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1. EFizo\T
1.1 =

12 [EAN—=F ¥ L IART MU — (VL) f@Ee [EE RS T2 oHMisk) o B 2—AXT
BREDELE TS L LT, Z2OUE— ey ZOREME 2D, HEBNT — & R
WaERT 2, FEIFFEAONRY a L TITH, Rv=aT7 /L TlE, ZHENFTITHFEEO
NEIZOWTE LD LN TWD, FEHIL Python ZHWTITH 720, FIHITFEIHET —%
FENT DB DD Python OREAREELA =Y, T H BIZFEHFREICEY fHe,
ARFEE T, 2015 4F 8 AIZRAELEZBER 16 5 (7 v¥=—) ZfcIgs 5, BAR
Fﬁ 2015 4E 8 A 156 H 3 W (et 14 B 18 ) (b 15 FF 10 4y, FURR 161 JF 25 43T
ﬁwﬁﬁ%\é%l, B E 720, 16 H 21 BRCEEIE2ARAEL, 19 BIZE KBRS 72
D, 25 HICRAIRKEICEDo T, 7Ty h=—RRORENOLREE TOWMELZE 1.1 12
R, £, BREONRALNRNT v 7T —ZNBELN T FLLE & HODRIEDRSRS A X
1.2 12”7,

8/14 8/15 8/16 8/17

1.1 2015 45 8/14 725 8/25  12:00 JSTIZHIF 5V EDL Y 8 5FOFRI N K (10.4 um)
Hg,

Credits : T Z VER. (http://agora. ex. nii. ac. jp/digital-typhoon/summary/wnp/s/201516. html. ja)




160°E,

HEF(UTC)

08/15 08/17 08/19 08/21 08/23 08/25 08/27 08/29

fEsEEETS
Y

mmm 5 ZHEES/E (Tropical Depression) (77X 2) e F OBV EREHIERE ISRV EREHEINGEE

= % : & E(Tropical Strom) (7 7 X 3) (Typhoon) (7 7 Z5)
L ORRERE (77 R6)

&\
Aq

—— % : & A(Severe Tropical Strom) (7 7 X 4)

X 1.2 (a)Atsani BEDNZA N N7 v 7 L0ELNTZHOMIEE (b) FOKEDER RS,

—

Credits : T Z )V ERA. (http://agora. ex. nii. ac. jp/digital-typhoon/summary/wnp/s/201516. html. ja)

2015428 A4 19 H 00:00 UTCIZT v =—HREANHRORREIZE DS 72%, BLE 3:29 UTC
IZ Atrain(ERE IV AT L —y g V) RNFOBREOBOEZ@EE L7 (K 1.3) . 0=
B A-train IZFT)E L, REEVRIAISS 2 #5# L 7= CloudSat & CALIPSO f# 223 F B> B &N D)
EREE OB L=, AZEE TIX, 19 BOKXKAIEEEZ F.O & Lz 5 B O#E IR 54
BEOEbY 8 5DF —% L CloudSat/CALIPSO 2 DEDE 17 7 A4 VDT —X ZF|f
L, BEOEDKESH L EE A OREEE LD,

Aug 19, 2015 CLOUDSAT

03:29:17 (GMT) B High
Reflectivity

X 1.3 OFEb VY #HIERSEAE L CloudSat BEOENT —Z 2\ -2 Ry MEifg, 77
FEIIZEDOK EKERT, HFREOIT/NERER %777, Credits: JAXA/NASA/Colorado State

Univ., Natalie D. Tourville (https://www.nasa. gov/feature/goddard/17w—northwest—pacific—ocean)




1.2 B

AREBFEOFXZRBHNL, UUTO@EY TH D,

® Python OXEAMZ2fHV T & Python Z W/~ 275 — % (HDF, netCDF JE=) OALEJ7
EEES5,

® UFhbbh 85I CloudSat/CALIPSO DF —Z MA@ LT, BEDED KL - £
BEEE S HE 2B T 5,

1.3 AT —¥

1.3.10FEHPY 8 BFHEDT—%

OF b0 8 5##H O AR 7 (Advanced Himawari Imager AHI) @ 16 /32 K (W[{R
3, WERIN4, FIINRNUER) oo, BLIRLEZS8 /N FEH W~ Integrated Cloud
Analysis System ICAS (Iwabuchi et al., 2016)ICLAEIa X7 FaifHd 5, ICAS T
%, ZERKF COZLERILEEE LIS EET T VEFEICHY, K7 —% (RIR
AR L) 1L MERRA-2 RAHEMST 70X 7 N &, WFRET —% (GEE L FHZE) 1T MoDIS
level-3 7u X7 NEZHANTWS, EFEOHTEIE, BT TVEBNT —227 4T
#4 U 7F D it E L (Rodgers,  2000) 1235-5<, ICAS 7 /L3 U X ADFEMIE Twabuchi
et al. (2016; 2018) & Khatri et al. (2018) itk &L T 5,

e 1. ICAS BXHWA AHT /R K

Band number Central wavelength Horizontal resolution
(«m) (km)
9 6. 94 2
10 7.35 2
11 8.59 2
12 9.63 2
13 10. 4 2
14 11.2 2
15 12.4 2
16 13.3 2

ICAS 7'm &2 FTlE, WFOT—4REGEND :

® HE - RREE
& (1 ANR—Vag REEXZRTTTVE (nstat)
® EOEMR - T - W ELRY R

> EIERE - IBE - B (cloud-top pressure/temperature/height; CTP/CTT/CTH)
EDOYFRIE X (cloud optical thickness; COT)
SNEFEFZE/KE (cloud water path; CWP)
R A LS (cloud effective particle radius; CER)

> EMOHIER R
® MIFEHEIEE (surface temperature)
o g - HEEDHERHR

Y V V



® HELIERMEOAEEEEZRTZWE GRAILSBATIICH HEZR L)
HEEDOEA1X 1log(CTP), 1log(COT), log(CER), surface temperature NHEE S5, EE

(Z) Z2OBEI1L EEZED 1og(CTP), 1og(COT), 1log(CER), BILORTHEED log(CTP) 2°
HEIND,

Rl =T =2 D 5L, KEFHTCIIE 2RI EROT — 2 2+ 5, 7yvh=—
DA N NT v 7 ZBEL, 201648 H 17 H225 2016458 1 24 H (5 HIE) i’(@*
REEEDOOEDY 8 50DT — & % ICAS I LV fEFT L, B”&@mww774w%ﬁﬁbto
F 72, CloudSat/CALIPSO #HIFFZIZ &4t 7= 2015 4= 8 A 19 H ™ 03:30:00 UTC (ZHI1F5 1
75 = 2 —)L®D netCDF 7 7 A L& ¥l L7~

F£ 2. ARIETHEMT D ICAS 7 —#

Name Description Unit Type Fill Comments
latitude Latitude degree float32  -999999.0 Array[1861,2052]
longitude Longitude degree float32  -999999.0 Array[1861,2052]
Cloud optical
cot thickness - float32  -999999.0 Array[24,1861,2052]
ctp Cloud top hPa float32 -999999.0 Array[24,1861,2052]
pressure
cth Cloud top m Float32  -999999.0 Array[24,1861,2052]
height
mtsat Inversion - float32 -999999.0 Array[24,1861,2052]
status

Mstat DEDOERIZK D L H 2> T\ 5,

mtstat < = -3: Inversion discarded/failed
mstat = -2: Double—layer cloud, non—optimal
mstat T = -1: Single—layer cloud, non-optimal
mstat = 0: Clear sky

mstat = 1: Single—layer cloud, optimal

mstat = 2: Double—layer cloud, optimal

1.3.2 CloudSat/CALIPSO Hi3RDF — &

CloudSat 2 45# ™D 94 GHz DZE L — & — Cloud Profiling Radar (CPR) & CALIPSO f#/2
EH DT A X — CALIOP %, L% 15 PR CRH CHLEZRIT L CRITE T 28T 5,
IS OBIHT —% 2K L C, DARDAR (raDAR/1iDAR)ZE 71 # 7 k (Delanoé and Hogan,
2010) MER SN TCWD, T—H X

http://www. icare.univ-1lillel. fr/projects/dardar
MHFX 7 — R THY, 7 —FOFMbELR S TW5D, ARFEE TIE, DARDAR_MASK
5 L O DARDAR_CLOUD 'u X7 k& HWT, EOMESMICHOWVTHNT 2175, TNENnD
T—H T 7 A MUAIZEHDOT — 2 BN I TN D0, REECHERTLIEHKO &2
3 &EF AT,




% 3. ARFHE T 5 DARDAR_MASK 71 &7 k

Name Description Unit Type Fill Comments
CLOUDSAT _ Latitude of the Height of range bin
Latitude collocated degrees float32 above reference surface
product (~mean sea level)
CLOUDSAT _ Longitude of the
Longitude collocated degrees float32
product
CS_Track Height of range km float32
Height bin
must be divided by
CLOUDSAT 2B Radar reflectivity 100*100 though the
GEOPROF Radar  at 94GHz dBZ intl6 -8888  manual says by only 100
Reflectivity
0: No cloud
1: Likely bad data
5: Ground clutter
5-10:weak detection
found using along track
CLOUDSAT 2B CloudSat cloud - int8 -9 integration

GEOPROF CPR_ mask
Cloud Mask

20-40: Cloud detected.
Increasing values
represents clouds with
lower chance of being a
false detection

2% : http://www. icare.univlillel. fr/projects/dardar/documentation_dardar_mask

5% 4. ARFE CfEHT 5 DARDAR_CLOUD 7w & 7 |

Name Description Unit Type Fill
longitude Latitude degree float32 -999.0
latitude Longitude degree float32 -999.0
height Height m float32 -999.0
effective radius Retrieved effective radius m float32 -999.0
iwc Retrieved effective radius kg m? float32 -999.0

£ http://www. icare. univlillel. fr/projects/dardar/documentation_dardar_cloud



1. 4 ZE DN

FHIZLL T OHNTIT S,

Python D IAREL 25,

netCDF BT — 4 7 7 A VOB LA 7Y, 1 7 F ==a—/L (CloudSat/CALIPSO (2

FI L7227 T =a—) O ICAS T—% = HOCTEROEDZEM A OKV00h) % fig

Hrd 2%,

® FROLZT=2— L OFFcZ, 5 AR ICAS 7 — 4 % VL CH RO EDZE [y
ik KO HEL AT %,

@ HOF T —% 7 7 A VOB IEE T, DARDAR E7 v X7 h&HWT,
CloudSat/CALIPSO 237 v H =—% i@ L 7= BE DO B D E D ENE /347 & fEiT 3 5,

@
)

P BN

Delanog, J., & R. J. Hogan. (2010). Combined CloudSat-CALIPSO-MODIS retrievals of the properties
of ice clouds, Journal of Geophysical Research: Atmospheres, 115, DO0H29.
https://dx.doi.org/10.1029/2009JD012346.

