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 A Guide for Choosing Graphics

This guide contains examples of the wide variety of graphics that have been 
produced for various publications at the Congressional Budget Office. As authors and 
reviewers at CBO consider ways to make forthcoming publications more informative and 
visually engaging, the collection may be a useful resource, as are CBO’s graphics editors. 

 

Besides presenting examples of common graphics, this guide also includes examples of how 
various techniques (such as annotations, captions, insets, nesting, and small multiples) can be 
applied to common graphics to help those graphics convey their message.

In addition, the collection presents examples of less common graphics (such as Sankey diagrams, 
Marimekko charts, timelines, maps, heatmaps, and treemaps). As some of those examples suggest, 
CBO’s graphics are not limited to conveying data; they can also illustrate concepts or processes.

Because the focus of this guide is information about choices among various types of graphics, 
examples are reproduced as they were published (in various types of publications and some, 
a while ago), without regularizing some small aspects of formatting and generally without 
including notes that accompanied the graphics.

A graphic should be considered in the context of the entire publication. When considering a 
graphic, think about these questions:

 ■ What is the overarching narrative of the publication?
 ■ What is the message being conveyed by the graphic?
 ■ Does that message help tell or reinforce the overarching story of the publication?

If the answer to the third question is no, modifying the graphic will do little to improve the 
publication. Instead, try to think of a message that would help tell the publication’s story. Then 
try to think of a graphic that would convey that message—perhaps looking through this guide 
for inspiration. 

Ideally, the publication’s overarching story will be mirrored in its “visual story,” so that a reader can 
move from figure to figure and understand the publication’s main points even before reading the 
text. A good way to figure out the visual story (and thus to choose the graphics for a publication) 
is to think about which graphics would be included in a briefing about the publication.

www.cbo.gov/publication/57978

http://www.cbo.gov/publication/57978
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Graphics Launchpad
Type of Graphic Goal of the Graphic Number of  Variables Charted Number of Time Periods Shown Page

Line Graph, I C  T Few Many 1
Line Graph, II C  T Few Many 2
Line Graph, III C  T Few Many 3
Line Graph, IV C  T Few Many 4
Line Graph, V C  T Few Many 5
Bar Graph (Horizontal) C  T Few Few 6
Bar Graph (Vertical) C  T Few Many 7
Segmented Bar Graph, I C  M  T Few Few 8
Segmented Bar Graph, II C  M  T Few Few 9
Segmented Bar Graph, III C  M  T Few Many 10
Target vs. Actual Bar Graph C  M Few One 11
Nested Bar Graph M Few One 12
Waterfall Chart M Few One 13
Marimekko Chart, I C  M Few One 14
Marimekko Chart, II C  M Few One 15
Combined Bar and Line Graph M  T Few Many 16
Stacked Area Chart M  T Few Many 17
Small Multiples, I M  T Many Many 18
Small Multiples, II C  M Few One 19
Fan Chart D  T One Many 20
Pie Chart M Few One 21
Doughnut Chart M Few One 22
Segmented Bar Graph, IV M Few One 23
Combined Pie Chart and Bar Graph M Many One 24
Treemap M Many One 25
Box Plot D  T Few Few 26
Modified Box Plot and Beeswarm D  T Few Few 27
Violin Plot D  T Few Few 28
Dot Plot M  T Many Few 29
Map, I D  One One 30
Map, II D  One One 31
Map, III D  One One 32
Sankey Diagram, I M  P Many One 33
Sankey Diagram, II M  P Many One 34
Timeline P Few One 35
Flowchart, I P Few One 36
Flowchart, II P Few One 37
Annotated Figure (Various) Various Various 38
Heatmap, I D One One 39
Heatmap, II D One Many 40
Connected Scatter Plot C  (Covariance) Two Few 41
Icon Array M Many One 42
Illustration, I (Various) Various Various 43
Illustration, II (Various) Various Various 44
Diagram (Various) Various Various 45

C  = Comparison (Compare one set of values with another)
D  =  Distribution (Show the distribution of a set of values—to 

identify outliers, show normal ranges, and so on)

M  = Makeup (Show how parts make up the whole)
P  = Process (Show how something works)
T  = Trend (Illustrate variables’ change over time)
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Line Graph, I

Line graphs are widely used at CBO. Among the five versions 
provided, this version uses space on the right for a caption, 
because captions are generally encouraged in CBO’s publications. 
(When a figure is just one column of text wide, though, the 
caption goes beneath it rather than to the side.)

Congressional Budget Office, The Budget and Economic Outlook: 2023 to 2033 (February 2023), p. 21,  
www.cbo.gov/publication/58848.

21CHAPTER 1: THE BUDGET OUTLOOK  THE BUDGET AND ECONOMIC OUTLOOK: 2023 TO 2033

remain at the end of the projection period (see Figure 
1-3 on page 19). Those overall changes are driven by 
the following changes in specific sources of revenues in 
CBO’s projections: 

• Individual income tax receipts decline in relation 
to GDP through 2025 in CBO’s projections, partly 
because the agency anticipates that collections from 
taxes on capital gains realizations and other sources, 
which have been strong in recent years, will fall. 
Receipts grow from 2025 to 2027 because scheduled 
changes in tax provisions, including an increase in 
most tax rates, are projected to drive up receipts in 
relation to taxable personal income. Real bracket 
creep (explained below) also contributes to rising 
receipts over time. 

• Corporate income tax receipts decrease steadily in 
relation to GDP from 2023 to 2033. That decline 
reflects the net effects of scheduled changes in 
tax rules.

• Federal Reserve remittances remain near zero from 
2023 to 2027 because higher short-term interest 
rates have increased the Federal Reserve System’s 

interest expenses to such an extent that they exceed 
its income. CBO anticipates that remittances will be 
significant again in 2028 and rise slowly as a share of 
the economy thereafter. 

• Excise tax receipts rise in 2023 and 2024 after recent 
legislative changes take effect. Thereafter, excise taxes 
gradually decline in relation to GDP along with the 
tax bases on which many excise taxes are levied.

Individual Income Taxes 
In 2022, receipts from individual income taxes totaled 
$2.6 trillion, or 10.5 percent of GDP—the highest those 
receipts have been in relation to the size of the econ-
omy since the 16th Amendment authorizing the federal 
government to collect income taxes was ratified in 1913. 
Under current law, receipts from individual income taxes 
are projected to fall this year to $2.5 trillion, or 9.6 per-
cent of GDP—still well above the 8.0 percent of GDP 
they averaged over the past five decades (see Figure 1-5).

Over the next two years, receipts in CBO’s projections 
decline further in relation to the size of the economy, 
reaching 8.8 percent of GDP in 2025 (see Table 1-6). 

Figure 1-4 .
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Data source: Congressional Budget Office. See www.cbo.gov/publication/58848#data.

When October 1 (the first day of the fiscal year) falls on a weekend, certain payments that would have ordinarily been made on that day are instead made at the 
end of September and thus are shifted into the previous fiscal year. All projections presented here have been adjusted to exclude the effects of those timing 
shifts. Historical amounts have been adjusted as far back as the available data will allow.

GDP = gross domestic product.

In CBO’s projections, 
rising spending on Social 
Security and Medicare 
boosts mandatory outlays, 
but total discretionary 
spending falls in relation 
to GDP. As the cost of 
financing the nation’s 
debt grows, net outlays 
for interest increase 
substantially and, 
beginning in 2030, exceed 
their previous peak.

http://www.cbo.gov/publication/58848
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maturing liabilities. The net amount that the Treasury 
borrows by issuing those securities (calculated as the 
amounts that are sold minus the amounts that have 
matured) is influenced primarily by the annual budget 
deficit.

In CBO’s baseline, after accounting for all of the gov-
ernment’s borrowing needs, debt held by the public rises 
from $17.9 trillion at the end of 2020 to $31.4 trillion at 
the end of 2030 (see Table 1-2). As a percentage of GDP, 
that debt would increase from 81 percent at the end of 
2020 to 98 percent by the end of the projection period. 
At that point, such debt would be the largest since 1946 
and more than twice the average over the past 50 years.

Long-Term Projections
Beyond 2030, debt held by the public is projected to 
increase substantially (see Figure 1-4 on page 11). 
By 2050, it would equal 180 percent of GDP, CBO 
pro jects, nearly 75 percentage points higher than it 
was in 1946, when federal debt reached its peak. (See 
Box 1-1 on page 12 for more details on CBO’s long-
term budget projections.)

Consequences of Rising Federal Debt
If federal debt as a percentage of GDP continued to rise 
at the pace that CBO projects it would under current 
law, the economy would be affected in two significant 
ways: 

 • That growing debt would dampen economic output 
over time, and 

 • Rising interest costs associated with that debt would 
increase interest payments to foreign debt holders 
and thus reduce the income of U.S. households by 
increasing amounts. 

The increases in debt that CBO projects would also 
pose significant risks to the fiscal and economic out-
look, although those risks are not currently apparent in 
financial markets. In addition, high debt might cause 
policymakers to feel constrained from implementing 
deficit-financed fiscal policy to respond to unforeseen 
events or for other purposes, such as to promote eco-
nomic activity or strengthen national defense. Negative 

Figure 1-2 .
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Source: Congressional Budget Office.

When October 1 (the first day of the fiscal year) falls on a weekend, certain payments that would have ordinarily been made on that day are instead 
made at the end of September and thus are shifted into the previous fiscal year. All projections presented here have been adjusted to exclude the 
effects of those timing shifts. Historical amounts have been adjusted as far back as the available data will allow.

GDP = gross domestic product.

This line graph does not include a caption, though it adds value 
labels. (For guidance about when and how to use captions and 
value labels, see Guidelines for Graphics in CBO’s Reports, which is 
located in the “Review and Editing” section of CBO’s intranet.)

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 8,  
www.cbo.gov/publication/56020.

http://www.cbo.gov/publication/56020
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Figure 2-1 .

Output per Person and Debt Under Three Scenarios
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Source: Congressional Budget Office.

The extended baseline projections generally reflect current law, following CBO’s 10-year baseline budget projections through 2029 and then extending 
most of the concepts underlying those projections for the rest of the long-term projection period. 

Under the extended alternative fiscal scenario, substantial tax increases and discretionary spending cuts would not take place as scheduled; instead, 
current law would be changed to maintain certain major policies that are now in place. Under the payable-benefits scenario, spending for Social 
Security would be significantly lower than it is in the extended baseline projections.

Gross national product differs from gross domestic product, the more common measure of the output of the economy, by including the income that 
U.S. residents earn abroad and excluding the income that nonresidents earn in this country.

The estimates of deficits, surpluses, and debt include macroeconomic feedback.

Another variant.

Congressional Budget Office, The 2019 Long-Term Budget Outlook ( June 2019), p. 42,  
www.cbo.gov/publication/55331.

http://www.cbo.gov/publication/55331
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Line Graph, IV

CBO

JOBLESSNESS AND INCARCERATION AMONG YOUNG MEN, BY EDUCATIONAL ATTAINMENT TRENDS IN THE JOBLESSNESS AND INCARCERATION OF YOUNG MEN 11

Exhibit 5.

Share of Young Men With Various Levels of Education Who Were Employed 
Civilians or in the Military
Percent

Source: Congressional Budget Office, using data from the Census Bureau, the Bureau of Justice Statistics, and the Department of Defense. 

People are counted as employed whether they are employed full time or part time.

Shaded vertical bars indicate periods of recession, which extend from the peak of a business cycle to its trough. Tick marks correspond to 
October of the year indicated.
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Another way to analyze the increasing jobless-
ness of young men is to examine the declining 
share of young men who do have jobs. Of 
young men with no more than a high school 
education, the share who were employed in 
civilian jobs fell between 1980 and 2014; much 
of that decline occurred during the recent reces-
sion and slow recovery. The share who were 
employed in the military also fell—partly 
because the U.S. armed forces shrank in the 
1990s, partly because the military was employ-
ing more young women, and partly because 
the military stopped employing people with-
out a high school education in the mid-1980s. 

The percentage of people in civilian employ-
ment has consistently been lower among 
young men with some college education than 
among young men with a high school educa-
tion. The main reason is that young men with 
some college education are more likely to be in 
school. 

If the lines in a graph are difficult to distinguish, consider adding 
an inset.

Another way of making lines more distinct is to reduce the 
scale of the y-axis; in this case, however, CBO wanted to keep 
the bottom panel consistent with the top panel. (A possible 
alternative when changes would be difficult or impossible to see 
is to “break” the y-axis just above zero and begin that axis with a 
value closer to the lowest data point; but choose that approach 
cautiously because a zero baseline can be meaningful.)

Congressional Budget Office, Trends in the Joblessness and Incarceration of Young Men (May 2016), p. 11,  
www.cbo.gov/publication/51495.

http://www.cbo.gov/publication/51495


May 2023 5

Line Graph, V

Although CBO’s line graphs usually do not include dots to mark 
every data point, they may be helpful when it is important to 
discern the data points or clarify that the lines do not themselves 
represent data. Another option in such cases is a bar graph (see 
pages 6 and 7). Dots should not be used if they would 
clutter the graph.

Congressional Budget Office, Trends in the Distribution of Family Wealth, 1989 to 2019 (September 2022), p. 7, 
www.cbo.gov/publication/57598.

7CHAPTER 1: TRENDS IN WEALTH AMONG FAMILIES IN DIFFERENT SEGMENTS OF THE WEALTH DISTRIBUTION TRENDS IN THE DISTRIBUTION OF FAMILY WEALTH, 1989 TO 2019

Trends in Wealth of Families at Selected Percentiles of the Distribution

Over the 1989–2019 period, family wealth increased more rapidly at the 90th and 75th percentiles of the wealth 
distribution than it did at the 50th and 25th percentiles. Measured in 2019 dollars, family wealth rose by 87 percent at 
the 90th percentile, by 71 percent at the 75th percentile, by 40 percent at the 50th percentile, and by 17 percent at the 
25th percentile of the distribution. 

