
1Page 1 of 20 

GCSS/WMO Cloud Modeling Workshop Arctic  
Mixed-Phase Stratus Model Intercomparison 

 
Hugh Morrison and Paquita Zuidema 

 
April 17, 2008 

 
1. Overview 
 
This case is derived from observations on May 7-8, 1998 during the Surface Heat Budget of the 
Arctic Ocean (SHEBA) and First ISCCP Regional Experiment – Arctic Clouds Experiment 
(FIRE-ACE). The cloud system consisted of a persisted mixed-phase cloud that precipitated ice 
to the surface in the form of light snow showers, in a well-mixed boundary layer coupled to the 
surface. Significant liquid water was present despite the cold temperatures (~ -20 C near cloud 
top). The surface was ice-covered with the exception of a small open water fraction associated 
with leads (cracks in the sea ice). The aerosol was moderately polluted, characteristic of 
commonly-occurring “Arctic haze”. This case provides a nice contrast with the previous ARM-
GCSS model intercomparison project for the Mixed-Phase Arctic Cloud Experiment (MPACE, 
see http://science.arm.gov/wg/cpm/scm/scmic5/index.html) - the MPACE single-layer mixed-
phase case occurred over open ocean with large surface turbulent fluxes, had pristine aerosol, 
and warmer temperatures (~ -15 C near cloud top). The current SHEBA case is more 
representative of conditions over the central Arctic, whereas MPACE is more representative of 
conditions in the marginal zone on the periphery of the Arctic Ocean. 
 
The broader goals of this model intercomparison are: 1) to document the ability of current 
models to simulate a mixed-phase cloud layer occurring in conditions much different from 
MPACE, 2) to understand differences between models in terms of the their ability to simulate 
this case, and 3) spur improvements in the representation of mixed-phase clouds in models. 
 
The case has been set up for large-eddy, cloud-resolving, and single-column models 
(representing a single-grid cell of a GCM). 
 
2. Case Description 
 
The cloud layer on May 7-8 was extensively observed with both aircraft and ground-based 
remote sensors as part of SHEBA/FIRE-ACE. The mixed-phase cloud on May 7-8 was part of a 
persistent mixed-phase cloud system that occurred more or less continuously at SHEBA from ~ 
May 1 to May 18 (see Zuidema et al. 2005 for a detailed description of this cloud system). Time-
height plots of radar reflectivity and retrieved liquid and ice water paths between 12 Z May 7 and 
0 Z May 8 are shown in Fig. 1. 
 
May 7-8 was characterized by a broad high-pressure region well centered above the SHEBA site 
(NCEP Fig. not included).  The NCEP Reanalysis showed a subsiding 850-hPa vertical velocity 
of about 1 hPa/hr. The height of the boundary layer had dropped from that of days previous in 
response to the strengthening high. 
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Figure 1. Time-height plot of radar reflectivity (top) and retrieved liquid (black dots) and ice 
(orange dots) water paths at SHEBA between 12 Z May 7 and 0 Z May 8. 
 
 
 
 
 
The May 7 research aircraft overflight of the SHEBA site is shown vertically projected upon the 
cloud radar reflectivities in Fig. 2, along with the lidar-determined cloud base, the closest-in-time 
temperature sounding, and the liquid water paths. Cloud temperatures were between -17 C and -
20 C. The presence of high cloud radar reflectivities exceeding -20 dBZ at these temperatures is 
strongly suggestive of ice, while the lidar and liquid water paths indicate the presence of liquid.  
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Fig. 2. (a) The May 7 aircraft flight path within 10 horizontal km of the SHEBA site, vertically 
projected upon the cloud radar reflectivities. Smaller distances are shown in darker shades. Also 
shown is the lidar-determined water cloud base (dotted line). (b) The temperature sounding from 
23:35 UTC. (c) Liquid water paths determined from the microwave radiometer, physically 
retrieved by Y. Han using post-SHEBA updated radiative transfer codes. Error estimated at 10 g 
m-2. 
 
 
Liquid water profiles 
 
The aircraft research flight descended over the SHEBA ship site from 22:16-22:19, did low-
altitude (0-100 m) site overflights from 22:30-23:00 that were beneath the liquid-bearing cloud, 
performed an ascent to above cloud from 23:00-23:04, then did in-cloud overflights of the site 
from 23:15-23:30. The aircraft descent, ascent, and overflights elucidate the cloud liquid water 
content profiles, shown in Fig. 3.  Other liquid cloud properties, derived from FSSP data 
corrected to match the King probe LWCs, are shown in Table 1.  
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Fig. 3. a) corrected FSSP and King probe LWCs (thin and thick solid lines) for 22:16-22:19 
descent, b) 23:00-23:04 ascent, and c) 2315-23:30 overflights binned by altitude. Dotted lines 
indicate lidar-determined cloud base. 
 
