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Satellite observations for CMIP5/IPCC Model Evaluation @CMDI

Wikipedia: A comparison of “apples
and oranges” occurs when two items or
groups of items are compared that
cannot be validly compared.

Robert Ferraro — NASA JPL — CMUG 2012
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Continued Challenges & New Opportunities (cmm

 More national and international
assessments planned (e.g. US NCA, IPCC
ARS5) that will rely on CMIP-like activities.

« Significant model errors still evident

 Model errors imply climate projection
uncertainties — can these be reduced?

 Models continuing to evolve in complexity
and need evaluation.

o Satellite observations have been under
utilized by the model and model-analysis
community.

 New observations becoming available.
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@/ Making Better Use of Observations for IPCC @CMDI

*JPL/NASA is leading an effort with PCMDI/DOE to identify and deliver a
number of NASA satellite data tailored for IPCC model-data comparison.

eCommunity to have simultaneous access to model output and satellite
observations similarly formatted to facilitate model evaluation.

*Need is expected to be ongoing for model evaluations and timely
submission of research articles —> [PCC AR5 to be published in 2013.

/

Main Target Community



@/ Model and Observation Overlap JPL

For what quantities are these comparisons viable? PCMDI
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—— e Taylor et al. 2008
== — Current NASA Missions ~14
~120 ocean Total Missions Flown ~ 60
~60 land Many with multiple instruments
~90 atmos Most with multiple products (e.g. 10-100s)
~50 cryosphere Many cases with the same products
Over 300 Variables in < Over 1000 satellite-
(monthly) CMIP Database derived quantities




Model and Observation Overlap JPL

AIRS (= 300 hPa)

Atm temp profile

Specific humidity

profile
Atm temp profile
MLS (< 300 hPa) Specifc humidity
profile
QuIKSCAT Ocean surface winds
TES Ozone profile
AMSR-E SST
TOPEX/JASON SSH
CERES TOA radiation fluxes
TRMM Total precipitation
MODIS Cloud fraction
Leaf Area Index
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For what quantities are these comparisons viable? PCMDI

After much scrutiny and two
workshops, only ~20 variables were
identified as being “safely”
comparable in this first round
— although still with caveats!

» Continue to consider additional datasets

» Model-pull for additional satellite
observations

» Model-push for additional model output
variables.




. o JPL
Some Basic Tenets of this Activity

@CMDI

1. Use the CMIP5 simulation protocol (Taylor et al. 2009) as guideline for
deciding which observations to stage in parallel to model simulations.
Target is monthly averaged (OMON, AMON) productson 1 x 1
degree grid

2. Convert Satellite Observations to be formatted exactly the same as
CMIP Model output
CMOR output, NetCDF files, CF Convention Metadata, CMIP
standard pressure levels, CMIP standard data file organization
Not a new product. At most — bin and average L2 data to produce
the L3 product. Independent QC check before release.

3. Includes a 6-8 page Technical Note describing strengths/weaknesses,
uncertainties, dos/don’ts regarding interpretations comparisons with
models. (at graduate student level)

4. Host side by side on the ESG with CMIP5

5. Advertise availability of observations for use in CMIP5 analysis.
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NASA Datasets for CMIP5 @CMDI

Datasets are Gridded Monthly Averages — Unless otherwise noted
Separate files containing Nobs & StdErr for each grid cell are available

CMIP Protocol Variables
AIRS (> 300 hPa) 9/02 - AIRS +MLS needed to cover all
MLS ( < 300 hPa) 8/04 - pressure levels
N o e
MLS ( < 300 hPa) 8/04 -
TES 2004 - Undergoing QC checks
AMSR-E 6/02 - SST science team recommends
multiple products

rlut, rlutcs, rsdt, rsut, rsutcs — CERES 3/00 -
TOA outgoing LW & SW Radiation,
Incident SW Radiation

clt — Total Cloud Fraction MODIS 2/00 -

zos - Sea Surface Height Above Geoid TOPEX/JASON series 10/92 - AVISO Product
pr - Total precipitation TRMM 1997 - Monthly Ave + 3 hourly
products

sfcWind, uas, vas - Surface (10m) zonal QuikSCAT 1999 — 2009 Oceans only. No land products.
wind

MODIS 2/00 - Perhaps 2 CMIP variables, TBD
Match up of available NASA datasets to PCMDI priority list

3 Orange datasets are still in process
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ESG Gateway : Side by Side Archive with CMIP @CMDI

