
Explainer: How scientists know Earth is 
warming 

With satellites and ice cores, scientists can calculate the planet’s 
temperature. 

 

 
Scientists	can	use	ice	cores,	such	as	this	one	from	Greenland,	to	“see”	past	temperatures	on	
Earth.	JIHONG	COLE-DAI	

By	Sharon	Oosthoek.	November	24,	2015	at	7:00	am	

Temperatures on Earth can soar above 40° Celsius (104° Fahrenheit) and drop 
well below 0 °C (32 °F). Despite that variability, scientists can calculate a global 
average. Countries around the world have had reliable weather monitoring stations on 
land and sea since about 1880. In the 1960s, researchers also began taking the Earth’s 
temperature with the help of satellites. Satellites don’t measure temperature directly. 
Instead they measure radiation given off by oxygen that’s in Earth’s atmosphere. The 
intensity of this radiation is linked to air temperatures. Computer programs take all of 
these data and turn them into a global average. 

Scientists use temperature readings from both satellites and climate monitoring 
stations to show that 2014 was officially the warmest year on record — at least through 
2014. 



The temperatures have not stopped rising, however. By the close of 2015, 
temperatures were yet again about to hit a new record high. 

People have been keeping detailed temperature readings only as far back as 
1880. So scientists have to use other methods to calculate what earlier temperatures 
would have been. With these methods, they now can see that global temperatures have 
at times in the distant past been even higher than they are today.  

But the historical record also shows that over the past 100 years or so, 
temperatures have been rising exceptionally fast, notes Allegra LeGrande. She is a 
climate scientist at the NASA Goddard Institute for Space Studies and the Center for 
Climate Systems Research, in New York City. 

Isotopes are different forms of the same element that vary in their 
weight. LeGrande finds clues about past and present climates in oxygen and hydrogen 
isotopes. Warmer temperatures and drier conditions in the atmosphere lead to the water 
in rain and snow having more heavy isotopes of both oxygen and hydrogen. Cooler, 
wetter conditions lead to greater numbers of the lighter isotopes of oxygen and 
hydrogen. 

Glaciers and ice sheets trap samples of oxygen and hydrogen isotopes from 
Earth’s atmosphere going back about one million years. As more snow piles up, the 
snow on the bottom gets compacted into ice. A new layer accumulates each year. 
 

Scientists drill and remove ice cores — long tubes of ice — from glaciers. Each 
layer of the ice core contains hydrogen and oxygen going back further in Earth’s history. 
The amount of oxygen and hydrogen isotopes in each layer can tell us how warm or 
cold the climate was back then. 

 

Those ice cores show current warming is happening faster now than in the past. 
In the last million years or so, the planet has gone through a series of ice ages. The 
Earth got cooler, then warmed up. Research by the National Aeronautics and Space 

Temperature	readings	taken	since	
1880	have	shown	that	the	planet’s	
global	average	temperature	has	been	
steadily	increasing.	NASA	GODDARD	
INSTITUTE	FOR	SPACE	STUDIES  



Administration shows that during the periods of warming, global temperatures rose 4 °C 
to 7 °C (7.2 °F to 12.6 °F) over about 5,000 years. But in the past century, the 
temperature has climbed roughly 10 times faster! 

Temperatures are rising quickly now because of greenhouse gases, such as 
carbon dioxide and methane. When the planet’s ground and water are warmed by the 
sun, they radiate heat back out into the atmosphere. Greenhouse gases trap that heat 
close to the planet’s surface. That’s good, up to a point. Life on Earth needs that warmth 
to survive. But pollution is adding additional greenhouse gases to the atmosphere. This 
happens every time people burn fossil fuels such as coal, oil or gas. 

During the Industrial Revolution, people started to burn large amounts of fossil fuels. We 
are burning even more today. Since about 1750, carbon dioxide levels have increased 
nearly 38 percent (at least through 2009), according to data from the National 
Aeronautics and Space Administration. Methane concentrations have increased 148 
percent. And levels of both greenhouse gases continue to rise. 

That has been trapping a lot of heat. As a result, Earth is warming. 
 
  



Catch up with Climate Change Chronicles 
We spent a year documenting climate change around the globe 

 
Climate	change	is	underway,	and	affecting	the	entire	planet.	Science	News	for	
Students	dedicated	an	entire	year	to	the	topic	in	our	Climate	Change	Chronicles.	
MYILLO/ISTOCKPHOTO,	ADAPTED	BY	E.	OTWELL	

By Sarah Zielinski     September 11, 2019 at 5:45 am 

No single species has ever been responsible for big changes on Earth. Until now. 

Human activities — particularly the burning of fossil fuels — have emerged as a driving 
force in changing the chemistry of Earth’s atmosphere. That has caused Earth’s seas to 
become slightly more acidic. And it has warmed average temperatures near the planet’s 
surface and in its upper oceans. Those temperature changes have, in turn, altered 
climate worldwide. In response, species have begun to change where and how they 
live. 

During the 2018-2019 school year, Science	News	for	Students delved into those changes, 
with stories that focused on the new science behind them. From the start, we explored 
how Earth’s life — including humans — has begun to adapt. It’s a mistake to think that 
climate change is something that will only happen sometime later this century. These 
changes are underway now. 