 
 
 
 
 
----------------------------------------------------------------------------------------------------------------- 
Time   LWP  N mean re  t   comment 
   g m-2  #/cc mm    
 
22:16-22:19  3.9   230 3.4  1.7  descent 
23:00-23:04  1.8  204 2.8  0.8  ascent 
23:15-23:30  3.2  200 3.0  1.3  overflights 
----------------------------------------------------------------------------------------------------------------- 
Table 1.  Liquid cloud properties derived from corrected FSSP data.  
---------------------------------------------------------------------------------------------------------------------
---------- 
 
The FSSP droplet number concentration increased slightly with height (not shown). The FSSP 
LWP s agreed with the microwave-derived LWP values (Fig. 2) to within the latter’s estimated 
uncertainty of 10 g m-2. While the liquid water during the descent is mostly adiabatically 
distributed, this is less the case for the ascent and overflight profiles, which also have lower 
LWPs. 
 
Between 22:30-23:00 the aircraft was below the liquid-bearing cloud in an all-ice region while 
from 23:15 until 23:30 the aircraft performed level overflights of the SHEBA site within mixed-
phase conditions. In mixed-phase conditions the FSSP data were assumed to reflect liquid 
droplets only, and the 2DC data ice particles only.  A roundness criterion was applied to the CPI 
data to discriminate liquid and ice particles. 
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All-ice regions 
 
Fig. 4 shows the time series of the combined 2DC/2DP concentration. 80% of the 2DC/2DP 
measurements exceeded zero, and these had a mean (standard deviation) of 1.44 (1.8) /L. 
Examples of typical ice particle habits can be seen in Fig. 5; these are primarily pristine plates, 
aggregates, and small asymmetrical droxtals.  
 
 
 
 

 
Fig. 4. Combined 2DC/2DP concentrations spanning 22:30-23:00. Values from the 2DP probe 
are used for particle sizes > 1000 micron. Units of #/L. 
 
 
 
 

 Fig. 5. CPI images, 0507-230004_627.png 
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Mixed-phase conditions 
 
From 23:15 until 23:30 the aircraft performed level overflights of the SHEBA site within mixed-
phase conditions. A time series of the FSSP and combined 2DC/2DP concentrations are shown 
in Fig.6. 2DC/2DP concentrations are non-zero 58% of the time, and when so have a 
median/mean/standard deviation value of 0.52/0.75/0.79 #/L. 
 

 
Fig. 6. 2DC/2DP and FSSP concentration time series from 23:15 – 23:30. Note FSSP 
concentrations are in #/cc. 
 
 
 
3. Model specifications 
 
The period of simulation is from 12Z May 7 to 0Z May 8. This period is only 12 hours long so 
that large-eddy simulation models may participate in this intercomparison.  
 
3.1 Initial and lower boundary conditions 
 
1. Use the “Case 2 initial boundary condition data” which can be downloaded from the case 
study web page: 
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http://www.rap.ucar.edu/~gthompsn/workshop2008/  
 
This file contains the following profiles (columns from left to right): 
a. pressure (pa) 
b. initial temperature (K) 
c. initial relative humidity (%) 
d. initial cloud liquid water mixing ratio (kg/kg) 
e. zonal wind (m/s) 
f. meridional wind (m/s) 
g. vertical pressure velocity (pa/s, positive indicates downward velocity) 
h. large-scale horizontal temperature advection (K/s) 
i. large-scale horizontal water vapor advection (kg/kg/s) 
 
This file was created using quasi-idealized meteorological soundings and ECMWF analyses as 
described below. 
 
The observed soundings have been modified to generate smooth initial profiles as described 
below (Fig. 7). These profiles were created by:  
 
a. near-surface air temperature of 257 K and relative humidity (with respect to liquid water) of 
86 %. 
b. inversion height pinv = 957 mb  
c. surface pressure psfc = 1017 mb. 
d. within the boundary layer (p > pinv), constant liquid water potential temperature of 257 K and 
total water mixing ratio of 9.15 x 10-4 kg/kg. 
e. temperature of 259 K and water vapor mixing ratio of 0.0008 kg/kg just above the inversion. 
f. vertical pressure velocity increasing linearly with pressure from zero at psfc to 0.05 pa/s at pinv 
(0.05 pa/s is the approximate cloud-top value from ECMWF analyses, averaged from 12 Z May 
7 to 0 Z May 8). 
g. above the inversion (600 mb < p < pinv), vertical gradient of water vapor mixing ratio is 1.4 x 
10-8 kg/kg/pa, and vertical gradient of temperature (units of K/pa) is 
min(0.00057/15700*(95700-p’),0.00057), where p’ is pressure in pa.  
h. above 600 mb (p < 600 mb), temperature and relative humidity profiles are obtained directly 
from the sounding launched from the SHEBA site at ~ 23 Z May 7. 
 
2. Models should be initialized with an adiabatic liquid water profile – this is provided in the 
initial sounding data. No ice should be present initially. It is expected that models will generate 
ice quickly and achieve quasi-steady state conditions within a few hours. 
 
