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1 This paper does not deal with mitigating global warming and ocean acidification through 

limiting carbon dioxide and other greenhouse gases. It also does not deal with potential con-

sequences of ocean acidification. 
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INTRODUCTION 

The earth is warming, local climates are changing, and the weather 
is becoming more extreme.2 These changes will continue until the level 
of greenhouses gases (GHGs) in the atmosphere is significantly re-
duced.3 Even if the levels of GHGs are reduced to pre-industrial levels, 
it will take decades to centuries for the climate to stabilize and return 
to current conditions.4 Within broad ranges, mathematical climate 
models can predict likely future climate scenarios as defined by met-
rological parameters–how hot, how wet, how dry–and the physical im-
pact of future sea level rise scenarios.5 The behavior of individuals and 
communities is less susceptible to predictive modeling than are cli-
mate systems. modeling of the climate. For example, while people in 
high risk flood zones might be expected to want to move to less dan-
gerous areas, complex personal and societal factors make many un-
willing to move.6 One way to better understand how people will re-
spond to future climate change threats is to look at behavior during 
previous times of climate change. 

While we see current climate changes secondary to global warm-
ing as the disruption of a stable climate, the geologic record shows that 
the earth has oscillated from ice ages to greenhouse conditions for at 

                                                           

2 Caroline C. Ummenhofer & Gerald A. Meehl, Extreme weather and climate events with ecological 

relevance: a review, 372 PHIL. TRANS. R. SOC. B 20160135 (2017). 

3 Andrew P. Schurer et al., Importance of the pre-industrial baseline for likelihood of exceeding Paris 

goals, 7 NATURE CLIMATE CHANGE 563 (2017). 

4 See Benjamin H. Strauss et al., Carbon Choices Determine US Cities Committed To Futures Below 

Sea Level, 112 PROC. NATL. ACAD. SCI. 13508–13 (2015). See also Guojian Wang et al., Continued 

Increase Of Extreme El Nino Frequency Long After 1.5[thinsp][deg]C Warming Stabilization, 

NATURE CLIMATE CHANGE 568, 568–572 (2017). 

5 Gerald A. Meehl et al., Trends in Extreme Weather and Climate Events: Issues Related to Modeling 

Extremes in Projections of Future Climate Change*, 81 BULL. AM. METEOROLOGICAL SOC’Y 427–36 

(2000); Paul D. Williams et al., Mathematics Applied To The Climate System: Outstanding Chal-

lenges And Recent Progress, 371 PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOC’Y A: 

MATHEMATICAL, PHYSICAL & ENGINEERING SCI. (2013). 

6 See Edward L. Kick et al., Repetitive Flood Victims And Acceptance Of FEMA Mitigation Offers: 

An Analysis With Community-System Policy Implications, 35 DISASTERS 510–39 (2011). See also  

Celine S. Robinson et al., Homeowner Acceptance Of Voluntary Property Acquisition Offers, 31 

INT’L J. OF DISASTER RISK REDUCTION 234–42 (2018). 
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least the past 2,700,000 years.7 There have been significant climate 
anomalies—periods of deviation from the expected climate—during 
the last 25,000 years.8 There are written and archeological records of 
the impact of climate anomalies on the health and culture of the com-
munities what lived at the time of these changes.9 This gives us a ref-
erence point for better understanding individual and societal response 
to the effects of future climate change. Other than the Syrian refugees,10 
we have limited contemporary experience with climate driven migra-
tion.11 Thus, the response of communities to coastal flooding and cli-
mate change at the end of the last ice age may give us insight into the 
response to future sea level rise and climate change.12 

This paper will first review the cultural basis for understanding 
climate and the mechanisms for climate impacts on society. The next 
section will look at the past impacts climate change and anomalies 
made on society. The third section will look at the special case of the 
effects of future warming, which are unprecedented for humans.13 The 
final section will look at a unique problem of modern climate change—
the availability of climate science and climate models that allow us to 
anticipate the future impacts of climate change rather than only learn-
ing about them as they happen.14 This creates the unique new mental 
health risk of prospective fear of loss of place—the worry that you will 

                                                           

7 R. Bintanja & R.S. Van de Wal, North American Ice-Sheet Dynamics And The Onset Of 100,000-

Year Glacial Cycles, 454 NATURE 869 (2008). 

8 Zhaohua Wu et al., The Modulated Annual Cycle: An Alternative Reference Frame For Climate 

Anomalies, 31 CLIMATE DYNAMICS 823–41 (2008). 

9 See, e.g. Alan N. Williams et al., A Continental Narrative: Human Settlement Patterns And Aus-

tralian Climate Change Over The Last 35,000 Years, 123 QUATERNARY SCI. REVIEWS 91–112 (2015). 

10 Peter H. Gleick, Water, Drought, Climate Change, and Conflict in Syria, 6 WEATHER, CLIMATE, 

& SOC’Y 331–40 (2014). 

11 Miyuki Hino et al., Managed Retreat As A Response To Natural Hazard Risk, 7 NATURE CLIMATE 

CHANGE 364 (2017) (citing supplementary tables 1 and 2). 

12 Lawrence Guy Straus, HUMANS AT THE END OF THE ICE AGE: THE ARCHAEOLOGY OF THE 

PLEISTOCENE-HOLOCENE TRANSITION, 3 (Straus et al., ed., 1996), https://doi.org/10.1007/978-1-

4613-1145-4_1. 

13 The last time the earth was as warm as it is today was about 120,000 years ago. Jeremy S. 

Hoffman et al., Regional And Global Sea-Surface Temperatures During The Last Interglaciation, 355 

SCI. 277 (2017). 

14 K. Hayhoe et al., 2017: Climate models, scenarios, and projections, In Climate Science Special Re-

port: Fourth National Climate Assessment, Volume I 133-60 (D.J. Wuebbles et al., Maycock (eds.)). 



RICHARDS - FINAL WORD (DO NOT DELETE) 11/30/2018  11:02 AM 

134 HOUS. J. HEALTH L. & POL’Y 

 

suffer a climate related catastrophe or will have to migrate in the fu-
ture. This concept has been termed solastalgia, which combines solacium 
(solace), nostos (return home), and algos (pain) to represent the emo-
tional state of people whose sense of place is being destroyed because 
their environment is being destroyed.15  

I. PRE-SCIENTIFIC KNOWLEDGE OF THE NATURAL WORLD 

The societies affected by the climate anomalies discussed in this 
paper pre-dated modern science. They understood what we call cli-
mate through a combination of empirical observations of nature and 
myths. Each culture had a creation myth, which usually establishes the 
division between the sky, gods, the earth, and man.16 Weather and its 
seasonal patterns are in the domain of the sky, of the gods.17 These 
myths put bounds on the expectations for extreme weather, limiting 
the fear of the unknown, if one properly placated the gods. This re-
duced the fear of weather driven by the random whims of nature or of 
gods over which man had no control.18 With the Neolithic Revolution, 
these groups transitioned from hunter-gatherers to subsistence agri-
cultural societies.19 Knowledge of weather and climate, at least as ex-
pressed in the seasons, became key to survival. 

Timing the seasons was the most important climate information 
for subsistence agricultural societies, even those in equatorial areas 
with little change in day length or temperature during the seasons had 
other seasonal changes such as the monsoon or dry season.20 Most had 
developed systems of astrology based on watching the heavens, 
mainly the movement of the stars, moon, and sun, for clues to 

                                                           

15 Glenn Albrecht, Solastalgia: Environmental Damage Has Made It Possible to Be Homesick With-

out Leaving Home, 32 ALTERNATIVES J. 34 (2006). 

