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EXECUTIVE SUMMARY 

Chapter 2: Investing in The Post-Pandemic Recovery 

The immediate focus of governments during the COVID-19 crisis thus far has been to address the 
health emergency and provide lifelines for vulnerable households and businesses. Governments now also 
need to prepare economies for safe and successful reopening, design policies to create jobs and boost 
economic activity, and facilitate the transformation to more resilient, inclusive, and greener economies. 
Spending on digital infrastructure will be essential to support social distancing and to narrow the digital 
gap that exacerbates disparities in access to information, education, and work opportunities.  

Chapter 2 discusses the appropriate role of public investment in fostering such a recovery. Before the 
COVID-19 crisis, public-investment-to-GDP ratios were already declining and the growth in 
infrastructure had not kept up with needs. Priorities include developing well-resourced and better-
prepared healthcare systems, expanding digital infrastructure, and addressing climate change and 
environmental protection. 

In advanced and some emerging economies, where interest rates are near their effective lower bound, 
scaling up of quality public investment can have a powerful impact on employment and activity, crowd in 
private investment, and absorb excess private savings without causing a rise in borrowing costs. For many 
low-income countries and several emerging economies—particularly those borrowing in foreign 
currency—investment is highly constrained by financing conditions, despite massive needs to attain the 
Sustainable Development Goals. In these countries, policymakers will need to safeguard public 
investment, to the extent compatible with saving lives and livelihoods, and enhance its efficiency. 
Moreover, the crisis makes a global response even more necessary to avoid slipping further behind on the 
Sustainable Development Goals. 

Even with social distancing, public investment is feasible and can be delivered quickly if governments 
take four steps: (1) invest right now in maintenance; (2) review and restart promising projects that were 
delayed in preparation or implementation; (3) speed up projects in the pipeline to bring them to fruition 
within the next two years; and (4) start planning immediately for new projects aligned with post-crisis 
priorities. 

Strengthened public investment management practices and governance are essential because delays, cost 
overruns, and disappointing projects are common and could be more frequent when investment is scaled 
up—the cost of an individual project can increase by 10 percent when public investment in the country is 
high. Satisfying these conditions may not be possible everywhere. But for countries with easy access to 
finance, borrowing to finance public investments of good quality will be an effective strategy because the 
global decline in interest rates has set a lower bar for investment projects to be beneficial. For countries 
with financing constraints, the bar is higher to pass because governments with limited resources face 
competing spending priorities. 

Empirical estimates based on a cross-country dataset and a sample of 400,000 firms show that public 
investment can have a powerful impact on GDP growth and employment during periods of high 
uncertainty—which is a defining feature of the current crisis. For advanced and emerging economies, the 
fiscal multiplier peaks at over 2 in two years. Increasing public investment by 1 percent of GDP in these 
economies would create 7 million jobs directly, and between 20 million and 33 million jobs overall when 
considering the indirect macroeconomic effects. 
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Crowding in private investment is particularly strong in industries critical for the resolution of the 
health crisis (communications and transport) or for the recovery (construction and manufacturing), but it 
would have to be accompanied by complementary policies to address high leverage and liquidity 
constraints faced by private firms. 

New investments in healthcare, social housing, digitalization, and environmental protection would lay 
the foundation for a more resilient and inclusive economy. Because rates of return on investments in 
adaptation to climate change are often greater than 100 percent, official aid for adaptation is an effective 
use of public money. Official aid for climate change adaptation would have to more than double the $10 
billion allocated currently to around $25 billion to finance the public investments required for adaptation 
to climate change in low-income countries. 
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I. Introduction  

The immediate focus of governments during the COVID-19 crisis thus far has appropriately been to 
address the health emergency and provide lifelines for vulnerable households and businesses. 
Governments now also need to prepare economies for safe and successful reopening, foster the recovery 
in employment and economic activity, and facilitate the transformation to a post-pandemic economy that, 
with the right policies, can be more resilient, more inclusive, and greener. Public investment can make a 
crucial contribution toward these goals (see a discussion of the fiscal strategy for the recovery in Chapter 
1 and Table 2.1).1 This chapter outlines how public investment can be undertaken in a timely manner 
while safeguarding quality, estimates the potential for public investment to create jobs and boost growth, 
and sets out priorities for the types of investment that would strengthen resilience and sustainability. 

From a macroeconomic standpoint, the case for public investment is strongest in advanced economies 
and many emerging economies that—with nominal interest rates and inflation expected to remain at 
historical lows—can finance easily an investment scale up. In many cases, borrowing to finance high 
quality investment will be desirable since cheap financing lowers the bar for whether to undertake an 
investment. In addition, the assets created generate taxable returns and are valued by markets when they 
price sovereign risk (October 2018 Fiscal Monitor). However, policymakers should ensure that the amount 
and quality of public investment are such as not to pose risks by overly worsening debt dynamic, 
especially for countries that are not reserve currency issuers. Abrupt changes in global market sentiment 
can result in sudden increases in financing costs (Caceres, Guzzo and Segoviano 2010; Lizarazo 2013) 
and sovereign spreads tend to increase only shortly before debt crises (Mauro and Zhou 2019).  

With ample underutilized resources, the impact of public investment can also be more powerful than in 
normal times. Public investment and its crowding-in effects on private investment could mitigate secular 
stagnation and the savings glut, which predate the onset of COVID-19 (Rachel and Summers 2019; 

 

1 Public investment usually refers to gross fixed capital formation (total value of acquisitions, less disposals, of fixed assets) by 
the state, whether through central or local governments or through publicly owned industries or corporations (see April 2020 
Fiscal Monitor for an analysis of the role of state-owned enterprises). Public investment encompasses physical or tangible 
investment in infrastructure (such as transport, telecommunications, and buildings) but in a broader sense, public investment 
could include human or intangible investment in education, skills, and knowledge. 

Table 2.1. Public Investment in the Strategy for the Recovery 

Source: IMF staff. 
Note: countries do not necessarily progress smoothly through all phases of pandemic. Appropriate fiscal responses will be country-specific 
depending on the fiscal space, the development of the pandemic, and the strength of the recovery. Measures included here are not exhaustive. 

Phase  1. Great Lockdown 2. Partial Reopening 3. Post-Pandemic 
Priority Save lives and 

livelihoods 
Safe reopening where possible Transform to more inclusive, smart and 

sustainable economies 

Key fiscal policies Lifelines for people and 
firms 

Preserve lifelines; target support better; 
encourage workers to take new jobs 

Depending on fiscal space: consider fiscal 
stimulus, repair balance sheets 

Role of public 
investment 

Continue projects where 
safe, start planning 

Boost maintenance and job-rich projects, 
reassess priorities, prepare pipeline 

Satisfy infrastructure needs and support progress 
towards the SDGs; increase resilience to crises 

Preferable project 
characteristics 

Maintenance Maintenance; ready for implementation; 
small-size, job-intensive with large short-
term multiplier 

Large, transformational projects; with large long-
term multiplier 

Public investment 
management actions 

Review portfolio of 
planned and active 
projects 

Review, reprioritize, restart feasible projects 
put on hold; plan for new priorities; prepare 
pipeline of appraised projects to be 
implemented within 24 months  

Strengthen project planning, budgeting and 
implementation practices to improve public 
investment efficiency 

Priority sectors Health  Health, including R&D in vaccine and 
therapeutics, water and sanitation, digital, 
safe buildings, schools and transportation 

Health; climate change adaptation and 
mitigation, digital 
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Eggertsson, Mehrotra, and Robbins 2019) but have been exacerbated by the crisis, since uncertainty 
about the course of the pandemic has further dampened private investment and caused higher 
precautionary savings. Moreover, the recovery of private sector activity is being constrained by weakened 
private sector balance sheets, losses in human capital because of unemployment, and skill mismatches as 
demand shifts from high-contact sectors to those that permit social distancing. Public investment can 
encourage investment from businesses that might otherwise postpone their hiring and investment plans. 

For low-income developing countries and some advanced and emerging economies, however, investment 
has been and will likely continue to be constrained by deteriorating debt dynamics and, in many cases, 
tight financing conditions, especially where external debt is high and denominated in foreign currency. 
Sizable market borrowing could increase risk premia for both the public and the private sectors, 
undermining the short-term growth benefits of investment spending (Huidrom and others 2019). Based 
on preliminary information, financing constraints and competing spending priorities to save lives and 
livelihoods have caused many middle- and, especially, low-income countries to put domestically financed 
investment projects on hold (Chapter 1). Even so, a gradual scaling up of public investment financed by 
borrowing could pay off with positive short- and long-term multipliers, as long as interest rates do not 
increase too much (Buffie and others 2012; Online Annex 2.1) and governments choose and manage 
investment projects to maximize economic returns for their citizens. For middle- and low-income 
countries, official support, especially if combined with private finance, would also help countries scale up 
public investment significantly. 

Thus, the quality and content of fiscal policy packages—and, within them, public investment choices—
will be key to support the economy and create jobs in the near term but will also determine 
socioeconomic outcomes for decades. The stakes are high: although today’s large-sized fiscal packages 
are necessary, they will have long-lasting implications—directly, through the choices made about 
expenditures and investments, and indirectly, by calling for lower discretionary spending or higher 
taxation if borrowing costs rise significantly in the years ahead.  

Figure 2.1. Public Capital Stocks  
(ratio to GDP and ratio to private capital)  

Figure 2.2. Public Investment/GDP in Advanced and 
Emerging Economies  
(index 100 = average 2000–10) 

 
 

Source: IMF Public Investment and Capital Stock Database. 
Note: Public investment refers to Gross Fixed Capital Formation (GFCF) 
by the general government. The high ratio in low-income countries 
could hide statistical issues with the construction of a stock variable 
by cumulating flows, especially where there are inefficiencies in public 
investment management systems (Gupta and others 2014).  

Source: OECD and IMF staff estimates. 
Notes: Public investment in this figure refers to GFCF by the general 
government. Others include general public services, defence, social 
protection, housing, etc. Environmental protection covers waste 
management, protection of biodiversity, etc. 
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Beyond its macroeconomic implications, public investment is essential to raise long-term economic 
growth, to progress toward the Sustainable Development Goals (SDGs), and to strengthen economies’ 
resilience to crises. In the long term, public investment in infrastructure can help reduce inequality by 
fostering structural transformation, which also facilitates regional convergence between rural and urban 
areas in low-income economies (Fabrizio and others 2017). A further advantage of public investment is 
that it preserves fiscal space, because it is by nature temporary. But policymakers need to ensure 
conditions outlined in this chapter are in place for choosing and implementing investments with the 
highest social payoffs.  

Investment needs were clearly large before the pandemic and have risen since its onset. Public investment 
has slowed since the 1990s, reducing the capital-stock-to-GDP and public-to-private-capital ratios in all 
income groups (Figure 2.1; China is an exception).2 Public investment ratios have been falling especially 
in the health, housing, and environmental protection sectors, weakening societies’ resilience to COVID-
19, whereas investments in education and economic infrastructure were preserved (Figure 2.2). Given 
public capital stock measurement issues such as discounting of flows (Pritchett 2000) and the limited 
institutional coverage in cross-country data sets, it is also worth looking at data on physical infrastructure.  

Over the past decade or so, traditional infrastructure stocks have not risen fast enough. For example, 
between 2007 and 2016, the total miles of roads has increased by a cumulative 56 percent in low-income 
countries and 33 percent in emerging economies; the number was nearly unchanged in advanced 
economies.3 This falls well short of estimated needs, especially for emerging economies where the 
demand for transportation is expected to more than double in the next two decades (Hellebrandt and 
Mauro 2016).  

Digital infrastructure, which benefited from private investments, has grown much faster, but substantial 
gaps remain across countries. The share of the population with internet access rose from 3 percent in 
2007 to 32 percent in low-income countries in 2018, from 16 percent to 72 percent in emerging 
economies, and from 64 percent to 86 percent in advanced economies. These sizable digital gaps have 
adverse consequences for both economic convergence across countries and inclusive growth within 
countries (Broadband Commission 2019; April 2020 Regional Economic Outlook for Sub-Saharan Africa). 
Spending on digital infrastructure is essential and will have to be timely to support social distancing 
policies (Chiou and Tucker 2020), put in place a sophisticated contact tracing system, improve cash 
transfer systems geared toward the poor (see Chapter 2 of the April 2020 Fiscal Monitor), and enable 
remote schooling and work. 

Additional investment to reach the SDGs in roads, electricity, water, and sanitation have been estimated 
at 2.7 percent of GDP and 9.8 percent of GDP, per year, up to 2030, in emerging markets and low-
income developing countries, respectively (Gaspar and others 2019; Xiao, D’Angelo, and Lê 2020).4  

Finally, investment needs for mitigation and adaptation to climate change are also sizable and crucial. 
Globally, as part of a policy package to reduce emissions to a level consistent with a target of a 2°C 
increase in temperature, energy investments, public and private, would have to rise from 2.0 to 2.3 
percent of GDP by 2030 (October 2019 Fiscal Monitor; see also October 2020 World Economic Outlook for 

 

2 In China, public capital stocks have increased, but traditional infrastructure investment may have reached a point of low 
returns, as the halving of total factor productivity growth in China after 2009 suggests (IMF 2019). 

3 Data from IRF World Road Statistics for roads, and World Bank World Development Indicators for access to the internet.  

4 The estimates rely on economic projections pre-COVID-19 (as per the October 2019 World Economic Outlook) and cover public 
and private investments. Gaspar and others (2019) express the estimates as a percentage of 2030 GDP. Xiao, D’Angelo, and Lê 
(2020) express the estimates in percentage of the average GDP over 2019 to 2030. The figures in the text follow the latter. 
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an analysis of the macroeconomic impact of climate change mitigation policies). A major challenge will be 
to change dramatically the composition of investment towards low-carbon technologies. Public 
investment needs for adaptation to climate change are also large, as documented at the end of this 
chapter. 

The chapter explores how, and under which circumstances, increasing public investment could be an 
effective strategy for the recovery. Specifically, it asks (1) how investment can be accelerated and scaled 
up in the near term while retaining quality; (2) to what extent investment will foster job creation; (3) how 
the fiscal multiplier of investment could depend on different circumstances before and after the 
pandemic is brought under control; and (4) how investment can render societies more resilient to health 
crises and to the impacts of climate change. 

II. A Timely and Effective Push to Investment 

As part of stimulus packages, governments often hope to rely on “shovel-ready” projects that could be 
kick-started within a few months. Yet, countries may find they have few such projects, and an increase in 
public investment might not be delivered in time to fight the recession (Jones and Rothschild 2011). To 
support the recovery, public investment needs to be timely while maintaining the quality of projects. Four 
steps should be taken immediately: (1) focus on capital maintenance of existing infrastructure, (2) review 
and reprioritize active projects, (3) create and maintain a pipeline of projects that can be delivered within 
a couple of years, and (4) start planning for the new development priorities stemming from the crisis. 
These steps will facilitate identification of good investments that can be started immediately and projects 
that will prepare economies for the future.  

Maintenance and COVID-19 Proofing 

The case for boosting maintenance investment during a crisis is powerful: maintenance projects are 
relatively small, of short duration, and often less complex. Maintenance is even more attractive during the 
current pandemic, because lower infrastructure usage makes maintenance less disruptive than in normal 
times. Beyond maintenance, the current pandemic creates an urgent need for smaller, shorter-duration 
projects, not only in the health care sector, but also to facilitate social distancing in work and school 
activities, on transportation, and in public spaces. Such projects include both physical adaptation (for 
example, greater spacing, transparent barriers) and greater access to digital technologies. Empirical 
evidence and past experience relate primarily to maintenance and provide helpful lessons for the current 
situation.  

Maintenance can be deployed quickly and has major economic benefits. In the US American Recovery 
and Reinvestment Act of 2009, about 60 percent of the funds allocated to highways were directed at 
repair or improvement, and most were completed within two years (GAO 2011). Maintenance 
contributes to preserving the high economic gains from investing in infrastructure: it alleviates the wear 
of assets, sustains the quality of service, contributes to the prevention of hazards, and limits waste, thus 
helping the environment (Wang and others 2019; Blazey, Gonguet, and Stokoe 2020). Fixing water 
network leaks in developing countries could prevent their losing the equivalent of the daily needs of 200 
million people (World Bank 2006). Failure to perform routine maintenance now also increases costs later 
as assets depreciate faster:  rehabilitation and replacement costs are higher by 50 and 60 percent down the 
line in the transportation and the water and sanitation sectors, respectively (Rozenberg and Fay 2019).  

But maintenance is often structurally underfunded. In many advanced economies, infrastructure assets 
need repair and are nearing the end of their typical life spans. In France, one-quarter of drinkable water 
pipes have reached their maximum life spans. According to OECD data, maintenance on roads, railways, 



CHAPTER 2 Investing in the Post-Pandemic Recovery 

International Monetary Fund | October 2020 7 

sea, waterways, and air transport infrastructure ranged between 0.1 and 1 percent of GDP in 2018. 
Spending does not cover all needs: in the United States, the backlog for highway and bridge repairs is 
estimated at a one-off 3.5 percent of GDP, while 20 percent of dams are considered to have high hazard 
potential (ASCE 2018). In emerging market and developing economies, ensuring a steady flow of 
maintenance spending will be key to achieving infrastructure SDGs, with average annual estimated costs 
of 2.75 percent of GDP (Rozenberg and Fay 2019).  

To spend efficiently on maintenance projects in the short term, governments should first identify where 
pressing needs lie. Advanced economies can often rely on asset registers and information systems. In 
lower-capacity settings, central authorities can build on the sectoral expertise of line ministries and local 
governments. Going forward, countries should consider shifting to a life-cycle approach for public 
investment projects, which includes identifying maintenance needs at appraisal based on standards and 
methodologies set in the legal framework, securing funding for maintenance, and investing in systems to 
collect asset performance data. An integrated preparation of capital and current expenditure budgets, with 
a medium-term perspective, is needed to prevent mismatches between infrastructure assets and their 
maintenance needs, both routine and capital. Maintenance spending should also be reported exhaustively 
in the budget. And capital maintenance projects should be selected and prioritized as part of the wider 
public investment strategy: in particular, governments should review their asset portfolios to ascertain 
whether maintaining existing assets is less efficient than replacing assets fully (especially when assets are 
of poor quality in the first place) or leapfrogging to new technologies, which may lead to higher long-
term benefits.  

Review and Prioritization of Active Projects 

Public investment portfolios are significantly affected by 
crises, as projects under implementation may be 
interrupted or suffer from delays and financing issues. 
During COVID-19, some countries have shown that 
construction work could proceed during the Great 
Lockdown with social distancing: monthly data suggest 
that so far, advanced economies have maintained 
investment spending. However, around half of emerging 
market and developing economies for which data were 
collected have had to cut investment spending, likely 
owing to financing constraints (Figure 2.3). Public 
investment is thus expected to be lower in 2020 than in 
2019 in 72 out of 109 emerging markets and low-income 
developing countries, according to the October 2020 
World Economic Outlook projections. The average 
reduction in public investment is 1 percent of GDP for 
these 72 countries.  

Prioritizing and restarting active projects would contribute to the timely delivery of a public investment 
stimulus. This ideally requires a well-coordinated system for the active monitoring of projects, 
differentiated according to size, complexity, and stage of the project. Such active monitoring may enable 
governments to take on board potential needs related to the COVID-19 crisis: revisiting cost-benefit 
analyses in light of outdated underlying assumptions, renegotiating financing, procuring new contracts. 
As crises create uncertainties, new risks should be identified and mitigating measures planned (Monteiro, 
Rial, and Tandberg 2020).  

Figure 2.3. Public Investment Spending, 
March–June 2020  
(Year-on-year percentage change) 

 
Sources: Staff estimates based on monthly execution numbers.  
Notes: The chart shows the distribution of monthly execution of 
public investment, deflated by 2019 end of year CPI. Averages 
(square) are not weighted. See Online Annex 2.2. 
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Establishment of Pipeline of Projects 

Selecting projects primarily on the basis of their immediate readiness may impede quality and allocation 
efficiency by casting aside projects with higher potential. Readiness may not be accurately assessed, and 
even once projects are ready, implementation can be slowed by administrative burden and red tape. In 
Europe, several countries had spent only 40 percent of the European Structural Funds allocated, with 
only one year remaining in the 2014–20 plan (Figure 2.4).  

Governments should prepare a pipeline of projects that have been carefully appraised and that could be 
selected for financing and implemented within the next 24 months. This is a challenge because appraisal 
and selection processes are among the most common shortcomings in the public investment 
management cycle (Chaponda, Matsumoto, and Murara 2020). More than half of the 63 countries that 
have undergone the IMF’s Public Investment Management Assessment do not effectively keep such a 
pipeline. An independent review of projects, communicated transparently, reduces the likelihood that 
low-quality projects would be approved. Selection criteria should be disclosed; governments should look 
for strategic relevance, feasibility and affordability, and implementation readiness. Where appraisal is not 
systematic or formalized, a small task force of experts could be temporarily established with the mandate 
to review the viability of major projects, both active and in the pipeline (IMF 2020). Fast-tracking the 
preparation of projects through expedited appraisal and selection procedures, for instance as in Australia, 
or temporary exemptions, often embedded in public procurement systems, can help overcome 
roadblocks but must be accompanied by transparency and quality-control safeguards. 

Planning for New Development Priorities 

Governments should also take into account new development priorities stemming from the COVID-19 
crisis and start planning accordingly for projects that will accompany the likely economic and social 
transformations as economies recover from the crisis. Project choices should give prominence to 
investments that reduce the likelihood or the impact of future crises, including pandemics and climate 

Figure 2.4. Government Effectiveness and 
Speed of Execution in Europe  
(Amounts spent in 2014–19, in proportion of amounts 
allocated for 2014–20) 

Figure 2.5. Duration of Infrastructure Projects 
(Number of years) 

    
Source: European Structural Investment Funds, World Bank 

Worldwide Governance Indicators, and IMF staff calculations.  

Note: The chart shows the correlation between the World Bank 

index of government effectiveness and the speed of national 

implementation of projects financed by European Structural 

Funds. Instrument for Pre-Accession Assistance not included. 

Sources: IMF staff calculations based on GIH (2019), Avellan et al. 
(2019) and Klakegg et al. (2016).  
Note: The chart shows the range of duration of infrastructure 
projects, distinguishing between the preparation phase and the 
implementation phase of projects.  
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change, and to foster digitalization. Because the development of a public investment project usually spans 
many years (Figure 2.5), planning should start now. Project preparation entails ensuring consistency with 
development strategies, design, and appraisal of technical and financial feasibility and compliance with 
environmental and social safeguards. Though smaller projects can be prepared within a year, preparation 
typically takes five years or more for large infrastructure projects. 

Maintaining Quality When Scaling Up Public Investment 

Sound project planning and preparation, country ownership of projects, and a strategy that does not scale 
public investment too much and too fast is needed to maintain the quality of projects—in terms of 
selection and implementation—and bring about the expected long-term growth dividends. Indeed, 
although there is a consensus that a temporary increase in public investment is likely to increase output 
significantly in the short to medium term (Leduc and Wilson 2012; Calderon, Moral-Benito, and Serven 
2015), on average, over one-third of the resources spent on public infrastructure have been lost from 
inefficiencies (Baum, Mogues, and Verdier 2020; Schwartz and others 2020). Further, the evidence on the 
long-term growth benefits of big, long-lasting scaling-up is mixed (Warner 2014; Arezki and others 2017).  

Fast increases in public investment carry the risk of facilitating corruption. The selection and 
procurement of public investment projects are already particularly vulnerable to corruption, as public 
officials benefit from a higher level of discretion than for current expenditure, and complex projects 
enjoy unique features that hamper the use of price comparators (April 2019 Fiscal Monitor; Pattanayak and 
Verdugo-Yepes 2020). Several public investment management and fiscal transparency practices, such as 
the publication of project selection criteria, the use of e-procurement systems and project monitoring 
platforms, and the implementation of alert systems (“red flags”) can help ensure that projects are 
objectively selected and competitively procured.  

