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Outline

® Motivation: ETA - Extract / Transtorm / Archive
® Approaches to Metadata Harmonization

® (Some) Earth Surface Temperature Data

® Harmonization by Berkeley Earth

° Challenges in automating the Harmonization of Climate Data




Legacy Data in Published Literature

Table |
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Note. N = 1,084 North American psychologists.




Extract Transform Archive Model
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A. Vellino and D. Lemire (2011) “Extracting, Transforming and Archiving
Scientific Data” , in Proceedings of the FourthWorkshop onVery Large Digital Libraries
(VLDL 2011)
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Harmonize (Integrate)

Study A
== Study A: White Mountains
§ E Area column units: sq. meter
Se PIRU = Picea rubens
= g BEPA = Betula papyrifera
Date Site  Species Area Count
10/1/1993 | N654 | PIRU 2 26
g 10/3/1994 | N654 | PIRU 2 29
- 10/1/1993 | N654 | BEPA | 1 3
Study B
s g Study B: Green Mountains
Suw Area sampled: 1 sq. meter
.g- £ picrub = Picea rubens
= g betpap = Betula papyrifera
Date Site picrub betpap
31 Oct 19983 1 13.5 1.6
.g 14 Nov 1994 1 8.4 1.8
a

Integrated Data

Study Date Site Species Density
A [10/1/1993 [N654 |Picea rubens 13.0
A [10/3/1994 |N654 |Picea rubens 14.5
A |10/1/1993 |N654 |Betula papyrifera| 3.0
B |10/31/1993 | 1 |Picea rubens 13.5
B [10/31/1993 | 1 |Betula papyrifera| 1.6
B |11/14/1994 | 1 |Picea rubens 8.4
B [11/14/1994 | 1 |Betula papyrifera| 1.8
Metadata Format Species metadata Density
‘promoted’ normalized from study B calculated
to become using is now data using
data metadata (picrub/betpap metadata

column headings)

Jones, M. and Schildhauer, P. and Reichman, O. and Bowers, Shawn. 2006.

The New Bioinformatics: Integrating Ecological Data from the Gene to the Biosphere.

Annual Review QfEco]og)/, Evolution, and Systematics 37:1:519-544.

/




The Babel Fish for Data

BABEL FISH

DIGESTIVE NERVE CHORD ENERGY ABSORPTION FILTER
TELEPATHIC EXCRETOR BRAIN GAS BLADDER

EXTENDABLE

NERVE SIGNAL ' ~f UNCONSCIOUS

FREQUENCY
SENSOR DIGESTION CONSCIOUS SENSORS

GILL RAKERS HEART FREQUENCY SENSORS

THE BABEL FISH IS SMALL, YELLOW, LEECHLIKE,
AND PROBABLY THE ODDEST THING IN THE UNIVERSE.




Solution 1: Impose Metadata
Standards

“Standards are like toothbrushes, everyone agrees that

they’re a good idea but nobody wants to use anyone else’s.”

— Murtha Baca




Solution 2: Crosswalks

® Labour intensive
* Hard to generalize (re-apply)

® n-formats => n*(n-1) crosswalks




Solution 2(a): Database schema
matching and ontology integration tools
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COMA++ (University of Leipzig)
http://goo.gl/q7WsSx
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Solution 3: Domain-specific Ontologies

— class property () core class ] vatue type
— is-a (:) extension class @ union

Madin, J., Bowers, S., Schildhauer, M., Krivov, S., Pennington, D., & Villa, F. (2007). An ontology
for describing and synthesizing ecological observation data. Ecological informatics, 2(3), 279-296.
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Solution 4: Machine Learning

® If a human has done it betore, then

teach the machine to replicate the task.
e Used about 15 years years ago starting with Automatch

L Strategies
(1) Probabilistic algorithms to match field names

(2) Item-value-range learning

Q: Are there any (simply structured) datasets that humans have

already integrated and from which a machine can learn?




