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Digital	  ElevaEon	  Models	  

•  Digital	  representaEon	  of	  
topography	  /	  terrain	  
–  “Raster”	  format	  –	  a	  grid	  of	  
squares	  or	  “pixels”	  

–  ConEnuous	  surface	  where	  Z	  
(elevaEon)	  is	  esEmated	  on	  a	  
regular	  X,Y	  grid	  

–  “2.5D”	  

•  Grid	  resoluEon	  is	  defined	  by	  the	  size	  in	  the	  
horizontal	  dimension	  of	  the	  pixel	  
–  1	  meter	  DEM	  has	  pixels	  1	  m	  x	  1m	  assigned	  a	  single	  
elevaEon	  value.	  

	  

Source:	  h6p://www.ncgia.ucsb.edu/giscc/extra/e001/e001.html	  



• 	  1	  meter	  grid	  

• 	  LiDAR	  returns	  from	  
EarthScope	  data	  
collecEon	  

• 	  Example	  from	  flat	  area	  
with	  liVle	  or	  no	  
vegetaEon	  so	  ground	  is	  
sampled	  approx.	  5+	  Emes	  
per	  square	  meter	  

• 	  How	  do	  we	  best	  fit	  a	  
conEnuous	  surface	  to	  
these	  points?	  

• 	  	  UlEmately	  wish	  to	  
represent	  irregularly	  
sampled	  data	  on	  a	  
regularized	  grid.	  
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Triangulated	  Irregular	  Network	  (TIN)	   Inverse	  Distance	  Weighted	  (IDW)	  

Kriging	   Regularized	  Spline	  with	  Tension	  and	  smoothing	  (RST)	  

Figure from Helena Mitasova (NCSU): http://skagit.meas.ncsu.edu/~helena/gmslab/index.html 



Challenges	  &	  Approaches:	  
•  Massive	  volume	  of	  point	  cloud	  data	  that	  need	  to	  be	  gridded	  

presents	  unique	  challenge	  to	  many	  tradiEonal	  GIS	  
interpolaEon	  approaches.	  
–  ComputaEon	  Eme	  becomes	  a	  serious	  concern	  

•  Global	  vs	  Local	  fit	  
–  Global	  fit	  uses	  elevaEons	  from	  the	  whole	  map	  area	  to	  
esEmate	  unknown	  elevaEon	  at	  the	  grid	  node.	  

•  Ex:	  Kriging,	  Trend	  Surface	  Analysis,	  splines	  
•  ComputaEonally	  intensive	  and	  require	  segmentaEon	  approaches	  
to	  break	  input	  data	  into	  pieces	  which	  can	  be	  processed	  
independently.	  	  

• 	  	  	  Oaen	  inexact	  interpolators	  
-‐ Surface	  does	  not	  exactly	  fit	  
all	  points.	  

• 	  	  	  	  Works	  well	  in	  areas	  where	  
ground	  is	  poorly	  sampled.	  
	  

h6p://webhelp.esri.com/	  

Interpolation Local averaging 



Challenges	  &	  Approaches	  II:	  
•  Triangular	  Irregular	  Networks	  (TIN)	  

–  Constructed	  by	  triangulaEng	  a	  set	  of	  points	  

–  Linear	  interpolaEon	  where	  points	  are	  fit	  exactly	  
–  ComputaEonally	  efficient	  
–  Preserve	  heterogeneity	  of	  detail	  in	  sampling	  
–  Vector-‐based	  format	  so	  conversion	  to	  grid	  is	  necessary	  for	  
many	  types	  of	  analysis.	  

h6p://webhelp.esri.com/	  



Challenges	  &	  Approaches	  III:	  

•  Global	  vs	  Local	  fit	  cont.:	  
–  Local	  fit	  only	  uses	  elevaEons	  immediately	  surrounding	  the	  
grid	  node	  to	  esEmate	  elevaEon.	  

