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Plant Transpiration in Water Cycle 

Water Cycle Hydrologic Process in CLM5

NOAA

Transpiration represents 80-90% of terrestrial evapotranspiration

(Jasechko et al. 2013 Nature)

CLM5.0 Technical Note
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Plant Transpiration Configurations in CLM

Kennedy et al. 2018 JAMESMedlyn et al. 2011 Global Change Biology

Stomatal Conductance Plant Water Stress

CLM 4.5
Ball et al. 1987:

𝒈𝒔 = 𝒈𝟎 + 𝒈𝟏𝑨𝒏
𝒉𝒔

𝒄𝒔

Soil Moisture Stress (SMS):

𝒇𝒘,𝑺𝑴𝑺 = σ𝒊=𝟏
𝒏 𝒓𝒊𝒘𝒊 𝒘𝒊 =

𝝋𝒔𝒐𝒊𝒍−𝝋𝒄

𝝋𝒐−𝝋𝒄
 

CLM5
Medlyn et al. 2011:

𝒈𝒔 = 𝒈𝟎 + 𝟏. 𝟔 𝟏 +
𝒈𝟏

𝑫

𝑨𝒏

𝑪𝒂

Plant Hydraulics Stress (PHS):

𝒇𝒘,𝑷𝑯𝑺 = 𝟐
−

𝝋𝒍𝒆𝒂𝒇

𝑷𝟓𝟎

𝒄𝒌

𝝋𝒍𝒆𝒂𝒇 = 𝝋𝒔𝒐𝒊𝒍 + ∆𝝋
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From SMS and BB to PHS and MED: Model Performance

Kennedy et al. 2018 JAMES Franks et al. 2018 Global Change Biology

SMS to PHS: R2 RMSE
BB and MED:

R2 = 0.91    

Ball-Berry Model

Medlyn Model

4



https:///atmosphere/hydro

Questions and Hypothesis

• Which configuration, stomatal conductance (GS) or plant water 

stress (PWS), has a greater impact on transpiration?

• Does this impact vary with climate conditions?
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Climate Variability Across 9 NEON Sites with Same PFT

PFT 1: needleleaf evergreen tree-temperate
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Experiments

Ball-Berry (BB): 𝒈𝒔 = 𝒇𝒘𝒈𝟎 +𝒈𝟏𝑨𝒏
𝒉𝒔

𝒄𝒔

𝒈𝟎= 1000 for C3, 4000 for C4 Plant

𝒈𝟏=  9 for C3, 4 for C4 Plant (PFT=1, 𝒈𝟏= 9)

Soil Moisture Stress (SMS)

𝒇𝒘,𝑺𝑴𝑺 = σ𝒊=𝟏
𝒏 𝒓𝒊𝒘𝒊 𝒘𝒊 =

𝝋𝒔𝒐𝒊𝒍−𝝋𝒄

𝝋𝒐−𝝋𝒄

Medlyn (MED): 𝒈𝒔 = 𝒈𝟎 + 𝟏. 𝟔 𝟏 +
𝒈𝟏

𝑫

𝑨𝒏

𝑪𝒂

𝒈𝟎= 100

𝒈𝟏varies by PFT (PFT=1, 𝒈𝟏= 3.096)

Plant Hydraulics Stress (PHS)

𝒇𝒘,𝑷𝑯𝑺 = 𝟐
−

𝝋𝒍𝒆𝒂𝒇

𝑷𝟓𝟎

𝒄𝒌

𝝋𝒍𝒆𝒂𝒇 = 𝝋𝒔𝒐𝒊𝒍 + ∆𝝋

𝒇𝒘𝒈𝟎

𝒈𝟏 varies by PFT (PFT=1, 𝒈𝟏= 8.31)

PHS & MED

SMS & BB

PHS & BB SMS & MED
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Time Selection for Each Site
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The Impact of PWS and GS Varies with VPD and Soil Water

PHS & MED

SMS & BB

SMS & MEDPHS & BB

𝑰𝒎𝒑𝒂𝒄𝒕 𝑰𝒏𝒅𝒆𝒙GS|𝑷𝑯𝑺 =
|TR 𝑷𝑯𝑺,𝑴𝑬𝑫 −TR 𝑷𝑯𝑺,𝑩𝑩 |

𝑴ax𝑫𝒊𝒇𝒇

𝑰𝒎𝒑𝒂𝒄𝒕 𝑰𝒏𝒅𝒆𝒙GS|SMS =
|TR SMS,𝑴𝑬𝑫 −TR 𝑺𝑴𝑺,𝑩𝑩 |

𝑴ax𝑫𝒊𝒇𝒇

𝑰𝒎𝒑𝒂𝒄𝒕 𝑰𝒏𝒅𝒆𝒙𝑷𝑾𝑺|𝑴𝑬𝑫 =
|TR 𝑷𝑯𝑺,𝑴𝑬𝑫 −TR 𝑺𝑴𝑺,𝑴𝑬𝑫 |

𝑴ax𝑫𝒊𝒇𝒇

𝑰𝒎𝒑𝒂𝒄𝒕 𝑰𝒏𝒅𝒆𝒙𝑷𝑾𝑺|𝑩𝑩 =
|TR 𝑷𝑯𝑺,𝑩𝑩 −TR 𝑺𝑴𝑺,𝑩𝑩 |

𝑴ax𝑫𝒊𝒇𝒇

𝑀𝑎𝑥𝐷𝑖𝑓𝑓 = max 𝑇𝑅 −min 𝑇𝑅

Larger values of Impact Index means stronger Impact
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Linear Regression Model on the Impact of GS and PWS

Impact Index~ cvpd VPD + csw SW + Intercept

** p-values less than 0.05 10



Review: Questions and Hypothesis

• Which configuration, stomatal conductance (GS) or plant water 

stress (PWS), has a greater impact on transpiration?

• Does this impact vary with climate conditions?
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Distribution of the impact of PWS and GS
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Conclusions and Implication

• The impact of stomatal conductance (GS) and plant water stress (PWS) on 

transpiration varies across different sites and climate conditions. 

In JERC, OSBS, TALL and RMNP, VPD primary alters the impacts. 

In YELL, WREF, and TEAK, soil water mainly modulates the impact. 

In ABBY and SOAP, both VPD and soil water contribute to the impact.

• The choice of the GS function is as important as the selection of the PWS 

function. Both GS and PWS functions should be carefully considered, as their 

selection can influence the transpiration to varying degrees.
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Thank you! 

Please feel free to reach out : zhiyi.zhou@colostate.edu
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