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Abstract. Global and regional climate changed dramatically with the expansion of the Antarctic Ice sheet at the Eocene-15 

Oligocene Transition (EOT). These large-scale changes are generally linked to declining atmospheric pCO2 levels and/or 

changes in Southern Ocean gateways such as the Drake Passage around this time. To better understand the Southern 

Hemisphere regional climatic changes and the impact of glaciation on the Earth’s oceans and atmosphere at the EOT, we 

compiled a database of sea and land surface temperature reconstructions from a range of proxy records and compared this with 

a series of fully-coupled climate model simulations. Regional patterns in the proxy records of temperature show that cooling 20 

across the EOT was less at high latitudes and greater at mid-latitudes. Climate model simulations have some issues in capturing 

the zonal mean latitudinal temperature profiles shown by the proxy data, but certain simulations do show moderate-good 

performance at recreating the temperature patterns shown in the data. When taking into account the absolute temperature before 

and after the EOT, as well as the change in temperature across it, simulations with a closed Drake Passage before and after the 

EOT or with an opening of the Drake Passage across the EOT perform poorly, whereas simulations with a drop in atmospheric 25 

pCO2 in combination with ice growth generally perform better. This provides further support to previous research that changes 

in atmospheric pCO2 are more likely to have been the driver of the EOT climatic changes, as opposed to opening of the Drake 

Passage. 

1 Introduction 

This supplementary information gives an overview of the three temperature datasets compiled for the late Eocene absolute 30 

temperatures, early Oligocene absolute temperatures and relative change in temperatures across the EOT (Section 2). 

Additionally, it provides some further information on the model simulation pairs used to simulate change across the EOT 
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(Section 3) as well as examples of how the error between model and proxy data is calculated for the RMSE metrics (Section 

4). Finally, it includes full references for all of the data used in the compilations. 
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2 Datasets  35 

 

A full digital version of each dataset is available from the Open Science Framework (Kennedy-Asser, 2019).  

 

Table S1: Compilation of temperature proxy records for the late Eocene. 

Site 
Palaeo-

Lat. 
Palaeo-
Long. 

Mean 
annual 

temp. (MAT; 
°C) 

Max. 
MAT 
(°C) 

Min. 
MAT 
(°C) 

Proxy 
description 

Age 
max. 
(Ma) 

Age 
min. 
(Ma) 

Source 

Maud Rise -65.3 1.6 12.3 13.3 11.3 
Clumped 

isotopes 
35.3 34.2 

Value from Petersen & Schrag, 2015 

(Table 2) 

 

Prydz Bay -66.2 73.0  12.0  Veg. NLR 39.0 34.0 
Maximum value given in Trusswell & 

Macphail, 2009 (p. 100) 

Prydz Bay -66.2 73.0 10.3 13.9 6.7 S-index 35.8 33.7 
Value from Passchier et al., 2016 (supp. 

info.), error from main text (p. 2) 

Prydz Bay -66.2 73.0  10.0  Dinocysts 35.4 33.6 

Value from Houben et al., 2013, (Figure 

3) and Zonnefeld et al., 2013 (Figure 

208) 

Kerguelen 
Plateau 

-58.6 79.8 14.3 15.3 13.3 Mg/Ca 35.3 34.2 
Offset from Maud Rise by 2°C, value in 

Bohaty et al., 2012, (Section 4.1) 

Wilkes Land 
U1356 

-61.1 130.3    No data    

Wilkes Land 
U1360 

-66.3 136.8    No data    

S. Australia -54.4 144.8 17.0 20.0 14.0 Veg. NLR 35.0 34.0 

Korasidis et al. 2019 temperature 

estimate for T0 coal seam (mean 

between max. and min. range). Age is 

approximate based on Fig. 6. 

S. Australia 
(region) 

-54.4 144.8 16.0 20.6 11.3 Veg. Coexist. 36.6 34.0 

Max. and min. values quoted in Pound & 

Salzmann, 2017 (p.4), location assumed 

the same as Korasidis et al.; mean taken 

between the max. and min. may be 

unrealistic 

East Tasman 
Plateau 

-60.7 152.9 22.4 24.9 19.9 TEX86 37.0 33.7 

Values from Houben et al. 2019 

supplementary information (Molecular 

Paleothermometry tab). Mean is average 

of TEX86H calibration for values with BIT 

index <0.4 and depth 360-367.5 mbsf. 

