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• 1. Introduction: Our innovative efforts in global 

climate monitoring

• 2. Global CO2 monitoring with PGGM

- Ship-Based measurements

- Air-Based measurements

• 3. Global temperature monitoring with FORMOSAT-
3/COSMIC

• 4. Summary

Outline 
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– 地面觀測站 Ground-Based stations:

• 1990年世界氣象組織全球溫室氣體數據中心

(WMO World Data Centre for Greenhouse Gases, 

WMO WDCGG)

– 航空器觀測 Air-Based measurements:

• 1994年歐盟MOZAIC計畫[Marenco et al., 1998]

• 2005年起日本CONTRAIL計畫

• 2009年美國HIPPO(五次任務飛行)

• 2010年歐盟IAGOS計畫(預計)

– 衛星監測 Satellite Measurements:

• 歐洲Envisat衛星SCIAMACHY [Burrows et al.,1999]

• 美國AQUA衛星AIRS載具[Chahine et al., 2005 ]

• 日本GOSAT衛星, Jan 2009

– 國際貨輪觀測 Ship-Based 

measurements:

• 2001~2003年歐盟

CAVASSOO
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WDCGG

MOZAIC

CAVASSOO

現今全球二氧化碳濃度觀測平台
Global Greenhouse Gases Measurements Platforms
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Pacific Greenhouse Gases Measurement

太平洋溫室效應氣體觀測計畫
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Pacific Greenhouse Gases Measurement Project
Phase I: 2008-2010; Phase II: 2011-2013
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PGGM Ship-Based Global Greenhouse Gases 
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
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Evergreen Full Container Service Routes



國立中央大學



國立中央大學



國立中央大學

8艘D-type PGGM ship travel through Pacific-Atlantic region
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商用貨輪觀測平台觀測系統簡易架構圖

• 觀測平台安裝
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提供零值空氣

提供標準氣體

提供溫濕度資訊

懸浮微粒濾除器
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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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GFC11在S-138-3

2010/03/31~2010/03/31

GFC11在S-138-3

2010/04/05~2010/04/05

儀器結果很穩定

儀器結果很穩定

二氧化碳分析儀連續固定濃度二氧化碳觀測
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PGGM船測儀器在碼頭準備吊上
船

使用吊車將PGGM船測
儀器吊上船之情形

將儀器搬運至安裝位置

儀器安裝測試

固定GPS及採樣口

鋼瓶固定
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儀器安裝在船頭擋浪板後方

機
箱

GPS

採樣口

保溫管

GPS及採樣口安裝在擋浪板前方

懸浮微粒濾除器

工作標準品
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PGGM Ship-Based Package4 on-board 

EVER DECENT
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Path(實際,UTC):
1.01/22台北港→2.01/23香港港→3.01/24鹽田港→4.01/26高雄港→5.02/15巴拿馬運河→
6.02/15箇朗貨櫃儲運中心 →7.02/20薩凡納港→8.02/22紐約港→9.02/24巴爾地摩港→
10.03/01箇朗貨櫃儲運中心 →11.03/02巴拿馬運河→12.03/26台北港

• EVER DECENT 2010/01/22~2010/03/26 
– 太平洋-大西洋海域(AUE-63天)
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• 港區:二氧化碳的濃度迅速的升高至400~480ppm

• 北太平洋海域:二氧化碳濃度約在393~396ppm左右

Mauna Loa 平均二氧化碳濃度
389.90ppm

年份 月份 AIRS月平均CO2濃度(ppm) 平均
2010 1 388.57

389.902010 2 390.04

2010 3 391.11
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• 紅線:AQUA-AIRS衛星資
料

• 藍線:船測二氧化碳資料

2

3
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Path(實際,UTC):

1.01/22台北港→2.01/23香港港→3.01/24鹽田港→4.01/26高雄港→5.02/15巴拿馬運河→

6.02/15箇朗貨櫃儲運中心 →7.02/20薩凡納港→8.02/22紐約港→9.02/24巴爾地摩港→

10.03/01箇朗貨櫃儲運中心 →11.03/02巴拿馬運河→12.03/26台北港

Savannah

Baltimore

New York

Taipei

KaohsiungHongKong

Yantian
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• 洋面區域:貨輪所觀測到的二氧化碳濃度資料和AIRS二氧化碳反演資料濃
度值很相近