Iwabuchi, H., Saito, M., Tokoro, Y., Putri, N. S., & Sekiguchi, M. (2016). Retrieval of radiative and
microphysical properties from of clouds from multispectral infrared measurements. Progress in
Earth and Planetary Science, 3. https:/doi.org/10.1186/s40645-016-0108-3.

Iwabuchi, H., Putri, N. S., Saito, M., Tokoro, Y., Sekiguchi, M., Yang, P. & Baum, B. A. (2018). Cloud
property retrieval from multiband infrared measurements by Himawari-8. Journal of
Meteorological Society of Japan Ser. II, 2018-001, https:/doi.org/10.2151/jmsj.2018-001.

Khatri, P., Iwabuchi, H., and Saito, M. (2018), Vertical profiles of ice cloud microphysical properties
and their impacts on cloud retrieval using thermal infrared measurements, Journal of Geophysical
Research: Atmospheres, 123, 5301-5319, https://doi.org/10.1029/2017JD028165.



2. Python OfEWF
2.1 Python DEAREFR

c = a*b
print(c)

|

|

|

|

|

|

: c = b//a # E 0 HORE
| print(c)

|

:c=a% # ElY BHORES
| print(c)

|
|
|
|

c = a**b # T
print(c)

2.1.2 U X b
JAREE, [ JoFZa <~ TRUILGNTEEZTHRSIN TWAEKTH 5,
BE A= (R, EFE2, e ]

var = var2 + varl
print(var)

var.append (100) # VA NORBITH LWESRELZBINT S
print(var)

n_elements = len(var) # UR MOEREE (EX)
print(n_elements)

var.sort () # U R NE/NSWIENSKZWIEIZIEOR 2 5
print(var[0],var[4],var[-1]) # FFEOEFE (1FH, 5&H, &tk ZHMmHTD

print(var[1l:5]) # f
b3

print(var[::-1]) #

2.1.37427vat)y
T4 vaFr)—LiE, F—CLEEMNCIED LM EEEST-ERTH D,

TR ={F—11MH1, ¥—2 :fH2, - .
[ x = {"fruit":"apple", "country":"Japan", "university":"Tohoku"}
: x.keys () # 2TOXF—% U R NMNITD
|
| x.values () # 2TCOEE U A NMIT D
|
| x[ ‘university’ | # XTI AR BB

eE—



2.1.4 ¥

7R, ()OO Tary<~TRUILNTZERTHEKIND, VARERICUEIWTHES Z &
NHkD D, BEOEEN TRV,

TR =(EHR L, EFH2, e )
RN —DOLET O, REICT S~ DPBE,

var = (100)
var = (100,)
varl = [1,2,3]
var2 = (4,5,6)

(1, 2, 3)
print (list(var2))

|

|

|

|

|

:print (tuple(varl))
|

|

| 14, 5, 6]

2.1.5 if, else

# Bl 2R '
# AT INEFRT :
# UA b |
# 2T I
# VAN EETIER l
|
|
|
|

# X TN R RNIER

Bl - B 2 T VEIEAE DS B D TR HIET D

———— e

| year = 2000
|

|
|
:else:
|

print ("Common year")
| print ("Year:",year)

.

Python OLFEIZHEE L

l if (year%4 == 0) and (year%100 != 0) or (year%400 == 0):
print ("Leap year")
print ("year-->",year)

(Compound statement) D—{TDOKHVIZar L () BNNHETH

Lo AT MIATEEREENDY, AT MI7T oy 7 ZRLTWS, ST

XOXY)Y ThH %,

2.1.6 for, while

Bl 105 100 FTOREE TV > T 5,

| #for N—7

| for i in range(1,100):

if i%2!=0:
print (i)

|

[

|

l hile /—7

| i=1

:while i<100:

| if i%21=0:

| print (i)
' i=i+1

2.1.7 B%

# EEOBEZ Y KT

# FFEDRMAN T2 E TR Y IR

def XA MWTHEEZERT D, B : HRALHEBEPEENFENZHET D,

:def leap(x):

if x%4 == 0 and x%100 != 0 or x%400 ==
year = 'leap year'

else:
return(year)

print(leap(2000))

.

|
|
|
I
I year = 'Normal year'
|
I
I
|

# return CEZIXT



2. 1. 8 Numpy

Numpy X FINFIEM Z A4 77V (FVa—) THY, TOFICEL OEFEENHE S
NTWs, 22T, A o%EE TR S EE OB ZRd, Numpy OFFAMIE,

http://www. numpy. org ZEIZFER LTV 5,

Python TIZA 77V - ZOHOEE - 7 T A& 556, WIDIZZENLEA VR— T

DMEND D, BIAIT,

Mimport mumpy ~ #numpy A A—FF5 T T

| import numpy as np # numpy % np& WO RIZATA A — 95

| from numpy import array # numpy 25 array &\ IPREMAEA U AR— K5
|

@ arange( ) - EHEFSLHEZOEKINEERT D

rimport numpy as np

| x = np.arange(10) # 02259(10-1) F CHkE1DES

| print (x)

| X = np.arange(1,5,0.5) # 12°54.5(5-0.5) F CHlR0.5D%HF
:print(x)

@  array() - U R FZESNCEHRT D

| x list = [[1,2,5.8],[4,5,8.1]] # VAL

| x arr = np.array(x_list, dtype=np.float32) # 7 —XBZ5E LS
: x_arr.ndim # KA DR TTE

| x_arr.shape # BHIDOIIR (1T & FD%K)

: X _arr.size # KA DY

X = np.zeros(size)
print(x)

y = np.zeros_like(x) # HBlflx& R UK TR CTOEFREZ 0 LI2H L ELS
print(y)

lx = np.arange(l0) T T oo
| print(x)

| y = x.reshape(2,5) # LRItk Slx % 2 R eEes (17442 - B4 ) 12254

e
® =A%

lx=3.14

| np.sin(x) (rad) Dsinff

| np.cos (x) (rad) Dcosf

11



@  ravel - ZWILhHI % 1 IRTTACHNC AT 25

lx = np.array([[1,2,31,14,5,611) T !
| print(np.ravel(x)) |

e  — - - - - 4
rot90( ) - Ed&% 90 FE[EltE S5

~ -+ aranqe(loy __________~~~—-——-—-——-——-—""""""="="="/"="""="""= I
| ¥ = np.arange(10) |
| y = x.reshape(2,5) I
: z = np.rot90(y) # 2UItllSlly 2 90 [mldA |
| Print(z) |

I'x = np.array([(0,2,3,0,-7,-31,(2,3,0,0,-10,-2011) !

|
: cnt_nonzero = np.count_nonzero(x) |
|

| print(cnt_nonzero)

where () — G2 =529 HEOAL T v 7 ARIKT

| x = np.linspace(-4,4,8).reshape(4,2)

|
| print(x) :
| |
| indx = np.where(x<0) # XD 0 LV/INSWELREDA VT v 7 AEEfS [
: x[indx] = np.nan # x230 £ U/ ZNEFEEB)E (nan) 1275 :
| print(x) |

ix = [[1.,2.,-8.,np.nan], [np.nan,2.,-8.,0], [l.,2.,np.nan,np.nanl] :
:x = np.array(x) |
| print(x) :
|

: print(np.isnan(x)) # EFEPnanThH D7) % boolfl (true or false) TilKT :
| |
| x[np.isnan(x)] = 0 # EEPBnan ThilE, 0272 :
: print(x) I
- d

= [np.nan,0,5,-6,10,np.nan,500,50,60,np.nan,3,4] '
X = np.array(x)
y = x.reshape(4,3)
print(y)

3k

2R TTECH (1754 - HE3 ) ~DZEHA

|
| |
| |
| |
| |
: print(np.nansum(y)) # nanZ A L 72355 04 5HE :
| print(np.nanmean(y)) # nanZ A L 72356 O 4 E |
| print(np.nanmin(y)) # nanZ A L 72355 O f/ME :
: print(np.nanmax(y)) # nanZ A L 72355 O Kl |
| print(np.nanmin(y, axis=0)) # nanZ M@l L7255 0T FMOF/IME  (axislZHOWTLLTF O I
: print(np.nanmin(y, axis=1)) # nanZ Ml L7254 D5 1R O/ IME A E H%) l
- - __ _ _ _ . _ _ 4

N o — - axis=1
Bz, LT O 2WnDiEs R X 9,

= . 1,2,31,[4,5,6
a = np.array([[ 1.0 11) o 1 2 3

a.shape 1%, (2,3) TH D, b

. _ =
axis=0 & axis=1 [FTHKD X HIATEIIFN R %ZRT, Cll g 5 6

12



3T DESNDLE -
b = np.array([a,a+10]) ,8(5‘9

axis=2
b.shape 1%, (2,2,3)Th b,
B L < ORI E BALOD axis R0 F/F L 78D, o L[S 13
) 1 3
E
np.sum(b,axis=0) I3,
p-sum( ) 14 15 16
[[12, 14, 16],[18, 20, 22]] I 5, 4 5 6

np.sum(b,axis=1) [T,
[(r 5, 7, 91,[25, 27, 291] &7 %,
np.sum(b,axis=2) [,

[[ 6, 15],[36, 45]] (2725,

@ histogram() - —RICEFINIOEZELZH T X T AEkFE

| x = np.array(np.linspace(-100,100,200)) |
print(x)

hist,edge = np.histogram(x, bins=5, range=(-80,80))
print(hist)

print(edge)

