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Global Greenhouse Gases Measurements Platforms
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Mean Annual Air-Sea Flux for 1995 (NCEP 41-Y1 Wind. 940K, W-92)
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PGGM

Pacific Greenhouse Gases Measurement
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Pacific Greenhouse Gases Measurement Project
Phasel 2008-2010 Phase 1I: 20112 2013
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PGGM Ship-Based Global Greenhouse Gases
P G— G—M Measurements with EVERGREEN Since Jun 2009:

A Special Thanks to Evergreen Marine Corp. (EMC)
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EVER STRONG, 8 Sep 2010, Taipei Harbour




RSS2 THEBEMNS

Evergreen Full Container Servige Routes

it - :'é.&’ s
by - ¥ %‘

o

-

NORTH
ATLANTIC

OCEAN
v

A

NORTH FACIFIC OCEAN

ARCTIC OCEAN

:
3
E

SouT™
ATLANTIC
OCEAN

INDLAN OCEAN

Evergreen Full Container Service Routes

it

5 EAST. ANER DA SANEE

il




Pacific Greenhouse Gases Neasurement Project

PGGM PackageO1:EVER ULTRA PGGM Package04:EVER DECENT PGGM Package07:EVER DEVOTE

PGGM Package02:EVER DAINTY PGGM Package05:EVER DIAMOND
‘ -

PGGM Package03:EVER DELUXE
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Pacific Greenhouse Gases Measurement Project
PGGM Ship-Based Measurement
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8##D-type PGGM ship travel through Pacific-Atlantic region
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CO2 Standard Gases and Analyzers

« Primary standard: NOAA WMO CO2 Standards

 Working standard: Calibrated by Primary standard
 Ship—based CO2 analyzers

— ECOTECH: EC9820, GFC analyzer
— calibration cycle: Every 6 hours
— zero CO2 air,

— span gas (High and Low concentrations),
— measurements
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[ GFC CO, Analyzer Sampling Method ]
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- Sampling air fill the measurenent cell after valve opens.
@ The average of sampling data for 4 minutes 15 recorded, but not used to do analysis.

. The average of sampling data for 3 minutes is recorded, and can be used to do amalysis.
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C32 concentraction{ppm)

CO2 concentraction{ppm)

A

PGGM COZ Measurement n 2—138-3
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- EVER DECENT 2010/01/22~2010/03/26
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PGGM BEVER DRCBRENT Measurements

20100122~20100326 Calibrated COZ route concentration
Background:-AQUA AIRS average CO2Z data
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PGGM Ship—Baesd Measurements
Calibrated COZ route concentration
(calibrated by NOAA) .
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£4.2 S0 LB EBREMNE

COUNTERY PORT LAT LON
USA Baltimore 39.23 -76.55
USA New York 40.68 -74.02
USA Savannah 32.11 -81.12
USA Los Angeles 33.73 -118.26
USA Oakland 37.79 -122.302
Tarwan Kaohsiung 22.56 120.31
Tarwan Taipei 2515 121.37
China Yantian 22.57 114.26
China Shanghai 31.22 121.48
China Ningbo 29.86 121.55

HK HongKong 22.32 114.15
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PGGM Ship—-Baesd Measurements
Calibrated CO2 PORT Concentration

n and zero Rae s : 2010.00.27 0T

60N B&ko: =z

30N

sssnhecscvnsncicsnsans

ON

s 0 E
Grid average 1.00 x 1.00 de¢ ‘
90E 120E 150E 180W 150w : £ 60W
390 395 400 405 410 415 430 4.25 430 435 440 445 450ppm

L

4.162009 % 11 A £ 2010 % 3 A AN B £ 2 58 &

B pligeA s




200,
480¢

=
o
=

COZ CONCENTRATION (PPM)
o
e

LJCd
0l
= 2

= =
W= O
S S

Lo La
o
S S

19048
2499

1473

3841 3333 2072 763

PORT
B 41784302 — AL EERBERE - LBALE—HERE AL RR

Mauna Loa B35 4 | FH_fALsREM  LebhmERx —ftaFHE

7697

ell=AF
®lI=A W
5695 #Taiwan
B73 ®hinea

® HI
4335.1)&1.& M.

