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Climate History

Aims: (1) Use historical sources to reconstruct past climate conditions and
(2) to examine interactions between climate and society, including social
vulnerability and responses to extreme weather...

Works best when combining written archives and natural proxies...

Woodcut, 'The Great and Terrible Flood', January 1651, Bavaria State Library



Part 1. History Informing Climate Science?



Lithograph depicting the 1631AD eruption of Vesuvius, with Saint Januarius (San Gennaro)
Interceding to stop the eruption.

Eruptions can also have significant impacts much further afield, through influence on climate.



Source: Alan Robock

st 8, 1991



Source: Robock (2000)

Less
Upward
IR Flux

More Reflected
Solar Flux

Stratospheric aerosols

(Lifetime =

backscatter

emission %
IlgCoolmg !

Solar Heatlng i

M -
% Heterogeneous — Less
0] etion Solar Heatln

—y
'\ P e )

FE bk ke or)

forward scatter

Enhanced Effects
Diffuse on cirrus
Flux clouds

Reduced

Direct
Flux
X More
Tropospheric_aerosols Downward
(Lifetime = 1-3 weeks) Less Total IR Flux
Solar Flux

yT GOOE

@ ENEEE 302—>st°4 i

The main point? There’s serious complexity here! Many unknowns
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20 reasons why geoengineering
may be a bad idea

Carbon dioxide emissions are rising

so fast that some scientists are seriously
considering putting Earth on life support
as a last resort. But is this cure worse
than the disease?

BY ALAN ROBOCK
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The main point? There’s serious complexity here! Many unknowns.

This is not a good thing...
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Large “spikes” in sulphate deposition above background levels identify major
explosive eruptions prior to the modern period...

... before which we have only limited observational records of eruptions and climate
impact.

Annual layers in the GISP2 ice-core (Greenland) at a depth of 1837m. Photo: Deb Meese.



The Irish Annals

Yearly listings of important
events maintained originally in
monastic communities across
Ireland, running reliably from,
c.500-1600 CE.

Report the founding of
religious settlements,
obituaries of elites,
conflict, extreme
weather & major
societal stresses.

Survive in 22 texts and
1.1 million words.

https://heritageireland.ie/visit/places-to-visit/clonmacnoise/highlights/



Vellum page from TCD MS1282, the Annals of Ulster, covering 852 to 858 CE.



Vellum page from TCD MS1282, the Annals of Ulster, covering 852 to 858 CE.



Vellum page from TCD MS1282, the Annals of Ulster, covering 852 to 858 CE.



“Much ice and frost so
that the principal lakes &

rivers of Ireland could be
crossed by people on foot
& horseback from... 23
November [855] to 7
January [856].”

Vellum page from TCD MS1282, the Annals of Ulster, covering 852 to 858 CE.



Dublin, Royal Irish Academy, MS Ciii 2,f. 11

“A heavy and terrible shower fell in
part of Connacht this year, that is,
in Tir Maine and in Sodain and in Ui
Diarmata and in Clann Taidc, which
brought about disease and a very
great sickness among the cows
and beasts of those regions after
they had eaten grass and leaves;
and when men drank of the milk of
these cattle and ate of their flesh,
they suffered internal pains and
various diseases. Nor was it strange
that these portentous things should
happen in Connacht at that time, for a
great affliction befell the country then,
the loss of Cathal Crobderg son of
Toirrdelbach O Conchobair, king of
Connacht...”

Annals of Connacht, 1224.

Royal Irish Academy, MS Ciiii 2,f. 1.
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What to Take Away from This?

1. Historical records frequently untapped and often dismissed by
climate scientists, e.g.:

“There are. . .weather records preserved in lrish and Norse annals
back to the middle of the first millennium. . .but their dating is
Imprecise and descriptions of weather and climate are often

exaggerated.” U.S. National Research Council (2006), Surface Temperature
Reconstructions for the Last 2,000 Years.