Calibration error is taken as 2.5 from 

main text (p. 2218). 
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East Tasman 
Plateau 

-60.7 152.9  10.0  Dinocysts 35.5 33.7 

Value from Houben et al., 2013, (Figure 

3) and Zonnefeld et al., 2013 (Figure 

208) 

Ross Sea -76.7 155.9  13.0  Veg. NLR 41.0 34.0 

Value from Francis et al., 2009 (p.333), 

location assumed the same as CRP-3 

and age assumed 41-34 Ma 

(Bartonian/Priabonian) 

Ross Sea -76.7 155.9 8.7 12.3 5.1 S-index 36.2 34.2 

Value from Passchier et al., 2013 (supp. 

info.; MAT sheet), error from main text (p. 

1403) 

New Zealand -59.4 176.6 25.9 27.1 24.7 TEX86 35.4 33.6 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

New Zealand -59.4 176.6 25.6 27.6 23.6 UK’37 35.4 33.6 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

King George 
Isl. 

-63.8 -62.6 10.0 15.0 5.0 Veg. NLR 41.0 34.0 

Max. value from Birkenmajer & 

Zastawniak, 1989, main text (p. 238), 

date from main text (p. 234, discussion of 

loc. 7); Min. value from Francis et al. 

2009 (p.330-331); mean taken between 

the max. and min. may be unrealistic 

Seymour Isl. -66.3 -58.4 12.8 16.0 9.2 
Clumped 

isotopes 
37.5 34.0 

Value from Douglas et al., 2014 (supp. 

info., Table S3: mean of 34, 37.4 and 

37.5 Ma values for both Cucullaea and 

Eurhomalea), error from maximum range 

of these values with their external error 

Seymour Isl. -66.3 -58.4 11.6 17.0 9.0 TEX86 37.5 34.0 

Value from Douglas et al., 2014 (supp. 

info., Table S4: mean of 34, 37.4 and 

37.4 Ma TEX86L and TEX86' values), 

error from main text (p.4) 

Seymour Isl. -66.3 -58.4 16.5 22.3 10.7 MBT-CBT 37.5 34.0 

Values from Douglas et al., 2014, (supp. 

info., Table S4: mean of 34, 37.4 and 

37.5 Ma values). Two calibrations give 

very different values, taken here as a 

max. and min. range; mean (of max. and 

min.) may therefore be unrealistic 

Weddell Sea -64.0 -40.7  10.0  Dinocysts 36.6 33.6 

Value from Houben et al., 2013, (Figure 

3) and Zonnefeld et al., 2013 (Figure 

208) 

Falklands 
Plateau 

-53.1 -38.6 18.4 22.0 14.8 TEX86 37.1 33.3 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

Falklands 
Plateau 

-53.1 -38.6 18.1 20.6 15.6 TEX86 37.0 34.0 

Values from Houben et al. 2019 

supplementary information (Molecular 

Paleothermometry tab). Mean is average 

of TEX86H calibration for values with BIT 

index <0.4 and depth 138-180 mbsf 
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(depth-ages taken from Liu et al. 2009 

supp. info.). Calibration error is taken as 

2.5 from main text (p. 2218). 

Falklands 
Plateau 

-53.1 -38.6 19.5 23.7 15.3 UK’37 37.1 33.3 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

S.W. Atlantic 
(region) 

-60.0 -60.0 15.9 18.4 13.4 Veg. Coexist. 37.0 34.0 

Max. and min. values quoted in Pound & 

Salzmann, 2017 (p.5), location is very 

large/unspecified, mean taken between 

the max. and min. may be unrealistic 
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Table S2: Compilation of temperature proxy records for the early Oligocene. 

Site 
Palaeo-

Lat. 
Palaeo-
Long. 

Mean 
annual 

temp. (MAT; 
°C) 

Max. 
MAT 
(°C) 

Min. 
MAT 
(°C) 

Proxy 
description 

Age 
max. 
(Ma) 

Age 
min. 
(Ma) 

Source 

Maud Rise -65.3 1.6 11.9 12.2 11.6 
Clumped 

isotopes 
33.0 31.9 

Value from Petersen & Schrag, 2015 

(Table 2) 

 

Prydz Bay -66.2 73.0 8.0 11.6 4.4 S-index 33.7 32.9 
Value from Passchier et al., 2016 (supp. 

info.), error from main text (p. 2) 

Prydz Bay -66.2 73.0  10.0  Dinocysts 33.6 33.3 

Value from Houben et al., 2013, (Figure 

3) and Zonnefeld et al., 2013 (Figure 

208) 

Kerguelen 
Plateau 

-58.6 79.8 11.7 13.5 9.9 Mg/Ca 34.0 33.2 

Value from Bohaty et al., section 4.2, 

taken away from inferred late Eocene 

temp.; max. and min. allowing for error in 

absolute values (from Petersen & Schrag 

2015) and change (Bohaty et al., 2012) 

Wilkes Land 
U1356 

-61.1 130.3 8.9 12.5 5.3 S-index 33.6 30.0 

Value from Passchier et al. 2013 supp. 

info. (MAT sheet), error from main text (p. 

