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What is Metadata?
The answer to basic questions: 

who, why, what, when, where, and how

The information needed for 
integrating data from different 
sources while ensuring 
comparability

The data elements for reporting 
water quality results 
(www.nwqmc.org )

What still needs to be done when 
you think your work is finished…



Metadata about my program
Who?

The “Environmental Monitoring Program”
(EMP)

Part of the Interagency Ecological Program 

Joint effort of CA Department of Water 
Resources and US Bureau of Reclamation.

With assistance from CA Department of Fish 
and Game and US Geological Survey.



Metadata about the EMP
Why?

Monitoring mandated by the State 
Water Resources Control Board

Tied to water right permits issued to 
DWR and USBR for exports of 
water to southern California

To determine compliance with 
water quality standards

To document effects of diversions 
and flow manipulation



Metadata about the EMP
What?

Environmental Water Quality

Phytoplankton

Zooplankton

Benthic macro-invertebrates



Metadata about the EMP
When?

Began in 1972, revised in 1978 and 1996

Monthly discrete sampling and automated continuous 
monitoring stations

Databases cover 1975 to present

Alien clam species
introduced in 1986



Metadata about the EMP
Where?



Metadata about the EMP
How?

Vertical Profiles
Ponar dredge grabs

Continuous monitoring stations

DWR chemical lab
Research VesselField measurements



Data sharing 1994
WQ1992.csv

Metadata.txt

WQFormat.txt
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Poster: Bay-Delta and Tributaries Database Project



Beyond flat files

Relational databases and lookup tables

Metadata
elements



Beyond text files

Html documents



Beyond static tables

Queries from the database linked in html document



More complex structures

Constituent = matrix x analyte x fraction x method x units



Non-text elements 
Phytoplankton shapes and bio-volume formulas



Phytoplankton Metadata





Can’t justify a lookup table?
Include a data dictionary 
structure for:

variable names

description

minor codes and units



Advantages of Embedding
The metadata is distributed with the database

Changes in time-series are made obvious to the 
data user while maintaining flexibility in querying

Method
change

Method
change



Advantages of Embedding

Use metadata elements to summarize data: 
by phytoplankton (or benthic) family, genus, guild

by type of station (region, habitat, etc.)

Use metadata elements for quality assurance:
Compare results by lab, by sampling crew, etc. 

Update elements once use many times:
for metadata page, for yearly data report, etc.

consistency is ensured across documents

Keep metadata pages updated more easily:
queries + macros + time stamp => updated html tables



Advantages of Embedding
produce cross-tabulations: where x when

Number of samples per station per year



Advantages of Embedding
produce cross-tabulations: what x where x when

Groups of lab constituents per station per year

Groups are M = Metals, P= Pesticides, B= Biological, N = Nutrients, O = Other



Advantages of Embedding
produce cross-tabulations: how x when

Laboratory methods over time

Poster: Comparing Monitoring Methods: The Grind about Sonicated Chlorophyll



Advantages of Embedding
Make metadata better

e.g. linking taxonomic references to benthic organisms 
made us discover some inconsistencies



Advantages of Embedding
Make metadata routine



Downsides of Embedding

higher upfront effort: 
set up the database structure

build forms for easy data entry

input historic information.

Corrections may be more onerous
e.g. if some results were mapped to 
the wrong method

May not be right for all metadata 
elements



Don’t Forget the Nots

Document what is NOT in the database:
Water quality results below Reporting Limit.

Samples accidentally lost, not correctly preserved

Benthic grabs without any macro-invertebrates

Sampling events planned but missed for any reason.

Will make the data manager’s life easier

Will make your data more credible and useful to 
users  



Be explicit about the Nots
To compute benthic invertebrates abundance per 
unit area one must be able to distinguish between:

missed sampling events – marked “Not Sampled”

lost grab samples – marked “Sample lost”

and “empty” grabs – identified by a single pseudo-
species “none” and a count of zero



More @ http://iep.water.ca.gov/emp/


