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Abstract: Typhoon Sanba was selected for describing the Korea Meteorological Administration (KMA) Global Data

Assimilation Prediction System (GDAPS) model bias tendency in forecast for the interaction between mid-latitude trough

and movement speed of typhoon. We used the KMA GDAPS analyses and forecasts initiated 00 UTC 15 September

2012 from the historical typhoon record using Typhoon Analysis and Prediction System (TAPS) and Combined

Meteorological Information System-3 (COMIS-3). Sea level pressure fields illustrated a development of the low level mid-

latitude cyclogenesis in relation to Jet Maximum at 500 hPa. The study found that after Sanba entered the mid-latitude

domain, its movement speed was forecast to be accelerated. Typically, Snaba interacted with mid-latitude westerlies at the

front of mid-latitude trough. This event occurred when the Sanba was nearing recurvature at 00 and 06 UTC 17

September. The KMA GDAPS sea level pressure forecasts provided the low level mid-latitude cyclone that was weaker

than what it actually analyzed in field. As a result, the mid-latitude circulations affecting on Sanba’s movement speed was

slower than what the KMA GDAPS actually analyzed in field. It was found that these circulations occurred due to the

weak mid-tropospheric jet maximum at the 500 hPa. In conclusion, the KMA GDAPS forecast tends to slow a bias of

slow movement speed when Sanba interacted with the mid-latitude trough.

Keywords: Typhoon, Global Data Assimilation Prediction System, mid-latitude trough, Combined Meteorological

Information System-3

요 약: 중위도 기압골과 태풍 이동속도와의 상호작용에 대한 예측에서 한국기상청 전구자료동화예측시스템(GDAPS) 모

델 바이어스 경향을 알아보기 위해 태풍 산바 사례가 선정되었다. 이 연구는 태풍 분석 및 예측 시스템(TAPS) 및 기상
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정보시스템-3(COMIS-3)에 저장된 태풍자료로부터 2012년 9월 15일 00UTC로 초기화 된 한국 기상청 GDAPS 분석장

과 예측장을 사용하였다. 먼저 해면기압장은 500 hPa 제트구역과 연관하여 중위도 하층 저기압이 발생됨을 보여주었다.

이후 태풍 산바가 중위도 지역으로 들어온 후, 태풍의 이동속도가 증가될 것이라 예측되었다. 특히, 태풍 산바가 9월

17일 00UTC와 06UTC에 전향을 할 시점에 태풍 산바는 중위도 기압골 전면에서 중위도 서풍대와 상호작용을 하였다.

반면, 기상청 GDAPS 해면기압 예측장은 하층 중위도 저기압의 강도를 분석장보다 약하게 예측하였다. 결국 태풍 산바

의 이동속도에 영향을 주는 중위도 순환은 분석장보다 느리게 나타났다. 이 순환은 500 hPa에서 제트가 약화됨으로서

증명되었다. 이런 이유로, 기상청 GDAPS 예측장은 태풍 산바가 중위도 기압골과 상호작용함으로써 느린 이동속도의

바이어스를 나타내었다.

주요어: 태풍, 전구자료동화예측시스템, 중위도 기압골, 기상정보시스템-3

Introduction

The tropical cyclone (TC) movement will be

dominated by other synoptic weather systems around

it, especially environmental wind flows and steering.

The environmental steering flow is winds on the

outside of 1-7 degree radially from the center of TC

(Sampson et al., 1995). Consistent with Sampson et al.

(1995) who suggest that TC motion is result of a

complex interaction between a number of internal and

external influence, as much as 70-90% are affected by

the environmental steering flow in many different

levels and layers. In addition, the TC environment

conceptual models (Carr and Elsberry, 1994) are

organized into the general groups of the synoptic

patterns classifications and synoptic region identifications

for a transition zone between two synoptic patterns

and regions of TC movement (Fig. 1). All of the

Environmental structure models are the mid-

troposphere, which is approximately the 500 hPa level.

These relative to the structure and orientation of the

mid-tropospheric subtropical ridge is the major feature

in many of the conceptual models to affecting on

tropical cyclone movement.

The relationships between TC movements and mid-

latitude subtropical ridge or subtropical high or

subtropical anticyclone and mid-latitude westerly

trough have seen in many case studies of tropical

cyclone track prediction. Hodanish (1991) shows that

TCs usually move toward northwest direction through

their lifetimes are typically embedded in the deep

easterly flow equatorward of subtropical anticyclone.

