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Plants have different water regulation strategies v

* Plants have different hydraulic strategies

Isohydry Anisohydry
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3
:
2
% c * (o) ' Mini Drought : e
2| S | 5 S , —— Maple
o Ty ' A :
Plant Hydraulics g" l l“ H “ l | "‘ ML
& 20 { N W L
=, WWOVUIA “ hl. l “ l l'l'l'i'ﬂ*
200 210 220

Day of year (hourly) [Ashley et al., 2016]



Limitations in soil hydraulics schemes v

Big leaf model

Three 3 schemes in Noah-MP

1.0 ‘Sand
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Soil-leaf flow .
e Lo = 061
(6]
gl R Wi &
% pliob s onne By g ot
I ____Noah scheme
* No water transport through plant G2 —gé:‘é':::x
* No plant water storage 00 18— - o . . .
* Soil water = Plant Water stress B 0.00 010 0.20 ~0.30 ~0.40
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[Niu et al,. 2011; Yang et al., 2011; He et al., 2023]
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“Big Leaf” = “Big Plant” v
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Noah-MP-PHS performs well at a single site and tree levels

Journal of Advances in
j AMES Modeling Earth Systems
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Noah-MP-PHS @ global ecosystems v

» Whether Noah-MP-PHS can refine water and carbon modeling across ecosystems?

(a) (b)

v" Water demand Atmosphere ~
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[Sun et al., under revision]



Data and method

v Global FLUXNET sites: 8 ecosystems, 40
sites, from humid to arid

v’ Target variables: GPP and ET

v’ Calibration: SCE-UA (Duan et al., 2004)
v PHS parameters:

v’ Leaf: TLP,

v Xylem: Ksat, P50,

v’ Root: depth, ratio, distribution

60N

30N 4

308 o

60S

150W

o Humid (22) Arid (18)

120W

90W 60W

T I T I I I !
30W 0 30E 60E 90E 120E 150E

Parameter Description
TLP Turgor loss point (LWP when photosynthetic capacity rate halves) |
Leaf Cieaf Leaf water capacitance
a; Empirical parameter controlling plant water stress
K sat Sapwood-area-specific saturated xylem hydraulic conductivity
Psq Stem water potential at 50% loss of conductivity
Cstem Stem water capacitance
Stem Ssap Specific sapwood area index
(xylem) Vsap Specific sapwood volume index
h. Canopy height
a, Empirical parameter controlling length of water flow route
a, Empirical parameter controlling xylem hydraulic conductance
froot—shoot Fine root area to shoot (i.e., leaf area + stem area) ratio
Root Root depth Fine rooting depth (also used in SHSs)
Root ratio Fine root distribution in root zone each layer (also used in SHSs)

[Sun et al., under revision]



Noah-MP-PHS performs well in ET and GPP simulations v

v Most KGE > 0.5
v" PHS performs better than Noah and CLM

Kling-Gupta Efficiency
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[Sun et al., under revision]
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KGE improvement
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PHS performs better than default schemes
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[Sun et al., under revision]



PHS better represent plant water stress v

v’ Large Beta difference = higher KGE
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[Sun et al., under revision]



lllustration of various improvement types v
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[Sun et al., under revision]



PHS improvements under varied water stress

v’ Larger improvement at dry conditions
 PHS vs Noah: Intermediate dry
* PHS vs CLM: Dry

v Improvements across aridity
e PHS vs Noah: Arid > Humid sites
e PHS vs CLM: Humid > Arid under

dry conditions

v

(a) PHS-Noabh: all sites PHS vs Noah PHS-Noah: humid and arid sites
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[Sun et al., under revision]



Reasonable PHS root water update under varied water stress w

Deep-layer contribution
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[Sun et al., under revision]



PHS components importance analysis

v Parameters of leaf, stem and root are all important

v Importance changes Humid = Arid
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[Sun et al., under revision]
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Take-home messages v

Plant hydraulics improves GPP and ET simulation @ global various ecosystems.
Larger improvements under dry or intermediate dry conditions.
Plant hydraulics can better demonstrate the root water uptake process.

All plant hydraulics components are essential and show varying importance across
humid to arid ecosystems.

Refining Water and Carbon Fluxes Modeling in Terrestrial Ecosystems via Plant

Hydraulics Integration

Shanshan Sun!, Lingcheng Li?, Zong-Liang Yang?, Guiling Wang*, Nate G. McDowell?>,

Ashley M. Matheny?, Jian Wu!, Shiqin Xu®, Hui Zheng’, Miao Yu?, Dagang Wang®

Under revision, Preprint: .
https://www.researchgate.net/publication/378333989_Refining_Water_and_Carbon_Fluxes_Modeli Email:

ng_in_Terrestrial_Ecosystems_via_Plant_2 Hydraulics_Integration lingcheng li@pnnl. gov



Global 1km surface datasets for the need of km-scale modeling v

Category Land surface parameters Resolution
OLD NEW LULC PFTs, Lake, Glacier, Urban o 1 km, yearly, 2001-2020
. . LAI SAI e 1 km, monthly, 2001-2020
* I ow reSOI Ut 10N » ‘/ 1 kml gIOba I Vegetation Canopy height e |1 km, temporally static
e |imited years v 20 years Soil zfgrzzr:ct ::t(tié rsut, and clay, soil T
° O u td ate d \/ I atest d ata Ele\.fat.ion, slope, st.andard

Topography | deviation of elevation, aspect, sky | e 1 km, temporally static
view factor, terrain view factor

(a) LAI (m*m?) (a) (Ca n O py h e I g ht (b) Percen tage ofclay (SO I L
) oS 3 = = : ~ s S ' fai™ »};?"‘} ; g

5;“\ I E»{-u:-\js :"
Yo
5 §‘ e

e # o .2
J 2 _ /AN
4 : >
:A’] 8.0 16.0 240  32.0

(c) Standard deviation of elevation (m)

re soil Broadleaf deciduous shrub, temperate
Needleleaf evergreen tree, temperate Broadleaf deciduous shrub, boreal
Needleleaf evergreen tree, boreal B (3 grass, arctic 4 . P Y X
Needleleaf deciduous tree B C3grass L d
Broadleaf evergreen tree, tropical C4 grass 0 200 40.0 50 o 800 z 0 40 6 8o
Broadleaf deciduous tree, tropical W Lake
Broadleaf deciduous tree, temperate Glacier
Broadleaf deciduous tree, boreal B Urban
Broadleaf evergreen shrub, temperate

Li, L., Bisht, G., Hao, D., and Leung, L. R.: Global 1 km land surface parameters for kilometer-scale Earth
system modeling, Earth Syst. Sci. Data, 16, 2007-2032 (2024 ). [DOI: 10.5194/essd-16-2007-2024]



