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The North Atlantic Oscillation (NAO) is the leading mode of atmospheric circulation 

variability in the North Atlantic region1. Along the Norwegian coast it has a strong impact 

on precipitation, temperature and wind intensity changes, thereby affecting energy supply 

and demand, fisheries, agricultural, marine and terrestrial ecological dynamics2-4. Long 

term NAO reconstructions are crucial to better understand NAO variability in its response 

to climate forcing factors, and assess predictability and possible shifts associated with on-

going global warming. However, existing records are rare and often inconsistent5. By com-

paring geochemical measurements with instrumental data we show that primary produc-

tivity recorded in central Norwegian fjord sediments is sensitive to NAO variability. This 

observation is used to calibrate paleoproductivity changes to a 500-year reconstruction of 

winter NAO6 and to establish a high resolution NAO proxy record covering the past 2800 

years. We find that NAO variability coincides with climatically associated changes in paleo-

demographics and Northern Hemisphere (NH) glacier advances. Furthermore, a strong vol-

canic eruption may have induced the onset of the Little Ice Age (LIA), which is marked by a 

rapid transition from a stable positive to a stable negative NAO phase. 
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Apart from the northward flowing North Atlantic Current (NAC), the climate in northern 

Europe is strongly influenced by the North Atlantic Oscillation (NAO)1,7,8. This dominant 

mode of atmospheric circulation is most pronounced during winter (Dec-Mar) and swings 

between two phases: a positive (negative) NAO generates periods of warmer and wetter 

(colder and dryer) climate conditions in north-western Europe9.  

Instrumental time series are too short to reveal NAO responses to internal and external 

climate forcing with confidence. Paleo-NAO records based on historical records, tree ring or 

ice core data are shorter than   950 years10, and have large uncertainties for the pre-

industrial period5,8,11. General challenges for NAO reconstructions are its possible non-

stationarity, and its strong alteration on very short time scales requiring high resolution 

(winter) paleoclimatic records. Only the latter can provide the essential knowledge for NAO 

prediction and quantification of possible anthropogenic changes.  

The Norwegian coastal area is supposed to be consistently influenced by NAO variability 

over long time scales8. General high sedimentation in Norwegian fjords, together with the 

possibility to quantify environmental parameters such as water exchange and freshwater 

input, offer an excellent opportunity for studying local responses to short-term variability in 

the Earth’s climate. Here we use the geochemical record of two sediment cores: the upper 

five meter of the piston core MD99-229212, and multi-core MC99-3 (hereafter referred to as 

MC99). They were recovered from the Trondheimsfjord, central Norway (Fig. S1, supplemen-

tary information), and have a temporal resolution of 1.8-3 years covering the past 2800 

years.  

The most important factors regulating primary productivity in fjords are light, tempera-

ture, wind-driven vertical mixing and freshwater runoff i.e. nutrient supply (e.g. Fe, N, P)13-15. 
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Thus, the strong impact of the NAO on changes on physical climate parameters, such as 

wind, temperature and precipitation in Norway, influences ecological dynamics in marine 

and terrestrial systems and encompasses change in (e.g.) the phytoplankton production in 

terms of timing of reproduction and population dynamics2,3,16. In particular, the annual 

spring bloom, most likely the strongest primary productivity event in fjords, is triggered by 

the strength of spring river discharge due to snow melt14,15. During this period autotrophic 

production and heterotrophic consumption are uncoupled, resulting in dense phytoplankton 

population and large amounts of aggregated particles reaching the seafloor,17 nourishing the 

benthic population2. 

Principle component analysis (PCA) indicates that for the last 50 years the three climate 

components of 1) winter-spring (DJFMAM) river discharge (R), 2) winter (DJFM) air tempera-

ture (T), and 3) precipitation (P) from the Trondheimsfjord area are strongly related. The first 

principal component (PCA1) explains 81 % of the variance (supplementary information, Tab. 

S3), and combines the three physical factors into a new RTP index (Fig. 1). The concurrent 

changes of the three climate components in the Trondheimsfjord region appear to be 

caused by changes in the large-scale atmospheric climate pattern as defined through the 

winter NAO index1 (supplementary information, Fig. S4).  

In accordance with investigations of Trondheimsfjord surface sediments18 a strong connec-

tion (r2 = 0.8) between marine derived organic matter and CaCO3 retrieved from the short 

sediment core MC99 indicates carbonate marine productivity to be the main CaCO3 source in 

Trondheimsfjord sediments during the past 50 years (supplementary information Fig. S2). 

Moreover, CaCO3 variations are closely linked to the RTP index (Fig. 1 and S3), implying that 

the combined impact of air temperature, precipitation and river discharge on marine pro-
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ductivity is directly reflected by the CaCO3 concentrations in Trondheimsfjord sediments. 

Due to the insufficient resolution of the sediment record the available number of CaCO3 

measurements does not allow a reliable statistical comparison with the instrumental time 

series although, the CaCO3 record from MC99 closely follows the winter NAO variation dur-

ing the past fifty years. Temporal offsets between relative maxima and minima lie within 

chronological uncertainties (Fig. 1). Accordingly, winter NAO apparently is very well recorded 

by CaCO3 in Trondheimsfjord sediments due to its impact on the annual spring bloom inten-

sity, suggesting planktic and benthic carbonate productivity during spring as a promising 

proxy for NAO reconstruction.  

In the sediment core MD99-2292, CaCO3 percentages coincide closely with its high reso-

lution (1.8 - 3.0 years) Ca/Si record (Fig. S5). This enables us to compare Ca/Si to reliable11 

winter (DJF) NAO reconstructions based on early instrumental and documentary proxy data 

covering the past 500 years (AD 1500-1990)6. A correlation of r2 = 0.8 between Ca/Si and an 

averaged winter NAO index was achieved by adapting the depth-age relation of Ca/Si within 

its 1-sigma age error range to the Luterbacher 6 NAO using a dynamic time-warping algo-

rithm (Fig. 2 and supplementary information). The derived linear calibration function was 

used to calculate a winter NAOTRD proxy index for the past 2800 years (Fig. 3).  

As previously proposed10, but so far not completely recorded, the NAOTRD reveals persis-

tent positive values during the Medieval Climate Anomaly (MCA,   950 to    1250 A.D.)19. A 

rapid change towards a stable negative mode occurs at the LIA20 onset followed by a much 

more variable behavior during the past 300 years. The only previous NAO reconstruction 

beyond 1000 A.D. (NAOPCA3)21 suggests a similar overall paleo-NAO pattern (Fig. 3). However, 

the NAOTRD varies more and does not contain the NAOPCA3 extended stable periods between 
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e      500 to   350 B.C. a     0 to   200 A.D. In particular the longest persistent NAOPCA3 period 

(1100 - 1400 A.D.), originating from the calibration of the NAOPCA3
10,21, differs from our rec-

ord. The differences between the proxies are probably related to different response times of 

the proxies, dating uncertainties, and maybe also to changes in the stationarity of the NAO 

spatial pattern8. Nevertheless, spectral analysis of NAOTRD reveals dominant periodicities of 

about 300 (±20), 170 (±10) and 66 (±2) years (Fig. S7, supplementary information), which are 

consistent with the cyclicities of the NAOPCA3
21. The occurrence of a 300-year climatic cycle, 

identified in NH meteorological observations and terrestrial climate archives, historically has 

been related to changes in solar activity22,23, but to our knowledge this has not been con-

firmed. Although there might be an intrinsic atmospheric (NAO) periodicity driven by exter-

nal forcing, the apparent 300-year cycle could also be a spurious periodicity of a red-noise 

climate process (Fig. S7, supplementary information).  

