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Abstract Sources of aviation turbulence vary through the seasons, especially in the East Asia
including Korean peninsula, associated primarily with the changes in the jet/front system and
convective activities. For this reason, a seasonal Korean aviation Turbulence Guidance (KTG)
system (seasonal-KTG) is developed in the present study by using pilot reports (PIREPs) and
analysis data of the operational Unified Model (UM) of the Korea Meteorological Administra-
tion (KMA) for two years between June 2011 and May 2013. Twenty best diagnostics of avia-
tion turbulence in each season are selected by the method of probability of detection (POD)
using the PIREPs and UM data. After calculating a weighting value of each selected diagnos-
tics using their area under curve (AUC), the 20 best diagnostics are combined with the weight-
ing scores into a single ensemble-averaged index by season. Compared with the current
operational-KTG system that is based on the diagnostics applying all seasons, the perfor-
mances of the seasonal-KTG system are better in all seasons, except in fall.

Key words: Pilot report (PIREP), seasonal Korean aviation Turbulence Guidance (KTG) sys-

tem (seasonal-KTG), Unified Model (UM)
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Fig. 1. Locations of the turbulence observations over East
Asia occurred within 2 h of 1200UTC on 1 September 2012
superimposed on the turbulence forecasting by the operational-
KTG system at z=32000~36000 ft. The thresholds of NIL-,
LGT-, and MOG-levels are 0, 0.3, 0.475, respectively. The
observed NIL, LGT, and MOG-level events are depicted as
conventional symbols of turbulence intensity (¢, A, and
), respectively.
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Table 1. Thresholds (T1, T2, T3, T4, and T5) corresponding to null, light, moderate, severe, and extreme intensities of upper-
level turbulence and AUC values for best 20 diagnostics for calculating the combined K7G index that are based on the 1-yr
(2011.06~2013.05) PIREP data over East Asia and Unified Model (UM) based on operational Regional Data Assimilation and
Prediction System (RDAPS) in the Korea Meteorological Administration (KMA). Formulations of all indices can be found
from Jang et al. (2009) and Kim et al. (2009).

Index T1 T2 T3 T4 T5 AUC
Fz/-Ri 2.69 x 1077 5.65x 107" 1.63 x 107 2.73 x 107% 3.83 x 107% 0.783
LHF/-Ri 3.46x 107" 6.67x 107" 1.34 x 10712 2.65x 10712 3.96 x 10712 0.772
Fp/-Ri 8.28 x 107" 1.56 x 107'° 3.70 x 107'° 6.31x107"° 8.93 x 107" 0.771
Brown2 2.01 x 107 258 x 107" 6.93 x 107" 121 = 10" 1.73 x 10%% 0.763
Adiv/-Ri 6.19 x 107 1.06 x 107" 2.10x 107 408 x 107 6.05x 107 0.756
DTF3 3.07 x 107" 427 % 107" 8.21x 107" 1.36 x 10" 1.90 x 10*% 0.753
-Ri 1.35x 107" 2.17 % 107" 3.87 x 107" 6.67 x 107" 9.47 x 107" 0.751
EDR/-Ri 579 % 10°% 1.30 x 10°% 3.65x 107 551 %10 738 x 107" 0.751
EDRLL/-Ri 490 x 107 1.09 x 10°% 3.40 x 107% 522 %10 7.04 x 107% 0.748
UBF/-Ri 9.71 x 107 1.56 x 107 4.10x 107" 6.38 x 107" 8.67 x 107" 0.747
cP 1.29 x 10" 2.51 x 10" 7.18 x 10" 1.40 x 10" 2.07 x 107 0.742
Vort/-Ri 9.01 x 107" 1.50 x 107% 2.99 x 107 5.58 x 107" 8.17 x 107 0.740
Dutton 1.97 x 10" 2.10 x 10™! 2.91 x 10" 4,02 x 107" 5.12 x 10™" 0.735
VWS 3.61x10°% 3.98 x 107 5.98 x 107 8.69 x 107 1.14 x 107 0.730
EDRI3 8.48 x 107 9.02 x 107 1.18 x 107" 1.55x 107" 191 x 107" 0.729
DEF’/-Ri 8.19 x 107 1.45% 107 334 %107 571 %107 8.08 x 107 0.725
Ellrod2 2.01 x 107 2.78 x 107 5.75 % 107" 9.35x 107 1.30 x 107 0.709
NVA/-Ri 1.48 x 107 252 %107 6.68 x 107 129 x 107 1.92 x 107% 0.707
Ellrodl 1.90 x 107" 243 x 107" 527 x 107" 8.47 x 107" 1.17 x 107% 0.704
NGM1 1.66 x 107 1.89 x 107 3.26x107% 5.69 % 107 8.12x 107" 0.678
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Table 2. The same as in Table 1, except for the best 20 indices of 2011/12 DJF KTG that is based on the 3-month PIREP data
over East Asia and KMA-RDAPS analysis from December 2011 to February 2012.

