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Deadly heatwaves



What can irrigation do?
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What can irrigation do?

Hirsch, Annette L., et al. "Can climate-effective land management reduce regional warming?." Journal of Geophysical Research: Atmospheres 122.4 (2017): 2269-2288.
Mishra, Vimal, et al. "Moist heat stress extremes in India enhanced by irrigation." Nature Geoscience 13.11 (2020): 722-728.
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IRRigation impacts model intercomparison project (IRRMIP)

Objective: impacts of irrigation expansion in 20th century on heat extreme events

Period: 1901 - 2014

Simulations: tranirr – transient irrigation extent AMIP
                       1901irr – irrigation extent fixed at 1901 level



Data analysis for IRRMIP

 

 

 

 

 
 

 

 
 

 

 
 



Results from CESM2.1

Irrigation can greatly reduce the frequency of high temperature. The more extreme the temperature is, the more substantial the 
impacts are. 

2-m air temperature

4 times more likely

4 times less likely



Results from CESM2.1.3

After taking moisture into account, irrigation-induced impacts become unclear. However, we didn’t see intensified heat extremes 
in India. Why?

Wet bulb temperature



When? available soil water less than a threshold

How much? target soil water minus available soil water

Where? under canopy = no interception 

 

 

Representation of irrigation in CESM2.1



FloodSprinklerDrip Paddy

Method When How much Where Water Ponding

Drip Under canopy No 

Sprinkler Over canopy No

Flood Under canopy No

Paddy Under canopy Yes

Implementation of irrigation techniques in CESM2.2



Simulations Settings

NOI No irrigation activated

CTL With the original irrigation module on

IRR With the new irrigation module on

NEB: Nebraska, USA, Maize, Sprinkler

CAS: Castellaro, ITA, Maize, Flood

MAS: Mase, JAP, Rice, Paddy

Evaluation 1: single-point simulations

Sprinkler and flood irrigation have negligible impacts on ET, but paddy irrigation greatly reduce the bias during non-peak seasons



Evaluation 2: global simulations

Jägermeyr, Jonas, et al. "Water savings potentials of irrigation systems:<? xmltex\newline?> global simulation of processes and linkages." Hydrology and Earth System Sciences 19.7 (2015): 3073-3091.

Jägermeyr et al., 2015



Evaluation 2: global simulations

New irrigation module substantially improves models’ capability of simulating irrigation water withdrawal.

CTL Bias 
(km3/yr)

RMSE 
(km3/yr)

USA −10.58 13.42

China −5.15 7.38

Other 
countries

−64.74 78.79

IRR Bias 
(km3/yr)

RMSE 
(km3/yr)

USA −0.03 7.94

China 22.34 29.84

Other 
countries

−7.67 14.4



Paper and next step

Next: irrigation-induced impacts on heat extremes under future scenarios

Issue 1: there is no projected irrigation techniques shares in line with SSP-RCP

Issue 2: this newly developed irrigation module cannot fully address this question



Projected irrigation techniques shares design

Irrigation techniques shares have correlation with GDP, GOV, URB, GII and PR 

spearman R Flood Sprinkler Drip

GDP -0.5252*** 0.4803*** 0.4155***

GOV -0.5302*** 0.4625*** 0.4676***

URB -0.4428*** 0.3796*** 0.3723***

GII 0.4542*** -0.4104*** -0.3063***

Spearman R Flood Sprinkler Drip

PR 0.2709*** -0.211** -0.2483***

PPET -0.0203 0.0761* -0.1773**

TWS 0.2082** -0.1353 -0.3112***

Socio-economic

0.782 0.120 0.064 0.034

Explained variance



Projected irrigation techniques shares design

We update the speed every five years when we have both data for Socio-economic and hydro-climatic values
Fischer, Gűnther, et al. "Towards indicators for water security-A global hydro-economic classification of water challenges." (2015).
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Example: sprinkler irrigation fraction

SSP126

SSP370

SSP585

2035 2070 2100



India

SSP1

SSP3

SSP5

Example: national irrigation techniques shares for India

These datasets have been implemented in landuse timeseries data for SSP1-2.6, SSP3-7.0 and SSP5-8.5.



Drip irrig Sprk irrig Flod irrig Pool irrig

Ongoing development



Take home messages

1. While taking moisture into account, the impacts of irrigation on heat extremes may be different. A model 
Intercomparison project (IRRMIP) is ongoing to help us better answer this question.

2. The newly developed irrigation module improve the model both at single-point and global scale. We are 
working on expanding its ability.

3. A project irrigation techniques shares dataset is created. Feel free to discuss with me (yi.yao@vub.be). 
We anticipate to have the irrigation-induced impacts under future scenarios in few months. (I have to)

4. If you do model development, think carefully what questions you want to address in advance ☹

mailto:yi.yao@vub.be
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