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Geoscience data analysis and visualization

« Multi-dimensional array computation

« (Geoscience data analysis functions
 Normally used data formats (netCDF, GRIB...)
« Spatial data support, GIS functions

« Data visualization

« Script abllity

« Data analysis and visualization library



Commercial software

ArcGIS, MatLab, IDL...

» Very expensive
» Not support popular meteorological data formats conveniently

NetCDF in ArcGIS

+ Atmospheric community — ESRI collaboration

+» Since 2006 release of ArcGIS 9.2 NetCDF CF
format can be read in GIS

‘\The MathWorks™
Accelerating the pace of g and science




Freely available software — Atmospheric

community

GrADS
NCL
Python: Numpy + Matplotlib + Basemap...

We may need open source

“ArcGIS” + “MatLab”




Meteolnfo software package

* Motivation: Scientific data analysis and
visualization with GIS ability — especially
for meteorological community

* Meteolnfo library: Java and C# version

* Meteolnfo GIS desktop: Java and C#
version

» MeteolnfoLab: Java and Jython



Meteolnfo: GIS Desktop application

GIS functions were developed from ground level.

Two editions: Java and C#.

Freely and open source from the website http://www.meteothinker.com
Cross-platform: Windows, Unix, Linux, Mac OS.

Support netCDF, GRIB 1&2, HDF, GrADS, MICAPS, AWX ...

Script ability.
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Meteolnfo — Spatial and meteorological data operation in a

GIS environment
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Meteolnfo — Write plugins to do specific task
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Meteolnfo — Software development using the library
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MeteolnfolLab: Scientific data analysis and visualization

Meteolnfolab is open source software product developed using Java and Jython based on
Meteolnfo Java library (Unidata netCDF Java library is used). The purpose is to provide an
optional scientific computation and visualization tool similar with MatLab, NCL or Python

(Numpy + Matplotlib + Basemap).

—
ﬁ Meteolnfolab
File Edit Options Help
J=EBH | sl ’3| [ 2 Current Folder:D:'\Working'\MIScript'Jython\nis ~ |
[] Editor = A0 (1 File explorer =5
Name Size File Type Date Modified
1 #f = addfile_grads('D:/Temp/GrADS/model. ctl’) ~ ||~ -
2 f = addfile( D:/Tenp/GraDS/model. ctl’) plot_type... Folder E
3 ps = FL°PS 100, (10, 60), (80, 140)] J cru_l.py 318 p_..f 2015/5/4 10:54 =
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_ d P (1 Figures = 5
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Multi-dimensional array support in Java

Unidata / thredds

<> Code Issues 166 Pull requests 7 Projects 4 Wiki Pulse

Branch: 5.0.0~  thredds / cdm / src / main /java / ucar / ma2 /
m cwardgar Update dependencies and replace “jcip-annotations” with “jsr305"

meteoinfo / Meteolnfolib

E] Array.java ArrayChar.setByte|
Bl ArrayBoolean java add unsigned data ¢y Code Issues 0 Pull requests 1 Projects o Wiki
E] ArrayByte. java Merge branch ‘'ma
) ArrayChar.java ArrayChar.setByte( | Sranch: master - Meteolnfolib / src / org / meteoinfo / data /
=] ArrayDouble. java add unsigned data . :
E - e - - o wyq Add svd and more functions
] ArrayFloat.java add unsigned data
E] ArrayInt.java Merge branch ‘'ma
. analysis Add rolling_mean function
[£) ArrayLong.java erge branch ‘'ma
mapdata update GeoTiff data read function
mathparser norma
meteodata Add array take function
£ ArrayMath.java Add LinalgUtil class

svd and more functions

[
o]
L

£ ArrayUtil.java Ad



mipylib — Jython library of MeteolnfolLab

Branch: master v MeteolnfoLab / pylib / mipylib /

wyq Update to version 1.4

*|
T
-
=
—t
_
LA

dataset Add svd and more

L

L
¥
=4
o
1
L
O
(T
—
r
R
.
L

minum.py

miplot.py

numeric Update to version 1.4

plotlib Add svd and more functions mi da'[apy
E _init_$py.class Add svd and more functions
B _init__py Add svd and more functions

