
Pork	  or	  Beef	  Snow?	  

  Add	  the	  pig	  stuff	  

NWS	  Dodge	  City	  Area	  (January	  2011)	  
documented	  localized	  “downwind”	  snow	  
aFributed	  to	  Animal	  Slaughter	  Houses	  and	  
Power	  Plants	  (Shepherd	  and	  Mote	  2011,	  

Earthzine)	  
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UrbanizaNon	  and	  Hydroclimate	  

  Increased	  heavy	  rain	  events	  (Bates	  et	  al.	  2008,	  
IPCC	  2007,	  Groisman	  et	  al.	  2004)	  

  Shepherd	  et	  al.	  (2011)	  and	  Burian	  et	  al.	  (2004a)	  
discussed	   the	   implicaFons	   of	   urban-‐induced	  
precipitaFon	   on	   the	   design	   of	   urban	   drainage	  
systems.	  

  Current	  NASA	  IDS	  RFP	  is	  Urban	  Focused	  

  PI	   Shepherd	   recently	   on	   NaFonal	   Academies	  
Study	  on	  Urban	  Meteorology	  

  Voters	   live	   in	   CiFes.	   They	   noFce	   urban	   rainfall	  
extremes	   and	   floods.	   Majority	   of	   people	   now	  
live	  in	  ciFes	  (80%	  by	  2025)	  

Where	   is	   Precipitation	  
below?	  



Storms	  Being	  IniNated	  By	  Atlanta	  



Urban	  Effects	  on	  PrecipitaNon:	  Global	  Not	  Isolated	  
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1.	  Leveraging	  the	  lengthening	  satellite	  precipitaNon	  record 
  What	  are	  relaFve	  contribuFons	  of	  

topographical,	  meteorological	  
geographical,	  and	  anthropogenic	  acFviFes	  
influence	  the	  relaFve	  roles	  of	  urban	  land	  
cover	  and	  aerosols	  on	  precipitaFon	  
processes	  

  What	  highly	  urbanized	  geographic	  regions	  
are	  more	  likely	  to	  exhibit	  an	  urban	  
signature	  in	  spaFo-‐temporal	  precipitaFon	  
variability?	  

  Can	  we	  develop	  conceptual	  models	  or	  
“rules	  of	  thumb”	  to	  depict	  favorable	  
condiFons	  for	  urban	  land	  cover,	  aerosols,	  
or	  their	  combinaFon	  to	  iniFate	  or	  modify	  
precipitaFon?	  

Normalized	  histogram	  of	  TRMM	  PR	  rain	  
rates	  for	  urban	  and	  non-‐urban	  grids	  in	  
India	  based	  on	  ten	  monsoon	  seasons	  
(1998-‐2007). 



Towards	  a	  ConceptualizaNon	  of	  the	  Urban	  PrecipitaNon	  Effect	  

Calm Conditions Strong UHI Convergence Precip Maximum over Urban 
Center 

Strong Regional  
winds Upwind Divergence Lateral/Downwind 

convergence 

Precip Minimum over City 
Lateral and Downwind Precip 

Maximum 

Weak Regional 
winds UHI Convergence Maximum Precip all advected 

to downwind urban edge 

Urban Morphology and Size Significant to Spatio-
Temporal Patterns of Convergence and Heating 

After Formation 
Aerosols Impact Precipitation Efficiency (x,y,t) and 

Lightning 

Shepherd,	  Bornstein,and	  Grimmond,	  unpublished	  

Other cross-cutting factors to consider:  
Bifurcation-thermodynamic dome or physical barrier dome? 

How does urban moisture content (lack thereof) and heat island affect local storm dynamics? 
Seasonality? 

Diurnal effects? 
Topography? 



2.	  InvesNgaNng	  urban	  land	  cover-‐aerosols	  feedbacks	  and	  their	  

role	  in	  precipitaNon	  formaNon	  at	  convecNve	  to	  regional	  scales	   

  What	  role	  do	  urban	  morphological	  parameters,	  
aerosol,	  and	  vegetaFon	  and	  moisture	  play	  in	  
precipitaFon	  	  formaFon,	  budgets	  and	  	  efficiency?	  

  Can	  a	  coupled	  modeling	  system	  with	  proper	  
characterizaFon	  of	  land	  cover,	  aerosols,	  irrigaFon,	  and	  
urban	  canopy	  simulate	  such	  recycling	  processes?	  

