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Today, agriculture accounts for about 70% of the global freshwater withdrawal, 

and most of the water is consumed by  Irrigation.
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Irrigation
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Irrigation

Heat Comfort
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Irrigation

Heat Comfort Precipitation
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Irrigation

Heat Comfort Precipitation

Topic: Irrigation Impact
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Method: Climate Models

Field Study Offline Model
Coupled 

Climate Model

Temperature, Precipitation, Radiation …

Heat, Evaporation, Vegetation …

Atmospheric Model

Not Feasible for large-scale Not Interactive Large-scale & Interactive
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Domain: North China PlainNorth China Plain

Irrigation Intensity

NCP HK Po Valley

Annual Precipitation Topography

800mm

2400mm

1200mm
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Complex Irrigation System

Domain: North China PlainNorth China Plain

Irrigation Intensity

• Intense irrigation

• Heavily rely on groundwater

• Double-season crop rotation
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Integration

Research Gap

This “Complex Irrigation System” is NOT well considered.Complex Irrigation System
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Why is Joint Crop-Irrigation-Groundwater System not included yet?

Plant

Land Surface Scheme

Crop

Crop Model

Atmosphere

Research Gap

Groundwater Model

Groundwater

Irrigation

Irrigation Model

Surface (Soil)

This “Complex Irrigation System” is NOT well considered.Complex Irrigation System

Joint Crop-Irrigation-Groundwater System

Integration
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Integration

Regionalization

Research Gap

Why is Joint Crop-Irrigation-Groundwater System not included yet?Joint Crop-Irrigation-Groundwater System

Current related models are NOT appropriate in the NCP region. 
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Research Gap

Implement regional-specific functions and parameters.

Integration

Regionalization

Current related models are NOT appropriate in the NCP region. 
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Previous results have heavy dependence on models.Model-dependency

Research Gap

Integration

Regionalization
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Previous results have heavy dependence on models.

Model-dependency

Research Gap

Integration

Regionalization

Climate Model Land Scheme Study Domain

(land sector in climate models)

Model Statistics for studies on 

temperature/precipitation/radiations until 2024

More than half

applied Noah+WRF
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WRF

RegCM

NoahMP

CLM

Research Gap

Previous results have heavy dependence on models.

Model-dependency

Integration

Regionalization

Comparison

Reliability

Uncertainty
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Research Gap

Model-dependency

Integration

Regionalization
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Model-dependency

Integration

Regionalization

Title:

Model Design

Regional Climate Modeling of 

Anthropogenic Water Cycle Perturbation: 

Focus on Irrigation

RegCM5 + CLM4.5-CN-CROPModel 1

WRF4.5 + Noah-MP5Model 2

27kmResolution

2005-2014 (2004 spin-up)Timespan
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Scheme Selection

Mean Bias over Domain

WSM5

Greater hot bias, less dry bias. WSM5 group performs generally better.
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Plant

Land Surface Scheme Crop Model

Atmosphere

Groundwater Model

Irrigation Model

Surface (Soil)

Crop

Groundwater
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Model 
Development
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Model 
Development

Irrigation

Groundwater

Crop
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threshold (MAD)

wilt saturatedsoil moisture

0 1

Model 
Development

Amount

Irrigation

Groundwater

Crop
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threshold (MAD)

wilt saturatedsoil moisture

0 1

Model 
Development

Irrigation

Averaged irrigation amount using default model
Amount

Groundwater

Crop
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Model 
Development

Irrigation

Default model adopts spatially uniformed threshold (MAD).

Regional heterogeneity might not be well captured.

Amount

Groundwater

Crop



30 ICTP RegCM Workshop        Yuwen FAN (yfanaj@ust.hk) 29 Aug 2025

Model 
Development

Irrigation

⇒ Calibrate the irrigation amount on provincial basis.

Default model adopts spatially uniformed threshold (MAD).

Regional heterogeneity might not be well captured.

