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1. Overview

This case is derived from observations on May 7-8, 1998 during the Surface Heat Bulget of
Arctic Ocean (SHEBA) and First ISCCP Regional Experiment — A@ibeids Experiment
(FIRE-ACE). The cloud system consisted of a persisted mixed-phase clopdettipttated ice

to the surface in the form of light snow showers, in a well-mixed boundary layer cougied to t
surface. Significant liquid water was present despite the cold temper@tu8sC near cloud
top). The surface was ice-covered with the exception of a small open watienfesssociated
with leads (cracks in the sea ice). The aerosol was moderately pollutediaistiaof
commonly-occurring “Arctic haze”. This case provides a nice contrast hatphrevious ARM-
GCSS model intercomparison project for the Mixed-Phase Arctic Cloud Expel(eACE,
seehttp://science.arm.gov/wg/cpm/scm/scmic5/index.htthe MPACE single-layer mixed-
phase case occurred over open ocean with large surface turbulent fluxes, had prisie a
and warmer temperatures (~ -15 C near cloud top). The current SHEBA case is more
representative of conditions over the central Arctic, whereas MPACE is apesentative 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 alalityesft

models to simulate a mixed-phase cloud layer occurring in conditions much differant
MPACE, 2) to understand differences between models in terms of the their tabslityulate

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-base
remote sensors as part of SHEBA/FIRE-ACE. The mixed-phase cloud on Mays/gamwaf a
persistent mixed-phase cloud system that occurred more or less continuottBa ffom ~
May 1 to May 18 (see Zuidema et al. 2005 for a detailed description of this cloud)systae-
height plots of radar reflectivity and retrieved liquid and ice water pathebeth? 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 ceataree the SHEBA site
(NCEP Fig. not included). The NCEP Reanalysis showed a subsiding 850-hPa velticiay

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 das) 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 vetipesiected upon the
cloud radar reflectivities in Fig. 2, along with the lidar-determined cloud Haseldsest-in-time
temperature sounding, and the liquid water paths. Cloud temperatures were be#v@eamnd -
20 C. The presence of high cloud radar reflectivities exceeding -20 dBZ etéhgseratures is
strongly suggestive of ice, while the lidar and liquid water paths indicate tenpeeof liquid.

2Page 2 of 20



o YT T © CETE TR L £0 0 E I E T T dBZ

500 -45 -4 235 -3 25 220 -15 <10 -5 00 510 ]

fil i)

m
=,
.
.
]

P il I'J ':
ﬂ_ M 1l::

L]
L4 \ £ i T
o : T L S : — —

o - . @ .
- il !_L!;H‘h' . - -
_A:_—)‘ .H-r;\.-_t - ";a__m._ y._!.g.:“” o al M

- . -

E 10
Dl
2200 22:3 2300 2330 24:00

UTC
Fig. 2. (a) The May 7 aircraft flight path within 10 horizontal km of the SHEBA sitejoadiy
projected upon the cloud radar reflectivities. Smaller distances are smolarker shades. Also
shown is the lidar-determined water cloud base (dotted line). (b) The tempsmindeng from
23:35 UTC. (c) Liquid water paths determined from the microwave radiometercghys
retzrieved by Y. Han using post-SHEBA updated radiative transfer codeseBtiraated at 10 g
m*.

Liquid water profiles

The aircraft research flight descended over the SHEBA ship site from 22:16-28: i@y i

altitude (0-100 m) site overflights from 22:30-23:00 that were beneath the liquiddelmud,
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 glodaviater
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 meaner t comment
g m? #lcc  mm

22:16-22:19 3.9 230 34 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

The FSSP droplet number concentration increased slightly with height (not showRS3$Re
LWP s agreed with the microwave-derived LWP values (Fig. 2) to within tiee $aestimated
uncertainty of 10 g ifi While the liquid water during the descent is mostly adiabatically
distributed, this is less the case for the ascent and overflight profiied) aiso have lower
LWPs.

