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Key findings

LEO and GEO sounders complement one another,
providing key information on different spatiotemporal scales
necessary for the best representation of atmospheric
phenomena that span multiple scales. A LEO platform
provides high-latitude observations and global context to
Improve global NWP. A GEO platform provides temporal
consistency In targeted regions, which provides critical
iInformation when other observations are lacking.

Motivation

NOAA and NASA are in the process of developing the United
States’ next generation of satellite missions, including the Near
Earth Orbit Network (NEON) and the Geostationary eXtended
Observations (GeoXO) programs. As part of this planning,
guestions have arisen about the unigue and complementary
roles of LEO and GEO platforms in numerical weather predictio
(NWP).

NASA'’s Global Modeling and Assimilation Office (GMAOQO)
Observing System Simulation Experiment (OSSE) framework
was used in the evaluation of hyperspectral infrared (IR)
sounder observations from both platforms to evaluate their

distinct roles in NWP.
Infrared Observations
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Observing System Simulation Experiments (OSSE)

Using the GMAO OSSE framework, we ran three experiments:
1. LEO+GEO: 2020 Observing System + global ring

2. LEO Only: 2020 Observing System

Forecast Sensitivity Observation Impact (FSOI)

FSOI Is calculated as a measure of the 24 h moist energy error
norm reduction, typically shown as a bar graph, and measures
how much an instrument reduces the forecast error. Evaluated
over CONUS, previous work has shown that the GeoXO

3. GEO Only: 2020 Observing System + global ring — LEO IR sounders
Similar setup to McGrath-Spangler et al. (2024), the OSSE is used to
assess the sensitivities and capabillities of proposed observing system
and future orbital configurations.

sounder performs most of the work of satellite radiances at
reducing error (McGrath-Spangler et al., 2024). Examining the
spatial distribution, a GEO platform provides more consistent
observation count for a given location across analysis cycles

and therefore a more temporally consistent beneficial impact.

NWP Results

Analysis impacts show that denying either LEO or GEO sounders results
In a degradation in the RMS error. Loss of GEO sounders has largest

g

Average FSOI

12Z

le-7

1.6

12 9
Impact in the tropics, but losing the LEO sounders results in a degraded 2 0e 8
forecast that extends to the high latitudes where those are the only IR "y 0e §
observations available. ' o0 3
RMS Analysis Temperature Error RMS FTS,;?SC&‘St TelTpe,EﬂiljhrgtEﬂS r L
o g :Z 24 o g 300 300 @ _1:261
T = c00 16, 2 E 500 500 -
é E 700 0.8 @ % 700 700 | j._J} -1.6
g“’goes T S » . 100 100 | Figure 4: Average FSOI per analysis cycle calculated over CONUS for
82z 3] '9 gg.g 300 00 . '3 the (left) 0600 UTC and (right) 1200 UTC analyses. Average FSOI
5o s :: ¢ 8650 500( , compare (top) LEO and (bottom) GEO IR sounders in the LEO + GEO
Eﬂg voo. 5 §§ s 700 700"~ | experiment computed in 5° grid boxes.
D i ——— | 0§ o1 3 3 3 3| . Tounderstand why there is a different GEO sounder impact
E ®©
£ -4 w0 — T 100 | . L
25's 500} § > 300 300 i, 1 between 06 and 12 UTC, the full observation suite Is evaluated.
o3 6 5 0 500 500 : - - -
3 3. “‘,' s Fv - Conventional observations from radiosondes and aircraft have
&= | | | , , | - - oY .. . .
ws s s 6 NN N e gool s Cleep  |§ acountminimaat 06 UTC, producing a gap in the data

Forecast Lead Time [Days]

Figure 3: (top) Domain average root mean square
error for temperature (K) as a function of pressure
and forecast time in the LEO + GEO experiment for
the (left) global and (right) tropical domains. (middle)
The normalized change in RMSE (%) relative to the
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Figure 2: (top) Temperature (K) zonal root mean
square error in the LEO + GEO experiment for the
(left) global and (right) GXS domain. (middle) The
normalized change in RMSE (%) relative to the LEO
+ GEO experiment by withdrawing the GEO IR
sounders. (bottom) The normalized change in RMSE
(%) relative to the LEO + GEO experiment by
withdrawing the LEO IR sounders. Blue or red
Indicates an improvement or degradation,
respectively.

The analyses are used In the Initialization of forecasts, so a degraded
analysis contributes to a degraded forecast. Loss of either sounder
platform produces a statistically significant degraded forecast in the
tropics, but the Arctic forecast experiences the greatest degradation from
the loss of the LEO sounders.
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iInformation available for forecast error reduction. With their
high temporal frequency, GEO sounders can fill that data gap
and provide a beneficial impact that reduces forecast error.
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Learn more about the GeoXO Sounder
(GXS)
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