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éColapso?

1 Sindnimos: "caida", "declive" o
"crisis” (significado negativo/uso
catastrofico).

J ¢Qué significa?

o Tainter (1988): proceso de
simplificacion (pérdida de identidad
cultural, complejidad social, caida de
las estructuras gubernamentales,

aumento de la violencia).

o Diamond (2005): cambio

demogrdfico que supone una drastica
pérdida de poblacion, debido a la

degradacion del medio ambiente.
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¢Colapso?
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APORTACIONES DE LAS HUMANIDADES

No podemos cambiar el pasado, pero su estudio puede
proporcionar informacién util para el futuro. ¢COMO?

Those who cannot learn from history
are doomed to repeat it.
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PREGUNTAS

- ¢Como algunas sociedades “colapsaron”, en algunos casos
aparentemente sin previo aviso?

- ¢Qué condiciones condujeron a ese colapso? GEOGRAFIA ¢estuvieron
implicados fendmenos naturales? ¢ DETERMINISMO AMBIENTAL

(CLIMATICO)?



La causalidad climatica de eventos historicos esta sujeta a notables
controversias. PROBLEMAS DE “CAUSALIDAD” VS “CASUALIDAD”

POST HOC ERGO
PROPTER HOC

Falacia: si un acontecimiento sucede después de otro, el segundo es
consecuencia del primero.




La causalidad climatica de eventos historicos esta sujeta a notables

controversias: COMPLEJIDAD/RESILIENCIA SOCIAL
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La causalidad climatica de eventos historicos esta sujeta a notables
controversias: COMPLEJIDAD/RESILIENCIA SOCIAL

o El clima como estimulo
ciertas estrategias de
adaptacion (clave en |la
respuesta humanay la
resiliencia social.

S EE FRIGLE
GOLDEN AGE

Climate Change, the Little Ice Age,
and the Dutch Republic,
1560-1720
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FUENTES PALEOCLIMATICAS Pendrocronologia
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FUENTES HISTORICAS
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PROBLEMAS CON LAS FUENTES

o Los registros paleoclimaticos antiguos: dataciones deficientes (C'4)
y una baja resolucion temporal.

* La mayoria tienen una resolucion multicentenaria; los subdecenales son
poco comunes.

 Desde una perspectiva arqueologica, contrastar cambios sociales con

eventos climaticos requiere resoluciones de alta frecuencia
(anuales/decenales).

o El desarrollo de los eventos climaticos

 Inhomogeneidad espacial.

e Asincronia temporal.



PROBLEMAS CON LAS FUENTES

o Explicar esos eventos a partir de los patrones actuales de la
dinamica atmosférica (UNIFORMISMO)
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PROBLEMAS CON LAS FUENTES

o Suinterpretacion es compleja: cambios de usos (vegetacion) a
traves del polen

* Olea: resultado tanto de la expansion agricola como de condiciones de
mayor sequedad.

* Encinares/Hayedos cantdbricos: éclima mds cdlido/humedo o especies
oportunistas?

o Las interpretaciones de los efectos pueden ser geograficamente
contradictorios:

* Las migraciones humanas cambian los usos del suelo tanto en las regiones
de partida como en las de llegada.



OTRAS CUESTIONES

ARTICLE '.] cccccccccccc oS

o JéQué tipo de anomalias
How long and how strong must a climatic anomaly .. , . . ]
be in order to evoke a social transformation? climaticas tienen capacidad para

Historical and contemporaneous case studies alterar la estabilidad social?

Tal Ulus® '™ & Ronnie Ellenblum’

JéiQué duracion e intensidad son
necesarias?
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Global deaths from disasters over more than a century SUNEE

The size of the bubble represents the estimated annual death toll. The largest years are labeled with this total figure, in Data
alongside large-scale events that contributed to the majority - although usually not all - of these deaths.