3. Large-scale horizontal advective tendencies of temperature and water vapor mixing ratio 
below the inversion height (p > pinv) are derived from ECMWF analyses averaged between 12 Z 
May and 0 Z May 8, and corrected for consistency with observed column-integrated budgets of 
heat and moisture using the procedure described by Morrison and Pinto (2004). For p < pinv, 
horizontal advective tendencies of temperature and water vapor are specified such that they 
balance the tendencies due to vertical advection and adiabatic warming via compression. Large-
scale advective tendencies of hydrometeors are neglected due to lack of observations. Large-
scale vertical advection (including hydrometeors) should be calculated using the model profiles 
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and specified large-scale vertical velocity. Specified large-scale horizontal advection is constant 
during the course of the simulation. 
 
4. Winds should be kept close to their initial values (obtained from ECMWF analyses, averaged 
from 12 Z May 7 to 0 Z May 8). We recommend nudging with a timescale of 1 to 2 hours, 
although models are free to do as they choose in this regard. 
 
 

 
 
 
Figure 7. Quasi-idealized profiles of initial temperature (left) and relative humidity (right) 
(dotted) and observed from sounding at ~ 23 Z May 7 (solid). 
 
 
 
 
5. Radiation should be calculated interactively during the simulation. Solar zenith angle will vary 
during the simulation based on local time. LES and cloud-resolving models may require 
downward fluxes of longwave radiation at the top of their domain.  These fluxes at various 
heights (in pressure coordinates) are provided in the file “Case 2 radiative forcing data” available 
from the case study web page: 
 
http://www.rap.ucar.edu/~gthompsn/workshop2008/  
 
The format for this file is: pressure (mb), downwelling longwave flux (W m-2). These fluxes 
have been calculated using the RRTM, participants may interpolate over pressure to get the 
downwelling longwave flux at their model top. 
 
6. Above 700 mb, all variables should be fixed at their initial values during the course of the 
simulation. 
 
7. Latitude and longitude of 76 N, 165 W, respectively (needed for calculating solar zenith 
angle). 
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8. The lower boundary should be treated as sea ice. Specifications for lower boundary include: 
 
a. Surface sensible and latent heat fluxes of 7.98 and 2.86 W m-2, respectively (positive indicates 
heat transfer from surface to atmosphere). 
 
b. Roughness length of 4 x 10-4 m (from Persson et al. 2002). 
 
c. Surface skin temperature of 257.4 K (needed only for radiative calculations, i.e., upward 
longwave radiative flux at surface). 
 
d. Broadband solar albedo of 0.827. 
 
e. Surface pressure of 1017 mb. 
 
Note that the above specifications are to be constant during the simulation. These values were 
obtained from observations averaged during the period 12 Z May 7 to 0 Z May 8. 
 
3.2 Aerosol and ice nuclei specification 
 
Some models will require aerosol input for calculation of cloud particle nucleation. 
Condensation nuclei (CN) and cloud condensation nuclei (CCN) measurements during 
SHEBA/FIRE-ACE are described in Yum and Hudson (2001). Since no aerosol size/composition 
measurements are available, the aerosol specification is the same as for MPACE 
intercomparison, with the total concentration adjusted to reflect SHEBA/FIRE-ACE 
measurements. The aerosol is assumed to follow a bimodal lognormal size distribution. The size 
distribution for each mode of the lognormal distribution is given by 
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The aerosol parameters s , rm, and Nt are the standard deviation, geometric mean, and total 
number concentration of each mode, respectively. For mode 1 (smaller), these values are 2.04, 
0.052 mm, and 350 cm-3, respectively. For mode 2 (larger), these values are 2.5, 1.3 mm, and 1.8 
cm-3, respectively. 
 
For aerosol composition, we recommend assuming ammonium bisulfate if a uniform 
composition is assumed for activation of accumulation-mode particles, based on field evidence 
for likely lack of full neutralization under remote Arctic conditions after transport over ocean 
(e.g., Fridlind et al. 2000). However, we also recommend assuming an insoluble fraction of order 
30% based on field evidence for deviations of activation behavior from uniform composition 
(Bigg and Leck 2001; Zhou et al. 2001). 
 
Ice nucleating aerosols were measured during SHEBA/FIRE-ACE by a continuous flow 
diffusion chamber (CFDC) (Rogers et al. 2001). We use mean values measured on the May 7 
flight in clear above the cloud layer to specify the concentration of ice nuclei of 1.7 L-1. Similar 
to the MPACE intercomparison, variation of ice nuclei concentration with temperature or 
supersaturation is not considered. The CFDC measurements are assumed to represent 
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concentrations of ice nuclei acting in deposition, condensation-freezing, and immersion-freezing 
modes. No direct information is available on the concentration of contact ice nuclei. 
 
