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Supply Chain 
Resiliency

In October 2021, 
senior physical 
scientist Caolionn 

O’Connell presented 
testimony before the 
House Committee on 
Energy & Commerce, 
Subcommittee on 
Consumer Protection & 
Commerce, on how the 
convergence of strategic, 
technological, economic, 
and industrial processes 
and systems presents 
a unique challenge for 
supply chain resiliency.

MORE AT
www.rand.org/t/CTA1774-1 

Classifying Acts 
of Violence

RAND 
Europe was 

commissioned to conduct 
a study on how acts of 
violence are classified by 
different subject matter 
experts. The findings 
demonstrate ongoing 
difficulties in classifying 
acts of violence and 
inform recommendations 
for policymakers.

MORE AT
www.rand.org/t/RRA1220-1

The Great 
Resignation

To understand 
why Americans 

are quitting their jobs 
in record numbers, 
attention might need to 
be paid to noneconomic 
factors in addition to 
economic ones, according 
to Krishna Kumar, 
RAND’s distinguished 
chair in international 
economic policy.

MORE AT
www.rand.org/b211026

Tactical 
Operations in 
the Information 
Environment

How does a 
company commander 
or first sergeant in a 
maneuver unit prepare 
for operations in the 
information environment 
(OIE)? With its quick-
reference format and 
series of illustrative 
vignettes, this tool is 
intended to facilitate 
tactical problem-solving 
and increase officers’ 
awareness of when and 
how they can contribute 
to the goals of OIE.

MORE AT
www.rand.org/t/TLA732-1

4

Disaster Mitigation and Recovery 

In this video, senior behavioral and 
social scientist Melissa Finucane 
addresses how equity in disaster 

planning helps build strong and resilient 
communities that are better able to deal with 
extreme weather, and why addressing the 
impacts of multiple overlapping disasters has 
become increasingly important.

MORE AT
www.rand.org/v211022
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Disaster 
Citizen Science 
Promoting public 
participation in, 
and understanding 
of, science
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8
News Newly installed sensors 
on the roof of RAND’s Santa 
Monica headquarters help 
advance the science of 
measuring urban emissions

12
Who Controls the Climate? 
Building international 
consensus on the use of 
geoengineering to combat 
climate change

Sharon and David Gauthe helped organize 
a citizen science project to test the soil 
and water in their part of southern 
Louisiana for oil pollution. Such citizen-
led science projects can play a key role in 
helping communities anticipate, plan for, 
and recover from disasters. Researchers 
at RAND recently published a guide to 
help citizen groups plan and implement 
their own science projects to improve the 
resilience of their communities.

CO
VE

R:
 T

.L
. F

U
RR

ER
/A

D
O

BE
 S

TO
CK

RREVIEW 

RR

4 The Q&A An Air 
Force veteran with 
an ongoing mission

2 Research 
Briefly Educating 
undocumented and 
asylum-seeking 
schoolkids, and more 

6

11 Infographic Data on 
speeding violations 
in Virginia shed light 
on racial disparities

Commentary 
The United States 
doesn’t need 
additional nukes to 
counter China’s new 
missile silos

Giving Foundations 
as a critical source 
of research funding

20

21 at RANDom  A New Zealand 
sound artist finds inspiration 
in a RAND classic

JANUARY–FEBRUARY 2022 

OBJECTIVE ANALYSIS.  
EFFECTIVE SOLUTIONS.

WWW.RAND.ORG

C O R P O R A T I O N

RR
RREVIEW 

RAND BOARD OF TRUSTEES
MICHAEL E. LEITER (CHAIR), MARY E. 
PETERS (VICE CHAIR), CARL BILDT, 
RICHARD J. DANZIG, KENNETH R. 
FEINBERG, FRANCIS FUKUYAMA, 
MALA GAONKAR, MALCOLM GLADWELL, 
MICHAEL GOULD,  CHUCK HAGEL, 
JOEL Z. HYATT, LIONEL C. JOHNSON, 
RAYNARD S. KINGTON, PHILIP LADER, 
PETER LOWY, MICHAEL LYNTON, JANET 
NAPOLITANO, SOLEDAD O’BRIEN, GERALD 
L. PARSKY, DAVID L. PORGES, DONALD B. 
RICE, MICHAEL D. RICH, TERESA WYNN 
ROSEBOROUGH, LEONARD D. SCHAEFFER  

TRUSTEE EMERITUS
ANN MCLAUGHLIN KOROLOGOS

EDITORIAL
Steve Baeck, Manager
Corporate Communications 

DESIGN
Dori Gordon Walker

PRODUCTION
Cynthia Lyons

LETTERS
Send letters to RAND REVIEW, 1776 Main 
Street, P.O. Box 2138, Santa Monica, CA 
90407-2138, or e-mail letters@rand.org

PERMISSIONS
For information about using material 
published in RAND REVIEW, visit  
www.rand.org/publications/permissions/

COPIES
For hard copies of RAND REVIEW,  
call (877) 584-8642 (toll free) or  
(310) 451-7002 (outside the United 
States); send a fax to (412) 802-4981;  
or e-mail order@rand.org
For more information on this publication, 
visit www.rand.org/t/CPA682-9

REPORTS 
RAND reports are available on 
rand.org for free PDF download or can 
be purchased as hard copies. RAND 
e-books are also available for Amazon’s 
Kindle, Apple’s Books, and for most 
other popular e-book platforms.

SEARCH
RAND documents can be searched 
by author, title, and category at 
www.rand.org/pubs

© Copyright 2022 RAND Corporation

R is a registered trademark.

mailto:letters@rand.org
http://www.rand.org/publications/permissions/
mailto:order@rand.org
http://www.rand.org/t/CPA682-9
http://www.rand.org/pubs
http://www.rand.org/


D
O

M
IN

IC
 C

H
AV

EZ
/T

H
E 

G
LO

BA
L 

FI
N

A
N

CI
N

G
 F

AC
IL

IT
Y

As the COVID-19 pandemic took hold, researchers working with pregnant women in Nigeria began to see an alarming 
surge in stillbirths and newborn deaths. Their findings suggest the true toll of the pandemic has been much worse than 
official death statistics show for some of the youngest and most vulnerable victims.

The researchers, from RAND and the Pardee RAND Graduate School, were in Nigeria to study whether small cash pay-
ments to expectant mothers could improve child outcomes. They were still enrolling tens of thousands of women in four 
Nigerian states when COVID exploded into a global pandemic.

That fluke of timing allowed them to monitor the effects of the pandemic on birth outcomes, on the ground, and in al-
most real time. Infant mortality rates had stayed essentially flat in the months leading up to the first confirmed cases of 
COVID-19 in Nigeria. Then they arced upward. Within months, the researchers found, stillbirths increased by 22 percent, 
and newborn deaths increased by 23 percent.

At those rates, some 13,000 additional infants died between April and November 2020—just in those four states in Nigeria.

Widespread testing for COVID was not available at the time, so the researchers don’t know how many of the women in 
their study were sick. But they found another possible explanation for the higher mortality. Health care workers in the 
early months of the pandemic were less likely to perform physical exams, and some refused to treat anyone with a cough 
or other possible COVID symptoms. Women also may have waited longer to seek care to avoid infection.

