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Cloud classification based on histogram analysis of pixel values of night time cloud
images over Manila Observatory (14.64N, 121.07E)
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1.Manila Observatory, 2.Ateneo de Manila University

Satellites and ground based instruments are utilized to achieve cloud detection. At night time,
detection of clouds is accomplished by satellites, whole-sky imagers, lidars, and sky cameras. In
practice, ground-based detection is executed by sky cameras and whole-sky imagers and incorporating
a threshold value into the analysis of cloud detection. This will classify pixels as clouds or
non-clouds. In this work, we use a ground-based sky imager using a digital camera to take pictures
of the sky. The digital camera (Canon Powershot A2300) is continuously operated to take images of
night time clouds at 5 minute intervals. The camera is configured to have an exposure time of 1s
and 5s and is situated on the roof top of the Manila Observatory building (14.64N, 121.07E). This
is to ensure that there is a minimal presence of obstructions for the camera. A threshold value is
applied to distinguish a pixel to be a cloud or non-cloud by analyzing the histogram of pixel
values of clear sky. Other works use the similar procedure of applying a threshold value to detect
clouds at daytime (Heinle et al., 2010). In this study, the RGB formatted images are converted to
greyscale format. Lastly, an algorithm is applied to compute cloud occurrence (Gacal et al.,
submitted). Cloud occurrence is determined but not its corresponding cloud types: thin, thick, and
cloud-free. The objective of this study is to determine these cloud types in terms of their range
of pixel values. Figs. 1a -1c show the images of a clear night sky, thin clouds, and thick clouds,
respectively. These images were taken on 16 January 2016, 21 October 2015, and 25 May 2014,
respectively. From visual inspection, thick clouds (Fig. 1c) are perceived to have no
distinguishable dark background as compared to the thin clouds (Fig. 1b). Figs. 1a -1c are taken at
1s exposure time except Fig. 1a with an exposure time of 5s. Figs. 1d -1f show the histogram of
each corresponding cloud type. The histogram of a cloud free sky (Fig. 1d) presents the pixel
values that range from @ -16. This implies that a minimal pixel value of 17 can be used to
discriminate the presence and absence of clouds of a night sky (Gacal et al., submitted). Comparing
this to Fig 1e, this histogram shows a superposition of a clear sky and thin clouds. Since the
range of pixel values for a clear night sky is from @ -16, it follows that the remaining range of
pixel values has to be from thin clouds. In this study, we observe that the range of pixel values
for thin clouds is from 19 -40. Fig. 1f is a histogram of an extreme example of a thick cloud where
pixel values range from 47 -111. Visual inspection of Fig 1c shows that there is no thin cloud or
clear sky component. This pixel range can represent of thick clouds at night time. This work has
shown the possibility of discriminating cloud types in terms of the range of pixel values. In the
future, these results will be used to calculate cloud cover from thin and thick clouds as the
calculation of cloud occurrence is simultaneously done.
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Observations of night time cloud cover sensitivity measurements with changes in threshold
pixel values
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Detection of night time clouds is carried out in Manila Observatory (14.64N, 121.07E) for the
purpose of measuring cloud cover at night time since late of 2014. A digital camera (Canon A2300
Powershot) is used to take images of sky every 5 minutes. Images are taken at 5s exposure time. The
digital images, which are in standard RGB format, are converted to grayscale format for cloud
detection analysis. Cloud detection is possible by setting a threshold pixel value that
discriminates clear from cloudy sky. Previous study has shown that a threshold pixel value of 17
can be used for cloud detection (Gacal, et al, 2014). Cloud cover is defined as the ratio of the
sum of the number of pixels identified as having cloud signals to the sum of the total number of
pixels in the image. Cloud cover measurement has impacts on the radiation budget in the atmosphere
even during night time. High cloud cover of thick clouds covering majority of the sky tend to
reflect back radiation from the earth’s surface. Thin clouds, on the other hand, may transmit
earth’s radiation to space and reflect less. In an ordinary image of night sky, the image may
contain thick and thin clouds. In this work, we define a thick cloud in the image as cloud without
any clear dark background. The images of thin clouds have visible dark background. For the purpose
of quantifying cloud cover from thin and thick clouds, we present in this study the effects of
varying threshold pixel value used in cloud detection algorithm on the calculation of night time
cloud cover. Figs. 1a-c show images of clear sky, thin cloud and thick clouds taken on 12 January
2016 at ©3:05, 22 December 2015 at 05:40 and 16 January 2016 21:15 local time, respectively. Local
time is 8 hours ahead of coordinated universal time (UTC). Histogram of pixel values of clear sky
image shows that maximum pixel value is 16 and can be used as a threshold value for discriminating
clear from cloudy skies in the cloud detection algorithm. When this threshold value is changed from
10 to 40, cloud cover values also change. At threshold pixel value of 10, cloud detection algorithm
applied to clear sky outputs ~3% cloud cover but rapidly decreases to zero for higher pixel values
(Fig. 1d). When the algorithm is applied to thin cloud image, a sharp decrease of cloud cover
values is observed for threshold pixel value > 20 but almost 100% cloud cover for threshold pixel
value < 20 (Fig. 1e). From visual inspection of the image, a near 100% cloud cover is evident. The
near exponential decrease of cloud cover values is a common characteristic when threshold pixel
value is changed for images with thin clouds. Thus, without any idea of the image, this exponential
decrease of cloud cover trend can be used to indicate that the image is dominated by thin clouds.
When threshold pixel values are changed in the cloud detection algorithm and applied to images with
thick clouds, the decrease of cloud cover values is not as sharp as in the case of thin clouds.
Fig. 1f shows the non-exponential decrease of cloud cover values with threshold pixel value change.
The graph shown is Fig. 1f is also a characteristic graph for thick clouds. Thus, the
non-exponential decrease can be used for determining presence of thick clouds in the image without
inspecting at the image. Images of rain clouds are extreme examples of thick clouds. When images of
these types of clouds are processed using the same algorithm and changing threshold pixel value
from 10 to 40, resulting cloud cover values do not change and are at 100%. This is expected since
pixel values of thick clouds are usually in the range of 47 to 111.
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Three dimensional structure of the Arctic cyclones
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Arctic cyclones are unique low pressure systems appearing in the Arctic, which are different from
the tropical cyclones and the mid-latitude cyclones. Previous studies provided a new insight that
the surface Arctic cyclone connects to an upper polar vortex producing a deep barotropic vortex.
The previous studies also noted that the characteristic thermal and the vortical structures are
maintained throughout a life cycle. But, the three dimensional stereoscopic structure of the Arctic
cyclones was not investigated by the previous studies.

