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Climate Change for the Health Professional 
Learning Objectives

● Describe the difference between weather and climate.

● Distinguish between natural climate variability and long-term climate change.

● Explain the general mechanism of the greenhouse effect.

● Describe the measurement and evidence base of climate drivers.

● Explain the societal dimensions of climate drivers.

● Communicate the degree of scientific consensus on climate change and 
become familiar with the IPCC and other core resources.



Disclosure Information

N/A



Describe the difference between 
weather and climate.

● The atmosphere is 3D. This is important.

● Everything is driven by the global energy balance.

● Weather vs. climate? It’s all a gray area.

● Climate is not just “average weather.” It’s a dynamic system.













Image credit: NASA ISS Exp. 23 (5/2010)
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Courtesy James Warner, University of Exeter (@MetmanJames)

Precipitable water throughout 2016 (one frame every 2 hours)



The continuum from weather to climate (1 hour to 70 years)



Global clouds over 1 hour



Global clouds over 7 decades



The atmosphere has a robust mean circulation, which sets the global backdrop



Distinguish between natural 
climate variability and long-term 
climate change.

● Weather and climate is a continuum of physical processes. So is the variability 
and change.

● The real challenge is distinguishing between natural and anthropogenic long-
term climate change (“attribution”).

● We have many tools to do so, including climate models.



Hours      Days      Weeks      Months      Years      Decades       Centuries      Millennia+

Weather that humans easily recognize

Natural climate variability that humans might recognize

Natural climate variability that humans probably don’t recognize

The challenge of attribution is that 
anthropogenic climate change 
lives here, and it’s not alone.



How do we know this 
warming signal is 
anthropogenic, as 
opposed to natural?



(This is a weak argument.)



Image: https://www.datacenterdynamics.com/en/news/ncars-534-petaflop-supercomputer-cheyenne-comes-online/

We run global climate models on supercomputers.



Global Warming Attribution with 
Climate Models 

With Human 
Emissions 

Without Human 
Emissions 

Modified'from'IPCC,%AR4,%2007%

A global climate model (GCM) is a 
comprehensive numerical model that 
represents the essential processes at 
work within Earth’s atmosphere, ocean, 
cryosphere, etc. by applying the laws of 
physics at each “pixel” on Earth.



Explain the general mechanism of 
the greenhouse effect.

● The greenhouse effect reduces the amount of energy emitted to space.

● Since it does not affect the amount of energy gained from the sun, the 
internal energy (i.e., temperature) must increase.

● We understand it (you can, too).

● We are also measuring it in real time.



The molecular structure 
of  CO2 makes it very 
effective at absorbing 
longwave radiation 
emitted by Earth.

The physics of  the 
greenhouse effect is 
high school physics.

The greenhouse effect is a well–understood scientific process.
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The solar radiation incident upon the top of the atmosphere is 342 W/m2. Due to reflection of solar radiation 
by the atmosphere (clouds, aerosols, etc.) and the surface (ice, etc.), only 240 W/m2 reaches and is absorbed 
by the surface. The Earth’s planetary albedo (fraction reflected) is 0.3. So, 342 W/m2 * ( 1 - 0.3) = 240 W/m2.
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For every kilometer of 
altitude, temperature 
drops by roughly 6.5°C.
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The average surface temperature of the Earth is actually 14-15°C (IPCC AR4 WG1 Ch. 1), but tough to get the 
numbers to work out exactly in this exercise.
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≈ σT4
Longwave radiation emitted by
some object with a temperature (T)

σT4

Stefan-Boltzmann’s Law: The total radiation emitted by an 
object is proportional to its temperature to the 4th power (T4).

Plank’s Law: An object with a temperature T will emit different 
amounts of radiation at different wavelengths.

Wein’s Law: Warmer objects have a peak in the emitted 
radiation at a shorter wavelength.

Beer’s Law: How much radiation a substance absorbs depends 
on the substance’s properties (e.g., molecular structure) and the 
concentration of the substance.

Kirchhoff’s Law: Good absorbers are good emitters.



Not just theory. We have empirical data, too.

Recent observational studies have unambiguously detected 
the fingerprints of radiative forcing in measurements of:
• Decreasing trend of longwave radiation escaping Earth
• Increasing trend of longwave radiation hitting the surface



Describe the measurement and 
evidence base of climate drivers.

