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Precipitable water vapor obtained by means of GPS
at Khon Kaen, Thailand
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Abstract In order to investigate the mechanism of the Asian Monsoon system and to improve
the accuracy for the prediction of the global climate, it is important to study water vapor change
in the atmosphere of the Monsoon region. We can estimate precipitable water vapor (PWYV)
from GPS data with higher time resolution than that obtained by other instruments.

We performed GPS measurements at 4 stations in Thailand during the period between 1998
and 2001 and investigated their PWV changes. GPS observation at Khon Kaen in the north-
eastern Thailand started in 2001. The new data at Khon Kaen were processed to obtain the
PWYV in order to understand the characteristics of its seasonal and diurnal changes.

The results show that the obtained PWV periodically changes widely in the range of 20 mm
to 60 mm, with 1 or 2 weeks duration in the dry season, and we can note that the PWYV increases
before rainfall and decreases after rainfall. On the other hand, it is almost constant at about
60 mm or 70 mm without any changes even when it rains in the wet season. In the monsoon
break of the middle of July 2002, the PWV obtained decreased by about 10 mm.

We compared the PWV obtained with that of NCEP/NCAR reanalysis data, and the results
show that our data are usually larger by about 10 mm than NCEP/NCAR data.

The PWYV diurnal changes for pre-monsoon and monsoon periods were also discussed. The
difference of diurnal changes of the two periods was small and they showed that PWV had
the minimum value at 4 - 7 o’clock in the morning, it increased in the afternoon and it had the
maximum value in the evening or the midnight irrespective of the season.

Key words: Global Positioning System (GPS), precipitable water vapor (PWYV), Asia Monsoon
region, seasonal change, diurnal change, NCEP/NCAR reanalysis data
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GPS (Global Positioning System) &&E 27 km %
BRIT EENPODO~YA 7 a2 ETHZ LICLY,
BUSOREZMD Z LN TEBHMBRES AT LTH
D, HENPLD~A 7 vRIT KR WmiET 5 & E2eh X
DOTPICEEELEEZEL D, ZOEBNITIRE - KiR-
WEOCEB TREINDI KZBITEOREETH L., ZoMk
BEFIRAL TRIEBIEN D KRR OKERELHET D
WFED GPSE&%: & L TiTbitTwa (Businger et al,
1996).

B LDOHFEXNRTH LA, TOVTELVA—VD

HEEBRIZIT NI THDE, 7OTEV AU
ﬁ@ADﬂ&%LTkD,T/T%/X v DORIETSE)
I & BPIROFIEDIL, JE IO N % IC Rk E g8
BzTWb, %z, TVT7 TV A=V OREEENTHER
B TORBES AT LAOEBICEELE 252 0D
PoTETNDS, ZORDTIVTEV A=V DEELIH
AL, 7VT7EVYA—UHIBUCEIT ZKEER - KERT
HoOBEZR LI EFEELRHEETHY, ZOH
FDTzHIZGAME-T (Gewex Asian Monsoon Exper-
iment-Tropics) vy =2 F2SEHE &I, EfINTE
7o (R, 2002).

KEH DKFEKITIE R AKR R IC K & g%
E2TEY, TOTEVA—CIRITBAKELZOEEHO
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-20"chang Mai OZO §
S @ ‘Nong Khai
Sri Samrong ¥
Imonkba1\K;\\\
Ubon Rarchafhanl
Bangkok
10°
me#
100 110°
L |

B1 &1 BREEEX.
Fig. 1 GPS observation sites in Thailand.
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BN b~ O B 2 fif R
B TWD,

ZNETIZ, ¥4 TIZGAME-T »—% & L T1998 ~
2001 FF I 11T 6,5 TGPSEBHIA THOTE Y, A
K EDEENNIE 2 51T 5 (Takiguchi et al, 2000;
Satomura et al, 2001). i 6 OHERIO—E (Bangkok,
Chiang Mai, and Phuket) FHERER 7 w7 4 77
N—TF 5 &0, Fe—#8 (Nong Khai, and Ubon
Ratchatani) (&R IE X705, > T20014-8
ADPBHIESN728EFU % BT ILERICH 5 Khon
Kaen iIZBWTH 2 2B 2Bt L 7z, AWFETIEL, 7
T A= O GPSFIBKED T — 4 1 b ZFEE b
RHB R EOKBBERLNCTLIIEEZEMELT,
Z®»Khon Kaen iz 5 GPS 7 —# 2> L [B/KEDE
Bk,

ETKARERZ/ONDFA

B A

GPSEALSIE, # A JEHEIALE 3% Khon Kaen TH
5. BHIEOMELZXLICRT. ZORICRTERE D
5%, Nong Khai & Ubon Ratcatani iZ8LESRIT
bivTn72nh3, Bongkok, Chiang Mai, PhuketiZ
HERBHE 7 v 5 ¢ 712X Y, Sri Samrong X4 A D
Chulalongkorn K= LV, BiFE b BRI 3ERE S 0T
w5,

