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Classification Abnormal temperatures based on
Meteorological Environment using Random forests

Youn Su Kim, Kwang Yoon Song and In Hong Chang?t
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Abstract

Many abnormal climate events are occurring around the world. The cause of abnormal climate is
related to temperature. Factors that affect temperature include excessive emissions of carbon and
greenhouse gases from a global perspective, and air circulation from a local perspective. Due to
the air circulation, many abnormal climate phenomena such as abnormally high temperature and
abnormally low temperature are occurring in certain areas, which can cause very serious human
damage. Therefore, the problem of abnormal temperature should not be approached only as a case
of climate change, but should be studied as a new category of climate crisis. In this study, we
proposed a model for the classification of abnormal temperature using random forests based on
various meteorological data such as longitudinal observations, yellow dust, ultraviolet radiation from
2018 to 2022 for each region in Korea. Here, the meteorological data had an imbalance problem, so
the imbalance problem was solved by oversampling. As a result, we found that the variables
affecting abnormal temperature are different in different regions. In particular, the central and
southern regions are influenced by high pressure (Mainland China, Siberian high pressure, and
North Pacific high pressure) due to their regional characteristics, so pressure-related variables had
a significant impact on the classification of abnormal temperature. This suggests that a regional
approach can be taken to predict abnormal temperatures from the surrounding meteorological
environment. In addition, in the event of an abnormal temperature, it seems that it is possible to
take preventive measures in advance according to regional characteristics.
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3.6. O|&D|& £ dlojglo] st 4t U EFHAO|T. G4
YL Jle, B2 59 Jgesast gy RN PR A RS BRe2 UEda, 9
3] A3 =AU do Axj2 Uehle 2t @ 47T AUSS Bd$S Bdoledek ¥t
AC mas ¥
AFS ojnjsty, o]AM7|ARS A o]t BiHe 2alQ) ’b}fﬂa—i, ’féﬁ"dx]ﬂ%% AzolA 7HE =A ‘T}Ef
dSATANA FYote WA YFrEg gg X HLAWIRE FHUAN P w5ha, A
st stz Aol wrnl A OA] EAse ukAl SiH7|Yy HoHr|de 471 A5, Sl
o st lare w8 X
o] Wizolaz stasie mAEl o] o}, = /P = UERRAL SALARSES SR0A M
oo mAEr uhHe sastol ojapabe =/ HERLOH DAYIA]l BRI MY w2 AI92
s, J)e, 44 5 OoUd sdes F le B71E HEREE
g JHAD BN FEITH ojxee Hxa - E 25 WS/RA A ol et Fatap &
T7]e 10wWEo]A ool olAmes gouimoja  wuAts AABIAH. LAtettas QMpiwer WY
A12 Hostnl, B ApoME ojxlent oy =AM SBI BIVE Y 2 leR UERL
. . i 1 i W ol %
29 Eststo] o]Al7] 202 85 nAt sy AFAA A= QHHEOA =7 Ur_EHi’l A x| of
ARIHMBE 255 UHEIF FUSHA LFERST
AMetEA S FA A9 F59 255 FEY
4. 27X oF T, AFo 1Atolx, A FATH A|H
A59 5=, FEY Aot sfF XHE A|
e Qgh O AY2 APX A UAeErAL; URA
4.1. =8 2 FPAANBL B0 BTt
E 12 A9 FWgEE 9 f HEes
Table. 1. ZE7|AHST} BAF 10| ohst 722412 Za}
x| Z=X|ZA|Zthr) U Z =2 (mm) | CHE & (Ms) HrE5(Ms) HIO0|EE2E(°0)
K mean sd mean sd mean sd mean sd mean sd
z2 2.89 478 441 10.97 4.25 1.23 1.62 0.63 487 12.02
47| 3.09 5.56 412 12.09 462 1.32 2.02 0.75 6.34 11.73
a4y 2.10 4.20 4.68 14.29 4.23 1.17 1.67 0.63 7.61 11.49
48 3.48 4.95 4.61 10.38 477 1.36 2.01 0.77 6.26 11.62
MLt 2.53 413 4.28 12.88 5.58 1.59 247 1.03 9.00 10.36
HE 2.39 450 419 12.57 458 1.24 1.70 0.70 7.88 10.60
S| ES 275 4.64 492 15.36 6.52 211 3.54 1.37 11.83 8.98
=4 2.61 479 3.95 12.30 3.94 1.11 1.45 0.63 7.26 11.08
=2 2.39 4.68 3.94 11.56 421 1.18 1.58 0.71 5.72 11.51
A 2.69 472 4.34 12.58 475 1.60 2.01 1.04 7.42 11.25
