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This supplement includes text describing additional research steps taken to investigate snow compaction. In addition, we present figures and tables cited in the main text.

Text S1.
The microphysics schemes in WRF govern precipitation phase, intensity, and distribution. The schemes range in complexity from those that only account for the mixing ratio of certain species of water (i.e. cloud, rain, snow, ice, graupel etc.) to schemes that also account for the number concentration of the particle species. Here, the WRF ensemble consists of individual members using one of the following schemes: (1) Morrison et al. (2009); (2) Thompson et al. (2008); (3) WSM6 (Hong & Lim, 2006) (4) WDM6 (Lim & Hong, 2010); (5) WSM7 (Bae et al., 2019); and (6) WDM7 (Bae et al., 2019).
For the majority of the WRF simulations, we use the YSU PBL scheme (Hong et al., 2006) to represent boundary layer processes and turbulent fluxes. In combination with the Thompson microphysics scheme, these modules are used to create operational forecasts at the Center for Western Weather and Water Extremes (CW3E: http://cw3e.ucsd.edu/). This explicit configuration is named “West-WRF” and has been validated over California for land-falling atmospheric rivers (Martin et al., 2018). However, since the boundary layer schemes also influence the mixing ratios within the microphysics schemes, which impacts the precipitation phase and distribution, we also experimented with two other PBL schemes: (1) MYNN2 (Nakanishi & Niino, 2006); and (2) MYJ (Janjić, 1994). For clarity, Table S5 summarizes the simulations used in this study.
Physics parameterization options shared across all simulations include: (1) the Rapid Radiative Transfer Model for GCMs (RRTMG: Iacono et al., 2008) for both shortwave and longwave spectral bands; (2) the revised MM5 surface layer scheme; (3) the Noah land surface model (Chen & Dudhia, 2001), which has four soil layers and a fractional (mosaic) land-cover distribution for each grid point; (4) the MODIS 30 arcsec 20-category land-use dataset; (5) a USGS 30 arcsec terrain height dataset; and (6) the scale-aware Grell-Freitas convective parameterization scheme (Grell & Freitas, 2014), which is only used for the 9-km domain.
Text S2.
The rate of snow compaction is nonlinear (Kojima, 1967). To investigate the compaction rate for this storm, we calculated the post-storm compaction rate at 48 snow study plots (which included the 12 snow study sites listed in Table 1) throughout the central and southern Sierra Nevada. We expanded our study area for this part of the investigation to enable a more robust examination of compaction versus a few potential physical drivers. These included: (1) elevation; (2) latitude, (3) distance to the Sierra Nevada Crest; (4) accumulated snow depth; (5) the accumulated SWE; and (6) mean temperature during the storm.
 	For each snow study site, we isolated the snow depths from the time of peak snow depth (Figure 2b, Point 3) to the snow depth at the time of the second ASO flight (Figure 2b Point 4). We then filled the data gaps in the snow depth record using a monotonically declining spline. Compaction rates were then calculated using linear and nonlinear methods.
	The linear compaction rate involved solving for the slope of the line between the time of peak snow depth and the time of the second ASO flight. While compaction is nonlinear, we argue that using a simple linear approach is still applicable for short time periods (x < 48 hr). The R2 was used as a goodness of fit measure.
For the nonlinear approach a lognormal distribution was fit to the distribution of the smoothed snow depths, and the measure of central tendency of the lognormal distribution , was then used to characterize the nonlinear rate of compaction. 𝜎, the measure of dispersion of the values, was used as a measure of fit. 
The compaction rate, as determined by the linear slope, and by the value of , was then regressed against the aforementioned variables to identify the key drivers for the decline in depth. The scatter plots between accumulated snow depth and the linear slope as well as  produced the best correlation with an R2 of 0.58 and a p value of 0.00. We note that the result is consistent with conceptual theory: the larger the accumulated snow depth, the greater the gravitational settlement. Nonetheless, we were surprised by the lack of correlation between compaction and the temperature-based metrics, but this may have been due to the relatively short temporal scale, as temperature-based compaction (i.e. snow metamorphism) might have needed longer time periods to become evident.
The median linear compaction rate between the point of peak snow depth and the second ASO flight is 121 mm d–1 (across all 48 snow stations). This compaction rate is consistent with values from McClung and Schaerer (2006), who state that settling rates can vary from 100 mm d–1 for newly fallen snow to 0.01 mm d–1 for dense snow. While wind speed also accelerates compaction, only 7 stations in the Sierra Nevada recorded SWE, snow depth, and wind speed simultaneously, so empirical results would be inappropriate.