Synoptic patterns according to each TC track pattern

that classified by Sampson et al. (1998) found that

recurving TCs are defined as poleward movement of

TC from the deep easterlies of the tropics into the

strong upper atmospheric westerlies of the mid-

latitude. The non-recurving TCs occurs when it

embedded in the mean flow under the changing of

subtropical ridge in both sizes and movements.

Several case studies have used wind and steering

flow in different levels to monitor and forecast track

of the TC. Guard (1977), Kim et al. (2011), Choi et

al. (2009), Choi and Kim (2011a), and Choi and Kim

(2011b) used the tropospheric layer mean flows are

set at 850-200 hPa and 5880 gpm at 500 hPa that

influence of the Northern Pacific Subtropical High

(NPSH) on TC movement patterns over western North

Pacific. Their study found that mean track follows the

steered by the NPSH. A significant of motion forecast

technique, fast, looping or slow TC movement is

associated with a large amplitude 500 hPa trough (Xu

and Gray, 1982; Lander, 1994) to orientation of TC

and corresponds to the surface pattern. Thus,

environmental steering flows are closely related to the

deep layers of the atmosphere that each layer depends

on tropical cyclone intensity. More intense storms

extend higher in the troposphere and have higher

steering levels (COMET, 2010). The best single deep

layer mean wind used is the 500 hPa to estimate the

future motion.

The role of mid-latitude trough interaction with

tropical cyclone track occurs when TCs move poleward

from the tropics into the strong upper atmospheric

westerlies of the mid-latitude as acceleration westerly

region, AW, (Carr and Elsberry, 1994). The subtropical
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ridges at 500 hPa level are used by Xu and Gray

(1982) to study environmental circulations associated

with tropical cyclone experiencing fast, slow looping

motion. The TCs which located to the north of

subtropical ridge (AW region) usually move fast. This

location will appears a westerly trough is about 10-20

degree longitude to the northwest of the TC. Westerly

ridge is located 10-20 degree longitude to the

northeast of TC. Cause TC is dominated by strong

southwest steering flow to the east of westerly trough.

A high speed wind is approximately 5 degree latitude

to the TC center. At the surface, two anticyclones are

separated by frontal trough. For the TCs that located

on or near a subtropical ridge, 500 hPa extreme

westerly trough extends into the subtropics to the west

and subtropical high to the east of TC. The trough is

extendable further south cause of a large acceleration.

This TC is dominated by southerly steering as same

as surface. Not only 500 hPa level is used for TC

acceleration in mid-latitude domain but also a 200 hPa

level is usually used for the role of mid-latitude

trough interaction with typhoon track. The Typhoon

Acceleration Prediction Technique (TAPT) is used for

determining where and/or if northward-moving TC

will undergo a significant increase in speed of

movement as it approaches to domain of the mid-

latitude westerlies (Weir, 1982; Lui and Chan, 2002)

that associated with 200 hPa wind patterns. This

technique will be used when 24-48 hour forecast

depicts a deep mid-latitude trough to the west of TC

is about 15-20 degrees longitude, northwestern of TC

has 30 knots wind speed or greater, and TC maintaining

a northward movement.

Data and Methods

To investigate dynamical tropical cyclone track

forecast large errors (>555 km.) Carr and Elsberry

(2000a and 2000b) use the conceptual model for

description error mechanisms. These conceptual

models are; direct cyclone interaction (DCI); indirect

cyclone interaction on eastern TC (ICIE); indirect

cyclone interaction on western TC (ICIW); excessive

ridge modification by the TC (E-RMT); reverse trough

formation (RTF); mid-latitude system evolutions

(MSE); and baroclinic cyclone interaction (BCI).

These conceptual models concerned about changes in

structure and movement of mid-latitude circulations

such as trough, ridge, cyclone, and anticyclone that

related to the changes of environmental steering of

TC. For this reason, the changes of the Korea

Meteorological Administration (KMA) model tropical

cyclone track forecast that differ from reality will be

explained. This study will describe as model bias

tendency in forecast for mid-latitude trough interaction

with typhoon track acceleration, based on Carr and

Elsberry (2000b), TAPT (Weir, 1982), and Xu and

Gray (1982).