2. Yes, human records require careful assessment by historians... but
huge potential when done properly (e.g. other sources such as tree-
rings only cover the growing season)

3. Recall: This is just ONE type of source from ONE region applied to
ONE problem...



Part 2: Climate Science Informing History?
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Figure courtesy Mike Baillie.

But any given tree can only grow for so long...
...how can we extend our tree-ring records further into the past?
Through “cross dating”, i.e. matching the common ring-width patterns from successively older oak samples.

And these patterns are “common” (not perfectly matching, but often very similar) because each tree generally
experiences the same annual weather conditions in a given area.
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This graph shows the average annual growth of
hundreds of oaks across Ireland from 728 to
748, in the middle of which the trees register a
profound decrease in growth, which
documents corroborate as arising from severe
drought.
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TREE-RING RECONSTRUCTED DROUGHT TREE-RING RECONSTRUCTED DROUGHT
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Cook et al, 2015, Old World
Drought Atlas, Science Advances.
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We now have a highly reliable
reconstruction of past drought...
But for Historians, So What? Cook et al, 2015, Old World

Drought Atlas, Science Advances.




Extreme Weather, Conflict & Violence

=

N
N

A
‘\;
3
%
2

N
.gg
A /[
P

Cattle raid in C16th century Ireland — endemic form of violence, but also associated with
resource scarcity?
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this year, so that no herb grew in the ground and no
leaf budded on a tree until the feast of St. Brendan
[1st May], but a man, if he were the stronger, would

forcibly carry away the food from the priest in

.” Annals of Connacht, 1465 CE.
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"The battle of Ath Senaig [Ballyshannon, Co. Kildare], i.e. the 'battle of groans' on

the [18th of August], between the Ui N&ill and the Laigin was sternly fought... And

120 - Men say that so many fell in this great battle that we find no comparable

slaughter in a single onslaught and fierce conflict throughout all preceding ages.” =—@=

Annals of Ulster, 738 CE.
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Changes in averages also accompanied
by changes in the frequency and
severity of extreme weather.

“Much wet and bad weather in this year,
and it ruined the corn.” Annals of Ulster,
1107.

“A windy, wet summer, with famine and
wars.” MacCarthaigh’s Books, 1203.



Frequency

Quantifying Violence & Conflict

* Annals of Ulster, 650-1200 CE
* Frequency of violent killings of individuals [elites], mass killings, raiding, burnings
* Approach: Duplicates removed, chronological corrections of Daniel McCarthy
(TCD) applied and assessed (e.g., by examining solar/lunar eclipse dates)

* Cons: Reductive, lose context // Pros: Bird’s eye view, systematically examine
whether repeating patterns or influences exist
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Quantifying Violence & Conflict

Viking contribution Brian Boru & Aftermath Anglo-Norman contribution




Quantifying Violence & Conflict

But: Also multiple years of notably elevated violence (above the average in any
given period).

Interested here in any climatic contribution to these years.

——— Violence, Annals of Ulster
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Killings, Mass Killings, Raidings

—QO— Violence, detrended, 650-1199 CE

95% si% quper bound,
= Monte Carlo resampling

5% sig. lower bound,
0.5 ~==  Monte Carlo resampling
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Years relative to 50 Droughts, Irish PDSI <1.5SD, 650-1199
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The Role of Drought and Climate Change

Droughts are implicated in
conflicts... and they are projected to
become more frequent and extreme

under future global warming

in the Syrian Uprising: Untangling the
Triggers of the Revolution

Earth Gbservatory, Columbia University, Palisades, NY 10264
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Climate change in the Fertile Crescent and implications
of the recent Syrian drought
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Syria’s water security by exploiting limfted land and water resources
without regard for sustainability (10).