ML COR(Apr)

B FliA g




£ 4.3 B oz HRPE - FHB o _GLREEEEFTR

COUNTRY PORT Ranking(2008) | CO2 AVG STDEV
USAE Baltimore 1257 414.05 13.799
USAE New York 20 411.55 410.98 14.423
USAE Savannah 40 407.84 14.753
USAW Los 16 420.74 30.717

Angeles

416.40
USAW Oakland 47 412.63 15.094
USA'W Tacoma 62 415.84 18.168
Taiwan Kaohsiung 12 432.13 31.642

, —— 420.62
Taiwan Taipei 409.11 11.506
China Yantian 422.93 62.937
China Shanghai 2 429.57 429 .81 21.353
China Ningbo 7 436.95 27.865
HongKong | HongKong 3 418.81 418.81 16.972
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Lufthansa Airbus A340-300 Foto: Gerd Rebenich / Lufthansa DR 120-13-C 291
Nur fiir redaktionelle Zwecke / For editorial purposes only




From a research project to
sustainable Earth observations

n-Service Aircraft for a Global Observing System
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PGGM Air-Based Global Greenhouse Gases ‘
Measurements with China Airlines: A Special

Thanks to China Airlines

Mea-:.-.- - . - - -
China Airlines- first in the world to fly IAGOS for global environmental monitoring
over the Pacific in 2011.

-
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« PGGM Air—Based measurements will be launched from
late 2011, pending on the successful progress of STCs for
IAGOS packages 1 and 2 in 2010/2011.

« PGGM Ship—Based measurements has been successfully
launched on 22 Jun 2009. We now have 9 vessels
conducting routine CO2 measurements over Pacific,
Indian, and Atlantic regions.
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Global Temperature Monitoring with
FORMOSAT-3/COSMIC

Kuo-Ying Wang

Department of Atmospheric Sciences
National Central University, Taiwan
Jeju Workshop, 21-22 Oct 2010
Korea

kuoying@mail.atm.ncu.edu.tw
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« 1. Introduction: A brief description of FORMOSAT-3/COSMIC
(FS3/C) mission

« 2. Atmospheric studies with FS3/C
— vertical temperature structures inside polar vortex
— effect of volcano eruptions
— effect of solar eclipses
— Impact Saharan dust outbreaks over the
tropical North Atlantic
- implication for hurricane forecast

— data assimilation with FS3/C in the forecast models

e 3. Summary
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Dataset: dml RIP: rip dml alp
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Figure 5. (a) Tracks of the movement of the center of Typhoon Nari. The colour bar indicates the dates
in September (numbers above the bar) and the Julian day (numbers below the bar) since 1 January
2001, respectively. (b) A snapshot of the GMS satellite IR-3 brightness temperature (Kelvin) on 16
September 2001.
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COSMIC Launch - Picture Provided by B.
Kuo - Click to view the COSMIC launch
footage
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News in This Quarter
Science Update

Cosmic Data to be Assimllated
Operationally at NOAA

After successful testing at the JCSDA, Global Positioning
System (GPS) radio occultation (RO) soumdings from the
COSMIC mission will zo into operationsl use with the
implementstion of the Gridpoint Statistical Interpolation
(G5I)Global Forecast Systam (GFS) system a: NOAANCEP
on May 1 2007.

In preparation for the assimilation of COSMIC data, the
JCSDA developed, tested snd imcorporated the necessary
components to assimilste GPS RO profiles. These components
include forward operaiors apd associated tangent linear and
adjoint models, quality comtrol slgorithms,  emor
characterization models, data handling, &ond.mg procedures,
and verification and impact i

Dmpsct tests indicate that the assimilaton of GPS RO
observations improves the fit to mwinsonde cbservations by
reducing the mesn and root-mean-square differences in the
upper amd The anomaly

(AC) scores for both the Northern and Southern Hemispheres
also mmproved with the use of COSMIC data for the test
period, November 2006. In general, the improvement m AC
scores will be more or less significant depending on the
meteorological situation and the model performance for the
period under study. The accompanying figure shows the 500
hPa zeopotential beight AC as a fimction of the forecast range
in the Southern Hemisphere for November 1% to 30% 2006
The assimilation of COSMIC data (PRY<, in red) improves
the AC scores when compared to the control nm (PRYnc, in
black). Both PRYnc and PRY'c experiments assimilate all the
observations currently being used in operations. Therefore the
difference between the nms iz due to the impact of
assimilating COSMIC dara.

