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1	
  INTRODUCTION	
  



Land	
  use	
  pa*ern,	
  	
  
•  or	
  land	
  use	
  layout,	
  is	
  a	
  key	
  part	
  of	
  

physical	
  plan	
  (master	
  or	
  detailed)	
  
–  SpaCal	
  distribuCon	
  of	
  land	
  use	
  and	
  

density	
  
–  Hard	
  to	
  predict	
  by	
  a	
  planning	
  support	
  

system	
  (PSS)	
  
•  Land	
  use	
  pa*ern	
  scenario	
  analysis	
  

(LUPSA)	
  –	
  most	
  are	
  parcel-­‐based	
  
–  CUF	
  (Landis	
  1994)	
  
– What	
  if?	
  (Klosterman	
  1999)	
  
–  INDEX	
  (Allen	
  2001)	
  
–  iCity	
  (Stevens	
  et	
  al.	
  2007)	
  
–  Other	
  papers	
  regarding	
  land	
  use	
  layout	
  

opCmizaCon	
  



Planners	
  in	
  LUPSA	
  tools	
  

•  Less	
  a*enCon	
  was	
  paid	
  on	
  the	
  behavior	
  of	
  
urban	
  planners	
  

•  Our	
  research	
  quesCon:	
  How	
  do	
  planners	
  
compile	
  land	
  use	
  pa*ern?	
  
– What	
  are	
  rules	
  (preferences)?	
  
– How	
  to	
  idenCfy	
  these	
  rules?	
  
– Are	
  these	
  rules	
  varying	
  among	
  planners?	
  
– Could	
  we	
  develop	
  a	
  PSS	
  for	
  “simulaCng”	
  land	
  use	
  
pa*erns	
  using	
  the	
  idenCfied	
  rules?	
  



Building	
  city	
  in	
  a	
  vitro	
  
Hatner	
  and	
  Benenson,	
  2007,	
  EPB	
  



The	
  entropy	
  of	
  LEGO	
  
Crompton,	
  2012,	
  EPB	
  



In	
  this	
  research,	
  we	
  will	
  idenCfy	
  
planner	
  rules	
  by	
  

•  QuesConnaire	
  
– What	
  one	
  planner	
  will	
  do	
  

•  Mining	
  plan	
  drawings	
  
– What	
  one	
  planner	
  has	
  done	
  



Then	
  we	
  will	
  
develop	
  a	
  PSS	
  (Planner	
  Agents),	
  
and	
  simulate	
  land	
  use	
  pa*ern	
  using	
  idenCfied	
  rules.	
  

Planner	
  A	
   Planner	
  B	
   Planner	
  C	
  



Ideally	
  and	
  hopefully	
  to	
  

•  save	
  planner’s	
  Cme	
  and	
  promote	
  plan	
  
compilaCon	
  efficiency.	
  	
  

•  E.g.	
  
– A	
  plan	
  area	
  
–  IdenCfied	
  rules	
  of	
  20	
  planners	
  
– Generate	
  20	
  pa*erns	
  in	
  one	
  minute	
  by	
  using	
  Planner	
  
Agent	
  

–  The	
  principal	
  invesCgator	
  chooses	
  a	
  perfect	
  one	
  
– All	
  20	
  planners	
  focus	
  on	
  it	
  and	
  propose	
  the	
  final	
  
drawing	
  



2	
  PLANNER	
  AGENTS	
  



Planner	
  types	
  

•  Non-­‐spaCal	
  planners	
  
–  Infrastructure,	
  transportaCon	
  
– Not	
  directly	
  with	
  land	
  use	
  pa*ern	
  

•  SpaCal	
  planners	
  
– Responsible	
  for	
  preparing	
  land	
  use	
  pa*ern	
  

•  Chief	
  planner	
  
– Confirm	
  the	
  final	
  plan	
  scheme	
  



SpaCal	
  planner:	
  the	
  general	
  process	
  

1.  Totals	
  in	
  area	
  
–  For	
  each	
  type	
  of	
  land	
  use	
  (e.g.	
  residenCal,	
  commercial	
  and	
  
industrial)	
  