In the 20th century an annual death toll in the millions was common, Mow, in most years 10,000 - 20,000 die. Years with very
usually as the result of floods, droughts or famine. large-scale events record tens to hundreds of thousands.
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PATRON ESPACIAL DE LOS FENOMENOS NATURALES MAS
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Wheat: Yield

Cur World
Yields are measured in tonnes per hectare.

in Data

i All together ~ |
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¢POR QUE ESTA SENSIBILIDAD A LA SEQUIA?

Aperos de labranza primitivos

TS g

Escasez de fertilizantes (estiércol de caballos,
vacas)

Rotacion de cultivos + barbecho

e B

Agricultura extensiv




LA SEQUIA



LA SEQUIA

o Fendmeno muy complejo.

o Diversidad de manifestaciones e impactos
* Paulatinos (delimitacion temporal dificil).
* Extensas dreas geogrdficas (delimitacion

ALTURA DEL ACUIFERD

espacial dificil). e T .
o Interaccion con las actividades humanas =" - e, V’f\‘::’;’i;?f_”’: il
(deforestacidn, sobreexplotacion de - T T T A= L]

recursos hidricos).




LA SEQUIA

Sorprendentemente - iiiNO HAY DEFINICION UNIVERSAL
DE SEQUIA!!!

-La OMM (1990): “un periodo de condiciones meteoroldgicas anormalmente secas,
suficientemente prolongado como para que la falta de precipitaciones cause un grave
desequilibrio hidrolégico”.

- Palmer (1965): “un periodo de tiempo, generalmente de orden de meses o afios de
duracion, durante los cuales la disponibilidad de humedad en un lugar dado ... esta
por debajo de lo esperado climaticamente o apropiada para ese clima”.

- Gibbs y Maher (1967): “una falta de agua suficiente para satisfacer las necesidades,
o los requerimientos dependientes de la distribucion de plantas o poblacion de
animales o humana, su estilo de vida y el uso que hacen de la tierra”.



Periodo seco Sequia (meteorologica)

éSequia?
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TIEMPO

CONDICIONES METEOROLOGICAS ADVERSAS
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Monitor de sequia meteorologica

https://spei.csic.es/map/maps.html#months=1#month=8t#tyear=2023
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Evolucion climatica del
Holoceno

Temperature Anomaly [°C]
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Rupturas en la evolucion cultural regional
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Old World Drought Atlas  Calendario megasequias

Home Maps Time Series Help

Welcome to the Old World Drought Atlas. This web application provides

access to|summer (June-August) reconstructions of the self-calibrating Palmer

Drought Severity Index (PD5I) on a 0.5° latitude/longitude grid centered over
Europe, North Africa, and the Middle East from AD 0000-2012. The
reconstructions are derived from 106 tree-ring chronclogies. For further
details on the reconstructions, see Cook et al. (2015, link below).

Maps and time series can be created using tools under the "Maps" and "Time
Series" menus, respectively. For details on how to create maps and time
series, see the "Help" menu. An animation that runs through each year of the
reconstruction from AD 0000-2012 is available via the link below.

« Old World Drought Atlas Animation AD 0000-2012
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Questions, comments, or suggestions may be sent to Dorian |. Burnette.
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Western North America

: ope ;
{multiple events, ca. (ca. 1000-1200 CE;
800-1600 CE; ca. 1400-1480 CE;
2000-ongoing) ca.1770-1840CE)
Central America
(Terminal Classic drought,

ca. 800-1100CE)

Calendario

Central Asia
~ (ca.804-822 CE;
ca.1175-1190 CE)

Northern China
(multiple events,
ca.1100-1600 CE;
ca. 1634-1643 CE)

Southeast Asia
(mid 1300s CE;
| early 1400s CE)

West Africa - [multipl‘e-e’g{ents._ :
(ca. 14501750 CE; 1300s-1400s CE) .
late 1700s through ~ ¥
early 1800s) k West Australia N ¥
Chile and Argentina (mid-1300s CE; ca.
(ca. 1050-1200 CE; 1755-1785 CE; ca.
ca. 1250-1400 CE; 1828-1850 CE; ca.
ca. 1615-1637 CE; East Africa 1889-1908 CE)

ca. 1684-1696 CE;
2008-ongoing)

a Late thirteenth-century megadrought

2_
i il ,\I
z n ; |
2 ']| | rr
g 3
333
B -1
O
4 N 1271-1300 CE (Williams)
P 1271-1299 CE (Meehl)
-4 N 1271-1289 CE (Coats)
| [ | | | | ]

