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Motivation

• How its hydroclimate has changed and what the impacts over the recent times (last 2000 years).

• What are role of the main climate drivers in those changes.

© Olhares.com
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In Iberia it is expected longstanding heatwaves and droughts, so it is crucial to understand: 
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Drought relief for Iberia over the coming days (netweather.tv)

Past reconstruction

https://networker.copernicus.org/my-profile/EGU21
https://www.netweather.tv/weather-forecasts/news/11346-drought-relief-for-iberia-over-the-coming-days


Major natural climate forcings over the last 2000 years 

NAO +                                   

Petersen, J. F., Sack, D., and Gabler, R. E., 2008

NAO -

Solar variability Atmospheric Patterns

Volcanic Eruptions

North Atlantic Oscillation

www.popsci.com

http://www.nasa.gov/audience/formedia/features/MP_Photo_Guidelines.html
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Serra da Estrela Mountain

High-mountain lake records covering the last 2ka in Iberia, see 
Sánchez-López et al., 2016
This study 

Lake Peixão

• ~ 100 Km from the Atlantic Ocean

• Key-location to study ocean-atmosphere-land changes

• Major barrier to the Atlantic moister

• Defines a boundary between two climate zone

• Lake Peixão, one of the few high-lake records

Torre 1993m

1700  m 
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Csb, cfb and csa -> Please see Köppen–Geiger climate classification
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UWITEC core system

Coring campaign, summer 2019
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• Persist unchanged for extend periods in the sediments

• Compound specific isotopic analysis, δD and δ13C

• Strong and consistent relationship with precipitation

• Used to infer past hydroclimate and organic matter sources

Leaf wax n-alkanes

Shepherd and Griffiths, 2006

C27 – C31

C31 – C33

C23 – C25

Number of carbons

Examples of Indexes used to characterize n-

alkanes in a sample:
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Trees/shrubs

Grasses

Aquatic plants
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Click to see a short Youtube vídeo about the methodology ☺

https://networker.copernicus.org/my-profile/EGU21
https://www.youtube.com/watch?v=WWDSYIWuOYk
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C33

C27

Modern n-alkane signal
4    Cytisus sp.

6     Erica sp.

5   Juniperus sp.
7  Nardus stricta 3   Juncus sp.

1 Agrostis delicatula 2   Antinoria sp.
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C23
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C29
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Surface lake sed *Litter

*

Grasses
/Herbs

Shrubs 

Modern Vegetation 

δ
1

3
C

δ
D

Normalized n-alk*

*Normalized against total n-al C17-35

n-alkane isotopic 
signal

Aquatic relatednon-aquatic related

Shrubs Grasses/Herbs

Total n-alk
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and
odd chain n-alk

cond + δD and δ13C 

Ecological forms clustering using PCA (corr)

Grasses
/Herbs

Shrubs Grasses
/Herbs

Shrubs 

δD δ13C
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Nardus sp. (L)

Erica sp. (L)
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Lake Sed.

y  = 138.427425 + 9.34774394*x

r2 = 0.48

Agrostis sp.
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Agrostis sp.

Nardus sp.

Antinoria sp. Juncos sp.

Erica sp.

Cytisus sp.

Nardus sp. (L)

Erica sp. (L)

Juniperus sp. (L)

Lake Sed.

y  = 278.596588 + 13.3511468*x

r2 = 0.55

R2 = 0.55 R2 = 0.48

C29 C31

Modern n-alkane isotopic signal

Grasses/Herbs

Shrubs

Lake Surface Sediments
Aquatic related

Non-aquatic
Shrubs(L)    Vegetation litter

Ecological forms

Grasses/Herbs

• Strong linear δD vs δ13C 

relation
Suggesting:
common environmental factors 
like: 
precipitation, temperature, 
humidity, soil and water source

• Linear response of C29 to 
differentiate terrestrial 
ecological forms

• Higher εapp in grasses than 
shrubs

δD

δ13C
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I – Prevailing climatic factors; 
II – Lake Peixão as a climatic “sentinel”; 
III – Lake sediments archive

Estimated δDprec

Online Isotopes in Precipitation Calculator:

-56±5‰ (annual); -53 ‰ (Spring months)

Near by (~ 1km) water spring:

-51±2‰ (tri-monthly)

εC29/MAP: -129±12‰

Lake Peixão as a climatic sentinel

Εapp :

Global average apparent fractionation
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PCA – variance – covariance matrix on odd 
chain n-alkanes of the lake sediments

Downcore reconstruction PEX19-01

Sub- sampling each 2 cm

mean time resolution ~ 34 yrs

n-alk correlation analysis 

60 samples
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Principal component analysis model for the odd-chain compounds of the lake sediments (last 2ka)
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Long-chains

