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Thank you, Senators Manchin and Barrasso, and members of the Committee on Energy and Natural
Resources, for inviting me here to testify today on global climate trends and the progress we’ve made in
addressing climate change. I am a contributing and lead author to several global climate assessments,
including the Intergovernmental Panel on Climate Change’s Sixth Assessment Report and the United
Nations Environment Programme’s Emissions Gap Report. I also direct a research group, the Data-Driven
Environmental Policy Lab or Data-Driven Lab for short, based at the University of North CarolinaChapel Hill. Much of my research has focused on China and its contributions to global climate change
and energy policy. It is an honor to be here today to share with the committee my knowledge of global
trends and progress in addressing climate change.
The global climate’s status is dire, and the world has a small window remaining to make the drastic cuts
necessary to avoid the most dangerous impacts of climate change. Current national government policies
are inadequate to produce the drastic reductions that science dictates are needed to secure a safe and
prosperous climate future. We can see, however, that many countries have begun to acknowledge their
role in contributing to global climate change. More than 120 governments have made pledges to
decarbonize around the middle of this century or sooner. 1 There is also a large, understudied potential for
bottom-up climate actions from cities, state and regional governments, and businesses to build on national
efforts and create additional greenhouse gas emission reductions.
Maintaining primarily a global perspective, my comments are divided in four parts:
-

A stock-taking of the global climate - what are current greenhouse gas emissions levels and
trends and what global climate change impacts can we already observe? I will address global
trends from the perspective of energy and industrial-related emissions, while acknowledging that
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land-use based emissions from agriculture and forestry comprise 23 percent of global greenhouse
gas emissions. 2
-

Second, reviewing current policies and initiatives and their implications for meeting the global
goals of containing temperature rise within 2 degrees Celsius or the 2015 Paris Agreement’s 1.5
degree target, the threshold that scientists have established as a global tipping point beyond which
the world will experience the most catastrophic climate change impacts.3

-

I will focus in particular on China’s efforts to combat climate change and the country’s latest
pledge to decarbonize by 2060 or earlier. In the last two decades, China has implemented a
growing suite of climate and energy policies and recently unveiled plans to decarbonize its
economy - the world’s second largest - showing what is possible even in the world’s largest
emitter of greenhouse gases, and also suggesting opportunities for trans-Pacific collaborations
and productive competition.

-

Lastly, recognizing insufficient progress towards decarbonization, subnational governments and
business actors have in recent years stepped up to fill in the climate initiative shortfalls. Whether
the contributions from these actors will be sufficient to make up for limited progress elsewhere
remains an unanswered question.