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Figure S1. WRF nested domains (a), and WRF’s terrain representation within the smallest domain (d03), which is centered on the Tuolumne basin.
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Figure S2. Compaction calculated using a linear approach (a) and nonlinear approach (b) plotted against elevation, latitude, the distance to the Sierra Nevada crest, the accumulated snow depth ( Snow Depth), the change () in SWE, and mean temperature during the storm. Across both the linear and nonlinear compaction rates, the only consistent meaningful relationship was with the change in snow depth. This limited our options for spatially scaling a compaction rate across the Tuolumne.
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Figure S3. An assessment of compaction rates across 48 snow stations in the Sierra Nevada and ways to best reconstruct the peak snow depth (Point 3 Figure 2). (a) the snow depth anomaly during the ASO measurement period exhibiting the rapid rise of snow depths during the storm, and the rapid decline of snow depths post accumulation on the 8 April. (b) Depth at the time of the 2nd ASO flight (9 April 2015 12:00 PST), used as a predictor variable for the peak snow depth achieved during the storm (Point 3 in Figure 2). Across elevation the relationship is highly linear and indicative of a relatively constant compaction rate. (c) Reconstructed peak snow depth versus peak snow depth using a linear technique (b) versus a nonlinear technique that scaled the maximum and minimum linear compaction rate at all 48 snow stations across a snow depth from 0 – 500 mm using a quadratic and was added to the snow depth at the time of the second ASO flight. Percent errors for both methods can be found in Table S4. Nonetheless, the linear method provided the most accurate and precise reconstructed peak snow depth. 
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Figure S4. An investigation into WRF’s ability replicate surface temperature. (a) WRF DEM surface station elevation versus recorded surface station elevation. (b) A matrix of correlation coefficients and (c) root mean squared errors for surface station temperatures (low to high elevations) and WRF simulated temperature. 
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Figure S5. West-WRF modeled estimate of summed total rain (RAINNC minus SNOWNC) during the April 2015 storm. 
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Figure S6. New snow density estimates from WRF using different configurations of microphysics and PBL schemes over Mammoth Mountain, CA during the 7 April 2015. The WRF 2 m temperature and dew point temperature have also been plotted on the secondary y-axis. Mammoth Mountain recorded two new snow densities of 70 kg m-3 and 80 kg m-3 during the April 2015 storm. This measured density range has been portrayed on each graph as the grey shaded region. In general, the ensemble of WRF simulations do a reasonable job replicating the measured new snow densities at Mammoth Mountain.
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Figure S7. Distribution of the ASO derived  across elevations and aspects within the basin as a summed total and a depth. (a) Summed  binned by elevation. (b)  binned and summed by aspect – north, east, west, and south. (c) Box plot of  as a depth binned by elevation. (d) Box plot of  binned by aspect.
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Figure S8. An examination of an anomaly in the 50 m ASO derived  (Point 1 Figure 6a). Here we present a 3 m data from a DEM, 3 m ASO estimates of tree height, and 3 m ASO adjusted-. All datasets have been rendered in 3D. The red box highlights the adjusted- anomaly which appears to be on the windward side of rapidly rising topography. Along this slope tree heights are relatively quite large and appear to bound the region of enhanced adjusted-. Given this it is likely that the anomaly is in fact a deep pocket of snow depth created by topography, trees and wind redistribution rather than an error in the lidar itself.
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Figure S9. (a) transects used to identify how slope, tree height and land class influence the distribution of . (b) the average elevation profile across each transect. 
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Figure S10. The /elevation profile along each transect colored by slope. Importantly, the change in the  along the elvation profile does not appear to always be associated with larges changes in slope.
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Figure S11. The /elevation profile along each transect colored by tree height (as measured by ASO lidar). Importantly, the change in the  along the elvation profile does not appear to driven by large changes in tree height.
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Figure S12. The /elevation profile along each transect colored by land class. Again, the change in the  along the elvation profile does not appear to always be associated with shifts in the land cover class.