Between 22:30-23:00 the aircraft was below the liquid-bearing cloud in an adlgioa while
from 23:15 until 23:30 the aircraft performed level overflights of the SHEBA siterwinixed-
phase conditions. In mixed-phase conditions the FSSP data were assumed tajreflect
droplets only, and the 2DC data ice particles only. A roundness criterion was apgiiedl t
data to discriminate liquid and ice particles.
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All-ice reqgions

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; theseraagilgrpristine 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. CPIl 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 ditérwnixed-
phase conditions. A time series of the FSSP and combined 2DC/2DP concentrations iare show
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 perioohiy 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 downldeatedthe 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 meteorologmahdings and ECMWF analyses as
described below.

The observed soundings have been modified to generate smooth initialspasfilgescribed
below (Fig. 7). These profiles were created by:

a. near-surface air temperature of 257 K and relative humiditly (@spect to liquid water) of
86 %.

b. inversion height;p, = 957 mb

c. surface pressuregp= 1017 mb.

d. within the boundary layer (p >.§), constant liquid water potential temperature of 257 K and
total water mixing ratio of 9.15 x Tkg/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 pres$tom zero at g to 0.05 pa/s atip
(0.05 pals is the approximate cloud-top value from ECMWF analysesagad from 12 Z May

7 to 0 Z May 8).

g. above the inversion (600 mb < p i/ vertical gradient of water vapor mixing ratio is 1.4 x
10® kgl/kglpa, and vertical gradient of temperature (units of K/pad i
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 praiesbtined directly
from the sounding launched from the SHEBA site at ~ 23 Z May 7.

2. Models should be initialized with an adiabatic liquid water prefilihis is provided in the
initial sounding data. No ice should be present initially. Itxiseeted that models will generate
ice quickly and achieve quasi-steady state conditions within a few hours.

3. Large-scale horizontal advective tendencies of temperature ated wapor mixing ratio
below the inversion height (p x,p are derived from ECMWF analyses averaged between 12 Z
May and 0 Z May 8, and corrected for consistency with observed ndhtegrated budgets of
heat and moisture using the procedure described by Morrison and(Zo0®). For p < gy,
horizontal advective tendencies of temperature and water vapor ai@espsuch that they
balance the tendencies due to vertical advection and adiabatiengaria compression. Large-
scale advective tendencies of hydrometeors are neglected duk tof labservations. Large-
scale vertical advection (including hydrometeors) should be ctddulessing the model profiles
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and specified large-scale vertical velocity. Specified l@cpe horizontal advection is constant
during the course of the simulation.

4. Winds should be kept close to their initial values (obtained froM\EE analyses, averaged
from 12 Z May 7 to 0 Z May 8). We recommend nudging with a timessfl to 2 hours,
although models are free to do as they choose in this regard.

Figure 7. Quasi-idealized profiles of initial temperature (left) amdiative humidity (right)
(dotted) and observed from sounding at ~ 23 Z May 7 (solid).

5. Radiation should be calculated interactively during the simulatioar Sahith angle will vary

during the simulation based on local time. LES and cloud-resolving moo&ys require

downward fluxes of longwave radiation at the top of their domain. Tiweses at various

heights (in pressure coordinates) are provided in the file “€aadiative 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 longevdlux (W m?). These fluxes
have been calculated using the RRTM, participants may interpoVate pressure to get the
downwelling longwave flux at their model top.

6. Above 700 mb, all variables should be fixed at their initial \saligring the course of the
simulation.

7. Latitude and longitude of 76 N, 165 W, respectively (needed for chgulsolar zenith
angle).
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8. The lower boundary should be treated as sea ice. Specifications for lower bouriddey inc

a. Surface sensible and latent heat fluxes of 7.98 and 2.88 \espectively (positive indicates
heat transfer from surface to atmosphere).

b. Roughness length of 4 x4én (from Persson et al. 2002).

c. Surface skin temperature of 257.4 K (needed only for radiative ai@nd, 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 théason. 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 ighartnucleation.
Condensation nuclei (CN) and cloud condensation nuclei (CCN) measurechams)
SHEBA/FIRE-ACE are described in Yum and Hudson (2001). Since no aerosol size/¢mmposi
measurements are available, the aerosol specification is dahee sas for MPACE
intercomparison, with the total concentration adjusted to reflect B HHRE-ACE
measurements. The aerosol is assumed to follow a bimodal lognazendisribution. The size
distribution for each mode of the lognormal distribution is given by

dinr ~ J2pins NPT

dN N, exD - In*(r/r,)

The aerosol parametess r, and N are the standard deviation, geometric mean, atad to
number concentration of each mode, respectively.nk@de 1 (smaller), these values are 2.04,
0.052mm, and 350 c, respectively. For mode 2 (larger), these values2&, 1.3im, and 1.8
cm’®, respectively.