COSMIC, the Constellation Observing Sysem for
Mmmolugy Tonosphere and Climate, & joint Taiwan-U.S.
project, was launched in April 2006. The scientific foundation
fmCOEMIC]slhemmuc:n]mm(]mhmmg)
technique. The six- s:he]lme :nnsnell.llmn provides high \rcn:al
resolution
at about at.bmls:ndlucams each day.
(Lidia Cucurull, JCSDANCER)

AVERAGE FOR OOZO1NOW2I00E — DO0Z3IONOVZOO0E

Anomaly comefalion scores (Red: WIh COSMIC, Siue without
COSMIC) for the 500 mio helght field In the Southem Hemisphere as a
funciion of e forecast lengin.

Assimllation of MLS Ozone
Observations Improves Antarctic
Ozone Hole Depliction

NASA’s EOS Aws satllie provides comprebensive

ic chemical Far
example, the Awa Microwsve Limb Sounder (MLS)
instrument captures czone profiles with the vertical resohution
of about 3 km in the stratosphere. These data can be used to
constrain  stratospheric  ozome in  atmospheric models,
potentially improve assimilation of infrared radiances, snd
provide @ bemer field for radistive computstions. In
combination with Aura’s Ozone Monitoring Instrument (OMI)
total colunn czone measurements, the MLS ozone dam can
aleo be used to estimate wopospheric ozone, which is an
important component of the air quality.

The Goddard Earth Observing System-5 (GEOS-5) Dam
Assinulation System at NASA Goddard's Global Modaling
and Assimilstion Office (GMAQO) uses the Gridpoint
Statistical Interpolation (GSI) as its amalysis compoment
Recendy, scientists at the GMAO modified the GSI code
add assimilation of ozone profiles, such as those produced by
ozone remievals from the Aura MLS.

The results from a recent one-month assimilstion of MLS
ozone data are very encouraging. The figure balow compares
zonal mean ozone partial pressure (mPa) at the end of the one-

ECMWF Newsletter

Assimilation of GPS
radio occultation
measurements

Ensemble streamflow
forecasts over France
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FORMOSAT-3 Mission Highlighted by Nature
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The COSMIC micro-satellites equipped
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new approach to meteorology, climatology
and research into space weather. The new
system has the potential to significantly
improve climatological measurements.
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Applications of Constellation
Observing System for
Meteorology, lonosphere & Climate

Editors

Lee, Lou-Chuang
Rocken, Christian
Kursinski, Robert

Meteorology, B
lonosphere & Climate

A special monograph
published

by NSPO and UCAR
on the GPS radio
sounding of earth
atmosphere and
lonosphere.

i 1ok




FORMOSAT-3/COSMIC

Launched 14 April 2008.

Total number of occultations - Please click on the numbers to update them.

Total Atm Cces: 456177 Total loen Dees: 675355

Milestones:

14 Apr 2006: FORMOSAT-3 successfully launched into the orbit

12 Dec 2006: European Centre for Medium-Range Weather Forecast (ECMWF)

started using FROMOSAT-3 data in operational weather prediction

May 2007: First result on FORMOSAT-3 ionospheric study published in
Geophysical Research Letters (Lin et al., 2007)

May 2007: The US National Centers for Environmental Prediction (NCEP) and
the United Kingdom Meteorological Office (UKMO) started using
FROMOSAT-3 data in operational weather prediction

Jun 2007: First result on FORMSAT-3 stratospheric study published in

Geophysical Research Letters (Wang and Lin, 2007)
Sep 2007: Meteo France started using FORMOSAT-3 data in operational weather predicton

i 1ok




FORMOSAT-3 Users

Global Data Users 52 Countries

U.S.A. 481 Chile 4
Taiwan 184 Portugal 4
India 135 Ukraine 4
China 95 The Netherlands 3
Japan 54 Poland 3
Korea 34 Thailand 2
Germany 34 United Arab Emirates 2
Canada 33 Israel 2
U.K. 33 Malaysia 2
Russia 29 Peru 2
Brazil 26 Puerto Rico 2
Italy 25 Finland 2
Indonesia 24 Bulgaria 2
Australia 24 Czech 2
France 21 Pakistan 1
Vietnam 17 Bangladesh 1
Austria 13 Singapore 1
Argentina 12 Bhutan 1
Philippine " Costa Rica 1
Spain 9 Sweden 1
Iran 6 Ireland 1
New Zealand 6 Norway 1
South Africa 6 Belgium 1
Nigeria 6 Egypt 1
Denmark 5 Senegal 1
Switzerland 5 kR
Turkey 4 Total 1,379