ToYetem Grid_

Home Data

Contact Us

ESG Gateway hosted by the Program for Climate Model Diagnosis and

ESG Gateway hosted at the NASA Jet Propulsion Laboratory
Search: |Dmasets for: |
To conduct a search, salect a category from the pull down menu and/or enter free taxt int{ Search | Latazsls fee: |
To conduct a search, sdact a mtagory from the pull down menu and/or enter free text into the the text box.
Search€ategories Whet toPEMBT
= Project £ Please note that the NASA datasets accessible through this gateway are provided as part of an experimental activity to increase the usability of
. MNASA satellite observational data for the model and model analysis communities. These are not standard NASA satellite instrument products.
> CMIP5 The Program for Climate M| They may have been reprocessed, reformatted, or created solely for comparisons with the CMIPS models. Community feedback to improve and
> TAMIP2 Diagnosis and Intercompari | yalidate the dataset for modeling usage is appreciated.
> gfdl_test PC MDI was established in 1989 at
> obs4MIPs Livermore Mational Laborat . =
r S h Cat AIRS (At h Infi d S de & i
+ Institute \ located in the San Franciscd [ o o o odonies {Asmosphancinfranad Soundar) Quick Links
Our staff includes research | |— Project [ AIRS Data Catalog at ESG - e
+ Mode \ computer sdentists, and diy || _ ~yps [of. J D ccumentation: Air Temperature CRIthg Stapmg SUice
personnel. ""'4'.{" Documentation: Specific Humidity Create Account
+ Experiment \ = | > obs4MIPs R A1RS Home at NASA/IPL Browse Catalogs
ﬂ Institute Search for Data
LiEeguency \ The PCMDI mission is to develop improved methods and too / i
+ Moded - i i =
<+ Product diagnosis and intercomparison of general circulation mode AMS_R E (Advanced Microwave Scanning Radiometer - EOS) ESG Federation
iR simulate the global climate. The need for innovative an + Experiment AMSR-E Data Catalog at ESG |
ealm ; 2 5 ; 2 p A8 S, et S ;
climate simulations is apparent, as increasingly mor Documentation
F - PCMDI Gateway
| Variabla ned while the dissgresments amaong these ulations HiEmauensy % AMSR-E Home at NSIDC BADC Gateway
and rly understd ||+ Product £ 14 DKRZ Gateway
+ Ensemble b 4M I PS ms be accounted| (] - NASA JPL Gateway
O S GCMs for simulal .L . AUTEN NCAR Gateway
S + Variable NCI Gateway
. — AVISO Data Catalog at ESG ORNL Gateway
P rOJ e Ct Documentation: Sea Surface Height (S5H) MNERSC Gateway
AVISO Home L
Status of the CMIPS Archive
6/3/2011: CNRM-CERFACS decadal hindcast/forecast datasetd MES{Miciowave Liink Solndet)
available for all realms but sea-ice (10 members already avai MLS Data Catalog at ESG 2
realm ocean, only 3 so far for realms land/atmos/landIce). Documentation: 5?=°lfl¢ Humidity
6/25/2011: PCMDI CMIPS data server is back online. The INM # ﬁ Documentation: Air Temperature
datasets are available. b T MLS Home at NASA/JPL
7/7/2011: NCC datasets are now available to all users. : ————— — a3
7/19/2011: PCMDI data server will be down for maintenance MODIS (Moderate Resolution Imaging Spectroradiometer)
PST. It is expected back online 7/20 17:00 PST.
7/20,2011: PCMDI data server is back online. MODIS Data Catalog at ESG
7/20,2011: Because of a processing fault affecting the MOHC Dacurmentation
rcp85 data from 2080 onwards, this data has been withdrawn MODIS Home
being. They expect to provide us with corrected data in a mat
at which time a new version of these datasets will be publishe
9/7/2011 - 9/9/2011: The BADC ESGF system will be unavailal TES-{Fropospheric EmissionSpect tery
September 7th and 8th. As a precaution you should consider
"At Risk" on Friday September 9th. TES Data Catalog at ESG
Documentation: Ozone
TES Home at NASA /JPL




Model — Observations Example

JPL

@CMDI

B ta in ta_AIRS_L3_RetStd-v5_200209-2011
File Edit View Bookmarks Plot Window Help
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J Plot | Amayl |

Air Temperature

{mmmm  AIRS - ta, 2003-08, 700 hPa

B ta in ta_Amon_HadCM3_decadal2000_r10i2 3
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J Plot v( Armray 1 \'\

- File Edit View Bookmarks Plot Window Help
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Air Temperature

Air Temperature (K)

24E+02 2.5E+02 27E+02 2.8E+02 3.0E+02

Data Min = 24E+02, Max =2.9E+02

31E+02

vl Array(s) % Scale { C & Vectors \( Map | Labels Y\

Plot|Map x| of |array 1 Onty_*| ¥ Interpolate
Array 1: 3

Time:| 122 of 105 = |2003-08-01 00:00 — 2003-09-01 00:00 > |

Pressure: [ 4= of 17 =[70000 *] Pa

Met Office Hadley Centre, decadal2000

—ta, 2003-08, 700 hPa

)

Air Temperature (K)

< I —— | g

24E+02 2.5E+02 2.7E+02 2.8E+02 3.0E+02 3.1E+02

Dats Mn = 2.2E+02, Max = 2.9E+02

| Amay(s) | Scale | Contours & Vectors \ Map | Labels |

Plot|Map
Array 1: &8
Time:| 2225 of 122 =|2002-08-01 00:00 — 2002-09-01 00:00 ¥ |

