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Current	  Focus	  is	  on	  Comparing	  Observed	  and	  Simulated	  
Convec7ve	  Updra9	  Proper7es	  

Why?	  Models	  have	  difficulty	  reproducing	  observed	  convec7ve	  reflec7vity	  and	  
retrieved	  ver7cal	  velocity,	  which	  leads	  to	  cloud	  and	  precipita7on	  biases	  that	  
impact	  weather	  and	  climate	  predic7on,	  but	  detailed	  observa7ons	  that	  could	  
help	  to	  improve	  models	  are	  not	  common.	  Convec7ve	  updra9s	  are	  the	  loca7on	  
where	  very	  high	  IWC	  originates,	  and	  modeling	  helps	  to	  understand	  how	  ice	  
proper7es	  evolve	  through	  non-‐measureable	  processes.	  

assumes that ice size or category is the driver of the high bias. However, as discussed further below, ice mass
aloft may be as significant as ice size or category, and if it is, convective updraft dynamics may also be a
contributor to the high bias in radar reflectivity aloft.

4.4. Observed and Simulated Deep Convective Updraft Radar Reflectivity and Vertical Velocity

For simulations and dual-Doppler retrievals, convective updrafts are defined three dimensionally in space by
connecting all contiguous points at which w is greater than or equal to 1m s!1 with no reflectivity
requirement. Because uncertainty in dual-Doppler retrievals is a few ms!1 [Collis et al., 2013], comparisons
between models and such retrievals are reserved for cores of large updrafts. These deep updrafts are defined
here as those that begin below 1-km and end above 15-km altitude (the tropopause is located at
approximately 17 km). Dual-Doppler and simulated updrafts that meet this definition account for ~75–90% of

Figure 8. The (a) 50th, (b) 90th, and (c) 99th percentiles of convective radar reflectivity and (d) sample size in the dual-Doppler lobes (dashed lines) and pentagonal
model forcing domain (solid lines). Gray lines represent statistics for the entire MCS event, while black lines represent statistics for the 1310Z through 1750Z dual-Doppler
observing period on 23 January 2006.

Figure 9. Median profiles of maximum (a, c) vertical velocity and (b, d) radar reflectivity for three dimensionally defined
convective updrafts beginning below 1 km and ending above 15 km for the period of 1310Z to 1750Z on 23 January
2006. CRM statistics are shown in Figures 9a and 9b and LAM statistics are shown in Figures 9c and 9d. Gray lines with
symbols and the dashed black lines represent simulations. Observations are represented by solid black lines.
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Flight	  23	  Simula7on	  Setup	  

WRF	  V3.6.1	  
3	  nested	  domains	  (9,	  3,	  1	  km;	  
92	  ver7cal	  levels)	  forced	  by	  
ACCESS-‐R	  12-‐km	  analyses	  

Thompson	  bulk	  microphysics,	  
which	  has	  a	  sophis7cated	  
snow	  representa7on	  

Ini7alized	  at	  0Z	  18	  February	  
and	  run	  through	  6Z	  19	  

February	  
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Produc7on	  of	  High	  IWC	  and	  low	  dBZ	  

7	  km	   10.75	  km	  15Z	   15Z	  



Produc7on	  of	  High	  IWC	  and	  low	  dBZ	  
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Produc7on	  of	  High	  IWC	  and	  low	  dBZ	  
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Produc7on	  of	  High	  IWC	  and	  low	  dBZ	  
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Produc7on	  of	  High	  IWC	  and	  low	  dBZ	  
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Graupel	  (le9)	  vs.	  Snow	  (right)	  at	  7-‐km	  Al7tude	  

Graupel	  produces	  
large	  dBZ	  values,	  
even	  with	  water	  
contents	  of	  a	  few	  
tenths	  of	  a	  g	  m-‐3	  

