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Impact	  of	  bulk	  microphysics	  scheme	  assump4ons	  on	  simulated	  mesoscale	  
convec4ve	  system	  precipita4on	  biases	  
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1.	  INTRODUCTION	  
Peer-‐reviewed	   literature	  shows	  high-‐biased	  CRM	  and	  LAM	  simulated	  
convecCve	   area	   and	   reflecCvity	   aloF	   in	   deep	   convecCve	   systems,	  
notably	  for	  tropical	  oceanic	  condiCons	  [e.g.,	  Varble	  et	  al.,	  2011].	  	  How	  
much	  is	  a	  result	  of	  microphysics	  assumpCons	  vs.	  convecCve	  dynamics?	  	  
What	   is	   the	   impact	   on	   straCform	   precipitaCon?	   	   We	   use	   TWP-‐ICE	  
observaCons	  with	  many	  model	  setups	  to	  invesCgate	  these	  quesCons.	  

2.	  METHODS	  AND	  MODELS	  
	  	  

•  Compare	  10	  CRM	  simulaCons	  and	  many	  LAM	  (WRF)	  simulaCons	  of	  
an	  acCve	  monsoon	  MCS	  on	  January	  23-‐24,	  2006	  with	  observaCons.	  	  
SimulaCons	   are	   based	   on	   setups	   from	   TWP-‐ICE	   CRM	   and	   LAM	  
Intercomparison	  Studies	  [Fridlind	  et	  al.,	  2012;	  Zhu	  et	  al.,	  2012].	  

•  SimulaCons	  have	  0.9-‐1	  km	  grid	  spacing	  with	  76-‐102	  verCcal	  levels.	  
•  CRM	   domain	   sizes	   are	   ~176	   km	   x	   176	   km,	   use	   periodic	   lateral	  

boundaries	  with	  an	  idealized	  oceanic	  surface,	  and	  are	  forced	  with	  
an	  observaConal	  variaConal	  analysis	  (VA).	  

•  LAMs	   are	   forced	   by	   the	   ECMWF	   analysis,	   have	   4	   2-‐way	   nested	  
domains	  with	  a	  450	  km	  x	  330	  km	  inner	  domain	  including	  land.	  

•  All	   simulaCons	   use	   various	   1-‐	   and	   2-‐moment	   bulk	   microphysics	  
schemes	  with	  similar	  setups	  for	  other	  physics	  schemes.	  

•  ConvecCve	   and	   straCform	   regions	   are	   separated	   with	   a	   slightly	  
modified	  Steiner	  et	  al.	  [1995]	  reflecCvity	  texture	  algorithm.	  

8.	  CONCLUSIONS	  
•  Simulated	   deep	   convecCve	   verCcal	   velociCes	   and	  water	   contents	   are	   too	  

high,	   which	   couples	   with	   hydrometeor	   n(D)	   assumpCons	   to	   yield	   high	  
biases	  in	  radar	  reflecCvity	  aloF	  and	  convecCve	  area.	  

•  Extreme	  upper	  tropospheric	  verCcal	  winds	  result	  from	  loFing	  and	  freezing	  
large	  rainwater	  contents,	  which	  amplify	  buoyancy	  and	  reflecCvity	  aloF.	  

•  Reducing	  grid	  spacing	  to	  100-‐m	  weakens	  the	  most	  intense	  convecCon,	  but	  
not	  enough	  to	  match	  observaCons.	  

•  Intense	   convecCon	   detrains	   too	   high,	   combining	   with	   lateral	   boundary	  
condiCon	  errors	  (not	  shown)	  to	  negaCvely	  impact	  straCform	  precipitaCon.	  