For aerosol composition, we recommend assuming amumo bisulfate if a uniform
composition is assumed for activation of accumatatnode particles, based on field evidence
for likely lack of full neutralization under remot&rctic conditions after transport over ocean
(e.g., Fridlind et al. 2000). However, we also maoceend assuming an insoluble fraction of order
30% based on field evidence for deviations of attbn behavior from uniform composition
(Bigg and Leck 2001; Zhou et al. 2001).

Ice nucleating aerosols were measured during SHEB&-ACE by a continuous flow
diffusion chamber (CFDC) (Rogers et al. 2001). V¥e mean values measured on the May 7
flight in clear above the cloud layer to specifg ttoncentration of ice nuclei of 1.7-LSimilar

to the MPACE intercomparison, variation of ice mictoncentration with temperature or
supersaturation is not considered. The CFDC meamns are assumed to represent
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concentrations of ice nuclei acting in depositiomndensation-freezing, and immersion-freezing
modes. No direct information is available on thaegantration of contact ice nuclei.

For bin microphysics models and bulk models thatijmt ice particle number concentration, ice

nucleation should be treated as follows. When ¢ked tce particle concentration falls below the

specified ice nuclei concentration of 1.7*Lland conditions are greater than 5% ice
supersaturated, ice is nucleated at a rate reqtorkdep the total ice concentration at the value
of the specified ice nuclei concentration. The aatibn rate is therefore given by:

%=max(O,Q\I,N -N)Dt), S>5%

ﬂ =0 otherwise.
dt

where N is the total concentration of existing ice paes;l Ny is the specified ice nuclei
concentration of 1.7 L, Dt is the model time step, and B8 the ice supersaturation. This
approach should be used for the baseline simukatamd sensitivity tests described below.
However, we also encourage additional simulations by participants using othbodsaefor
treating ice nucleation (e.g., treating ice nuclei prognostically and allowing depletion).

3.3 Sensitivity tests

It is assumed that the control simulation of eacbdeh will be carried out in its normal
configuration. Besides this base simulation atleae sensitivity study is asked for.

The first study is an integration of the model wath ice microphysics removed. That is, all
clouds will be liquid water clouds. This permita assessment of the degree to which ice
microphysics alters cloud structure.

In addition, for models that have cloud-aerosokrattion, we recommend three additional
sensitivity studies: 1) increase in ice nucleusceottration by a factor of 3 (roughly to that of
mid-latitude measurements, e.g., Meyers et al. 1} 392ecrease in ice nucleus concentration by
a factor of 10 (to MPACE observations), and 3) dase in the small mode aerosol concentration
from 350 to 72.2 ci (value from MPACE). These tests will allow for essment of the
sensitivity to aerosol in different models.

4. Example of results
Fig. 8 presents time-height plots of liquid and veater content using the Arctic Single-Column

Model (ARCSCM; Morrison et al. 2003) and the speations from section 3 above. As seen in
these plots, the model achieves quasi stead-dtateadew hours.
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Figure 8. Time-height plot of liquid and ice water contesing ARCSCM.

5. Results to submit

For those of you planning to attend the 2008 WMO Cloud Modeling Workshop, we rtbqtiest
specific graphics be prepared to facilitate comparisons among the participRlegse bring
these graphics at a minimum, plus any additional plots that you find illugtr&lease return to
this section later for the requested graphics as we are stilloj@wng this material (last updated
1/31/08).

