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* Why are GHG Retrieval Algorithms so Complicated?
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* Providing new tools to improve accessibility
 Focus: documentation
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* https://earth.gov/ghgcenter

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY

» Multi-agency collaboration to consolidate
GHG information from models and
observations

* Website features a data hub, exploration
and analysis platform

Talk by Lesley Ott —
As part of accompanying efforts Today 3:30 PM!

» Accessible and open L2 algorithm toolkit Talk by Argyro Kavvada -
Friday at 9:00 AM!

Talk by Kevin Bowman —
Friday at 11:45 AM!
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* GHG retrieval algorithms can be complex

* Many moving parts, a lot of cross-talk
depending on the setup

StateVectorElement1

éjp 1 \Setup 2

StateVectorElement2 Gas1 Gas? StateVectorElement3
lSeth 2 \ J/ ﬁ 2
Surface1 Surface2 Atmosphere

Setup 2 Setup 2 \Setup 1

(

RetrievalWindow1

Retrieval\Window?2

> OpticalProperties

RadiativeTransfer

OpticalProperties
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() Step 1 BenchmarkTools.Trial: 320 samples with 1 evaluation.
Range (min .. max): 349.056 ms .. 544.585 ms | GC (min .. max): 0.00% .. 13.56%

o Time (median): 365.958 ms : GC (median):  0.00%
Time (mean * o): 375.709 ms = 24.240 ms | GC (mean * o): 3.12% * 5.44%

o o0
- 1a =
We need a well-performing program code J T e e =
that a”OWS SClGﬂtlStS tO make meanlnngI Memory estimate: , allocs estimate: :

adaptations to a retrieval algorithm Single-iteration performance of a simplified 3-

band OCO-type retrieval without scattering
We keep a notion of “sequential code”

atm = buf.scene.atmosphere;
G3RT.calculate_xgas(atm)

Dict{String, Number} with 3 entries:
""H20" => 0.315757 %
"C02" => 423.26 ppm
02" => 0.196375

q = G3RT.calculate_OE_quantities(s);
G3RT.print_posterior(s, q)

Posterior state vector

Name Units Value Uncertainty Uncertainty Uncertainty AK
(total) (smoothing) (noise)
GasLevelScalingFactorSVE 02 (1, 20) 0.958266 ©0.000892417 7.99536e-5 0.000888828 ©.992036
. . . . GasLevelScalingFactorSVE €02 (1, 10) 1.01325 0.00671665 0.00523444 0.0042088 0.548867
f— -L i o GasLevelScalingFactorSVE €02 (11, 15) 1.00566 0.0086576  0.00844657 0.0018999 0.250459
— * — asLevelScalingFactor: i . . . . .
Sa -L r] V l nV ( S O V e r p r 1‘ O r C OVa l la r] C e ) GasLevelScalingF SVE €02 (16, 20) 0.99922  0.00722342 0.00633544  0.00346987 0.478222
GasLevelScalingFactorSVE H20 (1, 15) n ooace7 n nnoonco7 A NN0QT2ITE A AAATOREO0 A A19720
GasLevelScalingFactorSVE H20 (16, 20) SWin = my_Spectrat_winaows (3]
SurfaceAlbedoPolynomialSVE (@) [02] measured = s.measured[s.dispersions [swin]] [s.dispersions[swin].index]
SurfaceAlbedoPolynomialSVE (1) [02] modelled:s.ra\uance.l[s.?ndlces[swin]][ - . :
- = . X . ise = s.instrunent_noisels.dispersions[swin]] [s.dispersions [swin].index
foed f -l_ -l_ DispersionPolynomialSVE (@) [02] I
Se C r e a t e_ S e o r O n]_ S o V e I ( S O V e I ) DispersionPolynomialSVE (1) [02] axes[1,3].plot(s.dispersions[swin].ww, measured, "C0-", lw=1.5);

axes[1,3].plot(s.dispersions[swin].ww, modelled, “C1—", lw=1.0);
axes[2,3].plot(s.dispersions[swin].ww, (modelled .- measured) ./ noise, “C3-");

ZeroLevelOffsetPolynomialSVE (@) [02] ph pm-* m-2 s-1 ¢

S e 'L n V — 'L n V ( S e ) SurfaceAlbedoPolynomialSVE (@) [WC02] axes[1,3].set_title(@sprintf("x\$"2\$ = %.3f", chi2[swin]))
— SurfaceAlbedoPolynomialSVE (1) [WC02] Y .
DispersionPolynomialSVE (@) [WC02] il ;22[2[1,72; xlabel("Wavelength [uml");
DispersionPolynomialSVE (1) [wC02] end N

