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The global climate model (CNRM-CM6-1) and its land surface model (ISBA-CTRIP)

CNRM-CM6-1/ESM2-1 ISBA-CTRIP (within SURFEX)
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Irrigation in ISBA-CTRIP : scheme
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Irrigation in ISBA-CTRIP : evaluation

river discharge

ISBA-CTRIP offline simulations, with irrigation (irr) and without (noirr)
Atmospheric forcing 1971-2010 : Princeton (PGF) + GPCC precipitation
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Irrigation in ISBA-CTRIP : evaluation

Water Table Depth (WTD) and Terrestrial Water Storage (TWS) Trends

TWS trends (cm.year’)

a) North America WTD trends (m.year”) b) South asia WTD trends (m.year™)
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Simulating future water resources changes

10-member ensembles :

(2015-2100)
- irrIno-irr

Land-atmosphere (prescribed SST/SIC)

- hist (1901-2014), ssp126, ssp245, ssp585
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Anomalies of TWS and its components 1901-

2100 hist+ssp245 (reference : 1901-1930)
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=> Slight increase of groundwater storage with climate
change, but large irrigation-induced depletion.
affecting TWS decrease



Simulating future water resources changes

ssp245 (2081-2100) - hist (1995-2014)

Mean total soil water content (kg/m?3) Groundwater storage (kg/m?)

Climate change without irrigation Cllmate change with irrigation Climate change without irrigation Climate change with irrigation

-1000 -100 -50 -10 -5 5 10 50 100 1000 -1000 -100 -50 -10 -5 5 10 50 100 1000 -1000 -100 -50 -10 -5 5 10 50 100 1000 -1000 -100 -50 -10 -5 5 10 50 100 1000

Irr|gat|on |mpact on present-day climate Irrlgatlon impact on future climate Irr|gat|on |mpact on present-day climate Irrlgatlon impact on future climate

-1000 -100 -50 -10 -5 5 10 50 100 1000 -1000 -100 -50 -10 -5 5 10 50 100 1000 -1000 -100 -50 -10 -5 5 10 50 100 1000 -1000 -100 -50 -10 -5 5 10 50 100 1000

Irngatlon impact on climate change Irngatlon impact on climate change

=> Soil moisture increase
with irrigation.

Does not affect much the
climate-induced changes
of soil moisture.

=> Groundwater depletion
localized in heavily irrigated
regions.

Affects the climate induced
changes of groundwater
storage
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Simulating future water resources changes

ssp245 (2081-2100) - hist (1995-2014)

Mean total soil water content (kg/m?3)
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Groundwater depletion (1960-2099)
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Effect of irrigation on climate change

ssp245 (2081-2100) - hist (1995-2014)
Summer (JJAS) daily precipitation (mm/day)
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Effect of irrigation on climate change

ssp585 (2081-2100) - hist (1995-2014)

Summer (JJAS) mean daily Tmax (K)
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=> Decrease (increase)

of warming where irrigation
increases (decreases).
Increase of PR with irrigation,
e possibly affecting the climate
S — change signal.
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To conclude

It is possible to represent irrigation in GCM/ESM ? Yes. And more and more models do so
(IRRMIP).

It is worth it ? Yes. It can affect the simulated climate and climate change.

What about (ground)water resources ? Their variations can also affect climate and climate change
(Colin et al., 2023).

Moving forward...

Large uncertainties on withdrawals forcings => compute the water demand inline (also uncertain)
Uncertainties on the effects of irrigation on climate=> Inter-comparison project IRRMIP

Could GCM/IESMs be used as tools to inform Land Use Change Scenarios on
irrigation-induced future water scarcity ?
Ensures simpler and shorter workflow with IAMs, than through the use of impact models.
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