Model output specifications are similar to that diser the ARM-GCSS MPACE model

intercomparison. These specifications are detdiebw. Details about how/where/when to
submit model output data will be forthcoming.
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The results to be submitted will consistlafge-scalequantities unless otherwise noted. Large-
scale is defined as both a space and time averatjeated by an overbar. For CRMs or LES
models, the space average is over all of the causimmulated in the model. SCM quantities
already represent a space average in the horizdim&dtion over the SCM domain. The time

average is the average over 30 minutes (or the Imode step if not convenient). These

averages should be based on “observations” taleuéntly enough to avoid aliasing due to
cloud-scale and mesoscale variability. Some gtiesitisuch as surface rainfall and surface
snowfall, should be accumulated every time step.

The large-scale quantities to be submitted willsisinof time series and profiles at 30 minute
intervals. The time series will be largely based quantities provided in more detail in the
profiles, so the latter will be described first.

See the case study web page for instructions onendred 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 semar@ECll file in the file format
describedin 5.2.1  For a quantity not available in your model,darhmy” file that is empty
must be submitted. It should bear a proper namee@uired of all profile quantities, in Section
5.1.3, but being suffixed with “.not_submitted”. Inekfollowing list, “(F*.*)” specifies the
fortran ASCII data format.

Note: Because this list was devised for an intercomparison of madatades involving deep
convection, some of the quantities in the list below are not appropriatehéorSHEBA

intercomparison. Those quantities which are not relevant for the intercasopaare not

requested for submission and are indicated below by brackets surroundingrttieer of the

guantity, for example “[15.]".

Pressurep (mb) (F7.1). Omit this file, if pressure is caanst over time for all levels.
Height,z (km) (F7.3). Omit this file, if height is constamver time for all levels.
Temperaturel (K) (F7.2)

Water vapor mixing ratiaj (g/kg) (F7.3)

4. Relative humidityR (unitless) (F6.3)R=g/q*(T,p), whereg*(T,p) is the saturation mixing
ratio over water.

wn = o

Note: Do your best to report the mass of each type of hydrometeor befmistent with the
microphysics contained in your model. If the definitions below do not pamdswell with the
microphysics in your model, please indicate in the description of yodelrhow you have
chosen to report the hydrometeors in your model.

Note: Quantities 5-9 are horizontal averages over all areas — including timosehich the
hydrometeor is absent. In SCMs, this corresponds to the grid-box meamiragsratio and
in CRMs or LES models, this is the horizontal average over all grid-oetluding those in
which the hydrometeor is absent. Note that “absent” means less than the specificied dhreshol
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5. Cloud water (suspended liquid water) mixinc‘tjor,aq_c (g/kg) (F9.6): for bin-resolved
microphysical models this will be the mass of ltjwater droplets whose diameter is less than
or equal to 50 micrometers. For CRM/LES, use astioll of 0.01 g/kg.

6. Cloud ice (slow-falling, small ice) mixing @t c_|I (g/kg) (F9.6): for bin-resolved

microphysical models, this will be the mass if mgstals whose maximum dimension is less
than or equal to 100 micrometers. For CRM/LES,aiieeshold of 0.0001 g/kg.

7. Rain (falling liquid water) mixing ratioar (9/kg) (F9.6): for bin-resolved microphysical
models this is will be the mass of liquid water mlets whose diameter is greater than 50
micrometers. For CRM/LES, use a threshold of 0.0§/@d).

8. Snow (fast-falling low-density ice) mixing &t g. (g/kg) (F9.6): for bin-resolved
microphysical models, this will be the mass of mwoned ice crystals whose maximum
dimension is greater than 100 micrometers. For QB8/ use a threshold of 0.0001 g/kg.

9. Graupel (fast-falling high-density ice) mixirrgtio, q_g (g/kg) (F9.6): for bin-resolved
microphysical models, this will be the mass of mimee crystals whose maximum dimension is
greater than 100 micrometers. For CRM/LES, useeshold of 0.0001 g/kg.

10. Cloud fractions (unitless) (F6.3): At each grid poing, = 1 if q.>001 g/kg or ¢ >0. 0001
g/kg; otherwises = 0.

11. Horizontal wind velocity in x-directiory (m/s) (F7.2)

12. Horizontal wind velocity in y-directiory, (m/s) (F7.2)

13. Apparent heat sourc®,. (K/day) (F7.2):

Qc° Q- Q. =[/m- (7T/n) ] o
14. Apparent moisture sink, (K/day) (F7.2):

Q=- %p [ﬂa/ﬂ - (ﬂﬁ/ﬂ)L.s.]