The study was led by senior policy researcher Edward Okeke in partnership with researchers and clinicians from Nigeria, 
and sponsored by the Eunice Kennedy Shriver National Institute of Child Health and Human Development. It called for a 
global effort to support front-line health workers and health care facilities in low- and middle-income countries, as well as 
households with pregnant women, as the pandemic drags on. Otherwise, it warned, years of hard-won improvements in 
infant survival rates could be lost.

The potential scale of loss that the researchers found in Nigeria also points to how severely undercounted the global cost 
of COVID has been. As the researchers wrote, “A death resulting from the COVID-19 pandemic is just as much a death as 
one directly caused by COVID-19.”

MORE AT
www.rand.org/t/EP68756

Stillbirths and Newborn Deaths in Nigeria 
During the Pandemic

Research
Briefly

STILLBIRTHS INCREASED BY

22%
NEWBORN DEATHS INCREASED BY

23%
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Education for Undocumented 
and Asylum-Seeking Youth
More than half a million undocumented and asylum-
seeking children have come through the southwest U.S. 
border in recent years. School systems nationwide lack the 
staff, the services, and the financial support they need to 
accommodate them.

In fact, researchers identified seven states that would have 
needed to hire at least 1,000 new teachers just to main-
tain the student-teacher ratios in their classrooms. Those 
included the border states of California, Texas, and Florida, 
but also New York, Virginia, Maryland, and New Jersey.

RAND’s study looked only at children who turned them-
selves in to border patrol agents to seek asylum or were 
detained by them. By law, all children in the United States 
are entitled to a public education regardless of immigra-
tion status. Researchers estimated that around 575,000 
undocumented and asylum-seeking children made the 
journey from Honduras, Guatemala, El Salvador, and 
Mexico between October 2016 and September 2019, fleeing 
violence, poverty, and natural disaster.

Researchers believe most were still in the United States, 
their immigration status unresolved, in 2020—and most 
were enrolled in public K–12 schools. Districts along the 
border and on the East Coast had especially high percent-
ages of those students, but the researchers found that most 
districts in the United States have enrolled at least some 
undocumented or asylum-seeking children.

Those kids often don’t speak 
English. Many have experi-
enced trauma or shock, lack 
basic necessities at home, 
and test far below grade 
level for their age. Some 
districts have hired assistant 
teachers to help English 
learners in the classroom and built connections with social 
service agencies to assist them and their families.

But schools need more teacher training, better instruc-
tional materials, and more flexible funding to support 
those new students, the researchers found. The United 
States also needs to lock down agreements with Honduras, 
Guatemala, and El Salvador to transfer student records.

RAND’s study was the first to model how many undocu-
mented and asylum-seeking children have come across the 
border, and where they went. Federal policymakers need 
to start tracking that kind of data, the researchers wrote, 
to better anticipate surges of new students—and to ensure 
their schools have the support they need.

MORE AT
www.rand.org/t/RRA1326-1

Funding for this research was provided by gifts from RAND supporters and 
income from operations.

Robotics and Autonomous Systems 
in the Royal Australian Navy
To understand why the Royal Australian Navy might want 
to invest in autonomous ships and systems, just look at 
a map. Its operations cover an area reaching from the 
Indian Ocean to the Pacific, with China pressing in from 
the north.

Robots and other autonomous systems, with artificial in-
telligence, are especially well suited to the challenges that 
Australia faces, researchers with RAND Australia found. 
They can operate without rest for long periods of time, over 
enormous distances, without putting human sailors at 
risk. But getting them into the water in sufficient force will 
require the Navy itself to become much more agile.

The Navy’s newly formed directorate on robotics, 
autonomous systems, and artificial intelligence asked 
researchers to think through what state-of-the-art 
technology will look like in 2040, and what missions it 
could perform. By then, researchers forecast, artificially 
intelligent computers will be pervasive, able to control 

fleets of uncrewed air and sea vehicles. Navy crew 
members might never have to leave shore.

But getting there will require the Navy to be willing to 
invest in new and experimental technologies. The Navy 
also needs to find new ways to control and communicate 
with autonomous systems at the speed with which they 
will operate. And it needs to start planning now for a future 
workforce able to operate in a digital environment at least 
as much as a maritime one.

Australia plans to spend $75 billion over the next decade to 
modernize its Navy, with an eye toward countering China. 
As RAND Australia found, its future will be shaped not just 
by new submarines and patrol vessels, but by how well it 
can get ahead of the coming wave of advanced robotics and 
computer intelligence.

MORE AT
www.rand.org/t/RRA929-1
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Jacqueline Burns joined the U.S. Air Force because she wanted to help people, face to face, on the ground, 
whose lives had been torn apart by conflict or disaster. She was still in training when the attacks of 9/11 
changed the mission.

Burns, now a senior policy analyst at RAND, spent 12 years as an Air Force intelligence analyst during the 
wars in Iraq and Afghanistan. She left with a new resolve to not just help people caught up in conflict and 
violence, but to do what she could to prevent conflict and violence in the first place. She landed at the 
U.S. State Department, in the office of the U.S. special envoy for Sudan and South Sudan.

It was her dream job. The people of South Sudan had just voted overwhelmingly to break away from 
Sudan and build their own country. Sudan had let them go without a fight. It was a moment of possibility 
and optimism. It would not last.

The Q & A

Policy 
Analysis 

for Better 
Answers

Q You joined the South Sudan desk 
at a truly pivotal moment. What was 
that like?

A I started working about three weeks 
after South Sudan had gained its indepen-

dence. There was all this opti-
mism—but, at the same 

time, my portfolio when 
I started was looking 
for ways to mitigate 
the violence that was 
still happening on the 

peripheries. We wrote 
so many cables and press 

releases expressing grave concern about 
the increasing intercommunal violence, the 
tensions, the corruption we were seeing. 
It was not a big surprise when the country 
slid into civil war.

What was your role when it did?

I had transitioned to our negotiations 
team, mostly working on Sudan, not South 
Sudan. But I got a call on the day after 
Christmas in 2013: “How fast can you get 
to the region?” We spent an entire month 
holed up in the Sheraton in Addis Ababa 
[in Ethiopia]: me, the special envoy, other 
advisers from the international community, 
and members of the two warring parties. I 
think we left that hotel twice in the entire 
month. There was just this hope that, if we 
could get a ceasefire, then we could put 
everything back in the box.

What happened?

There was just a lack of political will, from 
both sides of the conflict, to resolve it and 

stop the killing and the suffering and the 
atrocities. It was just very frustrating, try-
ing to work with what seemed to be war 
criminals who didn’t really want to make 
any progress for their people.

What lessons did you take from that 
experience?

That we can’t resolve these conflicts from 
the top down. We’re sitting in these rooms, 
we’re working with these power brokers, 
the guys with guns, and they don’t really 
have any incentive to make any long-term 
changes. And there is an entire population 
of civilians who are just trying to survive 
and are looking for ways to resolve the 
conflicts. I worked with a lot of women in 
Sudan and South Sudan who were moti-
vated, who were dedicated, who were out 

Jacqueline Burns, a U.S. Air Force 
veteran, is a senior policy analyst at 
the RAND Corporation.
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there every day risking their lives to move 
the peace process forward. But they are not 
the people who get voices when it comes to 
deciding the future of their country.