It is noteworthy that climatically associated changes in central European paleo-

demographics24 coincide with long and short term NAOTRD variations (Fig. 3 and Tab. S4). 

Socio-economic crises, population migration, and settlement desertion intensified during 

negative NAOTRD phases while positive NAOTRD phases seem to heighten sustained demo-

graphic and economic growths. Moreover, a pronounced negative NAOTRD overlaps with the 

c lla se    the  lassical  a a  i ili a       800 to   1000 A.D.)25 during an annual precipita-

tion reduction of 40 %25 in Mexico that is assumed to be caused by a shift of the Intertropical 

Convergence Zone (ITCZ)26. Within the same period glaciers advanced in Canada and 

Iceland20 (Fig.3) as well as in the Alps, Alaska and Tibet27. The synchronicity of the central-

American precipitation anomaly and widespread glacier advance in the NH suggest a com-

mon forcing promoting a negative NAO phase.  
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It is notable that transitions from positive to negative phases of the NAOTRD are often 

rapid, whilst the increases back to positive values are more gradual. Possibly the spontane-

ous phase changes are related to threshold transitions triggered by internal or external forc-

ing. For example, distinct positive to negative NAOTRD shifts with subsequent advance of NH 

glaciers20,27 occurred at the same time as the two major volcanic eruptions of the past 2800 

years (536 and 1257 A.D.20,28,29) (Fig. 3). The rapid NAOTRD MCA-LIA transition in the mid to 

late 13th century differs from the NAO reconstruction based on tree rings and speleothems 

(NAOms
10, Fig. 3), but is consistent with ice-cap development reconstructed in Canada20 

(Fig. 3). Associated climate modeling shows that volcanic-induced cooler climate conditions 

can continue after the aerosols are removed by sea-ice/ocean feedbacks over long time 

scales20. This scenario could explain the long negative NAOTRD phase from 1250-1450 A.D.. 

Furthermore, periods of "volcanic-solar downturns"30 seem to correspond with negative 

NAOTRD phases (Fig. 3). Nevertheless, many phase changes in the NAOTRD record are unaf-

fected by volcanic activity, and other forcing factors such as internal atmospheric dynamical 

processes31 may be responsible for NAO variability.  

Compared to other paleoclimate records the LIA onset occurs relatively early in the 

NAOTRD. We propose that this difference reflects different response times between the 

ocean and the atmosphere to internal or external forcing on short time scales. A positive 

NAO, as during the MCA, is generally associated with stronger eastward air-flow towards 

northern Europe supporting a strengthening of the North Atlantic Current (NAC) and 

Meridional Overturning Circulation32. The rapid NAO reversal at    1250 A.D. may have de-

creased heat and moisture transport towards northern latitudes, whilst the buffering effect 

of the ocean may have prevented an immediate temperature drop in northern Europe. By 
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following Miller 20, we propose that the onset of the LIA occurred around 1250 A.D. when 

volcanic activity triggered large changes in the atmospheric circulation. A delayed LIA ap-

pearance by 100 years or so and a slower MCA-LIA transition in other records30 is likely the 

result of the delayed response of the oceanic circulation to atmospheric forcing. Similar sce-

narios may also hold true for other periods of rapid NAOTRD shifts.  

The here presented first high-resolution winter NAO reconstruction from marine sedi-

ments (Fig. 3) reveals a strong connection between NH climate history and NAO regional 

impact in central Norway. Persistent positive and negative NAO phases are in accordance 

with cooler and warmer climate periods during the late Holocene, such as MCA and LIA. Rap-

id phase transitions related to large volcanic eruptions indicate the existence of internal at-

mospheric thresholds and instabilities in the atmospheric circulation pattern. Ongoing cli-

mate change and global warming requires improved physical modeling of the NAO to gain 

better knowledge of the feedback mechanisms involved in these changes to answer the im-

portant questions of which processes are potential triggers, and which are the main amplifi-

ers of large scale climatic changes. Compared to the historic NAO variability over the last 

300-400 years, the NAOTRD proxy record shows comparable amplitudes over the last 2800 

years, but also indicates that positive and negative phases are typically more persistent.  

Material and Methods 

The data presented here were obtained from two sediment cores, MD99-2292 and 

MC99, recovered at the same site in the Trondheimsfjord Seaward Basin (Fig. S1). The 31 m 

long sediment core MD99-2292 (water depth 486 m, 63°28'62"N, 10°11'63"E) was taken by 

the research vessel “Marion Dufresne” in 1999. Prior to sediment sampling the elemental 

composition of the first five meters were measured in 0.5 cm steps using an Avaatech X-ray 
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fluorescence (XRF) core scanner. Additional X-ray images using the SCOPIX system were 

taken at EPOC, CNRS/University of Bordeaux 1, France. Subsequently sediment slices (1 cm 

deep, 1.5 cm wide, 7 cm long) were taken in 4 cm intervals. The short (26 cm) multicore 

MC99 (5.5 cm diameter) was collected by the research vessel “Seisma” in April 2011 (water 

depth 504 m, 63°28'37"N, 10°11'37"E). The core was sliced in 1 cm intervals aboard the re-

search vessel, and samples were stored in plastic bags at -18°C. Prior to further analyses, all 

samples (MD99-2292 and MC99) were freeze-dried and, except for grain size measurements, 

homogenised through gentle grinding.  

Total carbon (TC) and total organic carbon (Corg) measurements were performed at the 

Geological Survey of Norway (NGU). Corg and TC were determined with a LECO SC-444. Prior 

to the Corg analysis, sediment subsamples (ca. 200 mg) were treated with 10 % (vol.) hydro-

chloric acid at 60°C, and subsequently washed 10 times with distilled water to remove inor-

ganic carbon (carbonate). Carbonate content was calculated as CaCO3 = (TC- Corg) x 8.33. 

Total nitrogen (Ntot in wt%) was determined using an elemental analyzer isotope ratio 

mass spectrometer (EA-IRMS) at EPOC, CNRS/University of Bordeaux 1, France. The inor-

ganic nitrogen (Ninorg) content was analysed on 20 mg sediment subsamples treated with 

KOBr-KOH solution to remove organic nitrogen (see Knies 33 for details) using an EA-IRMS 

(Iso-Analytical Ltd., UK). The organic proportion of the total nitrogen content was calculated 

by subtracting the Ninorg fraction from Ntot. Stable carbon isotopes of the Corg  racti    δ13Corg) 

were measured on decarbonated (10 % HCl) aliquots using an EA-IRMS (Iso-Analytical Ltd., 

UK)  δ13Corg values are given in per mil vs. Vienna-PDB.  
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Figure 1: Comparison of instrumental data with CaCO3 over the past 50 years. 3 point run-

ning average of RTP index (black line) combines instrumental records of winter-spring 

(DJFMAM) river discharge (R), winter (DJFM) air temperature (T) and precipitation (P) from 

the Trondheimsfjord area since 1963 (supplementary information). Grey bars are the annual 

winter NAO index1 and dotted line is a 3 point running average. CaCO3 concentration from 

MC99 (green line) follows the course of the averaged instrumental data in the range of the 

dating error (yellow bars). 
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Figure 2: NAOTRD calibration using a DTW fit A) Comparison between Ca/Si (MD99-2292) 

and averaged winter NAO index.6 B) DTW fit between Ca/Si and averaged winter NAO index6. 

