PML |ty

Listen to the ocean

GlobolLakes WP2: data processing and
distribution

Steve Groom
14t January 2014

sbg@pml.ac.uk

UNIVERSITY OF

Plymouth Marine STIRLING

Laboratory

Centre for !f Universityof P
. Ecology & Hydrology @ Rea "Y‘g i,‘.
uuuuuuuuuuuuuuuuuuuuu .~

DUNDE

Universit
of Gl\glng\z PML




PML | B WP2: Operationalisation of Algorithms

PML lead, also UoReading and UoStirling

Aim: To retrieve functional indicators from archived and rolling satellite
datasets & widely disseminate results

2.1 Develop highly automated data processing chain

2.2 Process the entire MERIS 300 m archive for the ~1000 target lakes + ARCLakes
processing

2.3 Run a short time delay monitoring capability as a prime input to the Global Lake
Observatory

2.4 Extend methods to ESA/ GMES Sentinel 3 OLCI & SLSTR & opportunistically to
Sentinel 2 MSI.
2.4 Provide data via the web & ftp



e \WP2: Timeline: where are we?

e WP2 start Oct 2013 Jan 2014

Gantt Chart Start Date: 1 October 2012 Duration: 60 Montv End Date: 30 September 2017
WP _ Tasks
| Year 1 | Year 2 | Year 3 Year 4 Year 5 |
month of project activities| 1-2-3 | 4-5-6 | 7-8-9 [10-11-14 1-2-3 [ 4-5-6 | 7-8-9 [10-11-14 1-2-3 | 4-5-6 | 7-8-9 [10-11-14 1-2-3 | 4-5-6 | 7-8-9 [10-11-194 1-2-3 [ 4-5-6 | 7-8-9 [10-11-12
WP1 RS Algorithm Development
D1.1 Space-time variability in lake optical properties D1.1
D1.2 Intercomparison and benchmarking of algorithms D1.2 D1.2
D1.3 Ensemble algorithm for global scale operation D1.3
D1.4 Extend ARC-Lakes LSWT data set D1.4
WP2 Algorithm Operationalisation
D2.1 Automated data processing Chain D2.1
D2.2 Consistent MERIS and Sentinel 3 data sets D2.2]
D2.3 Operational Global Lakes Observatory: D2.4
D2.4 Archived Data dissemination D2.4
D2.5 LSWT time series 1991-2007| D2.5
WP3 Climatic & Nonoclimatic Drivers
Gantt Chart Start Date: 1 October 2012 Duration: 60 Monthsy; Jan 2014
WP Tasks
Year 1 Year 2 Year 3 |
month of project activities] 1-2-3 | 4-5-6 | 7-8-9 10-11-14 1-2-3 [}4-5-6 | 7-8-9 (10-11-14 1-2-3 | 4-5-6 | 7-8-9 10-11-1
WP1 RS Algorithm Development
D1.1 Space-time variability in lake optical properties D1.1
D1.2 Intercomparison and benchmarking of algorithms D1.2 D1.2
D1.3 Ensemble algorithm for global scale operation D1.3
D1.4 Extend ARC-Lakes LSWT data set D1.4
WP2 Algorithm Operationalisation
D2.1 Automated data processing Chain D2.1
D2.2 Consistent MERIS and Sentinel 3 data sets
D2.3 Operational Global Lakes Observatory
D2.4 Archived Data dissemination
D2.5 LSWT time series 1991-2007




PML |z WP2: Requirements and deliverables

* Requirements (inputs)

From ESA/NASA/(BC?), complete global archive of MERIS level 1 FR data
From ESA NRT stream of Sentinel 2 and Sentinel 3 data

From WP1 and Diversity Il atmospheric correction and in water algorithm
ensemble processing methodology

Processing framework (possibly in BEAM)

From WP3 list of lakes to process (however, maybe easier to process
everything — just then need worry about QC)

« Deliverables (outputs)
— MERIS: time series of water quality values
— Sentinel 3, OLCI: continuation of MERIS time series ~2015-2017; NRT lake

monitoring

— Sentinel 2, MSI: feasibility of MSI for lake monitoring



“ 2.1: Data processing chain

« EXisting ocean colour
processing systems are
being designed to make
changing processing chain
easy L

orbits over lakes

Lake locations,
characteristics,
insitu matchups,
etc

Auxillary data
e.g climatologies,
atmospheric (NWP)