The differential growth of family wealth at the selected percentiles of the distribution is partly attributable to differ-
ences in growth rates after the 2007–2009 recession. From 2007 to 2010, wealth declined the most at the 25th and 
50th percentiles—by 42 percent and 32 percent, respectively. Wealth also fell at the 75th percentile—by 15 percent—
but at the 90th percentile, wealth increased by 4 percent. The recovery followed a similar pattern. Family wealth at the 
25th and 50th percentiles still had not fully recovered in 2019: It was 26 percent and 10 percent less, respectively, than 
it had been in 2007. By contrast, family wealth at the 75th percentile was the same in 2019 as it had been in 2007, 
and wealth at the 90th percentile was 15 percent greater than it had been before the recession.

Some of the growth in median family wealth can be attributed to the aging of the population and to rising education 
levels among all age groups over time: Older people tend to have more wealth than younger people, and people who 
are more educated are generally wealthier than people with less education. The average age of families’ reference person 
(the male in a mixed-sex couple or the older person in a same-sex couple if the family consists of more than a single 
person) increased from 47.9 years to 51.7 years from 1989 to 2019. Education levels also rose: The percentage of 
families whose reference person had at least a bachelor’s degree rose from 23 percent in 1989 to 36 percent in 2019. 
(For more details on how education and age affect family wealth, see Chapter 2.) 

Wealth of Families at Selected Percentiles of the Distribution
Thousands of 2019 Dollars
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In 1989, the ratio of the 
wealth of the family at the 
90th percentile to that of 
the family at the median 
was 7.3 to 1. In 2007, that 
ratio grew to 7.6 to 1, and in 
2019, it rose to 9.7 to 1.

http://www.cbo.gov/publication/57598
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those limits and are formulated on the basis of principles 
and rules that are largely set in law. In accordance with 
section 257 of the Deficit Control Act, CBO bases its 
projections for individual accounts on the most recent 
appropriations and applies the appropriate inflation 
rate to project funding for future years.11 After account-
level projections are made, the total amount of budget 
authority is adjusted to comply with the caps on discre-
tionary funding through 2021. Projections for years after 
2021 reflect the assumption that discretionary funding 
keeps pace with inflation. 

Some elements of discretionary funding are not con-
strained by the caps—for most of those exceptions, the 
caps are adjusted to accommodate the provided fund-
ing. In particular, adjustments to the caps are made for 

11. The Deficit Control Act specifies which measures of inflation 
CBO should use: Discretionary funding related to federal 
personnel is adjusted using the employment cost index for wages 
and salaries of workers in private industry; other discretionary 
funding is adjusted using the gross domestic product price index. 

all appropriations designated for overseas contingency 
operations (OCO) and emergency requirements. Subject 
to certain limits, additional adjustments are made for 
funding designated for disaster relief activities, some 
efforts to reduce overpayments in benefit programs, wild-
fire suppression, and (for this year only) activities related 
to the 2020 census. In addition, in accordance with the 
21st Century Cures Act (P.L. 114-255), a portion of 
funding for certain authorized activities—up to amounts 
specified in law—is exempt from the caps. For those 
elements not constrained by the caps, funding is assumed 
to grow with inflation from the amounts provided in 
2020 or to adhere to specified limits for those activities 
while the caps are in place.12

In CBO’s baseline, discretionary budget authority 
totals $1.4 trillion in both 2020 and 2021, including 

12. For more information on the adjustments to the discretionary 
funding caps, see Congressional Budget Office, Final 
Sequestration Report for Fiscal Year 2020 (January 2020), 
www.cbo.gov/publication/55995.

Figure 1-7 .

Changes in Projected Outlays From 2020 to 2030
Percentage of GDP
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a

Source: Congressional Budget Office.

GDP = gross domestic product.

a. Consists of outlays for Medicare (net of premiums and other offsetting receipts), Medicaid, the Children’s Health Insurance Program, premium tax 
credits, and related spending.

It can be hard to decide when to use a bar graph and when to use 
a line graph. Here the choice of a horizontal bar graph was easy 
because there were just a few data points (beginning and ending 
values) to illustrate, and the author wanted to say more about the 
data than could fit under vertical bars.

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 20,  
www.cbo.gov/publication/56020.

http://www.cbo.gov/publication/56020
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revenues rise in CBO’s projections, from 16.6 percent 
of GDP in 2021 to 18.0 percent of GDP in 2030. The 
projected growth in revenues after 2025 is mostly attrib-
utable to the scheduled expiration of nearly all of the 
individual income tax provisions of P.L. 115-97, referred 
to here as the 2017 tax act. Federal outlays are projected 
to climb from 20.9 percent of GDP in 2021 to 23.4 per-
cent in 2030 (see Figure 1-2).3

The average deficit projected over the next 10 years is 
1.8 percentage points more than the 3.0 percent of GDP 
that annual deficits have averaged over the past 50 years. 
Until recently, deficits tended to be small by historical 
standards when the economy was relatively strong over a 
period of several years. For example, between 1969 and 
2018, the average deficit totaled 1.5 percent of GDP in 

3. Because October 1 will fall on a weekend in 2022, 2023, and 
2028, certain payments that are due on those days will be made 
at the end of September instead, thus shifting them into the 
previous fiscal year. In CBO’s projections, those shifts noticeably 
boost projected outlays and deficits in fiscal years 2022 and 
2028 but reduce them in fiscal years 2024 and 2029. 

years when the unemployment rate was below 6 percent. 
CBO projects that the unemployment rate will remain 
below 6 percent in each year through 2030. (In CBO’s 
economic forecast, the unemployment rate peaks at 
4.6 percent in 2026 and 2027.) 

Primary deficits—that is, deficits excluding net outlays 
for interest—are projected to range between 2.3 percent 
and 2.9 percent of GDP over the next 10 years, aver-
aging 2.6 percent of GDP from 2021 through 2030. 
The primary deficit in 2030 is 0.3 percent of GDP 
larger than the one in 2021. At the same time, mostly 
because of projected increases in interest rates and federal 
borrowing, net outlays for interest would grow steadily 
from 1.7 percent of GDP to 2.6 percent (see Figure 1-3 
on page 9). The increase in federal borrowing is the 
most significant factor affecting the projected growth in 
those outlays.

The deficits projected in CBO’s baseline would boost 
federal debt held by the public, which consists mostly 
of the securities that the Treasury issues to raise cash to 
fund the federal government’s activities and pay off its 

Figure 1-1 .

Total Deficits and Surpluses
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Source: Congressional Budget Office.

When October 1 (the first day of the fiscal year) falls on a weekend, certain payments that would have ordinarily been made on that day are instead 
made at the end of September and thus are shifted into the previous fiscal year. All projections presented here have been adjusted to exclude the 
effects of those timing shifts. Historical amounts have been adjusted as far back as the available data will allow.

GDP = gross domestic product.

Deficits as a percentage of 
GDP are projected to rise 
from 4.6 percent in 2020 to 
5.4 percent in 2030. They 
exceed their 50-year average 
throughout that period.

But as this example shows, bar graphs can be useful for showing 
many data points—work that is often performed by line graphs.

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 6,  
www.cbo.gov/publication/56020.

http://www.cbo.gov/publication/56020
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Segmented Bar Graph, I 47chaPTer 2: The economic ouTlook The BudgeT and economic ouTlook: 2020 To 2030

3.0 percent, respectively, over the 2025–2030 period. 
Those projected rates are below the securities’ average 
rates from 1990 through 2007, a period that CBO uses 
for comparison because expectations about inflation 
during that time were fairly stable and because there 
were no significant financial crises or severe economic 
downturns. 

In CBO’s analysis, a number of factors push interest rates 
on Treasury securities below that historical average: lower 
average expected inflation, slower growth of the labor 
force (which tends to raise the amount of equipment 
and other capital per worker, reducing both the return 
on capital and the return on competing investments, 
such as Treasury securities), slightly slower growth of 
productivity (which also reduces the return on capital), a 
greater share of total income among high-income house-
holds (which tends to increase saving), and a higher risk 
premium on risky assets (which reflects increased relative 
demand for risk-free Treasury securities—including the 
Federal Reserve’s holdings—and boosts their prices, 
thereby lowering their interest rates). Other factors 

offset some of that downward pressure on interest rates: 
a larger amount of federal debt as a percentage of GDP, 
smaller net inflows of capital from other countries as 
a percentage of U.S. GDP (which reduce the supply 
of funds available for borrowing), and a larger share of 
income going to the owners of capital (which increases 
the return on capital assets with which Treasury securities 
compete, reducing the demand for those securities). 

Nevertheless, interest rates are projected to rise over the 
2025–2030 period. In particular, rising federal debt in 
relation to GDP and a gradual decline in the premium 
paid on risky assets are both expected to exert slight 
upward pressure on short- and long-term interest rates. 
CBO expects the average federal funds rate to rise from 
2.4 percent in 2025 to 2.6 percent in 2030. Similarly, 
the rates for 3-month Treasury bills and 10-year Treasury 
notes are expected to rise from 2.3 percent and 2.8 per-
cent to 2.4 percent and 3.1 percent, respectively, over 
that period.  

Figure 2-6 .
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Percentage Change
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Source: Congressional Budget Office.

Real values are nominal values that have been adjusted to remove the effects of changes in prices. Growth in real potential GDP is the sum of growth 
in the potential labor force and growth in potential labor force productivity. The potential labor force is CBO’s estimate of the size of the labor force that 
would occur if economic output and other key variables were at their maximum sustainable amounts. Potential labor force productivity is the ratio of 
real potential GDP to the potential labor force. 

The bars show average annual growth rates over the specified periods, calculated using calendar year data.

GDP = gross domestic product.

Over the next decade, real 
potential GDP is projected 
to grow faster than it has 
since the last recession 
because of faster growth 
in potential labor force 
productivity. However, growth 
in the potential labor force 
is projected to be slower 
than in previous periods, 
largely because of the 
aging of the population.

Like line graphs, some segmented bar graphs show value labels, . . . 

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 47,  
www.cbo.gov/publication/56020.

http://www.cbo.gov/publication/56020
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debt increase net interest costs from 1.8 percent of GDP 
in 2019 to 3.0 percent in 2029. The resulting increase in 
net outlays for interest more than offsets the decrease in 
primary deficits. 

2029 to 2049. Deficits continue to grow beyond the 
first 10 years in CBO’s extended baseline projections, 
rising from 4.5 percent of GDP in 2029 to 6.8 percent 
by 2039 and 8.7 percent by 2049 (an amount exceeded 
only in 2009, following the last recession). In the last 
two decades of the projection period, deficits average 
6.9 percent of GDP.

After 2029, mandatory spending continues to increase 
faster than economic output, reaching 16.6 percent of 
GDP in 2039 and 17.5 percent in 2049, whereas discre-
tionary spending increases only slightly, to 5.1 percent 
in 2049. Revenues also rise, although not as quickly as 
spending. They increase because of real bracket creep (the 
process in which an ever-larger proportion of income 
becomes subject to higher tax rates as income rises faster 
than inflation) and because of collections from the tax 

on high-premium health plans that is scheduled to take 
effect in 2022. 

As a result of those developments, primary deficits 
increase over the last two decades of the projection 
period, reaching 2.8 percent of GDP in 2039 and 
3.0 percent by 2049 (see Figure 1-4 on page 12). And 
because in CBO’s projections federal debt is already high 
at the end of the next decade and interest rates continue 
to rise, net outlays for interest increase from 3.0 percent 
of GDP in 2029 to 5.7 percent in 2049, adding substan-
tially to projected deficits.

How CBO Analyzes the Uncertainty of Its Projections
Long-term projections are very uncertain. CBO there-
fore examined the extent to which federal debt would 
differ from the extended baseline projections if a set of 
key factors—several demographic and economic fac-
tors as well as the growth of health care costs—deviated 
from the paths underlying those projections. In CBO’s 
assessment, there is about a two-thirds chance that fed-
eral debt would be between 71 percent and 175 percent 
of GDP in 2039. That range indicates that if current 

Figure 1-2 .

The Federal Budget in 2019 and 2049  
Percentage of Gross Domestic Product

0
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30

Outlays Revenues Outlays Revenues
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Net Interest

Other Noninterest 
Spendinga

Major Health Care 
Programsb

Deficit

Corporate Income Taxes
Other Revenuesc

Payroll Taxes

Individual
Income Taxes

If current laws generally remained 
unchanged, spending would grow 
faster than revenues over the next 
30 years, causing deficits to increase 
substantially.

Source: Congressional Budget Office. 

a. Consists of all federal spending other than that for Social Security, the major health care programs, and net interest. 

b. Consists of spending for Medicare (net of premiums and other offsetting receipts), Medicaid, and the Children’s Health Insurance Program, as well as 
outlays to subsidize health insurance purchased through the marketplaces established under the Affordable Care Act and related spending. 

c. Consists of excise taxes, remittances to the Treasury from the Federal Reserve System, customs duties, estate and gift taxes, and miscellaneous fees 
and fines.

. . . and others do not. There is no single correct approach. 

Congressional Budget Office, The 2019 Long-Term Budget Outlook ( June 2019), p. 8,  
www.cbo.gov/publication/55331.

http://www.cbo.gov/publication/55331
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Segmented Bar Graph, III

Add enough values, and a segmented bar graph becomes similar 
to a stacked area chart (see page 17). 

Congressional Budget Office, The Distribution of Household Income, 2017 (October 2020), p. 11,  
www.cbo.gov/publication/56575.

11OcTOBEr 2020  THE DISTrIBuTIOn OF HOuSEHOLD IncOmE, 2017

Between 1979 and 2017, the highest quin-
tile’s share of income before transfers and taxes 
increased. In total, that group received more 
than half of all income before transfers and taxes 
in 2017, whereas the lowest quintile received 
4 percent. The share of income before transfers 
and taxes among households in the top 1 per-
cent of the distribution was 17 percent in 2017, 
CBO estimates. 

