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Abstract The configuration of the subtropical circulation forced by sensible heating is studied using a linear 

quasigeostrophic model. The impacts of subtropical background zonal flow and radiative cooling on the formation 

of triangular off-centered configuration of surface anticyclone are discussed. Results show that when the basic 

flow is constant, cyclones and anticyclones forced by sensible heating are mainly situated in the middle and lower 

troposphere and the amplitude in surface is much stronger than that in middle and upper layer. When the basic flow 

is not constant, the meridional shear of basic flow can change the meridional location of forced cycloneΩs and 

anticycloneΩs centers lying approximately in the situation where zero zonal wind are located. The vertical shear of 

basic flow strengthens the upper layer anticyclone and it becomes stronger than the surface anticyclone, and its 

center is seated in the upper troposphere, which is similar to the South Asia High. In addition, it is found that the 

particular configuration of triangle and off-center of the surface anticyclone forms when long-wave radiative 

cooling in eastern Pacific Ocean and the basic flow of subtropical area are both considered. Subtropical westerlies 

in higher latitude make the surface anticyclone move eastward, and subtropical easterlies in lower latitude lead to 

its westward moving. As a result, the parallelogram surface anticyclone is forced extending from northeast to 

northwest and its center is situated in the west of Pacific Ocean. Furthermore, radiative cooling intensifies the 

surface anticyclone in eastern Pacific Ocean and causes its center to move to the east. Therefore the triangular and 

off-centered configuration of surface anticyclone appears. 

Key words Linear quasigeostrophic model̆Sensible heatinğRadiative coolinğSubtropical high̆Basic flow 
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◐ Һ ᵞץ қ қ ץ
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1 1981-201030 7 Ṝ ᵝל Ẓ  (a) 1000hPa(̆b) 35ÁN̂ ṿ ҹ20gpm̆

ᵝ̔gpm̃ 

Fig.1 Observed climatological mean zonal deviation of geopotential height for July at (a) 1000hPa and (b) 35ÁN 

based on 30 years (1981-2010) of NCEP/NCAR reanalysis data (The contour interval is 20gpm. units: gpm) 
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ⱴ ₱ ҹ15ÁN ~ 45ÁN̆Ҭ ᵝԍ30ÁN̆ ңҩⱴ ѿҩ‛ ̂

нŀ̃Ȃⱴ ◐ ֒ ⱴ Ȃ‛

◐ қ ‛ Ȃ hQĔ cQĔ№≢ ⱴ ‛ № ₱ ̆

⌠ 6Ņ/d̆ ⁞ Ȃⱴ 4km҉ץҹ ̆ ‛ ҉ ᵈ 12km̆

12km҉ץҹ ̂ 2b̃Ȃ 
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2 ⱴ ҍ ‛ ‛ № (a) ̆ (b) 30ÁN 

̂ ṿ ṿҹ0.1̆ṿ ҹ1.5̆ ̆ ҹ‛ ̆ ᵝ̔Ņ/d̃ 

Fig.2 Spatial distributions of the heating and cooling rate at (a) surface and (b) 30ÁN 

(The contour interval is 1 and the minimum contour is 0.15. The solid and dashed curves denote the heating 

and the cooling rate, respectively) 
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5.1  

    ҹԅḂԍ Ҋ ⱴ ̆ ╩ ◐

ľ҈ Ẓ Ŀ Һ ̆ ֽ ֒ ⱴ Ȃ 3

Ҭ ѿ ‰ ₱ № ̆ ῤ ₮

̆ῒҬ ᵝԍⱴ Ҭ Ẓ ᵝ ̂ 3ã̆ ғ ⁞ ̆‰

₱ 700hPa⁞ ҹ ̂ 3c̃Ȃ700hPa҉ץҹ ̆Ҭ ᵝ

ԍ600hPă ᵝ ẒᵞȂ Ҭ҉ ↕№≢ҹ

̆ Ҭ қ ̆ᵝԍ◐ Ȃ ֓ ҍ ѿ (

֒ ̆2016)Ȃ ‰ ₱ № ̂ 3aȁb̃̆ ҉ Ҭ ᵝ

ԍ Ҭ ҉Ȃ 

 

3 Ҭ ѿ ‰ ₱ № ̂ ҹⱴ ԍ0.5Ņ/dⱴ ̆ ᵝ̔

106m2/s̃ (a)̆(b)5km̆  (c)30ϲN 

Fig3. Spatial distributions of quasigeostrophic streamfunction (106m2/s) forced by single sensible heating in resting 

atmosphere at (a) surface, (b) 5km, and (c) 30ϲN (The region with heating rate more than 0.5Ņ/d is shaded) 
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҉ ҹ҉Ҋ ᵝ ѿ Ҭ̆҉ ᵝԍ600hPâ 4c̃Ȃ

