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Abstract: The asymptotic frontogenetic convergence line (AFCL) is a key system of non-typhoon and non-tropical cyclone heavy
rainfall in tropical low latitudes. The system has not been introduced in any previous meteorological textbooks. Usually associated
with the multi-year heavy rainfall centers in low latitude zone, AFCL is a kind of shallow circulation system mainly occurring
in coastal areas and landing from the sea to the shore. The convergence and upward movement of the system is accompanied by
significant front area and moist thermal dynamic instability. Affected by the combination of seasonal circulation background and
underlying surface topography, AFCL can provide an effective indicator for the location of the heavy rainfall area. To be more
specific, the temperature front causes the thermodynamic ascending, and the humidity front forms the wet dynamic unstable
stratification with the upper water vapor transport. The vertical ascending layer cooperates with the latent heat center in the middle
layer to form a deep moist thermal dynamic instability, which corresponds to the heavy precipitation area on the left side of the

asymptotic frontogenetic convergence axis. The objective

NAS B #A: 202156 A 25 B; 142 B #7: 202257 A25H tracking of the AFCL and the establishment of its coordinate
% —4#: £ %2, Email: jhwang@nuist.edu.cn system are helpful for the characteristic extraction of the
Foniz 8 BR A R4 4 4 (41276033, 41805033) system structure and the distribution of the system variables
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and for predicting the center of heavy precipitation. The comparative experiments of WRF numerical model show that diabatic
heating can show the role of water vapor transport and moisture heat, and enhance the temperature stratification instability and
convective instability in the rainfall area; the diabatic heating also maintains the low value system strength at the low layer when
enhancing the strength and thickness of the vertical rising layer. The advection sensible heating can enhance the temperature front
and its dynamic uplift, and the condensation latent heating can affect the convergence position and intensity of the AFCL, and then
affect the activity of the system. The latent heating in the middle layer inhibits the cooling of advection sensible heat into the warm
air mass, and therefore maintains the moisture thermal instability, the rainfall intensity and the rainfall amount at the precipitation
area. This is the moisture-thermal dynamic mechanism of the AFCL on heavy precipitation. The topographic dynamic mechanism

will be discussed in another paper.

Keywords: multi-year heavy rainfall centers in low latitude zone, Asymptotic Frontogenesis Convergence Line(AFCL), the

moisture thermal dynamic mechanism for heavy rainfall, system thermal dynamics and moisture thermal instability
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Fig. 1 Research areas: coastal areas in low latitude zone and their topographies
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(a) Vertical Velocity for Apr HREs (ACL1) (b) Vertical Velocity for Apr HREs (ACL2)
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(c) Vertical Velocity for Apr HREs (ACL3) (d) Six (6) Day Rainfall Total for Apr (7.0&6.9 mm Deviation)
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Fig. 18 The composed vertical velocity at latitudinal vertical profile sections of heavy rainfall cases in the main rainy
season in East Africa (unit: hPa/s), and the positions of the heavy rainfall centers and the asymptotic linear frontogenetic
convergence Lines (ACLs) '8
(a) Matching to the rainfall center and ACLs1 in (d); (b) Matching to the rainfall center and ACLs2 in (d); (c) Matching to
the rainfall center and ACLs3 in (d); (d) Locations of common heavy rainfall in East Africa
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Fig. 19 The vertical circulation (v and w) and vertical velocity distribution at the meridional profile sections at the left side
of the asymptotic linear frontogenetic convergence lines in the two rainstorm events in eastern and western Guangdong,
South Chinal?"! (the shadow is vertical velocity, unit: —10% cm/s, solid lines indicate the composed streamlines of v and w)
(a) Along 111°E at the west Guangdong; (b) Along 113°E at the east Guangdong

Advances in Meteorological Science and Technology S&REHE#E 12 (6) - 2022 | 43



RELE WLV
dvances in Met S&T

(a) 2 B 118.5°E
16

g
< £
< =
.2
E | 88
S 400 - T
Z 2
2

500

700

850

1000

25°E 30°E 35°E
[ I 1

326 330 334 338 342 346 350 354 358

E20 £&4RMRES

(b) ZJr) Ay

1527.5°N
100

150

200 12

250
300

Isobaric Surface
o0
Height /km

400

500

700 10 {
. 14 = 14
850 - B L
1000 -
112°E 114°E 116°E 118°E 120°E 122°E
L .
326 330 334 338 342 346 350 354 358

ZEMPOBRBSMIES, MLEMNEEREE" (B HRIBHMIR, B K, FELIIE, B

g/kg)
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(a) Specific Humidity for Apr HREs (ACLO)
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(c) Specific Humidity for Apr HREs (ACL2)
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Fig. 21 Specific humidity distribution of the asymptotic linear frontogenetic convergence line at low level in East Africal®
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Fig. 22 The longitudinal vertical profile sections of rainstorm pseudo equivalent potential temperature 8, and specific
humidity of two coastal asymptotic linear frontogenetic convergence lines at the east and west Guangdong, in South
China®" (the shadow shows the 6_, unit: K; the isoline is the special humidity, unit: g/kg )
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Fig. 23 The longitudinal vertical profile sections of temperature difference between numerical simulation and sensitive
experiment of two heavy precipitation events at the east and the west Guangdong during the first rain season along the
coast of South Chinal?"
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Fig. 24 The temperature vertical profile sections of the asymptotic frontogenetic convergence lines of the simulation
experiment and sensitive experiment!'!
(a1, a2) The vertical profile sections along the main axis of the convergence line of the mode one; (b1, b2) The vertical
profile sections along the orthogonal axis of the convergence line of the mode one; (c1, c2) The vertical profile sections
along the main axis of the convergence line of the mode four; (d1, d2) The vertical profile sections along the orthogonal
axis of the convergence line of the mode four
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