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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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Key Points:

« Noah-MP-PHS improves the water
and carbon simulations over the
default soil hydraulics schemes,
especially under dry soil conditions

« Noah-MP-PHS captures different
plant hydraulic behaviors between
the “cavitation risk-averse” maple
and the “cavitation risk-prone” oak

« Plant water storage plays a vital
role in water and carbon fluxes
and relieves xylem hydraulic stress
during soil moisture dry-down
periods

Supporting Information:

Supporting Information may be found
in the online version of this article.

Cnrrespondence to:
Z.-L.Yang and A. M. Matheny,
liang@jsg.utexas.edu;
ashley.matheny@jsg.utexas.edu

Citation:

Li, L., Yang, Z.-L., Matheny, A. M.,
Zheng, H., Swenson, S. C., Lawrence,
D. M., et al. (2021). Representation of
plant hydraulics in the Noah-MP land
surface model: Model development
and multiscale evaluation. Journal of
Advances in Modeling Earth Systems,
13, €2020MS002214. https://doi.
0rg/10.1029/2020MS002214

Representation of Plant Hydraulics in the Noah-MP
Land Surface Model: Model Development and Multiscale
Evaluation

Lingcheng Li' ©©, Zong-Liang Yang' ©, Ashley M. Matheny' , Hui Zheng? ©,
Sean C. Swenson® ), David M. Lawrence® ©, Michael Barlage® ©©, Binyan Yan',
Nate G. McDowell’ ©, and L. Ruby Leung® ©

Jackson School of Geosciences, University of Texas at Austin, Austin, TX, USA, ’Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing, China, *Climate and Global Dynamics Laboratory, National Center for
Atmospheric Research, Boulder, CO, USA, “Environmental Modeling Center, NOAA/NWS/NCEDP, College Park, MD,
USA, *Atmospheric Sciences and Global Change Division, Pacific Northwest National Laboratory, Richland, WA, USA

Gf’

Abstract Plants are expected to face increasing water stress under future climate change. Most land
surface models, including Noah-MP, employ an idealized “big-leaf” concept to regulate water and carbon
fluxes in response to soil moisture stress through empirical soil hydraulics schemes (SHSs). However,
such schemes have been shown to cause significant uncertainties in carbon and water simulations. In this
paper, we present a novel plant hydraulics scheme (PHS) for Noah-MP (hereafter, Noah-MP-PHS), which
employs a big-tree rather than big-leaf concept, wherein the whole-plant hydraulic strategy is considered,
including root-level soil water acquisition, stem-level hydraulic conductance and capacitance, and leaf-
level anisohydricity and hydraulic capacitance. Evaluated against plot-level observations from a mature,
mixed hardwood forest at the University of Michigan Biological Station and compared with the default
Noah-MP, Noah-MP-PHS better represents plant water stress and improves water and carbon simulations,
especially during periods of dry soil conditions. Noah-MP-PHS also improves the asymmetrical diel
simulation of gross primary production under low soil moisture conditions. Noah-MP-PHS is able to
reproduce different patterns of transpiration, stem water storage and root water uptake during a 2-week
dry-down period for two species with contrasting plant hydraulic behaviors, i.e., the “cavitation risk-
averse” red maple and the “cavitation risk-prone” red oak. Sensitivity experiments with plant hydraulic
capacitance show that the stem water storage enables nocturnal plant water recharge, affects plant

water use efficiency, and provides an important buffer to relieve xylem hydraulic stress during dry soil
conditions.
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Plant Hydraulics
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Plant Hydraulics Requires 14 Parameters

Parameter Description Units
TLP Turgor loss point (LWP when photosynthetic capacity rate halves) mm
Leaf Clear Leaf water capacitance 1
* a; Empirical parameter controlling plant water stress unitless
- nio \ K sat Sapwood-area-specific saturated xylem hydraulic conductivity mm/s
. \?7 Ps, Stem water potential at 50% loss of conductivity mm
. | —— Cetaiia Stem water capacitance m!
o Stem Ssap Specific sapwood area index m?/m?
% (xylem) Vsan Specific sapwood volume index m?3/m?
g : h. Canopy height mm
‘% a, Empirical parameter controlling length of water flow route unitless
§_ a, Empirical parameter controlling xylem hydraulic conductance unitless
- ) p— Fine root area to shoot (i.e., leaf area + stem area) ratio m?/m?
Root Root depth Fine rooting depth (also used in SHSs) m

Rootratio  Fine root distribution in root zone each layer (also used in SHSs)  unitless
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Plant Hydraulics: Evaluation at Local FLUXNET Site
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Plant Hydraulics: Maple (risk-averse) vs Oak (risk-prone) (US-UMB)
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Plant Hydraulics: Global FLUXNET Sites
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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
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Representing B in “Big Leaf” and “Big Tree” Models

Transpiration (T)

Soil hydraulics scheme (SHSs) Plant hydraulics scheme (PHS)
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Noah-MP with Terrestrial Carbon and Nitrogen Dynamics
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Regional Nitrate Leaching
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Regional Nitrate Leaching
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WRF-Hydro-RAPID
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Noah-MP-DART TWS Data Assimilation System

Noah-MP with S|mple groundwater model (SIMGM)
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eposition/sublimation to

Daily RSWM GRACE
terrestrial water storage

=
et Nt e by e K s i)
Assimilate daily
e« Domain: observations at 0:00
25°N—43°N NLDAS-2 forcings / \
125°W—75°W (perturbed) TWS in restart files Observed TWS
Soil moisture GRACE TWSA
. Noah-MP DART
b Experlmental Snow water equivalent Multi-year
period: NLDAS-2 static averaged Noah-MP
2009.07-2011.06 data Water in aquifer simulated TWS
’ ) Evaluation Ensemble Adjustment
l Kalman Filter (EAKF)
* Ensemble size:
20 Global/regional
high-resolution
hydrological dataset 18

TEXAS Geosciences

Zong-Liang Yang | liang@jsg.utexas.edu The Uriiversity of Texas at Austin

Jackson School of Geosciences
Department of Geological Sciences




Noah-MP OL Noah-MP DA
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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.

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

TEXAS Geosciences

The University of Texas at Austin
Jackson School of Geosciences
Department of Geological Sciences




TWS DA Improves Deep Soil Moisture Simulations

Taylor skill score of modeled soil moisture (-)
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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.
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TWS DA Improves Runoff Simulations in Arid/Semi-Arid Regions

TSS of modeled runoff (-)
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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.
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Thank you!
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