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Assessing the Effects of Covid-19 Containment Measures on Manufacturing and Services 

Industries 

 

Cem Ali Gökçen1 

  

Abstract 

This paper analyzes the short-term economic impacts of non-pharmaceutical interventions 

introduced in response to the Covid-19 pandemic on the manufacturing and services industries 

using cross-country data and assesses the role that fiscal and monetary stimulus deployed had 

played so far. To this end, the manufacturing and services Purchasing Managers Indices (PMI) are 

regressed seperately in a panel data setting on Oxford Stringency Index, which is a measure of 

government containment measures, and proxies for fiscal and monetary policy responses. 

Possible impacts of the progression of pandemic are also controlled for. The instrumental variable 

approach and system generalized method of moments are used to address potential endogeneity 

issue. Our empirical results from the cross-country analysis suggest that manufacturing PMI can 

fall by 3 points should the stringency of containment measures rise to the average maximum 

reached in the spring. We also show that the services PMI is more vulnerable to an increase in the 

stringency of non-pharmaceutical interventions. Our findings confirm that these adverse 

consequences can be averted by fiscal and monetary policy responses, which suggest that 

accommodative fiscal and monetary policies need to remain in place especially in countries with 

significant tightening in containment measures.   

 

Özet 

Bu makale Covid-19 salgınına karşı alınan tıbbi olmayan önlemlerin imalat sanayi ve hizmetler 

sektörü üzerindeki kısa dönemli iktisadi etkileri ile şu ana kadar uygulanan destekleyici maliye ve 

para politikalarının rolünü çoklu ülke verisi kullanarak incelemektedir. Bu amaçla, imalat sanayi ve 

hizmetler sektörü Satın Alma Yöneticileri Endeksi, hükümetlerin aldığı sınırlayıcı kararların bir 

göstergesi olan Oxford Sıkılık Endeksi ile kamu maliyesi ve para politikası destekleyici politikaları 

için belirlenen gösterge değişkenler ve panel veri yöntemi kullanılarak açıklanmaya çalışılmıştır. 

Ayrıca modelde salgının ilerlemesinin muhtemel etkileri kontrol edilmiştir. Olası içsellik sorununu 

kontrol etmek amacıyla enstrümental değişken ve genelleştirilmiş momentler metodu 

kullanılmıştır. Çoklu ülke verisi analizine dayanan ampirik bulgularımız kısıtlayıcı tedbirlerin 

sıkılığının bahar aylarındaki ortalama maksimum düzeyine çıkması durumunda imalat sanayi PMI 

endeksinde 3 puanlık gerileme yaşanabileceğini göstermektedir. Bununla birlikte hizmetler 

sektörü PMI endeksinin söz konusu tedbirlerin sıkılığındaki artışa daha duyarlı olduğunu gösterdik. 

Bulgularımız söz konusu olumsuz etkilerin kamu maliyesi ve para politikası önlemleri ile bertaraf 

edilebileceğini teyit etmekte ve özellikle sınırlayıcı tedbirlerin sıkılığının belirgin bir şekilde arttığı 

ülkelerde destekleyici kamu maliyesi ve para politika tedbirlerinin uygulanması gerektiğine işaret 

etmektedir. 
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Non-Technical Summary 

Almost a century after the last major global pandemic took its toll on the world, the humanity faces 

a major health threat posed by the novel Coronavirus. In the face of rising infection and death 

figures and the risk of public health system collapse, many countries introduced numerous non-

pharmaceutical interventions such as travel restrictions, school and business closures, closure of 

nonessential services, and cancellation of public events in an attempt to contain the spread of 

virus. While trying to limit the contagion, a significant number of countries mobilized fiscal, 

monetary, and macro-financial policies in a bid to weather the economic and financial implications 

of the pandemic and non-pharmaceutical interventions. This paper attempts to quantify the 

adverse effects of these containment measures on manufacturing and services industries and to 

assess the role that fiscal and monetary policy support have played so far in addressing the 

spillovers on economic activity.  

The analysis relies on Oxford Stringency Index as an overall measure of containment measures’ 

strictness, manufacturing and services Purchasing Managers Index, proxies for fiscal and 

monetary stimuli, and new deaths per million as a variable to control for the progression of 

pandemic. We estimate panel data regressions with fixed effects and use instrumental variable 

approach and system generalized method of moments to address potential endogeneity problem. 

The empirical results confirm that an increase in the stringency of non-pharmaceutical 

interventions is associated with falls in economic activity with services sector being severely hit. 

We also show that fiscal and monetary stimuli can help offset the short-term adverse economic 

implications of containment measures.  
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1. Introduction  

Almost a century after the last major global pandemic took its toll on the world, the humanity faces 

a major health threat posed by the novel Coronavirus. The death toll has surpassed 1.3 million 

with total cases around 53 million as of mid-November 2020. In the face of rising infection and 

death figures and the risk of public health system collapse, many countries introduced numerous 

non-pharmaceutical interventions (NPIs) such as travel restrictions, school and business closures, 

closure of nonessential services, and cancellation of public events in an attempt to contain the 

spread of virus.2 The extent, strictness, and duration of these mitigation measures display large 

differences between the countries. While majority of the countries implemented widespread 

measures to control the outbreak, some countries followed a less stringent approach. The 

countries that experienced virus outbreaks in the recent past used extensive testing and contact 

tracing as the main tools to manage the Covid19 pandemic. Empirical findings suggest that 

mitigation policies as well as self-protecting behavior of individuals were effective to limit the 

spread of virus and to flatten the curve. Fang et al. (2020) show that lockdown of the city of Wuhan 

helped reduce the number of Covid19 cases outside the epicenter of outbreak. Jinjarak et al. (2020) 

also document that non-pharmaceutical interventions lowered the mortality growth. Demirgüç-

Kunt et al. (2020) find that mortality rates have been lower in countries that introduced mitigation 

measures early in the process while economic activity in general shrank due to the non-

pharmaceutical interventions. Deb et al. (2020) show that stay-at-home orders and workplace 

closures are the most effective policy interventions to contain the spread of virus. On the other 

hand, some papers argue that voluntary measures played a more significant role compared to 

national lockdowns (Bartik et al., 2020 and Maloney and Taskin, 2020). Scenario analysis of 

Ferguson et al. (2020) highlights that in the absence of non-pharmaceutical interventions total 

number of deaths could have reached 0.5 million in the United Kingdom and 2.2 million in the US.  