Yes: Berkeley Earth

* Started by the physicist and (now reformed) climate change
denier Richard Muller in ~ 2010

® Harvested and harmonized ~ 20 different sources of earth
surface temperature data from :
®* NOAA (National Oceanic and Atmospheric Administration)
National Climatic Data Center (US)
® The Global Climate Observing System Surface Network
Monitoring Centre (DE)

® Climatic Research Unit (University of East Anglia) in
conjunction with the Hadley Centre (at the UK Met Office)




4 N

BERKELEY EARTH. Dataset Integration Process

Berkeley Earth Dataset

Quality Controlled Seasonality Removed

1 1

Single Valued

Single Database — Multi Valued

*
What is needed to . l . l l' 'al".F'. l l l .
> A

Automate this step? l I l l l‘."."lll l l l .
5 /




Global Historical Climatology Network
(GHCN) Daily Data

®* README — text file describing formats for
* “.dly” files (270-character records) [broken up according to

origin]
® Weather Stations data
® Country / State / Postal

® Periods of record for each station (derivable from “.dly”)

Menne, M.]., I. Durre, R.S. Vose, B.E. Gleason, and T.G. Houston, 2012: An overview
of the Global Historical Climatology Network-Daily Database. Journal of Atmospheric
and Oceanic Technology, 29, 897-910, doi:10.1175/JTECH-D-11-00103.1.




Target Berkeley Earth Data

* Also plain text files with

® Observation-site files
site_ detail .txt
site_complete_detail. txt
site_summary.txt
® Observational data (transformed) that corresponding to the
original source
data.txt: File containing the temperature time series data
flags.txt: File containing a variable length array of per datum quality
Data history




Global Historical Climatology Network
GHCN-Daily (original)

e USC00118740192608TMAX 278 0 256 0 289 0 317 0 333 0 344 0 250 O
261 0 267 0 339 0 356 0 289 0 294 0 289 0 289 0 278 0 278 0 278 O
278 0 267 0 311 0 311 0 267 0 261 0 261 0 294 0 311 0 322 0311 O
272 0 261 O

e USC00118740192608TMIN 200 0 189 0 178 0 200 0 233 0 217 0 161 O
133 0 183 0 194 0 206 0 217 0 206 0 206 0 206 O 200 O 206 O 206 O
211 0 194 0 183 0 200 0 211 0 178 0 139 0 144 0 178 0 206 0 189 O
167 0 167 0

e USC00118740192608TOBS 206 0 222 0 267 0 289 0 306 0 250 0 200 O
228 0 244 0 294 0 250 0 261 0 222 0 256 0 233 0 222 0 233 0 244 0
250 0 239 0 267 0 267 0 222 0 222 0 217 0 250 0 256 0 278 0 211 O
233 0 239 0

e USC00118740192608PRCP 460 0 200 OTO OO OO 00 640 0O
00 230 00 610 1502790 0OTO 50 130 130 23 0 380
OTO 00O OTO 610 OO0 OO OO 0039 0 0OTO OO

Each “day” of the month reference is implicit in the

column—position of the temperature measurement




GHCN-Daily (Berkeley Earth)

¢ GHCN-TMAX.txt

Station ID | Series | Date Temperature | Uncertainty # of Time of
Num. Observ | Obs.
ations
103233 |1 1926.625 | 29.259 0.0096 31 -99
e GHCN-TMIN.txt
Station ID | Series | Date Temperature | Uncertainty # of Time of
Num. Observ | Obs.
ations
103233 |1 1926.625 | 19.058 0.0090 31 -99




Machine Learning Challenge 1: Identify
Implicit Mappings

|dentifiers
e USC00118740 => 103233 (Berkely Earth ids)

Dates
e 08-1926 (mo-yr) => 1926.625 (Berkely Earth decimal year)

Temperatures
e “278” deci-celcius -> “27.8" celcius

Expected difficulty level - Easy




Challenge 2

e To identify meaningful boundaries within source format

From

USC00118740192608TMAX 278 0 256
USC00118740192608TMIN 200 O 189

ID Year | Month | Element | Valuel | MFlagl | SFlagl | Value2
(1-11) (12-15)| (16-17)| (18-21) | (22-26)| (27) (29) (30-34)

USC00118740 1926 TMAX 278 [space] O
USC00118740 1926 08 TMIN 200 [space] O 189

Expected difficulty level - Medium




Challenge 3

o Identifying “implicit data normalization”

For example
® Separating MAX / MIN / OBS data into separate files

® Factoring out site data

® Identitying computationally derived quantities (e.g. averages

from a collection of individual data points)

® Identitying data-loss (e.g. “PRECIP” has no transtorm)

Expected difficulty level - Hard




Future Work and Conclusions

® The Universal Data Babel Fish will not be available tomorrow
® The devil in earth surface temperature data is in the details

® The destination metadata schema in Berkeley Earth is highly

influenced by the final purposes it served

° Expectation:

® at least parts of the Berkeley Earth Harmonization process can be learned by

example

* those elements that should apply to other disciplines that have the same

(tabular) regularities.




