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ABSTRACT

This study presents an analysis of the extreme temperature and precipitation
events that occurred in 2018. The extreme hot days and wet days in 2018 increased
significantly compared to those during the baseline period (1981-2010) whereas the
number of the extreme cold days are within a statistical inter—quantile range over
the same period. The regions in North America and east Asia suffered from a record
high number of extreme hot days in summer 2018. To understand extreme climate
events that are occurring currently, we first analyzed the features of the extreme
climate events during the baseline period and found positive trends in the number
of the extreme hot days and a negative trend in the number of the extreme cold
days. The Northern hemisphere, in particular, had the larger positive trends in
extreme hot days: furthermore, the negative trends were larger during the
summer-to-fall season than during other seasons. Both of these indicate strong
global warming during these seasons. In terms of extreme wet days, positive trends
dominate in south and east Asia. We also computed the correlation coefficients
between the extreme events and atmospheric and oceanic variables, including sea
surface temperature, geopotential height at 500 hPa (Z500), and sea level pressure
(SLP) to investigate atmospheric and oceanic circulations associated with extreme
events during the baseline period. This information was utilized to reveal the possible
dynamics behind the record high increase in extreme hot days in east Asia. It is
concluded that this is attributable to positive Z500 anomalies that developed near
east Asian region, as during the baseline period, and that the negative Z500 or SLP
anomalies that developed in the tropical north Pacific contributed to the enhancement
of the positive Z500 anomalies
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Figure 1.

Figure 2.

Figure 3.
Figure 4.
Figure b.

Figure 6.
Figure 7.

Figure 8.
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Boxed regions for monitoring and analyzing extreme climates. Northern
Eurasia (N.Eura, 25°E-190°E, 40°N-80°N), East Asia (E.Asia, 75°E-150°E,
15°N-60°N), South Asia (S.Asia, 60°E-140°E, 10°S-35°N), North America
(N.Ame, 190°E-310°E, 10°N-75°N), South America (S.Ame, 270°E-330°E,
60°S-10°N), Australia (Aus, 110°E-180°E, 50°S-0°N). -------------------- 5

Spatial pattern of (a) 90th percentile temperature, (b) the number of days
over 90th percentile temperature, (c) 90th percentile temperature anomalies
relative to the 1981-2010 base period, (d) 10th percentile temperature, (e)
the number of days below 10th percentile temperature, and (f) 10th
percentile temperature anomalies relative to the 1981-2010 base period
for January 2018, ----------=mmmmmmmmmmm o 7

Spatial pattern of (a) 90th percentile precipitation, (b) the number of days
over 90th percentile precipitation, (c) 90th percentile precipitation anomalies
relative to the 1981-2010 base period for January 2018.--------------- 8

Spatial distribution of weekly average surface temperature anomalies for
(a) the first week, (b) second week, (c) third week, and (d) fourth week
of January. Taken from http://co-anal.kma.go.kr. --=--------------------- 9

Spatial distribution of weekly average precipitation anomalies for (a) the
first week, (b) second week, (c) third week, and (d) fourth week of January

2018. Taken from http://co—anal.kma.go.kr. -------------------mmmmm 10
(a) Spatial pattern of January mean SST anomalies in 2018, (b) time series
of AO index, and (c) MJO phase diagram in January 2018.----------- 11
Spatial patterns of January mean (left) Z500 and (right) SLP anomalies in
DO, - 12
Same as Figure 2 except for Feburuary 2018.------------------------- 14
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Figure 9. Same as Figure 3 except for February 2018, --------------------------- 15
Figure 10. Same as Figure 4 except for February 2018.------------------------- 16
Figure 11. Same as Figure 5 except for February, 2018, ------------------------- 17
Figure 12. (a) Time-series of the AO index and (b) phase diagram of the MJO in

