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Reasercher Site Species
Chronology 
ID Country Continent Start_year End_year Series_intercoralation

Mean 
Sensitivity

# of 
Cores

Mean 
length of 
series EPS_Cutoff Keep

  Villalba RÃo_Motoco FICU  ARGE091 Argentina South America 320 1993 0.477 0.251 36 629.1 1100 1
  Villalba RÃo_Horqueta FICU ARGE089 Argentina South America 539 1993 0.494 0.292 32 580.3 1200 1
   Villalba Puerto_CafÃ© FICU  ARGE093 Argentina South America 311 1992 0.515 0.273 58 556.5 750 1
    Villalba RÃo_Alejandro FICU  ARGE094 Argentina South America 568 1993 0.440 0.271 37 556.4 1550 1

Cook Lake_Johnson_Mt._Read LGFR AUSL024 Austrailia Austrailia 2145 1990 0.488 0.199 318 536.6 1400 1
    Allen Mt._Read_Update LGFR AUSL053 Austrailia Austrailia 2145 2009 0.570 0.195 289 508.1 300 1

  Villalba RÃo_Alerce FICU  ARGE088 Argentina South America 864 1991 0.549 0.249 75 463.9 900 1
Allen Mt._Read ATSE AUSL045 Austrailia Austrailia 954 2011 0.534 0.237 50 457.9 1330 1

   Allen Cradle_Mountain_Update ATSE AUSL041 Austrailia Austrailia 948 2008 0.568 0.212 116 433.2 1150 1
       Allen Mt._Field_Update ATCU AUSL040 Austrailia Austrailia 1028 2008 0.572 0.194 93 428.6 1150 1
  Lavergne Rio_Alerce FICU  ARGE144 Argentina South America 836 2011 0.502 0.264 213 427.1 1100 1

    Allen Cradle_Mountain_1,700_Year_Update ATSE AUSL050 Austrailia Austrailia 302 2008 0.590 0.202 217 395.2 500 1
Xiong Moa_Park LIBI  NEWZ067 New Zealand Austrailia 1490 1991 0.537 0.222 49 356.3 1570 1

     Lavergne Glaciar_Frias FICU  ARGE142 Argentina South America 888 2011 0.455 0.252 162 352.7 1230 1
Xiong Hauhungatahi_Site_B_Tongariro LIBI  NEWZ073 New Zealand Austrailia 1332 1992 0.563 0.235 27 350.2 1620 1

 Allen Mickey_Creek ATCU AUSL038 Austrailia Austrailia 1309 2009 0.608 0.202 113 336.9 1460 1
    Xiong Urewera_Recollection LIBI  NEWZ063 New Zealand Austrailia 1140 1992 0.584 0.256 68 333.7 1450 1

  Villalba Cerro_Del_Guanaco AUCH  ARGE073 Argentina South America 1497 1991 0.576 0.26 22 315.0 1600 1
  Mundo Caviahue_SA ARAR  ARGE114 Argentina South America 1550 2003 0.550 0.197 37 313.5 1630 1

  Allen Scott's_Peak_Road PHAS AUSL031 Austrailia Austrailia 1519 1995 0.639 0.389 52 306.3 1570 1
  Villalba Paso_De_Las_Nubes_4 NOPU ARGE075 Argentina South America 1539 1991 0.645 0.205 20 304.5 1580 1

Xiong Hauhungatahi_Site_A_Tongariro LIBI  NEWZ072 New Zealand Austrailia 1511 1992 0.530 0.215 43 303.4 1680 1
Xiong Hihitahi LIBI  NEWZ066 New Zealand Austrailia 1431 1991 0.534 0.256 51 298.8 1530 1

    Xiong Takapari_Recollection LIBI  NEWZ062 New Zealand Austrailia 1256 1992 0.582 0.221 62 297.6 1560 1
   Allen Tyenna_TNE PHAS AUSL043 Austrailia Austrailia 1525 2012 0.589 0.37 149 296.9 1580 1