1260 1270 1280 1290 1300 1310 1320

(ca. 1000-1200 CE;
ca. 1880s-1890s CE)

Eastern Australia
(ca.1100-1300 CE; ca. 1174-1212 CE;
earlv 1500s: late 1700s: earlv 1800s)

b Late sixteenth-century megadrought
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CAUSAS: MECANISMO PRINCIPAL

Sequias en el

Mediterraneo: e R e

IR

» Altas presiones.

» Fase positiva de NAO.

Relationship of Indian Rice Production
and Indian Rainfall

(a) Indian Rice Production
140 (% of 1978) Vé
5 | Sequias en el SE

: § 1 La Mifia ° .
= 2 o Asia:
i 0 » Fallo del monzon.
- > 43 % eventos ENSO
2 : (Nifios) son seguidos

200 (b) All-India Rainfall (mm) de sequia en la India
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scientific reports

CAUSAS:
[ ]

Explore content v  About the journal ¥  Publish with us v

nature » scientific reports » articles » article CO NT RI B U C I 0 N ES

Article | Open access | Published: 01 February 2021 S EC U N DA R I AS

The role of tropical volcanic eruptions in exacerbating
Indian droughts

Suvarna Fadnavis &3, Rolf Muiller, Tanusri Chakraborty, T. P. Sabin, Anton Laakso, Alexandru Rap, Sabine

Griessbach, Jean-Paul Vernier & Simone Tilmes

b) Volcano and monsoon

Scientific Reports 11, Article number: 2714 (2021) | NS I . W e W
Enhanced aerosol layer reflects more sunlight
3606 Accesses | 10 Citations | 25 Altmetric | M P and cools the surface, which weakens the

{_

Hadley circulation and reduces the monsoon
| Thick aerosol

: Volcano, El Nifilo and monsoon
Forzamiento ¢) Volcano, 0 and monsoo
Reduced aerosol layer reflects less sunlight,
externo /, but the El Nifio weakens the Hadley circulation, /‘
(Vulcanismo, WIIILII lclalll \IIC raimmnan ucll\_lcll\.y
actividad solar).




Mecanismos de
retroalimentacion superficie
terrestre-atmosfera

Los “Anasazi”.

Deforestacion + erosion edlica
(tormentas de polvo) =2
aumento de las temperaturasy & | .
reduccion de las precipitaciones “‘“ : Lal
en verano. T

Los mayas del periodo clasico
(800 - 1000)

Deforestacion = reduccién de
la precipitacion (10-20% a final
del verano, 5-15% anual).




STUDIES IN LATE AN',I'IQ_L;IIT'Y

Volume 4, Issue 4 RESEARCH ARTICLE | NOVEMBER 01 2020

Winter 2020 Climate Change in the Breadbasket of the Roman

[ . Empire—EXxplaining the Decline of the Fayum Villages in
the Third Century CE' ¥

Sabine R. Huebner

STUDIES IN
ATE ANTIQUITY

* My gratitude goes to palasoclimatologists Jdrg Lutterbacher [Giessen/Geneva), Markus Stoffel (Ceneva), and
Dominik Fleitmann (Basel] for pointing me to relevant literature and data in their field and for reading and

commenting on a draft of this paper. | also thank the anonymous peer readers for their invaluable input.