Another key concern is that projects undertaken in periods of rapid scaling up have been found to be less 
successful in achieving their intended targets (Isham and Kaufmann 1999; Presbitero 2016). 
Implementing multiple new projects requires a varied set of technical and managerial resources that 

Figure 2.6. Cost Overruns and Delays 
1. Cost Overruns and Investment Scaling-up 2. Project-level and Macroeconomic Drivers of Delays 

  

Source: Analysis of the performance of more than 2,200 World Bank–financed projects approved in 110 emerging and developing countries based 
on text mining of World Bank Independent Evaluation Group completion reports. 
Note: Panel 1 is a binned scatter plot controlling for project-specific and macro variables as well as fixed effects. Panel 2 plots the standardized 
coefficients and the associated 90 percent confidence intervals of selected variables of a regression in which the dependent variable is the measure 
of the time delays (see column 6 in Online Annex Table 2.3.2 in Online Annex 2.3) The regression includes year, sector, region, and country group 
fixed effects. One standard deviation of the dependent variable—time delay—is 17.7 days. The standard deviations of the other variables used in 
the analysis are shown in Online Annex Table 2.3.1 in Online Annex 2.3. 
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cannot be expanded in the short term, because absorptive capacity constraints and supply bottlenecks 
may lead to cost inflation and delays in project implementation and completion (Flyvbjerg 2009; Gurara 
and others 2020).  

To understand the mechanisms that could lead to poor project outcomes in periods of investment 
scaling-up, an analysis of the drivers of delays and cost overruns —two features of project execution that 
can be measured and that are proxies for implementation efficiency— is performed on World Bank–
financed projects. Cost overruns and delays are pervasive in public investment projects. Data collected 
from more than 2,200 individual World Bank–financed project reports covering 110 emerging markets 
and developing economies indicate that almost 40 percent of projects cost more than the estimated 
appraisal cost and 75 percent of projects are delayed (see Online Annex 2.3), even though these projects 
are planned by professional experts and subject to rigorous procedures (Limodio 2019).5 The analysis 
sheds light on why episodes of increases in public investment can fall short of expectations. Cost 
increases are higher and project delays are longer if projects are approved and undertaken when public 
investment is significantly scaled up. The cost of an individual project can be 10 to 15 percent higher 
simply because it is undertaken at a time when public investment is particularly high (Figure 2.6, panel 1). 
In low-income developing countries, scaling up investment by 3 percent of GDP leads to an increase in 
costs of 6 percent above appraisal costs, as well as delays of 2.5 percent above the planned projected 
length.  

Good project planning and the quality of policies and institutions matter for project outcomes (Isham 
and Kaufmann 1999; Denizer, Kaufmann, and Kraay 2013). Countries with better public investment 
management are better placed to implement projects on time and on budget (IMF 2018). For instance, 
World Bank projects with an assessment of the expected rate of return at appraisal, suggesting careful 
project preparation, have shorter delays (Figure 2.6, panel 2). The same holds for larger and more 
complex projects (as measured by the number of sectors a project spans), possibly because they are more 
carefully planned and designed. Yet projects funded fully by grants have a time overrun 14 percentage 
points higher than projects funded without grants (Figure 2.6, panel 2). On average, a three-year project 
thus suffers from an extra five-month delay if it is fully funded by grants. Country ownership and the 
leadership of local authorities are important elements for project success and for the effectiveness of a 
scaling-up of investment (Bourguignon and Sundberg 2007; Edwards 2015). Project analysis is also 
crucial, and where capacity is limited, technical support by multilateral development banks could be 
beneficial and help countries attract private finance (Chelsky, Morel, and Kabir 2013; Broccolini and 
others 2020). Countries’ capacity to implement quality projects in a timely way will be essential for public 
investment to boost growth and create jobs in both the short and long terms. 

III. Job Creation 

How many jobs can a policymaker expect to create with an increase in public investment? The COVID-
19 pandemic has resulted in the sharpest rise in unemployment since the Great Depression, and job 
creation will be an essential criterion in deciding on the size and composition of a fiscal stimulus. 
Experience suggests that the job intensity of fiscal packages is significant. For example, the American 
Recovery and Reinvestment Act created about 6 to 8 jobs per $1 million spent in the short term (Wilson 
2012; Garin 2019; Ramey 2020). Firm-level information on revenues and employment for selected 
sectors, covering 27 advanced economies and 14 emerging markets over 1999 to 2017, shows that job 

 

5 Cost overruns and time delays do not always result from errors in evaluations. Sometimes the scope of projects is changed 
because of circumstances extraneous to the project. Existing evidence shows that analyses based on World Bank projects can be 
generalized to other donors (Briggs 2019; see also Online Annex 2.3). 
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intensity ranges from around two jobs per $1 million invested in schools and hospitals to three jobs in 
electricity in advanced economies, and from five jobs in roads to eight jobs in water and sanitation in 
emerging market economies (Figure 2.7).6  

Government research and development (R&D) spending generates an estimated five jobs per $1 million 
invested in member countries of the OECD, and these are high-quality jobs. Public spending on R&D is 
a small component of public investment and goes primarily to the government and higher education, but 
it is expected to increase, particularly in the health sector. The job content of higher education R&D is 
twice as high, possibly because it focuses on fundamental research and requires less capital than 
government R&D (which includes, for example, the military). Although the dataset does not cover digital 
infrastructure, a conservative estimate is that the job content in digital infrastructure could lie between the 
estimates for electricity and those for R&D, at each income level. 

The sectoral ranking of job intensity is similar across income groups, with water and sanitation and 
electricity displaying higher job intensity than roads, schools, and hospitals (Schwarz, Andres, and 
Dragoiu 2009). Job intensity increases the lower the country’s income: in addition to wages being lower in 
poorer countries, technology is also more labor intensive, as evidenced by the higher share of labor 
income in GDP (see the April 2017 World Economic Outlook; see also Dao and others 2017). The numbers 
presented may underestimate the capacity of public investment to create jobs. First, they do not include 
jobs outsourced to companies not included in the data set or jobs created indirectly through higher 
demand for other products and services. Second, projects with a larger unskilled labor component would 
create more jobs (as a dollar can go further in employing more workers) and reduce inequality.  

 

6 These numbers are consistent with what would be found using a labor share of income of 30 to 40 percent in the construction 
sector. For instance, the implied gross wage for infrastructure in electricity would be around $90,000 in advanced economies, 
$38,000 in emerging market economies, and $24,000 in low-income developing countries. 

Figure 2.7. Job Content per $1 Million of Additional Investment  
(Selected infrastructure sectors) 

 
Sources: ORBIS; Compustat; and IMF staff estimates.  
Note: The figure shows, for different sectors, types of investment, and country groups, the estimates of the job content of $1 million of investment. 
Based on regressions of employment on revenues over 1999–2017, covering 47,580 observations for 5,679 privately owned and state-owned 
enterprises. The estimates for low-income countries are extrapolated from the other estimates. For R&D spending, the figure is based on cross-
country panel regressions based on OECD data. Green estimates are available in the literature, but only for a few sectors. See Online Annex 2.4 for 
details. AE: advanced economies; EME: emerging market economies; LIDC: low-income developing economies; R&D: research and development. 
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Green investment could also create jobs (Chapter 3 of the October 2020 World Economic Outlook; Garrett-
Peltier 2017; Coalition of Finance Ministers for Climate Action 2020). In advanced economies, job 
intensity appears to be larger for green investment compared to traditional investment. For example, job 
intensity—net of job losses in traditional industries—is estimated at about 8 jobs per $1 million invested 
in green electricity, about 2 to 13 jobs in efficient new buildings such as schools and hospitals, and about 
6 to 14 jobs in green water and sanitation through efficient agricultural pumps and recycling (Figure 2.7; 
see also IEA 2020; and Popp and others 2020). In addition, many jobs in renewables do not require high 
educational attainment and have low barriers to entry. In the United States, fewer than 20 percent of 
workers in clean energy production and energy-efficient occupations have college degrees (Muro and 
others 2019).  

Clean energy infrastructure has been found to be labor intensive in the short run (Garrett-Peltier 2017) 
although not all green investments create jobs quickly (Popp and other 2020). Some forms of green 
investment are also not job rich in the long term and require specific skills —for example, windmills are 
capital intensive and only produced in a few countries. Whereas the global welfare gains from green 
investments are clear, the distributional effects are not straightforward, especially in low-income 
countries. Green and environmental investment could be combined with public employment programs to 
maximize the job impact of investment (as with the Conservation Corps in Australia or the United 
States), retrain the labor force, and protect people in the informal sector (for example, tree planting 
programs in Ethiopia or Pakistan). 

Although creating jobs is a critical objective in this crisis, there may be trade-offs between job quality and 
job quantity. Supporting the creation of low-wage, low-productivity jobs using public work programs or 
investment in labor-intensive sectors could bring down unemployment quickly but create fewer high-
wage, high-productivity jobs in capital-intensive sectors. Generating high-quality formal jobs will be more 
difficult if adjusting to the pandemic necessitates permanent changes in the sectoral allocation of the 
workforce, as this would exacerbate skill mismatches between the unemployed and the jobs on offer 
(OECD 2020a). Governments will need to allocate resources, including for digital investment, to train 
displaced workers and allow for their movement to jobs that satisfy pandemic and post-pandemic needs.  

IV. Fiscal Multipliers in the COVID-19 Crisis and Recovery 

In addition to the direct effect of public investment on jobs, public investment has the potential to boost 
growth and increase employment through the usual macroeconomic interlinkages. A meta-analysis of 
existing studies suggests that public investment has larger short-term multipliers than public 
consumption, taxes, or transfers (April 2020 World Economic Outlook; Gechert and Rannenberg 2018). In 
addition, medium- to long-term multipliers for public investment have often been estimated to be larger 
than 1 (Abiad, Furceri, and Topalova 2016). However, results are not guaranteed, and fiscal multipliers 
are also sometimes estimated to be close to 0 (Ramey 2020). The size of multipliers is affected by 
macroeconomic conditions as well as by the quality of the investments undertaken. Multipliers tend to be 
larger (from the perspective of the domestic economy) in countries less open to trade, as low propensity 
to import reduces leakage of the demand gains to other countries. Multipliers are also larger in recessions 
(because resources are idle) and in countries with fixed exchange rate regimes or where central banks 
have hit their effective lower bound (Ilzetzki, Mendoza, and Végh 2013; Chodorow-Reich 2019). 

The quality of investment also matters, as discussed earlier, and this is reflected in macroeconometric 
estimates. For advanced economies that do well in the World Economic Forum’s index of wastefulness 
of government spending, the fiscal multiplier of public investment has been found to be 0.8 in the first 
year and above 2 at the four-year horizon. But the fiscal multiplier is estimated to be four times smaller 
for countries with a worse rating (Abiad, Furceri, and Topalova 2016). The estimates are similar when 
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differentiating emerging and low-income countries by the quality of public investment management, as 
measured in the IMF’s Public Investment Management Assessment (Miyamoto and others 2020). 

When assessing the possible size of multipliers, important initial conditions and unique features of the 
COVID-19 crisis should be taken into account: 

• High public debt. Public debt across the world is at historic highs (see Chapter 1). Whereas sovereign 
spreads have recently remained stable, history suggests that they occasionally rise abruptly as investors 
lose confidence and refinancing becomes difficult (Mauro and Zhou 2019). High public debt could 
lower the fiscal multiplier (Huidrom and others 2019) if investment financed by deficits leads to 
higher sovereign spreads and thus higher private financing costs. A sovereign debt model, calibrated 
to represent a typical emerging or frontier economy with high external debt, shows that a strategy of 
borrowing to invest could lead to crowding out of the private sector if spreads increase significantly, 
even if public investment has high returns. Fortunately, this effect is mitigated if the scaling-up of 
investment is smaller (Online Annex 2.1).  

• Supply constraints. While fiscal multipliers tend to be larger in deeper recessions (Blanchard and Leigh 
2013; Fatás and Summers 2018), macroeconomic theory suggests that fiscal multipliers will be lower 
in phase 2 of the pandemic, when supply is constrained because of social distancing policies (Guerrieri 
and others 2020), than in phase 3, when lockdowns will be lifted but slack may remain high. 

• Acute uncertainty. The outlook for the trajectory of the virus and the economy is highly uncertain, 
especially during the pre-vaccine phase. This could reduce the fiscal multiplier if private spending does 

Figure 2.8. Uncertainty and the Fiscal Multiplier of Public Investment in Advanced and 
Emerging Market Economies  
(Effect, in percentage change, of an unexpected increase of public investment by 1 percent of GDP) 

1. Output  2. Private Investment 3. Employment 

      

Source: IMF staff estimates.  
Note: Panel 1: one and two-year fiscal multipliers of public investment; Panel 2: semi-elasticity of private investment to public investment; Panel 3: semi-
elasticity of employment to public investment. * (resp. **) for statistically significant coefficient at one (resp. two) standard deviation confidence interval. 
Nonlinear local projections estimated following IMFc(2014) and Miyamoto and others (2020) using the model  𝒚𝒊,𝒕ା𝒌 − 𝒚𝒊,𝒕 = 𝜶𝒊𝒌 +  𝜸𝒕𝒌 +  𝜷𝟏𝒌𝑮൫𝒛𝒊,𝒕൯𝑭𝑬𝒊,𝒕ା + 𝜷𝟐𝒌 ቀ𝟏 − 𝑮൫𝒛𝒊,𝒕൯ቁ 𝑭𝑬𝒊,𝒕ା + 𝜽𝒌𝑴𝒊,𝒕 + 𝜺𝒊,𝒕𝒌 , where FE is the unexpected shock to public investment, in deviation from IMF forecasts (following Auerbach and 

Gorodnichenko 2012), 𝒛 is an indicator of the degree of uncertainty, and 𝑮൫𝒛𝒊,𝒕൯ is the corresponding smooth transition function between different levels of 

uncertainty. M includes lagged GDP growth and lagged shocks. Data cover 72 advanced economies and emerging markets for which standard deviation of GDP 

forecasts across forecasters were available. See Online Annex 2.5. 
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not react to a fiscal stimulus as a result of uncertainty and precautionary savings (Alloza 2018; Bloom 
and others 2018). Alternatively, uncertainty could increase the fiscal multiplier if demand reacts 
positively to the government’s commitment to economic stability (Bachmann and Sims 2012; Berg 
2019).  

• Weak balance sheets. The balance sheets of many firms—especially those whose business models are 
incompatible with social distancing—are likely to deteriorate severely as a result of the lockdowns and 
the extent of the recession (see October 2020 Global Financial Stability Report; Caceres and others, 
forthcoming). Firms with weak balance sheets may not be able to increase investment (Borensztein 
and Ye 2018). For highly leveraged firms, future profits are likely to be used to repay debt rather than 
to finance new investments (Myers 1977), and default risk increases borrowing costs. Because of 
frictions in loans and capital markets, cash flow constraints will also affect firms’ investment spending, 
especially small firms (Fazzari, Hubbard, and Petersen 1998; Carpenter and Guariglia 2008; Gbohoui 
2019).  

An empirical exercise covering 72 advanced economies and emerging markets with data on economic 
uncertainty regarding GDP forecasts, proxied by disagreement among forecasters, sheds light on how the 
fiscal multiplier depends on macroeconomic uncertainty (Figure 2.8, panel 1). An unanticipated positive 
shock to public investment of 1 percent of GDP increases the level of output by between 0.25 and 0.5 
percent in the first year, but the effect after two years is much larger in periods of higher uncertainty. The 
multiplier could be above 2, versus 0.6 for the baseline estimate. 

Public investment also has strong effects on employment. The results indicate that in periods of 
uncertainty, employment increases by between 0.9 and 1.5 percent over two years in response to a shock 
of 1 percent of GDP to public investment.7 Applying these lower- and upper-bound estimates to total 
employment in advanced and emerging economies (around 2.2 billion workers) shows that increasing 
public investment by 1 percent of GDP would create between 20 and 33 million jobs. This number is 

 

7 The point estimate in period of high uncertainty is 1.2, but the 10–90 percent confidence interval is 0.9–1.5.  

Figure 2.9. Response of Private Firms’ Net Investment to Public Investment 
(Effect, in percentage change, of an increase of public investment by 1 percent) 

1. By Liquidity Constraint 2. By Leverage 

  
Source: IMF staff estimates.  
Note: The figure shows the cumulative effect on private investment of a 1 percent shock in public investment. It is obtained by nonlinear local 
projections, estimated based on a database of about 400,000 private firms in eight sectors at the NACE 2 level, covering 26 advanced economies 
and 23 emerging markets and developing economies. The net investment rate is defined as the annual change in tangible fixed assets. Confidence 
intervals are set at 95 percent (shaded area). A firm is cash-constrained if it has at least three consecutive years of negative cash flow. A firm has 
a high leverage if its debt is above the mean of the distribution (based on a logistic function) of the debt-to-asset ratio. See Espinoza, Gamboa, and 
Sy (forthcoming). 
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larger than the estimate based on direct job creation (around 7 million jobs when applying the numbers 
presented in Figure 2.8, panel 3)8 because of the indirect macroeconomic effects of an investment 
stimulus. 

The results suggest that demand reacts strongly to public investment shocks, possibly because they signal 
the government’s commitment to growth and stability. By raising confidence, a push in public investment 
is also likely to foster investment from businesses that might otherwise remain cautious in their hiring 
and investment decisions.9 Similar results—that is, fiscal multipliers higher than 2 in high uncertainty 
periods—have been found for Germany and the United States (Bachman and Sims 2012; Berg 2019). 
However, high efficiency and good institutional quality are required to reap such large benefits from 
public investment. Although the level and nature of uncertainty in this crisis makes it difficult to 
extrapolate from historical patterns, these findings suggest that the public investment multiplier could be 
larger than in normal times. 

Counterbalancing this effect, cash constraints and high corporate leverage stemming from the adverse 
economic impact of the pandemic could lower the fiscal multiplier. Estimates based on data for about 
400,000 individual firms show that shocks to public investment tend to increase private investment for 
both firms with cash constraints and firms without such liquidity constraints (Figure 2.9, panel 1). 
Nevertheless, the impact is higher for firms that are less financially constrained. Likewise, the response to 
a public investment shock is stronger for firms with low leverage (Figure 2.9, panel 2). In the first period 
of the shock, their net investment rates increase by 2.5 percent and the cumulative impact is 11 percent 
after six years, whereas for firms with high leverage, the multiplier is marginally insignificant. Liquidity 
provision to firms and an effective debt resolution system including a streamlined restructuring 
framework (as discussed in Chapter 1; see also Balibek and others 2020) would not only help preserve the 
long-term productive capacity of the economy but also strengthen the capacity of fiscal policy to fight the 
recession. This mechanism would operate more strongly if the support were targeted to vulnerable but 
viable firms (October 2020 Global Financial Stability Report). In advanced economies, support for firms has 
been extensive and it can be expected that the multiplier will be higher than 1. 

Finally, it is important to consider which sectors would benefit the most from an increase in public 
investment and what kind of public investment is the most efficient at stimulating private investment. An 
analysis of the firm-level response to public investment shocks, which separates public investment by 
type and distinguishes firms by sectors of activity, shows that public investments in healthcare and other 
social services are associated with sizable increases in private investment at the one-year horizon (Figure 
2.10, panel 1). This complements earlier findings that healthcare and social spending has strong 
Keynesian multipliers because import leakages are small, and these sectors are labor intensive (Reeves 
and others 2013).  Crowding in is stronger for private investment in industries that are critical for the 
resolution of the health crisis (for example communications and transport) or for the recovery (for 
example, construction and manufacturing; see Figure 2.10, panel 2). In addition to the short-run 
multipliers, the long-run benefits of investing in crisis prevention and mitigation are well-documented 

 

8 The number of 7 million jobs is obtained by applying: (i) a job content of 4.9 jobs per million dollar invested for advanced 
economies (unweighted average of 2.3 in construction, 7.5 for green investment, and 4.8 for R&D) to an increase in investment 
worth 1 percent of the GDP in advanced economies (around $500 bn in 2020) and; (ii) a job content of 14.7 for emerging 
markets (three times the estimate for advanced economies, as per the regression estimates for the construction sector) to 1 
percent of the GDP of emerging markets (around $320 bn). 

9 Online Annex 2.5 provides further details on how public investment shocks affect confidence. The results are not driven by the 
correlation between uncertainty and low growth. Even when growth is high, the multiplier is larger in periods of uncertainty. 
And when uncertainty is high, there is no statistically significant difference in the size of the multiplier between high and low 
growth periods. 
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(World Bank 2013). A survey of leading experts, including academics and senior G20 officials, found that 
spending on clean energy infrastructure, building energy efficiency upgrades, and green spaces, was 
considered to have sizeable long-term multipliers (Hepburn and others 2020). Investing in adaptation to 
climate change has also high returns, often exceeding 100 percent (Global Commission on Adaptation 
2019; Rozenberg and Fay 2019). Long-term savings from investment in resilience and coping 
mechanisms can reach 300 percent for droughts and 1,200 percent for storms in sub-Saharan Africa (see 
Chapter 2 of the April 2020 Regional Economic Outlook for Sub-Saharan Africa). 

V. Investment in Resilience and the Role of the International Community 

As countries design packages that include additional public investment, two key questions are which 
sectors they should prioritize and, for the most vulnerable and fiscally constrained countries, what level 
of financial support could come from the international community.10 Reallocating spending, increasing 
investment efficiency, and strengthening domestic revenue mobilization are essential to give room for 
additional investments, but official aid will also be needed to support low-income developing countries 
through the crises they are facing. Supporting vulnerable and fiscally constrained countries would help 
reduce the dramatic impact of crises on poverty.    

Fighting COVID-19 is the most urgent priority. At the global level, a significant step has been taken in 
committing amounts for R&D in vaccine and therapeutics (Chapter 1). For the pandemic to subside and 
the global recovery to be sustained, universal access to COVID-19 vaccines or treatments at low cost will 
be indispensable. While developing a safe vaccine may still take some time; countries need to start 
planning the procurement and delivery of the vaccine immediately to ensure access at the right time 
(OECD 2020b). According to the Gates Foundation, the cost of global distribution of vaccines has been 
estimated in the range of around $25 billion,11 but wide and rapid access will reduce the overall cost of 
the crisis by multiple times this amount. To reduce the risk of future crises, it would be crucial for such 

 

10 International cooperation initiatives that help relax countries’ financing constraints, such as the Debt Service Suspension 
Initiative sponsored by the World Bank Development Committee, the IMF, and the G20 Finance Ministers, can play a 
significant role in participating countries. 

11 Bloomberg interview with Joe Cerrell, Managing Director of Global Policy and Advocacy at the Gates Foundation (Paton 
2020) 

Figure 2.10. Effect of Public Investment on Private Firms’ Net Investment  
(Effect, in percentage change, of an increase of public investment by 1 percent; one-year horizon) 

1. By Type of Public Investment 2. By Sector of Operation of Firms 

  
Sources: Orbis; and IMF staff calculations. 
Note: The effect of public investment on private investment depends both on the type of public investment (panel 1) and on the economic sector in 
which firms operate (panel 2). Estimated based on a database of about 400,000 private firms in eight sectors at the NACE 2 level covering 26 
advanced economies and 23 emerging markets and developing economies. See also the note to Figure 2.9. 
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spending not to crowd out R&D spending to fight other zoonotic infectious diseases, an amount 
previously estimated to be $4.5 billion annually (Commission on a Global Health Risk Framework for the 
Future and National Academy of Medicine 2016).  