Between 1979 and 2017, the share of income 
among the top 1 percent increased by 8 per-
centage points. Meanwhile, the share of income 
among the middle three quintiles fell by 7 per-
centage points, and the lowest quintile’s share 
fell by 1 percentage point.

The share of income before transfers and taxes 
among the top 1 percent of the distribution 
tended to increase during economic expansions 
and fall during economic downturns. That 
group’s share of income in 2017 remained below 
its 2007 peak of 19 percent.  

Exhibit 6 .

Shares of Income Before Transfers and Taxes, 1979 to 2017 
Percent

Top 1
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Source: Congressional Budget Office. 

Shares may not add up to 100, because households with negative income are not shown, and because of rounding.

For detailed definitions of income measures and information on the methods underlying this analysis, see “Appendix A: Data and 
Methods” and “Appendix B: Definitions.”

http://www.cbo.gov/publication/56575
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Target vs. Actual Bar Graph

32 

Figure 10c 

Share of Coworkers With Earnings of Less Than $40,000 in Different-Sized Firms in 
HISIM2 and Tax Data, 2017 

 

Data source: Congressional Budget Office. 

Within each panel, the HISIM2 and Tax Data bars respectively sum to 100. 

Earnings in the HISIM2 data are those from a worker’s longest-held job, and those in the tax-filing data set are from a worker’s highest-paying job. 

HISIM2 = CBO’s health insurance simulation model. 

 

  

Sometimes in a bar chart, it is useful to superimpose two series 
rather than group them side by side. Consider doing so when one 
series is serving as a reference, the way real-world tax data do in 
the example above. 
Lucas Goodman and others, Data and Methods for Constructing Synthetic Firms in CBO’s Health Insurance 
Simulation Model, HISIM2, Working Paper 2021-15 (Congressional Budget Office, December 2021), p. 32, 
www.cbo.gov/publication/57431.

http://www.cbo.gov/publication/57431
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domestic product, or GDP) at the end of 2029; CBO 
now projects that such debt would reach $29.7 trillion 
(or 96 percent of GDP) that year if current laws gener-
ally remained unchanged. (For a discussion of changes 
made to CBO’s long-term projections since they were 
last updated in June 2019, see Box 1-1 in Chapter 1.)

Legislative Changes
The two pieces of legislation enacted since August 
that had the most significant effects on CBO’s pro-
jections were the Consolidated Appropriations Act, 
2020 (P.L. 116-93), and the Further Consolidated 
Appropriations Act, 2020, which together provided 
annual appropriations for the entire federal govern-
ment for 2020, amended several tax provisions, and 
made changes to certain mandatory programs. Most of 
the $505 billion increase in projected deficits for the 
2020–2029 period was driven by a reduction in reve-
nues stemming from the repeal of several taxes related to 
health care. On net, the changes affecting outlays were 
relatively small.

Changes in Revenues
CBO reduced its estimate of revenues for 2020 by 
$34 billion (or 1.0 percent) and its projections for the 
2020–2029 period by $422 billion (or 0.9 percent) to 

account for legislation enacted since August 2019 (see 
Table A-1). Nearly all of those changes stem from the 
Further Consolidated Appropriations Act, 2020, which 
included the temporary extension of several dozen 
expiring or recently expired tax provisions and the repeal 
of three excise taxes related to health care. The staff of 
the Joint Committee on Taxation (JCT) estimated that 
the temporary extensions will reduce receipts in 2020 by 
$22 billion. Among the temporarily extended provisions 
are incentives for investment in biodiesel and renewable 
fuels and an increase in the amount of medical expenses 
that can be deducted from income. In addition, the legis-
lation provided tax relief to areas and individuals affected 
by certain natural disasters in 2018 and 2019; such relief 
is projected to reduce receipts by $10 billion in 2020.

Most of the reduction in projected revenues over the 
remainder of the decade results from the repeal of three 
excise taxes originally enacted in 2010 as part of the 
Affordable Care Act. From 2020 through 2029, the 
effects of the repeal of those taxes are as follows:

 • A $201 billion reduction in revenues from the 
repeal of the tax—that had not yet taken effect—
on employment-based health insurance plans with 
premiums exceeding certain thresholds, 

Figure A-1 .

Changes in CBO’s Baseline Projection of the 10-Year Deficit Since August 2019
Trillions of Dollars
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Source: Congressional Budget Office.

Here, the smaller bar graph breaks down the difference shown in 
the larger one, . . .

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 62,  
www.cbo.gov/publication/56020.

http://www.cbo.gov/publication/56020
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Waterfall Chart6 An AnAlysis of the President’s 2020 Budget MAy 2019

would reduce spending for the Medicaid program by 
$104 billion over the 10-year period, CBO estimates. 
However, if policies that are similar to those proposed 
by Senators Graham, Cassidy, Heller, and Johnson 
were also enacted, the $104 billion in savings would 
be reduced by more than half because of interactions 
between the two proposals.

Under the President’s budget, Medicare’s payments to 
hospitals for uncompensated care would be eliminated, 
reducing outlays by an estimated $175 billion between 
2020 and 2029; $77 billion of those savings would 
be used to establish a pool for uncompensated care, 
resulting in net savings of $98 billion over the period. 
Similarly, a proposal to restructure and reduce spending 
on graduate medical education would eliminate such 
spending in both Medicare and Medicaid and create a 
combined spending pool that would save $52 billion, on 
net, over the same period. In addition, CBO estimates 
that a proposal to require Medicare Part D beneficiaries 
to pay higher out-of-pocket expenses for some prescrip-
tion drugs and a proposal to reduce Medicare’s payments 
to certain health care providers would lower outlays by 
$73 billion and $70 billion, respectively.

Provide Mandatory Funding for Infrastructure. The 
President’s proposals would boost mandatory funding for 
unspecified infrastructure programs, increasing outlays 
by $114 billion over the next 10 years, CBO estimates. 
However, the President also proposes reducing discre-
tionary appropriations for other accounts that provide 
infrastructure funding, such as those for transportation. 
Those reductions would offset about one-half of the 
proposed increase in mandatory spending on infra-
structure over the 2020–2029 period.

Reduce Subsidies for Student Loans. The President 
proposes changes to federal student loan programs that 
would generate $109 billion in savings to the govern-
ment between 2020 and 2029, according to CBO’s 
estimates.7 The proposals—which would affect borrow-

7. Under the Federal Credit Reform Act of 1990, the subsidy costs 
for loans and loan guarantees made each year are estimated by 
subtracting the present value of the government’s projected receipts 
from the present value of its projected payments. (A present 
value is a single number that expresses a flow of current and 
future income or payments in terms of an equivalent lump sum 
received or paid at a specific time. The present value depends on 
the rate of interest that is used to translate future cash flows into 
current dollars.) Those estimates can be increased or decreased in 
subsequent years to reflect federal agencies’ updated assessments of 
the payments and receipts associated with the program.

Figure 2 .

Sources of Differences Between CBO’s Estimates of 10-Year Budget Deficits 
in the May 2019 Baseline and Under the President’s 2020 Budget
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Sources: Congressional Budget Office; staff of the Joint Committee on Taxation.

The President’s budget would 
lower the cumulative deficit 
over the 2020–2029 period by 
significantly reducing outlays 
for health care and nondefense 
discretionary programs. Those 
reductions would be partially 
offset by increases in defense 
spending and a reduction in 
revenues.

. . . and this waterfall chart performs a similar function. 

Congressional Budget Office, An Analysis of the President’s 2020 Budget (May 2019), p. 6,  
www.cbo.gov/publication/55195.

http://www.cbo.gov/publication/55195
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Marimekko Chart, I

CBO

JOBLESSNESS AND INCARCERATION AMONG YOUNG MEN, BY EDUCATIONAL ATTAINMENT TRENDS IN THE JOBLESSNESS AND INCARCERATION OF YOUNG MEN 7

Exhibit 1.

Status of Young Men, by Level of Education, 2014

Source: Congressional Budget Office, using data from the Census Bureau, the Bureau of Justice Statistics, and the Department of Defense.

People are counted as jobless if they are neither in school nor working, whether or not they are looking for work. People are counted as 
employed or in school whether they do those activities full time or part time. 

The height of the bars represents the share of young men in each education category.
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In 2014, of the 38 million young men in the 
United States, 1 in 6 was jobless or incarcer-
ated. However, the combined rate of jobless-
ness and incarceration was much higher for 
young men with no more than a high school 
education than for those with at least some 
college education. Nearly one-third of young 
men without a high school education were 
jobless or incarcerated, as were more than one-
fifth of young men with only a high school 
education. For young men with more educa-
tion, the share was only about one-tenth. 

Here is a way to add information about the size of various groups 
being analyzed. One drawback is that explaining how the chart 
works can be awkward. In this example, CBO resorted to using a 
note at the bottom, . . .

Congressional Budget Office, Trends in the Joblessness and Incarceration of Young Men (May 2016), p. 7,  
www.cbo.gov/publication/51495.

http://www.cbo.gov/publication/51495
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Average 
Household Income

Average inflation-adjusted household income is projected to grow for all groups. Growth in aver-
age income—both before and after means-tested transfers and federal taxes are accounted for—
is projected to be fastest for households in the highest quintile (or fifth) of the income distribution.

Projected Average Annual Growth in Average Inflation-Adjusted Household Income, 2016 to 2021
Percent

Growth in income after transfers and taxes is more 
skewed toward higher-income households than is 

growth in income before transfers and taxes.
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See Figure 1 on page 8 and Figure 2 on page 13

Projected Changes in the Distribution of 
Household Income, 2016 to 2021

Visual Summary
In this report, the Congressional Budget Office builds on its past analyses of the distribution of household income in 
the United States by projecting what that distribution would look like in 2021 under current law and comparing those pro-
jections with the actual distribution in 2016. In particular, this analysis focuses on how two factors—means-tested transfers 
and federal taxes—affect the distribution of income. Means-tested transfers are cash payments and in-kind benefits from 
federal, state, and local governments that are designed to provide assistance to individuals and families with low income and 
few assets. Such transfers include benefits provided through programs such as Medicaid and the Supplemental Nutrition 
Assistance Program (SNAP) but not social insurance benefits, such as Social Security and Medicare. Federal taxes consist of 
individual income taxes, payroll taxes, corporate income taxes, and excise taxes.

Marimekko Chart, II

. . . but in this example, CBO omitted an explanatory note, 
thinking that the words “quintile” and “percentile” sufficiently 
explained the bars’ varying widths. 

Congressional Budget Office, Projected Changes in the Distribution of Household Income, 2016 to 2021 
(December 2019), p. 1, www.cbo.gov/publication/55941.

http://www.cbo.gov/publication/55941
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economic and financial effects that were less abrupt but 
still significant—such as expectations of higher inflation 
or an increased burden of financing public and private 
activity—would also have a greater chance of occurring. 
Those effects would worsen the consequences associated 
with high and rising federal debt.

To put debt on a sustainable path, lawmakers will 
have to make significant changes to tax and spending 
policies—increasing revenues more than they would 
under current law, reducing spending below projected 
amounts, or adopting some combination of those 
approaches.

Uncertainty in Projections of Deficits and Debt
Future deficits and debt are likely to differ from CBO’s 
current-law projections for a number of reasons. Changes 
to laws and administrative actions—particularly those 
affecting fiscal policies—that cause them to differ from 
the laws and policies underlying CBO’s baseline pro-
jections could lead to budgetary outcomes that diverge 
considerably from those in the baseline. 

Even if federal laws remained the same over the next 
decade, actual budgetary outcomes would differ from 
CBO’s baseline projections because of unanticipated 
changes in economic conditions and in other factors that 
affect federal spending and revenues. CBO’s projections 
of outlays and revenues, and therefore of deficits and 
debt, depend in part on the agency’s economic projec-
tions for the coming decade, which include forecasts 
for such variables as interest rates, inflation, and growth 
in productivity. Discrepancies between those forecasts 
and actual economic outcomes—for example, because 
of a crisis in the financial sector—can cause significant 
differences between baseline budget projections and 
budgetary outcomes. Differences might also be caused 
by unanticipated developments that affect other aspects 
of CBO’s projections, such as new trends in spending 
on health care, or changes in the claiming of tax credits 
or participation in benefit programs. CBO aims for its 
projections to be in the middle of the distribution of 
possible outcomes, given the baseline assumptions about 
federal tax and spending policies, and recognizes that 
actual outcomes will typically differ to some degree from 
any such projections.

Figure 1-3 .

Total Deficit, Primary Deficit, and Net Interest
Percentage of GDP

   Projected
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Source: Congressional Budget Office.

Primary deficits or surpluses exclude net outlays for interest.

When October 1 (the first day of the fiscal year) falls on a weekend, certain payments that would have ordinarily been made on that day are instead 
made at the end of September and thus are shifted into the previous fiscal year. All projections presented here have been adjusted to exclude the 
effects of those timing shifts. Historical amounts have been adjusted as far back as the available data will allow.

GDP = gross domestic product.

In CBO’s projections, 
primary deficits fluctuate 
between 2.3 percent and 
2.9 percent of GDP over 
the next decade, but total 
deficits grow because of 
rising interest costs. 

This is a good way to show how a net value and its components 
change over time.

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 9,  
www.cbo.gov/publication/56020.

http://www.cbo.gov/publication/56020
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 • A model of economic growth is used to simulate how 
demographics, fiscal policy, and economic factors 
affect the U.S. economy and, in turn, the federal 
budget. 

