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Abstract

This paper investigates the fundamental features of “Millipede Clouds” which occurred over the
Pacific Ocean from 2012 to 2016 by using the visible satellite imagery provided by National Ocea-
nic and Atmospheric Administration (NOAA), Moderate Resolution Imaging Spectroradiometer
(MODIS) satellite imagery and MODIS Level-2 data products provided by National Aeronautics and
Space Administration (NASA), and the fifth generation ERA5 reanalysis data provided by the Eu-
ropean Centre for Medium Range Weather Forecasts (ECMWF). Total of 183 “Millipede Clouds”
were found to occur over the low-latitude region of the Southeastern Pacific Ocean and the Nor-
theastern Pacific Ocean. Among of them, 19 occurred over the Northern Hemisphere, and 164 oc-
curred over the Southern Hemisphere, respectively. We also selected a typical “Millipede Cloud”
on 22 August 2012 to analyze its cloud top height, cloud top temperature, and cloud top pressure.
The cloud top pressure ranged from 800 hPa to 850 hPa, the cloud top height was approximately 1
km~2 km, and an atmospheric inversion layer existed near the cloud top.
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HER B RZE S T A= I ERR IR, = RN Rigik. RERNKREZ—, A
K BRI AR AR T R ATIN R BRI . AR L) R R AR ) 71%, % T4k
AR B . ARG TR Rl b 2 AR, ANRHIEVE B 2 R B A e, EE R
DAL e = S0 ¥ b2 2 R

PR TR B R EOR I R R, NSRRI DL AR R b KRWissh, g B2
= T HE AR, 1962 4, TIROS (Television Infrared Observation Satellite) V 5 T2 11453 T B 4
R MHEAAE—MRRGE N = R, RS RS, G2KEMN “=8” Aol m DY EEm, Hk
PR EAR” 2= (Actinoform Cloud) . B BR 5 513 44 22 AR T (& H RS ) (Monthly Weather Review)
7F 1963 5 1 Wil Picture of the Month £42H[1], XKk =EENZTIE kBRI TE K. 2022
4, Schultz and Potter [2]7E4C 7% Monthly Weather Review 8T 150 J&4E i[RIl & (5 H RSB
150 A4 Jise. SEmfnE =) (Monthly Weather Review at 150 Years: Its History, Impact, and Legacy)—
IR S Z s B B R] I 1962 R RILM) “IEOIR” =B NN B &R ORI R sk
T R I E R

Bugaev [3]IHFF R, ELHHIGE LA “HER” =R, 1 HILATIRELL “IRIL 7 =
R, JEREFIZ R Fuetal. [41FRK “F 2 2R (Millipede Cloud)f1 = & . X Fhz i FHBILLE 1972 4F 7
H 30 H 17:00 UTC [ Meteor 11 *5 T2 75/ 32 PN PG 7 A0 #3521 T AL = B R (14 1(a))» #% Bugaev FRA“ IR
WAIR” (scolopendra) z=[3]. %A — 4 WM “rpalek” DL “rRshek” [ il 24 i iE i i =, IR
o “HRER” o (HAEAN DR, XX RAMPIAEEIL, EE 2023 4F, Fuetal. [4]477F46 7RI
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ZIRGHTE, MATRYE PE =B LA MESRHE, BHa4h “TR4R” = (Millipede Cloud), 8
WM TR e L “TRAIVR” mR—REEBEHRZRETRE, kb ol —&WHER
“rEhg” , KEEMNECE TORIEM AT ToK,  “dfhz” mila REHEWN. HA RN “fFm o
(radial cloud arms), ZEfH&+T-K, B KGR Z" T 2 HL 1)k . Fu et al. [4]F]H MODIS (Moderate Resolution
Imaging Spectroradiometer) T2 = &, &I 2017 FFAEZR K F(170°W~60"W) B 3L 42 7 59 A “ T2
R o FE 1(b) N Terra LET 2017 4£ 9 A 3 H 17:30 UTC IR —4 “ T2 d0R” =M. %5/
MMEFdeH, “TRHIR” et AL S K L2 JUTFIrE R E S BZ =5 W X AE K
A, RFHIFAFEN. FIR T2 20R” =M= 0. BESHEA o EZNRENE.