–  From	
  decision	
  makers	
  or	
  forecasted	
  by	
  macro	
  models	
  
2.  Constraints	
  

–  Geographical	
  context:	
  slope,	
  eco	
  space	
  
–  InsCtuConal	
  constraints:	
  development	
  restric2ons	
  

3.  NegoCaCng	
  with	
  non-­‐spaCal	
  planners	
  (factors)	
  
–  Assume	
  planned	
  faciliCes,	
  roads,	
  city	
  centers,	
  CBD,	
  etc.,	
  are	
  

ready	
  prior	
  to	
  plan	
  a	
  land	
  use	
  pa*ern	
  
–  Weight	
  factors	
  

4.  NegoCaCng	
  with	
  ciCzens	
  (public	
  parCcipaCon	
  process)	
  
–  Not	
  accounted	
  in	
  our	
  current	
  research	
  



SpaCal	
  planner:	
  simplified	
  rules	
  
•  The	
  taste	
  (weight)	
  of	
  each	
  land	
  use	
  on	
  factors	
  is	
  different.	
  	
  
•  The	
  weight	
  could	
  be	
  calibrated	
  using	
  quesConnaire	
  or	
  data	
  

mining	
  on	
  exisCng	
  plan	
  archives	
  (land	
  use	
  with	
  the	
  highest	
  probability	
  
would	
  be	
  selected	
  for	
  a	
  parcel).	
  	
  
–  E.g.,	
  industrial	
  parcels	
  tend	
  to	
  be	
  located	
  along	
  main	
  
transportaCon	
  network,	
  commercial	
  parcels	
  around	
  
ameniCes.	
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RA evaluation
•  Land use pattern evaluation 

–  Spatial autocorrelation (Moran’s 
I and LISA) 

–  Landscape metrics using 
FRAGSTATS 

–  FEE-MAS model (Long 2011) 
•  Calculating potential transport 

energy consumption 



3	
  BEIJING	
  APPLICATION	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  The	
  central	
  city	
  of	
  Beijing	
  

1085	
  km2	
  
18	
  big	
  zones	
  
•  Beiing	
  Detailed	
  Plan	
  (-­‐2020)	
  
•  Land	
  use	
  plan	
  in	
  each	
  zone	
  has	
  been	
  exclusively	
  designed	
  by	
  a	
  

responsible	
  planner,	
  in	
  2007	
  
•  A	
  perfect	
  data	
  for	
  applying	
  Planner	
  Agents	
  



21	
  factors	
  



Zone	
  12	
  as	
  an	
  example	
  

Land use type Parcel distribution 

Number Area (km2） Percentage 
R 114 43.85 0.41 
C 97 44.41 0.41 
M 4 0.47 0.004 
O 121 18.94 0.18 

Total 336 107.67 1.00 



Constraints	
  

Extracted from Urban Containment Plan of Beijing 
See Long et al 2011 for details  



