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Harmonized data

* Consistent format for all of the cities to facilitate easier data access.

* Conforms to Climate Forecasting Variable naming conventions to facilitate human and
machine readable data.

&

[} CF Conventions Home Page X +

C Y @ Notsecure | cfconventions.org * ® O B g S e .

CF Conventions and Metadata

View the latest Conventions Documents

Learn more »

NetCDF CF Metadata Conventions

The conventions for CF (Climate and Forecast) metadata are designed to promote the processing and sharing of files created with the NetCDF API. The CF conventions are
increasingly gaining acceptance and have been adopted by a number of projects and groups as a primary standard. The conventions define metadata that provide a definitive
description of what the data in each variable represents, and the spatial and temporal properties of the data. This enables users of data from different sources to decide which quantities
are comparable, and facilitates building applications with powerful extraction, regridding, and display capabilities

The CF conventions generalize and extend the COARDS conventions




Harmonized data

Consistent format for all of the cities to facilitate easier data access.

Conforms to Climate Forecasting Variable naming conventions to facilitate human and
machine readable data.

Available in NetCDF and text data formats.

CO2-USA Data Synthesis Fair Use Data Policy:

* Files contain: * These cooperative data products are made freely available to the public
* Data providers and scientific community to advance the study of urban carbon cycling
* Contact information and associated air pollutants.
* Fair use policy * Fair credit should be given to data contributors and will depend on the
« Calibration scales nature of your work. When you start data analysis that may result in a

publication, it is your responsibility to contact the data contributors
directly, such that, if it is appropriate, they have the opportunity to
contribute substantively and become a co-author.

 Start/end date & time
* Site attributes

Name . . .

* Data contributors reserve the right to make corrections to the data
Lat/Lon based on scientific grounds (e.g. recalibration or operational issues).
Elevation . . . .
I * Use of the data implies an agreement to reciprocate by making your
nlet heig

research efforts (e.g. measurements as well as model tools, data
products, and code) publicly available in a timely manner to the best of
your ability.

UTC to LST offset



Harmonized data

Consistent format for all of the cities to facilitate easier data access.

Conforms to Climate Forecasting Variable naming conventions to facilitate human and
machine readable data.

Available in NetCDF and text data formats.

Files contalr.w. 1. Time (UTCQ)

* Data providers - POSIX time (seconds since 1970-01-01T00:00:002)

¢ Contact information 2. Time (UTC)

* Fair use policy * 1SO 8601 format (2016-01-01T00:00:002)

* Calibration scales 3.  Hourly averaged mixing ratio

* Start/end date & time * CO2, CH4, or CO

NSt e 4. Standard deviation of data within the hour
Name 5. Number of observations within the hour
Lat/Lon 6. Measurement uncertainty (from data provider)
Elevation /7. lat
Inlet height 8. Lon

