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OUTLINE	  

•  GRACE	  and	  EGM2008	  
•  USGG2009	  
•  GPSBM2009	  
•  GEOID09	  
•  Upcoming	  	  

– USGG2012/GOCE	  
– GRAV-‐D	  
– GEOID12/NA	  2011/OPUS-‐DB	  
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General	  Review	  of	  Modeling	  

•  Developing	  a	  Gravimetric	  Geoid	  
– Reference	  model	  covers	  global	  aspects	  

•  In	  some	  ITRF	  version	  (i.e.,	  USGG2009	  is	  in	  ITRF00)	  

– Point	  gravity	  data	  enhance	  to	  fill	  in	  finer	  detail	  
– Eleva5on	  models	  account	  for	  shortest	  wavelengths	  

•  Developing	  a	  Hybrid	  Geoid	  
– Start	  from	  gravimetric	  geoid	  
– Well	  distributed	  &	  accurate	  control	  data	  
(GPSBM’s)	  
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GITA/ACSM	  Annual	  Conference	  25-‐29	  April	  
2010ASMC	  2010	   5	  



Residual	  gravity	  data	  for	  CONUS	  
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244	  Surveys	  with	  Significant	  Biases	  
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USGG2009	  Summary	  

•  Based	  in	  ITRF	  00	  	  
– Converts	  from	  ITRF	  00	  to	  selected	  geoid	  surface	  
– Does	  not	  convert	  between	  NAD	  83	  and	  NAVD	  88	  

•  Best	  for	  scien5fic	  applica5ons	  
–  It’s	  geocentric	  and	  has	  data	  offshore	  
– Tied	  to	  universally	  accepted	  global	  model	  (GRACE)	  

•  Significant	  changes	  from	  USGG2003	  
– Mul5-‐dm	  to	  meter	  level	  
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Hybrid	  Geoids	  

•  Gravimetric	  Geoid	  	  systema5c	  misfit	  with	  benchmarks	  
•  Hybrid	  Geoid	  biased	  to	  fit	  local	  benchmarks	  
•  e	  =	  h	  –	  H	  -‐	  N	  

Earth’s Surface 

h 
h 

h h 
h 

H 
H 

H 
H 
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Ellipsoid 

Hybrid Geoid =~ NAVD 88 

NGS	  Gravimetric	  Geoid	  



  GPSBM2003: 14,185 total  579 Canada  STDEV 4.8 cm (2 σ)   	

  GPSBM1999:   6,169 total      0 Canada  STDEV 9.2 cm (2σ)    	


  GPSBM2009:    18,867 total  576 Canada  STDEV 3.0 cm (2 σ)	


1003 rejections 
based on: 
S: State adviser 
h: ell ht err (NRA) 
H: ortho ht err 
N: geoid err (misfit) 
D: duplicate 
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Louisiana  

Subsidence  

Region 



LA	  differences	  result	  from	  use	  of	  
GPS-‐derived	  orthometric	  heights	  

HT	  MOD	  2004	  =>	  GEOID03	  *	   HT	  MOD	  2006	  =>	  GEOID09	  
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Current	  Work	  

•  GOCE	  
•  Cleaning	  up	  the	  surface	  gravity	  data	  
•  GRAV-‐D	  plans	  
•  NA2011	  
•  OPUS-‐DB	  
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GRAV-‐D	  Processing	  Update	  

•  Alabama	  (‘08)	  and	  2008	  Alaska	  survey	  already	  
delivered	  to	  Geoid	  team	  (Newton	  v1.1)	  

•  Next	  major	  version	  of	  aerogravity	  processing	  
sogware	  is	  complete	  by	  week’s	  end	  (Newton	  1.2)	  

•  Newton	  1.2	  data	  for	  Alabama	  and	  Louisiana	  will	  be	  
delivered	  to	  geoid	  team	  by	  month’s	  end;	  other	  
surveys	  will	  quickly	  follow	  

•  LA/AL	  airborne	  gravity	  data	  will	  release	  publicly	  in	  
next	  month	  via	  a	  web	  page	  designed	  to	  share	  data	  

•  S5ll	  partnering	  for	  flights;	  seeking	  a	  dedicated	  plane	  

19	  



GRAV-‐D	  Survey	  Plans	  
•  FY	  2011:	  	  

–  Alaska	  
–  California/Oregon	  coastline	  
–  Eastern	  Great	  Lakes	  Region	  
–  As	  of	  June	  1,	  13.45%	  of	  total	  area	  has	  been	  surveyed	  