While it is still early to assess the actual economic costs of the Covid-19 pandemic given the 

lingering risk of new waves of infections before vaccines are produced in large scale and 

distributed across the world to achieve herd immunization, a comparison of the International 

Monetary Fund’s (IMF) growth projections for 2020 can offer a ballpark estimate. The IMF, which 

expected the global economy to expand at a rate of 3 percent in 2020 in its October 2019 

projections, significantly revised down its forecast to a contraction of 4.4 percent in its latest World 

Economic Outlook report (IMFa). The emerging literature on the macroeconomic and financial 

repercussions of Covid-19 pandemic, transmission channels, the role of non-pharmaceutical 

interventions and voluntary social distancing offers valuable insights for effective policymaking. 

Barro et al. (2020) estimate the possible economic costs of Covid-19 pandemic using the casualty 

figures from the Spanish influenza era and find that global GDP can contract by 6 percent. 

Estimating the opportunity costs of shutdowns, Mulligan (2020) finds that welfare loss could be $7 

trillion per year of shutdown, which can be partially offset by vaccine development and risk 

mitigation measures.  

Aside from the loss of lives and significant costs to healthcare system, pandemics take a significant 

toll on employment, real wages, and asset returns (Jorda et al, 2020). Similar to the past pandemic 

episodes, Covid-19 outbreak sent shock waves around the world and is likely to leave long-term 

scars in the form of higher unemployment and deteriorating income inequality that may take 

                                                                        

 

2 The term “non-pharmaceutical interventions” is used interchangeably with “containment measures” and “mitigation 

measures” hereafter.  



4 

 

years to reverse. Several papers document the consequences of Covid-19 on job losses and 

inequality. Adams-Prassl et al. (2020) show that younger workers in Germany, UK and US are likely 

to experience fall in their income levels. Béland et al. (2020) argue that occupations with workers 

in close proximity are more affected compared to others. The IMF also expects that almost 90 

million people around the world could fall below $1.90 a day income level, which is considered as 

extreme deprivation (IMFa).  

While trying to limit the contagion, a significant number of countries mobilized fiscal, monetary, 

and macro-financial policies in a bid to weather the economic and financial implications of the 

pandemic on their economies. According to the IMF Policy Tracker, which is a section on the Fund’s 

website dedicated to policy responses to Covid-19 and offers a comprehensive overview of fiscal, 

monetary, and macro-financial measures introduced by its member countries, the governments 

relaxed requirements to access unemployment benefits, provided or increased transfers to poor 

households, postponed social security and tax payments, and introduced insolvency relief 

measures for businesses affected.3 As a result, discretionary revenue and spending measures 

announced in advanced and emerging market economies reached %9 and %3.5 of GDP, 

respectively (IMFb). On the monetary policy front, the central banks slashed their policy rates as 

well as reserve requirement ratios and provided liquidity to ease the financial conditions. Some 

policymakers offered temporary regulatory forbearance and extended the time period to classify 

targeted non-performing loans in certain sectors. Elgin et al. (2020) compiled a comprehensive 

database of fiscal, monetary, macro-financial, and exchange rate policies adopted so far and 

developed the COVID-19 Economic Stimulus Index. According to their most recent figures, macro-

financial support stood at %6.6 of GDP.  

The main goal of this paper is to quantify the effects of non-pharmaceutical interventions on 

manufacturing and services Purchasing Managers Index (PMI), which are correlated with GDP 

growth and widely used for nowcasting and analysis purposes. The analysis relies on Oxford 

Stringency Index as an overall measure of containment measures’ strictness, manufacturing and 

services Purchasing Managers Index, proxies for fiscal and monetary stimuli, and new deaths per 

million as a variable to control for the progression of pandemic. Our sample period is from January 

2020 to September 2020 and covers both tightening in stringency measures and the re-opening 

episode. We estimate panel data regressions with fixed effects and also use instrumental variable 

approach and system generalized method of moments to address potential endogeneity problem. 

The empirical results suggest that services industry is more susceptible to a tightening in the 

containment measures and manufacturing PMI can fall by 3 points if the average stringency of 

non-pharmaceutical interventions rises from its September level of 56 to average maximum 

recorded in the spring barring any fiscal and monetary policy responses. The second goal of this 

paper is to examine the role that fiscal and monetary policies have played in terms of alleviating 

the economic consequences of mitigation measures. We contribute to the current debate on the 

effects of containment measures by presenting our estimates on the PMI indices’ response to 

changes in the stringency of NPIs. Using proxies for fiscal and monetary stimuli we show that 

supportive fiscal and monetary policies are essential to contain the adverse impacts of 

containment measures. The empirical findings can offer valuable takeaways for the policymakers 

and especially for those that face new wave of Covid-19 pandemic.  

                                                                        

 

3 https://www.imf.org/en/Topics/imf-and-covid19/Policy-Responses-to-COVID-19  

https://www.imf.org/en/Topics/imf-and-covid19/Policy-Responses-to-COVID-19
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The remainder of the paper is structured as follows. Section 2 briefly describes the econometric 

methodology. Section 3 presents the data employed in this paper and describes the stylized facts. 

Section 4 discusses the empirical results of our analysis and the last section concludes with some 

of the key takeaways of this paper.  