ARSCHE RWTFT 2012 42 2016 L TR (AR AEAE AR B “ T2 HUR” R EEAKHIE, 20
O ARRAE DL AOKSE AR A5, JFriT 2012 4E 8 H 22 H “FRHUR” = —ANAEAM, ASTRIRA
BIF 58 T AL ) B8 5 LAt

(b)

Figure 1. (a) An image of a “scolopendra” cloud at 17:00 UTC 30 July 1972 taken by Meteor 11 satellite [as indicated by
AA’ line, cited from the Figure 13 of Bugaev (1973) [3] at page 405]. (b) Terra satellite visible image at 17:30 UTC 03 Sep-
tember 2017, cited from the Figure 1(d) of Fu et al. (2023)

1. (@) Meteor 11 STEF 1972 4 7 B 30 H 17:00 UTC $BIBRIRIFZAL “8RE1" (scolopendra) B = [TNEIF AA E L
Ffi7R, 51 B Bugaev (1973) [3]i£ 302 405 TIAI[E 13]. (b) Terra T2F 2017 £ 9 B 3 H 17:30 UTC $HIBM AT 3L =E,
3| H Fu et al. (2023)i£ 32 1(d)

2. BRIk
2.1. &R

ASCHAER] T LUF BR}

(a) ZE[E [E 5 i 4 i K J5 (National Aeronautics and Space Administration, ik NASA)[#) Aqua &1
Terra T2 _FHEE ) 43 #1544 6 1% 4 (Moderate Resolution Imaging Spectroradiometer, f&#% MODIS)E
Bt ERERE. XERERE MODIS Level-1B ¥kl AI7E Worldview F14x 2R B 5 % ik 55
(Global Imagery Browse Services, f&#R GIBS)H1 347 A #AL . MODIS 5258 — AN EH BREE F DU & 1)
7% 6] 43 22 (250 m)$ A 56 1 [ (2,330 km) ER IR AR AR IS, JRURBERLR | MODIS Level-1A J5iG%E 54
i, FEIRER PN 500 m A1 250 m, A AIAIRE M 1 d.

(b) = E KgAK E 2R (National Oceanic and Atmospheric Administration, &#% NOAA)T

Y5 X He: (a) They have long and meandering “central axis” extending from several hundreds to thousands kilometers. (b) There are a
great number of well-organized “radial cloud arms” in two sides of the “central axis™” extending several tens of kilometers, those look like
“Millipede Legs”
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48

=ARSE A RN A NOAA-20 LI NASA ) Suomi NPP (Suomi National Polar-orbiting Partnership) T2
BT R AT WO LT A g S 41X (Visible Infrared Imaging Radiometer Suite, fii#R VIIRS)HEAL AT WG P2
Z Bl X7 E[RRETT LLZE Worldview F14BR G005 IR 25 (GIBS) AT M4k, AL 2840354y 750 m Al
375m, a4y #F% 1d, T#E k. https://worldview.earthdata.nasa.gov/.

(©) =TS EMAMYIELE K E NASA F24LY) MODIS Level-2 47 i . MODIS =77 il 45 & 41
ARSI K B IR S 8 S B AR 5 = ) BRAR R FER SR, ST . 2 TOU 5 0 = T 5O 3 26 1)
4 BB L AMG R T AR A R AR A L 5 km x 5 km 8% 1 km x 1 km I FE5 4 . A FC AT (1 2= 10
HREFES TR =TS 2 T 4 X 4 2 7] L MODIS #2144/ MODO6 (Terra T2 )l MYD06
(Aqua TR2) F3REL, ALEE8 0N 5km, EESHEEN 2km, BESHERN 1d.

(d) ASCAEFH B R r BERER B R o R SRk 0 (European Centre for Medium-Range Weath-
er Forecasts, fiifk ECMWF)$2 ()28 FifX ERAS T dokl, ABkyul, maEIRg>Ay 1h, 2S[Ea#2A
0.25° x 0.25°c A 7H-FHAE. WREEE. 10-m &E LR u, v 2-m & LRRE, ©F
ANASEZ ERRE . A, iR, BUE. EEESEESY I, kR 2 ORI T 8tk

N : https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-eras-single-levels?tab=overview. /&% % £

Takdhlib . https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-pressure-levels?tab=form.

