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                          摘    要
近年來在溫室效應及聖嬰現象的雙重影響之下，全球各地因為豪雨及暴風雪所造成的災情與日俱增，地球環境保護的課題可說是全民運動。就地基GPS訊號反演技術而言，應用連續觀測的GPS衛星定位觀測資料可以獲得大氣對流層中水氣含量的動態變化，提供高精度、高時空解析度、近即時連續的可降水量變化，可提供服務於氣象學研究，並可大大提高監測突發性天氣的能力。以衛載GPS訊號反演大氣參數技術而言，由於目前世界上擁有衛星技術的國家，相繼不斷的發射或預計發射具有RO反演大氣功能的衛星，如MetOp、GRACE、TerraSAR-X等，因此RO技術的重要性已經無庸置疑。國內雖然已經藉由福衛三號衛星計畫累積了相當多的經驗及能量，但至目前為止仍然需要美國CDAAC軟體的輔助，才能完整的進行RO觀測資料的計算。

本計畫之目的除了利用過去三年已培養之地面GPS反演水氣專長，應用國內現有之地面GPS連續接收站的觀測資料，並嘗試修正演算模式，改以精密單點定位絕對方式精密計算GPS所推求之大氣可降水量；再利用調和分析或頻譜分析GPS水氣之特性，探討台灣上空可降水量及實際降雨量之長期趨勢及短期變化，或溫室效應及聖嬰現象對於臺灣上空水氣量之影響。此外，將擴展研究能量至衛載GPS反演大氣參數，除了需更加熟稔ROPP軟體，建立獨立處理福衛三號的資料能力，並與CDAAC之成果進行比較。最後整合地基及衛載兩種技術，以提高並增進GPS反演大氣參數的價值，並嘗試將GPS水氣資料加入臺灣現有之大氣資料庫，以提供給相關領域的研究者使用，未來亦可應用於環境監控及天氣預報上，提供民生及科學研究等各領域之應用服務。
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一、目的
此次IAG2013研討會中對於Multi-GNSS為一主要重點之探討，其內容不僅在於單獨討論其精密定位的技術精進，更多的是其衍生出的諸多科學之應用。在眾多的文章當中，其中有些是關於地面GPS觀測與可降水之研究，學者多半將地面GPS所求之大氣遲延量轉換為可降水，並再與數值天氣模型做進一步比較；大體而言，兩者所呈現的趨勢均相當一致，其中還有一位從波蘭來的博士生單獨利用GPS可降水成果進行大氣相關參數的預估，其展現的成果似乎頗為不錯。另外還有幾篇文章則是探討低軌道衛星進行GPS Reflectometry相關技術探討及成果比較的研究，頗為吸引大家的注意。
此外，相當值得台灣學者關注的是，全球衛星定位系統在未來已經不是美國的GPS定位系統可以獨佔了，因為歐洲的Galileo系統已正式送上兩顆衛星(先前兩顆衛星為測試用)，十年之內將會形成一完整運作的星系；中國大陸的北斗系統，目前則已有十幾顆導航衛星已在運作；日本和印度的區域導航衛星計劃也已完成規劃並開始發射衛星進行佈局。但更值得一提的是，俄羅斯的GLONASS系統是目前世上唯二具有全球定位能力及正常運作的星系(另一個則是美國的GPS)，俄羅斯當局目前不僅全力在唯護此一系統，並且已經規劃好將在未來數年之內全面汰換舊技術的FDMA頻道識別，而轉為較先進的CDMA系統，這是讓全世界的學者及研究人員所期待的。另外這次在IAG會場時，著名的研究用定位軟體Bernese，其開發單位瑞士伯恩大學亦有許多學者前往參加此研討會，藉由相互討論軟體之功能及理論其結果可謂獲益良多。
二、過程
會議進行時間共計六日，發表的文章海報編號109。會議文章海報展示時間分為兩梯次，第一梯次為2日~ 3日，第二梯次為4日~ 5日。本次的發表文章被大會排入第一梯次，發表現場如下圖。
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星期日(01/09)大家開始陸續於大會接待處完成註冊後，此次大會的開幕儀式並非在星期一(02/09)早上，而是選擇於星期一的下午接近傍晚時刻，IAG的主席致詞情況如下圖。
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文章海報發表時間大約在每日的11:00，13:00以及1600三個時段，每個時段約莫有一個小時的討論時間，但每天的正確時間大會會稍微做一調整。因此本次參與此大會，總共做了兩天六個時段的文章發表並與前來觀看的學者或研究人員進行討論。除了本次的文章海報發表之外，其餘時間則參加他人口頭文章發表的場次，每天都有三個平行口頭發表的場次同時進行，而本人大多選擇Multi-GNSS定位精度提昇、低軌道衛星定軌、GNSS應用於地球坐標框架定義、GNSS應用於大氣遙測的的主題為主要的聽取內容。
本次大會安排參觀位於德國Postdam的Satellite Laser Ranging (SLR，衛星雷射測距)觀測站，此技術在於利用地面精準的雷射與衛星上的反射稜鏡，測量衛星與地球表面的距離，做為精準衛星軌道的計算並應用於地球坐標參數的定義以及GNSS、大氣和重力等科學；台灣目前並無此等技術，實為一難得之經驗。
三、心得及建議
近三十年來隨著全球定位系統(GPS)技術精度的提高，其衍生而來的科學及民生用途亦漸漸的廣泛起來，而隨著多國皆欲發展各自的導航星系，Multi-GNSS似乎正在流行並取代GPS一詞。Multi-GNSS的應用可分為兩種。一種是原有的功能(特別是在即時定位方面)大量被用於民生用途上，例如工程測量、汽車導航和變形監測…..等等，這方面應用隨著硬體價格的下降，各種民生應用如雨後春筍般的出現。另一種就是Multi-GNSS在其它科學學門上，變成一種非常便利及有效率的工具，例如地殼變動監測、遙測大氣含水量、測量電離層全電子含量、量測時間標準…等等，目前許多先進國家都挹注大量人力和經費進行相關的研究工作。國內運用GPS技術之相關研究人員，更應規劃整合人力資源朝更高更遠的目標邁進。
此研討會是一相當專業的研討會，參與人員雖大多以歐洲國家為主，但許多技術仍然相當前端且值得學習的，參與此會可增進多方面的知識，亦可在自身研究的領域與世界各地的研究人員互相學習討論，是一相當可貴的學習經驗。
四、附件
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Investigation of Atmospheric Parameters Retrieved from ROPP and CDAAC
Using GPS Radio Occultation Measurements over the Australian Region