Red squares indicate 14C ages (MD99-2292) with age error sigma 1 (Tab. S1). Dotted lines 

indicate ±50 year deviation. C) DTW fitted Ca/Si and averaged winter NAO index6. D) Calibra-

tion curve (r2 = 0.8) based on Ca/Si winter NAO in C). 
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Study area 

The temperate Trondheimsfjord is located in the central part of Norway (Fig. S1) and, 

with a length of approximately 135 km, it is the third longest fjord in the country2. Three sills 

(the Agdenes Sill at the entrance (max. 330 m water depth), the Tautra Ridge in the middle 

section (max. 100 m water depth) and the Skarnsund in the inner part (max. water depth 

100 m)) divide the Trondheimsfjord into four main basins: Stjørnfjord, Seaward basin, Mid-

dle fjord and Beistadfjord (Fig. S1) (for detailed maps of bathymetry and topography of the 

drainage area, we refer to http://kart.statkart.no). The average tide in the Trondheimsfjord 

is 1.8 m, the average water depth is 165 m and the maximum water depth (620 m) is found 

at the mouth of the Seaward basin 3. 

 

 

Figure S1: A) Location of the study area (upper left corner) and map of the Trondheimsfjord with the position 
of the sediment core MD99-2292 and MC99 (green circle). Three sills divide the fjord into three main basins 
and the six main rivers enter the fjord from the south-east. 
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Origin of organic matter 

On the basis of sixty evenly distributed surface sediment samples around the entire 

Trondheimsfjord an index for the variable input of marine versus terrigenous organic matter 

(MT index) was generated by Faust et al (Paper I): MT index = 16.68 –

 0.034 * Fterr + 0.65 * δ13Corg. Fterr is the fraction of terrestrial organic carbon, which is calcu-

lated from the Norg/Corg ratio4. To calculate Fterr, the lowest and highest Norg/Corg ratios (0.052 

and 0.113) revealed from the surface sediment analysis (Faust et al Paper I) were used to 

define the marine and terrestrial end members, respectively. Thus, MT index variations (Fig. 

S2) in the sedimentary record discussed in this study is tied to the modern environmental 

conditions in the fjord and positive (negative) MT index values indicate higher (lower) ma-

rine organic matter input. 

 

 

 

Figure S2: A strong connection between positive (negative) MT index values indicate higher (lower) marine 
organic matter input and CaCO3 retrieved from the short sediment core MC99 indicates carbonate marine 
productivity to be the main CaCO3 source in Trondheimsfjord sediments during the past 50 years.  
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Instrumental Data: NAO versus temperature, precipitation and river discharge 

Seasonal and annual mean air temperature and precipitation records for the Trond-

heimsfjord region since 1900 were obtained from the Norwegian Meteorological Institute 

(www.eklima.no). Time series (1963-present) of river discharge for the six largest rivers en-

tering the Trondheimsfjord, Gaula, Orkla, Nidelva, Stjørdalselva, Verdalselva and Steink-

jerelva (Fig. S1) were obtained from 

the Norwegian Water Resource and 

Energy Directorate (www.nve.no). 

All data were collected at monitor-

ing stations close to river outlets. 

The winter (December – March) PC-

based NAO index5 is based on the 

difference of normalised sea level 

pressure between Lisbon, Portugal 

and Stykkishomur, Iceland and the 

dataset was retrieved from 

https://climatedataguide.ucar.edu/c

limate-data/hurrell-north-atlantic-

oscillation-nao-index-pc-based. An-

nual precipitation and river dis-

charge into the Trondheimsfjord are 

strongly correlated3. However, the 

highest runoff occurs in late April to 

May and is primarily caused by snow 

melt (winter precipitation). As win-

ter-spring river runoff, winter tem-

perature and winter precipitation 

are closely linked to each other 81 % 

of the variance is explained by score 

of the first axis of principal compo-

nent analysis (Tab. S3).  

Figure S3: CaCO3 from the sediment core MC99 compared 
to Trondheimsfjord regional variations of A) winter-spring 
(DJFMAM) river discharge B) winter (DJFM) air temperature 
and C) winter (DJFM) precipitation. Dotted black line is a 3 
point running average.  
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Our Trondheimsfjord regional RTP record (PCA1) shows a very good correlation to the 

winter NAO index (r2 = 0.6, Fig. S4), confirming that regional temperature and precipitation 

in the Trondheimsfjord area are responding to changes in large-scale Northern Hemisphere 

climate patterns.  

 

 

Figure S4: Winter NAO index
5
 versus RTP index since 1963. 
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NAOTRD calibration 

To convert Ca/Si ratios from MD99-2292 to estimates of the winter NAO index for the 

last 2800 years, the upper part (containing about 200 measurements between 1500 and 

1930 A.D.) was fitted to a smoothed version of the winter NAO index of Luterbacher 1. 

The smoothing kernel used,  

         

 
 
 

 
         

 

 
     

    
  

 
                        

 
 
 

 
 

 

takes into account both exponential mixing during sedimentation and linear averaging of 

the XRF sensor over its footprint area. Its only free parameter, the exponential decay con-

stant, was chosen such that the variability of the smoothed record best resembled the Ca/Si 

variability (Fig. S6).  

Because MD99-2292 contains only two 14C ages in the time interval 1500 to 1930 A.D., its 

interpolated age model was modified to achieve an optimal fit of the Ca/Si signal to the 

smoothed winter NAO index, while keeping the dated sediment layers within their 1 sigma 

error range. This was performed using a dynamic time-warping (DTW) algorithm as de-

scribed by Hofmann 6 and results in the transfer function between the two time scales 

shown in Fig. 2B. The suggested fit (Fig. 2C) shows that after alignment the two standardized 

signals agree very well, although near 1700 A.D. there is an alternative signal alignment. Af-

ter alignment, the original Ca/Si measurement is plotted against the matching smoothed 

NAO index value of Luterbacher 1 in Fig. 2D. A robust linear fit (neglecting 10% of the data 

points furthest away from an initial fit) results in a clear (r2 = 0.8) linear relation, whereby 

                
  

  
     

The fit quality related to all data points is r2 = 0.7. This relation was used to calibrate the 

Ca/Si record from MD99-2292 over the full time interval of 2,800 years.  
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Spectral Analysis  

The Ca/Si record from the sediment core MD99-2292 was analyzed for periodicities using 

Fourier transforms of length 512 with Welch overlapping windows (WOSA, overlap 384). The 

WOSA periodogram shows spectral peaks at frequencies corresponding to about 300 ±20, 

170 ±10 and 66 ±2 years (Fig. S7). None of these peaks is statistically significant as a climatic 

periodicity. To confirm this we created random sequences (rn)n=1…1002 of AR(1) processes 

based on white noise (wn)n=1…1002 with standard deviation = 0.45 according to r0 = 0, 

=0.92, and  

rn+1 =  rn +wn. 