Cne critical consequence of these unsustainable policies is the
decline of groomdwater. Nearly all rainfall in the FC occurs during
the 6-month winter season, November through April, and this
rainfall exhibits large year-to-year variability (Figs. 14 and 24 ). In
Syria, the rain falls along the country’s Mediterranean Sea coast
and in the north and northeast, the primary agriculinral region.
Farmers depend strongly on year-to-year rainfzll, as two thirds of
the cultivated land in Syria s rain fed, but the remainder relies
upon irrigation and growndwater (11). For those farms without
access to irrigation canals linked to river tributarfes, pumped
growndwater supplies over half (60%) of all water used for irri-
gation purposes, and this groundwater has become increasingly
limited as extraction has been greatly overexploited (4). The
government attempted to stern the rate of groundwater depletion
by enacting a law in 2005 requiring a license to dig wells, but the
legislation was not enforced (6). Gveruse of groundwater has
been blamed for the recent drying of the Khabur River in Syria’s
northeast (6). The depletion of groundwater during the recent
drought is clearly evident from remotely sensed data by the
NASA Gravity Recovery and Climate Bxperiment (GRACE)
Tellus project (Fig. 2C) (12).

The reduced supply of groundwater dramatically ncreased
Syria’s volnerability to drought. When a severe drought began in
2006/2007, the agricultural system in the northeastern “bread-
basket” region, which typically produced over two-thirds of the
country’s crop yields, collapsed (13). In 2003, before the
dronght’'s onset, agriculture accounted for 25% of Syrian gross
domestic product. [n 2008, after the driest winter in Syria’s ob-
served record, wheat production failed and the agrienltural share
fell to 17% (14). Small- and medinm-scale farmers and herders

Significance

There is evidence that the 2007—2010 drought contributed to
the conflict in Syria. It was the worst drought in the in-
strumental record, causing widespread crop failure and a mass
migration of farming families to urban centers. CenturyJong
observed trends in predpitation, temperature, and sea-level
pressure, supported by dinmate model results, strongly suggest
that anthropogenic fordng has inaeased the probakility of se-
vere and persistent droughts in this region, and made the oc-
currence of a 3-year drought as severe as that of 2007—2010
2 to 3 times more likely than by natural variability alone. We
conclude that human influences on the dimate system are
implicated in the current Syrian conflict.

Auther contributiens: CP.K, .M., M.A.C, RS, and Y.K. designed research; CP.K. par
formed research; CPK, 5., MAC, RS, and YK analyzed data; and CPK, 5M, MAC,
RS, and YK wrote the paper

The authors declare no conflict of interest
This article is a PHAS Direct Submission
'To whom torrespondence should be addressed. Email: colin kelley@geog.ucsb.edu

This articl e contains supporting infor mation online at wismw. pnas.or gflo okupisu pplfdoi: 10.
1073/pnas. 14215331 12D Csupplemental




TREE-RING RECONSTRUCTED DROUGHT :
Much inclement weather happened

1050 in the land of Ireland, which carried
away corn, milk, fruit, and fish, from
the people, so that there grew up
dishonesty among all, that no
protection was extended to church or
fortress, gossipred or mutual oath,
until the clergy and laity of Munster
assembled, with their chieftains,
under Donnchadh, son of Brian, i.e.
the son of the King of Ireland, at Cill-
Dalua [Killaloe], where they enacted
a law and a restraint upon every
injustice, from small to great. God
gave peace and favourable weather
in consequence of this law..” Annals
of the Four Masters, 1050

Vulnerability to drought and hints at
how food scarcity may promote
conflict... But... coping strategies:
Societies are not passive victims
acting mechanistically under

b o5 -4-3-2-10 123 4 5 6 influence from weather...