At the national level, the correlation 
between a country’s WHO index of 
pandemic preparedness and spending 
on imported medical products suggests 
that increasing preparedness by 10 
points would cost around 0.02 percent 
of GDP per year in medical products 
(Figure 2.11). Public investment in 
health care spending is also around 0.1 
to 0.2 percent of GDP higher in 
countries that score 10 points higher on 
the same WHO index (Online Annex 
2.6).  

Digital infrastructure needs to be 
developed urgently to mitigate the 
effect of the COVID-19 crisis on the 
economy and on human capital. Half of 
the 1.5 billion students affected by 
school closures do not have access to a 
computer and more than 40 percent 
have no internet access at home 
(UNESCO 2020). Low-income 
developing countries are most in need of digital infrastructure investment: only about 35 percent of the 
population in developing countries has access to the internet (versus about 80 percent in advanced 
economies). Africa’s average broadband penetration was only 25 percent in 2018. Access to reliable 
electricity is also a major constraint to the expansion of digital infrastructure in Africa. The household 
electrification rate in sub-Saharan Africa is the lowest in the world, averaging 44 percent of the 
population in 2017 (half of the world average; Broadband Commission 2019). Within sub-Saharan Africa, 
there is a digital divide too: more than half of the population is engaged in e-commerce in some 
countries, whereas the share in other countries remains below 15 percent (April 2020 Regional Economic 
Outlook for Sub-Saharan Africa). 

Looking ahead, rapid technological progress will transform economic and social structures (Allen and 
Macomber 2020). Improvements in digital infrastructure will be essential to harness these changes, to 
strengthen government capacity, and to adapt economies to the disruptions the technological revolution 
could entail, such as income polarization (Autor, Dorn, and Hanson 2016; October 2017 Fiscal Monitor). 
Spending on digital infrastructure also provides an opportunity to boost government revenues (see April 
2018 Fiscal Monitor) and generate jobs (for example, extending physical fiber-optic cable). The growing 
digital divides across and within countries show that public funds would be required in both low-income 
developing countries’ and advanced economies’ lagging areas (Shenglin and others 2017). 

Global warming is perhaps the most significant crisis that is looming, threatening our planet as well as 
living standards around the world. To respond to this threat, investment in adaptation is urgent. A new 

Figure 2.11. Spending on Medical Products and World 
Health Organization (WHO) Index of Pandemic 
Preparedness 
(Percent of GDP) 

 
Sources: World Health Organzation, Index of Heatlh Regulation (IHR); COMTRADE; and 
IMF staff estimates. 
Note: The figure shows the correlation between IHR index and spending on imported 
medical  products such as respiration apparatus, X-ray equipment, protective glasses, 
hand sanitizer, and surgical gloves (see Online Annex 2.6). 
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IMF staff assessment of public investment needs for adaptation based on World Bank data (Box 2.1) 
finds that for low-income countries, needs are around $25 billion annually (1.1 percent of GDP).  

Official creditors are 
already allocating aid for 
climate change 
adaptation: the 
correlation between IMF 
estimates of needs and 
official aid for adaptation 
to climate change is 
about 56 percent. 
However, annual aid to 
low-income developing 
countries was $10 billion 
in 2018 and would thus 
have to more than 
double to fulfill the 
needs (Figure 2.12). 
Although private finance 
for cleaner activities has 
increased rapidly at the 
global level since 2008, it 
is unfortunately less 
viable for these 
countries, owing to their 
limited access to capital 
markets.12  

VI. Conclusion 

In response to the COVID-19 crisis, governments around the world are taking extraordinary measures to 
save lives and limit the sharpest and deepest global economic collapse in contemporary history. Public 
investment is urgently needed in sectors critical to controlling the pandemic—in particular, health care, 
schools, digital infrastructure, safe buildings, and safe transportation. In addition, public investment 
should play an important role in fiscal packages allocated for the recovery, to promote job creation and 
private investment in the near term and to increase productivity, to make progress toward the SDGs, and 
to strengthen resilience to crises.  

Public investment is a potentially powerful element of a stimulus package. Public investment would 
create millions of jobs directly in the short term and can also create many additional jobs indirectly and in 
the longer term. The unique features of the COVID-19 crisis make it difficult to anticipate the size of the 
fiscal multiplier. But it is reasonable to expect that in advanced economies and several emerging 

 

12 Green bond issuance has grown significantly in recent years, from an average annual issuance of $52 billion from 2008 to 2018 
to a total issuance of $255 billion for 2019 alone (Climate Bonds Initiative 2019; Fatin 2020). Other resilience-oriented financing 
vehicles that fund coastal restoration, marine biodiversity, sustainable fisheries, and pollution control could be explored (such as 
Blue Bonds). 

Figure 2.12. Public Investment in Adaptation to Climate Change: Needs 
and Aid Flows  
(In hundreds of million of dollars) 

 
Sources: Organisation for Economic Co-operation and Development; Bellon (forthcoming); and IMF staff 
estimates. 
Note: Aid flows for climate change adaptation (horizontal axis, in log scale) are correlated with the IMF 

estimates of adaptation needs (vertical axis, in log scale). The correlation between aid and needs in ratio to 

GDP is also high, at 0.57. The United Nations University Institute for Environment and Human Security World 

Risk Index for 2018 is used to measure natural disaster risk. The threshold suggested by the World Risk 

Report 2018 for the high- and the very high-risk group, at 7.14 percent, is used to differentiate countries 

into high and low risk. See also Box 2.1 and Online Annex 2.6 and 2.7. 
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economies, the multiplier will be larger than in normal times and well above 1, if projects chosen are of 
good quality, because resources are idle, interest rates are stuck at the effective lower bound, and fiscal 
packages may increase confidence in the recovery.  

The macroeconomic case for public investment is not as strong in those emerging economies and low-
income countries that face tighter financing constraints, but the investment needs to meet the SDGs call 
for reallocating spending, enhancing domestic revenue mobilization, and improving the efficiency of 
investment so as to safeguard as much investment as is compatible with other key spending priorities. 
Strengthening revenue administrations and tax policy reforms are essential to scale up domestic revenue 
mobilization. Vulnerable and fiscally constrained countries will also need international support to be able 
to weather the crises they are facing. In all countries, policymakers can increase the impact of public 
investment on jobs and private sector activity by taking public health measures that bring the disease 
under control and allow for reopening safely and easing supply constraints, improving mechanisms for 
the resolution of private debt, and strengthening public investment management institutions. 

For an investment scaling-up to be timely and efficient, several conditions must be met. First, priority 
should be given to maintenance spending and to existing projects, because designing new or complex 
projects too quickly would impede the quality of investment. Second, governments should identify a 
pipeline of projects that can be carefully appraised and ready for implementation within the next 24 
months. A pipeline with a longer horizon is also needed for more complex projects that will address the 
new priorities stemming from structural transformations associated with the pandemic, particularly 
projects that increase resilience to crises and to climate change. Third, the procedures for selection and 
procurement of public investment projects should be strengthened immediately. Project outcomes are 
more often disappointing, and short- and long-term fiscal multipliers are lower in countries where public 
investment management practices are weak. 

Satisfying these conditions may not be possible for every project in every country, especially because 
responding to such a multifaceted crisis is placing tremendous pressure on governments. Although the 
global fall in interest rates has set a low bar for investment projects to be beneficial, the bar is higher to 
pass when governments with limited resources face competing spending priorities. Investments that 
contribute to the resolution of the COVID-19 crisis, that can create jobs quickly, and that help countries 
become more resilient—including to prepare for global warming—should be given priority and 
supported by the international community.  
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Box 2.1. Estimating Public Investment Needs for Climate Change Adaptation 

Building protection and strengthening physical assets are key to address the challenges posed by natural 
disasters and climate change and thus to make progress toward the Sustainable Development Goals. 
Countries should consider three types of adaptation investment: (1) upgrading investment projects, (2) 
retrofitting existing assets, and (3) building new coastal protection infrastructure. Other investment 
needs, such as preparing for droughts and other temperature changes, are not included but such 
investments, albeit needed, are substantially less expensive (Global Commission on Adaptation 2019). 
This box presents cost estimates for public investment for climate change adaptation by country and by 
income group, as well as the methodology underpinning estimates by IMF staff. 

For new infrastructure projects in all sectors subject to hazards (energy, water, transportation, and social 
sector facilities), the additional up-front cost to increase resilience standards is estimated to average 
around 15 percent of the typical initial cost (Rozenberg and Fay 2019). Retrofitting assets is substantially 
more expensive and would incur costs over 50 percent of the asset value. Countries with exposed coasts 
should also consider building new infrastructure, such as dikes, entirely dedicated to the protection and 
the reduction of risks for other assets. 

High returns to adaptation imply that, over the medium term, annual investment of 1 percent of GDP 
globally, on average, would be beneficial. These costs exceed previous estimates (see April 2020 Fiscal 
Monitor; UNEP 2016; and Global Commission on Adaptation 2019) because they encompass more types 
of investment (for example, investment dedicated to coastal protection and the retrofitting of exposed 
assets) and because the coverage is extended to all countries. Costs are estimated from a bottom-up 
approach: the analysis uses data on the share of exposed assets by country, constructed thanks to two 
detailed global maps, one of natural hazards and another of road and railway asset data (Koks and others 
2019). Upgrading and retrofitting costs are based on this evaluation of exposed assets and the engineering 
techniques known to improve resilience (see Online Annex 2.7). 

Disparities across countries in needed adaptation investment are vast, and low-income countries and 
small states face greater challenges. Countries in Asia and the Pacific, Africa, and the Caribbean face 
above-average costs because a large share of their existing and future infrastructure is exposed to climate 

Figure 2.1.1. Annual Upgrading, Retrofitting, and Protection Investment Costs  
1. Country Level 

(percent of GDP) 
2. By Country Groups 

(GDP weighted average) 

  
Sources: Nicholls and others 2019; Rozenberg and Fay 2019; IMF, Investment and Capital Stock 2019 Dataset; IMF, World Economic Outlook 
database; and IMF staff estimates. 
Note: Upgrading costs are estimated using public investment projections, the share of exposed assets, and a unit cost of 15 percent. Retrofitting 
costs are calculated using the share of exposed public assets and a unit cost of 50 percent, spreading costs equally over 10 years. Coastal 
protection costs are based on global high-definition representations of coastal zones and the climate model in Nicholls and others (2019). 
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hazards (Figure 2.2.1, panel 1). Across the globe, coastal protection is most expensive for low-income 
countries and small states. Upgrading costs can be large for low-income countries and emerging markets 
because these countries typically have more investment projects. By contrast, retrofitting costs are more 
evenly distributed, as even advanced economies face substantial expenses (Figure 2.1.1, panel 2). 
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Online Annex 2.1. Financing Constraints and the Strategy for Investment1 

This annex presents a model of endogenous debt and sovereign default risk, for economies borrowing 
externally in foreign currencies, to answer the question of whether such countries should borrow to 
invest, and how aggressive should the strategy be, depending on some key macroeconomic 
characteristics. The results of the model highlight the importance of the response of risk premia for the 
success of a public investment stimulus.  

A. The model 

The model is developed in the tradition of the recent quantitative sovereign debt literature (Mendoza and 
Yue 2012; Asonuma and Joo 2019). Sovereign bonds are one-period noncontingent assets, and the 
government uses them to smooth private consumption and allow for the financing of public expenditure. 
Sovereign yields depend on the likelihood that the economy will default on its debt. If the country 
defaults, it loses access to credit markets for some periods. Losing market access is costly, as it reduces 
the economy’s opportunities to borrow to mitigate the impact of further macroeconomic shocks and it 
imposes production costs (proxying sanctions by other countries or distortions to supply chains due to 
the loss of access to trade credit). Such punishment for defaulting determines the degree of debt 
repayment enforcement, since the government compares the benefits of defaulting (not having to service 
its debt) to its costs when deciding whether to default. 

Households maximize their lifetime welfare, which depends on private consumption, leisure, and 
government consumption (social expenditure), which is required to at least cover “basic social needs.” 
Firms in the economy produce goods using labor, fixed private capital, and intermediate exportable and 
importable goods. A share of the importable intermediate goods must be financed in advance. Firms’ 
financing costs in international markets are assumed to move one-for-one with the government’s 
financing costs.2 The economy is hit by stochastic shocks: total factor productivity (TFP) is a function of 
an exogenous aggregate shock that follows an AR (1) process with autocorrelation 𝜌 and variance 𝜎ଶ. 
The model also introduces an active role for fiscal policy, through the inclusion of different tax 
instruments —consumption, labor, and profit taxes —and expenditures —public consumption and 
investment.  

To investigate the impact that different public investment strategies could have on the equilibrium of the 
economy, public investment is considered exogenous if the economy has access to international markets. 
But during periods of sovereign crises, public investment is chosen optimally, which allows an analysis of 
the tradeoff faced by governments when fiscal constraints are acute. 

B. Public Investment Multipliers and Fiscal Risk 

Public investment builds up the stock of public capital and raises TFP, the productivity of inputs, and 
thus profits, wages, consumption and welfare. Higher income and consumption levels for the households 
translate into higher tax revenues for the government, increasing its fiscal space.3 However, when fiscal 

 
1 This online annex was prepared by Sandra Lizarazo of the Fiscal Affairs Department. 

2 Strong evidence connects sovereign default and private credit conditions for both emerging and advanced economies. Arellano 
and Kocherlakota (2007) and Mendoza and Yue (2012) discuss the evidence of a positive co-movement between corporate and 
sovereign interest rates. Bevilaqua, Hale, and Tallman (2020) document that globally there is an association between sovereign 
spreads and corporate spreads of almost 1-to-1 during tranquil periods, and that while this association falls during periods of 
unusually high sovereign yields, it remains large at about 0.5. See also Agea and Celasum (2009) and Corsetti and others (2010).   

3 Fiscal space in this annex is defined as the government’s budgetary flexibility in its spending choices without undermining fiscal 
sustainability, i.e., without generating a high risk of default. 
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space is already tight due to low tax revenues, high initial debt, or low creditworthiness (high spreads),  
increasing public investment implies either cutting public consumption (which is valued in the utility 
function), or the need to raise distortionary taxes or issue more government debt. Because cutting public 
consumption or raising distortionary tax rates reduce the welfare and growth benefits of the investment 
strategy, default becomes more tempting, especially if adverse macroeconomic shocks take place or are 
expected to take place. Consequently, default risk increases.4  

These two opposite effects of investment on fiscal sustainability (higher TFP growth and thus future tax 
revenues, but also higher debt or lower private or public consumption and therefore stronger incentives 
to default) raise the possibility that investment strategies that are based on poor projects (with low rates 
of return), that are too costly (because of low public investment efficiency) or that create large financing 
needs, can lead to higher sovereign spreads. Because an increase in sovereign spreads results in an 
increase in firms financing costs,5 some crowding out of private production takes place, reducing the 
growth benefit of public investment. A sufficiently large crowding out of the private sector can further 
tighten fiscal space, as the debt-to-GDP ratio would be larger and tax revenues would be lower than they 
would have been otherwise.  

However, if the positive effect of public investment on the economy’s repayment capacity dominates, the 
public investment strategy succeeds at crowding in the private sector, as spreads remain relatively stable 
and higher TFP crowds in the private sector, resulting in larger GDP expansions (larger “multiplier”). 

C. Quantitative Analysis 

The model is calibrated for two archetypical economies: a developing economy facing persistent TFP 
shocks with large real business cycle fluctuations that result in high levels of macroeconomic volatility; 
and an advanced economy with higher initial levels of public capital, lower macroeconomic volatility, 
higher efficiency in the conversion of public investment into capital goods (high “public investment 
efficiency”) 6, and stronger enforcement of debt obligations. The model is calibrated at a quarterly 
frequency using selected standard parameters from the literature and others chosen to match some 
targets of the economies under study and summarized in Online Annex Table 2.1.1. The model is used to 
compare three alternative strategies : (i) a gradual scaling up with public investment increasing 1 percent of 
GDP per year above its initial level during the next 20 years; (ii) a fast scaling up with the increase being 3 
percent of GDP per year; (iii) an aggressive scaling up in which public investment increases by 4 percent of 
GDP per year. The results of the model are the average of 1,000 Monte Carlo simulations.  

D. Results 

Consistent with the previous literature, the findings of this annex emphasize that the initial stocks of 
public capital, the rates of return of projects, and the efficiency and transparency of the practices with 
which public investment projects are chosen and implemented are key factors to consider when deciding 
the public investment strategy (Chaterjee, Sakoulis, and Turnovsky 2003; Cavallo and Daude 2011; Buffie 
and others 2012; Izquierdo and others 2019). But beyond those aspects, the findings of this analysis 

 
4 When deciding whether to default or not, the government compares the benefits of paying the debt to its costs. For high levels 
of taxes or low levels of social spending, debt repayment becomes very costly in terms of short-term welfare. 

5 Bianchi, Lizarazo and Sapriza (2014) present a model in which sovereign and corporate spreads are endogenously positively 
correlated due to the impact that business cycles have simultaneously on sovereign spreads and banks profitability and to the 
existence of implicit guarantees from the fiscal sector to the financial sector. 

6 Effective investment refers to that which translates into higher public capital. The model captures this idea by having a 
modified law of movement for capital, 𝐾௧ାଵீ = 𝜀𝐼௧ீ + ሺ1 − 𝛿ሻ𝐾௧ீ , where 0 < 𝜀 < 1 measures the efficiency of the public 
investment process. 
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suggest that the feasibility of a scaling up strategy eventually depends on macroeconomic factors like the 
availability of fiscal space, whether monetary policy can stabilize risk premia,7 and the overall 
macroeconomic volatility in the economy (e.g. the economy’s vulnerability to supply, demand or terms of 
trade shocks). In addition, the magnitude of the increase in public investment and financing needs, which 
may exacerbate the vulnerability to macroeconomic shocks, are also crucial.  

Advanced economies with historically low and stable interest rates are likely to see high short-term 
multipliers from investment surges, even when such surges are sizable (Online Annex Figure 2.1.2). 
However, for countries with limited fiscal space, and where monetary policy cannot stabilize sovereign 
risk premia, borrowing to invest can increase debt vulnerabilities, boost precautionary savings (as 
households and business become aware of the higher degree of economic uncertainty resulting from 
higher debt levels), and risk premia, which would reduce the benefits of such a strategy. Indeed, fiscal 
multipliers in high-debt economies tend to be low or even negative (Ilzetzki, Mendoza, and Végh 2013).  

A strategy of a gradual scaling up of public investment may be more effective than faster strategies. 
Increasing public investment by 1 percent of GDP per year for the next 20 years (a gradual scaling up) 
leads to an increase in financing costs of 250 basis points, whereas a fast scaling up would increase 
financing costs by about 350 basis points, and an aggressive scaling up would increase financing costs by 
about 950 basis points (Online Annex Figure 2.1.1).8 Even though public investment exhibits the same 
technological returns for all investment strategies, higher financing costs result in public investment 
partially crowding out private economic activity, as corporate interest rates move in tandem with 
sovereign rates, halving public investment multipliers in the archetypical emerging markets and frontier 
low-income countries under the fast and aggressive strategies. Because of the potential for such crowding 
out, the higher long-term public levels of capital of the fast and aggressive investment strategies do not 
translate one-to-one into higher average wages and employment: wages in the gradual strategy are only 
slightly lower than in the fast strategy, and are somewhat higher than in the aggressive strategy. 
Nevertheless, scaling up public investment remains a worthy strategy: in the long run, GDP is 10 percent 
higher in the gradual scaling up than in the baseline (12 percent under the fast scaling-up scenario) and 
welfare is 17 percent higher, in equivalent consumption units (19 percent higher for the fast scaling-up 
scenario). Other nonproductive or non-social spending increases would have even smaller multipliers 
because they would amplify the existing debt vulnerabilities without having a countervailing impact on 
either the economy’s present or future capacity to repay or the ability of fiscal policy to reduce private 
consumption volatility (and in this way maintain households’ support for debt servicing).9  

The non-linear response of spreads and multiplier to different magnitudes of the scaling up (Online 
Annex Figure 2.1.1) illustrates one of the points discussed in the previous section. If the first round 
increase in spreads is sufficiently large, the crowding out of the private sector will dominate the effect of a 
higher expected public capital level on the capacity of the government to repay its debt, increasing the 
risk of default (debt-to-GDP ratios are higher and tax revenues are lower). Sovereign and corporate 
spreads increase further, crowding out private activity and amplifying debt vulnerabilities. The strength of 
this mechanism is shown in Online Annex Figure 2.1.2. The effect is stronger for faster surges in public 
investment. The sizable negative interaction between economic conditions and financing conditions 

 
7 In the context of the model, this refers to the ability of the government to manage interest rates. 

8 In the model, for the case of a gradual scaling up each additional 100 basis points of spreads increase debt servicing costs by 0.5 
percent of GDP on average per year. For faster investment strategies, each extra 100 basis points of spreads generate a larger 
increase in debt servicing costs. 

9 In the model, the main benefit of servicing the debt and maintaining market access is the ability to smooth consumption 
(reduce consumption volatility) through international risk sharing. 
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during periods of fast and aggressive investment surges risks creating a vicious circle between a high debt 
burden and high interest rates, thus reversing progress in strengthening fiscal policy countercyclicality 
(Frankel and others 2011).  

Faster scaling-up strategies, because of their higher financing requirements and their implied effect on 
fiscal risks, increase consumption volatility (Figure 2.1.2), generating a steeper increase in households’ 
precautionary savings—especially during the initial phases of the scaling up—which negatively impacts 
welfare and further reduces the usefulness of maintaining market access for consumption smoothing, 
making default more tempting.  

The model also shows that developing countries with levels of debt above 60 percent of GDP see their 
sovereign spreads increase by more than economies with lower initial levels of debt (from already higher 
levels of spreads), even when the scaling up is gradual (Online Annex Figure 2.1.3). For these economies, 
multipliers are smaller, and they are 2.5 percent more likely to have output realizations below two 
standard deviations from the mean of the scaling-up period (17.3 percent vs. 14.5 percent for lower-debt 
economies). The intuition of this result is clear: a higher initial degree of debt vulnerability gets amplified 
by the new issuance of debt to finance investment, spreads climb further and the negative interaction 
between spreads and GDP growth grows more powerful. 

The stronger capacity to repay debt of countries with higher initial levels of public capital translates into 
lower and more stable risk premia and into higher multipliers (Online Annex Figure 2.1.1  and Online 
Annex Figure 2.1.3), even though the marginal productivity of public capital is higher when capital is 
more scarce. This result implies that when debt vulnerabilities are an issue, high rates of return for 
investment projects might not guarantee market financing at low costs. It also suggests that in the long 
term, an additional benefit of effective higher public investment is to enhance countries’ access to credit 
markets.  

How investment is financed also matters. For countries with access to financing at low costs, fiscal 
multipliers tend to be higher if public investment is financed with debt (see the October 2014 World 
Economic Outlook). However, for countries whose access to market financing is very sensitive to the fiscal 
situation, raising tax rates may mitigate the increase in risk premia, allowing fiscal multipliers to be larger 

Online Annex Figure 2.1.1. Response of Spreads 
and Multipliers to Different Strategies, by Type 
of Economy 
(Basis points) 

Online Annex Figure 2.1.2. Consumption 
Volatility and Vicious Circle between Spreads 
and GDP  

  
Source: IMF staff calculations. 

Note: AEs = advanced economies; EMs = emerging markets; LIC: low-

income countries. 

Source: IMF staff calculations. 

Note: The strength of the vicious circle between spreads and GDP is 

measured using the absolute value of the correlation spreads to 

GDP. A high value for this variable implies a more substantial 

negative effect from spreads in the GDP and from the GDP back 

into the spreads. AEs = advanced economies; EMs = emerging 

markets; LIC = low-income countries. 
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(Online Annex Figure 2.1.3). The effect tends to be especially important when deciding to follow fast or 
aggressive public investment scaling-up strategies. 