● We know that greenhouse gases are rising.

● We know why they are rising.

● We are also measuring the expected outcomes in real time.



The NOAA Mauna Loa Observatory
Measuring carbon dioxide since 1958





How do we know this rise in CO2
concentration is due to 
anthropogenic emissions?







Chemistry tells us the rising CO2 is due to fossil fuel burning.

CO2 from fossil fuels has a distinct isotopic fingerprint.

• Fossil fuels are buried, decayed plant matter.

• Plants breathe CO2 but prefer the lighter 12C.

• CO2 emitted from combusting fossil fuels increases the 
amount of  12C in the atmosphere relative to 13C.

• The 13C/12C ratio started going down precisely when CO2
started going up.







Explain the societal dimensions of climate drivers.

● Societal dimensions of “climate drivers” (greenhouse gas emissions) include 
population, wealth/economic growth, energy policy, environmental attitudes, 
nationalism/regional relations, in addition to energy technology and more.

● Shared socioeconomic pathways (SSPs) define five possible futures.

● Those five SSPs have five very different outcomes in terms of climate change.
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CO2 concentrations for RCPs from van Vuuren et al. (2011)

Emissions trajectory graph from Global Carbon Project
Compiled by Kris Karnauskas (@OceansClimateCU)
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961−1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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what happened

We are conducting a big, accidental science experiment with our planet!

We still have some control, but 
we are quickly losing that grip.



Current methodology: Shared Socioeconomic Pathways (SSPs)
Five different ways in which the world might evolve in the absence of climate policy and how different levels of climate change mitigation could 
be achieved when the mitigation targets of RCPs are combined with the SSPs

Great explainer on SSPs: https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change

Societal dimensions
Population, GDP, international relations, national attitudes, policies, technology

Energy intensity & mixture

Emissions

Concentration

Climate change
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Communicate the degree of scientific 
consensus on climate change and 
become familiar with the IPCC and other 
core resources.

● The scientific consensus is overwhelming (>99% on the most important question).

● The public “consensus” is not impressive, and is highly correlated with political 
views (party affiliation, in the U.S.), but perceptions may be slowly shifting.

● The Intergovernmental Panel on Climate Change (IPCC) summarizes the state of 
the science every ~6 years.

● One of the major outcomes of the IPCC Reports is an assessment of uncertainty 
(both qualitative and general) in past and future climate change.



Source: Larry Hamilton, Department of Sociology, and Carsey School of Public Policy, University of New Hampshire

Views on even the most basic and well-established facts 
about climate change are polarized by political party.



Source: https://climatecommunication.yale.edu/visualizations-data/ycom-us/

Estimated % of  adults who think: global warming is happening (72%), 2020



Source: https://climatecommunication.yale.edu/visualizations-data/ycom-us/

Estimated % of  adults who think: global warming is mostly caused by human activities (57%), 2020



Source: https://climatecommunication.yale.edu/visualizations-data/ycom-us/

Estimated % of  adults who believe: most scientists think global warming is happening (55%), 2020



Source: https://climatecommunication.yale.edu/visualizations-data/ycom-us/

Estimated % of  adults who believe: most scientists think global warming is happening (55%), 2020



“Our results confirm, as has been found in 
numerous other previous studies of this 
question, that there is no significant 
scientific debate among experts about 
whether or not climate change is human-
caused. This issue has been comprehensively 
settled, and the reality of ACC is no more in 
contention among scientists than is plate 
tectonics or evolution.”

“The tiny number of papers that have been 
published during our time period which 
disagree with this overwhelming scientific 
consensus have had no discernible impact, 
presumably because they do not provide any 
convincing evidence…”



Public engagement is critical.

And…

Credentialed climate scientists 
who do engage tend to have very 
little patience for hyperbole and 
exaggerated claims.

As scientists, we are well aware of 
the misinformation campaigns, 
but misinformation needs to be 
avoided on both sides, and 
regardless of the intentions.

You may be surprised how 
quickly things like this get jumped 
on! Climate scientist (Ph.D.) at UCLA, 

NCAR & Nature Conservancy.

Writer/director in LA (Don’t Look Up). 
1M followers on Twitter.