2. Methodology  

Considered as one of the timely leading indicators PMI indices are correlated with the GDP growth 

and widely used for forecasting and analysis purposes by policymakers, companies, and financial 

institutions. The literature documents the strong relationship between the PMI and various 

macroeconomic variables and especially the GDP growth. For instance, Koenig (2002) showed that 

a forecasting model incorporating contemporaneous values of the manufacturing PMI index yields 

accurate predictions for the Federal Reserve’s policy. In addition, the inclusion of ISM index in GDP 

nowcasting model improves the model’s accuracy (Lahiri and Monokroussos, 2013). In view of the 

PMI indices’ correlation with the GDP growth, assessing the impacts of containment measures on 

the manufacturing and services PMI both over time and across countries can provide a ballpark 

estimate of possible spillovers from non-pharmaceutical interventions to the GDP growth. Our 

model relates the PMI indices to the stringency of containment measures while controlling for the 

fiscal and monetary policy responses. The benchmark panel regression model with country fixed-

effects we estimate is:  

𝑃𝑀𝐼𝑖,𝑡 = 𝑐 + 𝛼𝑖 + 𝛽1 𝑂𝑆𝐼𝑖,𝑡 + 𝛽2𝐹𝑖𝑠𝑐𝑎𝑙𝑖,𝑡−1 + 𝛽3𝐶𝐵 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1 +  𝛽4𝑂𝑆𝐼𝑖,𝑡−1 ∗ 𝑅𝑎𝑡𝑒 𝐶ℎ𝑛𝑖,𝑡−1 + 𝜀𝑖,𝑡              

                                     (1)   

where 𝑃𝑀𝐼𝑖,𝑡  stands for manufacturing or services PMI of country i in month t, 𝑂𝑆𝐼𝑖,𝑡  is the Oxford 

Stringency Index, 𝐹𝑖𝑠𝑐𝑎𝑙𝑖,𝑡−1 is the year-on-year change in public expenditures, 𝐶𝐵 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1 

is the year-on-year change in central bank total assets,  

𝑂𝑆𝐼𝑖,𝑡−1 ∗ 𝑅𝑎𝑡𝑒 𝐶ℎ𝑛𝑖,𝑡−1 is the interaction term between OSI and policy rate cuts, 𝛼𝑖 is the unobserved 

fixed effect, and  𝜀𝑡,𝑖  is the error term across countries and time.  

Since the PMI surveys are filled out in the second-half of each month, we assume that fiscal and 

monetary policy measures introduced after mid-month would not be reflected in this particular 

month’s PMI indices. In addition, most of the fiscal and monetary policy data cover the full-month 

and it is not feasible to generate fiscal or monetary policy indicators corresponding to the survey 

periods. As a result, we use the lagged values of fiscal and monetary policy variables in the 

regressions. We include the contemporaneous level of the OSI, which is the simple average of daily 

stringency indices between the 16th of previous month and 15th of current month during which 

purchasing managers fill out the surveys. In the spirit of Deb et al. (2020), central bank policy rate 

changes are interacted with the stringency index to test whether the changes in PMI indices in 

response to the containment measures differ between countries that have cut policy rates and 

those with no change in rates.4  

Coibion et al. (2020) argues that infections can inflict direct effects on the local economy and 

suggests including the share of Covid-19 infections in the population to account for these impacts. 

Demirgüç-Kunt et al. (2020) also uses a death per million variable in their econometric analysis to 

account for the progression of the pandemic. In a similar vein, we re-estimate the equation 1 by 

                                                                        

 

4 Additional interaction terms between OSI and policy variables are used in fixed effects regressions and results are 

presented in the empirical results section.  
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including a fatality variable. The benchmark model with the inclusion of this additional variable 

becomes:   

𝑃𝑀𝐼𝑖,𝑡 = 𝑐 + 𝛼𝑖 + 𝛽1 𝑂𝑆𝐼𝑖,𝑡 + 𝛽2𝐹𝑖𝑠𝑐𝑎𝑙𝑖,𝑡−1 + 𝛽3𝐶𝐵 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1 + 𝛽4𝑂𝑆𝐼𝑖,𝑡−1 ∗ 𝑅𝑎𝑡𝑒 𝐶ℎ𝑛𝑖,𝑡−1 + 𝛽3𝐹𝑎𝑡𝑎𝑙𝑖𝑡𝑦𝑖,𝑡 + 𝜀𝑖,𝑡   

                                                     (2)   

where 𝐹𝑎𝑡𝑎𝑙𝑖𝑡𝑦𝑖,𝑡 is the number of daily deaths per million averaged between the 16th of previous 

month and 15th of current month during which purchasing managers fill out the surveys. 

In order to address potential endogeneity of the explanatory variables and to introduce dynamics 

in our main specification, we estimate the following dynamic panel model with the Generalized 

Method of Moments (GMM) estimator proposed by Arellano and Bond (1991), Arellano and Bover 

(1995), and Blundell and Bond (1998), amongst others:  

𝑃𝑀𝐼𝑖,𝑡 = 𝑐 + 𝛼𝑖 + 𝑎 𝑃𝑀𝐼𝑖,𝑡−𝑛 +  𝛽1 𝑂𝑆𝐼𝑖,𝑡 + 𝛽2𝐹𝑖𝑠𝑐𝑎𝑙𝑖,𝑡−1 + 𝛽3𝐶𝐵 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1 +

                       𝛽4𝑂𝑆𝐼𝑖,𝑡−1 ∗ 𝑅𝑎𝑡𝑒 𝐶ℎ𝑛𝑖,𝑡−1 + 𝛽3𝐹𝑎𝑡𝑎𝑙𝑖𝑡𝑦𝑖,𝑡 + 𝜀𝑖,𝑡                                                                           (3)   

where n denotes the lag order of the dependent variable.  