The sensitivity of risk premia to the strategy also 
depends on the macroeconomic risks each country 
faces. The model shows that the impact of scaling 
up public investment on financing costs is smaller 
for countries with low or moderate levels of 
macroeconomic volatility, independently of the 
speed of the scaling up of investment. For emerging 
markets and frontier low-income countries that 
exhibit high macroeconomic volatility, a gradual 
scaling up remains better than a faster or aggressive 
scaling up. 

The model also shows that when corporate spreads 
respond less to the financing of the investment 
surge (either because of monetary policy actions or 
because financing is not on market terms), the 
crowding out of the private sector is weaker and the 
growth impact (and the multiplier) of investment is 
larger; as a result, the debt-to-GDP ratio grows less, 
and the lower implied debt vulnerabilities result in 
muted second round increases in sovereign spreads. 
(Online Annex Figure 2.1.4).  

Finally, an important question is whether markets 
consider that the investment strategy credibly 
builds assets of quality. For this, the permanence of 
the investment effort also matters (Blöchliger, 
Song, and Sutherland 2012). Often, governments 
faced with fiscal constraints halt or reverse 
investment plans (Online Annex Figure 2.1.5). This 
may be an optimal response in the short term 
because it softens the impact of negative shocks by 
allowing reprioritization of public expenditure away 
from capital expenditure and towards social 
spending and other basic needs (health, education, 
wages), which have an immediate value for  

Online Annex Figure 2.1.3. Sensitivity to Initial 

Conditions and Financing 

Multipliers (spreads) are lower (higher) when debt is high, and higher 
(lower) when initial capital or tax rates are high. 

 

Source:  IMF staff calculations. 

Note: The LHS y-axis measures the public investment multiplier (with 

values in the range of 0.31 to 0.35). The RH y-axis measures spreads, 

shown in basis points. pp: percentage points.  

Online Annex Figure 2.1.4. Sensitivity of Spreads to 

Capacity to Finance Debt  
In equilibrium sovereign spreads are lower if the correlation 
between corporate and sovereign spreads is low or if the 
economy has access to concessional borrowing 

 

 

 

Source: IMF estimates. 

Note: The figure shows the differences between the spreads in the 

benchmark economy and (1) the economy with a lower correlation between 

sovereign and corporate spreads and (2) the economy with higher share of 

concessional debt. For gradual scaling up, if monetary policy successfully 

reduces the correlation of corporate and sovereign spreads, the increase in 

sovereign spreads resulting from the scaling up is 45 basis point lower than in 

the benchmark.  EMs = emerging markets; LIC = low-income countries. 
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welfare.10 In that case, the long-term benefits of the 
strategy are not realized, and only the costs of 
higher debt remain; this risk is priced by markets, 
raising financing costs. To ensure the credibility of a 
plan of sustained investments and to mitigate the 
impact on financing costs, governments need to 
ensure that the plan’s macroeconomic and financial 
assumptions are realistic and communicated 
transparently. Medium-term budget frameworks can 
help translate long-term aspirations into concrete 
budget decisions. A variety of public financial 
management practices can also contribute to 
protecting capital appropriations, such as setting 
ceilings on transfers of appropriations from capital 
to current spending and giving priority to active 
projects rather than new ones.  

 

 

 
10 Gordon and Guerrón-Quintana (2013) and Asonuma and Joo (2019) also find that in the presence of macroeconomic 
uncertainty, investment strategies (private and public) have a built-in embedded time inconsistency:  Ex-ante investment expands 
productive capacity, but ex-post, when a negative shock hits and borrowing becomes too expensive, reducing investment 
becomes an effective way to mitigate the welfare cost of such shock. 

Online Annex Figure 2.1.5. Fiscal Crises and 

Public Investment in Advanced Economies and 

Emerging Markets  
(Percent of GDP) 

 
Sources:  Gerling and others 2017; IMF, Capital Stock database; and 
IMF staff estimates. 
Note: The y-axis shows coefficients of the regression of changes in 

public-investment-to-GDP ratios on the occurrences of fiscal crises, 
as defined by Gerling and others (2017). Time periods are in years on 
the x-axis; 0 indicates the beginning of the crisis. 
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Online Annex Table 2.1.1 Calibration of the Model 
Parameter Name Value Target Reference 

Risk aversion 2  Standard value in the Real Business Cycle 
literature. 

Labor supply elasticity 2.2  Mendoza and Yue (2012).  

Discount factor 0.88 EMs/LICs’ sovereign default 
probability in a range of 0.5 to 
1.5 percent. 

Mendoza and Yue (2012) 

World free interest rate 0.01  Standard value in the Real Business Cycle 
literature. 

Probability of re-entry credit 
markets after  

0.125 8 to 10 quarters of exclusion 
from credit markets after 
default. 

Value consistent with estimates reported by 
empirical sovereign debt literature (Asonuma and 
Trebesch 2015; Gelos, Sahay, and Sandleris 2011) 

Cost of default Calibrated to match a 
target 

Initial average debt-to-GDP ratio 
of 45 percent. 

Asymmetric cost of default as in Chatterjee and 
Eyigoungour (2012) 

Correlation of sovereign and 
corporate spreads 

1 for spreads below 
1,000 basis points, 0 
otherwise  

 Bevilaqua, Hale, and Tallman (2020) report that 
worldwide, the correlation is close to 1 in tranquil 
periods and close to 0.5 in periods of fiscal crises 

Intermediate goods 
participation on gross output 

0.576 Average for EMs in Eastern 
Europe 

The UN Statistics Division’s latest available data 
for Bulgaria, Czechia, Estonia, Hungary, Poland, 
and Serbia 

Elasticity of substitution of 
importable and domestic 
intermediate goods 

1.25  Value in the range of possible estimates (McDaniel 
and Balisteri 2002; Feenstra and others 2018) 

Share of importable inputs in 
the composite intermediate 
good 

0.5 Calibrated to match a 0.23 ratio 
of imported inputs to total 
intermediate goods. 

See Mendoza and Yue (2012) for a discussion of 
the findings in Campa and Goldberg (2006) 

Share of importable inputs 
subject to an advanced capital 
constraint 

0.7 Calibrated to match a working-
capital-to-GDP ratio of 2 percent 

Mendoza and Yue (2012) find this ratio to be 6 
percent for Argentina; a more conservative value 
prevents overstating the impact of financing costs 
on public investment multipliers 

Labor participation on GDP 0.64  In the range of standard values used in the 
economic literature 

Capital participation on GDP 0.36  In the range of standard values used in the 
economic literature 

Private-capital (fixed)-to-output 
ratio 

3  In the range of standard values used in the 
economic literature 

Average public capital AEs 
before scaling up 

Calibrated to match a 
target 

Calibrated to match an initial 
ratio between average GDP per 
capita for AEs vs. EMs of 3.  

Value similar to those seen in the data for EMs vs. 
AEs (The OECD data for 2019: ratio for the GDP per 
rcapita of Australia vs. Colombia, Spain vs. 
Indonesia, United States vs. Mexico, and 
Luxembourg vs. Lithuania) 

Productivity of public capital Calibrated to match a 
target 

Calibrated to a productivity of 
public capital above 15 percent 
per year   

Buffie and others (2012) discuss evidence of large 
returns to infrastructure in developing economies 
(possibly in the range of 15 to 30 percent yearly)   

Persistence of TFP shocks  0.88  In the range of values used in the sovereign debt 
literature  

Volatility of TFP shocks  0.0223 EMs/LICs 
0.009 AEs 

 In the range of values used in the sovereign debt 
literature 

Source: Prepared by the author. 

Note:  AE: advanced economy; EM: emerging market; LIC: low-income country; OECD: Organisation for Economic Co-operation and Development; TFP: 

total factor productivity. 
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Online Annex 2.2. Assessing the Impact of the COVID-19 Crisis on Monthly Investment 

Budgets1  

Examining investment outturn data over the first few months of 2020 can shed light on the impact of the 
COVID-19 pandemic on public investment. While the fact that public investment is one of the major 
casualties in countries experiencing a fiscal crisis has been well established and documented ex post (see 
Roubini and Sachs, 1989 ; Hicks, 1991), the real-time impact of a major fiscal or financial crisis on public 
investment using higher frequency execution indicators has received less attention. 

For this purpose, data on monthly 
budget execution for the first few 
months of 2020 is collected for a 
sample of 13 countries, including 
advanced economies, emerging 
market developing economies, and 
low-income developing countries 
(Online Annex Figure 2.2.1)2 and 
separated out by the economic 
classification of spending. The 
analysis focuses on the period from 
March to June, as the COVID-19 
pandemic started to have a strong 
impact outside China during the first 
half of March 2020 

In advanced economies, over the first 
few months of 2020, public 
investment was quite dynamic 
compared to the year before (a 
growth rate of 7 percent, year-over-
year). One explanation could be that 
advanced economies, which did not face liquidity constraints (thanks in particular to exceptional central 
bank interventions) may have tried to frontload investment spending in order to mitigate the impact of 
the coming crisis. They could take advantage of good conditions for a wide variety of public investments, 
for instance low traffic facilitating road, rail, and airport works, and low energy consumption facilitating 
electricity network improvements.  

In emerging market developing economies and low-income developing countries, however, the situation 
was more mixed. This could be attributed to disruptions induced by COVID-19 but also to precautionary 
measures to preserve fiscal space in the face of the large impact of the pandemic on revenues and the 
overall fiscal balance. As a result, investment increased only by 2 percent year-over-year, on average for 
this group of countries, with investment falling for almost half of the sample.  

 
1 This annex was prepared by Claude Wendling and Sureni Weerathunga of the Fiscal Affairs Department. 

2 The sample was composed of the following countries: for advanced economies, France, United Kingdom, Portugal, and Germany; 
for emerging market developing economies, South Africa, India, Maldives, Albania, Mexico, and Nepal; and for low-income 
developing economies, Côte d’Ivoire, Burkina Faso, and Afghanistan. 

Online Annex Figure 2.2.1. Public Investment Spending, 

March–June 2020  
(Percentage change from March–June 2019) 

Source: IMF staff estimates based on monthly public investment spending 
figures. 
Note: The figure shows the distribution of monthly public investment execution, 
deflated by the 2019 end-of-year consumer price index. Averages (square) are 
nonweighted.  AE = advanced economies; EME = emerging market economies; 
LIDC: low-income developing countries; YoY = year- over-year.  

-10%

-5%

0%

5%

10%

15%

20%

AE EME/LIDC

G
ro

w
th

 o
f p

ub
lic

 in
ve

st
m

en
t s

pe
nd

in
g 

 
(M

ar
ch

-J
un

e 
20

20
 , 

Yo
Y)

+7%

+2%

75th pctile

Mean

25th pctile



CHAPTER 2 Investing in the Post-Pandemic Recovery 
1.  

International Monetary Fund | October 2020 9 

There are of course limitations to this exercise. These include (i) the small size of the sample, especially 
for low-income developing countries where monthly budget execution data are seldom available in a 
public, timely and reliable manner; (ii) the institutional coverage, which is limited in most cases to the 
central government whereas a sizable part of public investment may be by subnational governments, 
extra budgetary funds, or state-owned enterprises; (iii) heterogeneity in the notion of “public investment” 
as captured in the monthly execution bulletins, where the economic classification may not be fully in line 
with the IMF’s Government Financial Statistics standards and may reflect country-specific practices; and 
(iv) the fact that some of the variation in public investment captured in the analysis may reflect trends 
that are unrelated to COVID-19, such as the impact of a growth in investment spending that may have 
been planned well before the COVID-19 pandemic.  

However, closer monitoring of budget execution data can clearly give early warning signals useful for a 
government planning and implementing an investment strategy. 
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Online Annex 2.3. Maintaining Quality When Scaling Up Public Investment1  

This Annex explains the analysis of World Bank project-level information on delays and cost overruns. 
Although there exists a literature looking at the micro and macro determinants of project success–as 
measured by qualitative evaluations (Denizer and others 2013; Presbitero 2016)–less has been written on 
the mechanisms explaining project outcomes, such as time and cost overruns (although see Flyvbjerg 
2009; Collier, Kirchberger, and Söderbom 2016; Gurara and others 2020 on cost overruns). 

A. Data 

The main data are from the World Bank investment projects matched with the World Bank’s 
Independent Evaluation Group project evaluation data.2 For about 3,000 projects approved since 2000 in 
more than 110 emerging markets and developing countries, it is possible to compute measures of time 
delays and cost overruns from information available in individual project documents. Text search analysis 
facilitated compiling information on the length and cost of individual projects, measured both at the time 
of approval and at completion. Delays are defined as the difference between the actual project 
completion date and the completion date anticipated at the beginning of the project, scaled by project 
length (all measured in days). Cost overrun is the difference between the actual project cost and that at 
appraisal, as a ratio of project cost at appraisal.   

Comparing the actual final cost and project length with those estimated at the start of each project shows 
that delays and cost overruns are very frequent and, often, quite substantial. This is not unique to World 
Bank projects, as there is evidence showing similar trends and numbers for other multilateral institutions 
(Ahsan and Gunawan, 2010; Serebrisky and others 2017) and more generally for investment projects, 
especially in infrastructure (Flyvbjerg 2009).  

Data on cost overruns indicate that almost 40 percent of the projects cost more than the estimated 
appraisal cost, with a median cost escalation of about 19 percent, and that more than 10 percent of the 
projects cost more than twice the original amount.3 There are large differences across sectors, with water, 
transportation and social protection having a high share of projects with cost overruns and a median cost 
escalation substantially larger than in other sectors. Comparing emerging markets with low-income 
countries shows that time delays and cost overruns are more prominent in poorer countries. 

The data also show that about three-quarters of projects are completed in a timeframe longer than 
projected. The median delay is almost 30 percent of the original length, with more than 10 percent of the 

 
1 Prepared by Andrea F. Presbitero from the Research Department. Text mining on Independent Evaluation Group project-level 
reports by Dominique Guillaume and Jorge Martinez is gratefully acknowledged. 

2 Data are available at https://datacatalog.worldbank.org/dataset/world-bank-projects-operations (version as of 8 April 8 2020) 
and https://finances.worldbank.org/Other/IEG-World-Bank-Project-Performance-Ratings/rq9d-pctf (version as of 4 February 
2020). Individual project documents are also available on the World Bank website at https://projects.worldbank.org/. While 
focusing exclusively on World Bank projects may generate concerns about the validity of the results in a broader context, there are 
reasons that can make the findings more general. First, the World Bank is one of the largest donors, and its model for selecting, 
financing and assessing projects is the most common one across aid agencies (Denizer and others 2013). Second, the statistics on 
cost overruns and time delays are similar to those from other donors. Finally, previous analyses using projects funded by the World 
Bank and other donors have shown similar patterns across funding agencies (Briggs 2019; Bulman and others 2017; Caselli and 
Presbitero 2020). 

3 Consistent with this evidence, Serebrisky and others (2017) show that 53 percent of World Bank infrastructure projects suffered 
cost overruns, and the share is even higher (82 percent) for those financed by the Inter-American Development Bank. Similarly, 
86 percent of sampled development projects financed by the Asian Development Bank experienced marked cost overruns (Ahsan 
and Gunawan 2010). Flyvbjerg and others (2003) look at project-level data from 20 countries and find evidence of cost escalation 
in 86 percent of projects, where actual costs exceeded estimated cost by an average of 28 percent.  
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projects completed with a delay of at least 50 percent of the original length. The distribution across 
sectors points to some differences, especially in the case of projects in the energy and mining sector, 
which tend to be delayed more. 

B. The Empirical Model 

To look at the drivers of project delays, this annex estimates the following model:  𝐷𝑒𝑙𝑎𝑦௝௖௧ = 𝑃𝑅𝑂𝐽𝐸𝐶𝑇௝௧ + 𝑀𝐴𝐶𝑅𝑂௖௧ + 𝜏௧ + 𝜑௝ + 𝑟௖ + 𝐿𝐼𝐷𝐶௖ + 𝜀௝௖௧ , (1) 

where Delay is the time delay of project j, approved in year t in country c. The vector of project-level 
characteristics (PROJECT) includes (1) size, measured by the logarithm of the dollar amount of project 
cost; (2) length, computed as the difference between the end and approval date; (3) the time between 
project completion and evaluation (both variables are measured in days); (4) the share of funding 
provided through grants; (5) the portion of the largest share of the project assigned to a single sector 
(multiplied by -1, as a measure of project complexity); (6) a dummy identifying projects that have received 
an estimated rate of return at appraisal; and (7) a dummy to identify investment projects from adjustment 
loans. The macroeconomic variables (MACRO) include the log of per capita real GDP (measured in the 
year of project approval) and the average real GDP growth rate over the length of the project. The two 
macroeconomic variables of most interest are a measure of public investment scaling up and government 
effectiveness. The former is defined as the difference between the public investment-to-GDP ratio and 
its past 10-year average. This variable is also averaged over the length of the project.4 Government 
effectiveness is taken from the World Governance Indicators and measured in the year of project 
approval. For robustness, institutional quality is also measured by an index of regulatory quality. The 
descriptive statistics for the regression sample are shown in Online Annex Table 2.3.1. 

The set of fixed effects includes year, sectors, regions, and country group (splitting low-income 
developing countries and emerging markets). The most restrictive specification also includes year x sector 
fixed effects to allow for time-varying sector-specific unobserved shocks that may affect the timing of 

 
4 Data for public investment, as well as for GDP, are from the World Economic Outlook database. Results are robust to measuring 
the scaling-up variable in the project’s year of approval (see Online Annex Table 2. 3.2). 

Online Annex Table 2.3.1. Descriptive Statistics 

 
Source: IMF staff estimates based on information from the World Bank’ Independent Evaluation Group and project-level Implementation 
Completion Reports.  

Variable No. of Obs. Mean St. Dev. Min. Max.
Time delays 2,203 23.6 17.7 0.0 61.1
Cost overrun 2,203 4.2 38.9 -71.3 128.5
Project size 2,203 17.9 1.4 14.1 24.0
Project length 2,203 2210 879 180 5402
Evaluation length 2,203 614 479 38 3846
Project complexity 2,203 -63.0 26.7 -100.0 -1.0
Grant financing (%) 2,203 7.6 24.8 0.0 100.0
Expected rate or return at appraisal (0/1) 2,203 0.2 0.4 0.0 1.0
Public investment scaling up 2,203 0.3 2.1 -9.4 8.2
Public investment scaling up, initial 2,183 0.3 2.6 -12.5 11.8
Government effectiveness 2,203 -4.4 5.0 -20.4 14.8
Regulatory quality 2,202 -3.8 5.1 -21.0 15.4
GDP per capita (logs) 2,203 7.7 3.3 -7.8 15.9
Real GDP growth 2,203 5.4 2.7 -7.1 31.2
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project execution. Standard errors are clustered at the country level to allow for within-country serial 
correlation of the residuals, and also to match the fact that the key explanatory variables are measured at 
the country level. 

C. Results 

The baseline results are reported in Online Annex Table 2.3.2, while some extensions and robustness 
exercises are shown in Online Annex Table 2.3.3. In interpreting these results, an important caveat, 
standard to this type of analysis, is that most of the variation in project outcomes is project-specific (and 
often unobservable). This can be seen observing the value of the R-squared that, even including the 
largest set of fixed effects and the macro controls, is about 0.36 (and increases to 0.38 adding country 
fixed effects (see columns 3 and 7 in Online Annex Table 2.3.2). 

Starting from project-specific characteristics, two main findings stand out. First, projects that are 
completely funded by grants suffer delays that are 14 percentage points longer than projects funded 
without grants.  This evidence points to the critical role played by country ownership and the 
involvement of local authorities for project success and for the effectiveness of a scaling-up of 
investment (Bourguignon and Sundberg 2007; Edwards 2015). This result may also suggest that grant 
financing is more likely to be directed to complex and worse projects—which are more likely to be 
delayed—while “good projects” are funded by loans. Second, projects for which there has been an 
assessment of the expected rate of return at appraisal show shorter delays. To the extent that receiving an 
expected rate of return is a proxy for careful project preparation, this result suggests that ex-ante project 

Online Annex Table 2.3.2. Micro and Macro Drivers of Project Delays 

Source: IMF staff estimates.  
Note: The table reports the ordinary least squares regression of equation (1) in which the dependent variable is the time delay—measured as the 
difference between the actual project completion date and the one estimated at the beginning of the project, scaled by project length—of project j, 
approved in year t in country c. Standard errors are clustered at the country level. FE: fixed effect; LIDC: low-income ceveloping country. 

Dep. Var.: Time Delays (1) (2) (3) (4) (5) (6) (7)

Project size -1.3219*** -1.0865*** -0.4411 -1.0176*** -0.9355** -0.8933** -0.7337**
(0.439) (0.355) (0.380) (0.363) (0.379) (0.375) (0.344)

Project length 0.0136*** 0.0136*** 0.0133*** 0.0135*** 0.0134*** 0.0135*** 0.0135***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Evaluation length -0.0007 -0.0006 -0.0008 -0.0006 -0.0005 -0.0005 -0.0003
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Project complexity -0.0208* -0.0230** -0.0282*** -0.0238** -0.0257** -0.0259** -0.0311**
(0.011) (0.011) (0.010) (0.011) (0.011) (0.011) (0.013)

Grant financing (%) 0.1410*** 0.1502*** 0.1352*** 0.1520*** 0.1442*** 0.1461*** 0.1475***
(0.024) (0.024) (0.021) (0.024) (0.022) (0.022) (0.022)

Expected rate or return at appraisal (0/1) -1.7074** -1.7648** -1.7688** -1.6652** -1.7136** -1.6604** -1.4792*
(0.763) (0.758) (0.713) (0.743) (0.744) (0.736) (0.779)

Public investment scaling up 0.4377** 0.3624** 0.3964**
(0.168) (0.172) (0.181)

GDP per capita (logs) 0.0118 0.0113 0.0073 -0.0199
(0.183) (0.169) (0.168) (0.170)

Real GDP growth -0.3010* -0.3168** -0.3603** -0.3076*
(0.173) (0.157) (0.156) (0.159)

Government effectiveness -0.3876*** -0.3677*** -0.3997***
(0.094) (0.096) (0.098)

Observations 2,203 2,203 2,198 2,203 2,203 2,203 2,186
Country FE No No Yes No No No No
Year FE Yes Yes Yes Yes Yes Yes -
Sector FE Yes Yes Yes Yes Yes Yes -
Sector*Year FE No No No No No No Yes
Region FE No Yes - Yes Yes Yes Yes
LIDC FE No Yes - Yes Yes Yes Yes
Sample All All All All All All All
R2adj 0.3411 0.3488 0.3756 0.3514 0.3561 0.3575 0.3611
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design matters for project outcomes. A counterintuitive result is that larger projects and more complex 
projects (as measured by the number of sectors a project spans) have shorter delays.5 This result could 
signal that more complex projects are better planned and designed.6 Finally, longer projects are also more 
likely to finish with longer delays (measured in proportion to their original timeline). All the results on 
project-level variables, apart from size, are robust to the inclusion of a wide range of fixed effects, 
including those at the country level.   

The second step of the analysis zooms in on the role of selected macroeconomic variables that could 
influence time delays. The identification is in the cross-section, given the limited within-country 
variability over the sample period. A first result is that project delays increase with the size of the scale up 
of public investment, defined as the difference between actual public investment and its average level in 
the previous 10-year period (column 4 in Online Annex Table 2.3.2 and Online Annex Figure 2.3.1, panel 
1). A 3 percentage points increase in the public investment-to-GDP ratio with respect to its average in 
the previous 10-year period is associated with an increase in delays of 1.1 percentage points. This result is 
consistent with the presence of absorptive capacity constraints, because when public investment is scaled 
up substantially (and too fast), the design and execution of several projects could be slowed down by the 
lack of resources and skills. While the size of this effect is relatively contained, it is worth noting that 
delays can be longer in response to a fast scaling up for projects that do not rely on guaranteed donor 
financing but are funded by more volatile financing. The effect of scaling up investment on cost 
overruns, based on a similar multivariate regression focusing on cost overruns, is also presented in Figure 
2.6 of the main text. 