  Mundo Paso_Del_Arco ARAR  ARGE119 Argentina South America 1264 2006 0.538 0.227 36 294.8 1720 1
   Villalba Paso_De_Las_Nubes_1 NOPU  ARGE096 Argentina South America 1546 1991 0.669 0.33 28 292.5 1630 1
 Allen Ralph's_Falls PHAS AUSL025 Austrailia Austrailia 1240 2007 0.590 0.474 49 292.3 1460 1

  Villalba CastaÃ±o_Overo_6 NOPU  ARGE106 Argentina South America 1539 1991 0.651 0.338 34 289.9 1590 1
   Villalba Nahuel_Pan AUCH  ARGE078 Argentina South America 1567 1992 0.695 0.3 28 284.4 1680 1
   Villalba El_Centinela AUCH  ARGE070 Argentina South America 1461 1989 0.702 0.374 39 276.2 1480 1

    Xiong Clear_Water LIBI  NEWZ064 New Zealand Austrailia 1450 1991 0.506 0.212 45 275.0 1680 1
Xiong Ruahine_Corner LIBI  NEWZ069 New Zealand Austrailia 1473 1991 0.533 0.208 73 274.1 1680 1
Allen Walls_of_Jerusalem ATCU AUSL049 Austrailia Austrailia 1376 2004 0.540 0.255 85 273.9 1530 1

   Allen Lake_Mackenzie ATCU AUSL042 Austrailia Austrailia 1344 2008 0.588 0.217 99 272.7 1510 1
  Villalba CastaÃ±o_Overo_8 NOPU  ARGE108 Argentina South America 1572 1991 0.641 0.324 23 272.1 1630 1
   Villalba CastaÃ±oOvero_7 NOPU  ARGE107 Argentina South America 1562 1991 0.591 0.308 22 269.3 1670 1
    Allen Blue_Tier PHAS AUSL026 Austrailia Austrailia 1152 1994 0.617 0.51 82 263.5 1340 1

    Mundo Pino_Hachado ARAR  ARGE115 Argentina South America 1424 2006 0.555 0.177 43 260.8 1720 1
   Mundo Lago_Rucachoroi ARAR  ARGE123 Argentina South America 1647 2006 0.569 0.195 40 258.6 1740 1

     Villalba Rio_Minero AUCH  ARGE076 Argentina South America 1589 1991 0.670 0.274 16 254.5 1640 1
    Xiong North_Egmont_Recollection_2 LIBI  NEWZ061 New Zealand Austrailia 1625 1990 0.591 0.232 69 252.1 1680 1

     Villalba Estancia_Pulm ari ARAR  ARGE054 Argentina South America 1589 1989 0.609 0.232 28 252.0 1720 1
Xiong Rahu_Saddle LIBI  NEWZ070 New Zealand Austrailia 1560 1991 0.503 0.247 40 250.9 1720 1

    Villalba RÃo_Horqueta_2 FICU ARGE090 Argentina South America 574 1993 0.440 0.278 24 653.0 Low Throughout
  Villalba RÃo_Frias FICU  ARGE087 Argentina South America 888 1991 0.498 0.259 17 570.7 Low Throughout

    Boninsegna Rio_Cisne_Chubut FICU ARGE030 Argentina South America 441 1974 0.518 0.29 42 522.2 1500
  Lamarche Beyond_Burn ATCU  AUSL009 Austrailia Austrailia 1028 1975 0.622 0.179 41 496.1 1150

   Villalba La_Esperanza FICU  ARGE092 Argentina South America 342 1995 0.567 0.266 58 462.2 Low Throughout
Xiong Hauhungatahi_Site_C_Tongariro LIBI  NEWZ074 New Zealand Austrailia 1213 1992 0.471 0.263 25 395.4 Low Throughout