As of 8/31/2010
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FORMOSAT-3 Mission
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Occultation Locations for COSMIC, 6 S/C, 6 Planes, 24 Hrs

» The constellation of six FORMOSAT-3 /COSMIC satellites monitors
« as many as 2,000 profiles of the atmosphere each day.

» In comparison, ground sounding stations provide only 900 profiles of measurements.
B pl A SR




Here we show the use of FS3/C data

-In detecting the vertical temperature structures in the

Antarctic polar vortex (Wang and Lin, GRL, 2007);

-in the volcanic plumes (Wang et al., GRL, 2009);

-in the Saharan dust plumes (Wang, Atmos. Res., 2010);
-during the total eclipse of 22 July 2009 (Wang and Liu,

GRL, 2010).

Some of the results are tested against measurements from
AQUA AIRS.

These results highlight important processes that are lacked
in the current weather prediction models such as ECMWEF,

UKMO, and NCEP.
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Click GEOPHYSICAL RESEARCH LETTERS, VOL. 37, LO1804, doi:10.1029/2009GLMMOS6E, 2010
(-
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Full
Article

Profiles of temperature responses to the 22 July 2009 total solar eclipse
from FORMOSAT-3/COSMIC constellation

Kuo-Ying Wang' and Chao-Han Liu”

Total Solar Eclipse of 2009 Jul 22

Geocentric Conjunction = 02:33:04.4 UT

JD. = 2455034.606301
Greatest Eclipse = 02:35:21.1 UT

ID. = 2455034.607884
Gamma = 0.0696
Member =37 of 71

Eclipse Magnitude = 1.0799
Saros Series = 136
Sun at Greatest Eclipse Moon at Greatest Eclipse
(Geocentric Coordinates) N (Geocentric Coordinates)
R.A. =08h06m24.1s ! R.A. = 08h06m29.65
Dec. = +20°16'03.1" Dec. = +20°20"06.5"
S.D. = 00°15'44.5" S.D. = 00°16'42.7"
H.P. = 00°00'08.7" HP. = 01°01'19.8"
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Central
duration
m =

External/Internal
Contacts of Penumbra

P1=23:5818.7 UT
P2=01:47:41.9 UT ‘
P3 = 03:23:03.3 UT s
P4 =05:12:25.1 UT - ‘

External/Internal
Contacts of Umbra
Ul =00:51:16.9UT
U2 =00:54:31.0UT
U3 = 04:16:13.1 UT
o U4 =04:19:26.5 UT

sunearth.gosfc nasa.govfeclipse
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FORMOSAT—-3 PROFILES ON Z2 JUL 2009
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Figure 1. Spatial distribution of FS3/C GPS RO profiles (green dots. red. and blue
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Figure 2. Profiles of temperatures from FS3/C on 22 July 2009 (red curve). and each
days of 12 July-21 July, and 23 July-1 August 2009 (blue curves).
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Figure 3(a) Profiles of temperature differences between 22 July 2009 (the eclipse day)
and each day of 12 July-21 July. and 23 July-1 August 2009, respectively. Mean

profile of temperature differences is shown in yellow curve.
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Eruption of Eyjafjallajokull Volcano, Iceland

lceland

B

. .
s .
="

Atlantic Ocean

: M. , i :
download large image (3 MB, JPEG) acquired April 17, 2010

Source: EOS/NASA \~4




Eruption of Eyjafjallajokull Volcano, Iceland

Aerosol Index

0.0 2.5 5.0
acquired April 15, 2010

Source: EOS/NASA BT Higoiss
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Immediate impact of the Mt Chaiten eruption on atmosphere
from FORMOSAT-3/COSMIC constellation