Case Study

The Sanba case is selected for investigation KMA

Global Data Assimilation Prediction System (GDAPS)

model bias tendency in forecast for mid-latitude

Fig. 1. Synoptic pattern and region conceptual models in the

systematic approach meteorological knowledge base for

western North Pacific TCs relative to adjacent anticyclones

(A), monsoon gyre (G), or trough (MT) or buffer (B) circu-

lations. Key to region abbreviations: EW=equatorial wester-

lies; EF=equatorward flow; TE=tropical easterlies; PF=

poleward flow; MW=mid-latitude westerlies.
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trough interaction with speed of typhoon track that

differ from reality. The KMA GDAPS prognostic and

analysis weather maps in mean sea level pressure and

500hPa wind field are picked from the historical

typhoon record using Typhoon Analysis and Prediction

System (TAPS) and Combined Meteorological Information

System-3 (COMIS-3) and were used for this study.

Classification of Synoptic Patterns 
and Regions Interaction

with the Sabna

At 00 UTC 11 September 2012, tropical storm (TS)

Sanba developed from a tropical depression (TD) over

the Philippine Sea, western North Pacific. It moved

northward by southerly steering flow of gyre to the

west and subtropical anticyclone to the east of it (Fig.

2a) and then again recurved northwest along upper

edge of gyre that under synoptic gyre (G) pattern and

region (Fig. 2b) as G/PF then G/TE by Carr and

Elsberry (1994) as shown in Fig. 1. 00 UTC 13

September 2012 TS Sanba intensified into a typhoon

(TY) and moved northward again at 06 UTC

following the synoptic poleward (P) pattern and region

(Fig. 2c and d) as P/PF in Fig. 1. Before Sanba goes

into the mid-latitude domain, the 24-48 hour forecast

of 200 hPa wind field based on 00 UTC 15

September 2012 analysis time are used to check the

criteria of TAPT as shown in Fig. 3.

Fig. 2. The 500 hPa wind field analysis times and synoptic pattern/region demonstrate (a) at 00 UTC 11 September 2012 TS

Sanba developed from TD over the Philippine Sea, western North Pacific and moved northward. (b) TS Sanba recurved to

northwest along upper edge of gyre. (c) and (d) TS Sanba intensified into TY and moved northward at 06 UTC 13 September

2012 following the synoptic poleward (P) pattern and region.
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The Role of Mid-latitude trough 
Interaction with the Sanba

The characteristics of the 24-48 hour forecast of

200 hPa wind field on 00 UTC 15 September 2012

analysis time as Fig. 3 shows that a deep mid-latitude

trough to the west of TC is within about 20 degrees

longitude (Fig. 3a-b). Wind speed to the northwestern

of TC that to the eastern of this trough is greater than

30 knots accompanied by south-southwest wind

pattern. Furthermore, TC is still maintaining a

northward movement. At the 500 hPa wind field, TY

Sanba is near the subtropical ridge with mid-latitude

westerly trough exists to the northwest within 20

degree longitude associated with subtropical anticyclone

to the northeast (Fig. 3c-d). This trough extends to

subtropics splitting subtropical high. Cause of TY

Sanba is thus located in strong southerly steering flow

to the east side of a westerly trough. This feature is

consistent with the surface (Fig. 3e-f), the surface

subtropical ridge was separated by a frontal trough

which had a northeast-southwest orientation and

appeared to be connected to the cyclone. Concluded

that the TY Sanba speeded up when it entered mid-

Fig. 3. The 24-48 h of 200 hPa (a-b), 500 hPa wind field (c-d) are shown deep trough to the northwest and subtropical anticy-

clone to the northeast of TY Sanba and consistent with surface weather map (e-f) that frontal trough extends to TY Sanba.
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latitude zone and interacted with changes in mid-

latitude circulations (Fig. 4).

The KMA GDAPS sea level pressure fields, and the

Sanba track and 500 hPa wind forecasts initiated at 00

UTC 15 September 2012 are provided in Figs. 5a-j

and Figs. 6a-h, respectively. The Sanba case provides

an illustration of change in mid-latitude cyclone that

occurs in the KMA GDAPS sea level pressure in

which comparatively not obvious existent in the 500

hPa wind field. Therefore, the sea level pressure in

Figs. 5 are used for description the changes of this

mid-latitude cyclone.

During 12 UTC 16 September-06 UTC 17

September 2012 (see Fig. 4), the impact of changes of

mid-latitude cyclone on TY Sanba speed movement is

the evident as persistent slow bias relative to the

actual speed of Sanba. While, 12-18 UTC 17

September period is a fast bias. As shown in Figs. 5c-

j, the comparison of the KMA GDAPS sea level

pressure analysis fields and forecasts initiated 00 UTC

15 September 2012. They provide a typically

illustration of how this speed error mechanism

degrades and upgrades the KMA GDAPS forecast.