Index T1 T2 T3 T4 T5 AUC
Fz/-Ri 3.40 x 1077 6.95 x 1077 1.77 x 107% 3.35%x 107 4.94 x 107 0.772
EDRLL/-Ri 228 x 107% 494 x 107 2.94 x 107 2.78 x 107 2.62 % 107" 0.762
Fp/-Ri 7.60 x 107" 1.55x 107" 3.54x 107" 558 x 1077 7.62 % 107" 0.762
LHF/-Ri 2.53x 1078 4.45 %1071 1.15x 10712 1.95x 10712 2.75x 10712 0.757
CcP 1.35 x 10" 2.88 x 10" 7.26 x 107 1.46 x 107 220 x 107 0.754
Fz 1.25x 107 1.82 x 107% 337 % 107% 6.06 x 107 8.75 x 107" 0.747
DTF3 3.25x 107" 4.67 % 107" 823 x 107" 1.46 x 107 2.09 x 10" 0.743
Vort/-Ri 7.18 x 107% 1.00 x 107 2.18 x 107% 4.00 x 107 582 %107 0.741
-Ri 1.12x 107" 1.81x 107 333 x 107 5.54 % 107 7.74 x 107 0.739
Adiv/-Ri 3.67x107% 5.74 x 107% 1.46 x 107 2.14x107% 2.82x 10 0.736
EDR/-Ri 3.65x 10°% 7.72 x107% 247 x10°% 3.13x 107 3.79x 107" 0.734
Brown2 2.60 x 107! 330 x 107" 7.17 x 107" 1.35 x 10" 1.98 x 10" 0.721
Dutton 2.13 x 107 2.37 x 10" 3.05 x 10" 445 % 10" 5.85 x 10" 0.715
VWS 408 x 107" 4.56 x 107 6.52 x 107" 9.83 x 107" 1.31 x 107 0.715
edrl3 9.20 x 107 9.83 x 107 126 x 107" 1.67x 107 2.08 x 107 0.711
DEF’/-Ri 6.55x 107" 120 x 107 277 % 107% 426 %107 575 % 10°% 0.711
UBF/-Ri 8.42 x 107 123 x 107" 3.08 x 107 5.14x 107" 7.20 % 107" 0.701
NVA/-Ri 1.27 x 107 225107 6.93 x 107" 1.15x 107® 1.61 x 107 0.691
Ellrodl 1.98 x 107" 2.53 x 1077 528 x 1077 8.15x 107”7 1.10 x 107 0.691
LHF 1.73 x 107" 227 % 107" 3.02 x 1077 553 x 107" 8.03 x 107 0.683
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Fig. 2. The same as in Fig. 1, except at (a) 2012.12.18 1200 UTC, (b) 2013.04.07 1200 UTC, (c) 2012.06.03 1200 UTC, and

(d) 2012.09.01 1200 UTC using the seasonal-KTG system

constructed by the PIREPs and RDAPS data in 2011/2012

(December 2011~November 2012). The meanings of ¢, A, and _A_ are same as Fig. 1.
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Fig. 3. PODY and PODN performance statistics of each year’s seasonal-KTG and two-years seasonal-KTG systems along
with the operational-KTG system in (a) 2011 JJA, (b) 2011 SON, (c) 2011/2012 DJF, and (d) 2012 MAM.
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Fig. 4. The same as in Fig. 3, except in (a) 2012 JJA, (b) 2012 SON, (c) 2012/2013 DJF, and (d) 2013 MAM.
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Table 3. Seasonal forecast evaluation of the operational- and seasonal-KTG systems during the past two years
(2011.06~2013.05). JJA, SON, DJF, and MAM denote June-July-August, September-October-November, December-January-
February, and March-April-May, respectively.

. 2011 2012 2011-12
A Operational KTG JIAKTG JJAKTG JJAKTG
2011 JJA 0.789 0.783 - 0.777
2012 JJA 0.794 0.797 0.800 0.791
. 2011 2012 2011-12
SON Operational KTG SON-KTG SON-KTG SON-KTG
2011 SON 0.796 0.793 i 0.788
2012 SON 0.859 0.849 0.858 0.839
. 2011/12 2012/13 2011/12-12/13
DJE Operational KTG DJF-KTG DJF-KTG DJF-KTG
2011/12 DIF 0.780 0.798 - 0.787
2012/13 DJF 0.856 0.874 0.861 0.863
] 2012 2013 2012-13
MAM Operational KTG MAM-KTG MAM-KTG MAM-KTG
2012 MAM 0.820 0.813 R 0.803
2013 MAM 0.834 0.839 0.834 0.837

Table 4. Numbers corresponding to NIL, LGT, MOD, and 3}

SEV categories of the PIREPs in upper level for each season A}= PIREP?] A&, ¥ X2 e Table
from (a) June 2011 to May 2012 and (b) June 2012 to May 42 B3] AZEKTG @%_oﬂ AF2L3 MOG PIREPS)
2015. N5 A¥EHE, Pl 7|7kar P2 717be] RE AF
@ 2011.06~2012.05 Sl4 MOGS] 717} e AS 318 4+ stk NIL
Turbulence Intensity JJA'  SON  DJF  MAM o] A= 7HEF ALFHAT P2 717k o) Rles
=7 ° =x
Null (NIL) 2024 1635 1606 1742 wrt f_] jﬁfqﬂflmp 4] 7HT7J KTS lzf"
Light (LGT) 711 625 379 462 of mAle dFS AU felide FF 5 9 2
Moderate (MOD) 86 128 65 129 717+2] PIREPS ARg3loF & Zlo|t}.
Severe (SEV) 1 0 3 3
Total 2822 2388 2053 2336 4. 2o HE
® 2012.06-2013.05 2 aPwEddE AME B 24 2dg 77
Turbulence Intensity JJA  SON DIJF MAM st BRE o238 2 9 AA =y s
Null (NIL) 1883 1804 1685 1323 2 28 (A KTG)S) WHES AN s, F2 2d
Light (LGT) 1130 938 650 874 7] UE d&24S 2AEIY Y 71443 RDAPSH
Moderate (MOD) 125 169 105 160 PIREP_Q_ 0]—9—0}0:] 751];‘% ]—’E}- ,—é]_a] @%Q’E 7%];‘%33 }B]—
Severe OFV) L M B 5 g opie ol uRARASES s QA
Total 3139 2925 2455 2362 AUCES AAT o, GE Haste shte] £33
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