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On the snow accumulation efficiency difference during the two

snowstorm events in Jiangsu in January 2018

HAN Wenjun' YU Yueyue*! ZHOU Yumeng' CHEN Shengjie*?3 GUAN Zhaoyong!'
HUANG Wei! WU Wenlu! LIAO Liangmeng!
1 College of Atmospheric Science, Nanjing University of Information Science & Technology, Nanjing 210044
2 Jiangsu Meteorological Observatory, Nanjing 210008
3 Key Laboratory of Transportation Meteorology, China Meteorological Administration, Nanjing 210008

Abstract The first snowstorm event occurred in Jiangsu during January 3-5, 2018 had larger
snowfall but lower snow accumulation efficiency, while the following second snowstorm event
during January 24-28 had smaller snowfall but higher snow efficiency. Using the ERA-Interim
reanalysis data and the observation data from the China Meteorological Administration, this study
investigated the temperature and humidity conditions in these two snowstorm events and explored
the underlying physical processes in the framework of isentropic atmospheric mass circulation.
Main results are as follows: (1) The early stage of the first snowstorm event was characterized by
higher temperature in the entire troposphere, which was attributed to a relatively deeper and
stronger poleward warm air branch of isentropic atmospheric mass circulation to the south of
Jiangsu, compared to the second snowstorm event. In contrast, in the second snowstorm event, the
stronger equatorward cold air branch of isentropic atmospheric mass circulation resulted in the
temperature lower than 0°C, which promoted the higher snow accumulation efficiency. (2) The
deep water vapor convergence layer in lower isentropic layers collaborated with the wide range of
ascending motions during the first snowstorm, and further brought lower-level water vapor to
higher layer for the formation of larger snowfall. Larger meridional water vapor transport but
weak zonal water vapor divergence in the low isentropic layers caused the near-ground specific
humidity to increase significantly and thus contributing to the lower snow accumulation efficiency.
However, in the second snowstorm event, there was a deep layer of water vapor divergence in the
lower isentropic layers, which contributed to the larger snow accumulation efficiency. Therefore,
colder and dryer conditions resulting from the abnormal meridional cold air transport and weak
water vapor transport in both meridional and zonal directions are the key factors for the higher
snow efficiency in the second snowstorm event. The comparison of spatial distribution of
temperature and humidity with that of the snow efficiency further shows that the snow efficiency
is more sensitive to the local temperature and humidity under the condition of high temperature
and humidity.

Keywords Snow accumulation efficiency; Snow depth; Temperature; Humidity; Isentropic

atmospheric mass circulation
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BERAFRFEMNREERIZ —, FERINKIEE. momERES, AR, X
KAV R IR PSR, ™ E A B0l sS@E . Bl J A =i & A
=% 4 (Molarius et al., 2014; #HE5%, 2013; BRITYY, 2013; BhR5,2018) o &HRAM
AEBRTIR, TR A R A Je kR, RAEZE NS INE, 2R FBHRANLS
FOT)H RO R o RIEHIBOL R R AU LR B, A2 E AR T REH
MBTRE (B, 2013), Wi: 2008 4 1 H @b S5iim Il 30-45ecm RE, f2HEF
e 7K FELAE S DA R A2 il a2 4, 2 T DR 2 B S e W R P el s TR B B B I — IS
% (JE 4%, 2008); 2011 4F 1 H 17-19 HZ 2% KERAm, WA EET4A 14
SR E AN 19 Ab % B R B 25 A8 B, AL 6 M 22 BIX 146.4 75 N8 SZARIR UK AR
HRE, RAIEVSZ R EA 55960hm?, ZEUCHIAR 2343hm?,  ELEA K &8 5.98 1470 (B4,
2012).

