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Abstract The idealized moist baroclinic wave simulation was performed to describe
the rapid development of extratropical cyclone. Then the warm and cold conveyor
belts were identified with the use of Lagrangian trajectory selection method and
physical quantities along their trajectories were diagnosed, followed by the analysis of
their impacts on the precipitation. The study reappears the previous conclusions of
conveyor belts and find some more refined structures, especially for the cold conveyor
belts. As the result shows that, the warm conveyor belts could generally split into
“forward-sloping ascent” and “rearward-sloping ascent” branches. They originate in
the warm sector ahead the cold front and low-level, and move respectively forward
and rearward relative to the cyclone center when they spiral upward to the upper and
middle level, generating negative PV disturbance upon the outflow region and
promoting the development of upper system. They also transport abundant moisture
upward and influence significantly the formation and maintenance of the precipitation
extremum around the front. The cold conveyor belts are confirmed to represent two
branches of ascent and remaining low-level as described by the previous researches,
and then could be classified finely into four branches. The “forward-sloping ascent”
and “rearward-sloping ascent” branches originate near the warm front and curve
separately forward and rearward relative to the cyclone center when rising upon the
middle level, benefiting to the rainfalls around the warm front. While the branches of
“wrapping around the cyclone and forward-sloping” and “wrapping around the
cyclone and rearward-sloping”, always staying in the lower level, move from east of
the surface cyclone far from the warm front toward the cyclone center whenever their
vapor content increases, and then descend respectively anticlockwise and clockwise to
the downstream and upstream of the cyclone after travelling slowly upward west of
the cyclone around the center, inducing the little precipitation northwest of the
cyclone.
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Fig.1 Vertical profile of initial basic field(a) and temperature perturbation(b) in the numerical model. The thick
solid lines indicate the zonal wind speed(every 5 m/s), thin solid lines show potential temperature(every 6 K), and
thick dash line represents the 1.5 PVVU tropopause with relative humidity shaded (every 10%) in (a) while solid

lines are temperature perturbation(every 0.2K) in (b).
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Fig.2 The development evolution of frontal cyclone in the lower troposphere of 925 hPa. Thin and thick lines
respectively indicate height (every 50gpm) and potential temperature(every 2K) in Fig.(a)-(e). Thin lines indicate
height (every 50gpm) and Symbol “L” denotes the primary cyclone centre while the horizontal potential
temperature gradient shaded(every 0.5K/100km).
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Fig.3 Temporal evolution of central pressure values of the primary cyclone, where the vertical axis represents sea
level pressure(units: hPa) and the horizontal is the run time (units: h).
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Fig.4 Trajectories of warm conveyor belts relative to the cyclone motion during 96-120 h. The gray streamlines are

“forward-sloping ascent”(fWCB) branches and the black trajectories are “rearward-sloping ascent ”(rWCB), where



the arrows are added every 6 h. Shown are horizontal snapshot at (2)96 h and (b)120 h, where solid lines are
potential temperature(every 2 K) and dash lines are height(every 50 gpm) at 925 hPa while vertical profile of
trajectories are presented in the (c) west-east and (d) north-south direction.
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Fig.5 Temporal evolution of key parameters and average values along the warm conveyor belts, shown as
pressure(P, units:hPa), potential temperature(TH, units: K), potential vorticity(PV, units: PVU), specific
humidity(Qv, units: g/kg), vertical velocity(W, units: cm/s), equivalent potential temperature(ETH, units: K),
absolute vorticity(AVO, units:1 f, f denotes geostrophic vorticity), relative humidity(RH, units: %). The horizontal
axis is the simulation time(units: h). Gray plus signs and black circles indicate fWCB and rWCB respectively with

solid lines representing the average values.
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Fig.6 (a)The distribution of accumulative rainfall and fCCB trajectories in the last 6 hours at 108 h, where thin
gray line indicates potential temperature (every 2 K), dot-dash line denotes sea level pressure, thick gray line
represents zero line shaded with the rainfall amount, arrow lines denote trajectories with the arrow to the motion
direction, symbol “L” is the cyclone center and line AB shows the approximate position of trajectories in 106 h.
(b)Vertical profile of fCCB trajectories across the line AB in (a) at 106 h, where the numbers indicate the
trajectories, thin gray line is potential temperature(every 2 K), and two thick solid lines represent respectively

