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H,is not a greenhouse gas but its oxidation perturbs
the Earth's radiative budget

e H, oxidation increases
+ OH lifetime and produces
stratospheric H,0 and O,

O,
e Chemistry is well understood
H2 + OH g HZO + HOZ (Derwent 2001)
T ~ 9 years
g NO,
light
v



Derwent

Estimate of H, GWP100

3.3 - 5.6 (no including

(2001, 2020, 2022) | stratospheric water)

Hauglustaine
(2022), Paulot
(2021)

Warwick
(2022,2023)

CICERO (multi-
model)

8 +/-2

12.8

10.9

12.4

Leakage Rate (%)

15.0

10.0

7.0 A

5.0 A

3.0 A

1.0 A

0.14

H, forcing is significant over ~ 20-year horizon

Green H,

(a) GWP Based Equivalent Emissions (%)

63 40 24 20 12

59 40 25 15 13 7l

72 40 28 ily/ 10 8.8 5.2
Sl 28 19 12 73 6.1 3.7
30 107 alil 7.2 4.3 3.6 2.1
9.8 55 3.7 2.3 1.4 1.2 0.7
1.0 0.5 0.4 0.2 0.1 0.1 0.07
P

Time Horizon (yr)

Hauglustaine
(2022)



Derwent

(2001, 2020, 2022) | stratospheric water)

Hauglustaine
(2022), Paulot
(2021)

Warwick
(2022,2023)

CICERO (multi-
model)

Estimate of H, GWP100

Green H, (40%) Blue H, (60%)

3.3-56 (no inCIuding (c) GWP Based Emissions (%) - Blue 60%
15.0 284 187 164 112
8 +/-2
10.0 959 131 116 83
12.8
S 704279 235 191 141 99 89 67
@
% 504 205 174 143 108 79 72 56
o
[}
v
10.9 @ 304 134 115 97 77 59 55 46
1.04 65 50 53 46 40 39 36
124
014 35 34 33 33 32 32 32
~ .\_D ’19 b‘D q’D '\,QQ ’190
Time Horizon (yr)
CH, leakage may cancel most H, benefits Hauglustaine

(2022)



H, budget remains poorly constrained

Figure 1. Global hydrogen budget
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Source: JRC (2022) adapted from the figures presented by Sand, Paulot, and Stevenson



Leverage & expand existing NOAA/US universities modeling and observing
capabilities to constrain H, biogeochemical cycling

GFDL Earth System Model H, soil model
Ability to run historical and future Mechanistic H, soil model
simulations with dynamic (hydrology, microbiology)
soil H, model constrained by observations
Fabien Paulot (NOAA GFDL) A. Porporato, X. Zhang

(Princeton University)

Polar firn air observation/model (1850-...)
historical trends,

changes in hemispheric gradient

E. Saltzman (UCI)




GML: Build infrastructure to monitor H,
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e High-precision H, measurements are challenging

e Need for improved calibration and data collection
(cylinder) to increase the efficiency, reliability and quality
of the NOAA short term and long term atmospheric H,
measurement program




Identify drivers of contemporary trends in atmospheric H,
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More information on H2 Leakage/Detection Strategies, see SCS021 NREL Hydrogen Sensor Testing
Laboratory presentation by Bill Buttner.

GFDL Earth System Model
Ability to run historical and future
simulations with dynamic

soil H, model

Fabien Paulot (NOAA GFDL)
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GFDL Earth System Model
Ability to run historical and future
simulations with dynamic

soil H, model
Fabien Paulot (NOAA GFDL)
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(hydrology, microbiology)
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What is the distribution/activity of H, consuming bacteria? How stable is the H, soil sink?



UCI/GML/GFDL
constraints on magnitude & stability of H, drivers

GFDL Earth System Model
Ability to run historical and future 550 1
simulations with dynamic

soil H, model

Fabien Paulot (NOAA GFDL)
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Outlook

GFDL Earth System Model H, soil model
Ability to run historical and future Mechanistic H, soil model (hydrology, microbiology)
simulations with dynamic constrained by observations
soil H, model A. Porporato, X. Zhang (Princeton University)

Fabien Paulot (NOAA GFDL)

Polar firn air observation/model (1850-...)
historical trends,

changes in hemispheric gradient

E. Saltzman (UCI)

e | everage and advance existing capabilities to improve the
understanding of H, biogeochemical cycling

e Build robust understanding of the response of H, to future changes
(emissions, climate change, ...) and its climate implications

Questions/Comments: fabien.paulot@noaa.gov



	H2 biogeochemical cycle: 
implications for H2 climate impact 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11