Pressure: 45: of 17 = | 70000 'IPE

=] of|amay 1 Onty > | ¥ mnterpolate




Model — Observations Example

File Edit View Bookmarks Plot Window Help

@

B

Create Mew Plob Open Dataszet Remove Remowe All Hide Info

content

-
File "ta_AIRS_L3_RetStd-v5_200209-201105.nc"
NetCDF classic format
. Hads - netedf file:/C:/Users/ferraro/Desktop/ta AIRS L3 RetStd-v5_200209-201105.nc |
presue = dimensions:
A Tomperolac lon](lat][vert]time] time = UNLIMITED; // (105 currently)
time = plev = 17;
time_ Do - lat = 180;
¥ [&3ta_Amon_HadCM3_decadal20... ta_Amon_HadCM3_decaddl2000_r1gi... Local File Tons= 360;
@ lat latitude = bnds = 2}
& lat_bnds lat_bnds = variahles:
& lon longitude = double time_bnds (time=105, bnds=2);
& lon_bnds lon_bnds — double lat_bnds(lat=180, bnds=2);
& plev pressure e double lon bnds(lon=360, bnds=2);
ot Air Temperature [lon][lat][vert][time] fleoat ta(time=105, plew=17, lat=1380, lon=360);
& time time e istandard name = "air temperature";
& time_bnds time_bnds _ "Air Temperature";
roriginal_name = "air_ temperature";
icell methods = "time: mean";
icell measures = "area: areacella";
/ imissing value = 1.0BE20f; // fleat
:_FillWalue = 1.0E20f; // float -
thistory = "2011-06-07T20:21:062 altered by CMOR: Converted type from \'dy' to V\'fy'."
rassocliated files = "baseURL: http://cmip-pemdi.llnl.gov/CMIFS/datalocation gridspecFi
double time (time=105);
ibounds = "time bnds";
’ tunits = "days since 2000-01-017;
:calendar = "standard";
metadata names & s = v

ilong_name = "time";

:standard name = "time";
CO nte nt :7Coordin;teAstType = "Time";

double pleviplev=17);
runits = "Pa";
iaxis = "I";
ipositive = "down";
ilong_name = "pressure";
istandard name = "air pressure";
:_CoordinateAxisType = "Pressure";
:_CoordinateZisPositive = "down";
double lati(lat=180);

= ibounds = "lat_bnds";
il ;l-l iunits = "degrees north";

rawis = "¥":
I™ List only plottable variables q anss I _|;|
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“Technical Note” @CMDI

Each Dataset has an accompanying Technical Note

Target audience is modeling community members who have
little experience with NASA datasets

Contents
Intent of the Document/POC
Data Field Description
Data Origin
== Validation and Uncertainty Estimate
==> Considerations for Model — Observation Intercomparison
Instrument Overview
References
Revision History



@/ Satellite Observations for Evaluating CMIP5 -":“-
SUMMARY (PcmDI

* Pilot Project to establish a NASA-wide capability for the climate modeling
community to support model-to-data intercomparison. This involves IT,
satellite retrieval, data set, modeling and science expertise. Satellite
observation data sets being published now.

o 16 Datasets currently available on the ESG — more are coming

 We are interested in collaboration with other agencies and international
partners to expand this for AR6

— Potential International Workshop in Fall 2012/Winter 20137
 We welcome feedback from the model analysis community

* This would not have been possible without help from AIRS, MLS, TES,
QuIkSCAT, MODIS, TRMM, REMSS, PODAAC, NCCS, and AVISO — many
other people also contributed to this effort



Links to Explore @CMDI

Obs4MIPs Front Page http://obs4mips.linl.gov:8080/wiki/
NASA ESG Gateway http://esg-gateway.jpl.nasa.gov/home.htm

New ESG Interface (Beta) http://esg-datanode.jpl.nasa.gov/esqgf-
web-fe/

Addition Stuff ....
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CMIP3 Sea Level vs TOPEX/JASON @:MDI

Mean dynamic topography (GCMs 1992-2002); Obs: Maximenko et al. [2005]) Absolute values (each field has zero mean)

giss_model_e_rje .

-’

i Absolute deviation of MDT
from 1992-2002

Units: meters
Observations: AVISO-SSH

Courtesy F. Landerer (JPL)

F. Landerer: 24-Aug-2011

0.5 1



Next NASA Earth Science Mission: =
Aquarius —June 2011 — Ocean Salinity @CMDI

Mean Salinity from 12 CMIP3 Model Simulations of 20th
Century Climate: POOR MODEL AGREEMENT

Courtesy D. Waliser, Y. Chao & F. Li

L

Aquarius will provide the first NASA
spaceborne global data of salinity.

Salinity: Characterization of ocean
thermohaline circulation and global
water budget



Other Critical Climate Variables: JPL
Model Disagreement & Future Mission Horizon @CMDI

CMIP3 Models: Global Average Soil Moisture CMIP3 Models: Global Average Snow/Ice Mass
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