FETARANR T R W IR EEEEZ B ER T (A%, 2002; 2= H4E,
2017) HEERMYEIERE, EREFEEENRSEE. B5AEE. FRIAKTAEREH R
TEHEZA KA ILEVE RIS R 2B 2 2T N, DU ax B 1 5 11 ) T e
T 5 0 DR 2 (1) AR K ST o IRFESR A7 T : H O (2018) RIL, PR R4S A
A REFEAMELEN, = s8R R B ERT-10 °C, EHEIKSEMR; AR MEE 1
oy, MR RS BRIR E R R TA SR DTG A, RICERS M EERFZ —
CRPRAGFEE, 2014), 1% Fh 55 B 25 5 A2 i SR B AH DR IR B2 2 A 15 28 1) XT38 K AN BE T
K (GRAAEE, 2012), 15V ZEWim i 58 AL B A8 F 2% (Zhang et al., 2016; Huang et al.,
2017; Zhang et al., 2020) ; FHIFEIEH , BT RULH FEA850hPa-925hPailiifi |2 HI4EHF (M
BEBESE, 2018), i EE S AR B 5 ARAS B 2 CH S04, 2018). B4k, il
IKVRSAF AT EE, R B R FE X WA iR KB X A AR B4R B T T X F P 5 5 5 (Xl
MESE, 2008; A 115, 2017) , MLIIEHE 7475 WRF RS BB S8 30 T RRE KRR &
A SREBET A (B, 2012; L EARFIPMG R, 2013) . =i Xk 75 ZEAC & R FL I ER A
LFiEE), A ReBIREKEEAERE, IR A aA 5. B RS R, Rk BT
BB YUE S SRR, BTN 154 CH SRS, 2018; 7RIR 255, 2017; #
%75 5, 2008; Martin et al., 1998b) o 5 i& FRFUE A F T /K Ik A _E TH12 20 i 4E R A1 N5,
MR BEM MRS KRITRRE T Bl 55K B2 s e A i me scilifs e 4 5F, %
B C“RRAL R RIS R FABRSRA RIS M — L& (BRE4E, 2012), MX
R T VY R PE ESOR ASREUAE (CE RIS, 2008), NEREERE KRS T RIFHK KR ERR
Bt RBERE . SRR E AR = AR EFHEs), o b o kA = 2R
M GRS, 2013); KUBBKS) 1 R X A4 A R PR R R, 5 R A 1) H I 74 ] %
R R (RS, 2012;2009); M55 ZdL BRI R T4 2 < F
PR B 7 X IOKYE I S RS U, 2018) « REIMM I M RSICEH 2 H
Az 5, BERT A Rk A B, 0 mT DA A6 SR B Bl & R N B A IR AL
M3E (XS, 2018)
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FEWREE T FEA TR, BHEETE BRT5 X, 2019; Martin et al., 1998a; Ji
AR, 2015) o AN[A) 25 RN SR T 38 47 R0 M= AR P B2 i) B ot I 17) 9 26 o7 4 e B4 it
BEZER. ARRESESEIFAT LN, REEESESERE—RT HE—r]
F T RAEAH AP 55 B 26 N IR A 2 Fh R R s ma i o (W IRAE, 2013; AR BESE, 2009;
MRS 55, 2015; [FIDE5E, 2014; ZFEE % 2014) o 71 A ST RS ORI 520 K1 50 K
L, ARIRAMCIE R 32 MR SRR A 55 . ESRLeH X T2 IR K A PR K BN
JETFMENL, SR R E, SR SR, BE YRR MRS RK. Mo+
BT F IR E B4 2 IEMHCEME LR RS, 2009; FIBEREE, 2014; 28R4,
2014; Ji 2%, 2018; BHIULESE, 2016) o BRIBIIFG A LA 0L 5 AR 5 R AR R vT fhiR e
KA ZE R (BhR4AE, 2018) o BbAL, RUHAR (ZEEMREE, 2014; B ZMH4E, 2018) | {F4E
S5 T 3R P AR 5 28R 2 ) A IE e it CRIlER A%, 2018) A Al T AR S5 50R i K . 9L (2016)
S NI T S e 7 B AR 55 R P AR AL I TR 3R DT RR AT 1 HE e B R R 1 R >R
TR B> 3R AR B 7K > US> 2 AR R BE> B K> AIRR I R/ e SR, SR T FH IR AR 2%
RN AL HR T —REZR I T, S 5200 S IR I B R 0 LR T
HZ MBI, oA —E BAEmARERN, 75252 0 I AME 474 78 50IE .

