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Development of a Precipitable Water Estimation Method Using MTSAT Measurement

Shin Axatsuka*!, Kei Ovosur*? and Wataru TaAkeucHT*®

Abstract

Japanese geostationary meteorological satellite, Multi-functional Transport Satellite (MTSAT), was launched in
February 2005 and the algorithms for land surface temperature (LST) retrieval from MTSAT were developed for
the monitoring of urban heat island and the other phenomenon"?. In order to improve the accuracy of LST retrieval
from satellite remote sensing data, the information of atmospheric condition, especially atmospheric water vapor
content, is absolutely imperative. In addition, since atmospheric water vapor is one of the dominant greenhouse gases
and it influences the process of partitioning of incoming solar radiation into sensible and latent heats, the atmospheric
water vapor content is one of the key parameters for the analysis of global environmental changes. However, the
products of water vapor content are not offered except for radiosonde data and reanalysis products.

Precipitable water (PW) is one of the physical quantities which represents the atmospheric water vapor content.
This study aims to produce the hourly precipitable water maps using MTSAT data. A set of precipitable water
estimating equations were derived and demonstrated for mapping of hourly PW distribution in clear sky condition
using MTSAT data and reanalysis products. These equations were derived by a multiple regression analysis between
brightness temperature of MTSAT infrared channels and temperature at 700 hPa from reanalysis products, and PW
derived from radiosonde data. The monthly root mean square errors ranged approximately from 6.5 to 11.5 mm. It
was revealed that the PW estimating equations could estimate PW with relatively high accuracy from July to
September, but it could not in January and February.
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Fig. 1 The geographical location of radiosonde stations for the analysis. Stars represent the radiosonde

stations for deriving PW estimating equation, and circles represent those for validation of it.
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Fig. 2 Flow chart of deriving PW estimating equation.
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Fig. 3 Scatter plots between radiosode data and reanalysis data ; (a) Precipitable water, (b)

Temperature at 700 hPa.

Table 1 Bias and RMSE of PW and temperature at 700
hPa, respectively. N represents the number of
samples.

Precipitable Water
Month Bias(mm) RMSE(mm) N

Temperature at 700 hPa
Bias(K) RMSE(K) N

Jan -0.16 3.59 534 0.64 1.86 534
Feb -1.13 4.34 636 0.55 1.49 636
Mar -1.13 4.30 492 0.43 1.62 492
Apr -1.21 5.35 474 0.43 1.32 474
May -1.63 6.75 614 0.34 1.41 617
Jun -2.25 6.44 464 0.27 1.13 465
Jul -2.63 6.73 446 0.43 1.11 446
Aug -2.84 6.73 491 0.39 111 492
Sep -1.51 6.12 576 0.38 1.21 578
Oct -1.49 6.17 599 0.48 1.31 599
Nov -0.15 4.67 577 0.56 1.54 577
Dec -0.99 4.48 471 0.60 1.88 472
Annual -1.39 5.57 6374 0.46 1.44 6382

N2 N AN
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EftERIC3 1 H~4 H& 10 H~12 Bl B KRHEE O
[53&H 0, 5 H~9 Fic 3@/ MEE DR H - 12,

Z 7T, BA0F— 05 AEonRkaEitE s EH
L, ZOREZFM L1, TOEE, 31HTHWAZ 21D
5 UF Y v FEINAICE VTS WA EKE T — 4
S/ NTEEIC X D IR ag ~a; BRD T,

Fig. 4 1T (a) 2007 FED L7 — & H 538 L 7o nf ok i
EREHOTHEE LcnkEs 5 V4 v v FEIllic X %

Table 2 Bias and RMSE of PW at each radiosonde
station. N represents the number of samples.

Radiosonde Station Bias(mm) RMSE(mm) N

Beijing -1.45 4.07 408
Brunei -5.62 6.60 156
ChaingMai -2.80 6.42 151
Chongging -6.26 7.95 202
DaNang -6.96 8.00 275
Dhaka 0.19 5.67 62
Dibrugarh -14.57 17.40 117
Dunhuang -0.99 3.02 170
Guilin -3.59 6.87 242
Habarovsk -0.58 3.26 237
Hanoi -6.22 8.61 306
Harbin 0.64 2.81 312
HoChiMinh -2.27 4.85 253
Jakarta 2.51 4.85 252
Kagoshima -0.46 3.62 384
Kunming 0.61 2.66 224
Nanchang -0.96 6.12 275
Nanjing -0.92 3.73 345
Osan -0.31 2.60 365
Pingliang 1.89 3.64 221
Sappro 0.33 2.85 307
Shantou -3.67 6.87 373
Singapore -0.85 3.60 223
Tateno -0.66 3.74 336
UlaanBaator -0.10 3.97 178

ARk E L ORI E ) FHOF— s h &R LI HE
OABFKEHEEXZH O THEE Lo rfka s 5 V4 v v
FTERIC X 2AlfkE L oK EE TR, e,
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Table 3 Bias and RMSE of PW estimated using PW estimating equation and temperature at
700 hPa from either radiosonde or reanalysis. N represents the number of samples.