In a dynamic panel data model estimated with Ordinary Least Squares (OLS), the lags of dependent 

variable would be correlated with the fixed effects in the error term. This correlation would violate 

the assumption necessary for the consistency of OLS estimators and coefficient estimates of the 

lagged dependent variable would be biased. Nickel (1981) shows that such inconsistency could not 

be addressed in a panel model with smaller time-series by including additional regressors. One 

approach to address the endogeneity concerns, as suggested by Anderson and Hsiao (1982), is to 

take the differences of original model and to use instruments for lagged dependent variable from 

its second and third lags. One obvious drawback of this approach is that using longer lags in a two-

stage least squares model would lower the sample size as observations with limited lags would be 

dropped. In an attempt to overcome this challenge, Holtz-Eakin, Newey, and Rosen (1988) suggests 

using a set of instruments from the second lags of dependent variable and substituting zeros for 

those missing observations so that this would create GMM-style instruments. The system GMM 

estimator builds a system of two equations and uses lagged differences of the variables as 

instruments for the equation in levels and lagged levels of the variables as instruments for the 

equation in first differences. One of the advantages of the systems GMM approach is that 

endogeneity of explanatory variables can be addressed by using their lags. While time-invariant 

exogenous orthogonal to the individual fixed effects can be used, Roodman (2009) argues that 

including fixed effects dummies could create bias particularly when the time dimension is limited.  

3. Data and Stylized Facts  

The PMI indices provide valuable insights about corporates’ expectations of several economic 

variables including output, new orders, employment, and output prices. Senior purchasing 

executives fill out the surveys in the second half of each month and indicate whether particular 

variables increased, decreased or remained constant at their firms (IHS Markit, 2017). The indices 

are compiled on a monthly basis for the manufacturing, services, and construction industries. The 

PMI indices take values between 0 and 100 and levels above 50 indicate an acceleration in 

economic activity of respective industry compared to the previous month.  

The list of countries for which manufacturing and services PMI data available is different and 

inclusion of countries in our samples is determined by data availability. There are 36 countries in 

the first sample for manufacturing PMI and 16 countries in the second sample for services PMI. 
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China is not included in our analysis since both manufacturing and services PMI indices slumped 

relatively early in the year compared to the rest of countries in our samples.  

[Insert Table 1 near here] 

The Oxford Stringency Index (OSI) developed by researchers from Oxford University’s Blavatnik 

School of Government is used as a measure of government containment measures (Hale et al., 

2020). The OSI index ranges between 0 and 100 and is based on nine indicators covering policy 

responses such as school and workplace closures, stay-at-home requirements, lockdowns, and 

travel restrictions. An increase in the OSI index implies a tightening in non-pharmaceutical 

interventions.  

We assume that year-on-year changes in public expenditures and central bank total assets can be 

considered as proxies for the fiscal and monetary policy responses, respectively. The central bank 

policy rates are collected from each central bank’s website while public expenditures are gathered 

from national authorities’ websites and Bloomberg.5  Our sample period is from January 2020 to 

September 2020 and covers both tightening in stringency measures and the re-opening episode.  

The daily number of Covid-19 cases displayed an exponential growth in the early stages of the 

pandemic and new death figures continued to climb up until late-April (Figure 1). Non-

pharmaceutical interventions introduced around the globe helped flatten the curve without which 

the death toll could have been significantly higher. Google mobility reports show that visits to retail 

centers, grocery stores, public transport stations and workplaces sharply plummeted in response 

to the tightening containment measures (Figure 2).6 As a result, activity in the manufacturing and 

services industries collapsed across the board in April (Figure 3). The contraction in the services 

PMI was more pronounced as mobility restrictions heavily weighed on the services industry activity 

(Figure 4). This is in line with Baker et al.’s (2020) finding, which shows that higher levels of social 

distancing leads to falls in the US household consumption and particularly restaurant and retail 

spending. The recovery in manufacturing and services industry following the reopening efforts 

was sharp and suggested a V-shaped recovery. As of September 2020 the PMI indices in almost all 

regions remained in the expansionary territory except for the Asia-Pacific’s services PMI, which 

displayed a lackluster recovery since April. Figures 5 and 6 suggest that there is clearly a negative 

relationship between tightening in government stringency and the PMI indices. It is also worth 

noting that countries with more stringent measures in place had larger falls in their manufacturing 

and services sector activity. 

[Insert Figures near here] 

The samples broadly share similar characteristics except for a few differences. For instance, public 

spending growth of the second sample is relatively higher compared to the first sample. This 

difference can be explained by the fact that almost 70 percent of the second sample is comprised 

of advanced countries, which can finance widening budget deficits easily compared to emerging 

market and developing countries. Another major difference is the relatively higher standard 

 

                                                                        

 

5 Quarterly public expenditure data is converted into monthly observations using cubic spline interpolation method.  
6 The changes in mobility is relative to the median value for that corresponding day of the week between January 3rd and 

February 6th. 
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deviation of total asset growth observed in sample 1, which can be partly attributed to the large 

swings in Bank of Canada’s balance sheet.  

[Insert Tables 2 and 3 near here] 

4. Empirical Results 

We estimated equations 1 and 2 for both samples with country fixed effects and tested the validity 

of no serial correlation, homoscedasticity of residuals, and cross-sectional independence 

assumptions. Woolridge (2002) test for serial correlation in panel data models suggests that there 

is serial correlation in the idiosyncratic errors of the linear panel-data models. Modified Wald test 

rejects the homoscedasticity assumption while Pesaran’s (2015) cross-sectional dependence test 

shows that residuals are correlated across entities. As a result of serial correlation, 

heteroscedasticity, and cross-sectional dependence identified in fixed-effects models, equations 1 

and 2 are estimated for manufacturing and services PMI separately using Driscoll and Kraay (1998) 

heteroscedasticity autocorrelation spatial correlation robust standard errors.  

The coefficient estimates for models with manufacturing PMI as the dependent variable are 

broadly the same for both samples. However, columns 1 and 2 in Table 4 show that fiscal and 

monetary policy coefficients are relatively higher for the second sample. Overall, the results 

suggest that non-pharmaceutical interventions are negatively associated with activity in the 

manufacturing and services industries. All else being equal, 1-point increase in the OSI is 

associated with 0.133 to 0.151 drops in the manufacturing PMI. The results also provide empirical 

evidence that services sector is more affected from an increase in the OSI, which can inflict 0.272 

points fall in the services PMI.  

