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Supplement 1: Definitions of Cold Surge Vortex (CSV) and flow type of cold surge 
 
1. Definitions of CSV 

a) Philippine CSV 
(i) Philippine CSV is a closed vortex formed by the interaction among the following three 

elements: easterly wave, cold surge flow, and island-chain trough. 
 
(ii) Philippine CSV(HRF) is a closed vortex also formed by the interaction of the three synoptic 

elements [Table 3a (Fig. S1-1a)].  According to Fig. 9, other extra-requirements are needed 

for the formation of the Philippine CSV(HRF): The formation time for the Philippine 

CSV(HRF) is 06UTC (Fig. 9a between 03UTC and 09UTC) when the vorticity of the vortex 

reaches its maximum.  The minimum sp [= sp (surface pressure)- sp (surface daily-mean 

surface pressure)] at the surface station close to the vortex center occurs at 06UTC [Fig. 9c 

between 05UTC and 07UTC]. 

 Borneo CSV 

(i) Borneo CSV is a closed vortex formed by interactions among the following three elements: 

cold surge flow, Borneo orography, and near-Equator trough. 
 
(ii) Borneo CSV(HRF) is a vortex also formed by the three elements [Table 3b (Fig. S1-1b)] 

generating Borneo CSV with other extra-requirements.  The preferred Borneo CSV(HRF) 

formation time is 00UTC, when its maximum vorticity appears at 00UTC (Fig. 9b, between 

21UTC and 24UTC) and its minimum sp  at the surface station close to the vortex center 

occurs at 00UTC (Fig. 9c, between 23 and 24UTC). 

For Fig. 8, locations of 527 CSV and 181 CSV(HRF) are shown in Fig. S1-2.  The requirements 

to separate CSVs and CSV(HRF)s into nine groups of these vortices in Fig. 2 can be also 

achieved by the growth rate of CSV(HRF) against CSV with the following quantities (Fig. S1-3): 

Maximum isotach |V(850hPa)| of the vortex, maximum east-west dimension (size) determined 

by maximum isotaches at both east and west periphery of the vortex, area average of rainfall ≥ 

3mm·day
-1

 over the vortex, and maximum vorticity of CSV and CSV(HRF) over their life 

cycles.  The distinction between CSV and CSV(HRF) is already clear 1 day after formation.  It is 

much clearer 2 days later. 
 
2. Definition of cold surge 
 To explore the impact on the local weather system, a cold surge is often defined as 

surface pressure increase ( sp ), surface temperature drop ( sT ), and the passage of surface 

wind surge measured at the selected location.  For the current study, the major concern is the 

flow type of cold surge related to two major issues: (1) the CSV formation and (2) the 

CSV(HRF) propagation. 
 
Issue 1: The flow type of cold surge related to the CSV formation. 

a. The Philippine Sea (PHS) type of cold surge: 

The Philippine CSV is formed by the interaction among the easterly wave, the PHS-type of 

cold surge flow, and the island-chain trough (Fig. S1-1a).  The NE Asian cold surge of the 

PHS type directs ESE out of NE China into the open ocean (Fig. S1-4a), but the southern 

periphery of the high pressure cell exhibits its maximum northeasterly/easterly flow (Fig. S1-

5a; blue dot) close to Compo et al.’s (1999) base point a in the Philippine Sea (Fig. S1-4b).  

We identified 361 cases of the PHS type related to the CSV formation (including 100 

CSV(HRF)s and 261 CSV(No-HRF)s].  The scatter diagrams (u,v) for the identified 361 

PHS-type cold surge flows close to Compo et al.’s base point a are shown in Figs. 1-6(a-d). 
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b. The South China Sea (SCS) type of cold surge: 

The Borneo CSV is formed by the interaction of the SCS type of cold surge with the Borneo 

orography and the near-Equator trough (Fig. S1-1b).  The NE Asian cold surge of the SCS 

type directs SES out of NE Asia toward the East China Sea-western North Pacific region 

(Fig. S1-4a) around the surface high pressure cell over China.  The maximum isotach for this 

cold surge flow is close to Dongsha Island (Fig. S1-5a), close to Compo et al.’s (1999) base 

point b in the northern South China Sea (Fig. S1-4c).  Totally, 347 CSV [81 CSV(HRF) and 

266 CSV(No-HRF)] were identified.  The scatter diagrams of (u,v) for the identified 347 

SCS-type cold surge flows close to Compo et al.’s base point b are shown in Figs. S1-6c and 

6e-f. 
 