ZeroLevelOffsetPolynomialSVE (@) [WC02] ph um-! m-2 s-1 ¢ axes[1,1].set_ylabel("Radiance\n[ph s\$*{-11\$ M$*{-2 N\$ sr\$~{-11\$ um\$~{-11$]")
SurfaceAlbedoPolynomialSVE (@) [SC02] :’{:Siig;i_{:;;ﬁ??e“ Re=lainiiact e o ssly)

K o C f e at e _K_ f r O In_ S O 1 Ve I ( S O 1— V e l ) SHELaceh i ecofolynon Ve g;; {ggg;% ! #plt.suptitle(@sprintf("x\$°2\$ = %.3f", G3RT.calculate_chi2(s)));

DispersionPolynomialSVE

Di ionPol ialSVE (1) [Sc02] = & =
_5 . |
e i n . : . { 2] e T | | r
Shat _inv = Sa_inv + K' * (Se_inv * K) f ﬂ! | s W ;. k
Shat = inv(Shat_1inv) W : M
° 0.760 0.762 0.764 0.766 0.768 0.770 1.600 1605 1610 1615 1620 ° 2.050 2.055 2.060 2.065 2.070 2.075 2.080
75 4
3
— ! ; ’
G = Shat * K' * Se_1inv iz 1 :
13 2 N :
£ 0 5 -
7.5 o
‘Wavelength [um] Wavelength [um] Wavelength [um]

Notebook-based workflows
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[How do | use function X? |

Documenting the

|What are common pitfalls?
code and its usage | |

Main G3RT does not provide a forward model per se, but rather provides the many components that users can utilize to
build one, there are many functions which require a state vector type, as listed further in State Vector Functions.
Design
Ce s Retrieval State Vector
Functions 3 . . . .
A RetrievalStateVector can be instantiated by passing a vector of AbstractStateVectorElement variables.
State Vector Functions
Vv G3RT.RetrievalStateVector — Type
Types
A type to hold a collection of state vector elements for use in a retrieval.
Buffer Types
« state_vector_elements::Vector{G3RT.AbstractStateVectorElement}
State Vector Types

o Retrieval State Vector

o State Vector Element (SVE) Types State veCtor Element (SV E) TypeS

An AbstractStateVector consists of a list of state vector element (SVE) types, which are all subtypes of
AbstractStateVectorElement. Every AbstractStateVectorElement type must be implemented as a mutable
struct, due to the overall design of G3RT. Since instantiating new state vectors and state vector elements for each
new retrieval scene would impact highly negatively on the overall performance, mutable structs are used. Once

Why eve n u se f u n cti o n Y? instantiated, users must make sure to reset each state vector element at the beginning of a new retrieval by setting
|

the appropriate values and emptying out the iterations vector field with empty! (sve.iterations), with sve

H OW to d O it effi Cie ntly? being the state vector element variable.
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« Step 3

Important: no complete forward model is
provided, users must create their own but will

Documenting the underlying theor
- o - ying y retain ownership of their algorithm!

Executable book!

‘upyter{book} ! ' it
<« quarto 0 A
Reproducible, inspectable! V

* Step 4 L» Generated document with

text, figures and equations

Textual Content

Providing examples to get you started!
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* \We are developing new, accessible, performant, modern L2
retrieval algorithm tools (tailored to GHGs, but with potential for use
on other gases) that will be made available to the public

* These tools do not comprise a fully working retrieval set-up, users
still have to connect all required parts, implement their own
procedure — but therefore retain authorship, “the algorithm is yours”

* They will be shipped with documentation of the code, an ATBD
referencing code sections, an example implementations that take
the place of tutorials
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» Support in-house development work

* Increase engagement with research groups
thatkdo not have a long history with GHG L2
wor

* Education & Training

* Make methods & data generation
more transparent and accessible

* Support new ideas & science

* Opportunity for international collaborations

Thank you!

ReFRACtor (NASA/JPL)
(Python-interfaced framework
on top of ACOS core modules)

https://github.com/ReFRACtor

Get in touch!
peter.somkuti@nasa.gov
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