16 John L. McKenzie, Myth and the Old Testament, 21 THE CATHOLIC BIBLICAL Q. 265 (1959). 

17 Simon D. Donner, Domain of the Gods: an editorial essay, 85 CLIMATIC CHANGE 231, 223 (2007). 

18 Id. 

19 Jacob L. Weisdorf, From Foraging To Farming: Explaining The Neolithic Revolution, 19 J. ECON. 

SURVEYS 561–86 (2005). 

20 See Barbara Bell, The Oldest Records of the Nile Floods, 136 GEOGRAPHICAL J. 569–73 (1970) 

(stating that the 5,000-year long record of the Nile floods is the best known record of river 

flooding.). 



RICHARDS - FINAL WORD (DO NOT DELETE) 11/30/2018  11:02 AM 

EDWARD P. RICHARDS 135 

 

understanding what the gods wanted.21 These also provided a reliable 
calendar system for marking the seasons and, for coastal communities, 
the tides.22 These observational records of the heavens were the begin-
ning of modern science and are among the oldest records we have of 
many cultures.23  

Historical records, such as the Nile flood gauge records, show that 
the ancients could be accurate and care observers of the natural world. 
But these observations were in service of predicting and propitiating the 
gods, not in building a predictive theory of weather or climate in the 
modern sense.24 Egypt was the longest lived and most stable of the an-
cient civilizations.25 Egyptian religion saw time as running is cycles, as 
the Nile flood ran in a repeating cycle each year.26 As discussed later, 
climate anomalies had profound effects on Egypt, but the Egyptians 
only saw them through the lens of their religious belief.27 It was not until 
the Enlightenment that there was a bright line between astronomy and 
astrology.28 The modern era of meteorology began in the late 1800s, 
with the formation of the International Meteorological Society in 187329 
and the United State Weather Service in 1870.30 

Moving from Recording Weather to Recognizing Climate Change 

                                                           

21 See Gustavo Zen de Figueiredo et al., A Short Critical History on the Development of Meteorol-

ogy and Climatology, 5 CLIMATE 23, 24 (2017) (stating that the Egyptians had a religion based 

on weather by 3500 BCE). 

22 Ivan Sprajc, Astronomy and its role in ancient Mesoamerica, 5 PROCEEDINGS OF THE INT’L 

ASTRONOMICAL UNION 87–95 (2009). 

23 F. Richard Stephenson, East Asian Astronomical Records, 12 HIGHLIGHTS OF ASTRONOMY 317–

21 (2002).  

24 J. Donald Hughes, Sustainable agriculture in ancient Egypt, 66 AGRICULTURAL HISTORY 12, 14 

(1992). 

25 Id. at 14. 

26 As an equatorial nation, Egypt did not see the usual change of seasons, only the flood sea-

son of the Nile and a dry season between the yearly floods. Id. at 13. 

27 Id. at 14. 

28 Daryn Lehoux, Observation and prediction in ancient astrology, 35 STUDIES IN HISTORY AND 

PHILOSOPHY OF SCI. PART A 227, 233 (2004). 

29 WORLD METEOROLOGICAL ORG., History of IMO, WMO.INT, https://pub-

lic.wmo.int/en/about-us/who-we-are/history-IMO (last accessed Nov. 4, 2018). 

30 NAT’L WEATHER SERV., History of the National Weather Service, WEATHER.GOV, 

https://www.weather.gov/timeline (last accessed Nov. 4, 2018). 

https://www.weather.gov/timeline
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Individuals who are not knowledgeable about meteorology and cli-
mate science experience weather and the seasons in the same way as did 
individuals in ancient cultures. While modern observers may not have 
an elaborate cosmology of gods to account for natural phenomena as 
did the ancients, they share the notion of climate as simply the experi-
ence of weather through time. As a prominent climatologist explained: 

Climate is the ordinary man’s expectation of weather. He knows 
that if he stays in one place there is a limit to the weather can put upon 
him, and he can predict what clothes he will need for each month of 
the year. Climate is not average weather to him, since averages mean 
little to the layman. Climate is made up of the succession of weather 
events he has learned to expect, and to resign himself.31 

The meteorological concept of climate is a mathematical construct, 
the average and distribution of weather conditions over a specific time 
interval in a specific place. The most familiar climate reference is the 
plant hardiness zone map published by the United States Department 
of Agriculture (USDA).32 These climate zone maps are the thirty-year 
average of the high and low temperatures across the United States.33 
The International Meteorological Organization (IMO) started the col-
lection of national climate data with the request that member nations 
calculate 30 year averages, called climate norms, for the 1900-1930 pe-
riod.34 It was suggested as early as 1923 that while the long term cli-
mate had been stable for thousands of years, there were significant 
shorter term variations–climate anomalies.35 Countries were man-
dated to update their climate maps at 30 year intervals, resulting in 

                                                           

31 F. Kenneth Hare, The Concept of Climate, 51 GEOGRAPHY 99, 99–100 (1966). 

32 U.S. DEP’T. AGRICULTURE, AGRICULTURAL RES. SERV., USDA Plant Hardiness Zone Map,  

http://planthardiness.ars.usda.gov/PHZMWeb/ (last accessed Nov. 4, 2018). These maps have 

been guiding gardeners for more than 90 years. Donald Wyman & Harrison L. Flint, Plant 

Hardiness Zone Maps, 27 ARNOLDIA 53–56 (1967). The Arnold Arboretum at Harvard Univer-

sity started publishing these maps in 1927. The USDA published its first map in 1960, and 

through time the USDA maps became the standard. Id. 

33 Anthony Arguez et al., NOAA’s 1981–2010 U.S. Climate Normals: An Overview, 93 BULL. AM. 

METEOROLOGICAL SOC’Y 1687, 1687 (2012). Critically, they provide no information about other 

climate variables such as moisture. 

34 Id. 

35 Charles F. Marvin, Concerning Normals, Secular Trends And Climatic Changes, 51 MONTHLY 

WEATHER REV. 383 (1923). 
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1930-1960 and 1960 to 1990 norms.36 The 30 year updates would iden-
tify climate anomalies. In 1956, the IMO recommended the 30 year av-
erage be updated every 10 years, but many nations continued to do 30 
year updates.37 These climate norms are not fundamentally different 
from the climate records maintained by ancient cultures. They assume 
that while there might be cyclical variations in the climate over a pe-
riod of years, the long-term climate is stable. These 30 year climate 
norms are fundamentally descriptive, as were the records of meteoro-
logical phenomena compiled by ancient civilizations. 

While it would be more than 100 years before the assumption of a 
stable climate would be eliminated in official climate normals, the first 
scientific predictions that carbon dioxide from burning fossil fuels was 
accumulating in the atmosphere and would warm the earth was made 
more than 100 years ago.38 In a prophetic paper in 1956, Roger Revelle 
and Hans Suess – scientists at the Scripps Institution of Oceanography - 
proposed: 

Thus human beings are now carrying out a large scale geophysical 
experiment of a kind that could not have happened in the past nor be 
reproduced in the future. Within a few centuries we are returning to 
the atmosphere and oceans the concentrated organic carbon stored in 
sedimentary rocks over hundreds of millions of years. . . . This should 
certainly be adequate to allow a determination of the effects, if any, of 
changes in atmospheric carbon dioxide on weather and climate 
throughout the earth.39 

The first edition of the journal, Climate Change, was published in 
1977 and included an article predicting a warming climate and the pro-
gressive loss of artic ice over the next 50 years.40 The 

                                                           

36 Id. 

37 Id. 

38 See Thomas Chamberlin, An Attempt to Frame a Working Hypothesis of the Cause Of Glacial 

Periods on an Atmospheric Basis, 7 J. GEOLOGY 545 (1899); see also Svante Arrhenius, On the In-

fluence of Carbonic Acid in the Air upon the Temperature of the Ground, 41 LONDON EDINBURGH 

DUBLIN SCI. 237 (1896). 

