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Evaluation and Improvement of
the ECMWEF Aviation Turbulence Forecasts

Han-Chang Ko'!, Hye—Yeong Chun!, and Peter Bechtold?

'Department of Atmospheric Sciences, Yonsei University
’European Centre for Medium—Range Weather Forecasts

Aviation turbulence is a common concern for both passengers and pilots. This study evaluates the
performance of the European Centre for Medium-Range Weather Forecasts (ECMWF) Integrated
Forecasting System-Clear Air Turbulence (IFS-CAT) over a one-year period (October 2022-September
2023) using in-situ flight eddy dissipation rate (EDR) data. IFS-CAT ensemble forecasts exhibit the highest
skill at z = 6-15 km during the Northern Hemisphere winter, as measured by an area under the relative
operating characteristics (ROC) curve exceeding 0.87. However, the probability of detection for moderate-
or-greater intensity turbulence is lower than 0.1, mainly due to the discrepancy between the employed log-
normal EDR climatology as based on previous research and that observed in this study. Therefore, the IFS-
CAT is recalibrated with an updated observation-based EDR climatology. Furthermore, the implied log-
normal distribution parameters of the IFS-CAT are optimized to increase the detection rate of moderate-or-
greater intensity turbulence. Both improvements result in higher skill scores, which are also independently
validated against research aircraft data from the SouthTRAC campaign in 2019. These updates could help
make air travel safer by providing pilots with more reliable turbulence forecasts.

Keywords: aviation turbulence, aviation turbulence forecasts, European Centre for Medium-Range Weather
Forecasts (ECMWF), Integrated Forecasting System (IFS), numerical weather prediction (NWP)
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?Computational Earth Sciences Group, Oak Ridge National Laboratory

2 A= tHEAQ MX| 7 HEMXZ S| BohX 7| 22 (perturbation) % X|&F 4= (steering component)2
H| st 2AMGIICE TX|F HEAXIEE X ZES 0|88 HOHK7 |2 ollZ0l| 0] 27| 5! ZAKIZEE AFSEICH [2b HX|T
M2MxtEo| BiK7|fe] EME AN || 0% ds U Sdg ZEst= 30t 2210|Ct £3|, BN |e| QEtant Xt
MES SOix7 |2 YEt oS0l ATt FES 0XICH JE= 2 HAP0fM= CHEXQ! MX|+ M2MXtEl ERAS, JRASS,

E

ul/ZABICE FX| T MMEAXIZ0IM SChK7 |2 Qe i
ZH2(large-scale environmental flow) S £2[617| /8l, FFEM (Fourier-Finite Element Method) ¢ 1kt ZEIS
AHESIRICE Cht 2 FHIZRE HOK |2 Xek 22 FE1| 2o, SUIM7 |2 Sl HTECE oF SAHAS Fls
2|2} etkof| CHet F2(0)| tHet/AHetEs fstn SO |Ae] T 1 M2 FESILE 2015 ~ 202232 SMEFHEL
1707H ZCHX7 |2f0f| Chol 2442 23S0 O 21t ERASSF FNL X122 LA |Ri0] A sHH7|Qf 5! 3kFY bigh #=5
H|WX & DA QoH, ES| SiA7 || HEMAIZE Utsho] =TI FNLIF ERASOIAM ALHEOZ Of &A| LIEIGICY
B 7| to| X|&k #IE(steering vector) £ 2E HEAXIZ0i|M AX| 0|5 HIE{o]| H[oH EHA HrekO 2 TS0 LIEROH, E9,
MERRA2 Xt=z2| SCiX7 (2} X[&f HIE{ 7} CHE IHI&NE—OH HISH O MZEO= HEE|0] LIENES SfRISIC}. 4| Ol HiE
CHH| XIEF HE{Q| MAt= JRAS52F MERRA2 RH=0{IA H 1w ™ TA| LIEKGHQM, 0218t X{0|= X2AXIEE HIEFXI0|0f (beta-
gyre)2l Z= X1o|oj 7[Qlot HO R HRIL|QIC}. 2 At MA| M2AMXtES| ZFO| M2 oA [ 2 S A2 ol X E4E
melSh=0| 7|04k 422 7|CHEICY.

MERRA?2, FNL| ErHX7 | Rt Sl X[k 823 =511

Keywords: ZCix7[2f, ez, X[eR, HEEX[0|0], #X| 23
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