These are the 10 main features from the series. Check out the additional 33 stories 
at Climate	Change	Chronicles. 



 

	
This	is	Malé,	the	capital	of	the	Maldives.	The	world’s	smallest	Asian	country,	this	nation	of	islands	sits	in	the	
Indian	Ocean	and	Arabian	Sea.	People	in	such	low-lying	island	nations	worry	that	even	a	small	sea-level	rise	

could	swallow	up	large	shares	of	their	land. 
TIMO	NEWTON-SYMS/FLICKR	(CC	BY-SA	2.0)	

Climate	change	sets	people	on	the	move		Scientists can now point to events around the 
globe — heat waves, droughts, floods, powerful storms and more — as evidence that 
climate change is no longer a figment of the future. And it can affect someone’s decision 
to leave or stay, even if they don’t realize it. Some move within their home country. 
Others cross borders to foreign lands. Some eventually return home. Others will never 
be able to return. So far, the numbers aren’t huge. But in the not-too-distant future, 
millions of people could find themselves migrating long distances in response to Earth’s 
changing climate. 

	
This	home	in	Rockport,	Texas,	was	destroyed	by	Hurricane	Harvey.	It	was	one	of	the	most	
destructive	hurricanes	in	history	—	and	worsened	by	human-intensified	climate	change. 

SGT.	1ST	CLASS	MALCOLM	MCCLENDON/ARMY	NATIONAL	GUARD	



Fingerprint	of	climate	change	shows	up	in	some	extreme	weather		Scientists analyze 
climate data with math and computer models to study weather events. They’re finding 
ways to quantify, or measure, the impact of climate change. They’re like sports 
scientists studying a player who hit 10 home runs in a single game. Did he have a really 
good night? Or did he cheat in some way? The best way to answer such questions is 
with the new science of “attribution” studies. 

The	odd	ways	that	weather	can	unfold	in	a	warming	world		Heavier rains and stronger 
storms are among the ways in which a warming world is making our weather weirder. 
Higher temperatures can trigger droughts. Heat waves become more likely, and 
droughts can worsen them. There can be changes to both global and local weather 
patterns. And the effects won’t always be what’s expected. In one truly odd twist, the 
continuing loss of summertime sea ice in the Arctic Ocean — one big result of a 
warming world — could make Siberian winters colder. What could be wackier than that? 

	
By	March	2018,	Cape	Town’s	Waterskloof	Reservoir	was	nearly	out	of	water. 

ZAIAN/WIKIMEDIA	COMMONS	(CC	BY-SA	4.0)	

A	wave	of	change	is	coming	to	our	planet’s	water	resources		People cannot exist 
without freshwater. Neither can other terrestrial animals or plants. When water becomes 
scarce, food and other essentials do, too. In fact, without enough freshwater, whole 
civilizations have crumbled. But freshwater isn’t always abundant. And as Earth’s 
climate changes, freshwater resources around the globe are headed for trouble. From 
Africa to Arizona, people are already feeling the effects. 

Climate	change	makes	seas	rise	faster	and	faster		Melted water from once-frozen land, 
glaciers and other places flows into the sea. That makes sea levels rise — not just in 
polar regions, but worldwide. Coastal areas and island nations around the globe are 
already dealing with the effects of rising seas. People can take some steps now to limit 
the worst impacts and help people adapt. But time to act is running short. 



	
This	2017	graph	shows	possible	ranges	for	average	global	sea-level	rise	in	the	future.	The	red	line	
shows	what	might	occur	if	greenhouse-gas	emissions	don’t	fall	from	current	rates.	The	yellow	and	
green	lines	show	what	could	happen	if	emissions	rates	slow.	Three	blue	lines	show	the	range	of	

possible	rise	if	current	emissions	stabilize. 
SWEET	ET	AL./NOAA	

The	big	melt:	Earth’s	ice	sheets	are	under	attack  Antarctica has lost three trillion tons 
of ice since 1992. But things could get much worse. Scientists fear that by 2100, the 
rate of ice loss could increase to more than 10 times what it is today. This rapid melt, 
spread over all of the world’s ice, could raise sea levels an extra 0.6 to 1.8 meters (2 to 
6 feet), putting coastal communities at risk. 

Shell	shocked:	Emerging	impacts	of	our	acidifying	seas  Through their industrial 
activities and the burning of fossil fuels, people have been pumping more and more 
greenhouse gases, such as carbon dioxide into the air. The ocean will absorb about 
one-fourth of that gas. There, it will react with water in ways that make the ocean slightly 
more acidic. People might never notice the change when going for a swim. But to 
organisms that call the sea home, acidification can be a major source of stress. 

Warming	pushes	lobsters	and	other	species	to	seek	cooler	homes  As the world 
warms, species are chasing their preferred temperatures. They’re spreading into places 
that were once too cold for them, and leaving those that are now too warm. As a result, 
old ecosystems — communities of species — are falling apart, and new ones are 
forming. Some species will be winners. Others will be losers. 



	
Different	groups	of	wildflowers	at	Mount	Rainier	National	Park	bloom	together	at	different	times.	

