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Figure S1 - PHYDA West Pacific Gradient (WPG) reconstruction following Cai et
al. (2015) compared to observed WPG and ENSO indices. Palaeco-WPG PWPG-C
based on definition by Cai et al. (2015; black) compared to a) PWPG-HF (Hoell &
Funk, 2013; green), b) Observed Nifio3.4 index (Kaplan et al., 1998; red) and c)
Observed West Pacific Gradient (WPG) with 1 SD (grey bar) based on Cai et al. (2015;

blue). Correlation coefficients are indicated for full period of overlap after detrending.



PWPG-HF vs WPG observed 1854:2000 (detrend) PWPG-HF vs NINO3.4 observed 1854:2000 (detrend)
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Figure S2 - PHYDA-West Pacific Gradient (PWPG-HF) reconstruction compared
to observed ENSO and Walker Circulation indices. 31-year running correlations of
reconstructed WPG (PWPH-HF; Hoell et al., 2013) with a) observed WPG (Hoell &
Funk, 2013), b) Nifo3.4 (Kaplan et al., 1998), c) zonal SST gradient after Coats &
Karnauskas (2017) and d) 20" reanalysis zonal SLP gradient (Slivinski et al., 2019)
after after Coats & Karnauskas (2017). Correlations computed in knmi climate explorer
(detrended; Trouet & Oldenborgh, 2013).



PWPG-C vs WPG HF Obs 1854:2000 (detrend) PWPG-C vs NINO3.4 Observed 1854:2000 (detrend)
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Figure S3 - PHYDA-West Pacific Gradient (PWPG-C) reconstruction compared
to observed ENSO and Walker Circulation indices. 31-year running correlations of
PHYDA-WPG reconstruction based on Cai et al. (2015) definition (PWPG-C) with a)
observed WPG (Hoell & Funk, 2013), b) Nifio3.4 (Kaplan et al., 1998), c) zonal SST
gradient after Coats & Karnauskas (2017) and d) 20" reanalysis zonal SLP gradient
(Slivinski et al., 2019) after Coats & Karnauskas (2017). Correlations computed in knmi

climate explorer (detrended; Trouet & Oldenborgh, 2013).
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Figure S4 — Observed zonal (West — East) Pacific SST and SLP Gradient
compared to West Pacific Gradient (PWPG-HF) PHYDA reconstruction. PHYDA-
WPG reconstruction (after Hoell & Funk, 2013) compared with a) COBE 2 (Hirahara
et al., 2014) zonal SST gradient after Coats & Karnauskas (2017), b) COBEZ2 zonal
SST gradient after L’Hereux et al. (2013), c) 20t reanalysis zonal SLP gradient after
after Coats & Karnauskas (2017) and d) 20" reanalysis zonal SLP gradient after
L’Hereux et al. (2013).
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Figure S5 — Observed West Pacific Gradient (WPG) reconstruction from

instrumental data compared to observed ENSO and Walker Circulation indices.

31-year running correlations of WPG from Hoell & Funk (2013) compared to a) Nifio3.4
(Kaplan et al., 1998), b) zonal SST gradient after Coats & Karnauskas (2017), c) zonal
SST gradient after L'Hereux et al. (2013) and d) 20™ reanalysis zonal SLP gradient

after after Coats & Karnauskas (2017). Correlations computed in knmi climate explorer
(detrended; Trouet & Oldenborgh, 2013).



UEP MG10 vs NINO3.4 1854:1977 (detrend) Nino34 EG13 vs NINO3.4 1854:1995 (detrend)
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Figure S6 — Palaeo-ENSO reconstructions compared to instrumental indices of
Nino3.4 (Kaplan et al., 1998) and zonal SST and SLP gradients (Coats and
Karnauskas, 2017). a) UEP (McGregor et al., 2010) with Nifio3.4. Emile-Geay et al.
(2013b) Nifo3.4 reconstruction correlated with b) observed Nifio3.4 (Kaplan et al.,
1998), c) with zonal SST gradient (Coats and Karnauskas, 2017) and d) with zonal
SLP gradient (Coats and Karnauskas, 2017). Correlations computed in knmi climate
explorer (Trouet & Oldenborgh, 2013).
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Figure S7 — Mean annual reconstruction of the WPG from the PHYDA Last
Millennium Reanalysis multivariate proxy network. PHYDA WPG based on
definition of Cai et al. (2015; black line; PWPG-C) with one standard deviation (SD;
grey bar) compared to a) PHYDA-WPG (PWPG-HF) based on definition of Hoell &
Funk (2013; blue), b) PHYDA-based Nifno3.4 index (red line), c) the Nifio3.4
reconstruction (magenta line) of Emile-Geay et al. (2013), d) PHYDA-based Nifi03.4
index compared to the Nino3.4 reconstruction (magenta line) of Emile-Geay et al.
(2013), and e) PHYDA WPG based on definition of Cai et al. (2015; black line)
compared to the Nifio3.4 reconstruction (green line) of McGregor et al. (2010).

