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SUMMARY

I. Title

Satellite study on energy and hydrological cycle over East Asia

II. Objectives

1. Develop a purely satellite-based retrieval system using satellite derived
water budget parameters, along with satellite-derived evaporation data that
can be used to retrieve the atmospheric water budget over the global
oceans, including the water vapor storage terms and the water vapor flux
divergence term without requiring measurements of the vertical wind flux.

2. Diagnose the role of SST forcing in maintaining the anomalous atmospheric
hydrological cycle during the ENSO period, and associated moisture
source-sink conversion.

3. Examine water vapor source needed for forming the monsoon rainbelt over
the East Asia.

4. Examine in the context of monsoonal progress, the intraseasonal signal
imbedded on the water vapor transport field and interpret the obtaining

results in conjunction with dynamic and thermodynamic variables.

M. Contents and scope
1. Retrieval of hydrological parameters from infrared and microwave
measurements
2. Algorithm development for water vapor transport calculation purely based
on satellite measurements
3. Examination of characteristics of energy and hydrological cycle related to
East Asian summer monsoon

4. Understanding of intraseasonal signal shown in the water vapor transport

field.



IV. Results

1. We developed an algorithm to determine water vapor transport over the
global oceans purely based on satellite observations of water budget
parameters.

2. It is the difference properties of current precipitation data, more so than
evaporation datasets, that largely control the difference properties of the
final moisture transport solutions.

3. The main difference in water vapor transports between the ‘98 and '99
JFM El Nifio and La Nifla periods, is the former’s largely
meridionally-aligned circulation and the latter’s largely zonally—aligned
circulation.

4. There is a strong moisture convergence over the western Pacific and the
South China Sea induced by water vapor transports from the Indian ocean
and from the north of Australia, indicating that two regions are major
water vapor source region for maintaining East Asian summer monsoon.

5. The spatial structures and the corresponding time-dependent amplitudes in
the EOF analysis of water vapor transport field show an intraseasonal
oscillation feature propagating eastward from the Indian to the western
Pacific. This corresponds to the eastward moving moisture convergence
center.

6. The main feature of moisture transports found in climatological analysis is
the northeastward propagating oscillation in the East Asian monsoon region.
It is suggested that such a northward transport is also related to the

intraseasonal variation of the North Pacific high.

V. Future utilization of the results
1. The obtained results can further be used for diagnosing more detailed water

vapor transport field when Global Precipitation Measurement (GPM)



program is launched because more frequent and higher resolution data can
be obtained from the GPM mission. In that way, the results can be utilized
for enhancing weather forecasting capability.

. Aiming at better understanding of hydrological processes of the CES model
at the Seoul National University, the obtained results will be used in
conjunction with various satellite and in—situ measurements. Then, obtained
results from model diagnosis will be actively incorporated into a general

circulation model to improve the model performance.
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Fig. 1:

29 =3

SSM/I-derived seven-year (1988-94) January-March mean (a)
precipitation [P], (b) evaporation [E], (c) evaporation minus precipitation
[E-P], and (d) divergent water vapor transport [Qp, arrow] embedded
with water vapor transport potential function [solid line] and water
vapor flux divergence [div Qp, shaded area]. The contour intervals of
[P], [E], [E-P], and [®] are in 2 mm day ', 2 mm day ', 3 mm day ',
and 5.0x10 kg s‘l, respectively. In (d), heavily shaded and lightly
shaded areas represent water vapor flux convergence and divergence

greater than 3.5 mm dayil’ reSpeCtiVely. ........................................................ 37

Fig. 2: Same as in Fig. 1 but derived from NCEP reanalysis. The contour

intervals of [P], [E], [E-P], and [®] are in 2 mm day ', 2 mm day’, 3
mm day ', and 3.0x10° kg s, respectively. In (d), heavily shaded and
lightly shaded areas represent water vapor flux convergence and

divergence greater than 2.5 mm day‘l, respectively. coeesererreeeseseseeienenne: 39