qo | BRUUSE0 | BRURZYW) | BawslY | EALNEMY) [oHEN s 6y
B mean sd mean sd mean sd mean sd mean sd
Ze | 6694 | 1509 | 99094 | 723 | 101634 | 817 | 1432 | 684 | 2766 | 1806
47| 69.61 13.87 1009.30 8.15 1016.73 8.48 14.40 6.93 35.30 22.50
aL 67.39 15.94 1008.59 7.50 1016.24 7.76 14.46 6.78 26.26 16.43
a8 67.00 15.70 1002.05 741 1016.27 7.92 14.30 6.76 25.92 17.35
M 72.84 12.72 1009.44 7.90 101641 7.98 14.46 6.78 28.10 21.77
HE 7291 11.50 1002.56 7.77 1016.72 8.31 13.74 6.75 3344 25.20
S| ES 74.30 12.64 1011.44 7.60 1016.27 7.74 13.67 7.48 29.23 27.59
=Lt 7143 12.47 1009.48 8.09 1016.72 8.36 14.76 7.18 32.02 22.87
=8 67.63 13.47 996.53 7.49 1016.59 8.37 14.88 7.19 30.14 19.86
A 70.01 14.05 1004.49 10.14 1016.48 8.13 14.33 6.98 29.80 21.67
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Table. 2. 2IE7IA%} Xfe|Mof| Cist 7|=SA12 21t 0A]2F 12419 1000hfa 1L&+= F7]XFoA 7V =
amsrer et 2T AMed | gared | A HERAT 0219] 500k $52 BRAM S
=2 [ 2 2 _
X9 AM)/m) BOW/m) = UEREAL, 12A] 10000 &2 371 =04 7}
mean sd mean sd mean sd xo} =7 UERFOm 0x]9] 1000k %‘}%\‘ﬂ} 124]
2EF |17424| 5141 | 0.70 041 0.13 0.07 1000hP %é‘\_% 73;11_1—4_ 737]0“;\.] 7_|}7_|} 7]_76} _:._;_71] q_
OtHE | 254.89|108.36| 0.77 0.39 0.13 0.07 E}L)\;l:l:} ﬁ;:l_ x-ﬂ{\_ %Lﬁl- Zg.l_,:‘i.oﬂﬁ “'_i_<|. @-ij gi
T |187.86| 7241 | - - - - 7] gzl AFRFY e Ao EEtth
®MHK | 20521 87.87 | 075 | 040 | 013 | 0.07 B 4 20189FE 2022%d7HK] Ofgel= A A
o] o7] LAYl FEE IPSITE 5t o4
AEdhE Baole Aok YR 842 4 7122 20189 JPY Wol LA, 201990 71
71zo] WL QAb KuUo] MR SAL 74 A BAsIR o T FSche FAIE Boli 9l
AY, 7480l mgoz 1 32 7t x9S dmste o tARCRZ oliV2e Bd, 5 AFoA TH
ARe oz AME A7 2 J|Uo] 42w, Wol WS, s ARA|AS o]ay]Lo] A
40 oist Yoot BEWEALS BojEch 0Al9 12 AR A|GoR LERTh Eeh 20199 20222
Ao] 500# e AN sbg Egros,  MFAGE o4zl @4o] go] Wlstr:
Table. 3. &M HZ0]| Cist 7|=SAHIZF 2ot
x| OA| 50002 D& OA| 500 Z= OA| 1000WPa T & 0A| 1000Wa Z&
B mean sd mean sd mean sd mean sd
e 5650.80 160.28 40.58 21.58 148.43 74.22 5.37 3.90
47| 5659.89 156.73 39.53 20.47 153.27 73.65 8.66 470
ay 5701.44 136.48 41.08 21.27 148.94 74.03 5.95 434
48 5684.45 144.96 41.53 21.50 146.06 69.31 10.76 5.75
My 5707.30 131.44 39.66 20.73 147.11 70.15 841 5.26
A 5682.02 147.40 40.08 20.90 14941 7217 8.20 5.14
x| 12A| 500hPa &= 12A| 500hPa == 12A| 1000hPa 1= 12A| 1000hPa &
o mean sd mean sd mean sd mean sd
pAZ) 5654.78 161.80 40.22 22.09 143.16 78.56 5.69 4.05
47| 5664.00 15943 39.78 21.40 147.24 80.51 11.77 7.03
gt 5705.64 135.77 40.84 22.02 141.83 7247 5.69 3.94
a8 5687.39 145.79 41.05 2233 139.52 69.31 10.09 5.61
M 5710.03 131.68 39.47 21.14 143.90 75.71 9.50 5.40
A 5685.54 148.55 39.98 21.56 144.20 76.64 9.50 6.15
Table. 4. o|&7|20f Cigt gl=2A Zn}
x| 20184 20194 20204 20214 20224
K 25 Ol712 2 o712 28 ol7|2 2s ol7|2 2S Ol7|2
ze 337 28 357 8 341 24 349 16 348 17
47| 305 60 332 33 316 49 298 67 318 47
a4 300 65 336 29 326 39 324 41 312 53
PEE-— 314 51 342 23 331 34 337 28 335 30
My 306 59 340 25 325 40 315 50 317 48
e 307 58 334 31 317 48 313 52 318 47
== 308 57 323 42 313 52 303 62 303 62
=Ltk 285 80 329 36 307 58 289 76 300 65
== 287 78 321 44 311 54 299 66 304 61
A 305.4 59.6 3349 30.1 320.8 44.2 314.1 50.9 317.2 478
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4.2 2RE8 Aot gAeh Avbe UEHUA] gl eHAE S
T 59 62 x|olE 2018WHE 2022utxjo] @ &0 =@ CGOIEHY ZAIY Aq I;A ZR
QRYAES H3 JNYolHE BL ojyyje  HY SOl=E F2 2HS UG
=57 239 £d&(Trian) Holg 70%} d5-&
(Test) To]E] 30%0] Tat Al ZAzbo|c}. o] oiA] 4.3. Bix= ERQT
= 8 dolHe A5& HolH F/&0l £ 72 2018 3RE 20223779 A7) 39S
92~98%2 UEU T3] £2 Zus B9en, 3 A99 o7 &0 FFES Wol Uxle A
Table. 5. 222 Ho|g MES ME=E, DT SolT
GE | Tan | @y | 2 | @9 | 3% | 3= | 8% | md | @= | A

