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Structure

• Mapping	  land	  use	  from	  remotely	  sensed	  data	  
1)	  Reliable	  land	  use	  maps

2)	  Unified	  classificaFon	  frameworks	  for	  mapping	  land	  
use

3)	  Modelling	  human	  behaviour	  with	  GPS	  data	  
collecFon

• Networks	  of	  land	  cover	  objects
– Separa8ng	  land	  use	  from	  land	  cover	  
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Mapping	  land	  use	  from	  remotely	  
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IntroducFon

• Originally:	  examine	  transiFons	  of	  land	  cover	  to	  
land	  use
– ContrasFng	  case	  studies
– Network	  Theory

• But	  yesterday:	  many	  of	  your	  classificaFons	  are	  	  
‘relaFvely’	  spectrally	  disFnct
– Land	  use	  CAN	  be	  idenFfied	  from	  land	  cover
– Perhaps	  in	  part,	  this	  is	  because	  the	  number	  of	  land	  
use	  classes	  is	  small
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IntroducFon

• So	  I	  have	  considered	  what	  was	  said	  yesterday

• But	  I	  will	  return	  to	  my	  original	  plan	  at	  the	  end

• I	  will	  go	  through	  the	  suggesFons	  for	  the	  
different	  objecFves	  idenFfied	  by	  Umezaki
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1)	  Reliable	  land	  use	  maps	  

• Remote	  sensing	  issues	  in	  mapping
– Green	  is	  green,	  subpixel	  varia?on,	  repeatability
– Incorpora?on	  of	  knowledge	  suggested	  by	  many	  workers	  

• OO	  offers	  opportunity	  to	  incorporate	  knowledge
– RS	  knowledge:	  Sequen?al	  hierarchy	  to	  reflect	  image	  

characteris?cs	  
• E.g.	  large	  spectrally	  homogenous	  classes	  before	  small	  heterogeneous	  
ones

• Use	  of	  different	  types	  of	  image	  to	  iden?fy	  different	  features	  –	  
heterogeneity	  at	  5m	  pixel	  may	  be	  homogeneity	  at	  30m

– Land	  Use	  knowledge:	  topological,	  context,	  specific	  to	  the	  class
• E.g.	  phonological	  sequence	  of	  crops	  
• Paddy	  fields	  or	  glass	  houses	  may	  have	  a	  regular	  shape
• Land	  use	  class	  A	  composed	  of	  land	  cover	  classes	  X,Y,Z
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1)	  Reliable	  land	  use	  maps	  

• Aim:	  to	  separate	  different	  signals	  (of	  land	  use)	  
from	  the	  noise

• eCogni?on	  
– Construct	  sequences	  of	  segmenta?on	  /	  	  classifica?on

– Reflect	  these	  in	  class	  hierarchies

• The	  manual	  for	  field	  workers	  
– should	  encourage	  workers	  to	  think	  about	  how	  to	  
incorporate	  their	  knowledge	  of	  the	  land	  use	  

– into	  the	  classifica?on	  process,	  sequence	  and	  hieracry
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1)	  Reliable	  land	  use	  maps	  

• Lex’s	  possible	  role:	  
– (Background	  in	  incorporaFng	  knowledge	  into	  RS	  
classificaFon)

– Direct	  support	  for	  mapping
• Help	  formalise	  knowledge	  
• ClassificaFon	  /	  segmentaFon	  work	  flows
• Hierarchies	  and	  Sequences
• Image	  selecFon

– Input	  into	  field	  worker	  manual:	  “these	  are	  the	  
things	  you	  need	  to	  think	  about”
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2)	  Unified	  classifica?on	  frameworks	  for	  

• problem	  is	  the	  heterogeneity	  of	  classifica?ons
– different	  land	  uses	  required	  for	  different	  studies

• Want	  to	  maintain	  classifica?on	  diversity	  
– NOT	  a	  single,	  all	  encompassing	  classifica?on
– NOT	  a	  standard!