Snow	  produces	  all	  of	  
the	  high	  IWC	  
downstream	  of	  

updra9s	  with	  low-‐
moderate	  dBZ	  

values	  

dBZ	   dBZ	  

IWC	   IWC	  



Methodology	  

Fly	  pseudo-‐flight	  tracks	  through	  the	  model	  and	  define	  updra9s	  as	  at	  
least	  500	  m	  (333	  m	  grid	  spacing)	  or	  1	  km	  (1	  km	  grid	  spacing)	  of	  
con7nuous	  1	  m	  s-‐1	  upward	  mo7on	  

–  Degrade	  flight	  observa7ons	  (IKP,	  ver7cal	  air	  mo7on)	  to	  333	  m	  and	  1	  
km	  to	  match	  model	  grid	  spacing	  and	  define	  updra9s	  in	  same	  manner	  

Diameter	  

Variables	  
-‐	  Average	  and	  peak	  ver7cal	  velocity	  
-‐	  Diameter	  
-‐	  Mass	  Flux	  
-‐	  Average	  and	  peak	  TWC	  
	  

Where	  applicable	  
-‐	  Average	  and	  peak	  reflec7vity	  
	  

Future	  
-‐	  Number	  concentra7on	  
-‐	  Mass	  mean	  diameter	  
	  

Models	  
-‐	  Hydrometeor	  breakdown	  and	  process	  rates	  

Ver2cal	  velocity	  contours	  



How	  do	  observed	  and	  simulated	  values	  of	  updra9	  
ver7cal	  velocity	  and	  IWC	  compare?	  

Tends	  to	  be	  higher	  IWC	  in	  observed	  than	  simulated	  updra9s	  at	  cold	  temperatures,	  but	  
observa7ons	  are	  from	  all	  events	  whereas	  simulated	  values	  are	  from	  Flight	  23	  alone	  
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Comparison	  of	  observed	  and	  simulated	  convec7ve	  
updra9	  proper7es	  at	  -‐30	  to	  -‐40°C	  

•  Remarkably	  good	  
agreement	  at	  
degraded	  resolu7on	  

•  IWC	  and	  ver7cal	  
velocity	  do	  not	  depend	  
much	  on	  updra9	  width	  

•  Good	  correla7on	  
between	  IWC	  and	  
ver7cal	  velocity	  with	  
leveling	  off	  of	  IWC	  at	  
larger	  ver7cal	  
veloci7es	  

Avg.	  W	  

Av
g.
	  IW

C	  

Joint	  PDF	  



Other	  events	  that	  we	  are	  currently	  simula7ng	  

1.	  Flight	  6	  (Jan.	  23)	  in	  Joseph	  Bonaparte	  Gulf:	  decently	  long	  transects	  of	  2	  g	  
m-‐3	  with	  spikes	  to	  over	  3	  g	  m-‐3,	  3	  temperatures	  (-‐30	  to	  -‐50°C)	  
2.	  Flight	  10	  (Jan.	  29)	  near	  Gove	  just	  off	  coast:	  3	  temperature	  levels	  (-‐30	  to	  
-‐50°C)	  through	  same	  area,	  decent	  transects	  of	  2	  g	  m-‐3	  with	  spikes	  over	  3	  g	  m-‐3,	  
updra9	  exceeding	  20	  m	  s-‐1	  

3.	  Flights	  12-‐13	  (Feb.	  2-‐3)	  tropical	  low	  in	  Joseph	  Bonaparte	  Gulf:	  decent	  3	  g	  
m-‐3	  segments	  with	  one	  spike	  over	  5	  g	  m-‐3,	  primarily	  between	  -‐20	  and	  -‐40°C;	  
lijle	  lightning	  so	  not	  avoiding	  “intense”	  areas	  
4.	  Flight	  16	  (Feb.	  7)	  squall	  northwest	  of	  Broome:	  flying	  at	  -‐40°C	  along	  the	  
convec7ve	  line	  where	  it	  had	  decayed	  enough	  to	  avoid	  lightning	  and	  graupel	  
with	  up	  to	  50	  km	  segments	  averaging	  2	  g	  m-‐3	  with	  occasional	  spikes	  to	  3	  g	  m-‐3	  

	  

•  Expec7ng	  similar	  sta7s7cs	  with	  the	  primary	  difference	  in	  events	  being	  the	  
depth	  of	  intense	  updra9s	  with	  high	  IWCs	  

•  Will	  test	  other	  popular	  bulk	  microphysics	  schemes	  as	  well	  



What	  about	  -‐10°C?	  