[Insert Tables 4 and 5 near here] 

The estimated coefficients suggest that fiscal and monetary stimuli can help offset the short-term 

adverse economic implications of the containment measures. Similar to Deb et al. (2020), we find 

that countries with reduced policy rates are affected less from a tightening in the NPIs. Since 

majority of the advanced economy central banks in our samples are operating at or near the zero 

lower bound, quantitative easing and balance expansion have been widely employed during the 

current crisis. Moreover, unlike the previous global crisis episodes, most of the emerging and 

developing economy central banks embarked upon quantitative easing. Column 1 of Table 4 

shows that, holding other variables constant, central bank balance sheet expansion can help 

mitigate the adverse effects of containment measures on the manufacturing. Although fiscal policy 

coefficients in all specifications have the expected sign, they are statistically insignificant at 

conventional confidence levels. This does not necessarily imply that fiscal policy is not effective in 

mitigating the adverse effects of pandemic.  

The columns 3 to 8 in Table 4 and 2 to 4 in Table 5 show the coefficient estimates for the 

specification with daily deaths per million variable included to control for the progression of 

pandemic. The fatality variable has the expected sign and its inclusion does not materially change 

the coefficient estimates. In addition, we use the first difference of the fatality in lieu of the level 

of daily death per million given the unclear unit root test results reported in Tables A3 and A4. 1-

point increase in the change rate of death per million individuals would reduce the manufacturing 

and services PMI by 0.33 and 0.4 points, respectively.  

We estimate different model specifications by incorporating additional interaction terms between 

OSI and fiscal and monetary policy variables. Two points are worth emphasizing: the coefficient 
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estimates maintain their signs and regressors other than the policy variables are broadly same 

but the fiscal and monetary policy coefficient estimates are attenuated with the inclusion of 

interaction terms. Even though the interaction terms have negative sign, their levels are  

significantly lower than the coefficients of policy variables.  

[Insert Table 6 near here] 

One particular empirical challenge associated with the estimation of equations 1 and 2 is that all 

or some of the explanatory variables can be endogenous. For instance, the implementation of 

non-pharmaceutical interventions depends on the progression of pandemic and contagion can 

affect the economic activity (Maloney and Taskin, 2020). This would render the fatality variable 

endogenous. Furthermore, the policymakers’ decision to introduce new NPIs or to tighten the 

existing measures can be affected by not only health concerns but also by the potential 

repercussions of these measures on the economic activity. In a similar vein, the fiscal and 

monetary policy measures may not be strictly exogenous and can be endogenous in some 

circumstances as they can be related to the lagged residuals. Instrumental variable approach can 

be used to mitigate the possible endogeneity of regressors included in our models. However, 

finding suitable instruments is a challenging task. For instance, the mobility indicators are highly 

correlated with our main variable of interest and can be considered as instruments for the OSI. 

Despite their relevance, changes in the mobility can have a bearing on the dependent variables. A 

significant drop in retail mobility can take a toll on the economic activity of services sector, which 

suggests that mobility indicators in this setting would not meet the exclusion restriction criterion. 

On the other hand, in the spirit of Demirgüç-Kunt et al. (2020), fatality variable can be instrumented 

with death projections from a Susceptible-Infected-Recovered (SIR) model under the assumption 

of no non-pharmaceutical interventions are introduced.7 Assuming that all regressors except for 

fatality rate are exogenous, we estimate the panel instrumental variable regressions with the GMM 

approach introduced by Hansen (1982). GMM employs orthogonality conditions to generate 

efficient estimations in the presence of heteroscedasticity of unknown form and is considered as 

the usual approach when facing heteroscedasticity. The F-test of the first stage regression and 

Stock-Yogo weak identification test using Cragg-Donald F-statistic is only significant for the 

manufacturing PMI regressions using the first sample. We report the IV regressions results for 

services PMI only for illustration purposes. The column 5 of Table 4 indicates that controlling for 

endogeneity of death figures slightly reduces the impact of OSI on the manufacturing and services 

PMI while the policy coefficients remain broadly the same.  

System GMM models are estimated as an alternative strategy to introduce dynamics into our 

models and to address the possible endogeneity of OSI, fiscal and monetary policy responses, and 

the fatality variable. We use Windmeijer (2005) correction for standard errors and set up the 

system GMM estimator with a collapsed set of instruments to manage the problems associated 

with too many instruments generated. System GMM estimations are restricted to the 

manufacturing PMI as second sample’s number of cross-sections limit the scope for GMM analysis. 

We test the validity of our system GMM estimates using a number of tests. First of all, dynamic 

panel data requires the condition of no serial correlation in the error terms (Cameron and Trivedi, 

2009). The Arellano-Bond AR(2) test confirms that there is no second-order serial correlation in the 

                                                                        

 

7 A team of researchers from University of Basel developed a SIR model and provide web tools that can be used to 

generate scenarios and analyze the impacts of various measures on Covid-19 case count as well as other key variables. 

https://covid19-scenarios.org/  

https://covid19-scenarios.org/
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error terms. Secondly, we perform Hansen test to confirm the validity of exclusion restrictions. 

Roodman (2009) calls for caution in interpreting the results of Hansen test due to the risk of 

instrument proliferation and considers p-values above 0.25 as a sign of potential problem. Hansen 

test indicates that instruments are correctly excluded from the model and p-values are 

comfortably below the levels that would warrant caution.  

[Insert Table 7 near here] 

Controlling for the endogeneity of all explanatory variables does not materially alter the coefficient 

estimates of OSI but significantly changes those of the policy variables. Both fiscal policy and 

monetary policy rate changes are statistically significant and can play a more critical role to 

weather the adverse impacts of NPIs on the manufacturing sector activity. In addition, an increase 

in the central bank balance sheet can buoy the manufacturing activity but its coefficient estimates 

are significantly lower compared to the estimates from fixed effects and panel IV regressions.  