But	climate	change	could	jumble	what	blooms	with	what. 
MOUNT	RAINIER	NATIONAL	PARK/FLICKR	(CC	BY	2.0)	

Warning:	Climate	change	can	harm	your	health  Climate change is acting in many 
ways that can affect health. Between 2030 and 2050, a quarter million more people will 
die each year than would if climate change were not a factor, the World Health 
Organization now predicts. Threats range from extreme heat to more intense 
hurricanes. They also include wildfires and the increased spread of some infectious 
diseases. But the more scientists and engineers learn about climate change and its 
impacts, the better people will be ready to deal with them. 

Get	ready	to	eat	differently	in	a	warming	world  Climate change is affecting what we 
eat. With warmer temperatures and more pests, farms will produce less food. And 
farmers will have to work harder to grow what food they do bring to harvest. Some crops 
might even be less nutritious. We may eat less of foods that are vulnerable to climate 
change — such as wheat and corn — and more of those crops that can better tolerate 
drought. Think sorghum. (Mmmm … sorghum!) 

	
In	Egypt,	harvests	have	leveled	off	in	recent	years,	despite	farmers	having	made	improvements	that	

should	increase	yields. 
BENMM/ISTOCK/GETTY	IMAGES	PLUS	



ECOSYSTEMS 	

Predators as climate helpers 
In lakes and streams, fish and insects can help protect 
aquatic plants that gobble up greenhouse gas 
By Janet	Raloff 

February 18, 2013 at 5:25 pm 

This	freshwater	stickleback	eats	the	tiny	
animals	in	stream	water	that	graze	on	plants	and	algae.	This	predation	allows	
those	plants	and	algae	to	collect	and	store	carbon,	rather	than	letting	it	escape	
into	the	atmosphere.NICOLE	BEDFORD,	UBC 

Too few bugs or fish could affect Earth’s climate in a big way, by contributing 
to the buildup of heat-trapping gases in the atmosphere, a new study finds. It’s 
a surprising example of what can happen when communities in nature 
become unbalanced. 

Freshwater fish and insects normally feed on smaller aquatic animals. These 
include microscopic organisms called zooplankton. Those smaller guys in turn 
graze on algae and plants in the water. Those plants and algae don’t just sit at 
the bottom of the food chain. They also remove carbon dioxide from the water 
and release oxygen. It is a byproduct of photosynthesis. Algae alone produce 
about half the oxygen we breath. 

Trisha Atwood of Canada’s University of British Columbia in Vancouver 
wondered what would happen to carbon dioxide levels in an aquatic 



environment if there were too few fish and insects at the top of this food chain. 
So she designed tests to find out. 

A	small	well	of	water	has	collected	in	this	bromeliad,	growing	
in	Costa	Rica.	Over	time,	tiny	plants	and	animals	will	drift	in	from	the	air	and	
colonize	this	water.TRISHA	ATWOOD,	UBC 

In one experiment, Atwood diverted stream water into channels that she could 
control. For more than a year, she let the water in each channel naturally 
acquire living organisms. These included plankton — tiny animals, plants and 
algae that float. She also filled some large outdoor tanks with pond water and 
sediment, or debris that settles at the bottom of a liquid. Over many weeks, 
life naturally began to colonize these fake ponds too. Atwood’s team also went 
to Costa Rica to work with plants known as bromeliads. The center of each 
plant forms a tiny well, right where its leaves emerge from the stem. These 
wells collect maybe a tablespoon of water. The researchers let this water 
naturally accumulate living organisms too. 

At the start of the experiment, the stream channels, ponds and bromeliad 
wells all contained a natural mix of photosynthesizing organisms and the 
zooplankton that eat them. The scientists then added a typical predator to half 
of each type of community, or ecosystem. For instance, half of the stream 
channels got a small fish called the three-spined stickleback. Half of the ponds 
got stonefly larvae. And half of the bromeliad wells got damselfly larvae. Once 
introduced, these predators began eating zooplankton. 

Scientists	inserted	predators	like	this	damselfly	larvae	into	
some	ecosystems.	It	fed	on	tiny	animals	living	in	the	water	of	a	bromeliad.EDD	
HAMMILL,	UBC 

Later, the scientists measured the carbon dioxide levels in each water body. 
They found a sharp difference between those ecosystems with top predators 



and those without. On average, there was 93 percent more carbon dioxide in 
the water without a stickleback, stonefly or damselfly. Atwood’s team reported 
its findings online Feb. 17 in Nature Geoscience. 

Why more carbon dioxide? Without a predator to feed on them, the 
zooplankton simply multiplied out of control, explains coauthor John 
Richardson. He’s an ecologist at the University of British Columbia. And too 
many of those grazing animals, he says, left behind too few tiny plants and 
algae to suck up carbon dioxide from the water and store it in their tissues. So 
carbon dioxide levels in the water rose. 

Climate scientists note that Earth will suffer excessive warming if levels of 
carbon dioxide and other greenhouse gases in the atmosphere get much 
higher. That’s why scientists have been looking for ways to encourage living 
organisms to act like a sponge, mopping up and storing much of that carbon 
dioxide. These carbon-storing species include trees, grasses and algae. 

“Predators are disappearing from our ecosystems at alarming rates because 
of hunting and fishing pressure and because of human induced changes to 
their habitats,” says Atwood. 

This new study suggests that carbon-storing plants and related species may 
have trouble mopping up the carbon dioxide if our activities continue to kill off 
top predators, she says. 

