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(a)

GEONET-B575, June, 2005, Met: AMeDAS, June 1: WJD 53522, July 1: HJID 53552
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GRASP (GPS precipitable water research Project)

supported by the Global Environmental Research Fund (RFa-1101) of the Ministry of the Environment, Japan.

Documents

updated 2013-03-12

+« Readme

Data

updated 2013-03-12

By downloading the data, you agree to become bound by the terms of the policy.

GEONET (Japanese) station

Beta version (12/03/2013)

CSV format

GEONET_csv_2009.beta.tar.gz
GEONET _csv_2008.beta.tar.gz

GEO_csv_2007 tar.gz
GEO_csv_2006.tar.gz
GEO_csv_2005.tar.gz
GEO_csv_2004.tar.gz

IGS station
Beta version (12/03/2013)

CSV format

IGS_csv_2005.beta.lar.gz
IGS_csv_2004.beta.tar.gz
IGS_csv_2003.beta.lar.gz
IGS_csv_2002.beta.tar.gz
IGS_csv_2001.beta.lar.gz
IGS_ecsv_2000.beta.tar.gz

Size Date Archived GrADS format
112,255 KB 2013/03/13 12:07
111,541 KB 2013/03/13 12:07
Size Date Archived GrADS format ~ Size
8,184 KB 2013/03/13 11:01
4840 KB  2013/03M13 11:01 - -
8,249 KB 2013/03/13 11:01
4100 KB 2013/03/13 11:01 - -
3612KB  2013/03/13 11:01
3,809 KB 2013/03/13 11:01 - -

Size  Date Archived

Date Archived

(1)-9 F—%BBHweb =T DA A=

5. ABERICK VB LNTRR

(1) BENER

RAEZEACTENTIAE I FTREZR AT KRBT — 2ty P &ER L, BiEDONA T 2AEREMTH D
TUFY T OABAKREEDORIELZITV, MEETHRESAH TV Z PR L, 207 —X

P2 5 TAR 1T A A O AR K B S RNIC H 5 2 & bR S vz,



RFa-1101-16
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<ATBBBEIZTEA LI R >
Fricitflt 9 2~ FMiE e,

<TEPRERTIZEDRRAENIRE>
N ENTZAERKET Xy Mok, KEKEORELLOFMITENIYFEIND,

\l

6. EPRILFRHFFEE DRI
T A J REMFSEE % — (NCAR) @ Junhong Wang AF%E B & Liangying ZhanghfZEE & & w %
KEEHIZOWT, #mzBIkol, WHIXT VA Y U TOKREK U —HBEMEEZ AN
ELTEWODEE 7 1Y = 7 FGRUAND —-> & LT, A &L L7ZGPSHI K &7 — Z 2Rk
LTWb (F—%Y A b :http://rda. ucar. edu/datasets/ds721.1/) ., AAREANOFT —F LT

AV UTEBLICHENE WD T — X R OFTE LT o T,

7. WREERRROREFRI
(1) BEERK
WX (E#HEHY) >
1) Fujita, M., A. Wada, T. Iwabuchi and C. Rocken: Proceedings of the ION GNSS 2012,
3454-3458 (2012)
“GPS Precipitable Water Vapor Dataset for Climate Science.”
2) Fujita, M., H. G. Takahashi, and M. Hara: Atmospheric Science Letters doi:

10. 1002/as12. 432 (2013)
“Diurnal cycle of precipitation over the eastern Indian Ocean off Sumatra Island

during different phases of Indian Ocean Dipole.”

<zoMmiELBEE (EHFELL) >
BRIZFLHT B _R&E FEMH T 20,

(2) HERER (%)
1) Fujita, M.: WCPR Open Science Conference, Denver, USA (2011)
“Diurnal convection and water vapor peaks over the eastern Indian Ocean off Sumatra

during different MJO phase.”
2) Fujita M., A. Wada, T. Iwabuchi and C. Rocken: American Geophysical Union, Fall Meeting

2012, San Francisco, USA (2012)
“GPS-PWV dataset by GPS Preciptable Water Research Project (GRASP).”
3) MEHEZE A, EETE. JREZ 2012 EE H AR B F2MKEKRE (2012)
TR IEAL S ERAT O 7= @ GPS FIPE/KET — X & >  (GRASP) |
4) BEHFEFF | JRBLZ . AT, @B RAE L5 2012 £ B ARAKEFRMFRE (2012)
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5) Fujita, M., H. G. Takahashi and M. Hara: 2012 4} B AHIER K H A A [F K2 (2012)
“GPS Preciptable Water Research Project (GRASP).”