Those four components interact in a variety of ways. For 
example, the economic projections reflect the effects that 
increases in spending and revenues in the extended base-
line projections—in particular, increased federal borrow-
ing and rising effective marginal tax rates—would have 
on the economy. Such effects would result in a smaller 
labor supply, a smaller stock of capital, and less output 
than would otherwise be the case. (Appendix A describes 
CBO’s demographic and economic projections.) In turn, 
the budgetary outcomes in the extended baseline projec-
tions reflect those economic effects. 

Demographic Projections
The size and age profile of the U.S. population affect the 
federal budget and the nation’s economy. For example, 
the composition of the population influences the size 
of the labor force and the number of beneficiaries of 
Social Security and other federal programs. In CBO’s 
projections, the U.S. population increases from 333 mil-
lion at the beginning of 2019 to 388 million in 2049, 
expanding by 0.5 percent each year, on average. That 

rate is slower than the average annual growth rate of the 
past 50 years (0.9 percent). The share of the population 
that is 65 or older also rises over the coming decades, 
continuing a long-standing historical trend. By 2049, 
22 percent of the population would be age 65 or older, 
whereas today that share is 16 percent (see Figure 1-5). 
To estimate the growth of the U.S. population, CBO 
projects rates of fertility, immigration, and mortality. 

Fertility. The total fertility rate is calculated as the sum 
of fertility rates for women between 15 and 49 in a given 
year and represents the average number of children that a 
woman would have in her lifetime.7 In general, that rate 
tends to decline during recessions and rebound during 
recoveries. Instead of rebounding after the 2007–
2009 recession, however, the fertility rate fell. In 2007, 
the rate was 2.1 births per woman, but it has steadily 
declined since then, falling to 1.9 children per woman in 
2010 and to 1.8 children per woman in 2017 (the most 

7. The total fertility rate can also be defined as the average number 
of children that a woman would have if, in each year of her life, 
she experienced the birth rates observed or assumed for that year 
and if she survived her entire childbearing period.

Figure 1-5 .

Population, by Age Group
Millions of People

The percentage of the population 
age 65 or older is projected to 
rise over the coming decades, 
maintaining a long-standing 
historical trend.
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Source: Congressional Budget Office.  

Actual data are shown through calendar year 2016, the most recent year for which such data are available. 

A stacked area chart is a popular way to show changes in several 
different components over time. One drawback is that the upper 
layers show distortions introduced by the lower layers. Another 
drawback is that if they contain many categories, stacked area 
charts can be hard to follow. To avoid those problems, . . . 

Congressional Budget Office, The 2019 Long-Term Budget Outlook ( June 2019), p. 15,  
www.cbo.gov/publication/55331.

http://www.cbo.gov/publication/55331
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6

trends in Funding For  international aFFairs activities Funding For international aFFairs activities, Within and outside agencies’ Base Budgets 

Exhibit 3 .

Appropriations for International Affairs Activities, by Budget Category, 2000 to 2018
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Source: Congressional Budget Office using data from the Congressional Research Service and the State Department. 

Amounts shown include both base and nonbase appropriations.

In every year except 2004, the largest share of 
appropriations for international affairs activities 
was for bilateral economic assistance—namely 
humanitarian, development, and other types of 
programs conducted by government agencies 
that further U.S. foreign policy objectives. From 
2000 to 2018, funding for bilateral economic 
assistance also grew more than funding for any 
other budget category, rising from $10 billion 
(about 29 percent of the total appropriations) 
in 2000 to $24 billion (43 percent of total 
appropriations) in 2018. 

The next largest categories in most years were 
international security assistance and diplomatic 
and consular programs. 

. . . consider using a small-multiples approach. With small 
multiples, one takes a variable from the data set (budget category, 
in this case) and makes a new chart for each discrete value.

Congressional Budget Office, Funding for International Affairs Activities, Within and Outside Agencies’ Base 
Budgets (December 2018), p. 6, www.cbo.gov/publication/54848.

http://www.cbo.gov/publication/54848
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Small Multiples, II

Small multiples are not just for disentangling line charts. Consider 
unstacking stacked bar charts. Any categorical variable in the data 
can be the basis of a multichart comparison.

Lucas Goodman and others, Data and Methods for Constructing Synthetic Firms in CBO’s Health Insurance 
Simulation Model, HISIM2, Working Paper 2021-15 (Congressional Budget Office, December 2021), p. 36, 
www.cbo.gov/publication/57431.

36 

Figure 11c 

Share of Coworkers With Income Greater Than 400 Percent of the FPL in Different-
Sized Firms in HISIM2, 2017 

 

Data source: Congressional Budget Office. 

Within each panel, the bars sum to 100. 

FPL = federal poverty level; HISIM2 = CBO’s health insurance simulation model. 

  

http://www.cbo.gov/publication/57431
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A comparison of CBO’s past projections with actual 
outcomes gives some indication of the magnitude of the 
uncertainty of the agency’s budget projections.28 On the 
basis of an analysis of its past projections, CBO estimates 
that there is an approximately two-thirds chance that, 
under current law, the deficit in 2024 would be between 
5.1 percent and 7.0 percent of GDP (see Figure 1-7). 

28. See Congressional Budget Office, An Evaluation of CBO’s Past 
Deficit and Debt Projections (September 2019), www.cbo.gov/
publication/55234.

(The baseline projection of the deficit that year is 
6.1 percent of GDP.) The range in 2028 would be wider: 
CBO estimates that, under current law, there is a roughly 
two-thirds chance that the deficit that year would be 
between 3.2 percent and 8.0 percent of GDP. (The base-
line projection for that year is 5.6 percent of GDP.)

Figure 1-7 . 

Uncertainty of CBO’s Baseline Projections of the Budget Deficit
Percentage of GDP

   Projected
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Data source: Congressional Budget Office. See www.cbo.gov/publication/58848#data.

The shaded area around CBO’s baseline deficit projection is based on the errors in CBO’s one-, two-, three-, four-, five-, and six-year projections of the deficit for 
fiscal years 1984 through 2022. Actual outcomes will be affected by legislation enacted in future years. The effects of future legislation are not reflected in this 
figure.

When October 1 (the first day of the fiscal year) falls on a weekend, certain payments that would have ordinarily been made on that day are instead made at the 
end of September and thus are shifted into the previous fiscal year. All projections presented here have been adjusted to exclude the effects of those timing 
shifts. Historical amounts have been adjusted as far back as the available data will allow.

GDP = gross domestic product.

In CBO’s baseline 
projections, the deficit in 
2028 is 5.6 percent of GDP. 
The agency estimates that 
there is a roughly two-thirds 
chance that the deficit that 
year would be between 
3.2 percent of GDP and 
8.0 percent of GDP.

Fan Chart

Fan charts are most often used to show a range of estimates.

Congressional Budget Office, The Budget and Economic Outlook: 2023 to 2033 (February 2023), p. 31,  
www.cbo.gov/publication/58848.
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Exhibit 7 .

Share of Federal Nondefense Investment Provided as Grants to  
State and Local Governments, 2018

Physical Capital
($110 Billion)

Education and Training
($121 Billion)

Research and Development
($65 Billion)

$56.1 
Billion
(46%)

$65.4 
Billion
(54%)

$75.2 
Billion
(68%)

$64.8 
Billion
(99%)

$0.4 
Billion

(1%)
$34.6 
Billion
(32%)

Grants to State and Local Governments Federal Spending Other Than Grants to 
State and Local Governments

Source: Congressional Budget Office, using data from the Office of Management and Budget and the American Public Transportation 
Association.

One way that the federal government invests is by 
providing grants to state and local governments. 
Those governments are likely to understand local 
conditions better than the federal government does; 
they may therefore allocate investment funds more 
effectively. However, because many grant programs 
offer state and local governments some discretion 
in how to use federal funds, the investments may 
not conform as closely to federal priorities as do 
investments that the federal government undertakes 
directly.

In 2018, 46 percent of federal nondefense invest-
ment in education and training, amounting to 
$56 billion, was funneled through grants to state 
and local governments. So was 68 percent of federal 
nondefense investment in physical capital ($75 bil-
lion). Most of the grants for education and training 
went to elementary, secondary, and vocational 
education, while most of the grants for physical 
capital went to transportation, primarily high-
ways. As a condition of the grants, state and local 
government were typically required to contribute 
funding. In contrast, there were almost no grants to 
state and local governments for nondefense research 
and development. Instead, the federal government 
funded research at federal laboratories, universities, 
nonprofit organizations, and private firms. 

http://www.cbo.gov/publication/58848
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Share of Federal Nondefense Investment Provided as Grants to  
State and Local Governments, 2018
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Association.

One way that the federal government invests is by 
providing grants to state and local governments. 
Those governments are likely to understand local 
conditions better than the federal government does; 
they may therefore allocate investment funds more 
effectively. However, because many grant programs 
offer state and local governments some discretion 
in how to use federal funds, the investments may 
not conform as closely to federal priorities as do 
investments that the federal government undertakes 
directly.

In 2018, 46 percent of federal nondefense invest-
ment in education and training, amounting to 
$56 billion, was funneled through grants to state 
and local governments. So was 68 percent of federal 
nondefense investment in physical capital ($75 bil-
lion). Most of the grants for education and training 
went to elementary, secondary, and vocational 
education, while most of the grants for physical 
capital went to transportation, primarily high-
ways. As a condition of the grants, state and local 
government were typically required to contribute 
funding. In contrast, there were almost no grants to 
state and local governments for nondefense research 
and development. Instead, the federal government 
funded research at federal laboratories, universities, 
nonprofit organizations, and private firms. 

Pie charts have a bad reputation in some quarters. CBO has no 
objection to them, provided that they do not contain more than 
a few slices.

Congressional Budget Office, Federal Investment, 1962 to 2018 ( June 2019), p. 15,  
www.cbo.gov/publication/55375.

http://www.cbo.gov/publication/55375
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Doughnut Chart

Annual Deficit 
or Surplus =

Revenues − Outlays

To fund government 
spending in years of 

deficits, the 
government borrows 

from individuals, 
businesses, and other 

countries by selling 
them Treasury 

securities

Federal Deficits or Surpluses, 1970 to 2019
Percentage of Gross Domestic Product

Percentage of Gross Domestic Product

Debt

Debt held by the public is 
roughly equal to the sum of 

annual deficits and surpluses.

Federal Debt Held by the Public, 1970 to 2019

Prepared by Christine Bogusz, Aaron Feinstein, Dan Ready, and Jorge Salazar
Source: Congressional Budget O�ce, April 2020    

All data are for federal fiscal years,
which run from October 1 to September 30.

 Numbers may not add up to totals because of rounding.

Defense
3.2% of GDP
   $676 Billion

Nondefense
3.1% of GDP
$661 Billion

Other
3.0% of GDP
$642 Billion

Medicaid
1.9% of GDP
$409 Billion

Net 
Interest

1.8% of GDP
  $375 Billion

Outlays

Mandatory
Spending

Outlays for unemployment compensation, federal civilian 
and military retirement, some veterans’ benefits, the 
earned income tax credit, the Supplemental Nutrition 
Assistance Program, and other mandatory programs, 
minus income from o�setting receipts

Outlays for 
Medicare minus 
income from 
premiums and 
other o�setting 
receipts

12.9% 
of GDP

$2.7 
Trillion

$4.4
Trillion

21.0%
of GDP

Outlays for many programs related 
to transportation, education, 
veterans’ benefits, health, housing 
assistance, and other activities

Medicare
3.0% of GDP
$644 Billion

Social
Security

4.9% of GDP
$1.0 Trillion        

Discretionary
Spending
6.3% 
of GDP

$1.3 
Trillion

Taxes that fund social insurance 
programs, primarily Social 
Security and Medicare’s 
Hospital Insurance program

Revenues

Corporate
Income Taxes

1.1% of GDP
$230 Billion

 Individual 
    Income 
      Taxes
       8.1% of GDP
        $1.7 Trillion   

    Other
1.3% of GDP
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Excise taxes, estate 
and gift taxes, 
customs duties, 
remittances from the 
Federal Reserve, 
and miscellaneous 
fees and fines
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of GDP

     Payroll
      Taxes
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Funds collected from the 
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THE
FEDERAL
BUDGET
IN  2019

CBO is also not opposed to putting some text, such as a sum, 
in the middle of a pie chart and turning it into a doughnut—
especially in less formal settings, such as this infographic.

Congressional Budget Office, The Federal Budget in 2019: An Infographic (April 2020),  
www.cbo.gov/publication/56324.

http://www.cbo.gov/publication/56324
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Segmented Bar Graph, IVCHAPTER THREE THE 2016 LONG-TERM BUDGET OUTLOOK 33

CBO

Figure 3-1.

National Spending for Health Care, 2014
Total health care spending amounted to $2.9 trillion in calendar year 2014, about half of which was private spending. The federal 
government subsidizes a substantial part of that private spending, primarily through the tax exclusion for employment-based health 
insurance.

Source: Congressional Budget Office, using data from the Centers for Medicare & Medicaid Services.

CHIP = Children’s Health Insurance Program.

a. Refers to gross spending for Medicare, which does not account for offsetting receipts that are credited to the program. Those offsetting receipts are 
mostly premium payments made by beneficiaries to the government.

b. Includes federal and state spending.

the ACA.9 This chapter focuses on federal spending (or 
outlays) for health insurance; the effects of tax provisions 
related to health insurance on federal revenues are 
included in the projections presented in Chapter 5.