#x . B4

#bins : EA NI T AEFETLIEODOE K
#range: B A LT T AEFHETHME (xDEFR) OHiPH
Hmmm——— Output-———————————

#hist : FE AT HBESM QkICELS)

bin_/—.Ms

I Al < 17 I | I |

X

— I M
\/

\4

i= range

histogram OIS, FRFETRLTWADITHATH S,

@ histogram2d() - —oODOF — XYL TN EHNT2RILE A N T AEHE

np.array(np.linspace(-100,100,200))

X*2

hist,yedge,xedge = np.histogram2d(y, x, bins=[10,10), range=[[-80,80],[-80,8011])
print(xedge)

print (yedge)

#y ATHMOLRICES

#x HI5MO1RICELS

#bins=(ny,nx):y ((THM) &x GFIHM) kT A NTT7 L0 4K

#range=[ [ymin,ymax], [xmin,xmax]]:y ((THM) &x GlHm) x4 522 DiIME & K E
# TORPAICY CUXEDLT—FXDE AN T ANFHHEEND,

#hist :yexIZXfT D2tk A K77 A (2 ILhALA)
#yedge :y (THM) OB OEME (¥ 7L)
#xedge :x (Flfm) OEUOEMME (¥ 7V)



hist[1]
xedge[nbins[1]-1
= = xedge[0] N . nbing:birxm\~g [ [1]-1]
) = | [ [ B D U | |
> § = i= X >
[
I range[1] Vl

histogram2d OIS, FRFTRLTWLDIEHITH B,

®  meshgrid( ) - BT IROPELEZR SIS 2 AR T 2

| x = np.array([1,2,3])
|y = np.array([4,5,6])
:xx,yy = np.meshgrid(x,y)
:xx

| array([[1, 2, 3],

I []‘I 2’ 3]’

} [1, 2, 311

| YY

| array([[4, 4, 4],

} [5, 5, 51,

| [6, 6, 6]])

. . . . . . . . . . _ .

\ 4

I:I [1]((4] | [21[4] | [3](4]
y|5 |===>{[1][[5] |[2][5] |[3I[5]

[1]((6] | [2]1[6] | [3][6]

roll - BHIDOERZZIEERBET 5

Ma =11,2,3,4,5,6,7,81 T
np.roll(a,-3)
print(b)
[4 567812 3]
c = np.roll(a,3)
print(c)
[67 81 2 3 4 5]

o
Il



@ savetxt( ), loadtxt( )
savetxt — dat, csv, txt [ERXOT7 7 A M EXWZ D
loadtxt — dat, csv, txtJBRD T 7 A N EFHHATS

X = np.array(np.arange(10))
x = x.reshape(5,2)
print(x)

filename = 'test.txt'
np.savetxt(filenae, x*2, fmt='%.2f', header='This is a test file')

= np.loadtxt(filename, skiprows=1)
rint(y)

filename : 77 A /L4

X : 77 A MCEZIALER

: T 7 AMIEZ AL

T Sy H—

: Ju%‘ﬂ/u?i?‘ &%1%?9“5”’
kiprows : @iAIATREE, (AT EIX T EIEE

HFHRHFHHHRTN
o Hh
o 3
Qo
Q.
0
2}

n =<

ZC, fmt='9.2€ 1%, /DS LLUT 2T OFREV NS BIE S WO B TH D, T AV
test. txt N TCETCWNWAH I E2MERL L,

2.2 T—F20D7av k

Python C7F—4# %71 v b3 5%, matplotlib. pyplot &9 F 2 —/LLEL,

| import numpy as np
| import matplotlib.pyplot as plt :

2.1.1 —REF—F DTy k
AFEE T plot EHWT U7 —# &7 1y F9 %, LT plot W e—&kieT —#
D7\ b IEOHE R,

Bl : sin & cos Y7 U 7RO 1, P [-pi, pi I OWTHEETT %

| delta = 0.1 # Yo7 T
X = np.arange(-np.pi, np.pit+delta, delta) # xDE
fig = plt.figure() # ML SN TRV LNY ¢ > NT AR <

:
:fig.add_subplot(l,l,l)

| plt.xlabel('x', fontsize=12)

:plt.ylabel('sin(x) or Cos(x)', fontsize=12)

| plt.plot(x, np.sin(x), color='blue', label='Sin(x)"')
| plt.plot(x, np.cos(x), color='red',6 label='Cos(x)')
:plt.xlim(—np.pi, np.pi)
| pPlt.title('Sin(x) and Cos(x) plots')
|
|
|
|
I

plt.legend(loc="'best') # loc='best ' % LEHRBHATIC legend N B
plt.tight layout() # 7T 7 OMNESLSY A X BB CifET 2
plt.savefig('Sin_and cos.png')

plt.show()
L
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add subplot(a,b,c) : alXfT¥k, blIFIEL, cITEDALEICT Ty M H0ERT,
plt.plot(x,y): x & yD 1Rty F&1TH,

Sin(x) and Cos(x) plots

100 1 — sin(x)
0754 — Cos(x)
0.50 1
0.25 1
0.00 1

-0.25 A

Sin(x) or Cos(x)

—-0.50 A

-0.75 A

-1.00 A1

2.1.2 ZRILT—FD Ty b
ARFHH TIX pecolormesh & contourf ZHWT kT —% %2 72w 95, ATIC
pcolormesh & contourf Z W= 2RIcT—Z D7 v v k FiEZEZ RS,

Bl x &y OFPHAD -1 < x <1 & -1 <y <l THLHHFED 7z =y 02k c7ay FaE

Y %,

| x = np.arange(-1, 1+0.1, 0.1)
y = np.arange(-1, 1+0.1, 0.1)
XX,yy = np.meshgrid(x,y) # NumpyPmeshgridDfi|z &4 %
Z = XX*¥*2 + yy**2 # z=x’+y?

fig = plt.figure(figsize=(5,4)) # WA RXZHEEL, V1> RUZEHL
ax = fig.add subplot(1l,1,1)

mesh = ax.pcolormesh(xx, yy, 2z, cmap=plt.get cmap('jet'))
plt.xlim(-1,1)

plt.ylim(-1,1)

plt.xlabel('X")

plt.ylabel('Y")

plt.title( 'z=$x"2+y"2$ (Grid plot)')

plt.xticks (np.arange(-1,140.1, 0.4)) # Fon ) Hxo HEEY
plt.yticks(np.arange(-1,1+0.1, 0.4)) # Fond Hymio HEEY
fig.colorbar (mesh)

plt.tight layout()

plt.savefig( 'pcolormesh.png')

plt.show()
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pcolormesh(x,vy,z): z Dz~ vy 745, 2=x2 + y? (Grid plot)
R } l,O'r . 200
x> 7 Uy KD X$Eh 175
y> 7V ROy ¢
2> 7V v Fx,y) Dff 02

150
125
100
0.75

plt. get_cmap(): 7 —~ v T HEET 5,

0.50

0.25

-10 : . . !
Y -10 -06 -02 02 06 10
X

T :d)ﬁltb‘! Yy252hd z=x2 +y2 (Grid plot)

/ 10 ‘ 200
175
YiblfoqadSon 06
vif-- I

0.00

150

125

! 100
Xi Xi+l X -0.2

x=i, y=iQ&ENDTOY b

0.75

050

0.25

0.00

HEEMK T 7y NOYA, peolormesh DDV IT
contourf B & W\ 5,

mesh = ax.contourf(x,y,z,cmap=plt.get cmap('jet'))

2.3 F—H O

Python T, Scipy (ZHk4 ZelifIBIBAHE SN TR Y, MR EZS S 72O DES)D
TER D%, Z 2Tl Scipy Z AWTEBIBMIF & 27T A A 2/ %,

Bl . [-pi, pil#FHD 10 METOY 7V 75 —% % 1000 RO mICHM L, Tod
VN T =R B LT T — 2 kTS cosiE Ty T B,

O MEREV2—NEAVER—FTD

| import numpy as np T
| import scipy.interpolate as interp

: import matplotlib.pyplot as plt

______ np.linspace(-np.pi, np.pi, 10)
np.linspace(-np.pi+0.0001, np.pi-0.0001, 1000) I

ERETIE, SO R pi, pi]OFPHEL Y, D LETRANCR 2 KO I LA Lz,
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® T=FEMHT D, LTI = >O/EGEERT,

# POIEAIH]

f lin = interp.interpld(x org, np.cos(x org), kind='linear')

# BV T =2 LY ER S

cos_lin = £ lin(x new) # 1357 B A v 7o Al
print(cos_lin)

# 2 WAT T A HfH
f quad = interp.interpld(x_org, np.cos(x_org), kind='quadratic')
cos_quad = f quad(x_new)

# 3 WAT T A HfH
f cub = interp.interpld(x org, np.cos(x org), kind='cubic')
cos_cub = f cub(x_new)

fig = plt.figure()

fig.add subplot(1l,1,1)

plt.xlabel('x', fontsize=12)

plt.ylabel('Cos(x)', fontsize=12)

plt.plot(x _org,np.cos(x_org), 'o', label='original')

plt.plot(x_new,cos lin, '-', color='blue', label='linear')
plt.plot(x_new,cos quad, '-', color='red',6 label='quadratic')
plt.plot(x_new,cos cub, '-', color='black', label='cubic')

plt.legend(loc='best')
plt.tight layout()
plt.show()

100 A1

® original
= linear
= gquadratic
= qubic

0.75 1

0.50 1

0.25 1

0.00 A

Cos(x)