Radiosonde 700 hPa Temp.

Reanalysis 700 hPa Temp.

Month Bias(mm) RMSE(mm) Bias(K) RMSE(K) N
Jan 3.30 8.81 3.54 8.88 437
Feb 1.18 8.96 1.16 9.04 513
Mar 1.71 9.03 1.97 8.77 412
Apr 2.21 10.20 1.93 10.13 414
May -0.90 10.82 -0.92 10.99 520
Jun -5.22 10.18 -5.20 10.42 396
Jul -4.87 10.96 -4.94 10.58 387
Aug -6.55 11.53 -6.62 11.68 439
Sep -2.43 9.63 -2.62 9.92 501
Oct 1.33 8.73 1.42 8.37 515
Nov 4.61 9.00 4.61 8.87 476
Dec 5.06 10.03 5.14 9.86 387

Annual 0.00 9.83 0.00 9.81 5397

Table 4 The coefficients of monthly PW estimating equations and the bias and RMSE of PW
estimated using them. N represents the number of samples.

Coefficients
Month ag a as as a4 as ag ar Bias(mm) RMSE(mm) N

Jan -36.11 71.36 -3.84 2238 -864 454 2404 -28.32 0.00 7.52 437
Feb -3246 6927 134 16.08 6.82 -17.19 6.39  -3.60 0.00 7.93 513
Mar -26.25 68.13 -7.61 26.13 7.14 -19.90 2.81 -0.55 0.00 8.01 412
Apr -0.11 27.56  -7.72 28.29 20.67 -38.71 -21.12 33.47 0.00 8.96 414
May -19.05 64.91 -25.26 44.69 93.20 -121.12 -87.40 106.36 0.00 10.23 520
Jun -39.08 111.41 -2.48 13.17 1242 -28.12 0.36 -0.20 0.00 7.30 396
Jul -37.31 112.01 -7.07 20.73 22.70 -46.86 -9.37 15.48 0.00 8.07 387
Aug 4450 13443 6.57 198 16.19 -43.71 -4.18 10.15 0.00 7.55 439
Sep -43.68 113.89 -8.07 21.76 15.62 -37.13 -1.32 6.77 0.00 8.25 501
Oct -20.83 67.24 1.65 11.24 1262 -31.20 -5.65 13.31 0.00 7.06 515
Nov  -24.04 61.30 9.15 1.35 14.22 -31.00 1.11 3.58 0.00 6.39 476
Dec -51.34 100.94 -10.39 26.49 2291 -38.33 -0.71 0.04 0.00 7.93 387

Table 4 I H DO 7 — & i 53 L o]k EHEEX O 1% LEZOND,

¥ ao~a; RV, =D/NA 7 ZE RMSE 2 ZNZE IR, 3.3 MTSAT ¥—% &R f-a[EkEHEXDORBER
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EREHOCHTET 2L LDEL DA 11 OEF LI
e BT EMNDIrB, Table 3 & Table 4 & % K4 3
L, AmenBokEtE2EHT 5L T, "M TR
/INE LY, RMSE b 0.7mm~4.1 mm FEEE/NE 75 - 7
ENDN L, Ubnrs, EHOF— 555 EonkK
mAEEREZENR T 5 L THEERE bIa L3 5 2 EnIFS
MITTE 5120 & 51T, Table 4 ICH W THFKEHEERDOF
Bag~a; PHBITRKE B -TW5E, ToMEHBELT,
HEXOBEHICHW S VAV Vv FF— s OEWBITL D
HUs 73 0 %, AL C BAREE & RGE U 7o iR A
Y, EBRICIEPEHICLOEH L0 EHTHS
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BBVl SN cafkE T — 5 LT 2 2 & T
I KEHEER DR EMEEE1T - 720 Fig. 1 ICBLWTEAT
AL 21 IS D 5 V4 Vv FEIRSICE T A4 7R &
RMSE (3 Table 4 ®@ D TdH v, % H D RMSE 13 6.5~
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Fig. 4 Scatter plots between radiosonde PW and PW estimated form MTSAT data ; (a) MTSAT
PW was estimated using the equation derived from annual data, (b) MTSAT PW was

estimated using the monthly equations.
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Table 5 Bias and RMSE of PW estimated using monthly
PW estimating equations. N represents the number

of samples.

Month Bias(mm) RMSE(mm) N
Jan 5.95 11.38 301
Feb 4.66 11.42 277
Mar 3.49 9.91 251
Apr 3.88 9.75 199
May 3.33 8.37 272
Jun 4.53 9.10 190
Jul -0.31 8.44 195
Aug -0.75 8.35 204
Sep 0.90 8.10 245
Oct 1.09 8.66 272
Nov 3.36 7.19 318
Dec 1.83 7.82 241
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Fig. 5 Hourly precipitable water maps in August 15, 2007. White area represents the cloud-contaminated area.
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