The second result is that, even when controlling for a country’s per capita GDP and growth, countries 
with better governance are able to complete projects with shorter delays (column 5 in Online Annex 
Table 2.3.2 and Online Annex Figure 2.3.1, panel 2). Moving from the 75th to the 25th percentile of the 

 
5 However, the negative coefficient on project size turns insignificant once country fixed effects are included. 

6 However, the literature on megaprojects shows that time and cost overruns are quite substantial (Ansar and others 2014; Callegari 
and others 2018). 

Online Annex Figure 2.3.1. Time Delays, Public Investment Scaling Up, and Governance 
1. Public Investment Scaling Up                      2. Government Effectiveness 

  
Source: IMF staff estimates. 
Note: Both panels are binned scatterplots. A regression of time delay against public investment scaling up (panel 1) or government effectiveness 
(panel 2)—controlling for per capital GDP (in logs), real GDP growth, a large set of project-level characteristics, and year, sector, region and country 
group fixed effects—gives a coefficient on the scale-up variable of +0.44 (panel 1) and of the government effectiveness variable of -0.39 (panel 2). 
These results correspond to columns 4 and 5 in Online Annex Table 2.3.2. To generate the binned scatterplot, starting from the sample of 2,203 
projects, the time  delay (y–axis) and the scale-up variable (panel 1) or government effectiveness (panel 2) (x–axis) are regressed against controls 

and fixed effects. The x-residuals are grouped into 25 equal-sized bins. The panels then plot, for each bin, the mean of the time  delay, within each 

bin, holding the controls constant. The solid line is the linear fit of the ordinary least squares regression of the y-residuals on the x-residuals.  
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distribution of measure of government effectiveness is associated with a decline in delays of about 2.6 
percentage points—a sizable effect.7 The two main results on public investment scaling up and 
governance hold when adding the two variables together and even when controlling for year x sector 
fixed effects (columns 6–7 in Online Annex Table 2.3.2). Finally, results also show delays are longer for 
investment undertaken in periods of low growth: 2 percent lower growth is associated with a 0.7 
percentage point increase in delays.  

Splitting the sample between low-income developing countries and emerging markets (Online Annex 
Table 2.3.3, columns 1-2) shows that the scale up of public investment is significant only in the emerging 
market sample (where the effect is stronger, a 2.5 percentage point increase in delays following a 3 
percentage points increase in the public investment to-GDP ratio with respect to its historical average), 
while there is no association in low-income developing countries–possibly because project delays tend to 
be already larger in low-income countries. Column 3 limits the sample to all projects started up to 2011 in 
order to address the concern that looking at the latest years may generate a bias in the results, given that 
projects with longer delays may not yet show in the data. Finally, the last two columns show that results 
are robust to an alternative definition of institutional quality (for example, regulatory quality) and to 
measuring the scaling-up variable in the year of project approval.   

  

 
7 Serebrisky and others (2017) show a similar association between shorter delays and a higher government effectiveness score in 
a sample of Latin American countries. 



CHAPTER 2 Investing in the Post-Pandemic Recovery 
2.  

International Monetary Fund | October 2020 15 

 

Online Annex Table 2.3.3. Micro and Macro Drivers of Project Delays: Robustness

Source: IMF staff estimates. 
Notes: The table reports the ordinary least squares regression of equation (1) in which the dependent variable is the time delay—measured as the 
difference between the actual project completion date and the one estimated at the beginning of the project, scaled by project length—of project j, 
approved in year t in country c. In columns 1 and 2, the sample is limited to emerging market and low-income developing economies, respectively. 

In column 3 the sample is limited to projects approved up to 2011. In column 5, the public investment scaling-up variable is measured in the year of 
project approval, rather than averaged over the length of the project.  Standard errors are clustered at the country level. EMDE: emerging market 
developing economy; FE: fixed effect; LIDC: low-income developing country. 

Dep. Var.: Time Overrun (1) (2) (3) (4) (5)

Project size -0.5425 -1.4853** -0.8094** -0.9831*** -0.9177**
(0.479) (0.578) (0.393) (0.359) (0.375)

Project length 0.0134*** 0.0137*** 0.0136*** 0.0135*** 0.0135***
(0.001) (0.001) (0.001) (0.001) (0.001)

Evaluation length -0.0002 -0.0018 -0.0005 -0.0004 -0.0005
(0.001) (0.001) (0.001) (0.001) (0.001)

Project complexity -0.0242* -0.0248 -0.0251** -0.0252** -0.0257**
(0.013) (0.019) (0.011) (0.011) (0.011)

Grant financing (%) 0.1538*** 0.1350*** 0.1578*** 0.1479*** 0.1457***
(0.032) (0.029) (0.025) (0.023) (0.022)

Expected rate or return at appraisal (0/1) -1.0614 -2.7778*** -1.5323** -1.6047** -1.5761**
(1.065) (1.002) (0.746) (0.731) (0.753)

Public investment scaling up 0.8187*** 0.0350 0.3010* 0.4005**
(0.258) (0.223) (0.180) (0.173)

GDP per capita (logs) 0.1137 -0.2823 -0.0252 0.0151 0.0381
(0.214) (0.241) (0.177) (0.178) (0.170)

Real GDP growth -0.3126 -0.3376 -0.3371** -0.4038** -0.3242**
(0.189) (0.269) (0.157) (0.157) (0.153)

Government effectiveness -0.3462** -0.3413** -0.3891*** -0.3703***
(0.138) (0.130) (0.102) (0.101)

Regulatory quality -0.3213***
(0.114)

Public investment scaling up, initial 0.2615**
(0.132)

Observations 1,275 927 2,038 2,202 2,183
Country FE No No No No No
Year FE Yes Yes Yes Yes Yes
Sector FE Yes Yes Yes Yes Yes
Sector*Year FE No No No No No
Region FE Yes Yes Yes Yes Yes
LIDC FE - - Yes Yes Yes
Sample EMDEs LIDCs up to 2011 All All
R2adj 0.3601 0.3650 0.3412 0.3553 0.3558
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Online Annex 2.4. Public Investment Job Creation1 

A. Introduction 

The global recession triggered by the COVID-19 pandemic has been particularly devastating for 
employment, with unemployment rising to record-high levels worldwide and 305 million full-time job 
losses according to the latest available estimate by the International Labour Organisation (2020). 
Recovery packages—in which public investment play a significant part (Auerbach and Gorodnichenko 
2013b)—are often assessed by the number of jobs they create. This annex aims to quantify the direct 
labor impact of infrastructure development and maintenance in selected sectors: education, health, 
electricity, roads, and water and sanitation in a wide range of advanced, emerging, and low-income 
economies.2  

Public infrastructure projects are usually performed through contractors, either state-owned or private—
that is, they are rarely performed directly by the public administrations through its payroll. Every dollar 
spent on public investment goes to some company’s revenue, which subsequently increases payroll and 
employment. The focus of this annex is on public investment for the post-COVID recovery (that is, 
phase 3 of the recovery), when social distancing is less relevant. It is worth noting, though, that public 
investment projects can be compatible with stricter social distancing (that is, during phase 2).  

The annex contributes to the literature by covering a wide spectrum of sectors and countries, and by 
quantifying the labor multipliers by income groups, which can be extrapolated to all countries. A rich 
panel dataset of construction companies in social and physical infrastructure was assembled, based on 
Compustat and ORBIS, which primarily cover companies not publicly listed worldwide (that is, private 
and state-owned companies). Companies are filtered by industry codes (see Online Annex Table 2.4.1). 
The industry codes for electricity, roads, and water and sanitation are precise. For schools and hospitals, 
a residual industry code is used for the construction of institutional buildings that excludes housing and 
industrial sites.3  

B. Data and Methodology 

The span of both datasets is matched from 1999 to 2017, and revenue values are adjusted to constant 
2015 US dollars using GDP deflators. Outlier observations for revenue and employment are dropped, 
and companies with at least five annual observations are retained to have sufficient within-company 
variation for fixed effects and clustering (Kézdi 2004; Wooldridge 2003) and avoid biasing the estimates 
by inclusion of cyclical shell companies. Limited data granularity does not allow for disentangling labor 
utilization in investment versus maintenance, skilled versus unskilled labor, and migrant and imported 
versus local labor.  

  

 
1 This annex was prepared by Mariano Moszoro from the Fiscal Affairs Department.  

2 Sometimes the terms “public investment” and “public works” are used interchangeably. The American Public Works 
Association defines public works as “the combination of physical assets, management practices, policies, and personnel necessary 
for government to provide and sustain structures and services essential to the welfare and acceptable quality of life for its 
citizens” 
(https://www.apwa.net/MYAPWA/About/What_is_Public_Works/MyApwa/Apwa_Public/About/What_Is_Public_Works.a
spx). In the definition, “provide and sustain” means both development of new and maintenance of existing infrastructure. 

3 There are no exclusive industrial codes for construction companies in education and health. That is, the classification codes 
contain not only schools and hospitals, but also the construction of government administrative buildings, prisons, colleges, 
museums, sports facilities, etc.  
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The resulting dataset is comprised of 47,580 observations for 5,679 firms in 41 advanced and emerging 
market economies. There are no data from low-income developing countries. Online Annex Table 2.4.2 
presents the summary statistics of revenues and employees by income group. 

 Online Annex Table 2.4.1 Sectors and Industries by Data Source 
Sector Compustat (NAICS) Orbis (CPA) 

Electricity 237130—Power and Communication Line and 

Related Structures Construction 

F42.2.1—Construction of utility projects for fluids 

F42.2.2—Construction of utility projects for electricity 

and telecommunications 

Roads 237310—Highway, Street, and Bridge Construction  

333120—Construction Machinery Manufacturing 

(Drags, road construction and road maintenance 

equipment, manufacturing) 

F42.1—Construction of roads and railways, including: 

F42.1.1—Construction of roads and motorways,  

F42.1.2—Construction of railways and underground 

railways, and  

F42.1.3—Construction of bridges and tunnels 

Schools and 

hospitals 

2362—Commercial and Institutional Building 

Construction 

F42.9.9—Construction of other civil engineering 

projects n.e.c. 

Water and 

Sanitation 

237110—Water and Sewer Line and Related 

Structures Construction 

F42.9.1—Construction of water projects 

 

Source: Compustat and Orbis.  
Note: NAICS is the North American Industry Classification System (cf. https://www.census.gov/eos/www/naics/) and CPA is the European 

Classification of Products by Activity (cf. https://ec.europa.eu/eurostat/web/cpa).  

 

The observations are relatively well distributed across the electricity, roads, and schools and hospital 
sectors (between 12,000 and 19,000 observations), with less coverage in the water and sanitation sector 
(approximately 1,500 observations). Despite its rich sectoral, geographic, and economic development 
scope at the firm level, the resulting dataset should be treated as illustrative rather than statistically 
representative due to selection biases in the entry dataset.  

The marginal pass-through from expenditures in public investment to employment is computed by 
regressing employment on revenues by sector and country income group at the individual firm level.4 
The following regression is estimated:  𝐿௜,௧ = 𝛼 + 𝛽௦ൣ𝑅௜,௧ × 𝑆௜൧ + 𝑋 + 𝜀, 
where Li,t and Ri,t are the employment and revenue in firm i at time t, Si is the vector of sector dummy 
variables, and X is the country (model 1) or firm (models 2–4) fixed effects. All regressions standard 

 
4 The straightforward average employment per unit of public expenditure or firm revenue would upwardly bias the estimations, 
since it would include overhead employees.  

Online Annex Table 2.4.2. Summary Statistics 

 
Source: Author’s estimations based on Compustat and Orbis. 
Note: This table presents the summary statistics of revenues in millions of 2015 US dollars and employment broken down by income group. 

The sample data are for 1999–2017, and only firms with at least five annual observations were kept.  

Advanced Economies Obs. Mean Std. Dev.  Min Max 
Revenue (millions of 2015 U.S. dollars) 43,485 11.0 14.5 0.6 99.9 
Employees 43,485 45.1 74.4 0.1 3340.0 

Emerging Market Economies Obs. Mean Std. Dev.  Min Max 
Revenue (millions of 2015 U.S. dollars) 4,095 7.7 11.8 0.0 97.9 
Employees 4,095 123.4 195.0 0.2 3650.0 
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errors are clustered at the firm level. The point estimates βs represent the change in employment per 
additional unit of revenue (in this case, millions of 2015 US dollars) per sector. 

C. Results 

Public investment is procured through state-owned and private construction companies, which then 
increase employment according to their needs. Online Annex Table 2.4.3 presents the results of 
regressions of employment on revenues in millions of 2015 US dollars. Model 1 uses pooled data with 
country fixed effects. Model 2 uses firm-level fixed effects, which implies that labor is sticky at the firm 
level.  

Because the 2008–09 global financial crisis hit the construction sector particularly hard, including these 
years could bias the estimates. In addition, the elasticities of hiring and firing could be asymmetrical. For 
robustness, model 3 restricts the estimations to the years 1999–2007 and 2010–17, and model 4 computes 
the impact on employment for positive increases in revenue. The results are similar to those of model 2. 

The coefficients are of the expected sign and predominantly statistically significant. Regression results 
show that the employment pass-through is higher the lower the income level. The construction of 
hospitals and schools is comparatively less labor-intensive in advanced economies, which points to higher 
standardization and investment in equipment rather than utilizing labor.  

Online Annex Table 2.4.4 summarizes the main results, assuming partial “stickiness” in employment 
within firms, sectors, and countries (i.e., the midpoint between models 1 and 2 from Annex Table 2.4.3). 
The labor impact in low-income developing countries is computed as a linear extrapolation from 
advanced economies and emerging market economies (i.e., the job creation difference by sector between 
low-income developing countries and emerging market economies equals the job creation difference by 
sector between emerging market economies and advanced economies).  

The employment impact ranges from 1.5 jobs in schools and hospitals to 3.3 jobs in electricity per $1 
million of spending in advanced economies and from 8 jobs in roads to 15.2 jobs in water and sanitation 
in low-income developing countries. Put differently, each unit of public spending creates more direct jobs 
in electricity in high-income countries and more jobs in water and sanitation in low-income countries.  

Calls for a green recovery post-COVID-19 have emphasized green investment could create more jobs 
than traditional investment (Garrett-Peltier 2017; Allan and others 2020; Coalition of Finance Ministers 
for Climate Action 2020). In advanced economies, job intensity is larger for green compared with 
traditional investment. For example, job intensity—net of job losses in traditional industries—is 
estimated at 5 to 10 jobs per $1 million invested in green electricity, 2.4 to 12.5 jobs in efficient new 
buildings like schools and hospitals, and 5.7 to 14 jobs in green water and sanitation through efficient 
agricultural pumps and recycling (Popp and others 2020; IEA 2020). 
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Online Annex Table 2.4.3. Employment Intensity in Selected Infrastructure Sectors 

 
Source: Author’s estimations based on Compustat and Orbis. 
Note: This table presents the results of regressions of employment on revenues in millions of 2015 US dollars. Model 1 assumes that labor moves 

freely across companies within sectors, while models 2–4 assume that labor is sticky. For robustness, Model 3 restricts the estimations to the 

years 1999–2007 and 2010–17, that is, without the global fiinancial crisis years of 2008–09, and Model 4 computes the impact on employment 

of revenue increases only. The sample data are for 1999–2017, and only firms with at least five annual observations were kept. 

Heteroskedasticity-robust standard errors clustered at the firm level are reported in parentheses; * denotes significance at 10 percent, ** 

significance at 5 percent, and *** significance at 1 percent. 

 

As a complementary analysis, the labor impact of public spending on research and development (R&D) is 
computed using a similar approach. Country-level data from the Organisation for Economic Co-
operation and Development (OECD) on R&D disaggregated by recipient type are used, and the pass-
through from R&D spending to employment is then computed. Overall, 587 observations are collected 
for 40 countries from 1999 to 2015 (with gaps). The blurry “intramural” R&D category is excluded. 
Annual shares of GDP spending are converted to constant 2015 US dollars, and panel regressions 
analogous to those for public investment are run. Annex Table 2.4.5 reports the results of the regressions 
regarding R&D spending by recipient type in OECD countries. 

Advanced Economies 
 (1) (2) (3) (4) 

 Pool Panel Without 2008-2009 Revenue increases 
Electricity 4.278*** 2.363*** 2.390*** 2.433***  

(0.238) (0.206) (0.217) (0.210) 
Roads 3.124*** 1.722*** 1.742*** 1.817***  

(0.114) (0.128) (0.141) (0.142) 
Schools and Hospitals 2.223*** 0.850*** 0.817*** 0.824***  

(0.238) (0.125) (0.116) (0.166) 
Water and Sanitation 2.778*** 1.206*** 1.184*** 1.153***  

(0.348) (0.235) (0.252) (0.290) 
Fixed effects Country Firm Firm Firm 
Clustered at Firm Firm Firm Firm 
Observations 43,485 43,485 38,971 27,244 
R-squared 0.637 0.201 0.198 0.203 
Number of clusters 5,123 5,123 5,123 5,123      

Emerging Market Economies 
 (1) (2) (3) (4) 

 Pool Panel Without 2008-2009 Revenue increases 
Electricity 8.120*** 7.406** 8.300** 7.832**  

(1.743) (3.175) (3.449) (3.740) 
Roads 8.178*** 2.287*** 2.037*** 1.902**  

(1.370) (0.679) (0.722) (0.779) 
Schools and Hospitals 7.764*** 4.578** 4.777** 3.898**  

(2.376) (1.788) (2.171) (1.663) 
Water and Sanitation 12.28*** 4.965* 5.587* 4.829  

(4.318) (2.593) (2.973) (4.011) 
Fixed effects Country Firm Firm Firm 
Clustered at Firm Firm Firm Firm 
Observations 4,095 4,095 3,660 2,539 
R-squared 0.563 0.157 0.168 0.161 
Number of clusters 556 556 556 556 

Online Annex Table 2.4.4. Employment Intensity by Sectors and Income Group 

Income group Electricity Roads 
Schools and 

Hospitals 

Water and 

Sanitation 

Advanced economies 3.3 2.4 1.5 2.0 

Emerging market economies 7.8 5.2 6.2 8.6 

Low-income developing countries 12.3 8.0 10.9 15.2 
 

Source: Author’s estimations based on Compustat and Orbis. 

Note: This table presents the results of regressions of employment on revenues in millions of 2015 US dollars. The coefficients for advanced 

aconomies and emerging market economies assume partial labor mobility across firms within sectors. The coefficients for low-income developing 

economies are computed as a linear extrapolation from advanced aconomies and emerging market economies. The sample data are for 1999–

2017, and only firms with at least five annual observations were kept.  
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Government R&D generates an estimated 4.8 jobs per $1 million invested, while higher education R&D 
is nearly twice higher, possibly because it focuses on fundamental research and requires less capital than 
government R&D. Higher education, however, only accounts on average for 0.36 percent of GDP (or 20 
percent of total R&D spending) and government for 0.22 percent of GDP (or about 13 percent of total 
R&D spending). The largest R&D spending was carried out by business for a total of 1.1 percent of 
GDP and 61 percent of total spending in R&D. Basic R&D is long-term and is primarily financed by the 
public sector, while the private sector mainly finances applied R&D, which is typically medium-term. The 
job content of green R&D is estimated at 3 to 8 jobs per $1 million of investment (IEA 2020); that is, at a 
similar cost than conventional R&D, green R&D can have a larger impact on job creation.  

Public investment policies should take into account local versus global and political economy constraints 
and tradeoffs. SOEs operate in virtually every country, most commonly in sectors such as public utilities, 
energy, transportation, and banking. According to International Labour Organization data, SOEs 
represent, on average, 3 percent of the labor force, compared to 13 percent of the labor force that works 
for the general government. In some countries, SOEs employ large parts of the workforce.  

When investments are undertaken by SOEs, job intensity is found to be 30 percent higher (Baum and 
others 2019). Possible explanations for this finding are that SOEs tend to be large and subcontract fewer 
jobs and that SOEs have an implicit employment remit and low labor productivity. This result is 
especially important in emerging markets economies and low-income developing countries, where SOEs 
account for more than half of all infrastructure project commitments (IMF 2020) and often employ large 
parts of the workforce.  

D. Discussion and Conclusions 

The negotiations for another stimulus package are still ongoing in the United States as of this writing.5 
European leaders have agreed to create a €750 billion ($858 billion) recovery fund to rebuild European 
Union economies, on top of what country members are spending (Frater and Toh 2020). In the past 
quarter, governments around the globe have allocated trillions to the recovery.  

An increase in public investment worth 1 percent of GDP could create around 7 million jobs directly in 
advanced and emerging economies. The number of 7 million jobs is obtained by applying: (i) a job 

 
5 This include the Health, Economic Assistance Liability Protection & Schools (HEALS) Act, the Coronavirus Aid, Relief, and 
Economic Security (CARES) Act, and the Health and Economic Recovery Omnibus Emergency Solutions (HEROES) Act. 

Online Annex Table 2.4.5. Employment Intensity in Research & Development by Recipient Type 

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

 Government Higher Education Business Non-Profit 

Spending in R&D (US$ million) 4.837*** 10.99*** 10.55** 4.477** 

 (1.281) (3.970) (4.609) (2.020) 

Country fixed effects  Yes Yes Yes Yes 

Cluster at firm level  Yes Yes Yes Yes 

Observations 409 405 414 287 

R-squared 0.690 0.425 0.635 0.331 

Number of clusters 36 36 37 25 

Source: Author’s estimations based on Organisation for Economic Co-operation and Development (OECD) statistics. 

Note: This table presents the results of panel regressions of employment on spending in R&D in millions of 2015 US dollars in OECD countries. The 

models correspond to recipients of R&D financing: government, higher education, business, and private non-profit organizations. The sample data 

are for 1999–2015. Heteroskedasticity-robust standard errors clustered at the country level are reported in parentheses; * denotes significance at 

10 percent, ** significance at 5 percent, and *** significance at 1 percent.  
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content of 4.9 jobs per $1 million invested for advanced economies (unweighted average of 2.3 in 
construction, 7.5 for green investment, and 4.8 for R&D) to an increase in investment worth 1 percent of 
the GDP in advanced economies (around $500 billion in 2020) and; (ii) a job content of 14.7 for 
emerging markets (three times the estimate for advanced economies, as per the regression estimates for 
the construction sector) to 1 percent of the GDP of emerging markets (around $320 billion).  

These numbers may underestimate job creation because of several factors that go beyond the scope of 
the data, including:  

a. Firms with less than five observations are excluded. The analysis may miss the employment 
increase in cyclical companies that are formed during fiscal expansion and disappear in times of 
fiscal consolidation.  

b. Construction companies often outsource part of their work. To the extent that subcontractors 
do not appear in the sample of firms in the datasets, revenues of the upstream contractors will be 
computed without the counterpart employment increase of the downstream contractors. 

c. The effects in low-income developing countries of additional employment are linearly 
extrapolated from advanced economies and emerging market economies. This relationship may 
arguably be convex: that is, the impact on employment is likely to increase exponentially the 
lower the income per capita.  

d. These estimates do not include the indirect labor impact and spillovers (including Keynesian 
multiplier effects, into other sectors of the economy) and do not distinguish between 
maintenance and new projects, or between skilled and unskilled labor (ceteris paribus, maintenance 
projects and projects with a stronger unskilled labor component would create more jobs than 
estimated here).   
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Online Annex 2.5. Public Investment Fiscal Multiplier and Macroeconomic Uncertainty1  

This annex explains the methodology and results for the analysis of how public investment multipliers 
depend on the degree of macroeconomic uncertainty and the state of the economy. Three exercises are 
undertaken: first, to revisit the macroeconomic impact of public investment shocks on growth, private 
investment, and employment; second, to assess whether the effects vary with the level of uncertainty 
surrounding the economic outlook and analyze the transmission channel; and third, to investigate how 
the level of growth mediates the effect of uncertainty on public investment multipliers. 