-0.25 1

—-0.50 1

-0.75 1

-1.00 1
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3. BT — X M

3.1 NetCDF 7 7 A LD & F— & D E[FEAL

AEiTlL, netCDF 7 7 A LD NFF & F—Z O AL T IELY ), BREOEDZERM S
T 5, 2015458 H 19 H 3:30 UTC 12331 % ICAS AHT 71 & 7 ~ (CloudSat/CALISPO
OFBWMICFIA L= T =a—) ZXRICLTUTOEEEZITI,

E£FH 3.1 2015 & 8 H 19 H® 3:30 UTC {1} B ICAS Y u ¥ 7 b
(AHI8_L2STI. 12015231. 033000. v210.nc) % FV T, high cloud (cloud top pressure;
CTP < 300 hPa) @ cloud optical thickness (COT) & cloud top height (CTH) D ZE[E4y
fEERT 5,

9, BISEAT — 203D T 4 L7 FUIZEEN LT, Jupyter Notebook THEXT 5, LA
T, netCDF ERDT —Z 7 7 A VInBXMBDOT —H ¥ v k& FHHRAT,

@O netCDF4 EY=2—/L®D Dataset 7 T A% A LKR—bFL, 77ANVOFFEEBEEK
(ZZTEDITHKEMNT D,

P e e e e e e e e e e e e e e e e e e e e e e e e e e e
| import numpy as np

: from netCDF4 import Dataset as dt

| file = 'AHI8 L2STI.I2015231.033000.v210.nc'
: f = dt(file,'r")

@ fWNITEHEINT=T—XD4HI, A X, EM (add_offset, scale_factor 28) %K

AN RS
:_f .variables :
| OrderedDict([('ctp', <class 'netCDF4. netCDF4.Variable'> I
: float32 ctp(ydim, xdim) |
I scale factor: 1 I l
l=__ - add_offset: 0 |
:T Zy M units: hPa I
| longname: cloud top pressure :
| unlimited dimensions: o I
[
: current shape = (1861, 2052) « BSOYA = I
| filling on, default Fillvalue of 9.969209968386869e+36 used), :
I |
I |
L o |

@ T—ZIIEEE (Scaled Integer SI) F7-13MELIE (PV) & LTSNS, T—4%F
v b OBEMEEERT IV ST — 20 ST PV b, 7 —X kv bOEME
IZ scale_factor & add_offset 23H iU, FNOHEZHWTSI ZULTFTDO LS ITWELE
(PV) ~EHS 5,
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PV = SI*scale factor + add_offset

FEDOEE cot 1T%T 5D scale factor & add offset ZFidriAdr, SI % PV ~EHLT5H, F
722D PV ZESNZT 5 (BANZT 5 & BB ORE, {#HF])

| scale = getattr(cot, 'scale factor') # getattrZ H\\Ca®Ekamis e
: offset = getattr(cot, 'add offset')

| cot = cot*scale + offset

: cot = np.array(cot)

®  FHIALT T — X EZERICT A85E, matplotlib. pylab &30 = — /L3N AEE,
B4 & Fo 9 5 BIEL imshow & W T 2 RehdH| T — X Eig & L TERT D,

import matplotlib.pyplot as plt

I |
| pLt. imshow(cot) #ootDE#WNg L LTHRT 5 |
| plt.colorbar() # T —"—K% DT A I
: plt.show() :
0 0
250
~200000
500
750 -400000
1000 {2
: ~600000
1250
1500 -800000
1750

0 500 1000 1500 2000

INFETOT—HFIT—Z KEZRT fill_value HEOIEYHEEZEZDTND, ZOLH7%
FEWERfEZ NaN (Not a Number) (2L CHOEIEB(ILT 5, KREHO-OICHE LT —4 7
7 AL TlE, fill_value = -999999.0 TH 5 (F2%2E5MH) .

| plt.cl£() # LRomgoRTEROWEY '
£v = -999999.0

plt.imshow(cot)
plt.colorbar()

. . . . . . . . _

|
|
|
| cot[cot==fv] = np.nan # COT = -999999.0% NaN (27 %
|
|
|

| plt.imshow(cot, vmin=0, vmax=10)  # @fJ3 5#iH40(vmin)A 510 (vmax)IZfFE

: plt.colorbar()

- _ __ __ __ _ __ ___ _ __ __ _______ _ _ _____ _ ______ __ ____ _
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0 10
250
: 8
500
750 6
1000
4
1250
1500 2
1750 £

ERECIRAR7=FINEZ LT O L 5 72885 read_netedf IZF LD TR &, 2HOT—4%E> b
it FIALBRICERTH D, £, BIRO 2T —F DT vy NHFEEZBRBIZL, HiAA
NTET — 2 D2 HE 729, B% image_plot Z{E- T, UBROEHTIX, Zh
OB AEFIHT %,

function:read_netcdf

———— e

[ def read netcdf(filename,varname):

Read netCDF file

Input
filename : netCDF file name
varname : variable name
Output
vV, P : variable data

|

I

|

I

I

|

I

|

|

I

|

| nun

I

| f = dt(filename, 'r')
: v = f.variables[varname]
|
I
|
I
I
|
I
|
|
I

if (varname == 'longitude' or varname == 'latitude'):
v = np.array(v[:], dtype=np.float32)
return v

else:

sc,of=getattr(v, 'scale factor'),getattr(v,'add offset')
p = sc*v-of

p = np.array(p, dtype=np.float32)

return p

W) RZEEHTH 9 netCDF 7 7 A /L@ latitude & longitude 1Z1%, scale_factor &
add_offset DIEFMMEMEI N TWRNWZWD, ZOa— RTIHEASIT LT L TW5,
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function: image_plot

L def image plot(x,y,z,xlabel,ylabel,cbrng,cbtit,figtit,figsiz,ofile):

Make image of 2D array

Input
b4 : 1D array for x-axis
y : 1D array for y-axis
b4 : 2D array data

xlabel : x-axis label name

ylabel : y-axis label name

cbrng : [min,max] for coloring

cbtit : color bar title

figtit : title of this image

figsiz : size of this image

ofile : output file name
Output

image and output file of image

fig plt.figure(figsize = figsiz)

ax fig.add subplot(l, 1, 1)

CF = plt.pcolormesh(x, y, z, vmin=cbrng[0], vmax=cbrng[l],
cmap=plt.get _cmap('jet'))

plt.xlabel (xlabel)

plt.ylabel (ylabel)

plt.title(figtit)

plt.colorbar().ax.set title(cbtit)

plt.tight layout( )

plt.savefig(ofile)

plt.show()

@O %9, functions.py OHIZE FEFNTWBHEIEAEE import 95, read_netcdf B % H
W, netCDF 7 7 A L2 6 cot, cth, lat & lon i iAde, lat & lon [TJEIE A5
ETAHT-OIEHT 5,

rom functions import *
| file = 'AHI8 L2STI.I2015231.033000.v210.nc'
| cot = read netcdf(file, 'cot')
| cth = read netcdf(file,'cth’)
| lon = read netcdf(file, 'longitude’)

{lat = read netcdf(file, 'latitude')
______________________________________________________ -

| from netCDF4 import Dataset as dt :
| £ = dt(file, 'r') |
| unit = getattr(f.variables['cth'], 'units') |
| print (unit) :
| m # cthOHiIn ThoZ LNbhs |
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@ cot tctha7uy b5, ZOBIIREF2 )25 (10 FPFRE) .

lxlabel = 'Longitude(E)'
ylabel = 'Latitude(N)'
figsiz = (5,4)

lon[lon<0] += 360.

#cot

figtit = 'Cloud optical thickness'
cbrng = [0,10]

cbtit = '

ofile = 'cot.png'

p = image plot(lon,lat,cot,xlabel,ylabel,cbrng,cbtit,figtit,figsiz,ofile)

#cth

figtit = 'Cloud top height '
cbrng = [0,20]

cbtit = 'km'

ofile = 'cth.png'

p = image plot(lon,lat,cth/1000.,xlabel,ylabel,cbrng,cbtit,figtit,figsiz,ofile)

17.5

15.0

=

125

10.0

Latitude(N)
N
w
Latitude(N)
v

75

50

25

/ Y i 5 t o B LA
140 150 160 170 180 190 200 140 150 160 170 180 190 200
Longitude(E) Longitude(E)

0.0

3.2 BRDEDZEM ST & HELDORET

I CIE1 77 =2 — D7 —2ZHWTEDKFRIE S (COT) & & & (CTH) D22 434 %
fiE L7228, Z O TIEUL T OFIETRIBEOEDZEM 54 & B ELOMENT 21T 5,
A BEROED6FEEORA N NT v I T =200, 1 FEEO R EO LML E 2 R
AR L TR 5,
B) 12507 T7=a2—L®ICAST—Z%EHNT, EXATHINEITV, BROFLNED
i & 2 A T RIEEOBIRE N5,
C) 5 HM (120 K1) OF — & % HWT, LLTFONT 21T 9,
(7)1 EEffE (ARF 120 B5) oZ A THIEEBAZHE L, EBORZER Ry
v N EVESD, BEENTEEO S0 S OERE, HeE IR (B) &9 5,
(1) ER(7) OfERABTHEEMEIC S L, BIE B o R 6 OFRRE, it
IR 0-24 IE & Lima v Ry y R EES,
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(7) LG OREEZSIHIFHL, 5 HFONEE L TEROH.LE O
MY DESA THERDIAIZ KD D (BT EE O F.020 5 ORFEE, Hemhix~
A THER)

#=H 3.2
A BEOEDGRREBDNRAN T v 7T —2nb, 1EREOEROF.ONE LB
FICAELTRD B

O MEREYa2—NVEALVR—bFL, T—XT7 7 AINVOPEEFHHALe,

Mimport numpy as np

import scipy.interpolate as interp # 7 — X 44T H7 T A (Hi2.3%22MT %)
import matplotlib.pylab as plt

from datetime import date

from functions import *

i |
|
| |
I |
| |
| |
I |
|
: data = np.loadtxt('bt original.txt', skiprows=1l) # txt” 7 A /L &miAiALe
| year data[:,0] :
} |
| |
| |
I |
| |
I |
I |
|

month = data[:,1]
day = data[:,2]
hour = data[:,3]
lat data[:,4]
lon data[:,5]
slp = data[:,6]

nsample = lat.size # JLT — X DEFEH
ndays = int(nsample / 4) # BRI HEOFE

I
|
|
| nhour = 24

:sample_org = np.arange(nsample)

| sSample new = np.linspace(0+0.0001, nsample-1-0.0001, nhour*ndays)
| daynum _org = np.zeros(nsample)

:daynum_new = np.zeros(nhour*ndays)

@ 1H1IH»OOHEOFREEZIT,

| for i in range(nsample):

: daynum = date(int(year[i]), int(month[i]), int(day[i]))
| daynum = daynum.timetuple( ).tm yday

| daynum = daynum + hour[i] / 24.