ꜚΐ ҉ ᴰ ̆Ҭ қ ̂ 5c̃̆ ҉

Ӟ Ȃ ҍ ѿ ( ֒ ̆2016)Ȃ № ҉̆

Ҭ ᵝԍ Ҭ ̂ 4aȁ4b̆ 5aȁ5b̃Ȃ ̆ ҹқ ̆ᵞ

Ҭ ׆ 47.5ÁE 17.5ÁĔ ԅ30ҩ ̂ 4ã̕ ↕ қ

77.5ÁĔ қ ԅ 30ҩ ̂ 5ã̆ ₮ ⱴ қȁ ᵬ ( ֒

̆2016)̆ ҍ ⱴ Ҍ ( ֒ ̆2009ă2009b)Ȃ 

 

 

4 ҹ-5m/s̆ ѿ ‰ ₱ № ̂ ҹⱴ ԍ0.5Ņ/dⱴ ̆

ᵝ̔106 m2/s̃ (a)̆(b)5km̆  (c)30ϲN 

Fig4. Spatial distributions of quasigeostrophic streamfunction (106m2/s) forced by single sensible heating on zonal 

flow of U =-5m/s at (a) surface, (b) 5km, and (c) 30ÁN (The region with heating rate more than 0.5Ņ/d is shaded) 

 

 

5 ҹ5m/s̆ ѿ ‰ ₱ № ̂ ҹⱴ ԍ0.5Ņ/dⱴ ̆

ᵝ̔106 m2/s̃ (a)̆(b)5km̆  (c)30ϲN 

Fig5. Spatial distributions of quasigeostrophic streamfunction (106m2/s) forced by single sensible heating on zonal 
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flow of U =5m/s at (a) surface, (b) 5km, and (c) 30ÁN (The region with heating rate more than 0.5Ņ/d is shaded) 

5.2 ⅓  

    ⱴ ◐ ֽ̆ ᵬ Ҍ ̆ ׆

₮ ̆ ҹῃ ꜚ ◐ Ȃ 6 NCEP/NCARῬ№

7 Ṝ ̂1981-2010̃ ץ 13km 35ϲN

̆ ᵝԍ30ϲN ץ̆ ̂ ̃ҹқ̂ ̃ ̆

қ Ȃ 

     

6 7 Ṝ ̂1981-2010̃ ̂ ᵝ̔m/s̃(a) ̆(b)13km

̆(c)35ϲN  

Fig6. (a) Observed 30-yr (1981-2010) averaged zonal-mean zonal wind for July, (b) the variation of the 

zonal-mean zonal wind at 13km and (c) the variation of the zonal-mean zonal wind at 35ϲN (Unit is m/s) 

   ҉Ḡ Ҍ ̆ ῒ ℗ ̆ 7 Ṝ 13km

ҹ ̂ 6b̃Ȃ 7 ᵬ Ҋ‰ ₱ № ̆

ⱴ қ - ẁ ̆ ҹļ Ľ ̆ῒҬ ᵝԍ

Ҭ ̂30ϲÑ ץ ̆ ԍ ̂ 7ãȂ № ̂

6b̃̆ ̂ ̃ ҹ ̂қ̃ ̆ ᵬ Ҋᶏ қ̂ ̃ ̆ ̂ᵞ̃̆

̂қ̃ ̆ қ̂ ̃ ꜚ ̆ ҹқ - Ȃ ̆

ԍ ⱴ Ҋқȁ ᵬ ΐ ( ֒ ̆2016)̆ ῒ ◐

ҹ ⌠ ̆ ⁞ ̆ ץ

Ҭ ᵝԍ Ҭ ᶷ Ȃ 7b 30ÁN ╩ ̆ ԍ ҹ

└̆ῒ Һ ҹ ̂ 5c̃Ȃ 

҉Ḡ Ҍ ̆ ῒ ̆ 7 Ṝ

35ϲN ҹ ̂ 6c̃Ȃ 8 ᵬ Ҋ‰ ₱ № ̆

Ҭ ̂ 8cȁ8d̃̆ ῤ ҉ ѿҩ

Ҭ ̆ҍ ֒ ᵝ ѿ Ȃ ̆ ԍ ҹ ̆ᵞ

Ҭ ᵝԍ Ҭ Ȃ ̆ ℗ Һ

Ҭ ᵝ ̆ ⱴ Ҭ Ȃ 

 

7 ҹ13km7 Ṝ ̆ ѿ ‰ ₱ № ̂

ҹⱴ ԍ0.5Ņ/dⱴ ̆ ᵝ̔106 m2/s̃ (a)̆(b)30ϲN 

Fig7. Spatial distributions of quasigeostrophic streamfunction (106m2/s) forced by single sensible heating on the 
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