IdenCfied	
  rules	
  using	
  mulCnomial	
  regression	
  
Parameter Weight 

R C M 

Intercept 
C21 

−.70203*** 
.59824*** 

−2.24992*** 
.10866 

−1.78990*** 
−1.50529*** 

C22 1.69092*** 1.98993*** 1.48453*** 

C25 .27165*** .63531*** −1.50131*** 

C3 .54465*** .53033*** .09401 

C4 .19670** .20072** .34227 

C5 1.01238*** .71570*** −.37010 

C6 .59667*** .83476*** .57046*** 

CBD −3.13736*** −.73107*** −7.74911*** 

Exit −.77072*** −.81033*** .21059 

G .06680 .14353* −.52322** 

Gov −.22590*** .11004 .78724*** 

Hwst −.08708 −.28315** −.95491* 

Newcty −8.33651** −.01048 −1.21120 

Railst −.29179** −.14296 .79214*** 

Rd06 −2.09906*** −1.19993*** −1.10308** 

Rvr −.26074*** −.71772*** −1.32691*** 

Subst .36312*** .57882*** −.41520** 

Tam .52299 1.24361*** −39.32950*** 

Xzl .31318*** .52759*** 1.24840*** 

Yizhg −91.77109*** −101.64079*** 33.57548** 

Zgc −1.49658*** .16891 −23.24940*** 



Rules	
  of	
  the	
  same	
  planner,	
  
by	
  quesConnaire	
  

Category PIF Weight 
R C M 

1. Basic topography 1. Elevation 0.32 0.31 0.37 
2. Slope 0.30 0.32 0.39 

2. Accessibilities 
2.1Transport 

facilities 
3. Airports 

0.26 0.31 0.43 
 

4. Rail stations 0.26 0.37 0.37 
5. Highways 0.23 0.25 0.51 

6. Main roads 0.30 0.34 0.36 
7. Subway stations 0.43 0.43 0.13 

8. Bus stops 0.42 0.40 0.19 
2.2 Public facilities 9. Government departments 0.39 0.35 0.26 

10. Entertainment facilities 0.49 0.35 0.16 
11. Amenities (such as supermarkets) 0.50 0.32 0.19 

12. Medical and health institutions 0.57 0.21 0.23 
13. Educational and research institutions  0.58 0.21 0.21 

14. Banks and insurers 0.36 0.42 0.22 
15. Parks and attractions 0.55 0.29 0.16 

2.3 Location 16. CBD 0.33 0.52 0.15 
17. Town centers 0.40 0.47 0.13 

18. Development zones 0.20 0.29 0.51 
19.  Rivers and wetlands 0.43 0.25 0.32 

3. Parcel properties 20. Current land use type 0.36 0.31 0.33 
21. Parcel area 0.29 0.30 0.41 
22. Land price 0.33 0.32 0.35 

4. Socioeconomic 
characteristics 

23. Population density 0.36 0.41 0.23 
24. Employment rate 0.30 0.37 0.32 

5. Environment 25. Air quality 0.46 0.34 0.21 
26. Traffic noise 0.56 0.28 0.17 

27. Vegetation coverage 0.49 0.28 0.23 
28.  NIMBY facilities 0.46 0.36 0.18 

Total 20 planners surveyed in BICP (planners) and PKU (plan students) 
Comparison to be conducted	
  



Comparison	
  of	
  mined	
  and	
  surveyed	
  rules	
  
	
  
	
  

What	
  has	
  done	
  and	
  will	
  do	
  are	
  generally	
  different,	
  	
  
in	
  terms	
  of	
  taste	
  of	
  each	
  land	
  use	
  on	
  various	
  factors.	
  	
  



Three	
  scenarios	
  by	
  different	
  planners	
  

Land use 
type 

Parcel number 
(scenario A) 

Parcel number 
(scenario B) 

Parcel number 
(scenario C) 

R 163 157 130 
C 116 146 182 
M 11 7 8 
O 46 26 16 

Total 336 336 336 

A� B� C �



4	
  CONCLUSIONS	
  



Conclusions	
  
•  Planner	
  Agents	
  for	
  supporCng	
  land	
  use	
  pa*ern	
  
scenario	
  analysis	
  (LUPSA)	
  
–  Limited	
  to	
  land	
  use	
  plan	
  in	
  the	
  master	
  plan	
  level	
  
–  IdenCfied	
  rules	
  by	
  quesConnaire	
  and	
  data	
  mining	
  
– A	
  very	
  preliminary	
  research	
  in	
  its	
  first	
  step	
  

•  Tested	
  in	
  the	
  hypotheCcal	
  space	
  and	
  applied	
  in	
  
Beijing	
  
–  Compile	
  and	
  evaluate	
  land	
  use	
  plan	
  quanCtaCvely	
  

•  Promising	
  in	
  promoCng	
  working	
  efficiency	
  of	
  
planners	
  
–  Jobless	
  planners?	
  



Next	
  steps	
  

•  Polish	
  exisCng	
  work	
  
•  Include	
  public	
  parCcipaCon	
  

– By	
  introducing	
  residenCal	
  agents	
  
•  Evaluate	
  simulated	
  pa*erns	
  
•  Rules	
  for	
  density	
  distribuCon	
  



THANKS	
  FOR	
  YOUR	
  ATTENTION!	
  
longying1980@gmail.com	
  

Limited	
  spaCal	
  plan	
  implementaCon	
  effecCveness	
  in	
  China	
  
(around	
  50%	
  outside	
  planned	
  urban	
  growth	
  boundaries).	
  	
  

See	
  Han	
  et	
  al,	
  2009;	
  Long	
  et	
  al,	
  2012;	
  Tian	
  and	
  Shen,	
  2011	
  
The	
  value	
  for	
  promoCng	
  urban	
  plan	
  compilaCon	
  	
  efficiency?	
  