Biogeochemical stages 

Stable vegetation type
(oro-Mediterranean)

Low and variable 
Aquatics inputs

Aquatic plants

Lake Sediments

ABCDEFG

Aquatics

Terrestrial 

n-alkane 
concentration

(30.2 – 30.4)

(0.12 – 0.2)
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Water source δD

Compound-specific 
isotopic signal

Vegetation sources δ13C
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Long-chains

Biogeochemical stages 

Stable vegetation type
(oro-Mediterranean)

Low and variable 
Aquatics inputs

Aquatic plants

Lake Sediments

ABCDEFG

Aquatics

Terrestrial 

n-alkane 
concentration

(30.2 – 30.4)

(0.12 – 0.2)
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+ Vegetation → buffering the runoff

Lake level
Lowering of the  
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• δDprc highly controlled by mean regional 
temperature and precipitation amount

• δD of C29 used as a reference to 
terrestrial hydrology. True Aquatics 

inputs

Water source δD

Compound-specific 
isotopic signal

Vegetation sources δ13C

https://networker.copernicus.org/my-profile/EGU21


ABCDEFG Colder

Warmer

PC1

Wetter

Drier

PC2

PCA model

Odd chain n-alkanes
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Based on modern n-alkane
characterization and cross-validated
with other independent proxies:
• Pollens
• P/B Diatoms
• Bulk Organic matter
• X-ray fluorescence of sediments

https://networker.copernicus.org/my-profile/EGU21


ABCDE

BG

FG Colder

Warmer

PC1

Wetter

Drier

PC2

Adapted from Sánchez-López et al., 2016

PCA model

F

Odd chain n-alkanes

WET WET DRYDRY
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Frozen lake during the 
growing season of the LIA
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Stalagmite record from Thatcher et al., 2020

Based on modern n-alkane
characterization and cross-validated
with other independent proxies:
• Pollens
• P/B Diatoms
• Bulk Organic matter
• X-ray fluorescence of sediments

https://networker.copernicus.org/my-profile/EGU21


Conceptual 
model 
Warm and Wet
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Vegetation art:
Tracey Saxby, Integration and Application Network (ian.umces.edu/media-library)
Brianne Walsh, Integration and Application Network (ian.umces.edu/media-library)

Enhanced water 
column 
stratification

Presence of Aquatics 
and temperate forest

IE LIA MCA DA RP

Conceptual 
model 
Warm and Wet
conditions

Enhanced chemical  
weathering 
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Reduce chemical weathering 

Higher O2 level in the water column 

Low Aquatics  under an 
extended periods of  frozen lake 

Vegetation art:
Tracey Saxby, Integration and Application Network (ian.umces.edu/media-library)
Brianne Walsh, Integration and Application Network (ian.umces.edu/media-library)

Conceptual 
model 
Dry and cold
conditions 
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IE LIA MCA DA RP
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NAOIP High Sunspots Low Sunspots

Low EnergyHigh Energy

https://www.climate.gov/news-features/understanding-
climate/climate-change-incoming-sunlight

NAO reconstruction

r = - 0.4, p <0.01

Smoothed lines of PC1 and solar variability

Drier

Wetter

r = - 0.5

r = - 0.4

Smooth lines correlation 

PC1 and NAOIP : r = - 0.7 (p <0.01)

Total solar 
irradiance

Sunspots

Solar Variability

Colder

Warmer

Climate 

Forcings

BG

NAOIP
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✓The vegetation type has not change significantly over the last  2000 years, however the relative proportions of 
n-alkanes signal allowed to infer some significant changes in climate and environment conditions.

✓ Isotopic signals of C27 and C29 can reflect changes in the lake and terrestrial hydrology, respectively. 

✓Roman Period: generally dry climate under a prevailing NAO+ and Grand Solar Maxima, with  two phases, a first 
warm and a second cold phases.

✓Dark Ages and Medieval Climate Anomaly: the climate were generally warm and wet, with colder and drier 
interval between the two periods, under a more variable NAO.

✓Little Ice Age: Cold period under NAO- and Grand Solar Minima, first phase of cold and wet climate and a 
second especially cold, which dry conditions may be the result of a temperature mask effect.

✓Since 1880 AD, with the onset of the Industrial Era, there is a significant shift towards warm and dry conditions. 

Main conclusions
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➢ Improve climate and environmental reconstructions in the core such as temperature, biomass burning and 

anthropogenic impact using new biogeochemical tools (PAHs and brGDGTs).

Future Works
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➢ Improve the n-alkane characterization of modern vegetation and topsoils in Serra da Estrela.

➢ Understand the causes of the abrupt changes detected in n-alkane signal using a new statistical approach. 
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