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Abstract

Based on the ground observation data from CIMISS and the data from National Centers for Envi-
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ronmental Prediction (NCEP) 2.5° x 2.5° reanalysis, Statistics of temperature increase at night
(20:00 to 05:00 the next day) at three national stations (Shuicheng, Panzhou, and Liuzhi) in Li-
upanshui from 2010 to 2019 shows that there are 109 temperature increase cases above 2°C, 19 of
which are strong warming above 5°C. The focus is on analyzing the weather situation and system
from 500 hPa to the ground at 20:00 and 02:00 of the next day corresponding to 19 cases of strong
warming at night. It enumerates the changes in temperature, air pressure, wind speed, humidity,
ground temperature and other physical quantities from 20:00 to 05:00 the next day, and quantita-
tively calculates the various items that cause local temperature changes based on the thermody-
namic energy equation. The results show that the time distribution of the strong night tempera-
ture increase is concentrated in winter and spring, and the spatial distribution is mostly in Panz-
hou Station. The system configuration from 500 hPa to the ground reveals the existence of the
Yunnan and Guizhou quasi-stationary front. In 84.2% of the strong warming process, the air pres-
sure dropped, and in 63.2% of the process, the air pressure dropped more than 1 hour earlier
than the temperature rise. The temperature advection of the single layer of atmosphere near the
ground basically makes a positive contribution to the night temperature rise, with an average
contribution rate of about 10%. The contribution rate of the vertical motion term in the lower at-
mosphere is the smallest, and the contribution is unclear. The largest contribution rate is the
non-adiabatic term, which accounts for nearly 90% of the contribution rate.
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AIRERRAFIAR AR P IEE EEWOH, HE TR A, BURHSEESINF R, TR
AT R B ARDE[L] [2] [3]. MU RGIMARA RERRIEREARPH, — MR VLKA L5, Ml KA 2k 2
K BH R S SR ER T LA T B, 75 H a5 AR IA BB AK[4], XA RRIRSE /NS, (HEak
A — IR N A . SR TAR ALE S PR TAE TR R B, A I 0l /IR S AR 1A HE 24 KR 2 4 m
AU R IMIEIS 2°CULE, BB EREA 5 C L. RAAM X AP AR VE AR T e, [FR R
FIF TR A B SR TR, PR A o S i B R 1 R R LB AT

F AT P 76RO AU o B SRS b i — R L3R R M B B R 2 R T
F O e JE D DX AR TP SR X B AL SR NS A BRI AR R I T R ] B R
FE[5]. B/AGSE R WRF R AR & 5E 31T 6 2 0 2012 4F 12 7 4 7 [R] 78 22 DUl 52 S e AR
MR AT FEREAT B A3 B, 5 AR BV 2 R HE B B 1T IR 0N v T e X 38058 56 R~ S5 T T i R
AT 00 b T 14D L4468 2 T 1 2 A A R P 40 A B 3 T 40 B 2008 [ 32 j 17 M 782 i) S i 8 R AR 6] H
1 RS FH 22 N K 2 2 5 A0 PR S5 00 ol 0 e TSSO IS R i, Sevt 2007 1 2008 4F A AR TE 22 M
H DX BRI R VESG IR FpF, 45 SRR BA R IR F R R AR AR 4 = H 2 i K(33.5%), B = H B
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JIR 22 R X B R Bl f AT AR 7T, HLYE AR R AL T X, R I AR T R X
VESRBLR B0 TE o ASCHHRIEANFEA SR, K — e I (] #5 5 P4 (2010~2019 4F) /N FE 7K 25 YR TR 3R I
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ASCHUTET BRGNSk M U AR EE AU UL XU SRR 7S AR T = A 5K
U (RIR « BEM L 7SBEE) 2010~2019 4R () CIMISS HuTHMLI BE R}, 782 ¥EkH(500 hPa. 700 hPa. 850 hPa
IR AU IEE3%) R NCEP 43 H BERH () M3 2.5° x 2.5%)

ARSI AL 3855 B b A 4 20 16 32 CH 05 I 2 [l (PRAEIE R 40 T FI V& 5 H AT, HERR PR A
A S M) SR AE I TR By SR i 2 C LR, i ik 5°C LU By SRR AR

Giih4iRRW, 2010~2019 4F, =ABAFIREERAREE2'C) AL 109 ASCRAETER—HA
()5l AL A BHE AN A ), I R SR (=5 C) I MBI 3L T 19 4.

