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- RKEBEEXSILEZERICEO>TED
ANy N R =
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— HEN A TNS.
s ZOHITIEZEETEZERYI>TLYS

« AUV TRYDIELZLN(CSV T7MIL)
— CSV = Comma Separated Value

- INTNORIEDER, EUNEIN
TLh%.

. HOT—AIE, MEQEROEEDH
EAEANTNSER CETH B,
¢ LIZLIEEHMAELN L6555,
— [hholih-t=5E0TH ]

anj

18} A Table of the Standard Atmosp! X +
< C ©® ®RZFShTWE | pdascom/atmosT.. v B & a = ° :

PDAS home > Contents > Standard Atmosphere > Table (Sl units)
Public Domain Aeronautical Software (PDAS

A Sample Atmosphere Table (Sl units)

In this table from -0.5 to 20 km in 0.5 km intervals

alt is altitude in kilometers.

sigma is density divided by sea-level density.

delta is pressure divided by sea-level pressure.

theta is temperature divided by sea-level temperature.
temp is temperature in kelvins.

press is pressure in newtons per square meter.

dens is density in kilograms per cubic meter.

a is the speed of sound in meters per second.

visc is viscosity in 10**(-8) kilograms per meter-second.
k.visc is kinematic viscosity in square meters per second.
ratio is 10**(-6) times speed of sound divided by kinematic viscosity (1/m)

alt siema delta theta temp press dens a visc k.visc ratio
-0.5 1.0489 1.0607 1.0113 291.4 107477 1.285 342.2 18.05 1.40E-5 24.36
0.0 1.0000 1.0000 1.0000 288.1 101325 1.276 340.3 17.89 1.46E-0 23.30
0.5 0.9529 0.9421 0.9887 284.9 06461 1.167 338.4 17.74 1.00E-D 92.27
1.0 0.90v5 0.8870 0.9774 281.7 89876 1.112 336.4 17.58 1.58E-5 21.28
1.5 0.8638 0.9345 0.0862 278.4 94559 1.058 334.5 17.42 1.65E-5 20.32
2.0 0.8217 0.7846 0.9649 275.2 79501 1.007 332.5 17.26 1.71E-5 19.39
2.5 0.7817 0.7372 0.9436 271.9 74691 0.957 330.6 17.10 1.79E-5 18.560
3.0 0.7427 0.5920 0.9324 268.7 70121 0.909 328.6 16.94 1.86E-5 17.64
3.5 0.7048 0.6492 0.9211 2656.4 65780 0.863 326.6 16.78 1.94E-5 16.91
4.0 0.6689 0.6085 0.9098 262.2 B1AG0 0.810 324.6 16.61 2.03E-5 16.01
4.5 0.6343 0.5700 0.8836 258.9 057752 0.777 322.6 16.45 2. 12E-5 15.24
5.0 0.6017 0.5334 0.8873 256.7 54048 0.736 320.6 16.28 7.21E-5 14.560
5.0 0.5694 0.4988 0.8760 252.4 B0B39 0.697 318.56 16.17 7.31E-6 13.78
5.0 0.5389 0.4660 0.9648 249.2 47217 (.6860 316.5 15.95 2 42E-5 13.10
6.5 0.5006 0.4350 0.853% 245.9 44075 0.824 314.4 15,78 2.53E-0 12.44
7.0 0.4816 0.4057 0.8423 242.7 41105 0.590 312.3 15.61 2.685E-5 11.80
7.5 0.4b48 0.3780 0.8310 239.5 387938 0.657 310.2 16.44 7 7/E-5 11.19
8.0 0.47297 0.3619 0.8198 236.2 356601 0.5676 308.1 16.27 7.90E-5 10.61
8.5 0.4047 0.3272 0.808% 233.0 33154 0.496 306.0 15.10 3.05E-5 10.0%
9.0 0.3313 0.3040 0.7973 220.7 30800 0.467 303.8 14.03 3.20E-5 9.51
0.5 0.3589 0.2821 0.7800 226.5 28534 0.440 301.7 14.75 3.36E-5 8.99 i
10 00 S 210 0 A 400 10 414 AN B 14 B ] S =y BN

US Standard Atmosphere 1976 (http://www.pdas.com/atmosTable2SI.html)
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— EBDNADBEBZT—EADENAZHRDB|EHE
— IN{+A—4% (byte order) &+FEA
o« {51
— 16 EFHT 1234 ABCD ERFEEND 4 N bT—3%FEZ D
« LITHIZED 4 NA LT ENGIBIZERIRT HE:

— 10 EHTIE 305441741
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X EF/MBKRERFZTHOYLNS

T—3H2 K
« NetCDF (Network Common Data Format) [#55EF: .nc]
- RRUBEERTHEDNL TN

— UCAR (University Corporation for Atmospheric Research) @ Unidata A Ea#.
« HDF (Hierarchical Data Format) [#i3&F: .hdf, .hdf4, .hdf5, ...]
- BEBRAIBRCLHAEMNERRATEDN TS
— Jtl& NCSA (National Center for Supercomputer Applications) H3EAF.
« GrADS (Grid Analysis and Display System) [#:5&—F: .ctl / .grd]
- RIUBEFEXRATEOLNTLS
— %er%r%e Mason University @ Center for Ocean-Land-Atmosphere Studies (COLA)
It .
- T—ARRKDBRTLHY T —2Z/OIVIN VI T DERITLH S
- GRIB (GRIdded Binary) [#53&F: .grib]
- [REFRTEDODNTLS
— World Meteorological Organization (WMO) A B %.
IFE




NetCDF 2 X CREFESNST—2 D

» NCEP/NCAR BT —7%4
— NCEP & U NCAR AERKL TULVA B 24T (Reanalysis) T—%4

« NCEP = National Centers for Environmental Prediction
 NCAR = National Center for Atmospheric Research

- BEMEE, BEETIILOYMEMNESHELEAT —2DREDET
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NetCDF 7__\\_90) W'ﬁ‘o)ﬁﬁmu

e NetCDF T—AR(I/\1F)—KDf-8,
cat/more/less/w/emacs HETIENBEHEDRTELL.

. %etCDF T—RDRNBEHERIT H-ODHFENERFSIATL
—.Unix/Linux av Uk
* ncdump
— Fortran/C/C++/Java API (Application Programming Interface)

« 5] (Fortran90)
— NF90_OPEN(...)
_ NF90_INQ_DIMID(...)
_ NF90_INQ_VARID(....)
_ NF90_GET_ATT(...)
— NF90_GET VAR(...)
— NF90_CLOSE(...)
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NetCDF fs DT —2DODANBZR TH5S

e AV RTA2 T nedump A RERALNSZET NetCDF

TJ71ILDRNBTHEER.
» ncdump DELVA
$ ncdump <77AILE&>

o 51 INAT (Wé)

$ ncdump air.2019. nc@ less

INA 7T morelless/lv 75 EEFFHIZ L HELE.
FWTWOEEIEHABENETERLV=D

L D774 )LIE ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis.dailyavgs/pressure/air.2019.nc
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netcdf air.2019 {
dimensions: 5T
level = 17 ; g .
ev © R4 X
VATIBDIES: e sneesens .
E llililIllgiairll?l\‘lelllzllieEYEQIZEEllliiilliiilllliiilliiilll gz@i;ilj lziﬁi&llll:
, level:units = “millibar" «JU‘I:&?SI D :
L s NN NN NN NI NN NN NN NN NN NN NSNS NSNS NSNS NSNS NSNS NSNS NSNS EEEEEEEEEEEEEEEEEEEEEEE® g%&o)'l‘%#ﬁ
i......float air(time, level, lat fon);  ZHQZ - HAZ
: air:long_name = "mean Daily Air temperature" ; :
S - BOBIE oo
// global attributes:
:Conventions = "COARDS" ; KB
data
| é'v'é'l' ="1000, 925, 850, 700, 600, 500, 400, 300, 250, 200, 150, - ;
- RITELH DB HETY
Zair = :
: 245.8,245.8, 245.8, 245.8, 245.8, 245.8, 245.8, 245.3, 245.8,
......................................................... ZHOME
}

=N %




NetCDF T—2%Z L CrRIfA{E T=%

b))

 NetCDF [ZEHCERE T AKX THL=0, A3 T—3ZHEIRITNILXEHEIZ I HEIT5.
 NetCDF Zf&f9 4r]R{Y I+ 7

— GPhys ((a class of multi-dimensional) Gridded Physical quantities)
o MIKRABMERBOREICEOTHE.
— GMT (The Generic Mapping Tools)
« EFRROHREBICREDNTOLHIR.
— GrADS (Grid Analysis and Display System)
« RRBEERTEDNATLS.
— IDL (Interactive Data Language)
- XX, BERE, KKEE, .. BERRABERTEDNATLS
- AH
— Panoply
« RRBFEEOCHBKBERRTEDNTLS.
- GUI TEIET %

— ZFDI={SADYTrH T H http://www.unidata.ucar.edu/software/netcdf/software.htm! THE
SN TLNS.




