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(1952) % Krumm (1954) € & 2 SCERAY & BFELIE .
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Fig. 1 The map of the arid area in the northwestern China. Stippled region represents elevation between
2000-3000 m and hatched region more than 3000 m. Routine aerological observations are plotted by
crosses with their names. Dust storms are indicated by thin open circles, black storms by bold open
circles. Dashed lines represent three-hourly position of the leading edge of the squall line. The line A-B
represents the orientaion of a cross section shown in Fig.4.
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Syono and Takeda (1962) /& TR DR RS % #)
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Fig. 2 The GMS-4 infrared imagery over China at
1930 BST. The squall line and the cold front
are indicated by arrows.
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Fig. 3 Time series of the potential temperatnre and
water vapor mixing ratio at Minqin. These
time series are indicated by the anomalies of
the average values over the prior 2 hours.
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Fig. 4 Vertical cross section of the squall line at 2000
BST, oriented along the line A-B in Fig.l.
Equivalent potential temperature is contoured
at 5 K intervals up to 360 K. Stippled re-
gion denotes relative humidity of 50-60 %, and
hatched shading of more than 60 %. Cross-
hatching in the bottom represents the ground.
Vectors represent winds in the vertical plane
perpendicular to the squall line motion (124°).
The abbreviations of the observational sta-
tions are as follows; DHG is Dunhuang, JQN
Jiuquan, ZGY Zhangye, MQN Mingin, YCN
Yinchuan and YAN Yanan.
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Fig. 5 Initial vertical profiles of temperature and rel-
ative humidity used by the numerical model.
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Fig. 6 Vertical profiles of temperature anomalies
from the initial state at 1800 s. The numerics
in the upper right corner indicate the rainwa-
ter mixing ratios subscribed at the top of the
model domain.

DRETH B, CORID, EFL EMTELDIT
KERDATHEREELRDE { T e dF R
FEH T FThAERETRAAE { THEFER
EL B Lns T HbRd, Fig? KRT DR,
E#cE s 5MKELX 1.5gkg™" (27.3 mm h~1icH

S L BB OREELROFMRELEST LD
TH 5o BEIFEET 5 KO TARAMAMICE <

mx 103
530 e
5.00 - / / 556"
450 i\ 17086 ~
4.00 /5/‘, + \ 500
3.50 4Lt 1866
L d : k) —
3.00 / S 400
2.50 /’(/ i 1 “.‘ ' 3000
200 P FENEA W R
8 7 ~ S s
/ A S o S 4o S .
l-so / v ~ -~ ~ - b -~
-~ ~ - .o
1.00 S — == =<
0.50 = = %

-15.00 -10.00 -5.00 0.00

Fig. 7 Time sequences of temperature changes when
the rainwater mixing ratio at the top of the
model domain is 1.5 g kg~!. The numerics on
the right indicate the time of integration.

AD, DBRCPHAIERT I LAHEAL AS LD
C.EETBREIBEITbCE 3, CO, KA
AMERBRETCH ECELET 5, —75 . BERZO
RO HEEI ) kBT, Mk EicE:ET
SRTCHEFERO LB CFRTERBLTCEL BT
LE%. cnz &b, ARMOBAHOBETD.
AKERTRERLCWhE ., BETOHRE LR
WrAERL. ML TcoBRBARIRAhE W X T5
P53t vnid, Cob, MKOERLBEKH
BF 5K, [ELATERT ST LItk D, Figsids
Lz sWKkBE 15gkg i KLt ¥t b
HE (1368 m) IC T AEA, RE. BREMBEORR
Flamrd. AERBKEFEOXEAVCT, =71
LA THCBIAOEELMAT S5 LItk D
Bl COMPL, 00Tt LKH2E
ZlLAvcyprbot, I EIEXBACLAL
Tn30ORGHE. KED LA K, AKROEERK
¥ ok RRBLTED, ChETHOESR
SHYRCI->TELAEDDTH B, MHAERBLT
MELehdC  H LCRRAEHEL Aok DT
H5, [ER30HICIE 857 hPa, 1 FEfEH IC 1 859
hPa¥CERLTwS,