ASCHE R T 19 AN FRIGIR AN, AT MBI S 500 hPa % = PR UAFIE A B R L B, 5 45 I
{HEAES

3. WEMERMRHF= 557

249011, 2010~2019 4, ZNAL/K T = ANE KA B R TR AR E(>2°C) A B 3L T 109 A4S, Ry
TE5C) AT 19 4.

e 1R, 109 AME RIS IR /M (=2°C) , ZKIREh A 33 491, /Ml 59 1, 75k 17 . ThifE 19
ANSRIG R MFI(S5C) R, AKIREG 2 B, B 16 B, B 1 F. R BRI R B2 LR R, UK
WG LR, SR > o T TA] R I B R R R A S R R A T S

W 2 phzs, 109 MG IR AME A 65 MHIEAZR(12 A 1 . 2 1), HIRZEFEFGB H. 4 H.
5H), 334 HIERKEHERABIRD . MAE 19 NsEgEAMFI ., G 13 MEIELST, L—FlH
DAEHE 2=,

GUIFEE SRR, NEUK TR AR GG BB, 2270 F iR 2 HIE A, HIKEHEZE,
2L H I — RURTE 109 /MRS, R 5 XA ILAERI— H, T 19 /MR IR 58 3 il A 51 4% 5
RAAEANTE E A, 350 B A ] I I I AR SR YR I 5 G 1R R 1 = i

Table 1. The station distribution of night temperature increase

=1 REEEMKRWE =T

7K, FEM VaY s
R MIIE(>2°C) 33 59 17
IR M E(>5C) 2 16 1

Table 2. The month and season distribution of night temperature increase
2. WEBERMKMAR. ETHH

AF & FES E
124 1H 2H 3HA 4H 5H 6HA T7H 8H 9H 10H 1A
AR AN K (>2°C) 20 17 28 15 14 4 0 0 1 0 1 9
SRR AN E(>5C) 3 5 6 2 1 1 0 0 0 0 0 1
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Pl 1% 19 AN TA) B B TR AN 51 20 Bsf Ftg A R J2 DR 38 1 T 9 AF DG BT P35 40 B . 1] 1(a) 500 hPa
PRI E LR, EERILEE S, [l 588 i TRl Ed L, ha4 MR ERKE—
FRPEIL SR, AT IR E K E X . 500 hPa b 540 5 N 48 A2 e — B G XU 58 74T .
19 AN 8] 53 Y AR X HEAT 43 HT )5 KB, 500 hPa B A PR E R (6 /N) . — B — R (4 ). £
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R R SE SR SRR SR FAREA AR M SN, M B L SN E s R E A8
R E RS- AR

B 1(b)s & L1(c)RF 19 AN IR AN X B R 24 K 20 ) 700 hPa #1850 hPa 37 i B 4% LA K A i
FE T AR B, 0 1(b) BT I, 24K 20 I 700 hPa g db i - JEES 2 I6) - 1|y — R,
FLRALTHEHEY 28], HARATVE R K. /SR TR 7 B il 1 S /0 KA TR R 1T, SZ99RE-T-isgm . A
[~ 700 hPa, [ 1(c)" 850 hPa i EH LG, A7 TUHAVEMIL, HES SRR, XA
BEEERR, HRG EAEH B R AES . MX SRR ELE ] 1(d) i B F RIS S INEA &, i A
A — Bl EB AR R A SER 2R AR X AR B B KA DR X Ay o X e
B 2 0 E) SR TR 0 R 5 AR, VEES 2 fE) i ) 850 hPa 2 EAFLE—MEIX, 4542 i 45187 1) S
RING LR ZHOREAELERTRE, XNEM RS EBAET L.
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Figure 1. (@) The mean geopotential height field of 500 hPa (black contour), the mean temperature field of 500 hPa (red
contour) and the mean wind field of 500 hPa (arrow) at 20:00; (b) The mean temperature field of 700 hPa (red contour), the
mean wind field of 700 hPa (wind shaft) and the mean relative humidity field of 700 hPa (shadow) at 20:00; (c) The mean
temperature field of 850 hPa (red contour), the mean wind field of 850 hPa (wind shaft) and the mean relative humidity field
of 850 hPa (shadow) at 20:00; (d) The mean potential temperature field (red contour), the mean wind field on the ground
(wind shaft) and the mean relative humidity field on the ground (shadow) at 20:00