For bin microphysics models and bulk models that predict ice particle number concentration, ice 
nucleation should be treated as follows. When the total ice particle concentration falls below the 
specified ice nuclei concentration of 1.7 L-1 and conditions are greater than 5% ice 
supersaturated, ice is nucleated at a rate required to keep the total ice concentration at the value 
of the specified ice nuclei concentration. The nucleation rate is therefore given by: 
 

max(0, ( ) / )i
IN i

dN
N N t

dt
= - D   ,  Si > 5% 

 

0idN
dt

=    otherwise. 

 
where Ni is the total concentration of existing ice particles, NIN is the specified ice nuclei 
concentration of 1.7 L-1, Dt is the model time step, and Si is the ice supersaturation. This 
approach should be used for the baseline simulations and sensitivity tests described below. 
However, we also encourage additional simulations by participants using other methods for 
treating ice nucleation (e.g., treating ice nuclei prognostically and allowing depletion). 
 
 
3.3 Sensitivity tests 
 
It is assumed that the control simulation of each model will be carried out in its normal 
configuration.  Besides this base simulation at least one sensitivity study is asked for.  
 
The first study is an integration of the model with all ice microphysics removed.  That is, all 
clouds will be liquid water clouds.  This permits an assessment of the degree to which ice 
microphysics alters cloud structure. 
 
In addition, for models that have cloud-aerosol interaction, we recommend three additional 
sensitivity studies: 1) increase in ice nucleus concentration by a factor of 3 (roughly to that of 
mid-latitude measurements, e.g., Meyers et al. 1992), 2) decrease in ice nucleus concentration by 
a factor of 10 (to MPACE observations), and 3) decrease in the small mode aerosol concentration 
from 350 to 72.2 cm-3 (value from MPACE). These tests will allow for assessment of the 
sensitivity to aerosol in different models. 
 
4. Example of results 
 
Fig. 8 presents time-height plots of liquid and ice water content using the Arctic Single-Column 
Model (ARCSCM; Morrison et al. 2003) and the specifications from section 3 above. As seen in 
these plots, the model achieves quasi stead-state after a few hours. 
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Figure 8. Time-height plot of liquid and ice water content using ARCSCM. 
 
 
 
 
5. Results to submit 
 
For those of you planning to attend the 2008 WMO Cloud Modeling Workshop, we request that 
specific graphics be prepared to facilitate comparisons among the participants. Please bring 
these graphics at a minimum, plus any additional plots that you find illustrative. Please return to 
this section later for the requested graphics as we are still developing this material (last updated 
1/31/08). 
 
Model output specifications are similar to that used for the ARM-GCSS MPACE model 
intercomparison. These specifications are detailed below. Details about how/where/when to 
submit model output data will be forthcoming. 
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The results to be submitted will consist of large-scale quantities unless otherwise noted. Large-
scale is defined as both a space and time average, indicated by an overbar.  For CRMs or LES 
models, the space average is over all of the columns simulated in the model. SCM quantities 
already represent a space average in the horizontal direction over the SCM domain. The time 
average is the average over 30 minutes (or the model time step if not convenient). These 
averages should be based on “observations” taken frequently enough to avoid aliasing due to 
cloud-scale and mesoscale variability.  Some quantities, such as surface rainfall and surface 
snowfall, should be accumulated every time step. 

 
The large-scale quantities to be submitted will consist of time series and profiles at 30 minute 
intervals. The time series will be largely based on quantities provided in more detail in the 
profiles, so the latter will be described first. 
 
See the case study web page for instructions on where and how to submit model results.  
 
 
5.1   Description of Experimental Quantities 
 
5.1.1 Vertical profile quantities 
 
Submit the results for each quantity listed below as a separate ASCII file in the file format 
described in 5.2.1.    For a quantity not available in your model, a “dummy” file that is empty 
must be submitted.  It should bear a proper name (as required of all profile quantities, in Section 
5.1.3), but being suffixed with “.not_submitted”.  In the following list, “(F*.*)” specifies the 
fortran ASCII data format.  
 
Note: Because this list was devised for an intercomparison of models for cases involving deep 
convection, some of the quantities in the list below are not appropriate for the SHEBA 
intercomparison.  Those quantities which are not relevant for the intercomparison are not 
requested for submission and are indicated below by brackets surrounding the number of the 
quantity, for example “[15.]”. 
  
 0.   Pressure, p  (mb) (F7.1).  Omit this file, if pressure is constant over time for all levels. 
 1.   Height, z  (km) (F7.3).  Omit this file, if height is constant over time for all levels. 
 2.   Temperature, T  (K) (F7.2) 
 3.   Water vapor mixing ratio, q  (g/kg) (F7.3) 

 4.   Relative humidity, R  (unitless) (F6.3): R=q/q*(T,p), where q*(T,p) is the saturation mixing 
ratio over water. 
 
Note: Do your best to report the mass of each type of hydrometeor below consistent with the 
microphysics contained in your model. If the definitions below do not correspond well with the 
microphysics in your model, please indicate in the description of your model how you have 
chosen to report the hydrometeors in your model. 
 