GPhys

o« MEKTAEBEEBEENERELZARIEY I DT
— http://www.gfd-dennou.org/library/ruby/products/gphys/

» A9')THE7E Ruby ZALNTAEIT DCL Z LY,
NetCDF T—2Z ML CTIERIZIAIfRIET SV I
-

— Ruby
c FOLENZFUVARMHAELI-ATOI/MERTOI ST EE
— DCL (Dennou Club Library)

« 1990 FRMoBKRAEBINEEDEEICI>THESINT:
Fortran TER 955147 3")
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AJoxHMNMERITOTS

AT HR

« ATV OMERMT RISV ERE
— XTI EMT HE/DFWERILIZEZ=TAY ST XA
AIVERIBEICT HEEE
- KIRBEV Iz 7 DRBICEFEZZoNTIVS
_ERLTWNSATSIINERSE
« C++, Java, Javascript, PHP, Ruby, ...
« A7k
— g@gw—sm, EDQRBRMECEZLET LHE (AVVF) OIFROLERE
£/

—~ ATz HME, BEICHL TR EZZN B B A > TLVS
* Ruby TI& .methods THRILVEHENIEHHSD
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GPhys ZFRU\=al {71t

700 hPa EDEE S

mean Daily Air temperature

CONTQUR INTERVAL = 5.000E+0Q0

level=700 mili
2012-01-10

RO ERE DM

mean Daily Air temperature
{millibar)

101

Level

-50 a 50
{degrees_north)
Latitude

CONTOUR INTERVAL = 1.000E+01

2012-01-10
{mean) lon:C..

850 hPa &

1200 1320 1440 1564

B

level=850
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GPhys Z#{#>7= ruby X91) T+ D=
Bx /MR

requwe "numru/ggraph" | RF W XA]
ncludeNumRu_ i | AT TV OFBRH
.............................................................................. : NetCDF 77 ,f)[,b\fo

:8p = GPhys::10.0open("air.2019.nc", "air*) | | zegg agipn % 2=

DCL.gropn(L) || E@EBI< (open)
: GGraph.set_fig('itr'=>1) | HEEE R
GGraphitone(gp,true) | b= THE

: GGraph.color_bar | B S —n— A

: DCL.grcls i | EE%BL % (close)




GPhys Z#{#>7= ruby X91) T+ D=
Bx /MR

requwe "numru/ggraph" | RF W XA]
mclude NumRu | A7 T DFEHAIAH

...................................................................... | o
- GPhys:i0 openair 20T8ne” air) ! | i dmer

ART—X - HBEZEL GPhys #7727 b

DCL.gropn(1) i | BE%BI< (open)
: GGraph.set_fig(itr'=> 1) | REEE S R
GGraphitone(gp,true) i b= CHE

: GGraph.color_bar | ps——nmE

: DCL.grcls i | EE%BL % (close)




AIfRIEIER: RE

1000 hPa, 20191 A1 H DR E-1ZE S %

mean Daily Air temperature
(degrees_north)

level=1000 mil
2019-01-01 ¢

Latitude

0 100 200 300
(degrees_east)

Longitude




RITDIEFE 1-1

$ ncdump air.2019.nc DOFFE.

n_etcdf gir.2019 { e 3 ;kﬁ_—,ﬁj\ A (i*ﬁ@"@%
dimensions: — — 7._\['“
level = 17 ; ZH air 1$ 4 2RIz Lt
(lon, lat, level, time) 2 DD JIT A e
’ " ’ . ’ o EO)
variables: (RE, BE, snEfE, kM) j—%);z\igb‘*%%é*am
float level(level) : (Fortran & %) IBE A :
level:units = “millib SETHB T TE . *E/Hfbfd:l:\i%ﬁ(:‘i, ZEIETXI

T

*JJ#BE’DODJKJE (ﬁ‘%x
float air(time, level, lat, lon) ; (Igrll)_’ %&4§(|at)) D51
air:long_name = "mean Daily Air temperature" ; NMEEEIND.
. 3RFTE LUK GAEE
(level), B¥fE(time)) (L8
// global attributes: FDENEHASND.
:Conventions = "COARDS" ;

data:




RITDIETE 1-2

require "numru/ggraph”
include NumRu

.9R.=.GRhys::10.0pen(’air.2019.ne”,."airl).....
:gp = gp.cut(‘lon’=>135)

DCL.gropn(1)
GGraph.set_fig('itr'=> 1)

GGraph.tone(gp, true)
GGraph.color_bar

DCL.grcls

ZE (lon) DIEE
lon E4ZEIYH I (cut)

fmRELT,

RE (lat), SRIEJE (level)
D 2 RaunmbEEicshd.
R fE (time) RITIEHRAD
ENFERAINS.




RITDIETE 1-3

A] fR{E 5 R

135°E, 2019 1 B 1 BOEEDHEE-EFHNH

mean Daily Air temperature
(millibar)

T lon=135 degre

2019-01-01 1
200
400
©
>
e 312
600 288
264
800 240
216
192
1000
-50 0 50
(degrees_north)

Latitude
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RITDIETE 2-1

require "numru/ggraph”
include NumRu

DCL.gropn(1)
GGraph.set_fig('itr'=> 1)

GGraph.tone(gp, true)
GGraph.color_bar

DCL.grcls

2 (lon), & (lat) DIE%E

lon, lat EMZztlY B9
gp.cut(‘lon’)=>135).cut(‘lat’=>35)

LERDZIEHTES

R LT,
$REE (level), B (time)
D2 REnHriEEINS.




RITDIETE 2-2

A] fR{E 5 R

135°E, 35'N M:REDEN-FKE 7

mean Daily Air temperature

T T I " ]lon=135 degre
. 4 lat=35 degrees

B

2019
JFMAMJJASOND

P MU

1000 800 600 40

(millibar)
Level




RITDIETE 3-1

require "numru/ggraph"
include NumRu

DCL.gropn(1) = (lon), BE (lat), faEE (Ievel) DIETE
GGraph.set_fig('itr'=> 1) lon, lat, level #Zt] V) 19 (cut)

RIEBHEBDDT, b— /’CCI?’A(
DCL.grcls ﬁ7 77¢93%.
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RITDIETE 3-2

A] fR{E 5 R

135°E, 35°N, 1000 hPa MR E DB 2

mean Daily Air temperature

(degK)
1 1 1. 1. 1T T TRFT T T T Jlon=135 degre
1lat=35 degree:
o 300 |- T level=1000 mil
3 J
]
2
O 295 F -
a
=
_8 B i
290 - -
A - 7
{ L
2\ |
‘S 285} :
(=
oo !
S 280 1
E J
1 1 1 1 | 1 | 1 1 ]

JFMAMJJASOND
2019
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require "numru/ggraph"”
iInclude NumRu

.9R.= GPhys:I0.0pen("air2019.06". "air’). ..
:gp = gp.mean(‘lon’)

DCL.gropn(1)
GGraph.set_fig('itr'=> 1)

GGraph.tone(gp, true)
GGraph.color_bar

DCL.qgrcls

2 (lon) EAIS®AIL TS

fERELT,

o

BEE (lat), SAEE (level)
D2 RsrHmdhiEEIhS.

ENFRASIS.

R (time) RITIZRAD




F15 2

A] fR{E 5 R

2019 1 A1 HOEAFYEEDRE-IE o

mean Daily Air temperature
(millibar)

(mean) lon:0...
2019-01-01 1

200

400
E 5
>
° ! { K 300
sooj- 1 H 280
260
800 240
[ 220
[ 200
1000

-50 0 50
(degrees_north)

Latitude
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= AT —EAPNFA XK.

¢ AIT—R3FFSIT—ARR = B i B T —4 K &L
T, XEF/BKRERFERTIE, NetCDF, HDF 7% &
#.Ubhfué

- BEERE T —AFHIRIT HAIFAILY IOz 7 ELTIE,
GPhys, GMT 2 E L H 5.
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2% Xk

+ 2019 £ dtiBEXREF
RKRAKBIRET IV
— http://www.ep.sci.ho

ub/190712-1nex-dca

FHEE INEXI IR E FHRF

Kudal.ac.|p/~inex/y2019/0712/lecture/p
om_v02.pdf

nose class to handle Gridded

* GPhys - a multi-pur
Physical quantities

— http://www.gfd-dennou.org/library/ruby/products/gphys/
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