E) miutil$py.class Add random module

E) miutil.py Add random module



Mathematics and statistics components

— N Meuth]

http://commons. apache.org/

Examples:

al = array([[25,15,-5],[15,18,8],[-5,08,11]])
rl = np.linalg.cholesky(al)
print rl

a2 = array([[18,22,54,42],[22,70,86,62],[54,86,174,134],[42,62,134,106]])
r2 = np.linalg.cholesky(a2)
print r2

Result:

*»> run script...
array([[5.8, 0.8, 2.0]
[3.0, 3.8, 0.8]
[-1.8, 1.0, 3.8]])
array([[4.242640687119285, 0.0, 0.9, 0.98]
[5.185449728701349, 6£.56590852011974683, 6.0, 8.8]
[12.727922861357857, 3.84603849540688553, 1.6497422479090682, 6.0 ]
[9.899494936611667, 1.624553864213788, 1.8497116052313714, 1.3926212476455935]])



eteolnfoLab GUI

. | |

File Edit Options Help

| = =] | fial "$| > Current Folder: \Working\MIScript'\Jvthon\mis\chart -
0 Editor = B O| [f]'File explorer = B
lew file x Name Size File Type Date Modified
1 ~
] axes_l.pvy 130 oV 2015/10/16 ...
] chart_1.py 189 oy 2015/10/18 ...
| ] chart_2.pv 108 Py 2015/10/7 0...
| ] chart_3.py 96 Yy 2015/10/7 0..
] chart_4.py 201 v 2015/10/7 0..
] chart_5.py 165 oV 2015/10/7 0..
] chart_6.py 336 oy 2015/10/7 0..
] chart_T.pv 231 Py 2015/10/7 0..
J chinese_... 310 Yy 2015/10/7 0..
] get runt... 288 pv 2015/4/18 0... ¥

v (] Variable explorer (] File explorer

[1 Console = Ff B (] Figures = 5]
2 Jython
Jrthon 2.7.0 (defanlt:9987cT46£838, 4pr 29 2013, 02:25:11) (] conzsle — @ £
! [Java HotSpot(TH) Client VM (Oracle Corporation)] on jawal.B8.0_40 2
122
Jython

Jrthon 2.7.0 (default:9987cT46£838, Apr 29 2015, 02:23

[Java HotSpot(TM) B4-Eit Server VM (Oracle Corporation)] on javal.2.0_82

:11)

| W,

»»» plot(

Plot lines and/or markers to the axes. *args* is a

for multiple *x, y* pairs with an optional format

cparam x%: (*array_like®) Input = data.
cparam ¥: (*array like*) Input v data.

cparam style: (*string*) Line style for plot.

:returns: Legend breaks of the lines.

The following format string characters are accepte

Character Description

- e -~ — RN T T



MeteolnfoLab GUI

As you work in Meteolnfolab, you issue commands that create variables and call funcitons. For example,
create two variables named =z and b by typing this statement at the command line:

Il
[

*%% g
»»» b = 2

Then create c variable by adding a2 and b. The variable value can be printed by typing variable name:

*»»> c = a+ b
5%

And try other functions:

>>> d = cos(a)

3> d
8.5403023858681398
>»> e =z a * b

> e

2

You can recall previous commands by pressing the up- and down-arrow key.



MeteolnfoLab GUI

#rF A = [11213.1&]
>>> plot(a)

|File Edit Options Help
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0 Editor = A0 File explorer = & 0
New file = Name Size File Type Date Modified
£-3 ~
Jaxes_l.py 130 PV 2015/10/16 ...
J chart_l1.py 189 py 2015/10/18 ...
1 chart_2.py 106 v 2015/10/7 0..
J chart_3.py 96 py 2015/10/7 0..
1 chart_4.py 201 v 2015/10/7 0..
_] chart_5.py 165 py 2015/10/7 0..
) chart_6.py 336 Py 2015/10/7 0..
A chart_T.py 231 Py 2015/10/7 0..
1 chinese_... 310 oy 2015/10/7 0..
1egst runt.. . 288 pY 2015/4/18 0, ¥

w || (] Variable explorer [JFile explorer

I
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Al

(] Console = | 0 Figures
]