What brought you to RAND?

It just became very clear to me that it 
wasn’t that we needed more pressure or 
more political will or even more money. We 
needed better answers. We were just trying 
the same things, over and over again, and I 
wanted to become a part of finding better 
solutions to these really complex questions 
of peace and security.

How has your experience in Sudan 
and South Sudan informed your work 
here at RAND?

I’ve been trying to apply this lens of looking 
at oppressive power structures and their 
consequences. This past year, I worked on a 
project on the cultural barriers to diversity, 
equity, and inclusion in the Air Force, so I 
was able to take that lens and combine it 
with my Air Force experience. I’ve also used 
that lens to look at power competition, 
globalization, and extremism.

We also did a project on crisis response in 
Africa, and specifically at how we respond 
to attacks on diplomatic facilities. And I 
knew what really happens on the ground—
what gets reported, what doesn’t get 
reported, the political considerations with 
the host nation if you do have to bring in 
outside support. You have to have been in 
the room before to really understand why 
things happen the way they do.

I wanted 
to become 
a part of 
finding better 
solutions to 
these really 
complex 
questions of 
peace and 
security.

JACQUELINE 
BURNS

Jacqueline Burns, bottom right, with former Special Envoy for Sudan and South Sudan, Ambassador Donald 
Booth, at an Internally Displaced Person camp in Darfur, Sudan, in 2016.

Is there an overarching question that 
you’re trying to answer?

It’s critical to look at oppressive power 
structures and how they touch all of these 
topics that we’re really interested in at 
RAND: international relations; great power 
competition; extremism; diversity, equity, 
and inclusion; peace and security. I’m 
really trying to bring that lens into all the 
work I’m doing now. How are these power 
structures at play? What does that tell us 
about what’s really happening? And, in that 
context, what recommendations will actu-
ally be useful for policymakers? 
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Senior U.S. military officials have 
also sounded the alarm. “We are 
witnessing a strategic breakout by 
China,” said Adm. Charles Richard, 
who oversees America’s nuclear ar-
senal as commander of U.S. Strategic 
Command. Secretary of the Air Force 
Frank Kendall III echoed that con-
cern, saying, “If they continue down 
the path that they seem to be on—to 
substantially increase their ICBM 
[or, intercontinental ballistic mis-
sile] force—they will have a de facto 
first-strike capability.” He added, 
“I’m not sure they fully appreciate the 
risks that they’re adding to the entire 
global nuclear equation.”

But there’s little reason for the 
United States to worry much about 
whatever the Chinese military is 

Commentary

The discov-
ery of what 
appear to be 
hundreds of 
new missile 
silos under 
construction 
in China has 
inspired argu-
ments that 

imply the United States needs more 
nuclear weapons. Matthew Kroenig, 
a Defense Department adviser during 
the Trump administration, suggested 
in a recent Wall Street Journal op-
ed that “the Pentagon should study 
whether it can meet its deterrence 
requirements with existing stockpile 
numbers” in case “an increase … is 
necessary.”

Edward Geist is 
a policy researcher 
at the RAND 
Corporation.

The U.S. Doesn’t Need 
More Nuclear Weapons 
to Counter China’s 
New Missile Silos
By Edward Geist
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building in these silos—and plenty 
of alternatives to building more 
nuclear weapons for dealing with it. 
The current U.S. nuclear arsenal was 
designed to guarantee deterrence 
even in the case of surprises such as 
this one. The nuclear weapons the 
United States already has should be 
adequate to counter the threat posed 
by new Chinese missiles even under 
very pessimistic assumptions. And 
if U.S. officials eventually decide 
they have to target the Chinese silos, 
nonnuclear weapons and sensors 
would provide a more credible 
deterrent than building additional 
nuclear weapons would.

There’s a lot we don’t even know about 
the Chinese silos. Many basic ques-
tions remain unanswered, including 
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how many will be built and how many 
weapons they’ll contain. The silo 
fields first came to public attention 
in June through the efforts of open-
source intelligence analysts who spot-
ted them in images from commercial 
satellites. The first two, in western 
China, probably will have 110 to 120 
silos each when completed. Because 
the structures in these fields closely 
resemble a known group of completed 
silos, analysts are confident that these 
are new missile fields. A third site in 
Inner Mongolia might become a simi-
lar silo field, but it is smaller and at a 
much earlier stage of construction.

For their part, Chinese commentators 
emphatically reject the notion that 
any of these sites are missile fields, 
instead proposing questionable al-
ternatives, such as that they are mis-
identified wind farms.

Something as benign as wind farms 
is far-fetched. But a plausible best-
case scenario is that some or many 
of the silos will remain empty. Some 
analysts believe China is constructing 
something of a shell game designed 
to make a smaller number of missiles 
harder for their adversaries to target. 
The worst-case scenario, of course, is 
that every silo will contain the largest 
missile it can hold, fitted with the 
maximum number of nuclear war-
heads. As far as U.S. targeting require-
ments are concerned, however, there’s 
hardly a difference between the best 
and worst case: Unless officials can 
reliably identify which silos contain 
armed missiles, the United States has 
to prepare to destroy all of them.

Until relatively recently, the Chinese 
nuclear arsenal was concentrated 
in a handful of fragile, liquid-fueled 
missiles that plausibly could be dis-
armed by a U.S. first strike. Diversifica-
tion—adding road-mobile ICBMs and 
missile submarines—has considerably 
improved the survivability of China’s 
nuclear arsenal. The silos could be part 
of that trend: By presenting a larger 
number of targets, it makes it likelier 
that some missiles will survive to 
retaliate. Chinese war planners might 
instead place their retaliatory hopes 
in the road-mobile ICBMs or their 
submarine-launched missiles. The silo 
fields then just serve as a “warhead 

sink” to frustrate U.S. targeters. The 
silos could also be launch positions 
for conventionally armed ballistic 
missiles, a category of weapon that the 
Chinese military has particularly em-
phasized. Or they could ultimately be 
loaded with missiles of different types 
armed with both nuclear and conven-
tional warheads.

But the specific objective doesn’t mat-
ter: The United States and its allies 
have ways to counter any threats the 
Chinese silo fields pose without the 
need for additional nuclear warheads.

For the sake of argument, assume that 
targeting each individual silo with a 
nuclear weapon is desirable and neces-
sary. (While many analysts have long 
argued against the wisdom of targeting 
adversary strategic forces, it has been 
U.S. strategic practice historically, 
and some recent scholarship con-
tends that it has been successful for 
U.S. strategic goals.) At present, there 
are about 270 apparent silos observ-
able in the three silo fields. If the third 
field grows to match the others, they 
will total about 350. Using the histori-
cal standard of targeting each missile 
silo with two warheads (to account for 
possible launch failures), this works 
out to about 700 warheads needed. 
This number is about half of the 1,550 
accountable warheads allowed to 
the United States under the terms of 
the New START Treaty, so it’s consider-
able, but not unmanageable.