Vi
| -'L' '-‘f = 5__1—" & Studies in Lote Antiguity (2020) 4 [4): 486-518.
; i : https:/doi.org/10.1525/51a.2020.4 4 486

o Share ~ & Tools ~

The paper focuses on one of the most productive wheat-growing regions in the

¢ Previcus Bricls Nt Articls: ) entire Roman Empire, the Arsinoite nome (modern Fayum) in Egypt. Towards the
end of the third century CE, multiple formerly thriving farming villages at the edges
of the district went into decline and were eventually abandoned. This paper presents
a new perspective on causes of this abandonment by synthesizing existing research.
The papyri as well as the archaeclogical record imply that irrigation problems arising
simultaneously from the third century CE lay at the heart of the problem and led to
the progressive desertification of formerly agricultural land. The surviving
documentation allows us to trace what increasing water stress meant on the ground
for the local population and what adaption strategies they undertook to deal with the
degradation and desertification of their farmlands. While socio-economic factors
certainly played a role in the decline of these settlements, a change in environmental
conditions should be considered as well. In fact, natural proxies record a general shift

in East African Monsoon patterns at the source areas of the Nile and consecutively
lower Nile flood levels from the beginning of the third century on.
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The role of drought during the Hunnic incursions into
central-east Europe in the 4th and 5th c. CE
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Abstract

The Hunnic incursions into eastern and central Europe in the 4th and 5th c. CE have historically
been considered one of the key factors in bringing the Roman Empire to an end. However, both
the origins of the Huns and their impact on the late Roman provinces remain poorly
understood. Here we provide a new, combined assessment of the archaeological, historical,

and environmental evidence. Hunnic raids and warfare within the Roman provinces are most
intensely attested for the first half of the 5th c. We propose that severe drought spells in the
430s to 450s CE disrupted the economic organization of the incomers and local provincial

populations, requiring both to adopt strategies to buffer against economic challenges. We
argue that the Huns' apparently inexplicable violence may have been one strategy for coping

wiith rlimaticr evtreameac within a wider rantevt nf the enrial and erannmic channes that acrclirre




MEGASEQUIA EN EL ASIA MONZONICA:
ANGKOR




Civilizacion urbana en Camboya.
Siglos IX hasta XIV d.C.

Declive posterior (despoblacion
gradual por reubicacion de la capital
en Longvek, cerca de la actual Phnom
Penh) precipitado por:

- Conflictos sociales y politicos
(internos) + invasiones extranjeras.
- Creciente dependencia econdmica
del comercio internacional.

- Monzones severos y sequias que
estresaron el sistema de gestion del
agua
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El gran ANGKOR

20°0'0"N

15°0'0"N

10°0'0"N

103°40'0"E 103°50'0"E 104°0'0"E

Deciphering a Timeline of Demise at Medieval Angkor, Cambodia Using
Remote Sensing

by @ Sarah Kiassen 12" 2O, @ Tiago Attorre 3 =, @ David Brotherson ¢ ©©, @) Rachna Chhay 5 &,
@ Wayne Johnson & 2, @ lan Moffat 3 2© and €) Roland Fletcher 7 2©
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21 periodos de sequia en los ultimos ~ 800 afos.

a Southeast Asia PDSI time series
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b Spatial extent of Angkor drought ¢ Drought comparison
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Reduccion del caudal del Mekong (2/3 STD por debajo de lo normal) = sellado de los
embalses para minimizar las pérdidas de agua.

Inundacidn catastrofica (1375 CE) = reduccion de su capacidad hidraulica durante la
siguiente gran sequia (aproximadamente 1399-1404 CE) y la secuencia de inundaciones 2>
abandono de la region.
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Drought as a possible contributor to the
Visigothic Kingdom crisis and Islamic
expansion in the Iberian Peninsula
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éPodria contribuir las sequias a la inestabilidad del
reino visigodo y de la Espana musulmana precalifal?

Age (yr CE)
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Posibles mecanismos climaticos:

o La actividad solar.

* Enfriamiento global = una reduccion en la adveccion de masas de agua en el Atldntico,
menor actividad de las borrascas en el Mediterrdneo.

o La dindamica atmosférica interna (Oscilacion del Atlantico Norte,
NAO)

* Sequia en el Mediterradneo =2 fases positiva de NAO = menos precipitaciones
wo- Invernales.
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EL COLAPSO DE
LA EDAD DE
BRONCE
TARDIA:

Una serie de
eventos
desafortunados




El mundo del Mediterraneo Oriental durante la BA
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é¢Qué sabemos?