1403)  

Wilkes Land 
U1356 

-61.1 130.3  10.0  Dinocysts 33.5 30.5 
Value from Houben et al. 2013 figure 3 

and Zonnefeld et al. 2013 figure 208 

Wilkes Land 
U1356 

-61.1 130.3 17.5 21.5 13.5 TEX86 33.1 32.9 

Value from Hartman et al. 2018 (reading 

first three points in record shown in 

Figure 3), with 4°C calibration error 

based on main text (p. 1285) 

Wilkes Land 
U1360 

-66.3 136.8  10.0  Dinocysts 33.6 32.4 
Value from Houben et al. 2013 figure 3 

and Zonnefeld et al. 2013 figure 208 

S. Australia -54.4 144.8 12.0 14.0 10.0 Veg. NLR 30.0 29.0 
Korasidis et al. 2019 temperature 

estimate for M2A coal seam (mean 
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between max. and min. range). Age is 

approximate based on Fig. 6. 

S. Australia 
(region) 

-54.4 144.8 16.0 20.6 11.3 Veg. Coexist. 33.0 30.0 

Max. and min. values quoted in Pound & 

Salzmann, 2017 (p.4), location assumed 

the same as Korasidis et al. data; mean 

taken between the max. and min. may be 

unrealistic 

East Tasman 
Plateau 

-60.7 152.9 22.4 24.9 19.9 TEX86 33.7 30.0 

Values from Houben et al. 2019 

supplementary information (Molecular 

Paleothermometry tab). Mean is average 

of TEX86H calibration for values with BIT 

index <0.4 and depth 358-360 

Ross Sea -76.7 155.9  10.0  Dinocysts 32.5 31.0 
Value from Houben et al. 2013 figure 3 

and Zonnefeld et al. 2013 figure 208 

Ross Sea -76.7 155.9 7.8 11.4 4.2 S-index 33.6 33.0 

Value from Passchier et al., 2013 (supp. 

info.; MAT sheet), error from main text (p. 

1403) 

Ross Sea -76.7 155.9 -2.0 8.0 -12.0 
Vegetation 

NLR 
32.0 31.0 

Max. value from Passchier et al. 2013 

supp. info. (vegetation sheet), based on 

their interpretation of similar modern 

ecosystem. Minimum value based on 

interpretations of Francis & Hill 1996. 

Approx. age from Prebble et al. 2006 

New Zealand -59.4 176.6 23.8 24.8 22.8 TEX86 33.6 33.4 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

New Zealand -59.4 176.6 22.4 23.8 21.0 UK’37 33.6 33.4 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

King George 
Isl. 

-63.8 -62.6    No data    

Seymour Isl. -66.3 -58.4    No data    

Weddell Sea -64.0 -40.7  10.0  Dinocysts 33.6 33.2 

Value from Houben et al., 2013, (Figure 

3) and Zonnefeld et al., 2013 (Figure 

208) 

Falklands 
Plateau 

-53.1 -38.6 11.2 14.4 8.0 TEX86 33.7 33.1 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

Falklands 
Plateau 

-53.1 -38.6 16.0 18.5 13.5 TEX86 33.7 32.0 

Values from Houben et al. 2019 

supplementary information (Molecular 

Paleothermometry tab). Mean is average 

of TEX86H calibration for values with BIT 

index <0.4 and depth 20-130 mbsf 

(depth-ages taken from Liu et al. 2009 

supp. info.). Calibration error is taken as 

2.5 from main text (p. 2218). 
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Falklands 
Plateau 

-53.1 -38.6 11.1 13.7 8.5 UK’37 33.7 33.1 
Value and error from Liu et al., 2009 

(supp. info.), error of 2 stan. dev. 

S.W. Atlantic 
(region) 

-60.0 -60.0 17.6 23.4 11.7 Veg. Coexist. 31.1 30.9 

Max. and min. values quoted in Pound & 

Salzmann, 2017 (p.5), location is very 

large/unspecified, mean taken between 

the max. and min. may be unrealistic 

 

 45 

 

Table S3: Compilation of temperature proxy records across the Eocene-Oligocene Transition. 

Site 
Palaeo-

Lat. 
Palaeo-
Long. 