Accuracy 95.6% 98.2% 94.9% 97.4% 94.3% 93.4% 96.1% 96.4% 94.3%
2018 Sensitivity 94.8% 98.0% 93.9% 97.1% 91.2% 89.8% 95.5% 95.3% 92.8%
Specificity 97.0% 99.3% 96.7% 98.3% 98.0% 97.9% 97.1% 98.1% 96.7%
Accuracy 95.7% 98.3% 95.0% 96.9% 94.5% 92.9% 95.8% 96.9% 94.4%
2019 Sensitivity 94.6% 98.2% 94.1% 96.5% 91.4% 88.9% 95.3% 96.1% 92.9%
Specificity 97.4% 99.3% 96.7% 97.8% 98.1% 97.8% 96.7% 98.2% 96.7%
Accuracy 95.6% 98.2% 95.0% 96.8% 94.3% 92.7% 95.8% 96.3% 94.4%
2020 Sensitivity 94.8% 98.0% 94.1% 96.2% 91.2% 88.4% 95.8% 95.0% 93.0%
Specificity 97.0% 99.3% 96.7% 98.3% 98.0% 97.9% 96.9% 98.4% 96.5%
Accuracy 95.9% 98.3% 95.0% 97.1% 94.5% 93.0% 96.6% 96.4% 94.3%
2021 Sensitivity 95.0% 98.2% 94.2% 96.6% 91.6% 89.3% 96.4% 95.3% 92.8%
Specificity 97.2% 99.3% 96.6% 98.3% 98.0% 97.6% 97.1% 98.2% 96.7%
Accuracy 95.9% 98.3% 95.0% 96.9% 94.3% 92.9% 96.4% 96.3% 94.4%
2022 Sensitivity 94.9% 98.2% 94.2% 96.4% 91.3% 89.0% 96.2% 95.2% 93.0%
Specificity 97.4% 99.3% 96.6% 98.0% 98.0% 97.8% 96.7% 98.1% 96.5%

Table. 6. 435 Ho[E MEQ FEFE, UL, S0l

=1 Test 47| g& ] 35 s 55 e = LGS

Accuracy 94.0% 97.7% 96.0% 96.8% 93.6% 94.8% 94.9% 94.6% 97.4%

2018 Sensitivity 92.2% 98.3% 93.9% 96.3% 89.1% 91.8% 95.1% 94.2% 95.4%

Specificity 96.9% 95.0% 100.0% 98.0% 100.0% 98.5% 94.5% 95.5% 100.0%
Accuracy 93.7% 97.9% 96.3% 96.8% 93.5% 94.6% 94.9% 94.9% 97.2%