• tradi?onal	  approaches
– Aggregate	  to	  few	  super	  classes

• e.g.	  Forest,	  Grass,	  Urban,	  Water,	  etc
• BUT	  over-‐simplifica?on

– Calculate	  overlaps	  between	  different	  classifica?on
• measures	  of	  correspondence	  and	  use	  to	  parameterise	  probabilis?cally
• BUT	  aspa?al,	  hard	  to	  pass	  informa?on	  to	  non-‐specialists
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2)	  Unified	  classifica?on	  frameworks	  for	  

• Other	  approaches
– Reference	  classifica?ons

• LCCS	  describes	  each	  class	  in	  terms	  of	  different	  characteris?cs	  
– Veg	  Structure,	  height,	  etc
– Generate	  unique	  hierarchical	  code	  for	  each	  land	  use
– BUT	  some	  of	  these	  are	  non-‐con?nuous	  and	  may	  not	  fit	  the	  requirements	  (e.g.	  3	  

height	  classes)

– Data	  primi?ves:	  Dimensions	  of	  land	  use	  
• E.g.	  Biomass,	  anthropogenic	  disturbance,	  height,	  canopy	  cover,	  financial	  
value,	  etc	  (n	  dimensions)

• Scored	  by	  local	  expert	  –	  act	  as	  class	  descrip?on
• Each	  class	  has	  a	  posi?on	  in	  n-‐dimensional	  feature	  space
• distances	  between	  classes	  can	  be	  calculated	  (relatedness)

– Measures	  of	  the	  conceptual	  overlaps	  between	  different	  classes
• ontologies,	  meaning,	  seman?cs

Tuesday, 8 December 2009



2)	  Unified	  classifica?on	  frameworks	  for	  

• Lex’s	  possible	  role:
– (background	  in	  data	  primiFves)

– Research	  
• to	  develop	  and	  apply	  data	  primiFve	  dimensions	  

• evaluaFon	  and	  comparison	  with	  LCCS

– Input	  into	  manual	  to	  support	  good	  land	  use	  and	  
land	  cover	  maps	  for	  each	  areas:	  “these	  are	  the	  
important	  land	  use	  dimensions	  internaFonally,	  
naFonally,	  locally”
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3)	  Modelling	  human	  behaviour	  with	  

• Objec?ves:	  
– Link	  human	  behaviour	  to	  land	  use
– Manual	  for	  data	  collec?on	  

• Meta-‐Objec?ve:	  
– to	  iden?fy	  (spa?al)	  sta?s?cal	  rela?onships	  between	  human	  
health	  and	  land	  use	  (ac?vity	  and	  environment)

• Spa?al	  and	  temporal	  modelling	  techniques
– Point	  distribu?ons
– Paths	  (?me	  /	  distance)	  to	  infer	  ac?vity
– Look	  to	  iden?fy	  global	  and	  /	  or	  local	  rela?ons

• Spa?al	  Sta?s?cal	  techniques	  to	  do	  this	  (e.g.	  GWR)
• Depends	  on	  the	  human	  ecology	  objec?ves
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3)	  Modelling	  human	  behaviour	  with	  

• Lex’s	  possible	  role
– ValidaFon	  and	  advice	  on	  construcFon	  of	  land	  use	  
data	  (especially	  the	  internaFonal	  dataset)

– Some	  possible	  input	  into	  spaFal	  staFsFcs

– BUT	  other	  local	  people	  will	  be	  be`er	  placed	  
(Tomoki	  Nakaya)

Tuesday, 8 December 2009



Mapping	  land	  use	  from	  remotely	  

• Summary	  of	  Lex’s	  possible	  input
1)	  Reliable	  land	  use	  maps

– Direct	  support	  for	  mapping
• Help	  formalise	  knowledge	  into	  classifica?on	  /	  segmenta?on	  flows

– Input	  into	  field	  worker	  manual:	  “these	  are	  the	  things	  you	  
need	  to	  think	  about”

2)	  Unified	  classifica?on	  frameworks	  for	  mapping	  land	  use
– Research	  

• to	  develop	  and	  apply	  data	  primi?ve	  dimensions	  
• evalua?on	  and	  comparison	  with	  LCCS