Mean 
temp. 

change 
(°C) 

Max. 
temp. 

change 
(°C) 

Min. 
temp. 

change 
(°C) 

Proxy 
description 

Source 

Maud Rise -65.3 1.6   0.0 Nannofossils 
General cooling suggested from Villa et al., 2013 (Figures 

5 and 6) 

Maud Rise -65.3 1.6   0.0 Mg/Ca 
General cooling suggested from Bohaty et al., 2012 

(Figure 4b) 

Maud Rise -65.3 1.6 -0.4 -1.5 0.7 
Clumped 

isotopes 
Value from Petersen & Schrag, 2015 (Table 2) 

Prydz Bay -66.2 73.0   0.0 Dinocysts 
S. antarctica increase shown in Houben et al., 2013 

(Figure 3 and in supplementary dataset) 

Prydz Bay -66.2 73.0 -2.3 -5.1 0.5 S-index 

Mean from difference in Passchier et al., 2016 (supp. 

info.); range taken from difference between max. and min. 

of each period based on 2 stan. dev. 

Kerguelen 
Plateau 

-58.6 79.8 -2.6 -3.4 -1.8 Mg/Ca Value from Bohaty et al. 2012, section 4.2 

Kerguelen 
Plateau 

-58.6 79.8   0.0 Mg/Ca General trend from Villa et al. 2013, Figure 2, 3 + 4 

Wilkes Land 
U1356 

-61.1 130.3    No data  

Wilkes Land 
U1360 

-66.3 136.8    No data  

S. Australia -54.4 144.8 -5.0 -10.0 0.0 Veg. NLR 

Korasidis et al. 2019, Fig. 6 shows cooling, but with a 

relatively large gap in time between sections. Uncertainty 

range from difference in max. and min. values around 

each mean 

S. Australia 
(region) 

-54.4 144.8    Veg. Coexist. 

Max. and min. values quoted in Pound & Salzmann 2017 

(p.4) suggest a dip in MATR before the EOT, rising again 

to same values after; location assumed the same as 

Korasidis et al. data; mean taken between the max. and 

min. may be unrealistic 
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East Tasman 
Plateau 

-60.7 152.9 0.0 -3.0 3.0 TEX86 

Values from Houben et al. 2019 supplementary 

information (Molecular Paleothermometry tab), TEX86H 

calibration. Uncertainty range from difference in max. and 

min. based on 2 SD around each mean. Houben et al. 

2019 Fig. 3 shows record is very noisy. 

Ross Sea -76.7 155.9 -1.0 -5.9 4.0 S-index 

Value from difference in Passchier et al. 2013 supp. info. 

(MAT sheet), error taken from extremes of each period 

calculated with 2 SD 

Ross Sea -76.7 155.9   0.0 Vegetation NLR 

Vegetation reconstructions from multiple sources suggest 

cooler conditions in Oligocene, but estimates of by how 

much vary significantly 

New Zealand -59.4 176.6 -2.1 -2.9 -1.3 TEX86 Value and error from Liu et al., 2009 (supp. info.) 

New Zealand -59.4 176.6 -3.1 -4.4 -1.8 UK’37 Value and error from Liu et al., 2009 (supp. info.) 

King George 
Isl. 

-63.8 -62.6    No data  

Seymour Isl. -66.3 -58.4    No data  

Weddell Sea -64.0 -40.7   0.0 Dinocysts 
Increase shown in Houben et al. 2013 Figure 3 and in 

supplementary dataset 

Falklands 
Plateau 

-53.1 -38.6 -7.2 -9.6 -4.8 TEX86 Value and error from Liu et al., 2009 (supp. info.) 

Falklands 
Plateau 

-53.1 -38.6 -2.1 -7.0 2.8 TEX86 

Values from Houben et al. 2019 supplementary 

information (Molecular Paleothermometry tab), TEX86H 

calibration. Uncertainty range from difference in max. and 

min. based on 2 SD around each mean 

Falklands 
Plateau 

-53.1 -38.6 -8.4 -10.9 -5.9 UK’37 Value and error from Liu et al., 2009 (supp. info.) 

S.W. Atlantic 
(region) 

-60.0 -60.0    Veg. Coexist. 

Max. and min. values quoted in Pound & Salzmann, 2017 

(p.5) suggest a dip in MATR before the EOT, rising again 

after to have wider range; location unclear 
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3 Model simulation pairs 

 

The model simulations used here have been previously described in Kennedy-Asser et al. (2019) and Ladant et al. (2014). 60 

Outlined here in Table S4 are the pairs of model simulations that make up each forcing scenario of the change across the EOT, 

as used in the model evaluation (Section 3.4). The output data from the HadCM3BL simulations can be freely accessed at: 

https://www.paleo.bristol.ac.uk/ummodel/scripts/papers/. 