In calendar year 2016, on an average monthly basis, 
57 million people will be enrolled in Medicare, 77 million 
will be enrolled in Medicaid, about 6 million will be 
enrolled in CHIP, and about 12 million will be covered 
by insurance purchased through the marketplaces, CBO 
estimates. Among people who are under age 65, most—
about 155 million—will have private health insurance 
obtained through an employer, roughly 9 million will be 
covered by a nongroup policy purchased directly from an 
insurer, and about 27 million (or 10 percent of the under-
65 population) will be uninsured, CBO and the staff of the 
Joint Committee on Taxation (JCT) estimate.10

In calendar year 2014, national spending for health care 
was an estimated $2.9 trillion (see Figure 3-1).11 Of that 
amount, 52 percent was initially financed by private 

22% 18% 8% 34% 11% 6%

Medicarea Medicaid and
CHIPb

Other
Government

Spending

Payments by
Private Health

Insurers

Consumers’
Out-of-Pocket

Spending
Other

Public Spending: $1.4 Trillion, or 48 Percent Private Spending: $1.5 Trillion, or 52 Percent

Total Health Care Spending: $2.9 Trillion

$619 Billion $509 Billion $243 Billion $991 Billion $330 Billion $186
Billion

9. CBO and the Joint Committee on Taxation estimate that the tax 
preferences that subsidize employment-based coverage for people 
under age 65 will total about $268 billion in 2016—a sum that is 
roughly equal to federal spending in that year for Medicaid 
benefits provided to noninstitutionalized people under age 65. For 
more information, see Congressional Budget Office, Federal 
Subsidies for Health Insurance Coverage for People Under Age 65: 
2016 to 2026 (March 2016), www.cbo.gov/publication/51385.

10. See Congressional Budget Office, Federal Subsidies for Health 
Insurance Coverage for People Under Age 65: 2016 to 2026 
(March 2016), www.cbo.gov/publication/51385. The sum of 
those estimates exceeds CBO’s estimate of the total population 
because some people will have multiple sources of coverage and 
CBO has not assigned a primary source to such people. For 
example, currently, about 8.5 million people with Medicaid 
coverage are also covered by Medicare, which is their primary 
source of coverage. For information about people eligible for 
benefits through both programs, see Congressional Budget Office, 
Dual-Eligible Beneficiaries of Medicare and Medicaid: 
Characteristics, Health Care Spending, and Evolving Policies 
(June 2013), www.cbo.gov/publication/44308.

11. This report defines national spending for health care as the health 
consumption expenditures in the national health expenditure 
accounts maintained by the Centers for Medicare & Medicaid 
Services. That definition excludes spending on medical research, 
structures, and equipment but includes administrative costs for 
insurers and all spending on medical goods and services. With 
spending for those excluded categories added to the total, national 
spending for health care was $3.0 trillion in calendar year 2014. 
For more information, see Anne B. Martin and others, “National 
Health Spending in 2014: Faster Growth Driven by Coverage 
Expansion and Prescription Drug Spending,” Health Affairs, 
vol. 35, no. 1 (January 2016), pp. 150–160, http://dx.doi.org/
10.1377/hlthaff.2015.1194.

Another way to show parts of a whole is to divide a rectangle, 
rather than a circle, into pieces. Think of it as a segmented bar 
graph with just one bar. 

An advantage over pie charts: Readers may find the size of the 
pieces easier to compare. A disadvantage: It is less quickly clear 
that the chart is showing parts of a whole.

Note that this chart and the doughnut chart both use outside 
brackets to communicate a second tier of information. Pie charts 
can do that, too.

Congressional Budget Office, The 2016 Long-Term Budget Outlook ( July 2016), p. 33,  
www.cbo.gov/publication/51580.

http://www.cbo.gov/publication/51580
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used for various purposes, such as to provide a more 
comprehensive picture of the government’s financial con-
dition or to account for debt held by federal trust funds.

Debt Held by the Public
Under the assumptions that govern CBO’s baseline, 
the federal government is projected to borrow another 
$13.0 trillion from the end of 2018 through 2029, 
boosting debt held by the public to almost $29 trillion, 
or 93 percent of GDP, by the end of the projection 
period (see Table 1-3). That amount of debt relative to 
the size of the economy would be the greatest since 1947 
and would be more than double the 50-year average of 
42 percent. 

Consequences of Growing Debt. Such high and rising 
debt would have significant negative consequences, both 
for the economy and for the federal budget, including 
these: 

 ■ As interest rates continue to rise toward more typical 
levels, federal spending on interest payments would 
increase substantially;

 ■ Because federal borrowing reduces national saving 
over time, the nation’s capital stock ultimately would 
be smaller, and productivity and total wages would be 
lower than would be the case if the debt was smaller;7 

 ■ Lawmakers would have less flexibility than otherwise 
to use tax and spending policies to respond to 
unexpected challenges; and 

 ■ The likelihood of a fiscal crisis in the United States 
would increase. Specifically, the risk would rise of 
investors’ being unwilling to finance the government’s 
borrowing unless they were compensated with very 
high interest rates. If that occurred, interest rates on 
federal debt would rise suddenly and sharply relative 
to rates of return on other assets.

7. National saving is total saving by all sectors of the economy: 
personal saving, business saving (corporate after-tax profits not 
paid as dividends), and government saving (budget surpluses). 
National saving represents all income not consumed, publicly or 
privately, during a given period. The nation’s capital stock consists 
of land and the stock of products set aside to support future 
production and consumption, including business inventories and 
fixed capital (residential and nonresidential structures, producers’ 
durable equipment, and intellectual property products, such as 
software).

Relationship Between Debt and Deficits. The net 
amount the Treasury borrows by selling securities (the 
amounts that are sold minus the amounts that have 
matured) is determined primarily by the annual bud-
get deficit. The cumulative deficit is projected to total 
$11.6 trillion over the 2020–2029 period. However, 
several other factors—collectively labeled “other means 
of financing” and not directly included in budget 

Figure 1-6 .

Domestic and Foreign Holders of 
Treasury Debt, 2018

Share of Total Debt
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All Other Nations

Next Eight Largest
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Japan

China

Foreign (40%)

Share of Total Debt

Trillions of Dollars

Foreign

Domestic

Domestic (60%)

Sources: Congressional Budget Office; Department of the Treasury.

Here, that second tier of information is communicated by 
dividing the figure in two. The fact that the pie chart is not the 
same shape as the bar graphs communicates nicely that it is 
showing data of a different kind. 

Congressional Budget Office, The Budget and Economic Outlook: 2019 to 2029 ( January 2019), p. 15,  
www.cbo.gov/publication/54918.

http://www.cbo.gov/publication/54918


May 2023 25

82 The BudgeT and economic ouTlook: 2019 To 2029 JanuaRY 2019

Categories of Nondefense Discretionary Resources. Seven 
broad budget categories (referred to as budget functions) 
account for about 80 percent of the $688 billion in new 
discretionary resources that CBO projects to be avail-
able in 2019. Transportation programs make up nearly 
15 percent of the total, with appropriations and obliga-
tion limitations totaling $101 billion. Activities related 
to education, training, employment, and social services 
constitute $98 billion (or 14 percent) of nondefense 

discretionary funding.27 Funding for programs related 
to veterans’ benefits and services totals $87 billion (or 
13 percent), and funding for programs related to income 

27.  Spending for student loans and for several other federal 
programs in the category of education, training, employment, 
and social services is not included in that total because funding 
for those programs is considered mandatory. 

Figure 3-4 .

Projected New Discretionary Budgetary Resources for Defense and Nondefense Activities in 2019
Billions of Dollars

Transportation
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More than two-thirds of the budgetary resources in these categories 
are projected on the basis of funding in P.L. 115-298.
More than two-thirds of the budgetary resources in these categories 
are projected on the basis of funding in P.L. 115-298.

Community 
and Regional 
Development
23

General 
Government
18

Defense: 716 a Nondefense: 688 b

Source: Congressional Budget Office.

Some agencies experienced a lapse in appropriations when authorities contained in the Continuing Appropriations Act, 2019 (as extended by 
Public Law 115-298), expired on December 22, 2018. For those agencies, CBO’s current baseline projections incorporate the amount of fiscal year 2019 
funding that was provided before those authorities expired, annualized (that is, as if it was provided for the entirety of the fiscal year). 

a. Includes $708 billion in enacted full-year appropriations and $8 billion in funding projected on the basis of P.L. 115-298.

b. Includes $308 billion in enacted full-year appropriations and $380 billion in new budgetary resources projected on the basis of P.L. 115-298.

c. Includes $42 billion in projected budget authority and $59 billion in projected obligation limitations. 

Treemap

Treemaps are another way to show parts of a whole. As in the 
example “Segmented Bar Graph, IV,” the area of each rectangle 
communicates how large its value is—but both the height and 
the width of the rectangles can vary.

As this example demonstrates, treemaps can accommodate many 
more data points than pie and doughnut charts can. Moreover, 
they can show data for subdivisions and nested categories.

Congressional Budget Office, The Budget and Economic Outlook: 2019 to 2029 ( January 2019), p. 82,  
www.cbo.gov/publication/54918.

http://www.cbo.gov/publication/54918
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Box Plot16 POTENTIAL INCREASES IN HURRICANE DAMAGE IN THE UNITED STATES: IMPLICATIONS FOR THE FEDERAL BUDGET JUNE 2016

CBO

Figure 5.

Percentage of the U.S. Population Living in Counties With Substantial Expected Hurricane Damage in 
Selected Future Years

Source: Congressional Budget Office, using data from Risk Management Solutions; Kerry A. Emanuel, “Downscaling CMIP5 Climate Models Shows 
Increased Tropical Cyclone Activity Over the 21st Century,” Proceedings of the National Academy of Sciences, vol. 110, no. 30 (July 2013), www.pnas.org/
content/110/30/12219; and Thomas R. Knutson and others, “Dynamical Downscaling Projections of Twenty-First-Century Atlantic Hurricane Activity: CMIP3 
and CMIP5 Model-Based Scenarios,” Journal of Climate, vol. 26, no. 17 (September 2013), http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-12-00539.1.

People exposed to substantial hurricane damage are defined as those living in counties in which per capita expected damage is greater than 
5 percent of the county’s per capita income.

CBO’s estimate of expected annual hurricane damage at present—the “reference case”—is based on estimates of the current frequency of hurricanes, 
current state-specific sea levels, and the current valuation of property exposed to hurricanes.

CBO’s estimates of the distribution of expected hurricane damage in selected years are based on the results of 5,000 simulations, with each simulation 
using a unique set of draws (random selections) for four underlying conditions that determine expected damage.

The “likely range” includes the middle two-thirds of the distribution of estimates from CBO’s simulations.

climate change and coastal development will result in 
an increase in expected hurricane damage measured as 
a share of GDP. That increase, in turn, will lead to an 
increase in federal spending as a share of GDP unless 
disaster relief, measured as a share of damage, falls 
enough to compensate. 

Discretionary Spending
Discretionary spending aimed at helping individuals, 
businesses, and communities address hurricane damage 
has totaled $209 billion since 2000 (see Table 3). More 
than half of that amount was spent responding to Hurri-
cane Katrina, and one-quarter was spent in the aftermath 
of Hurricane Sandy.

Many federal agencies help administer and coordinate 
assistance to communities affected by hurricane damage.13 
However, over the past 15 years, roughly three-quarters 
of federal funding for such disaster assistance has been 
spent through programs administered by three agencies: 
the Federal Emergency Management Agency, the 

2075

2050

2025

0 1 2 3 4 5 6 7 8 9

Percentage of the Population

0.1 0.6 0.9

0.2 1.4 3.5

0.3

0.4
Reference

Case

2.1 5.2

Full Range of Estimates

Mean and
Likely Range According to CBO’s analysis, the percentage of the 

population facing substantial expected damage from 
hurricanes will increase many times over in the coming 
decades. That growth will derive from the combination of 
an increase in expected damage in coastal counties 
caused by climate change and an increase in the number 
of people residing in those counties. 

13. Agencies’ roles are defined under the National Response Framework, 
which guides the nation’s emergency response to a major disaster, 
and the National Disaster Recovery Framework, which guides 
recovery activities. See Department of Homeland Security, National 
Response Framework (May 2013), http://tinyurl.com/gud8tw3; and 
Federal Emergency Management Agency, National Disaster Recovery 
Framework: Strengthening Disaster Recovery for the Nation 
(September 2011), http://go.usa.gov/cVMDd (PDF, 11 MB).

Box plots help compare the shapes of distributions. Five values 
commonly indicate the minimum, 25th percentile, median, 75th 
percentile, and maximum of a set of data. This variant works a 
little differently, as the labels and note explain.

CBO’s publications should be clear to an audience of 
nonspecialists, so be sure to include nearby text to explain how a 
box plot works.
Congressional Budget Office, Potential Increases in Hurricane Damage in the United States: Implications for the 
Federal Budget ( June 2016), p. 16, www.cbo.gov/publication/51518.

http://www.cbo.gov/publication/51518
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Figure 2-10 .

Comparison of CBO’s Economic Projections With Those by Federal Reserve Officials
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The full range of forecasts from the Federal Reserve is based on the highest and lowest of the 17 projections by the Board of Governors and 
the presidents of the Federal Reserve Banks. (One Federal Reserve official did not submit longer-run projections for the change in real GDP, the 
unemployment rate, or the federal funds rate.) The central tendency is, roughly speaking, the middle two-thirds of the full range, formed by removing 
the three highest and three lowest projections.

Each of the data points for the federal funds rate represents a forecast made by one of the members of the Federal Reserve Board or one of the 
presidents of the Federal Reserve Banks in December 2019. The Federal Reserve officials’ forecasts of the federal funds rate are for the rate at the end 
of the year, whereas CBO’s forecasts are fourth-quarter values.

Real values are nominal values that have been adjusted to remove the effects of changes in prices.

The unemployment rate is the number of jobless people who are available for and seeking work, expressed as a percentage of the labor force.

Real GDP growth and inflation rates are measured from the fourth quarter of one calendar year to the fourth quarter of the next. The unemployment 
rate is a fourth-quarter value.

GDP = gross domestic product; PCE = personal consumption expenditures.

a. The upper ends of the full range and central tendency are equal.

b. For PCE price inflation in the longer term, the range and central tendency equal 2 percent.