To investigated the three dimensional structure of the Arctic cyclones, we converted the
meteorological data from a latitude/longitude coordinate system into the cylindrical coordinate
system around the Arctic cyclone center. The original data used this study are the reanalysis data
of JRA-25 (Japanese 25year Reanalysis) and JRA-55 (Japanese 55year Reanalysis).

The Arctic cyclone has a deep barotropic cyclonic circulation, a secondary circulation in the
troposphere, a downdraft at the lower stratosphere, a coupling of a warm core at the lower
stratosphere and a cold core in the troposphere, and a deep tropopause folding over the cyclone
center.

For the Arctic cyclone, the positive relative vorticity related to the deep axisymmetric cyclonic
circulation stretches up to the stratosphere of 50 hPa level from the surface indicating a
connection with the stratospheric polar vortex. The upper vortex of the well-developed occluded
cyclone is not the polar vortex in the stratosphere. The Arctic cyclone at the surface is
characterized by the deep stratospheric polar vortex, which is a different from the occluded
cyclone in terms of the vertical scale.

Although additional studies are needed, a schematic diagram of the Arctic cyclone is proposed in
this study.

F—O—F I IRER. BOFEE. B8
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An anaysis of fine structure in the summer troposphere and stratosphere based on
radiosonde observations at Shigaraki, Shiga, Japan
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AAETE, WHRED XORBEORIDOBHHESEDIFEE ARSI, REBRASEMERIFRICEWVT
20155E7H27H18:001STH\528H18:00ISTOHARRICH VT, IEIDSIAV VT EMEKL, FREC & DKE
B, S8 BEOHREIOT71ILVEERLE. BESREEHSLZMTHD. RAHKRFP, [SEEEES
HEDFFARETLENDCLEFEL, BRNLGHRDEODKGBENRE S 5NZEDEEZXOND. FHik
BBEECEE LN RBREOMUBEIZE—ET, WIsknTH o>z, COF—9ERVT, ARBREDH
Zib, SEREOSEMKEM, KNEBCENCHEEBLRINEEDNZEM & ZDEIRICDVTOENTZ
o1z,