The new findings make sense, says James Estes. An ecologist at the 
University of California, Santa Cruz, he did not participate in the research. 
Anything that promotes carbon uptake by plants will keep carbon dioxide from 
moving into the surrounding environment, Estes says. That is just what the 
predators did in the new study, by reducing zooplankton populations. Several 
other research teams (including his) have investigated this idea. But they 
didn’t look at as broad of a range of ecosystems as Atwood’s team did. Estes 
concludes that the new findings suggest this predator effect “may be fairly 
general.” That means it might not just at work in freshwater ecosystems. 

 

	



The global transition to clean energy, 
explained in 12 charts 

Despite all the progress, we’re still struggling to hit the climate emergency brake. 

By	David	Roberts@drvoxdavid@vox.com		Updated	Jun	26,	2019,	9:42am	EDT	
	

	
Shutterstock	

As you might have heard, the	planet	is	warming	up, and in response, people are trying to 
switch to cleaner energy, to heat it up less, or at least more slowly. So how’s that going? 

A report released this month goes into that question in considerable detail. The Renewables	
Global	Status	Report (GSR), released annually by the Renewable Energy Policy Network for 
the 21st Century (REN21, a think tank), digs into the growth rates of various energy sources, 
the flows of clean energy investment, and the world’s progress on its sustainability goals. 

It is a treasure trove of information. It is also ... really long. 250 pages long. So many words!  

In an effort to save you, the modern information consumer, precious time, I have gone through 
the report and extracted the 12 charts and graphs that best tell the story of clean energy as of 
2018.  

Before we get started, a few background facts.  

First, we’re still moving in the wrong direction. Global carbon emissions aren’t falling fast 
enough. In fact, they aren’t falling at all; they were up 1.7	percent	in	2018. 

Second, we’re still pushing in the wrong direction. Globally, subsidies to fossil fuels were up 11 
percent between 2016 and 2017, reaching $300 billion a year. 



And third, the effort to clean up is flagging. This week brought some good news for the United 
States — more of America’s electricity came from clean energy than coal for the first time ever 
in April, as Bloomberg reported Tuesday. But the GSR report reveals that total investment in 
renewable energy (not including hydropower) was $288.9 billion in 2018 — less than fossil fuel 
subsidies and an 11 percent decrease from 2017.  

This is all bad news. The public seems to have the impression that while things are bad, they 
are finally accelerating toward something better. It’s not true. Collectively, we haven’t even 
succeeded in reversing direction yet. Despite all the progress described below, we’re still 
struggling to get ahold of the emergency brake. 

That grim context established, let’s jump in. 

1)	Renewables	are	pulling	ahead	in	the	power	sector. 

To start with some good news: The shift in the electricity sector has effectively become 
unstoppable. Globally, more renewable energy capacity has been installed than new fossil fuel 
and nuclear capacity combined, for four years running. Some 181 GW of new renewables 
capacity was installed in 2018; it now makes up more than one-third of global installed power 
capacity. These are mainstream power sources, here to stay. 

REN21 

2)	Solar	photovoltaics	are	leading	the	power	sector	charge. 

As you can see in the chart below, additions of wind and bioenergy capacity have been fairly 
stable; hydropower is down a bit. The primary reason renewable capacity additions are growing 
is the rise in solar photovoltaic (PV) panels.  

Of the new renewable energy capacity installed in 2018, 55 percent (about 100 GW) was solar 
PV; wind power had 28 percent, and hydropower 11 percent. The future of the world basically 
depends on solar continuing to boom. 



	
REN21 

3)	China	is	leading	the	solar	PV	charge. 

Why is solar PV rising so rapidly? Mostly China.  

The graph below also shows rapid solar PV growth in the US, Japan (thanks to Fukushima and 
the subsequent shutdown of nuclear), and, more recently, India.  

	
REN21 

4)	In	fact,	China	is	leading	all	the	charges. 

When it comes to energy, China is usually the biggest and the most, no matter the category. It 
was responsible for 32 percent of all global renewables investment in 2018. It was the lead 
investor in, and leads the world in installed capacity of, hydropower, solar PV, and wind.  

(A couple of things to note on the graph below: Japan’s unusually high proportion of solar and 
the comparatively large role of bio-power in the EU and US.)  



	
REN21 

5)	Renewable	energy	is	starting	to	make	a	dent	in	electricity. 

All the growth and investments in renewable electricity are starting to add up. Renewables 
represent more than a third of the world’s installed capacity and, as the graphic below shows, 
more than 26 percent of global electricity produced.  

That said, hydropower, at almost 16 percent, makes up more than half the renewables total. 
What people tend to think of as renewables, wind and solar, make up only a combined 8 
percent. Even in electricity, renewables have a long way to go. 

	
REN21 

6)	Solar	is	creating	the	most	jobs. 

An important aspect of the political economy of renewables: Solar PV creates more jobs. It 
accounts for the bulk of the world’s renewable energy jobs, despite being a minority of 



renewable energy capacity. Wind, which leads solar in capacity, creates far fewer jobs. Solar 
PV is very labor-intensive. 

	
REN21 

7)	But	electricity	is	only	part	of	energy	consumption,	and	not	the	largest	part. 