: daynum org[i] = daynum

. . . . . . . .

@ 3 WATTA A E RO CRE LHEEZ 1R Z S ICHifT 5, (Bi2.3 2%

| £ daynum = interp.interpld(sample org, daynum org, kind='cubic')
daynum new = f daynum(sample new)

f lon = interp.interpld(daynum org, lon, kind='cubic')
lon new = £ lon(daynum new)

f lat = interp.interpld(daynum org, lat, kind='cubic')
lat new = £ lat(daynum new)

24



® xOTF—FEMMLIET 227y M5 (Hi2.3 221)

| Fig = plt.figure(figsize=(4.5,4.5))

:fig.add_subplot(l,l,l) I
| plt.xlabel( 'Longitude (deg. E)', fontsize=12)

| plt.ylabel('Latitude (deg. N)', fontsize=12)

:plt.plot(lon, lat, 'o', label='original')

| plt.plot(lon_new, lat new, '-', color='blue', label='Interpolated') |
| plt.legend(loc="'best"') :
| pLt.tight_layout () |
| plt.show() :

28 1 ® original
Interpolated

26

24

22 A

20 A

Latitude (deg. N)

18 +

16 -

14

145.0 147.5 150.0 1525 1550 157.5 160.0
Longitude (deg. E)

B) 1907 5=a—nL®ICAS T—ZEHANT, EFA FHAIETV, BROFLILD
BEBE L ¥ A SRIZEOBRERET TS

International Satellite Cloud Climatology Project (ISCCP)IZ X A ZED/HFEILIX
3.2 TH 5,

wl Cl | CS | DC

S
— deep High
'CE’ 310 [~ cirrus cirrostratus ) g
- convection
o J
5 440 3
w
w
o
2 560 |- "
- altocumulus | altostratus | nimbostratus Middle
=
o J
3 680 Z
o
800 [~ cumulus stratocumulus stratus > Low
1000 I | l ’

0 1.3 3.6 9.4 23 60 379
Cloud Optical Depth

3.2 TISCCP ZE4¥E (https://isccp. giss. nasa. gov/cloudtypes. html)
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ICAS TR R DA ZHWT COT ZHEE L T 5728, COT = 8 LA EDIREWED FEIix
RN, ZOLEHONFHEIZRDTNDEZEZLND, HEESIND COT X8 LLEI
D LI, RRTHLELZE 30 T ERoTWS, £72, ERZEICERS>TN5D
Ba%, ICAS TR EBOEOHFHME I ZHEE LT\ 5, X o T ICAS THEE S u7= COT
ERHOWTESEZITOHEIE ISCCP L3R 5MEZ WS, RKFEEHTIX, Ci-Cs-DC =E
DOFEILLTO®EY &35,

® Deep Convective cloud (DC) : CTP < 300 hPa & 6 < COT
® C(Cirrostratus cloud (Cs) : CTP < 300 hPa & 1 < COT £ 6
® C(Cirrus cloud (Ci) : CTP < 300 hPa & 0 < COT <

Ao B EOEDZER /346 OfifT (Part 1) | @ read_netedf BA¥ A Hiz, LT D@D M5
27 —4%+t% vk (cot, ctp, mstat, lat, lon) % —FE Tt EE- Tk &,
L% DT — BB W TERTh 5, Z DS functions. py ICHEN TV S,

function: read_ahi

[ def read ahi(filename):

Read ICAS-AHI data

Input

filename : ICAS-AHI netCDF data file name
Output

cot : COT data

ctp : CTP data

mstat : MSTAT data

lat : latitude data

nt = dt(filename, 'r')

cot = np.array(nt.variables['cot'][:], dtype=np.float32)

ctp = np.array(nt.variables['ctp'][:], dtype=np.float32)
mstat = np.array(nt.variables[ 'mstat'][:], dtype=np.float32)

lat = np.array(nt.variables[ 'latitude'][:], dtype=np.float32)
lon = np.array(nt.variables[ 'longitude'][:], dtype=np.float32)

cot[np.where(cot<0)] = np.nan
ctp[np.where(ctp<0)] = np.nan

|

|

|

|

|

|

|

|

|

|

|

|

|

|

: lon : longitude data
I W
|

|

|

|

|

|

|

|

|

|

|

I return cot, ctp, mstat, lat, lon

@O functions.py W® read_ahi B%ta FH\W\CTFT — X 5t dAdr, EX A TOHBIELIT O,

rfile = 'AHI8 L2STI.I2015231.033000.v210.nc'
cot, ctp, mstat, lat, lon = read ahi(file)

ctype = np.zeros(cot.shape) # cloud type®DA T v 7 AZfAE+ 5 7= DEA

dc_indx = (abs(mstat) >= 1) & (ctp < 300.) & (cot > 6.) # DC
cs_indx = (abs(mstat) >= 1) & (ctp < 300.) & (cot > 1.) & (cot <= 6.) # Cs
ci indx = (abs(mstat) >= 1) & (ctp < 300.) & (cot > 0.) & (cot <= 1.) # Ci

3 #DC DpixellZ 3 ZfXA
#Cs Dpixelll 2 Z{RA
1 #Cci ®OpixellZ 1 ZfUA

ctype[np.where(dc_indx) ]
ctype[np.where(cs_indx) ]
ctype[np.where(ci_indx) ]

o
N

-

-



Q@ EAXATHIOOEH N T — =2 HNTHIL, T, Eigo [2%kTET—
D7y biiE] IZIESW T T O A1ES,

function: image_plot_discrete

def image plot discrete(x,y,z,xlabel,ylabel,cbrng,nbin,title,figsize,ofile):

Make image of 2D array (discrete coloring)

Input
b4 : 1D array for x-axis
y : 1D array for y-axis
b4 : 2D array data

|
I
|
|
|
|
I
I
|
| xlabel : x-axis label name

: ylabel : y-axis label name

| cbrng : [min,max] for coloring

| nbin : bin number for coloring

: figtit : title of this image

| figsiz : size of this image

| ofile : output file name

: Output

| image and output file of image

I W

: fig = plt.figure(figsize=figsize)

| ax = fig.add subplot(1l, 1, 1)

| cticks = np.arange(nbin)+1

: bounds = np.linspace(cbrng[0],cbrng[1l],nbin)

| norm = colors.BoundaryNorm(boundaries=bounds, ncolors=256)
: CF = plt.pcolormesh(x, y, z, cmap=plt.get cmap('jet'), norm=norm)
I plt.xlabel (xlabel)

| plt.ylabel (ylabel)

| plt.title(title)

: plt.colorbar(CF, ticks=cticks)

| plt.tight layout()

| plt.savefig(ofile)

: plt.show()

@ functions.py N image_plot_discrete B%a T, EX A 7 DZLEMI 54X %=

R
| ctype[np.where (ctype <=0) | = np.nan # JEBRfiANanicE s
lon[lon<0]+=360 # REDE%A[-180,1801225[0,360]1ICEHET 5

title = 'DCC:3 Cs:2 Ci:1'
ofile = 'cloud type.png'

xlabel = 'Longitude(E)'
ylabel ='Latitude(N)'
vrange = [0.5,3.5]
nbin = 4

figsize = (4,3)

27

p = image plot discrete(lon,lat,ctype,xlabel,ylabel,vrange,nbin,title,figsize,ofile)



DCC:3 Cs:2 Ci:l
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WIZ, BROFLISOMHEEC L TH A THERZHET D, TODLLIT O %Z
STEL EHEATHDL, ZNHDOBEE D functions.py NIZHE TV 5D,
> B best_track: XRT—% 7 7 A )VOBHAIRELNZ 3T 5 B RO FULMLE O R « £
EEFHETD (ERRORRA N NI v I T —XONFEHEZLLFICEELZH0)
> B calc_dist_ahipxl: BEOHOMLIE & & E 7 BB OEREZEHE TS

function: best_track

Calculate the center of the typhoon corresponding to day number

Input
i dayno : day number (JST)
Output
lat new : latitude corresponding to day number
lon new : longitude corresponding to day number
data = np.loadtxt('bt original.txt',6 skiprows=1)
year = data[:,0]
month = data[:,1]
day = data[:,2]
hour = data[:,3]

lat = data[:,4]
lon = data[:,5]
slp = data[:,6]

nsample = lat.size

ndays,nhour = int(nsample / 4), 24

sample org = np.arange(nsample)

sample new np.linspace(0,nsample-1,nhour*ndays)
daynum_org np.zeros (nsample)

daynum new = np.zeros(nhour*ndays)

for i in range(nsample):
daynum org[i] =
(date(int(year[i]),int(month[i]),int(day[i]))).timetuple( ).tm yday \
+ hour[i] / 24.

f daynum = interp.interpld(sample org,daynum org,kind='cubic"')
daynum new = f daynum(sample new)

f lon = interp.interpld(daynum org,lon,kind='cubic')

f lat = interp.interpld(daynum org,lat,kind='cubic')

lon new,lat new = f lon(i_dayno),f lat(i_dayno)

return lat new,lon_new



HIAA (RREE A, MR o) S MR B (RREE Ao, fEE o) M OREEE () OFHEIZLAT 0% H
WTAT 9,
a = sin"((¢p2=¢1)/2) + cos ¢ cos ¢, sin®((L2=211)/2)
c=2atan2(\/a,M)
d=R - ¢
2T, RIFHERDH£E (6371 km) TH D,

function: calc_dist_ahipxl
[ def calc_dist_ahipxl(tlon, tlat, alon, alat):