• 接近港區或是陸地附近的海域就有很明顯的差異
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• 二氧化碳船測資料分析

– 2009/06~2010/06/30共完成35個航次之觀測

• 北太平洋10oN~60oN之間的海域

• 印度洋

• 西北大西洋

26

28航次

7航次
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In-service Aircraft for a 

Global Observing System 

Andreas Volz-Thomas and the 
IAGOS-Team

 FIRST IAGOS ATLANTIC AIRCRAFT BY LTH IN 2010/2011
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Feb 2008, Brussels
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PGGM Air-Based Global Greenhouse Gases 
Measurements with China Airlines: A Special 
Thanks to China Airlines

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



國立中央大學First IAGOS Pacific Fly by CAL in Late 2011

China Airlines International Routes
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Summary

• 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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Outline

• 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

• 3. Summary 
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Typhoon Krosa,

2-7 Oct 2007
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福衛3號升空的一刻 GPS全球氣象預測新紀元展開
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世界頂尖氣象中心新聞
Leading Weather Center Newsletters
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FORMOSAT-3 Mission Highlighted by Nature

The COSMIC micro-satellites equipped 

with GPS receivers will provide a valuable 

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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A special monograph 

published 

by NSPO and UCAR 

on the GPS radio 

sounding of earth 

atmosphere and 

ionosphere.
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 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

Milestones:



國立中央大學

FORMOSAT-3 Users

As of 8/31/2010

Global Data Users

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 11 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

Turkey 4 Total 1,379

52 CountriesGlobal Data Users 
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GPS Radio Occultation Technology

Setting

Occultation

Rising

Occultation

GPS x 24
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FORMOSAT-3 Mission

6 FORMOSAT-3 

satellites receive 

signals from 24 

GPS satellites to 

perform GPS 

occultation to 

retrieve 

atmospheric 

properties.

20,200 km altitudes,

55 Degrees inclination
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• 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.
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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 ECMWF, 
UKMO, and NCEP. 
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Source: EOS/NASA
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The (2 May) 2009 Mt Chaiten eruption

Wang, Lin, and Lou-Lee, 2009, GRL
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3.5. FORMOSAT-3/COSMIC Monitoring

(a) The (2 May) 2009

Mt Chaiten eruption
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 GPS 掩

星觀測
位置(．) 

和南極
大陸無
線電探
空

 Ground 

stations 

(。)分佈
情形
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南極大陸無線電探空測站

 Source: NOAA CMDL
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準備釋放無線電探空氣球

 Source: NOAA CMDL
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南極上空的大氣溫度觀測 非常困難

 Source: NOAA CMDL
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一個典型的南極測站觀測報告
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2006年南極大陸上空單點大氣溫度垂直結構的連續觀測

無

線

電

探

空

福

衛

3

號

 Sonde

 FS3/C
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Sonde

FS3/C

Aqua/AIRS

2007
South Pole Neumayer 70S
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Sonde

FS3/C

Aqua/AIRS

2008
South Pole Neumayer 70S
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FS3/C – Sonde : 2007

AIRS - Sonde
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FS3/C – Sonde : 2008

AIRS - Sonde
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1998年南極臭氧洞 和極區渦漩
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2002年南極臭氧洞 和極區渦漩
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OMI AI FORMOSAT-3/C AQUA AIRS ECMWF
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Summary
• 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 

• 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 
models such as ECMWF, UKMO, and NCEP.
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Remark

• 有一流的數據, 才有一流的科學.

L.-C. Lee, Fellow of Academic Sinica

4 Jul 2009, Yahoo News

PGGM 計畫觀測其他人所無法觀測的資料,

這是一件令人興奮且值得驕傲的工作與成就
.

敬請繼續支持,  讓我们一起為地球環淨保護
貢獻一份心力.
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Thank you very much for your listening.


