Supplement 1 Synoptic development of a CSV(HRF3) and a CSV(HRF2) from their
formations into corresponding HRF3 and HRF2 events
I. Supplement 1-1: Synoptic development of a CSV(HRF3) from its formation into a
3
HRF
event [adopted from Fig. 3 of Chen et al. (2015b)]
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Fig. S1-1: Synoptic development of a Philippines CSV(HRF3) from its formation at 06UTC 04/11/2010 into a
peninsular Malaysian HRF3 event at 12UTC 09/11/2010. (a) Time series for  o (925hPa), which is  (925hPa)
averaged over the area of the Philippines CSV(HRF3) with  (925hPa) ≥ 1.8×10-5s-1. This  o (925hPa) time
series is prepared with the Lagrangian approach following this CSV(HRF 3) trajectory. The  o (925hPa) trend
(thin red line) generated by a least-squares fit approach is superimposed on the  o (925hPa) time series. One
standard deviation (yellow strip) is added on the  o (925hPa) trend. The time series for the 925hPa wind vector,
V(925hPa), with the maximum isotach associated with the northeast Asian cold surge juxtaposed with a surface
high and low or the maximum isotach over Bohai and the Yellow Sea is shown on the top portion of (a). The
maximum cold surges at the three (maximum) peak intensities of the Philippines CSV(HRF3) are marked by thick
red arrows on the V(925hPa) time series and also on the 925hPa streamline charts with thick blue arrows in (b)-(d).
As indicated by the  o (925hPa) time series, CSV(HRF3) reaches its three maximum intensities, indicated by  o
(925hPa) ≥ one standard deviation in the  o (925hPa) time series. The 925hPa streamline charts superimposed
with P at these three special times are shown in (b)–(d). During the CSV(HRF3) formation at 06UTC 04/11/2010,
the island-chain trough, the easterly wave, the CSV(HRF3) formation location, and the trajectory for CSV(HRF3)
are marked by a solid purple line, solid red line, red cross, and red dashed lines, respectively, in (b). A red cross in
(c) marks the location of the CSV(HRF3) to reach its second maximum intensity. Red crosses mark the locations
for the Malaysian HRF3 event and the Northwestern Pacific explosive cyclone in (d). The latter is also denoted by
a thick red “L” symbol.