2019 Sensitivity 91.7% 98.5% 94.4% 96.3% 88.9% 91.5% 95.1% 94.6% 95.1%

Specificity 96.9% 95.0% 100.0% 98.0% 100.0% 98.5% 94.5% 95.5% 100.0%
Accuracy 93.7% 97.7% 96.3% 97.1% 93.6% 93.9% 95.5% 94.5% 97.2%

2020 Sensitivity 91.7% 98.3% 94.4% 96.7% 89.1% 90.3% 95.3% 94.0% 95.1%

Specificity 96.9% 95.0% 100.0% 98.0% 100.0% 98.5% 95.9% 95.5% 100.0%

Accuracy 94.0% 97.9% 96.3% 96.9% 93.2% 94.5% 95.1% 95.0% 97.2%

2021 Sensitivity 92.2% 98.5% 94.4% 96.5% 88.4% 91.2% 95.5% 94.0% 95.1%

Specificity 96.9% 95.0% 100.0% 98.0% 100.0% 98.5% 94.5% 97.0% 100.0%

Accuracy 93.5% 97.9% 96.2% 96.9% 93.6% 94.1% 95.1% 95.3% 97.6%

2022 Sensitivity 92.4% 98.5% 94.2% 96.5% 89.1% 90.6% 95.5% 94.4% 95.7%

Specificity 95.3% 95.0% 100.0% 98.0% 100.0% 98.5% 94.5% 97.0% 100.0%
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F40] oly71 0] IFL ol UAE WAR UBt Al BUT WAL AL OAE o2 Uehdn
S, 2018A0= FeA[EAEO] 0A] 10000k 54 2018W2 PAIGAGC] dFAARIMARY =2
B0 9 =2 42 UAANE 201992H 20214 g5 UAle Aoz UeRa, 2019938 2022%
MR O] 1000 E40] ZARAATER B & 7RE LRRRAAT AT 27
o P2 ujHon], 20224t T 2018d% § S UL HO2 Uehdch ARMAIG0] ge 3
st FF2 ATk TR = 9d= Al ol7] Wi2ol Fatrl2ol thE Ao vlsf ot
WAt 124 10000 71202 Uehgeh Aol B4 24 olAHeo] @ge Wol uA: Hog uel
5= tF AlEor oA A 1uIde oh A A2 0A] 5000k 4, 124] 1000k 7
2RE g2 Wol o b00mae] F&o] tieh &, Feoled2=, 04 10000 712, BAtetra
Table. 7. &7|-Z3- & XY 49 T4 £ wF
47| 2018 2019 2020 2021 2022
1 OMHX s OMHAsE OMHX s OA| 500hfa A= OMHXsE
2 OA| 500hPa = OA| 500ha 1= OA| 500ha 1= O MHXsE OA| 500ha 1=
3 BROSHRE |  LRXSAL ARSI 2 ARSI LRSI 2
4 ZEASAZ | BROEHLE | HBIOLFLE | WROEFLE | BROIEFLE
5 OA| 500hPa OA| 500hPa =& OA| 500hPa =& OA| 500hPa =& OA| 500hPa E&
6 OA| 1000ha =& OA| 1000ha 2= OA| 1000ha ==& OA| 1000ha == OA| 1000ha =&
7 12A| 1000hPa 1= 12A| 1000hPa 1= 12A| 1000hPa 1= 12A| 1000hPa 1= 12A| 1000mPa 0=
AT 2018 2019 2020 2021 2022
1 Eooleder HoolsE2E BoolsE2: HaoledHRE Boo|lsE2:
2 DM R s = ORI sE DM A sE DM BRI s = DM BRI s =
3 ABIERL A MBIERL AB}ERL A BIERL AMBIERL
4 A LAY A LAY A LAY oA LAY A LAY
5 OA| 500mPa 2% 12A| 1000hPa 1= OA| 500nPs == OA| 500mPa 2% 12A| 1000mPa 0
6 12A| 1000mPa 0= OA| 50008 E= 12A| 1000mPa 0= 12A| 1000mPs 0= OA| 500mPs E=
7 OA| 1000hPa 11 &= OA| 1000hPa S OA| 1000hPa 11 &= OA| 500hPa 1= OA| 1000hPa 0=
a4 2018 2019 2020 2021 2022
1 ool doolsd2= BoolsE2E HaolsdHeE BHolsE2E