•  Good	  agreement	  of	  increasing	  TWC	  with	  ver7cal	  velocity	  
•  But,	  as	  cloud	  ice/snow	  water	  content	  decreases	  with	  increasing	  

ver7cal	  velocity	  in	  the	  simula7on	  
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Too	  much	  simulated	  liquid	  
(upper	  le9)	  and	  graupel	  (lower	  

le9)	  prevents	  high	  IWC	  
dominated	  by	  small	  ice	  (lower	  
right)	  at	  warm	  temperatures	  
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Problems	  in	  model	  phase	  and	  ice	  type	  par77oning	  at	  -‐10°C	  

For	  a	  given	  updra9	  size	  and	  strength,	  there	  are	  no	  simulated	  updra9s	  that	  
have	  the	  same	  proper7es	  as	  the	  ones	  observed	  during	  the	  18	  February	  flight	  
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Observed	  Updra9s	  at	  -‐11.8°C	  

2.5	  km	  

7	  km	  

3	  km	  

7.5	  km	  

4	  g	  m-‐3	  peak	  
2	  g	  m-‐3	  average	  

Change	  from	  
10	  dBZ	  to	  22	  dBZ	  

9	  m	  s-‐1	  peak	  
6	  m	  s-‐1	  average	  

4	  g	  m-‐3	  peak	  
2	  g	  m-‐3	  average	  

Change	  from	  
10	  dBZ	  to	  25	  dBZ	  

10	  m	  s-‐1	  peak	  
4	  m	  s-‐1	  average	  



High	  Resolu7on	  Inner	  Domain	  

240	  km	  by	  200	  km	  size	  with	  333	  m	  horizontal	  grid	  spacing	  and	  183	  
ver7cal	  levels	  

Forced	  with	  1-‐km	  grid	  spaced	  WRF	  output	  between	  12Z	  18	  and	  0Z	  19	  
February	  

Bejer	  resolves	  updra9	  dynamics	  and	  mixing	  



1	  km	  vs.	  333	  m	  model	  horizontal	  grid	  spacing	  

Convec7ve	  
updra9	  sta7s7cs	  
look	  similar	  for	  
both	  model	  
resolu7ons	  

sugges7ng	  that	  
the	  primary	  

problem	  may	  lie	  
in	  the	  

microphysics	  
parameteriza7on	  
rather	  than	  the	  
grid	  resolu7on	  
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Why	  is	  there	  so	  much	  liquid	  and	  graupel	  in	  simula7ons?	  

(1)	  Supersatura7on	  is	  not	  efficiently	  removed	  in	  updra9s	  stronger	  than	  
1	  m	  s-‐1,	  which	  leads	  to	  liquid	  droplets	  and	  riming.	  This	  could	  be	  the	  
result	  of	  insufficient	  snow	  number	  concentra7ons.	  

Supersatura7on	  w.r.t.	  liquid	  a9er	  ice	  
processes,	  but	  before	  condensa7on	  

Vapor	  deposi7on	  
onto	  snow	  



Why	  is	  there	  so	  much	  liquid	  and	  graupel	  in	  simula7ons?	  