These sequences were smoothed by the same smoothing kernel as used for the NAO 

data and finally analyzed by the WOSA periodogram7. While the average periodogram corre-

sponds to the known theoretical red noise spectrum each individual random record shows 

distinct peaks at varying frequencies. Within the first 50 trials we already found a spectrum 

closely resembling the one obtained from the observed Ca/Si record.  

It is therefore impossible to relate the observed periodicities to true eigenfrequencies of 

the climate system. Yet, because they originate from the NAO signal, these frequencies may 

Figure S6: Smoothing of the NAO index
1
 required to correctly account for 

delays in the transport and sedimentary deposition processes, as well as 
averaging during measurement, due to the finite overlapping footprints of 
the XRF sensor. Above) Original record (0) and increasingly smoothed 
versions (2-20) of the NAO index

1
. Right) Smoothing kernel (12) visually 

chosen to represent the high-frequency reduction observed in the Ca/Si 
record from the MD99-2292. Note that Ca/Si signal can only serve as a 
proxy for an accordingly smoothed NAO index. 
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be observed in other related time series covering the same time interval even if they are 

spurious. 

 

 

Figure S7: One out of 50 random AR(1) processes (blue) shows a WOSA periodogram similar to the observed 
signal (red).  

 

Chronology 

The chronology of the core MC99 is based on 210Pb and 137Cs content on neighbouring 

sediment core in the multi-corer rack (MC99-1). 210Pb and 137Cs measurements were made at 

EPOC, CNRS/University of Bordeaux 1, France. According to the age model of Milzer 8 

(Fig. S8), the sedimentation rate of the MC99-1 is 0.49 cm/year and the core base age is 

1959. The dating error increases gradually down core from ±0.07 to ±3.53 years.  

The age model of the upper five meters of the MD99-22929 is based on eight 14C-AMS 

dates and polynomial regression between these dates (Fig. S8). The 14C-AMS dates were de-

termined on shell material at the Leibniz Laboratory (University of Kiel, Germany) and at the 

Laboratoire de Mesure du Carbone 14 (Gif sur Yvette Cedex, France) (Tab. S1). We applied a 

reservoir correction of 400 years (ΔR = 0) and converted the radiocarbon dates into cali-

brated years with the Calib 6.0.1 software10. Six sand layers between 3-8 cm thick in various 

core depths (Tab. S2) were identified as gravitational mass movement and therefore as short 
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term sedimentation events. The depth of the six slides (in total 35 cm) were subtracted from 

the total core depth prior to the construction of the age model.  

 

 

Figure S8: Age model for the MD99-2292. Black squares represent calibrated 
14

C dates from core MD99-2292 
and open circles are 

210
Pb dates from core MC99

8
. Dashed line represents the age model for the MD99-2292. 

Equation of the 3rd order  olyno ial re ression is sho n at the    er le  side   he inlayed  ra h on the lo er 
ri ht side is the  a ni ca on of the  ast   300 years marked by the square at the lower left corner.  
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Table S1: Chronological information  

Core 
Depth 

[cmbsf] 
Lab code a) Material 

14C Age BP 
(uncorrected) 

Model Age 
[BP] b) 

Sedimentation 
rate (cm/a) 

MD99-2292 34.5 SacA23876 Shell fragment 550±35 186±54 0.2 

MD99-2292 105.5 KIA-38731 Shell (Modiolaria) 800±25 448±26 0.2 

MD99-2292 192.5 SacA 19110 Shell fragment 1360±30 908±36 0.2 

MD99-2292 201.5 SacA23879 Shell fragment 1495±30 1042±50 0.2 

MD99-2292 270 KIA-38732 Shell (Abra alba) 1960±25 1514±43.5 0.2 

MD99-2292 293 SacA 19111 Shell fragment 2015±30 1579±46 0.2 

MD99-2292 390.5 SacA 19112 Shell fragment 2420±30 2056±49 0.2 

MD99-2292 498 KIA-38734 Shell fragment 2915±35 2703±32 0.2 
a) KIA: Leibniz Laboratory (University of Kiel, Germany); SacA: Laboratoire de Mesure du Carbone 14 (Gif sur Yvette Cedex, France) 
b) Ages with 1 sigma range were determined using Calib 6.0.110 

 

Table S2: Depth of six slides subtracted from the total core depth 

Slide Num-
ber 

Core 
Depth 

Slide Length 
(cm) 

1 23-26 3 

2 40-44 4 

3 67-70 3 

4 157-165 8 

5 305-310 5 

6 326-332 6 

7 407-413 6 

 

Table S3: PCA Analysis 

   Loadings   

 Eigenvalue Variance (%) R[DJFMAM]a) T[DJFM]b) P[DJFM]c) 

PCA1 2.44 81.2 0.92 0.71 0.97 

PCA2 0.37 12.3 0.4 0.18 -0.24 

PCA3 0.19 6.5 0 0.69 0 
a) River discharge (m/s) 
b) Temperature (°C) 
c) Precipitation (mm)  
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Table S4: European paleo-demographic climatic associated development shown in Fig. 3. All data are from 

Büntgen 
11

 

Number 
in Fig. 3 

Period  Histroical Event Climate summer conditions 

1   350 B.C. Celtic Expansion, followed by the 
Late Iron Age 

Colder Temperatures 

2   50 B.C. Roman Conquest followed by the 
Roman Empire 

Colder Temperatures 

3 250-300 A.D. Crisis in the West Roman Empire 
marked by barbarian invasion 

Distinct drier conditions 

4 300-500 A.D. Dynasties of Constantine and 
Valentinian 

Relative stable conditions 

5 500-600 A.D. Frequent epidemics, disrupt food 
production of agrarian societies  

Sharp drop in precipitation in the first 
half of the 6th century,  NH cooling 

6 End 600 - 800 
A.D. 

Societal consolidation of new king-
doms that developed in the former 
West Roman Empire 

Increase in temperature and precipita-
tion  

7 700-1000 A.D. Sustained demographic growth in 
the northwest European country-
side,  establishment of colonies in 
Iceland and Greenland 

Stable wet and warm conditions 

8 1000-1200 A.D. Peak medieval demographic and 
economic growth 

Stable wet and warm conditions 

9 1300-1400 A.D. Widespread famine across central 
Europe, desertion of Greenland 
settlements 

Colder Temperatures 
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Table S5: Ca/Si values from the MD99-2292 and calculated NAOTRD 

Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD 
1921 0.79 -0.19 1764 0.88 0.23 1583 0.71 -0.53 1382 0.66 -0.76 