Public investment shocks are identified as forecast errors of public investment spending relative to GDP, 
following the identification approach pioneered by Auerbach and Gorodnichenko (2012, 2013a) and 
commonly used in the recent literature on fiscal multipliers (see the October 2014 World Economic Report;  
Miyamoto and others 2020). This approach  aligns the information sets of the economic agents and the 
econometricians thus overcoming the fiscal foresight problem, and is robust to omitted variables and 
misspecification.2, 3 The analyses also minimize the likelihood that the estimates capture the potentially 
endogenous response of fiscal policy to the state of the economy by using the same-year’s IMF World 
Economic Outlook (WEO) October forecast errors, as it is less likely that public investment decisions are 
affected by the business cycle in the same quarter (Blanchard and Perotti 2002).4 Moreover, the analyses 
focus on positive shocks, since the objective of this Fiscal Monitor chapter  is to assess the effectiveness of 
a discretionary  public investment push to kick-start the recovery and support medium- to long-term 
growth. Thus, the shock to investment is defined as follows: 𝐹𝐸௜,௧ = 𝑃𝐼௜,௧ − 𝑃𝐼௜,௧ா ,𝑎𝑛𝑑 𝐹𝐸௜,௧ା = 𝐹𝐸௜,௧   𝑖𝑓 𝐹𝐸௜,௧ > 0, 
where 𝑃𝐼௜,௧  is actual public investment spending as a share of GDP of country i in year t, and 𝑃𝐼௜,௧ா  is the 
forecast of public investment spending. Forecasts are taken mainly from the October publications of the 
IMF World Economic Outlook for the same year.5 

Macroeconomic uncertainty is measured by the standard deviation of GDP growth rate forecasts across 
professional forecasters as published by Consensus Economics, using for each year the spring vintage of 
the forecasts. Several measures have been proposed as proxies for uncertainty in the literature and can be 
divided between backward- and forward-looking indicators. Backward-looking measures, like those 
derived from statistical models, are inappropriate to quantify the near-term wake of the current shock, as 
it lacks close historical parallels. Existing forward-looking measures capture different dimensions of 
uncertainty and include stock market volatility (Bloom 2009), Google News-based indexes of economic 
uncertainty, and economic policy uncertainty indexes based on newspaper coverage frequency (Baker, 
Bloom, and Davis 2016), as well as the subjective uncertainty about future business growth and the 

 
1 This annex was prepared by William Gbohoui of the Fiscal Affairs Department. 

2 The fiscal foresight problem refers to the situation where economic agents anticipate changes in fiscal spending in advance and 
alter their investment and consumption behavior before the changes materialize. In such cases, relying on the change in public 
investment could lead to inconsistent estimates of the effects of public investment as the econometrician is using a smaller set of 
information compared to economic agents. For further details on the fiscal foresight problem, see Forni and Gambetti (2010), 
Leeper, Richter, and Walker (2012), Leeper, Walker, and Yang (2013), and Ben Zeev and Pappa (2014).  

3 Jordà (2005) argues that the local projection method is robust to misspecification and omitted variables biases. 

4 The results are qualitatively similar when using spring forecast errors. 

5 Due to data limitations, forecasts from the Fall issue of Organisation for Economic Co-operation and Development Economic 
Outlook for advanced economies are used because there are no forecasts of public investment for these economies during 2004–
08 in IMF World Economic Outlook publications. Miyamoto and others (2020) follow a similar approach. Data coverage is 
presented in Online Annex Table 2.5.1. 
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disagreement among professional forecasters about the future dynamic of economic variables (Bachmann 
and others 2013; Bachmann, Elstner, and Sims 2013; Altig and others 2020). This analysis opts for the 
latter measure for several reasons. First, by focusing on GDP forecasts, the most basic economic 
aggregate, the analysis is capturing the uncertainty surrounding the broader macroeconomic outlook 
rather than uncertainty on Wall Street reflected by stock market volatility indexes. Online Annex Figure 
2.5.1 indicates that uncertainty in the United States peaked around April 2020 when job losses mounted.6 
Second, high levels of disagreement between professional forecasters for simple variables like GDP 
growth are reasonable proxies for economic uncertainty and changes in professional forecasts have been 
found to predict subsequent changes in expectations in the broader population (Carroll 2003).7 
Moreover, the Consensus Forecast dataset allows for broad country coverage.  

The primary sources of data used are the 
IMF World Economic Outlook, the 
Organisation for Economic Co-operation 
and Development (OECD), and 
Consensus Economics. The analysis 
covers 72 economies. The exact samples 
used vary with the exercises, depending on 
data availability. Online Annex Table 2.5.1 
presents the economies included, time 
coverage, and the exercise where they 
appear. 

The analysis starts by quantifying the 
macroeconomic effects of public 
investment on output, employment, and 
private investment using the following 
regression specification: 𝑦௜,௧ା௞ − 𝑦௜,௧ିଵ = 𝛼௜௞ +  𝛾௧௞ +  𝛽ଵ௞𝐹𝐸௜,௧ା+ 𝜃௞𝑀௜,௧+ 𝜀௜,௧௞ ,                (1) 
where 𝑦 is the log of the macroeconomic variable of interest (real GDP, employment, and private 
investment), 𝛼 is the country fixed effect, 𝛾 is the time fixed effect, 𝐹𝐸 is the identified public investment 
shock, and 𝑀 is a set of control variables, including lagged GDP growth and lagged shocks. Equation (1) 
is estimated for each 𝑘 = 0, … , 4, where 𝑘 = 0 is the year of the public investment shock. The impulse 
response functions of variables of interest are computed by using the estimated 𝛽௞. The confidence 
intervals associated with the impulse response functions are obtained by the estimated (clustered robust) 
standard errors of the coefficient 𝛽௞. 

 
6 Altig and others (2020) reach similar conclusions using alternative measures of broad economic uncertainty in the United States 
and the United Kingdom.  

7 Compared to news-based measures of uncertainty, professional forecasters’ expectations are also likely to be better reflections 
of economic uncertainty than that expressed by journalists.  

Online Annex Figure 2.5.1. Standard Deviations across 

GDP Forecasts                                   
(January 2007 = 100) 

 
Sources: Consensus Economics; and IMF staff calculations. 
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The baseline results (Online Annex Figure 2.5.2, Left-hand Panel) show that public investment shocks 
have statistically long-lasting effects on output. 8 An unanticipated 1 percentage point of GDP increase in 
public investment contemporaneously increases the level of output by about 0.23 percent (0.55 percent if 
the estimation is restricted to advanced economies, where public investment efficiency is typically higher). 
The literature on public investment multipliers is not conclusive regarding their size. The estimates in this 
analysis fall within the range, from around zero to as high as 2, reported by previous research (see April 
2020 World Economic Outlook for a recent review of existing estimates).9 The results also indicate that a 
discretionary public investment shock of 1 percentage point of GDP crowds in private investment by 
more than 3 percent over two years. However, exogenous public investment shocks are found to have no 
statistically significant effect on employment, except for having a positive short-term effect in advanced 
economies (Online Annex Table 2.5.4).  

There are unique features of the COVID-19 crisis that should be considered when assessing the potential 
impact of a public investment push at the current juncture. For instance, fiscal multipliers tend to be 
larger in deeper recessions (Blanchard and Leigh 2013; Fatás and Summers 2018). But supply constraints 
resulting from the lockdown policies critical to enable social distancing could reduce fiscal multipliers in 
phase 2 of the recovery compared to phase 3, when lockdowns are lifted (Guerrieri and others 2020). On 
the other hand, the world is currently experiencing a radically new level of uncertainty as questions 
regarding the trajectory of the virus complicate the economic outlook. The literature suggests that 
uncertainty could have a negative effect on economic activity if firms postpone their hiring and 
investment decisions (Bernanke 1983; Bachmann, Elstner, and Sims 2013; Baker, Bloom, and Davis 
2016). But little is known regarding how uncertainty could affect the transmission of fiscal policy shocks 
to the economy. Moreover, the findings from the few papers that have addressed the questions are not 
conclusive. High uncertainty could reduce the fiscal multiplier if private spending does not react to a 

 
8 Detailed results are presented in Online Annex Tables 2.5.2, 2.5.3 and 2.5.4. 

9 Differences in the size of the multipliers often reflect differences in sample size, identification, and estimation approaches, as 
well as in model specification. By controlling for the lags of both the public investment shock and the growth rate, on top of 
country and year fixed effects, the regression analysis has opted for a better prediction power for the model, suggesting that 
estimated multipliers should be considered as lower-bound estimates. A robustness check suggests that multipliers could be 
larger if fewer control variables are considered (results available upon request).  

Online Annex Table 2.5.1. Sample of Countries Included in Analytical Exercises 

 
Source: IMF staff calculations. 

Economies Linear Nonlinear
Nonlinear controlling 
for the state of the 

economy
Advanced Economies: Australia, Austria, Belgium, Canada, Czech Republic, Finland, France, Greece, Iceland, 
Ireland, Italy, Japan, Korea, Netherlands, New Zealand, Portugal, Switzerland, United Kingdom, United States 1996-2019

X

Emerging Markets and Low-Income Countries: Algeria, Angola, Antigua and Barbuda, Armenia, Bahrain, 
Bosnia and Herzegovina, Botswana, Brazil, Cabo Verde, Chile, China, Costa Rica, Croatia, Dominican Republic, 
Ecuador, Egypt, El Salvador, Equatorial Guinea, Eswatini, Gabon, Guatemala, Iran, Jordan, Kosovo, Kuwait, 
Lebanon, Malaysia, Mauritius, Mexico, Mongolia, Montenegro, Morocco, Namibia, Oman, Pakistan, Panama, 
Peru, Romania, Saudi Arabia, Serbia, Seychelles, South Africa, Syria, Thailand, Turkey, United Arab Emirates, 
Uruguay, Venezuela, Afghanistan, Bangladesh, Benin, Burkina Faso, Cameroon, Central African Republic, Chad, 
Comoros, Republic of Congo, Côte d'Ivore, Democratic Republic of the Congo, Djibouti, Eritrea, Ethiopia, The 
Gambia, Ghana, Guinea, Guinea-Bissau, Haiti, Honduras, Kyrgyz Republic, Lesotho, Madagascar, Malawi, Mali, 
Moldova, Mozambique, Nicaragua, Niger, Nigeria, Rwanda, São Tome and Principe, Senegal, Sierra Leone, 
Tanzania, Togo, Uganda, Yemen, Zambia. 1990-2019

X

Advanced Economies: Australia, Austria, Belgium, Canada, Czech Republic, Finland, France, Greece, Iceland, 
Ireland, Italy, Japan, Korea, Netherlands, New Zealand, Portugal, Switzerland, United Kingdom, United States 1996-2019

X X

Emerging Markets:  Armenia, Bosnia and Herzegovina, Brazil, Chile, China, Costa Rica, Croatia, Dominican 
Republic, Ecuador, El Salvador, Guatemala, Malaysia, Mexico, Pakistan, Panama, Peru, Romania, Serbia, 
Thailand, Turkey, Uruguay, Venezuela 1994-2019

X X

Years

Excersises



CHAPTER 2 Investing in the Post-Pandemic Recovery 
4.  

International Monetary Fund | October 2020 25 

fiscal stimulus due to uncertainty and precautionary savings (Alloza 2018; Bloom and others 2018). 
Conversely, high uncertainty could increase the fiscal multiplier if the private sector perceives positive 
investment shocks as a government’s commitment to promote economic growth and reacts strongly by 
increasing private spending (Bachmann and Sims 2012; Berg 2019).  

To make multiplier estimates more relevant for the current economic juncture, the analysis extends the 
literature on the state dependency of fiscal multipliers to the degree of macroeconomic uncertainty.10 It 
assesses the sensitivity of public investment multipliers to the degree of macroeconomic uncertainty by 
estimating the following specification: 𝑦௜,௧ା௞ − 𝑦௜,௧ିଵ = 𝛼௜௞ +  𝛾௧௞ +  𝛽ଵ௞𝐺൫𝑧௜,௧൯𝐹𝐸௜,௧ା +  𝛽ଶ௞ ቀ1 − 𝐺൫𝑧௜,௧൯ቁ 𝐹𝐸௜,௧ା + 𝜃௞𝑀௜,௧ + 𝜀௜,௧௞          

 
10 The literature has established that multipliers depend on several conditions, including the stance of monetary policy, the point 
in the business cycle, the degree of openness, the source of financing, and the quality of governance and public investment 
management institutions (see Mineshima, Poplawski-Ribeiro, and Weber 2014; and Miyamoto and others 2020). 

Online Annex Figure 2.5.2. Effects of Public Investment Shocks on Output, Private Investment, and 
Employment. 

1. Output: Linear Model 2. Output: High Uncertainty 3. Output: Low Uncertainty 

  
 

4. Private Investment: Linear Model 5. Private Investment: High 
Uncertainty 

6. Private Investment: Low 
Uncertainty 

   

7. Employment: Linear Model 8. Employment: High Uncertainty 9. Employment: Low 
Uncertainty 

   

Source: IMF staff calculations. 
Note: t=1 is the year of the shock; dashed lines denote 90 percent confidence bands. Shock represents an exogenous 1 percentage point of GDP increase in 
public investment spending. 
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with 𝐺൫𝑧௜,௧൯ = ୣ୶୮ (ିఋ௭೔೟)ଵାୣ୶୮ (ିఋ௭೔೟) ,  𝛿 > 0,                  (2) 

where 𝐺(∙) is the transition function between different levels of uncertainty in which 𝑧 is the indicator of 
the degree of uncertainty normalized to have zero mean and unit variance. δ, the curvature of the 
transition function, is set to 1, following the literature (Miyamoto and others 2020).11 

The results indicate that public investment has stronger effects on output, employment, and investment 
under high uncertainty (Online Annex Figure 2.5.2, Middle Panel).12 The multiplier peaks at 2.7 over two 
years during the period of high uncertainty, versus 0.6 for the baseline estimate. Public investment 
multipliers prove statistically insignificant in periods of low uncertainty, suggesting that positive estimates 
for multipliers tend to be driven by periods of high uncertainty. These results extend to a panel of 
countries the findings by Bachman and Sims (2012) for the United States and by Berg (2019) for Germany 
that fiscal multipliers are higher than 2 in periods of high uncertainty. The crowding-in effects on private 
investment are also larger in periods of high uncertainty, suggesting that public investment shocks could 
raise growth in the medium-term as they increase the productive capacity of the economy. The results 
also indicate that unanticipated public investment shocks have significant and long-lasting effects on 
employment when economic uncertainty is high. 

An increase of public investment of 1 percent of GDP globally could increase employment by 26 million 
in advanced and emerging economies. This job impact obtains from applying the point estimate of an 
increase of total employment by 1.2 percent over two years in response to an unexpected 1 percentage 
point of GDP increase in public investment to the 2019 October WEO total employment estimate of 
around 2.2 billion in advanced economies and emerging markets. Applying the lower and upper bounds 
of the 90 percent confidence interval of the estimate, a 1 percentage point of GDP shock to public 
investment could increase employment by 20 million to 33 million over a period of two years.13 

These findings suggest that during periods of heightened uncertainty, increases in public investment 
might signal a government commitment to aggregate stability, leading to a stronger private demand as 
response. For instance, confidence of households and firms is considered a critical factor in the 
transmission of fiscal shocks into economic activity. Bachmann and Sims (2012) illustrated this effect by 
showing that public spending also has an indirect effect, where fiscal policy influences confidence that 
later influences output. In this annex, confidence is proxied by two indicators: the mean growth 
expectation and the standard deviation between forecasters. For instance, higher growth forecasts are 
reasonable indication of an increase in confidence of economic agents about future economic 
developments. But one could argue that an increase in the mean growth forecast can be driven by 
overoptimistic expectations by a very few forecasters. To overcome this well-known limit of the mean, 
the analysis also considers the standard deviation among forecasters. The rationale is that an increase in 
mean growth expectation combined with a reduction in the disagreement between forecasters about 
future growth development reflects an improvement in confidence about the future of the economy. To 
test the validity of the confidence channel in this annex, the analysis then assesses the effect of public 

 

11 The results are robust to different values of 𝛿 (see the robustness section below). 

12 The results are robust to alternative measure of investment shocks, and to different specification and estimation methods (see 
the robustness section below). Detailed results are provided in Online Annex Table 2.5.5 

13 Advanced and emerging economies constitute the right sample to which to apply the coefficients because the nonlinear 
regressions include only these two groups of countries, as shown by Online Annex Table 2.5.1. 
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investment shocks on the mean expectations and standard deviations of future growth by Consensus 
Economics forecasters using the specification below: 𝑋௜,௧ା௞ − 𝑋௜,௧ = 𝛼௜௞ +  𝛾௧௞ +  𝛽௞𝐹𝐸௜,௧ା + 𝜃௞𝑀௜,௧ + 𝜀௜,௧௞ , 𝑘 = 1, … , 5,        (3) 

where 𝑋 is the mean forecast of GDP (the standard deviation of GDP forecast) at the spring vintage of 
Consensus Economics, 𝛼 is the country fixed effect, 𝛾 is the time fixed effect, and 𝑀 includes lagged 
GDP growth and the lag of investment shocks. 

The results show that public investment shocks significantly increase the mean expectations of 
forecasters in the short term, but the effects turn statistically insignificant in the medium term (Online 
Annex Figure 2.5.3, Left-hand Panel). Public investment shocks are also found to reduce uncertainty 
around forecasts of future growth. However, the effects are insignificant at all time horizons.14 

To further investigate the transmission channel of the effects of public investment on economic activity, 
the analysis assesses whether public investment has a nonlinear effect on confidence, using the following 
specification:  𝑋௜,௧ା௞ − 𝑋௜,௧ = 𝛼௜௞ +  𝛾௧௞ +  𝛽ଵ௞𝐺൫𝑧௜,௧൯𝐹𝐸௜,௧ା +  𝛽ଶ௞ ቀ1 − 𝐺൫𝑧௜,௧൯ቁ 𝐹𝐸௜,௧ା + 𝜃௞𝑀௜,௧ + 𝜀௜,௧௞  .           (4)           
The results indicate that public investment shocks have nonlinear effects on confidence, depending on 
the degree of ex-ante economic uncertainty (Online Annex Figure 2.5.3, Middle and Right-hand Panels). 
During periods of high uncertainty, public investment shocks increase the mean growth expectations of 
economic agents and reduce forecasters’ uncertainty about short-and-medium-term growth paths. 
Moreover, both effects are statistically significant. The reverse is true during periods of low uncertainty 

 
14 See detailed estimation results in Online Annex Table 2.5.6 

Online Annex Figure 2.5.3. Effects of Public Investment Shocks on Mean and Standard Deviation of 

GDP Forecasts.                                                              
(Percentage point of GDP increase in public investment spending) 

1. Mean: Linear Model 2. Mean: High Uncertainty 3. Mean: Low Uncertainty 

  
 

4. Standard deviation: Linear 
Model 

5. Standard deviation: High 
Uncertainty 

6. Standard deviation: Low 
Uncertainty 

  
 

Source: IMF staff calculations. 
Note: t=1 is the year of the shock; dashed lines denote 90 percent confidence bands. Shock represents an exogenous 1 percentage point of GDP 
increase in public investment spending. 
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when unanticipated shocks to public investment reduce forecasters’ expectation about future growth and 
increase the disagreement between growth forecasters. These findings suggest that during heightened 
uncertainty, unexpected public investment shocks signal government commitments to growth and 
stability, boosting the confidence of private agents about future economic developments. The negative 
effect on confidence during normal times likely reflects the volatility induced by unexpected shocks to 
public investments. For instance, even during normal times, some agents may be concerned that the 
economy could take a downturn in the near future. A government spending shock during normal times 
could then simply confirm these pessimistic views, leading to erosion of confidence. 

Overall, these findings suggest that at the current juncture, a public investment push could contribute to 
kick-start the recovery and promote long-run growth. The findings are consistent with the intuition that 
in a period of high uncertainty, positive investment shocks from the government might signal a 
commitment to aggregate stability, thereby raising sentiment, stimulating demand, and leading to an 
economic expansion, as discussed in the literature (Barsky and Sims 2011, 2012; Bachmann and Sims 
2012). The findings tend to support the rationale that the effects of public investment shocks can be 
decomposed into two components: a direct effect, because the investment spending shock itself has a 
contemporaneous effect on output, and an indirect effect through which public investment impacts 
confidence, which in turn affects economic activity. The stronger crowding-in effects on private 
investment obtained during periods of high uncertainty suggest that by raising confidence, a public 
investment push is also likely to foster investment from businesses that might otherwise become very 
cautious and postpone their hiring and investment decisions.  

Robustness  

Several robustness exercises are undertaken to assess the sensitivity of the results to different sample size, 
alternative definition of forecast errors, and different specifications. As periods of high uncertainty are 
likely to be characterized by low growth, the robustness exercise investigates whether the stronger 
multipliers obtained during periods of high uncertainty instead reflect the effects of economic slack. The 
exercise allows the effects of uncertainty on the public investment multiplier to vary with the state of the 
economy by estimating the regression specification: 𝑦௜,௧ା௞ − 𝑦௜,௧ିଵ = 𝛼௜௞ +  𝛾௧௞ +  𝛽ଵ௞𝐷𝑢𝑚𝑚𝑦௜,௧𝐺൫𝑧௜,௧൯𝐹𝐸௜,௧ା +  𝛽ଶ௞𝐷𝑢𝑚𝑚𝑦௜,௧ ቀ1 − 𝐺൫𝑧௜,௧൯ቁ 𝐹𝐸௜,௧ା+ 𝜃௞𝑀௜,௧ + 𝜀௜,௧௞  ,    (5) 

where 𝐷𝑢𝑚𝑚𝑦௜,௧ is a dummy variable indicating whether the economy is in a low- or high-growth state. 
Year t is defined as a period of low growth if the growth rate of GDP in year t is lower than the average 
growth rate of the past three years. 

The results suggest that the larger multipliers obtained during periods of high uncertainty are not driven 
by the correlation between high uncertainty and low growth (Online Annex Table 2.5.8.). For instance, 
the results show that, on average, the effects of public investment are lower in periods of low growth 
compared to periods with high growth. However, when uncertainty is heightened, public investment 
shocks have positive and statistically significant effects on output, private investment, and employment 
during periods of low growth. Moreover, during periods of high uncertainty, the difference in the size of 
the multiplier between high and low growth states tends to be statistically insignificant. These findings 
suggest that the degree of uncertainty is what matters for the effects of public investment shocks. 

The analysis next considers a different definition of public investment shocks. Online Annex Table 2.5.9 
shows the results when public investment shocks are defined as the difference between the realized 
investment and the spring forecast vintage. The conclusions are similar to those discussed above. Public 
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investment multipliers are larger and statistically significant during periods of high uncertainty compared 
to normal times.  