Fig. 3: Seven-year (1988-94) January-March mean (a) meridional component of

Fig. 4:

water vapor flux over the global oceans, and (b) zonal component
averaged over the 10°N-10°S latitude band over ocean, obtained from 20
combinations from 4 sets of precipitation data (SSM/I, GPCP, NCEP,
and ECMWF) and 5 sets of evaporation data (SSM/I, COADS, HOAPS,
NCEP, and ECMWF). Symbols for the twenty combinations are given

il’l the rlght Side Of the figure' .......................................................................... 41

Satellite-derived (a) evaporation minus precipitation [E-P], and (b)
divergent water vapor transport [Qp] (arrow) with potential function of

water vapor transport [®] (contour) for El Nifio (JFM 1998). (¢) and (d)

_13,



are the same as in (a) and (b) except but for La Nifia (JFM 1999).
The contour intervals of [E-P], and [®] are in 3 mm day ', and 5.0x10
kg s, respectively. In (b) and (d), heavily and lightly shaded areas
represent water vapor flux convergence and divergence greater than 3.5

mm dayil, respectivelSI. ...................................................................................... 43

Fig. 5 Anomalies of divergent water vapor transport (arrow) with potential

function anomalies (contour) derived from satellite measurements for (a)
El Nifio (JFM 1998) and (b) La Nifia (JFM 1999). Contour The contour
intervals of potential function anomalies are 5.0x10" kg s'. Heavily and
lightly shaded areas represent water vapor flux convergence and
divergence greater than 3.5 mm day @ for (a) El Nifio, and greater than

2 mm day_l £or (D) La NIfIa, «ereeerrereresermtenie e 45

Fig. 6: Sea surface temperature (SST) anomalies for (a) El Nifo (JFM 1998)

and (b) La Nifia (JFM 1999). The contour interval is 1°C and shaded

areas represent negatlve SST anomalies- ....................................................... 46

Fig. 7. Same as in Fig. 5 except derived from NCEP reanalysis. The contour

Fig. &:

intervals of potential function anomalies are 2.0x10" kg s'. Heavily and
lightly shaded areas represent water vapor flux convergence and

divergence greater than 2 mm day " for both (a) El Nifio, and (b) La

SSM/I-derived thirteen—-year (1988-2000) May-September mean (a)
precipitation [Pl, (b) evaporation [El, (c) divergent water vapor
transport [Qp, streamline], water vapor flux divergence [div Qp, shaded
areal, and magnitudes of Qp [|Qpl, contour]. The contour intervals of

[P], and [E] are in 2 mm day . In (c), heavily shaded and lightly

,14_



shaded areas represent water vapor flux convergence and divergence

greater than 5 mm day_l, respeCtivelyl ........................................................... 58

Fig. 9° An inventory of sounding data during the GAME/SCSMEX IOPs. The

Intensive Observing Period (IOP) of the South China Sea Monsoon
Experiment (SCSMEX) is May 1 to July 31, in 1998, wrresemersesesssessescneees 59

Fig. 10: Comparison between satellite-derived [E-P] and RAOB-derived [div Qpl

Fig. 11:

Fig. 12:

over NESA and SESA (dally averaged data) .............................................. 60

First two leading eigenvectors ((a), and (b)) and accompanying
timeseries (c) obtained from the EOF analysis of 35-95 day bandpassed
water vapor transport potential function [®]. In (a) and (b), positive and
negative values are denoted by solid and dashed lines, respectively.

Units are arbitrarY. ............................................................................................... 61

First modes of the EEOF of (a) 35-95 day bandpassed, 10°'S-10°N
averaged water vapor transport potential function [®], and (b) rainfall
from an ensemble with 15 time-lagged pentads. In (a) and (b), positive
and negative values are denoted by solid and dashed lines, respectively.
(c) The timeseries associated with [®] and rainfall, denoted by solid and

dashed 1ineS’ respectiV61Y. Units are arbitrarY. ............................................. 62

Fig. 13t The y-t diagram of latitudinal locations of evaporation minus

precipitation [E-P, contour], and divergent water vapor transport [Qp,
arrow] averaged between (a) 80°E and 90°E, and (b) 125°E and 135°E.

