Global instability indices derived from EUMETSATSs
current and future hyperspectral Infrared sounding missions

Summary

Convection can yield severe weather events (thunder, wind
gust, tornadoes, hail, flash-flood...) which can have dramatic
societal consequences. Identifying areas with potential
atmospheric instabilities is hence critical to issue accurate
warnings, as early as possible, to prepare population,
economic actors and civil protection.

Overview MTG-IRS Thermodynamical products

The measurements from EPS-IASI and the future EUMETSAT The IRS mission is primarily designed to support numerical weather predictions Index Full name Short description
hyperspectral infrared sounder missions IASI-NG and MTG- at regional and global scales, including nowcasting. The instrument was hence Ll Lifted-index T s e e S e e Me T S e I B S0 T B U e e o
IRS contain information about the thermodynamic state of the specified with high spectral resolution (~0.6 cm™) in the infrared and high spatio- a surface-air parcel lifted adiabatically to that level.
atmosphere, which are important to weather forecasting. In temporal sampling in order to provide frequent vertical atmospheric information K-index  K-index Combined index assessing the potential for thunderstorm development concerning

mid-level temperature lapse rate (between 500 and 850 hPa levels) and humidity
(represented by dew-point temperature).

particular, MTG-IRS will offer unparalleled data on atmospheric

thermodynamic parameters with a high vertical resolution and to convective scale models consistent with their horizontal resolution. The high

horizontal sampling of 4 km at Nadir and temporal sampling of temporal frequency achieved from the geostationary orbit will in general Layer Precipitable  Partial columnar amounts of water-vapour in layers. The boundaries are configurable
30 minutes over Europe. This unprecedented system offers a increase the amount of information over dynamically important regions for Water and i“itliqa”y defined as [surface to 850 hPa] ; [850 to 500 hPa] ; [S00 hPa to top of
: SIes - 3 & = . . atmosphere

S|gn|f|cant advance_ 4 operatlonal SR G W-IH % & Europe such as the North Atlantic and enhance the mid to Short_range forecast DTHETAE Used tF:) diaf]gnose areas with vertically decreasing equivalent potential temperature

g:)evséaziiet (o) (GRIChE] SARiARIYS WEENGE LSty Cit capabilities. which are considered to be conditionally unstable.

The hype?répectral infrared observations can be used 1o The thermodynamic parameters and cloud information retrieved from the IRS MB Maximum Buoyancy Similar to DTHETAE, looking for vertically decreasing equivalent potential

determine thermodynamic parameters and cloud information observations have direct applications for nowcasting in complement to regional IEMPEEILTE 1 # [R7EEr VEricE] eommel.

that can be used to supplement regional models for models outputs, with the aim to improve reliability and lead-time in identifying ~ SBCAPE  Surface-Based Amount of potential energy available for convection to an air parce| theoretically
: ¢ N p | g oKl -~ _ ] ’ : ) or CAPE Convective lifted to the level of free convection (LFC) and which would further ascent from its

nowcasting, for the purpose of more accurately and quickly and monitoring areas of interest, e.g. with rapidly developing atmospheric Available Potential own buoyancy. It also relates to the maximum potential vertical speed within an

identifying areas of potential instability and associated weather instability. Eneray updraft.

henomena like vertical motion, convection, precipitation, and ' : : : : i indicati
P et As concerns geophysical parameter products intended to be disseminated in Sl CI7 (IS A VENES RIS el S @1 ) o1 XIS

severe StOfm_S- _ _ . It h his i hi d th h th . ' icul : MLCAPE Mixed-Layer CAPE  Same concept as SBCAPE, but evaluated with the air parcel average located in the
A number of indices is planned to be generated centrally within near real-time to the users, this Is achieved through the provision in particular o lowest 100-mb. It is commonly used to assess instability when the atmosphere is well

the L2 processing facilities of IRS, IASI and IASI-NG. It aims at temperature and moisture vertical profiles, and instability parameters. Derived mixed (e.g. in the afternoon)

