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Background
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High mountains over the Western US has
high biomass and the potential for
terrestrial carbon storage
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Hypothesis: GPP can be
improved if we put constrains on
leaf nitrogen and soil moisture Questions: Which observation constraint leads to the greatest
improvement in GPP, where, at what time, and Why?
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Material and Setting

e Community Land Model
release-cesm2.2.01, 1 deg by 1 deg, 2003-01-01 to 2010-12-31, CAM4 reanalysis, 80 ensemble

SIF module in CLM  Lietal (2022) |
Method — SIF simulation SIF~ . DA

Leaf-level SIF emission: APAR - D

Total SIF emission  : SIF,y = [, APAR - ®; CDf
Obsereved SIF : SIFyps = fose * SIFum i

SIF,, : total emitted SIF
APAR : absorbed photosynthetic active radiation
®; :leaf-level fluorescence yield

SIF,y. - observed SIF GPP wwe |eaf nitrogen

f.sc : escape probability, the probability an emitted SIF photon reaches the sensor

 DART (Data Assimilation Research Testbed)
Observation : ﬁ Snow partitioning

SNODAS daily SWE in each snow layer

Harmonized monthly SIF
T Mass
Assimilation frequency: Thickness :>
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021MS002747

SWE DA Challenge: There are some issues with snow input and snow melting
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Despite challenges with snow input and melting, DA successfully corrects Snow
Water Equivalent over the Western US
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Despite challenges with snow input and melting, DA successfully corrects Snow
Water Equivalent over the Western US
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In contrast to the significant change in SWE, the regional average of GPP in the
Western US changes very little
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In regions where SWE increases, soil moisture increases but GPP responds differently

H20SNO: DA-CLM
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GPP responds differently depending on whether it is water-limited or limited by other environmental factors
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GPP is sensitive to the change of leaf nitrogen

14 SIF in the WUS
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Though the regional average of SIF aligns well with the observation,

SIF in the WUS
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Though the regional average of SIF aligns well with the observation,
SIF is overcorrected along the Cascade Range and in Montana

CLM SIF
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When DA keeps pulling up SIF, leaf nitrogen is raised to an excessively high level
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Some DA options can be tuned to keep leaf nitrogen within the reasonable range

Leaf nitrogen
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Tune DA options to keep leaf nitrogen within the reasonable range
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Trying to understand why the increase in leaf nitrogen causes leaf

carbon to decrease with the FUN turned on

SIF mean: Grid (19,6) LEAFN: Grid (19,6)

2.5 ‘ 20
——Obs
— Prior 18 -
— Posterior
2r l 16

14
151 J
12

10
1+
0.5

0 20 40 60 80 10C 0 5 10 15 20 25 30

\¥] & [« @
T T T

80 LEA‘F C:N : Grid (‘1 9,6)

70

60 -

50

40

30

20 -

0 20 40 60 80 10C

300

250

200

150 |-

100 [

50 [

LEAFC: Grid (19,6)




Summary

SWE DA changes the seasonality of GPP due to the impact of swe change on soil moisture and snow depth

Need to refine the way of leaf nitrogen altered by DA to effectively impact GPP