1. What is the global climate’s current status?
The latest climate science literature describes in stark detail a narrowing window for meaningful climate
action. The Intergovernmental Panel on Climate Change (IPCC) reported in September 2018 on the
importance of restricting global temperature rise to 1.5 degrees Celsius above pre-industrial levels, and
yet, as of 2020, temperatures have already risen by about 1.2 degrees Celsius. 4 The IPCC reports that
exceeding this 1.5 degrees Celsius benchmark would result in increasingly dire environmental impacts:
sea level rise, extreme heat, ecosystems and species loss, and reductions to crop and fishery yields.5
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Climbing temperatures have caused the loss of more than 28 trillion tonnes of ice between 1994 and
2017 6, triggered oceanic thermal expansion and accelerated sea level rise.7 Changing precipitation
patterns have exacerbated flooding and drought, destroyed agricultural livelihoods and have made some
areas of the globe completely uninhabitable. 8
Despite the glaring importance of aggressive emissions reduction, efforts to combat global climate change
have had mixed results. Tracking global greenhouse gas emissions trends, between 2010 and 2019,
carbon dioxide (CO2) emissions increased at an average yearly rate of 0.9 percent, 9 despite a relative
flattening of global CO2 emissions from 2014-2016 10 and 2018-2019. The year 2019, however, saw
record high greenhouse emissions levels of 52.4 gigatonnes CO2e, with 65% of all GHG emissions
(including land use change) coming from fossil carbon sources. The global energy system is the primary
driver of these greenhouse gas emissions trends. The world’s energy mix is today composed primarily of
fossil carbon sources, with coal, oil, and natural gas comprising around 64% of global electricity
generation in 2018. 11
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The single largest short-term influencer of greenhouse gas emissions levels in the most recent decade,
however, is the COVID-19 pandemic. CO2 emissions reductions due to COVID-19-related shutdowns are
estimated to be between 7 and 9 percent - larger than previous record dips from other global events like
World War II or other economic downturns. 12 The largest share of emissions reductions stem from
reduced surface and air transport associated with the COVID-19 pandemic, although emissions growth
had begun to show signs of slowing prior to the pandemic in 2019. 13 The precipitous drop in global
greenhouse gas emissions has provided an opportunity for countries to consider post-COVID 19 recovery
plans with climate change and energy policy considerations.
There is a strong economic case for the transition away from fossil fuels to renewable energy. Costs have
continuously declined for renewable energy products, such that by 2019, 56 percent of all new utilityscale renewable generation capacity supplied electricity demand at a lower cost than the cheapest new
fossil-fuel options available. 14 This includes two-fifths of utility-scale solar PV operating at a more
affordable rate than the cheapest fossil fuel option in 2019, despite solar PV being 7.6 times more
expensive than fossil fuel options just ten years ago. Renewables demand under COVID-19 has remained
robust compared to demand for fossil fuels, and the share of renewables in the electricity mix increased
through 2020 for many large economies, including the U.S. 15 In 2020 over 70 percent of utility-scale
power that was added to the U.S.’s generation capacity was in the form of renewable energy. 16 Globally,
renewable energy sources in the electricity mix have grown aggressively, with over 27 percent of global
electricity generation supplied by renewables, up from 19 percent in 2010. The share of global electricity
demand filled by solar photovoltaics and wind technologies have grown fivefold since 2009 and together
supplied around 8.7 percent of total global generation. These global trends suggest that countries are
wizened to the multiple benefits of decarbonization, in terms of economic cost savings, energy security,
public health, and climate resiliency.
2. How are current policy efforts addressing global climate change?
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The science is clear - we need to get to zero emissions or net-negative by 2050 for a 66 percent chance of
containing global temperature rise within 2 or 1.5 degrees C, respectively. To meet this charge, the IPCC
states that global emissions must be halved by 2030 from 2017 levels and then fall to net zero by 2050. 17
Ideally, global emissions would have already peaked in 2020 to allow for emissions to steadily decline
and reach half by 2030 and then to zero by 2050. An analogy that has been used to illustrate the enormity
of the climate challenge is equating needed emissions reductions to falling off a cliff. If the world had
begun steadily decreasing emissions around 10 years ago, we would only need to have been reducing
emissions by 2 percent a year. Since we didn’t achieve those reductions, global emissions now need to
fall off of a cliff - decreasing more than an average of 7 percent a year until dropping to zero to keep 1.5
degrees C within reach. 18 Because the long-term temperature impacts of climate-warming emissions are
cumulative, what this means is that the world now has an even greater challenge to reduce emissions at a