(2)	  Ice	  splinters	  in	  updra9s	  with	  ver7cal	  veloci7es	  exceeding	  5	  m	  s-‐1	  
are	  quickly	  consumed	  by	  liquid	  (primarily	  rain)	  being	  lo9ed	  in	  the	  
updra9	  leading	  to	  graupel	  produc7on	  



Addi7onal	  issues	  in	  bulk	  microphysics	  schemes	  
Prescribed	  size	  distribu7ons	  given	  predicted	  mass	  and	  temperature	  work	  well	  
in	  stra7form	  precipita7on,	  but	  not	  for	  situa7ons	  with	  produc7on	  of	  large	  
numbers	  of	  ice	  par7cles	  at	  warm	  temperatures	  

§  Ul7mately	  need	  to	  predict	  number	  
concentra7ons	  (i.e.,	  a	  2-‐moment	  
scheme),	  but	  these	  do	  not	  guarantee	  
100’s	  L-‐1	  at	  warm	  temperatures,	  so	  
there	  is	  a	  problem	  in	  typical	  
representa7on	  of	  mixed-‐phase	  
microphysics	  in	  this	  region	  

	  

§  Mass-‐diameter	  and	  gamma	  PSD	  fits	  
are	  also	  needed,	  perhaps	  with	  
flexibility	  to	  be	  able	  to	  handle	  the	  
vastly	  different	  environments	  of	  
convec7ve	  dra9s	  and	  stra7form	  
regions	  



More	  observa7onal	  valida7on	  needed	  

•  A	  measure	  of	  ice	  size	  (reflec7vity	  or	  MMD)	  in	  addi7on	  to	  bulk	  mass,	  
number	  (uncertain),	  and	  ver7cal	  velocity	  is	  crucial	  to	  highligh7ng	  
problems	  in	  simula7ons	  

•  Es7ma7ng	  upper	  bounds	  on	  LWC	  and	  graupel	  mass	  could	  be	  useful	  
for	  showing	  that	  most	  TWC	  is	  in	  smaller	  sized	  ice,	  which	  the	  model	  
struggles	  to	  do	  at	  warm	  temperatures	  and	  only	  does	  at	  cold	  
temperatures	  because	  it	  is	  diagnosed	  that	  way	  

•  0	  to	  -‐10°C	  region	  is	  where	  mixed	  phase	  interac7ons	  o9en	  
determine	  proper7es	  of	  ice	  being	  lo9ed	  to	  colder	  temperatures	  in	  
updra9s	  with	  rela7vely	  low	  reflec7vity,	  but	  it	  is	  also	  where	  models	  
perform	  worst,	  so	  Cayenne	  data	  will	  be	  crucial	  



Next	  Steps	  
1.  Finish	  simula7ng	  other	  key	  observed	  events	  
2.  Analyze	  convec7ve	  downdra9s	  and	  high	  IWC	  regions	  like	  updra9s	  
3.  Validate	  simula7ons	  with	  all	  possible	  observa7ons	  (RASTA,	  PSDs,	  TWC,	  winds,	  

geosta7onary	  satellite)	  –	  coupling	  of	  more	  than	  two	  independent	  measurements	  
exposes	  model	  issues	  

-‐	  Cayenne	  data	  is	  crucial	  because	  of	  lack	  of	  warm	  observa7ons	  in	  Darwin	  and	  longer	  
wavelength	  radar	  data	  

4.  Explore	  realis7c	  pathways	  for	  increasing	  ice	  number	  concentra7ons	  and	  
decreasing	  LWC	  and	  graupel	  at	  warm	  temperatures	  in	  simula7ons	  

-‐	  Analyze	  impacts	  on	  mesoscale	  cloud	  and	  precipita7on	  structure	  

5.  Explore	  sensi7vity	  of	  simula7ons	  to	  ice	  proper7es	  (size	  distribu7on,	  fall	  speeds)	  
and	  ice	  processes	  (rime	  splintering,	  collec7on,	  etc.)	  

-‐	  Implement	  a	  PSD	  parameteriza7on	  based	  on	  HIWC/HAIC	  measurements	  with	  Greg	  
McFarquhar	  

6.  Analyze	  the	  life	  cycle	  of	  simulated	  “mesoscale”	  regions	  of	  high	  IWC	  at	  cold	  
temperatures	  including	  their	  rela7on	  to	  updra9	  dynamics	  and	  ice	  sedimenta7on/
divergence	  


