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The fundamental dynamics of orographic effects have been explored in previous
observational and modeling studies for the special, idealized case of adiabatic
condition (i.e., without precipitation). In contrast, our understanding of orographic
precipitation is largely limited due to the lack of high-resolution observations in the
vicinity of topography, and the diabatic effects also complicate the processes

associated with the interactions between airflow and terrain.

In this study, detailed ground-based and airborne Doppler radar observations
collected from the Taiwan area and recent mesoscale field experiments are used to
document the mesoscale airflow and reflectivity associated with orographic
precipitation occurring in different environmental conditions. The upstream effect, the

upslope forcings and the local circulations will be investigated.

Key words : orographic precipitation, upstream effect, local circulations ,Doppler radar

— - HEHEZIRERBH

BN 2 JE B9 AR B A 03848 > B X BRIy IR R 4 HILRAZ
T#ATHEIF(Smith 1979) » BEFRMAHNAALHEBET AL A A0 E
A2 GNRF AR R WA R 0 AP H N MO AR YLK A8 B 6B AR R JE F R PR - 3R
PR AR B AE B AR 30T TR KA R A A ek (Jo B — Ao Houze et al.



1998) - 12 dy 45k 2 30TV 3 0 & AR AT FE B9 BB Bk o LAY R 2K 84 IR B 2R
FE BRI AR AL 0 BT R BRI B R AR BUR AN B IR -

19708 R 2 12 TR R HATE S > BRAAR G EFRBIEKS F R
& - FEAt %24 (Hobbs et al. 1975; Parsons and Hobbs 1983; Trier et
al. 1990) A A E4F P FEE M MRS DE KT HB B EMEE L 0%
HAE R 0 BEARMMIRB — LR B TS 0 FBR AR P HEFEERA
e FHERA 70 30 B UK A L & 3T 3F dm b = 4R35 AR M 8 L FE K B4 A 3 48 B
OAREFRE - MELH S REE W3 & a7 8 % (1987 TAMEX, Kuo
and Chen 1990; 1993&1995 COAST, Bond et al. 1997; 1997 CALJET, Ralph
1997) » A E AR L E CHEF ) ER M HFTERAAE P R EBAEK » #3b
5 L% K 84 B A4 AF £ — F 8948 3 (Braun et al. 1997; Yu and Smull 2000; Chien
et al. 2001; Doyle and Bond 2001; Yu et al. 2001; Colle et al. 2002; Yu
and Bond 2002) - 2 b £ 45 4 T3 Lasrast(Upstream Blocking » BF
— () A~ ) 8 F F M BRI T U o AT R R A 3R S AR A TR K
BEERBE -

MR SENERAETHESE P A EHRRBRKE 0 BbE kAT AR
R Y F 98 TAE 4R PR AR $ 7 T £ %k (Upstream Effects 5 Pierrehumbert
and Wyman 1985)&94n4R > Z #1307 413k 48 B 69 (KA B LR A K3t - do B —
Fif o7 — SE 370 [ /K ALY A8 2R Y1 4% K 30T 44 3% 69 78 8 1 A B > B sbdo T 36 R #2479
W KRB A B — S T RBAE 5 o A IMEFR A > 1999
FKME R RFILIFTH ZH L EFRETY FTTREHLYREN G TR
:+Z&” (MAP, Mesoscale Alpine Program, Bougeault et al. 2001)%& —1fE & 4
B R RES N HFTEEERANBAERAEAR ;T L EZIHPRFAECA
PTARLE A F AR EKERZ o AR 7EE ey ¥ RE R B (4wCOAST 2
CALJET) ' MAPZ. BB B IR A F 6 ¥ % B A HAR B T M RERAMGEH > B4
LibARE AR EE SR EEE N EERAELE AT RERM L
ALOTS B R R AR E KB E - B —AMAP [OPSEF £ B 474
Rz~ EEB (Yuet al. 2003) > BAmsbEE 5= E FebHWEARKS > &
o3 KA R~ AL B SR & B BRI AR T E E A M > sk
HE—FRA T HEGRRT EAKR E Qo B — AR ARG T RE &7k 2 A%
BRI K42 0 B 23 i @ B SLARBLIRIR £ AR ALER & B 3 3 o b T0 15
KA WA R -

£% | o i@k — B £ 558 (TAMEXH#A R 2 TAMEX 2 7% ) 411 & K #8328 4o
2lex Z (Brile SRR F 8 ) 2 R 38 B9 38 A4 F 81 & 3ot A A Bl i (Lin 1993;
R zr 1997; Li and Chen 1998) @ 7R 3 37t b 35 250 JE Sk 30T A3 5% 6 40 - 4R