6) Fujita, M., H. G. Takahashi and M. Hara: EGU General Assembly 2012, Vienna, Austria
(2012)
“Diurnal cycle of precipitation over the eastern Indian Ocean off Sumatra Island
during different IOD phases.”

7) Fujita M., M. Hara, N. N. Ishizaki, H. Takahashi, F. Kimura: AMS annual meeting 2013,
Austin, USA (2013)

“Downscaling of monsoon onset using pseudo global warming method.”

(3) HRE%FF
Fricitilt 9 2~ FMiE e,

(4) YUVRVPU AL, EIF—%0HE (ZEDOLD)
BRICR# T 2 _REFWHIT R,

(5) vRaAIFE~DAK - FES
FRICREHT 2 ~ & FMIE R0,

(6) =0l
FRIZFEEE T A _NEFM T2,

8. BIACHE
1) Ross, Rebecca J., William P. Elliott: J. Climate, 14, 1602-1612 (2001)
“Radiosonde-Based Northern Hemisphere Tropospheric Water Vapor Trends.”
2) Trenberth, K. E., J. Fasullo, and L. Smith: Climate Dynamics, 24, 741 — 758 (2005)
“Trends and variability in column—integrated water vapor.”
3) Vomel, H., H. Selkirk, L. Miloshevich, J. Valverde—Canossa, J. Valdes, E. Kyro, R. Kivi,
W. Stolz, G. Peng, and J. A. Diaz: J. Atmos. Oceanic Technol., 24(6), 953-963 (2007)
“Radiation dry bias of the vaisala RS92 humidity sensor.”
4) Wang, J. H., L. Y. Zhang, A. G. Dai, T. Van Hove, and J. Van Baelen: J. Geophys. Res.
112, D11107, doi:10.1029/2006JD007529 (2007)
“A near—global, 2-hourly data set of atmospheric precipitable water from ground-based
GPS measurements.”
5) Rocken, C., R. Ware, T. Van Hove, F. Solheim, C. Alber, J. Johnson, M. Bevis, and S.
Businger: Geophysical Research Letters, 20(23), 2631 — 2634 (1993)
“Sensing atmospheric water vapor with the global positioning system.”

6) Rocken, C., Z. Lukes, L. Mervart, J. Johnson, T. Iwabuchi, and M. Kanzaki: paper presented
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carrier phase ambiguity resolution.”

7) Saastamoinen, J.: The Use of Artificial Satellites for Geodesy, Geophys. Monogr. Ser.,
vol. 15, edited by S. W. Henriksen, A. Mancini, and B. H. Chovitz, pp. 247-251, AGU,
Washington, D. C. (1972)

“Atmospheric correction for the troposphere and stratosphere in radio ranging of
satellites.”

8) Boehm, J., A. Niell, P. Tregoning, and H. Schuh: Geophysical Research Letters, 33, L07304,
doi:10.1029/ 2005GL025546 (2006)

“Global Mapping Function (GMF): A new empirical mapping function based on numerical
weather model data.”
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6541-6555 (1991)

“Geodesy by radio interferometry: Water vapor radiometry for estimation of the wet
delay.”

10) Bevis, M., S. Businger, T. A. Herring, C. Rocken, R. A. Anthes, and R. H. Ware: J.
Geophys. Res., 97(D14), 15,787 — 15,801 (1992)
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positioning system.”
11) i 756 - [REME — b, 192, 1-14 (1998)
[GPSD JF 2R |

12) R4y - NIEERSR - KBH5E/ — K, 192, 15-34 (1998)
[GPSATBE K & D M ER & FFAM

13) Thayer, D.: Radio Science, 9, 803-807 (1974)
“An improve equation for the radio refractive index of air.”

