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Types of climatic evidenceTypes of climatic evidence

Pfister 1999

 

 
 

Natural Archives 
 

Societal Archives 
  Descriptions 

 
- Weather diaries 
- Natural disasters 
- … 

Measurements 
 
- Temperature, 

precipitation, pressure 
- … 

Organic 
 
- Phenological data 
- (Grape) Harvest 
- … 

Inorganic 
 
- Flood marks 
- Icing and break-ups 
- Duration of snow 

cover 
 … 

Direct Data 
 
- Measurements 
- … 
 
 
Indirect or proxy 
data 
 
 
 
 

Organic 
 
 
- Tree rings 
- … 

Inorganic 
 
 
- Ice cores 
- Boreholes 
- Varves 
 H
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Religious Sources 
 
- Inscriptions, 
Paintings 

 
 
- Rogation processions 
- … 

 

 



Spatial distribution of proxiesSpatial distribution of proxies
1000, 1500 and 1750  1000, 1500 and 1750  

Jansen et al., 2007, IPCC

Measurements
Tree ring information
Borehole
Ice
Other proxies



OutlineOutline

Natural proxiesNatural proxies

Documentary proxiesDocumentary proxies

Use and application of proxy information Use and application of proxy information 
for the study of the Mediterranean past for the study of the Mediterranean past 
climateclimate

ConclusionsConclusions



Natural proxies in the Mediterranean



Red Sea coralsRed Sea corals

High resolved proxy for temperature, aridity, SSTs

Thomas Felis



Red Sea coralsRed Sea corals

Modern reef (Gulf of Aqaba, northernmost Red Sea)
Thomas Felis
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Arctic Oscillation index

Coral 18O seasonality

Coral 18O summer extremes

Coral 18O winter extremes

cooler

warmer

Felis et al. 2004

�• AO/NAO controls northernmost Red Sea seasonality
through its control on winter temperatures

AO/NAO and coral d18O seasonality AO/NAO and coral d18O seasonality 
(northernmost Red Sea)(northernmost Red Sea)



Corals in Red SeaCorals in Red Sea

Felis et al. 2000

Cold/arid

warm/wet



VermetidsVermetids

Silenzi et al. 2004
Montagna et al. 2006

Non tropical 
corals, 
seasonal to 
multi-decadal 
proxy for sea-
water 
chemistry, 
productivity, 
SSTs, sea 
level



SpeleothemsSpeleothems

Central Alps, Italian Alps, 
Sardinia, Turkey, ...

Temperature 
or 
precipitation 
indicators of 
annual to 
decadal 
resolution



SpeleothemSpeleothem--based climate reconstructionsbased climate reconstructions
Dominik Fleitmann



SpeleothemSpeleothem--based climate reconstructionsbased climate reconstructions

Dominik Fleitmann



Tree ringsTree rings

Tree rings provide information on summer temperature 
(Scandinavia / Alps) or precipitation (Mediterranean)



Cedar

Crossdating still tentative

Pine

Conifer
Combined

Neolithic Chalcolithic   Early
Bronze Age

Classical
      Hellenistic
          Roman

Medieval
         Modern

Middle Bronze Age
             Late Bronze Age
                            Iron Age

Periods

-7000 B.C./A.D.-6000 -3000 -2000 1000 2000-4000 -1000-5000

Juniper

Oak

Boxwood

Yew

Fir

Spruce

Aegean Tree-Ring Chronologies as of December 2001

Aegean Dendrochronology Project, Cornell

Sturt Manning, Carol Griggs, Tomasz Wazny



Tree ringTree ring--based climate  reconstructions  based climate  reconstructions  

Touchan et al. 2005

Saz 2004

NE Spain



Tree ringTree ring--based climate reconstructionsbased climate reconstructions

Guiot et al. 2005

Till and Guiot 1990



Spatial distribution of 847 tree ring width sites Spatial distribution of 847 tree ring width sites 
and correlation with JJA temperature (left) and correlation with JJA temperature (left) 
and precipitation (right)and precipitation (right)

Luterbacher et al. 2011; Büntgen, pers. comm.

Pyrenees and Alpine sites reflect summer temperatures
Sites in the south reflect hydroclimatic evidence (seasonal dependent)



Drought reconstructions in Morocco based on Drought reconstructions in Morocco based on 
Altas Cedar trees; drought during MCAAltas Cedar trees; drought during MCA

Esper, Luterbacher, Xoplaki et al. 2007

‚MCA‘ drought



VarvedVarved sedimentssediments

Ray Bradley



Lake sediments from the MediterraneanLake sediments from the Mediterranean

Tinner et al. in prep.



Documentary proxies in the Mediterranean



Documentary data Documentary data toto study study past past climateclimate

�• narrative sources
(annals, chronicles, memories)

�• visual daily weather records
�• personal correspondence
�• newspapers
�• scientific papers 
�• epigraphic records
�• economic records

(books of accounts,
correspondence, reports on
natural disasters)

Pfister 1999, Brazdil et al. 2005



Documentary sources containing climate Documentary sources containing climate 
informationinformation

Earliest continuous
diary dates in Spain:
F. Salvà, Barcelona,
January 1780

Barriendos, pers. comm.