Chuan-Sheng Wang', Ta-Kang Yeh ', Robert Norman?, Sue Lynn Choy? Tzu-Pang Tseng?®

&‘w &Q€ Abstract

This investigation utilizes FORMOSAT-3/COSMIC RO data to identify the differences between
the results obtained using two different data processing packages - the Radio Occultation
Processing Package (ROPP) and the COSMIC Data Analysis and Archive Center (CDAAC)
software package.

This study analyzes 20,210 events located in the Australian region in the year 2010. The results
of this study show a negative bias between the two software packages in the bending angle at
heights below approximately 5 km.

The refractivity also shows a negative bias, which is consistent with previous results from the
Global Navigation Satellite System Receiver for Atmospheric Sounding Satellite Application
Facilities (GRAS SAF) report.

A negative bias between the two processing software packages also appears for the pressure
parameter at all heights and for dry temperatures from S to 16 km in height.

The height intervals showing differences less than 1% in the bending angle, refractivity, pressure
and dry temperatures are 0-25 km, 0-16 km, 0-16 km and 6-23 km, respectively.

In general, the differences between the ROPP and CDAAC processing methods in the bending
angle, refractivity, and pressure increase with altitude but are always less than 3%. The
difference in dry temperature is also less than 3% at heights greater than 5 km, but it is larger at
heights below 5 km.

1. Introduction

The GPS RO technique relies on a GPS receiver onboard low earth orbit (LEO) satellites to receive
signals from GPS satellites. The long-term stability, high accuracy, all-weather capability, higt
vertical resolution and global coverage of GPS RO make it an important tool for monitoring global
atmospheric temperature.

FORMOSAT-3/COSMIC is the first GPS RO constellation mission developed by Taiwan’s National
Space Organization (NSPO) and the University Corporation for Atmospheric Research (UCAR) in
collaboration with the Jet Propulsion Laboratory (JPL). The FORMOSAT-3/COSMIC Data Analysis
and Archive Center (CDAAC) was developed by the UCAR and provides post-processing and near
real-time measurements and products for the mission.

The Radio Occultation Processing Package (ROPP) is a software package developed by the Global
Navigation Satellite System Receiver for Atmospheric Sounding (GRAS) Satellite Application
Facilities (SAF) project, led by the Danish Meteorological Institute (DMI), for processing RO data
from MetOp satellites. The comparison of RO products from this study and CDAAC will be
discussed.