Thermal data
(e.g. AATSR, ERS-2)

Optical data
(e.g. MERIS, MODIS)

Enhanced geolocation
e.g. AMORGOS

Lakes
database

Y

Regional
parameterisation
and other configuration Inland lakes L1b

satellite data
(thermal, optical, auxillary)

Preprocessing

» Processing done in stages e e

Globolakes optical Globolakes thermal L1 to L2 processor
L1 to L2 processor Physics based algorithms for:
( ] G e n e rate p rod u CtS ] I I l ap Inland_waters i _Inland waters_ In-w?ler Cloud detection Ice detection Op(\r.na\ L.SWT
atmospheric correction adjacency correction algorithm Estimation

products, annotate, archive... .

Mapping / gridding / local merging
(level 2 -> level 3)

Temporal interpolation, merging, compositing
(monthly, annual, climatology, etc level 4 products)

« Batch-processing oriented
Stru Ctu re L2 to L4 main processing mf:fﬁ'ﬂ?aia:e

« Many small jobs (~10,000 / —

maps products

d ay) I Final Globolakes
Derivation of trends
and variability
Y Y

Scientific Delivery Web
Outputs analysis mechanisms portal

product database

Summary products




PML |22 2.1: Processing workflow: status

« The GlobolLakes workflow will likely be based on the ESA Ocean
Colour Climate Change Initiative (OC-CCI) processing chain

o Currently 4-km
o 1-kmin trial

o 0.3 km ultimate goal

« Algorithm in the processing chain will be based on WP1 research and
also hopefully experience in Diversity Il

« A version 1 could be to implement the Diversity Il system and then
run over 1000 lakes



PML iz 2.2: Data processing platform: option 1

 PML Commodity Linux cluster

« PML’ s existing systems:
48 x Dell 21U compute node
(16GB RAM, 4 core, small disk, 1Gb NIC)

+ 36 x Dell R200 class machines
(8GB RAM, 2-4 core, small disk, 1Gb NIC)

 PML disk storage nearly 2 petabytes of on-line
RAIDG storage

* GloboLakes will pay for an additional:

» 16 grid nodes
« ~100TB + ???TB 2015

The pretty half of the server room



 OC CCI processing will be undertaken
on a Brockmann Consult Calvalus
system

« 23 x supermicro 1U compute nodes 16GB, 4
core, 10TB local storage (organised as
HADOOP HDFS)

* Processing software in BEAM framework will
be optimised for use with Calvalus processor

* Note GloboLakes wont use the OC CCI
processor; instead the PML cluster
could be configured as a Calvalus
system

Step 1 Step 2 Step 3

MapReduce execution model

http://www.brockmann-consult.de/calvalus/


http://www.brockmann-consult.de/calvalus/

PML iz 2.2: Data processing platform: option 3

e CEMS hardware at Harwell

« Elastic cloud of virtual machines running on JASMIN-
CEMS infrastructure (undergoing expansion)

* 6 petabytes local storage

« Particularly relevant since S2 and S3
data available locally




PML |tz 2.2 Workflow: future aspects

 Investigating web-based processing
In various FP7 projects

« Processing components made available
via WPS standard

« Users assemble components into a
chain of processing

. Semantically aware, so one can't
accidentally plug a chlorophyll data
source into a temperature conversion
WPS component

« Aiming for arbitrary web-based “GIS”
functionality

EUMIS - Service chain editor

« Possibility of users doing their own lake
data processing




PML |z 2.3: Short time delay monitoring capability

» Essentially same system as 2.2

» Focus on operational monitoring for water quality monitoring /
comparison with in situ etc.

« Scope I.e. UK only or, monitored lakes or all 1000 lakes?

« Was to be based initially on MERIS but contact with Envisat lost on 8
April 2012

 Sentinel 3 OLCI due for launch in 20157

« Data available in 20167

PML Remote Sensing Group ' .

30.04 0.060.08 02 03040

MERIS algal-2 300m, 215t Feb. 2012, 09:39 MODIS 500m, 13™ Jan. 2014, 13:15



PML | s 2.4: Extension to Sentinel 3 OLCI, Sentinel 2 MSI

« Main focus on Sentinel 3 OLCI

« WiIll provide main sensors for observation of lakes towards end of GlobolLakes
« MERIS-like: 300m resolution;

. Global observation (MERIS was more regional); extra bands; tilt to west

« Two sensors due for launch: observation every 1-2 days

« Launchin 2015? Over one year later than originally planned in GlobolLakes

. Data availablility, processing levels are issues.

o Also interest in Sentinel 2 MSI

. Higher resolution; primarily a land instrument but great potential for inland
waters; 10-60m resolution; 5 day repeat with two satellites

o First instrument launch due 20147?