Cook et al, 2015, Old World
Drought Atlas, Science Advances. SCPDS'




Great benefits and potential of such work
Pursuing it helps overcome:

* Overcoming disciplinary conservatism
* Overcoming disciplinary mistrust

* Overcoming different disciplinary
“languages”

* Developing (and accepting legitimacy of)
hybrid methodologies and hybrid research
goals

s [rofessional Biologist

The Elusive Pursuit of
Interdisciplinarity at the
Human-Environment Interface

ERIC D. ROY, ANITA T. MORZILLO, FRANCISCO SEIJO, SHEILA M. W. REDDY, JEANINE M. RHEMTULLA,
JEFFREY C. MILDER, TOBIAS KUEMMERLE, AND SHERRY L. MARTIN

Environmental challenges are complex and require expertise from mudtiple disciplines. Consequently, there is growing interest in inferdisciplinary
environsental research that integrates natural and sacial science, an aften avduous undertaking. We surveyed vesearchers interested and experi-
enced i1 resgarch af e lannan environment niterface o o perspectives on imterdisciplinary research, e i & ¥ researcl
has eluded many of aur respordents, whose efforts are better described as additive multidisciplinary researcly. The respendents identified many
wes asiel rewards of nte oy research, ineleding the creation of more-relevant knowledge. However, they alse reperted significant
challenges and obstacles, including tension with departments (499 or institutions {61% ), communication difficulries, and differing discipfinary
approaches, as well as institntionad brriers feg., o lock of credit in promotion and tenure). Most {3244) believed that developing interdisciplnary
breadth should begin as early as the undergraduare level. We apply owr results to recommendations for suceessful interdisciplinary endeavors.

Keywords: interdiseiplinary veseasch, survey; conpled fuuman and naural systems, social-ecological spstevis, sustainability

Envimnmental issues are characterized by dynamic
interactions between humans and ecosvstems. Hnmans
now dominate the majority of Larth’s ecosystems through
land transformation, climate change, alterations in global
biogcochemistry, and biodiversity loss (Vitousck ct al.
1997, Ellis and Ramankutey 2008). Historically, researchers
have addressed questions about environmental change and
human well-being trom within traditional academic disci-
plincs (Redman 1999). The division in universities between
the natural and social sciences has proven especially endur-
ing (Heberlein 1988, Kinzig 2001 3. However, new approaches
in which complex, interrelated human and natural systems
are evalvated in an interdisciplinary manner are increa
ingly being acknowledged as an important part of address-
ing environmental issues (Liv et al. 2007a, 2007b, Ostrom
2008).

Interdisciplinarity has been defined in several ways and
is often used to label research initiatives that may not
actually deserve such a distinction (Klein 1990). We define
interdisciplinary environmental vesearch as rescarch that
involves scholars from different disciplines collaborating to
develop terminology, Tesearch approaches, methodologies,
or theories that are integrated across multiple disciplines i
order to address environmental problems, This definition
emphasizes a problem-driven approach, teamwork, and the
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integration of disciplines {Klein 1990). Multidisciplinarity
is distinct from feterdisciplinarity in that it is additive
rather than integrative; that is, although a multidisciplinary
rescarch project includes perspectives or methods from
several disciplines, the project’s rescarchers still act within
and preserve the cxemplary concerns of their ovwn discipline
(Klein 1990},

The call for interdisciplinary environmental rescarch has
come from myriad scientific disciplines, including coology,
cconomics, urban planning, political science, geography,
sociology, anthropology, and engincering (c.g., Lin et al
20073, 2007b). Major funding initiatives have been intro-
duced in the United States to specifically promote inter-
disciplinary environmental research, inchoding the National
Science Foundation’s (NSF) Dynamics of Coupled Natural
and Human Systems program and the Integrative Gradvate
Fducation and Research Traineeship (IGERT). Tn addition,
large international mterdisciplinary research networks have
been initiated (c.g., the Earth System Science Partnership,
the International Geosphere-Biosphere Programme, the
International Human Dimensions Programme on Global
Environmental Change, Future Earth). Despite an increas-
ing number of interdisciplinary graduate programs, research
centers, departments, funding opportunities, and research
networks, true integration of natural and social sciences
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