6. Conclusion 

Similar to Deb et al. (2020) and Demirgüç-Kunt et al. (2020) the empirical findings presented in this 

paper suggest that non-pharmaceutical interventions can weigh on the economic activity. In the 

event that the countries tighten their containment measures and as a result the OSI rises from its 

current level to the average maximum recorded at the peak of pandemic, the manufacturing PMI 

can fall by approximately 3 points assuming no change in the daily death numbers and no fiscal 

or monetary policy response. To put these estimates into context, we regressed quarter-over-

quarter change in the US GDP on manufacturing PMI and a constant. Based on these estimates, 3 

points fall in the manufacturing PMI would translate into 0.84 percent fall in the US growth rate.8 

Services sector is more vulnerable to falls in mobility and deceleration in the services PMI index in 

response to a rise in OSI is larger and on average to the tune of 5 points. It is worth emphasizing 

these results apply to the average of countries in our sample and actual change in the activity 

figures can be more severe depending on individual changes in OSI and other variables. 

We show that fiscal and monetary policy responses can play a major role in weathering the 

implications of non-pharmaceutical interventions on the services and manufacturing sectors’ 

activity. These findings suggest that supportive policies should remain in place especially in 

countries with significant tightening in containment measures. The policy mix hinges on country 

specific factors such as demographics, infection growth, and available policy space, among others. 

The discussion on optimal policy response, its composition or course of policy action going 

forward is beyond the scope of this paper.  

There are certain caveats related to data and empirical approach employed in this paper. First of 

all, we assume that year-on-year growth in public spending and central bank total assets can serve 

as proxies for policy responses. However, these variables may not entirely capture the stimuli 

introduced over the course of year. For instance, we consider the policy responses at the national 

level and do not take into account regional support mechanisms, which can play a significant role 

especially for Euro area members. Secondly, we do not account for heightened uncertainty that 

                                                                        

 

8 US GDP (qoq, saar) is regressed on manufacturing PMI and a constant. Figures in parenthesis show the robust standard 

errors.  

Sample period: 2000-2020. 

gdp = .2785073 * pmi – 12.665  

                     (0.067)          (3.606)   
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can potentially affect the expectations. Lastly, while this paper focuses on the de facto stringency 

of containment measures, social distancing and self-isolation of individuals can also have a bearing 

on economic activity. We did not control for changes in the mobility since inclusion of such 

variables would likely cause reverse causality problem and bias the coefficient estimates. All or 

part of these considerations can be explored in future research.  
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Figure 1: Daily COVID19 Cases and Deaths  

(world total, million, smoothed)  

  

Figure 2: Retail&Transit Station Mobility and 

Oxford Stringency Index (world average, 

mobility in reverse order) 

 

 

 

Source: Our World in Data 

(OWD). 

  Source: Our World in Data 

(OWD). 

 

 

Figure 3: Manufacturing PMI 

  

Figure 4: Services PMI  

 

 

 
Source: Bloomberg.   Source: Bloomberg.  
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Figure 5: Change in Manufacturing PMI and OSI  

(Between January – April 2020) 

 Figure 6: Change in Services PMI and OSI  

(Between January  – April 2020) 

   

 

 

 

Source: Bloomberg, OWD.   Source: Bloomberg, OWD. 

Table 1: List of Countries Included in the Sample 

Manufacturing PMI Services PMI 

Australia Malaysia Australia 

Austria Mexico Brazil 

Brazil Netherlands France 

Canada New Zealand India 

Colombia Norway Ireland 

Czech Republic Philippines Italy 

Egypt Poland Japan 

France Qatar New Zealand 

Greece Russia Russia 

Hungary South Africa Spain 

India Spain Switzerland 

Indonesia Sri Lanka United Kingdom 

Ireland Sweden United States 

Israel Switzerland Sweden 

Italy Thailand Kazakhstan 

Japan Turkey Sri Lanka 

Kazakhstan United Kingdom   

Kenya United States   
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Table 2: Descriptive Statistics and Data Sources (Sample 1) 

Variable Name 

Number 

of 

Countries 

Number 

of obs. 
Mean 

Std. 

Dev. 
Min. Max. Source 

Manufacturing PMI 36 324 46.93 7.31 22.80 67.30 Bloomberg 

OSI 36 315 47.50 30.45 0.00 98.15 OWD 

Policy Rate 

Changes 
36 324 -0.12 0.39 -3.00 2.75 

Central 

Banks 

Total Assets  

(yoy, %) 
36 294 27.63 44.87 -13.17 358.68 

Bloomberg, 

National 

Authorities 

Public Spending 

(yoy, %) 
36 300 18.92 29.06 -26.05 222.67 

Bloomberg, 

National 

Authorities 

Fatality  

(per million) 
36 316 1.63 7.13 0.00 71.51 OWD 

 

Table 3: Descriptive Statistics and Data Sources (Sample 2) 

Variable Name 

Number 

of 

Countries 

Number 

of obs. 
Mean 

Std. 

Dev. 
Min. Max. Source 

Manufacturing PMI 16 161 47.57 7.77 22.80 67.30 Bloomberg 

Services PMI 16 162 42.57 13.21 0.00 62.80 Bloomberg 

OSI 16 160 46.30 30.43 0.00 94.89 OWD 

Policy Rate Changes 16 162 -0.08 0.38 -2.50 2.75 
Central 

Banks 

Total Assets  

(yoy, %) 
16 139 25.50 26.32 -13.17 134.58 

Bloomberg, 

National 

Authorities 

Public Spending 

(yoy, %) 
16 145 24.24 32.98 -26.03 222.67 

Bloomberg, 

National 

Authorities 

Fatality  

(per million) 
16 160 2.71 9.84 0.00 71.51 OWD 
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Table 4: Fixed-effects and instrumental variable regression results of manufacturing PMI to stringency of containment measures, fiscal 

and monetary stimulus, and progression of the Covid-19 pandemic  

  Equation 1 Equation 2 
 FE FE FE FE IV FE FE IV 
 (1) (2) (3) (4) (5) (6) (7) (8) 