Table S1. Wind stations in the San Joaquin hydrologic region and above 500 m elevation.




Table S2. Snow stations across the Sierra Nevada that possessed measurements of SWE, snow depth, and temperature during the April 2015 storm. Data were used in the compaction assessment.




Table S3. Compaction correction error analysis. Linear refers to using the linear relationship between the snow depth at the time of the second ASO flight plotted against the peak snow depth to help reconstruct the peak snow depth. Nonlinear refers to using a quadratic to scale compaction rates across snow depths varying from 0 to 500 mm and adding this to the snow depth at the time of the second ASO flight. The “linear” approach exhibited the least amount of error, and so was used to reconstruct peak snow depth.




Table S4. Surface temperature stations used to validate WRF’s 2m surface temperature for the new snow density estimate.





Table S5. A summary of the various microphysics and planetary boundary schemes used for each of the simulations referenced in this study. Qc is the mixing ratio for clouds, Qr is the mixing ratio for rain, Qi is the mixing ratio for ice, Qs is the mixing ratio for snow, Qg is the mixing ratio for graupel, and Qh is the mixing ratio for hail. Nr is the number concentration of rain nuclei, Ni is the number concentration of ice nuclei, Ns is the number concentration of snow nuclei, and Ng is the number concentration of graupel nuclei, Nn is the number concentration of cloud condensation nuclei.
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Station Name CDEC ID Lattitude Longitude Elevation [m]

DIABLO CANYON DBC 37.329 -121.302 564

EL PORTAL EPW 37.675 -119.788 632

MARIPOSA RANGER STATION MRP 37.504 -119.987 686

ESPERANZA (BANNER ROAD) ESP 38.284 -120.490 766

NORTH FORK R S NFR 37.233 -119.500 802

MT. ZION MTZ 38.390 -120.653 905

DUDLEYS (MCDIARMID FIRE STATION) DDL 37.721 -120.096 914

BATTERSON BTT 37.383 -119.617 963

METCALF GAP MCF 37.410 -119.765 1006

SMITH PEAK RAWS SEW 37.801 -120.101 1180

JERSEYDALE JSD 37.542 -119.840 1189

PINEHURST PNT 36.685 -119.000 1237

MOUNTAIN REST MTF 37.054 -119.371 1250

WAWONA RAWS WWN 37.534 -119.645 1311

CEDAR GROVE CGR 36.788 -118.659 1439

MOUNT ELIZABETH MTE 38.057 -120.241 1504

BEAVER BVE 38.483 -120.317 1524

FENCE MEADOW FEN 36.961 -119.175 1539

PINECREST 2 RAWS NEAR PINECREST 1SW PNW 38.186 -120.011 1707

SHAVER SAV 37.135 -119.256 1751

BIG SANDY BSN 37.468 -119.586 1755

CRANE FLAT LOOKOUT CFL 37.750 -119.800 1816

MARIPOSA GROVE MPG 37.500 -119.600 1951

GIN FLAT GIN 37.767 -119.773 2149

FRESNO DOME FRS 37.464 -119.536 2177

WHITE WOLF WHW 37.860 -119.652 2408

OSTRANDER LAKE STR 37.637 -119.550 2499

DEADMAN CREEK DDM 38.332 -119.654 2819


Microsoft_Excel_Worksheet.xlsx
Sheet1

		Station Name		CDEC ID		Lattitude		Longitude		Elevation [m]