1920 0.81 -0.07 1762 0.89 0.30 1580 0.69 -0.64 1379 0.67 -0.74 

1918 0.90 0.33 1760 0.90 0.33 1578 0.69 -0.64 1376 0.69 -0.64 

1916 0.85 0.12 1757 0.86 0.16 1575 0.69 -0.61 1374 0.65 -0.80 

1914 0.80 -0.14 1755 0.96 0.62 1573 0.72 -0.50 1371 0.67 -0.71 

1912 0.86 0.15 1753 0.85 0.12 1571 0.75 -0.36 1368 0.65 -0.80 

1910 0.92 0.43 1751 0.84 0.05 1568 0.77 -0.27 1366 0.69 -0.64 

1909 0.98 0.71 1749 0.82 -0.05 1566 0.80 -0.13 1363 0.66 -0.75 

1907 0.96 0.60 1747 0.80 -0.14 1563 0.74 -0.40 1361 0.65 -0.81 

1905 0.88 0.24 1745 0.85 0.10 1561 0.77 -0.28 1358 0.67 -0.72 

1903 0.92 0.43 1742 0.85 0.12 1558 0.79 -0.19 1355 0.65 -0.80 

1901 0.87 0.21 1740 0.83 0.02 1556 0.78 -0.21 1353 0.64 -0.85 

1899 0.87 0.20 1738 0.83 0.01 1554 0.77 -0.26 1350 0.63 -0.91 

1898 0.84 0.06 1736 0.80 -0.14 1551 0.76 -0.33 1347 0.61 -1.01 

1896 0.84 0.04 1734 0.82 -0.06 1549 0.81 -0.07 1345 0.67 -0.71 

1894 0.80 -0.13 1731 0.83 -0.01 1546 0.78 -0.20 1342 0.61 -1.00 

1892 0.75 -0.35 1729 0.80 -0.12 1544 0.79 -0.15 1339 0.62 -0.96 

1890 0.71 -0.53 1727 0.78 -0.23 1541 0.78 -0.20 1337 0.61 -1.00 

1888 0.71 -0.55 1725 0.75 -0.35 1539 0.81 -0.07 1334 0.62 -0.96 

1886 0.72 -0.48 1723 0.79 -0.17 1536 0.82 -0.05 1331 0.62 -0.98 

1884 0.76 -0.29 1721 0.77 -0.27 1534 0.78 -0.21 1329 0.61 -1.00 

1883 0.75 -0.37 1718 0.69 -0.64 1532 0.80 -0.13 1326 0.56 -1.24 

1881 0.76 -0.29 1716 0.75 -0.33 1529 0.78 -0.22 1323 0.56 -1.22 

1879 0.78 -0.23 1714 0.74 -0.42 1527 0.80 -0.11 1321 0.61 -1.00 

1877 0.79 -0.18 1712 0.73 -0.47 1524 0.87 0.21 1318 0.59 -1.08 

1875 0.77 -0.27 1710 0.75 -0.35 1522 0.83 0.03 1315 0.56 -1.21 

1873 0.80 -0.13 1707 0.72 -0.51 1519 0.83 0.02 1313 0.56 -1.25 

1871 0.81 -0.07 1705 0.71 -0.52 1517 0.83 0.03 1310 0.55 -1.28 

1869 0.81 -0.07 1703 0.71 -0.55 1514 0.82 -0.06 1307 0.53 -1.37 

1867 0.84 0.07 1701 0.70 -0.57 1512 0.80 -0.13 1305 0.52 -1.40 

1865 0.83 0.02 1698 0.73 -0.46 1509 0.84 0.06 1302 0.57 -1.20 

1863 0.84 0.08 1696 0.69 -0.61 1507 0.82 -0.03 1299 0.57 -1.19 

1861 0.86 0.17 1694 0.63 -0.90 1504 0.81 -0.06 1296 0.58 -1.16 

1859 0.88 0.25 1692 0.65 -0.80 1502 0.79 -0.18 1294 0.58 -1.15 

1858 0.89 0.30 1689 0.67 -0.71 1499 0.78 -0.23 1291 0.58 -1.13 

1856 0.87 0.19 1687 0.72 -0.51 1497 0.78 -0.23 1280 0.44 -1.78 

1854 0.86 0.15 1685 0.74 -0.40 1494 0.79 -0.16 1278 0.43 -1.81 

1852 0.88 0.22 1683 0.80 -0.11 1492 0.81 -0.08 1275 0.49 -1.55 

1850 0.82 -0.03 1680 0.80 -0.14 1489 0.82 -0.05 1272 0.52 -1.40 

1848 0.86 0.13 1678 0.80 -0.13 1487 0.79 -0.17 1269 0.48 -1.61 

1846 0.85 0.11 1676 0.79 -0.18 1484 0.77 -0.27 1267 0.42 -1.89 

1844 0.83 -0.01 1674 0.80 -0.15 1482 0.76 -0.30 1264 0.43 -1.84 

1842 0.87 0.20 1671 0.80 -0.12 1479 0.78 -0.21 1261 0.45 -1.74 

1840 0.88 0.23 1669 0.80 -0.14 1477 0.82 -0.03 1259 0.43 -1.83 

1838 0.83 -0.01 1667 0.79 -0.17 1474 0.80 -0.12 1256 0.47 -1.66 

1836 0.93 0.46 1665 0.79 -0.17 1472 0.78 -0.20 1253 0.50 -1.53 

1834 0.81 -0.08 1662 0.75 -0.35 1469 0.77 -0.25 1250 0.47 -1.66 

1832 0.79 -0.19 1660 0.73 -0.45 1467 0.78 -0.22 1248 0.45 -1.73 

1830 0.79 -0.17 1658 0.75 -0.37 1464 0.78 -0.24 1245 0.74 -0.39 

1828 0.78 -0.23 1655 0.73 -0.43 1462 0.81 -0.07 1242 0.78 -0.23 

1826 1.03 0.92 1653 0.74 -0.40 1459 0.79 -0.17 1239 0.76 -0.33 

1824 0.87 0.21 1651 0.76 -0.32 1456 0.76 -0.31 1237 0.76 -0.32 

1822 0.84 0.08 1648 0.78 -0.21 1454 0.79 -0.16 1234 0.80 -0.14 

1820 0.82 -0.04 1646 0.76 -0.31 1451 0.78 -0.24 1231 0.81 -0.08 

1818 0.83 0.03 1644 0.77 -0.26 1449 0.78 -0.23 1228 0.82 -0.03 

1816 0.85 0.13 1642 0.77 -0.24 1446 0.75 -0.35 1226 0.75 -0.34 

1814 0.86 0.16 1639 0.78 -0.21 1444 0.77 -0.28 1223 0.77 -0.24 

1812 0.84 0.05 1637 0.80 -0.11 1441 0.80 -0.12 1220 0.80 -0.15 

1810 0.75 -0.34 1635 0.81 -0.07 1439 0.78 -0.23 1217 0.80 -0.10 

1808 0.77 -0.24 1632 0.85 0.11 1436 0.77 -0.28 1215 0.78 -0.22 

1806 0.80 -0.13 1630 0.79 -0.17 1433 0.76 -0.31 1212 0.79 -0.16 

1804 0.77 -0.26 1628 0.80 -0.13 1431 0.77 -0.28 1209 0.89 0.27 

1801 0.79 -0.17 1625 0.74 -0.39 1428 0.76 -0.31 1206 0.92 0.43 

1799 0.82 -0.04 1623 0.82 -0.04 1426 0.74 -0.42 1204 0.86 0.16 

1797 0.81 -0.10 1621 0.81 -0.09 1423 0.70 -0.59 1201 0.85 0.11 

1795 0.79 -0.16 1618 0.78 -0.22 1421 0.69 -0.62 1198 0.80 -0.13 

1793 0.75 -0.37 1616 0.78 -0.24 1418 0.70 -0.60 1195 0.77 -0.26 

1791 0.73 -0.45 1613 0.83 0.02 1415 0.67 -0.71 1192 0.82 -0.02 

1789 0.75 -0.38 1611 0.86 0.13 1413 0.68 -0.69 1190 0.94 0.51 

1787 0.77 -0.25 1609 0.84 0.04 1410 0.69 -0.61 1187 0.95 0.59 

1785 0.77 -0.27 1606 0.80 -0.12 1408 0.69 -0.62 1184 0.96 0.63 

1783 0.77 -0.28 1604 0.85 0.09 1405 0.68 -0.68 1181 0.96 0.62 

1781 0.88 0.22 1602 0.80 -0.12 1402 0.65 -0.80 1179 0.95 0.58 

1779 0.85 0.10 1599 0.83 0.00 1400 0.62 -0.96 1176 0.96 0.60 

1776 0.84 0.05 1597 0.82 -0.04 1397 0.61 -0.98 1173 0.97 0.64 

1774 0.82 -0.04 1595 0.78 -0.24 1395 0.66 -0.79 1170 1.01 0.86 

1772 0.90 0.35 1592 0.78 -0.23 1392 0.63 -0.92 1167 0.98 0.71 

1770 0.88 0.25 1590 0.78 -0.24 1389 0.65 -0.82 1165 1.03 0.94 

1768 0.87 0.21 1587 0.72 -0.49 1387 0.65 -0.83 1162 1.01 0.83 

1766 0.87 0.19 1585 0.70 -0.58 1384 0.65 -0.82 1159 0.99 0.75 
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Table S5: Continued 

Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD 
1156 0.95 0.59 921 0.70 -0.61 683 0.79 -0.18 435 0.91 0.38 