faster rate than what was previously estimated. In the words of UN Emissions Gap Report scientists, we
now have “four times the work or one-third the time” to contain dangerous global temperature rise.19
The reality is that the current pace of reduction and the ambition of national government climate policy
efforts are woefully inadequate to stay within our remaining carbon budget, which at the start of 2018 was
only 420 gigatonnes of carbon dioxide. 20 At our current rate of emissions, we would deplete this entire
remaining budget within the next 10 years. 21 The 2020 UN Emissions Gap Report identifies a 29-32
gigatonne CO2-equivalent gap between current policies and projected emissions levels in 2030 that would
allow us to keep the 1.5 degrees Celsius goal within reach. 22 This “emissions gap” has widened four times
since 2010, 23 and has remained virtually stagnant for the last several years, prior to the COVID-19
pandemic. Translated into global temperature rise, scientists estimate that the world is on track to warm
more than 3 degrees C by the end of the century. 24 The Climate Action Tracker assesses current national
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policies are so insufficient that without additional and more ambitious effort, there is a 97 percent
probability that the world will exceed 2 degrees C temperature rise.
3. China’s plans to decarbonize by 2060
While the data show that countries’ track record for addressing climate change has not been adequate,
around 127 countries totaling more than 68 percent of the global economy have pledged to decarbonize,
including the world’s largest emitter of greenhouse gas emissions - China. 25 China’s President Xi Jinping
announced at the September 2020 United Nations General Assembly meeting that it would commit to
become carbon neutral by 2060. 26 Responsible for 28 percent of global greenhouse gas emissions, 27 China
joined a number of major economies, including France and the United Kingdom, which have codified
their 2050 net-zero targets into legislation, Japan, the Republic of Korea, Canada, South Africa, among
others. 28 This carbon neutrality pledge is significant for several reasons. China historically has only made
climate-related commitments bilaterally or in multilateral fora, such as the United Nations Framework
Convention on Climate Change (UNFCCC). The bilateral climate agreement between the U.S. and China
is largely hailed as being critical for securing the Paris Agreement, breaking years of impasse on climate
action between the two largest climate emitters.29 Instead, China unilaterally made its carbon neutral
pledge, outside of a specific climate or energy forum, and without any qualifiers or statements of
conditionality. If successful, China’s achievement of its carbon neutrality goal could cool the planet by
0.2-0.3 degrees Celsius by 2100 on its own. 30
It will be challenging for China to achieve this goal. The country will need to eliminate coal as part of its
energy mix, which in 2018 comprised around 62 percent of its total primary energy supply and generates
65 percent of electricity. 31 The world’s largest producer and consumer of coal, China also tops the world
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in terms of global installed coal-fired electricity power.32 Oil and natural gas are also prominent in
China’s energy supply, comprising 27 percent as of 2018. 33 They have a plan to completely phase out
coal by 2050 and generate 90 percent of all electricity from non-fossil sources, including renewables and
energy. 34 To do this will require a 16-fold increase in solar energy, a nine-fold growth in wind power, and
increasing nuclear power by six times and doubling hydroelectricity. 35 Achieving these goals will also
require China to push their original timeline for achieving their climate and energy goals earlier and more
aggressively. According to Tsinghua University, one of the country’s leading academic institutions
charged with developing China’s 2060 carbon neutrality roadmap, China will need to ramp the ambition
of its original 2015 Paris pledge, such as shifting its goal for making renewables 20 percent of its energy
mix five years earlier to 2025 as well as potentially increasing this target to 25 percent. 36 In 2020 national
governments were called upon to increase the ambition of their 2015 Paris contributions. Although China
at the time of writing has not yet submitted its “enhanced ambition” nationally-determined contribution,
the top leadership has signaled its intent to do so to align with its new carbon neutrality goals. 37
To meet these ambitious clean energy targets, China will need to grow their investments in renewable
energy to around $15 trillion USD between 2020 and 2050 - a number that is more than China’s entire
2018 GDP. 38 Two decades ago, China’s clean energy sector was virtually non-existent, but today China
top’s global clean energy investments with an average total around $100 billion USD each year - double
the United States and more than the United States and European Union combined. 39 These investments to
develop a national innovation system with clean energy at the center have paid off - China is a leading
manufacturer of wind, solar, and electric vehicle technology. China now leads the world in these
technologies; five of the 10 largest wind turbine manufacturers and nine of the world’s top 10 solar panel