Kuo-Ying Wang,' Song-Chin Lin,' and Lou-Chuang Lee”
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The (2 May) 2009 Mt Chaiten eruption

Wang, Lin, and Lou-Lee, 2009, GRL



3.5. FORMOSAT-3/COSMIC Monitoring

- GEOPHYSICAL RESEARCH LETTERS, VOL. 36, L03808, doi:10.1029/2008GL036802, 2009
ic
ere

= (a) The (2 May) 2009
Article Mt Chaiten eruption

Immediate impact of the Mt Chaiten eruption on atmosphere
from FORMOSAT-3/COSMIC constellation

Kuo-Ying \?\/ang,1 Song-Chin Lin,! and Lou-Chuang Lee?

SOUNDINGS L03808

Received 26 November 2008; revised 9 December 2008; accepted 31 December 2008; published 6 February 2009.
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Figure 3. Daily average temperature analyses at 15 km altitude from the FS3/C profiles (red dots) for (a) 1, (b) 2, (c) 3, E‘:" FI ‘*—k§

nd (d) 4 May 2008. Daily average temperature distribution from the NCEP GFS model on (e) 1 May, and the subsequent
predictions at 15 km altitude for (f) 2, (g) 3, and (h) 4 May. (i—1) Difference between the FS3/C analysis and the NCEP GFS
model. The crosses on each plot indicates the location of Mt Chaiten.
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First continuous GPS soundings of temperature structure over
Antarctic winter from FORMOSAT-3/COSMIC constellation
Kuo-Ying Wang' and Song-Chin Lin'
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South Pole, Antarctica, United States [SPO]
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SOUTH POLE STATION ANTARCTICA. AUGUST 2000 CLIMATE SUMMARY. H1H

SOUTH POLE STATION ANTARCTICA. AUGUST
2000 CLIMATE SUMMARY.

Balloon tlight data:

e Number of soundings tor the month... 40
e Average height of soundings......... 165.4 mbs or 12121 meters above msl

Remarks:

0 soundings were missed

| sounding was terminated above the 50 mb level

| sounding was terminated between the 50 and 100 mb level
38 soundings were terminated below the 100 mb level

E;lif, ]:I II}\'*% wp R
http://astro.uchicazo.eduw/home/web/gd I /augOOchimate. html
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Figure 4. Latitude-height profiles of the zonal minimum temperature for the 2006 winter

to spring seasons from the GPS soundings.
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FS3/C — Sonde : 2007
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FS3/C — Sonde : 2008
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 Since the successful launch of FORMOSAT-3/COSMIC (FS3/C) on 14 April
2006, daily GPS RO profiles have been persistently produced for global
analysis and modeling.

* These RO profiles provide an unprecedented opportunity in improving our
understanding of atmospheric processes that were not able to achieve
before due to the limit availability of high resolution atmospheric profiles in
space and time.

« Here we show the use of FS3/C data

* |n detecting the vertical temperature structures in the Antarctic
polar vortex (Wang and Lin, GRL, 2007);

« in the volcanic plumes (Wang et al., GRL, 2009);

¢ in the Saharan dust plumes (Wang, Atmos. Res., 2010);

« during the total eclipse of 22 July 2009 (Wang and Liu, GRL, 2010).

« Some of the results are tested against measurements from AQUA AIRS.

* These results highlight important processes that are lacked in the current
models such as ECMWF, UKMO, and NCEP. B 1A s
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An astronaut's boot print, photographed during the Apollo 11 Moon landing.
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The PGGM Team and International Collaborators

NCU: Kuo-Ying Wang (Pl), Chia-Lin Wang, C.—M. Chang

EPA: |.-L. Wu (Greenhouse Gases Reduction and Mitigation Office)
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Evergreen Marine Corporation: Capt. S.—C. Tai

Taiwan Leder Instrument Corp.

— France: Jean—Pierre Cammas, CNRS, Toulouse
— Germany: Andreas Volt-Thomas, FZJ, Julich

— Japan: Machida, NIES

- UK: John Pyle, Neil Harris, Andrew Robinson

— Australia: ECOTECH

Project Office:

Professor Kuo—Ying Wang

Department of Atmospheric Sciences,

National Central University, Chung-Li, Taiwan

kuoying@mail.atm.ncu.edu.tw
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Thank you very much for your listening.
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