II. Supplement 1-2: Synoptic development of a CSV(HRF2) from its formation into a
HRF2 event

HRF 2 (CV) event

(a) Time series of V and ζ°(925hPa)
Time series of V(925hPa) 10ms-1

10-5s-1
Time series of ζ°(925hPa)
Area mean: ζ° ≥ 1.8x10-5s-1

Fig. S1-2: Synoptic development of a Philippine CSV(HRF2)
from its formation at 0600UTC 26/10/2007 into a central
Vietnam HRF2 event at 1200UTC 09/11/2007 is similar to Fig.
S1-1, except this case does not have the second peak intensity.
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Supplement 2 Calibration of Rainfall Datasets
Shown in Fig. 2, several rainfall datasets (including measurements of WMO stations,
APHRODITE, TRMM, and PERSIANN) are used to cover the period of 1984-2016. Since these
rainfall datasets are prepared by different procedures and algorithms, we apply a simplified
regression technique to merge these rainfall datasets into a more uniform dataset. The
calibration procedure for rainfall used in the present study and a companion study (Chen et al.
2016) basically follows the essence of the multimodel superensemble forecast with a multiple
regression technique introduced by Krishnamurti et al. (1999). The model forecasts are
regressed against an analysis (observed) field and the least-squares minimization of the
difference between the model and analysis field is then used to determine the weight. To prepare
this hybrid rainfall dataset, the following procedure was adopted:
(i) Validation of APHRODITE gridded rainfall against the gridded rainfall of the WMO station
measurements over Japan south of 40N.
Using the 16-point Bessel interpolation scheme introduced by Jenne (1970), the daily rainfall
measurements for the WMO stations (red dots) in Japan south of 40N are projected on a
0.5×0.5 grid in Fig. S2-1a to match the NCEP GFS and ERA-Interim 0.5×0.5 reanalysis.
The scatter diagram of the APHRODITE 0.5×0.5 daily rainfall south of 40N vs. the
gridded daily rainfall of WMO stations over the cold season (Oct-Feb) of 1998-2016 is shown
in Fig. S2-1b. As revealed from this scatter diagram, the least-squares fit line coincides with
the diagonal of P(station) and P(APHRODITE). The daily 0.5×0.5 gridded rainfall
generated by these two approaches are close to each other over the available period of TRMM
rainfall.
(ii) Calibration of the TRMM precipitation against the APHRODITE daily rainfall with the
spatial resolution of 0.5×0.5
The scatter diagram of P(TRMM) vs. P(APHRODITE) over Japan south of 40N, the coldseason (Oct-Feb) of 1998-2016 is shown in Fig. S2-1c. The diagonal line of this scatter
diagram is the black one. Revealed from the least-squares fit line (red) of scatter (black dots)
the TRMM precipitation is underestimated and should be corrected by a factor 1.2 (regressive
weight).
(iii) Calibration of the PERSIANN precipitation against the calibrated TRMM precipitation.
Because the APHRODITE rainfall data covers land, the calibrated TRMM rainfall data are
used to calibrate the PERSIANN globally over both land and ocean. To illustrate how the
daily PERSIANN rainfall is calibrated against the calibrated TRMM daily precipitation over
the 0.5×0.5 grid, two rainfall centers at the east coast of Southeast Asia [central Vietnam
(Fig. S2-2a) and the Malaysian Peninsula (Fig. S2-2c)] related to HRF3 events and the SCS
winter rainfall center (Fig. S2-2e) formed primarily by the 2nd peak intensity of CSV(HRF3)s
are used. Over the three aforementioned centers with the threshold value of rainfall
≥10mm·day-1 at each grid point for their corresponding rainfall seasons, the scatter diagrams
for P(PERSIANN) vs. calibrated P(TRMM) are shown in Figs. S2-2b, d, and f, respectively.
It is clear the P(PERSIANN) is underestimated compared to calibrated P(TRMM) by a
 1.2.
regressive weight ~
The estimation of (P,    Q ) for the 2nd and 3rd peak intensities of any CSV(HRF3)
vortex is calculated with the area-averaged (P,    Q ) over the area with a threshold value ≥
10mm·day-1. The difference for spatial-temporal variation between forecast and observation

may be notable when the synoptic development is considered. Nevertheless, the forecast
advisory proposed in this study primarily focuses on the occurrence time, location, intensity, and
hydrological condition of the 2nd peak intensity and the HRF event.
The merger of calibrated TRMM/PERSIANN rainfall with available WMO station
rainfall measurements is also performed with the 16-point Bessel interpolation scheme (Jenne
1970) of NCAR.
The variation of daily rainfall difference between the calibrated
TRMM/PERSIANN daily rainfall are shown in Fig. S2-3. This merger does not exhibit a
significant difference over seven rainfall centers marked by a red line covering some of the land.
References:
Jenne, R. L., 1970: Interpolation scheme, The NMC Octagonal Grid. NCAR Tech. Doc. p.15-17.
(http://rda.ucar.edu/docs/ formats/ nmc/octag.pdf)
Krishnamurti, T. N., 1999: Improved weather and seasonal climate forecasts from multimodel
superensemble. Science, 285, 1548-1550.
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Fig. S2-1 (a) Climatology of the rainfall distribution
over Nov-Feb 1998-2007 superimposed
with surface stations (red dot) and the
0.5×0.5 grid point over Japan. (b) The
scatter diagram of the daily rainfall
measured by the WMO surface stations
projected on the 0.5×0.5 grid over
Japan vs. the APHRODITE daily
0.5×0.5 grid rainfall. (c) The scatter
diagram for the daily 0.5×0.5 TRMM
rainfall vs. the APHRODITE daily
0.5×0.5 grid rainfall. The red solid line
is a linear regression line.
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Fig. S2-2 (a) Climatology of the rainfall distribution over Oct-Nov 1998-2015 superimposed
with surface stations (red dot) and the 0.5×0.5 grid point over Vietnam. (b) The
scatter diagram of the daily 0.5×0.5 calibrated PERSIANN rainfall vs. the daily
0.5×0.5 calibrated TRMM over Vietnam. (c) and (d) are the same as (a) and (b),
respectively, for Malaysia, and (e) and (f) are the same as (a) and (b) for the rainfall
center in South China Sea.
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Fig. S2-3 Difference of daily precipitation with and without merging the surface station data.
Seven cold season rainfall centers in Southeast Asia.

