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1. INTRODUCTION 2. CONTROL SIMULATION
a. 1.33-km Precipitation Verification

The primary goal of the IMPROVE field experiment Figure 1 shows the 1.33-km MMS5 precipitation
was to collect a dataset to verify and improve the bulk Petween 1400 UTC 13 December and 0800 UTC 14
microphysical parameterizations (BMPs) in mesoscale December (14-32 h). There are large variations in surface
models. This modeling study focusses on the second Precipitation, which is the result of fine-scale vertical
phase of IMPROVE, which occurred over the central motions by the individual ridges as shown in Garvert et
Oregon Cascades during November-December 2001. Oﬁl (2003) Some of the heaviest preCIp_Itatlon fellin afew
13-14 December 2001, a landfalling frontal system  bulls-eyses over some of the steep windward slopes of
resulted in strong (> 35 Mm% cross barrier flow and the northern and central Cascades. e
heavy precipitation over the Cascades. Woods et al. ‘ ; 1
(2003) and Medina and Houze (2003) describe the obse
vations from this event, and Garvert et al. (2003) present
the high resolution simulation and verification using the | |
Penn State-NCAR Mesoscale Model (MM5). i

As these BMPs are verified and improved using
IMPROVE data, itis also important to understand which
parameters and processes control the transfer of water
mass from one species to another as well as their effeq
on the surface precipitation. This study investigates the
BMP sensitivities within the Reisner2 scheme for the 134
14 December 2001 event. In particular, we discuss
important microphysical pathways that contribute to the
simulated orographic precipitation. This paper focusseg
on those few parameters which have shown to have som/|
of the largest impact based on two-dimentionsal (2-D) |L——
and idealized studies (Zeng et al. 2003; Thompson et al
2003). These other 2-D studies provide a more compre
hensive evaluation of the BMP parameter sensitivities.

Garvert et al. (2003) describes the setup of the MM5 Figure 1. MMS5 precipitation f
AR s e mom e oo b, B becal 400 UTC 13 Dcember oo UTC 1
spacing over the central Oregon Cascades (Fig. 1). Th&ecember (14-32 h). Terrain is contourd every 200 m.
control run of the MM5, was initialized at 0000 UTC 13 3 %6
December using the NCEP AVN model, and used the W €
Reisner2 microphysics (Reisner et al. 1998; Thompson *123 430 , ¢

110
1

et al. 2003), which includes graupel and super-cooled
water processes.
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The following questions will be addressed in this study: - 154 3
s What are the important microphysical processes . ;
and pathways for simulated precipitation during the 13- 1172948 )
14 December event? 2 3\

= What are the microphysical process sensitivities <113 - 6l
using different slope intercepts for snow, fallspeeds, and <94
autoconversions? Which of these process experiments
will verify better when compared with the observations? 144 §

= How does the surface precipitation vary for each | g - 141 ~
of the sensitivity simulations? =118 1915

Figure 2. The 1.33 kmMMD5 percent of observed precipitation

E - , : for 1400 UTC 13 December 0800 UTC 14 December (14-32
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The 1.33-km MM5 precipitation was verified 100 T T T T T T J‘ Fo é‘“ T
against all surface rain gauge locations and plotted as ¢ |09 ~=12%7_wiov=055 v 74837 Sy difuv=m00

percent of observed for the 14-32 hour forecast (Fig. 2).
There is a large variability in the model verification num- | [oovc=70.04 vodve=-04 T 50
bers. Both upstream of the Cascades and in many of the | =0 se %0 5%
narrow valleys of the windward Cascades, the MM5 is qeddien=-355 /5 o, A3dten=-0.04
within 20% of the observed. In contrast, there is model 2°[ ... 125 €

overprediction over some of the higher terrain areas anc | @

to lee of the barrier. A rain gauge is located near one of
the model precipitation bull-eyes over the lower wind-
ward slope (Fig. 1), and shows 154% of observed, thus
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suggesting that the simulated magnitude of this precipi- .| &g g % |
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: Figure 4. Microphysical budget over the box in Fig. 1 for the
1000 £ 4 23-25 hour period. The process rates are normalized by the
Kkm water vapor loss rate, and the arrows point in the direction of
the water/ice movement.