39 Roger Revelle & Hans E. Suess, Carbon Dioxide Exchange Between Atmosphere and Ocean and 

the Question of an Increase of Atmospheric CO2 during the Past Decades, 9 TELLUS 18, 19–26 (1957). 

40 Hermann Flohn, Climate and Energy: A Scenario to a 21st Century Problem, 1 CLIMATIC CHANGE 

5 (1977). 
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Intergovernmental Panel on Climate Change (IPCC) was formed in 
1988 and was charged to: 

[A]address those knowledge gaps as they relate to the science, im-
pacts and policy responses associated with the climate change prob-
lem. [] [T]…he Panel should, as a first step, identify the agreed facts 
and projections, separate them from mere speculations and bravely in-
form the world what ought to be done. [] …the Panel [should] [] …take 
account of work which has already been carried out by governments 
and international organizations in the field of climate change.41 

By 2007, major meteorological organizations accepted that there 
was long-term global warming.42 This meant that records that de-
scribed the past 30 years of temperatures would not provide useful in-
formation on what the temperatures would be in coming years.43 This 
was a fundamental break with the historic assumption that past tem-
peratures are the best predictors of future temperatures.44 

Developing a Broader Definition of Climate 

The temperature normals used for the plant hardiness zone maps 
are a description of one parameter of climate. A full description of cli-
mate has to be include more variables, such as rainfall. Because they 
only include temperature, the plant hardiness maps make no distinc-
tion between planting in a desert and a swamp. The IPCC definition of 
climate is more complete: 

Climate in a narrow sense is usually defined as the “average 
weather,” or more rigorously, as the statistical description in terms of 
the mean and variability of relevant quantities over a period of time 
ranging from months to thousands of years. The classical period is 3 
decades, as defined by the World Meteorological Organization 
(WMO). These quantities are most often surface variables such as 

                                                           

41 U.N. ENVTL. PROGRAMME INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, Report of the 

First Session Intergovernmental Panel on Climate Change, (TD-No. 267, 1988). 

42 Robert E. Livezey et al., Estimation And Extrapolation Of Climate Normals And Climatic Trends, 

46 J. APPLIED METEOROLOGY & CLIMATOLOGY 1759, 1760 (2007). 

43 Id. at 1760.  

44 Anthony Arguez & Russell S. Vose, The Definition of the Standard WMO Climate Normal: The 

Key to Deriving Alternative Climate Normals, 92 BULL. AM. METEOROLOGICAL SOC’Y 699, 699 

(2011). These climate norms are used for business purposes, as well as gardening and agri-

culture. See Seoung Joun Won et al., Climate Normals And Weather Normalization For Utility 

Regulation, ENERGY ECON. (2016). 
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temperature, precipitation, and wind. Climate in a wider sense is the 
state, including a statistical description, of the climate system.45 

A deviation from the expected range of a climate variable for a 
given time of year is termed a climate anomaly.46 For example, if the 
rainfall for a month is less than normal range of rainfall for that month, 
it would be an anomaly.47 The expected climate range can include the 
expected frequency of extreme weather events.48 Extreme events can be 
short-term, such as daily temperature or rainfall records and storms 
such as tornados.49 They can also last for a period of time, such as a run 
of days at or near a temperature record.50 Longer-term runs of extreme 
weather, especially droughts, can have profound effects through crop 
failure and the lack of drinking water.51  

The climate anomalies discussed in this paper are as much as sev-
eral hundred years long. An affected society, without knowledge of 
climate science, would have no way of knowing whether the change 
was permanent. Modern researchers see it as an after the climate has 
returned to normal. Climate skeptics focus on these previous long-
term climate anomalies to argue that the current climate is not chang-
ing based on human activity, but is just another anomaly.52 It is im-
portant to understand the reason climate scientists believe that the 

                                                           

45 Rajendra K. Pachauri et al., Climate change 2014: synthesis report, in CONTRIBUTION OF 

WORKING GROUPS I, II AND III TO THE FIFTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL 

PANEL ON CLIMATE CHANGE, 119 (2014). 

46 Wu et al., supra note 8, at 824. 

47 Id. 

48 TOM ROSS & NEAL LOTT, A CLIMATOLOGY OF 1980-2003 EXTREME WEATHER AND CLIMATE 

EVENTS (2003), https://www.ncdc.noaa.gov/monitoring-content/billions/docs/lott-and-ross-

2003.pdf. 

49 Extreme weather is the most significant short-term threat to human health. See generally 

Sonia I. Seneviratne et al., Changes in Climate Extremes and Their Impacts on the Natural Physical 

Environment, in MANAGING THE RISKS OF EXTREME EVENTS AND DISASTERS TO ADVANCE 

CLIMATE CHANGE ADAPTATION, 109–230 (2012). 

50 Marc Poumadère et al., The 2003 Heat Wave In France: Dangerous Climate Change Here And 

Now, 25 RISK ANAL. 1483–94 (2005). 

51 In modern times, the Dust Bowl drought in the United States during the 1930s displaced 

3.5 million people from the Midwest. Brian M. Fagan, THE GREAT WARMING: CLIMATE 

CHANGE AND THE RISE AND FALL OF CIVILIZATIONS 235 (2009). 

52 See Joel M. Kauffman, Climate change reexamined, 21 J. SCIENTIFIC EXPLORATION 723, 730–32 

(2007). See also Patrick Frank, A Climate of Belief, 14 SKEPTIC 22–30 (2008). 
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current global warming represents persistent climate change, rather 
than being an anomaly like the previous Holocene climate anomalies 
discussed in this paper. 

II. UNDERSTANDING CLIMATE CHANGE AND CLIMATE 

ANOMALIES 

The thesis of this paper is that looking back at the effects of past 
climate anomalies on societies can help us understand the psycholog-
ical impact of future climate change. While we describe what is going 
on now as climate change and what went on earlier in the Holocene as 
climate anomalies, the literature on climate change does not contain a 
bright line test for how long a climate anomaly has to persist to be 
called climate change. The fact that we could, at least theoretically, end 
the current warming and climate change further confuses the issue.53 
Understanding the factors that shape climate in the short and long 
term allow us to look at the impact of potential change without need-
ing to distinguish between anomalies and persistent change.  

The primary determinate of the earth’s climate is how warm the 
sun makes the earth.54 The sun’s energy output cycles over time and 
the earth gets warmer or cooler as the amount of energy from the sun 
changes.55 The earth’s orbit around the sun varies over long periods of 
time, changing the distance between the earth and sun enough to affect 
the amount of solar energy reaching the earth.56 These long cycles of 
varying solar energy reaching the earth are correlated with the onset 

                                                           

53 If greenhouse gas emissions were sufficiently reduced, and excess CO2 was removed from 

the atmosphere, current global warming could be reversed, changing contemporary warming 

from climate change to a climate anomaly. See R. Socolow, Wedges reaffirmed, 27 BULL. ATOMIC 

SCIENTISTS, SEPTEMBER (2011), and Stephen Pacala & Robert Socolow, Stabilization wedges: solv-

ing the climate Problem For The Next 50 Years With Current Technologies, 305 SCI. 968–72 (2004). 