Outside of electricity, good news is harder to come by. Where renewables are 26 percent of 
global electricity, they represent less than 10 percent (renewable electricity less than 2 percent) 
of heating and cooling and just 3.3 percent (renewable electricity only 0.3 percent) of 
transportation energy.  

Heating and cooling, at 51 percent of global energy use, mostly run on natural gas and oil. 
Transportation, at 32 percent of global energy use, mostly runs on gasoline and diesel.  

What’s worse, policy is still overbalanced toward power.  

There are 169 countries, at the national or state/provincial level, that have passed renewable 
energy targets. Meanwhile, the report says, “only 47 countries had targets for renewable heating 
and cooling, while the number of countries with regulatory policies in the sector fell from 21 to 
20.” Fewer than a third of all countries worldwide have mandatory building codes, “while 60% of 
the total energy used in buildings in 2018 occurred in jurisdictions that lacked energy efficiency 
policies.” Only about a quarter of industrial energy use is covered by industrial energy-efficiency 
policies.  

It’s not much better in transportation, where “fuel economy policies for light-duty vehicles existed 
in only 40 countries by year’s end and have been largely offset by trends towards larger 
vehicles.” 

Carbon pricing isn’t helping much either. “Carbon pricing remains acutely under-utilised,” the 
report says. “By the end of 2018, only 44 national governments, 21 states/provinces and 7 cities 
had implemented carbon pricing policies, covering just 13% of global CO2 emissions.” 

This is the story in	the	US and in the world at large: Renewables are starting to make a dent in 
electricity, but they are lagging badly everywhere else. 



REN21 

8)	Transportation	is	showing	signs	of	rapid	movement	toward	electrification. 

While transportation is still dominated by fossil fuels, a shift is underway. In 2018, “the global 
number of electric passenger cars increased 63% compared with 2017,” the report says, “and 
more cities are moving to electric bus fleets.” 

Here, too, China is outpacing the rest of the world, though shoutout to the tiny country of 
Norway, whose aggressive	EV	policies have it showing up in global statistics.  

	
REN21 

9)	Cities	are	outpacing	countries	on	clean	energy. 

There’s a special report-within-the-report about the booming prospects for clean energy in 
cities worldwide. On average, cities — which represent 65 percent of global energy demand and 
house more than half the world’s people — use a higher percentage of renewable electricity 



than countries. Already, there are at least 100 cities around the world using between 90 and 100 
percent renewable electricity. At least 230 have set a 100 percent renewable energy goal in at 
least one sector.  

	
REN21 

10)	Progress	is	being	slowed	by	fossil	fuel	subsidies. 

Every year, the countries of the G20 get together, decry fossil fuel subsidies, and promise to roll 
them back. And every year, fossil	fuel	subsidies	grow — rising 11 percent to $300 billion in 
2017. “While at least 40 countries have undertaken some level of fossil fuel subsidy reform 
since 2015,” the report says, “fossil fuel subsidies remained in place in at least 112 countries in 
2017, with at least 73 countries providing subsidies of more than USD 100 million each.” 

Globally, that is “about double the estimated support for renewable power generation,” the 
report says.  

And that’s just direct subsidies. As my colleague Umair Irfan reported, a recent paper from the 
IMF estimates total fossil fuel subsidies — both direct, in terms of tax and cash transfers, and 
indirect, in terms of unpriced environmental damages — reached $5.2 trillion in 2017.  

And they are concentrated in countries where they will be difficult to root out. 

	
REN21 



11)	Energy	intensity	is	declining,	but	not	nearly	fast	enough. 

Every climate model that involves humanity hitting its carbon targets involves rapid declines in 
“energy intensity,” i.e., the amount of energy used to produce a unit of GDP. In theory, if you 
can reduce energy intensity fast enough, you can offset the natural rise in energy consumption 
(from population and economic growth) and even cause total energy demand to decline. 

In theory, anyway. In reality, global energy intensity has declined just 2.2 percent in the past five 
years. That has not been enough to offset the rise in global energy demand, which crept up 1.2 
percent. 

Energy intensity is declining at around 0.4 percent a year. To hit midcentury global 
decarbonization targets, global energy intensity would need to decline by between 4	and	10	
percent	a	year. That means the world needs to accelerate efficiency and electrification rates by 
about 10 times. 

	
REN21 

12)	Renewables	have	a	long	way	to	go	and	a	short	time	to	get	there. 

So what does all this add up to? One (admittedly imperfect) way to mark the progress of 
renewables is to measure them against total final energy consumption (TFEC), which adds up 
all energy consumed worldwide.  

As of 2017, fossil fuels were still providing about 80 percent of humanity’s energy, which is 
roughly what they’ve been providing for decades. Excluding traditional biomass, with all its 
problems around clearcutting, monocropping, and competing with food for land, you’re left with 
about 13 percent plausibly climate-friendly energy (different people may want to exclude other 
sources as well, but the larger point stands).  

That 13 percent needs to get to 100 percent, or close to it, by 2050 — which is, you will note, 
just 30 years away. Thirty years ago, I was 17, listening to heavy metal and drinking wine 
coolers at barn parties. It doesn’t seem like that long ago. 
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Why is TFEC a flawed measure? Because a huge, huge chunk of that energy consumption is 
waste. If you look at a “Sankey	diagram”	of	US	energy	use, which shows the origin and 
destination of all energy sources, you’ll see that fully two-thirds of the energy that enters the 
economy ends up “rejected,” i.e., wasted.  

