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Abstract: The potential vorticity (PV) theory is based on the analysis methods of isentropic PV. This pa-
per aimed at the introduction to the basic concepts and methods which are necessary to grasp to do the
analysis of isentropic PV. It first gave the fundamentals of potential temperature and PV, troposphere and
stratosphere, front and tropopause, and then discussed the characteristics of front and tropopause in the
vertical cross sections, isobaric surface maps, and isentropic surface maps. Different kinds of chart in-
stances were illustrated in this paper. Through analyses and comparisons, the results are obtained as fol-
lows. The high PV in stratosphere originates from the large vertical gradient of potential temperature
which increases sharply with height above the tropopause. The vertical gradient of potential temperature is
the main factor which determines PV distribution. The isentropic PV maps mainly reflect the activity of
polar air mass, and the front, jet, and tropopause closely associated with polar air mass. In the end, this
paper pointed out that some wrong knowledges should be avoided in the isentropic PV analyses, especially,
we should avoid treating streamlines in the isentropic surface as trajectories and cannot obtain such a wrong
deduction that the stratospheric dry air can intrude into the lower troposphere.

Key words: isentropic surface analysis, vertical cross section, potential temperature, potential vorticity,

polar air mass, front, tropopause

x [EF R T H (2008BAC37B05) L2 28 HEAT Ml (K50 BHIFE 5 (GYHY200906003) Fl [H 52 H $A BF 52 524 51 H (41075011) H: 7] % )
2011 4F 7 H 29 HYkHa: 2011 4F 10 A 20 H Y& e
B—AEH . B, EENF R RE L A M5 . Email : taozuyu@ pku. edu. cn



A

18

% 9 38 %

15

TECR L2011 AR5 37 B4 2 MR L IEM
A S RN R LR — SO R B RS
A7 T B ) A 25 A ) A6 1 o 5 AR 057 8 O HG b Y
— A RGO G R A B 1t [ AR L
RG4S FE AL 10 1) R kS L 0y T B B9
TEAR S 3o R Pk PR OE A B A S A7 R BRIE (805
TR ) 1 O e R A 7 98 4 BT 1 i
F7 s DA e 55 L35 0 AH O 1) B 0 I )= T 2 A
AT 43 BT 55 FE A AE G FD 3 . BT DA e s 0T 0 58
B LI A8 TRt el T s,

L Az AL 20 B 3 X

o7 163 BEIE 1 0 FH B AS T S5 5 52 305 53 #r s B AE S5
VT T AR 0 Rl [511 o F IO I | S - )
£, B R TE R ) S rh B AR B A 2 A Ak
2 Y R SCE G B EE B A2 AR n
XA S FRORTE L G B AR S AT,
TE RS 5 S50 T 43 B 50 02 5 55 A5 38 18 43
R AE 2 BB AR AR S 1T o 08 R0 7 3R B X B0 £
PEIE LR &R HAT — RE A S PR L (HRR S 55 00 1
SRR S 7B W E AR A L ST
R R FEARM S LM% D,

A7 3 X5 FUHRE D3O 15 R 2% AS B A Ll AR 1 E . B
B SRS F] 1000 hPa B LB (H7E H &
KA P sp AR 2 o3 i i ik . SE B b B K 53 B
MR s KA B SR 2 S5 iR . s
Pl e A e T s DA TR 2 5K

1000 \77
0 — T(T)
ATHT A5 FR T b B A A R — e A A,
S M EUE A A ]

o7 15 3 2 A e ) i LT R AR T D Y
AV SO S N TR T e o S E NS o BB U R X v
TR A T LA AR 0 M R s B T R X 2 TR A
TE o FTH A AT R AT R AR T 8l T FRAE = 4E 4544
0B8N o VT = N 1B s I = T 3 o T o Rl
1 A5 TR 4% )2 55 T T BT AR R