54 Dennis L. Hartmann et al., Observations: atmosphere and surface, in CLIMATE CHANGE 2013: 

THE PHYSICAL SCIENCE BASIS: WORKING GROUP I CONTRIBUTION TO THE FIFTH ASSESSMENT 

REPORT OF THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, 181 (2013).  

55 V.M. Velasco Herrera et al., Reconstruction And Prediction Of The Total Solar Irradiance: From 

the Medieval Warm Period to the 21st century, 34 NEW ASTRONOMY 221–33 (2015). 

56 Stephen R. Meyers, Resolving Milankovitchian: The Triassic Latemar Limestone and the Eocene 

Green River Formation, 36 GEOLOGY 319 (2008). 
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of some of the ice ages.57 These two processes determine the radiant 
energy that reaches the earth.  

Dust particles in the atmosphere reduce the amount of energy that 
gets through the earth’s atmosphere and thus cool the earth.58 In-
creases and decreases in air pollution from industry, such as sulfate 
emissions from burning coal have significant effects on solar radia-
tion.59 The major natural source of atmospheric particles is volcanic 
eruptions.60 A volcanic eruption can blow megatons of rock and ash into 
the upper atmosphere, temporally blacking out the sun in the region of 
the volcano. The eruption will also put large amounts of sulfuric acid 
into the atmosphere.61 The particles of rock and ash rapidly fall out of 
the atmosphere, but the acid reacts with water and forms microscopic 
particles of sulfate which can stay in the atmosphere for a long period of 
time. 62 These can cool the earth for periods of weeks to years, depending 
on the size of the eruption.63 (It has been proposed to mimic this process 
by injecting sulfuric acid into the upper atmosphere artificially reduce 
solar radiation reaching the earth to offset GHG driven warming.64) 

Volcanic eruptions are linked to climate anomalies secondary to 
the cooling they cause by blocking solar radiation.65 The 1783–1784 
Laki eruption in Iceland has been linked to cooling in the Northern 
Hemisphere, which caused the monsoon that leads to the annual Nile 
flood to fail in subsequent years.66 This leads support to proposals by 

                                                           

57 David A. Hodell, The Smoking Gun Of The Ice Ages, 354 SCI. 1235, 1236 (2016), http://sci-

ence.sciencemag.org/content/354/6317/1235.  

58 Martin Wild, Enlightening Global Dimming And Brightening, 93 BULL. AM. METEOROLOGICAL 

SOC’Y 27, 30 (2012). 

59 Id. 

60 A. Robock, Volcanic eruptions and climate, 38 REVIEWS OF GEOPHYSICS 191–219 (2000). 

61 Id. 

62 Didier Swingedouw et al., Impact Of Explosive Volcanic Eruptions On The Main Climate Varia-

bility Modes, 150 GLOBAL AND PLANETARY CHANGE 24, 28 (2017). 

63 Id. at 29. 

64 Ulrike Niemeier & Simone Tilmes, Sulfur injections for a cooler planet, 357 SCI. 246–48 (2017), 

http://science.sciencemag.org/content/357/6348/246. 

65 Luke Oman et al., High-Latitude Eruptions Cast Shadow Over The African Monsoon And The 

Flow Of The Nile, 33 GEOPHYSICAL RES. LETTERS (2006). 

66 Id. 
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paleo climatologists that volcanic eruptions trigged climate anomalies 
that disrupted ancient civilizations.67  

The geologic record includes volcanic eruptions 10,000 times the 
size of the Mt. St. Helens eruption, which may have rapidly cooled the 
earth by 10 degrees Celsius, with a ten-year recovery period.68 An erup-
tion of that sizes would cause catastrophic crop failures and worldwide 
starvation.69 Volcanic eruptions have had major short-term effects on the 
climate throughout the historical and archeological record.70An asteroid 
or large meteoroid strike pushes more debris into the atmosphere than 
a super volcano, plus it causes massive heating of the earth over a pe-
riod of hours.71 An asteroid strike 66,000,000 years ago wiped out 76% 
of the species on earth.72 After the initial heat surge, the climate is esti-
mated to have cooled 10 °C for decades.73 

Once the solar radiation reaches the earth, some is adsorbed and 
causes heating and the rest will be reflected back into space. The most 
extreme example is the Artic, where warming is melting highly reflec-
tive sea ice and allowing the radiation to be absorbed by the dark ocean 
waters.74 On land, changes in land cover affect the climate through 
changing the adsorption and retention of solar radiation and by modi-
fying the ability of the soil to hold water, which moderates temperature 

                                                           

67 Joseph G. Manning et al., Volcanic Suppression Of Nile Summer Flooding Triggers Revolt And 

Constrains Interstate Conflict In Ancient Egypt, 8 NATURE COMM. 900 (2017), 

http://dx.doi.org/10.1038/s41467-017-00957-y. 

68 Stephen Self, The Effects Consequences Very Large Explosive Volcanic Eruptions, 364 PHIL TRANS 

2073, 2089 (2006). 
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swings.75 Deforestation and desertification are primary examples of 
changes in land cover that affect climate change. For example, 9,000 year 
ago, the Sahara Desert was a grassland with lakes and trees, which ab-
sorbed solar radiation.76 Its transition to desert dramatically affected the 
local climate and atmospheric conditions, which in turn affected the 
larger climate system.77  

Radiant energy that is reflected back into space does not warm the 
planet. Certain gases in the atmosphere trap this radiant energy and act 
like the glass in a greenhouse or car window that traps heat inside the 
structure.78 The primary greenhouse gas (GHG) is water vapor and the 
other naturally occurring significant GHGs are carbon dioxide, me-
thane, and nitrous oxides. 79 In the natural system, carbon dioxide con-
trols the temperature because the concentration of water vapor follows 
the temperature.80 If the atmosphere cools, water vapor precipitates out 
as snow, and if it warms, more evaporates from the ocean.81 Carbon di-
oxide stays in the atmosphere and does not change concentration with 
temperature.82 Models show that if carbon dioxide were completely re-
moved from the atmosphere, the earth’s temperature would drop by 21 
°C in the first 50 years.83 Two thirds of the ocean surface would be fro-
zen, and the earth would be on the way to snowball earth.84  

Carbon dioxide increased from 265 to 285  parts per million (ppm) 
in the atmosphere over the 6000 years before 1750.85 While there were 
                                                           

75 Heinz Wanner et al., Mid-to Late Holocene climate change: an overview, 27 QUATERNARY SCI. 

REVIEWS 1791, 1804 (2008). 

76 See generally H. Renssen et al., Simulation of the Holocene climate evolution in Northern Africa: 

the termination of the African Humid Period, 150 QUATERNARY INT’L 95 (2006). 

77 J.G. Charney, Dynamics of Deserts and Drought in the Sahel, 101 Q. J. THE ROYAL 

METEOROLOGICAL SOC’Y 193 (1975). 

78 M. James Salinger, Climate variability And Change: Past, Present And Future: An Overview, 70 

CLIMATIC CHANGE 9, 23 (2005). 

