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. INTRODUCTION

The North American Monsoon (NAM) system is an important warm-season climate regime in the (a) PRECIPITATION RATE, JJAS AVERAGE Finer horizontal resol- In the Zhang-McFarlane parameterization of deep convection, updrafts and downdrafts carry water and
southwestern U.S. and northwestern Mexico. Between its onset in June-July and its decay in Septem- HPD / TRMM CAM3 (T42) CAM3(T85) ution allows for more heat vertically through a convective cloud. Just as in the real atmosphere, updrafts and downdrafts are
ber, locations over the arid terrain of NW Mexico and the SW U.S. experience a dramatic increase in son realistic representation diluted by entrainment of environmental air. In the NCAR model, the scheme is activated when the
rainfall (see Figure |). Historically, state-of-the-art climate models have not done well in simulating the of such features as the atmos].cphere becomgs. conditionally gn?tablg. The scheme is closed with sp?uflcatpn of the cloud-base
spatial distribution and temporal variability of the warm-season precipitation associated with the mon- SMO and the Gulf of mass flux. In the original sche!ne, this |ux.ls proportl.onal to the amount o CAPE in the. atmosp.here.

. e : . . . . Zhang [6] found that the physical assumptions on which this closure is based are not valid for mid-
soon system. Thus it is difficult to place the simulation of the NAM circulation in a global climate per- o California moisture , , / )
: . . . latitude continental convection and proposed an alternate closure based on the large-scale forcing of
spective and thereby to assess how regions like the southwestern U.S. might respond to a changed source . . . . :
, ) " , , A L £ dofici ’ environmental virtual temperature. The new closure has been tested in CCM3 for simulation of the
climate scenario. Unsatisfactory simulation of warm-season precipitation may be the result of deficien- AtT85, CAM3 simulates  NAM.
cies in horizontal resolution [ 1], simulated moisture transport [4] and convection (e.g., [5], [2], [3]). ial distrib-
MONTHLY-MEAN ZONAL-MEAN PRECIPITATION RATE ution of rainfall over HPD / TRMM ORIGINAL SCHEME REVISED SCHEME CCM3 monsoon rainfall
. . VS —— . . . .
@) (b) W MX, relative to its - --‘ o l\g;j o is quite similar to that of
34 o simulation at T42. o \ CAM3 (Fig. 4a). The model
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'. '- ‘ '- shows a wet bias over the
=2 | However, in the warm- U.S. Central Plains and
= season average, the o o “on " along the west coast of
g ¥ dry bias over NW MX 2 MX, extending into the
= 30N . I I im-
... and SW U.S. is not ( G;ulf (cj)f California. Sim
28 e ulated precipitation is too
reduced. In addltlon’ o 110w 100W " oW 100W - P IEI)W MX
a wet bias over TX & scant over '
28 SANTA CRUZ k] . (b) PRECIPITATION BIAS
NE MX at T42 is re- REVISED SCHEME
24 2N N Figure 4. |JAS-mean precipitation rate (mm d'l) as averaged over 1998-2002 for HPD/TRMM (left), CAM3(T42) (middle), laced with a drv bias L / IIIIIIIIII 4 / .
JF M A MMIILZJ]NJTHA SOND 110 100 and CAM3(T85) (right) (a). Precipitation biases are shown in (b). Pt T85 Y | " g : ' E\. Use of the revised con-
Figure |. Monthly-mean zonal mean precipitation (mm d-') (a) as averaged over the parallelogram a ) ; : Seny: + vection scheme reduces
in the elevation map (b). Observations are derived from gauges over the U.S.and from MONTHLY-MEAN ZONAL-MEAN PRECIPITATION RATE L - the wet bias over the
TRMM over Mexico. . .
HPD / TRMM CAM3 (T42) CAM3(T85) Latitude - time plots L[] i it i
A modified Zhang & McFarlane [7] convection parameterization has shown much-improved sim- e b = T ] Plains. In addlt!on, a d
. 2 . . . . . 54 4 ; show that, in the core ‘ pole wet/dry bias over the

ulations of precipitation over the U.S. Great Plains [6] and of tropical climate [8], [9] in the National . 2F = .

) ) , NAM region, the mon- S. Gulf of California / W.

Center for Atmospheric Research (NCAR) climate model. In this study, we use the NCAR Commun- : . 4 o .
. . . : 32 32 — soon is too weak MX south of 25°N also is
ity Atmosphere Model (CAM3) and its predecessor, the Community Climate Model (CCM3) forced L orth of 26°N and too P s reduced

. . . . =z z g . 110W 100W 110 100W )
with ObserYed sea surface ten:lperatures tO.COI'T\POSG ensembles of Independent simulations of the g S0 g L a0 L Strong south of this Figure 10. JJAS-mean precipitation rate (mm d-') as averaged over 1998-2002 for HPD/TRMM (left), CCM3 (ORIG)

NAM. In this poster, we examine the fO”OWIﬂg ISSUes. = = = E . (middle),and CCM3 (REV) (right) (a). Precipitation biases are shown in (b).