22. B

() B Al {E 77 32

BT “T R HOR” 2 A I TR A 4 2 B S 1, iR A iz B H (Lagrange) 22 T H {2 R R HOCH:
KA ZI Y EE & . AR SCRA FBrhiks B H 3 (E 2 0k, BPERCMIIR A RT 5% 3 h [ ERAS F4 T
PORMEATHEE, HE KRBT EA X T

X) = (X_XO)(X_Xl)'“(x_Xi—l)(X_XiJrl)'”(X_Xn)
LA i P PR Y PR PR o ey ®
Y (%)= 20 vl (%) @)

ANRQ)F x R | ANBRNZ], x Fon LR MR AR SR 2 Q) EE R
HRAX, y T i N2 ENE, Hn=5.

(b) =AMIR

BT “TFrRiik” afKETHRERNZERaH, 5K “HHAIR” z(Closed Cellular Cloud)
H“FF Rk 2 (Open Cellular Cloud) B & A= [5] [6], #8577 AR = IALZAGH « SRR A LA L
JEFEASEEEAT I, H RS ME AR S —Fh e W7 2ok AT R, RAERM AT J57%, BIA NASA $i2
PR B R B, PR RS RIER S &R (1) mR/H0A —KWRH “hik” , KEEILE
TREJLTTAK: (2) AZHFREIEWN . KEANUTTAREREAZE, t“hRg” mpiiisEdd, e
“TRE” k. BT T RICR” miAEGmAEEAE - RUE, B, TRER A TR dURY
MBI EDSAEWN DESHE S E P IR 7H4h, G, EWEBELEM R LU L TR R E
T R2HEAR” ZMBIGLEAS), WK HG T — DA,

3. “FRHAR” =REKRSHE
3.1. WA TFHE
G R, 2012 £ 2016 FIH 183 4 “T R HURY =AM KR AEAE AR 4 B I 2R r AT A
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FRACKFVE Eas, HopdeEskg 194, BEERA 164 . “T R AUR” ZH45 R 4046 BA B 5 00 X I
FHIE, RZHM “T RHURY 2K ATEARE: B 1R AR Bl b (L 2)o #E—2 bk, db
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Figure 2. Geographic distribution of Millipede Clouds over the Pacific Ocean from 2012 to 2016. (a) 2012, (b) 2013, (c)
2014, (d) 2015, (e) 2016. The red solid lines indicate the geographic locations of long axis (the central axis) of Millipede
Clouds

& 2. 2012 £ & 2016 £, K FF L= “FTEHWK” =HHIBENE 57 E. (a) 2012 4, (b) 2013 4, (c) 2014 4, (d) 2015
F, (e) 2016 F, LA EXZLFR “FTEHER” mRKM(P LMK NNE

32. BAREANHOH

2012 4% 2016 F “ TR HUR” ZHIZBH KENM A E 3 fos.  “TR4R” = KENER 5
HNEABTB, mSRA A6, 74 8 H), HSiUkAE MG, 9v 10 A), ERAER ML, 2. 3. 4. 11,
12 H). 183 4~ “TRHUR” =AMold, fEESikER M6 7. 8 H)E 1314, 2558501 72%, Hr
WERR T Ay, 348 4. FERRAHAG. 94 10 A)A 374, 44 BB 20%. FEARA R A4 H 4
(1. 2. 3. 4. 11. 12 A)YA 154, ZEEE0 8%. #HIWE “TRHR” mk4d, RH “TE40R”
TN R AR .

1.2 3 4 5 6 7 8 9 10 11 12
AR#

Figure 3. Monthly distribution for occurrence number of Millipede Clouds over the Pacific ocean from 2012 to 2016. The
horizontal axis denotes the month. The number in vertical axis denotes the occurrence number of Millipede Clouds in that
month

[#3.2012 £ & 2016 FXFF L= “TERR” ZZAZENKAEE, #iFrBH, NErER~ZA “F
BHRR” ZRENNH
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Figure 4. Monthly distribution for occurrence number of Millipede Clouds over the Pacific Ocean at Northern and Southern

50 -

Hemispheres from January 2012 to December 2016
4.2012 %5 1 RZE 2016 £ 12 REXFF =M “T2ENR” MIERILFHRERLEN KD H