[15.] ConvectiveQ,., Q;. (Kday) (F7.2): Contribution t®,. from the “convective” columns.
[16.] StratiformQ,., Q. K/day) (F7.2): Contribution t®,. from the “stratiform” columns.
[17.] Convective,, Q, (K/day) (F7.2): Contribution t&, from the “convective” columns.
[18.] StratiformQ, , Q, (K/day) (F7.2): Contribution t&, from the “stratiform” columns.

19. Radiative heating rat&, (K/day) (F7.2)

20. Solar (short-wave) radiative heating r@g)" (K/day) (F7.2)

21. Infrared (long-wave) radiative heating ra@g," (K/day)(F7.2)

[22.] Clear radiative heating ratQS" (K/day) (F7.2): The average radiative heating iatthe
“clear” columns.

[23.] Cloudy radiative heating rat@:® (K/day) (F7.2): The average radiative heating iatine
“cloudy” columns.

[24.] Cloud mass fluxM_ (mb/s) (F8.5):M_ =M, - M,

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

M,= —

u
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wherej is the grid point column inde)s is the cloud fraction (defined previously),” = w if
w < 0, otherwisey” = 0.
[26.] Downdraft cloud mass flux, (mb/s) (F7.%), = M+ M,

where M, and M ,, are the saturated and unsaturated downdraft ciasgs fluxes:

and

Here,w =|w [if w >0, otherwiseps =0. Also,s , =1if s =0 andq, +q, +qg,> P, with
P=0.1 g/kg; otherwises , = 0.

[27.] Fractional area of updraft coregu (unitless) (F6.3): A “core” exists iif| >W, with W=

0.1 mb/s. Thus,
S

j u

S, =

j
wheres = 1if »w <-W, otherwise,s = 0.
[28.] Fractional area of downdraft cores, (unitless) (F6.3):

S, = :
i
wheres ,= 1if nw >W, otherwise,s ,=0.
[29.] Average core updraft speea, (mb/s) (F7.3):

s w
w, = —
u ]Su
[30.] Average core downdraft speed, (mb/s) (F7.3):
Saw
w, = —
5‘d

i
31. Hydrometeor frac'[ion,s_h (unitless) (F6.3): At each grid poing, = 1 if the cloud
fractions = 1 (see quantity 10) or any of, g;,0rg,> 0.0001 g/kg; otherwises,, = 0.

Note that quantities 32 to 37 are averages for tbumes in which the hydrometeors exist,
where “exist” means grid-cells where the mass-ngxiatio is greater than the threshold
specified (see quantities 5-9).

32. Liquid cloud droplet effective radiug;, (microns) (F7.2)
33. Ice crystal effective sizg;; (microns) (F.7.2)

34. Cloud droplet number (¢ (F7.1)
35. Cloud ice number concentration (per liter) (7.
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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 groupguahtities listed below, each group in a separate
ASCII file, as described in Sectid2.2 For any quantity that is not available in yousdal, a
required “fill” value must appear in its positions a constant over timé.2.2 Note C). If all
guantities in a group are unavailable, a dummythigt’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:

11.

. Time of mid-point of averaging interval(h) (F6.1)
. Surface skin temperature, SEJ (F7.2)

. Near-surface dry static energy, (kJ/kg) (F7.2)s=c, T + gz “Near-surface” is the first

model level above the surface.

. Near-surface water vapor mixing ra@, (g/kg) (F6.2)
. Near-surface moist static energTy, (kJ/kg) (F7.2)h =s+ La.
. Near-surface horizontal wind velocity in xedition,@ (m/s) (F7.2)

. Near-surface horizontal wind velocity in yedition,v_O (m/s) (F7.2)

R/c,

. Surface turbulent flux of sensible he@,), (W/m?) (F6.1): F,° re, p_ﬁo (war g,

. Surface turbulent flux of latent he&{(F,), (W/m?) (F6.1):F,° r(wd$.
10.

Surface turbulent flux of horizontal momentuomponent in x-direction(F,), (nt/m?)
(F8.4): F, © r{utwg.
Surface turbulent flux of horizontal momentuomponent in y-direction(F,), (nt/m?)