Figure 3. Average west to east cross section across the Cas N—e
cades for the box in Fig. 1 showing mixing ratios of snow (dar! 40
yellow), graupel (green), and rain (red) every 0.15 glk@he
average winds in the section are also shown.
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b. Microphysical Budget Zp
Figure 3 shows an average west-east cross sectior <
the mixing ratios for snow, graupel, and rain averaged fc 5 ., EW o]\
2300-0100 UTC 13-14 December for the inset boxed ¢ LV\/\//\,J
region in Fig. 1. During this two hour period therewas ¢ =, |~ =

deep orographic cloud, with snow extending above 4C
mb, graupel between 800 and 600 mb, and rain below
750 mb. Some of the individual peaks on the windwar
slope produced an enhanced upward motion and pert
bations in the hydrometeor magnitudes. The snow maxi-
mum is around 600 mb over the crest and there is
spillover into the lee.

Figure 4 shows the dominant microphysical pro-
cesses averaged over a volume of atmosphere within t
boxed region of Fig. 1 between 2300 and 0100 UTC.
Each process is normalized by the water vapor loss r¢
within the volume. One large pathway to rain is from
condensation (cond), which leads to accretion of clou
water by rain (racw) and snow (ssacw) and autoconve
sion to rain (ccnr). Another large pathway is snow dept s
sition (sdep) and melting of snow to rain (smit). Most of
the graupel gain comes from accretion of cloud waterk s
snow (gsacw) and accretion of rain (gacr).

The microphysical processes for snow and graup: ook
gain are plotted spatially in Fig. 5, where each pointin Figyre 5. Spatial plot of dominant microphysical processes (in
space shows the percentage weighting of each processercent) for (a) snow gain and (b) grapuel gain at each point in
For snow (Fig. 5a), there is gain above 500 mb by autospace for the average west-east cross section within the box of
conversion of cloud ice to snow (green) and Fig. 1. See text for details on the processes shown and labelling.
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deposition (red). Snow grows primarily by deposition Reisner2 can use either the Kessler (1969) or Berry
around 500 mb over the barrier, while both deposition and Reinhardt (1974) cloud to rain water autoconversion.
and accretion of cloud water to snow (blue) occur over The Kessler uses a threshold (0.35 gkand a simple
the lower windward slope between 600 and 500 mb. TheHeaviside function to do the conversion, while the Berry
graupel gain is concentrated around 700-600 mb, wheréhas a somewhat more complex form (Thompson et al.
there is collection of rain by graupel (30-35%), collec- 2003). The control (CTL) MM5 uses the Berry method,
tion of cloud water by snow (30-35%), conversion of and another simulation was completed using Kessler
snow to graupel (10-15%), and collection of cloud water (KESS). The KESS run has significantly less precipita-

by graupel (10-15%). tion (50-80 mm) over some of the steeper windward
slopes (Fig. 6a), so there is less tendency for bulls-eyes
3. SENSITIVITY SIMULATIONS as seen inthe CTL (Fig. 1). The KESS run has more sus-

pended cloud water than the CTL (Fig. 7); therefore,

Additional simulations were completed in order to there is less liquid precipitation to fallout as rain over the
determine the Reisner2 sensitivities to a few different steeper windward slopes. However, the larger amounts of
microphysical processes. Using two-dimensional ideal-cloud water in KESS increases the graupel and fallout
ized simulations, Zeng et al (2003) showed that the preever some of the less steep areas of the windward slope
cipitation can be quite sensitive to the slope intercept for(Fig. 6a).
snow, snow fallspeeds, and cloud to rain water autocon-
versions for steep slopes. oF
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Figure 7.Average west-east cross section for the KESS-CTL
showing snow (dark yellow every 0.10 g®ggraupel (green
every 0.02 g k), and cloud water (red every 0.04 g Kgmix-
ing ratio differences for the period between 2300-0100 UTC.