Figure 1 =

3
d = cosla) 4 T
> d 35 "
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e o T
2 2 e
a=[1,23,4] 5 H.__..-_.-" 4
plotial |




MeteolnfoLab GUI

Also you can write a script program in editor panel and run it by clicking Run Script button in toolbar.

|
[File Edit Options Help
DB H| & "'i-| [ Current Faolder: \Forking\WIScript\Jvthon\nis\chart -
[1 Editor =30 ] File explorer = Ff ]
chart_2.py * Nans Size File Type Date Modified
t = arangel{., 2., 0.2) ~ S
> plotit, t, 'r--", t, t&2, "hs', t, t¥ = ] axes_L.pv 130 by 2015/10/18 ...
] _ C_A e s i rt_1. py 2015/10/18 ...
3 legend(loc= custom , x=0. 2, y=0. 4) ) chart_l.py 189 B
TSR EHEEE R S - 106 Jpy [2015/10/70...
] chart_3.pv 96 v 2015/10/7 0..
A chart_4.py 201 Dy 2015/10/7 Q...
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Figure 1 =
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3 e ot
I_ _I - -1
d = cos(a) &
333 4 a0 “ i
0. 3403023038881398 - N .
- ms 2
e=at%h 60 - " i
4 5 3
e _ - A
Al A
2 &
va=[1,2,34 an L a® gl
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MeteolnfolLab - Multi-dimensional array

Array Indexing, Slicing and Iterating

One-dimensional arrays can be indexed, sliced and iterated over, much like lists and other Python
sequences.

>»> a = arange(1@)**3

>»> a

array([ @, 1, 8, 27, 64, 125, 216, 343, 512, 729])

»>>» al2]

8

»»> a[2:5]

array([ 8, 27, 64])

*>»>» a[:6:2] = -10086 # equivalent to af@:6:2] = -18088; from start to position 6, exclusive
>»> a

array([-1008, 1, -1eee, 27, -1800, 125, 216, 343, 512, 729])
*>»>» a[ : :-1] # reversed a

array([ 729, 512, 343, 216, 125, -1600, 27, -1e@8, 1, -1008])
>»» for i in a:

. print(i**(1/3.))

TR Multidimensionaf arrays can have one index per axis. These indices are given in a tuple separated by
-0 commas:

>»> b = array([[®,1,2,3],[10,11,12,13],[20,21,22,23],[30,31,32,33],[40,41,42,43]])

>»» b[2,3]
23
*>>> b[©:5, 1] # each row in the second column of b
array([ 1, 11, 21, 31, 41])
*»»> b[ : ,1] # equivalent to the previous example
array([ 1, 11, 21, 31, 41])
*>» b[1:3, ] # each column in the second and third row of b
array([[18, 11, 12, 13],
[20, 21, 22, 23]1])



MeteolnfolLLab — Read meteorological data

>>> f = addfile('model.ctl")

Query data file content including dimensions, attributes and variables by typing the data file variable:

»>»> T
File Mame: D:/Temp/grads/model.ctl
Dimensions: 5

X = 72;
Y = 46;
L =17;
T = 57
7_5 = &

X Dimension: Xmin = ©.8; Xmax = 355.0; Xsize = 72; Xdelta = 5.0
Y Dimension: ¥Ymin = -98.8; Ymax = 90.9; Ysize = 46; Ydelta = 4.0
Global Attributes:

data_format = "GrADS binary"

fill wvalue = -2.56E33

title = "5 Days of Sample Model QOutput" 3> v = f["PS']
Variations: 8

float PS(T,Y,X);