Amount

Groundwater

Crop
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Model 
Development

Amount

Irrigation
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Pumping
Crop

Soil

Groundwater

③ Pumping = Irrigation × Groundwater%

① Capillary rise + Infiltration

② Discharge
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Model 
Development
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Model 
Development

Irrigation

Crop Rotation

Satellite data comes from ChinaCropPhen1km (Luo et al., 2020)

J F M A M J J A S O N D

Crop Calendar
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Calendar
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Model 
Development
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Model 
Development

1st Crop Season 2nd Crop Season
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Leaf Area Index

Model Performance

Temperature
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Runoff
Crop Yield
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Impact: Water Cycle

Water cycle changes (mm) for every 100mm irrigation applied:

          
             

             
     

              
    

Transpiration
(+13)

Evaporation
(+48)

Evapotranspiration
(+63)

Precipitation 
(+7)

Convective
(+2)

(+4)
Non-convective

Transpiration
(+44)

Evaporation
(-8)

Evapotranspiration
(+36)

Precipitation 
(+6)

Convective
(+3)

(+3)
Non-convective

RegCM has more runoff loss from water body storage.

RegCMWRF
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Impact: Water Cycle

          
             

             
     

              
    

Transpiration
(+13)

Evaporation
(+48)

Evapotranspiration
(+63)

Precipitation 
(+7)

Convective
(+2)

(+4)
Non-convective

Transpiration
(+44)

Evaporation
(-8)

Evapotranspiration
(+36)

Precipitation 
(+6)

Convective
(+3)

(+3)
Non-convective

Both model shows groundwater depletion, but more serious in RegCM.

More groundwater depletion

RegCMWRF
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Impact: Groundwater

RegCMWRF

More groundwater depletion

OBS

Average Depletion (m/year)

OBSmin WRF RegCM OBSmax

0.4 0.6 1 1.3< < <
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Impact: Water Cycle

Water cycle changes (mm) for every 100mm irrigation applied:

          
             

             
     

              
    

RegCMWRF

Transpiration
(+13)

Evaporation
(+48)

Evapotranspiration
(+63)

Precipitation 
(+7)

Convective
(+2)

(+4)
Non-convective

Transpiration
(+44)

Evaporation
(-8)

Evapotranspiration
(+36)

Precipitation 
(+6)

Convective
(+3)

(+3)
Non-convective

ET increases, but WRF and RegCM has different ET partition.
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Impact: ET Partition

Transpiration ↑ during vegetated period Transpiration ↑ during vegetated period

Evaporation ↑ during rotation period (more bareland) Evaporation even ↓ due to regional cooling

LAI changes

Transpiration changes

Evaporation changes

Transpiration changes

Evaporation changes

LAI changes

WRF
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Impact: ET Partition

Transpiration ↑ during vegetated period

Evaporation ↑ during rotation period (more bareland)

Evaporation dominate

Transpiration ↑ during vegetated period

Evaporation even ↓ due to regional cooling

LAI changes

Transpiration changes

Evaporation changes

LAI changes

WRF
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Impact: ET Partition

Transpiration ↑ during vegetated period

Evaporation ↑ during rotation period (more bareland)

Affected by evaporation, irrigation peaks in June

Evaporation dominate

Irrigation changes

Transpiration ↑ during vegetated period

Evaporation even ↓ due to regional cooling

LAI changes

Transpiration changes

Evaporation changes

WRF
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Impact: ET Partition

Transpiration ↑ during vegetated period

Transpiration ↑ during vegetated period
Evaporation ↑ during rotation period (more bareland)

Evaporation even ↓ due to regional cooling
Affected by evaporation, irrigation peaks in June

Transpiration dominateEvaporation dominate

Irrigation changes LAI changes

WRF
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Impact: ET Partition

Transpiration ↑ during vegetated period Transpiration ↑ during vegetated period

Evaporation ↑ during rotation period (more bareland) Evaporation even ↓ due to regional cooling

Affected by evaporation, irrigation peaks in June Affected by transpiration, irrigation peaks in May

Transpiration dominateEvaporation dominate

Irrigation changesIrrigation changes

WRF
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Impact: ET Partition

Affected by evaporation, irrigation peaks in June Affected by transpiration, irrigation peaks in May

Total evapotranspiration peaks in June Total evapotranspiration peaks in JuneEven though seasonal pattern of irrigation are different, 

the seasonal pattern of cooling are consistent. 

