Recent advancements in optimization of soil trace gas flux and 6*3C estimates
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Flux fit window selection

Introduction —— Minimizing 613C estimate uncertainty

* Closed-transient chamber-based estimates of soil trace gas fluxes are based upon a model-derived
estimate of the pre- chamber closure rate of change in gas mixing ratios.

100 -

* The stable carbon isotope ratio (6'3C) of soil-respired CO, can also be estimated from chamber I For each observation A ’ o Flux optimized Figure 5: Optimization through
measurements via the Keeling mixing model, but the optimal data window may differ from that e e N ~ | e Intercept SE optimized iterative window selection
used for flux estimates. e N = lton Fit exponential model | | Absolute change in 75. substantially reduces Keeling
o | — - ) for all windows flux per step : : :
* Here, methods are described for selecting optimal fitting windows for exponential regression- el R I . observations | betweent,andt, between windows mter.c.ept >E, Improving
derived fluxes and for linear regression (Keeling)- derived estimates of soil 63C. o IR I e S g N - / precision at all CO, ranges. Data

are 14,000+ five-minute
observations from a desert soil
collected November 2024

Intercept SE (%o)
@)
o

Assumptions of diffusion

25 -

o o . I . o S9% o0 o | o through February 2025. The

and MIXing in the chamber ~ e © ol 3& “zv e T e median reduction in intercept
- 5 8% S o° @ . . .
a0 el Gl T 01 | 1 | SE after optimization was 66%.
4 N _ N ™\ 0 50 100 150
Select mean t of Fmd. r(?glon of Average c?ver fall CO, range (umol mol-1)
: minimum observations in
T fEEE sensitivity the set
| | 11 IV N N = Figure 6: 613C of flux- and
e B PR interce pt SE- optimized
I observations, by CO, range.
L e - = 300 ’

X ; \ - — - ' Light blue band is “biologically
= . - - — reasonable” range of 613C (-34
= \ Iy S Figure 2: Generalized algorithmic method for selecting a flux data fit window as implemented in § to 0%o). 2.5% more data fell

:: g *;’3 . P - é SoilFluxPro software, which incorporates information from all included observations to >8 0- “ % A within this band after SE

g 2 c,; \ P s % O determine best fit based on in-chamber physical mixing dynamics. ::; optimization. Blue dot-dashed
© O . s = r%u 2 and green dashed lines are the

e— © 7 © o .

(o) = \ = — -300 - Flux optimized . :

= o g 7, 9 o 13, £ . . ntorcent SE onfimized minimum CO, ranges at which

= & “'g 7 7 \ =2 .8_, 5 C flt WlndOW SEIECtIOn niereep optmize 95% of estimates fall within the

- - o ' = threshold band: 18.5 umol mol-

~ S = / N = -600 - .

e ) / . » - . 1for flux-optimized and 15.5
o 5 = / N @ ~ >0 100 umol mol for intercept SE
oo : : : . L -1 -
8' / Vertical diffusion i = For each end point from 1 + 60 to n seconds €O range (umol mol™) optimized
— . \ —_— .
v v dominated B~ - | |
8 7 —, Fit linear model: Select window producing lowest
C, e =" SHE = 80 12 intercept standard error (SE) Figure 3: Iterative method for selecting a 20, Flux optimized Intercept SE optimized
N _/  Keeling regression fit window that best
p v ~ minimizes standard error (SE) of the intercept
tO Time For all start points 1 to n-60 seconds term. Figure 7: 813C of flux- __0- W
m
. . . . " . _ . _ and SE- optimized 0 4
Figure 1: Hypothetical accumulation curve for an observation of positive soil CO, flux (blue Fit model to each Select window with b . ~ | N
i i ine) i i f end points lowest total SE Observations, over a 24- g -30 ﬁ
dashed line) and 613C evolution (green dot-dashed line) in a closed-transient chamber. setofend p . 2 # ¢
hour period. Bars are +/- S
95% confidence interval -~
|.  Chamber is open and well-mixed with soil surface atmosphere. The end of this period is o | of the Keeling intercept. -60+
identified by chamber closure t,. ] Figure 4: Iterative sliding-window
’ o o . o optimization for intercept SE %0
' :n-ciam?f}:.mlxmg?t'? 'fsi Strongc:ybmﬂuincecj bx.fevtempmznt O;c Ste?dy_sfte rTX“.n%I The improves precision in Keeling 0000 0600 1200 18:00 00:00 06:00 12:00 18:00
ength of this Perlo isin u.ence .y system archi ec.ure an. .50| sgr ace.c arac ?FIS |c.s. _ 513C estimates. Points are one Time
The exponentl.al model-derlved estlmlzte of flux at t, is sensitive to |r.1clu5|on Of.thIS period ? five-minute flux observation from
in the model fit window. Measured 6'°C here may be useful for Keeling regression. > 3 desert soil. Lines are linear C()nclusions
IIl. Mixing ratio change is dominated by vertical diffusion from the soil. Only this period (9:-— models fit to flux-optimized (40
in flux sensitivity to the fit window is seen at the phase Il to Il transition. §*3C increasingly _ o ::I;JX Opt'trgéed N intercept SE-optimized (1 to 300 confidence interval width resulted in more §13C estimates within “biologically reasonable” bounds and
. . S : : : hading i % confiden n
IV. As chamber mixing ratio increases, so does soil mixing ratio, progressively collapsing the >had g. s 95% confidence band * |terative optimization reduced uncertainty in 613C estimates and decreased the minimum flux (minimum
for predicted mean response.

“natural” diffusion gradient. Eventually lateral diffusion in the soil may become large 0.0000 0.0005 0.0010 0.0015 0.0020 CO, range) needed for confident estimation of §3C, from 0.45 umol m2 s’ before optimization, to 0.36
enough that an inflection is observed in sensitivity to increasing the fit window. 1/CO, (mol pmol-1) umol m2 s1 after.

L/ COR

e Optimization of fluxes and 613C reduces data gaps and increases measurement quality.
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