  Lamarche Lake_Newdegate ATCU  AUSL003 Austrailia Austrailia 1286 1974 0.503 0.217 36 372.8 1650
  Dunwiddie Mangawhero_R.B. DACO  NEWZ011 New Zealand Austrailia 1464 1976 0.590 0.196 38 358.9 1580
    Dunwiddie Urewera LIBI  NEWZ019 New Zealand Austrailia 1346 1976 0.646 0.245 39 348.9 1480
    Lamarche Chenque_Pehuen ARAR  ARGE006 Argentina South America 481 1974 0.525 0.207 50 339.8 1600
  Lamarche El_Asiento AUCH  CHIL002 Chile South America 1011 1972 0.641 0.284 65 326.5 1410
   Lamarche Rahue ARAR  ARGE004 Argentina South America 311 1974 0.530 0.201 28 323.4 1550
   Dunwiddie Takapari LIBI  NEWZ018 New Zealand Austrailia 1256 1976 0.619 0.219 46 318.9 1560
   Lamarche Lockley_Spur_Road PHAS  AUSL014 Austrailia Austrailia 1573 1975 0.693 0.385 30 317.6 1590
   Lamarche St._Helens PHAS  AUSL019 Austrailia Austrailia 1507 1974 0.569 0.546 8 315.9 Low Throughout
     Lamarche Cradle_Mountain ATSE  AUSL002 Austrailia Austrailia 1198 1975 0.599 0.207 39 311.5 1670
     Lamarche Pieman_River PHAS  AUSL018 Austrailia Austrailia 1290 1975 0.549 0.306 34 307.2 1660

Introduction
Mann, Bradly, and Hughes (1999) made the first northern hemisphere 
temperature reconstruction from tree rings, ice cores, corals, and other proxy 
records. Their study was used in the 2001 IPCC report, where it was dubbed 
the “hockey stick curve” (Figure 2). Wilson et al. (2016) created their own 
northern hemisphere temperature reconstruction from just tree rings that 
dealt with several statistical issues that people had criticized in the original 
study and found the same extreme increase in temperature in the last 
century (Figure 3). Until now, no similar reconstruction has been done in the 
southern hemisphere because of the scarcity of chronologies. I hypothesize 
that a southern hemisphere tree-ring reconstruction of temperature will 
show a similar hockey stick curve but with less increase in temperature. 

Figure 1: Collecting tree cores at Crown Hill Cemetery, Indianapolis, Indiana. I had the 
opportunity to go out and collect cores with the dendrochronology graduate class of 
Indiana State University. (Photo taken by James H. Speer). 

Figure 2: The top curve is meteorological data for the northern hemisphere and the bottom curve in
Mann, Bradly, and Hughes (1999) 1,000-year temperature reconstruction as published in the 2001
IPCC report.

Figure 3: The red line is the 1,100 tree-ring reconstruction for the northern hemisphere from Wilson et 
al. (2016), while the lower graph shows how this is compared to other climate reconstructions.

Figure 10: Map from KNMI Climate Explorer, showing 
the correspondence between our tree ring data and 
temperature records for the globe (Graphic created 
by Leif Speer).

Figure 11: Map from KNMI Climate Explorer 
showing explicitly ocean surface correspondence 
between our tree ring data (Graphic created by 
Leif Speer).

Figure 8: This is a picture of the program R, in which I can translate tree-ring width to temperature for 
reconstruction (Graphic created by Leif Speer).

• Gathered the metadata from the 275 chronologies that have been contributed to the 
International Tree-Ring Databank (ITRDB) (Zhao et al. 2019) in the southern hemisphere 
and entering them in an Excel spreadsheet (Figure 4). 

• Downloaded the raw ring-width chronologies from the ITRDB

• Checked the quality of their dating with the program COFECHA (Holmes et al. 1986, 
Figure 5). 

• Chose the best chronologies based on length (greater than 250 years) and good dating 

• Resulted in 41 chronologies representing South American, Tasmania, and New Zealand 
(Figure 6). 

• Standardized each chronology with an age-dependent spline in the program ARSTAN 
(Cook 1986), which takes out age-related growth trends and provides an Expressed 
Population Signal (EPS, Figure 7). 

• Ran the standard chronology from these 41 series in a correlation matrix against NOAA 
land and sea southern hemisphere temperature going back to 1850. 