  How	  do	  such	  processes	  scale	  to	  affect	  regional	  climate,	  
large	  urban	  aggregaFons,	  or	  future	  urban	  growth	  
scenarios?	  (Shepherd	  et	  al	  2010)	  



SimulaNon	  of	  Urban-‐Nor’westor	  
InteracNons	  in	  Kolkta,	  India	  

Difference	  plot	  of	  urban	  minus	  no-‐urban	  
scenario:	  Total	  accumulated	  rainfall	  (mm)	  
on	  16th	  April	  2003	  at18.30	  LST	  

Time	  series	  (cross	  secNon)	  of	  RAINNC	  

Mitra et al. (2011), Mitra and 
Shepherd (2011) 



Minneapolis	  enhancing	  a	  convecNve	  storm	  

Niyogi et al. (JAMC, 2011) similar findings for Indianapolis 



  Urban	  WRF	  difference	  field	  in	  
verFcal	  velocity	  for	  a	  control	  run	  
vs	  enhanced	  urban	  
morphological	  parameters	  for	  
Houston	  	  

  Clearly	  indicates	  that	  there	  is	  a	  
different	  dynamic	  response	  
which	  suggests	  that	  simulaFons	  
must	  represent	  3-‐D	  Urban	  
Environment	  (Carter,	  Shepherd,	  
Burian,	  and	  Jeyachandran,	  2011,	  
Jtech-‐A)	  

Impacts	  Urban	  Morphology	  on	  weather	  models	  



3.	  	  Urban	  effects	  on	  frozen	  precipitaNon	  processes	  and	  

snowfall	  retrieval 
  How	  do	  urban	  aerosols	  and	  urban	  

heat	  islands	  affect	  snowfall/
precipitaFon	  formaFon	  and	  melt?	  

  How	  do	  urban	  aerosols	  and	  
impervious	  surface	  affect	  snowmelt	  
and	  snowcover	  on	  the	  ground,	  and	  
are	  their	  implicaFons	  for	  snowfall	  
retrieval	  in	  the	  GPM	  era?	  

  Can	  coupled	  land	  surface	  model	  
and	  atmosphere	  model	  well	  
simulate	  urban	  effects	  on	  snowfall/
snowmelt	  and	  where	  might	  they	  be	  
deficient	  

Winter	  (Dec-‐Feb)	  PrecipitaFon	  Trends	  
(1951-‐2006)	  for	  Minneapolis	  



Urban	  Snow	  Cover	  and	  MelNng:	  ImplicaNons	  for	  
GPM	  Snow	  Retrieval	  (Shepherd	  and	  Mote	  2011)	  



4.	  Coupling	  urban	  rainfall	  effects	  with	  hydrological	  processes 

  What	  is	  the	  uncertainty	  of	  satellite-‐based	  rainfall	  data	  in	  
urban	  areas	  compared	  to	  adjacent	  non-‐urban	  areas	  and	  
how	  does	  it	  translate	  to	  uncertainty	  of	  global	  flood	  
simulaFon	  results?	  

  What	  is	  the	  most	  computaFonal	  efficient	  and	  accurate	  
method(s)	  to	  incorporate	  urbanizaFon	  effects	  and	  TRMM-‐
GPM	  era	  rainfall	  esFmates	  into	  global	  hydrology	  and	  flood	  
models?	  

  What	  are	  the	  urbanizaFon	  effects	  on	  water	  cycle	  at	  the	  
river	  basin	  scale	  for	  global	  assessment	  of	  urbanizaFon	  and	  
how	  do	  we	  properly	  quanFfy	  them?	  



Recent	  Extreme	  Urban	  Flooding	  

2009 Atlanta 
Floods (Shepherd 
et al. 2009)   

2011 Thailand/
Bangkok Floods 



Tennessee Tech University 

Precipitation 


Regional	  Scale	  Modeling	  



  4	  Case	  Study	  Areas	  –	  InternaFonal	  

  Australia	  
  Bremer	  River	  Basin	  (2011	  Floods)	  

  India	  
  Ganga	  Basin	  (2007	  Floods)	  
  Krishna	  Basin	  (2009	  Floods)	  

  USA	  
  Texas	  (Tropical	  Storm	  Allison,	  2001)	  

Tennessee	  Tech	  University	  

Regional	  Scale	  Hydrologic	  Modeling	  



Australia-‐	  2011	  Floods	  

  Bremer	  River	  Basin	  

  Ipswich,	  suburb	  of	  Brisbane	  

  More	  than	  1100	  people	  affected,	  significant	  
building	  damage	  (Source:	  Courier	  Mail,	  Wikipedia)	  

  Event	  ReconstrucFon	  Exercise	  

  Using	  TRMM	  3B-‐42	  Satellite	  Product	  

  Built	  HEC-‐HMS	  model	  with	  gridded	  precipitaFon	  

  CalibraFon	  &	  ValidaFon	  –	  to	  be	  done	  

  Preliminary	  Results	  

Tennessee	  Tech	  University	  



Australia	  

Tennessee Tech University 



Thanks	  !	  

  UrbanizaNon:	  The	  
“Other	  Climate	  
Change”	  


