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Development of OGC WPS-based Climate Data
Visualization Service Using PyWPS and
Matplotlib

Seongkyu Lee

Climate Research Department, APEC Climate Center
12 Centum 7-ro, Haeundae-gu, Busan 612-020, Republic of Korea
Email: geoslegend@apcc21.org

Abstract

Nowadays, scientific climate data plays an increasingly important role in the
research on unusual climate events caused by global warming and climate change.
Accordingly, the study on climate data visualization is also increasing. Unlike
data plots on bar, line and so on, the scientific climate data should plot with map
elements such as projection, contour line, and so on. Script-based open source
software such as NCL (NCAR Command Language) and GrADS (Grid Analysis
and Display System) is mainly used in the field of climate science because of the
above features. However, the program developers who are not specialized in
climate science discipline may have trouble developing a service running on any
environments (graphical user interface program, server system, web service, etc.)
Therefore, this study aims to develop an OGC WPS-based climate data
visualization service that the developers can be added a climate data visualization
function to their developing program. So, | investigated data exchange formats
and map elements for visualizing climate data, then designed JSON-based
light-weight data exchange format with GZIP compression algorithm and plot
options. And the service was implemented using PyWPS and Maplotlib libraries.
As a result, the service provides standardized data visualization service via OGC
WPS. Also, users are able to take advantage of the data visualization, using
scientific climate data, via the internet more easily and conveniently.

Keywords
Climate Data Visualization, PyWPS, OGC WPS, Matplotlib



Development of OGC WPS-based Climate Data Visualization Service
Using PyWPS and Matplotlib

Seongkyu Lee
APEC Climate Center, 12 Centum 7-ro, Haeundae-gu Busan 48058 Republic of Korea, +82-51-745-3967, geoslegend@apcc21.org

INTRODUCTION

RELATED WORK

ckgrour

= Scientific climate data plays an increasingly important role in the research on unusual climate

events caused by global warming and climate change

Accordingly, increasing number of studies on climate data visualization

However, unlike general data without location information, the data should plot with map

elements such as projection, contour line, color bar, spatial data (i.e. land, coastline)

Also, there are not the appropriate libraries that can be used in any environments (e.g. GUI
program, web service, server system) and any program languages (e.g., C#, JAVA) to plot the

scientific climate data on the map

In general, script-based open source software (i.e. NCL, GrADS) has been used in the field of

climate science

Therefore, it is necessary to develop the climate data visualization service that can be used in

s

ing a low-bandwidth network environment

= To develop OGC WPS-based climate data visualization service that can be used in any
environments and any program languages
= To design a lighter climate data exchange format in order to provide to the countries that have

a low-bandwidth network environment and a plot option format

* Map elements for visualizing climate data
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* Case of Web-based Climate Information Service (KNMI — Climate Explorer)

= Supports various map-based visualization options

- Various map projections
lat-lon, North polar

South polar Robinson

- Shading
shading and contours, shading, contours, grid boxes

- Contour color

blue-grey-red, red-grey-blue, grey-red, grey-blue, red-grey, etc.

- No color bar, no title on plot, no grid, and no labels options

Shading and contours Grid boxes

lat-lon projection Rabinson

SERVICE DESIGN

* OGC WPS-based Climate Data Visualization Service
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Climate Data Visualization Service

- Development Environment: CentOS 6.5 64bit, Python, PyWPS 4.0.0 beta-1 and Matplotlib 1.5.0 libraries
- OGC WPS operation name: OpenWPS:CV_VisualizeNonSeries

* gClimateJSON * Plot option based on Matplotlib functions
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(3) Sequence data (e.g. latitude, i notation (indivi ,

(4) CRS (Coordinate Reference System) attribute

* Comparison of data compression rates by grid data notation approaches
I > Test data: Float Array [73, 144]

M=r - Data size is decided by integer parts and decimal place value.