Khon Kaen TOELAIL A7 51X GPS 3% {5 (Trimble
4000SSi), GPS 7 > 77+ (Trimble microcentered
L1/L2 ANTENNA) &5 —ZIEH/NY o TR S
w3, 77 FiEKhon Kaen KEFHEN O T EE
TERoEYE E, #E38dmIc=HEZHWTEEINT
W5, T—HIi3EH 248, 308 7Y v TRERK
WgEEh, 1HLEERCNNY 20— RF 4 27T
HRESIVRETE SN TS, RIFSNIT —FITFEIC]~
EEH#TEINL, ARICELRE > TWD,

BT 2001 4£8 H 25 H 2> HHE E THERE L T T
WA, SEIOMITIE, KRBT —F BAFTE 722001 4F
8H25H252002F12HA31 HETOT —HIZOWTIT-
7z,

PRI TTIE

GPS#WHIT—# ofFtriciZ, MIT (Massachusetts In-
stitute of Technology) & SIO (Scripps Institution of
Oceanography) 23[R CREF L 72 GPSH##ATY 7 h v =
7 To 5 GAMIT (GPS Analysis of MIT) version 10.07
i hAY

GPSH#tr 2179 12 d 72, F3 Khon Kaen Bl 55 D
BEZRkDTz, ZOR, BEREMERE LT, BHAKEZEH
D Te L 9 12IGS (International GPS Service for
Geodynamics) #lSATHAHHAME (HA), Wuhan (F
=), Lhasa (F[E + ¥ }), Guam (USA), Singa-
pore, Cocos& (A4—AZ ~Z VY 7), Darwin (4A—2=& k
V7)) OTRERYE, b ITRF2000 O EEfE 2 A
Wiz,
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FEREAE DIPTEIZ STz - TiE, 20024E3 H~20034-11 A
PHR30HBEIC2I B ZRARRT—2 Ve, 2
BB IGSHBERE vy, UTC (HEHE) 0kE~
4B % 1 [BIOMRNT & U CTRIEBIERE, KXUKTEAE, f#2
HIEERHEE ST A= ITMA T Lz, £L T, 20
EATTLH Z LTk b7 B O S E % TR o
Khon Kaen OJEREfE L L7z, ZOEIFIKRO LR TH S,

X=—1357833.2221
Y=15965573.0191
Z =1797008.9572

Z DfE % WGS84 JHEE R I W5 L IRD X 72l

5.

b 16° 287 22.06540”

HRE 102° 497 21.80433”

FEMAE  168.1495 m
T, ZoMETOYAA NEIL, EGM9% €7 v
(Lemoine ef al, 1996) 1215 —3004mThs. Lz
D30 THEEIX198.19m & 72 5. 728, AENTEIRI S OZEhL
HEITRD T,

GAMIT Z W CKRIREBIEE 2Rk 51213, hEgL 725
NEEPOGPS T —Z BUETHDH DT, HEEMERD
DIV THRDIGS T —4 2V, LLEDOFIET
7€ L 72 Khon Kaen 8138 5 o #73 HEAAE A % 7K k43 5
mm, £ TS 10 mm O THIR L, #EPLE/ T X —
2 EZEELT, UTC O ~UKDFT—F %1y b &L,
v MR 1B & O RTEEEE %R 72,

KIEBIEE D B AR E~NERT 5720z, £3KIE
BIEE (ZTD) wiBAEIT X » THEL S8KFRER
(ZHD) &, KZEZITX > THL 2EHEZEE (ZWD)
T, ok E, BKEREEIILLTOX (Elgered
et al,1991) X vR7z,

PGPS
ZHD = (2.2779 £ 0.0024) 7 o B

f (o, H) = (1—0.00266cos2¢— 0.00028H)

22T, ZHDIHKFEEIEE (m), Porsid GPSEHIA
o ERE (hPa), oiXGPSEHRSOREE (rad), HIZ
GPSEHEoEMERE (km) ThD. f (6, H) 12EH
RO, FERAEEICX 2ENNMEEDOENOYRZH
LTW%., GPSEIISOME, MHEEE, Eiicd~
7o GPSFfr Tk b B vz, K[UEIZDWTIE,
TMD (Thai Meteorological Division, % A &&/m) »
5 AF L7z Khon Kaen @ 3EfEolmSEMEEZ, Bk
O GPS &I S O 2 W CHHRE ICHE L 72 i % H
Wiz,

IBEEEE (ZWD) 1%, ROEKEEEE (ZHD)
PRIEEIEE (ZTD) »HELFIWTRD .