Note: Quantities 5-9 are horizontal averages over all areas – including those in which the 
hydrometeor is absent.  In SCMs, this corresponds to the grid-box mean mass-mixing ratio and 
in CRMs or LES models, this is the horizontal average over all grid-cells including those in 
which the hydrometeor is absent. Note that “absent” means less than the specificied threshold. 
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 5.  Cloud water (suspended liquid water) mixing ratio, qc  (g/kg) (F9.6): for bin-resolved 
microphysical models this will be the mass of liquid water droplets whose diameter is less than 
or equal to 50 micrometers. For CRM/LES, use a threshold of 0.01 g/kg. 
 6.  Cloud ice (slow-falling, small ice) mixing ratio, qi  (g/kg) (F9.6): for bin-resolved 
microphysical models, this will be the mass if ice crystals whose maximum dimension is less 
than or equal to 100 micrometers. For CRM/LES, use a threshold of 0.0001 g/kg. 
 7.   Rain (falling liquid water) mixing ratio, qr  (g/kg) (F9.6): for bin-resolved microphysical 
models this is will be the mass of liquid water droplets whose diameter is greater than 50 
micrometers. For CRM/LES, use a threshold of 0.0001 g/kg. 
 8.  Snow (fast-falling low-density ice) mixing ratio, qs  (g/kg) (F9.6): for bin-resolved 
microphysical models, this will be the mass of non-rimed ice crystals whose maximum 
dimension is greater than 100 micrometers. For CRM/LES, use a threshold of 0.0001 g/kg. 
 9.  Graupel (fast-falling high-density ice) mixing ratio, qg  (g/kg) (F9.6): for bin-resolved 
microphysical models, this will be the mass of rimed ice crystals whose maximum dimension is 
greater than 100 micrometers. For CRM/LES, use a threshold of 0.0001 g/kg. 
10.  Cloud fraction, s  (unitless) (F6.3): At each grid point, s  = 1 if 01.0>cq  g/kg or 0001.0>iq  
g/kg; otherwise,s = 0. 
11.  Horizontal wind velocity in x-direction, u  (m/s) (F7.2) 
12.  Horizontal wind velocity in y-direction, v  (m/s) (F7.2) 
13.  Apparent heat source, Q1C  (K/day) (F7.2): 

  Q1C º Q1 - QR = ¶T ¶t - ¶T ¶t( )
L .S.[ ]- QR  

14.  Apparent moisture sink, Q2  (K/day) (F7.2): 

Q2 = - L
cp

¶q ¶t - ¶q ¶t( )
L.S.[ ]  

 
[15.] Convective CQ1 , c

CQ1  (Kday) (F7.2): Contribution to CQ1  from the “convective” columns. 

[16.] Stratiform CQ1 , s
CQ1  K/day) (F7.2): Contribution to CQ1  from the “stratiform” columns. 

[17.] Convective 2Q , cQ2  (K/day) (F7.2): Contribution to 2Q  from the “convective” columns. 

[18.] Stratiform 2Q , sQ2  (K/day) (F7.2): Contribution to 2Q  from the “stratiform” columns.  
19. Radiative heating rate, RQ  (K/day) (F7.2) 

20. Solar (short-wave) radiative heating rate, SW
RQ  (K/day) (F7.2) 

21. Infrared (long-wave) radiative heating rate, LW
RQ  (K/day)(F7.2) 

[22.] Clear radiative heating rate, clr
RQ  (K/day) (F7.2): The average radiative heating rate in the 

“clear” columns. 
[23.] Cloudy radiative heating rate, cld

RQ  (K/day) (F7.2): The average radiative heating rate in the 
“cloudy” columns. 
[24.]  Cloud mass flux, cM  (mb/s) (F8.5): cM  = uM  - dM  

[25.]  Updraft cloud mass flux, uM  (mb/s) (F7.5): 

uM = 
�

� +

j

j
sw

 , 
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where j is the grid point column index, s  is the cloud fraction (defined previously), +w  = w  if 
w  < 0, otherwise, +w  = 0. 
[26.]  Downdraft cloud mass flux, (mb/s) (F7.5): dM  = dsM  + duM , 

where dsM  and duM  are the saturated and unsaturated downdraft cloud mass fluxes:  

dsM  = 
�

� -

j

j
sw

 

and 

duM  = 
�

� -

j

j pws
 . 

Here, -w  = | w  | if w  > 0, otherwise, -w  = 0. Also, ps  = 1 if s  = 0 and gsr qqq ++ > P, with 

P= 0.1 g/kg; otherwise, ps  = 0. 

[27.]  Fractional area of updraft cores, us  (unitless) (F6.3): A “core” exists if |w | > W, with W = 
0.1 mb/s. Thus,  

�
�

=
j

j u

u

s
s  

where us = 1 if  w  < -W; otherwise, us = 0. 