Because of strained U.S.–Russian rela-
tions and U.S. domestic politics, New 
START could expire in 2026 without 
a follow-on agreement limiting the 
size of deployed U.S. strategic nuclear 
forces. This would allow Washing-
ton to start deploying some of its 
“upload hedge”—additional nuclear 
warheads available to be loaded onto 
existing missiles. The Biden admin-

The United States could 

use remote sensing or 

other intelligence means to 

ascertain where the actual 

missiles are located.

istration announced in October that 
the United States has 3,750 nuclear 
warheads in its active stockpile, and 
the Congressional Budget Office esti-
mated in August 2020 that uploading 
existing delivery systems to a total of 
3,000 deployed warheads could be 
accomplished at a one-time cost of 
about $100 million.

But deploying more nuclear weapons 
might not be necessary. If a “shell 
game” is China’s aim, the United 
States could use remote sensing or 
other intelligence means to ascertain 
where the actual missiles are located. 
This could enable planners to avoid 
targeting empty silos and minimize 
the needed weapons.

A real game-changer, however, would 
be a conventional weapon that could 
kill a silo without using a nuclear 
warhead. Such weapons were re-
searched extensively during the late 
Cold War. They weren’t achieved with 
20th-century technology, but prog-
ress in fields such as machine vision, 
terminal guidance, and geospatial 
mapping may make them feasible in 
the not-distant future.

A nonnuclear option would give a U.S. 
president a much easier choice for 
countering the silos. Such weapons 
would not violate the nuclear taboo or 
risk the hard-to-predict collateral 
damage of nuclear detonations.

The pursuit of nonnuclear “silo kill-
ers” might appear inimical to strate-
gic stability. Chinese leaders could 
perceive them as a tool to disarm 
their nuclear deterrent. But additional 
nukes would look even more threat-
ening to Beijing. U.S. officials could 
decide to pursue nonnuclear “silo kill-
ers” despite the risk to strategic stabil-
ity—especially if it is unclear whether 
the silos host conventional missiles or 
strategic nuclear ones. The possibil-
ity of nonnuclear weapons that could 
destroy the new silos might also give 
Chinese leaders pause: If their goal is 
a survivable second-strike force, then 
fields of missile silos may prove to be 
a hopelessly inadequate solution. 

A version of this commentary originally appeared 
on washingtonpost.com in October 2021. Commentary 
gives RAND researchers a platform to convey insights 
based on their professional expertise and often on their 
peer-reviewed research and analysis.
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News

L
os Angeles, once the 
U.S. capital of smog and 
sprawl, has vowed to lead 
the nation into a cleaner, 

greener future by stamping 
out carbon pollution. A small 
array of sensors installed late 
last year on the roof of RAND’s 
Santa Monica headquarters 
could help it get there.

The sensors sniff the air for 
carbon dioxide and other 
greenhouse gases. They’re part 
of an international effort to 
push forward the science  
of measuring urban 
emissions—a critical step 
toward reducing them.

“This will give us a much richer 
sense of where greenhouse 
gases are coming from, where 
they’re being absorbed, and, 
hopefully, how we can do a 
much better job of managing 
them,” said Robert Lempert, a 
principal researcher at RAND, 
whose contributions to the 
Intergovernmental Panel on 

Climate Change earned him 
a share of the 2007 Nobel 
Peace Prize.

Workers installed the sensors 
on RAND’s roof the same week 
world leaders met in Glasgow, 
Scotland, for a summit on 
Earth’s climatic future. The 
summit’s message was clear, 
even if the path forward was 
not: Without swift and sharp 
cuts in carbon emissions—in 
years, not decades—the world 
will not escape dangerous 
changes to the climate.

“We are digging our own 
graves,” António Guterres, 
the secretary-general of the 
United Nations, warned. “It 
is one minute to midnight on 
that Doomsday clock,” added 
British Prime Minister Boris 
Johnson.

But those carbon emissions 
don’t just hang in the air like 
an accusing finger over the 
factories and freeways where 

Measuring 
Greenhouse 
Gases in Los 

Angeles County
By Doug Irving, Staff Writer

RAND researcher Robert 
Lempert with the newly 
installed array of data-
generating sensors on 
the roof of RAND’s Santa 
Monica headquarters
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Carbon emissions don’t 
just hang in the air like 
an accusing finger over 
the factories and freeways 
where they come from. They 
blow around on the wind 
and drift into the upper 
atmosphere.

they come from. They blow around 
on the wind and drift into the 
upper atmosphere. That makes 
pinpointing their sources especially 
difficult—and regulating those 
sources, even more so.

Scientists in Los Angeles and 
other major world cities have been 
working on a potential solution. 
They use sensors on the ground 
to measure carbon and methane 
levels across their cities. Sensors 
on airplanes and satellites provide 
additional readings looking down. 

The result, when paired with data 
on weather and wind speeds, is 
a much more detailed, and much 
more accurate, picture of the 
ebb and flow of greenhouse gas 
emissions.

That should help scientists and 
city leaders track emissions to 
see whether their carbon-cutting 
efforts are working. “There’s an 
old cliché that I’m sure you’ve 
heard a million times: that you 
can only manage what you can 

measure,” former Vice President 
Al Gore said in a talk outside the 
Glasgow climate summit. Better 
satellite and computer monitoring 
of emissions, he said, “changes 
everything.”

The scientists working to make 
that a reality in Los Angeles call 
their effort the Megacities Carbon 
Project. They envision a time in 
the not-so-distant future when 
the air blowing across the world’s 
biggest cities can be sampled for 
greenhouse gases thousands of 
times every day.

Los Angeles has committed to 
become the first major U.S. city 
to break its reliance on fossil 
fuels like coal and gasoline, and 
to run entirely on clean, carbon-
free energy. The Megacities 
Carbon Project, run by NASA’s Jet 
Propulsion Laboratory and not part 
of the city’s efforts, currently has 
14 monitoring sites around the L.A. 
basin to track how its emissions 
vary by time and place.
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The latest site—the one on 
RAND’s roof—helps fill an 
important gap in the network. 
The building is just a few 
blocks from the beach in Santa 
Monica, on the western edge 
of the basin. Its sensors will 
sample air blowing in from 
the ocean when winds are 
coming from the west. When 
they switch—during the hot, 
dry wind events known as 
Santa Anas, for example—the 
sensors will catch air that has 
traveled across the entire city.

RAND has been working 
to address climate change 
for decades. It warned in a 
1968 paper that “CO2 from 
human activity could cause 
important changes of global 
climate during the next few 
decades.” In the 1980s, RAND 
researchers helped lead a 

scientific movement to ban 
the aerosols eating away at 
the ozone layer. Lempert, now 
the director of the Frederick 
S. Pardee Center for Longer 
Range Global Policy and the 
Future Human Condition, 
published his first RAND report 
on policy options to combat 
global warming almost 30 
years ago.

The new sensors on RAND’s 
roof aren’t especially 
noticeable, but Lempert said he 
hopes the data they generate 
will inspire a new generation 
of researchers to continue that 
search for solutions. “Climate 
change can be very abstract 
sometimes,” he said. “This 
gives us a very real, very tactile 
connection to finding solutions 
to the problem.” 

They envision a time in 
the not-so-distant future 
when the air blowing 
across the world’s biggest 
cities can be sampled 
for greenhouse gases 
thousands of times 
every day.