		DIABLO CANYON		DBC		37.329		-121.302		564

		EL PORTAL		EPW		37.675		-119.788		632

		MARIPOSA RANGER STATION		MRP		37.504		-119.987		686

		ESPERANZA (BANNER ROAD)		ESP		38.284		-120.490		766

		NORTH FORK R S		NFR		37.233		-119.500		802

		MT. ZION		MTZ		38.390		-120.653		905

		DUDLEYS (MCDIARMID FIRE STATION)		DDL		37.721		-120.096		914

		BATTERSON		BTT		37.383		-119.617		963

		METCALF GAP		MCF		37.410		-119.765		1006

		SMITH PEAK RAWS		SEW		37.801		-120.101		1180

		JERSEYDALE		JSD		37.542		-119.840		1189

		PINEHURST		PNT		36.685		-119.000		1237

		MOUNTAIN REST		MTF		37.054		-119.371		1250

		WAWONA RAWS		WWN		37.534		-119.645		1311

		CEDAR GROVE		CGR		36.788		-118.659		1439

		MOUNT ELIZABETH		MTE		38.057		-120.241		1504

		BEAVER		BVE		38.483		-120.317		1524

		FENCE MEADOW		FEN		36.961		-119.175		1539

		PINECREST 2 RAWS NEAR PINECREST 1SW		PNW		38.186		-120.011		1707

		SHAVER		SAV		37.135		-119.256		1751

		BIG SANDY		BSN		37.468		-119.586		1755

		CRANE FLAT LOOKOUT		CFL		37.750		-119.800		1816

		MARIPOSA GROVE		MPG		37.500		-119.600		1951

		GIN FLAT		GIN		37.767		-119.773		2149

		FRESNO DOME		FRS		37.464		-119.536		2177

		WHITE WOLF		WHW		37.860		-119.652		2408

		OSTRANDER LAKE		STR		37.637		-119.550		2499

		DEADMAN CREEK		DDM		38.332		-119.654		2819
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Station Name CDEC ID Latitude Longitude Elevation [m]

BURNSIDE LAKE BSK 38.719 -119.894 2478

EBBETTS PASS EBB 38.561 -119.808 2652

ECHO PEAK 5 EP5 38.849 -120.079 2377

FORESTDALE CREEK FDC 38.682 -119.960 2444

LEAVITT LAKE LVT 38.276 -119.613 2926

RUBICON PEAK 2 RP2 39.001 -120.140 2286

SUMMIT MEADOW SDW 38.398 -119.536 2839

SONORA PASS BRIDGE SPS 38.318 -119.601 2667

SQUAW VALLEY GOLD COAST SQV 39.194 -120.276 2499

CAPLES LAKE CAP 38.710 -120.042 2438

GREEK STORE GKS 39.075 -120.558 1707

HUYSINK HYS 39.282 -120.527 2012

SILVER LAKE SIL 38.678 -120.118 2164

AGNEW PASS AGP 37.724 -119.143 2880

BLOODS CREEK BLD 38.450 -120.033 2195

BLUE LAKES BLK 38.613 -119.931 2438

BLACK SPRINGS BLS 38.375 -120.192 1981

CHILKOOT MEADOW CHM 37.410 -119.490 2179

DANA MEADOWS DAN 37.897 -119.257 2987

DEADMAN CREEK DDM 38.332 -119.654 2819

DEVILS POSTPILE DPO 37.629 -119.085 2307

GIANELLI MEADOW GNL 38.204 -119.893 2560

GREEN MOUNTAIN GRM 37.555 -119.238 2408

GRAVEYARD MEADOW GRV 37.465 -119.290 2103

HUNTINGTON LAKE (USBR) HNT 37.228 -119.221 2134

HORSE MEADOW HRS 38.158 -119.662 2560

LOWER KIBBIE RIDGE KIB 38.032 -119.877 2042

KAISER POINT KSP 37.300 -119.100 2804

PARADISE MEADOW PDS 38.047 -119.670 2332

POISON RIDGE PSR 37.403 -119.520 2103

LOWER RELIEF VALLEY REL 38.243 -119.763 2469

SLIDE CANYON SLI 38.092 -119.430 2804

STANISLAUS MEADOW SLM 38.506 -119.937 2362

OSTRANDER LAKE STR 37.637 -119.550 2499

TAMARACK SUMMIT TMR 37.165 -119.200 2301

TUOLUMNE MEADOWS TUM 37.873 -119.350 2621

BIG PINE CREEK BGP 37.128 -118.478 2987

CARSON PASS CXS 38.692 -120.002 2546

GEM PASS GEM 37.780 -119.170 3277

JUNE MOUNTAIN WEATHER PLOT JMW 37.754 -119.078 2810

MAMMOTH PASS (USBR) MHP 37.610 -119.033 2835

SOUTH LAKE SLK 37.176 -118.563 2926

BLACKCAP BASIN BCB 37.067 -118.770 3139

CHAGOOPA PLATEAU CHP 36.497 -118.447 3139

CASA VIEJA MEADOWS CSV 36.198 -118.272 2530

FAREWELL GAP FRW 36.415 -118.579 2896

QUAKING ASPEN QUA 36.118 -118.540 2195

UCSB/CRREL Snow Study Plot CUES 37.643 -119.042 2940
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		Station Name		CDEC ID		Latitude		Longitude		Elevation [m]