Wemory
oot DSSgRRTR || e

- Data Size: Approx. 95 KB (4" decimal place)

-Regardless of integer parts and decimal place value, data size is
(F‘".‘r‘;::‘:,;..l" BASE64 ET only dfecided by data type (float, double, etc.)
T, - Data Size: Approx. 56 KB
- Data size is smallest than above approaches because of data
IS sasesh compressed by GZIP algorithm using binary data of data type (float,
Rl B‘Eﬁgﬁi‘:’w double, etc.)
GZIP - Data Size: Approx. 39 KB

* Result of OGC WPS-based visualization service

Request
(gClimateJSON and plot option data)

Result
)

X Data size : approx. 41 KB (BinaryGzipBase64)

- Original data size: 107 KB (non-compression)

e Lovel sroszure (me)

* Example of Windows Application using OGC WPS-based visualization service

d = Windows Application
™ ™ . Programming Language: C#
- Libraries: Scientific DataSet 1.3, APCC OGC.NET 0.1.0, APCC
QFSCiNetCDF Net 0.1.0, SourceGrid 4.40, Fast Lightweight Expression
Evaluator (flee) 0.9.26.0, ColorPicker Control, Json.NET 7.0.1
= WPS Server
- 0S: CentOS 6.5 x86_64
- - Web Server: Apache HTTP Server 2.4.12

- Programming Language: Python 2.7.10
- Libraries: PYWPS 4.0.0 beta-1, Matplotiib 1.5.0
* OGC WPS Operation Name: OpenWPS:CV._VisualizeNonSeries

are unfamiliar with climate data visualization

service accessible to a larger range of users

% OGC WPS-based climate data visualization service was implemented using PyWPS and Maplotlib libraries for users (e.g. program developers) who

+« The gClimateJSON exchange format with three grid data notation approaches (None, BinaryBase64, BinaryGzipBase64) was designed and suggested
using BASE64 encoding and GZIP compression algorithm

+“ The suggested BinaryGzipBase64 notation approach was reduced by about 40 percent than None (written in pure text) approach

¢ The service can be provided on a low-bandwidth environment faster

« Also, users are able to take advantage of the data visualization, using scientific climate data, via the internet more easily and conveniently, making the

nm

[=]=]
-2
oz

++FOSSAG

* Acknowledge: This research was supported by APEC Climate Center APEC CLIM




SEONGKYL Il

%4 Programme - FOS54G x

€ C A | [O 2016.fossdg.org/programme.htm By O t9 =

s

o FOSSAG 231

Home Sponsoring Programme Registration Building Bridges About FOSS4G FAQ
L -
T T e

Poster Session

In addition to scientific papers the Scientific Track Committee also reviewed posters for the scientific poster session. Submission is closed now.

GlS.lab: Hydrological modeling on the Web

Landa

OSPER — a real-time environmental sensor platform

Kryvych, Fiddes, Calbimonte, Fierz, et al,

Development of OGC WPS-based Climate Data Visualization Service Using PyWPS and Matplotlib

lee

Classification of land use/cover change in the Kanto region, Japan using FOSS4G and Open Data

lwasoki, Sprague, Sprague, Onohara, ef al.

Shapefile Projectionfinder

Egper

GeoTools extension for 3D Geometry

Kim, Kim. Ryoo, Seo, Li




2016. 6. 27. Gmail - [FOSS4G2016AT] Belated Early Bird Registration for "Development of OGC ..."

M Gma" Seongkyu Lee <apcc.geoslegend@gmail.com>

[FOSS4G2016AT] Belated Early Bird Registration for "Development of OGC ..."

1702 o
Franz-Josef Behr <franz-josef.behr@gis-management.de> 2016 62 62 @M 2:27

g3k =ALZh Seongkyu Lee <geoslegend@apcc21.org>
Dear Seongkyu Lee,
| uploaded you poster, thanks!
Perhaps you will receive some remarks later.

However congratulations: Your submission was accepted for poster
presentation.

In case you did not yet register for the conference: You as the authors of
the Academic Track have the option still to register as "Early Bird".
However due to technical restrictions you have to follow the following
steps:

1) Register at https://www.bonn-conferences.de/foss4g2016/en/, but do not
book any package.

2) Send a message to info@foss4g2016.org indicating your topic and your
submission id AND the packages you would like to book and indicating that
you are an author of an academic submission.

3) Your registration will be booked as "Early Bird Registration" by the

local organizing committee.

4) An invoice will be sent to you.

5) Pay by bank transfer. Fees have to be covered by you.

6) After your payment was received, your registration and payment will be
registered in the system.

We are looking forward to meeting you personally in Bonn!

Best regards - Franz-Josef

FOSS4G 2016 Academic Track FOSS4G 2016 Academic Track
http://2016.foss4g.opencts.org/ocs/index.php/at2016foss4g/FOSS4G2016AT/index

https://mail.google.com/mail/u/1/?ui=28&ik=2d2248e4e8&view=pt&q=franz-josef.behr %40gis-management.de&qgs=true&search=query&th=155219b1e5e875... 1/1
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