Figdl R T O, D5 FECE~TERETC
BoTywaRKED, =7+ LiHTEL 5By
BHTH L, HEAETT L LM CTEHELMKETS
D, 1200 #b8 . 1800 B, 3600 PRI BT 5 X F v
Tyay b EFLTCVE, COMIL Y, EEEON
¥ ExkBEcRBwiiorE T BEBETORK

—193—



pressure change (hPa} temperature change [K}

accumulated rainfall [mm)

Table 1 Summary of the each experiment

MK | BEE | BREHE | BREHE | ZOCH ECERE | RARE
Rkt 30 8 1 FffE 234 U & RS TrEE
gkg™! | mmh™? % % /7 °C
0.1 1.26 0.0 0.0 23732 1.2
0.5 7.84 0.0 0.3 3059 4.3
1.0 17.23 0.8 23.2 1318 7.2
15 27.31 8.1 44.2 850 9.5
2.0 37.87 18.3 55.6 688 11.4
2.5 48.81 27.5 62.4 640 13.0
3.0 60.04 34.9 66.9 612 14.5
4.0 83.26 45.2 72.5 576 15.3
300 T . . . . r r THH L COREMEEL 2 v, Table 1K, £F 14
:g_ : LcEz 3RTKBCHT 5 BHE., BRHE.
294 | - i EICTAEGET M, BET oM EoMoi K
202 - ] BETUERL DAL, LT, BREYERR, =7
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oa | 1 elTE#HT s,
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858 SRk AEREEL WS DL, Rosenfeld and Mintz
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Fig. 8 Time series of temperature, pressure and ac-
cumulated rainfall at the surface level when
the rainwater mixing ratio at the top of the
model domain is 1.5 g kg™'.
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Fig. 9 Fraction of the unevaporated rainwater, which
is defined as the ratio of unevaporated remain-
ing rainwater to the prescribed rainwater at
the top of the model domain.

zoTiickh, BREET AM e R 7 L5HERX

NTwhhkeEELONS, LAidHoT, EEGHOR
B w27 oo =X a0—REiiHo
TwnkEnid,
MHOERGHOKE XL IC X 3 KT RE~
DEEBEFRD e, FEFICHEE L AHNEL1KRT
DT AR, BIELER L Tok, COET
ALY, FECERL CREBOBS., BrlTH
ERfoltbndt LEE X CHAEEES. K
REAB LR CERLTLES C e Abhok, €
FALmTEL FKRERAL5gkg ' TADD
27.3 mm h™! O, BERSRAK» -F15 5
¥ ECEAREEST, 305 % T EcELE
TOMREAEF A LECOE0H RICL2ABE X
Vo I0RBL i L ¥ OHAFTEANORKRE TR
Bri.BE200mCBnTIS K ThHoko KR
SEHINEOBERIRE Ad DL I EHE K
PUBRERLAT 3. cO LRI ECTHHELE
TOHEKEFLCELS, LELE, #XA 7R
vIoBBKHEN KEO LRABRICETLCE
L3z epdbkRKESCEHAIh TS, APFFET
ForeMMEIIERCEMIEL b D TH B A, ER
SHOBHEE., 0 X5 AIERIL2FHT 2EK
HAEHEEREL LTRETE I EELON D,
EHETCH., FHLRAFACE TR FMOE
RAEHOHEICO VT, FHIWFNT. BEL L 2 KE
EFADOWAD bFoko T THENRGIC K B3
REEML A2, XV EMAYEEEEER LS
AT, AHMOBR LD LT ANy AT L BT
xR ERL TN OoMHEOBRLCODWTHE, B
MAMBEBREYER Y AnLREeT vic X 3 E
ERNATBRELECH D, Sk, #7277 kw=K
YRR & S F# <7 4 (Advanced Regional
Prediction System; ARPS) # VT, AV X7 —n
DX 27 LB 5 ERBE L T OHEEERK
DNTHEHRTWLFETD 3,

S

AFRLAED 5 CH 7 . BAEHRE LR HIF
ERHIEIC X 2 RPUT RERR R TR REBR O
%t ko

2 24

MREW - REFRA - JLHE (1994) : 1993F5 A5 H
FEILEHCRE L 2B K ICD T, AL
KRR EH, 537 5 B-1, pp. 9-21.