Calculate the distance between the center of the typhoon and pixel

Input

tlon : longitude (the center of the typhoon)
tlat : latitude (the center of the typhoon)
alon : longitude (pixel)

alat : latitude (pixel)

Output
d : distance between the center of the typhoon and pixel
re = 6371
tlon rad = np.radians(tlon)
tlat rad = np.radians(tlat)
alon rad = np.radians(alon)
alat rad = np.radians(alat)

dd = np.sin((alat rad-tlat rad)/2)*np.sin((alat_rad-tlat rad)/2 ) \

+ np.cos(tlat rad)*np.cos(alat rad)*np.sin((alon_rad-tlon rad)/2) \
* np.sin((alon_rad-tlon rad)/2)

d = re * 2.*np.arctan2(np.sqrt(dd) ,np.sqrt(1l-dd))

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| wun
|
|
|
|
|
|
|
|
|
|
|
|
|
I return d

l'dayno = 231 + (3 +30/60)/24 + 9/24
| alat,alon = best_track(dayno) # daynolZki&d 2R ED UL O - FRE
| dis = calc_dist ahipxl(alon,alat,lon,lat) # .64 E 7 E/LE CTOHEE (km)

G  BEOHFLHE 1500 km FTOMEEKE 10 kmBO E 25T, HELICHONWTEX A
THOE 7 A EHET S, FHEICIE 2 RICE A N T AZRKRD D numpy O
histogram2d BEZ MW %, RRICKE U BOEE V7 L THI- T, EEX A 7HDO

EEERDD,
| ntype =3 # Ex oM T T
disrng = [0,1500]  # HAEEDOHEIE (km)
dis delta = 10 # EUORETS  (km)
ndbin = int( (disrng[l]-disrng[0])/dis delta ) # B D

typrng = [0.5,3.5] # EXATERIENP1LI-372DT, AN T LAOFPHZ0.5-3.5IHE

np.zeros ((ndbin,ntype)) # K EUICBIT DEEHX A 7T OEFEEZRAFT D7D DS
np.zeros ((ndbin)) # K EUICBT 52 TOmBERE RTT 572 DBLSI

c_count
p_count
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[ #numpy Dhistogram2d FV N CHE U 7= #alH N D2k CHEE 53 i & 38T 5 ( 2 A5 H) 1
c_count, edgel, edge2 = np.histogram2d(np.ravel(dis),\
np.ravel (ctype), bins = (ndbin,ntype), \
range=(disrng,typrng))

#numpyDhistogram% VN THE L 72§ O LR GLHE S 2 3R T 5
p_count,edge = np.histogram(np.ravel(dis), bins=ndbin, range=disrng)

[
[
[
[
[
|
[
[
|
: #2 A TRIDEREDEE
[

|

[

dc = c_count[:,2] / p count[:] * 100
cs = c_count[:,1] / p count[:] * 100
ci = c count[:,0] / p count[:] * 100

| x_val = dis_delta/2 + np.arange(ndbin) * dis delta # xOfi
| fig = plt.figure(figsize=(8,3))

l'ax = fig.add subplot(1l,1,1)

:plt.xlabel('Distance from typhoon eye (km)',fontsize=12)

| plt.ylabel('Cloud fraction (%)',fontsize=12)
|plt.plot(x_val,dc,color='red',label='Deep convective cloud', \
: linestyle='solid',linewidth=2)

| plt.plot(x_val,cs,color='blue',label='Cirrostratus cloud', \

| linestyle='solid',linewidth=2)
:plt.plot(x_val,ci,color='black',label='Cirrus cloud', \

| linestyle='solid',linewidth=2)
:plt.legend(loc='best')

plt.tight layout()
:plt.savefig('one_granule_cloudfraction.png‘)

I

I

plt.show()
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(7)20154E8 4 17 A5 21 H (5 H) FTo 1 K#E (A3 120 ) OF —% & HW
T, Bilh&E S mE RS OEE, fithha 5 AROBMERE L Ta v Ry y M %E
{ERT %,
e BICT1 7 T7=a—NDEOT —F EfHT L7=2%, ZZ CllEki L7z 5 HD 11
DT — X & Hidrir A TUELEZTT 9,
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O EHICHWDT =X 7 7 A VBT D,

| import glob '

| files = sorted(glob.glob('./*daily.v210.nc')) I
b _|

ZIZTIE, glob FEY 2—AD glob 75 AEFHALT, HEDTFT—Z 74+ VFITH D
kdaily. v210.nc 7—Z 7 7 A )LD Y R M & files &5 BT L 72,

@ TR L ERT D,

,_______________________________________________________I

| nday,nhour = 5,24 #
| day st,day ed = 229,233 #
:ntype =3 # (0) Cci, (1) Cs, (2) DC
| disrng = [0,1500] # FRBEOFPH (km)
:twnm=[m&3£] # EX A TOMEIZT DHE A NI T AOHIFH
| dis_delta = 10 # EUOIRE (km)

| ndbin = int( (disrng[l]-disrng[0])/dis delta ) # B DI
:print(ndbin)

,_cf_temporal = np.zeros((nday,nhour,ndbin,ntype)) # EX A THIOEFEZIRATT 572D DELS
| for idy in range(nday):

cot, ctp, mstat, lat, lon = read ahi(files[idy])

ctype = np.zeros(cot.shape)

ctype[np.where((abs(mstat) >= 1) & (ctp < 300) & (cot>0) & (cot<=1l))] = 1 # Ci
ctype[np.where((abs(mstat) >= 1) & (ctp < 300) & (cot>1) & (cot<=6))] = 2 # Cs
ctype[np.where((abs(mstat) >= 1) & (ctp < 300) & (cot>6))] = 3 # DC

I

I

|

I

I

|

|

|

: for ihr in range(nhour):

I dayno = day st + idy + ihr/24 + 9/24
I lat_a,lon a = best track(dayno) # BRI « RE

: dis = calc_dist_ahipxl(lon_a, lat a, lon, lat)

I c_count, edgel, edge2 = np.histogram2d(np.ravel(dis), \

| np.ravel (ctype[ihr,:,:]), bins=(ndbin,ntype), range=(disrng,typrng))
: p_count,edge = np.histogram(np.ravel(dis), bins=ndbin, range=disrng)

I

I

|

|

for ityp in range(ntype):
cf temporal[idy,ihr,:,ityp] = c_count[:,ityp] / p_count *100

- _ _ _ __ __ __ _ __ __ __ __ __ __ __ __ ___ _ __ __ __ __ __ __ __ ____ _____ __ __ __ __ __ __ __ ______ __ __ __ __ __ ___________________ ]
@ ®EETmv D,
| typname = ['Ci', 'cs’, 'DC']

| x_ val = dis_delta/2 + np.arange(ndbin) * dis delta
'y val = np.arange(nday*nhour)/ nhour
Ifig = plt.figure(figsize = (12,7))
|
| for ityp in range(3):
ax = fig.add subplot(1l,3,ityp+1)
xt = np.linspace(0,disrng[1l],ndbin)
plt.contourf(x val, y val, \
cf temporal[:,:,:,2-ityp].reshape(nday*nhour,ndbin),cmap="'RdBu r')
plt.title(typname[2-ityp], fontsize=14)
plt.yticks(np.arange(6), ['229', '230', '231', '232', '233', '234'])
plt.colorbar().ax.set _title('%")
if ityp==0:
plt.ylabel('Day of year', fontsize=14)



|
: plt.xlabel('Distance from the typhoon eye (km)', fontsize=14)
|
I

plt.savefig( 'Atsani_ 229-233 cf cldtyp variation.png')
| Plt.show()
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(1) LEE DR 2 BIHIF ] 0-24 RFICHOUNT 1 RIS A L, A 2 5 B O Hb b OFF
B, Ml B & Lica VR Yy P EED,

F—B T 7 A VKA STV AL UTC Th 5, 5 HRIOELE e Ak E R 579,
UTC Wil 2 BRI IC A L, BHMEMEO PR EELHET S, UIC & BLHEEM
(loc_time) DRARIZLL Fom@Y TH 5,

loc_time = UTC + lon /15

72720, 24 OFlHR%EE ST, 0-24 ODEOHFHFIZINSD 5, Python &\ 7254, UTC 5
loc_time %, numpy @ mod B# % W C FREOMEY BHE T Z ENTEX 5,

loc_time = numpy.mod(utc + lon/15, 24)

B R D H LML E OREEE 1349 145-160 FEOFFHNIZH H DT, Z Z TlX, lon=150 & LT UTC
BRI ~EHT A (L0 FRRICIIEE 7 B LOREEZZE LT, 7 /LI B IR
BHETOIULENDD)
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® BEAALE O A FVWT 5 H o UTC R 2 BRI IS 2 3 2,

'1tc = np.zeros((nday,nhour)) # local timeZ{R(79 57z DHELSI |

for idy in range(nday): |

for ihr in range(nhour): :
lon_a = 150 # REBORRE |
ltc[idy,ihr] = int( np.mod(ihr+lon a/15,24) ) # HiHIFFRE]OFHE L L72) :

® BIHIRERS 0 RIS isT 5 UTC &3R8 (0-23 iR Bl ki3 57y, BLHEERT 0 1%
DOIENFIEIZR D L D, cf_temporal OFEFIEE L roll THEEREEEIIH 5,

print(cf temporal.shape)

|

: cf ltc = np.zeros like(cf temporal) # WEET % 45T S BLS1

| for idy in range(nday):

| pos_1ltc0 = 24-(np.where(ltc[idy,:]1==0))[0] # BLHRFHEOKFIZ KIS 5 0-23UTCOE >
: cf ltc[idy,:,:,:] = np.roll(cf temporal[idy,:,:,:], pos_ltc0[0], axis=0)