Get data variable from data file object

PS: description = "Surface” ps variable has 3 dimensions of time, latitude and longitude. Get 2 dimension data array from the data
floaa UéT)Z)TJ:?i e variable with slice by fixing time dimension:
H escription =
float V(T,Z,Y,X);
V: description = "V" >>> ps = v[0,:,:]
float Z(T,Z,Y,X); >>> ps
Z: description = "Geopotential” array([[670.15857, 670.15857, 670.15857, 670.15857, 670.15857, 670.15857, 670.15857, 670.158
float T(T,Z,Y,X); 670.15857, 670.15857, 670.15857, 670.15857, 678.15857, 670.15857, 670.15857, 678.15857
T: description = "Temperature” 670.15857, 670.15857, 670.15857, 670.15857, 67@.15857, 678.15857, 670.15857, 678.15857
float Q(T,Z_5,Y,X); } . 6£70.15857, 670.15857, 6768.15857, 670.15857, 670.15857, 670.15857, 670.15857, 670.15857
Q: description = "Specific 670.15857, 670.15857, 670.15857, 670.15857, 678.15857, 670.15857, 670.15857, 678.15857
float TséTJYJ5)5, rurfaco® 678.15857, 670.15857, 670.15857, 670.15857, 6708.15857, 670.15857, 670.15857, 678.15857
. ISE(Teicgi?tIO” = ‘Surface 670.15857, 670.15857, 670.15857, 670.15857, 670.15857, 67@.15857 ]
o8 DVDE " e e [689.02344, 681.99927, 675.3096, 668.8875, 663.1344, 657.78265, 652.89923, 648.5509, &
P: description = "Precipitation

642.4633, 644.13574, 646.41682, 648.95233, 651.82886, 654.58476, 656.9799, 659.8537, 66
664.1379, 664.7399, 665.8772, 667.81714, 671.282, 675.77783, 682.6682, 691.0383, 700.
749.89935, 761.53937, 772.24286, 781.6084, 783.3649, 792.91394, 795.12146, 794.6532, 7
764.9511, 758.1277, 752.5752, 748.829, 7A7.4242, 7A8.6283, 752.10693, 757.4587, 764.21
785.2208, 785.92014, 781.8891, 776.8559, 768.1621, 758.46216, 747.2%04, 736.3862, 725.
[679.1896, 672.9682, 666.8137, 659.3882, 650.82544, 641.1254, 630.890826, 620.58813, 61
599.91785, 601.6543, 682.52606, 6084.1985, 606.60675, 610.2192, 615.3033, 622.1268, 638
668.9544, 676.8482, 683.6717, 691.0303, 701.09648, 716.31726, 739.798, 769.7008, 805.69
941.49133, 958.1487, 968.25, 972.8659, 972.1%69, 966.0425, 953.73346, 933.7933, 9©9.04
806.4939, 788.03e46, 773.44696, 763.94763, 76l.6863, 769.1656, 786.8263, B13.65186, B84

»



MeteolnfolLab — Plot data

Plot map: create a map axes with axesm function; read shape file, view geodata layer:

>>> axesm() #Create a map axes

(org.meteocinfo.chart.plot.MapPlot@c3d5957, +proj=longlat +lat_©=0 +lon_©0=0 +lat_1=30 +lat_ 2=
>>> mlayer = shaperead('D:/Temp/map/countryl.shp')

>>> geoshow(mlayer, edgecolor=(6,8,255))

80°N
60°N Save figure:
40°N

20°N

>>> savefig('D:/Temp/test/press.png', 400, 308)

0°

il " - . ) i LS .
20°S + ' I . K"/& Add title, x and y labels and colorbar:

Create and plot filled contour layer from the dimension data array
»>»> title('Pressure’)

>»> xlabel('Longitude')
>>> layer = contourfm(ps, 20) >>> ylabel('Latitude')

>>> colorbar(layer)
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MeteolnfolLab — Plot data

Now try to get 0-D 7 array (single value) along time dimension by fixing time, level, latitude and
longitude dimensions:

>>> hgt = f['2"][e,[5ee],[4e],[-5@]]
»»> hgt
5759.111328125

Get 1-D z array along longitude dimension and plot it

>s> hgt = f['Z'][@,[5008],[40],[180,360]]
>»> clf() #Clear figure
>»> plot(hgt, 'b-*')
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MeteolnfolLab — Plot data

Get and plot 2-D 7 array with dimensions of latitude and longitude:

>>> hgt = f['Z'][@,[508],[e,908],[180,360]]

>»> c1f ()

>>> axesm()

(org.meteoinfo.chart.plot.MapPlot@c3d5957, +proj=longlat +lat 0=6 +lon 0=6 +lat 1=30 +lat 2=
>»> geoshow(mlayer, edgecolor=(8,8,255))

>>> layer = contourm(hgt)