[28.]  Fractional area of downdraft cores, ds  (unitless) (F6.3):  

�
�

=
j

j d

d

s
s  , 

where ds = 1 if  w  > W; otherwise, ds = 0. 

[29.]  Average core updraft speed, uw  (mb/s) (F7.3):  

�
�

=
j u

j u

u s

ws
w  . 

[30.]  Average core downdraft speed, dw  (mb/s) (F7.3):  

�
�

=
j d

j d

d s

ws
w  . 

31.  Hydrometeor fraction, hs  (unitless) (F6.3):  At each grid point, hs  = 1 if the cloud 

fractions = 1 (see quantity 10) or any of rq , sq ,or gq > 0.0001 g/kg; otherwise, hs  = 0. 

 
Note that quantities 32 to 37 are averages for the volumes in which the hydrometeors exist, 
where “exist” means grid-cells where the mass-mixing ratio is greater than the threshold 
specified (see quantities 5-9). 
 
32. Liquid cloud droplet effective radius leffr , (microns) (F7.2) 

33. Ice crystal effective size ieffr , (microns) (F.7.2)  

34. Cloud droplet number (cm-3) (F7.1) 
35. Cloud ice number concentration (per liter) (F7.1) 
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36. Snow number concentration (per liter) (F7.1) 
37. Graupel number concentration (per liter) (F7.1) 
 
5.1.2 Time-series quantities 
  
Submit the results for each of the three groups of quantities listed below, each group in a separate 
ASCII file, as described in Section 5.2.2.  For any quantity that is not available in your model, a 
required “fill” value must appear in its position, as a constant over time (5.2.2, Note C).  If all 
quantities in a group are unavailable, a dummy file that’s empty should be created, and given 
with the file name suffix “.not_simulated”. 
 
In the following list, “(F*.*)” and “(E*.*)” specifies the fortran ASCII data format. 
 
Group 1: 

  1. Time of mid-point of averaging interval, 
_

t (h) (F6.1) 
  2. Surface skin temperature, SST (K) (F7.2) 
  3. Near-surface dry static energy, 0s  (kJ/kg) (F7.2): s = rc T + gz.  “Near-surface” is the first 

model level above the surface. 
  4. Near-surface water vapor mixing ratio, 0q  (g/kg) (F6.2) 

  5. Near-surface moist static energy, 0h  (kJ/kg) (F7.2): h = s + Lq. 

  6. Near-surface horizontal wind velocity in x-direction, 0u  (m/s) (F7.2) 

  7. Near-surface horizontal wind velocity in y-direction, 0v  (m/s) (F7.2) 

  8. Surface turbulent flux of sensible heat, 0)( sF  (W 2/ m ) (F6.1): T
p

p
cF

pcR

ps ¢¢��
	



��
�



º wr

/
0 . 

  9. Surface turbulent flux of latent heat, 0)( qFL  (W 2/ m ) (F6.1): qFq ¢¢º wr .  

10. Surface turbulent flux of horizontal momentum component in x-direction, 0)( uF  (nt 2/ m ) 

(F8.4): wr ¢¢º uFu . 

11. Surface turbulent flux of horizontal momentum component in y-direction, 0)( vF  (nt 2/ m ) 

(F8.4): wr ¢¢º vFv . 

[12.] Boundary layer depth, iZ  (m) (F6.0). Note: we may choose to compute a boundary layer 
depth by applying a single algorithm to the temperature and water vapor profiles we receive. 

 
 
Group 2: 

  1. Time of mid-point of averaging interval, 
_

t (h) (F6.1) 

  2. Surface downwelling solar radiative flux, FSW
-( )

0
 (W 2/ m ) (F7.1) 

  3. Surface upwelling solar radiative flux, FSW
+( )

0
 ( 2/ m ) (F7.1) 

  4. Surface downwelling infrared radiative flux, FLW
-( )

0
 (W 2/ m ) (F6.1) 

  5. Surface upwelling infrared radiative flux, FLW
+( )

0
  (W 2/ m ) (F6.1) 
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Note: Because LES models do not simulate the full vertical extent of the atmosphere, they will 

not submit quantities 6-8. 

  6. TOA (top of atmosphere) downwelling solar radiative flux, FSW
-( )

T
 (W 2/ m ) (F7.1) 

  7. TOA upwelling solar radiative flux, FSW
+( )

T
 (W 2/ m ) (F6.1) 

  8. TOA upwelling infrared radiative flux (OLR), FLW
+( )

T
 (W 2/ m ) (F6.1)  

  9. Cloud amount, cldA  (unitless) (F6.3): Fraction of columns which are “cloudy” for CRMs. 
(“Cloudy” is defined as in profile quantity #10.) For SCMs, this quantity is the vertically 
projected cloud fraction (sometimes called “total cloud fraction”) and depends on cloud 
layer overlap assumptions. 