Issue 2: The flow type of cold surge related to either the westward propagation CSV(HRF) 

across or the stagnated CSV(HRF) by the demarcation line. 

a. Stagnated/trapped CSV(HRF) 

The CSV(HRF) becomes stagnant or trapped, when its  (925hPa) and t (925hPa) centers are 

coincident at a longitudinal location of the x-t diagrams of these two variables.  Then, search 

for the location of maximum isotach of the stagnated/trapped CSV(HRF) vortex; v(925hPa) > 

u(925hPa), an indication of the SCS-type cold surge flow inside the South China Sea (Fig. 11c 

in the manuscript).  The demarcation line for CSV(HRF) propagation is depicted with the mean 

longitudinal locations of the maximum isotach of the SCS cold surge flow inside the SCS at 

the same latitude from the northern to southern South China Sea.  The identification of this 

SCS-type cold surge flow is also verified by Compo et al.’s criterion in the South China Sea 

close to their base point b (Fig. S1-5a) and the criterion in NE Asia (Fig. S1-7b). 
 
b. Westward-propagating CSV(HRF) 

When the CSV(HRF) center moves across the demarcation line, the flow at the location of 

maximum isotach in the South China Sea meeting the u(925hPa) > v(925hPa) criterion is 

defined as the PHS-type cold surge flow (Fig. 11b in the manuscript).  This identified PHS-

type cold surge flow is validated by Compo et al.’s criterion in the South China Sea close to 

their base point a (Fig. S1-5a) and the criterion in NE Asia (Fig. S1-7a). 
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P: PHS-type cold surge flow; S: SCS-type cold surge flow 

(a)PHS CSV(HRF) 

(b)Borneo CSV(HRF) 

T, 0, S: HRF event in Java without CSV; T, 0, S: HRF event in Java with CSV in Celebes Sea (15/2/2008)  

Fig. S1-1 Occurrence season, related rainfall center, synoptic elements required for the formation mechanism, and propagation 

property of (a) the Philippine CSV(HRF)s and (b) Borneo CSV(HRF)s. 
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[V(925hPa),P](DJF) 

: Location of CSV(HRF) forms 
: Location of CSV(Non-development) forms × 

Fig. S1-2 Formation locations of CSV(HRF) and CSV(NOD) marked by red dot and blue 

cross, respectively, are superimposed on the winter(DJF)-mean 925hPa streamline 

chart and precipitation.  The red dashed line is the near-Equator trough, the purple 

dashed line is the island-chain trough. 
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Fig. S1-3 Characters [(1) maximum isotach |V(850hPa)| of vortex, (2) maximum east-west dimension (size) determined by 

maximum isotaches at both east and west periphery of the vortex, (3) area average of rainfall ≥ 3mm·day-1 over the 

vortex, and (4) maximum vorticity of CSV and CSV(HRF) over their life cycles] of CSV(HRF) during life cycle against 

CSV(NOD) for nine groups of CSV(HRF) (a-i).  Vertical blue thin line indicates days 1 and 2.  Other symbols are 

described in top right corner of figure. 

10.1175/JCLI-D-14-00170.s1 CHEN ET AL.