– Input	  into	  manual	  to	  support	  good	  land	  use	  and	  land	  cover	  
maps	  for	  each	  areas:	  “these	  are	  the	  important	  land	  use	  
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Mapping	  land	  use	  from	  remotely	  

3)	  Modelling	  human	  behaviour	  with	  GPS	  data	  collec?on
– Some	  possible	  input	  into	  spa?al	  sta?s?cs
– BUT	  other	  local	  people	  will	  be	  beher	  placed	  (Tomoki	  Nakaya)

4)	  Also:	  methods	  based	  on	  network	  and	  graph	  theory	  
– New	  methods	  in	  RS
– Par?cularly	  relevant	  to	  OO	  classifica?ons

• Objects	  and	  their	  rela?ons

– Another	  one	  of	  my	  current	  research	  interests
– Possibly:	  land	  use	  mappings	  in	  YOUR	  projects	  that	  require	  MY	  

input
– Compare	  different	  case	  studies
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Part	  2:	  Networks	  of	  land	  cover	  objects	  

• SeparaFng	  land	  cover	  from	  land	  use	  
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Aim

• Iden?fy	  Land	  Use	  from	  Land	  Cover	  objects
• Land	  use	  
– Difficult	  to	  iden?fy	  directly	  from	  remotely	  sensed	  data

• Especially	  when	  many	  classes:
• Grass:	  sheep,	  park,	  garden,	  sport

– Composed	  of	  different	  land	  covers
• Same	  land	  covers	  	  different	  land	  uses

– Relevant	  to	  many	  policy	  applica?ons
• Lack	  of	  infrastructure	  in	  developing	  countries
– (cf	  Wyah	  (2004)	  mapped	  land	  use	  from	  exis?ng	  digital	  
infrastructure)
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Example:	  Landbase	  (Infoterra)
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NaFonal	  Land	  Use	  ClassificaFon

• NLUDS
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NaFonal	  Land	  Use	  ClassificaFon

• NLUDS
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NaFonal	  Land	  Use	  ClassificaFon

• NLUDS
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NaFonal	  Land	  Use	  ClassificaFon

• NLUDS
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Example

Land	  uses:	  
-‐RecreaFon	  and	  Leisure
-‐ResidenFal	  
-‐Industry	  and	  Business
-‐Previously	  Developed	  Land
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Problem

• How	  to	  translate	  land	  cover	  to	  land	  use	  whilst	  
taking	  account	  of:
– The	  many	  land	  cover	  components	  associated	  with	  
any	  given	  land	  use

– The	  different	  aggregaFons	  of	  land	  cover	  
• Buildings	  and	  ArFficial	  surfaces	  	  residenFal	  or	  
commercial?	  

– SpaFal	  aspects	  of	  translaFon
• Different	  kernels	  or	  windows	  	  different	  land	  uses
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Other	  work

• Moving	  window	  or	  kernel	  based	  methods	  (e.g.	  Barr	  
and	  Barnsley,	  1996)

• Graph	  /	  network	  theory	  (Barr	  and	  Barnsley,	  1997a,	  
1997b)

• Landscape	  spa?al	  metrics	  (e.g.	  Herold	  et	  al.,	  2002)	  
• Hybrid	  approaches	  using	  knowledge	  in	  object	  
oriented	  classifica?ons	  (e.g.	  Wasnelt,	  2009)	  	  

• Good	  review	  of	  LC	  to	  LU	  in	  Lu	  and	  Weng	  (2007).
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Methods

• Combina?on	  of	  different	  approaches	  for	  different	  
land	  uses

1) GIS	  Querying	  Landbase	  ahributes
– Propor?ons	  of	  classes	  within	  50m	  of	  the	  object	  

(adjacencies)
– GIS	  opera?ons
• Aggrega?on	  of	  features
• Queries	  based	  on	  object	  adjacency	  and	  spa?al	  ahributes

2) Network	  based	  approaches
– Rela?ons	  between	  objects	  (spa?al	  e.g.	  adjacency,	  

ahribute	  similari?es)
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Queries