« Interaction with ESA OC CCI, EC FP7 GLaSS (?) or HYROC (?)



PML | 2 5 Data dissemination

. Web site based on NEODAAS browser, ChloroGIN Lakes and =
Ocean Colour CCI portal

« Best for looking at NRT data

. Browsing images

« FTP service

. Most frequently requested in CCI user requirements survey
. Best for long time series

« OPeNDAP NetCDF subsetting service

« OGC based solutions



PML 2™ 2.5 Data dissemination

« AiIm to provide a portal that has different access options

Composite Browser OPeNDAP

About Useful links

This site provides satellite observations of ocean colour, focusing on the Ocean Colour Climate » NASA OceanColor

Change Initiative project (see more about this project). » International Ocean-Colour Coordinating Group
Contact us Documentation

Contact us via the OC CCI processing email.




PML |pmee 2 5 Data dissemination ChloroGIN Portal

 Individual lakes (or groups of lakes)

ChloroGIN Lakes

Earth Africa Europe Lakes Latin America Contact Partners Documents In Situ Related projecté

This web page is a demonstrator of the end-to-end application proposed in the Draft Task Sheet for the "GEO 2012-2015 Work
Plan: Global Inland and Near-Coastal Water Quality Information System”. It provides access to pre-operational monitoring of
Lake Balaton, Hungary and a few lakes in northern England, Scotland and Northern Ireland, UK. Other lakes will be added in
time.

Select your area of interest by clicking on the map. Available datasets will be highlighted and displayed in the list below. View
the dataset by clicking on the colour coded "View" link (the dataset will be opened in the provider's own portal).
NOTE: Due to problems with ENVISAT images from the MERIS sensor will not be available.

o o oA

AVAILABLE AREAS

03-05—2012 . v _

!:"' 3 ames

SEVENTH FRAMEWORK
PROGRAMME



: ChloroGIN Lakes:

Image viewer

NEODAAS

Logout  Hello shg
System status: %

Introduction [Area: my ]
Balaton lake larger geographi
Getting started
Demonstrations
‘Current summary
HelpFAQ
Contactus
+/- Navigate data
Select area
Select date

1- Current data
FlexiView multi-products
+- Sensor
+/- MERIS 300m

Chiorophyll (algal_1)|
Chiorophyil (algal_2)|
RGB
Radiance {nLw 560)
Aerosol opt. thick
Yellow substance
SPM
Vegetation (toa)
Vegetation (boa)
Chlorophyll (oc3)
Kd 490 (SeaDAS)
Aerosol opt. thick 86
Reflectance 413nm
Reflectance 443nm
Reflectance 490nm
Reflectance 510nm
Reflectance 560nm
Reflectance 620nm
Reflectance 665nm
Reflectance 681nm

+/. Comparisons
User preferences

Units: mg m™>
For additional information on this product, please check the help/FAQ.
Permalink

hyll (algal

mage
nearest to 5th Apr 2012

28 Days Ago
(5th Apr 2012)
09:30 (91% valid pixels

Yaou are viewing scenes:

Switch to Composites

MERIS 300m
Thursday, 5 April 2012

week's Chlorophyll (algal_2)

29 Days Ago
(4th Apr 2012)
No images

no data
EVENEL]E

2nd Apr 2012
09:40 (80% valid pixels

31st Mar 2012
09:16 (84% valid pixels) «

30 Days Ago
(3rd Apr 2012)
09:06 (87% valid pixels) +

1st Apr 2012
No images

available

30th Mar 2012

09:50 (33% valid pixels

From 30th Mar 2012

through to 5th Apr 201 2

ames

m

#®100% ~

SEVENTH FRAMEWORK
PROGRAM

ME



e WP2.5: ChloroGIN Lakes: image viewer

MERIS algal_2 (2012-04-05 09:30)

How do | use the Image Viewer?
File View Zoom Overlay

17.2 E 176 E 179 E . -~ | £ Interactive Str... P

PML Remote Sensiﬁé Group

Reset

| £ Values &
Lat/Lon Units: |Decimal Degrees -
X: 0001

Y: 0241

Latitude: 046.8517

Longitude: 017.0027

Digital Number: 000

Real World Val: 000.0100

setected Pixel: [

.04 0,09 0.2 0,4 0.7

(2, 290)

MERIS algal_2 (2012-04-05 09:30)

Download data file

View without java | L 120% Reset Fit |
Download netCOF

|£| Custom Zoom

PML

All materials copyright @ Plymouth Marine Laboratory 2005-2012.

o

SEVENTH FRAMEWORK
PROGRAMME



PML | Bae™ 2.5 Data dissemination: Web delivery

« Global coverage including ALL lakes?