The contour interval of [E-P] is in 0.5 mm dayfl. ------------------------------------ 63

Fig. 14: Same as in Fig. 13 except for NCEP 850hPa geopotential heights, and a

__15,



Contour interval in 1 hPa. ................................................................................... 64

Fig. 15: Same as in Fig. 14 except for NCEP 850hPa wind fields (streamline). 65
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Table 1. The global mean [E-P] biases. Units are W m >

Evaporation
HOAPS SSM/T COADS NCEP ECMWEF
Precipitation
ECMWEF -12.14 2.67 4.90 -4.79 -3.91
NCEP -4.13 10.56 12.87 2.58 3.47
SSM/1 249 15.51 18.44 8.75 4.56
GPCP -4.21 11.62 13.33 391 4.79
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Seven Year (1988-94) JFM Mean Climatology [SSM/I]

(a) [P] mm/day

90N
BON 11
3ON<.
EQ
308 A

605 1

90S
0

90N
60N
BON-.
EQ 1
30S 4

605 1

90S
0

Fig. 1: SSM/I-derived seven-year (1988-94) January-March mean (a)
precipitation [P], (b) evaporation [El, (c) evaporation minus precipitation [E-P],
and (d) divergent water vapor transport [Qp, arrow] embedded with water vapor
transport potential function [solid line] and water vapor flux divergence [div Qp,
shaded area]. The contour intervals of [Pl, [E], [E-P], and [®] are in 2 mm
day™?, 2 mm day'l, 3 mm day ', and 5.0x10" kg sfl, respectively. In (d), heavily
shaded and lightly shaded areas represent water vapor flux convergence and

divergence greater than 3.5 mm dayfl, respectively.
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Seven Year (1988-94) JFM Mean Climatology [SSM/1]

(¢) [E-P] mm/day
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(d) [Phi] — contour, [Qd] — vector, [div Qd] — shading
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Fig. 1 (continued)
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Seven Year (1988-94) JFM Mean Climatology [NCEP]

(a) [P]
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Fig. 2: Same as in Fig. 1 but derived from NCEP reanalysis. The contour
intervals of [P], [E], [E-P], and [®] are in 2 mm day ', 2 mm day’, 3 mm
day ™, and 3.0x10" kg s, respectively. In (d), heavily shaded and lightly shaded
areas represent water vapor flux convergence and divergence greater than 2.5

mm dayfl, respectively.
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Seven Year (1988-94) JFM Mean Climatology [NCEP]

(¢) [E-P] mm/day
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Fig. 2 (continued)
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Seven Year (1988-94) JFM Mean
N-S Water Vapor Transport (Ocean Only)

40 T T T T
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—— SSMI (P) + SSMA (E)
—o— SSM/ (P) + COADS (E)
—o— SSMJI (P) + NCEP (E)

40 —o— SSM/ (P) + ECMWF (E)

Water Vapor Flux (kg/sec/m)

GPCP (P) + HOAPS (E)
- GPCP (P) + SSMII (E)
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s GPCP {P) + NCEP (E)
~— GPCP (P) + ECMWF (E)

-60

-80
90N 60N 30N EQ 308 608 908

Latitude
Fig. 3: Seven-year (1988-94) January March mean (a) meridional component of water vapor flux over the global oceans, and (b) zonal
component averaged over the 10°N-10°S latitude band over ocean, obtained from 20 combinations from 4 sets of precipitation data (SSM/I,
GPCP, NCEP, and ECMWF) and 5 sets of evaporation data (SSM/I, COADS, HOAPS, NCEP, and ECMWF). Symbols for the twenty
combinations are given in the right side of the figure.
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Water Vapor Flux (kg/sec/m)