>>> clabel(layer)
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MeteolnfolLab — Plot data

Another example, in this case with X and T varying (Hovmoller plot):

clf()

hgt = f['Z'][0:4,[500],[40],[18@,360]]

layer = contour(hgt, 18)

clabel(layer)

yaxis(axistype="time"', timetickformat="yyy-MM-dd")
yticks(hgt.dimvalue(8))

xlabel{ 'Longitude")

ylabel( 'Date')
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MeteolnfolLab — Plot data

To alter the projection:

>>> clf()

>>> axesm(proj='stere', lat_©=90, lon_0=-92, gridline=True)
(org.meteoinfo.chart.plot.MapPlot@bfOb58a, +proj=stere +lat_©0=90 +lon_0=-92 +lat _1=30 +lat_2
>>> geoshow(mlayer, edgecolor='gray')

>>> hgt = f['Z'][0,[500],[15,80], [210,320]]

>>> layer = contourfm(hgt, 20)

>>> colorbar(layer)
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MeteolnfolLab — Meteorological analysis

8
File Edit Options Apps Help
O @ =] | firal "'&| > Current Folder: \Working\MIScript'Jython\nis\meteo ~
(] Editor = Bl I File ezplorer = =3
hdivg_vint_grib. py = Name Size File Type Date Modified
1 print Open data files...’ ~ ] hdiveg_vint-2.py 1kb Py 2016/7/1 12:44 -~
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’ f = addfilel D:/Temp/grib/fnl_20160702_00_00. gribZ ) s o e kb Ty
e ) i ] horizental _helicity. py 1kb Py 2016/4/5 10:23 v
4 print Read data arrav... = 1 2 A1l 2ot t s
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levels = v_rhum dimvalua(1) .
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5 t = f gettime(tidx) Figure 1 x
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cbaric’ J[tidy, @, &, :
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vwnd = f[ v-component_of_wind_

Vertical Integrated Water Vapor Flux Divergency (2016-07-02)

12 % Calculate ) a0 T T T T T T ;
13 print 'Calculate...’ 0.036
14 zn = wmnd. dimlen(0) 505N
yn = wwnd. dimlen(1) 0.028
n = umcl.'c'limlen':zi'\ ) A0 [ 40.02
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[I]22 air = f[ Temperature_iscbaric’ ][tidsx, zidx, ::-1, :] 200
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25 es = 6. 112%exp(17. 67* (air-273. 16) / (air-29. 65)) '
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MeteolnfolLab — Satellite data examples

1C.F19.8SMIS.XCAL2015-P.20160105-5214106-E232259.009078.VO3A.HDF5
Intercalibrated Tb for channels 1) 19.35 GHz V-Pol 2) 19.35 GHz
H-Pol and 3) 22.235 GHz V-Pol
(nchannel1=0)
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MeteolnfolLab — More examples
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Introduction 1

Meteolnfo is a freely available software designed to view and analyze meteorological and spatial data
interactively. Some GIS functions were developed from ground level. It has two editions: Java and C#. Meteolnfo
may be run in Windows, Mac OS5, Linux and Unix. Meteolnfo can also be run automatically using Meteolnfo
scripting with the IronPython language (C# edition) or Jython language (Java edition). The main functions are
packed in the Meteolnfo class library, which could be used to conveniently develop the software.
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Meteolnfolab is a free software product developed using Java and Jython based on Meteolnfo Java library
(Unidata netCDF Java library is used). The purpose is to provide an optional scientific computation and
visualization tool similar with MatLab and/or NCL.
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Source code: https://github.com/meteoinfo
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http://www.meteothinker.com/
https://github.com/meteoinfo
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wContour: Available at http://www.meteothinker.com/
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RSyntaxTextArea: Available at http://fifesoft.com/rsyntaxtextarea/
JLaTeXMath: Available at http://forge.scilab.org/index.php/p/jlatexmath/
JavaHelp: Available at https://javahelp.java.net/

BeanShell: Available at http://www.beanshell.org/

FreeHEP VectorGraphics: Available at http://java.freehep.org/vectorgraphics/
Docking Frames: Available at http://dock.javaforge.com/
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Thanks for your attention !

Welcome to use and develop Meteolnfo !