Top: Readings from the 
monitors at RAND will 
be incorporated into 
the Megacities Carbon 
Project. Above: Pardee 
RAND student Marissa 
Herron, in the control 
room. Background: NASA  
satellite imagery shows 
the California coast during 
a Santa Ana wind event.
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In 25 U.S. states, motorists accused of 
excessive speeding can face either a criminal 
misdemeanor or a traffic infraction, and the 
charge is at the discretion of law enforcement 
officers and the courts. Using data on 
speeding violations in 18 Virginia counties 
over a nine-year period, researchers found 
large racial disparities in who was convicted 
of a misdemeanor.

Infographic

WHOM OFFICERS 
CHARGED 
EXPLAINED 55%  
OF THE DISPARITY
Among cited motorists speeding at an 
excessive level, Black motorists were  
more likely than White motorists to  
be charged with a misdemeanor  
instead of an infraction. 

53%

37%

 WHY? 

• The county where the ticketing occurred
explained almost half of the racial
disparity in whom officers charged with a
misdemeanor.

• Law enforcement officers were much
less likely overall to reduce potential
misdemeanor charges to an infraction when
policing in counties where Black motorists
made up a larger share of the cited
motorists than in other counties.

CHARGED WITH A M ISDEME ANOR

POLICYMAKERS COULD 
ENFORCE SPEEDING 
LAWS IN MORE-
EQUITABLE WAYS
 Law enforcement stage 

Automated speed enforcement: Cameras 
could identify vehicles speeding above a 
set threshold, and citations would be issued 
automatically to the vehicle owner. Such a 
system would ensure that speeding laws are 
enforced without regard to a driver’s race  
or location. 

 Court stage 

Redesign traffic tickets: Tickets should 
more explicitly advise cited drivers whether, 
and when, they need to appear in court. 
An automated system could follow up with 
a text-message reminder about upcoming 
court dates.

Online court: Virtual hearings would require 
people to take less time off work, and 
would address issues with child care and 
transportation. Online platforms could also 
allow cited drivers to submit information to 
a judge, which would, in effect, mask their 
race and could limit disparate treatment. 
These platforms also could result in a more 
standardized process that could reduce the 
need to have an attorney present for the 
court hearing. 

WHOM COURTS 
CONVICTED EXPLAINED 
45% OF THE DISPARITY
Among motorists charged with a 
misdemeanor by law enforcement,  
Black motorists were more likely than  
White motorists to be convicted of  
a misdemeanor by the court. 

 WHY? 

• Black motorists were less likely than
White motorists to attend a required court
appearance.

• Black motorists were less likely than
White motorists to have an attorney
present in court.

• Black motorists were more likely than
White motorists to live in areas where
motorists were allowed to prepay their
misdemeanor ticket in lieu of appearing
in court (resulting in an automatic
misdemeanor conviction).

68%

52%
CONV ICTED OF A M ISDEME ANOR BY THE COURT

Black motorists cited for speeding were almost twice as likely as White 
motorists to be convicted of a misdemeanor when their speed was in the range 
that could qualify for the more serious charge.

19%

36%
C O N V I CT E D O F  A  M I S D E M E A N O R

W H I T E

B L A C K

Adapted from Racial Disparities in Misdemeanor Speeding Convictions by Shamena Anwar et al. Available for free 
download at www.rand.org/t/RRA1317-1
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Too Hot
The Challenge of Building International 
Consensus on the Use of Geoengineering to 
Combat Climate Change
By Doug Irving, Staff Writer

A FOCUS ON THE RESEARCH OF  
Michelle Grisé, Emmi Yonekura, Jonathan S. Blake, 

David DeSmet, Anusree Garg, and Benjamin Lee Preston

The snowstorm seemed to come out of nowhere. It coated the roofs of Beijing in a white 
glaze and brought traffic on a dozen highways to a standstill. The city, caught in the grip 
of a decade-long drought, had not seen so much precipitation in months. It was anything 
but normal.

In fact, the storm in February 2009 was the result of a remarkable confluence of cold 
air, cloudy skies, and 313 sticks of silver iodide fired into the 

atmosphere by weather engineers hoping to make something 
out of nothing. Their success in tinkering with the weather 
underscores a growing risk that has not received the serious 
international debate it deserves. What happens if someone 

in our ever-warming world decides to tinker with the climate?

Technologies that could block the sun’s rays or siphon huge amounts 
of carbon from the air are not that far out of reach, a recent RAND analysis found. They 
could have world-altering consequences that would make a snowstorm in Beijing look mild 
by comparison. Yet the international community has not built any real consensus around 
such basic questions as when such technologies would ever be used, how, or by whom.

“Some of these technologies have been almost taboo to talk about,” said Emmi Yonekura, a 
physical scientist at RAND who helped lead the study. “But if we don’t get our act together 
with climate mitigation, there might be real pressure to turn to them in the future. We want 
to make sure that we can do it safely and with some understanding in the international 
community.”
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Facing page: A Chinese meteorological 
worker prepares a rocket with cloud-
seeding chemicals in an effort to break a 
decade-long drought in Beijing.
Background: Snow falls over the Wumen 
Gate of the Forbidden City in February 
2009—the successful result, Chinese 
officials said, of their effort to seed 
the clouds with precipitation-causing 
chemicals.

It would 

only take one 

country—

watching its crops 

shrivel or its 

water run dry—

deciding to take 

a chance to set 

a global climate 

experiment in 

motion.
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I
n 1965, Lyndon B. Johnson received the 
first presidential briefing on climate 
change. At  the time, geoengineering—the 
intentional manipulation of the climate—
was presented as one of the only possible 

solutions. Proposals since then have ranged 
from the fanciful (dropping billions of white 
balls into the oceans to absorb sunlight) to the 
formidable (unfurling a giant sheet of reflective 
mesh between the Earth and the sun). Those 
ideas may sound “outlandish and upsetting,” 
one scientific journal acknowledged—but they 
could give us an emergency brake to pull if we 
can’t stop global warming.

Yonekura teamed up with fellow RAND re-
searcher Michelle Grisé, an expert in inter-
national law, to look at where geoengineering 
is now, where it’s going, and what the inter-
national community should do to prepare. They 
found that the technology is coming up fast. It’s 
the policy that has fallen behind.

Their analysis focused on two major lines of 
ongoing research.

One would scrub the air of carbon pollution. 
That could involve massive filters and under-
ground pumps—or it could mean seeding the 
oceans for phytoplankton and planting new 
forests to inhale carbon. It would be expensive. 
It would be slow. But it would take direct aim 
at the problem, slowing or even reversing the 
buildup of atmospheric carbon that is driving 
global warming.

The other option would seek to block some of 
the sun’s energy—not with a giant space mesh, 
but with tiny particles suspended in the strato-
sphere or dusted onto clouds to make them re-
flect more light. It would be quick and relatively 
inexpensive—but carbon would continue to 
build up in the atmosphere. If we ever let those 
sun-stopping particles dissipate, the effect 
could be the climatic equivalent of opening a 
shaken-up bottle of carbonated water.

“You can see how this could lead to conflict, if 
you have two countries with different interests,” 
Grisé said. “And what we found is that there’s 
really no road map for how to deal with problems 
that could arise as these technologies mature.”