79 Id. 

80 Andrew A. Lacis et al., Atmospheric CO2: Principal control knob governing Earth’s temperature, 

330 SCI. 356, 358 (2010). 

81 Id. 

82 Id. 

83 Id. 

84 Id. 

85 Wanner et al., supra note 75, at 1807. 



RICHARDS - FINAL WORD (DO NOT DELETE) 11/30/2018  11:02 AM 

144 HOUS. J. HEALTH L. & POL’Y 

 

climate anomalies during this time, the climate was fundamentally sta-
ble, returning to the same average temperatures after each anomaly.86 
Since 1750, fossil fuel burning, industrial development, and land use 
changes have increased atmospheric carbon dioxide to more than 400 
ppm, with significant increases in methane as well.87 This is a warming 
the earth to higher levels than have been seen since the last ice age, 
which is driving climate-related risks such as sea level rise and shifting 
rainfall patterns, as were seen during previous times of climate change 
and climate anomalies.88 

While we talk about global warming, warming and climate effects 
are not uniform across the earth.89 Most of the earth’s surface heat en-
ergy is stored in the oceans.90 The average depth of the ocean is about 
12,100 feet.91 Since cold water is heavier and sinks, the deep ocean is ex-
tremely cold, staying close to 0 Celsius. Ocean circulation patterns, such 
as La Nina, that mix the surface water more effectively with deep water 
cool the ocean and the atmosphere, causing droughts in the United 
States, floods in the western Pacific, and increasing Atlantic hurri-
canes.92 When the circulation shifts to reduce mixing, a phenomenon 
called El Nino, the water warms and droughts turn to floods and Atlan-
tic hurricanes are suppressed.93  

Changes in ocean currents and mixing are a key driver of climate 
anomalies. For example, during the last deglaciation, there were several 
major cold periods during the interval from 16,000 years ago to 8,900 
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years ago.94 These appear to be caused by to shifts in the flow of North 
American glacial meltwater between the Mississippi River, which car-
ried the water to the Gulf of Mexico, and the St. Lawrence River, which 
carried it into the North Atlantic.95 These changed the Atlantic Meridio-
nal Overturning Circulation, which affected global climate as does the 
El Nino/La Nina cycle today.96 

Cultural and Demographic Impacts of Past Climate Anomalies 
and Climate ChangeGlobal warming is rapidly changing the local cli-
mate in many parts of the world, and sea level is increasing. This section 
looks at the societal impact of previous climate events to help us under-
stand the potential impact of climate change on our societies. These na-
ture of these impacts was described by Professor Kates, a pioneering de-
mography scholar.97 The first level is the effect of temperature, rainfall, 
and flooding on agriculture, fisheries, animals, housing and direct ef-
fects.98 Secondary impacts are the results of the primary impacts and are 
anticipated to be the effects on human health, food supplies, transport, 
and energy supplies. 99 The third level impacts are on social order and 
society.100 One of the key areas of vulnerability is human health and 
wellbeing.101 In the worst case, climate anomalies can lead to societal 
collapse and even extinction.102 
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III. MEDIEVAL WARM PERIOD/MEDIEVAL CLIMATE ANOMALY IN 

THE AMERICAS 

The Medieval Warm Period (MWP), now called the Medieval Cli-
mate Anomaly (MCA), was a period between 900 and 1350 AD that was 
significantly warmer than previous and later periods.103 Modeling 
shows that the most likely trigger for the MCA was an increase in solar 
radiance,104 which was likely amplified by effects on the ocean circula-
tions.105 While this event had global effects on precipitation, it was not a 
global warming event.106 For the two cultures discussed in this section, 
its primary effect was through reduced rainfall. Two cultures in this sec-
tion are in the American west, which has a long geologic history of 
megadroughts.107 California is already experiencing droughts second-
ary to global warming.108 The third was in Mexico, where Mexico city is 
facing water shortage issues from global warming.109 

In the western United States, the MCA was accompanied by mega-
droughts, periods of reduced rainfall that lasted more than a decade, 
and, in some cases, more than a century.110 Among indigenous peoples 
living on the California coast, periods of extended drought were associ-
ated with skeletal indices of poor health, such as reduced statute and 
osseous lesions.111 It has been postulated that this lead to societal 
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reorganization competition and cooperation between tribes to deal with 
the water shortage.112  

The droughts of this period were the most likely cause of the aban-
donment of the indigenous settlements in the Four Corners region, the 
intersection of Arizona, Colorado, New Mexico, and Utah.113 The people 
who occupied this area prior to 1300 AD were known as the Anasazi.114 
The Anasazi build complex stone dwellings and had an elaborate cul-
tural life. The best population estimate for the region at its most popu-
lous is 22,000, with others putting the range between 15,000-30,000.115 
The Anasazi disappeared over a short period of time, abandoning their 
cities and religious sites.116 Climate reconstructions from tree rings show 
major droughts at 1150 AD and 1280 AD, dates that correspond to 
Anasazi migrations and abandonment of long house sites.117  

The likely driver of the migration was the failure of the maize crop 
that provided the major food source. The normal rainfall for the area 
allowed for subsistence farming of maize, but any reduction in the rain-
fall would reduce the harvest below subsistence levels for the popula-
tion.118 Agricultural models estimate that even during the prolonged 
drought, the area could have supported as much as 40 percent of the 
population, yet everyone left.119  
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As with the indigenous peoples of California, there might have 
been health issues associated with the limited food that decimated the 
population. Alternatively, there might have been a collective decision to 
leave as a group to preserve critical mass to maintain the cultural roles 
and carry out religious rituals,120 or there could have been a combination 
of causes, with a reduced population choosing to leave together to have 
the best chance of reestablishing their culture elsewhere. While it may 
be impossible to reconstruct the exact sequence of events that depopu-
lated the areas, it is clear that the triggering event was a prolonged 
drought that reduced agricultural yields below those necessary to sus-
tain the population.  

The MCA deeply affected the lowland Maya civilization was cen-
tered around the Yucatan Peninsula in Mexico went through a series of 
collapses and recoveries that were likely driven by long term 
droughts.121 The Maya developed a much more complex civilization 
than the Anasazi, with major cities and architectural structures, and a 
much larger population. 122 This complex society more closely resembles 
modern societies than does the subsistence level Anasazi culture. Two 
factors complicate the causal relationship between drought and cycles 
of the Maya civilization. The first is that there is not a robust tree ring 
record for the area of the Maya civilization during the critical periods.123 
The second is that the Yucatan receives more than a meter of rainfall in 
an average year,124 and even severe drought years would receive many 
times the rainfall of good years in Anasazi country.125 
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The landscape and the climate provide part of the answer. 90 per-
cent of the rain falls between May and December, leaving a prolonged 
dry period.126 Much of the area is karst, a sinkhole ridden, eroded lime-
stone geology that does not retain water and that has a thin soil cover 
subject to degradation through intensive agriculture.127 The Maya built 
extensive waterworks to collect and manage the rainfall during the dry 
season.128 This allowed the Maya to farm at a greater intensity than the 
subsistence farming of the Anasazi. During the latter years of the Maya 
civilization, starting about 550 CE, the population expanded, and the in-
tensity of the agriculture increased to support the larger population. The 
skeletal remains from this period show progressive nutritional disease, 
consistent with declining food supply, which is consistent with an agri-
culture system challenged by the drought.129 This weakened population 
was more susceptible to communicable diseases, which could cata-
strophically reduce the population in a short period of time.130 

The lowland Maya civilization and the Anasazi were both destabi-
lized by drought. Both where at the edge of the population they could 
support on their average rainfall. The Anasazi community was much 
smaller and simpler because it was in a very low rainfall region, limiting 
them to subsistence agriculture. The Maya had more water available, 
which allowed the development of a more robust agricultural system 
supporting a much larger population. but in a landscape that made it 
difficult to manage. Both failed when the amount of water available fell 
below the level necessary to sustain food production for their popula-
tion. We know little about the details of the collapse of the Anasazi civ-
ilization because they left little behind.131 The Maya left a record that in-
dicates a complex societal collapse, triggered or exacerbated by drought, 
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but not solely due to drought.132 This is more likely the failure mode for 
modern societies, where the climate impact creates a complex chain of 
adverse events.133 