WREEMAL - KEEERBEHOCLI00 m/day) f# & 6) FAIE SR F 5t (ko
B =, mR#tg 1988 B TR EZRBRZBREA/MNEE BHILT L LIKE
R4k £ EARE K PR LIKBRIME S B EEPRNETFRGE > tLE
R T ERAIE BN EEZHUARTCEBEARKEHO B4 - m—LL
TAMEX &7 % (4o Trier et al. 1990; Yu et al. 2001)4iEF #35 & 43T Lis
HEHBEEEREREKAFTREHAALNEEZH(WwEWHEBE) - A5 #
WZEEHBRERME, HAEBRAARTEORZERLTERAILZROEALCGK
2000; Wu et al. 2002). #m, MBI FHETEERGS, FTHRMAHN
BEETER A 460 T A A AR B RAH R SR B i @ E S R

AT BMELFRANNBALL I HETELLBAEIEEGRETR  CRET
—BAEER TR AN EERGA A BERGER A BR300 (443%)
FBEERAATRNENGA G - AN oM ie) EEEREGRIERAT
A ABOHRMEAREEE > SMAPE B3t T332 B a9 BIn a0 > B
17T Ta R 69 & » HBMAPRY A 20 BB L i R Hh & MMt Z W 5K T | ey #
R EESFEME -

ARARFEERZNMZBNENEZ VR AR EN BT EL N HF
FEM(AEEEMETEENAL T RETRITEMRENTETRE
ZARALHIY [ K 0y P9 BT RIS O S A 91 B VT AR Y RE e M 3R 38 A2 > B L 77 e i
) B % & 3 L5 (Upstream Ef fects) 2 307 4% 3% 5% & (Upslope Forcings)
MR e

54 R
RREAREGEE, 1988: MR ZTHZEFESMFM KAHE, 16, 151-
162.
WA B IR, 1997: 1994 Fh 6B R FFAEHMIAR. KAFE, 24,
249-280 -

TRFE 52, 2000 BpEPREEIZ R F L4 EA(9960)EEMART. R EE REKX
AAEH R, 158 ’.

Bond, N. A., C. F. Mass, B. F. Smull, R. A. Houze, Jr., M.-J Yang, B. A. Colle, S. A.
Braun, M. A. Shapiro, B. R. Colman, P. J. Neiman, J. E. Overland, W. D. Neff,
and J. D. Doyle, 1997: The Coastal Observations and Simulations with
Topography (COAST) experiment. Bull. Amer. Meteor. Soc., 78, 1941-1955.

Bougeault P, P. Binder, A. Buzzi, R. Dirks, R. Houze, J. Kuettner, R. B. Smith, R.
Steinacker, and H. Volkert, 2001: The MAP Special Observing Period. Bull.

Amer. Meteor. Soc., 82, 433-462.



Braun, S. A., R. A. Houze, Jr. and B. F. Smull, 1997: Airborne dual-Doppler
observations of an intense frontal system approaching the Pacific Northwest
coast. Mon. Wea. Rev., 125, 3131-3156.

Chien, F.- C., C. F. Mass, and P. J. Neiman, 2001: An observational and numerical
study of an intense landfalling cold front along the northwest coast of the
United States during COAST IOP 2. Mon. Wea. Rev., 129, 934-955.

Colle, B. A., B. F. Smull, and M.- J. Yang, 2002: Numerical simulations of a
landfalling cold front observed during COAST: Rapid evolution and
responsible mechanisms. Mon. Wea. Rev., 130, 1945-1966.

Doyle, J. D., and N. A. Bond, 2001: Research aircraft observations and numerical
simulations of a warm front approaching Vancouver Island. Mon. Wea. Rev.,
129, 978-998.

Hobbs, P. V., R. A. Houze, Jr, and T. J. Matejka, 1975: The dynamical and
microphysical structure of an occluded frontal system and its modification by
orography. J. Atmos. Sci., 32, 1542-1562.

Houze, R. A., Jr., J. Kuettner and R. Smith, Eds., 1998: Mesoscale Alpine
Programme U.S. Overview Document and Experiment Design.
UCAR, Boulder, Colorado (available from UCAR via email request to

rim@ucar.edu).

Kuo, Y.-H., and G. T.-J. Chen, 1990: The Taiwan Area Mesoscale Experiment
(TAMEX): An overview. Bull. Amer. Meteor. Soc., 71, 488-503.

Li, J., and Y.- L. Chen, 1998: Barrier jets during TAMEX. Mon. Wea. Rev., 126,
959-971.

Lin, Y.- L., 1993: Orographic effects on airflow and mesoscale weather systems over
Taiwan. Terrestrial Atmos. Oceanic Sci., 4, 381-420.