It would only take one country—watching its 
crops shrivel or its water run dry—deciding to 
take a chance to set a global climate experiment 
in motion. The effects could get out of hand 
quickly. In 1991, for example, the eruption of 
Mount Pinatubo blasted tons of gas and dust 
particles into the upper atmosphere. Those 
particles cooled global temperatures by around 
half a degree Celsius, proof that it could be 
done. But that then shifted the jet stream, giv-
ing northern Europe an unusually warm winter 
while the Middle East froze.

Even carbon-removal technologies, often seen 
as necessary to avoid the worst outcomes of 
climate change, have drawbacks that could 
pit one country against another. They could 
disrupt ecosystems, and some would require 
vast amounts of water and energy, researchers 

Geoengineering Technology Technical 
Readiness

Cost Magnitude 
(in U.S. dollars) Time Scale Secondary Effects

Large-scale reforestation or 
afforestation focuses on conserving 
forests and jungles, as well as large-
scale planting of non-forested areas

HIGH 100 billion  
(for 1 GtC)a 

Increased fertilization and irrigation risk 
water pollution, nutrient runoff, and depletion 
of freshwater; microclimate alterations; 
unequal land-use burden on well-forested 
areas, likely developing countries

Bioenergy with carbon capture and 
storage captures CO2 released from 
bioenergy applications (e.g., biofuels, 
biomass burning) and stores it in 
geological formations underground 

MEDIUM Trillions
(for 100 GtC)

Emit CO2 via bioenergy processes and CO2 
capture; land-rights conflict from higher 
demand for agricultural land and fertilization; 
microseismicity; disposal of captured CO2 
is a concern

Direct air capture pulls CO2 out of the air  
via chemical or electrochemical means MEDIUM Trillions 

(for 100 GtC)
Scaling-up process requires large amounts 
of energy and water; threat of toxicity of 
chemicals; disposal of captured CO2 is  
a concern

Ocean iron fertilization adds iron into  
the ocean to increase phytoplankton,  
which store CO2 from the atmosphere

LOW/ 
MEDIUM

10 billion  
(for 100 GtC)

Surface cooling and/or sea surface 
temperature increase; ozone depletion; 
potentially produce other greenhouse 
gases, such as nitrogen oxides; ecosystem 
disruption with ocean acidification, algal 
blooms, and ocean oxygen depletion, 
causing loss of ocean life

SOURCE: RAND analysis with cost orders of magnitude based on review publications. 
a The forestation cost magnitude is shown only for 1 gigaton of carbon (GtC) because there is less capacity for this technology to scale up due to limitations on how much land can be made 
into forest. 

Select
Carbon Dioxide Removal
Technologies

DECADES

ABOUT A 
DECADE

ABOUT A 
DECADE

1–5 YEARS
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Perspective
EXPERT INSIGHTS ON A TIMELY POLICY ISSUE

CLIMATE
CONTROL
 International Legal Mechanisms for Managing the  

Geopolitical Risks of Geoengineering

found. Even planting a new forest could de-
plete water supplies and increase agricultural 
runoff—burdens that would mostly fall on less-
developed countries that have the space for new 
forests in the first place.

Yet the international community has not estab-
lished the kinds of guardrails you might expect 
for potentially world-changing technologies. 
That’s at least in part because it wants to keep 
the focus on the one sure pathway to a carbon-
free future—which is cutting carbon emissions. 
Anything else, one expert said, would be like a 
temporary painkiller. It might make us feel bet-
ter, but it wouldn’t cure the problem.

As a result, no single governing body is oversee-
ing geoengineering efforts on a global scale. 
What there are, instead, are laws and treaties 
that cover different areas but could provide 
some guidance for regulating geoengineering 
efforts. The Law of the Sea, for example, could 
prevent efforts to alter the oceans, such as by 
dropping in a billion white balls. A 1976 treaty 
prohibits the use of weather modification—
conjuring up a snowstorm, for example—as 
a weapon. But no international agreement or 
enforcement mechanism directly addresses 
geoengineering.

That’s a blind spot that the international com-
munity should address now, while the potential 
risks are still theoretical, researchers wrote. 
World leaders should establish international 
agreements on geoengineering, with provisions 
to ensure that technologies are well-researched, 

well-regulated, and well-supported before any 
use. They also need to establish clear sanctions 
if any country doesn’t follow the rules.

“We need to think through, how can we address 
this issue via international law and actually 
have it stick,” Grisé said. “How do we attribute 
harm? How do we build consensus when these 
technologies might have very different impacts 
on different communities? How do we integrate 
communities that might be disadvantaged, and 
make sure that their voices are heard?”

The U.S. National Intelligence Council warned 
last year that the lack of any international dia-
logue on geoengineering raises the risk that a 
country—or even a group—will try to go it alone 
in a way that risks conflict. The National Acad-
emies of Science have also pressed the United 
States to collaborate with other countries on 
geoengineering research. It would be “highly 
undesirable,” the British Royal Society added, 
for those technologies to come of age without 
international oversight.

The possibility that they might work means the 
pressure to use them will almost certainly keep 
rising with the global temperature. That puts 
an exclamation point on the need to get it right, 
starting right now. Every decade since Lyndon 
Johnson received that first presidential briefing 
on climate change has been warmer than the 
last. 

Geoengineering Technology Technical 
Readiness

Cost Magnitude (in  
U.S. dollars) for Watt per 

Square Meter (W/m2)
Time Scale Secondary Effects

Stratospheric aerosol injection 
(SAI) involves spraying 
inorganic particles (e.g., sulfur 
dioxide) into the stratosphere 
to reflect sunlight

LOW/ 
MEDIUM

Billions  
(for 2–5 W/m2)

Generally: higher latitude warming, changes in 
precipitation, ozone depletion, uncertain public 
health impacts from food/water contaminants, 
ocean acidification, high risk if SAI stops suddenly; 
northern hemisphere deployment: severe drought in 
sub-Saharan Africa and India; southern hemisphere 
deployment: rain failure in northeast Brazil, more 
hurricanes in North Atlantic 

Marine cloud brightening 
involves spraying particles 
into marine clouds to make 
them more reflective

MEDIUM Billions 
(for 0.8–5.4 W/m2)

Decreased precipitation and lower temperatures, 
adversely affects crops; South America warmer and 
dryer; less rain over Amazon basin; more tropical 
rainfall; risk to sudden stop, need to escalate over 
time

Space mirrors are large mirrors 
put into space (e.g., orbit at 
Lagrange point 1) to block and 
reflect solar radiation

MEDIUM Trillions  
(for < 0.6 W/m2)

Weather changes, potential decrease in biosphere, 
precipitation may decrease with temperature, regional 
shading and sunlight increase impacts agriculture

SOURCE: RAND analysis with cost orders of magnitude based on review publications.

Solar Radiation Management
Technologies

MONTHS

YEARS

YEARS
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Street 
Science

Effective Ways to Promote Public 
Participation in, and Understanding of, Science

By Doug Irving, Staff Writer

A FOCUS ON THE RESEARCH OF  
Ramya Chari, Sameer M. Siddiqi, Vishnupriya Kareddy, Elizabeth L. 