The same conclusions are reached when limiting the analysis to the subsample of advanced economies 
(Online Annex Table 2.5.10). Likewise, the results are robust to the introduction of additional control 
variables. Online Annex Table 2.5.11 indicates that public investment shocks have larger effects on 
output, investment, and employment during periods of high uncertainty when controlling for the output 
gap. The models are also estimated by considering two sample periods: the period prior to the global 
financial crisis (before 2007) and the period starting in 2007. The same conclusions as discussed above 
are reached for the period starting in 2007 (Online Annex Table 2.5.12). But the multipliers turn 
statistically insignificant when the model is estimated for the period before 2007, likely due to insufficient 
variation in the sample (Online Annex Table 2.5.13). For instance, there are relatively few episodes of 
positive investment shocks during the period before 2007, compared to the period starting in 2007. 
Finally, the models are estimated using different values of the curvature of the transition function 𝛿. The 
results are broadly similar.15 

Although these findings suggest that the public investment multiplier could be larger than in normal 
times, the level and nature of uncertainty in this crisis makes it difficult to extrapolate from historical 
patterns. As shown by the robustness exercise, the results require that the sample include some variation 
in the positive investment shocks. Moreover, different measures of uncertainty capture different 
dimensions of uncertainty and could lead to different results. The analysis here focuses on a simple 
measure of uncertainty that is available for a large range of countries and captures a broader 
macroeconomic uncertainty.

 
15 The detailed results are available upon request. 
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Online Annex Table 2.5.2. Linear Effects of a Public Investment Shock on Output 

 
Source: IMF staff calculations.  
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Online Annex Table 2.5.3. Linear Effects of  Public Investment Shocks on Private Investment 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Dependent Variable: Output k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

Public investment shock 0.2335*** 0.5822*** 0.5247*** 0.3361 0.1527 0.5510** 0.7030 0.0737 -0.3718 -1.3818 0.2202* 0.5863*** 0.5569** 0.3820 0.2364
(0.0807) (0.1007) (0.1877) (0.2252) (0.2366) (0.2336) (0.7856) (1.5017) (2.0758) (2.4699) (0.1115) (0.1109) (0.2191) (0.2580) (0.2401)

Lag of public investment shock 0.5910* 0.4580 0.3495 0.4199 0.1397 0.3614 0.3193 0.3375 -0.1326 -0.1651 0.6083* 0.4695 0.3551 0.4489 0.1574
(0.3101) (0.2915) (0.3140) (0.4258) (0.2139) (0.3375) (0.6033) (0.8758) (1.3381) (1.5874) (0.3571) (0.3346) (0.3556) (0.4885) (0.2304)

Lag of real GDP growth rate -0.0028 -0.0021 -0.0017 -0.0022* -0.0020 0.0011 0.0015 0.0024 0.0008 0.0008 -0.0036 -0.0027 -0.0024** -0.0027** -0.0024**
(0.0024) (0.0018) (0.0011) (0.0011) (0.0013) (0.0016) (0.0027) (0.0037) (0.0047) (0.0060) (0.0027) (0.0020) (0.0009) (0.0010) (0.0011)

Constant -0.0579* -0.0763** -0.0532 -0.0345 0.0194 0.0269*** 0.0605*** 0.1024*** 0.1573*** 0.1864*** -0.0565 -0.0683 -0.0361 -0.0097 0.0590
(0.0298) (0.0382) (0.0485) (0.0607) (0.0415) (0.0052) (0.0124) (0.0193) (0.0287) (0.0374) (0.0357) (0.0462) (0.0586) (0.0732) (0.0421)

Observations 389 389 389 389 389 213 213 213 213 213 176 176 176 176 176
R -squared 0.5533 0.7220 0.7387 0.7529 0.7976 0.7325 0.7249 0.7135 0.6967 0.7033 0.4883 0.7205 0.7533 0.7801 0.8540

Whole Sample Advanced Economies Emerging and Developping Economies

Depdent Variable: Private Investment
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

Public investment shock 1.1611 3.2018*** 3.6812***3.2451***1.8529* 3.5494 5.9359 3.4360 -1.9926 -3.9894 1.0748 3.1126*** 3.7240***3.5220*** 2.1063*
(1.0091) (0.7399) (0.7911) (0.9979) (1.0370) (2.7993) (4.0480) (5.2732) (4.8450) (6.5015) (1.1647) (0.7918) (0.8235) (1.0308) (1.1088)

Lag of public investment shock 1.9166** 1.5879* 1.0084 -0.2582 0.2205 1.0410 0.6190 -0.9432 0.3619 0.6359 1.9480** 1.6031 1.0701 -0.3054 0.1663
(0.7635) (0.9430) (1.0700) (1.1499) (1.1428) (0.9725) (1.9764) (3.8535) (3.2858) (4.1258) (0.9314) (1.1380) (1.2794) (1.3569) (1.3189)

Lag of real GDP growth rate 0.0075 0.0023 0.0014 -0.0001 0.0021 0.0048 -0.0074 -0.0123 -0.0138 -0.0139 0.0081 0.0042 0.0042 0.0029 0.0055
(0.0099) (0.0051) (0.0051) (0.0057) (0.0049) (0.0038) (0.0101) (0.0172) (0.0213) (0.0225) (0.0131) (0.0068) (0.0059) (0.0065) (0.0047)

Constant 1.8739*** 1.6635*** 1.5403***1.9211***1.9359** 0.0053 0.0883* 0.1773** 0.2878** 0.2981**1.8874***1.6918*** 1.5810***2.0033***2.0350***
(0.0665) (0.1284) (0.1710) (0.2050) (0.2065) (0.0199) (0.0507) (0.0790) (0.1167) (0.1230) (0.0827) (0.1569) (0.1999) (0.2301) (0.2331)

Observations 386 386 386 386 386 213 213 213 213 213 173 173 173 173 173
R -squared 0.6480 0.6437 0.6349 0.6622 0.6940 0.4999 0.5109 0.4955 0.4872 0.5185 0.6667 0.6761 0.6834 0.7223 0.7515

Whole Sample Advanced Economies Emerging and Developping Economies
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Online Annex Table 2.5.5. Effects of Macroeconomic Uncertainty on Investment Multipliers 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

High uncertainty*Investment shock 0.6501 2.7184*** 2.4194*** 1.9462* 2.1656 6.7531*** 10.0691*** 7.8311** 5.9543 7.6702 0.5088 1.1909*** 1.9721*** 2.1337*** 2.6204***
(0.5327) (0.8446) (0.7114) (1.0370) (1.3957) (1.6337) (2.3095) (3.2494) (4.3325) (5.7214) (0.4030) (0.2337) (0.3291) (0.6631) (0.7517)

Low uncertainty*Investment shock 0.6688 -0.3493 0.0107 0.5640 -0.4243 -1.1808 -0.2179 -0.1470 2.2647 -1.4287 0.1610 0.3435 0.6719 1.0405 0.7053
(0.7122) (0.8879) (1.0875) (1.3112) (1.1356) (2.7556) (4.3849) (5.6892) (6.3950) (7.1109) (0.7536) (1.0436) (1.2971) (1.4047) (1.4638)

Lag of public investment shock 0.9027*** 1.2937** 1.4290** 1.2130* 1.2494** 2.5867** 4.7986** 5.4293** 3.4732 2.6573 0.7718** 1.7119*** 1.9132*** 1.9539*** 1.5140**
(0.3139) (0.5750) (0.6213) (0.6861) (0.4543) (0.9630) (1.9927) (2.2412) (2.1796) (1.9659) (0.2832) (0.4373) (0.4944) (0.5773) (0.5610)

Lag of real GDP growth rate -0.0002 -0.0005 -0.0008 -0.0031*** -0.0036** 0.0051 0.0018 -0.0019 -0.0080* -0.0148* 0.0029*** 0.0033** 0.0033** 0.0021* 0.0011
(0.0009) (0.0009) (0.0010) (0.0008) (0.0015) (0.0030) (0.0025) (0.0044) (0.0046) (0.0078) (0.0010) (0.0012) (0.0012) (0.0011) (0.0014)

Constant 0.0058 0.0223*** 0.0393*** 0.0620*** 0.0832*** -0.0647*** -0.0762** -0.0477 -0.0183 0.0300 0.0020 0.0019 0.0040 0.0094 0.0204*
(0.0040) (0.0054) (0.0061) (0.0059) (0.0064) (0.0224) (0.0299) (0.0359) (0.0387) (0.0475) (0.0023) (0.0042) (0.0057) (0.0074) (0.0101)

Observations 147 147 147 147 147 147 147 147 147 147 147 147 147 147 147
R -squared 0.8234 0.8369 0.8520 0.8708 0.8920 0.7332 0.7390 0.7385 0.7336 0.7227 0.7335 0.7778 0.7825 0.7865 0.8008

Output Private Investment Employment

Online Annex Table 2.5.4. Linear of Effects of Public Investment Shocks on Employment 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Dependent Variable: Employment k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

Public investment shock -0.0248 0.0587 0.5528 0.4695 0.1928 0.5302* 0.8508 0.8189 0.2115 -0.3359 -0.3546 -0.3046 0.5207 0.8007 0.7449
(0.3533) (0.4175) (0.4610) (0.6862) (0.8156) (0.2743) (0.6338) (0.9696) (1.4180) (1.8337) (0.5849) (0.6471) (0.7797) (0.9975) (0.8364)

Lag of public investment shock 0.3050 0.7170* 0.6047 0.5077 0.4216 0.3576 0.7259 0.5421 0.4316 0.0553 0.1284 0.5465 0.6153 0.6355 0.7720
(0.3318) (0.4252) (0.4348) (0.5834) (0.7567) (0.2633) (0.4831) (0.7746) (1.0693) (1.3132) (0.4232) (0.5929) (0.6712) (0.6206) (0.7034)

Lag of real GDP growth rate 0.0042*** 0.0045*** 0.0044*** 0.0042* 0.0043* 0.0032*** 0.0044** 0.0054* 0.0047 0.0046 0.0049** 0.0041 0.0032 0.0042 0.0047
(0.0014) (0.0015) (0.0016) (0.0022) (0.0025) (0.0011) (0.0020) (0.0029) (0.0038) (0.0044) (0.0024) (0.0026) (0.0027) (0.0027) (0.0028)

Constant -0.0485* -0.1048** -0.1002 -0.0807 -0.0666 -0.0067 -0.0018 0.0132 0.0396 0.0579* -0.0141 -0.0681 -0.0966 -0.1045 -0.1159
(0.0270) (0.0438) (0.0612) (0.0884) (0.1183) (0.0057) (0.0093) (0.0153) (0.0238) (0.0310) (0.0411) (0.0753) (0.1184) (0.1208) (0.1259)

Observations 311 311 310 309 309 213 213 213 213 213 98 98 97 96 96
R -squared 0.5329 0.5800 0.6426 0.6425 0.6681 0.6347 0.6203 0.5810 0.5529 0.5771 0.4680 0.5189 0.6997 0.7423 0.7552

Whole sample Advanced Economies Emerging and Developping Economies
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Online Annex Table 2.5.6. Linear Effects of Public Investment Shocks on Mean and Standard Deviation of GDP Forecasts 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

 

Online Annex Table 2.5.7. Nonlinear Effects of Public Investment Shocks on Mean and Standard Deviation of GDP Forecasts 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Dependent Variable: 
k=1 k=2 k=3 k=4 k=5 k=1 k=2 k=3 k=4 k=5

Public investment shock 0.5417* 0.1756 0.6620 -0.2058 0.1534 -0.0362 -0.1590 -0.0388 -0.0565 -0.1309
(0.2929) (0.3389) (0.4670) (0.4351) (0.5085) (0.1077) (0.1322) (0.1196) (0.1333) (0.1597)

Lag of public investment shock -0.1682 0.1506 -0.3519* -0.2419 -0.3450 -0.0820* -0.0775 -0.0339 -0.0812 -0.0043
(0.2212) (0.2079) (0.1884) (0.3185) (0.2103) (0.0444) (0.0647) (0.0370) (0.0517) (0.0429)

Lag of real GDP growth rate -0.0030*** -0.0018* -0.0037*** -0.0031*** -0.0034*** 0.0002* 0.0003*** 0.0002** 0.0002*** 0.0002*
(0.0004) (0.0009) (0.0009) (0.0010) (0.0011) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

Constant -0.0550*** -0.0538*** -0.0459*** -0.0383*** 0.0482*** 0.0197*** 0.0198*** 0.0196*** 0.0174*** -0.0027**
(0.0045) (0.0056) (0.0057) (0.0060) (0.0068) (0.0048) (0.0041) (0.0026) (0.0033) (0.0012)

Observations 147 137 133 128 124 144 134 130 125 121
R -squared 0.9036 0.8556 0.8539 0.8153 0.8484 0.8779 0.7518 0.8619 0.7970 0.7752

Mean Forecast of GDP Standard Deviation of GDP Forecast

Dependent Variable
k=1 k=2 k=3 k=4 k=5 k=1 k=2 k=3 k=4 k=5

High uncertainty # investment shock 3.1377*** 2.4207*** 2.1909*** 2.4051*** 1.7413** -0.8800*** -1.0797*** -0.8850*** -1.0252*** -1.0542***
(0.3969) (0.3652) (0.5280) (0.2765) (0.5936) (0.0738) (0.1143) (0.0756) (0.1640) (0.0592)

Low uncertainty # investment shock -1.9205*** -1.9936*** -1.2212* -2.7303*** -1.3407* 0.7755*** 0.7634*** 0.7687*** 0.9005*** 0.7490***
(0.5451) (0.5308) (0.6588) (0.5642) (0.6458) (0.0702) (0.1119) (0.1322) (0.1159) (0.0956)

Lag of public investment shock -0.2207 0.0848 -0.4108* -0.3106 -0.3715 -0.0768*** -0.0636 -0.0370 -0.0598 0.0189
(0.3084) (0.2374) (0.2187) (0.3040) (0.2441) (0.0219) (0.0629) (0.0247) (0.0611) (0.0209)

Lag of real GDP growth rate -0.0027*** -0.0015 -0.0033*** -0.0027** -0.0032** 0.0000 0.0001* 0.0001 0.0001 0.0001
(0.0004) (0.0009) (0.0008) (0.0009) (0.0011) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

Constant -0.0536*** -0.0511*** -0.0437*** -0.0344*** 0.0453*** 0.0193*** 0.0187*** 0.0187*** 0.0159*** -0.0013
(0.0042) (0.0079) (0.0067) (0.0065) (0.0065) (0.0047) (0.0039) (0.0025) (0.0028) (0.0008)

Observations 145 135 131 126 122 144 134 130 125 121
R -squared 0.9171 0.8693 0.8625 0.8357 0.8540 0.9146 0.8272 0.9203 0.8722 0.8724

Mean Forecast of GDP Standard Deviation of GDP Forecast
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Online Annex Table 2.5.8. Effects of Macroeconomic Uncertainty: Interaction with the State of the Economy 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

 

Online Annex Table 2.5.9. Effects of Macroeconomic Uncertainty on Investment Multipliers: Alternative 
Definition of Investment Shocks 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

Low growth # high uncertainty 0.2488 2.1653*** 1.7494*** 1.3708 1.6908 5.4141*** 7.9872*** 5.8203** 4.5905 5.9971 0.4255 0.9393* 1.7212*** 1.9740*** 2.4480***
(0.6925) (0.5981) (0.5946) (0.9029) (1.2119) (1.4678) (1.9777) (2.1463) (3.7727) (5.2847) (0.5537) (0.4708) (0.4668) (0.5813) (0.5626)

High growth # high uncertainty 2.9538 4.1963 4.1621 5.7293 7.2854 7.8608 11.5245 5.7331 9.3518 27.3928* -1.9197 -1.6648 -2.7817 -4.5703 -2.2644
(1.7712) (2.6947) (5.4728) (5.9405) (4.8537) (8.3212) (11.6058) (13.3406) (17.1064) (13.3163) (1.6784) (2.7816) (4.2932) (4.7957) (4.8120)

Low growth # low uncertainty 0.9289 -0.1436 -0.0620 1.1123 1.1161 -1.4056 -4.0854 -3.6491 1.6646 -0.9575 0.6002 0.9417 1.4310 1.5015 1.3360
(1.3391) (1.3995) (1.4733) (1.8224) (1.7965) (3.2983) (4.1567) (3.5499) (5.2117) (4.5718) (0.8587) (1.1785) (1.3699) (1.5042) (1.4970)

High growth # low uncertainty -1.6921 -2.7405 -2.7505 -4.5968 -7.0339* -2.0616 -1.9904 -2.1794 -6.2059 -22.9138* 2.3073 2.3898 3.5505 4.6630 2.7674
(1.4745) (2.2364) (3.9506) (4.3855) (3.5456) (6.6601) (9.3879) (9.7653) (12.4384) (11.1738) (1.4093) (2.2137) (2.9894) (3.2537) (2.9934)

Low (versus high) growth period -0.0177*** -0.0307*** -0.0348*** -0.0435*** -0.0485*** -0.0352 -0.0508 -0.0907** -0.1072 -0.1134 -0.0020 -0.0128* -0.0227*** -0.0302*** -0.0319**
(0.0061) (0.0078) (0.0098) (0.0144) (0.0171) (0.0214) (0.0350) (0.0432) (0.0642) (0.0678) (0.0047) (0.0065) (0.0077) (0.0102) (0.0128)

Lag of public investment shock 0.6916*** 1.0549** 1.1529* 1.0173 1.0798* 1.8065 3.8722* 4.7845** 3.1942* 2.1217 0.6754*** 1.5426*** 1.7918*** 1.9758*** 1.5263***
(0.2005) (0.4351) (0.5545) (0.6656) (0.5801) (1.2609) (2.0138) (2.0055) (1.5825) (2.3703) (0.2241) (0.3540) (0.3609) (0.3407) (0.3660)

Constant 0.0232*** 0.0522*** 0.0738*** 0.0976*** 0.1192*** -0.0135 -0.0041 0.0523 0.0733 0.1121* 0.0091** 0.0205*** 0.0313*** 0.0413*** 0.0514***
(0.0029) (0.0046) (0.0067) (0.0082) (0.0104) (0.0121) (0.0218) (0.0395) (0.0496) (0.0549) (0.0043) (0.0064) (0.0079) (0.0099) (0.0124)

Observations 147 147 147 147 147 147 147 147 147 147 147 147 147 147 147
R -squared 0.8793 0.8988 0.9042 0.9045 0.9142 0.7750 0.8085 0.8201 0.7816 0.7513 0.6612 0.7763 0.8082 0.8343 0.8377

Output Private Investment Employment

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

High uncertainty 0.0996 2.0931** 1.4860 0.4329 0.7706 6.7248*** 10.6270** 8.4824* 4.1360 6.6487 0.1793 0.9010** 1.3265* 1.3419 1.7039
(0.5948) (0.9029) (0.9096) (0.9559) (1.3616) (2.2162) (4.3037) (4.5695) (4.4289) (5.8086) (0.4101) (0.3414) (0.7564) (1.1844) (1.2905)

Low uncertainty 0.7258 -0.4226 0.2398 0.7143 0.3948 -4.2983* -3.8949 -4.8553 -3.1858 -5.9449 0.3703 0.7763 0.8880 0.8543 0.3229
(0.9557) (0.8810) (0.9528) (1.3565) (1.1168) (2.0851) (3.2398) (4.6699) (4.7154) (5.0304) (0.5957) (0.6637) (1.1628) (1.3648) (1.4419)

Lag of public investment shock 0.5472 0.7633 0.4238 0.5489 0.5605 1.9618** 1.5728 1.6266 0.5745 0.2301 0.6641** 1.1124*** 1.2255** 1.1767* 0.9146
(0.3939) (0.4897) (0.5507) (0.5853) (0.3784) (0.7818) (1.3914) (1.4719) (1.7617) (1.4046) (0.2500) (0.3761) (0.4775) (0.5869) (0.5704)

Lag of real GDP growth rate -0.0004 -0.0005 -0.0009 -0.0029*** -0.0039*** 0.0063** 0.0027 0.0006 -0.0059 -0.0130** 0.0028*** 0.0031** 0.0030** 0.0017 0.0007
(0.0007) (0.0009) (0.0009) (0.0007) (0.0010) (0.0028) (0.0030) (0.0032) (0.0041) (0.0053) (0.0008) (0.0011) (0.0012) (0.0013) (0.0017)

Constant 0.0176*** 0.0376*** 0.0588*** 0.0824*** 0.1030*** -0.0320* -0.0126 0.0137 0.0479 0.0852 0.0021 0.0076* 0.0138** 0.0231** 0.0329***
(0.0039) (0.0051) (0.0071) (0.0086) (0.0099) (0.0174) (0.0287) (0.0353) (0.0448) (0.0503) (0.0025) (0.0040) (0.0061) (0.0086) (0.0107)

Observations 145 145 145 145 145 145 145 145 145 145 145 145 145 145 145
R -squared 0.7978 0.8524 0.8719 0.8896 0.9162 0.6827 0.7120 0.6918 0.6776 0.6966 0.7721 0.8063 0.7961 0.7984 0.8077
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Online Annex Table 2.5.10. Effects of Macroeconomic Uncertainty on Investment Multipliers: Sample 

Restricted to Advanced Economies 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

 

Online Annex Table 2.5.11. Effects of Macroeconomic Uncertainty on Investment Multipliers, Controlling for 

the Output Gap 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

High uncertainty 0.6175 2.6436*** 2.3137*** 1.9147* 2.0275 6.6584*** 10.0391*** 7.6912** 5.9012 7.3596 0.5262 1.1051*** 1.9079*** 2.0983** 2.5210***
(0.5132) (0.7624) (0.6437) (0.9810) (1.2938) (1.5433) (2.2570) (3.1729) (4.2241) (5.4983) (0.3902) (0.1939) (0.3293) (0.6672) (0.7805)

Low uncertainty 0.6835 -0.2699 -0.0404 0.7296 -0.2988 -1.3671 -0.0713 -0.1978 2.6691 -0.6278 0.2982 0.3872 0.7021 1.1720 0.9242
(0.6967) (0.8484) (1.0735) (1.2336) (1.0556) (2.7628) (4.2462) (5.5819) (6.1155) (6.7439) (0.6787) (1.0386) (1.2926) (1.3551) (1.3984)

Lag of public investment shock 0.8936** 1.2531* 1.4425** 1.1386 1.1836** 2.6596** 4.7326** 5.4397** 3.2936 2.2845 0.7137** 1.6859*** 1.8948*** 1.8940*** 1.4109**
(0.3151) (0.5822) (0.6328) (0.6747) (0.4754) (0.9172) (1.9595) (2.1596) (2.1670) (1.8435) (0.2612) (0.4552) (0.5036) (0.5774) (0.5720)

Lag of real GDP growth rate -0.0001 -0.0002 -0.0003 -0.0030*** -0.0031** 0.0056 0.0018 -0.0013 -0.0080 -0.0140 0.0027** 0.0036** 0.0036** 0.0021 0.0014
(0.0010) (0.0010) (0.0008) (0.0008) (0.0013) (0.0032) (0.0027) (0.0044) (0.0048) (0.0078) (0.0010) (0.0014) (0.0014) (0.0012) (0.0013)

Constant 0.0232*** 0.0496*** 0.0874*** 0.1368*** 0.1622*** 0.0020 0.0153 0.0805 0.1675**0.2012*** -0.0047 -0.0058 0.0020 0.0222 0.0393*
(0.0048) (0.0101) (0.0162) (0.0196) (0.0200) (0.0347) (0.0605) (0.0651) (0.0608) (0.0622) (0.0067) (0.0116) (0.0143) (0.0173) (0.0186)

Observations 130 130 130 130 130 130 130 130 130 130 130 130 130 130 130
R -squared 0.7991 0.8185 0.8318 0.8512 0.8755 0.7056 0.7104 0.6997 0.7009 0.7017 0.6922 0.7297 0.7258 0.7289 0.7556

Output Private Investment Employment

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

High uncertainty 0.5782 2.7451*** 2.5258*** 2.0884** 2.3636** 6.6050*** 10.1326*** 8.1470*** 6.4041* 8.2693* 0.4635 1.1459*** 1.9730*** 2.1994*** 2.7499***
(0.5275) (0.8229) (0.6191) (0.8711) (1.1186) (1.8128) (2.2996) (2.7099) (3.5424) (4.5734) (0.4049) (0.2479) (0.3362) (0.7227) (0.8481)

Low uncertainty 0.5958 -0.3222 0.1186 0.7083 -0.2234 -1.3311 -0.1535 0.1734 2.7211 -0.8209 0.1150 0.2979 0.6729 1.1073 0.8367
(0.7413) (0.8504) (0.9990) (1.1841) (0.8944) (2.8380) (4.3264) (5.3792) (5.7270) (6.3859) (0.7138) (1.0145) (1.2810) (1.4451) (1.5631)

Lag of public investment shock 0.7172* 1.3626** 1.7032*** 1.5795** 1.7596*** 2.2048** 4.9624** 6.2434***4.6327** 4.2016** 0.6548** 1.5960*** 1.9155*** 2.1234*** 1.8478***
(0.3494) (0.5753) (0.5892) (0.6160) (0.3748) (0.9034) (2.0234) (2.1389) (1.9655) (1.6837) (0.2863) (0.4425) (0.4878) (0.5308) (0.5049)

Lag of real GDP growth rate -0.0015** 0.0000 0.0011 -0.0006 -0.0001 0.0025 0.0029 0.0036 -0.0001 -0.0043 0.0021** 0.0025** 0.0033** 0.0032* 0.0033**
(0.0007) (0.0012) (0.0014) (0.0015) (0.0014) (0.0024) (0.0034) (0.0049) (0.0033) (0.0040) (0.0007) (0.0009) (0.0014) (0.0017) (0.0015)

WEO: Output gap in percent 0.0040*** -0.0015 -0.0059*** -0.0078*** -0.0109*** 0.0082** -0.0035 -0.0174* -0.0248**-0.0330** 0.0025** 0.0025 -0.0000 -0.0036** -0.0071***
(0.0009) (0.0014) (0.0019) (0.0025) (0.0027) (0.0038) (0.0062) (0.0089) (0.0116) (0.0124) (0.0010) (0.0017) (0.0018) (0.0017) (0.0018)

Constant 0.0121*** 0.0196*** 0.0293*** 0.0485*** 0.0645*** -0.0519** -0.0829** -0.0774**-0.0607* -0.0262 0.0062*** 0.0061 0.0040 0.0034 0.0086
(0.0036) (0.0061) (0.0075) (0.0073) (0.0087) (0.0192) (0.0301) (0.0368) (0.0349) (0.0474) (0.0017) (0.0040) (0.0052) (0.0064) (0.0083)

Observations 146 146 146 146 146 146 146 146 146 146 146 146 146 146 146
R -squared 0.8445 0.8375 0.8614 0.8823 0.9093 0.7427 0.7388 0.7497 0.7545 0.7569 0.7568 0.7851 0.7825 0.7925 0.8188

Output Private Investment Employment
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Online Annex Table 2.5.12. Effects of Macroeconomic Uncertainty on Investment Multipliers, Post Global Financial Crisis 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

 

Online Annex Table 2.5.13. Effects of Macroeconomic Uncertainty on Investment Multipliers Prior to the Global Financial Crisis 

 
Source: IMF staff calculations. 
Note: All regressions control for year and country fixed effects. Clustered robust standard errors in parentheses.  
*p < .10; **p < .05; ***p < .01. 