manufacturers are Chinese-owned or operated. 40 More than two-thirds of the world’s solar panels and half
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of global wind turbines are produced in China. 41 China is also responsible for around 37 percent of
passenger electric vehicles and 99 percent of the e-buses sold globally since 2011. 42 They have installed
this technology at home at breakneck speed - doubling wind capacity every year from 2005 and 2009 and
now having the highest installed capacity of solar PV in the world - being the first country to surpass a
total of 100 GW installed in 2017. 43
The U.S. and the world can have confidence that China will meet its carbon neutrality target. The
country’s past record demonstrates that it has met or has come extremely close to meeting every single
energy and environmental target made. China is on track to overachieve its 2020 and 2030 carbon
intensity reduction targets, with some suggesting that emissions may peak between 2021 to 2025 - much
earlier than its “2030 or as soon as possible” Paris pledge. 44 Aside from the economic opportunities for its
clean energy industry, China’s climate actions have also been driven largely by domestic concerns over
air pollution, which is estimated to have caused around 1.8 million deaths or 17 percent of all deaths in
2019 in China. Substantial investments in air pollution control have also paid dividends in climate cobenefits. 45 Independent, satellite analyses of China’s air pollution reductions confirm these
achievements. 46
4. A groundswell of subnational and business climate action supports global climate efforts
While national climate policy efforts have stagnated in recent years, a groundswell of city, region, and
company actors are stepping up to fill the emissions gap. Climate policy scholars increasingly view city,
regional, and business actors’ engagement in global climate change governance as critical to meeting
national and international climate goals. Scaled-up participation from all levels of government and sectors
formed a key “pillar” of the Paris Agreement. 47 Currently, more than 10,000 subnational actors, 4,000
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businesses, 1,000 investors, among others have pledged some action on climate change. 48 These entities
pledge individual commitments or join voluntary initiatives, like C40 Cities for Climate Change
Leadership and the Science-Based Target Initiatives, which often commit actors to specific targets and
help connect cities, companies, and other actors to share knowledge, build capacity, disclose carbon
emissions information, and pursue other goals. Rather than a simple hub and spoke model of nation-state
centric governance, with the UNFCCC at the center, global climate governance is increasingly described
as a diverse ecosystem of actors, with multiple nodes interacting simultaneously.
Our research demonstrates that nearly 6,000 cities, states and regions, and over 1,500 companies could
lower greenhouse gas emissions by 1.2 to 2.0 gigatons of carbon dioxide equivalent/year (GtCO2e/year)
in 2030, compared to what would be achieved merely through national policies that are currently
underway. 49 This additional reduction amounts to roughly four percent of the world’s total annual
greenhouse gas emissions, or about as much as carbon Japan and Canada emit in a year. In the United
States, city, region, and company commitments could provide at least half of the emissions reductions
needed to meet its Paris pledge. 50 But these pledges are just the start - many subnational and corporate
actors have also committed to decarbonize. As of October 2020, 826 cities and 103 regional governments,
including 24 U.S. states, had made net-zero commitments, whether economy-wide or focused on a
specific sector (i.e., electricity or buildings).51 The population living in these cities and regions equals
around 880 million people or around 11 percent of the global population. Around 1,565 companies
representing 12.5 trillion USD have also joined in pledging a net-zero target. 52
Summary
The challenge ahead of the world in terms of the speed and pace required to reduce emissions is pressing.
How national governments design post-COVID 19 economic recovery strategies, in addition to individual
behavior responses, will largely determine how much global emissions rebound to pre-COVID-19
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levels. 53 The global pandemic has provided a narrow window for governments to reset their approach to
addressing climate change. The realities of precipitously declining prices for renewable energy options
and a demand for renewables that has remained relatively unaffected by the global pandemic provides the
space for renewable energy expansion to continue to contribute to emissions reductions and energy
security in tandem. Friendly competition in the renewable energy sector between major global powers can
be an effective vehicle towards decarbonization of the global economy and sustained progress towards
emissions reduction targets, and continued progress from subnational and business actors in reducing
supply chain emissions and switching to greener energy sources will help to fill in the gaps. The urgency
for humanity to get to zero emissions by mid-century remains if we are to stave off climate change’s most
pernicious effects, and even then the impacts will be felt all across the world.
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