Supplement of Hydrol. Earth Syst. Sci., 27, 3999-4018, 2023
https://doi.org/10.5194/hess-27-3999-2023-supplement H yd rOI Og y an d

© Author(s) 2023. CC BY 4.0 License. Earth System
Sciences
Supplement of

Root zone soil moisture in over 25 % of global land permanently beyond
pre-industrial variability as early as 2050 without climate policy

En Ning Lai et al.

Correspondence to: Ruud J. van der Ent (r.j.vanderent @tudelft.nl)

The copyright of individual parts of the supplement might differ from the article licence.



WAN

EAN

1 GIC
2 NWN
3 NEN
4 WNA
5 CNA
6 ENA
7 NCA
8 SCA
CAR
11 NWS
12 NSA
13 NES
14 SAM
15 Sws
16 SES
17 SSA
18 NEU
19 WCE
20 EEU
MED

Figure S1. Intergovernmental Panel on Climate Change Working Group I (IPCC WGI) climate reference regions (Iturbide et al., 2020).
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Figure S2. The maps show the 80-year average values of the regional monthly total soil moisture content from the PiControl scenario.
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Figure S3. The deviation of the yearly mean total soil moisture content between 2071 and 2100 in SSP1-2.6 from the PiControl scenario for
each Earth System Model (ESM). The regions with a lower soil moisture content than the PiControl baseline are in red while the regions

with higher soil moisture are in blue.
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Figure S4. As in S3, but for the SSP2-4.5 scenario.
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Figure S5. As in S3, but for the SSP3-7.0 scenario.
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Figure S6. As in S3, but for the SSP5-8.5 scenario.
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Figure S7. (a) For the SSP1-2.6 scenario: The number of months there is a permanent departure from the PiControl baseline variability for
each of the climate reference regions (x-axis). The colors indicate the different climate models (legend on the lower-right corner). (b) Same

data as in (a), but illustrating the frequency of the number of months with a permanent departure across each model and region. Zero indicates
that a particular region in a model has no permanent departure at all.
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Figure S8. As in S7, but for the SSP2-4.5 scenario.
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Figure S9. As in S7, but for the SSP3-7.0 scenario.
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Figure S10. As in S7, but for the SSP5-8.5 scenario.
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Figure S11. The changes in the percentage of the land area in each SSP1-2.6 with wet departure. The expected percentage (5 %) of land area
outside the envelope (grey dotted line) is the land area that has higher total soil moisture content than the 95th percentile of the PiControl
baseline even when climate was similar to pre-industrial conditions. The monthly wet departures are the land area where the monthly total soil
moisture content exceeds the 95th percentile of the PiControl baseline. The 12-month rolling mean of monthly permanent wet departures is
computed from the monthly wet departures that occur only after the time of emergence. The yearly permanent wet departure is the proportion
of land area with a yearly total soil moisture content that exceeds the 95th percentile after the time of emergence. The graph is plotted with

the ensemble medians.
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Figure S12. As in S11, but for the SSP2-4.5 scenario.
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Figure S13. As in S11, but for the SSP3-7.0 scenario.
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Figure S14. As in S11, but for the SSP5-8.5 scenario.

14



[SSP1-2.6]

40

—— Monthly dry departures

—— 12-month rolling mean of the monthly dry departures

351 ---- 12-month rolling mean of monthly permanent dry departures

---- Expected percentage land area outside envelope without climate change
Yearly permanent dry departures

w
(=]

N
w
—

N
o
r

=
w

Percentage land area, %

(=
o

Figure S15. The changes in the percentage of the land area with dry departure in SSP1-2.6. The expected percentage (5 %) of land area outside
the envelope (grey dotted line) is the land area that has lower total soil moisture content than the 5th percentile of the PiControl baseline even
when climate was similar to pre-industrial conditions. The monthly dry departures are the land area where the monthly total soil moisture
content is less than the 5th percentile of the PiControl baseline. The 12-month rolling mean of monthly permanent dry departures is computed
from the monthly dry departures that occur only after the time of emergence. The yearly permanent dry departure is the proportion of land
area with a yearly total soil moisture content that is less than the 5th percentile after the time of emergence. The graph is plotted with the

ensemble medians.
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Figure S16. As in S15, but for the SSP2-4.5 scenario.
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Figure S17. As in S15, but for the SSP3-7.0 scenario.
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Figure S18. As in S15, but for the SSP5-8.5 scenario.
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Figure S19. (a) Land area with permanent wet departure of soil moisture in each month across 2021-2100 for the SSP1-2.6 scenario. (b) As
in (a), but for dry departure.
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Figure S20. As in S19, but for the SSP2-4.5 scenario.
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Figure S21. As in S19, but for the SSP3-7.0 scenario.
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SSP2-4.5 and SSP5-8.5 from the PiControl scenario.
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seasons in 2100.
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