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1 Applications of eddy covariance measurements  Part 1: Lecture on Analyzing and 1. Applications of eddy covariance measurements, Part 1: Lecture on Analyzing and 

Interpreting CO2 Flux Measurements, Dennis Baldocchi, CarboEurope Summer Course, 
2006, Namur, Belgium (http://nature.berkeley.edu/biometlab/lectures/)



Carbon‐Climate Analysis Goals
Towers measure consistent carbon flux 
and micrometeorological parameters
Tower researchers quality check data 
and then provide the data to regional 
archives.
Regional and global carbon-climate  
analysis activities rely on data from 
regional archives
Recent La Thuile workshop is 
gathering over 700 site-years of data 
available from over 200 sites around 
the world. 



Measurements Are Often Not SimpleMeasurements Are Often Not Simple 
or Complete

Gaps in the data 
Quiet nights
Bird poop
High winds
….

Difficult to make measurements
Leaf area index
Wood respiration
Soil respirationp
…

Localized measurements – tower footprint
Local investigator knowledge importantLocal investigator knowledge important
PIs’ science goals are not uniform across the towers



Typical Data Analysis Flow Today

Validate & 
Quality 
Ch k

Matlab, Excel, 
S-Plus, PV-Wave, R, …

Check 
data

Retrieve 
Perform 
Analysis

Identify

Data from 
Source

Identify 
Data 

Issues & 
Retrieve

Web page, e-mail, 
web service,  phone,
St d t  P t d  Retrieve 

Missing 
Data

Student, Post-doc, 
Friend,  . . .



Target Data Analysis FlowTarget Data Analysis Flow 
Validate & 

Quality CheckQuality Check 
data

Scientific Perform 
Analysis

Obtain 
Data 
f Data Server Analysisfrom 

Source

Identify Data Issues 
& Obtain Missing

Track 
versions, 
results and& Obtain Missing 

Data
results, and
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Scientific Data Server ‐ Overview

D tDatabases Data 
CubesData 

IngestIngest

User 
I t fInterfaces



Database
All descriptive metadata and data held p
in relational databases

Metadata is important too!
While separate databases are shown, 
the datasets may actually reside in athe datasets may actually reside in a 
single database

Mapping is transparent to the 
scientist
Separate databases used for 
performance
Unified databases used for simplicity

New metadata and data are staged withNew metadata and data are staged with 
a temporary database

Minimal quality checks applied
All name and unit conversions

Data may be exported to flat file, copied 
to a private MyDb database, directly 
accessed programmatically, or ? 



Data CubesData Cubes
A data cube is a database specifically 
for data mining (OLAP)for data mining (OLAP)

Simple aggregations (sum, min, or 
max) can be pre-computed for speed
Additional calculations can be 
computed dynamically or pre-
computed
Both operate along dimensions such 
as time site or datumtypeas time, site, or datumtype
Constructed from a relational 
database
A specialized query language (MDX) 
i dis used

Client tool integration is evolving
Excel PivotTables allow simple data 
viewingviewing
More powerful analysis and plotting 
using Matlab and statistics software



Scientific Data Server – UserScientific Data Server  User 
Interface

CSV Files Reports, Web Services, Excel Pivot 
Table and Pivot Chart

ORNL Ameriflux
Web Site

BWC SQL Server 
D t b

Data Cube
Database



B i F D t A il bilitBrowsing For Data Availability
Sites Reporting Data Colored by Year

2006
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Ameriflux Data Availability : All Data
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Required variable reporting by site by year
Each row corresponds to one siteEach row corresponds to one site-
year 
Each cell corresponds to one site 
year of (FC, CO2 or SCO2, UST, 
PAR or Rg TA and Rh or H2O)PAR or Rg, TA, and Rh or H2O). 
Color indicates: 

Red – likely not enough for 
processing - % < .3 reported 
(roughly less than 5K of 17.5K)(roughly less than 5K of 17.5K)
Green – likely not enough for 
processing .3<%<.999 
Yellow – may not be good for 
processing due to gap-filling - % p g g p g
> .999

Red CO2 (second column) can be 
ignored for cropland/grassland 
sites
Sites shown are just a sample

Of the 285 site years with good FC, 50 site years are missing one of 
(UST, PAR/Rg, and TA) and 79 sites have likely gap-filled data. 



Obviously bad annual averages

Data cube used to browse average yearly Rg values across all site-years
16 additional likely problematic site-years at 5 sites 



Drill down to consistent (bad) daily values

Data cube used to browse 2005 Rg values shows consistently high 
reporting (not just a few very large spikes) at Duke Forest sites



Drill down to Mead sites

Dail a erage FC at each site sho s likel nits and/or sign iss esDaily average FC at each site shows likely units and/or sign issues 



Simple check: the same FC value reported 
too often

Database query returns count by (site, year, value) where count >= 500
Graph shows sum of (returned counts) by site and yearGraph shows sum of (returned counts) by site and year

Sites with high sums likely report very few unique FC values



Ameriflux dataAmeriflux data
• ~145 million daily values in cube
• Advanced calculations and statistics in cube
• Methods of providing ½ hourly data access efficientlyMethods of providing ½ hourly data access efficiently
• Data quality assessment
• Collection and incorporation of biological data

Fluxnet datau e da a
• ~210 million daily values in cube
• Waiting on gap filling and quality checking operations
• Data server, cubes, and reports will likely be the primary repository 

and access  for researchers using the data
Russian River Data

• ~23 million values in cube
• Integration with Matlab and GIS 
• Additional of data from other sources (fish, sediment size, …)



•Versioning of data and collection of data provenanceVersioning of data and collection of data provenance
•Improved performance of database and cube
•Handling of biological data
Ad d l tti biliti•Advanced plotting capabilities

•Integration of collaborative tools
•Automation of data ingest, cube building, and report building
•MyDB and MyCube capabilities
•Integration of workflow capabilities
•Data server in a box•Data server in a box
•Sociological change



•Ameriflux collaboration is adopting the Data Server architecture 
for the data repository
•BWC Data Server will be hosting the Fluxnet dataset which is 
expected to be the foundation for a broad range of research 
investigationsg
•Ecological measurements are often “messy”
•Applying the Data Server to watersheds introduces many 
additional challengesadditional challenges
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