Climate scientist (Ph.D.) at UK Met Office 
& Exeter University. IPCC lead author.





• The IPCC was created to provide policymakers with regular scientific 
assessments on climate change, its implications and potential future 
risks, as well as to put forward adaptation and mitigation options.

• The IPCC does not conduct its own research [but synthesizes the 
existing body of  peer–reviewed research including the results of  the 
global climate modeling enterprise.]

• IPCC reports are neutral, policy-relevant but not policy-prescriptive.



Intergovernmental Panel on Climate Change (IPCC) Assessment Reports (ARs)

1990 First Assessment Report (FAR)

1995 Second Assessment Report (SAR)

2001 Third Assessment Report (TAR)

2007 Fourth Assessment Report (AR4)

2013 Fifth Assessment Report (AR5)

2021 Sixth Assessment Report (AR6)





Uncertainties in projected rates of  sea level rise
• Internal variability: The real world has natural swings and cycles (on top of  trends).
• Scientific uncertainty: All of  our models are imperfect (and we don’t know which are best).
• Societal uncertainty: We can only guess what humans will do in the next decades.

Source: IPCC AR5 WG1 SPM

Societal
Uncertainty

Scientific
Uncertainty





Climate Change for the Health Professional 
Learning Objectives

● Describe the difference between weather and climate.

● Distinguish between natural climate variability and long-term climate change.

● Explain the general mechanism of the greenhouse effect.

● Describe the measurement and evidence base of climate drivers.

● Explain the societal dimensions of climate drivers.

● Communicate the degree of scientific consensus on climate change and 
become familiar with the IPCC and other core resources.
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Outgoing radiation is decreasing, owing to increasing greenhouse gases in the atmosphere, and 
leading to Earth’s energy imbalance. The percentage going into each domain is indicated.

Source: Kevin Trenberth, CC BY-ND (https://theconversation.com/climate-change-is-relentless-seemingly-
small-shifts-have-big-consequences-166139)

“Radiative forcing”
A difference between the incoming solar radiation and the outgoing 
longwave radiation.

Typically defined as a change in RF relative to preindustrial times 
due to a particular natural or anthropogenic factor.

First Law of Thermodynamics
If you add energy Q to a system, its internal energy U must rise 
(assuming it can’t just put all of that energy Q into doing work 
W). Temperature is one measure of the internal energy of a 
system.

Source: IPCC AR6 WG1 Ch7 (Fig. 7.6)

IPCC AR6 SPM: “A.4.1 Human-caused radiative forcing of 2.72 
[1.96 to 3.48] W m–2 in 2019 relative to 1750 has warmed the 
climate system. This warming is mainly due to increased GHG 
concentrations, partly reduced by cooling due to increased 
aerosol concentrations. The radiative forcing has increased by 
0.43 W m–2 (19%) relative to AR5, of which 0.34 W m–2 is due 
to the increase in GHG concentrations since 2011 […] (high 
confidence).”



Figure 5.4.  Changes in 
global mean radiative 
forcings, 1750-2005

E.A. Mathez, 2009, Climate Change: The Science of Global Warming and 
Our Energy Future, Columbia University Press.  Source: Forster et al., 2007
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Source: https://www.jpl.nasa.gov/news/nasas-grace-what-weve-learned-from-water-in-motion

Gravity Recovery And 
Climate Experiment 

(GRACE)



Is there a cure?Is there a cure?
prevention



2020



Source: https://climatecommunication.yale.edu/visualizations-data/ycom-us/

Estimated % of  adults who believe: …, 2020





Source: IPCC AR5 WG1 SPM
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Figure SPM.7 |  CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 
1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored verti-
cal bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea 
ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20}
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• The basis for higher projections of global mean sea level rise in the 21st century has been considered and it has been 
concluded that there is currently insufficient evidence to evaluate the probability of specific levels above the assessed 
likely range. Many semi-empirical model projections of global mean sea level rise are higher than process-based model 
projections (up to about twice as large), but there is no consensus in the scientific community about their reliability and 
there is thus low confidence in their projections. {13.5}

• Sea level rise will not be uniform. By the end of the 21st century, it is very likely that sea level will rise in more than about 
95% of the ocean area.  About 70% of the coastlines worldwide are projected to experience sea level change within 20% 
of the global mean sea level change. {13.1, 13.6}