relative humidity of 90% and 95% with vertical velocity(every 20 cm/s) shaded.
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Fig.7 Same as Fig.4, but for trajectories of cold conveyor belts. Shown are horizontal snapshot at 96 h (a,b) and
120h (c,d), where solid lines are potential temperature(every 2K) and dash lines are height(every 50 gpm) at
925hPa. Vertical profile of trajectories are presented in the (e) west-east and (f) north-south direction. The thick
gray trajectories are “forward-sloping ascent” (fCCB) types and the thick black are “rearward-sloping
ascent”(rCCB) while the light gray are “wrapping around the cyclone and rearward-sloping”(crCCB) and the gray
are “wrapping around the cyclone and forward-sloping” (cfCCB).

rCCB Fl fCCB iX Wi s S FIHRFE I, ARSI mREE, W< g 078
Metetent BT, @B et O R ILE I, rCCB 4k £k mE S UieHh L b
IR JE SRRz s, 1M fCCB MM SUE Tisissh. & 8 B ik Wi S Huk
WAL RBAAFAE, EAN LB ER Z S A K, 7E 96-108 h 4, $5R I HiEs: -
FHEFAE, P33 73] 500hPa = UL L, BARI KV AWEESS, LhiB#IRZ 0.5 g/kg
D) ST S Wt = I )1 N 1 2 o E P v = A N [ 2 I 22 v NS oy 1 P
VEFBE R AR, Orith MBI, W ff HH B TR m e iR B, TR AR 38
Hiik 1 PVU, rCCB ¥ & RIA 2.5 PVU. WSS IAERE 750hPa /45 T T3
i 2PVU IALIRIEAE, AT = IEALIR 8 X, (EHHKE RS E (Hoskins et
al., 1985). 1T fCCB ¥Idhhr B o SEriets, IRIEFIEHE 53, MR E K,
FT BB . XM S IR A PR K [FIAEA R HEME R, 1] 9(a)Fros Ty 96-102 h
) EA KRN rCCB Bz A » B BE P rCCB BLZE/K-F- 7 [l KAk 2 R g -vh b
[7) , 5 25 M B K R AEL X P9 e % T, i T2 T BR 2 3.5 g/kg. M 99h #¥ rCCB
BIE T I (B 9(b)) FTAL, ML rCCB AiAr TAREmEE X A, &b T
AR, BEEE KL 015 mis UL, HHEE 0.5 mis, [HRS AR5 E
WERFAE, AHXHR 3508 1.8, AKIREREEERREL, ~FI4rimis 3 PVU. fCCB
15 FFHE I AR T 5 KT8 X C B G R 5 A (BB . 55 12h Y, rCCB
TE R S AE X 2618 b7+ #) 460hPa T, ITlBda v, SPEBHAK; fCCB
TEm T E XN R A T, “FYIFEE 550hPa T, 8% B — B s/ 3]
-0.2f, RULEFEF T RE52 NV S KA RAE RO RAm, LU IRms AT 340 .
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Fig.8 Same as Fig.5, but black circles and gray plus signs respectively represent rCCB and fCCB in Fig.7.
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Fig.9 Same as Fig.6, but (a)for the accumulative rainfall and rCCB trajectories in the last 6 hour at 102 h, (b)for
the rCCBs at 99 h.
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Fig.11 Conceptual model of cold and warm conveyor belts in the idealized extratropical cyclone, where the upper
is the height of 400 hPa and the lower is 925 hPa, solid lines indicate potential temperature(every 2 K), gray dash
lines represent the height(every 50 gpm), thick gray solid line is the zero line of accumulative rainfall in the last 6
h. Symbol “L” is the cyclone center and the front is presented by the conventional symbol with the red and blue

arrow lines denoting warm and cold conveyor belt respectively.
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