Petrun Sayers, Jaime Madrigano, and Lori Uscher-Pines

In Flint, Mich., a worried mother begins 
working with lab scientists and fellow 
community members to test the city’s 

water supply—and helps expose a lead 
crisis that may have sickened thousands. 
In Fukushima, Japan, community members 
build their own radiation detectors to measure 
the fallout from one of the worst nuclear 
disasters in history.

And on the gulf coast of Louisiana, a soft-
spoken community leader named David Gauthe 
surveys the damage from another hurricane 
and wonders what could possibly be in all the 
dredged-up muck smeared across every yard 
and garden.

They might not introduce themselves as scien-
tists, but when their communities needed help, 
science gave them the tools to make a differ-
ence. In recent years, “citizen scientists” like 
them have provided on-the-ground data and 
expertise on everything from chemical pollu-
tion to climate change to COVID outbreaks. 
Along the way, they’ve pushed science itself to 
become more responsive, more effective, 
and more transparent.

Researchers at RAND have now published a do-
it-yourself guide to citizen science that walks 
people with no scientific training through the 
steps of a successful project. It’s based on 
years of research showing how communities 
can make themselves safer, stronger, and 
more resilient with science.

“A lot of community citizen science efforts 
get started because people see gaps in 
how the government is responding to a 
disaster, or they mistrust the data and 
research coming out of big institu-
tions,” said Ramya Chari, a policy re-
searcher at RAND who has worked for 
years on citizen science projects. “It’s 
important to acknowledge that com-
munity members have a lot more to 
add to research than just being 
research subjects.”
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David Gauthe tests a soil sample as part of a 
citizen science project in southern Louisiana to 
identify oil and other contaminants. Gauthe and 
his wife, Sharon, helped organize the project 
through their community group, Bayou Interfaith 
Shared Community Organizing.
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A lot of community citizen 
science efforts get started 
because people see gaps 
in how the government is 
responding to a disaster, or 
they mistrust the data and 
research coming out of big 
institutions. 

 RAMYA CHARI
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A long tradition
David Gauthe and his wife, Sharon, live by the 
three constants of life on the bayous of southern 
Louisiana: water, oil, and hurricanes. When the 
Deepwater Horizon oil rig exploded in 2010, it 
brought to the surface a fear that had pulled at 
David Gauthe for years. How much oil contami-
nation lurked in the mud and water that hur-
ricanes heaved ashore all along the Gulf Coast?

The Gauthes and around 30 members of their 
community decided it was time for some 
answers. They were Black, White, and Native 
American. They included shrimpers, a medi-
cal doctor, a police officer, one 15-year-old high 
school student and two women in their 80s; the 
Gauthes worked for Bayou Interfaith Shared 
Community Organizing, a community group. 
They all knew any answers were going to have 
to come from them.

In that, they were exactly the kind of people 
RAND researchers had in mind when they 
wrote their guide. They described their in-
tended audience as “ordinary people, organiz-
ing through science and engineering to help 
disaster response and recovery.”

Citizen science has taken off in the past 15 
years, especially with the introduction of smart-
phones and social media. But the history of sci-
ence is, in large part, a history of citizen science. 
French wine growers have been keeping data on 
harvest times since the 1300s, with such preci-
sion that scientists are now using their numbers 
to study climate change. More recently, thou-
sands of parents in the 1950s and ’60s helped 
scientists track the fallout from nuclear tests 
by sending in their children’s baby teeth to be 
tested for radioactive isotopes.

Federal law now encourages agencies with 
scientific missions to use crowdsourcing and 
work with citizen scientists whenever possible. 
One recent study calculated that, in the field 
of biodiversity research alone, the work that 
citizen scientists put in could be worth up to  
$2.5 billion every year.

Yet professional scientists and policymakers 
have not always jumped to embrace citizen 
science projects. Some have raised concerns 
about the quality of citizen-generated data. 
Some have questioned whether citizen scien-
tists can really be impartial truth-finders in 
their own backyards. RAND’s toolkit—Citizen 
Science for Disasters: A Guide for Community 
Groups—has a counter premise: that in a time 
of deep uncertainty, good citizen science can 
help communities prepare for, respond to, and 
recover from disasters.
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Building trust in science
“It’s clear that these crises that are increasingly 
common, increasingly affecting large popu-
lations, really test the limits of public health 
agencies and what governments can do to re-
spond,” said Sameer Siddiqi, an associate policy 
researcher at RAND who coauthored the guide. 
“Citizen science is necessary to help communi-
ties meet these crises where they are.”

Researchers interviewed dozens of scientists, 
community leaders, and government officials 
to write their guide. They convened a panel of 
community and local government groups to 
advise them. They also surveyed hundreds of 
health departments for a companion toolkit to 
help local health officers engage with citizen 
scientists in their communities. The Centers 
for Disease Control and Prevention sponsored 
their work.

Their citizen science guide takes non-expert 
investigators from the earliest stages of defining 
their questions and setting their goals, through 
building their teams, and then on to planning 
for action. It provides worksheets, tips to find 
funding and volunteers, and case studies of 
what successful projects have accomplished. 
Checklists throughout help citizen science 
teams focus their questions, choose their 
methods, and know when they’re ready to start 
gathering data.

One key message the researchers wanted to 
get across: Citizen science can take whatever 
form is right for the community. It might be as 
simple as people self-reporting COVID or flu 
symptoms to help scientists track an outbreak. 
It could be people working side by side with 
scientists to solve a community problem, like 
that mother in Flint who helped lead a commu-
nity effort to collect and test water for lead. Or it 
could be a group of citizens who want answers 
and don’t want to wait for the professionals to 
take the lead.

That would be the Gauthes and their partners 
in southern Louisiana.

Over the course of a long weekend, they learned 
how to collect soil and water samples, test 
them, and interpret the results. They brought in 
scientists and researchers—including RAND’s 
Chari—as technical experts and advisers. They 
found a supplier in Houston who donated thou-
sands of dollars in testing kits and equipment.

When it was time for action, they fanned out 
across several parishes with test tubes, surgi-
cal gloves, and instructions to sample areas 
they thought were important. That meant 
marshes, bayous, a school playground, a 

church parking lot. Nobody was expecting 
what they found.

Many of the samples had at least a trace of 
industrial contamination. But only one had any 
significant amount of oil, and it came from near 
a gas station. Some of that may have been a tim-
ing issue; the team took its samples during a lull 
in hurricanes, and it’s possible they would have 
gotten different results at a different time. 

But even the results they did get pointed to 
areas for further study and, more importantly, 
provided a baseline from which to monitor 
the effects of future hurricanes. David Gauthe 
calls it one of the most successful projects of 
his career.

“One of the true values of all this was that it 
made people on the ground realize they could 
do something like this—and the scientific 
group realized people on the ground could do 
it, too,” he said.

“They learned that they were capable,” added 
Sharon. “No matter how young or old they were 
or how educated, they could go out and get infor-
mation that was valuable for the community.”

That’s a benefit of citizen science that can 
sometimes get overlooked in the rush to gather 
new data or answer new questions. It can bring 
a community together. It can give a voice to 
people who might not otherwise be heard. It 
can strengthen the social bonds that make a 
community resilient. 

