On the benefit of assimilating clear-sky radiances every
75 km globally at sub-hourly time scales
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Geostationary radiances provide a unique perspective of the dynamics in Earth's
atmosphere with a very high spatial (3 km) & temporal (10 min) resolution.
Radiances in water vapor bands may represent clear-sky & cloudy pixels of the
atmosphere. As severe weather events evolve at these high spatial and temporal
scales, a more accurate representation of observations at these temporal and
spatial scales may significantly improve the forecast of these events (Figure 1).

On the chosen day below, a strong cyclone occurred over the North Atlantic,
frontal systems evolved over the Pacific & equatorial waves were active in the

tropical belt.
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Figure 1) Assimilated clear-sky observations from all geostationary satellites from the WV 6.2 micrometer band
for a chosen sample on Dec. 2nd at 7 UTC: 75 km (right) showing a more continuous coverage versus the
previous operational 125 km (left) spatial thinning of observations globally.

We incorporate smaller spatial scales via higher-resolution water-vapor radiances
for all geostationary satellites: GOES, METEOSAT, and HIMAWARI and compare the
impact to the previous experiments with observations every 125 km.
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Below is a satellite image for Dec. 4t for clarity:

We see an upscale propagation over time
from the first day of cycling until day 5
e . (Figure 2), when calculating the difference
e 20w «w  Of the analysis of vertical wind at 500 hPa
with relatively denser geostationary
satellite = observations  versus the
operational configuration. The gray lines
are indicative of frontal systems in the
North Pacific.
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Figure 2) Over the course of the first 5 days, small-scale differences between the analysis based on finer
observations versus the analysis based on coarser observations cascade upscale. Plotted is the vertical wind
at the 500 hPa isosurface. The assimilation window is a typical 12 h window as in operations for IFS.

How do our results compare to short-range forecasts of humidity and temperature
sensitive quantities in other instruments (Figure 3)?

(a) (b)
— ——— ——r—r —r—t JofF e e R S ARy
1536 |- : - /
1504 |- . i |
1456 ...y - 150
1384 .7 i
1344 F iz - 200 -
1055 - /
T 1028 - 250 |- -
g 8471 7 © \
— 757 . % 300 -
2 736 - Yy
E 728 - 5
S 723F - o 400 -
S 718 - L \
712 - 500 . S -
= 706 -
701} e
696 |- " 700 - -
692 - o
688 |- - 850 - -— -
677 - - f
661 P B ! . - . - : “ - A . n 1000 _. ........ Lo s s a1 a3 | ST AT A A A A A Lo s 3330 ._ ......... a
98.5 B99k.0 4 st %9.5 . 1(|)'0.0d 100.5 96 97 98 99 100 101
ackground std. dev. [%, normalised] Background std. dev. [%, normalised]
(c) (d)
» [ T T T . 2239} -
2223 |- -
21 i 2191 - -
n Al 2181 -
20 1315 -
19 . 1061 N
1036 |- -
18 I = 1010} .
5 R :
S 14 B o 5 735 —
—_— 13 — — 723 P =1
e § 717} -
s 12 < s 711F -
& 111 N o s 707f .
= 702} -
101 p= o 699 - -
9} y 694 |- i
689 - =~
8 = . 676 |- .
672 -
T g 656 |- -
6 P B TP R A A A =1 650 i Gl
99.2 99.4 99.6 99.8 100.0 100.2 975 980 985 990 995 100.0 1005 101.0

Background std. dev. [%, normalised] Background std. dev. [%, normalised]

experiment 75 km thinning of ABI, SEVIRI, AHI clear-sky radiances
100% =  control 125 km thinning of ABI, SEVIRI, AHI clear-sky radiances

Figure 3) Improvements over a wide range of observations. We show the same experiment as outlined in the previous
figures for the whole winter season 2022/23. Chosen for comparison are the CrlS instrument (a), conventional
radiosondes which are especially sensitive to upper and mid troposphere (b), humidity and temperature sensitive
ATMS (c), as well as AIRS (d).
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In comparison to previous experiments with denser observations from only one satellite,
a global impact on medium range forecast scores is now evident. Over the course of the
first 25 days an improvement of the 5-day forecast of the circulation builds up in regions
where the Hadley cell occurs on the Southern Hemisphere (SH). Over the first six weeks
of the assimilation cycling, the improvement extends further into the the southern mid-
latitudes, as well as the upper troposphere where the jet stream occurs (Figure 4).
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Figure 4) An improvement with reduced root-mean-square error (RMSE) in blue occurs in forecasted relative humidity,
temperature, and wind. The improvement on the southern hemisphere correlates with the position of the jet stream,
in the presented 5-day forecast (T+120 h). We ran the experiment from December 15t 2022 onwards for six weeks at
operational resolution. We calculate the RMSE with respect to own analysis.

In comparison to the control run, the error of kinetic energy is globally reduced,
especially in the longer range +120 h forecast (Figure 5). The calculation are shown for

the same experiments as diagnosed above.
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Figure 5) The kinetic energy difference between analysis and forecasts are calculated for selected lead times
globally, in wavenumber space for the experiments from December 15t, 2022 onwards for six weeks.

We incorporate smaller spatial scales via higher-resolution water-vapor radiances 6.2 um,
6.9 um & 7.3 ym bands and evaluate the forecast impact at the medium range (Figure 6).

Change in RMS error in VW (experiment-control) 1-Sep-2023 to 10-Oct-2023 from 60 to 79 samples. Verified against own-analysis.

1-Sep-2023 to 10-Oct-2023 from 60 to 79 samples. Verified against own-analysis.

Cross-hatching indicates 95% confidence with Sidak correction for 20 independent tests. Confidence range 95% with AR(2) inflation and Sidak correction for 4 independent tests.
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Figure 6) Improvements with reduced error in blue occur in medium-range when assimilating spatially more frequent
HIMAWARI-9 observations every 30 min: on the austral jet (a), as well as on the 500 hPa geopotential surface (b)
from September 15t 2023 onwards for six weeks. We calculate the RMSE with respect to own analysis.

I.  GEOS clear-sky radiances are assimilated at 75 km instead of 125 km globally in
the current IFS cycle 50r1 as the finer resolution improves the fit to other
instruments in the short-range and medium range forecasts when changing all
satellites in synchrony.

ii. Additional impact occurs when assimilating higher frequency observations at sub-
hourly time scales, for example every 30 min on top of the spatially denser
observations.

iii. DestinE experiments exhibit smaller spatially correlated errors, allowing approach
smaller spatial scales while maintaining the requirements of 4D-Var on a diagonal R
matrix.

iv. For Destination Earth (DestinE), we are evaluating how the finer resolution of
observations can improve the forecasts of specific extreme events in the future.
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