Total EvapotranspirationTotal Evapotranspiration

Irrigation changesIrrigation changes

CoolingCooling

WRF
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Impact: Cooling

Irrigation causes a general cooling. 

Extreme heat may become intensified when considering humidity.
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Impact: Cooling

Irrigation causes a general cooling. 

This helps to reduce the original warm bias.

Apr                   May                      Jun                      Jul                     Aug

IR
R

   
   

   
   

   
  C

TL
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more rainmore vapor

less rain

Complex Precipitation

Cooling

Stabilization

Irrigation

Irrigation has a non-linear impact on precipitation.
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Impact: Water Cycle

          
             

             
     

              
    

Transpiration
(+13)

Evaporation
(+48)

Evapotranspiration
(+63)

Precipitation 
(+7)

Convective
(+2)

(+4)
Non-convective

Transpiration
(+44)

Evaporation
(-8)

Evapotranspiration
(+36)

Precipitation 
(+6)

Convective
(+3)

(+3)
Non-convective

Consistent precipitation increases although land processes are different.

RegCMWRF
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Impact: Precipitation

Annual Precipitation Changes

WRF RegCM

Consistent Annual Precipitation Pattern

Red dots:

(1)p<0.05

(2)>30mm/year

(3)>5% increase

(4)≥7 years 
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Impact: Precipitation

Annual Precipitation Changes Frequency Changes (days >1mm)

WRF RegCM WRF RegCM

Irrigation promoting precipitation by increasing frequency.

Red dots:

(1)p<0.05

(2)>30mm/year

(3)>5% increase

(4)≥7 years 
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Is model improvement truly necessary for studying irrigation ?

Significance

Better irrigation representation can increase model consistency.
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Significance of Vegetation

Model deficiency may cause great uncertainty in irrigation impact.

Normal

Extreme

0.1

-0.1

Dynamic Bare Lush

JAS Changes (mm/day)
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Conclusion

Irrigation ImpactSignificant Study

• Irrigation Application

• Crop Growth

• Groundwater Pumping

• The importance of 

addressing three 

critical research gaps.

• Water Cycle

• Temperature

• Precipitation Circulation

Model Development

VALIDATED ASSESSEDPROVED

Model-dependency

Integration

Regionalization

Title: Regional Climate Modeling of 

Anthropogenic Water Cycle Perturbation: 

Focus on Irrigation
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Precipitation Pattern:

Annually up to +10% 
More frequent drizzles

Extreme Heat:

Temperature -0.8/-0.5C

WBGTmax +1C in northern part

Water Cycle:

Humidity upto +25/+10%

GW depletion -0.6/-1 m/yr

Consistent Findings
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Inconsistency Identification

Runoff Increase

Necessity of better land representations and multi-model comparison

Land Surface Model Atmosphere Model

Groundwater Depletion

Humidity increases

Energy budget

Cooling Intensity

June Precipitation

July Precipitation

Mean Heat Stress

Non-convective Precipitation

Mid-to-high level Instability

Both



Publication

2025

Journal of Hydrometeorology

Irrigation impact with current models

Recognize the modelling deficiency

WRF Development 

Geoscientific Model Development

Significance assessment of model improvement

Geophysical Research Letters

npj Climate and Atmospheric Science

Irrigation impact with improved model

In preparation

RegCM Development

Inter-model Comparison

In preparation
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