(F8.4):F, © r{viwg.

[12.] Boundary layer depch (m) (F6.0). Note: we may choose to compute a bounkemer

depth by applying a single algorithm to the tempersand water vapor profiles we receive.

Group 2:

1. Time of mid-point of averaging interval(h) (F6.1)
2. Surface downwelling solar radiative fIL@V)0 (W/m?) (F7.1)

3. Surface upwelling solar radiative fllégv)0 (/m?) (F7.1)

4. Surface downwelling infrared radiative fIL@\,)J (W/m?) (F6.1)

5. Surface upwelling infrared radiative fIL@V)) (W/m?) (F6.1)

15Page 15 of 20



Note: Because LES models do not simulate the dulical extent of the atmosphere, they will
not submit quantities 6-8.

6. TOA (top of atmosphere) downwelling solar edisve flux, @V (W/m?) (F7.1)
7. TOA upwelling solar radiative qu>{FS+W (W/m?) (F6.1)

8. TOA upwelling infrared radiative flOLR), (ﬂ), (W/m?) (F6.1)

9. Cloud amountE (unitless) (F6.3): Fraction of columns which actoudy” for CRMs.

(“Cloudy” is defined as in profile quantity #10.pIFSCMs, this quantity is the vertically
projected cloud fraction (sometimes called “totkdud fraction”) and depends on cloud
layer overlap assumptions.

[10.] Cold cloud top areaA’y” (unitless) (F6.3): Fraction of columns for whittet ‘cloud top
temperature” is less than 245 K.

11. Precipitable water, PWkg/m?) (F6.2): PW = rq dz, wherez is the model top height.
0
(Note: LES models need to report their model top.)

12. Cloud liquid water path, LWP (Kgn’) (E10.3): LWP = rq.dz.

0
Zr

13. Cloud ice path, IWP (kgn®) (E10.3): IWP= rqdz.

0

Group 3:
1. Time of mid-point of averaging interval(h) (F6.1)

2. Vertically integrated rain, RP (kg*) (E10.3): RP = rq,dz.

0

3. Vertically integrated snow, SP (kg’) (E10.3): SP= rq.dz.

0
Z7

4. Vertically integrated graupel, GP (kg*) (E10.3): GP = rq,dz.

0

5. Surface rain ratep,,;,, (mm/day (F7.3): Note: Please provide the accumulated allinier
the reported time interval.

[6.] Convective surface rainfall rate®, (mm/day (F7.3): The contribution t® from the
“convective” columns.

[7.] Stratiform surface rainfall ratep, (mm/day (F7.3): The contribution toP from the
“stratiform” columns.

[8.] Rain fractional aread, (unitless) (F6.3): Fraction of columns which araifiy.”

[9.] Convective fractional areaA. (unitless) (F6.3): Fraction of columns which are
“convective.”
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[10.] Stratiform fractional areal (unitless) (F6.3): Fraction of columns which asé&atiform.”

11. Surface “snow” ratep .., (mMm/day (F7.3): Note: Provide the accumulated surfaceeiinoz
hydrometeors (ice, snow, and graupel) over thertegaime interval. This is the liquid
water equivalent of the “snow” rate. That is takecuamulated snow in kgffsec and
multiply by 86400 to get the liquid water equivalenow rate in mm/day.

5.1.3 How these quantities are to be directed to files, and how the files neain

Each vertical profile quantity is to be written ot a separate data file. For time-series
guantities, each of their three groups, as defialeolve, should be written to a separate file.
These files should be in ASCII text formats, asraEf 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 experina@ntersions. For this intercomparison,
1 = base case, 2 = no ice microphysics run, 3 re@sed vertical resolution.
‘p4 indicates a [vertical] profile file containingehguantity number 4 in Sectidnl.Z,
“ARCSCM” is the acronym of your model name, one usedddret used) in publication.
It should not exceed 13 characters and maosinclude any character that has a reserved
meaning on the Unix command line (e.g., /, &, \d @my bracketing char.) Please use
theunderscore in lieu of the slaghthe latter is part of your acronym, for the posp of
naming your files.