Dos momentos de "colapso" social a gran escala en el Mediterraneo:

o Colapso de la Edad del Bronce Temprano (EBAC) entre ca. 4,45y
3,95 ka BP:
* Declive del imperio acadio
* Creciente abandono de las ciudades mesopotamicasy
levantinas circundantes

o Colapso de la Edad del Bronce Tardio (LBAC) entre ca. 3,20y 3,05
ka BP,
* Desintegracion de los imperios micénico, hitita y asirio



é¢Qué sabemos del LBAC?

Evidencia epigrafica de escasez de alimentos y hambruna
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¢Qué sabemos del LBAC?

Desestabilizacion en Egipto

éInvasiones o migraciones?

~
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ERIC H. CLINE

/.

é¢Qué sabemos?

1 Posibles causas del "colapso” |
v’ Sociales: élite aristocratica vs =
resto poblacidn).

v Innovaciones tecnoldgicas:
o Guerra: hierro = armas mds

~ THEYEAR
CIVILIZATION
baratas = ejércitos mds COLLAPSED

numerosos (fin del carro de Revised and Uit
g uerra ) . “Astonishing... with eerie relevance.”

—Adar Cpl j
\

v' Interrupcion de los vinculos

:
comerciales. d e
v : _ rought an sqc1eta collapse
Amb'ental_e.S' o 3200 years ago in the Eastern
o Inestabilidad tectonica. Mediterranean: a review
O Pandemia: peste bubo'nica David Kaniewski,23* Joé| Guiot* and Elise Van Campo'2

procedente de ASIG Centm ¥/doi 0rg/10.1080/01916122.2022.2067259 o A N
o Megasequia. , , , ,
., . . High-resolution Bronze Age palaeoenvironmental change in the Eastern
D Hi pOtGSlS mUItlcausaI Mediterranean: exploring the links between climate and societies
(”to rmenta pe rfe Cta”) Calian J. Hazell (®, Matthew J. Pound (® and Emma P. Hocking

Department of Geography & Environmental Sciences, Northumbria University, Newcastle upon Tyne, UK

3@ OPEN ACCESS



Ages cal year CE / BCE
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éEvidencias

paleoclimaticas? l

Dos eventos climaticos abruptos, de =* « o | u

caracter frio y arido: s2iyrep

o Evento de 4,2 ky (entre 4,50 y g
3,90 ka BP) = colapso de la Edad
del Bronce Temprano (EBAC).

o Evento 3,2 ky: tres pulsos i
(arido/frio, humedo/frio, arido), i:f... L
entre 3,35y 2,80 ka BP 2> Vet 'Z
colapso de |la Edad del Bronce e
Tardio (LBAC).
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latitude [°]

é¢Evidencias del 3.2 ky?

Holocene Erupti

¢Un invierno volcanico?

oe® scoe . - e o - . . L J
deglaciation feedback

60 '.——.Ania'kchak'

-1628

Crater Lake

-5622
0
Unknown
Mid-Holocene -2910 ,
Active Period Samalas .
30 7-4 ka BC 1257 Ta1rgt1>gra
_..--o--.o-- e @ @em o0 GoEBBonin oe Go@-or - o @hee @ OBome --*-.-0-.-—----.--.--..--0“ v
-60

Eldgja

WW

Tg S

I ! I ! I 4 I ! I ' I ! 1 N I ! | !
-9000 -8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000
Year [BCE/CE]

0

——
1000

I
2000




SRy

ARRBR g e

La DUST BOWL en las Grandes Llanuras

GONE WITH THE WIND

DAL AL o AN S s & &




DARRYL F. ZANUCK'S™%7*"

("_QUé fue? '“E GRADE’
OR Vl TH
Wé

(1 Uno de los peores desastres
ambientales del siglo XX.

] iDonde?: Grandes Llanuras del
Sur (EE. UU) década de 1930.