That’s because fossil fuel combustion is wasteful. Mining or drilling fossil fuels, transporting 
them, refining them, burning them, converting them to useful energy, using the energy, 
disposing of the waste and pollution — at every single stage of that process, there is loss. 
Burning fossil fuels, for electricity, heat, or transportation, inherently involves enormous levels of 
waste.  

Renewable electricity, which will	be	the	world’s	primary	energy	source if it is to tackle climate 
change, is simpler. It involves no combustion and fewer conversions generally. Electric motors 
are simpler than combustion engines, with fewer moving parts, substantially lower maintenance 
costs, and much higher efficiency. Electrified heating and transportation sectors can be 
integrated into electricity grid operations, creating system efficiencies.  

In short, economies running on renewable electricity will consume less energy because they will 
waste less energy. They might not consume two-thirds less — waste will never reach zero, and 
there will be some rebound	effect that comes with greater efficiency — but they certainly won’t 
need to replace the full 80 percent fossil fuels is providing now. And renewable electricity will 
radically reduce overall energy intensity, even if all it does is substitute for current energy uses. 

So the task ahead isn’t as daunting as it might appear from that last chart ... but it’s still pretty 
daunting. Even if overall energy demand falls, all renewables will need to grow, rapidly, across 
all economies.  

The world’s governments urgently need to look past the sparkly good news in the electricity 
sector and bear down on heating and transportation, where most of the energy is being 
consumed. Energy systems need to be rapidly electrified	and	integrated, which will require 
policy support at every level. 

They could start by getting rid of those damn fossil fuel subsidies. 



Photographing wildflowers and other ways 
you can help fight climate change 

Even nonscientists can take part in climate and conservation 
research 

 

 
With	the	help	of	volunteers,	scientists	are	monitoring	wildflowers	on	Mount	Rainier	as	part	of	climate	change	

research.	
MOUNT	RAINIER	NATIONAL	PARK/FLICKR	(CC	BY	2.0)	

By Sarah Zielinski  April 11, 2019 at 5:35 am 

Climate change can seem like a problem too big for any one person to bother tackling. 
But that doesn’t mean that people are just sitting on the sidelines waiting for the 
inevitable. There are kids who have	sued	the	U.S.	government. More than a million 
students and other people worldwide took to the streets in a one-day	strike	on	behalf	of	
the	climate. And scientists, of course, do research to help inform the public about what’s 
happening to the world around us. 

Many of those scientists could use some help. And sometimes they don’t need scientific 
experts. Average citizens can supply what they need. Experts refer to these helpers 
as citizen	scientists. 

“There [are] really great volunteer programs,” says Janneke Hille Ris Lambers. She’s an 
ecologist at the University of Washington in Seattle. And she runs one of these many 
projects. Called MeadoWatch, it focuses on a phenomenon called phenology (Feh-
NOLL-uh-gee). This term refers to the fact that the timing of many life events, such as 



when flowers bloom, is seasonal. Scientists want to know if that timing is changing as 
the planet warms. 

But research into other, non-climate-related areas of conservation also can help, says 
Hille Ris Lambers. That’s because climate change often isn’t the only type of stress that 
organisms have to deal with. There are other factors, ranging from the illegal wildlife 
trade to overfishing and pollution. If scientists can figure out how to eliminate those 
other factors, then species should have a better chance of being able to deal with 
climate change. 

Scistarter and Zooniverse are two websites that list citizen-science projects in which you 
can take part. An internet search for “citizen science” and your city, state or country can 
also bring up local projects that may be seeking volunteers. Here’s a sampling of what 
such projects might involve: 

MeadoWatch 

This project, out of the University of Washington, is looking at how climate change is 
affecting wildflowers on Mount Rainier. Volunteers collect data along hiking trails about 
when wildflowers bud, flower, fruit and produce seed. The project is also collecting	
photosof wildflowers from across Mount Rainier National Park. 

Great	Backyard	Bird	Count 

For four days every February, volunteers around the world count	birds in 15-minute 
sprints. These observations can be made anywhere, including your own backyard. The 
counts provide scientists snapshots of data on where birds are found, and how many 
there are. Since the count has been going on for more than 20 years, researchers can 
now answer questions about how these patterns may be changing with time. That 
includes how diseases and climate change may be affecting these populations. 

Weather	Rescue 

People have collected weather data for a very long time. And many of these early 
weather records still exist. But for scientists to use them, data from handwritten, paper 
records need to be digitized — entered into a computer. This is usually not something 
that a computer can do well on its own. With Weather Rescue, British researchers are 
using online volunteers to transcribe daily measurements that were taken in Europe 
starting in the 1860s. That was before temperatures began to rise because of global 
warming. These data will provide a useful baseline for future research. 

Water	Monitoring	in	Minnesota 

Residents of Minnesota can sign up to be a volunteer water monitor for the Minnesota 
Pollution Control Agency. Volunteers are assigned a lake or stream. Twice a month 



during the summer, they take measurements of water clarity. Those data let the 
government see whether water clarity has been changing over time as well as assess 
the health of those waterways.  