The CTL MM5 Reisner2 uses a variable slope inter-
cept for snow (Nos), which is a function of temperature
(Houze et al. 1979; Thompson et al. 2003). A previous
version of Reisner2 used a variable slope intercept,
which is a function of snow mixing ratio (Reisner et al.
1998). A mixing ratio version of Nos was completed
(NOSQ run), and there is 5-15 mm more precipitation
over the much of the windward slope region, and there is
5-15 mm less in the lee of the Cascades. The NOSQ run
has 0.1-0.3 g Kg less snow and 0.02-0.10 g kgnore
graupel and rain over the windward slope (Fig. 8). The
larger amount of graupel and less snow results in more
fallout over the windward slope and less in the lee.
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Figure 6. 1.33-km MM5 precipitation differences (14-32 h) in
mm for the (a) KESS-CTL, (b) NOSQ-CTL, and (c) COXFS-
CTL contoured very 20 mm starting at 5 mm. Red (solid) lines e i
are positive differences and blue (dashed) are negative. The Figure 8. Average west-east cross section for the NOSQ-CTL

zero line is black. Terrain is shaded for reference. showing snow (dark yellow every 0.10 gRggraupel (green
every 0.02 g k), and rain (red every 0.01 g kg mxing ratio

ratio differences for the period between 2300-0100 UTC.
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N Figure 10. Snow hydrometeor trajectories from the CTL (red)
l and COX (blue) simulations. The wind vectors and snow mix-
ing ratios from the CTL are show for reference. The cross sec-
RN tion location is given by the line in Fig. 1.
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Figure 9. Same as Fig. 4 except for the NOSQ simulation.
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Figure 9 shows the budget flowchart for the NOSC
simulation for the 2300-0100 UTC period. The snow
deposition (sdep) is half that of the CTL (Fig. 4). As a
result, there is more condensation to cloud water, whic
in turn results in more accretion of snow to form graupe
and accretion of rain. Overall, the NOSQ results in a
microphysical pathway that favors less snow and more s
liquid and graupel.

Both Colle and Mass (2000) and Zeng et al. (2002 1000 & E
showed that there is relatively large precipitation sensi ‘
tIVIty to the SnOW fallspeed |n the MMS. The CTL MM5 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
uses a snow fallspeed that is 20-30% larger than someFigure 11. Average west-east cross section difference for the
other relationships, such as Cox (1988). A separate 1.3%0X-CTL showing snow (dark yellow every 0.10 gHg
km simulation (COX run) was completed using the raupel (green every 0.02 g Ry and rain (red every 0.01 g kg
slower Cox fallspeed. The slower fallspeed results in 5-) Petween 2300-0100 UTC

15 mm less precipitation near the crest and 5-15 mm . . -
more precipitation in the lee. deposition appears to be sensitive pathways within the

Figure 10 shows the differences in trajectories for BMPS, since the amount of riming determines how much
snow in the CTL (red) and COX (blue). The COX trajec- graupel there will be and in turn the overall fallout effi-
tories fallout 20-30 km farther downwind than the CTL. ciency of the hydrometeors. For example, it appears the
There is less snow falling out over the upper windward Berry autoconversion depletes too much cloud water and
slope in the COX, which results in less riming and grauresults in bull-eyes over the steeper windward slopes.
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pel (Fig. 11). These sensitivities studies as well as others will be
verified using the aircraft and in situ data to quantify the
4. BRIEF SUMMARY AND FUTURE WORK errors in cloud water and snow number concentrations

and amounts. Some of these results will be reported at
The goal of this modeling effort is too explore some the conference as well as future papers.

of the sensitivities of the BMPs, by quantifying changes
in how the water mass is transferred between processed ACKNOWLEDGEMENTS
and its effect on surface precipitation. From these exper- . . . .
iments of changing the cloud water autoconversion, This research is supported by the National Science
slope intercept for snow, and snow fallspeed, it is clear Foundation (Grant No. ATM-0094524). Use of the MM5
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cloud water and its autoconversion to rain versus snow
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