•  RealisCcally	   altering	   raindrop	  breakup,	   the	   rain	   gamma	   shape	  parameter,	  
and	   the	   snow	  m-‐D	   relaConship	   improves	   comparisons	  with	   observaConal	  
retrievals,	  but	  biases	  sCll	  remain	  because	  of	  the	  overly	  intense	  convecCon.	  
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3.	  DEEP	  CONVECTIVE	  UPDRAFT	  BIASES	  
Comparing	   simulated	   (symbols)	   and	   dual-‐Doppler	   (black;	   analysis	   by	  
Scoj	  Collis)	  3D-‐defined	  deep	  updraFs	  beginning	  below	  1	  km	  and	  ending	  
above	   15	   km	   shows	   significantly	   larger	   reflecCviCes	   and	   verCcal	  
velociCes	   in	   simulaCons.	   	   Simulated	   deep	   updraFs	   also	   contain	   large	  
water	   content	   with	   reflecCviCes	   that	   are	   modulated	   by	   hydrometeor	  
size	  distribuCon	  assumpCons.	   	  Previous	  studies	  using	  profiler,	  airborne	  
Doppler	   radar,	   and	   aircraF	   observaCons	   of	   near	   coastal	   overshooCng	  
tropical	   convecCon	   support	   dual-‐Doppler	   values	   for	   this	   case.	  	  
Preliminary	  results	  (not	  shown)	  for	  mid-‐laCtude	  conCnental	  convecCon	  
from	  MC3E	  also	  produce	  high	  biases,	  but	  lesser	  in	  magnitude.	  

6.	  EFFECTS	  ON	  STRATIFORM	  
RAINFALL	  Simulated	   straCform	   rainfall	   (symbols)	   is	   lower	  

than	   observed	   (in	   black)	   because	   downward	   ice	  
mass	   flux	   is	   insufficient	   at	   the	  melCng	   level	   (not	  
shown).	   	   This	   may	   be	   related	   to	   overly	   intense	  
convecCon	  detraining	  too	  high	  in	  the	  troposphere,	  
although	   model	   forcing	   and	   microphysics	  
assumpCons	  play	  a	  non-‐negligible	  role.	  
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5.	  IMPACTS	  OF	  RESOLUTION	  

CRM	  Domain	   LAM	  Domain	  

CRM	   LAM	  Observed	  

2.5	  km	  and	  7.5	  km	  Reflec4vity	  at	  18Z	  January	  23,	  2006	  
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4.	  IMPACTS	  OF	  LOFTING	  AND	  FREEZING	  RAIN	  
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Large	   simulated	   rainwater	   contents	   (RWC)	   are	   loFed	   and	   frozen.	  	  
Removing	  the	   latent	  heat	  of	   freezing	  for	  rain	   in	  the	  WRF	  simulaCon	  
removes	   extreme	   upper	   tropospheric	   verCcal	   velociCes	   (W)	   by	  
significantly	  reducing	  maximum	  deep	  updraF	  buoyancy	  aloF.	  

For	   quarter	   domain	   simulaCons,	   100-‐m	   grid	   spaced	   simulaCons	  
degraded	   to	   900-‐m	   grid	   spacing	   have	   ~15%	   less	   upward	  mass	   flux,	  
~25%	  less	  condensate,	  and	  ~30%	  less	  upward	  verCcal	  condensate	  flux	  
at	  10-‐km	  alCtude	  than	  900-‐m	  grid	  spaced	  simulaCons	  during	  the	  5-‐hr	  
dual-‐Doppler	  observing	  period,	  with	  most	  of	  this	  difference	  resulCng	  
from	  verCcal	  velociCes	  >	  10	  m	  s-‐1	  or	   condensate	   loadings	  >	  3	  g	  m-‐3.	  	  
VerCcal	   cross-‐secCons	   through	   representaCve	   updraFs	   display	   this	  
difference	  below	  (MSE	  filled	  (top	  panels),	  Condensate	  filled	  (bojom	  
panels),	  and	  W	  contoured	  at	  1,	  5,	  10,	  15,	  20,	  25,	  and	  30	  m	  s-‐1).	  
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7.	  CONTRIBUTION	  FROM	  MICROPHYSICS	  ASSUMPTIONS	  
Using	  the	  Morrison	  scheme	  in	  WRF,	   increasing	  raindrop	  breakup	  and	  the	  rain	  
gamma	   shape	   parameter	   (μ)	   produce	   bejer	   agreement	   with	   retrievals	  
(courtesy	   Christopher	  Williams).	   	   Altering	   breakup	   or	   μ	   significantly	   impacts	  
reflecCvity	   and	   the	   convecCve-‐straCform	   separaCon,	   but	  MCS	   evoluCon	   and	  
deep	  convecCve	  updraFs	  are	  not	  significantly	  impacted.	  	  Altering	  the	  snow	  m-‐
D	  or	   rimed	   ice	   fall	   speed	  can	  decrease	   reflecCvity	  biases,	  but	   they	  have	   lijle	  
impact	   on	  MCS	  evoluCon.	   	  None	  of	   these	   changes	   reduces	  updraF	   strength,	  
but	  the	  relaCve	  amounts	  of	  graupel/hail	  and	  snow	  are	  impacted	  (not	  shown).	  
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(e)
900-m Condensate and w
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(f)

