
  

8. Impact of Specifying Two-Moment N0s 

                 

Time evolution of snow mixing ratio (left) and cloud droplet mixing ratio 
(right) averaged for LWC>0.01 g m-3  from runs with two-moment N0s 

(solid) and one-moment N0s=8.e5 m-4 (dash) at Barrow, in units of L-1 and g 
m-3, respectively.
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9. Impact of Specifying Observed N0i

                 

24-hour mean ice number concentration (left) and snow number 
concentration (right) from runs with two moment N0i (solid) and one 
moment N0i=5.e7 m-4 (dash) at Barrow, in units of L-1. Mean (white 
line) and +/- one standard deviation (grey shading) ice number 
concentration measured by aircraft (d > 53 microns) from two 
flights during the same period, in units of L-1.

  

6. Validation of Liquid and Ice Water 
Content at Barrow, Alaska
                 

3. Double-Moment Microphysics3. Double-Moment Microphysics

Prognostic variables include mixing ratios and number concentrations of 
cloud ice, cloud droplets, snow, and rain.
 
Hydrometeors have the form of a complete gamma size distribution:
ƒ (D) = N0DPce-λD , 
where
λ =   cNΓ(Pc+d+1) 1/d    is the Slope Parameter

           qΓ(Pc + 1)   

N0 =  NλPc+1    is the  Intercept Parameter and
Pc is the Spectral Parameter (Pc=0 for ice, snow, rain, graupel)
Bulk density of ice = 0.5 g cm-3

Bulk density of snow = 0.1 g cm-3

1. Introduction

In this study we use the Weather Research Forecast (WRF) model to 
study the microphysical properties of Arctic stratocumulus clouds. 

Intensive ground, remote sensing, aircraft, and radiosonde 
measurements taken during the ARM Mixed-Phase Arctic Cloud 
Experiment (M-PACE) on the North Slope of Alaska, during October 
8-10 2004, are used to verify the microphysical characteristics of the 
model’s simulation of mixed-phase clouds (MPS). 

We identify to what extent the model is able to simulate: the 
maintenance of liquid water in clouds at low temperatures, the role of 
ice and snow number concentrations in glaciating Arctic clouds, the 
spatial distribution of clouds across a coastline, and the in-cloud 
vertical air motions.

We compare the model to observations at Barrow and Atqasuk, Alaska 
and then compare a two-moment scheme to a hierarchy of one-
moment cloud schemes to identify whether a more detailed treatment 
of ice and snow in clouds allows for a better representation of the 
Arctic boundary layer and surface radiation.

Investigation of Microphysical Parameterizations of Snow and Ice in Arctic Clouds Investigation of Microphysical Parameterizations of Snow and Ice in Arctic Clouds 
During M-PACE through Model-Observation ComparisonsDuring M-PACE through Model-Observation Comparisons

Amy Solomon, Ola Persson, Matthew Shupe (NOAA/CIRES), Hugh Morrison (NCAR), Jian-Wen Bao (NOAA) 

2. Control Set-up and Horizontal Structure in 1km Domain
                 

 

 

Weather Research Forecast Model V2.2
Control Set-up:
Nested 18/6/1 km horizontal grids
50 vertical levels (20 levels below 800 hPa).
Morrison Two-Moment microphysics
CAM Radiation
3D PBL mixing in the 1km grid (YSU 18/6 km)
NOAH LSM

5. Validation of Water Paths and 
Surface Radiation at Barrow, Alaska
                 

Observations, 2M Morrison, 1M Morrison
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         Retrievals                            Morrison 2M Microphysics

Findings
1) Morrison two-moment microphysics does a good job of 

simulating the LWC in Arctic stratocumulus observed during M-
PACE, as well as, the dominant initiation and growth mechanisms 
for cloud water, snow, and ice.

2) Cloud water forms at the cloud base and grows in updrafts. 
Coarser resolution runs (>18 km) do not resolve this process 
because the vertical velocity needed to lift the cloud water is 
underestimated, resulting in clouds that form closer to the ground.

3) Specifying N0 to typical mid-latitude values depletes the cloud 
liquid water--The two-moment scheme is able to reproduce the 
observed LWC because it does a good job of predicting N0, which 
is advantageous since N0 is poorly constrained by observations 
and varies in space and time. 

4) Ice number concentration is underestimate by an order of 
magnitude in the two-moment simulation and there is an 
indication that variability is being aliased to longer (> 2 minutes) 
timescales. 

5) Specifying the ice size distribution observed during this period in 
a one-moment simulation acts to deplete the liquid water, 
indicating that the vapor deposition to ice may be occurring too 
rapidly in the model. 

6) Specifying the two-moment snow size distribution in a one-
moment simulation results in similar snow mixing ratio and 
number concentration but a depletion of cloud water due to the 
coupling between mixing ratio and number concentration in the 
one-moment scheme. 
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7. Validation of Cloud Droplet, Snow, and Ice Size 
Distributions at Barrow, Alaska

                 

Size distributions of cloud droplets, snow, and ice, in units of L-1  microns-1  versus microns (1 L-1 
microns-1=  109  m-4). (left) Observations in mixed-phase clouds after McFarquhar et al. (2007). 
Supercooled water measured by FSSP (dash-dot), frozen hydrometeors measured by 1DC, HVPS/fit, 
2DC (dot, dash, solid). (right) From the 2M simulation averaged over the 24-hour period Oct 2004 9 
12Z- 10 11Z at Barrow.

Aircraft Measurements
Morrison Microphysics

N0i?

N0s?

4. Vertical Velocity and Cloud Water
                 

Hourly-averaged 2M vertical velocity at Barrow from Oct 2004 9 
12Z to 10 11Z, in units of cm s-1 (left). Dominant growth mechanism 
for cloud water (vapor deposition) with LWC is shown with dashed 
blue contours, in units of g m-3 (right). 
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