[ 1. (a) 20 B 500 hPa T mE (R EFEL), FIREH(TEFEL). FHARIAEL); (b) 20 BF 700 hPa FiR
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Figure 2. (a) The mean temperature advection field of 700 hPa at 20:00; (b) The mean temperature advection field of 700
hPa at 02:00; (c) The mean temperature advection field of 850 hPa at 20:00; (d) The mean temperature advection field of 850
hPa at 02:00; (e) The mean potential temperature advection field at 20:00; (f) The mean potential temperature advection field
at 02:00 (Unit: 10°° K/s)

[& 2. (a) 20 B 700 hPa £ E F357; (b) 02 B 700 hPa LR E F57A; (c) 20 A 850 hPa SEiERE SE#i15; (d) 02
B 850 hPa PIREFRF; (o) 20 B EIMLRTERF; (f) 02 R-EIMLBFRIH(BEML: 107°KIs)
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Figure 3. (a) The average vertical speed of 850 hPa in Southwest China at 20:00; (b) The average vertical speed of 850 hPa
in Southwest China at 02:00; (c) The average vertical speed of each layer in Panzhou Station at 20:00; (c) The average ver-
tical speed of each layer in Panzhou Station at 02:00 (Note: Negative vertical speed means rising, positive vertical speed
means sinking)

& 3. (a) 20 B 850 hPa FARFHIX LI EEIRE ; (b) 02 B 850 hPa FiRE XTI EEIRE ; (c) 20 AR ML & B FHE
HiRE; (d) 02 MEMNMEETHERERE(E: EHEREAMRTLEA, EHEEREAERT TN

5.2. MISHHIEE 53 Hh

7 3 W LA, MSER R AR ESRR , EAEREE AR N M RN RO, R
Fopth 7 Ty A e Ao JE IR P e B AR A SR AR A R (R BRI, AU R BRI AR R Ay
FEPERT TR BT . 19 ARG IR AR o, G 16 AT FE(84.2%) LB UK R, K 12 Nl #2(63.2%)
SE TSR EFHRRT R LAVNE, FIT 4 AR, SR RS AR BT TE TR AN A

H 8 UGS AR, MM RIR AT A L /MR b {HIX 8 R, R —R(20110221) KUd 3 K L
SIE TR, KEAEEEHIAIE TR, 24 B K.
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TERTAE 19 Wik FEdr, 2 H 20 BFE R 05 B I AN B[] B Py o8 2 i (o b T 5L R AR TR, (AT
JUAN I = T AR A R B P, bt R PR s — i, I TR 5 B ia B . Bt DA IR S5
b T 2 T (147 B FAAZ 450t A 2 Ik 82 1) e 8 3 P9 S R

A MEERE, KREHOIRE LW KRS M TR, ZEA HIMRGERS R, <R BT
PR EARAY o Pt DL B 25 R b X PR B H R 52 T B 7 S (PR I A 2 M P 3 U T B%), 3 3 M P
073 0 A 1) 4 U o