Braham,Jr, R.R. (1952) : The water and energy bud-

gets of the thunderstorm and their relation to thun-

—195—



derstorm development, Jour.Meteor., Vol.9, pp 227-
242.

Fovell, R.G. and Ogura, Y. (1988) : Numerical simu-
lation of a midlatitude squall line in two dimensions,
Jour.Atmos.Sci., Vol.45, pp 3846-3879.

Gamo, M., Hayashi, T., Tamagawa, . and Mitsuta,
Y. (1993) : Seasonal variation of the mixed layer
characteristics in the HEIFE area, Proceedings of In-
ternational Symposium on HEIFE, Disaster Preven-
tion Research Institute, Kyoto University, Japan and
Lanzhou Institute of Plateau Atmospheric Physics,
Chinese Academy of Science, China, pp 316-321.

Kamburova, P.L. and Ludlam, F.H. (1966) : Rain-
fall evaporation in thunderstorm downdraughts,
Quart.Jour.Roy.Meteor.Soc., Vol.92, pp 510-518.

No.6, pp. 1269-1284. )

Srivastava. R.C. (1985) : A simple model of evapora-
tively driven downdraft: Application to microburst
downdraft, Jour.Atmos.Sci., Vol. 42, pp 1004-1023.

Syono, S. and Takeda, T. (1962) : On the evapora-
tion of raindrops in a sub-cloud layer, Journal of the
Meteorological Society of Japan, Vol.40, No.5, pp.
245-265.

Rosenfeld, D. and Mints, Y. (1988) : Evaporation of
rain falling from convective clouds as derived from
radar measurements, Jour.Appl.Meteor., Vol.27, pp
209-215.

Rotunno, R., Klemp, J.B. and Weiman, M.L. (1988)

A theory for strong, long-lived squall lines,
Jour.Atmos.Sci., Vol.45, pp 463-485.

Klemp, J.B. and Wilhelmson, R.B. (1978) : The simu-
lation of three-dimensional convective storm dynam-
ics, Jour.Atmos.Sci., Vol.35, pp 1070-1096.

Krumm, W.R. (1954) : On the cause of downdrafts
from dry thunderstorm over the plateau area of the
United States, Bull. Amer.Meteor.Soc., Vol.35, pp
122-125.

Mitsuta, Y., Hayashi, T., Takemi, T., Hu, Y., Wang,
J. and Chen, M. (1995) : Two severe local storms as
observed in the arid area of northwest China, Jour-

nal of the Meteorological Society of Japan, Vol.73,

The Effect of the Evaporation of Raindrops in the Convective System
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Synopsis

The effect of the evaporation of raindrops in the lowest atmosphere of the mesoscale convective
system was investigated through a case study and using a simplified numerical model. The squall line
that developed over the arid area of the northwestern China on 5 May 1993 gave almost no rainfal over the
ground surface, while the amount of water vapor increased and temperature decreased rapidly. The effect
of the evaporative cooling on the rapid temperature drop was estimated by using thermodynamic energy
equation, which showed that about 70 % of the actual temperature drop was accounted by the evaporation
of rain. The evaporation of rainfall was also investigated by using a simplified vertically-one dimensional
numerical model. The calculation was conducted under the condition of the arid area of China that
raindrops fall through the deep and dry mixed layer. Even in the case of heavy rain, the rainwater were
evaporated and depleted before reaching the ground surface at the early times of integration due to the
extremely dry condition of the atmosphere. The air was cooled by the evaporation, leading to the surface
pressure rise. In the case of light rain, it took several hours for the raindrops to reach the ground level.
It is concluded that in the case of the 5 May 1993 squall line heavy rain is expected to occur in a short
period under the cloud base, however, almost all the rain were evaporated and depleted due to the dry
environment and the cold pool was produced over the surface.

Keywords : Severe storm, squall line, evaporation of rain
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