

CountyXYear FE Y Y Y Y Y 

Municipality FE Y Y Y Y Y 

Start Year 1985 1985 1985 1985 1985 

End Year 2009 2009 2009 2009 2009 

Adj R-Sq 0.874 0.874 0.874 0.877 0.883 

Obs. 3,700 3,700 3,600 3,550 3,550 

Notes: The regressions show the results from the differences-in-differences equation (1) for municipalities with below (Panel 

A) and above (Panel B) median college attendance by quartiles. The regressions are carried out over the period 1985 to 2009 

where regression and all regression controls for county-by-year fixed effects and municipality fixed effects. Standard errors 

are presented in the parentheses and are clustered at the municipality level. (*) indicates that the estimate is statistically 

significant at the 10% level. 

 