F 3B LLE BN — S0, KA 2 OB TG FHR R B2 AR 0 RUC T, S IR 22 1,
K5 I F2(73.7%) HHF A FHR I TR 7E 0 s . BIFTE MR Al s g i #E v, &2 26 — MR )
RE, e EI(E 2(e)s Bl 2(F) ERRILFLRZ 20 B B2 VG A2 4, R H 02 B 51 M PE i L4 4%
RS . S E IR O e B, A DMERR T, EROARSBIESE, A ReA
KR P (36 . AR BB [11 07T, R UIHES: LB (B i 1) P91 T 103.5°E~104°E, TEH =/%
2] 700 hPa. XA B JEH Helr 45 il 2010~2019 4F Blss £ B (104.47°E, 25.71°S), i b E453), N
K = A 5 3 LA N 3l B T R FH B S 1A A AR O T R 2 AR, IXARRE T AT A R IR I R R
gy tHIAERE N s o HANAT (& 2(b)s B 2(d)Frid, 02 KRBT _EF-AE 700 hPa /ity , Sk ik
B E YA . RABVFRIR 2] ORI, EEE I LEAFEE T I, HAFER1L~4 )W,
HKZFE(5~10 A) Wb, SRIEIGIEIN G E P ELFEN RN R 3 AYIE .

Table 3. Changes in physical quantities such as temperature, air pressure, and relative humidity during night time (from
20:00 to 05:00 the next day)

3. WERTE(20 BYEIRH 05 BF)SIE. SE. HEEEFIIEET N

WEETE WELE SEENE SEEN RHARME R XU T>Tg T<Tg

WA BB Uhg ghace) mmWE  fites)  AWEE  BEE EE B R
#M 2010.01.23 04~05 6.2 00~05 —2.4 05 03~05 03~05 20~02, 04~05 03
#M 2010.04.03  01~02 8.0 01~02 —0.2 01~03 02~05 02~05 20~05 N
#JH 2010.05.07  02~04 53 00~04 -14 02~04 02~04 01~05 01~05 20~00
#M 2011.02.21 01~03 8.9 01 -0.5 01~03 00~04 01~05 20~05 I
#LM 2012.01.18 23~01 8.2 20~01 +1.9 23~01 00~01 00~05 21~05 20
#LM - 2012.02.03  00~05 6.3 23~05 -1.7 00~05 00~04 01~05 20~05 y»
#M 2012.02.11 04~05 7.1 00~04 -2.1 04~05 01~05 04~05 02~05 23~01
#JH 2013.01.01  01~05 6.9 23~05 —2.6 03~05 01~05 03~05 20~05 T
#M - 2015.12.31 03~05 5.0 23~05 —2.4 03~05 02~05 03~05 20~05 N
#JH 2016.01.21  22~01 8.0 20~01 +1.1 23~01 23~00 00~05 00~05 20~23
#M - 2016.01.15 02~03 7.0 00~03 -1.9 02~03 00~03 02~05 20~05 G
BN 2018.02.26  04~05 5.9 23~05 -25 04~05 03~05 04~05 21~05 20
#LM 2018.02.13 02~05 10.8 22~05 -3.4 02~05 00~05 20~05 02~05 20~01
#JH 2018.12.18  01~05 5.3 22~05 -35 01~05 01~05 20~05 20~05 I
#M 2019.03.18 03~05 5.4 23~05 -4.0 23~05 03~05 04~05 20~-05 G
BN 20191222 01~03 8.3 00~03 -13 01~03 23~02 02~05 20, 23~05 21~22
Kk 2010.02.01 00~01 52 00~01 —0.4 00~02 00~02 20~05 20~05 pn
KR 20121124  01~02 8.2 01 -0.1 23~04 01~03 20~03 20, 22~05 21
7% 2019.03.19 00~01 52 20~01 +2.5 23~03 00~01 20~05 20~05 R

Ve I A B ARG (R 2R T HH LT S48 A F I i)
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HI SRR 19 Bl st iR S A2 M 500 hPa B III#EAT & E i, N IIA A NCEP 3 5tkl, 2
5 J8 Jr A 2 i R D5 VR (130 3 B P SR AR A A 25 T HEAT A S TH SR BB AR R T e R T RE R —

faifb:
ot oT  oT 1 dQ
= U—v— [-W(y, — )+ ——=
ot [ ox 6yJ (ra=7) C, dt

RS A5 AR BT T B B AN L AT W SCTIA, BN R X 2 L, B
DATH S PN, 3 iR A2 H ) NCEP F 23 A SR I AL IR BEORMR B o TR ELIE B T, w
AR NCEP P40 #r 5k 1) Omega 55 EHTHAG H(w=—-wRT/Pg ). FIA7SHEK T = AN Bk () Hi T <,
JEH F1E 850 hPa /47, FTLL Omega % RLHX 850 hPa, I FEI%IkZR ¥ it A 700 hPa Al 850 hPa )i fE % Al
R ZEZ T, THRGBRE y, B 0.01 Kim. FELIITE T oF B RO, RABIEE, R E R
Lok 25 5 B P9 TR T LI B AR