2 2 3 line at both T42 and T85
|. Simulation of the onset, evolution, and decay of the monsoon as well as the associated diurnal ~ - T luti Th |
- >imuiation © O , EVOlution, Y © ONnsoo w O u resolutions. | nhe only REGIONAL-MEAN MONTHLY-MEAN PRECIPITATION
cycle of precipitation. y e ! noticeable improve-
0 ment at T85 is the elim-
2. Possible improvements in the simulation of these features, as realized by increasing horizontal 24 T 24 B I ination of a late-season L .
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LEGEND: PHX: PHOENIX TUS:TUCSON CH: CHIHUAHUA SC: SANTA CRUZ revised convection scheme
I Io DATA Figure 5. Monthly-mean precipitation rate (mm d!) as averaged over 1998-2002 and across latitude for the core NAM listi
region depicted in Figure |b. - ) J J A S generates a more realistic

To facilitate th del luati oty of data. wh d h the simulati () MONTHLY-MEAN REGIONAL-MEAN (b) MONTH seasonal cycle, relative to

o. acilitate ’e mode e.va uation, we use a va{’l? y .o ata, whose records conCL!r Wi e simulation o PRECIPITATION RATE This improvement is . the observational data.
perlc.>d. These include grldded hourly U.S. precipitation data (HP!D) fr?m the National Weather >l ] . evident in the monthly- o The improvements are
Service (NWS) - Techniques Development Lab, complemented with rainfall measurements from the 2.4 o mean precipitation evident in the regional
Tropical Rainfall Measuring Mission (TRMM) satellite as well as high-density observations from the 2.1 o t rates, as averaged over monsoonal peaks, which

. . . - ¢ onse .
NAME Enhanced Raingauge Network (NERN) over northwestern Mexico. Ve derive values of ob- ' ‘~§ L > . the northern NAM are shifted from June to
. re . 1 . . 1. : pea .
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® Figure 6. Monthly-mean precipitation rate (mm d-') (a) as averaged over 1998-2002 and over the northern NAM region At T85’ the |-month Iag CCM3 (ORIG) '
: ; depicted in (b). Observed “onset” (“demise”) is defined by when the monthly-mean rainfall first rises above ; : : i 0
I?urlngjune & July, CAM3 is (ahs tarbelow) the ammual Mo in demise is eliminated. 20N CCM3 (REV) WK
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the U.S. Southern Plains and - idental (SMO) resion. the model’s P ! - NI TATES! Figure | 1. Regional-mean monthly-mean precipitation rate (mm d-') as averaged over 1994-2001 for regions | and
NE MX. g ’ 8.1 — 1 : — N 2 and over 1998-2001 for regions 3 and 4.
monsoon is evaluated with NAME 7.2 B O Mol oF 35 NN O\ N
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rain gauge data (NERN) and with 6.3 L MEXICO, o _ _ Using the revised conv-
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mountains, not represented by % the CAM3 monsoon is too weak. \ X - an

’ =] Increasing the resolution of the 2.7 are eliminated.
CAM3. 1.8 e
model from T42 to T85 delays the . R 30N On th or hand
S n the other han
onset of the monsoon and thus 0.9 L hase bi . ’
. . . z- - ase biases increase
shortens its duration, since at both | 90 - ; Y S O ND 10w sPouth of 28°N and east
y . . . . J J J id i
By August, the model’s wet bias resolutions, its peak occurs in MONTH T g8 hid ines of 105°W.
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.cre?lse X ut simulated precip- the observations. Figure 7. Monthly-mean precipitation rate (mm d-') (a) as averaged over 2002-2004 and over the SMO 110W 100W 1 100W
itation is too low over NW Iu-, region depicted in (b). NERN refers to the average over the NERN gauges within the region. 110w
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too high over the Gulf of Cal- ” S ; S :
. . DR gl DR g Figure 12. Diurnal + semidiurnal harmonics of JJA rainfall as simulated by CCM3 with the original convection
ifornia. 40N ‘q, v/ d/ ¢ l? QJ ‘(\j ¢ d/ ¢ 2 2(4} scheme (left) and with the revised convection scheme (right) vs. HPD data. Arrow convention is the
§ ¢ Z 2 / ‘z ﬁ l? same as in Figure 8.
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.’ Fi 2 Monthhv- iDitati ¢ d-! d 1998-2002 f relatively insensitive to increasin . . .. .. igure 3. Change in the phase bias of the diurnal cycle of simulated precipitation due to the revised con-
/' BHre H;[n) Q{\)Il geggol?l]’;jgld?;r:r;a(g (()TQE)ON; ?Ise;;ear:gel‘or?zsrensemble of o y ] & Phase - arrow | All phases are parameterlzatlon is itself sensitive vection scheme (left) and the difference between the phase of the diurnal cycle of observed CAPE
/' CAM3 simulations at T42 resolution (right). the horizontal resolution. convention: 18 06 with "e'SPGCt to to the local convective regime (calculated from the NCEP-NCAR reanalysis) and that of observed precipitation (right). Both maps
R . ’|2 local time ) represent averages for the JJA, 1994 - 2002 period.
RAINFALL DIURNAL CYCLE: JAS MEAN . . . . . . .
L Mon n n ion under Figure 8. Diurnal + semidiurnal harmonics of JJA rainfall as simulated by CAM3 at T42 resolution (left) and
— Tt 20— T T .:' ——rr O SOO co .vect onu € goes at T85 resolution (right) vs. HPD data. Only harmonics significant at the 95% level are plotted. IVQ CONCLUSIONS
‘ 18} ) 4] a SIgnlflcant diurnal cycle. Over Note that a vector’s length represents the amplitude of the harmonic as a fraction of the daily
3 ,l CAM3 1 35 1| these two regions of the NAM mean. |. In the NCAR model, simulation of the North American monsoon suffers an unrealistic monsoonal
3 3 14} CAM3 - . . . . T . . .
% % | || domain, rainfall is observed to evolution, a significant dry bias over the SW U.S,, and convection which peaks at least 2 hours too early.
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