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Goals

1) To develop an analysis technique to derive atmospheric

precipitable water (PW) using existing IGS tropospheric

product (zenith tropospheric delay, ZTD) on a global

scale;

2) To apply the technique to global ZTD data from 1997 to

present to create a global, 2-hourly PW dataset, and

make the dataset available to the public;

3) To use the data for various climate and weather studies:

• To document and understand PW diurnal variations

• To quantify time- and space-dependent biases in

global radiosonde humidity records



DATA: DATA: IGS ZTD data: ~340 stations, 1997-present, 2-hourlyIGS ZTD data: ~340 stations, 1997-present, 2-hourly

Number of stations from 1997 to 2004
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Ps from 3-hourly global

surface synoptic

observations with adjustment

ZWD = ZPD - ZHD

Tm from 6-hourly NCEP/NCAR

Reanalysis with horizontal and

vertical interpolation

(Wang et al. 2005)
Output:

PW = ! * ZWD

! = f (Tm)

Comparisons with radiosonde, MWR and other data

Input:

ZPD = ZHD + ZWD
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Comparisons of PW 

(IGRA-GPS 2003/2004 102 stations)
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Diurnal variations of PW



Future Needs
Recommendations on improving future IGS products

Wish list

1.To maintain long-term stability and high quality of

the ZTD product

2.To reduce diurnal biases in the ZTD product

3.To improve and increase sfc-met data

4.To co-locate with radiosonde stations

5.To increase the spatial and temporal coverage

6.To better document the IGS products



Advantages of GPS measurements

• All weather

• High temporal resolution

• High accuracy

• Long term stability

Townsville
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1. To maintain long-term stability and high quality of

the ZTD product



PW 1999 at AREQ (Arequipa, Peru)
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2. To reduce diurnal

biases in the ZTD

product

Toulouse (8/22-10/21/2002)

y = -0.0012x3 + 0.0386x2 - 0.261x - 1.7942

R2 = 0.1919
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Onsala (1997/1999/2001)

y = -0.0003x3 + 0.0138x2 - 0.1337x + 0.0188

R2 = 0.0633
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Darwin (2004)

y = -0.0012x3 + 0.0469x2 - 0.5009x + 0.8464

R2 = 0.0072
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Diurnal biases in Tm_Bevis
Tm = 70.2 + 0.72*Ts

Amplitude of Tm/Ts diurnal cycle

Tm_Bevis

Tm_ERA40

Ts

Wang et al. (2005)



3. To improve and increase sfc-met data

Comparisons of Ps between GPS sfc-met and Synoptic data 

(BRUS Brussels, Belgium 12/1998-3/2002)
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Comparisons of PW from GPS and radiosonde on Oct.

21-25, 2003 in La Jolla (9 km apart, 134/69 m elevations)

From NOAA/FSL (2004

Technical Review)

4. To co-locate with radiosonde stations



Global Upper-Air Reference Network

• Goals:
– Provide long-term, high-quality climate records

– Serve to constrain and calibrate data from more spatially-
comprehensive global observing systems (inc. satellites)

– Measure a larger suite of co-related climate variables than can
be provided as benchmark observations

• It is initiated and led by WMO’s Global Climate
Observing System (GCOS) program

• It includes reference radiosonde system along with
other instruments, such as GPS.

• 30-40 stations, every 2-4 days, 2/day, up to 5 mb,
both ascending and descending profiles…

• Three workshops to define the network.



From IGS web page

5. To increase the spatial and temporal coverage

Number of 2-hourly PW data points (2003)
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6. To better document the IGS products

1. To include details on data characteristics and

how they were derived

2. To maintain comprehensive meta data to

document any changes in instruments, data

processing and others, and to make it visible to

users



• Dataset: A near-global, 8-year, 2-hourly GPS-PW dataset is created
using the IGS ZTD product.

• Scientific Applications:  Two examples, “Studying water vapor
diurnal variations” and “Monitoring the quality of global radiosonde
humidity data”, are show here. More will be seen in the future.

• Future work:
1. To explore the new 5-min ZTD product and possibly switch to it.
2. To  construct a corrected global radiosonde PW dataset for climate

studies using the GPS-derived PW as a reference
3. To apply the data for more climate and weather studies.

• Future needs:
1. To maintain long-term stability and high quality of the ZTD product
2. To reduce diurnal biases in the ZTD product
3. To improve and increase sfc-met data
4. To co-locate with radiosonde stations
5. To increase the spatial and temporal coverage
6. To better document the IGS products

Summary



Annual mean Tm difference between Bevis and IGRA

~1-6K colder

with maximum

marine stratus

regions

Warmer with

maximum over

Mountains





Good Agreements

Dry bias in RS80A

Moist bias 

in MRZ and IM-MK3
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Comparisons of GPS and Integrated Global Radiosonde Archive

Comparisons of PW 

(IGRA-GPS 2003/2004 101 stations)
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Darwin (2002-2004; ~53 km; Elevations: 125/30 m GPS/MWR)
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6. better document the IGS products

****************************************************************************** IGS Electronic Mail

31 Jan 04:51:24 PST 2000 Message Number 2691

******************************************************************************
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1. To include details on data characteristics and how they were derived

2. To maintain comprehensive meta data to document any changes in

instruments, data processing and others and to make it visible to

users



Ross and Elliott (2001)