@ BRI ICERBOVE 2FE T 5,

| print(cf_ltc.shape)
| cf daily = np.nanmean(cf ltc, axis=0)
| print(cf_daily.shape)

faRE Ty T D,

riypname =['ci', 'cs', 'DC']

| x val = dis_delta/2 + np.arange(ndbin) * dis delta
:y_val = np.arange(nhour)

| fig = plt.figure(figsize = (12,3))

| for ityp in range(3):

: ax = fig.add subplot(1,3,ityp+1)

I plt.contourf(x val, y val, cf daily[:,:,2-ityp], cmap='RdBu r')
| plt.title(typname[2-ityp], fontsize=14)

: plt.colorbar().ax.set _title('%")

|

|

|

I

I

|

|

|

if ityp==0:
plt.ylabel('Local time (hour)', fontsize=14)
if ityp==1:
plt.xlabel('Distance from the typhoon eye (km)', fontsize=14)
plt.show( )

plt.savefig( 'Atsani_229-233 cf cldtyp dailyaverage.png')
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(7) B OFERZ S HIFEEI L, 5 AMOFEE L COBBRDOH LD DR L EHX 1
THOEREDOBREZRD S BlhiE S B 005 OFFEE, 2 A SRl ER L
LCxuay )

© _EREOBMEFREOVFIEL S BT 5,

|pr1nt(cf daily.shape)
Icf _total = np.nanmean(cf daily[:,:,:],axis=0) # ¥
|prlnt(cf total.shape)

ig = plt.figure(figsize=(8,3))
ax = fig.add subplot(1l,1,1)

plt.xlabel('Distance from typhoon eye (km)',6 fontsize=12)
plt.ylabel('Cloud fraction (%)',fontsize=12)

plt.plot(x_val,cf total[:,2],color='red',label="'Deep Convective
cloud',linestyle='solid',linewidth=2)

plt.plot(x_val,cf total[:,1],color='blue',label='Cirrostratus
cloud',linestyle='solid',linewidth=2)

plt.plot(x_val,cf total[:,0],color='black',label="'Cirrus
cloud',linestyle='solid',linewidth=2)

plt.legend(loc="'best')
plt.tight layout()

plt.savefig( 'average all cf.png')

Iplt.show()
100 A
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3.3 BRDZEDENE 73 DT

CloudSat & CALIPSO 287 v #=—RmA &zl L7 L DT —Z 2 M, BEDEDH

B AT DT 21T 9 . BARICLLT O X 9 2T 21T 5,

A)  DARDAR _MASK 7 — % % FHVNTHURE 140 FE7 5 170 FE d5 KON Abf 10 FE 6 26 FE O i
WIZF1T 5 cloud mask (cmsk) 3L ONRadar reflectivity (Zeff) DEREAG L Zeff
\Z%9" % CFAD (Countoured Frequency by Altitude Diagram) Z4# <,

B)  DARDAR_MASK 7 — & (ZIZIX R L 7= 03:30 UTC 2D ICAS T — & 2 H\\C, Lid#
HNO FEE (ZBESE CTH > 10 km) @ collocated pixels [Zx9 A ENFHE X
(COT) Z@iAHL Y, (i) 1 <= COT < 13 & (ii) COT >=13 DOFFHIZY TixE 5 CFAD % bt
L A

C)  DARDAR_CLOUD & —# % HU T Ice water content (IWC) & Cloud particle effective
radius (CER) DFREI3 AT A4 <,

£¥ 3.3

A) DARDAR-MASK 2015231023311_49514 V2-11.hdf T—F 7 7 A NV Z HAWT, I 140 F
M5 170 B BIO dbfE 10 EEAS 26 EOSFICEIT 5 cloud mask (cmsk) BIW
Radar reflectivity (Zeff) MERE 434G 2 H#E <

EPTHF 77 A VDT —F & ORI EEE S,

@D pyhdf.SD EL2—/L D SD & SDC 7V T AZA LR—FL, T—&F 77 A )LD EET
BARIIKANT D,

| £
| file = 'DARDAR-MASK 2015231023311 49514 v2-11.hdf’
| £ = sD(file, SDC.READ)

@ F—HTTAMBEMENTOSET =4y Lol (F—2 &y MDA, 1 X,
Rt &) &R T 5.

print(i, f.select(i)[:].shape, f.select(i).attributes() )
print(' ")

CLOUDSAT 2B GEOPROF_CPR Cloud Mask (20678, 436) {'long name': 'CloudSat cloud
mask', 'comments': 'Each CPR resolution volume is assigned 1 bit mask
| value\\n0=No cloud detected\\nl=likely bad data\\n5=likely ground clutter\\n5-
| 10=week detection found using along track integration\\n20 to 40=Cloud
I detected . .increasing values represents clouds with lower chance of a being a
| false detection', 'missing value': -9, ' Fillvalue': -9, 'valid range': [40, 0],
'scale_factor': 1.0, 'scale_factor_err': 0.0, 'add offset': 0.0,
0

|
: 'add_offset_err': 0.0, 'calibrated nt': 5}
| .
I
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® f.datasets().keys() : fIZEENT-LH(GT—ZEy M)DOx— (L4E) 2.1.3 %%
)

® f.select(i) @ FIZEENTZ 1 EWVVIEE

® f.select(i).attributes() : fIZEGENTZ1 & WO EEDBEM

@ 2%k CLOUDSAT_2B_GEOPROF_CPR_Cloud Mask Z i35,

v_attr = v.attributes()
| fv, offset, scale = v_attr[' Fillvalue'], \
v_attr['add offset'], v_attr['scale factor']

| v = np.array(v[:],dtype=np.float32) |
Iv[np.where(v==fv)] = np.nan I
| v = scale*(v-offset) |

. . . - - . . . . . .

I plt.imshow(v,aspect="auto')
| plt.colorbar ()

:plt.show()
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LkoT, FEoms (WHIF—%) A 20678 1T, 436 FIOEF|TH D Z LN nb, F—X
REXE OB 2 MR35 &, 17728 latitude, %72 height CTH A Z NS5, 22T, ki
DI ORI & ez AN D,

I plt.cle()y  # miom@FRsemows T T T T '
| v_rot = np.rot90(v) # Bz 90 E iR S5 (Numpy =24 %)

| plt.imshow(v_rot, aspect='auto')
| Plt.colorbar ()
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FROT—2 %y bOFAZ BB, UTOBMICEL DL LENTE D,

function: read_hdf

rﬁef read hdf (filename,varname) : [

Read HDF file

Input
filename : HDF file name
varname : variable name
Output
var : variable data

f = SD(filename, SDC.READ)

v f.select (varname)

v_attr = v.attributes()

fv, offset, scale = v_attr['_Fillvalue'], v_attr['add offset'],
v_attr[ 'scale factor']

var = np.array(v[:],dtype=np.float32)

var[np.where(var==fv)] = np.nan

var=scale* (var-offset)

return var

T 25 ERSIZ DARDAR-MASK 7 — % 7 7 A V&> T <,

D functions. py WIZEENTWD ERR ORI AE T, WERT — X it iAie,

— : 3
from functions import *

filename = 'DARDAR-MASK 2015231023311 49514 v2-11.hdf'

lat=read hdf (filename, 'CLOUDSAT Latitude')

lon=read hdf (filename, 'CLOUDSAT Longitude')

hgt=read_hdf (filename, 'CS_TRACK Height')

cmsk=read_hdf (filename, 'CLOUDSAT_ 2B _GEOPROF_CPR_Cloud_Mask')

zeff=read hdf(filename, 'CLOUDSAT 2B_GEOPROF_Radar_Reflectivity')

@ FEITHIRENTWAEY, AT zeff % 100100 TE|> THI 2 ZHT 5, F
72, T Bl 7> CTWAEE I OT — X O V& WEIEET 5,

hgt = hgt[::-1] # EEFEIIKER
: zeff /= 10000. # R3I& M |



"lonrng = [140,170] T oo '
latrng = [10,26]

11lidx = np.where((lon>=lonrng[0]) & (lon<=lonrng[l]) & \

(lat>=latrng[0]) & (lat<=latrng[l]) )

lat = lat[llidx]

lon = lon[llidx]

cmsk cmsk[11idx[0],:]

zeff = zeff[11idx[0],:]

@ KR TIE, EBEHBSEKO LD zeff 2T 5729, cmsk >= 20 DF —& O %
5 (F3EBRTD) . FO0, FAUSNOMER A2 BEEICE X 5.

| zeff[np.where(cmsk<20)] = np.nan
Icmsk[np.where(cmsk<20)] = np.nan |

~—

I'cmsk = np.rot90 (cmsk) I
| zeff = np.rot90(zeff) |

® image_plot B¥ & HWTKIZ{ED, numpy @ meshgrid Zffvy, fEE - REOES % 1
WILI G 2 IRTCITEBRT B,

rX,Y = np.meshgrid(lat,hgt)

xlabel = 'Latitude (deg.N)'
ylabel = 'Altitude (km)'
figsize = (7,3)

#mask

cbrng = [20,40]

cbtit = 'CSmask'

outfile = './csmask.png'

p = image plot(X, Y, cmsk, xlabel, ylabel, cbrng, cbtit, title, figsize, outfile)

#zeff

cbrng = [-40,20]

cbtit = '7$ {eff}$ (dBZ)'
title = ' '

outfile = './radref.png'

|
|
|
|
|
|
|
|
|
|
|
[
| title
|
|
|
|
|
|
|
|
|
|
|
|

p = image plot(X, Y, zeff, xlabel, ylabel, cbrng, cbtit, title, figsize, outfile)
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VIR, Zeff OF — & % Fu T CFAD % H§ <,

@ zeff (Bffl) & height (ftdh) @ 2 KoLk A N7 T LZEFHET L0, TNENOH
PREFRAZTEEL, BErofERDD,

| hgt rng = [0,20]  # heightoO#Pf [km) T
: zeff rng = [-30,30] # zeffO#il [dBZ]

| hgt_del = 0.24 # heightDEIfE [km]

| zeff del = 1 # zeffORE [dBZ]

: ny = int ( (hgt _rng[l]-hgt rng[0])/hgt del ) # xtho e DK

| nx = int ( (zeff_rng[l]-zeff rng[0])/zeff del ) # yMliD L DAL

zeff LR CY A XD L height %0 (Z 2 Tidhgt_2d) 2B 5, 98
LWEHIZHE L, & 21T height Z2EOEEICAT 5,

'hgt_2d = np.zeros_like(zeff)  # zeffllm U1 Xofszmg

: for ix in range(zeff.shape[1l]): # hgtZ#& &I CA

. — - ___ _—  ___ ____ _ __ __ ____ _ _ __ _ __ _ ____ _ _ __ _ _ __________ __ _

hgt 2d[:,ix] = hgt

cfad, hgt edge, zeff edge = np.histogram2d(np.ravel (hgt 2d), \

np.ravel (zeff), bins=(ny,nx), \
range=(hgt rng,zeff rng))
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WERE Ty N5,

Mxlabel = 'Radar Reflectivity (dBZ)' T '
ylabel = 'Altitude (km)'
cbrng [0,1]

[
I
| _
| cbtit = 'CFAD(Norm.)'