February. ------==--mmmmmmmmm oo 18

Figure 13. Same as Figure 7 except for February mean in 2018.--------------- 19
Figure 14. Same as Figure 2 except for March 2018, --------------------------- 20
Figure 15. Same as Figure 3 except for March 2018, -------------------------—- 21
Figure 16. Same as Figure 4 except for March, 2018. --------------=------------ 22
Figure 17. Same as Figure 5 except for March, 2018. --------------------------- 23
Figure 18. (left) Time seriese of AO index and (right) phase diagram of the MJO

in March 2018, ~=====---=mmmmmmmm 24

Figure 19. Same as Figure 6 except for March mean in 2018.------------------ 24
Figure 20. Same as Figure 2 except for April 2018, --------------==--=---------- 26
Figure 21. Same as Figure 3 except for April 2018, -----------===-==----=-------- 27
Figure 22. Same as Figure 4 except for April, 2018, ----------------------------- 28
Figure 23. Same as Figure 5 for April, 2018, -=----=====--====m-=mmmmmmmmoooooes 29
Figure 24. Evolution of Equatorial Pacific (a) SST anomalies, (b) 850 hPa zonal wind

anomalies, and (c) subsurface temperature anomalies (taken from NOAA
ENSO outlook, http://www.cpc.ncep.noaa.gov/products/precip/CWlink/
MJO/enso.shtml). ============mmmmmm s 30

Figure 25. Spatial patterns of April mean Z500 anomalies in 2018, ------------- 31

Figure 26. Spatial distribution of (a) snow cover anomaly of April 28, 2018, (b) Weekly
mean temperature anomaly, and (c) Weekly mean precipitation anomaly
from April 22 to April 28, 2018, -------=========mmmmmmm oo 32

Figure 27. Same as Figure 2 except for May 2018. -----------=--=--=-=-------- 33

Figure 28. Same as Figure 3 except for May 2018. -----------=--=---=-=-------- 35
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Figure 29. Same as Figure 4 except for May, 2018, ---------------------------—— 36
Figure 30. Same as Figure 5 except for May, 2018, ---------------------------—— 37
Figure 31. Evolution of Equatorial Pacific (a) SST anomalies, (b) 850 hPa zonal wind

anomalies, and (c) subsurface temperature anomalies (taken from NOAA

ENSO outlook). === 38
Figure 32. Same as Figure 25 except for May mean in 2018.------------------ 39
Figure 33. Total rainfall for the period May 16 to May 28, 2018 (source: https://vawwv.

nasa.gov/feature/goddard/2018/sagar-indian-ocean). ------------------ 40
Figure 34. Same as Figure 2 except for June 2018. -------------------mmomo- 41
Figure 35. Same as Figure 3 except for June 2018. -------------------mmommo- 42
Figure 36. Same as Figure 4 except for June, 2018, ----------------------------- 43
Figure 37. Same as Figure 5 except for June, 2018. ----------------------------- 44
Figure 38. Evolution of Equatorial (a) SST anomalies (120°E-80°W) and (b) zonal wind

Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.

Figure 45.

Figure 46.

Figure 47.

anomalies (80°E-80°W) averged over 5°N-5°S (taken from NOAA ENSO
outlook). (c) Spatial distribution of global SST anomalies and (d) time series

of AO index for June 2018, --------=--==--==--=mmmmmmmmm oo 45
Same as Figure 7 except for June mean in 2018, ------------------- 46
Same as Figure 2 except for July 2018, --------------------mmmmmm-- 48
Same as Figure 3 except for July 2018, ------------------mm-mmmmm- 49
Same as Figure 4 except for July, 2018, -----------=------------------ 51
Same as Figure 5 except for July, 2018, -----------------------mmm- 52

(a) Spatial distribution of SST anomaly and (b) Evolution of Equatorial zonal
wind anomalies (80°E-80°W) averged over 5°N-5°S (taken from NOAA

ENSO outlook). -==-========-=mmmmmmmm oo 53
Same as Figure 25 except for July mean in 2018.------------------- 54
Spatial distribution of (a) 200 hPa GPH anomalies, and (b) Outgoing
Longwave Radiation anomalies for July, 2018, ----------=------------- 55
Same as Figure 2 except for August, 2018, -----------==------------ 57
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Figure 51.
Figure 52.
Figure 53.

Figure 54.
Figure 55.
Figure 56.
Figure 57.

Figure 58.

Figure 59.
Figure 60.

Figure 61.
Figure 62.

Figure 63.
Figure 64.