		BURNSIDE LAKE		BSK		38.719		-119.894		2478

		EBBETTS PASS		EBB		38.561		-119.808		2652

		ECHO PEAK 5		EP5		38.849		-120.079		2377

		FORESTDALE CREEK		FDC		38.682		-119.960		2444

		LEAVITT LAKE		LVT		38.276		-119.613		2926

		RUBICON PEAK 2		RP2		39.001		-120.140		2286

		SUMMIT MEADOW		SDW		38.398		-119.536		2839

		SONORA PASS BRIDGE		SPS		38.318		-119.601		2667

		SQUAW VALLEY GOLD COAST		SQV		39.194		-120.276		2499

		CAPLES LAKE		CAP		38.710		-120.042		2438

		GREEK STORE		GKS		39.075		-120.558		1707

		HUYSINK		HYS		39.282		-120.527		2012

		SILVER LAKE		SIL		38.678		-120.118		2164

		AGNEW PASS		AGP		37.724		-119.143		2880

		BLOODS CREEK		BLD		38.450		-120.033		2195

		BLUE LAKES		BLK		38.613		-119.931		2438

		BLACK SPRINGS		BLS		38.375		-120.192		1981

		CHILKOOT MEADOW		CHM		37.410		-119.490		2179

		DANA MEADOWS		DAN		37.897		-119.257		2987

		DEADMAN CREEK		DDM		38.332		-119.654		2819

		DEVILS POSTPILE		DPO		37.629		-119.085		2307

		GIANELLI MEADOW		GNL		38.204		-119.893		2560

		GREEN MOUNTAIN		GRM		37.555		-119.238		2408

		GRAVEYARD MEADOW		GRV		37.465		-119.290		2103

		HUNTINGTON LAKE (USBR)		HNT		37.228		-119.221		2134

		HORSE MEADOW		HRS		38.158		-119.662		2560

		LOWER KIBBIE RIDGE		KIB		38.032		-119.877		2042

		KAISER POINT		KSP		37.300		-119.100		2804

		PARADISE MEADOW		PDS		38.047		-119.670		2332

		POISON RIDGE		PSR		37.403		-119.520		2103

		LOWER RELIEF VALLEY		REL		38.243		-119.763		2469

		SLIDE CANYON		SLI		38.092		-119.430		2804

		STANISLAUS MEADOW		SLM		38.506		-119.937		2362

		OSTRANDER LAKE		STR		37.637		-119.550		2499

		TAMARACK SUMMIT		TMR		37.165		-119.200		2301

		TUOLUMNE MEADOWS		TUM		37.873		-119.350		2621

		BIG PINE CREEK		BGP		37.128		-118.478		2987

		CARSON PASS		CXS		38.692		-120.002		2546

		GEM PASS		GEM		37.780		-119.170		3277

		JUNE MOUNTAIN WEATHER PLOT		JMW		37.754		-119.078		2810

		MAMMOTH PASS (USBR)		MHP		37.610		-119.033		2835

		SOUTH LAKE		SLK		37.176		-118.563		2926

		BLACKCAP BASIN		BCB		37.067		-118.770		3139

		CHAGOOPA PLATEAU		CHP		36.497		-118.447		3139

		CASA VIEJA MEADOWS		CSV		36.198		-118.272		2530

		FAREWELL GAP		FRW		36.415		-118.579		2896

		QUAKING ASPEN		QUA		36.118		-118.540		2195

		UCSB/CRREL Snow Study Plot		CUES		37.643		-119.042		2940








image17.emf
Time of Peak Peak Snow Linear Nonlinear Linear Nonlinear
IStation Snow Depth  Depth [mm] [mm] [mm] % Error % Error
BLS 8-Apr-15 05:00 383 484 377 26 2
KIB 8-Apr-1501:00 281 293 101 5 64
PDS 8-Apr-15 01:00 583 530 457 9 21
REL 4-Apr-15 00:00 554 510 422 8 24
GNL 8-Apr-15 00:00 576 579 548 1 5