[10.] Cold cloud top area, cold
cldA  (unitless) (F6.3): Fraction of columns for which the “cloud top 

temperature” is less than 245 K. 

11. Precipitable water, PW ( 2/ mkg ) (F6.2): PW = �
Tz

0

dzqr , where Z
T
 is the model top height. 

(Note: LES models need to report their model top.) 

12. Cloud liquid water path, LWP (kg 2/ m ) (E10.3): LWP = �
Tz

0

dzqcr . 

13. Cloud ice path, IWP (kg 2/ m ) (E10.3): IWP = �
Tz

0

dzqir . 

 
Group 3: 

  1. Time of mid-point of averaging interval, 
_

t (h) (F6.1) 

  2. Vertically integrated rain, RP (kg 2/ m ) (E10.3): RP = �
Tz

0

dzqrr . 

  3. Vertically integrated snow, SP (kg 2/ m ) (E10.3):  SP = �
Tz

0

dzqsr . 

  4. Vertically integrated graupel, GP (kg2/ m ) (E10.3): GP = �
Tz

0

dzqgr . 

  5. Surface rain rate, rainP
_

(mm/day) (F7.3): Note: Please provide the accumulated rainfall over 
the reported time interval. 

  [6.] Convective surface rainfall rate, 
_

Pc  (mm/day) (F7.3): The contribution to P  from the 
“convective” columns. 

  [7.] Stratiform surface rainfall rate, 
_

Ps  (mm/day) (F7.3): The contribution to P  from the 
“stratiform” columns. 

  [8.] Rain fractional area, 
_

Ar  (unitless) (F6.3): Fraction of columns which are “rainy.” 

  [9.] Convective fractional area, 
_

Ac  (unitless) (F6.3): Fraction of columns which are 
“convective.” 
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[10.] Stratiform fractional area, 
_

As (unitless) (F6.3): Fraction of columns which are “stratiform.”  

11. Surface “snow” rate, frozenP
_

(mm/day) (F7.3): Note: Provide the accumulated surface frozen 
hydrometeors (ice, snow, and graupel) over the reported time interval. This is the liquid 
water equivalent of the “snow” rate. That is take accumulated snow in kg/m2/sec and 
multiply by 86400 to get the liquid water equivalent snow rate in mm/day. 

 
 
5.1.3 How these quantities are to be directed to files, and how the files named 
 
Each vertical profile quantity is to be written out to a separate data file.  For time-series 
quantities, each of their three groups, as defined above, should be written to a separate file.  
These files should be in ASCII text formats, as defined in Section 5.2.   
 

 
Examples of file names for data simulated:   
 
Example of a file containing a profile quantity 

·  s1.p4.ARCSCM --  where s indicates the SHEBA case study 
·  ‘1’ is a digit which is required indicates experimental versions. For this intercomparison, 

1 = base case, 2 = no ice microphysics run, 3 = increased vertical resolution. 
·  ‘p4’ indicates a [vertical] profile file containing the quantity number 4 in Section 4.1.1; 
·  “ARCSCM”” is the acronym of your model name, one used (or to be used) in publication.  

It should not exceed 13 characters and must not include any character that has a reserved 
meaning on the Unix command line (e.g., /, &, \, and any bracketing char.)   Please use 
the underscore in lieu of the slash if the latter is part of your acronym, for the purpose of 
naming your files. 

 
 
Example of a file containing a group of time-series quantities 
s1.t2.ARCSCM --  where 

·  ‘s’, ‘ 1’, and ‘ARCSCM’ are the same as above; 
·  ‘ t’ indicates a time-series file; 
·  ‘2’ indicates this file contains the n-th group of time-series variables (where n = 2 in this 

example), per Section 4.1.2. 
 
 
Note: Dummy (empty) files are required for data not simulated. 
 
Examples – of file names for data not simulated: 
 
s1.p31.ARCSCM.not_submitted   
 where ‘p31’ indicates the vertical profile quantity numbered 31 per Section 4.1.1. 
s1.t3.ARCSCM.not_submitted 
 where ‘t3’ indicate none of the time-series quantities in group 3 is available. 
 (If some but not all are missing, consult Note C in Section 4.2.2.) 
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5.2 Formats for Data Files to be Submitted 
 
5.2.1 Format for a .p file containing a profile variable 
 
Submit the results for each quantity listed above as a separate ASCII file in the file format 
described in this subsection.  Include the time (since initiation time for the sub-period in the 
forcing data), to the midpoint of the averaging interval of time (hours, F6.1); and also, either (a) 
the pressure p (mb, F7.3) or (b) the height z (km, F7.3), whichever is independent variable that is 
constant over time for every vertical level.  If omega levels are used, we expect that you can 
easily supply mean pressures for the sub-period at these levels, as part of the coordinate variable. 
 
