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1 Supplementary Notes

1.1 Supplementary Note 1: Participating ESMs and their irrigation

implementation

The Community Earth System Model version 2 (CESM2), is a state-of-art Earth system model,
with the Community Atmosphere Model version 6 (CAM6)! as the atmosphere model, and the
Community Land Model version 5 (CLM5) as the land model*?. In CLM5, irrigated cropland
information of 31 different crops, in which 8 crop functional types are used, is provided in
the land surface dataset. Over each irrigated cropland column, a soil moisture-based irrigation

module is operated individually.

Every day at 6:00 AM local time, the model does a check over all irrigated cropland (i) whether
the crop LAI is more than 0, and (ii) whether the actual soil moisture (SMaetuar) is less than
the threshold (SMpesn). If both conditions were satisfied, the model activates the irrigation,
and the amount of water used for irrigation (IW) is calculated as the deficit between SM,cqual
and the target soil moisture (SMyarget). Then, the water is applied as the rainfall under canopy

evenly during a period of 4 hours, namely 6:00 AM to 10:00 AM local time.

The difference between CESM2 and CESM2_gw is that in CESM2, water used for irriga-
tion is abstracted from surface water and ocean when surface water is not sufficient, while
in CESM2_gw an intercell lateral groundwater interaction and an aquifer pumping process are
implemented. In this case, water is abstracted from both surface and groundwater, and ground-
water pumping may alter the baseflows*. NorESM?2 is developed based on CESM2, sharing the
same atmosphere (CAM6) and land system model (CLM5), except for some additional devel-
opments like new chemistry/aerosol/cloud module (OsloAero6°) and improved conservation of

energy and angular momentum9.

The Energy Exascale Earth System Model (E3SMv2) is developed based on the previous ver-
sion of CESM, with CAM5 and CLM4.5 as the atmosphere and land model”. During last few
years, plenty of updates have been done to these models, which makes the land model (ELM)
and the atmosphere model (EAM) containing some different features with CESM2%?. In ELM,
the irrigation is operated during the same period as CLM, 6:00am to 10:00 am local time, and
the relative quantity of water from surface and groundwater is based on a fraction collected

from water use statistics!®11.

Institut Pierre-Simon Laplace Climate Model version 6 (IPSL-CM6) uses LMDZ6 as the atmo-
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sphere model * and the Organising Carbon and Hydrology in Dynamic Ecosystems version 2.2

(ORCHIDEE2.2) as the land model'®. A new irrigation module similar to the one in CESM2
was recently updated in IPSL-CM6'4, with some differences in parameters. At the same time,

a maximum irrigation rate is set in the model to prevent unrealistic irrigation application.



In the Centre National de Recherches Météorologiques Climate Model version 6 (CNRM-CM6-
1), ARPEGE-Climat is used to simulate atmospheric processes, and SURFEX ' is used to sim-
ulate land surface processes!®. Irrigation in CNRM-CMG6-1 relies on external datasets, which
then is applied as additional rainfall in the model. In this study, the irrigation fluxes used are

from a global reconstructed hydrological dataset based on simulations®?.

The Model for Interdisciplinary Research on Climate Integrated Earth system model (MIROC-
INTEG-ES) couples MIROC!® and MIROC-INTEG-LAND . MIROC-INTEG-LAND is the
land component of the MIROC with new features regarding human water management, crop
growth, and land-use change. Irrigation is recently added to the model, which is similar to the

implementation in CLM5, except that there is only one crop type.

1.2 Supplementary Note 2: Simulated irrigation water withdrawal
from MIROC-INTEG-ES

In this study, outputs from a new ESM, MIROC-INTEG-ES, are used, which were not presented
in the first paper of IRRMIP?°. Here we show the simulated irrigation water withdrawal of
MIROC-INTEG-ES.
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Supplementary Figure S1 | a-d Average annual irrigation water withdrawal simulated by
MIROC-INTEG-ES in the period 1901-1930 (a, c¢) and 1985-2014 (b, d) of the experiment
with (a, b) and without irrigation expansion (c, d). All values shown are average values of
three ensemble members.
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Supplementary Figure S2 | a Global and regional time series of area equipped for irrigation
(AEI) in 1901-2014. The area equipped for irrigation data is from the Land-Use Harmonization
phase 2 (LUH2) project?'. b Global and Regional annual irrigation water withdrawal (IWW)
simulated by MIROC-INTEG-ES in the period 1901-2014 of the experiment with irrigation
expansion. Irrigation water withdrawal shown are average values of three ensemble members.
The regions selected are IPCC AR6 reference regions??2.
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