HRS 8-Apr-15 00:00 415 433 295 4 29
TUM 8-Apr-1501:00 381 295 104 22 73
LVT 8-Apr-15 03:00 2100 2042 2131 3 1
CUES 8-Apr-1501:00 1207 1252 1350 4 12
DAN 8-Apr-15 05:00 417 354 179 15 57
GEM  8-Apr-1503:00 873 980 1081 12 24
SLI 8-Apr-15 05:00 829 786 890 5 7
VRG  8-Apr-1503:00 406 465 345 14 15
MEAN 10 26
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Depth [mm]

Linear 
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Nonlinear 

% Error

BLS 8-Apr-15 05:00 383 484 377 26 2

KIB 8-Apr-15 01:00 281 293 101 5 64

PDS 8-Apr-15 01:00 583 530 457 9 21

REL 4-Apr-15 00:00 554 510 422 8 24

GNL 8-Apr-15 00:00 576 579 548 1 5

HRS 8-Apr-15 00:00 415 433 295 4 29

TUM 8-Apr-15 01:00 381 295 104 22 73

LVT 8-Apr-15 03:00 2100 2042 2131 3 1

CUES 8-Apr-15 01:00 1207 1252 1350 4 12

DAN 8-Apr-15 05:00 417 354 179 15 57

GEM 8-Apr-15 03:00 873 980 1081 12 24

SLI 8-Apr-15 05:00 829 786 890 5 7

VRG 8-Apr-15 03:00 406 465 345 14 15

MEAN 10 26
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		Station		Time of Peak Snow Depth		Peak Snow Depth [mm]		Linear [mm]		Nonlinear [mm]		Linear % Error		Nonlinear % Error

		BLS		8-Apr-15 05:00		383		484		377		26		2

		KIB		8-Apr-15 01:00		281		293		101		5		64

		PDS		8-Apr-15 01:00		583		530		457		9		21

		REL		4-Apr-15 00:00		554		510		422		8		24

		GNL		8-Apr-15 00:00		576		579		548		1		5

		HRS		8-Apr-15 00:00		415		433		295		4		29

		TUM		8-Apr-15 01:00		381		295		104		22		73

		LVT		8-Apr-15 03:00		2100		2042		2131		3		1

		CUES		8-Apr-15 01:00		1207		1252		1350		4		12

		DAN		8-Apr-15 05:00		417		354		179		15		57

		GEM		8-Apr-15 03:00		873		980		1081		12		24

		SLI		8-Apr-15 05:00		829		786		890		5		7

		VRG		8-Apr-15 03:00		406		465		345		14		15

										MEAN		10		26
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Station Name CDEC ID Latitude   Longitude   Elevation [m]

CHERRY VALLEY MET STATION CVM 37.975 -119.916 1454

BLACK SPRINGS BLS 38.375 -120.192 1981

LOWER KIBBIE RIDGE KIB 38.032 -119.877 2042

PARADISE MEADOW PDS 38.047 -119.670 2332

WHITE WOLF WHW 37.860 -119.652 2408

LOWER RELIEF VALLEY REL 38.243 -119.763 2469

GIANELLI MEADOW GNL 38.204 -119.893 2560

HORSE MEADOW HRS 38.158 -119.662 2560

TUOLUMNE MEADOWS TUM 37.876 -119.348 2621

SLIDE CANYON SLI 38.093 -119.432 2804

VIRGINIA LAKES RIDGE VRG 38.077 -119.233 2835

LEAVITT LAKE LVT 38.276 -119.613 2926

CUES CUES 37.643 -119.029 2940

DANA MEADOWS DAN 37.897 -119.257 2987

GEM PASS GEM 37.780 -119.170 3277
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		Station Name		CDEC ID		Latitude		  Longitude  		Elevation [m]