:title = 'Region: (10$"{\circ}$N-30$"{\circ}$N) '

| outfile = 'cfad all.png'

:figsize = (5,4)

| P = image plot(zeff edge, hgt_edge, cfad/np.nanmax(cfad), \

: xlabel,ylabel,cbrng,cbtit,title, figsize, outfile)

Altitude (km)

=30 -20 -10 0 10 20 30
Radar Reflectivity (dBZ)

B) DARDAR MASK 5 —Z [ZIFIXFIHA L 7= 03:30 UTC 2815 ICAS AHI 5 —&# 7 7 A V& H
W, FEEMmMPENOLBE (ZTESE CTH > 10 km) @ collocated pixels iZ%f9° 5
EHFHE S (COD) 2HEAIY, (1) 1 <= COT < 13 & (ii) COT >= 13 DEEEICY T
IX¥ 5 CFAD 2 LB T3

@D ICAS AHI 5 — % 7 7 A LSBT — & ZFiIaAie,
rr - I

file='AHI8 L2STI.I2015231.033000.v210.nc'
from netCDF4 import Dataset as dt

i |
:cot_ahi = np.array(dt(file, 'r').variables['cot'][:], dtype = np.float32) |
| cth ahi = np.array(dt(file,'r').variables['cth'][:], dtype = np.float32) l
| lat ahi = np.array(dt(file,'r').variables['latitude'][:], dtype = np.float32) I
:lon_ahi = np.array(dt(file, 'r').variables[ 'longitude'][:], dtype = np.float32) :

- __ . __ ____ _ _ __ _ _ _____ _ _ _ _ _______ _ __ __ __ _________________

@ EFEO cale_dist_ahipx] Bd%tE HVN T DARDAR 7 — 4 7 7 A L D4 pixel /6 —F
BENIT <, 2>>CTH > 10 km DM 2723 AHI pixel Z i35, FHERM O MG
D7~ DARDAR pixel OHLHNES +/- 0.1 FEE TO AHI pixel Z#HW L, Z® AHI
pixel BEDH1H>5 DARDAR pixel |[TH: b HHEEDITV pixel ZhiH T 5,
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lon_ahi = np
lat_ahi = np
cot _ahi = np
cth_ahi = np

cot_collpix
cth collpix
dis_ collpix
lat _collpix
lon collpix

.ravel (lon_ahi)
.ravel (lat_ahi)
.ravel (cot_ahi)
.ravel(cth_ahi)

zeros_like( (lat))
zeros_like( (lat))
zeros_like( (lat))
zeros_like( (lat))
zeros_like( (lat))

np.
np.
np.
np.
np.

for i in range(lat.size):

small n

p.where((lon_ahi >= (

collocated
collocated
AHI-DARDAR
collocated
collocated

lon[i]-0.1) )

pixel (OAHI COT

pixel (OAHI CTH

collocated pixellHDFHE (km)
pixel (DAHI latitude

pixel (OAHI longitude

& (lon_ahi <= (lon[i] + 0.1)) & \

(lat_ahi >= (lat[i]-0.1) ) & (lat _ahi <= (lat[i] + 0.1)) )

#DARDAR pixel®DJE VW D+/- 0.1EHiPHIZIS T AAHT pixelZ HL Y 9

cot_small =
cth small
lat small
lon small
dis_small

cot_ahi[small]
cth ahi[small]
lat_ahi[small]
lon_ahi[small]

# HUY i L7-AHI pixels DCOT

# HY H L7-AHI pixels ODCTH

# HUY H L7ZAHI pixels Dlatitude

# BV H{ L7=AHI pixels ® longitude

calc_dist ahipxl(lon[i],lat[i],lon_small,lat small)

# DARDAR pixel 7> DFEEf

indx_min

np.where(dis_small

np.nanmin(dis_small)) # &I\ ‘pixel®Pindex

cot_collpix[i]
cth collpix[i]
dis collpix[i]
lat_collpix[i]
lon collpix[i]

cot_small[indx min]

= cth small[indx min]

dis_small[indx min]
lat _small[indx_min]
lon_small[indx_min]

@ DARDAR & AHI @ collocated pixels [F]DFFEEZ 7 7 > N9 %, T OBRIIRER-I 37270
% (10-60 FVFRHE)

(18,6)

fig = plt.figure(figsize
axl = fig.add subplot(1l,1,1)
axl

2)

ax2 = axl.twiny()
ax2

ax2

plt.show()

)

.set_xlabel("Longitide (deg. E)")

.set_ylabel ("Absolute distance (km)")
.scatter(lon_collpix,dis collpix,s=2,color='blue')
.set_ylim(O,

.set_xlabel("Latitude (deg. N)")
.set_xlim(np.min(lat collpix),np.max(lat collpix))

Latitude (deg. N)
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@ iX, CTH >10km ® 1 <=COT < 13 BL O 13 <=COT 24 TliLFE % Radar reflectivity

(zeff) @ index ZF N FHH T 5,

riidx_o = np.where( (cot collpix >= 13) & (cth collpix/1000. > 13.) )
| iidx 1 np.where( (cot collpix >= 1) & (cot collpix < 13) & \
' (cth_collpix/1000. > 10.) )

np.histogram2d(np.ravel (hgt 2d[:,iidx 0[0]]), \

np.ravel (zeff[:,iidx 0[0]]),bins=(ny,nx),range=(hgt _rng,zeff rng))
cfad 1, hgt 1, zeff 1 =\

np.histogram2d(np.ravel (hgt 2d[:,iidx 1[0]1]1), \

np.ravel (zeff[:,iidx 1[0]]),bins=(ny,nx),range=(hgt _rng,zeff rng))

©® #RETmy b5,

——— . — — — e — e —

xlabel='Radar Reflectivity (dBZ)'
ylabel='Altitude (km)'

cbrng = [0,1]

cbtit='CFAD(Norm.) '

figsize = (5,4)

|

|

|

|

|

|

|

|

| title='1 <= COD < 13 & CTH > 10 km '

: outfile='cfad COT1t13 CTHgtlOkm.png'

| p=image _plot(zeff 1, hgt_1, cfad 1/np.nanmax(cfad_1), \

| xlabel,ylabel,cbrng,cbtit,title, figsize, outfile)
|
|
|
|
|
|
|

title='COD >= 13 & CTH > 10 km '

outfile='cfad COTgel3 CTHgtlOkm.png'

p=image plot(zeff 0, hgt 0, cfad 0/np.nanmax(cfad 0), \
xlabel,ylabel,cbrng,cbtit,title, figsize, outfile)

Altitude (km)
Altitude (km)
S
o

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20
Radar Reflectivity (dBZ) Radar Reflectivity (dBZ)
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C) DARDAR CLOUD 55 — & % AT Ice water content (IWC) & Cloud particle
effective radius (CER) MEAE 434N 2 HE <
ZOFIAF EFED Q) & BT HH N L O TEER FIEOAGRT 5,

| from pyhdf.SD import SD,SDC

:igport numpy as np

| filename = 'DARDAR-CLOUD v2.1.1 2015231023311 49514.hdf’
| iwc = SD(filename, SDC.READ).select('iwc')[:]

:re = SD(filename,SDC.READ).select('effective radius')[:]
| lat = SD(filename, SDC.READ).select('latitude’)[:]

| lon SD(filename, SDC.READ).select('longitude')[:]

: hgt = SD(filename,SDC.READ).select( 'height')[:]

R R R R R R R O R R R R R R R R R R R R R R R R,

l'hgt = hgt[::-1]/1000. # m —-> km
| Te *= 1000000. # [m] — [um]
| iwc *= 1000. # [kg/m-3] — [g/m-3]

@ FEEESEYIY HT,

——_——— e

lonrng,latrng=[140,170]1,[5,30]

11idx = np.where((lon>=lonrng[0]) & (lon<=lonrng[l]) & \
(lat>=latrng[0]) & (lat<=latrng[l]) )

lon,lat = lon[11idx[0]], lat[l1lidx[0]]

iwc = iwc[:,11idx[0]]

re = re[:,11idx[0]]
iwc[np.where(iwc <= 0)] = np.nan
re[np.where(re <= 0)] = np.nan

® KEfEKT 5,

F'X,Y = np.meshgrid(lat,hgt) T
xlabel = 'Latitude (deg.N)'

ylabel = 'Altitude (km)'

figsize = (7,3)

#iwc

cbrng = [-4,0]

cbtit = 'log$ {10}$( IWC ) (g/m$"3$)'
title = ' '

p = image plot(X, Y, np.loglO(iwc), xlabel,
ylabel,cbrng,cbtit,title,figsize,outfile)

#re

cbrng = [0,120]

cbtit = 'r$ e$ ($\musSm)'
title = ' '

outfile = 're.png'

I

I

|

I

|

I

|

|

I

I

|

I

|

| outfile = 'iwc.png'
|

|

I

I

|

I

|

I

|

|

I

| p = image plot(X, Y, re, xlabel, ylabel,cbrng,cbtit, title, figsize, outfile)
|
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