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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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B Topic: Irrigation Impact
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B Topic: Irrigation Impact
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B Method: Climate Models

Field Study Offline Model

Coupled

Temperature, Precipitation, Radiation ...

Heat, Evaporation, Vegetation ...

Not Feasible for large-scale Not Interactive
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I Domain: North China Plain I

* Intense irrigation
* Heavily rely on groundwater
* Double-season crop rotation

Complex Irrigation System

Irrigation Intensity a) Topography (m)
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Research Gap

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

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



Research Gap

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

Integration

Regionalization g Current related models are NOT appropriate in the NCP region. >
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Current related models are NOT appropriate in the NCP region.

Research Gap
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Research Gap

Integration

Regionalization

Model-dependency Previous results have heavy dependence on models.
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Research Gap

Integration
Regionalization

Model-dependency

Previous results have heavy dependence on models.
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Previous results have heavy dependence on models.

Research Gap
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Research Gap

Integration

Regionalization

Model-dependency
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] Scheme Selection -

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

SUBEX Nogherotto/Tompkins ~ WSM5 Mean Bias over Domain

Jd 45°N o
c
4.5
) 40°N
< ' : = ¢
© | 3son | > 4.0/ .
o 4
g— 1 30en [0 E 35 ° 3
0.5 ]
(0] 25°N E ) [ ]
l_ -1 S—— . .
} n
- 20on il 2 & 3.0 °
m
c
X oot 5 25 ° WSMS5
4 -—
. on g g ar )
9 : o 201
© | 35°N '?’ 3
SN | —
2 1 30°N []05 a 1.5
8 y -0.5 — [ )
a 1 25N [ 1 | i selected scheme
. -2 1.0 \t---- )
. 20°N -3 T T T T T
3.0 3.2 3.4 3.6 3.8

110°E 126°E 110°E 126°E 110°E 120°E | 116°E 126°E
Temperature Bias (°C)

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



Model

Development
Land Surface Scheme Crop Model
Atmosphere
/ t \
Plant Crop
\ ' / \

Surface (Soil) €= |rrigation

Irrigation Model

Groundwater

Groundwater Model

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



Model
Development

Groundwater
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Development
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Development Default model adopts spatially uniformed threshold (MAD).
5 Regional heterogeneity might not be well captured.
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Model , .
Default model adopts spatially uniformed threshold (MAD).
Development Regional heterogeneity might not be well captured.

= Calibrate the irrigation amount on provincial basis.

Irrigation
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Model
Development

Irrigation

= Amount Q‘ . . .
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Model
Development

Irrigation
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Maize Yield Wheat Yield
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Impact: Water Cycle - 000000

RegCM has more runoff loss from water body storage.

(+4) (+3)
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Impact: Water Cycle

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

(+4) (+3)
Non-convective Non-convective
.. Precipitation L. — Precipitation
Evapotranspiration (+7) Evapotranspiration (+6)
(+63) — (+36) —
Convective Convective
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- /
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More groundwater depletion

WRF RegCM
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B Impact: Groundwater

More groundwater depletion

WRF Water Table Anomaly (m) WRF RegCM RegCM Water Table Anomaly (m)
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Impact: Water Cycle

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

T 4
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Impact: ET Partition
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Impact: ET Partition

- -

Evaporation " during rotation period (more bareland)

Affected by evaporation,

irrigation peaks in June

e—e Evaporation dominate |

Irrigation changes

—

Jan Feb Mar Apr May Jun

Jul Aug Sep Oct Nov Dec

@  ReacM A
& /&

Transpiration > during vegetated period

Evaporation even | due to regional cooling

o—o Transpiration changes
e—e Evaporation changes

LAl changes

- 2.0
-1.5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ICTP RegCM Workshop

Yuwen FAN (yfanaj@ust.hk) 29 Aug 2025



T Impact: ET Partition
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Impact: ET Partition

rRY

Evaporation " during rotation period (more bareland)
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T Impact: ET Partition

Even though seasonal pattern of irrigation are different,
the seasonal pattern of cooling are consistent.

e—e Total Evapotranspiration | e—e Total Evapotranspiration L2 g

Cooling |

Cooling +1.5

| Irrigation changes Irrigation changes
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] Impact: Cooling e

Irrigation causes a general cooling.
Extreme heat may become intensified when considering humidity.

Humidity Temperature Max Tmax Max WBGTmax
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Impact: Cooling

' Irrigation causes a general cooling.
This helps to reduce the original warm bias.
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B Complex Precipitation
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Impact: Water Cycle

Consistent precipitation increases although land processes are different.
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B Impact: Precipitation

WRF RegCM
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Impact: Precipitation
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T Significance
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I Significance of Vegetation N ——
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Conclusion

Model-dependency
Regional Climate Modeling of
Anthropogenic Water Cycle Perturbation:

Focus on lrrigation Integration
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] Consistent Findings -
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I Inconsistency Identification
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