(1 Combinacidn de procesos
naturales (sequia severa, y
tormentas de polvo)
interactuando con malas

practicas de uso del territorio *Gane DARWELL%CARRADINE
’ T Qavzw
(erosién edlica). FONDA WGRAPEWIN BOWDON

SIMPSON WHITEHEAD Ql.IAI.EN QUIllANﬁTIlBURY
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Antecedentes ecologicos
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Un poco de historia
la dltima gran area de tierra

LANDS for the LANDLESS! publica abierta a colonos

EHomes for the Homeless!!
Millions of Acres almost donated to the brave Piogeers of Iﬁ.
World by the gencrons government of - America.

SOLDIERS

OF the war of 1961, come rward and take your Homesteads
near some Bailroad in

N EEBRAS E A
For pardienlars address 7, B BOTEWARE, Siats Sup't of Immigratiom,
L E s LZrr el Wl

Aumento precios

Wheat, Price per Bushel, 1866-2015
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Mejoras tecnologicas

Price per Bushel [Logarithmic Scale]
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Source: U.S. Department of Agriculture Political Calculations 2016



Una falacia
climatologica:
a lluvia sigue
al arado”

* Premisa basica: la agricultura aumenta las
precipitaciones.

e Popular en USA y Australia a finales del siglo XIX.
éDestino Manifiesto? Mision de expandir su forma
de democracia y libertad.

* Justificacion del asentamiento y cultivo de trigo
en tierras marginales (Grandes Llanuras, Australia
del Sur).



Malas practicas agricolas

o Desconocimiento de |la
ecologia de
ecosistemas
semiaridos: no se
aplicaron métodos para.
prevenir la erosion
eodlica

EJEMPLO: reemplazo del arado Lister por el de disco (tarea mas rapida y

barata = reduccion del tiempo 75% pero
* Pulveriza el suelo y no crea surcos profundos

* Elimina plantas nativas de raices profundas.

* Privar al suelo de nutrientes orgdnicos.

La sequia seca la capa superior del suelo y la convirtio en polvo.



Sequia

Drought severity index, United States

Our World
in Data

The Palmer Drought Severity Index is the most widely used index to measure drought severity over time. An index
value of zero represents the average moisture conditions observed between 1931 and 1990. Positive values mean

wetter than average, negatives mean drier than average.
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Source: NOAA (National Oceanic and Atmospheric Administration) via the US EPA
Note: A value between -2 and -3 indicates moderate drought, -3 to -4 is severe drought, and -4 or

\/"\1

LA NINA

9-year average
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La corriente en chorro se desplaza
hacia el norte y las borrascas alcanzan
el NW de EE.UU.

POLA

El SE de EE. UU. permanece bajo
condiciones de gran estabilidad
(anticicldnicas, sin lluvia, cielos
despejados...)
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[ ] Juns 1936 MONTHLY WEATHEF
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El polvo arrastrado por los vientos que
formaban enormes nubes ("ventiscas
negras" o "rodillos negros").
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1&sca_esv=583062323&ei=DF5WZfWplYqQkdUPygAl&ved=0ahUKEwj138vkkcm
JKSKQEHUpQCQAQ4dUDCA8&uact=5&o0q=dust+cloud+youtube+arizona&gs_Ip
ind3Mtd2I6LXNIcnAiGmR1c3QgY2xvdWQgeW91dHViZSBhcml6b25hMgUQIRigA:
"EYFhgeGB1I18BNQpAVYrxBwAXgBKAEAMAG8AaAByAeqAQMzLjW4AQPIAQD4AGQ
\goQABhHGNYEGLADwgIGEAAYFhgewglIEAAYFhgeGArCAgQQIRgV4gMEGAAgQ
\ZAGAg&sclient=gws-wiz-serp#vhid=sKvQ_ZNmKsbY9M&vssid=videos-97e6847
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Necesidad de profundizar la relacion entre el clima y la
sociedad - SI

éSon las variaciones climaticas causa unica de cambios
politicos, econdmicos y sociales = PROBABLEMENTE
NO

Al analizar la evolucion historica, se deben evitar las
causas Unicas e integrar los factores ambientales,
politicos, economicos y sociales en una cadena.