14) Davis, J. L., Herring, T. A., Shapiro, I. I., Rogers, A. E. E., and Elgered, G.: Radio
Science, 20, 1593-1607 (1985)

“Geodesy by interferometry: Effects of atmospheric modeling errors on estimates of
baseline length.”

15) Ankne, J. and H. Nordius: Radio Science, 22, 379-386 (1987)

“Estimation of tropospheric delay for microwaves from surface weather data.”

16) Wang, J. and L. Zhang: J. Climate, 21, 2218-2238 (2008)

“Systematic Errors in Global Radiosonde Precipitable Water Data from Comparisons with
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Ground-Based GPS Measurements.’
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/8% /L. Intergovernmental Panel on Climate Change) IZEBWT KRRTFTOKEKDOEILIT
SEEEICBITDRRO 74— RNy 7| LRSI TWDZEnb b, ERENOEHIH DK
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77. F7-. Uppala et al., (2005)?1%. 3 —nw v \FH|F#H ¥ & — (the European Centre for
Medium-range Weather Forecasts; ECMWF) DERAOD KRBT —F . T AV T E5&EDthe
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(NCEP/NCAR) O B it 7 — 4 & @ Lh#g1Z & 0 | NCEP/NCARD BHRMr 7 — Z \Z Wil A T AN S 5 =
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RELERET NVORKERKOBFBIMEL L, ZHEAICOVWTHHET LILERH D,
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AREKEOBIT — 2 & LT, 7 AU BMETHRIC K DNASAKKK T m Y= 7 | (NASA Water
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(b) Monthly PW Global (1988-1999)
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[Abstract]

Key Words: Amount of water vapor, GPS precipitable water vapor, Reproducibility, data set

Novel water vapor dataset GRASP (GPS pRecipitable wAter reSearch Project) has
been produced to investigate variations of precipitable water vapor caused by the climate
change. The water vapor is one of the greenhouse gases, which is more effective than CO,,
so it is important to observe water vapor change for a long period.

More than 1,000 points stationary data of GPS were collected globally from
International GNSS Services and GPS Earth Observation Network System (GEONET) in
Japan over 15 years from 1996 through 2010. Atmospheric zenith total delay (ZTD)
caused by refractivity of pressure, temperature, and water vapor pressure is estimated by
the GPS processing software RTNet (Rocken et al 2006, Iwabuchi et al. 2006), where
fiducial coordinate of GPS position is estimated periodically in a month to absorb any
un-modeled and site-specific biases. Sophisticated seamless processing is performed
every month to prevent jumps of ZTD solution in day boundary as observed in historical
ZTD database. The estimated ZTD 1is converted to precipitable water vapor by
meteorological data derived from Japan Meteorological Agency or reanalysis data of
NOAA with high-temporal resolution (CFSR) that have been performed altitude
correction. The temporal resolution of some product is relatively high with 10 min, which
is applicable to climate research within a day such as diurnal circulation of water vapor.

The greatest advantage of GPS precipitable water includes high temporal
resolution and high accuracy of absolute value, comparing with other data of water vapor
(radiosonde, water vapor radiometer, lidar, SSM/I, etc.). Furthermore, the dataset of GPS
precipitable water will be released to public by WWW. It could not only be important
information to understand behavior of long-term water vapor variability and circulation,
but also to be helpful to further explain mechanism of heavy rainfall cases affected by the
climate change with addition of the high quality precipitable water vapor information.
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Moreover, we investigated the reproducibility of water vapor in reanalyses. Our
results showed that the absolute amounts of precipitable water in some reanalyses were 5
to 10% smaller compared with the observations, although most spatial patterns of
precipitable water in the 10 reanalyses agreed closely with the observations. Particularly
over the tropics, most of the reanalyses tended to have dry biases throughout the annual
cycle. The range of inter-reanalyses dispersion in the tropical mean PW was large
compared with seasonal variations of the tropical mean precipitable water. Furthermore,
the discrepancies among the reanalyses in the 12-yr mean PW in July over the Southeast
Asian monsoon region exceeded the inter-annual standard deviation of the precipitable
water. Therefore, the inter-reanalyses dispersion in the tropical PW was significant.
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