9. Elevation

UTC to LST offset
10. Inlet height



NetCDF

Plain text

|%] Panoply: Sources A C\Users\Logan\gcloud.utah.edu\data\co2-usa\synthesis_output\los_angeles\txt_formatted_files\lo.. = ©
File Edit View History Bookmarks Plot Window Help File Edit Search View Tools Window Help
& % 8 B D-2-H|ISB|XDE~-D-0-|,pP P IRIB B @& @~ % | Toos >
Create Plot  Combine Plot Operﬁaset Remove Remove Al Hide Info L los_angeles CIT_co2 48m_1_hour R0_2017-05-17.6¢ l
Datasets \(Catalogs \(Bookmarks \ ; : ?umber of header lines : 111¢ ~
Name Long Name Type B # -----------cmmmem e >>>>4
" ' 4
v ?Ios_angeles_all_snte... los_angeles_all_... LocalFile A Group " ClT_COZ_ 48m" : : fLOBAL ATTRIBUTES
(s background_co2  background_co2 —
_ dimensions: 6[# title : Hourly averaged atmospheric carbon dioxide (C02) measurements in Los Angeles.t
> @2CNP_co2_15m CNP_co2_15m _ time = 8784; 7|# summary : Hourly averaged atmospheric C02 measurements from 16 monitoring sites in Los Angeles.t
> (%1COM_co2_25m COM_co2_25m _ variables: 8|# keywords : carbon dioxide, methane, carbon monoxide, urban, greenhouse gas‘
» [Z2COM_co2_45m COM o2 45m _ double co2 (time=8784); 9|# comment : Ob:er:ition: I:epresent the h;url;l ave;age €02 mole fraction with the Zimedszamp )
B D . representing the floored hour. For example: data from @8:8@ to ©8:59 were averaged and have the
» @FUL_co2.50m  FUL_co2_50m — :_FfllVfl\je‘= -1.0E34; /i double ti:e weamp gf 05100, ¢ P g
> EAGRA_c02_31m AL - unies = mlcrox:xoi mol-1t . . 10| # references : Verhulst, Kristal R., Anna Karion, Jooil Kim, Peter K. Salameh, Ralph F. Keeling,
> EIGRA_co2_5im GRA_c02_51m - istandaxd _name = mo1e_fract1on_of_carbon_d:}ox1d. Sally Newman, John Miller, et al. “Carbon Dioxide and Methane Measurements from the Los Angeles
P @RV_co2_20m IRV_c02_20m - ilong pame = "Average of the co2 mole fraction m Megacity Carbon Project - Part 1: Calibrati Urban Enhancements, and Uncertainty Estimates.”
) - - " gacity Carbon Projec a alibration, an En » y
> [2L10_co2_t3m LJO_co2_13m - fcell_method = "co2: mean'; Atmospheric Chemistry and Physics 17, no. 13 (July 7, 2017): 8313-41.
> EAONT co2 25m  ONT_co2_25m - L https://doi.org/18.5194/acp-17-8313-2017.+
> EAONT co2_41m ONT_co2_41m - doublé std_dev (vine=8784); 11|# source : spectroscopy*
> @ASClco2.27m  SCI_co2 27m = f;i;izvzl:;igr;;il:iz;_;:_double 12(# date_created : 2017-05-17%
> [JUSC1_co2_50m  USC1_co2_50m - o g . 13|# date_issued : 2017-@5-17+
:cell method = "co2: standard deviation"”; .- X . ) .
> [USC2_co2_50m  USC2_co2_50m = :1ong_name = mStandard devia\:;on of the co2 mole 14(# fair_use_policyl : These cooperative data products are made freely available to the public and
» @VIC_co2_100m  VIC_co2_100m — - scientific community to advance the study of urban carbon cycling and associated air pollutants.+
» [ VIC_co2_50m VIC_co2_50m = double n(time=8784); 15|# fair_use_policy2 : Fair credit should be given to data contributors and will depend on the
. FillValue = -1.0E34; // double nature of your work. When you start data analysis that may result in a publication, it is your
:\_mits = weount™; responsibility to contact the data contributors directly, such that, if it is appropriate, they
:long name = "Number of the co2 mole fraction me. have the opportunity to contribute substantively and become a co-author.*
- 16| # fair_use_policy3 : Data contributors reserve the right to make corrections to the data based on
double lat(time=8784); scientific grounds (e.g. recalibration or operational issues).*
:standard name = "lacitude"; 17|# fair_use_policy4 : Use of the data implies an agreement to reciprocate by making your research
:axis = ";"'_ efforts (e.g. measurements as well as model tools, data products, and code) publicly available in
. FillValue = -1.0E34; // double a timely manner to the best of your ability.t
:Gnics = ndegrees north"; 18| # provider_total_listed : 2+
- 19| # provider_url : https://megacities.jpl.nasa.gov/+
double lon(time=3784); 20| # provider_1_name : Kristal Verhulst}
:standard name = "longitude": 21| # provider_1_addressl : Jet Propulsion Laboratory M/S 233-3@@%
saxis = ";"; 22|# provider_1_address2 : 4800 Oak Grove Drive'
. FillValue = —-1.0E34; // double 23| # provider_1_address3 : Pasadena, CA 91109+
:;nits = ndegrees eastn: 24| # provider_1_country : United Statest
v - 25(# provider_1_city : Los Angeles*
< > double elevation (cime=8784): v 26(# provider_1_affiliation : NASA Jet Propulsion Laboratory (JPL)*
Show: | All variables v 27| # provider 1 email : Kristal.R.Verhulst@jpl.nasa.govt v

Text Ln1,Col31  Western European (Windows)

https://www.giss.nasa.gov/tools/panoply/




GitHub

* A GitHub repository has
been created for the
data synthesis effort.

 All of the code to
process the input data
is publicly available

* Will help inform new
research teams about
the best reporting
practices & file formats

* Lowers the barriers of
entry for new cities

() loganemitchell/co2usa_data_syn X

& C (Y} & GitHub, Inc. [US] | https://github.com/log... @ ¥ @ O o 0 B

q D (DIO
[} loganemitchell / co2usa_data_synthesis @uUnwatch~ | 3 | W Star | 0 0
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
Urban greenhouse gas network measurements Edit
Manage topics
® 20 commits ¥ 1branch O O releases A2 1contributor s GPL-3.0
Branch: master v New pull request Create new file = Upload files | Find file Clone or download ~

loganemitchell Google Drive file not needad in this repository

Latest commit afdb881 15 days ago

=) LICENSE nitial commit 5 months ag
[£) READMEmd Update README.md 3 months
[E) co2usa_boston_to_netCDF.m Working dir update 5 months ago

[E) co2usa_create_netCDF.m

[E) co2usa_indianapolis_tc_netCDF.m
[£) co2usa_load_netCDF.m
[E) co2usa_los_angeles_to_netCDF.m

co2usa_netCDF2ixtm

co2usa_portland_to_netCDF.m

=) co2usa_san_francisco_baagmd_to_netCDF.m

=) co2usa_san_francisco_beacon_to_netCDF.m

£ README.md

Update of file format from Tasha on 4/23/2018
Loads all of the ¢ty data

Working dir updates

Added status messages to the script

nitial code for Portland OR data

Updated a time zone definition

nital coding

s
3
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n
w
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5 months ago
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CO2 Urban Synthesis and Analysis (CO2-USA) Data Synthesis

Urban greenhouse gas network measurements for cities in the CO2 Urban Synthesis and Analysis network.