1153 0.92 0.42 918 0.69 -0.62 680 0.78 -0.24 432 0.88 0.24 

1151 0.93 0.45 915 0.66 -0.75 677 0.78 -0.20 429 0.91 0.38 

1148 0.88 0.23 912 0.70 -0.59 674 0.82 -0.04 426 0.90 0.31 

1145 0.86 0.15 909 0.67 -0.73 671 0.78 -0.23 423 0.96 0.59 

1142 0.90 0.35 906 0.66 -0.78 668 0.79 -0.18 420 0.96 0.62 

1139 0.92 0.45 903 0.65 -0.81 665 0.76 -0.31 417 0.95 0.58 

1137 0.89 0.27 900 0.65 -0.82 662 0.77 -0.29 414 0.88 0.24 

1134 0.88 0.26 897 0.65 -0.80 659 0.77 -0.27 411 0.88 0.24 

1131 0.89 0.31 895 0.63 -0.89 656 0.76 -0.30 408 0.88 0.24 

1128 0.89 0.27 892 0.59 -1.10 653 0.76 -0.32 405 0.87 0.19 

1125 0.93 0.46 889 0.56 -1.23 650 0.76 -0.33 402 0.90 0.31 

1122 0.96 0.60 886 0.61 -0.99 647 0.75 -0.37 399 0.86 0.14 

1120 0.92 0.43 883 0.64 -0.87 644 0.71 -0.56 396 0.83 0.02 

1117 0.89 0.30 880 0.60 -1.03 641 0.70 -0.60 393 0.85 0.10 

1114 0.88 0.26 877 0.55 -1.26 638 0.69 -0.61 390 0.89 0.27 

1111 0.91 0.40 874 0.54 -1.33 635 0.71 -0.52 387 0.88 0.23 

1108 0.94 0.50 871 0.52 -1.44 632 0.71 -0.54 384 0.90 0.34 

1106 0.88 0.22 868 0.55 -1.28 629 0.68 -0.69 381 0.91 0.37 

1103 0.78 -0.22 865 0.53 -1.35 626 0.66 -0.76 378 0.92 0.41 

1100 0.80 -0.15 862 0.60 -1.07 623 0.66 -0.76 375 0.92 0.43 

1097 0.85 0.09 859 0.67 -0.71 620 0.68 -0.70 371 0.98 0.68 

1094 0.84 0.04 856 0.66 -0.75 617 0.67 -0.71 368 1.01 0.85 

1091 0.83 0.03 853 0.67 -0.71 614 0.71 -0.53 365 0.94 0.50 

1088 0.83 0.03 850 0.70 -0.58 611 0.76 -0.29 362 0.99 0.77 

1086 0.90 0.31 847 1.01 0.83 608 0.69 -0.63 359 0.95 0.56 

1083 0.85 0.13 844 1.04 0.99 605 0.72 -0.51 356 0.97 0.67 

1080 0.94 0.54 841 1.00 0.82 602 0.67 -0.70 353 0.99 0.74 

1077 0.91 0.38 838 1.12 1.37 599 0.68 -0.68 350 1.00 0.80 

1074 0.90 0.34 835 1.06 1.08 596 0.73 -0.45 347 0.98 0.69 

1071 0.87 0.21 833 1.09 1.20 593 0.73 -0.47 344 0.93 0.48 

1069 0.85 0.09 830 1.05 1.00 590 0.69 -0.65 341 0.93 0.46 

1066 0.86 0.16 827 1.02 0.88 587 0.71 -0.54 338 0.91 0.38 

1063 0.87 0.20 824 1.02 0.90 584 0.81 -0.10 335 0.75 -0.34 

1060 0.89 0.30 821 0.91 0.36 581 0.72 -0.50 332 1.04 1.00 

1057 0.86 0.16 818 0.95 0.57 578 0.75 -0.35 329 1.04 1.00 

1054 0.84 0.06 815 1.01 0.82 575 0.75 -0.38 326 1.02 0.89 

1051 0.83 0.02 812 1.04 0.97 572 0.75 -0.33 323 1.02 0.87 

1048 0.84 0.05 809 1.06 1.09 569 0.77 -0.26 320 1.03 0.92 

1046 0.85 0.10 806 1.07 1.11 566 0.70 -0.58 317 1.00 0.78 

1043 0.83 0.01 803 1.11 1.29 563 0.74 -0.42 314 0.94 0.52 

1040 0.83 -0.01 800 1.07 1.14 559 0.71 -0.52 311 0.95 0.57 

1037 0.82 -0.06 797 1.01 0.83 556 0.71 -0.55 308 0.95 0.55 

1034 0.86 0.15 794 1.00 0.79 553 0.72 -0.50 305 0.92 0.41 

1031 0.82 -0.03 791 1.01 0.84 550 0.74 -0.39 302 0.91 0.38 

1028 0.93 0.46 788 1.02 0.88 547 0.75 -0.34 299 0.93 0.46 

1026 0.82 -0.03 785 1.02 0.87 544 0.71 -0.55 296 0.91 0.39 

1023 0.90 0.31 782 0.97 0.66 541 0.80 -0.13 293 0.88 0.26 

1020 0.84 0.07 779 1.00 0.81 538 0.73 -0.45 290 0.89 0.27 

1017 0.84 0.06 776 0.98 0.70 535 0.76 -0.33 287 0.86 0.15 

1014 0.83 0.00 773 0.93 0.49 532 0.76 -0.30 284 0.86 0.16 

1011 0.82 -0.04 770 0.97 0.65 529 0.87 0.20 281 0.84 0.07 

1008 0.84 0.06 767 0.96 0.62 526 0.95 0.54 278 0.84 0.06 

1005 0.89 0.29 764 0.96 0.60 523 0.94 0.53 275 0.86 0.16 

1002 0.86 0.16 761 0.93 0.48 520 0.94 0.51 271 0.86 0.14 

1000 0.88 0.26 758 0.94 0.51 517 0.93 0.48 268 0.78 -0.24 

997 0.91 0.36 755 0.95 0.59 514 0.87 0.19 265 0.78 -0.21 

991 1.01 0.83 752 0.97 0.66 511 0.85 0.11 262 0.75 -0.34 

988 0.81 -0.07 749 0.98 0.70 508 0.87 0.20 259 0.78 -0.23 

982 0.86 0.13 746 0.86 0.16 505 0.92 0.41 256 0.77 -0.26 

979 0.92 0.41 743 0.86 0.13 502 0.93 0.47 253 0.78 -0.21 

976 0.84 0.07 740 0.84 0.08 499 0.93 0.47 250 0.77 -0.28 

973 0.80 -0.12 737 0.89 0.30 496 0.95 0.56 247 0.84 0.05 

971 0.80 -0.14 734 0.81 -0.08 493 0.95 0.57 244 0.89 0.31 

968 0.81 -0.07 731 0.86 0.15 490 0.92 0.44 241 0.83 0.02 

965 0.81 -0.10 728 0.85 0.11 487 0.95 0.56 238 0.84 0.08 

962 0.85 0.10 725 0.88 0.25 484 0.94 0.53 235 0.84 0.04 

959 0.85 0.10 722 0.89 0.27 481 0.92 0.43 232 0.86 0.15 

956 0.86 0.14 719 0.88 0.22 478 0.90 0.33 229 0.85 0.13 

953 0.84 0.08 716 0.85 0.10 475 0.90 0.34 226 0.89 0.27 

950 0.91 0.37 713 0.85 0.09 472 0.88 0.24 223 0.85 0.10 

947 0.79 -0.17 710 0.88 0.22 469 0.85 0.11 220 0.85 0.10 

944 0.79 -0.19 707 0.87 0.21 466 0.84 0.05 217 0.85 0.09 

941 0.77 -0.25 704 0.87 0.20 463 0.87 0.21 214 0.88 0.22 

938 0.76 -0.31 701 0.89 0.30 453 0.92 0.43 211 0.86 0.16 

936 0.78 -0.21 698 0.87 0.19 450 0.88 0.23 208 0.86 0.14 

933 0.79 -0.15 695 0.88 0.26 447 0.94 0.52 205 0.87 0.18 

930 0.75 -0.36 692 0.83 0.02 444 0.94 0.53 202 0.86 0.16 

927 0.74 -0.41 689 0.80 -0.14 441 0.93 0.47 199 0.87 0.19 

924 0.70 -0.61 686 0.79 -0.15 438 0.90 0.32 196 0.85 0.11 
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Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD Age AD/BC Ca/Si NAOTRD 
193 0.84 0.07 -46 0.66 -0.77 -277 0.75 -0.35 -497 0.81 -0.08 