Compared with the forecasts made by Federal Reserve officials, CBO’s projections suggest a slightly stronger outlook for 2020 but a slightly weaker 
outlook for 2021, 2022, and the longer term.

chaPTeR 2: The economic ouTlook
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Figure 2-10 .

Comparison of CBO’s Economic Projections With Those by Federal Reserve Officials
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The full range of forecasts from the Federal Reserve is based on the highest and lowest of the 17 projections by the Board of Governors and 
the presidents of the Federal Reserve Banks. (One Federal Reserve official did not submit longer-run projections for the change in real GDP, the 
unemployment rate, or the federal funds rate.) The central tendency is, roughly speaking, the middle two-thirds of the full range, formed by removing 
the three highest and three lowest projections.

Each of the data points for the federal funds rate represents a forecast made by one of the members of the Federal Reserve Board or one of the 
presidents of the Federal Reserve Banks in December 2019. The Federal Reserve officials’ forecasts of the federal funds rate are for the rate at the end 
of the year, whereas CBO’s forecasts are fourth-quarter values.

Real values are nominal values that have been adjusted to remove the effects of changes in prices.

The unemployment rate is the number of jobless people who are available for and seeking work, expressed as a percentage of the labor force.

Real GDP growth and inflation rates are measured from the fourth quarter of one calendar year to the fourth quarter of the next. The unemployment 
rate is a fourth-quarter value.

GDP = gross domestic product; PCE = personal consumption expenditures.

a. The upper ends of the full range and central tendency are equal.

b. For PCE price inflation in the longer term, the range and central tendency equal 2 percent.

Compared with the forecasts made by Federal Reserve officials, CBO’s projections suggest a slightly stronger outlook for 2020 but a slightly weaker 
outlook for 2021, 2022, and the longer term.

chaPTeR 2: The economic ouTlook

This figure shows distributions in two more ways. A possible 
drawback is that the reader depends on the notes to explain 
much of what is going on.

Congressional Budget Office, The Budget and Economic Outlook: 2020 to 2030 ( January 2020), p. 59,  
www.cbo.gov/publication/56020.

. . . . .

http://www.cbo.gov/publication/56020
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Violin Plot

25 

Figure 6 

Distribution of Coworkers’ Average Age, by Worker’s Age, in Different-Sized Firms in 
HISIM2 and Tax Data, 2017  

 

Data source: Congressional Budget Office. 

To maintain the confidentiality of workers and firms in the tax-filing data set, the medians are calculated from rounded-value probability distribution 
functions. 

HISIM2 = CBO’s health insurance simulation model. 

are more likely to work with people in the same situation than is the case for those whose 
spouses do not have an offer of insurance. Though there are some small differences, the synthetic 
firms created for HISIM2 replicate those relationships in the tax data.  

A violin plot is like a box plot, but it visualizes a whole 
distribution as a contour. The width of the shape represents the 
probability density at different values, smoothed. The example 
above compares two different series in side-by-side contours.

Lucas Goodman and others, Data and Methods for Constructing Synthetic Firms in CBO’s Health Insurance 
Simulation Model, HISIM2, Working Paper 2021-15 (Congressional Budget Office, December 2021), p. 25, 
www.cbo.gov/publication/57431.

http://www.cbo.gov/publication/57431
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Dot Plot 21December 2019 PrOJecTeD cHANGeS IN THe DISTrIbUTION OF HOUSeHOLD INcOme, 2016 TO 2021

Figure 6 .

Average Federal Tax Rates, by Income Group, 2016 and 2021
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Source: Congressional Budget Office.

Federal taxes consist of individual income taxes, payroll (or social insurance) taxes, corporate income taxes, and excise taxes. Average federal tax 
rates are calculated by dividing the total federal taxes of each group by the total income before transfers and taxes (that is, market income plus social 
insurance benefits) of that group.

Income groups are created by ranking households by their size-adjusted income before transfers and taxes. 

For detailed definitions of income measures and information on the methods underlying this analysis, see Appendix A.

A dot plot works in some instances when a paired bar graph 
might be cumbersome.

Congressional Budget Office, Projected Changes in the Distribution of Household Income, 2016 to 2021 
(December 2019), p. 21, www.cbo.gov/publication/55941.

http://www.cbo.gov/publication/55941
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Map, ISUMMARY OPTIONS FOR DEPLOYING MISSILE DEFENSES IN EUROPE XIX

CBO

Summary Figure 4.

Areas Defended by the Missile Defense Options Against IRBMs from Iran

Source: Congressional Budget Office.

Notes: Blue shading indicates the area defended against a given missile threat. Red shading indicates selected undefended areas within range 
of that threat. Yellow stars show the locations of NATO capitals.

IRBM = intermediate-range ballistic missile; GBI = Ground-Based Interceptor; SM = Standard Missile; KEI = Kinetic Energy Inter-
ceptor; NATO = North Atlantic Treaty Organization.

Technical Limitations
Some critics of proposed missile defense systems question 
their ability to reliably defend against missile threats from 
a determined adversary. One of the main issues in such 
criticisms is whether planned missile defenses will be able 
to overcome countermeasures. A 1999 National 
Intelligence Estimate on ballistic missile threats stated, 
“We assess that countries developing missiles also will 
respond to US theater and national missile defenses by 
deploying larger forces, penetration aids, and counter-

measures.… These countries could develop countermea-
sures based on these [readily available] technologies by 
the time they flight test their missiles.”19 A number of 
more recent analyses argue that the current midcourse 

Option 4:
Land-Based KEI

Option 3:
Land-Based SM-3 Block IIA

Option 2:
Sea-Based SM-3 Block IIA

Option 1:
Silo-Based GBI

19. National Intelligence Council, Foreign Missile Developments and 
the Ballistic Missile Threat to the United States Through 2015, 
unclassified summary of a National Intelligence Estimate (Sep-
tember 1999), www.dni.gov/nic/special_missilethreat1999.html.

CBO can make maps like these from precise geographical data, 
rather than from less precise freehand drawings.

The “locator” maps on this page show national borders for 
reference, but the data being charted are not contiguous with 
those borders.

Congressional Budget Office, Options for Deploying Missile Defenses in Europe (February 2009), p. xix,  
www.cbo.gov/publication/41165.

http://www.cbo.gov/publication/41165
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Map, II
7June 2020  The employmenT of foreign-Born people

In 2018, foreign-born people made up 21 per-
cent of the U.S. population ages 25 to 54, but 
that share varied by state. It was higher, for 
example, in California and New Jersey and lower 
in Montana and West Virginia, in part because 
foreign-born people are more likely to live in 
metropolitan areas. In 2018, among people ages 
25 to 54, about 96 percent of foreign-born peo-
ple and about 86 percent of native-born people 
lived in metropolitan areas.

Foreign-born people ages 25 to 54 without legal 
status are more likely to live in certain states. 
The states with the highest estimated shares of 
that total population were California (19 per-
cent), Texas (18 percent), and Florida (7 per-
cent). (The national average was 3 percent.) 
Those numbers, in part, reflect geography and 
job opportunities. California and Texas are on 
the southern border of the country, and sizable 
foreign-born communities may foster strong 
social networks that make it easier for foreign- 
born people to find work.

The states with the highest estimated shares of 
the population of foreign-born people ages 25 to 
54 with legal status were California (24 percent), 
New York (10 percent), and Florida (9 percent). 
The greater Los Angeles and New Jersey– New 
York metropolitan areas had the largest shares of 
the total population of naturalized citizens and 
lawful permanent residents; nationwide, natu-
ralized citizens and lawful permanent residents 
made up at least 90 percent of foreign-born peo-
ple with legal status. California and New York 
had the largest shares of the total population 
with temporary legal status that allowed them to 
work.  

Exhibit 3 .

Foreign-Born People Ages 25 to 54, by Percentage of State Population, 2018

0
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map_df[, values]

10 Percent or Less

11 to 20 Percent

21 to 30 Percent

31 to 40 Percent

Source: Congressional Budget Office, using census and American Community Survey data from IPUMS-USA, Current Population Survey 
data from IPUMS-CPS, and data from the Department of Homeland Security. 

These two “choropleth” maps, by contrast, show data within 
predetermined areas, in this case, the borders of states, . . .

Congressional Budget Office, The Employment of Foreign-Born People ( June 2020), p. 7,  
www.cbo.gov/publication/56357.

http://www.cbo.gov/publication/56357
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Map, III14 The NaTioNal Flood iNsuraNce Program: FiNaNcial souNdNess aNd aFFordabiliTy sePTember 2017

Figure 2 .

NFIP Expected Shortfalls and Surpluses, by County

Expected surplus less than $50,000

Expected surplus between 
$50,000 and $2 million

Expected surplus greater than $2 million

Expected shortfall greater than $10 million

Detail on Surpluses

Detail on Shortfalls

Expected shortfall between 
$50,000 and $10 million
Expected shortfall less than $50,000

No policies

Expected surpluses; see below

Expected shortfall; see above

No policies

Source: Congressional Budget Office, using data from the Federal Emergency Management Agency, Guy Carpenter and Company, and 
Risk Management Solutions.

The data encompass 5.0 million NFIP policies in effect in the 48 contiguous states and the District of Columbia on August 31, 2016. Alaska, Hawaii, 
and the U.S. territories were excluded from the analysis because of the lack of estimates of expected claims.

The shortfalls and surpluses represent the difference between expected costs and premiums. Expected costs consist primarily of CBO’s estimate of 
expected claims payments for each county. Other costs associated with writing and servicing claims, funding for floodplain mapping, mitigation of 
flood risk, and interest payments on the program’s debt are apportioned to counties based on their shares of policies.

Calculations of surpluses and shortfalls excluded the increased cost of compliance coverage, which helps policyholders with significant or repeated 
flood damage to bring their properties into compliance with local regulations for floodplain management. Any imbalance between the $59 million 
collected for that coverage and the associated payments would be too small to affect the analysis.

NFIP = National Flood Insurance Program.

. . . and in this case, the borders of counties.

Be warned that this map gives a better sense of geography 
than of population, because so much of the U.S. population is 
concentrated in cities.

Congressional Budget Office, The National Flood Insurance Program: Financial Soundness and Affordability 
(September 2017), p. 14, www.cbo.gov/publication/53028.

http://www.cbo.gov/publication/53028
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Sankey Diagram, I ENERGY SECURITY IN THE UNITED STATES 3

CBO

Figure 1.

Energy Flows, by Source of Energy and Energy-Consuming Sector, 2010
(Percent)

Source: Congressional Budget Office based on data from the Department of Energy, Energy Information Administration (www.eia.gov).

Notes: Unlabeled flows represent amounts of less than 10 percent, except in the renewables category, where the unlabeled flows are less 
than 15 percent. In the HVAC sector, primary energy is that which comes directly from one of the five energy sources; total energy is 
primary energy plus electricity used for HVAC.

OPEC = Organization of Petroleum Exporting Countries; quad = a unit of energy equal to a quadrillion British thermal units.

household income and further lowering consumer spend-
ing. An increase in crude oil prices would also have a 
permanent effect on the economy, as the increase in pay-
ments to foreign producers and owners of oil assets would 
represent a transfer of wealth out of the United States. 

The ultimate effect on the economy of an increase in 
energy prices would depend on the response of the 
Federal Reserve to expected changes in inflation and 
employment. Under typical economic circumstances, an 
increase in energy prices that reduced demand would also 
increase the costs of production, leading to higher 

inflation. However, if the Federal Reserve raised short-
term interest rates to avoid an increase in inflation, it 
would exacerbate the drop in output and the rise in 
unemployment.3 
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3. In the current environment, however, the Federal Reserve has 
indicated a desire to keep interest rates exceptionally low for an 
extended period; as a result, it would probably be less inclined to 
raise short-term interest rates in the face of an increase in energy 
prices over the next couple of years. That restraint would probably 
lead to a smaller effect on economic output in the near term from 
an increase in energy prices, but a larger effect on near-term 
inflation.

Sankey diagrams are used to show flows.

Congressional Budget Office, Energy Security in the United States (May 2012), p. 3,  
www.cbo.gov/publication/43012.

http://www.cbo.gov/publication/43012
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Sankey Diagram, II8 HOW CBO AND JCT ANALYZED COVERAGE EFFECTS OF NEW RULES FOR ASSOCIATION HEALTH PLANS AND SHORT-TERM PLANS JANUARY 2019

Even for people whose income is between 300 percent 
and 400 percent of the FPL, CBO and JCT expect, 
bronze plans generally would be less costly than any 
short-term plan. Although most people who receive 
premium tax credits will pay less for a bronze health 
plan than for a short-term plan, CBO and JCT estimate 
that some young people with very low expected health 
care spending might pay less for a short-term plan and, 
therefore, switch coverage. The agencies estimate that in 
an average year, fewer than 50,000 people who would 
otherwise have purchased nongroup coverage with a tax 
credit will instead enroll in a short-term plan. 

Effects are anticipated to be larger among people 
whose income is too high to receive subsidies: CBO 
and JCT estimate that roughly 600,000 people who 
would otherwise have purchased nongroup coverage 
without a premium tax credit (about 10 percent of that 

population) will enroll in a short-term plan. The agen-
cies also estimate that 95 percent of people moving from 
fully regulated nongroup coverage into short-term plans 
will purchase ISPs and that the remaining 5 percent will 
purchase TSPs. (Because TSPs are not expected to cover 
high-cost, low-probability events and therefore do not 
meet CBO’s definition of private health insurance, peo-
ple moving from the nongroup market into TSPs would 
be considered uninsured.) 

Several factors led CBO and JCT to anticipate that 
most new enrollment in short-term plans will be in ISPs 
rather than TSPs. First, interviews with insurers and 
other stakeholders suggested that most people would 
prefer more comprehensive insurance coverage to TSPs, 
and many insurers indicated a preference for offering 
more substantial coverage. In addition, enrollment data 
for the nongroup market as a whole that predate 2014 

Figure 1 .