More information about the CO2 Urban Synthesis and Analysis project can be found on our main project web page:

http://sites.bu.edu/co2usa/

This Git-Hub page contains the code that is being used to generate a harmonized CO2 and CH4 mixing ratio dataset that is
readily useable, traceable, and accessible by the research community and the public.

The preliminary synthesis data product can be viewed at:

Wit/ hame chne pytah ad/ . 000392480/

2_pca/aynthacic aptnt/




boston CO2 - All sites
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There is a lot of data!

* What does a (qualitative)
comparison of the data
from the cities look like?
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salt lake city CO2 - All sites

* Looking at a 2-year
time period: =

* LA has a similar

pattern of higher
CO2 in the winter.

CO2 (ppm)

* Inlet height is also a e I L a 1l ‘ ’
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salt lake city CO2 - All sites

* Looking at a 2-year —men
time period: i

* Portland does not

have as high of
winter time peaks.
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CO2 (ppm)

 Larger depletion in
the summertime.

portland CO2 - All sites
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* Looking at a 2-year
time period:

* Boston also does not
have as high of
winter time peaks.

* Also greater
summertime
depletion.
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salt lake city CO2 - All sites

* Looking at a 2-year
time period: =

650 —

* Indianapolis also
does not have as high
of winter time peaks.
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* If you subtract out
the background you
get CO2 excess.

* IN THEORY:

* Represents scope 1
emissions within the
station “footprint”

* IN REALITY:
* Its complicated...
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* If you subtract out
the background you
get CO2 excess.

* IN THEORY:

* Represents scope 1
emissions within the
station “footprint”

* IN REALITY:
* Its complicated...
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salt lake city CO2 diel - All sites

=== UOU co2 33m

D' | f'l =@ DBK co2 5m
1€l protiles = S
~—@—RPK co2 4m

There are
meteorologically
important
differences

In SLC, CO2 increases
in the early evening

and plateaus until : L

the AM bump. Hour
indianapolis CO2 diel - All sites

= SITEQ1 c02 10M

el SITEDT GO2 121M
. . SITED1 co2 40M

In Indianapolis CO2 ==

el SITED2 CO2 40M
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increases throughout s

SITEO3 co2 54M
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t h e n I ht =@ SITEDS co2 125M
* == SITEDG co2 39M
25 ™| el SITED7 cO2 58M
i SITEDB G02 41M
—@— SITE09 co2 10M
SITED9 co2 130M
20y @ SITECO co2 40M
N @ SITEDS co2 70M
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Diel profiles

There are
meteorologically
important
differences

In SLC, CO2 increases

=== UOU co2 33m
=== DBK co2 5m

SUG c02 4m
—@— MUR co2 6m
=@ RPK c02 4m

in the early evening

and plateaus until :
the AM bump.

40

In Indianapolis CO2
increases throughout .
the night.

Cc0o2

== SITEQ1 002 10M
el SITEO2 002 101

salt lake city CO2 diel - All sites

10 15

Hour
indianapolis CO2 diel - 10m sites

Hour




* Seasonal Cycle

* Practically opposites!

* Note: A lot of this
seasonal signal is
driven by night time
CO2 at Indianapolis

salt lake city CO2 excess monthly average - All sites

70 |
=== UOU co2 33m
sl DBK c02 5m
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=—@— NMUR co2 6m
60 || @—RPKoo24m |

Excess CO2 (ppm)
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indianapolis CO2 excess monthly average - All sites
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—@— SITEO2c02 10M
=== SITEC2 co2 136M
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salt lake city CO2 excess monthly mid-afternoon (12-17 LST) average - All sites

== UOU co2 33m
—@— K co2 5m

Seasonal Cycle

Looking only at mid-
afternoon:

Seasonal cycle is still
present in SLC data

Excess CO2 (ppm)

Seasonal cycle
practically disappears
at Indianapolis

indianapolis CO2 excess monthly mid-afternoon (12-17 LST) average - All sites
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The Background... (a discussion)

* Having a background time series makes the data set a lot more useful for initial
comparisons.

* If you’re doing an inverse analysis, you will probably want to come up with your own background.
Application and domain specific.

* There are a variety of methodologies being used for quantifying the background.

* Should we include a “portfolio” of background time series? For example:

* Upwind tower
Filtered for high wind speed days

Low pass filtered

Carbon Tracker
Optional background from the data provider (e.g. a hybrid model-data background)

* There needs to be a lot more work on understanding the best practices for background
construction and how it affects inverse modeling analyses.

* Using an inappropriate background could lead to misinterpreting the data!

* Background uncertainties!



What's next? <

Determine the background(s) that we want to
include for each city.

Version 1 will be archived at the ORNL DAAC in
the next few months.
* https://daac.ornl.gov/

* We will let the CO2-USA mailing list know when it
is available.

Write a community paper:

* Describing the synthesis data set

* Description of background methodologies
* Initial cross-city comparisons

Focus for next year is to add:
* Update city data

* Mobile data

* Flask data

THANK YOU:

e Data contributors

e Data Synthesis
Working Group