Parsons, D. B., and P. V. Hobbs, 1983: The mesoscale and microscale structure and
organization of clouds and precipitation in midlatitude cyclones. IX: Some
effects of orography on rainbands. J. Atmos. Sci., 40, 1930-1949.

Pierrehumbert, R. T., and B. Wyman, 1985: Upstream effects of mesoscale mountains.
J. Atmos. Sci., 42, 977-1003.

Ralph, F. M., 1997: The California Land-Falling Jets Experiment
(CALJET). NOAA/ERL/Environmental Technology Laboratory,
Boulder, Colorado.

Smith, R. B., 1979: The influence of mountains on the atmosphere. Advances in
Geophysics, 21, Academic Press, 87-230.

Trier, S. B., D. B. Parsons, and T. J. Matejka, 1990: Observations of a subtropical
cold front in a region of complex terrain. Mon. Wea. Rev., 118, 2449-2470.

Wu, C. -C., T. -H. Yen, Y. —-H. Kuo, W. Wang, 2002: Rainfall Simulation Associated

4



with Typhoon Herb (1996) near Taiwan. Part I: The Topographic Effect. Wea.
and Forecasting, 17, 1001-1015.

Yu, C.- K., and B. F. Smull, 2000: Airborne Doppler observations of a
landfalling cold front upstream of steep coastal orography. Mon. Wea.
Rev., 128, 1577-1603.

Yu, C.- K., B. J.- D. Jou, and D. P. Jorgensen, 2001: Retrieved thermodynamic
structure of a subtropical, orographically influenced, quasi-stationary
convective line. Mon. Wea. Rev., 129, 1099-1116.

Yu, C.- K., and N. A. Bond, 2002: Airborne Doppler observations of a cold front in the
vicinity of Vancouver Island. Mon. Wea. Rev., 130, 2692-2708.

Yu, C.- K., D. P. Jorgensen, and F. Roux, 2003: Airborne Doppler Observations of a
Cold Frontal System Encountering the Eastern Alps during MAP IOPS.
Proceedings, 31" International Conference on Radar Meteorology, Seattle,
Washington, 6-12 August 2003.



(€3]

— AW IEAKEARBEZ T EE - () EH T M5 (Seeder-feeder
mechanism) ; (b)#7 4} 3% 7% 18 F %k 45 (Upslope forcing) 5 (c)3b T 44 3 508 4 41
(Upslope triggering) ; (d)#h7t5 £ 3% ek ik 505 4% 4] (Upstream triggering) ; (e)#h /7 %

4% %] (Thermal triggering) 5 (f) 3 &\ & %8 & # 4% #1 (Lee-side triggering) 5 (g) #
& & /1 ik m ik #H] (Lee-side enhancement by gravity waves) H # (b)#1(c) 2 i
T 5g 8 @AM A AR GRIKMHTRE 5 (D) B A HIRAR T R AT
SR BB IR K S (OB A HRRAB Z o) R A AR MEEK - (B
B> Houze 1998)



(a)Upslope triggering

cold _._02_._mq_< flow

unstable prefrontal

south- moc._._émm,m:_mm N\

SW mnmmvmmw and heightest .m!.n.: NE

(b)Slope convergence triggering (C)Slope convergence forced
precipitation

cold northerly flow stable postfrontal = cold northerly flow
W@W southwesterlies L 3

SwW NE SwW NE

unstable prefrontal
south- mccﬂzimﬂm_.__mm

Fig. 2. Schematic vertical cross section depicting three different precipitation mechanisms identified by airborne Doppler
observations on 4 October 1999 during MAP IOP 5. This section is oriented approximately southwest-northeast normal to the
orientation of the mountain barrier.
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Boundary of terrain-blocked
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flow
DN
WEST ff— ~]p —— EAST

7 Two-dimensional schematic vertical cross section normal to a south-north
quasi-stationary convective line that developed off the southeastern coast of Taiwan
on 16 June 1987. The symbols H1, H2, L1, and L2 denote major components of the
pressure field retrieved from airborne dual-Doppler synthesis winds. Heavy solid
arrows indicate salient airflow features within the convective line, and shading
denotes main precipitation associated with the line. Near-surface horizontal airflow
(indicated by wind barbs) in the vicinity of the convective line is primarily derived
from a combination of flight-level winds at ~310 m MSL measured by the NOAA P-3
and sparse island observations. ‘Lg’ denotes the Rossby radius of deformation, an
approximate horizontal scale of upstream extent for the orographically blocked

north-northeasterly flow present to the west of the convective line. (adapted from Yu et

al. 2001)
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