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but has the flexibility to look deeper
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GRACE

Humphrey et al. 2018

How will PHS root water uptake affect the 
global carbon cycle?

Interannual variability in the 
atmospheric carbon growth 
rate has been linked to total 
water storage…

but this relationship is not 
well-represented in TRENDYv3



How will PHS root water uptake affect the 
vertical distribution of soil water?

CMIP5 Simulations project 
stronger drying trends in the 
top 10cm of the soil column
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PHS also features higher 
GPP interannual variability 

● plotting StDev of annual GPP 
(1914-2013) for every gridcell

● mixed bag, but overall GPP IAV 
increases with PHS (+7%)

What are the effects of plant 
hydraulics globally?
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What drives model 
interannual 
variability in GPP?

● example gridcell
● each point represents 

one year
○ 1914-2013

● σ = 1.03 g/m2/d

● is this true across the 
full domain?

● with both models?

~soil moisture~

R2 = 0.83

PHS
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of annual average values 
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● Overall: soil water explains a 
very large portion of the 
interannual variability in GPP
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column?
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Model vs. Model
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PHS:  Likewise Total Water 
Storage (TWS) more closely 

coupled with 10cm soil water
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● SMS productivity looks 
slightly more sensitive to TWS 
anomalies (steeper slope)

● But PHS samples a wider 
range of TWS

● Associated with the 
observed increase in GPP 
variability

● How does this affect 
○ 10cm soil water?
○ Mean GPP?

GPP vs. TWS
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GPP vs. TWS GPP vs. SW10cm
(anomalies)● PHS GPP is about 15% higher

○ requires higher ET
● Despite this, surface soils are 

slightly wetter with PHS
○ partially explains higher 

GPP
● Access to deep water allows 

higher GPP with similar 
surface drying

Conclusions:
● PHS uses more ‘deep’ soil 

water (beyond 10cm)
● Leads to higher GPP
● But also associated with 

higher IAV, higher correlation 
with TWS
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Precip anomalies 
have longer coupling 
to GPP (with PHS)

● lost GPP (year 1)
○ PHS = 1.23 PgC
○ SMS = 1.08 PgC

● lost GPP (year 2)
○ PHS = 0.18 PgC
○ SMS = 0.14 PgC

● monthly mean GPP
○ ~0.9 PgC
○ (for reference)
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Interannual Variability also increasesPHS features higher 
variability in GPP

● distribution shifts to 
higher variability

● average stdev:
○ PHS = 0.41 g/m2/d
○ SMS = 0.37 g/m2/d

● approx 12% increase
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What are the trends in GPP 
over 1914-2013?

PHS features 
higher trends in 
GPP

● distribution shifts 
to higher trends

● integrated over the 
study domain, GPP 
trend adds 
1.53 Pg/yr with PHS

● compared to
1.06 Pg/yr with SMS

● (1914) GPP is 
approx. 11 Pg/yr