  Sample 1 Sample 2 Sample 1 Sample 1 Sample 1 Sample 2 Sample 2 Sample 2 

OSI -0.133** -0.151** -0.132** -0.134** -0.128*** -0.147** -0.143** -0.130*** 
 [0.044] [0.055] [0.044] [0.040] [0.028] [0.056] [0.050] [0.034] 

Fiscal 0.006 0.012 0.006 0.006 0.007 0.012 0.008 0.015 
 [0.009] [0.010] [0.009] [0.014] [0.023] [0.010] [0.014] [0.032] 

Rate Chn -0.048* -0.052** -0.048* -0.046* -0.047** -0.052** -0.052** -0.050* 
 [0.025] [0.017] [0.025] [0.022] [0.024] [0.018] [0.016] [0.027] 

CB Total Assets 0.071** 0.137** 0.071** 0.068*** 0.070*** 0.137** 0.127** 0.139*** 
 [0.021] [0.045] [0.021] [0.019] [0.020] [0.045] [0.041] [0.039] 

Fatality   -0.028  -0.112 -0.054  -0.288 
   [0.032]  [0.464] [0.039]  [0.386] 

Fatality (first difference)     -0.327**   -0.307**  

     [0.119]   [0.118]  

Constant 51.013*** 50.935*** 51.000*** 51.214***  50.898*** 50.950***  

 [1.279] [0.831] [1.271] [1.204]  [0.825] [0.853]  

          

          

Weak identification test      5.933   3.338 

F-test (first stage)      3.39 

(0.0741) 
  2.46 

(0.1379) 

Observations 258 118 258 257 258 118 118 118 

Number of groups 36 16 36 36 36 16 16 16 

Country FE YES YES YES YES YES YES YES YES 

Note: Dependent variable is the manufacturing PMI. Driscoll and Kraay (1998) heteroscedasticity autocorrelation spatial correlation robust 

standard errors are in brackets for the fixed effects estimations. IV standard errors are robust to both arbitrary heteroscedasticity and arbitrary 

intra-group correlation.  

Stock-Yogo weak identification test critical values: 10% maximal IV size=16.38 15%=8.96 20%=6.66 25%=5.53 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 5: Fixed effect and IV regression results of services PMI to stringency of 

containment measures, fiscal and monetary stimulus, and progression of the Covid-19 

pandemic  

  Equation 1 Equation 2 
 FE FE FE IV 
 (1) (2) (3) (4) 

  Sample 2 Sample 2 Sample 2 Sample 2 

OSI -0.272*** -0.264*** -0.260*** -0.196*** 
 [0.073] [0.072] [0.064] [0.076] 

Fiscal 0.027 0.028 0.021 0.039 
 [0.016] [0.017] [0.022] [0.043] 

Rate Chn -0.095* -0.094* -0.095** -0.086*** 
 [0.040] [0.041] [0.039] [0.028] 

CB Total Assets 0.220*** 0.221*** 0.205*** 0.230** 
 [0.060] [0.060] [0.051] [0.102] 

Fatality  -0.100  -1.035 
  [0.061]  [0.927] 

Fatality (first difference)    -0.470*  

    [0.208]  
Constant 48.440*** 48.372*** 48.463***  
 [3.078] [3.109] [3.125]  
     

 
Weak identification test     3.338 

F-test (first stage)     2.46 

(0.1379) 

Observations 118 118 118 118 

Number of groups 16 16 16 16 

Country FE YES YES YES YES 

Note: Dependent variable is the services PMI. Driscoll and Kraay (1998) heteroscedasticity 

autocorrelation spatial correlation robust standard errors are in brackets for the fixed effects 

estimations. IV standard errors are robust to both arbitrary heteroscedasticity and arbitrary 

intra-group correlation.  

Stock-Yogo weak identification test critical values: 10% maximal IV size=16.38 15%=8.96 

20%=6.66 25%=5.53 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 6: Fixed effect regression results of manufacturing and services PMI to stringency of 

containment measures, fiscal and monetary stimulus and their interaction with OSI, progression of 

the Covid-19 pandemic  

  Manufacturing PMI Services PMI 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

  Sample 1 Sample 2 Sample 1 Sample 1 Sample 2 Sample 2 Sample 2 Sample 2 Sample 2 

OSI -0.112** -0.136** -0.109** -0.113** -0.126* -0.127** -0.271*** -0.257*** -0.259*** 
 [0.041] [0.055] [0.041] [0.035] [0.055] [0.041] [0.071] [0.069] [0.057] 

Fiscal 0.032 0.061 0.034 0.035 0.067 0.036 0.218** 0.227** 0.181 
 [0.025] [0.039] [0.024] [0.042] [0.042] [0.047] [0.085] [0.086] [0.109] 

Fiscal x OSI -0.000 -0.001 -0.000 -0.000 -0.001 -0.000 -0.003* -0.003* -0.003 

 [0.000] [0.001] [0.000] [0.001] [0.001] [0.001] [0.001] [0.001] [0.002] 

Rate Chn -0.050* -0.053*** -0.049* -0.048* -0.053** -0.052** -0.106** -0.105** -0.104** 
 [0.025] [0.015] [0.025] [0.024] [0.015] [0.015] [0.040] [0.040] [0.040] 

CB Total 

Assets 
0.155** 0.150** 0.158** 0.156** 0.158** 0.148** 0.154* 0.166* 0.152* 

 [0.046] [0.050] [0.047] [0.046] [0.050] [0.052] [0.068] [0.075] [0.073] 

CB Total 

Assets x OSI 
-0.001** -0.000 -0.001** -0.001** -0.001 -0.001 0.002 0.001 0.001 

 [0.001] [0.001] [0.001] [0.001] [0.001] [0.001] [0.002] [0.002] [0.002] 

Fatality   -0.051  -0.069*    -0.105  

   [0.028]  [0.034]    [0.059]  

Fatality (first 

difference) 
    -0.319**  -0.306*   -0.447 

     [0.130]  [0.131]   [0.244] 

Constant 49.924*** 50.304*** 49.854*** 50.110*** 50.114*** 50.411*** 47.479*** 47.191*** 47.635*** 
 [1.315] [1.116] [1.326] [1.158] [1.158] [1.236] [3.625] [3.787] [4.004] 
            

Observations 258 118 258 118 257 118 118 118 118 

Number of 

groups 
36 16 36 16 36 16 16 16 16 

Country FE YES YES YES YES YES YES YES YES YES 

Note: OSI: Oxford Stringency Index, Fiscal: year-on-year change in public spending, Fiscal x OSI: fiscal policy variable 

interacted with OSI, Rate Chn: change in central bank policy rate interacted with OSI, CB Total Assets: year-on-year 

change in central bank's total assets, CB Total Assets x OSI: monetary policy variable interacted with OSI, Fatality: 

number of deaths per million.  