IV. IMPACT OF POST-LAST GLACIAL MAXIMUM SEA LEVEL RISE 

Sea level rise is the best understood and easiest to observe threat 
from future climate change. This is not the first time that civilization has 
faced sea level rise. The last glacial maximum (LGM), the point at which 
the ice was thickest during the last ice age, occurred between 21,000 and 
19,000 years ago.134 Between 21,000 years ago and roughly 7,000 years 
ago, sea level rose 130 meters, over 425 feet.135 During the glacial maxi-
mum, the shoreline was at the edge of what we now call the continental 
shelf, which is 100 or more miles offshore from many current coastlines. 
Many of these now submerged coastal areas were populated, as were 
islands that are now completely submerged. These populations were 
forced to migrate, just as contemporary populations on low-lying coasts 
will be forced to migrate in the future as sea level rises136 

The rate of sea level rise during the glacial melt provides important 
information for adapting to future sea level rise. If the 130 meters of sea 
level rise were evenly spread over the 14,000 years, the average rate of 
sea level rise was about 9.3 mm a year, or a little less than a meter a 
century. Unfortunately, the melting came in pulses, with an event from 
14,600-14,300 thousand years ago that saw 16 meters of sea level rise in 
300 years, a rate of about 53 mm a year, or 5.3 meters a century. If this 
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rate of rise were to be repeated in modern times, it would catastrophi-
cally flood most coastal areas.137  

13,000 years ago, much of the southern North Sea between Britain 
and Europe was still dry land, open for settlement and use as a migra-
tion pathway.138 By this time, the climate had warmed enough to make 
this area habitable; 1,000 years later, some 12,000 years ago, Britain and 
much of northern Europe were populated, including the area of the 
North Sea that is now underwater.139 There were Neolithic villages and 
farming communities, which were then displaced as the land was resub-
merged over the next 5,000 years. 140 While there may have been local 
catastrophes, in general, these populations adapted to the rising water, 
becoming mariners and moving to higher ground ahead of the rising 
waters.141 We see this same pattern in Australia. 

Australia has been populated for at least 50,000 years, which spans 
from before the LGM through post-LGM sea level rise.142 As water was 
tied up in the building ice caps, sea level fell, thus putting the Australian 
shoreline farther offshore. Australia and New Guinea became a single 
land mass for several thousand years around the LGM.143 Australia saw 
a temperature drop of 8-10 Celsius during the LGM and some glaciation 
in the mountains, but it was not covered with an ice sheet.144 The climate 
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became much drier, forcing the population to contract into refuges such 
as river valleys that had more water, including from glacial melt in the 
summers.145 As the temperature and rainfall increased post-LGM, the 
population spread from the refuges, including into the large coastal ar-
eas created by the lower sea level.146 

As the ice melted and sea level rose, the shoreline retreated inland. 
The rate and extent of the retreat is determined by the slope of the coast. 
This determines the velocity of the coastal retreat for a given rate of sea 
level rise, referred to as the transgression velocity.147On the northern 
coast of Australia, where the land bridge to New Guinee was created by 
the lowered sea level, the coast retreated as much as 300 km sea level 
rose.148  

What is unique about Australia, and relevant to the final section on 
the psychology of climate threats, is that their aboriginal people’s oral 
tradition—the Dreamtime legends—extend back in time to include the 
migration from the coastal lands exposed during the Ice Age as sea level 
rose again during the Holocene.149 Scholars have collected stories from 
around the Australian coast telling separate of separate inundation 
events tied to specific local areas and landmarks and their presumption 
date of inundation.150 Two persistent themes in these fundamental crea-
tion myths, which describe events more than 7,000 years ago, are that 
the process of migration inland, followed by the constant renegotiation 
of territories between tribal groups, and the impact of losing 1-5 km of 
land a year on some of the flat coastal plains.151 
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There is also evidence that this experience of colonizing the newly 
exposed coast as the climate moderated after the LGM, then migrating 
inland as the land was drowned, created a culture that saw their terri-
tory as both the land and the water. This is most evident in Northwest 
Australia, where rising sea level created an archipelago of islands which 
were continuously part of the cultural space from before sea level stabi-
lized.152 One scholar termed this this the Aquapelago, to emphasize the 
continuity between the land and the water in the tribal culture: 

[A] social unit existing in a location in which the aquatic spaces 
between and around a group of islands are utilised and navigated in a 
manner that is fundamentally interconnected with and essential to the 
social group’s habitation of land and their senses of identity and be-
longing.153 

Current Australia is at least 20 percent smaller than the Australia 
that was populated after the climate moderated and before the sea level 
rise started after the LGM.154 As with exploration of Neolithic culture 
during the period of inundation in Europe, this poses a challenge for 
anthropologists and archeologists because these sites are now 
drowned.155 The data indicate that the original colonization of Australia 
by modern humanoids occurred more than 40,000 years, when sea level 
was high enough to require significant maritime skills.156 While this was 
much earlier than the inundation period, it is assumed that these skills 
continued to inform the groups that lived near the coast and were useful 
in responding to changing sea level.157 

The MCA and the post-LGM sea level rise are examples of the im-
pact of previous climate anomalies and sea level rise on societies. There 
are several other important climate anomalies during the late Holocene, 
including three cold periods (Little Ice Ages) that caused crop failures 
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and famines.158 The Neolithic cultures that faced the post-LGM sea level 
rise were highly adaptable, colonizing new land as the warming climate 
allowed, and giving it back up as sea level rose. They had maritime prac-
tices before the colonization or developed them during the migration 
period and those practices stayed part of their cultures.  Their sites were 
flooded and there has been relatively little underwater archeology done 
on them, and they were pre-literate societies, so we cannot know how 
much dislocation accompanied their migrations. Prolonged drought 
forced the migration of the Anasazi and contributed to the destabiliza-
tion of the Maya culture. We have only seen drought in modern times, 
and it has led to famine and political instability, just as in the past.  

V. THE NEW THREAT: HEAT 

The earth has been much warmer than it is today, as warm as the 
worst-case projections of future climate change.159 But this was 56 mil-
lion years ago, long before humans, so as a species we have no evolu-
tionary experience of a significantly warmer climate. The MCA was only 
warm in comparison to the colder post-LGM period, not compared to 
today, much less the projected global temperatures from current levels 
of GHGs in the atmosphere.160  

Humans are mammals, and as such, are endothermic–warm 
blooded–and homeothermic–they maintain a constant body tempera-
ture.161 The average core temperature for human is 98.6 degrees Fahren-
heit or 37 degrees Celsius, which is higher than the average environmen-
tal temperature for most parts of the earth.162 Mammals maintain a 
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higher temperature than their environment through retaining the meta-
bolic heat produced by converting food into energy in the body.163 Mam-
mals lose or gain heat to the environment through radiation, and trans-
fer to the air or other media through convection.164 They cool their 
bodies though evaporative cooling, generating sweat or saliva to evap-
orate if the air is dry enough.165  

