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• Plant Hydraulics (Noah-MP-PHS)
• Carbon–Nitrogen (Noah-MP-CN)
• WRF-Hydro-RAPID
• Data Assimilation (Noah-MP-DART)
• Preferential Flow 
• Crops
• Flood & Inundation 

Outline
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Plant Hydraulics: Key to Understanding Ecosystem Response in a 
Changing Climate
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Plant Hydraulics
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Plant Hydraulics

Li et al. (2021) JAMES

“Big Leaf”
✔ Soil hydraulics: yes
✗   Plant hydraulics: no

🡪 No explicit plant water transport and storage
🡪 Empirically parameterize soil moisture control 

on transpiration

“Big Tree”
✔ Soil hydraulics: yes
✔ Plant hydraulics: yes

🡪 Represent whole-plant (root–stem–leaf) 
hydraulic strategy

🡪 Explicitly consider plant water storage
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Plant Hydraulics Requires 14 Parameters

Li et al. (2021) JAMES
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Plant Hydraulics: Evaluation at Local FLUXNET Site 
(US-UMB)

Li et al. (2021) JAMES

Transpiration GPP
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Plant Hydraulics: Maple (risk-averse) vs Oak (risk-prone) (US-UMB)

Li et al. (2021) JAMES

Transpiration (g/s) Stem water storage (kg)

Day of year Day of year
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Plant Hydraulics: Global FLUXNET Sites

Based on the application of PHS at 
multiple FLUXNET sites, PHS 
outperforms Noah and CLM with a 
larger KGE.

KGE improvement
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Plant Hydraulics: Global FLUXNET Sites

Sensitivity analysis, from humid to arid conditions
• Leaf and stem parameters show decreased importance.
• Root parameters show increased importance.
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Plant Hydraulics Improves TWSA During Drought in the US

PHS: Risk-prone vs. Risk-averse            TWSA(cm)
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Plant Hydraulics: Top Downloaded & Top Cited 
Article

Li et al. (2021) JAMES
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Representing β in “Big Leaf” and “Big Tree” Models

Li et al. (2021) JAMES

Soil hydraulics scheme (SHSs)

• Soil moisture

• Soil water potential    

Noah

CLM

SSiB 

Plant hydraulics scheme (PHS)

• leaf water potential

Guard CellClose Open

ψ
leaf

Low High
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Noah-MP with Terrestrial Carbon and Nitrogen Dynamics 
(Noah-MP-CN)

Energy

Carbon

Water

Fixation and Uptake of Nitrogen (FUN)

Soil nitrogen pathway & storage 

Soil and Water Assessment Tool (SWAT) 

Biological fixation & 
Nitrogen uptake

Cai et al. (2016) GMD; Liang et al. (2020) AAS; Chung et al., 2023

Niu et al. (2011)     
Neitsch et al. (2011)     
Fisher et al. (2010)



15

Zong-Liang Yang |  liang@jsg.utexas.edu

Regional Nitrate Leaching 
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Regional Nitrate Leaching 
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WRF-Hydro-RAPID

Citation: 48 

Citation: 65 Citation: 31 
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Noah-MP-DART TWS Data Assimilation System

Daily RSWM GRACE 
terrestrial water storage 

(TWS)
(Sakumura et al., 2016)

Snow

Soil

Groundwater

Assimilation

NLDAS-2 testbed

• Domain:
         25°N—43°N
      125°W—75°W

• Experimental 
period:

        2009.07-2011.06

• Ensemble size:
        20

Noah-MP with simple groundwater model (SIMGM)
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TWS DA Improves Deep Snow Simulations

TWS DA improves snow water equivalent (SWE) simulation more significantly in deep snow areas.
TWS DA can reduce the overestimation of winter snow peaks in Noah-MP.
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TWS DA Improves Deep Soil Moisture Simulations
An example: soil moisture simulation in Arkansas 

(AB)

At surface layers, soil moisture ensemble simulation has low spread due to constraints from atmospheric forcings, limiting 
the potential improvement from DA. As soil depth increases, DA improvement gradually enhances.

DA: data assimilation   OL: Open-loop
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TWS DA Improves Runoff Simulations in Arid/Semi-Arid Regions

TWS DA improves runoff simulation in arid and semi-arid regions, with a notable reduction in RMSE over the semi-arid areas. 
TWS DA captures the temporal variation of runoff better than OL, while there is a slight overestimation in the spring of 2010.

Overestimation
DA: data assimilation
OL: Open-loop
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• Plant Hydraulics (Noah-MP-PHS)
• Carbon–Nitrogen (Noah-MP-CN)
• WRF-Hydro-RAPID
• Data Assimilation (Noah-MP-DART)
• Preferential Flow 
• Crops
• Flood & Inundation 

Summary
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Thank you!

Questions, Comments?
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