FTF, MENSTE - PEHNARBICEEL, KRBERBOHZELOKRFEF LU AL, B UZYEETE
fiI, MBS LUOKRSESLTHS. BEEREANTIE, WRMERICEBDIZHINSDRFEENR—EIIL
BEFEIND. BTOER, 95, 120, 158(CHTT, CNSOENREBEIC—EELEBZIBHNIEN, 20D
by IHEE. Skm 5 1. 2kmE CRIAE HIC LRI I FRF SN, CNEFENSFERICNITORRES
BORZEERITEEZSND. —HNOT—FICHUVTIE, HEMDEICEUORBYEGEENENTUE.
RIS, mMwD XA—BDmother wavelet&® HU\zwaveletfBEToe. ERZNKE, FHEE, MILEOHE
ZO7 77 )bDwavelet XRD RVEETEL, HBEOFEE RO, BEBBOTE (FE15~25km) &HE
(BE25~35km) TOEHEENZNZNH Tk, WekmE XS BEHLDEMBESHEL >IZ. ZFHIREEZE
BREBTEE—ETHD. T, BRAICEASLELEIRSNLEA>ECENS, BBBFEICRSNZE
HWREEORWVWEELL, EENSENIZHMRTREL, KECELUTELKETHIENMEZISNDS.
BEBRTEICESNZRUVMERROEBELOAMMAIL, RREACEHICTMA>TUE., CNEIXRILF—Z LE@EFI(C
GBI IABEENOAREMNSVCEERIRT S, Z2CT, ABMENRTH D EEERHIELT, TRIS
JfEthET . T, BE0kmU EORAR, EILEOHRETOD 7 rIIVER/N_FEZE BV TEZIALL
FENESRBE ULTRDRE, BEAROSZROE L. 2L T, BEALERDDOIREABDRRT S IE/ER L
BRTEMLZ. BRORMEBHOLNSEEEREEZ KRS, BERSHEIABE IO 71 ILHh 585N
[ZEABEREE U\ TOBBERRIC K DKEREE KD, B8E5NIEHEO/IIS X =5 HhStiREEEKs,
NABESASINIUMIREIE (FE—BI D EEERA TS 2. N, BEAARNBEIRTHDE UIZE
ERFNZEUTHORECEERBKRTSD. 5T, HD/IISA—FEERIBOMENS (i) KEEREE K
&, SROCBRBEERNLEECS, HEEFENTICUET SBESENSHEE L EAEBEKTH SN
BULCHERCE.

F—O—RISIFVITEAU DTl v @R ABEIRK
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JRA-55CRIRS NI TE BB FFHEBEROZE
Changes in the lower stratospheric residual circulation in JRA-55
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Future projections by many climate models suggest that the Brewer-Dobson circulation (BDC) will be
intensified as a result of rising greenhouse gas concentrations. However, observations show a
diversity of the BDC strength changes. In this study, we investigate the changes in the BDC using
JRA-55 reanalysis data compared with JRA-55-related products. In JRA-55, the annual mean tropical
upwelling shows a significant increasing trend in the lower stratosphere from 1979 to 2012. JRA-55C
also indicate a significant increasing trend of the upwelling, but JRA-55AMIP does not. These BDC
strengths are assessed by climatological zonal mean which is removed diurnal variations.

Recently, Sakazaki et al (2015) found zonally uniform tidal signals in the tropical stratosphere.
The vertical wind diurnal amplitudes in the lower stratosphere is not a negligible amount compared
with climatological upwelling.

The BDC trend in JRA-55 linked with the representation of the tidal signals change related to the
observing system changes in the reanalysis. Comparison of the relation among the JRA-55 family
members is discussed in the presentation.