2. Methodology and Data analysis

This study focuses on comparing the results of the bending angle, refractivity, pressure and dry
temperature between the ROPP and CDAAC processing methods.

The study area is located in the Australian region (110° to 160°E and 10" to 50°S). The ROPP
software package was obtained from the GRAS SAF website (which has been known as ROM SAF
since March 1, 2012) and incorporated into our system for calculating the excess phase. In contrast,
the retrieved CDAAC profiles were taken directly from the CDAAC dataset.

The product, version CDAAC V2010.2640,
produced by CDAAC 3.0, was launched in
February 2011. GRAS SAF released the ROPP
V6.0 on February 12, 2012. This study will
introduce the excess phase from CDAAC
V2101.2640 to ROPP V6.0 for the retrieval of
atmospheric profiles. The 20,210 events
located in the Australian region during the year
2010 comprise the dataset of this study. The
profiles retrieved from the two different
software packages will be compared and
discussed. The distribution of the events is
shown in Figure 1.

Figure 1. The distribution of the 20,210 RO events
observed in 2010 over the Australian region.

3. Results

The statistical analysis is based on a six-layer atmosphere with 5-km thick vertical layers from 5 to
35 km in altitude. For each atmospheric parameter, the difference between the ROPP- and
CDAAC-based values was calculated at every layer. Then, the mean of the difference (ROPP
minus CDAAC) and the mean absolute deviation (MAD) of the difference were computed for
each layer, as shown in Table 1. There is a positive bias between the two software packages in
bending angle and a negative bias in refractivity and pressure.

Table 1 Comparison of atmospheric profiles using ROPP and CDAAC using 20,210 RO events
binned into six atmospheric layers.
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The MAD is the average distance between each data value and the mean of the difference. This
parameter reflects the spread of the data. In general, at altitudes lower than approximately 15 km
for bending angle and dry temperature and lower than 10 km for refractivity, the MAD values are
typically larger than the mean values. This difference shows that a few large excursions exist in the
dataset. For the dry temperature parameter, although the mean of the difference is less than one
degree between 25 and 35 km in altitude, the MAD is considerably larger in magnitude, reaching
over two degrees. Two example RO events, shown in Figure 2, are selected to demonstrate the
difference in the dry temperature parameters retrieved using the two software packages. Normally,
the profiles retrieved by ROPP and CDAAC are similar to Event 1. However, profiles such as
Event 2 exhibit larger differences in dry temperature. These large positive differences can
neutralize the negative difference and reduce the value of the mean. The large MAD values reveal
the presence of these events.

Event 1: C006.2010.003.21.05.G19, E136.0897 §49.3078 Event 2: C006.2010.002.0640.G02, E112.9181"524.1115

Figure 2 The retricved atmospheric profiles using ROPP and CDAAC

This high-resolution method finds the same bias for the refractivity, pressure and bending angle
between two software packages as the lower-resolution method. This result is illustrated in Figure
3. For dry temperature, there is a negative bias at 5 to 16 km in altitude and a positive bias
elsewhere.

The high-resolution method shows a larger uncertainty (RMSE) for all four atmospheric
parameters at low altitudes, and it shows a large significant difference (MAD) between the two
processing methods for the dry temperature at heights above 25 km.
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Figure 3 Comparison of atmospheric profiles using ROPP and CDAAC with the statistical mean and the mean
absolute deviation (MAD) of the mean.

4.Conclusion

This study investigates the difference in results generated by the ROPP and CDAAC software
packages for observations over the Australian region. The retrieved bending angle, refractivity,
pressure and dry temperature were compared using data from the year 2010. The results of the
bending angle show a negative bias at heights below approximately 5 km. The refractivity also
shows a negative bias, which is consistent with the GRAS SAF report. The pressure parameter
also shows a negative bias between the two software packages. The dry temperature also shows a
negative bias at altitudes from 5 to 16 km. Altitudes of 0-25 km, 0-16 km and 6-23 km exhibit
differences of less than 1% in bending angle, pressure and dry temperature, respectively.

In general, the difference in bending angle, refractivity, and pressure increase with altitude, but
these differences are always less than 3%. The difference in dry temperature is also less than 3% at
heights above 5 km. However, the difference between the ROPP and CDAAC is larger at altitudes
of less than 5 km.
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