The KMA GDAPS sea level pressure analyses (Fig.

5c and e) exists stronger mid-latitude cyclone to the

northeast of the Sanba, deepens and extends more

southwestward than forecasts (Fig. 5d and f) as

characteristic of mid-latitude cyclogenesis. At this

time, the Sanba interacts by an elongation of isobar

pattern toward the area of mid-latitude cyclone. The

cyclogenesis appears to be in response to a mid-

latitude trough associated with 500 hPa jet maximum

to the northeast of the TC (Fig. 6a-j). The right

entrance region of the jet maximum has an enhanced

mid-tropospheric divergence that corresponding to

acceleration of the Sanba moves toward the location

of jet maximum tendency, the beginning of an

enhanced mid-tropospheric divergence occurs at 12

UTC 16 September throughout 06 UTC 17 September.

On the other hand, during 12-18 UTC 17

September the KMA GDAPS sea level pressure

forecast (Fig. 5h) illustrates a stronger mid-latitude

trough than analysis field (Fig. 5g) and consistent with

the 500 hPa wind in Fig. 6h that a stronger jet

maximum is presented. As a result, the speed of the

Sanba moving faster than it actually is. Hence, model

bias tendency in forecast for mid-latitude trough

interaction with speed of typhoon movement as fast

bias event.

Conclusion and Discussions

This study concerns about the classification of

synoptic patterns and regions and the role of mid-

latitude trough that interact with TY Sanba. Especially,

the KMA GDAPS model bias tendency in forecast for

mid-latitude trough interaction with speed movement

of the Sanba. Therefore, the study has followed Carr

Fig. 4. Speed movement of KMA GDAPS forecast and analysis of TY Sanba over western North Pacific during 00 UTC 16-18

September 2012. The Sanba entered mid-latitude domain at 12 UTC 16 September 2012.
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Fig. 5. (a) Track of TC Sanba and forecast tracks by KMA GDAPS, beginning at 00 UTC 15 September 2012. 24 h (left back

line) positions are shown for forecast model, and 3, 6 h (right blue line) positions for analysis. (b), (c), (e), (g), (i) The verify-

ing sea level pressure; (d), (f), (h) and (j) the 36, 48, 60, 72, and 84 h forecast. Black lines for sea level pressure in hPa and the

increment is 2 hPa.
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Fig. 5. (Continued)

Fig. 6. The KMA GDAPS 500 hPa wind analyses (left column) and forecasts (right column) for TY Sanba initiated 00 UTC

15 September 2012. Isotach shading starts at 25 knots and the increment is 5 knots.
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and Elsberry (2000b) to describe the changes in mid-

latitude circulations influence on Sanba speed prediction

error by the KMA GDAPS model.

The KMA GDAPS sea level pressure forecasts were

compared to analyses in changes of mid-latitude

cyclones as intensity, movement, and an elongation of

isobar pattern. Whereas the 500 hPa wind fields were

illustrated environmental steering flows as mid-

tropospheric jet maximum in which related to low

level mid-latitude cyclone changes.

By illustration synoptic patterns and regions, the

comparative 500 hPa wind field analyses linking the

positions of Sanba showed that it was dominated by

surrounding mid- tropospheric steering flows. Such

synoptic are the gyre and poleward pattern and region,

respectively. When TY Sanba moved into the mid-

latitude zone and interacted with mid-latitude westerly

trough has found that this storm has the acceleration.

Resulting, the Sanba moved faster, preferably at 00

and 06 UTC 17 September 2012 in Fig. 4.

The KMA GDAPS forecast model bias tendency on

Samba speed movement found that the features of low

level atmospheric mid-latitude troughs differ from

analysis times. Cause mid-latitude steering flows that

affect on the Sanba speed had error. The forecast

model bias tendencies arise because they are not

predicting properly reality in changes of mid-latitude

circulation.

Although the changes in mid-latitude circulation

relative to tropical cyclone movement are recognized,

difficult to detect their complex by forecast models.

Especially, the physical process involve in mid-latitude

tough and subtropical ridge circulations of dynamic

model. Unfortunately, application of the conceptual

models presented has only the KMA model output

fields were available for this study. Otherwise, the

models will be compared to each other and may have

been the model is capable of predicting the most

realistic approach. In addition, the previous studies of

Carr and Elsberry (2000a and 2000b) and Kehoe et al.

(2007) also showed that each tropical cyclone will

demonstrates a pronounced change of the conceptual

models are different.

Fig. 6. (Continued)
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