oA AL A JTRM . M S KT = 0K R, - TH, BRIERERSEX . TE
K, AEABRAEATBE RN N, VL5222 tH IS0 e S0 1) o s CR ISR, 2014),
FOAGHK . BTFDBONLI N EERE R FZ — (5%, 2013). 201841 H3-5HF
2428 H, LMK AAETHIXBES KALE. 3-5H, THELHHFSEBE35mm, A&,
T B R 14 H B K 890 &0k 1 H H B KERAE, BONIESHERILI B R — RS .
24-28 H (58 IR BT KAEVTL R b X A0 H BN & DR IR AR, T3 SR80 46 R
fik4°CRA b, 84N EL T H SRR el 7 SE A, Y75 i KR IR B 5-15em, VL5
A TR FE1A20-32em. 1K IE LM BT R AR Dk i 4K 20084 LR T & i K. ]
IR — RS, ALl BRI A (2 #5%, 2013) . EHAEERRE, 4
H YT FE 3 A 2 Hh DX BA R B8 5 AR, i828mmbh |, 15 G R B 5 BRI A
YR A K — I, TEMBESIEGLT, 38 KM T IR E S 58— Y, TEVLI5 I o
X PR miA23em, I T S — R BT XKW, 20184E1 HYLIR IR &S R FE
MEMEAAAREZ R WA, WIRESEEAH RN RS 25, Bkt
NGB, B YO RRENTH (BIESLE, 2018). I, XK ES SRR RS AR
SR R 2% 1) g 2 A1

AR SE 2018 4F 1 HILH IR FES I FE, KA ERA-Interim & 6 B B3 #r BEKE, X EL
H AR T T R PR L W R AN B ) SR A S O AT AR R, N FH A5G o AR S
SE B 73 BT 2 T 1 v ks i AR A A ¥ ST R i A8 AR R T AR A ) KRB B s i
P2, RIC T FFELIE 5 5 R AR S AR T R MRS VR 2 I R Gk A SRR, DAY
NI IRFERDIL S8 TR SR L 2S5

2 HEPMRFGE
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2.1 #=R

AR 2018 4 1 H ERA-Interim £ 43 #7 % £ CECMWE, 2012; Simmons et al., 2006; Dee
etal, 2011) 5 6 /NP IGE . AL3 R R, EEIESE . LRIkt S, KT
PEFN 0.75°x0.75°, HELJ7H_EH 1000-1hPa 5250 N 37 2% K TH . % H NCEP/NCAR
Reanalysis 1 F-73 5 GORHR6Z 00 FEE AT OR E0d o8 550 7 6Him Z DAL IR ST rh i 0 I 4 s
KEFESGRREENIZH 08 IAE VR (AL em). A E ML HE KA A A%
SRR FEK R TR CRAZ: mm), ¥4 2018 4 1 VLI 70 AN JEvHE 0k 304 o
2.2 /7
2.2.1 FAEHE

T OIS &5 S S0 HAE, R & 50 A0 a) 7 (1 S5 7EHL 3R AR 2
o tHEAXUIF:

" e, AHBEHE
éB%E%&&K—% 2.1

Her, BMEHERLN em, BFSELLHN mm, FEBRANHN cm/mm. FEHERE
NMH 08 B ALINEHE, S ESNE - HRBREREYHRERE, BEEHNSH 09
REfE—H 08 MPFEEELM, 1 A3HMEIZENTIA3IHOOMNE1H 4 H 08 B [FE&E
SR,
2.2.2 HhEMM LR

PR SR R PR A i H A SR IR RS« AR RS BE , w S B Hh T
FKEE, AT

Jirf, a = 17.269; b = 3586, ,=61078
RIGIRIEAHSRE AR = / [REMEKRE , RIETHAXGR LR
- 1IN (23)
0022 5378

Hrh e UL

2.2.3 &Mm), GEAKSHEEERHBE

T BERAEL IR M X ¥ B Sk 15 L, A LS Pauluis 55 (2008; 20100 A1 Yu
(2014; 2015) K77, FIF ERA-Interim ZERHMR MRS &, HH TR K[ HEEE
AL KA RIS R . Ee TR B RS WAL o X I e =40 R (o5l 0 F10) .
B R ) A e R LSS R T S R T AR S (IS L, A — Lol R T R it i LA~ . A T
PRAUE B EH 35 o B SR AT AEAE B X, FRATTN BB AT AR B :  ERA-Interim 55K} B
J7 184 1000 hPa, 975 hPa, 950 hPa, 900 hPa, ..., 1hPa 3t 37 2, X}FHuf<E(%T 1000
hPa B &5, 417558 901 hPa, F#iifk <% =901 hPa B & DL _E B & 6 T ¥dE, i
T E (BRI 901 hPa, Xf M HWTAIAR S ); X T HUTH A% & T 1000hPa [1I4% i, W&
1001 hPa, Hbyii A UL F#4) 75 =1001 hPa, FrA 4 LT, (A0 Bz (B 1001
hPa, XFRIHITASEAE D). FALER 5% 464 & BT RHEE 2 Mo = 1 o = 0 1) 200 JZ 5 M
(80 = 0.05) [f] sigma T F. HAATHRIERENT:

TG A AT SE sigma AR (dmg) B RS

00

dmg = ps rE (2.4)
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Hp, poR i AE, g RoREJIEE, doRK/NH)Z sigma [H T[] FE.

o b ] 2R Z T0 BRI R bR 14 AN SRS T CEALIRTHD, 43518 : 260 K, 270 K, 280 K,
290K, 300K, 310K, 320K, 330K, 340K, 350K, 360K, 370K, 380K, 390K, it N
On (n=1,14). JHITIX 14 NEERH K 7H], RAFR) 13 MERE . AR, 10,1 H
BRI 540 J2 PN 119 28 ) KSR R () R 46 i) K500 08 i (mu) IR FERIR ST O, 1) 1
ORI

mv(A, @, ©p,t)
1 (2.52)
=  omz(A\ @,0,t)v(A @,0,D)Y(B, @,0,1),0,,0,+1) Rcos(p)Ardo
0
mu(A, @, O,,t)
1 (2.5b)

= dms(A\ @,0,)u(r, @,0,)YO( @,0,1),0,,0,:1) Rcos(A)Apda
0

Horb, @BV R, uy v 3l R oR A ) WAIZE ] KR BE, O M0y, F7s P AH AR
ST, Y BRI E U 240, < 0\, 9,0,1) < OB, YO\ @,0,1),0,0n.1) =1, N
Y(O(N, @,0,1),0,,0,41) = 0; R FRHERFAE (R = 6378km); AQERL MAEIE, AAKRRE
R, %58 0.75°; mu Al mv (B FALN kg/s.

BRix 13 EE0 240, A ZE L RiEEIC7E 250K S0, Bl M ik 2o,
$0; = 260K [l F 1 4506 J2 7] 28 v ot S il 208 -

mv(A, @, O4t)
1
= Mg\ @,0,V(A, @, 0, )Y(B(A, @, 0, 1), O5,01) Reos(p)Ardo (2.6a)
0
mu(A, @, Ogt) (2.6b)

1
=  dms;\ @,0,0)u(A, @,0,)YOM @, 0,1), 0, 0,) Rcos(A)Apda
0

P RH A8 S5 S TR 1) 28 ) Jo 30 v 4 B A T R 0, AR S50 2 N T X 3R Y B P Y 46
BlF 4> (116.25-121.5°E) W&l EiEE (mv]), HiHH 75 F:
67
[mV] ((qu @n7 t) = mv()\i, (p], en, t) (2.7a)
i=60

SIS 2 N TL 5 X A 4 Y B N A B R 2y (30-36°N) [IZE R BB & ([mu]), Hits
JEMIR

45
[mu]()\i,Gn,t) = mU()\i,(Pj,@n,t) (27b)
j=37
V4 SN 22 1) o O R AT 4 1) 22 i B B A ) il RUE . 5 — REUE KT
ANFUAHEE, SFERSZ ) Jog e 08 B RS R TR SR 2 Y I B AU E AR S O, BUE>0,
FoRAFNT A ERH 8UE<0, BRAHFHTSTRERA. HIHETEWT:
[mvd](@;, ©n,t) = [mV](@;, O, t) — [MV](@j—q, On, 1) (2.8)

2.2.4%ME), GEKSRERE
N T RAETKIEIE TG O, 456 LOIRECHE [F) BT SE0AH A1 S5 TH 1 228 1m) AN s ) K VR IR i

AT kg/s:
mvag(A, @, O, t)

(2.92)
= 4 8me(\ @0,V @, 0,4\, @, 0, DY (BN, 9, 0, 1), Oy, Oy Reos(@)AAda,
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mug(A, @, Op,t)
= 01 omg(A, @, 0, )u(A, @,0,t)g(A, @, 0,)Y(B(A, @, 0,1),0,, 0,11) RA@do,
Horpr, q FOREGIR . TL75 3 XV 22 JE AN 2 Pl AR 23 iR 7k i il s H 7 sUR A X (225D,
FEH A FEEEIR