Table 1. Monthly distribution for occurrence number of all Millipede Clouds over the Southern and Northern Hemispheres

. EER

from 2012 to 2016
2 1. 2012 £ & 2016 FRgd ¥k “FRHR” ZLAEMEZERA SHLHE
H#r FEERIAN JEERIA BT
— H (January) 1 2 3
— H (February) 0 4 4
= H(March) 1 2 3
Uy A (April) 2 1 3
1 H (May) 5 4 9
75 H (June) 37 3 40
£ H (uly) 47 1 48
J\H (August) 43 0 43
JUH (September) 17 0 17
+ A (October) 10 1 11
-+— H (November) 0 1 1
- H (December) 1 0 1
A4 (Total Year) 164 19 183

4,202 8 B 22 H “FRHR” =HEANGISHF

4.1. MIEEER

K5 R T 2012 458 A 22 H 20:05 UTC KAETER AP LM — A8 “F 2 doiR” =410 T
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2958 795642 km?, KA LN 2447 km. FLEgdbm M5 KT “TF DGR SHER:, AT
M) “TFRAR” FIESHARE, “HPH” BT, M L BRNZEZ X HE, ¥
BEE 2 2B, AN R O I O S — N, = RIEPRA LIS MTE T, W LA — AN SR <
AR =AM

Z T RIUR” ZMIR BT EE . =R TS 5(b). B 5(c) M 5(d) . A1)
CrRERL DR AL ) = T EE 400 1600 m~2400 m, = THE 210N 280 K~285 K, = i< K414 800
hPa~850 hPa. %A 2 Tt BEAp A A XS 415),  “Hhihd” Bl = =g s Tk, H = Tim 54 “IF
R mAHZEAKR, 2 TG R IR .
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(©) (d)

Figure 5. The cloud top information of “Millipede Cloud” at 20:05 UTC 22 August 2012. (a) Aqua satellite image, (b)
Cloud top height (unit: m), (c) Cloud top temperature (unit: K), (d) Cloud top pressure (unit: hPa)

[E] 5. MODIS 588424t /Y 2012 £ 8 A 22 H 20:05 UTC “FEHIR” =MIETER, (@) Aqua BEZ=E, (b) =
MEEEEAM: m), () ZEEERN: K), (d) ZRSEERL: hPa)

4.2. EERE S

Fuetal [4]##aH, “TLIR” m&—RKzn, =TAIE—LE 800 hPa~850 hPa 2 [i]. 1 %}i%
AN, BATTHRYE 2012 £ 8 H 22 H 20:05 UTC f Aqua P2 = B (14 6)H () ABCD #£k, FIf ERAS5 F4>
Mroekl, St A=) Q)T E(E, A5 4] 7 2012 458 A 22 H 20:05 UTC (13 5 1 (AL 1]
7)o
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Figure 6. Aqua satellite image of “Millipede Cloud” at 20:05 UTC 22 August 2012. Line
ABCD will be used for vertical analyses later