Redmap 
 
Gretta Pecl is a marine ecologist in Australia at the University of Tasmania in Hobart. 
She studies where marine species are moving in response to climate change. She set 
up a program called Redmap. It asks people to report “uncommon” marine species that 
they’ve seen in Australian waters. “We wanted to have an early indication of what 
species were moving where they live,” she explains. But the program also helps when 
she is talking to the public about climate change. “I think it’s a more powerful 
conversation, if you can start off from the point of view of what other people are bringing 
to the table.” 
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SEWANEE, Tenn. — Blooming began early this year in Tennessee. In February, spring 
peepers made my ears ring as I walked through wetlands east of Nashville’s honky-
tonks. These frogs were a month ahead of their normal schedule. 

But what is normal in a year when the calendar says spring starts Monday, yet the 
season started weeks earlier for plants and animals? When New York was clipped by a 
snowstorm last Tuesday, the streets had already been dusted with pollen from early-
blooming red maples. 

Spring has been particularly hasty and irregular this year, but this is no anomaly. In the 
latter half of the 20th century, the spring emergence of leaves, frogs, birds and flowers 
advanced in the Northern Hemisphere by 2.8	days	per	decade. I’m nearly 50, so 
springtime has moved, on average, a full two weeks since I was born. And you? We now 
experience climate change not only through the abstractions of science, but also through 
lived experience. 

Early spring felt good; early spring felt dreadful. Now, whiplash as we slam into a 
snowbank. This is the motion sickness of climate change: The world lurches, and our 
bodies know that all is not well. What we experienced as spring, a predictable 
appearance of buds and birds, is passing away. Our children will live in uncharted, 
unnamed seasons. 



In the forests here in Tennessee, instead of tracking foxes in winter snow, I spent 
February being startled by precocious bloodroot and other wildflowers piercing the leaf 
litter. Phoebes sallied after sun-warmed flying queen ants and spring azure butterflies. 
Japanese quince bloomed in garden hedges before January was over, multiflora rose 
broke bud on Valentine’s Day, and Mardi Gras came with Bradford pears in bloom. 
Then, in March: snow. A month after frogs sang through 70-degree evenings, freezes in 
the teens brought silence. 

Time-lapse	images of springtime’s advance this year look like a heat rash washing over a 
continent, south to north. The cold compress of last week’s storm is only a temporary 
salve. Spring came about 20 days early in the Eastern and Midwestern United States, 
according to the government’s National	Phenology	Network (phenology is the study of 
the seasonal timing of biological events). Even with the snowstorm, cherry blossoms a 
few steps from the White House and the headquarters of the Environmental Protection 
Agency are greeting the new occupants with startlingly	early	growth	and	blooms. 
According to the National Oceanic and Atmospheric Administration, February was 
the second	warmest of the past 123 years in the contiguous United States, and the 
warmest ever in	New	York	and	15	other	states. NOAA predicts more higher-than-normal 
temperatures in the East	and	South	in the coming weeks. 

It’s not just children in the United States growing up in transformed seasons. Relative to 
just 30 years ago, satellite sensors report, the seasons are now changed	over	95	percent	
of	the	earth’s	land	surface. 

Not every species responds to climate change in the same way. Species newly arrived 
from overseas have genetic memories of other climates, giving them an advantage over 
the locals. The earliest plants to leaf out this year were privet, bittersweet and 
honeysuckle, all from Asia, and all able to tolerate ice on their young leaves. Climate 
change is predicted to give such introduced species a boost across the eastern United 
States: Kudzu	is	now	headed	to	New	York, hitching a ride as warmth moves north. 
 

The phoebes that I watched migrate over short distances, breeding in the Eastern and 
Midwestern United States and Canada, then wintering in the Southeast and Mexico. 
This year they’ll take their cues from the plants and insects. If the warm trend continues, 
they’ll shift their own breeding forward, adapting to the changed season. 

Migrant birds that come	from	farther	away, though, are likely to find that spring has 
passed them by. In Europe, the larger the mismatch between the arrival	of	birds	and	the	
abundance	of	their	insect	food, the worse the bird populations fare. 

It is not just timing that has changed, though. A recent global	survey found that climate 
change had affected 82 percent of the biological processes that underpin all life. 

And yet, even when faced with mountains of scientific evidence that our actions are 
remaking the fabric of the world, our societal response has been, at best, modest. Why 



do we not act? The unusual spring teaches us not just about tree leaves and frog calls, 
but about the human	psychology	of	climate	change. The uneasy mix of pleasure and 
dread in weird spring weather reaches inside us in a way that trend lines on graphs 
never will. Lived experience moves us. Data does not. 

A necessary complement to the objectivity of science, then, is the subjectivity of 
experience. An enthusiastic openness to the lives of other species — the timing of tree 
blooms on city streets, the calls of frogs in wetlands or the arrival of migratory birds — is 
an act of resistance to deceptions and manipulations that work most powerfully when 
we’re ignorant. “Post-truth” does not exist in the opening of tree buds. 

Springtime strolls around our homes are more than pleasant diversions. They are the 
raw material of our collective memory, the seeds of the stories we’ll tell in the future. 
The next generations will have no living memory of our time. We must go outside and 
pay attention, then weave this experience into the future, telling our children, students 
and friends what we saw, heard and smelled in this season formerly known as spring. 