 

Table S4: Model simulation pairings used to represent various forcings across the Eocene-Oligocene Transition.  65 

Model 
Description  

(as in Figure 5) 
Eocene setup 

(simulation name) 
Oligocene setup 

(simulation name) 
AIS growth 

HadCM3BL 3x, closed DP 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: closed.  

(tecqu2) 

AIS: EAIS. pCO2: 840 ppmv. Drake 

Passage: closed.  

(tecqt3) 

HadCM3BL 3x, open DP 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: open.  

(tecqv1) 

AIS: EAIS. pCO2: 840 ppmv. Drake 

Passage: open.  

(tecqs1) 

HadCM3BL 2x, closed DP 

AIS: none. pCO2: 560 ppmv. Drake 

Passage: closed.  

(tecqp2) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: closed.  

(tecqo2) 

HadCM3BL 2x, open DP 

AIS: none. pCO2: 560 ppmv. Drake 

Passage: open.  

(tecqq1) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open.  

(tecqn1) 

FOAM 2x (small EAIS) 

AIS: none. pCO2: 560 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.2x.WSO) 

AIS: small EAIS. pCO2: 560 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.2x.WSO.ISS1) 

FOAM 2x (EAIS) 

AIS: none. pCO2: 560 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.2x.WSO) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.2x.WSO.ISS2) 

FOAM 2x (full AIS) 
AIS: none. pCO2: 560 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.2x.WSO) 

AIS: full AIS. pCO2: 560 ppmv. Drake 
Passage: open. 

(FOAM.34Ma.WAM.2x.WSO.ISS3) 

AIS growth + pCO2 drop 

HadCM3BL Closed DP (3x-2x) 
AIS: none. pCO2: 840 ppmv. Drake 

Passage: closed.  

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: closed.  
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(tecqu2) (tecqo2) 

HadCM3BL Open DP (3x-2x) 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: open.  
(tecqv1) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open.  
(tecqn1) 

FOAM Small EAIS + 3x-2x 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.3x.WSO) 

AIS: small EAIS. pCO2: 560 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.2x.WSO.ISS1) 

FOAM EAIS + 3x-2x 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.3x.WSO) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.2x.WSO.ISS2) 

FOAM Full AIS + 3x-2x 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.3x.WSO) 

AIS: full AIS. pCO2: 560 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.2x.WSO.ISS3) 

FOAM Small EAIS + 4x-2x 

AIS: none. pCO2: 1,120 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.4x.WSO) 

AIS: small EAIS. pCO2: 560 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.2x.WSO.ISS1) 

FOAM EAIS + 4x-2x 

AIS: none. pCO2: 1,120 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.4x.WSO) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open. 
(FOAM.34Ma.WAM.2x.WSO.ISS2) 

FOAM Full AIS + 4x-2x 

AIS: none. pCO2: 1,120 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.4x.WSO) 

AIS: full AIS. pCO2: 560 ppmv. Drake 

Passage: open. 

(FOAM.34Ma.WAM.2x.WSO.ISS3) 

AIS growth + DP opening 

HadCM3BL 3x 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: closed.  
(tecqu2) 

AIS: EAIS. pCO2: 840 ppmv. Drake 

Passage: open.  
(tecqs1) 

HadCM3BL 2x 

AIS: none. pCO2: 560 ppmv. Drake 

Passage: closed.  
(tecqp2) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open.  
(tecqn1) 

All 

HadCM3BL 3x-2x, opening DP 

AIS: none. pCO2: 840 ppmv. Drake 

Passage: closed.  
(tecqu2) 

AIS: EAIS. pCO2: 560 ppmv. Drake 

Passage: open.  
(tecqn1) 
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4 Error calculation 70 

 

As discussed in Section 2.4, for the model-data comparison, the error, E, between the modelled temperature, Tm, and proxy 

reconstructed temperature, Tp, for a given site and time period, i, is taken between the limits of the uncertainty range from both 

the modelled and the proxy reconstructed temperatures. If there is any overlap between the uncertainty ranges, E is taken as 0. 

For proxy records that provide an upper limit to the temperature, if the lower limit from the model is less than the proxy upper 75 

limit, E is taken as 0; otherwise E is taken as the difference between the model lower limit and the proxy. Examples of how 

this is calculated are illustrated in Figure S1.  

 

The error can be calculated in this way for the standard RMSE metric (ES,i) using the raw values of temperature from the 

datasets or model simulations, or for the normalised RMSE metric (EN,i) if the mean temperature of all proxy data points/sites 80 

is removed from the datasets and simulation data. 

 

Figure S1: examples of how the error, E, is calculated for the standard and normalise RMSE metrics.  

 

 85 
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