6.2012 £ 8 B 22 H 20:05 UTC “F2HK” = MR Aqua TEZE, ZkE ABCD
R TEREERESHRRIZ

AR BRI T W] %0, 7E 850 hPa LAR, SRRZRIEACSTAT, IR B MRG0 2 <R b e
T AR IRFIE . {HAE 800 hPa %2 850 hPa Z [ IR A &, KM “ TR AUR” S AERT 2= TPz X35
TS T ELRR RO . [RIRT R X IR R, Al B e T i v, UE BA PR BT 2 T PR A7 7 B S 1) 30
JZ. TM4E 800 hPa LA #1850 hPa LA, S ImBH i FEAK (] 7(a))o XFT- “TRHR” =E, =
TRUPRFAE R0 R 2 v A A R B AR AR S, FRERAKAEER, ART “TRHR” ZIWE; HXf
T EERA, WRZSMGIRAIER, AR TR EERE, Mm-S 800 hPa LA FHI/KIAEEE
K, 5T W@ EF A%, 7€ 850 hPa LR ELIEH K, HHFIT =, {2 850 hPa % 800
hPa 2 [A] LU S RN, R BE SR 2= TP X 4k, 8 B 7 W) KR R 23 A7 22 R K. 800 hPa LA E LLiR IR
N, R, BT 7(0). AKFHUEEE T, 950 hPa LU R U N fE, RIFIEHIHE 2
@4 . 850 hPa %= 900 hPa Z [MJHUE N IEME, R “ T HUR” =2 N2 <4aik. 7£ 800 hPa %
850 hPa . [f], HAFEH/N, RAKFIZNET, AIReZBdRZEREm. SSRERG, SEREE, Hik
HEMAE “TFRACR” ZRAEXR, FREZEL EFENFE 7()). IS )8 I R T 5 i)
HEZHONIEE, RUE “TRIR” ZREXR, R EFE3 8. £ 900 hPa JZ I, HEHIZE)
WA IR, RPZZES SRR ETH25). 7E 800 hPa £ 900 hPa 2 1], BE% mEhTh, HEiz
SEREA AN, ETHEsE PSS . {E 800 hPa 2 I, WEEZNEMAIEFEILTE, WHZIERZ
FIsem, KAEEIEHE(E 7(d). SE0HE 7). B 7(d)a %, “TREHUR” =NERHFIERN: i
W E = R/REAEE LB /P2 LN EFEE), KPiEshigis; =ik s T 52 250882 K
M, KREEIBSMES, KRGS T = E ik, MM T = /1R ERE.
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Figure 7. Vertical profiles of a “Millipede Cloud” which occurred over the Southern Pacific Ocean at 20:05 UTC 22 August
2012. (a) Air temperature profile (unit: K), (b) Specific humidity profile (unit: g/kg), (c) Horizontal divergence profile (unit:
10°%/s), (d) Vertical speed profile (unit: m/s)

7.2012 4 8 A 22 H 20:05 UTC aXFiF L= “FRHR” aMPINEERIEE. () SIEEERIE(RM: K),
(b) LOBEESIE (AL g/kg), () KFHERESIE@EM: 10°5), (d) BEEHMREIIEERL: mis)

43. SRERD

RNANTEANBIAE Y SRR ERRFE, AR T 925 hPa. 875 hPa. 825 hPa 1 700 hPa PUANS &
B, & B EE. R KRG IR A REE

FH 1] 8 TN, % T2 HUIR 7 25 R AR DX Al B Ak 52 38 5 i 8 e fy 48 1), 9~ 1 v Fs o062 1(35°N, 100°W)
BT, H0SUEZ0N 1032.0 hPa, mEA O IR MIAAE — AN/ MIREA G, SR O 5 R AR,
AERRE R, REEK.  “T R dR” kA XA TP s O m A, 3 1) 5 55 R 2R A
AT, XN AR R, AP A “ T R HUR” 2 RAEXEL, HaXAMZEAEMN, 2
m =R TR, 5T RAR” KM BT 8. ZEERGRIM, 1% DXk XE
BN, BRITROGERE

140°W 120°W 100°W _, 80°w
10

Figure 8. Characteristics of surface meteorological variables for Millipede Cloud occurred over the Southern Pacific Ocean
at 20:05 UTC 22 August 2012. The black line represents the sea level pressure (unit: hPa). The red line represents the sea
surface temperature (unit: K). The blue arrow denotes the 2-m height wind field

[ 8.2012 £ 8 A 22 H 20:05 UTC B RESKERFHE, BEILRIDEFES/EERMA hPa), A BILLFIEGRE
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Figure 9. Background characteristics of Millipede Cloud occurred over the Pacific Ocean at 20:05 UTC 22 August 2012.
The black line denotes geopotential height (unit: gpm). The red line denotes air temperature (unit: K). (a) 925 hPa, (b) 875
hPa, (c) 825 hPa, (d) 700 hPa
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Figure 10. Geographical distribution of various meteorological variables at different pressure levels for “Millipede Cloud” at
20:05 UTC 22 August 2012. The red line represents air temperature (unit: K). Black line represents specific humidity (unit:
g/kg). (a) 925 hPa, (b) 875 hPa, (c) 825 hPa, (d) 700 hPa

& 10. 2012 % 8 A 22 H 20:05 UTC “FERHR” ZMIFRISERLNSKERZN T, LEILERESR(EN:
K), BESgRIFHR(ERA: g/kg), (a)925hPa, (b)875hPa, (c)825hPa, (d) 700 hPa
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