Mammals can only survive in a temperature range that allows them 
to maintain their body temperature within a few degrees of normal.166 
As they lose more heat to the environment, their metabolism increases 
to produce more heat and they begin behaviors to retain or gain heat.167 
If they lose too much heat, they develop hypothermia. When humans 
become hypothermic, they first shiver involuntarily and uncontrollably 
as a way to increase their internal heat production.168 As they continue 
to cool, they lose consciousness and their organ systems slow and begin 
to fail.169 Their hearts will eventually stop, and they will eventually die 
from organ failure.170 But the cold also preserves body tissue, and pa-
tients are often put into deep hypothermia to allow more time to treat 
certain medical conditions.171 It is not unusual for a patient found with-
out a heartbeat from deep hypothermia to be warmed and revived with-
out permanent injury.172 While people and animals do die from cold, 
there is a wide range of survivable temperatures below body tempera-
ture.173 In contrast, excess heat is rapidly fatal. 
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When it is too hot for mammals to transfer enough metabolic heat 
to the environment to maintain their core body temperature, they slow 
their metabolism and start behaviors such as looking for shade and 
sweating to reduce their temperature.174 Large animals such as ele-
phants and people can stand very hot temperatures for a short period, 
e.g. enjoying a  sauna, but not if they are prolonged.175 Unlike hypother-
mia, which does minimal permanent tissue damage until extreme levels, 
hyperthermia starts killing tissue and causing permanent injury when 
core temperature hits 104 °F (40 °C)—just a few degrees above normal 
body temperature.176 Once this process begins, the body loses its ability 
to manage heat and the core temperature can quickly rise, leading to 
heat stroke and death if the patient is not quickly cooled.177 Brain tissue 
is sensitive to heat and shows massive damage in autopsies of patients 
who died of hyperthermia.178 Patients who survive heat stroke often 
have long-term neurologic damage.179 While there is limited cross-spe-
cies comparative data available, what there is shows a similar tissue 
damage temperature for other animals.180 This relative intolerance to 
heat as compared to cold, combined with the difficulty of shedding ex-
cess heat, as opposed to generating additional heat, means that the sur-
vival zone for mammals is much narrower for temperatures at or near 
body temperature.181 The 2003 heat in Europe and Asia shows the risk 
of excess heat—as many as 70,000 people died in Europe,182 and an 
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undetermined number in Asia.183 The number of hot days, the individ-
ual highs, and, most importantly, for relief at night, the record high daily 
low temperatures, made this the hottest period since the 1500.184 This 
was the first extreme weather event to be partially attributed to climate 
change.185 One of the highest risk areas for climate change driven ex-
treme heat events is India, which is densely populated and whose sum-
mers are already very hot and humid.186 In addition to the toll on human 
health, heat is increasingly linked to drought, as the high ground tem-
peratures dry out soil moisture, exacerbating drought conditions.187 

The past tells us little about the future impact of heat on society. It 
will likely exacerbate class and race differences, both for individuals and 
nations, because heat risk to humans can be solved with air condition-
ing.188 The hardest challenges will be in hot, densely populated nations 
such as India and China.189 It is expected that, as income allows, air con-
ditioning use will expand dramatically.190 Air conditioning poses its 
own climate threats. There will be a huge increase in the demand for 
electricity, which will increase with the local temperature.191 In crowded 
cities, where the heat island effect already raises the temperature as 
much as 15 degrees Celsius,192 the exhaust air from air conditioning 
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units will further raise the temperature.193 The refrigerants used in air 
conditioners in developing countries are potent GHGs, up to 10,000 
times as potent as carbon dioxide at causing global warming.194 The first 
study of leakage of refrigerants was done in China and found significant 
leakage into the atmosphere.195 Dealing with global warming in cities 
will require new ideas for sustainable cooling.196 

VI. SENSE OF PLACE AND CLIMATE CHANGE DRIVEN MIGRATION 

This section focuses on the most disruptive impact of climate 
change—forced migration because your home is no longer livable.197 
Forced migration destroys communities and has profound mental 
health consequences.198 As discussed below, these real threats, com-
bined with the sense of place—an attachment to one’s physical loca-
tion—complicate rational climate adaptation. Even before the condi-
tions are bad enough to force migration, populations can suffer from 
solastalgia—the fear of loss of home. Sea level rise, drought, and heat are 
the long-term primary climate change risks that force migration.199 Sea 
level rise is the most predictable threat, least as to the populations at 
risk. 
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Sea level rise has been going on for more than 100 years, and the 
rate is increasing.200 Some of the largest cities and most densely popu-
lated areas in the world are located on low, flat river deltas.201 Most of 
these deltas are subsiding from geologic processes, exacerbated by 
ground water pumping, which increases the rate of relative sea level 
rise.202 Areas such as south Florida, Louisiana, and the Newport 
News/Richmond, Virginia area are already experiencing routine flood-
ing when there is an especially high tide or a winter storm.203 The Loui-
siana coast is being inundated at a rapid rate204 and is subject to frequent 
hurricane flooding.205  

As we saw in the discussion of the impact of sea level rise after the 
LGM, populations settled in low lying coastal areas in Northern Europe 
and Australia had to migrate as the rising sea pushed the coastline in-
land.206 The sea level rise was slow enough on a year to year basis that 
they would have seen the same patterns of gradually increasing nui-
sance flood and worsening storm flooding. At some point they were 
driven inland, either by the increasing toll of nuisance flooding or after 
catastrophic storm flooding. In today’s world, the predicted sea level 
rise if current levels of GHG emissions continue is 4.3 – 9.9 meters (14-
32 feet) over the next several hundred years.207 This would displace 
20,000,000 in the United States alone, based on the current coastal pop-
ulation.208 While this could be cut in half if emissions are quickly cut to 
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much lower levels, it would still displace approximately 10,000,000 peo-
ple in the United States.209 This would profoundly affect the US popula-
tion distribution.210 Globally, such sea level rise would affect hundreds 
of millions of people.211 

As we saw with the Anasazi, prolonged drought is also a driver of 
migration.212 Unlike the gradual onslaught of sea level rise, drought, es-
pecially if complicated by heat, is felt quickly and can drive massive dis-
locations.213 The Syrian refugee crisis may be a harbinger of future heat 
and drought forced migrations. In 2017 there were 6,300,000 people 
displaced from the Syrian Arab Republic (Syria).214 The primary driver 
of displacement is the civil war, but there is a strong argument that a 
multi-year drought contributed to the civil war.215 Climate change 
likely made the drought worse, but attribution is difficult because 
Syria has a long history of droughts with political consequences.216 
Given the frequency of droughts in the region, and that surrounding 
countries who suffered from the same drought did not fall into civil 
war, there is a strong argument that it was the failure of the Syrian 
government to respond to the drought with aid that fueled the 
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uprising.217 There is no way to clearly attribute the Syrian civil war 
solely to climate change, or even to drought.218 But, as climate change 
leads to economic and social damage, it is reasonable to assume that 
the political consequences will be worse in politically unstable coun-
tries. 

When there is time, as with sea level rise, managed retreat—the 
strategic relocation of a community or the intentional abandonment of a 
threated area—is preferable to a chaotic last minute migration.219 A suc-
cessful relocation requires funding, buy in from the community, new 
places to live, jobs, and frequently significant coercion, such as only 
providing benefits after a disaster if you migrate, or the threat of drown-
ing as the water level rises in a new dam.220 Even well-funded, small 
scale relocation efforts, such as moving a small Alaskan village inland 
have proven very difficult to do.221 Kivalina is small coastal indigenous 
community in Alaska that is being eroded by winter storms that were 
once blocked by Artic ice.222 It was estimated in 2006 that it erosion 
protection measures would cost $15,000,000 and that relocation of the 
community of 400 would cost between $95 and 125,000,000.223 Since 
2006, temporary erosion control measures and limited relocation has 
not worked, and the cost estimates for relocation have risen to $100-
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400,000,000. There is no timeframe to complete relocation or a firm lo-
cation.224 Previous efforts to buy out small communities rather than re-
locate them have had mixed success.225 

