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1 INTRODUCTION



Land use pattern (urban form),

* orland use layout, is a kca/ part of
physical plan (master or detailed)

— Spatial distribution of land use and
density

— Hard to predict by a planning support
system (PSS)

— Proxy of carbon emission and energy
consumption

* Land use pattern 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
optimization




Planners in LUPSA tools

* Less attention was paid on the behavior of
urban planners

e QOur research question: How do planners
compile land use pattern?
— What are rules (preferences)?
— How to identify these rules?

— Are these rules varying among planners?

— Could we develop a PSS for “simulating” land use
patterns using the identified rules?

— Is the pattern associate with low carbon emission?



Hatner and .BenenSOn, 2007, EPB

Figure 1. Seven of the fifty-two mock-ups used in the experiments (the floor tiles are of
20 cm x 20 cm size).




The entropy of LEGO

Crompton, 2012, EPB

Figure 4. LEGO® models: (a) Guggenheim Museum, (b) Hancock Tower, (¢) Empire State,
(d) Falling Water, (e¢) Sears Tower, (f) Seattle Needle.



In this research, we will identify
planner rules by

e Questionnaire

— What one planner will do

* Mining plan drawings

— What one planner has done
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Then we will | .
develop a PSS (Planner Agents), I =

and simulate land use pattern using identified rules.

Planner A Planner B Planner C




ldeally and hopefully to

e save planner’s time and promote plan compilation
efficiency

e Support planning a low carbon urban form
* E.g.

— A plan area

— ldentified rules of 20 planners

— Generate 20 patterns in one minute by using Planner
Agent

— The principal investigator chooses a perfect one
— All 20 planners focus on it and propose the final drawing
— Planner C’s work associates with low carbon



2 PLANNER AGENTS



Planner types

* Non-spatial planners
— Infrastructure, transportation
— Not directly with land use pattern

e Spatial planners

— Responsible for preparing land use pattern

e Chief planner
— Confirm the final plan scheme



Spatial planner: the general process

1. Totalsin area

— For each type of land use (e.g. residential, commercial and
industrial)

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

— Geographical context: slope, eco space

— Institutional constraints: development restrictions
3. Negotiating with non-spatial planners (factors)

— Assume planned facilities, roads, city centers, CBD, etc., are
ready prior to plan a land use pattern

—  Weight factors
4. Negotiating with citizens (public participation process)
— Not accounted in our current research



Spatial planner: simplified rules

The taste (weight) of each land use on factors is different.

The weight could be calibrated using questionnaire or data
mining on existing plan archives (land use with the highest probability

would be selected for a parcel).

— E.g., industrial parcels tend to be located along main
transportation network, commercial parcels around

amenities. T = {telk = 1,23, .. K} (1)
F={fili=1,23,..1} 2
P ={p,In=123,..N} (3)
W = {wgli € [1,1],k € [1, K]} (4)
e!’k+2§=lwik)<fi (5}
P =

I )
143K Tk 2ig Wik Si

1e ty 1s the planned land use type. Kis its number, f; is the PIF. Iis its number,
parcel, N is its total amount, wy is the weight of f; for ty, P,y is the probability o
ty.and 1 1is the corresponding constant term.
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between SPA 1 and EPAs

Note: the nethod formul ati ng | and-use

Land use pattern pattern 283 is the sane as that for |and-
3 by SPA3 use pattern 1.

Land use pattern evaluation

— Spatial autocorrelation (Moran’s
| and LISA)

— Landscape metrics using

FRAGSTATS

Note: the steps, for which the
background is gray are considered in
this article.



3 BEUJING APPLICATION



e 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
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Zone 12 as an example
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Extracted from Urban Containment Plan of Beijing
See Long et al 2011 for details



ldentified rules using multinomial regression

Intercept
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Rules of the same planner,
by questionnaire

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 3. Airports 0.43
facilities Uz | U=t
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

Total 20 planners surveyed in BICP (planners) and PKU (plan students)

Comparison to be conducted

22. Land price 0.33 0.32 0.35

4. Socioeconomic 23. Population density 0.36 041 0.23
characteristics 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
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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.

Archives



Three scenarios by different planners
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Evaluating scenarios

A framework for energy consumption and carbon emission
based on planned land use patterns

— 1.1 Population synthesis for generating resident and business agents
(finished in BUDEM?2)

— 1.2 Building reconstruction for planned parcels (in progress)
— 2 Activity- and agent-based impact simulation (challenging)

— 3 Impact accounting

 Commuting section finished

— LongY, Mao Q, Shen Z, 2012, “Urban form, transportation energy
consumption, and environmental impact integrated simulation: A
multi-agent model” in Zhenjiang Shen (ed.) Sustainable Development
and Spatial Plan, Springer-Verlag Berlin Heidelberg.

 Alow carbon scenario is possible to be identified



Ideas could be borrowed from other talks, e.g.

Yang Jiang

— Proposal of a Modeling Approach to Assess Urban Energy
Consumption and Carbon Emissions based on Spatial Structure and
Form

Tony Hargreaves

— Estimating the building stock from regional model forecasts and its low
carbon potential

ZHANG lJie, XIE Yang

— Urban spatial morphology's impact on household transportation
energy consumption

Feifei Yu, Chris Zegras

— An integrated behavioral model for estimating energy consumption at
the neighborhood scale



4 CONCLUSIONS



Conclusions

Planner Agents for supporting land use pattern
scenario analysis (LUPSA)

— Limited to land use plan in the master plan level
— A tool
— ldentified rules by questionnaire and data mining
— A very preliminary research in its first step
Tested in the hypothetical space and applied in Beijing
— Compile and evaluate land use plan quantitatively
Promising in promoting working efficiency of planners
— Jobless planners?

Expected to support planning low carbon a urban form



Next steps

* Polish existing work
* Evaluate simulated patterns
* Rules for density distribution



Limited spatial plan implementation effectiveness 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 promoting urban plan compilation efficiency?

ylI516@cam.ac.uk
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