•  FY2012:	  
–  Great	  Lakes	  region	  
– Washington	  State	  
–  California	  

•  FY2013:	  
–  Finish	  Great	  Lakes	  
–  TBD	  

20	  



Alaska	  FY11	  	  

21	  

West	  Coast	  FY11-‐12	  	  

FY11-‐13	  Great	  Lakes	  Plan	  

FY10	  =	  Green	  
FY11	  =	  Blue	  
FY12	  =	  Orange	  
FY13	  =	  White	  

(FY11	  Already	  	  
Flown)	  

University	  of	  New	  Orleans	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
June	  20-‐21,	  2011	  

Determining	  Eleva5ons	  with	  GNSS	  	  
Improvements	  to	  the	  Geoid	  Models	  



Discussion	  about	  NA2011	  

•  This	  adjustment	  use	  same	  vectors	  as	  NA	  2007	  
•  However,	  they’ll	  be	  5ed	  to	  CORS	  coordinates	  
•  Hence,	  the	  NA	  2011	  values	  should	  be	  
consistent	  with	  CORS	  and	  OPUS-‐DB	  solu5ons	  

•  Michael	  Dennis	  is	  lead	  and	  Jarir	  Saleh	  is	  
technical	  lead	  

•  The	  aim	  is	  to	  deliver	  NA	  2011	  by	  the	  end	  of	  CY	  
•  Look	  for	  GEOID12	  shortly	  ager	  NA	  2011	  release	  
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NGSIDB	  Versus	  OPUS-‐DB	  
NGSIDB	  

• Passive	  control	  
• Episodically	  refined	  (NA2011)	  
• Tradi5onal	  surveying	  
• A	  lot	  of	  (important!)	  numbers	  and	  text	  

OPUS-‐DB	  
• Ac5vely	  determined	  from	  CORS	  
• Constantly	  refined	  
• GPS	  Surveying	  
• A	  lot	  of	  numbers/text	  and	  some	  useful	  graphics/images	  
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Leveled	  Bench	  Marks	  Occupied	  by	  
GPS	  and	  stored	  in	  OPUS-‐DB	  
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Sta5s5cs	  of	  the	  422	  OPUS-‐DB	  Points	  

Session:	  TS04A	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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A B C 
Groups of the 422 points 
pulled from OPUS-DB 

No. 
Pts 

NGSIDB Res. OPUS-DB Res. OPUS-DB–NGSIDB 

Ave SD Ave. SD Ave SD 
(1.a) All Common Points 
that were used in 
GEOID09 

80 -0.009 0.065 0.004 0.036 0.013 0.060 

(1.b) Common Points less 
the 9 rejects 71 -0.004 0.015 0.003 0.031 0.006 0.028 

(2) Common Points but not 
used to make GEOID09 57 0.001 0.043 0.007 0.037 0.006 0.044 

(3.a) Points Not Previously 
Observed with GPS 285 n/a n/a -0.011 0.112 n/a n/a 

(3.b) Points Not Previously 
Observed less the 11 
rejects 

274 n/a n/a -0.008 0.047 n/a n/a 
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Conclusions	  
•  Big	  changes	  from	  USGG2003	  to	  USGG2009	  

– Mostly	  due	  to	  changes	  in	  reference	  field	  
– Also	  due	  to	  rejec5on	  criteria	  (northern	  Rockies)	  
– Rejec5ons	  will	  significantly	  drop	  in	  USGG2012	  by	  
incorpora5ng	  3”-‐5’	  RTM	  

•  More	  changes	  from	  GEOID03	  to	  GEOID09	  
– Mostly	  from	  NA	  2007	  (changes	  in	  ellipsoid	  height)	  
– Changes	  in	  Louisiana	  are	  from	  HT	  MOD	  survey	  
changes	  to	  GPS-‐derived	  orthometric	  heights	  
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Conclusions	  (cont.)	  

•  OPUS-‐DB	  shows	  great	  promise	  for	  filling	  gaps	  
•  BM’s	  can	  be	  targeted	  by	  State	  Advisers	  based	  on	  
coverage	  maps	  of	  NGSIDB	  to	  supplement	  

•  However,	  this	  will	  not	  help	  in	  Louisiana	  
– OPUS-‐DB	  puts	  GPS	  on	  previously	  unoccupied	  leveling	  
–  It	  cannot	  help	  make	  GPS-‐derived	  leveling	  beper	  
– Use	  beper	  VTDP	  models	  or	  adopt	  a	  gravimetric	  geoid	  

•  Improvements	  to	  gravimetric	  geoids	  are	  coming	  
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