Same as Figure 3 except for August, 2018, ------=---=--==---=------- 58
Same as Figure 4 except for August 2018, --=----==--===-=--=-------- 59
Same as Figure 5 except for August 2018, -------=---=--==---------- 60
Monthly mean (a) SST anomalies and (b) OLR anomalies. ----------- 61
Same as Figure 25 except for August mean in 2018, --------------- )
Spatial distribution of (a) 200 hPa GPH anomalies, and (b) 500 hPa

GPH anomalies for August, 2018, ——--------=-m-mmmmme e 63
Same as Figure 2 except for June 2018, ------------------------oom- &4
Same as Figure 3 except for June 2018, ----------------------o-oom- 65
Same as Figure 4 except for September, 2018, ---------------------- 66
Same as Figure 5 except for September, 2018, --==---=-----=-------- 67

Evolution of Equatorial (a) SST anomalies (120°E-80°W) and (b) zonal wind
anomalies (80°E-80°W) averged over 5°N-5°S. (c) Spatial distribution of
global SST anomalies and (d) time series of AO index for September,

Same as Figure 7 except for September mean in 2018, ------------ 70

Box—and-whiskers plot for the regional average of the number of the
extreme hot days (red colors) and extreme cold days (blue colors) in each
calendar month over the base period of 1981-2010. Red and blue lines
indicate the hot and cold days occurred in 2018, -------------------- 72

Same as Figure 60 except for extreme wet days. ------------------- 73

Time evolution of the number of hot days averaged over the
6 separated regional domains in each calendar month from
1981 to 2010 (see Figure 1).-=-=-==mmmmmmmmmmmmmmoo oo 75

Same as Figure 62 except for extreme cold days. ------------------- 76

Linear trends of the number of extreme (a) hot days and (b) cold days
area—averaged in the 6 separated regions for each calendar month over
the period 1981-2010. ----------==m---=mmmmmmmmmmmmm oo 78



Figure 65.
Figure 66.
Figure 67.

Figure 68.
Figure 69.

Same as Figure 62 except for extreme wet days. ------------------ 79
Same as Figure 64 except for the number of extreme wet days.-- 80

Spatial patterns of the correlation coefficients between (left) SST,
(middle) SLP, (right) Z500 anomalies and East Asian hot day index

in each calendar month for 1981-2010. --------------=--------------- 3
Same as Figure 67 except for East Asian cold day index. -~ 4
Same as Figure 67 except for East Asian wet day index. ---------- 85



Table 1. Climate variability modes obtained from some international
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Figure 1. Boxed regions for monitoring and analyzing extreme climates. Northern Eurasia (N.Eura, 25°E-
190°E, 40°N-80°N), East Asia (E.Asia, 75°E-150°E, 15°N-60°N), South Asia (S.Asia, 60°E-
140°E, 10°S-35°N), North America (N.Ame, 190°E-310°E, 10°N-75°N), South America (S.Ame,
270°E-330°E, 60°S-10°N), Australia (Aus, 110°E-180°E, 50°S-0°N).
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Figure 2. Spatial pattern of (a) 90" percentile temperature, (b) the number of days over 90" percentile
temperature, (c) 90™ percentile temperature anomalies relative to the 1981-2010 base period,
(d) 10™ percentile temperature, (e) the number of days below 10™ percentile temperature,
and (f) 10" percentile temperature anomalies relative to the 1981-2010 base period for
January 2018.
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Figure 3. Spatial pattern of (a) 90" percentile precipitation, (b) the number of days over 90" percentile
precipitation, () 90 percentile precipitation anomalies relative to the 1981-2010 base period
for January 2018.
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Figure 4. Spatial distribution of weekly average surface temperature anomalies for (a) the first week,
(b) second week, (c) third week, and (d) fourth week of January. Taken from
http://co—anal.kma.go.kr.
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Figure 5. Spatial distribution of weekly average precipitation anomalies for (a) the first week, (b) second
week, (c) third week, and (d) fourth week of January 2018. Taken from http://co-anal kma.go kr.
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Figure 8. Same as Figure 2 except for Feburuary 2018.
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Figure 12. (a) Time-series of the AO index and (b) phase diagram of the MJO in February.
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Figure 13. Same as Figure 7 except for February mean in 2018.
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Figure 14. Same as Figure 2 except for March 2018.
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Figure 18. (left) Time seriese of AO index and (right) phase diagram of the MJO in March 2018.
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Figure 20. Same as Figure 2 except for April 2018.
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Figure 21. Same as Figure 3 except for April 2018.
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Figure 22, Same as Figure 4 except for April, 2018.
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Figure 23. Same as Figure 5 for April, 2018.
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Figure 24. Evolution of Equatorial Pacific (a) SST anomalies, (b) 850 hPa zonal wind anomalies, and (c)
subsurface temperature anomalies (taken from NOAA ENSO outlook, http://www.cpc.ncep.
noaa.gov/products/precip/CWlink/MJO/enso.shtml).
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Figure 25. Spatial patterns of April mean Z500 anomalies in 2018.
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Figure 26. Spatial distribution of (a) snow cover anomaly of April 28, 2018, (b) Weekly mean temperature
anomaly, and (c) Weekly mean precipitation anomaly from April 22 to April 28, 2018.