Estimated Average Annual Enrollment of People Who Are Projected to Change Their Insurance Coverage  
Because of the New Rules for AHPs and Short-Term Plans, 2019 to 2028
Number of People

Nongroup Market (0.9 million)

Small−Group Market (3.1 million)

Uninsured (1.1 million)

AHPs (3.7 million)

ISPs (1.2 million)

TSPs (0.2 million)

Without the New Rules With the New Rules

Total: 5.1 Million People Total: 5.1 Million People

Sources: Congressional Budget Office; staff of the Joint Committee on Taxation.

The estimated 5.1 million people whose coverage will be affected by the new rules represent less than 10 percent of people who otherwise would be 
uninsured or would be insured through the small-group or nongroup market.

TSPs do not cover high-cost, low-probability events and therefore do not meet CBO’s definition of private health insurance. For more information, 
see Congressional Budget Office, How CBO Defines and Estimates Health Insurance Coverage for People Under Age 65 (May 2018), www.cbo.gov/
publication/53822.

AHP = association health plan; ISP = insured short-term plan; TSP = traditional short-term plan.

Another one.

Congressional Budget Office, How CBO and JCT Analyzed Coverage Effects of New Rules for Association Health 
Plans and Short-Term Plans (January 2019), p. 8, www.cbo.gov/publication/54915.

http://www.cbo.gov/publication/54915
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Timeline

Consider using a timeline to illustrate steps in a process.

Congressional Budget Office, CBO’s Revenue Forecasting Record (November 2015), p. 5,  
www.cbo.gov/publication/50831.

http://www.cbo.gov/publication/50831
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Flowchart, I

7

Figure 1.
Flow of the Model for Estimating the Effects of Climate Change and Coastal Development on Hurricane Damage in 
Selected Future Years: Example Year, 2075

Source: Congressional Budget Office.

a. Each set consists of a projection of frequency for hurricanes in each of five categories. (The five categories of hurricanes are 
based on peak wind speed. Category 5 storms are the most intense.)

b. Each state’s increase in expected damage due to an increase in its population and per capita income is uniquely determined 
based on the share of the state’s expected damage (measured under current conditions) that comes from wind versus storm-
surge damage. That unique determination incorporates different responses of wind and storm-surge damage to a given increase 
in population and per capita income.

If the steps in a process are not tied to particular dates, a 
flowchart might illustrate it better.

Terry Dinan, CBO’s Approach to Estimating Expected Hurricane Damage, Working Paper 2016-02 
(Congressional Budget Office, June 2016), p. 7, www.cbo.gov/publication/51610.

http://www.cbo.gov/publication/51610
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2 FEDERAL EFFORTS TO REDUCE THE COST OF CAPTURING AND STORING CARBON DIOXIDE

CBO

Figure 1.

Steps in the Capture and Storage of Carbon Dioxide After 
Electricity Generation at a Coal-Fired Power Plant

Source: Congressional Budget Office based on CCSReg Project, Carbon Capture and Sequestration: Framing the Issues for Regulation 
(January 2009, updated March 2009), p. 10.

 Capture CO2 at the plant and compress it into a 
liquid; 

 Transport the compressed CO2, usually through a 
pipeline, to a storage site; and 

 Store CO2 deep underground in a porous rock 
formation (see Figure 1). 

The feasibility of using such facilities and processes in the 
generation of electricity has been explored on a small 
scale, but the technology has yet to be widely adopted. 

Capturing Carbon Dioxide
When CCS technology is used in coal-fired power plants, 
exhaust gases that contain CO2 are streamed through (or 
otherwise put into contact with) a specialized material 
that absorbs most of the CO2 while allowing the rest of 
the exhaust to pass. Subsequently, the CO2 that was 
absorbed is extracted, by heating or otherwise treating 
that material, and then compressed into a liquid. Because 
the approach applies CCS technology to exhaust gases, it 
is termed a postcombustion method. Two alternative 
approaches have been proposed and in some instances 
used in pilot plants or in fields unrelated to electricity 
generation—for example, in making glass. One alterna-
tive approach is to capture CO2 through a precombustion 
method such as gasification. That process separates the 
CO2 by transforming the coal into a gas (often referred to 
as syngas) before it is burned. The other alternative 
approach is oxy-fuel combustion, in which coal is burned 
in pure oxygen rather than air to produce exhaust gas that 

consists primarily of water and CO2 and that is ready for 
drying, compression, and storage. However, CBO’s anal-
ysis focuses on the postcombustion approach because that 
technology is the only one that is compatible with the 
most commonly used designs for electricity-generating 
plants. 

The process of treating the absorbent material and com-
pressing the CO2 consumes a great deal of energy—so 
much so that the capture and compression of CO2 reduce 
the net amount of energy that the power plant yields for 
customers by between 15 percent and 30 percent. Thus, a 
plant equipped with CCS technology must be larger than 
a traditionally equipped plant and must burn more coal 
to serve the same number of customers. Engineering 
studies suggest that the capture portion of the process will 
account for approximately 90 percent of the additional 
costs required to construct and operate a plant that uses 
CCS instead of conventional technology. 

Transporting Carbon Dioxide
Once compressed, the captured CO2 must be transported 
to an underground storage site. If CCS was widely 
adopted, it would be necessary to substantially expand 
the existing pipeline network to transport the gas to stor-
age sites that might be hundreds of miles away. Such a 
network could use pipeline technology that has already 
been developed to transport carbon dioxide to oil fields, 
where it is injected into wells to boost their production—
a process known as enhanced oil recovery. Currently, 
about 4,000 miles of pipeline is used for that purpose. 

Separate Compress Transport Store

Fossil Fuel

Capture

Combustion and
Generation

(From other gases) (Into a fluid) (By pipeline) (In suitable geologic
formations)

CO2 CO2CO2Exhaust

Flowchart, II

Here is a simpler one. Note that the previous flowchart illustrates 
a modeling process at CBO and that this one illustrates a 
mechanical process elsewhere. Both are useful, but the first kind 
may be more often applicable to CBO’s work.

Congressional Budget Office, Federal Efforts to Reduce the Cost of Capturing and Storing Carbon Dioxide  
( June 2012), p. 2, www.cbo.gov/publication/43357.

http://www.cbo.gov/publication/43357
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Annotated FigureDECEMBER 2015 SOCIAL SECURITY POLICY OPTIONS, 2015 57

CBO

Figure 8.

Calculating the PIA Using Progressive Price Indexing (Option 19)
PIA in 2015 Dollars

Source: Congressional Budget Office.

Notes: Under current law, the PIA for newly eligible beneficiaries is indexed to wages. In 2040 (top panel), the current-law PIA factors 
(which determine the percentage of the AIME that is replaced in the PIA formula) will be 90 percent of the first $1,240 of the AIME 
(a replacement rate of 90 cents on the AIME dollar), plus 32 percent between $1,240 and $7,480, plus 15 percent above $7,480. With 
progressive price indexing, the bend points (denoted by dots on the line, showing the thresholds at which a PIA factor changes) would 
be $1,240, $2,570, and $7,480 and the PIA factors would be 90 percent, 32 percent, 21 percent, and 10 percent.

If a person born in 1978 had 35 years of earnings at or above the taxable maximum and stopped working at age 62 in 2040, that 
person’s AIME would be $13,910, the maximum.

By 2080 (bottom panel), the bend points would be $2,490 and $15,030 and the current-law PIA factors would be the same as in 2040. 
Under progressive price indexing, the bend points would be $2,490, $5,170, and $15,030 and the PIA factors would be set at 
90 percent, 32 percent, 4 percent, and 2 percent. 

If a person born in 2018 had 35 years of earnings at or above the taxable maximum and stopped working at age 62 in 2080, that 
person’s AIME would be $27,800, the maximum.

AIME = average indexed monthly earnings; PIA = primary insurance amount. 

Under current law, for each $1 increase in the AIME, the PIA increases by...         
$0.90 $0.32 $0.15

With progressive price indexing, for each $1 increase in the AIME, the PIA increases by...         
$0.90 $0.32 $0.21 $0.10

2040

$0.90 $0.32 $0.15
$0.90 $0.32 $0.04 $0.02

2080
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Annotations are similar to CBO’s usual captions, but they appear 
inside the figure and comment on particular spots.

Congressional Budget Office, Social Security Policy Options, 2015 (December 2015), p. 57,  
www.cbo.gov/publication/51011.

http://www.cbo.gov/publication/51011
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Heatmap, I 25cHapter 3 Income-DrIven repayment plans for stuDent loans: BuDgetary costs anD polIcy optIons

tax rate that would apply to the forgiven balances 
included in borrowers’ income by the present value of 
those balances.9 For example, if the average effective tax 
rate would be 20 percent and the present value of the 

9. This calculation incorporates the assumption that borrowers 
would pay the tax on their forgiven balances. However, because 
borrowers whose loans are forgiven are likely to have lower 
income, they might be unable to pay the tax, which could be 
several times larger than their average annual loan payment. 
If borrowers did not pay the tax in full, the Internal Revenue 
Service would start a collection process. Borrowers could apply 
to pay through an installment plan or have the amount they owe 
reduced if paying it would be an economic hardship. 

forgiven balances was equal to 50 percent of the original 
loans, then the present value of the expected tax revenues 
from forgiveness would equal 10 percent of the disbursed 
amount. Thus, including those revenues in the subsidy 
estimate would reduce the subsidy rate by 10 percentage 
points.10 (That calculation cannot be directly applied to 
the results in Table 3-3 because the forgiven amounts 
shown there include balances forgiven under the PSLF 
program, which are not taxable.)

10. Many borrowers in income-driven plans pay more interest than 
they would in fixed-payment plans and can therefore deduct 
more from their taxes. Those deductions would partially offset 
the revenues obtained through taxing loan forgiveness. 

Figure 3-1 .

Forgiveness of Loans Issued From 2020 to 2029, by Borrowers’ Projected Earnings and Original Balance

Undergraduate Borrowers Graduate Borrowers
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Percentage of Disbursed Amount Forgiven

Forgiven Amount
(Percentage of original balance) 

Source: Congressional Budget Office.

Each square represents borrowers in one quintile, or fifth, of the distribution of projected earnings and one quintile of the distribution of original loan 
balances. Those quintiles include borrowers in fixed-payment plans, who are not eligible for loan forgiveness, and borrowers in the Public Service Loan 
Forgiveness program.

Earnings and original loan balances were measured in 2020 dollars. Forgiven amounts were discounted to their present value in the year of the loans’ 
disbursement, using the interest rates on Treasury securities.

Earnings were calculated as projected average annual earnings within the first 20 years after borrowers began repaying their loans. Earnings in the 
lowest quintile are under $22,000 per year for undergraduate borrowers and under $40,000 per year for graduate borrowers; earnings in the highest 
quintile are $69,000 or more per year for undergraduate borrowers and $114,000 or more per year for graduate borrowers.

Original loan balances in the lowest quintile are $6,000 or less for undergraduate borrowers and $37,000 or less for graduate borrowers. Original loan 
balances in the highest quintile are over $32,000 for undergraduate borrowers and over $122,000 for graduate borrowers.

Heatmaps can be laid out in many ways; this guide shows two. 
What they have in common is that they use hue or lightness to 
communicate values.

Congressional Budget Office, Income-Driven Repayment Plans for Student Loans: Budgetary Costs and Policy 
Options (February 2020), p. 25, www.cbo.gov/publication/55968.

http://www.cbo.gov/publication/55968
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In 2018, the federal income tax had statutory 
rates of 10 percent, 12 percent, 22 percent, 
24 percent, 32 percent, 35 percent, and 37 per-
cent. Those rates are scheduled to remain 
unchanged until after 2025, when most indi-
vidual income tax provisions in the 2017 tax 
act expire. At that point, the rates are scheduled 
to revert to what existed from 2013 to 2017: 
10 percent, 15 percent, 25 percent, 28 percent, 
33 percent, 35 percent, and 39.6 percent.

Rates on high-income filers have been reduced 
over time. In 1962, the highest rate was 91 
percent, and taxable income over $100,300 
(in 2018 dollars) faced a rate of 50 percent or 
higher. Rates on high income were reduced 
sharply in the 1980s: After the enactment of the 
Tax Reform Act of 1986, the highest earn-
ers faced a rate of 28 percent. The Omnibus 
Budget Reconciliation Act of 1993 added a 
31 percent bracket, and the Omnibus Budget 
Reconciliation Act of 1990 introduced rates of 
36 percent and 39.6 percent. The Economic 
Growth and Tax Relief Reconciliation Act of 
2001 reduced rates and introduced a 10 percent 
bracket, and the American Taxpayer Relief Act 
of 2012 reintroduced the 39.6 percent rate in 
2013. ♦

Exhibit 9 .

Statutory Individual Income Tax Rates for a Single Filer
Income, Thousands of 2018 Dollars

ProjectedActual
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2017

Tax Act
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Source: Congressional Budget Office.

Bracket amounts, in 2018 dollars, are adjusted for inflation using the chained consumer price index for all urban consumers. For years 
before 2000 (that is, before the Bureau of Labor Statistics calculated the chained measure), CBO adjusted the consumer price index for 
all urban consumers  to approximate the slower growth of the chained measure. 

Not displayed are two brackets in 1962 and 1963 and one bracket in 1964 with thresholds greater than $800,000 in 2018 dollars. 
In 2018 dollars, the omitted 1962 brackets start at $1,074,800 and $1,433,100, the omitted 1963 brackets start at $1,064,200 and 
$1,418,900, and the omitted 1964 bracket starts at $1,403,951.

For 1988 to 1990, a 5 percent surtax applied to a portion of income in the 28 percent bracket. For the sake of classification, CBO 
considered the result to be a separate 33 percent tax bracket. 