Driscoll and Kraay (1998) heteroscedasticity autocorrelation spatial correlation robust standard errors are in brackets. 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 7: Dynamic panel model estimation of manufacturing PMI to stringency of 

containment measures, fiscal and monetary stimulus, and progression of the 

Covid-19 pandemic  

 (1) (2) 

  Sample 1 Sample 1 

PMI Manufacturing (lag) 0.312** 0.272** 
 [0.129] [0.119] 

OSI -0.127*** -0.111** 
 [0.046] [0.045] 

Rate Chn -0.271** -0.205** 
 [0.119] [0.098] 

Fiscal 0.069** 0.059* 
 [0.028] [0.033] 

CB Total Assets 0.030** 0.030* 
 [0.015] [0.015] 

Fatality 0.035  

 [0.050]  

Fatality (first difference)  -0.441 
  [0.468] 

Constant 34.880*** 36.671*** 
 [7.208] [6.741] 
   

Observations 258 257 

Number of groups 36 36 

Number of instruments 31 31 

Arellano-Bond test for AR in first 

differences AR(2) 

-1.64  

(0.100) 

-1.89  

(0.058) 

Arellano-Bond test for AR in first 

differences AR(3) 

0.50  

(0.616) 

-0.07  

(0.945) 

Hansen J-Test 
31.05 

(0.152) 

31.12 

(0.150) 

Note: Dependent variable is the manufacturing PMI. Windmeijer (2005) correction for 

standard errors reported in brackets. 

p-values of Arellano-Bond and Hansen J-tests in paranthesis.  

*** p<0.01, ** p<0.05, * p<0.1 

 

 

  



21 

 

Appendix 

 

Table A1. Wooldridge (2002) test for autocorrelation in panel data 

  Equation 1 Equation 2 

  
Manufacturing 

PMI (Sample 1) 

Manufacturing 

PMI (Sample 2) 

Services 

PMI 

(Sample 2) 

Manufacturing 

PMI (Sample 1) 

Manufacturing 

PMI (Sample 2) 

Services 

PMI 

(Sample 2) 

Test 

Statistic 
37.595 13.979 92.478 37.910 14.083 92.942 

p-value 0.000 0.002 0.000 0.000 0.002 0.000 

 

Table A2. Pesaran (2015) Test for Weak Cross Sectional Dependence 

  Equation 1 Equation 2 

  
Manufacturing 

PMI (Sample 1) 

Manufacturing 

PMI (Sample 2) 

Services PMI 

(Sample 2) 

Manufacturing 

PMI (Sample 1) 

Manufacturing 

PMI (Sample 2) 

Services PMI 

(Sample 2) 

CD Test 

Statistic 
35.067 12.072 15.338 35.087 12.074 15.235 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 

 

 

 

 

 

 

Constant Constant&Trend Constant Constant&Trend Constant Constant&Trend Constant Constant&Trend

Manufacturing PMI -1.94024** -2.36016*** -4.80628*** -2.10143** -8.90207*** -30.1628*** -20.6661*** -20.0967***

OSI -5.36463*** 0.53 -0.54 -1.72576** -19.6926*** -23.13*** -13.7882*** -25.04***

Policy Rate Changes

(interaction term)
-3.1088*** -0.98 -4.77233*** -3.58272*** -20.6632*** -16.898*** -18.5389*** -34.2162***

Total Assets -5.88554*** -0.69 -2.69725*** -0.07 -28.3883*** -16.791*** -13.2989*** -9.42428***

Public Spending -4.24665*** -0.31 -3.91993*** -2.41869*** -8.20035*** -2.02008** -2.92101*** -11.0506***

New Death -0.72073 0.03 -2.04249** -0.16 -5.51116*** -10.7255*** -9.4381*** -13.8216***

Constant Constant&Trend Constant Constant&Trend Constant Constant&Trend Constant Constant&Trend

Manufacturing PMI -2.075*** -2.11574** -3.73233*** -0.84 -5.40921*** -23.3023*** -16.0846*** -14.9388***

Services PMI -3.13234*** -7.53144*** -9.69524*** -3.04012*** -8.60173*** -53.3122*** -35.7709*** -26.4215***

OSI -3.70231*** 0.27 -0.38 -1.01 -11.0588*** -13.0675*** -6.95806*** -15.765***

Policy Rate Changes

(interaction term)
-1.24636 -0.40 -2.77224*** -2.33036*** -5.6093*** -8.41817*** -10.0977*** -22.1683***

Total Assets -6.40733*** -1.19 -2.97972*** -0.33 -27.6293*** -12.8312*** -11.0321*** -8.90605***

Public Spending -4.11935*** 0.06 -1.91 -2.3637*** -13.0377*** -4.72065*** -4.72065*** -23.977***

New Death -1.65115** 0.04 -1.15 0.24 -5.21721*** -8.24305*** -6.31311*** -7.63555***

Table A3: Panel Unit Root Tests (Sample 1)

Level First Difference Level

Level First Difference Level First Difference

*** p<0.01, ** p<0.05, * p<0.1

First Difference

Im-Pesaran-Shin Test Levin-Li-Chu Test

Table A4: Panel Unit Root Tests (Sample 2)

Im-Pesaran-Shin Test Levin-Li-Chu Test
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