• Recrea?on	  and	  Leisure
– Associated	  with	  large	  areas	  and	  greenery

• GIS	  opera?ons
– Dissolve	  objects
– Query	  to	  iden?fy	  Recrea8on	  and	  Leisure	  land	  use

“Herbaceous	  Vegeta?on	  with	  large	  area
OR	  
Trees	  with	  large	  area	  10000)
OR
Trees	  next	  to	  Herbaceous	  Vegeta?on	  (>0.3)	  and	  moderate	  area”
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Queries

• Fine	  for	  RecreaFon	  and	  Leisure

Large	  areas	  of	  
Herbaceous	  VegetaFon	  
and/or	  Trees
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Queries

• Not	  so	  good	  for	  ‘ResidenFal’	  &	  ‘Industry	  and	  
Business’
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Queries

• Not	  so	  good	  for	  ‘ResidenFal’	  &	  ‘Industry	  and	  
Business’

Small	  buildings	  &	  roads
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Queries

• Not	  so	  good	  for	  ‘ResidenFal’	  &	  ‘Industry	  and	  
Business’

Small	  buildings	  &	  roads

Tuesday, 8 December 2009



Queries

• Not	  so	  good	  for	  ‘ResidenFal’	  &	  ‘Industry	  and	  
Business’

Large	  buildings	  &	  roads
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Queries

• Not	  so	  good	  for	  ‘ResidenFal’	  &	  ‘Industry	  and	  
Business’

Large	  buildings	  &	  roads
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Network	  based	  approaches

• R	  sogware	  &	  libraries	  (igraph	  spdep	  maptools)

• Using	  neighbour	  funcFons
• Small	  porFon	  of	  test	  data
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Network	  based	  approaches

• Network	  of	  adjacencies
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Network	  based	  approaches

• But	  actually	  interested	  in	  more	  ‘local	  networks
– Impose	  a	  neighbourhood	  search	  space
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Network	  based	  approaches

• But	  interested	  in	  more	  ‘local’	  networks
– Impose	  a	  neighbourhood	  search	  space

– Adjacency	  0	  to	  10m
– IdenFfies	  clusters
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Network	  based	  approaches

• Create	  new	  regions	  from	  network	  clusters
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Network	  based	  approaches

• Create	  new	  regions	  from	  network	  clusters
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Network	  based	  approaches

• Compare	  with	  original	  land	  cover	  data
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Network	  based	  approaches

• Areas	  with	  mixed	  land	  use
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Network	  based	  approaches

• Other	  mixed	  land	  use	  areas

• Separates	  residenFal
	   and	  commercial
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Land	  cover	  composiFon

• ProporFons	  of	  different	  land	  cover	  classes	  in	  
output

43
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Summary

• Land	  use	  is	  difficult	  to	  measure	  directly	  from	  RS	  data	  
– Same	  cover:	  many	  uses,	  Single	  use:	  many	  covers

• Some	  LUs	  can	  be	  iden?fied	  using	  spa?al	  &	  ahribute	  query
• Network	  and	  Graph	  Theory	  are	  promising	  for	  others

– Neighbourhood	  analyses	  (e.g.	  Adjacency)
– Ideas	  from	  Barr	  and	  Barnsley	  BUT	  they	  did	  not	  follow	  through	  –	  stopped!

• My	  research:	  aims	  to	  find	  natural	  clusters	  in	  the	  data
– Different	  methods	  for	  iden?fying	  clusters
– More	  intui?ve	  for	  object	  based	  analyses
– Different	  types	  of	  use	  have	  different	  spa?al	  paherns	  

• e.g.	  different	  types	  of	  urban	  residen?al

• Future	  work	  will	  con?nue	  to	  develop	  and	  refine	  these	  ideas
– Network	  rela?ons	  based	  thema?c	  with	  spa?al	  ahributes
– Eigenvectors	  to	  determine	  subsets	  ‘minimum	  cut	  sets’
– Match	  to	  land	  use	  characteris?cs	  to	  land	  use	  composi?on	  of	  

clusters
– Possible	  2nd	  case	  study:	  Papua	  New	  Guinea	  or	  other	  SE	  Asia
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Thanks!
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