2 OA| 500hPa =& OA| 500hPa =& OA| 500hPa =& OA| 500hPa =& OA| 500hPa Z&
3 OMHXsE OMHXsE OMHXsE OMHXsE OMHXsE
4 LA ERA LA ERA LA otER A LAt ERA ERigel s e
5 HUES HUES o e ke | ch
6 LFH AL HA LFHALL LA LFHAQHA LFHALHA LFH AL HA
7 A LA A LA HoEss o35 A LA
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O JFe WOl UAE oz UeRdL, 2018 S A9feh 2018\, 2020988 202297HA = B
Hee AdiE5ol, 201997 2022@‘77}7‘]h oAl sdd AR o720 4= R
Al 27 8 =2 UERT SER8Y 719 OE Ao vls] diteiEAo] FEo oA
2HE o2d ne0ad 2719 9U0® oAy wb A4S Wol MAE AL AT & 9t
<0 FF2 ol Al ez Hld. g A9 2018FRE 2022 37HK] FUsHA 04
T 82 2018WRE 2022471x|9] AE-EEE 1000 7], 04] 500t VT, HpolSHLE 12
Aje] o7l $Rol G Wol URE 4 Al 10008 712, UNAASE, BASEEL, A
TN Hao] tigh Zafoltt. F&E A9 124] 1000 AQAHA fo2 o7 2 #R ¥ VAl A
b 712, UANRAsRZE o372 #Ro dgde o= YEWH. 5% A9k iRz 20189%F
wol u]dl Waz UEREY, 201992 3¢9t ¥ E 202297HA] FLsHA Ftoled 2=, 04 1000
FOISRHLE, 4297F QNSTLR UEFT, o Ha 712, 0A] S00H DT, Lus[EA, 124] 1000
Table. 8. Z5-5e-55 xlode| 49| 77 F2 we
aq= 2018 2019 2020 2021 2022
1 | BRo|sFRE | HIOLHRE | BROLYRE | FIOLFRE | BROLHEE
2 R PR PR O M 21X 5 = O M BIR| 5 =
3 UdrBLErL SN TN UdrBtErL UArBLErL U BHErA
4 OA| 500hPa 11 &= OA| 500hPa &= OA| 500hPa 11 &= OA| 500hPa &= OA| 500hPa &=
5 12A| 1000hPa &= 12A| 1000hPa & 12A| 1000hPa 1 &= 12A| 1000hPa = 12A] 1000hPa 1=
6 BRYUSE BRYEE BRYNSE BRYUSE BRYUSE
7 OA| 500hPa 2 OA| 500ha 22 OA| 500ha 2% OA| 500na 2% OA| 500hPa 22
=4 2018 2019 2020 2021 2022
1 | BRojs¥R= | WFOLHRE | BROLWRE | FPOLHRE | BROLHEE
2 OA| 500hPa 11 &= OA| 500hPa &= OA| 500hPa 1 &= OA| 500hPa 1 &= OA| 500hPa &=
3 YbtsiErs PPN PV TRVETIPS SIS
4 ULHTAMA | YEHAMA | ALHRQIMA | UEHIMA | ARHTQIMA
5 HAMNHSE OA| 1000Ws 2 HAMNEE OA| 1000Ws Z2 HAMNE
6 OA| 1000ha Z2 HAMESE 0| MR 5 & O MR S5 OA| 1000t Z2
7 0 M IR &5 = OMBASE | OA 1000 B% | BRYGEE O M IR S5 =
=5 2018 2019 2020 2021 2022
1 | BRo|sFR= | HFOLHRE | BROLYRE | FIOLFRE | BROLHRE
2 UdrstErs SIS UdrBhErL UdtstErs U MBHErA
3 OA| 500hPa &= OA| 500hPa &= OA| 500ha =& OA| 500hPa &= OA| 500hPa &=
4 OA| 1000hPa =& OA| 1000ha & OA| 500hPa 11 &= OA| 1000hPa & OA| 500hPa &
0A| 500na Z=& 0A] 5000 Z2& 0A| 1000Wa Z& 0A| 500nPa Z== 0A| 1000hs =&
6 U|Thx2l MB U chx2l MB U/ TYx2| MB U|Chx-2l MB | Ch 2l MB
7 R PR U= HXp9| MA PR UL Hxp9| MA
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