The Tax Act of 1969 reduced the maximum rate on earnings to 60 percent in 1971 and 50 percent in years after 1971.

2017 Tax Act = P.L. 115-97, originally titled the Tax Cuts and Jobs Act; ATRA = American Taxpayer Relief Act of 2012; ERTA = Economic 
Recovery Tax Act of 1981; OBRA93 = Omnibus Budget Reconciliation Act of 1993; TRA = Tax Reform Act of 1986.

Heatmap, II

Indeed, a heatmap can use both hue and lightness to represent 
a lot of data at once. This sample appropriately emphasizes the 
big picture for tax rates and changes to them while lacking the 
precision of far less data plotted as, say, multiple lines showing 
the tax rates at various selected levels of income.

Congressional Budget Office, Marginal Federal Tax Rates on Labor Income: 1962 to 2028 ( January 2019), p. 19, 
www.cbo.gov/publication/54911.

http://www.cbo.gov/publication/54911
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Deriving such estimates of productivity gains is com-
plicated because measures of productivity may tend to 
understate the economy’s growth from entrepreneurial 
innovation. When a new product drives an existing one 
from the market, the improvements in the new prod-
uct’s quality may not be captured in statistical data if the 
new product is not directly comparable to the old one. 
When cell phones were introduced, for example, it was 

clear that they offered greater functionality than landline 
phones, but the transformative nature of their improved 
capabilities made it difficult to estimate the change in 
quality. That is because statistical agencies’ surveys that 
do not include the defunct product (because it no longer 
exists) will fail to account for the new one (because it is 

Figure 5 .

Trends in New Firms’ Share of Employment, by Sector, and Labor Productivity Growth in the Economy, 
1995 to 2017
Percent
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New firms in the high-tech 
and information sectors 
that were more productive 
than their competitors 
increased their employment 
more rapidly from the 
mid-1990s through 2001 
than they had previously. 
The technological advances 
brought about in those 
sectors allowed firms 
throughout the economy to 
increase their productivity. 
After 2001, the shift in 
employment from low-
productivity firms to high-
productivity firms in the 
high-tech sector—and the 
broader economy—ebbed.

Data source: Congressional Budget Office, using data from the Bureau of Economic Analysis, the Bureau of Labor Statistics, and from Ryan A. Decker 
and others, Changing Business Dynamism and Productivity: Shocks vs. Responsiveness, Working Paper 24236 (National Bureau of Economic Research, 
January 2018), www.nber.org/papers/w24236.  See www.cbo.gov/publication/56906#data.

The percentage changes in labor productivity represent five-year moving averages.The x-axis of a chart does not always have to show time; a scatter 
plot allows observations to be made about other variables.

Congressional Budget Office, Federal Policies in Response to Declining Entrepreneurship (December 2020), p. 11, 
www.cbo.gov/publication/56906.

http://www.cbo.gov/publication/56906
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CBO

Figure 2-3.

Units, Equipment, and Personnel in an Army Stryker Brigade Combat Team

Continued
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This material could have been presented as a less interesting table. 
Luckily, the items being counted, such as trucks and soldiers, lent 
themselves to illustration.

Congressional Budget Office, The U.S. Military’s Force Structure: A Primer ( July 2016), p. 30,  
www.cbo.gov/publication/51535.

http://www.cbo.gov/publication/51535
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CBO

Figure 1.

Hydraulic Fracturing and Horizontal Drilling

Source: Congressional Budget Office.

prices. That increase in production would probably make 
GDP and federal revenues slightly higher than they 
would be under current export policies.

Policy choices related to environmental regulation, such 
as whether the federal government should regulate fur-
ther the environmental effects of shale development 
or leave such decisions to the states, are outlined in 
Appendix A. The Congress could also affect shale devel-
opment through policies not considered here, such as 
those related to the infrastructure used to transport and 
process domestic shale gas and tight oil.

Hydraulic Fracturing and 
Shale Resources
Hydraulic fracturing, used with horizontal drilling and 
other advances in drilling technology, is a way to reach 

and extract natural gas and oil locked in certain rock for-
mations, especially shale formations.4 Some forms of 
hydraulic fracturing have been used to extract fossil fuels 
since the 1950s, but the method was not successfully 
combined with horizontal drilling for another 30 to 40 
years, and it began to have a substantial impact on natural 
gas and oil production only in the past decade.

The process (often called fracing or fracking) begins with 
drilling a vertical well to the depth of a shale formation 
and, from there, drilling a horizontal well into the forma-
tion, which is much wider than it is thick (see Figure 1). 
A high-pressure mixture of water, chemicals, and small 
particles is pumped into the well to create fractures in the 
formation. Those fractures are held open by the particles 
as the injected fluid is withdrawn. Oil and gas then flow 
from the fractures into the well and up to the surface.

According to EIA estimates, of the shale gas in the United 
States that is technically recoverable—that is, that could 
be developed with current technology—25 percent is in 
the Marcellus Shale formation, which is located mainly 
in New York, Pennsylvania, and West Virginia (see 
Figure 2). The formations with the next-largest quantities 
of shale gas are the Haynesville-Bossier Shale in Texas and 
Louisiana, containing an estimated 15 percent of techni-
cally recoverable resources; the Eagle Ford Shale in Texas, 
containing about 10 percent of those resources; and the 
Barnett Shale, also in Texas, and also containing about 10 
percent of those resources.

The Eagle Ford and Austin Chalk Shales in Texas, which 
are found at different depths but underlie some of the 
same land, together account for about 40 percent of 

Water Table

Various Rock Strata

Shale

Injected
Fluid

Oil and
Gas

4. This report focuses on shale development recently enabled by the 
use of hydraulic fracturing and horizontal drilling. It does not 
consider the use of those techniques to produce “tight gas” (that is, 
natural gas extracted from less dense geologic formations), because 
such development has occurred for many years, or to enhance pro-
duction from conventional oil and gas supplies. Nor does it con-
sider kerogen shale (also known as oil shale), another kind of rock 
from which oil can be produced, because the oil is not extracted 
with hydraulic fracturing and its generally high cost is expected to 
keep production low for the foreseeable future.

Even if a publication is not trying to show quantities (as in the 
icon array on the previous page), would it help the reader to see 
the physical object or process that the work describes? CBO 
thought that illustrations would be useful in reports about 
fracking . . .

Congressional Budget Office, The Economic and Budgetary Effects of Producing Oil and Natural Gas From Shale 
(December 2014), p. 3, www.cbo.gov/publication/49815.

http://www.cbo.gov/publication/49815
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Illustration, II2 The CosT of ReplaCing Today’s naval aviaTion fleeT JanuaRy 2020

have not yet been developed. Policymakers could decide 
to replace those aircraft with more or less expensive 
options than CBO assumed or to not replace them at all.

Although CBO’s projections address changes in the 
Department of the Navy’s aviation fleet through 2050, 
the agency formed no judgment about whether the 
aircraft procurements in its analysis are necessary or 
appropriate. Nevertheless, cost projections of long-
range procurement plans are useful because they can 
assist the Congress, the Department of Defense, and the 
Department of the Navy in setting budgets for procur-
ing aircraft. They can also help decisionmakers identify 
important future issues—when many programs might 
need procurement appropriations at the same time, for 

example, or when to extend the service life of certain 
aircraft—and give them adequate time to address those 
issues.4

The Composition of Today’s Navy and 
Marine Corps Aircraft Fleet
The Navy and Marine Corps operate a fleet of more than 
4,000 aircraft of widely varying sizes and capabilities (see 
Box 1). According to data that the Department of the 

4. See the testimony of Eric J. Labs, Senior Analyst for Naval 
Forces and Weapons, Congressional Budget Office, before the 
Subcommittee on Oversight and Investigations of the House 
Committee on Armed Services, The Value of 30-Year Defense 
Procurement Plans for Congressional Oversight and Decisionmaking 
(June 1, 2011), www.cbo.gov/publication/41497. 

Box 1 .

Selected Aircraft in the Department of the Navy’s Aviation Fleet

0 100 200 feet

Surveillance Aircraft Aerial Refueling Aircraft

Helicopter and Tiltrotor

Fighter and Attack Aircraft

F/A-18E Super Hornet 
Carrier-based
ground attack,
air superiority

F/A-18C Hornet
Carrier-based
ground attack,
air superiority

E-2C/D Hawkeye
Carrier-based
surveillance, 
command
and control

P-8A Poseidon
Land-based
armed maritime
patrol and
reconnaissance

MQ-4C Triton
Land-based
unmanned maritime
reconnaissance

EA-18G Growler
Carrier-based
and expeditionary
electronic attack

CH-53E Super Stallion
Heavy-lift helicopter      

MV-22 Osprey
Medium-lift
tiltrotor

UH-1Y Venom
Utility helicopter

MQ-8C Fire Scout
Unmanned 
reconnaissance

MQ-25A Stingray
Carrier-based 
unmanned aerial 
refueling

AH-1Z Viper
Attack helicopter

MH-60 Sea Hawk
Multimission helicopter

F-35C Lightning II
Carrier-based
ground attack,
air superiority

F-35B Lightning II
Short takeo�/vertical
landing ground attack,
air superiority

. . . and Navy aircraft.

Congressional Budget Office, The Cost of Replacing Today’s Naval Aviation Fleet ( January 2020), p. 2,  
www.cbo.gov/publication/55949.

http://www.cbo.gov/publication/55949
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Figure 2 .

The Main Elements of the Electric Grid
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Source: Congressional Budget Office.

A step-up power transformer takes electricity produced at generating plants and raises the voltage of that power so that it can be transmitted more 
efficiently. A step-down transformer reduces that voltage before the power is distributed to customers. 

Commercial customers in this context include the federal government and state and local governments.

Diagrams can help illustrate processes and concepts.

Congressional Budget Office, Enhancing the Security of the North American Electric Grid (March 2020), p. 6, 
www.cbo.gov/publication/56083.

http://www.cbo.gov/publication/56083
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Appendix: Drafting Graphics

At some point, CBO’s graphics editors will work with analysts—often, 
starting from their early mockups—and make figures that look like the 
ones shown in this guide. To make those mockups look a little more like 
the finished products, consider two areas: color and fonts.

CBO’s default palette has four hue families. In some reports, but 
certainly not all, those four families represent the four topics indicated 
above. Each family steps through a range of values from dark (but still 
distinct) to light (but still able to work in text). 

CBO avoids making distinctions using hue alone. Lightness 
differences hold up better under conditions of black-and-white 
printing, photocopying, color blindness, and visual impairment.
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Appendix: Drafting Graphics

CBO’s figures and tables exclusively use Proxima Nova T 
Condensed. The “T” part means that numbers are monospaced, 
so in a table, the digits line up vertically. The “condensed” part 
means that more characters fit in a given width, a practical 
consideration for typesetters. 

The Proxima Nova fonts are not available to most CBO 
employees. Arial Narrow is a reasonable approximation that can 
be used in early mockups.

Page from CBO’s Look Book (internal document, Editorial and Publishing Services).

3september 2019 Figures6 the budget and economic outlook: 2019 to 2029 January 2019

year.2 That increase would be smaller if not for a shift 
in the timing of certain payments. The 2018 deficit was 
reduced by $44 billion because certain payments that 
would ordinarily have been made on October 1, 2017 
(the first day of fiscal year 2018), were instead made in 
fiscal year 2017 because October 1 fell on a weekend.3
If not for that shift, last year’s shortfall would have been 
$823 billion and the projected increase in the deficit in 
2019 would have been $74 billion (see Table 1-2). 

2. Some agencies experienced a lapse in appropriations when 
authorities contained in the Continuing Appropriations Act, 
2019—as extended by Public Law 115-298—expired on 
December 22, 2018. For those agencies, CBO’s current baseline 
projections incorporate the amount of fiscal year 2019 funding 
that was provided before that expiration, annualized (that is, as if 
it was provided for the entirety of the fiscal year).

3. October 1 will fall on a weekend again in 2022, 2023, and 2028. 
In such cases, certain payments due on October 1 are made at 
the end of September and thus are recorded in the previous fiscal 
year. Those shifts will noticeably boost spending and the deficit in 
fiscal years 2022 and 2028; the timing shifts will reduce federal 
spending and deficits in fiscal years 2024 and 2029.

Following the enactment of the 2017 tax act (Public Law 
115-97), revenues grew by less than 1 percent in 2018. 
CBO projects that, under current law, revenues will rise 
faster than GDP this year, increasing by nearly 6 percent 
(or $186 billion), to $3.5 trillion.

Outlays, which rose by 4 percent in 2018, are projected 
to increase by more than 6 percent (or $260 billion) this 
year, to $4.4 trillion. (The 2018 amount and the projec-
tions below reflect adjustments to exclude the effects of 
the timing shift.) All three major components of spend-
ing contribute to that increase:

■ Net outlays for interest are anticipated to jump 
from $325 billion in 2018 to $383 billion in 2019, 
an increase of 18 percent (or $59 billion). Higher 
interest rates this year, and, to a lesser extent, more 
federal debt, account for most of that change. 

■ Mandatory spending is expected to increase by about 
5 percent (or $135 billion) in 2019, to $2.7 trillion. 
The reasons for that projected rate of growth include 
robust growth in spending for Social Security, which 
will increase by 6 percent in 2019, CBO estimates.

Figure 1-1 .

Total Deficits and Surpluses
Percentage of Gross Domestic Product
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Deficits as a percentage of 
gross domestic product are 
projected to remain relatively 
stable over the coming 
decade. They exceed their 
50-year average throughout 
the 2020–2029 period.

Source: Congressional Budget Office.

When October 1 (the first day of the fiscal year) falls on a weekend, certain payments that would have ordinarily been made on that day are instead 
made at the end of September and thus are shifted into the previous fiscal year. All projections presented here have been adjusted to exclude the 
effects of those timing shifts. Historical amounts have been adjusted as far back as the available data will allow.
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