OceanColour-CCl composites browser A

Viewing: |(OC_PRODUCTS) All Ocean Colour products v|

As composites, from the date | 2006-01-01 {0 the date | 2006-12-01 | with @ maximum of results perpage | Search || Download
Newer >

-~

4{"3 -n_.iS‘ i"‘m. .-@qqaﬁ 1»1 .

' sNetCDELPNG 3 NetCDE muu ‘ : NetCDELPNG .
WL : o 00600 e N (55900605 N

e pad
NefCDEN.ENG
2006-06

S, ,:-F A

ﬂ—%: ENEN &d"
D G

e

— k&"m‘-‘

Palette values (CSV):

Chlorophyll_a concentration (mg/ma)

001 003 01 03 1 3 10 30 60 v



PML | e \WP2.5 Dissemination: web services

. Fundamental data service behind all modern mapping web portals\

« Increasingly widely adopted

. Format popularised by similar systems,
such as Google Maps

« Open Geospatial Consortium Web Map, Coverage and Feature
services

« Modern version of OPeNDAP
. Geographic addressing
« Supply map tiles in image (WMS) or data (WCS) format, or point data (WFS)



WP2.5 Dissemination: OGC Portal

dev.oceancolour.org/portal/= P~ ESA-OC_CCl Visualisation P...

File Edit View Favorites Tools Help

v [ Project Balances £] Wet Gallery v 4 Google =¥ Maps o~ v [ d= v Pagev Safetyv Teolsv @~

View Date Quick Region

tayers () | € Data Layers % 0 @5. (§ ) llaf Data Analysis

Reference | Options Data Selection Tools

Selection Data Export

¥ Graphing
Gallery:

~ Data

Make sure to select the correct layer:
chlor a ]

~ Area and Time of Interest

Time Range: | Select a Range ﬂ|

New Range H Hide Range H Rename Range ‘
1998 - _ .
- - — ; Delete Range

Jtoly

Bbox:

—82.48213,47.57402.—821
Generate Graph

=

-87.4375 -86.6875

Longitude

®100% ~



PML |z EC FP7 EartH20Observe

“Global Earth Observation for integrated water resource
assessment’

« New EC FP7 project on the Water Cycle (all aspects; water
guality is a small part)

o 4 year, started 1 Jan 2014

« Main PMLA (PML’'s SME) focus is developing a Water Cycle
Integrator

« But some WQ work focussing on Estonian lakes with Tiit Kutser
and Estonian national authorities



PML | Conclusions

« Processing framework under development and based on OC CCI\
project

. Through collaboration with Diversity Il hope to implement results
from that project as a starting point






PMmL |z L. but | like GoogleEarth...

« Cesium — 3D viewer
« Library for creating 3D globes and 2D maps in a web browser

 Open source under the Apache 2.0 license free for commercial
or non-commercial use

 Google Earth look and feel but within a browser with no
requirement to install plugins or install any additional software.

« Support for OGC WMS with WES pencilled in for support later
this year; KML Is also supported.

e Support for a variety of vector layers and formats.

« Under rapid, active development with a thriving developer
community and excellent documentation



PML |z Cesium — 3D viewer )

He: mra "Hoe P62 Q) paa

v Operational Layers /, Ma> / :
. P Maximum Value:
oral_Reef Watch_Operational_Twice- g - 34
Veekly Near-
eal-Time_Global_S50km_Satelite_Coral_Bleachinc

vind @ isobaric
ea surface temperature

v MRCS_Ecosystem_Variables

Recalculate Scale |
Logarithmic Scale

Reset Scale

Chlorophyll a
Nitrate concentration

(sn15|a)) 34NIEI3CWB) 3IBLUNS S

- Y Value:
v Reference Layers Minimum Value:

-2
Y| The Black (K

AMT19 Cruise Track
AMT17 Cruise Track
AMT16 Cruise Track
AMT15 Cruise Track
/ 14 Cruise Track
AMT13 Cruise Track
AMT1 lise Track

Source:

Name: sea surface temperature

Bounding

Date Range: 28-1 00 to 05-11-2012
Abstract: Twic global 50km satellite
nighttim a surface temperature

4
Quick Region

Choose a Region .._I < 0

Base Layer

GEBCO







GlobolLakes
Processing
Flow Chart

Lake locations,
characteristics,
insitu matchups,
etc Optical data

(e.g. MERIS, MODIS)

Thermal data Auxillary data

(e.g. AATSR, ERS-2)

e.g climatologies,
atmospheric (NWP)

Lakes
database

(if needed)

Enhanced geolocation
e.g. AMORGOS

ol

Identification of
orbits over lakes

Regional
parameterisation
and other configuration

Preprocessing

Inland lakes L1b

satellite data
(thermal, optical, auxillary)

Optical data stream

v v

Globolakes optical
L1 to L2 processor

Thermal data stream i

Globolakes thermal L1 to L2 processor
Physics based algorithms for:

Inland waters Inland

atmospheric correction adjacency correction algorithm

waters In-water Cloud detection

Optimal LSWT

Ice detection Estimation

L2 to L4 main processing

I—iv

v}—l

Mapping / gridding / local merging
(level 2 -> level 3)

Temporal interpolation, merging, compositing
(monthly, annual, climatology, etc level 4 products)

Levels 2, 3& 4
product database

v

Anomaly/change Status and indicator
maps products

Summary products

Sci
an

Outputs

Derivation of trends
and va lity

Final Globolakes
product database

entific
alysis

Delivery

mechanisms.

Web
portal



PML |tz 2.1: Workflow: Supervisor

« Modularity of processing is essential to this style of system

. heed to use third-party software (e.g.. BEAM), so must be flexible and
able to wrap external modules into processing chain

« Supervisor framework to encapsulate, control and monitor in-
house or external software



PML D™ 2.1: Monitoring

« Monitoring a large system is a challenge

« Should be responsive to errors
« Should abstract detail to reduce “swamping”
« Must be actively policed (things will break!)

« PML monitors on many levels

« Detailed: debug logs, etc.
« Interrupt: email to processing alias

« System: nagios
. Abstract: graphing, analysis tools ] A . |

tocount :
— - Geos  Ganos  Senos Gesoe Seds  San0?  Sap0?  Sweo Gapos  De0s  Saeds  Sepcd  Sastn  Gepid  Sas10  Sanit  Sat
i o S S A - P -t S P A
Tive
I II The mean age of jobs against time
m| _l-__lIIl,__ J,_I Hm g =
. .  swgruntime . . \
5 \ /
i \ /
wo £z \
[ A SN /
00 % o \ VAN /
aco ¥ / \ \ \ y,
II I I ! \ - \ g
,,,,, \ \ V. w
N ___A.m __ N I__l L __I_ - E T \ // N 7 N
oo Totat runtime ¢hrs) ) N , S 2
Sepos  Gaos  Sewos  Gesos  Sesas 7 tws7  sss  msos Sepio  Sepio  Sesi0 G Seet
g S o A - S T




PML | T ™™  2.2: Climate and Environmental Monitoring from Space CEMS

« “CEMS is a Cloud Computing infrastructure hosting EO and climate datasets
(Including some in-situ datasets).

« CEMS will provide the climate research and exploitation community with a single
point of access to the required data as well as a hosted processing facility. This
will support algorithm and product development, improvements in data quality
and the timeliness of data and product dissemination

« CEMS is sized to be able to store 1.7PBytes of EO and climate data and features
480 cores for data processing”

« CEMS is included in the UK Collaborative Ground Segment proposal and so will
have Sentinel 2 and 3 data available

« May be politically expedient to do processing on CEMS (or have no choice) but

What is price?



PML |ty 2 2: Calvalus

« CCI experimenting with
“Calvalus” cluster

Similar hardware, but larger
local disks

Runs Apache Hadoop
framework

Key benefit: data-local
parallelisation [MapReduce]

Processing happens where the
data are, rather than moving the
data over the network

Experiments with MERIS L1-L2
using Polymer atmos. correction
= 1 year of global RR data

= 1 day on the hardware — we
expect greater speed up when
using the SW infrastructure