Seven Year (1988-94) JFM 10N - 10S Mean
E - W Water Vapor Transport
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Longitude
Fig. 3 (continued)
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El Nino (JFM 1998) —— SAT
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Fig. 4: Satellite-derived (a) evaporation minus precipitation [E-P], and (b)
divergent water vapor transport [Qpl (arrow) with potential function of water
vapor transport [®] (contour) for El Nifio (JFM 1998). (c) and (d) are the same
as in (a) and (b) except but for La Nifia (JFM 1999). The contour intervals of
[E-Pl, and [®] are in 3 mm day ', and 5.0x10" kg s, respectively. In (b) and
(d), heavily and lightly shaded areas represent water vapor flux convergence

and divergence greater than 3.5 mm day ’, respectively.
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La Nina (JFM 1999) —— SAT
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Fig. 4 (continued)



SAT Anomaly

(a) ElI Nino (JFM 1998)

90N

150 kg/sec/m

90S T — —_ - T
0 60k 120E 180 120W 60W 0

(b) La Nina (JFM 1999)
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0 60E 120€ 180 120W BOW 0

Fig. 5 Anomalies of divergent water vapor transport (arrow) with potential
function anomalies (contour) derived from satellite measurements for (a) El Nifio
(JFM 1998) and (b) La Nifia (JFM 1999). Contour The contour intervals of
potential function anomalies are 5.0x107 kg st Heavily and lightly shaded
areas represent water vapor flux convergence and divergence greater than 3.5

mm day ' for (a) El Nifio, and greater than 2 mm day ' for (b) La Nifia.
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(@) SST anomaly for EI Nino (JFM 1998)
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(b) SST anomaly for La Nina (JFM 1999)
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Fig. 6: Sea surface temperature (SST) anomalies for (a) El Nifio (JFM 1998)
and (b) La Nifia (JFM 1999). The contour interval is 1°C and shaded areas
represent negative SST anomalies.



NCEP Anomaly

(a) El Nino (JFM 1998)

90N
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30S 1
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90s " - y T
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(b) La Nina (JFM 1999)
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Fig. 7: Same as in Fig. 5 except derived from NCEP reanalysis. The contour
intervals of potential function anomalies are 2.0x10" kg s ! Heavily and lightly
shaded areas represent water vapor flux convergence and divergence greater
than 2 mm day ' for both (a) El Nifio, and (b) La Nifia.
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13—-Year(1988—2000) MJJAS Mean Climatology [SSM/I]
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Fig. 8 SSM/I-derived thirteen-year (1988-2000) May-September mean (a)
precipitation [P], (b) evaporation [E], (c¢) divergent water vapor transport [Qp,
streamline], water vapor flux divergence [div Qp, shaded areal, and magnitudes
of QbllQpl, contour]. The contour intervals of [P, and [E] are in 2 mm day .
In (c), heavily shaded and lightly shaded areas represent water vapor flux

convergence and divergence greater than 5 mm day‘l, respectively.
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GAME/SCSMEX AREA
(May - June 1998)
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Fig. 9: An inventory of sounding data during the GAME/SCSMEX IOPs. The
Intensive Observing Period (IOP) of the South China Sea Monsoon Experiment
(SCSMEX) is May 1 to July 31, in 1998.
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EOF Eigenvector over 13-Year Summer
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Fig. 11: First two leading eigenvectors ((a), and (b)) and accompanying
timeseries (c) obtained from the EOF analysis of 35-95 day bandpassed water
vapor transport potential function [®]. In (a) and (b), positive and negative

values are denoted by solid and dashed lines, respectively. Units are arbitrary.
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EEOF Eigenvector over 13—Year Summer
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Fig. 12: First modes of the EEOF of (a) 35-95 day bandpassed, 10°S-10°N
averaged water vapor transport potential function [®], and (b) rainfall from an
ensemble with 15 time-lagged pentads. In (a) and (b), positive and negative
values are denoted by solid and dashed lines, respectively. (c) The timeseries
associated with [®] and rainfall, denoted by solid and dashed lines, respectively.
Units are arbitrary.
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Intraseasonal Moisture Transport over 13—Year Summer
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Intraseasonal 850hPa GPH over 13—Year Summer
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Fig. 14: Same as in Fig. 13 except for NCEP 850hPa geopotential heights, and a
contour interval in 1 hPa.
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