Example of a file containing a group of time-series quantities
s1.t2. ARCSCM- where
‘s, ‘1, and ‘ARCSCMare the same as above;
‘t’ indicates a time-series file;
‘2’ indicates this file contains the n-th group ohé-series variables (where n = 2 in this
example), per Sectiohl1.2

Note: Dummy (empty) files are required for data not dated.
Examples —of file names for data not simulated:

s1.p31.ARCSCM.not_submitted

where p32 indicates the vertical profile quantity numbei&bper Sectiod.1.1
s1.t3.ARCSCM.not_submitted

where t3' indicate none of the time-series quantities iougr 3 is available.

(If some but not all are missing, consult NotenGGectior4.2.2)
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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 aboseaaseparate ASCII file in the file format
described in this subsection. Include the timeadgiinitiation time for the sub-period in the
forcing data), to the midpoint of the averagingemal of time (hours, F6.1); and also, either (a)
the pressure (mb, F7.3) or (b) the heiglat(km, F7.3), whichever is independent variable that
constant over time for every vertical level. If ega levels are used, we expect that you can
easily supply mean pressures for the sub-perititeae levels, as part of the coordinate variable.

Important: If for your model eitheip or z changes over time, we need you to supply the .p0
(pressure data 2-D array) or .pl (height data ZrByarespectively — each in a separate file, in
the same manner as for all experimental quantitit®mega levels are used, you must supply
both .p0 and .p1 files.

New: Immediately upon generating your .p files, pleelseck the third line of each file to make
sure that none of them has either the “maxes” onrigi lines corrupted with bad characters,
indicating format over- or underflow errors.

In the following illustration:
nlevis the number of pressure levels reported,;
nt is the number of time steps reported;
f_max, f_minare the minimum and the maximum value of the detee Note A
p(ip) pressure value b-th level (from ground toward TOA)
t(it) is time value ait-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, tiegins with the identifier #, followed by the
filename, and then optionally, any further distirsiing characteristics.

The file structure is line-by-line and blank-delied, as follows:

#Name_of_file model_description(/variant) fieldmg(units) Comment (if any)
nlev nt

f_maxf_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)) ... t{L0),p(1))
f(t(11),p(1)) f(t(12),p(1)) f(t(13),p(1)) ... t€0),p(1))
f(t(21),p(1)) f(t(22),p(1)) (t(23),p(1)) ... t€80),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)) ... t€L0).p(2))
f(t(11),p(2)) f(t(12),p(2)) f(t(13),p(2)) ... 1(R0),p(2))
f(t(21),p(2)) f(t(22),p(2)) f(t(23),p(2)) ... 1£80).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_minline contains the maximum value and minimum valvaften in the same
elemental data formaas you use in writing all data values for the Valga

5.2.2 Format for time series quantities for a .t file, containing time-series viables

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

The first line of each file is a comment line, thagins with the identifier #, followed by
the filename, and then optionally, any furtheridmtishing characteristics.

New: After the comment line, come three more headeslia line containing nt (number
of time steps reported); the so-called “maxes” |imehich contains the maximum values of the
variables reported, preceded by the dummy timeeval®99.9; and the so-called “mins” line
containing the minimum values preceded by the dutimegy/value -999.9. The latter two lines
must have the same format as used for the timessdata lines which follow.

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

Following the comment line and the line containirigthe structure of the file can be,
optionally, either one of fixed formats as illusé@d below (and specified iNote B-} or free
formatted with delimiting blanks and fields of coangble precision, of your own choidddte
B-2). SeeNote Cfor a general note on how to handle missing — motisited variables.

In the following illustration:
ntis the number of time steps reported,;
Gnflstands for Group_n field_1;
Gnf2 stands for Group_n field_2; etc.
max(Gnfl)stands for the maximum value for Grifke Note A-1)
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#Name_of_file Model[/variant]_description Commé@htany)
nt

+999.9max(Gnfl)max(Gnf2)max(Gnf3)max(Gnf4)...
-999.9min(Gnf1)min(Gnf2)min(Gnf3)min(Gnf4)...
time(1)Gnfl(time(1))Gnf2(time(1))Gnf3(time(1))Ghize(1))...
time(2)Gnfl(time(2))Gnf2(time(2))Gnf3(time
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