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Table S1. List of the nine PMIP4-CMIP6 models

Model Realization Used years Model reference

1 EC-Earth3-LR r1i1p1 100 (Wyser et al., 2020)

2 CESM2 r1i1p1 100 (Gettelman et al., 2019)

3 IPSL-CM6A-LR r1i1p1 100 (Boucher et al., 2020)

4 ACCESS-ESM1-5 r1i1p1 100 (Ziehn et al., 2020)

5 AWI-ESM-1-1-LR r1i1p1 100 (Sidorenko et al., 2015)

6 GISS-E2-1-G r1i1p1 100 (Kelley et al., 2020)

7 MPI-ESM1-2-LR r1i1p1 100 (Mauritsen et al., 2019)

8 MRI-ESM2-0 r1i1p1 100 (Yukimoto et al., 2019)

9 NorESM2-LM r1i1p1 100 (Seland et al., 2020)
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Defining ITCZ position metrics

We quantify zonal and annual ITCZ locations by applying two different precipitation metrics (Adam et al., 2016; Bian and

Räisänen, 2024).

The first metric is the precipitation centroid for ITCZ location, denoted as

ϕITCZ =

∫ ϕN

ϕS
ϕ[P (ϕ)cosϕ]X dϕ∫ ϕN

ϕS
[P (ϕ)]X cosϕdϕ

(S1)5

where [P (ϕ)] is the zonal and time mean precipitation. The boundaries ϕS and ϕN are defined as 20◦S/N , and the integer

power X is 1 (Adam et al., 2016).

The second metric locates the ITCZ location where the total area-weighted precipitation between boundaries ϕS and ϕN are

equally divided (Adam et al., 2016; Bian and Räisänen, 2024):

ϕITCZ∫
ϕS

P (ϕ)cosϕdϕ=

ϕN∫
ϕITCZ

P (ϕ)cosϕdϕ (S2)10

where ϕS and ϕN have the same definition as the first metric.
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Table S2. Annual precipitation (unit: mm/year) difference between the MH and PI from the pollen proxy dataset adapted from Herbert and

Harrison (2016) and Lowry and McGowan (2024). SE denotes the pooled standard error.
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Table S3. Alpha index difference between the MH and PI from the pollen proxy dataset adapted from Herbert and Harrison (2016) and

Lowry and McGowan (2024). SE denotes the pooled standard error.
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