Supplement 3 Category of the SCS cold-season (October-February) HRF3 events during
1979-2016
The SCS HRF3 events analyzed by this study for the cold season (October-February) of
1979-2016 in terms of the Severity Class defined by the Dartmouth Flood Observatory (DFO):
 Class 1 : large flood events: significant damage to structures or agriculture; fatalities; and/or
1-2 decades- long reported interval since the last similar event.
 Class 1.5: very large events: greater than 20 yr but less than 100 year recurrence interval,
and/or a local recurrence interval of at 10-20 yr.
 Class 2 : Extreme events: with an estimated recurrence interval greater than 100 years.
The 83 HRF3 events studies are catalogued by the following items in Table S3-1: Group of
CSV(HRF3), occurrence date of the HRF3 event, and DFO category.

Table R3-1: Category of the 83 SCS cold-season (October-February)
HRF3 events during the1979-2016 period
group of
CSV(HRF3)

Occurrence date
Of HRF event

DFO
group of Occurrence date
Category CSV(HRF3)
Of HRF event

DFO
Category

group

Formation
area

Occurrence area
Of HRF event

CV
PM
BM
PS
BS
BO
JV

Philippines
Philippines
Borneo
Philippines
Borneo
Borneo
Borneo

Central Vietnam
Malay Peninsula
Malay Peninsula
Sumatra
Sumatra
Borneo
Java

Supplement 4 Occurrence synchronization of GFS HRF3 events and GFS NWP
explosive cyclones, and occurrence simultaneity of maximum speeds
in three synoptic elements.
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(b) Following Chen et al. (2015b), a threedimensional scatter diagram of correlations
σ( u HRF , u PEC ), σ( u HRF , uTTE ), and σ( u PEC ,

uTTE ) for 35 GFS HRF3 events (red dot) and
35 corresponding observation HRF3 events
(red dot) is made. When u HRF , u PEC , and

u TTE reach their maximum values on the
date of the HRF event, they are given a
value of 3. If any u ( ) variable has its
maximum value one (two) day(s) ahead
[behind] the related HRF event, this variable
is given a value of 2(1) [4(5)]. The time
series for these numerical values is used to
generate correlation coefficients between
two time series. The correlation coefficient
value of 1 should be obtained, if two time
series have only values of 3. If these two
time series have values other than 3, the
correlation coefficient value should be
smaller than 1.
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Fig. S4-1 (a) (left) A scatter diagram for the
synchronization occurrence dates of 35 GFS
HRF3 events (red abscissa) and 35 GFS
NWP explosive cyclones (red ordinate)
from the time of CSV(HRF3) formation.
(right) A scatter diagram for the
synchronization occurrence dates for 35
corresponding observational HRF3 events
(blue abscissa) and 35 corresponding NWP
explosive cyclones.
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F (850hPa)] : Observed (Forecasted) maximum westerlies of Northwestern Pacific explosive cyclone
uoPEC (850hPa)[uPEC
F (850hPa)] : Observed (Forecasted) maximum tropical trade easterlies of the North Pacific subtropical
u oTTE (850hPa)[uTTE
anticyclone
o (850hPa)[u F (850hPa)] : Observed (Forecasted) maximum easterlies of HRF cyclone/event
u HRF
HRF

dates of maximum A and B are coincident
σ 1:
0: dates of maximum A and B are non-coincident