E.7 Carbon and Other Biogeochemical Cycles

Climate change will affect carbon cycle processes in a way that will exacerbate the increase 
of CO2 in the atmosphere (high confidence). Further uptake of carbon by the ocean will 
increase ocean acidification. {6.4}

• Ocean uptake of anthropogenic CO2 will continue under all four RCPs through to 2100, with higher uptake for higher 
concentration pathways (very high confidence). The future evolution of the land carbon uptake is less certain. A majority 
of models projects a continued land carbon uptake under all RCPs, but some models simulate a land carbon loss due to 
the combined effect of climate change and land use change. {6.4}

• Based on Earth System Models, there is high confidence that the feedback between climate and the carbon cycle is 
positive in the 21st century; that is, climate change will partially offset increases in land and ocean carbon sinks caused 
by rising atmospheric CO2. As a result more of the emitted anthropogenic CO2 will remain in the atmosphere. A positive 
feedback between climate and the carbon cycle on century to millennial time scales is supported by paleoclimate 
observations and modelling. {6.2, 6.4}
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with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The assessed likely ranges for the mean 
over the period 2081–2100 for all RCP scenarios are given as coloured vertical bars, with the corresponding median value given as a horizontal 
line. For further technical details see the Technical Summary Supplementary Material {Table 13.5, Figures 13.10 and 13.11; Figures TS.21 and TS.22}
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Figure SPM.7 |  CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 
1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored verti-
cal bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea 
ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20}
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Figure SPM.7 |  CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 
1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored verti-
cal bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea 
ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20}
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How do the societal and scientific
uncertainties in global sea level 
rise compare to other variables?



Example of “Natural climate variability that humans might recognize” (depending on latitude)



https://www.colorado.edu/oclab/more/boulder-climate

Example of “Natural climate variability that humans might recognize” (depending on latitude)



Example of “Natural climate variability that humans might recognize” (depending on latitude)



Example of “Natural climate variability that humans might recognize” (depending on latitude)



Figure 8.6. Record of oxygen isotope fraction (δ18O) from seafloor sediment cores, reflecting general variations in global climate including global ice volume over the past 5.3 million years. Note the reversed y–axis; lesser
values of δ18O (higher on the graph) represent warmer global climate and lesser ice volume, and greater values of (δ18O) (lower on the graph) represent colder global climate and greater ice volume. The record is a composite of
57 globally distributed records produced by Lisiecki and Raymo (2005). The inset zooms into the last 150 thousand years, revealing the most recent glacial cycle and the boundary between the Pleistocene and Holocene (present)
epochs at ~ 11.7 thousand years ago.

Example of “Natural climate variability that humans probably don’t recognize”



Figure 8.7. Record of oxygen isotope fraction (δ18O) from the North Greenland Ice Core Project (NGRIP), reflecting general variations in Northern Hemisphere climate including the response to global ice volume over the
past 123,000 years (only the last 50,000 years are shown here). Greater values of δ18O (higher on the graph) represent warmer Northern Hemisphere climate and lesser global ice volume, and lesser values of (δ18O) (lower on the
graph) represent colder Northern Hemisphere climate and greater global ice volume. Note the greater detail in the ice core record than in the equivalent time period from the seafloor sediment cores (rightmost one–third of the
inset of Figure 8.5). Dansgaard–Oeschger Events, the Last Glacial Maximum (~26.5 thousand years ago) and the Younger Dryas are labeled.

Example of “Natural climate variability that humans probably don’t recognize”







Source: https://svs.gsfc.nasa.gov/31156



Emissions Concentration
• How much CO2 is added to the 

atmosphere in a given year

• 34 Gt (gigatons) of  CO2 in 2020

• Increasing by a few % each year *
* Except for ~7% reduction in 2020 due to COVID

• This is what humans control
(via fossil fuel combustion).

• How much CO2 is present in the 
atmosphere in a given year

• 414 ppm (parts per million) in 2020

• Increasing by 2–3 ppm each year

• This is what the climate responds to
(via the greenhouse effect).

Note that even if—or when—emissions level off  or start 
to decline soon, concentration will continue to rise…