Correlation coefficients are indicated for full period of overlap after detrending.
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Figure S8 — Mean annual reconstruction of the WPG from PHYDA based on
definition of Hoell et al. (2013) and Cai et al. (2015) compared to the Unified ENSO
index (UEP; McGregor et al., 2010). PHYDA WPG (Hoell; black line; PWPG-HF)
compared to a) the Nifio3.4 reconstruction from McGregor et al. (2010; blue; UEP), b)
PHYDA WPG (Cai et al., 2015; black; PWPG-C) with the Nifio3.4 reconstruction from
McGregor et al. (2010; blue).
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Figure S9 — Mean annual reconstruction of the WPG from the PHYDA based on
definition of Hoell et al. (2013) and Cai et al. (2015) compared to ENSO flavor
reconstructions (Freund et al., 2019). PHYDA WPG (Hoell & Funk, 201; black line;
PWPG-HF) compared to a) the Nifio warm pool index (NWP) from of Freund et al.
(2019; blue), b) PHYDA WPG (Cai et al., 2015; black; PWPG-C) with the Nifio warm
pool index (NWP) from of Freund et al. (2019; blue), c) PHYDA WPG (Hoell; black
line; PWPG-HF) compared to cold tongue Nifio3.4 reconstruction (NCT; blue) of
Freund et al. (2019), and d) PHYDA WPG (Cai; black; PWPG-C) compared to cold
tongue Nifo3.4 reconstruction (NCT; blue) of Freund et al. (2019). Correlation

coefficients are indicated for full period of overlap after detrending.



PWPG-HF index vs Nino34 EG13 1150:1994 (detrend) PWPG-HF index vs UEP McGregor10 1650:1976 (detrend)
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Figure S10 — PHYDA-West Pacific Gradient (WPG) reconstructions compared to
palaeo-ENSO reconstructions. 31-year running correlations of PHYDA-WPG
reconstruction (PWPG-HF) based on Hoell & Funk (2013) with a) Nifo3.4
reconstruction from Emile-Geay et al. (2013b: EG13), b) the Unified ENSO index
(UEP) from McGregor et al. (2010). 31-year running correlations of PHYDA-Nifi03.4
reconstruction with c¢) Nifio3.4 reconstruction from Emile-Geay et al. (2013b), d) the
Unified ENSO index (UEP) from McGregor et al. (2010). 31-year running correlations
of PHYDA-WPG reconstruction (PWPG-HF) based on Hoell & Funk (2013) with d) the
cold tongue ENSO (NCT) index of Freund et al. (2019) and e) the warm pool (NWP)
index of Freund et al. (2019). Correlations computed in knmi climate explorer (Trouet
& Oldenborgh, 2013). g-h) same as e-f), but with PHYDA-WPG (Cai et al., 2015)
reconstruction (PWPG-C).
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Figure S11 — 31 year running standard deviations of a) PHYDA-WPG based on Hoell
& Funk (2013; PWPG-HF), b) PHYDA -WPG based on Cai et al. (2015; PWPG-C), c)
PHYDA based Nifo03.4 index and d) Nifio3.4 index of Emile-Geay et al. (2013), e)
PHYDA based Pacific Zonal SST gradient after Coats & Karnauskas (2017) (Steiger
et al., 2018). Running standard deviations and 95% confidence intervals computed in
knmi climate explorer using a Monte Carlo after detrending (Trouet & Oldenborgh,
2013).



60N
40N
20N

EQ 3
208
408
0 60E 120E 180 120w 60W 0 608 60E 120E 180 120W 60w -

Longitude Longitude
correlation correlation

§ S I S S — [ e e — — — — — — —
-06 -0.4 -0.2 0.2 0.4 0.6 -06 -04 -02 02 0.4 0.6

—PWPG-C —NADA PDSI e

l-a

T
2
(as) Isad vavn

I T T T T T T T T T T
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Year

(as) Isad vazny

T T T T T T
1500 1600 1700 1800 1900 2000

[

correlation

[

1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

— PWPG-C ~ Central Chile PDSI -8

(as) Isad s1yo [enus

T T T T T T T
1400 1500 1600 1700 1800 1900 2000
Year

04l Wese ot B
1400 1500 1600 1700 1800 1900 2000

Figure S12 - Comparison between the PHYDA West Pacific Gradient (PWPG-C)
(based on Cai et al., 2015) reconstruction and palaeohydrological data. a) Spatial
correlations between the PHYDA-West Pacific Gradient (WPG) reconstruction (after
Hoell & Funk, 2013) and instrumental HadISST and b) with GPCC rainfall. Only
correlation >95% significance indicated in colour. Correlations computed in knmi
climate explorer (Trouet & Oldenborgh, 2013). WPG PHYDA Cai compared to c) North
American drought atlas (30-40°N, 125-105°W; Cook et al., 2010) and 51-year running
correlation, d) Australia-Nea Zealand drought atlas (18-29°S, 140-155°E; ANZDA)
PDSI and 51-year running correlation, and e) Central Chile PDSI from the South
America Drought Atlas (31-37°S, 70-72°W; SADA) and 51-year running correlation.

Correlations computed in knmi climate explorer (Trouet & Oldenborgh, 2013).
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Figure S13 - Spatial correlations between PHYDA-WPG (Hoell & Funk, 2013) with
reconstruction of the Palmer-Drought-Severity Index (PDSI) from tree rings for a) Asia
(MADA), b) North America (NADA), c) Australia-New Zealand (ANZDA) and d) South
America (SADA). Correlations computed in knmi climate explorer (Trouet &
Oldenborgh, 2013).
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Figure S14 — Nifio 3.4 and West Pacific Gradient (WPG) reconstructions (black)
with 95% confidence intervals (grey) relative to 1961-1990 reference period standard
deviations. a) Nifio3.4, b) PWPG-HF and ¢) PWPG-C.
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Figure S15 — Standard deviation of the ensemble reconstruction in PHYDA

(Steiger et al., 2018). a) Nifio 3.4, b) Nifio 4, c) western Pacific grid box to calculate
the PWPG-HF and d) Maritime Continent grid box to calculate the PWPG-C.