A2 NCEP 3434 BERHE I [R] [AIBE A& 6 /NI, BT A3 HG iR I 18] Bt 19 AN R kAT 4328, Il &
VIR AR AN . SR IS (R P AE 20 B~ 02 B (1), HL 20 B AT 02 B B3 EAR N T35 RA o G A
(Y4 E 02 AT K7, B 02 IH/E N ESFHA0IRAS o TG A () 4E 02 i ~08 Fif (¥, HY 02 i A1 08 B (#5734 {E 1
HNHAF SRS

DAL N 3k 2019 4E 12 H 22 H A8 X UG FE A o ey i R it 1) BE 2 23 H 01 IF~03 B, B
23 H 02 BHENEFEPRAS o 3 /NI BN SR Rt 1T+ 8.3°C, Py 1 /hif EFF 2.77°C. FIF NCEP
S HT BB AL IR R 2019 4E 12 3 23 H 02 IHALIRZE kR 2R [UBE E, 40 B 245 M il
(104.47°E, 25.71°S). #|FH NCEP -5 Hr GOk b (R 1 i XAz Bkt SR IR0 HH G SIS A M s IR 5 1) o 28 1) KL
W, SR SOAT IR AR ] 1A R 3 T 45kt I e A T 9 B (7 ) TR 3 R 3R A . A NCEP
TSR AT GORE R (00 55 He Th AUl BORERIAT 405 BE S5 RHEE 49t A M2k 700 hPa #1850 hPa IR FE 7 i %2,
P ITAF B 75 A0 % 2019 4F 12 H 23 H 02 i} 850~700 hPa 135 B 8% 5 o FIl ] NCEP H20#r Zkb i)
SERTH B TSR BORHR A5 2019 4 12 H 23 H 02 i 850 hPa _E (1) FFHEE o, A w=-wRT/Pg
THEH woE R, BEIE —w(y, — ) VT RS B IR AR o R R IR AR IR 2% i STV SRR A
IS BT H AR AT

R RIE 4 fin, PR TTERR T8 10.25%, FT 20151231 X —KidfEqh, HAMWAIE
DUEk. TEEIZSTNTTERE P R 0.29%, (HSLPR 1K 2 Hoid F2 o 3 B 100 ) sk 26 8 /N B LGP iR
T2 — AN Bl RO B D 3 B IO 3R] 3G I 0 S A B, 7EBUE B AR Ut & 7 — 3o
AN I TTER R O IE, 53— M R EITERER v 6. 7E 20 PR IRH 02 BRI BN, TEE
TR A& ok, MAE 02 B AT f5 R R B Py, 8 B R AR DTk, x5 3 Hhiffiik i 20 i A0 02
i} 32 T B R — 2. 02 A & 08 i IX AN 7] Be Y 16 B Bh I STk R £ N i

LT TTER R B, P IKEIE 90%. 1R 2 BT KT RN AUES B R DX 3 b I AR A R K T T AR
RIOWE TSRS 2R UI 45 H[13] [14] [15], EXAEERUT-5 (CRAFFEEM L) &« KRE RGN
SR bR B AR AN R B PR BT G R [16]IIER AT o LSEAR,  (RAFRE AT L) X —
SERE AT TN GO K RE RS, TR BB SN FRIZEs), 1A ST 7L T g s Wi H s s
BT EHT — 2, BT A A R 2 7R L (R 5 3 IR A, DTRREE 340 15 10% ) A2 1 b T B 2K
AR TR . S T 2 E BB 700 hPa /2 A7 H A IR TR IO T A 2 YR IR JR K
PiEREAE I S R (1= NG B A N 1 N iS5 20 B | S G A W S s K 3 e blie: N1 TG
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Table 4. The contribution rate of each item in the thermodynamic equation in the heating process