 

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

High uncertainty 0.7806 3.6642** 3.1745** 2.5939 3.4642 6.0464** 7.1319* 3.7738 1.8833 4.2306 0.6458 1.6240*** 2.2965*** 2.2599** 2.6808**
(0.9044) (1.4766) (1.2706) (1.8481) (2.2440) (2.5585) (3.5774) (5.5044) (7.5180) (8.9424) (0.5117) (0.5213) (0.7186) (0.9927) (1.1699)

Low uncertainty -0.6512 -2.5890 -2.0240 -1.5408 -1.8122 -2.9444 -6.1944 -2.8957 -4.2240 -7.3643 -0.6483 -1.1904 -0.9707 -0.7101 -1.6887
(2.0303) (2.5572) (3.8420) (4.4846) (4.9512) (4.8340) (8.2691) (15.6194) (15.9270) (17.6361) (1.2628) (2.0490) (2.8971) (3.6518) (4.1250)

Lag of public investment shock 1.3779 1.0233 1.0969 1.4900 0.5658 4.1401 13.3992** 14.9136 12.1167 15.5403 1.2436 1.6336* 2.1126 2.1821 2.0188
(1.6729) (1.6905) (2.9047) (4.2673) (4.6706) (4.5953) (5.6072) (9.2434) (12.5846) (13.1126) (0.7505) (0.9075) (1.6063) (1.9134) (2.7765)

Lag of real GDP growth rate 0.0005 0.0005 -0.0009 0.0010 -0.0039 0.0036 0.0102 0.0041 0.0033 -0.0116 0.0043*** 0.0021 0.0037 0.0057 0.0027
(0.0031) (0.0041) (0.0057) (0.0052) (0.0057) (0.0061) (0.0103) (0.0154) (0.0167) (0.0174) (0.0006) (0.0027) (0.0038) (0.0058) (0.0069)

Constant 0.0168 0.0401 0.0220 0.0412 0.0942 -0.0080 -0.1346 -0.2579 -0.1944 -0.0918 -0.0120 0.0042 -0.0192 -0.0279 0.0020
(0.0284) (0.0323) (0.0515) (0.0781) (0.0871) (0.0673) (0.0933) (0.1830) (0.2487) (0.2685) (0.0139) (0.0191) (0.0320) (0.0453) (0.0575)

Observations 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
R -squared 0.9111 0.9271 0.9200 0.9177 0.9227 0.8864 0.9055 0.8619 0.7725 0.7050 0.9291 0.9403 0.9395 0.9099 0.8834

Output Private Investment Employment

Dependent Variable
k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4 k=0 k=1 k=2 k=3 k=4

High uncertainty 0.2538 -2.7124 -0.0248 1.3728 1.4747 -1.1267 -0.5447 6.2409 14.0427 20.9489 -2.1374 -3.3096 -2.0691 -1.5694 -0.5724
(1.8258) (3.6969) (5.6808) (4.7346) (5.0849) (5.5216) (12.5603) (23.4415) (29.1602) (21.6816) (1.9956) (2.4147) (3.8119) (3.9155) (5.0622)

Low uncertainty 2.4541 5.7021* 3.8594 3.3876 1.6598 6.7583 11.0563 4.2554 0.9314 -5.8056 2.7223* 4.7682** 5.1236* 5.0877* 3.9463
(1.4715) (2.8701) (4.1060) (3.6539) (4.1878) (4.5779) (9.9732) (16.5945) (21.0432) (17.3726) (1.4763) (1.7306) (2.3766) (2.3826) (3.2343)

Lag of public investment shock 1.1155*** 1.8725** 1.7724** 1.3249* 1.1321* 3.0673** 4.3665 4.4560 2.3832 1.0452 0.8167** 1.8706*** 2.0001*** 1.9217** 1.1706*
(0.2735) (0.6117) (0.6750) (0.6728) (0.5994) (1.2967) (2.8457) (2.9963) (3.2264) (2.8984) (0.3102) (0.5621) (0.5863) (0.6255) (0.5776)

Lag of real GDP growth rate -0.0011* -0.0023** -0.0024 -0.0053*** -0.0051** 0.0023 -0.0037 -0.0064 -0.0114 -0.0154* 0.0018*** 0.0017*** 0.0012 -0.0004 -0.0009
(0.0006) (0.0009) (0.0017) (0.0015) (0.0019) (0.0018) (0.0041) (0.0073) (0.0072) (0.0072) (0.0005) (0.0005) (0.0007) (0.0009) (0.0012)

Constant 0.0064 0.0216 0.0324* 0.0121 0.0547*** -0.0252 0.0025 0.0081 -0.1043 -0.0447 -0.0050 -0.0034 -0.0004 -0.0072 0.0057
(0.0045) (0.0121) (0.0167) (0.0189) (0.0128) (0.0280) (0.0755) (0.0970) (0.1157) (0.0985) (0.0057) (0.0104) (0.0137) (0.0185) (0.0184)

Observations 87 87 87 87 87 87 87 87 87 87 87 87 87 87 87
R -squared 0.7674 0.8013 0.8197 0.8882 0.9143 0.4540 0.4524 0.4944 0.6623 0.7455 0.6451 0.7365 0.7488 0.7652 0.7960
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Online Annex 2.6. Investing in Resilience1 

This annex discusses two areas in which investments are needed to strengthen resilience to ongoing 
crises—pandemic preparedness and adaptation to climate change. For pandemic preparedness, this annex 
estimates the costs associated with different levels of preparedness in terms of capital expenditure in 
public health, operating expenditure in public health, and imports of respiratory disease–related medical 
products. For climate change adaptation, the OECD climate-related finance flow dataset is used to 
estimate the aid for climate change adaptation received by countries, with a focus on low-income 
developing countries. 

A. Pandemic Preparedness  

The WHO International Health Regulation (IHR) indicators are used to assess the preparedness of the 
health system to confront pandemics, as suggested by the International Working Group on Financing 
Preparedness (2018).2 The average IHR score summarizes 13 capacities and ranges from 0 to 100.3 The 
score is used to represent preparedness, with a score of 100 indicating that the country’s system has 
fulfilled all the requirements. The IHR score is averaged over the period from 2015 to 2017 and 
compared to cost data. For countries without an IHR score available for those years, the average score 
for 2018–19 is used instead. 

Two alternative costs of preparedness are used: 
 

(1) The public sector costs for preparedness are from the WHO’s Global Health Expenditure 
Database.4 Operating costs and capital expenditure costs are estimated by using, respectively, 
domestic general government expenditures for four health care functions,5 and domestic public 
capital expenditures.6 Annual costs are averaged over the period 2015-2017.  

(2) Expenditures on medical products used to fight COVID-19 are estimated using import data for 
products used in the fight against respiratory diseases, based on the assumptions that these 
medical products are mainly manufactured in a few countries, and thus imports are a good proxy 
for expenditure. The products to fight COVID-19 included are respiration apparatus, cannula, 
X-ray equipment, thermometers, protective glasses, hand sanitizer, and surgical gloves. The 
annual imports (from the United Nations COMTRADE database, disaggregated at the six-digit 

 
1 This annex was prepared by Xuehui Han of the Fiscal Affairs Department. 

2 The IHR was introduced by the World Health Assembly in 1969. The 2005 version sets up the core capacity requirement 
framework for countries to prevent, detect, and rapidly respond to public health threats.  

3 According to WHO (2013, 2018), the IHR represents the commitment of governments to collectively prepare for and respond 
to events that may constitute a public health emergency of international concern according to a common set of rules. In 2018, 
WHO upgraded the IHR framework, which continued to collect data using 24 indicators across 13 capacities. The 2015–17 
framework includes eight core capacities (national legislation/policy/financing, coordination, and national focal point 
communication, surveillance, response, preparedness, risk communication, human resource capacity, and laboratory), entry 
point, and four hazards (zoonotic events, food safety, chemical events, and radiation emergencies). In the 2018 upgrading, the 
core capacity is renamed as capacity, the capacities of response and preparedness are merged into one as the national health 
emergency framework, health service provision is added, and the manner of evaluation is changed from “Yes/No/Not known” 
to five progressive levels of capacity.   

4 The Global Health Expenditure Database is available at https://apps.who.int/nha/database. 

5 It includes expenditures on functions of curative care, medical goods, preventative care, and governance, health system and 
financing administration. 

6 For most of the countries, only fixed-capital formation is included. 
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HS classification) are averaged over the period from 2016 to 2018.7 Because the six-digit 
classification is used, some categories might include a broader range of products (for example, 
cannula includes medical supplies, surgical instruments and appliance, catheters, and the like). 
Therefore, the estimation should be regarded as an upper-bound estimate. 

Plotting public capital investment data and data on imports of respiratory medical products against the 
IHR index reveals different relationships. As shown in Figure 2.11 in the main text, expenditure on 
medical products (expressed in percent of GDP) increases with the IHR. That is, countries that are better 
prepared tend to spend more in terms of respiratory medical products. Such a linear relationship does not 
hold when using data on general public capital expenditures (Figure 2.6.1). On average, countries spend 
around 0.15 percent of GDP on public capital expenditure. This implies that countries with weaker 
preparedness (lower IHR) achieve less with the same level of capital expenditures (in percent of GDP). 
In other words, they spend more, on average, to achieve a given score on the IHR index, which is why 
the average cost per IHR is declining in the IHR (Figure 2.6.2).  

To investigate non-linearities in the relationship between health expenditure and pandemic preparedness, 
the unit cost per IHR score per capita is estimated as below:     𝑐௜,௢௣௘௥௔௧௜௡௚ = 𝑇𝐶௜,௢௣௘௥௔௧௜௡௚𝐼𝐻𝑅௜ , 

𝑐௜,௖௔௣௜௧௔௟ = 𝑇𝐶௜,௖௔௣௜௧௔௟𝐼𝐻𝑅௜ , 
where  𝑐௜,௢௣௘௥௔௧௜௡௚ and 𝑐௜,௖௔௣௜௧௔௟ are unit cost per IHR score per capita of country 𝑖 of health operating 

expenditures and capital expenditures. 𝑇𝐶௜,௢௣௘௥௔௧௜௡௚ and 𝑇𝐶௜,௖௔௣௜௧௔௟ are their corresponding total 

expenditures per capita, and 𝐼𝐻𝑅௜ is the IHR score (preparedness of the health system) of country 𝑖.  
 

7 The COMTRADE six-digit codes are respiration apparatus (901920), cannula (901839), X-ray equipment (902211), 
thermometers (902519), protective glasses (900490), hand sanitizer (340290), and surgical gloves (401511). 

 Online Annex Figure 2.6.1 Health Public Capital 
Expenditure and World Health Organization (WHO) 
Index of Pandemic Preparedness 
(Percent of GDP) 

 Online Annex Figure 2.6.2 Health Public Capital 
Expenditure per Score and World Health Organization 
(WHO) Index of Pandemic Preparedness 
(Percent of GDP) 

  
Sources: World Health Organzation, Index of Health Regulation (IHR); and IMF 

staff estimates. 

Note: The figure shows no correlation between IHR index and health public 

capital expendiures. The same average capital expenditure is 0.15% of GDP. 

Sources: World Health Organzation, Index of Health Regulation (IHR); and IMF 

staff estimates. 

Note: The figure shows a negative correlation between IHR index and health 

public capital expendiures per score.  
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Instead of presenting the unit cost for each country, the average unit costs are presented for four 
different groups based on ranges of IHR preparedness scores: [0,40), [40, 60), [60, 80), and [80, 100]. The 
reason why the first group, [0,40), covers a larger range than the other groups is that very few countries 
have scores below 20. The grouping is based on the assumption that countries with similar levels of 
preparedness tend to have similar cost patterns compared to countries with very different preparedness. 
The estimates of unit costs using both data on general public health expenditures and data on imports of 
COVID-19-related medical products are presented in Online Annex Table 2.6.1 in both US dollars and 
as a share of GDP. In GDP shares, the country group with the lowest preparedness spent 0.02 percent of 
GDP of capital expenditure and 0.003 percent of GDP of medical product imports to achieve one score 
while the country group with the highest preparedness spent 0.002 percent and 0.007 percent, 
respectively.  
 

B. External Finance for Climate Adaptation  

Cross-country data on external finance for climate adaptation come from the Organization for Economic 
Co-operation and Development’s climate-related finance flow data set. Public data on adaptation flows is 
available from 2000; however, regular data collection for adaptation flows only started in 2010. The data 
cover public providers, including bilateral, multilateral, and philanthropic flows. 

Until 2018, recipient countries in the low-income developing countries group were receiving 38 percent 
of total flows.8 Online Annex Table 2.6.2 shows the top 10 recipient countries and subsectors in these 
countries in terms of accumulated flows from 2007 to 2018, as well as annual average flows for 2017–18.  

For some countries, external flows for adaptation account for a significant share of total gross fixed 
capital formation. For example, for Uganda and Mozambique, the flows account for around 10 percent 
of gross fixed capital formation. Agricultural development received the largest share among sectors in the 

 
8 There are 52 countries in this group; Afghanistan, Bangladesh, Benin, Burkina Faso, Burundi, Cambodia, Cameroon, Central 
African Republic, Chad, Congo, Democratic Republic of the, Congo, Republic of, Côte d'Ivoire, Eritrea, Ethiopia, Gambia, The, 
Ghana, Guinea, Guinea-Bissau, Haiti, Honduras, Kenya, Kyrgyz Republic, Lao People's Democratic Republic, Lesotho, Liberia, 
Madagascar, Malawi, Mali, Mauritania, Moldova, Mozambique, Myanmar, Nepal, Nicaragua, Niger, Nigeria, Papua New Guinea, 
Rwanda, Senegal, Sierra Leone, Somalia, South Sudan, Sudan, Tajikistan, Tanzania, Togo, Uganda, Uzbekistan, Vietnam, Yemen, 
Zambia, Zimbabwe. 

Online Annex Table 2.6.1. Unit Cost per International Health Regulation Score per Capita and 

Share of GDP, by Score Group 
 Group 1 Group 2 Group 3        Group 4 

Score range 0–40 40–60 60–80 80–100 

(1) Unit cost per score per capita (2017 constant US dollars) 
a. Based on Global Health Expenditure Data (GHED) 

Capital expenditures 0.23 0.11 0.13 0.12 
Operating expenditures 0.65 1.50 1.36 2.29 

b. Based on UN Comtrade imported medical products 

Respiratory medical products imports 0.04 0.07 0.24 0.48 

(2) Unit cost per score in share of GDP (percent) 
a. Based on Global Health Expenditure Data (GHED) 

Capital expenditures 0.02 0.01 0.01 0.002 
Operating expenditures 0.05 0.15 0.06 0.03 
     

b. Based on UN Comtrade imported medical products 
Respiratory medical products imports 0.003 0.007 0.01 0.007 

Source:   World Health Organzation, Index of Heatlh Regulation (IHR); GHED: Global Health Expenditure Database; Comtrade dataset; and  IMF 
staff calculations.  
Note: Different country coverages for respiratory medical product imports and for capital/operating expenditures due to  different data 
availability. 
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low-income developing countries, accounting for 9.8 percent of total flows, followed by road transport 
and environmental policy and administrative management.  

Online Annex Table 2.6.2. The 10 Low-Income Developing Countries and Their Subsectors Receiving the Most 

External Adaptation Finance (in millions of 2018 USD) 

Countries 
Accumulated 

Flows 2007–18 
Countries 

Annual 
Average2017-2018 

Subsectors 
Accumulated 

Flows  

Sector 
Share 
(%)   

Vietnam 6003.1 Bangladesh 861.9 Agricultural development 5558.7 9.8 
Bangladesh 5464.6 Ethiopia 766.2 Road transport 3713.5 6.6 
Ethiopia 3766.2 Uganda 638.5 Environmental policy and administrative management 2810.1 5.0 
Kenya 3255.3 Vietnam 574.0 Rural development 2713.4 4.8 
Uganda 2144.3 Kenya 471.1 Agricultural water resources 2690.2 4.8 
Tanzania 1887.7 Nepal 377.4 Multi-hazard response preparedness 2292.5 4.1 
Mozambique 1858.5 Mozambique 371.8 Agricultural policy and administrative management 2234.1 3.9 
Senegal 1842.1 Myanmar 349.5 Water supply - large systems 2148.8 3.8 
Cambodia 1811.2 Nigeria 343.9 Food assistance 2059.0 3.6 
Nepal 1769.5 Senegal 299.2 Water sector policy and administrative management 1682.5 3.0 

Sources: OECD; and Development; and IMF staff calculations. 
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Online Annex 2.7. Estimating the Adaptation Costs of Investing in the Resilience of 

Physical Assets1 

While many important and necessary adaptation policies are needed (for example, strengthening early 
warning systems, agriculture systems, and water resources management), investing in infrastructure 
resilience is by far the costliest (Global Commission on Adaptation 2019). This annex focuses on two 
natural hazards (floods and cyclones) and three types of adaptation costs: (1) retrofitting existing 
economic assets exposed to natural hazards to improve their resilience, (2) upgrading projected 
investment in all sectors to improve resilience to natural hazards, and (3) building coastal protection 
infrastructure. The overall cost estimates for public investment for climate change adaptation by country 
and by income group are presented in Figure 2.1.1 in the main text.  

Upgrading and Retrofitting Costs  

Upgrading and retrofitting costs are estimated using a bottom-up approach based on country exposure to 
natural hazards and the additional costs that would be incurred to make exposed assets more resilient. 
The analysis uses a new database in which the shares of exposed assets by country are inferred from 
cross-referencing two detailed global maps, one of natural hazards and another of road and railway asset 
data (Koks and others 2019). The degree of asset exposure is adjusted to reflect higher protection 
standards in upper-middle-income and high-income countries.2  

The incremental costs of making exposed assets more resilient are estimated using the average values 
corresponding to the set of technical options from Miyamoto International (2019).  Though the technical 
solutions are economically sensible, they do not guarantee that assets cannot be damaged by natural 
hazards and do not include all possible options to reduce risks, including more cost-effective alternatives 
or more expensive options to reduce risks further.3  Based on the exposure and incremental cost 
measures, the following are estimated: 

• Upgrading costs are computed as the annual investment projections on average over 2020–25, 
multiplied by the estimated share of exposed assets, and by a unit cost of 15 percent (Rozenberg 
and Fay 2019). Hence, the average exposure of future projects is assumed to be the same as the 
exposure of existing assets.4 Public and private investment projections are from the April 2020 
World Economic Outlook. When projections are unavailable, it is assumed that future investment-
to-GDP ratios remain constant at the last observed level in the IMF’s 2019 Investment and 
Capital Stock Dataset.  

• Retrofitting costs are computed as the public capital stock (from the IMF’s 2019 Investment and 
Capital Stock Dataset), multiplied by the estimated share of exposed assets and by a unit cost of 
50 percent (Rozenberg and Fay 2019). The total costs are annualized by assuming constant 
disbursement in percent of GDP over the next 10 years. Note that it may be more cost-effective 

 
1 This annex was prepared by Matthieu Bellon of the Fiscal Affairs Department. 

2 The protection standards in upper middle-income and high-income countries are from Rozenberg and Fay (2019, Table 5.2). 

3 Many high-income countries like Japan sometimes implement technical solutions that go beyond—and are more expensive 
than—the set of solutions considered in Miyamoto International (2019). 

4 This assumption is supported by historical evidence of the extreme persistence of the geographic distribution of human 
activity, even amid catastrophic shocks (Davis and Weinstein 2002). 
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to abandon some exposed assets or tear them down and rebuild them better. The unit cost of 50 
percent would also correspond to an average view between these cases. 

Coastal Protection Costs 

Coastal protection costs are the as-yet-unreported country-level estimates corresponding to the global 
levels presented in Rozenberg and Fay (2019). The annual investment and maintenance costs are reported 
for the economically optimal level of protection, defined as the level that minimizes the sum of 
protection costs (capital and maintenance) and residual flood damage to assets up until 2100. The full 
level of protection is assumed to be reached by 2030, with disbursements spread equally over the years. 
The estimation uses the state-of-the-art Dynamic Interactive Vulnerability Assessment (DIVA) climate 
model and new projections of coastal protection construction costs (Nicholls and others 2019).5 When 
considering the different assumptions regarding socioeconomic projections, unit costs, and greenhouse 
gas concentration pathways, average specifications are used. 

 

 
5 DIVA is a global model of coastal systems that assesses biophysical and socioeconomic consequences of sea-level rise and 
socioeconomic development, taking into account the following key impacts: coastal erosion (both direct and indirect), coastal 
flooding (including rivers), wetland change, and salinity intrusion into deltas and estuaries. 
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