David	George	Haskell	(@dghaskell),	a	professor	of	biology	at	the	University	of	the	South,	is	
the	author	of	“The	Forest	Unseen”	and	the	forthcoming	“The	Songs	of	Trees.”	

	 	



The First Responders to Climate 
Change: The Pika 

By Annie Maliguine 
 

 
An American Pika. Photo by Frédéric Dulude-de Broin [CC BY-SA 4.0 

(https://creativecommons.org/licenses/by-sa/4.0)], from Wikimedia Commons 
 

Who’s that Pokémon? Surprisingly enough, the character Pikachu from Pokémon was 
actually inspired by a real-life animal: the pika (pronounced pie-kuh). 

Wait, what is a pika? 

Pikas are small, short-legged mammals that have a “buried tail”. They look similar to 
hamsters but they are actually more closely related to rabbits. In North America, we have 
two species of pikas, the American Pika (Ochotona princeps), which lives in the western 
mountainous regions of the United States, and the Collared Pika (Ochotona collaris), 
living in Alaska and northwestern Canada. They prefer to live in piles of broken rocks on 
a slope, also called the talus, and they usually collect vegetation and store their food in a 
haypile near the base of the talus (Smith & Weston 1990). 



Why are pikas important? 

Pikas are a popular study subject for understanding the effects of climate change on 
montane mammals. They have a complex set of characteristics that can accelerate their 
population declines if temperatures continue to dramatically increase. For example, 
pikas: 

1. have a high resting temperature of 105°F (the equivalent of 98.6°F for humans); 
their lethal level is ~109°F (or 105°F for humans) 

2. are less active in warm midday temperatures because of their heat sensitivity 

3. are non-hibernating and rely on consistent snow cover for insulation from acute cold 
temperatures (with rising temperatures, snow cover can be less reliable) 

4. are territorial and prefer wide spacing between each other (so there is limited space) 

5. are poor dispersers (because of 1, 2 and 4 above) 

6. have a low annual reproductive capacity (only 2 young are weaned per year) 

These characteristics make pikas more susceptible for their populations to disappear 
with predicted warming temperatures from climate change. 

So what will happen to pikas as the temperatures start to rise? 

Smith et al. (2016) tackles this question by observing a population of American pikas 
inhabiting one of the warmest localities they have been observed at — the Mono-Inyo 
Craters, situated in the Eastern Sierra Nevadas of California. Most of our knowledge 
about pikas is based off of research done in high-elevation habitats and Smith and his 
colleagues are the first to study the full behavioral profile of pikas living in lower-
elevation marginal habitats. Generally, these lower-elevation areas are warmer and not 
optimal for pikas to inhabit. Smith wanted to know if the pikas in suboptimal marginal 
habitats were responding to warmer temperatures behaviorally. 

Do pikas in suboptimal habitats behave differently than pikas in optimal, upper montane 
habitats? To answer this question, Smith observed pikas over several time intervals 
throughout the summer days and recorded the different social and nonsocial behaviors 
exhibited by pikas and their frequency. In addition, researchers recorded the ambient 
temperatures and temperatures inside and on the surface of the talus field in which they 
live. 
 



 
Pikas lives in talus habitat similar to this. Photo by Chrharshaw [CC BY-SA 3.0 

(https://creativecommons.org/licenses/by-sa/3.0) or GFDL (http://www.gnu.org/copyleft/fdl.html)], from 
Wikimedia Commons 

Do pikas change their behavior to deal with temperature stresses? 

Smith found that the pikas at Mono Craters were less active overall and exhibited 
different behavioral patterns in comparison to other pika populations found in cooler, 
higher elevations. They were more active in the morning and late afternoon hours, and 
there was a relatively high level of nocturnal activity. As pikas are so temperature-
sensitive, the only way the Mono Craters population can persist in the hot summer is by 
retreating into the talus during the day. In addition, they were foraging less frequently 
and did not have any recognizable haypiles, a common way most populations store their 
food; instead they were scatter-hoarding vegetation. Since the pikas at Mono Craters did 
not appear to store their food in haypiles (perhaps as a result to the availability of shrubs 
on the talus slope), a winter study should be conducted to see if pikas are actively 
foraging from the talus shrubs. 

Why is it important to understand behavior? 

It is important to consider that montane mammals may be changing their behavior 
during the day when the temperatures are too warm, especially when trying to plan for 
their conservation. With the current protocol on the “Pikas in Peril” project by the 
National Park Service, it is unlikely that they would encounter any pikas at Mono Craters 
because of the rapid surveys they conduct; this population exhibits a much lower activity 
rate during the summer days. 



How can we manage for these populations if we cannot find them? It is important to 
survey and monitor these montane mammals closely so that we can manage their 
conservation when their populations are no longer stable. In addition, monitoring them 
will help us understand how other mountaintop populations may respond when these 
higher-elevated areas experience higher summer temperatures in future years. Smith’s 
research highlights the importance of considering the behavioral variations among 
different pika populations when thinking about their vulnerability to a changing climate. 
As pikas are so temperature-sensitive, they can help us understand how other montane 
animals might also respond to warming climate conditions as well. 
 

 

 
 