• Resulted in 19 chronologies which I used in a Principal Component Analysis (PCA) 
where SPSS creates a 19-dimensional Eigencloud. 

• Used a score of one for inclusion of an Eigenvector in the model. 

• The Eigenvectors unfortunately ended with a poor r2 value (r2 = 0.25, p < 0.001) and 
sorted the diƯerent chronologies into their regions, so I ended up running a simple 
average of all 19 chronologies. Results

Despite discrepancies and diƯiculties from lack of data in certain 
regions, I supported my hypothesis and demonstrated that the southern 
hemisphere also exhibits a hockey stick curve (Figure 9). I developed an 
extremely strong model that explains the majority of southern 
hemisphere temperature curve (r2 = 0.74, p < 0.1), and extends back to 
500 CE. My southern hemisphere reconstruction has a significant 
correlation with land and sea temperature data, with higher than 0.6 
correlation in the Indian, Atlantic, and Southern oceans. (Figures 10 and 
11). According to the reconstruction, on average, the southern 
hemisphere has experience 0.42 degrees Celsius of warming since 1910 
(Figure 12 and 13).

Conclusion
The results of this reconstruction certainly show a large positive trend in 
temperature in the past century compared to the previous 1,400 years 
shown. Also as hypothesized, the southern hemisphere shows a smaller 
increase in temperature than the northern hemisphere. We have high 
significance in our graph. There is a phase shift from 1955 to 1975 to 
warmer temperature regime, after which the temperature stay warm but 
somewhat level out. 
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Figure 6: Excel spreadsheet of the top chronologies sorted by length and showing the researcher, 
site, species, location, and chronology statistics. The bold shows the chosen chronologies 
(Graphic created by Leif Speer).

Figure 4: Tree-ring chronologies in the International Tree-Ring Databank (ITRDB). Notice the lower number of 
chronologies in the southern hemisphere (Graphic created by Collins Malubeni). 

Figure 5: COFECHA output showing the dating quality of the tree-ring chronology 119 from Argentina. I ran 
and examined 275 of these outputs in the process of choosing the best chronologies (Graphic Created by 
Leif Speer). 
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Figure 7: ARSTAN chronology standardization output A) An individual tree, showing the standardization 
curve, and the output when that curve is applied. B) the standardization curves for each core, C) the 
running r-bar and EPS showing a cut oƯ around 750 CE, D) the final chronologies with sample depth 
(Graphic created by Leif Speer).

Figure 9: Southern hemisphere temperature A) Land and ocean annual temperature from meteorological 
stations by NOAA, B) my 1500-year southern hemisphere temperature reconstruction (Graphic created by 
Leif Speer).

Figure 12: T-test from our Southern 
Hemisphere temperature reconstruction 
comparing 1500-1550 CE to 1962-2011 CE 
(Graphic created by Leif Speer).

Figure 13: Regression analysis showing the 
reconstruction model and the verification and 
calibration statistics (Graphic created by Leif Speer). 
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• The average of all 19 chronologies resulted in a longer chronology from 500 CE to 
2011 CE with at least three chronologies represented. 

• Ran R Studio to run script in R for a calibration and verification process with 
alternating halves of the NOAA temperature data set (Figure 8). 

• Provided validation statistics of the CoeƯicient of EƯiciency (CE) and Reduction of 
Error (RE). 

• Ran a regression analysis in Excel that graphically displays the model that was 
produced in R. 

• R was able to create a model that reconstructed temperature for the past 1,500 
years by comparing the tree-ring data to the meteorological data. 

• Developed a spatial response to our chronologies in KNMI Climate Explorer (Trouet 
and Van Oldenborgh 2013) with temperature data from Hadley CRU TS Land and Sea 
Temperature data grided at one degree latitude and longitude. 

• Conducted a T-test in Excel to see if there was a statistically significant change in 
temperature. 

• Chose 1500-1549 as the base line, and then 1968-2011 (my most current data) for 
the recent comparison.

Methods