190 0.82 -0.05 -49 0.64 -0.88 -280 0.75 -0.38 -500 0.80 -0.14 

187 0.81 -0.06 -52 0.65 -0.81 -283 0.68 -0.66 -502 0.88 0.25 

184 0.77 -0.26 -55 0.65 -0.83 -285 0.66 -0.78 -505 0.85 0.08 

181 0.74 -0.39 -57 0.63 -0.89 -288 0.65 -0.82 -507 0.82 -0.06 

178 0.73 -0.45 -60 0.63 -0.89 -291 0.71 -0.53 -510 0.81 -0.07 

175 0.71 -0.52 -63 0.62 -0.98 -294 0.73 -0.44 -513 0.85 0.09 

172 0.73 -0.44 -66 0.62 -0.97 -297 0.71 -0.52 -515 0.82 -0.01 

169 0.72 -0.49 -69 0.62 -0.95 -299 0.71 -0.56 -518 0.85 0.09 

166 0.74 -0.38 -72 0.62 -0.97 -302 0.72 -0.50 -521 0.77 -0.25 

163 0.74 -0.41 -75 0.61 -0.99 -305 0.72 -0.49 -523 0.74 -0.40 

160 0.73 -0.46 -78 0.62 -0.97 -308 0.73 -0.44 -526 0.79 -0.16 

157 0.74 -0.42 -81 0.62 -0.98 -311 0.76 -0.33 -529 0.80 -0.15 

154 0.76 -0.29 -84 0.66 -0.79 -314 0.73 -0.43 -531 0.86 0.14 

151 0.75 -0.34 -87 0.73 -0.44 -316 0.72 -0.50 -534 0.86 0.14 

148 0.69 -0.63 -90 0.74 -0.40 -319 0.73 -0.47 -537 0.86 0.16 

145 0.70 -0.61 -93 0.76 -0.31 -322 0.72 -0.48 -539 0.85 0.08 

142 0.66 -0.75 -96 0.77 -0.26 -325 0.63 -0.92 -542 0.84 0.07 

139 0.70 -0.59 -98 0.71 -0.54 -328 0.60 -1.07 -544 0.77 -0.25 

136 0.73 -0.46 -101 0.68 -0.68 -330 0.58 -1.13 -547 0.72 -0.50 

133 0.71 -0.52 -104 0.69 -0.64 -333 0.58 -1.13 -550 0.69 -0.61 

130 0.71 -0.56 -107 0.65 -0.82 -336 0.57 -1.18 -552 0.66 -0.75 

127 0.70 -0.58 -110 0.69 -0.62 -339 0.56 -1.23 -555 0.68 -0.66 

124 0.74 -0.41 -113 0.86 0.15 -341 0.58 -1.16 -557 0.71 -0.56 

121 0.74 -0.42 -116 0.85 0.10 -344 0.57 -1.17 -560 0.68 -0.68 

118 0.73 -0.44 -119 0.87 0.19 -347 0.57 -1.18 -563 0.68 -0.69 

115 0.75 -0.38 -122 0.83 0.00 -350 0.59 -1.10 -565 0.69 -0.63 

112 0.75 -0.37 -125 0.86 0.13 -353 0.65 -0.80 -568 0.67 -0.75 

109 0.74 -0.42 -128 0.84 0.06 -355 0.62 -0.97 -570 0.69 -0.62 

106 0.73 -0.46 -131 0.81 -0.09 -358 0.63 -0.91 -573 0.68 -0.66 

103 0.76 -0.31 -133 0.80 -0.11 -361 0.63 -0.89 -576 0.69 -0.61 

100 0.79 -0.19 -136 0.85 0.12 -364 0.61 -0.99 -578 0.67 -0.74 

97 0.79 -0.18 -139 0.83 -0.01 -366 0.64 -0.88 -581 0.71 -0.55 

94 0.74 -0.40 -142 0.71 -0.54 -369 0.63 -0.92 -583 0.75 -0.36 

91 0.74 -0.42 -145 0.73 -0.47 -372 0.65 -0.81 -586 0.76 -0.32 

88 0.78 -0.21 -148 1.05 1.04 -375 0.67 -0.74 -589 0.67 -0.73 

85 0.82 -0.04 -151 0.71 -0.56 -378 0.65 -0.81 -591 0.67 -0.73 

82 0.83 0.02 -154 0.77 -0.27 -380 0.62 -0.93 -594 0.70 -0.60 

79 0.86 0.15 -157 0.77 -0.26 -383 0.62 -0.97 -596 0.68 -0.68 

76 0.86 0.15 -160 0.81 -0.08 -386 0.55 -1.28 -599 0.68 -0.69 

73 0.85 0.10 -162 0.79 -0.16 -389 0.63 -0.93 -601 0.68 -0.70 

70 0.87 0.19 -165 0.84 0.06 -391 0.64 -0.87 -604 0.65 -0.83 

67 0.83 0.00 -168 0.84 0.04 -394 0.62 -0.94 -607 0.67 -0.74 

64 0.83 0.02 -171 0.79 -0.18 -397 0.61 -0.98 -609 0.69 -0.64 

61 0.82 -0.05 -174 0.84 0.04 -400 0.64 -0.87 -612 0.64 -0.84 

58 0.82 -0.02 -177 0.91 0.40 -402 0.64 -0.84 -614 0.64 -0.87 

55 0.86 0.16 -180 0.88 0.22 -405 0.62 -0.96 -617 0.67 -0.75 