		CHERRY VALLEY MET STATION		CVM		37.975		-119.916		1454

		BLACK SPRINGS		BLS		38.375		-120.192		1981

		LOWER KIBBIE RIDGE		KIB		38.032		-119.877		2042

		PARADISE MEADOW		PDS		38.047		-119.670		2332

		WHITE WOLF		WHW		37.860		-119.652		2408

		LOWER RELIEF VALLEY		REL		38.243		-119.763		2469

		GIANELLI MEADOW		GNL		38.204		-119.893		2560

		HORSE MEADOW		HRS		38.158		-119.662		2560

		TUOLUMNE MEADOWS		TUM		37.876		-119.348		2621

		SLIDE CANYON		SLI		38.093		-119.432		2804

		VIRGINIA LAKES RIDGE		VRG		38.077		-119.233		2835

		LEAVITT LAKE		LVT		38.276		-119.613		2926

		CUES		CUES		37.643		-119.029		2940

		DANA MEADOWS		DAN		37.897		-119.257		2987

		GEM PASS		GEM		37.780		-119.170		3277
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Name in Microphysics Planetary Boundary

___paper Package Mass Variables Number Variables Package Cloud Mixing
Morrison Morrison 2 Qc Qr Qi Qs Qg Nr Ni Ns Ng YSU Qc, Qi
WSM6 WSM6 Qc Qr Qi Qs Qg YSU Qc, Qi
WDM®6 WDM®6 Qc Qr Qi Qs Qg Nn, Nc Nr YSU Qc, Qi
WSM7 WSM7 Qc Qr Qi Qs Qg Qh YSU Qc, Qi
WDM7 WDM7 Qc QrQi Qs Qg Qh Nn, Nc Nr YSU Qc, Qi
Thompson Thompson Qc Qr Qi Qs Qg Ni Nr YSU Qc, Qi
MYNN Thompson Qc Qr Qi Qs Qg Ni Nr MYNN2 Qc

MYJ Thompson Qc Qr Qi Qs Qg Ni Nr MYJ Qc, Qi









Package Mass Variables Number Variables

Package

Cloud Mixing

Morrison Morrison 2 Qc Qr Qi Qs Qg Nr Ni Ns Ng YSU Qc, Qi

WSM6 WSM6 Qc Qr Qi Qs Qg YSU Qc, Qi

WDM6 WDM6 Qc Qr Qi Qs Qg Nn, Nc Nr YSU Qc, Qi

WSM7 WSM7 Qc Qr Qi Qs Qg Qh YSU Qc, Qi

WDM7 WDM7 Qc Qr Qi Qs Qg Qh Nn, Nc Nr YSU Qc, Qi

Thompson Thompson Qc Qr Qi Qs Qg Ni Nr YSU Qc, Qi

MYNN Thompson Qc Qr Qi Qs Qg Ni Nr MYNN 2 Qc

MYJ Thompson Qc Qr Qi Qs Qg Ni Nr MYJ Qc, Qi

Name in 

paper

Microphysics Planetary Boundary 
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				Name in paper				Microphysics								Planetary Boundary 

								Package		Mass Variables		Number Variables				Package		Cloud Mixing

				Morrison				Morrison 2		Qc Qr Qi Qs Qg		Nr Ni Ns Ng				YSU		Qc, Qi

				WSM6				WSM6		Qc Qr Qi Qs Qg						YSU		Qc, Qi

				WDM6				WDM6		Qc Qr Qi Qs Qg		Nn, Nc Nr				YSU		Qc, Qi

				WSM7				WSM7		Qc Qr Qi Qs Qg Qh						YSU		Qc, Qi

				WDM7				WDM7		Qc Qr Qi Qs Qg Qh		Nn, Nc Nr				YSU		Qc, Qi

				Thompson				Thompson		Qc Qr Qi Qs Qg		Ni Nr				YSU		Qc, Qi

				MYNN				Thompson		Qc Qr Qi Qs Qg		Ni Nr				MYNN 2		Qc

				MYJ				Thompson		Qc Qr Qi Qs Qg		Ni Nr				MYJ		Qc, Qi

				** Nn = CCN number

																turbulence within PBL for both vertical and horizontal!!!

																turbulent schemes impact moisure variables

				Qc				Mixing Ratio for Cloud								within boundary and free atmosphere

				Qi				Mixing Ratio for Ice

				Qr				Mixing Ratio for Rain

				Qs				Mixing Ratio for Snow

				Qg				Mixing Ratio for graupel

				Qh				Mixing Ratio for hail

				Cover the range in schemes well

				Thompson and Morrison most widly used, and most sophiticated

				Not using aserol schemes 
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