4 ROFEREDRMAFTRIIEPRITTRE

H 3 RS I BT JEL AT TR
20100201 8.90% —4.81% 95.91%
20100403 5.94% —0.20% 94.26%
20120118 4.68% —4.98% 100.30%
20121124 11.45% 3.31% 85.24%
20160121 10.86% —12.44% 101.58%
20190319 6.06% 7.67% 86.27%
20100507 7.05% 0.68% 92.27%
20110221 13.32% 0.61% 86.07%
20120203 39.43% —3.48% 64.05%
20130101 15.17% 9.81% 75.02%
20160115 6.28% 0.66% 93.06%
20180213 15.23% 6.26% 78.51%
20181218 24.57% 11.19% 64.24%
20191222 12.05% 2.01% 85.94%
20100123 5.00% 2.86% 92.14%
20120211 7.50% —0.24% 92.74%
20151231 —9.28% —9.26% 118.54%
20180226 2.01% —2.61% 100.60%
20190318 8.45% -1.59% 93.14%

F1 10.25% 0.29% 89.46%

7. INERTIREIRA

JAITXT 2010~2019 4 NA K 1T = AN E S b0 [ IR I R I 2 AR . RS S I &
T FI T3 e RR I e |, BT 4L

1) ANEKTTRAH RIS G o IR s, =07 B2 A2, HIREHRTE, WIRHgEI
GAT IR R S L

2) WIASRIGIRILG KA H 20 [F, 500 hPa b 520 57 M 44 1) 42 5574 “F3t, 700 hPa £ 850 hPa I 7
FA AL R IR, AT b ES  [A) A AR ) 0 R S R AR AR X M K B A P A DX R X 4 7
X e H ) e VRS R LR T Ao

3) W IAlmEMg IR R, 850 hPa FIRZAFAENE T-¥iL, 700 hPa I HHIEE-F-if i NvATii, Hutm b2 i
AP AT . K2 K(700~850 hPa) i F & £ N ETHiEs), 02 IHiJEH: N T itias).

4) K2 H [R] 533G W AR A2 M M =UR e L N B, 5 A XS K AR B A SR
1b. 84.2%f i A2 i B 1SR R RIS, 1 63.2% 3 2 AR AU R B B AR L FHBERT 1 /N L
F.

5) MEETFEIIGRKE, SRR RS, 5 E KA S IR B TR & (A R R A ke IE 5T
BRYEFT, “FYITTERE L 10%. (K2 KA EIZH T TR %R, BITRIE R . TTik R m K
PR ARAEIATI, & T 3T 90% K DTk o
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BFXITR AN G IR I, AN TR G E S bR TAE ol e E BRI Tk &5 10 5L, [AFE 2010~2019 4
X 10 (A, RUfE XSG R A IR I SO LM B 4 ZE, 20— AN EZ O VR AR 2°C UL E i
WANE 6.8%. HAMLM KRS E R, WHEHWEE F, RIELZER 2°CLL LR RE, Bk
PR IENIU 3 R B E /N T 000, AR T B AR TR o DR oo 282 TR 3835 mT B ik O T, DB B ), H
TiARE IR 2540 T

1) ZEAT. Shs. WIRTSCHTIR, ANEKTR GRS &2 HIEASE, HIERSE, ERWERD
IR 3G IR I 5, DR 32 B AR AR 22 R A R ) v RePE . T 7E [ — H 8L, B850 sl H LA (] 3 0
(901725 N /& A7 P &/ 7 N VA 5 318

2) RAHE & i B EVEEER BB A, A AR AR . 20 BT 850 hPa A1 700 hPa - #f
SR L. 500 hPa Il & ~F B (14 i 78 AR 5574~

3) . BN UG A AR, EBSHER B B R AR RS, 7S AR T U R B H
TR 1) 1 iR T 5 AR5 B K

E&WE

SUMNE R GRENL ST H (3SR [2020]06-21 5).
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