52 0.84 0.07 -183 0.84 0.08 -408 0.61 -1.02 -619 0.65 -0.83 

49 0.88 0.23 -186 0.85 0.12 -410 0.62 -0.93 -622 0.63 -0.91 

46 0.88 0.26 -188 0.86 0.14 -413 0.61 -0.98 -624 0.80 -0.14 

43 0.85 0.08 -191 0.85 0.12 -416 0.57 -1.17 -627 0.74 -0.41 

40 0.86 0.15 -194 0.89 0.30 -419 0.63 -0.92 -629 0.67 -0.73 

37 0.85 0.12 -197 0.97 0.64 -421 0.65 -0.80 -632 0.64 -0.86 

34 0.84 0.04 -200 0.91 0.39 -424 0.57 -1.18 -635 0.64 -0.85 

31 0.93 0.49 -203 0.83 0.00 -427 0.54 -1.34 -637 0.62 -0.96 

28 0.85 0.09 -206 0.83 -0.01 -430 0.74 -0.42 -640 0.59 -1.11 

25 0.81 -0.08 -209 0.85 0.12 -432 0.76 -0.31 -642 0.60 -1.06 

22 0.83 0.01 -211 0.80 -0.14 -435 0.74 -0.41 -645 0.60 -1.06 

19 0.80 -0.12 -214 0.82 -0.04 -438 0.76 -0.30 -647 0.62 -0.93 

16 0.76 -0.30 -217 0.83 -0.01 -440 0.75 -0.37 -650 0.62 -0.96 

13 0.81 -0.07 -220 0.83 0.01 -443 0.79 -0.19 -652 0.62 -0.95 

10 0.76 -0.31 -223 0.86 0.13 -446 0.76 -0.31 -655 0.60 -1.05 

8 0.75 -0.37 -226 0.86 0.15 -449 0.79 -0.17 -657 0.65 -0.84 

5 0.78 -0.23 -229 0.86 0.14 -451 0.81 -0.09 -660 0.65 -0.83 

2 0.78 -0.24 -231 0.80 -0.11 -454 0.80 -0.14 -662 0.62 -0.93 

-1 0.78 -0.24 -234 0.80 -0.11 -457 0.78 -0.20 -665 0.59 -1.07 

-4 0.81 -0.09 -237 0.84 0.05 -459 0.77 -0.26 -667 0.64 -0.88 

-7 0.78 -0.20 -240 0.82 -0.01 -462 0.78 -0.22 -670 0.60 -1.02 

-10 0.78 -0.21 -243 0.81 -0.06 -465 0.79 -0.16 -672 0.62 -0.94 

-13 0.75 -0.37 -246 0.79 -0.17 -467 0.79 -0.17 -675 0.64 -0.86 

-16 0.78 -0.22 -249 0.82 -0.01 -470 0.84 0.05 -677 0.62 -0.97 

-19 0.76 -0.29 -251 0.78 -0.22 -473 0.86 0.14 -680 0.59 -1.11 

-22 0.72 -0.49 -254 0.75 -0.36 -475 0.95 0.55 -682 0.59 -1.11 

-25 0.74 -0.42 -257 0.76 -0.30 -478 0.81 -0.09 -684 0.61 -1.02 

-28 0.79 -0.17 -260 0.74 -0.42 -481 0.83 0.02 -687 0.58 -1.15 

-31 0.72 -0.49 -263 0.75 -0.34 -484 0.81 -0.06 -689 0.61 -1.01 

-34 0.71 -0.55 -266 0.79 -0.18 -486 0.81 -0.10 -692 0.64 -0.87 

-37 0.71 -0.52 -268 0.80 -0.12 -489 0.79 -0.18 -694 0.60 -1.04 

-40 0.72 -0.50 -271 0.79 -0.18 -492 0.74 -0.40 -697 0.62 -0.96 

-43 0.71 -0.53 -274 0.75 -0.34 -494 0.78 -0.24 -699 0.66 -0.77 
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Age AD/BC Ca/Si NAOTRD 
-702 0.64 -0.85 

-704 0.65 -0.83 

-707 0.69 -0.65 

-709 0.74 -0.38 

-711 0.70 -0.58 

-714 0.73 -0.47 

-716 0.74 -0.39 

-719 0.77 -0.28 

-721 0.72 -0.49 

-724 0.69 -0.63 

-726 0.69 -0.63 

-728 0.68 -0.69 

-731 0.68 -0.70 

-733 0.63 -0.92 

-736 0.70 -0.57 

-738 0.70 -0.59 

-741 0.73 -0.46 

-743 0.73 -0.43 

-745 0.72 -0.51 

-748 0.71 -0.52 

-750 0.69 -0.65 

-753 0.68 -0.69 

-755 0.70 -0.60 

-757 0.70 -0.60 

-760 0.71 -0.55 

-762 0.76 -0.32 

-764 0.73 -0.43 

-767 0.75 -0.35 

-769 0.75 -0.36 

-772 0.77 -0.26 

-774 0.73 -0.44 

-776 0.73 -0.44 

-779 0.77 -0.26 

-781 0.75 -0.36 

-783 0.81 -0.08 

-786 0.74 -0.42 

-788 0.72 -0.51 

-790 0.71 -0.54 

-793 0.72 -0.49 

-795 0.75 -0.34 

 