It also gives people an inside look at how sci-
ence really works. “One huge benefit of citi-
zen science is just getting people engaged in 
research and understanding how these tools 
and techniques work,” Chari said. “It can help 
improve trust in science at a time when there’s a 
lot of mistrust.”

That’s what she saw in southern Louisiana. 
When the samples were in and the tests were 
done, someone asked the group: What if the 
Department of Environmental Quality had 
come in here, taken the same samples, 
run the same tests, and told you it 
found only small amounts of oil. 
How many of you would believe it?

Not a single hand went up. 

Citizen Science for 
Disasters: A Guide 
for Local Health 
Departments is 
available for free 
download at www.
rand.org/t/TLA175-1

Citizen Science for 
Disasters: A Guide 
for Community 
Groups is available 
for free download 
at www.rand.org/t/
TLA175-2
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Giving

I
t was the middle of another 
COVID summer. The 
Delta variant was surging. 
And schools were getting 
ready for the fall without 
really knowing what the fall 
would look like. Would par-

ents feel safe sending their children 
back to the classroom?

The Rockefeller Foundation asked 
RAND to find out. The result was a 
survey of thousands of parents that 
found stark differences along racial 
and ethnic lines and showed what 
schools could do to ease the return to 
class. Researchers briefed the White 
House and the U.S. Department of 
Education on their findings.

It was the latest project to bring 
together Rockefeller and RAND to 
answer some of society’s most press-
ing questions. Months earlier, the 
foundation had also sponsored a 
RAND study to look at what worked, 
and what didn’t, when schools pro-
vided COVID testing for students. 
Taken together, the two studies pro-
vided some clarity at the very moment 
school districts were trying to see  
the future.

“Neither study would have happened 
without Rockefeller,” said Heather 
Schwartz, the director of RAND’s 
Pre-K to 12 Educational Systems 
Program, who led the parent survey. 
“They were 1,000 percent important—
not just for us being able to do those 
studies, but for ensuring our findings 
had the high level of impact they did.”

Philanthropic  foundations like Rock-
efeller provide a critical source of 

Foundations provide a critical source of 
funding for RAND research on issues that might 

not otherwise find sponsors.
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funding for RAND research on issues 

that might not otherwise find spon-

sors. Grants from foundations have 

accounted for around 40 percent 

of the money raised thus far dur-

ing RAND’s fundraising campaign, 

Tomorrow Demands Today. That 

works out to just under $80 million.

The RAND–Rockefeller partnership 

provides a look at how important  

that funding can be. It’s been work-

ing for years to help make communi-

ties, and society in general, healthier, 

more equitable, more effective, and 

more resilient. When COVID shut 

down schools, it started asking what  

it would take to get them safely  

back open.

By Fall 2020, hundreds of public and 

private schools had started testing 

their students for COVID. Rockefeller 

sponsored a RAND study of those 

“early adopters” to see what other 

schools could learn from their exam-

ples. Researchers found that testing 

could be an effective tool to get stu-

dents back into their classrooms, but 

costs were high. They recommended 

that districts seek out partnerships 

with local health systems and health 

departments.

Members of Congress cited RAND’s 

research in a letter calling on the 

departments of Health and Human 

Services and Education to help accel-
erate state and local testing programs.

Rockefeller next funded a series of 
RAND surveys that asked thousands 
of parents whether they felt comfort-
able sending their children back to 
school. The surveys, in May and July 
2021, found that Black and Hispanic 
parents were much more hesitant. In 
the July survey, for example, 82 per-
cent of Black parents and 83 percent of 
Hispanic parents said their children 
would be in class in the fall, compared 
with 94 percent of White parents.

Two-thirds or more of Black, Hispanic, 
and Asian parents said they would feel 
safer if schools had better ventilation, 
had their teachers vaccinated, main-
tained social distancing, required 
masks, and provided regular testing. 
White parents were 13 to 36 percent-
age points less likely than Black par-
ents to say they needed those precau-
tions in place to feel safe.

The findings were meant to provide 
a  path forward—for schools, but also 
for The Rockefeller Foundation itself. 
In response, it pledged to “continue 
to do everything we can” to support 
schools and policymakers. “In-person 
learning is a continuing, clear priority 
for parents, but not at the expense of 
safety,” Andrew Sweet, the founda-
tion’s managing director of Covid-19 
Response and Recovery, said in a 
statement.

That is “an extremely meaningful 
finding,” he added, “as the pandemic 
evolves around us all.”  

For more information about giving, visit 
campaign.rand.org.
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RAND’s 
Got 
Rhythm

T
he title of RAND’s 1955 
classic, A Million Random 
Digits with 100,000 Normal 
Deviates, doesn’t exactly 
dance off the page. But a 
sound artist in New Zealand 

thought the work could make its own 
kind of music.

Paul Dunham created a sound 
sculpture to allow listeners to hear the 
sound of random. In keeping with the 
’50s vibe, he used a series of electric  
relays to represent numbers. Each 
creates a distinct click as it switches on 
and off. The result, as the relays work 
through a million random digits, is a 
clattering, chattering sonic machine. 
He calls it Click::RAND.

at RANDom

To see and hear Click::RAND in action, 
visit https://vimeo.com/537075741

By Doug Irving, Staff Writer

“I liked the idea of giving the book a 
voice,” said Dunham, a Ph.D. student 
in sonic arts at Victoria University of 
Wellington. “Click::RAND is more 
than just hearing a series of clicks. 
The work produces a series of pauses, 
breaks, and off-beats as patterns move 
between moments of synchronized 
and syncopated rhythms.”

A book of random digits might 
seem about as exciting as … well, a 
book of random digits. But having a 
million totally random numbers at 
hand is actually very useful. Internet 
encryption requires random numbers 
to protect everything from bank 
numbers to state secrets. Pollsters use 
random digits to ensure they’re calling 

an unbiased sample of potential voters. 
One submarine captain was reputed to 
keep a copy of RAND’s book with him 
on patrol, to help him chart courses no 
enemy could predict.

Dunham found his copy in a used 
bookstore in Germany. At the time, 
he was mulling how to coax sound 
from old computer punch cards. This 
is what he does; his art and research 
focus on revisiting old technologies to 
create new understandings of sound 
and rhythm. As he read in the book’s 
introduction, the first copy of A Million 
Random Digits was neither hardbound 
nor soft but printed on 20,000 computer 
punch cards.

Dunham wired together a panel of 
electromagnetic relays, the nerve 
cells of early computers that open 
and close to control the flow of 
electric current. He then fed A Million 
Random Digits into a computer that 
converted every number into a binary 
code. Those codes tell the relays 
when to open and close to match the 
numbers in the book.

No two relays sound exactly the same; 
some are softer than others, some click 
open and closed with a metallic ring. 
Momentary patterns seem to emerge 
from their random clicking, and 
then vanish just as quickly. In that, 
Dunham said, the work is a fitting 
metaphor for the unexpected rhythms 
of everyday life.

He has since expanded Click::RAND 
to multiple panels, whose random 
rhythms coexist and clash with one 
another. It’s clicked away at national 
and international exhibitions, and one 
panel is going on permanent display at 
Victoria University.

It’s not a quick listen. Total time for 
Click::RAND to click through all one 
million random digits: Around  
46 hours. 
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