F—D—F ! JRA-55. TV 1D—RIVUREER. TERER
Keywords: JRA-55, Brewer-Dobson circulation, lower stratosphere
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Characteristics of the polar vortex and the AQ0 index in the upper stratosphere and lower
mesosphere in Arctic winter II
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AAEF. LFIBHICH (T IRAKRNETBEIRRTH 2REBEAREEZ. TEBEX CEHEHBAIEHED
BELE UTIRR. TOEELICOVWTRENE AR EENE & DBERZREET 5 C L EZREMNEERNE LTL)

3. NEBZEAFREABGEHNE L OBEEE. ABEENNEFHEICLIBBEORANEENZERE U THRER
EE TIIAENEA TV D, LRIBBHRERDARNEEHANES(F. JLHBRERIXE—FK (Northern
hemisphere Annular Mode: NAM) &IE(ENS/I5—V&ERL. BEMER - PEEBNSEELSIENE—R
EZDOH/II—VELBIANE—RICHEIND, Labitzke(2005)(F. It - FIEE D FEREBRE &
F10.7 index(#HES%. QBODMIARIC/(FTLHL® L. QBOAE (BR) EWUMER(C(E. KEEEEEATE (IE) O
NAM, T/\CIE (8) ONAMEE D &R LTz,

BEBRAFEENEEERIENE LT, ERIICEEBN TKERL H TZ5TEV ] HhE WD EMNEDLE
MEHONTE 2o ULHLZDKSIEEMMEILEIZ (I TIMMOBRRE DB L U\, Tz ZTZEHREEIC
FUVTIIREBEARRICEET SBEAEXRITIBENZFELLEV . ARKXTIE. FEEBICEHHEASE
BEXRGEHNEEETEN(CHHR T DIZHDEFE LT, FREBOEBIAEZRIBEE LTEDLSHEEDARD
BHDRFTZEBNT Bo

IRERFEC(E. 1999/2000 - 2007/200800% = (9HART) (CDULIT. 1000~0.1hPa (¥I65kmEE) DEEEE TAO
indexZEtE L. FREBZ CEOEHBARDBIEEERIIBEL L CTHATEINRETZENH TL\D, A0
index ZEt&E L 2%, RBOIREEHET S/z6H(CSeviour et al.(2013) TERAITMNTLIS2D vortex moment
diagnosticsZRIFAL. 10hPa&0.316hPalcdH L\ TIEEDIREEZZHT L ITiER. U T O L SIHHERANEE TE
fzo 0.316hPa& 0. 1ThPadEMEIZ(FEFR U TH B,

- FHEBEAXKTOA indexMEDOE—(F. HHL130.5hPa (~50km) SEICH Do

+ 100hPa - 0.1hPaiEE(CH ULV TAO index DIEEFFF—HTDIH. EFTHD10hPadd E FTIEEREL D5
BEH Do

+ A0 index DEINOE—IERAZTUVCEEAREREEIWIG LKL FBOMBTHM100PaATZTEL TULS
CEBMTFULEREREEIHB UL,

- REBFREERICITHZEVEDORBEDAARY RSV TIEHEETEHE 1 H LU 2 DEBELMNERC R
N3, KF(C10hPalc H LN THE 1 BEAERU.

- VA FT—REBTE. 0.316hPaTEEL1 - 2 DEBELAHERTET DM, 10hPaTFBELIIIFE A ETEON. TRE
2 DEBELNE SN S,

- 10hPalcH VLV TEE 2 OGN & (FIEFEBEEEICOTZ D TAORAICE > TU S,

AFEKRTF. BFHEBRE TETIRDEP L T, 10hPaH L UV0.316hPamENTRES LUER - BEBEXE
SE. A0indexMEARIC DV TR EEH TULI<,

Keywords: Stratospheric sudden warming, Arctic, Mesosphere
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Dynamical response of the SH middle atmosphere to energetic particle precipitations
in the latest reanalysis data
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The latest solar cycle minimum sometime around 2009 showed unusually low solar activity and
suggested the possibility of a grand solar minimum in the near future. This event caused much
attention to be focused on studies regarding solar influence on the Earth’s climate. The recent
review by Gray et al. (2010) classified solar forcing on the Earth’s climate to be of four types:
galactic cosmic rays, total solar irradiance (TSI), solar ultraviolet radiation (UV), and energetic
particle precipitations (EPP). Although EPP has not attracted much attention compared with TSI and
UV in the past, several recent studies indicate that EPP could have a significant impact on the
Earth's climate, comparable with that of TSI and UV. However, reliability of some of these studies
was recently questioned (Tomikawa, 2015). In this study, the past 36 years were divided into high,
medium, and low energetic particle forcing (EPF), and solar maximum, medium, and minimum conditions
using Ap index and F10.7 radio flux, respectively. Then composite figures of middle atmosphere in
the winter southern hemisphere were created from the latest reanalysis data and compared between
medium and low EPF during the solar minimum. They showed that there was a statistically significant
difference between medium and low EPF.