(2.9

3 REEESSRHE
FHokETEREN 1 H 3-5 H, 5 BT IEREY 24-28 H, 26 H B A7 £ KL {58
H RS ER MK (& lac. 8 2a-e) Bom: 55— UCMEE — kBT X LB PR

VAR H M S5 X s P R ) P 7 B S B L ol g 1 AR IRk ) 70 A RS A o B —
KETERET, HEDE 20mm Db 7 o BN ERIBX, 5 KBS AR 20mm B
ERH T ERAE 27 HI5R A B, ) DA — R T A 2R — OB Tl R ) o T o
K Jul)

PIIR B R 08 IS AR R EE (K 1d-f. 18] 26, AHECT H B S S AL (8] _EA e,
HE AL 5 RS B M ES, B RETERRILRNER IR . Bk
PR R X i AL, EEA TG NG W, 0 RS BB R E T XSRS R
MRT IR 58 M EREFRES B AAEAY) S, I A AL R, thAk, 5
TIRFEE RS BN T RO T, BT IR A S5 R EAK, T EAE 27-28
HBERgH M eSS o 1788 — 0, Uil T R AR T AR AR E 5+

EHR REHESHESENIE . WEPR, MROEIENRTEENEEM S, HFE
PHEASRFAESR L, PSRRI ARAEMEAL B TR IR T AR, el RS JHanmb A H.
BATBET RN e, 165 HAN 28 H#HI 7S (SRR AR B2, 2B RIS
REARRK T —IR. B —RKEFERES, 3. 4 H, RFHEEWLE 0.5-2cm/mm Z 7], &
KA Sem/mm; FUE R KAE X E AT, AR TR r AT THERG &, SRRk
Uy 0. fE5E —IRFESIERET, 24 HEIL— A0 26 HIpR — W #H I Sem/mm DL B S
MBERAEX, 24 HRT MR KA X Qem/mm PL D) 7 FifEdb—3, 55— KBRS 00E
KAEXAHEE, A7 B e, w5 kBT IIE, Fr XL 72 AT RS IR <ok
o T IOK RER BN ST, WniG kT R RE MR E RN EE IR T L
FER A
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Fig. 1 The snowfall (a-c, units: mm), snow depth (d-f, units: cm), snow accumulation increment

(g-1, units: cm) snow accumulation efficiency (j-1, units: cm mm™') on January 3-5, 2018
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Fig. 2 The snowfall (a-e, units: mm), snow depth (f-j, units: cm), snow accumulation increment

[S)

(k-0, units: cm), snow accumulation efficiency (p-t, units: cm mm') on January 24-28, 2018

4 FRAREIENESVUEERNEESH
4.1 BE&H

EL B 1) 36 B VR AR R AE IR 3 BT . ATLLE H, EWIRIES WA R R R 5
SURERIREE] 0°CUL R, Ao BRI TR M (HIBUESE, 2016), 5T [ A5 Bk i T Al o
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Fig. 3 The vertical-time evolution of regional average temperature (units: °C) in Jiangsu on (a)

January 1-7, 2018 and (b) January 22-31, 2018
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Fig. 7 The vertical-time evolution of regional average isentropic meridional mass flux (contours,

units: 10%kg s') and its divergence (shadings, unit: 10%kg s™') in Jiangsu on (a) January 1-7, 2018
and (b) January 22-31, 2018. Red lines represent potential temperature at tropopause derived from
the air temperature and pressure at tropopause level in NCEP/NCAR Reanalysis 1 dataset

Chttps://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.tropopause.html).
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Fig. 8 The vertical-meridional profile of (a-d) the zonal integration (116.25°E-121.5°E) of
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(units: K)
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Fig. 13 The vertical-meridional profile of (a-d) the zonal integration (116.25°E-121.5°E) of

meridional water vapor mass flux (contours, units: 10°%kg s') and its divergence (shadings, units:
10%kg s!) and (e-h) the meridional integration (30°N-36°N) of zonal water vapor mass flux
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Fig. 14 The vertical-meridional profile of (a-f) the zonal integration (116.25°E-121.5°E) of
meridional water vapor mass flux (contours, units: 10°kg s-') and its divergence (shadings, units:
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