PHS type 

SCS type 

Type1 Philippine Sea 

(adopted from Compo et al. 1999) 

Type2 South China Sea 

(a) 

(b) 

(c) 

a 

b 

Fig. S1-4 Left panel is a schematic diagram for the direction of SCS and PHS type’s cold surge flow out of NE China in different 

directions to the open sea ocean (modification of Fig. 1 in Compo et al. 1999).  Right panels show Compo et al.’s (1999) 

based point for two types of cold surge flows. (Adopted from Figs. 5c and 6c in Compo et al. 1999). 
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Fig. S1-5 (a) Locations of the maximum isotach of the northeasterly flow for the identified 

cold surge flows at the time of 708 CSVs’ formations are shown by small blue dots 

(SCS types) and red dots (PHS types). The large blue and red dots are averaged 

locations of the SCS and PHS groups, respectively. The blue and red ellipses are 

one standard deviation of locations (depicted with the method introduced by 

Leftover 1926) used to determine cold surges.  Typical examples of SCS and PHS 

type cold surge flows at the time of CSV formation in SCS are shown in (b) and (c).  

Red solid line close to the Equator is the near-Equator trough.  A typical example of 

PHS type cold surge flow at the time of CSV formation in the Philippine Sea is 

shown in (d) and (e).  Pink solid line is island-chain trough, dark red dashed line (d) 

is the trajectory of CSV (HRF), and red solid line is the location of easterly wave.   

Red dots in (b)-(e) are the location of max-isotach of cold surge flow in these two 

examples. 
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Fig. S1-6 Direction and speed of the cold surge flow related to the CSV formation for nine 

groups of CSV(HRF)s, the wind speed is measured at red and blue points in Fig. 

S1-5a.  The CSV(HRF) and CSV(NOD) are denoted by dot and cross, respectively.   

Difference colors are used in panels (b), (c), and (d) to distinguish two groups of 

CSV in one panel. 
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(b) 

(a) 
Northeast Asian cold surge flow 
linked to the PHS-type cold surge flow 
in the South China Sea: propagation 

Northeast Asian cold surge flow 
linked to the SCS-type cold surge flow 
in the South China Sea: stagnated 

Location of maximum isotach and wind direction of the NE Asian cold surge 

flow juxtaposed between a surface high and low.  This cold surge flow linked 

to the maximum isotach of the corresponding cold surge flow in the South 

China Sea to decide the propagation of CSV(HRF)s. (a) is linked to the 

propagation CSV(HRF) and (b) is linked to the stagnated/trapped CSV(HRF). 

Fig. S1-7 
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Supplement 2: Statistical significance of the composite 925hPa streamline charts when nine 

groups of CSV(HRF)s move across or become stagnated by the 

demarcation line of CSV(HRF) propagation 
 
 Based on the American saying “to see is to believe,” we actually checked the 925hPa 

streamline charts for each individual CSV(HRF)s in every group to determine if resembling 

patterns exist before we made a composite chart for this group of CSV(HRF)s shown in Figs. 12 

and 14.  However, to save space for this paper, using the approach provided by Ott and 

Longnecker (2001), the composite streamline charts with the computed statistical significance 

developed these two figures (Figs. S2-1 and S2-2).  One can easily determine the statistical 

significance of the flow pattern for each CSV(HRF) group is greater than 99% in the vicinity of 

CSV(HRF)s in Figs. 12 and 14. 

 

Reference 

Ott, R. L., and M. T. Longnecker, 2001: An introduction to statistics methods and data analysis 

(5
th

 edition). Duxbury Press, 1152 pp. 
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Fig. S2-1 
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The composite 925hPa streamline charts (Fig. 12 in the manuscript) 

superimposed with the statistical significance for nine groups of 

CSV(HRF)s.  The dates used for the composite procedure for each 

CSV(HRF) group are those utilized for Figs. 11b and c in the 

manuscript to determine whether CSV(HRF) propagates across this 

demarcation line or becomes stagnated east of this line.  The statistical 

significance is estimated by the two-tailed approximate t test (Ott and 

Longnecker 2001).  The significant confidence intervals, 95%(99%), 

are shaded with light (darker) yellow. 

Fig. S2-1 
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99 95 % 

Same as Fig. S2-1, except for Fig. 14 in the manuscript.  Note, this figure is the same as Fig. 

S2-1, except for a small domain focusing on the CSV(HRF). 

Fig. S2-2 
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