F—DO—R ! FIRIFRFOEDIAH. BER. FBAR
Keywords: Energetic particle precipitation, Reanalysis, Middle atmosphere
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FOBAAFIE M = KRS D HEVRRE(C L D ABBAHCH (T 5HHEE—BILBR TS LEDEH
An observation of the mesospheric column amount of nitric oxide observed with a
millimeter-wave spectral radiometer at Syowa station in Antarctica
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ZHEB K FHIMEKEIEM IR & Bt (320 11EH S HE U CRIBBEAEI(C250 HzE S REBILE
ZEMERVNEZ RN NERARBEERZE L. 2012F18LDPREEO—B{EEER (N0) hSREEIh
BARTRIOERETOTUD, XRD MILOERHS 1 BT ORBEDREETSETS kmh 5100 kmiZE D
FREE - TEEBONN S AEDREZEHER TL D, FRBOXSHES FHEREXREBEN NSV EH
SERANDRBEFNEEE Z (TP I <. TEH TEMKROBIZEEIC XD ABGEECRA T BRELEZ
B I XILF—RFHHERAKOIMAN SBEIRITA > THRIF EZE(CEED CH. TN S MFREEAC T SREVE it
RREAA VP FRIGESIEHR I C & TNOACHO DIBINE ZNICHESTY VBDEDASHERZEEBZEERLS
FENMSENTULSD (FIX(E. Andersson et al. 2014) , CNFTICERALADRE LI ABBEBARE ST
AERD = JSKRETEIST — S OEERH S, RIFHREBONN S LAENEHBLIE. HMEERGHIEE SHEUVRE(C
BRIDIM. W4ELXEZ(CDVTIEMMDEEERTASLERM/ZUTEEREFHNRKREZTVC ERDM Dz, T
1220154 (C (I AR EEN & BEE U Iz BUERRRE O AEIENON S LEDEBRABEEICR SNz, B, KBEE
EFEILU2015F6BS KUSANS10BICHNNITEINS LERMIOEDAEIHEL D EHUSBEMLIz—F5
T. SAOXKEEHSEAANY LEIETEERUEAS LAEDEBMNEEANINEN Dz, HRTIIEATESN
BN S LENZHZ{bE SURKHRZEBNFHE . ZNSEABBEFS JUHIHREEFDED CHE
DEZECDOVTHNHOHETHEET B,

F—O—F PEE. XEREE. = KRS
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QB0 & X BEENMMLIRIZA Y V (C (X T HE
Influences of QBO and solar cycle on the Arctic ozone
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REREE%E2FEEAEARE (quasi-biennial oscillation : QB0) & 1MERHOKEEESNE. FLEBREBD
FEREHEBRIDCENRMSNTLS (e.g., Holton and Tan, 1980; Labitzke and van Loon,

1988) . Yamashita et al. (2015) (. QBO& ABZEENDAIABTADICHFEL TRHFZEITL). QBODTERE
(QBO-W) MDOAEEEMBAHA (S,,) Tld. #FIL(ICEBNEBBZ(CHE N EZER LIz, —5 TQBO-WHDKE
SEENERNER (S, ) (QBO-W/S,.) ([C(EHZMNSKBEFITHRENMS ., BZ(CIBA Y Y MET IS LRI
%o EBRIC. Li and Tung (2009) (& BRI NZAY VU EEMNQBO-W/S,, DEEZLH LT, DT — EHHEL
TREELEBZIE&a@BRLI.