One of the complicating factors to a managed retreat is an individ-
ual and community sense of place. “Sense of place” is the psychological 
term for an individual’s or community’s interconnection through social 
networks and its connections to its physical environment.226 When a 
person with a strong sense of place is away from their home environ-
ment, they have a strong sense of loss. The severity of this loss of sense 
of place was captured in the old meaning of nostalgia, which was in-
spired by Odysseus and his relentless trek homeward after the Trojan 
War.227 The original clinical meaning of nostalgia as a mental illness 
was a specific sense of homesickness, especially in persons involuntar-
ily away from home such as soldiers.228 It was recognized as poten-
tially so severe as to cause life-threatening depression.229 In modern 
usage, the term “nostalgia” has been replaced by “homesickness” as 
the psychological term for missing place and its connections, while 
nostalgia is used for the broader notion of longing for better times.230 

Sense of place, and the feeling of homesickness when out of place, 
complicates relocating people from dangerous places, even in the wake 
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of a disaster. The sense of place, expressed as the right of return,231 made 
it politically impossible to rethink the geography of New Orleans after 
Hurricane Katrina in a way that would have limited redevelopment in 
the highest risk neighborhoods.232 One of the first studies about the fac-
tors that influence relocation decisions in communities offered a viable, 
funded relocation program was done after Hurricane Sandy. It sup-
ported the importance of the sense of place, finding that an individual’s 
decision to take a buyout was highly dependent on the decision of 
his/her neighbors—no one wanted to left alone in an abandoned com-
munity, or to leave an intact community.233 Many who choose to return 
to or stay in a high risk flood area suffer from long term mental health234 
and physical health problems.235 These individuals may also suffer from 
the more contemporary notion of nostalgia—a longing for the past—if 
their community is fundamentally transformed by the flood.236 This well 
known sense of loss of place because the place itself has changed leads 
to the question—can there be an anticipatory sense of loss of place be-
cause of future environmental risks? 
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VII. SOLASTALGIA AND FUTURE ENVIRONMENTAL RISK 

Persons who returned after Hurricane Katrina had significant 
short-term mental health problems, which have been attributed to the 
trauma of the storm, if they stayed during the storm, or of having their 
property and community damaged if they evacuated and returned.237 
There is also evidence of long-term health problems in those who either 
returned to the community or stayed during the storm and never left.238 
These effects were most pronounced in those with less social capital 
(community and financial resources).239 While the role of fear of future 
flooding has not been studied in Katrina survivors, there are recent stud-
ies that look at this in the context of the effect of flood mitigation 
measures on mental health.240 The first study to look at mitigation ef-
forts, which would reduce the change of future flooding, found that they 
significantly reduced mental health problems.241 A study on flooding in 
France found that there was a significant impact on subjective well-be-
ing (SWB) of persons who were at flood risk in a flooded region, but 
were not flooded themselves.242 This study found: 

Living in a flooded community also reduces the SWB of a respond-
ent even when they themselves have not been flooded. The (direct and 
total) effect is smaller than when an individual is flooded themselves, 
perhaps because of the relief from being spared tangible damage. Out 
of the set of risk perception variables there are two variables with nega-
tive statistically significant total effects (p < 0.05): worrying about flood-
ing and expecting flood risk to increase. Overall, these subjective per-
ceptions may place a larger downward pressure on SWB as compared 
to flood experiences when they are not attenuated over time.243 
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This study assigned an income adjusted compensation value (the 
amount necessary offset the loss of SWB) to this fear of increasing flood 
risk.244 For the mean income, the average compensation value was 
79,000 Euros, with 90% confidence levels of 63,000 to 97,000 Euros.245 
This was a study of French households subject to river flooding as 
France faces significant increases in river flooding from climate 
change.246 It is logical to conclude that the increased risk of flooding that 
is worrying the surveyed individuals is caused by climate change.247 
SWB is not a rigorously defined term, but is meant to capture an indi-
vidual’s overall feelings about his/her situation.248 In this case, this spe-
cifically includes fear of future climate change driven environmental 
risk. 

The psychological literature did not have a term for this fear of 
future environmental risk. The environmental philosopher Glenn Al-
brecht proposed solastalgia as a term to describe the fear of the future 
environmental damage and damage to their personal identity as de-
fined by their environment, that he saw in environmental activists 
with whom he worked.249 Nostalgia, as described previously, did not 
really fit as the fearful environmentalists had not been removed from 
their homes and their fear was about the future, not about the loss of 
the good old days: 

Solastalgia has its origins in the concepts of ‘solace’ and ‘desola-
tion’. Solace is derived from solari and solacium, with meanings con-
nected to the alleviation of distress or to the provision of comfort or 
consolation in the face of distressing events. Desolation has its origins 
in solus and desolare with meanings connected to abandonment and 
loneliness. …algia means pain, suffering or sickness …the concept has 
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been constructed such that it has a ghost reference or structural simi-
larity to nostalgia so that a place reference is imbedded. …solastalgia 
is the pain or sickness caused by the loss or lack of solace and the sense 
of isolation connected to the present state of one’s home and territory. 
…It is the pain experienced when there is recognition that the place 
where one resides and that one loves is under immediate assault 
(physical desolation). …In short, solastalgia is a form of homesickness 
one gets when one is still at ‘home’.250 

While coined in the context of traditional environmental fights 
over coal mining and a power plant, solastalgia is a powerful concept 
for thinking about the mental health consequences of climate change. 

It is not a well-defined term, even Glenn Albrecht himself seems to 
equate it with nostalgia when it applies it to the folks living in New 
Orleans after Hurricane Katrina who are suffering mental illnesses re-
lated to the loss of their homes and community and the slow pace of 
recovery.251 But in its prospective sense, it is useful it to describe the 
fear of future harm from climate change and helplessness to affect that 
change. 

The fear of climate change—solastalgia—stands in opposition to 
the sense of place, at least in situations such as sea level rise where the 
best adaptation course is relocation. These cannot be resolved by sim-
ple risk analysis because both solastalgia and the sense of place have 
strong emotional components. As long as the individual stays in place, 
solastalgia will be a source of stress and potentially mental illness. But 
if the individual is forced to migrate, the more traditional nostalgia 
may displace solastalgia, maintaining the stress and the risk of mental 
health problems. This tension between solastalgia and nostalgia will be 
an increasing source of mental health problems as climate change con-
tinues.  
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CONCLUSION 

Humankind has faced climate anomalies, climate change, and as-
sociated sea level rise and fall over the last 20,000 years since the LGM. 

We will face these same risks going forward, with a new risk of warm-
ing beyond historic levels and perhaps, in places, beyond the ability to 
adapt. In previous eras, future climate was a mystery. Cultures had a 
strong observational knowledge of past climate, but no ability to pre-
dict the beginning, magnitude, or duration of an anomaly. When it be-
came too dry, too cold, or sea level was encroaching, they accommo-
dated the current conditions as best they could. Sometimes they 
migrated and sometimes they died. They prayed and sacrificed to their 
gods for better weather. To them, we would be like gods because we 
can see, however darkly, into the future and predict the climate. The 
most fundamental risks will be sea level rise, drought, and heat be-
yond the survival envelop for human society. Adaptation to these risks 
will include migration, which is itself difficult to accomplish without 
risks and long term mental health issues. Unlike ancient peoples, we 
can even change the course of the climate with sufficient willpower 
and cooperation. Still, like Cassandra who was cursed to see the future 
but who would never be believed, we will suffer the fear of future 
threats and the fear that we are helpless to prevent them.252 Resolving 
the tension between solastalgia and nostalgia may prove as difficult as 
reaching a meaningful international agreement to limit global warm-
ing. 
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