ZWD =ZTD — ZHD 2)

AIRERE (PWYV) 1L, BoniciiEELs (ZWD)
PO TFDOR (Askne & Nordius, 1987) ZHW TR D
7z,

Y]

PWV=I11-ZWD (3)

7=z,
5
= 10M -
v 3
<R”<k2 ot Tm>>

ZZT, ki, ke RIZEBRISROLNZERT, 22
TIE, ki=7760=£0.08 (K/hPa), k-=7198+10.82 (K/
hPa), ks= (3754 £0.036) % 10° (K?/hPa) (Boudouris,
1963) ZAW o, R JIIKEKORIEEE (461.518), M,
1K L DS TE (180152 kg/kmol), MalIE K& D
D& (289644 kg/kmol), TwlTMEFHTIE K) T
H5. MEEHRIEL, HMEKIE TEZAWVWTUTOR
(Bevis et al, 1992) »»5HRkbiz.

Tw=702+0.72T (4)

PLEDFHEERWT, GPSHEN TR b KTHELE
%, TMD» 5 AF L7z Khon Kaen K%%& TD 3HEH
BOKIE - [IET —F 2V, 3EEEE O A K EIC
L7z

B R

k& 537z Khon Kaen (2817 5 2001 £E & 2002 4E DR
Mk & KB DR RINEE 2 M 21087, FIEKEIT3
EFEffiEOEL 7wy ML, BoKkEIISRREEREZRL T
W5, AlBKE, BKEE DITEV A=V OIEENICHED
FHEHPRR N, FOEHPLEAPIDICTEL A= D
Frty R IV, 10 A FAICHEPOEEICHITL
T shns.

BeKITRZEDS A B 10 BIZEF L TWD D, LT
VA—=VHIDOIH~4 HIZRBWTS 1~ 238 B TREK
BHEEZ > TS, 20024E1%, 5~6H L8 H~10A I L
WEEAIEEIO B A3e < NERH BEOH, 7HICIIEK
DN B A= T A7) BRI, —J520014
%, THEICEKEIID RS RDINBTEV A=V T LA 1%
BRI RS e,

Khon Kaen @ GPS A7k &I, #2ZTiL20~60 mm
DO Z1~2IBHBEH TRESEFHL TRY, AIEKEN
BEML THRRICGELZE ZITHBKRBPEZ Y, FOH%ukE
IKERBDYTDHEWOIBARPRRLND. —HFWETIH,
AR EITEIZ60~70 mm L& <, BKICX DEEHOE
fEB/hEW, T X5 RrEKkEDOFHEHIL,
Satomura et al. (2001) TERIS iz & A ERNOMD 4 55
(Bangkok, Chiang Mai, Nong Khai, Ubon Rat-
chatani) ® GPSHBE/KEDOFHZH) & —FHL TWD. £
72Khon Kaen T, 20027 HICRONIEV A—2T
LA 7RI BEAREN 10 mmBEKL oz,

2002410 H D 7~14 B2 17 TGPS FIE/KED K X 72
BoBEon, ZoRMIIRZOKD Y ITH T 503,
Z O ORI TIEBERAKENRZ <, FIEKED L0~
60 mm & & < FEOREEZRETND., ZHICTH 200
59, ZOERNIZ2002FEIT8WTH o & b A7 TRk
BEOW Y ERLTZ.
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Fig. 2 3 hourly change of PWV and preciptation at Khon Kaen in 2001 and 2002. PWYV is shown in a line and precipitation is
in a bar graph.
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Fig. 4 Change of monthly mean PWYV in 2002.
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% (®3). ZOR[EKRED — 7 O#OEHILEENTLEN,
Khon Kaen OR]E/KED 7 LTV 22—V BRZEITH
FTTEEINL, TRAIKERKERY, ZO®%BIL TS, Z
DOAEKED B — 7 O ITEEIR IR L Tnd &
Ezbhb.
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O SHFFFED D H P ko2, EOREEZK4ITR
9. Khon Kaen ® GPS Ik &1, FTT — & DRk
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7z.
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ERLENS3~4H1ce B L, EHEERFHEY, WE
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Fig. 5 Change of PWYV, air temperature , air pressure and
preciptation in October, 2002. (upper) PWYV is shown in a
line graph and precipitation (3 hour) is in a bar graph. (low-
er) Temperature is shown in a thin line and pressure is in
a thick line.
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NE L, TIEMEL 2o TWAIREITHIEL TWS Z &
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ek EDORADEICNCEP / NCAR Bt 7 — % TH A&
IKEOHEAD PR Oz, #iRE TOWHKE - [URE - X
7 NNVAEBHBOBERNT T — 2 15, BBV THE
K EOFERE L LS K[EDPREICEY HL, R Z A £
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Nz, BB EZEIC L A (LOENE RS T
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20021 ~12 A& A OO AR L Z, 1P LDEE
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Fig. 6 Monthly mean of the diurnal changes of PWV and precipitation at Khon Kaen in 2002. PWYV is shown with a difference
from 1LT. Time is shown in a local time. Two diurnal change of PWYV is obtained by separating the day with rain and with-
out rain. Solid line shows the PWV change of the days without rain and broken line shows that with rain. A histogram shows
the 1-month precipitation.
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