35 58 0l 7|2 2LEE

20184 5¥2 #SA R whaw, thige] A Fox Bat7|2el 71 FAHE oloi7t
WA, Btolide] Hat712Z fA5kg 18804 AlA 7150l Al ol 4WAR =
= 5¥ 722 B9 20184 5¥ 7122 BE 7154k tiH] 0.80C A WeRdT Bt
712 "WAes vt /8 AFRZOIA oF 3.0CE dled, = Aut EsFet
S5 gAloF Aol AAA Het 7]20] -0.3CE Yepgth Hopd|g]zt, /1, otAlot
2 UMY S R AEdelde & BaF BEEIIeH, TUHE0] g St
oM MUt F&5et & tAgelAe =9 BAVE HERT.



3. g 0w 715 BUERY | 33

AgH o2 20189 5U9| 74w WA AAAH R E}‘”-“Vﬂ urawu} Bmct

2% e Eol% 3o v AR, 2 A5, 5 nekd,

a4, 53014 Uehtor, B B 249 EY @HLE% s33t opAlo}
Aol Vekitet.

35.1 52 O U 24 EM

< OT Jo

500hPa A% 71 dig2 w723 d3do] vj$ =t 2018¥ 5¥9] GPH
500hPa®] 117190 |Ab= EHjoA SRHS A4 Wte 55 A E] 0|27
7HA] F56H U, ofo]&HES} AlH|Eotol|H= A 7|94 HAZ Yehdt). 3t
A7t A oA 719 BAPE vepdth ol=igh 17|93 A7y sie2 49
2T AR 9] 2% WAl Y9GS # vkgstal UrkFigure 27).

90th percentile 10th percentile

{a) MAY 1881-2010 2m Mean Temperature(degC) (d) MAY 1981-2010 2m Mean Temperature(degC)
1 L L } } L L L I

T T T T T T T T T T
o WE  BE WE  IME  IME 80 1 20N W BW 3w ] o E  GE WE  INE  INE 180 150N 120W  WW  BOW  30W [

sow
-30 25 -20 115 10 -5 0 S5 10 15 20 25 30 -30 -25 -20 <15 <10 -5 0 5 10 15 20 25 30
90th percentile (Days) 10th percentile (Days)
(b) MAY 2018 2m Mean Temperature(day) (8) MAY 2018 2m Mean Temperature(day|
Fistadl il ioiesruern N it il i

Difference (MAY 90th - clim 90th) Difference (MAY 10th - clim 10th)

2m Mean Temperature(degC) () MAY 2018 2m Mean Temperature(degC)
I n 1 200 L 1 1 1 L