AHAETIE. E2URET IV (chemistry climate model : CCM) TIT2721979~2011EE THBEHIREER
(ETILDKKBEHADEDICT VIV URREER) OBREMETL. QBO-W/S,, (CH(FTBHEDILEZHA Y
VELE. AV VERCACENT Y VEEDOB SR T TRANZ, 2~3HMDQB0-W/S, FFCIF. [URMEXD €M
WMIRADERI S NZ, £122~3AMEB0-W/S ; F(C(F. B AV VEEMETI BRI NI =Za—L—23 v
N, BEFABREE—BLIE, R, EFIVTIYZ1—L—I3ayEanNtEMNICREGLEAY U
L—Y— (BROIFPETMEEREEBETRECIHEVED) EFEFL. EhX(C KDL EBZERNEZEDEID
DIETOlR. REELEAY YL —F—DSBRINZAYV VEEDRERETOAVVEEBESHLZT—H
LTHD. 2~3HMDQBO-W/S, , FECHITBImA Y VEEDET(FEME(C L DTV VELICERT S &hD
holze @5(C. ZYVDIMBEBEICDVTEBRZETO L. BV YV EEDET(EE(C100~200 hPafif(c
HFBFYVVEEDELICEL DTV EDD. 20~50 hPaftifr (& L) TQBO-W/S, ; FFICHRBRDSRE T HER
INTED. ZNICHESAY VRIBEORENRUCESENDAY VEEDET EHRONICIEIBHRT D ENRIBE
nre.

F—U—FR  REEE2FEFRRE. NERMHOABRES. R4V >

Keywords: quasi-biennial oscillation, solar 11-year cycle, Arctic ozone
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TOMSF—%& EMIR0C3.2F W IV IEZERIRE T ILZEALW/N\OT VIBNHRICH (T4 Y VY EEDZEH]
AIZER~L Y RV Y TEZDERD

A global analysis of seasonal total ozone trend for the CFC increase period using TOMS
data and the MIR0C3.2 nudged Chemistry-Climate Model

INE BW. g A LT B PR E
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AAETIE. 1979FE~1992FERD/\OF VIBMEBIC S FTDAVIVEEDO ML Y ROEROE ORER/\NOST >
HRCKBIEZRIRMRTH BN HDVWEZNLEADHZRNMRESATZEDTHIDHERRDBZHIC. &
BT =S EMRZRIRETIVCLD ATV VEED L Y R ET O Ic. BRAUZEESEIDAY VEET—5
(&Total Ozone Mapping Spectrometer (TOMS) Data(DVersion 8Tdr 3. HRHULIZETIVIE. EHIIEREBHEFAD
MIR0C3.27w IV T2 RIZE T IL(ERA-Interim>—HSI(C L BU,V, TFHYI VI TH D, COEFIVEEST
OFRASINIZA YV VERIRYE(DS)BEES X TR (BIRER) L QUSEEZE Y VR—ILEELRID
19795 (CEE U Tz EBR (0DS1979EEXER) &EiT o lc. BRIE CNSDEFILOERRERNS/\OT VIBIHA(C
HFB3AYVVEREORBMERDERE ML,

FF. /N\OT VEINEEICH V) THRHEERFIEE (35-60°N - 35-60°S) (CH (TR AV YERE L Y ROBIIE{TDIZ
ER. HACBREBOAYVIUERERLYREELSKEDTU R, £2T. AARTEETILOREREFEHBL T
ZYVVEEDREMEANOBRDHZETOCEET D, BERDFIE. OBERERE@0DS197IEERERD2DNE
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Variations of stratospheric and tropospheric circulations related with ozone hole
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Un-volatile aerosol layer in the lower most stratosphere over tarawa, Kiribati, observed
bu balloon norne Optical Particle Counter in january, 2016
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Size distributions and volatility of aerosols in the Tropical Tropopause Layer (TTL) over Tarawa
(1.5 °S, 173.0 °E) were observed using balloon-borne dual optical particle counters (OPC) in
January 2016. One OPC observed number concentration of ambient aerosols and another OPC observed
aerosol size distribution denuded at 200 °C, in order to discuss volatility of aerosls.

Unusual aerosol layer was found in the stratosphere from 18 to 22 km in altitude. The layer was
divided into two sub-layers. Upper layer was characterized by smaller high volatile aerosol, and
lower one by mixture with larger submicron un-volatile aerosol. The feature was similar to fresh
volcanic aerosol layer, however we did not find any report of large volcanic eruption in 2015. We
will discuss about origin of the layer.
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