•  Nearest	  neighbor,	  local	  binning,	  moving	  window	  
•  For	  all	  points	  that	  fall	  within	  the	  defined	  search	  area,	  apply	  
mathemaEcal	  funcEon	  e.g	  	  Zmean	  	  Zmin	  	  Zmax	  	  Zidw	  

• 	  	  ComputaEonally	  efficient	  

• 	  	  Not	  interpolaEon!	  	  
	  
• 	  	  	  Works	  well	  when:	  
Sampling	  density	  >	  grid	  resolu%on	  
	  
Ex:	  sampling	  density	  =	  5	  shots/m2	  

	  	  	  	  	  	  	  grid	  resoluEon	  =	  1	  m	  



OT Points2Grid: http://www.opentopography.org/index.php/resources/otforge/
points2grid 

For	  each	  
search	  area,	  
calculate:	  

	  
Zmean	  	  
Zmin	  
Zmax	  	  
Zidw	  
Zden	  



Zmax	  	   Zmin	  

Zmean	  	   Zidw	  	  

Zden	  	  



Heterogeneity of surface sampling: B4 shot density maps and profiles 

http://lidar.asu.edu/knowledgebase.html 





1m	  first	  return	  surface	  hillshade	  

Returns	  per	  1m2	  –	  full	  pt	  cloud	  

Returns	  per	  1m2	  –	  classified	  ground	  
only	  
White	  pixels	  =	  no	  returns	  

Ground	  return	  density	  may	  dictate	  
appropriate	  DEM	  generaEon	  
approach.	  

	  	  
TIN	  or	  other	  non-‐local	  interpolator	  
necessary	  in	  areas	  of	  sparse	  ground	  
returns	  	  (right).	  
	  

Importance	  of	  ground	  
return	  density	  &	  DEM	  

resoluEon	  





Do	  you	  prefer	  visible	  arEfacts	  or	  smoothed	  regions	  where	  surface	  is	  
less	  well	  constrained?	  
-‐	  Local	  methods	  can	  populate	  pixels	  without	  returns	  to	  null	  (swiss	  
cheese	  surface	  –	  very	  honest	  representaEon	  of	  data)	  
-‐ 	  TIN	  arEfacts	  in	  low	  ground	  return	  density	  
-‐ 	  Spline	  and	  Kriging	  =	  smoother	  surface…low	  return	  density	  less	  clear	  	  

Role	  of	  gridding	  method	  in	  areas	  of	  low	  return	  density:	  
Extent	  of	  areas	  
below	  

6	  a	  bare	  earth	  DEM	  –	  TIN	   6	  a	  bare	  earth	  DEM	  –	  Spline	  (RST)	  

TIN	  arEfacts	  



Other	  ConsideraEons:	  
•  ApplicaEon	  of	  data:	  

–  Different	  applicaEons	  may	  warrant	  different	  approaches	  to	  
grid	  generaEon	  

–  e.g.	  Hydrologic	  rouEng	  vs.	  geomorphic	  mapping	  

•  Soaware	  and	  computaEonal	  resources	  available	  
	  



SUMMARY	  (rules	  of	  thumb…):	  
•  In	  general	  for	  LiDAR	  data,	  return	  density	  is	  >	  than	  grid	  resoluEon	  (i.e.	  

mulEple	  returns	  per	  meter)	  
•  In	  this	  case,	  local	  gridding	  approaches	  can	  produce	  accurate	  DEMs	  

and	  are	  computaEonally	  efficient.	  
	  
•  When	  the	  ground	  is	  poorly	  sampled	  (typically	  in	  areas	  of	  dense	  

vegetaEon	  and	  steep	  topography),	  it	  may	  be	  necessary	  to	  use	  an	  
interpolaEon	  approach	  such	  as	  spline	  or	  kriging	  to	  fit	  a	  surface	  to	  fill	  
the	  gaps	  and	  produce	  a	  conEnuous	  terrain	  model.	  

•  TINs	  generally	  work	  well	  in	  all	  return	  densiEes	  unless	  facet	  arEfacts	  
are	  a	  problem.	  

•  LiDAR	  Return	  densiEes	  are	  very	  heterogeneous	  &	  and	  it	  is	  important	  
to	  understand	  your	  data	  before	  beginning	  to	  work	  with	  them.	  


