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Abstract: N o What are tropical speed biases ?
Since EUMETSAT started deriving Atmospheric Motion Vectors (AMVs) from the Advanced Very-
High-Resolution Radiometer (AVHRR) on board the Metop satellites, AMVs from EUMETSAT's Low- AMVs from geostationary (GEO)  ao°N AMY — ECMWF Forecast Model [m/s| -10.0
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compared to the forecast model. LEO AMVs are noticeably too fast at most longitudes in the tropics, sensors are biased with respect “‘P%)?‘C?, AT = S
while being mostly unbiased in other areas. This problem is usually referred to as the tropical speed to the ECMWE forecast model Sl \Q : %jﬁ )\g - 5.0
biases problem. Studies on this problem have mostly hypothesized physics-related causes, like In particular in the tropical ' 30°N 1 N _2
convection, wrong height assignment for cirrus clouds, and gravitational waves, among others. In this latitude band (30°S to 30°N) o 10°N - : = s >
work, however, we prove that the root cause of the tropical speed biases is algorithmic: a common AMVs tend to be significantI;/ E 1005 | e FT - 0.0
misconception on the robustness of cross-correlation tracking, combined with an approximation made faster than the model. However = ' /qj s | o5
on the guess vector and the long temporal gap between consecutive images used from LEO the GEO positive biaé vattern is, 30°S - 17 = =~V > |
satellites, is actually responsible not only for the positive biases observed in the tropics, but also for seasonal and geographically 50°S - &, .0
the negative biases at mid-latitudes. To demonstrate this, we will focus on the steps of the AMV localised, while LEO speed 700 - e ) Tap e+ e s 75
tracking algorithm, including the use of the guess, the computation of the parallax correction and its biases can be observed all year o°S
effects depending on the wind direction and the relative position of the satellites at stake. As a ong, and at all longitudes of the 180° 130W  80OW 3000 OPE 2 00E 120°E 1700E 100
consequence of this finding, EUMETSAT started to investigate new tracking algorithms independent tropi,cal band Longitude
of the wind guess to extract AMVs from LEO satellites. Figure 1: biases of S3A SLSTR AMVs against the ECMWF forecast model for the period 22 April 2021 to 21 May 2021. Only AMVs
faster than 2.5 m/s and whose Qls are greater than 60 are used. Cells in which fewer than 5 fitting AMVs were derived are left blank.
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height ( obtained via CC C) Figure 2: biases of S3A SLSTR AMVs against the guess vectors used in the derivation for the period 22 April 2021 to 21 May »= ———  Figure4: biases of first guess vectors against the vectors obtained via cross-correlation tracking (across-track), for the period 22 April
g - 2021. Only AMVs faster than 2.5 m/s and whose Qls are greater than 60 are used. Cells in which fewer than 5 fitting AMVs 2021 to 21 May 2021. Only AMVs faster than 2.5 m/s and whose Qls are greater than 60 are used. Cells in which fewer than 5 fitting
were derived are left blank. Fiqure 3: vectors and processing AMVs were derived are left blank..
However, the biases between the AMVs ] Sieps ivolved i the curent LEO Biases between the guess and the tracked
and the guess vectors are similar. — Not from helg ht errors O e e — vectors are small. Consequently, tropical speed
steps are drawn with dashed-ines. biases are linked to the parallax correction.
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viewing geometry to be Displacement Vector Fomm T " trace west of that of the dual satellite (sensing data is sensed later. The
converted to an “apparent _ | earlier), see Figure 6. projection of the nadir of each
displacement vector’. usable I Cross-correlation tracking satellite is plotted in dotted lines.
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in an image. Tracked m In this context, the effect of the absence of granule point in the dual image, and the
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“reverse parallax correction”, ' P West, and shortens the vectors going towards :Zggég\i tﬁ\;\';;dpiojz; -
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should be able to Compensate At each step, the vectors from the previous steps very hlgh zenith angles, resultmg INn a blgger reference satellite for the processing of AMVs, (a) around the 0 degree meridian, (b) at the
for it. Or so we though t are drawn with dasheddines. parallax correction. North Pole and (c) around the 180 degrees meridian.
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often shortened because they i correlation tracking is not 180° 130°W 80°W 30°W 20°E 70°E 120°E 170°E

mostly go eastward. At the 90°S 1800 130°W 80°W 30‘;W 20‘;E 700IE 126°E robust enough to Figure 9: Biases of S3A SLSTR AMVs against the ECMWF forecast model, (a) with the standard derivation scheme (Figure 2) and

(b) with the derivation scheme including reverse parallax correction on the guess vectors (Figure 4), for the period 22 April 2021 to 21

poles, satellite zenith angles are compensate in a context

- ) . Figure 8: direction (in which the wind is going, not from where it comes) of forecast vectors collocated with AMVs for the period 22 April 2021 ] . ) May 2021. Only AMVs faster than 2.5 m/s and whose Qls are greater than 60 are used. Cells in which fewer than 5 fitting AMVs were
smaller, m |t|gat| ng the im pact of to21May2021. The directions are shown as sine of the direction clockwise from South, meaning that values close to 1 (red) indicate winds with hi g h time gaps a nd derived are left blank.

with strong westward components, and values close to -1 (blue) indicate winds with strong eastward components. Only AMVs faster than 2.5

the para llax. m/s and whose Qls are greater than 60 are used. Cells in which fewer than 5 fitting AMVs were derived are left blank.

low ground resolutions.

Conclusion Approximation on the guess | ack of Shall we then just correct the guess ? No !

Guess The tracking should be robust enough not to be sensitive to small shifts on
LEO Tropical Vector — robustnhess the guess. This work proves that it is not the case for LEO sensors, where
_ [ ] | time gaps are large and resolutions are coarse. Correcting the guess would
Speed biases == reverse Paralax Comecton of the be masking the tracking problems instead of dealing with them. Need to
Apparent TN explore new tracking methods, more robust than cross-correlation ! See:

Displacement Vector tracki ng | " | Barbieux and Borde, ‘A New Paradigm for the Derivation of LEO AMVs
Without Wind Guess’, IWW16, 8-12 May 2023, Montréal, Canada.
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