Important:  If for your model either p or z changes over time, we need you to supply the .p0 
(pressure data 2-D array) or .p1 (height data 2-D array) respectively – each in a separate file, in 
the same manner as for all experimental quantities.  If omega levels are used, you must supply 
both .p0 and .p1 files. 
 
 
New: Immediately upon generating your .p files, please check the third line of each file to make 
sure that none of them has either the “maxes” or “mins” lines corrupted with bad characters, 
indicating format over- or underflow errors.    
 
In the following illustration: 

 nlev is the number of pressure levels reported; 
nt is the number of time steps reported;  
f_max , f_min are the minimum and the maximum value of the data  - see Note A 
p(ip) pressure value at ip-th level (from ground toward TOA) 
t(it) is time value at it-th sample reported 
f(t(it),p(ip)) is the data value associated with the above. 

             
 
The first line of each file is a comment line, that begins with the identifier #, followed by the 
filename, and then optionally, any further distinguishing characteristics. 
  
The file structure is line-by-line and blank-delimited, as follows: 

 
 
#Name_of_file  model_description(/variant)  fieldname(units)  Comment (if any) 
nlev nt 
f_max f_min  
p(1_nearest-to-ground) p(2) p(3) ... p(10)              
p(11) ...     p(nlev-1) p(nlev) 
t(1)  t(2)  t(3)  ...                t(10) 
t(11) t(12) t(13) ...                t(20) 
... 
...              t(nt-1) t(nt) 
f(t(1),p(1))  f(t(2),p(1))  f(t(3),p(1))  ...    f(t(10),p(1)) 
f(t(11),p(1)) f(t(12),p(1)) f(t(13),p(1)) ...    f(t(20),p(1)) 
f(t(21),p(1)) f(t(22),p(1)) f(t(23),p(1)) ...    f(t(30),p(1)) 
... 
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...         f(t(nt-1),p(1)) f(t(nt),p(1)) 
f(t(1),p(2))  f(t(2),p(2))  f(t(3),p(2))  ...    f(t(10),p(2)) 
f(t(11),p(2)) f(t(12),p(2)) f(t(13),p(2)) ...    f(t(20),p(2)) 
f(t(21),p(2)) f(t(22),p(2)) f(t(23),p(2)) ...    f(t(30),p(2)) 
… 
...         f(t(nt-1),p(2)) f(t(nt),p(2)) 
.…. 
….. 
f(t(1),p(nlev))  f(t(2),p(nlev))  f(t(3),p(nlev))  ...    f(t(10),p(nlev)) 
f(t(11),p(nlev)) f(t(12),p(nlev)) f(t(13),p(nlev)) ...    f(t(20),p(nlev)) 
f(t(21),p(nlev)) f(t(22),p(nlev)) f(t(23),p(nlev)) ...    f(t(30),p(nlev)) 
 
...       f(t(nt-1),p(nlev)) f(t(nt),p(nlev)) 
 
 
Note A -- 
The f_max,f_min line contains the maximum value and minimum value, written in the same 
elemental data format as you use in writing all data values for the variable. 
 
 
5.2.2 Format for time series quantities for a .t file, containing time-series variables 
 

Submit the results for each of the three groups of quantities listed above as a separate 
ASCII file. 
 

The first line of each file is a comment line, that begins with the identifier #, followed by 
the filename, and then optionally, any further distinguishing characteristics.  
  

New: After the comment line, come three more header lines: a line containing nt (number 
of time steps reported); the so-called “maxes” line, which contains the maximum values of the 
variables reported, preceded by the dummy time value +999.9; and the so-called “mins” line 
containing the minimum values preceded by the dummy time value -999.9.  The latter two lines 
must have the same format as used for the time-series data lines which follow. 
 

New: Immediately upon generating your .t files, please check the top three lines of all 
files to make sure that none of them has either the “maxes” or “mins” line corrupted with bad 
characters, indicating format over- or underflow errors. 
 

Following the comment line and the line containing nt, the structure of the file can be, 
optionally, either one of fixed formats as illustrated below (and specified in Note B-1) or free 
formatted with delimiting blanks and fields of comparable precision, of your own choice (Note 
B-2). See Note C for a general note on how to handle missing – not simulated variables. 
 

In the following illustration: 
 nt is the number of time steps reported;  

Gnf1 stands for Group_n field_1; 
  Gnf2 stands for Group_n field_2; etc. 
  max(Gnf1) stands for the maximum value for Gnf1 (see Note A-1) 
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#Name_of_file  Model[/variant]_description Comment (if any) 
nt 
+999.9max(Gnf1)max(Gnf2)max(Gnf3)max(Gnf4)… 
-999.9min(Gnf1)min(Gnf2)min(Gnf3)min(Gnf4)… 
time(1)Gnf1(time(1))Gnf2(time(1))Gnf3(time(1))Gnf4(time(1))... 
time(2)Gnf1(time(2))Gnf2(time(2))Gnf3(time 
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