Other documentary sourcesOther documentary sources

Files and plans of public
works

Early cartography

Old pictures

Early photography
1m

2m

3m

Epigraphic
records

Eduardo Rama



Early instruments  Early instruments  



Pisa pressure; November 1657 Pisa pressure; November 1657 -- May 1658May 1658

Camuffo et al. 2010



Damage report in irrigation Barcelona (left) Damage report in irrigation Barcelona (left) 
& Barcelona flood 1862 (right)& Barcelona flood 1862 (right)

Luterbacher et al. 2006



10001000--yr of the Venice lagoon freezingyr of the Venice lagoon freezing

Camuffo 1997



Rogation ceremonyRogation ceremony

Girona,
April 1642 
Saint 
Narcisus
first bishop 
in Girona

Luterbacher et al. 2006



1907 1907 �–�– 2007, 100 years from the Segre flood2007, 100 years from the Segre flood

Barriendos, pers. comm.



Arabic chroniclesArabic chronicles

Annals “palatinos”

Different meteorological notices 
appear in the document written by 
the Arab historian Al-Razi narrating 
the most outstanding events of the 
caliphate of Cordoba in the period 
971-975. The chronicles of al-Razi
report numerous weatehr related  
events. The most important are 
those related to agriculture- heavy 
rains, storms, hurricane force winds, 
hail, and frost. Also cited are the 
floods of the River Guadalquivir 
because of their great social impact.

Jose Vaquero



NilometerNilometer
(instrument that measures the height of the Nile (instrument that measures the height of the Nile 
waters during its periodical flood)waters during its periodical flood)

Luigi Mayer, R. Brown
Historic Gallery, Pall Mall 1802

Pharaonic and medieval Egypt 
depended solely on winter agriculture 
and hence on summer floods. The rise 
of the waters of the Nile was measured 
regularly from the earliest times.

compiled the annual maxima and 
minima of the water level
recorded at nilometers, back to the 7th 
century.



Annual record of flood (above) and lowAnnual record of flood (above) and low--water water 
(below) at (below) at RodaRoda Island, Cairo, based on Island, Cairo, based on NilometerNilometer

De Putter et al. 1999

MCA (~950-1250) characterised
by a low variability in flood
record and low proportion of
weak nile floods

Record suggest that MCA was a
period during which periodicities
possibly linked to solar periods
�‚lose�‘ their temporal stability

14.5 yr periodicity in MCA (Multi Taper)

21 yr periodicity in MCA (Multi Taper)



Ricardo García-Herrera



Ricardo García-Herrera



Ricardo García-Herrera



Ship log data Ship log data �–�– CLIWOCCLIWOC

Copyright: Nicholas Pocock's painting of the East India Company's Hindostan.
By courtesy (until 2013) of the National Maritime Museum, Greenwich (UK)
http://icoads.noaa.gov/reclaim/images/BHC1097_Pocock_E_Indiaman.jpg

http://www.ucm.es/info/cliwoc/logbooks.htm



García-Herrera et al. 2005



Use and application of proxy information
for the study of the Mediterranean past climate



Combination of documentary data to Combination of documentary data to 
reconstruct precipitation, Barcelona 1501reconstruct precipitation, Barcelona 1501--18511851

1m

2m

3m
Flood level

Rodrigo & Barriendos 2008
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Number of catastrophic floods in CataloniaNumber of catastrophic floods in Catalonia

Mariano Barriendos



+ pollen reconstruction of annual temperature (1x1 grid)

Location of proxiesLocation of proxies

Guiot et al. 2010



West Med

East Med

Mediterranean temperature reconstructionsMediterranean temperature reconstructions

Guiot et al. 2010

April-September



Distribution of proxies (documentary & Distribution of proxies (documentary & 
natural) over the Mediterranean areanatural) over the Mediterranean area

Luterbacher et al. 2006, updated



Reconstruction methodologyReconstruction methodology
(PCA(PCA--multivariate regression)multivariate regression)

Luterbacher et al. 2004



Mediterranean winter temperature from 1500Mediterranean winter temperature from 1500



Mediterranean winter precipitation from 1500Mediterranean winter precipitation from 1500



Mediterranean summer temperature from 1500Mediterranean summer temperature from 1500

Luterbacher et al. 2004, updated



Reconstruction: Winter 1753Reconstruction: Winter 1753

Küttel et al. 2010



Reconstruction: Winter 1753Reconstruction: Winter 1753

Instr
only

Instr &
CLIWOC

Küttel et al. 2010



Annual Mediterranean temperature Annual Mediterranean temperature 
reconstructionreconstruction
Camuffo et al. 2010



CCA1, 1750CCA1, 1750--20062006
The EA/WRUSThe EA/WRUS--like patternlike pattern

+warm

co
ol

dryer and warmer (north),
wetter and cooler (south)

wetter and cooler (north),
drier and warmer (south)

_ _



CCA2, 1750CCA2, 1750--20062006
The NAOThe NAO--like patternlike pattern

dry and warm+

_
dry and warm, pos NAOI

wet and cool, neg NAOI



The Mediterranean offers a broad spectrum of long The Mediterranean offers a broad spectrum of long 
instrumental, documentary and natural proxiesinstrumental, documentary and natural proxies
Additional high quality and high resolution records Additional high quality and high resolution records 
are neededare needed
MultiproxyMultiproxy reconstructions allow insight in spatial reconstructions allow insight in spatial 
and temporal details about past climate variations and temporal details about past climate variations 
and related atmospheric circulationand related atmospheric circulation
Future research should focus on developing Future research should focus on developing 
stronger integration and exchange between the stronger integration and exchange between the 
paleopaleo--data researchers and dynamical/data researchers and dynamical/modellingmodelling
communitiescommunities

ConclusionsConclusions



Thank you very muchThank you very much
for your attention!for your attention!