O 05 1 15 2 25 3 35 4 45 5 -5 -45 4 35 -3 25 -2 15 -1 05 0

Figure 27. Same as Figure 2 except for May 2018.
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Figure 28. Same as Figure 3 except for May 2018.
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Figure 29. Same as Figure 4 except for May, 2018.
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Figure 30. Same as Figure 5 except for May, 2018.
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Figure 31. Evolution of Equatorial Pacific (a) SST anomalies, (b) 850 hPa zonal wind anomalies, and
(c) subsurface temperature anomalies (taken from NOAA ENSO outlook).
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Figure 32. Same as Figure 25 except for May mean in 2018.
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Figure 33. Total rainfall for the period May 16 to May 28, 2018 (source: https://mwwaw.nasa.gov/feature/
goddard/2018/sagar-indian-ocean).
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Figure 34. Same as Figure 2 except for June 2018.
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Figure 35. Same as Figure 3 except for June 2018.
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Figure 37. Same as Figure 5 except for June, 2018.
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Figure 38. Evolution of Equatorial (a) SST anomalies (120°E-80°W) and (b) zonal wind anomalies
(80°E-80°W) averged over 5°N-5°S (taken from NOAA ENSO outlook). (c) Spatial distribution
of global SST anomalies and (d) time series of AO index for June 2018.
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Figure 39. Same as Figure 7 except for June mean in 2018.
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Figure 40. Same as Figure 2 except for July 2018.
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Figure 41, Same as Figure 3 except for July 2018.
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Figure 42. Same as Figure 4 except for July, 2018.
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Figure 43. Same as Figure 5 except for July, 2018.

3.7.3 WI/oHY =2y 4

3731 7|% ¥ Pt EY

2

ofgt 9] A FASHL A AUl SEHBFS] et 780 % A4
ot AUk FYAE7E A& Aok NINO12 A Fol= &9 WA vehtal Sl
v SHjEG 59 30= Hoﬂ/ﬂ T wAE BSEHAH. Gl MY oA Lo
AEEIL JloH fiFEE TR Eds] yYehal vk Ed =g i A gelA=
oFgt ol HAF YERaL ‘21201 FMG S90le =2 BA7E HEI ofzErket
upEshe SO E O] BAE YERdT. A 44 FHHRE g9 s w5/

d

rlr

_:



3. g 0w 715 BUERY | 53

& HEGONA YUetzE 74 oA Aol 789 @A Nino 3.4 A4== 0.3°C
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(Figure 44 (b)).
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Figure 44. (a) Spatial distribution of SST anomaly and (b) Evolution of Equatorial zonal wind anomalies
(80°E-80°W) averged over 5°N-5°S (taken from NOAA ENSO outlook).
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Monthly mean 500hPa Geopotential Height anomaly
Jul 2018 unit: m
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Figure 45. Same as Figure 25 except for July mean in 2018.
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Figure 46. Spatial distribution of (a) 200 hPa GPH anomalies, and (b) Outgoing Longwave Radiation
anomalies for July, 2018.
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Figure 48. Same as Figure 3 except for August, 2018.
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Figure 49. Same as Figure 4 except for August 2018.
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Figure 50. Same as Figure 5 except for August 2018.
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Figure 51. Monthly mean (a) SST anomalies and (b) OLR anomalies.
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Monthly mean 500hPa Geopotential Height anomaly
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Figure 52. Same as Figure 25 except for August mean in 2018.
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Figure 53. Spatial distribution of (a) 200 hPa GPH anomalies, and (b) 500 hPa GPH anomalies for August,
2018.
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Figure 54. Same as Figure 2 except for June 2018.
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Figure 55. Same as Figure 3 except for June 2018.
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Figure 57. Same as Figure 5 except for September, 2018.
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Figure 58. Evolution of Equatorial (a) SST anomalies (120°E-80°W) and (b) zonal wind anomalies
(80°E-80°W) averged over 5°N-5°S. (c) Spatial distribution of global SST anomalies and (d)
time series of AO index for September, 2018.
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Figure 59. Same as Figure 7 except for September mean in 2018.
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Figure 60. Box-and-whiskers plot for the regional average of the number of the extreme hot days
(red colors) and extreme cold days (blue colors) in each calendar month over the base period
of 1981-2010. Red and blue lines indicate the hot and cold days occurred in 2018.
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Figure 61. Same as Figure 60 except for extreme wet days.
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Figure 62. Time evolution of the number of hot days averaged over the 6 separated regional domains
in each calendar month from 1981 to 2010 (see Figure 1).
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Figure 64. Linear trends of the number of extreme (a) hot days and (b) cold days area—averaged in
the 6 separated regions for each calendar month over the period 1981-2010.
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Figure 66. Same as Figure 64 except for the number of extreme wet days.
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Figure 67. Spatial patterns of the correlation coefficients between (left) SST, (middle) SLP, (right) Z500
anomalies and East Asian hot day index in each calendar month for 1981-2010.
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Figure 68. Same as Figure 67 except for East Asian cold day index.
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Figure 69. Same as Figure 67 except for East Asian wet day index.
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