ensuring continuity with other GIl products, e.g. MSG and from tracked cloud and clear-sky water vapour features across image sequences MUCAPE Maximum Unstable Maximum of CAPE values computed for every level in the first 300 to 500 hPa (upper

consistency .Wlth the I\/ITG.-F(.ZI follow-up products. It is by synergetic imagery mission in the lower troposphere and ozone profiles CAPE limit conf!gurab.le). It helps a§se55|ngth§ possibility of elevated convections in case of
completed with a few more indices collected in the literature etrievals in the o7 e sEE, AmeEn e Meion Vedsre (S0 - wihidh low level inversions (e.g. at night or behind a cold front).
and from initial interactions with forecasters. fenielle | upp POsp ’ pneri ' , WNi

We present here the results of the calculation of these indices can benefit convective-scale data assimilation and forecasts of potential severe
based on real observations by IASI and on the full Earth’s disk weather, are foreseen to supplement the products at a later stage.
such as seen by MTG-IRS. The latter are the sub-products of The list of instability indices and associated algorithms may further evolve as

the primary retrieved temperature_and moisture profiles, based more experience is gained using LEO sounding products for nowcasting.
on realistic cloudy sky radiances simulation.

Convective Calculated at the same time as SBCAPE, in the case of stable atmospheric conditions.
INhibition

Instability indices and integrated quantities calculated by the IRS L2 processor to support
the assessment of potential convective initiation at Day 1.

IRS synthetic dataset | o | - —

For verification purposes of the L2 processor prototype implementation, a set of

reference L2 products has been produced from simulated IRS observations based

on the state of the atmosphere on March 15, 2016 at 1200UTC. The dataset covers { G i B :

all the dwells of each of the four MTG-IRS local area scanning zones. W | R T NG 3 R R
The geophysical parameters, in particular the temperature and humidity profiles, RS e ' g 10T
are effectively retrieved along the line of sight and thus account for the parallax

becoming important as the observation target departs from the sub-satellite point.

The L2 processing consists of a first retrieval of the surface and profile geophysical

fields performed by a statistical method (piece-wise linear regression algorithm,

PWLR) in both clear and cloudy situations. This step is followed, for the clear-sky

pixels, by a second retrieval using optimal estimation method to refine the

retrieved quantities from the first retrieval.
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The post-processing step reconstructs the information at the vertical of the target gy . LPW sufacs o 850 hPa (ki)

point from the slanted retrievals (statistical and variational), which intercept it.
After the geometric correction, the instability indices, calculated after the methods
described in the MTG-IRS Level 2 Algorithm Theoretical Baseline Document*!, are
derived in priority from the optimal estimation outputs. If the corresponding
profiles are incomplete on the vertical grid, the full profile is reconstructed using
PWLR profiles to fill the missing information. If too many levels are missing (e.g.
more than half of them), then PWLR profiles are used. The quantities of the dataset
are illustrated in the figures on the left. Nevertheless, the 0.25°x0.25° horizontal-
resolution ECMWEF analysis on this day may not yield any noticeable pre-convective  .i\;16 ks Level 2 Algorithm Theoretical Baseline Document
conditions, which explains the low values of the CAPE. TRTEER) e SRR ) e ey
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CASE study with IASI: Hail storm in Dordogne, France — 04/07/2018
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Wind, Lightning and Hail in the Dordorgne, France in July 2018. Prior to the main : Y o SR 0 'BergefaUDD 00
event at approx. 12 UTC (Fig:1a) the ECMWEF Forecast from 9 UTC as well as IASI-A Ondt it . Q- OO
and IASI-B (Fig:2a) show a significant raise in Mixed Layer (50hPa) CAPE proving
potential to forecast severe weather. Figure 2b) shows the the log-p, skew-T plot for
the IASI-B pixel with the highest Cape in that area and the collocated ECMWF
forecast. It shows that the forecast underestimates the CAPE, mainly due to too dry ; | L ' ) '1$EMPERAOTURE °C)
surface temperature and humidity. IASI and Forecast CAPEs have been calculated FG MLCAPES0 [J/kg]
based on computation suggested by ESSL.
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¥ Please send comments and questions to:
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