2.5-km Convective Median Volume Diameter
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2.5-km Convective Normalized Size Intercept

2 3 4 5 6
log(N

w
) [mm]

0

5

10

15

20

Pe
rc

en
ta

ge

(b)

Baseline

0 2 4 6 8 10
Mean Doppler Velocity [m s-1]

0

2

4

6

8

10

H
ei

gh
t [

km
]

(a)

Mu
R
=2.5

0 2 4 6 8 10
Mean Doppler Velocity [m s-1]

0

2

4

6

8

10

H
ei

gh
t [

km
]

(b)

Variable Mu
R

0 2 4 6 8 10
Mean Doppler Velocity [m s-1]

0

2

4

6

8

10

H
ei

gh
t [

km
]

(c)

Convective Latent Heating
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5 km RWC vs. W
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5 km Vertical rain flux vs. W
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5 km Vertical rain flux vs. RWC
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12Z	  1/23	  VA	  Sounding	   12Z	  1/23	  CRM	  Sounding	   12Z	  1/23	  LAM	  Sounding	  

5-‐km	  RWC	  vs.	  W	   5-‐km	  Ver4cal	  Rain	  Flux	  vs.	  W	   5-‐km	  Ver4cal	  Rain	  Flux	  vs.	  
RWC	  Joint	  histograms	  

show	  that	  RWC	  
and	  W	  become	  

posi4vely	  
correlated	  at	  the	  
freezing	  level.	  	  All	  

RWC	  where	  
W	  >	  9	  m	  s-‐1	  is	  
loeed	  upward.	  

Areal	  FracCon	   Mean	  Rain	  Rate	  
(mm/hr)	  

Total	  Rainfall	  (x104)	  

Convec4ve	   Stra4form	   Convec4ve	   Stra4form	   Convec4ve	   Stra4form	  

C-‐POL	  
Radar	  

0.07	   0.44	   16.2	  
(12.7-‐20.7)	  

1.55	  
(0.96-‐2.56)	  

7.5	  
(5.9-‐9.6)	  

4.3	  
(2.7-‐7.2)	  

WRF-‐M2	   0.22	   0.31	   16.3	   0.64	   23.3	   1.3	  

Graupel	   0.17/0.12	   0.40/0.44	   12.2/14.8	   0.64/1.02	   12.8/11.6	   1.6/2.9	  

Hail	   0.17/0.12	   0.41/0.45	   12.4/15.3	   0.66/1.07	   13.2/11.8	   1.7/3.1	  

Snow	  m-‐D	   0.19/0.14	   0.37/0.42	   11.3/13.7	   0.64/1.09	   13.3/11.9	   1.5/2.9	  

More	  
Breakup	  

0.13/0.09	   0.43/0.47	   14.1/16.9	   0.90/1.52	   11.6/9.5	   2.5/4.6	  

Less	  
Breakup	  

0.19/0.14	   0.40/0.44	   11.4/13.7	   0.58/0.85	   13.4/12.5	   1.5/2.4	  

MuR=2.5	   0.10/0.06	   0.40/0.43	   17.8/20.9	   1.41/2.13	   10.8/8.5	   3.6/5.8	  

Variable	  
MuR	  

0.15/0.12	   0.34/0.37	   13.8/16.0	   1.00/1.33	   12.9/11.9	   2.2/3.2	  

Baseline	   MuR=2.5	   Variable	  MuR	  
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