2R SCOWE T8 3 35 1 S0 AT A 28 L TR AN L TR B = 4E 4y
AT R a5 B A ) T T 43 B B RN R 2 TR vk

I 2TV SR AL T B R A R S H R
T2 R A L3 23 M P b 7 B (9 BEA B N 7

2 A AR

B g5 it T —sKkmg b o 1) i 2 & i SE ). &
SIEARGR S ES P ORI TES R SR S P X R E-
A 3 T 1R AR A R B KT E ] AR ] dE
0% AR S SR B R 1] b B W AR . (HAE T 2
A XN A5 4R A ATURHAH 4 B 3, IR BB IX PN KO
TERE X FAR Ao A5 T R A E T A R X A RO
% B DX BURE AR ASE 1Y) D ) AN S TR R L
P o B . R R VR AL I ) R A A AN TR
Ny T == (N R o R = 5 VA (A
JE R HLTE KT 24 C 5 SR I B 7R 5 25 (H A TE IR
A ART —80°C, B AR )2, ik B I R R
Uk AR 26 32 W A 1A 1 X 3L )22 T v DAL TRT 1 100 hPa,
Tk 2 s 2% i i 32 328

T P A 3R A A L B AR B b T IR L R S
1o R B AN A R A A b ) M T, N 272 K
(AP =1 C LA s Fem WA R AR AE AR (HFE = 25 K
F 400 KC BP 127 C 24 . HIFEFE X 32 KA
TR B BB R N 6.5C « km L NF T4
PGB % 9. 8C « km ', OF Ui )2 H T B 90 R H
JIN 3L 2 I e R U R 4 T R e B X 3 )2 AR
K. F 2 HA 6 ~8 km, H #4HE X i )2 T SF 2 19
16 km X3 £,

3 vl A b X

B S AE SCRR VR IR Z ) . B kA
B DX I B A I 10 8 v X XN 0l JBE A
A S R DX A o RV ) S A e o T B T
BEL L MARIREMARES, [ TEAERRFH
L REE R R TIP AR ER G GRE R
S5 (AN 18 SR T S HX e — B R AL I Bl 5 L OF AN AF
AR SRR .

TE 4 T P b B SR B O S5 R R AR
77T P CR 1) b B DR B (R 19 S5 IR B R
B DX PN PSR R AR T K T IR A R/ (B R
WD A FEA TR ERRAE . R T P A Y D
D)5 o A5 2 17 p K P 5 S R B R T s (L Ry



%14

Pl AR 25 < 0 I L 55 8 52 T 5 88 A0 X U= TR 20 A O 1 19

S0

30 20

B 1 201144 H 18 H 00 UTC #f 120°E &£k 11 1 H ] i &

(P 2L g i 2 SRR [ PR 4 °C 5 S AN S R AR AL B 4 K SR B 0 S R RS A IR AL,
[E] B 0.5 PVU; K JE 278 KU L [RIRG 5 mo» s 15 FR (0K S 20 hy i 5 A0 B BB 19 1T 95
R KBRS A K W) A AL B s 2 A SR X R T S M R o DL 1.5
H 2.5 PVU Sy b 25 (4 3l J3 060 302 05 ML R 2 S L B9 310 il 320 K A& AL 28D
Fig. 1 Vertical cross section along 120°E for 00 UTC 18 April 2011

(Red thin dot line is isotherm at intervals of 4 C, purple thin solild lines are isolines of potential

temperature at intervals of 4 K, green thin solid lines are isolines of potential vorticity at intervals

of 0.5 PVU, gray shaded area denotes wind speed at intervals of 5 m + s~ !,black thick

solid line denotes the upper and lower boundary of polar front and subtropical fornt, black thick

dot line indicates the unobvious north boundary of polar air mass, red thick solid line denotes

tropopause, green thick dashed line denotes dynamic tropopause with 1.5 and 2.5 PVU,

black thick dot-dashed lines denote the isolines of 310 and 320 K potential temperature)
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Fig.2 The 200 hPa map at 00 UTC 18 April 2011

(Red thick solid line denotes tropopause, black dot-dashed line denotes the baseline

of vertical cross section in Fig. 1, black thin solid line is geopotential height in 10 gpm

at intervals of 80 gpm., red dashed line is isotherm at intervals of 4 C)
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Same as Fig 1, but for vortictiy, vertical gradient of potential temperature, and PV

(Blue thin lines are isolines of vorticity at intervals of 2>X107° s~1, black thin solid lines

are isolines of vertical gradient of potential temperature at intervals of 2. 5X 107 ° K « hPa

1

shaded area denotes PV at intervals of 0.5 PVU, and other types of line are the same as Fig. 1)
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(Black thick solid line denotes isobaric line, blue line indicates streamline, color shaded area is PV)
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(Black dot-dashed line denotes the baseline of vertical cross section, black thin solid line is geopotential

height in 10 gpm at intervals of 40 gpm, red dashed line is isotherm at intervals of 4 'C)
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