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ABSTRACT

Although the housebuilding industry is a signifitaotayer in the housing supply
pipeline, housing experts have paid little attemtio this player and have focused
more on the other players such as policy makengntiers, and land developers.
Research has tended to focus on house buildersiraiddual housebuilding
operations as the constructs of the whole houddibgiindustry. However, analysis
of the dynamics of the whole industry as a singttesn has remained unexplored.

This research investigates these dynamics in thén@iSebuilding industry and
explores the applicability of Little’s law at th@tional level. The focus of the study
is on single unit dwellings and the time span ef $kudy is forty years between 1971
and 2010. Single unit dwellings made up seventy maxcent of all dwellings
completed in 2010. The analysis commences withattaptation of the law for the
house building industry. The industry’s parametrsh as number of house starts,
completion time, and number of houses under coctstruare used as the proxies for
arrival rate, cycle time, and work in process. Wdifactor is added, and the average
house completion time is predicted using the lake Ppredictions are compared with
the actual data using error metrics and visual Gisepns.

The result shows that Little’s law can predict tymamics of the industry with 5
percent error. Thus, it is applicable in the homsiding industry and can be used for
the analysis of the industry’s dynamics. This rede@emonstrates that the US house
building industry operates similar to a productloe, and therefore offers industry
practitioners and industry analysts powerful teqghes for better understanding
housing supply.
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INTRODUCTION

Housing supply pipelines start with future urbarsigeation and continue with
zoning, structure planning, development and subdimi approval, civil works and
building approval, and ends with housing constaorctiln this process, house
building is the final stage of the pipeline and hasnfluence over the housing supply.
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Thus, to improve housing supply, one needs to wtaled the dynamics of this
industry.

One approach for understanding these dynamicsiikfa planning and the use
of production planning principles (Gharaie et @1@). Little’'s law is one of these
principles that explain the relationship betweenrkvim process, cycle time and
arrival rate in a production line. This researcrestigates the applicability of this law
in the US house building industry. The study isdimted at national level and the
houses considered are single-family houses. This tf house made up seventy six
percent of all dwellings completed in 2010. Theetigpan for the study is forty years
between 1971 and 2010.

The following sections include a review on the dngtof the law and its
applications in construction as well as other itdes. It continues with the
adaptation of Little’s Law for the house buildingdustry and the analysis for its
applicability validation. The default language the proceedings is English; both UK
English and American English are acceptable.

LITTLE'S LAW REVIEW

Little’s law is a mathematical equation for dealimgh queuing systems (Little 2011).
It was proofed by Sir John D. C. Little in 1961 asidce then, has been applied in
different contexts and industries. The law says tie average number of items in a
gueuing system (L) equals the average arrival oatdems §) multiplied by the
average processing time (W). Thus;

L=AW Equation 1

This law holds for all production lines includingose with variability (Hopp and
Spearman 2008). However, it is not limited to prichn lines. It can be applied in
any queuing system. For example, Harris (2010) sstggthat Little’s law provides a
general framework for understanding the compleati@hship between emergency
department staffing and patients’ length of staytiter, the law has been used in the
implementation of lean six sigma in manufacturir@eérge 2002). The other
examples of Little’s law applications include epidelogy and public health, stocks
and flows, and counter terrorism (Kaplan 2011).

The application of Little’s law in construction wagroduced by Koskela (1999)
as part of production management techniques thatbeaused in the construction
industry. Little’s law assumes that the input antpat rate of the process is constant,
production is under a steady-state condition argditvag production runs. However,
for normal construction productions, which are tenapy and affected by learning
curves and environmental influences, it needs tmbdified (Walsh et al. 2007).

The applicability of Little’s Law in residential pduction systems was examined
by Bashford et al. (2005). They showed that thelpction variables such as work in
process, cycle time and throughput are related intefconnected in this type of
production. They conducted their research in theeRlx, Arizona, housing market
and concluded that the large variations in conittnacycle time (completion time)
can be explained by the changes in the productiadithg or work in process in this
area.
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The applicability of Little’s law at national levels been introduced by Gharaie
(2011). He has used Little’s law to investigate theent increase in the average
house completion time in Australia and to expldie tlynamics of the Australian
house building industry. Following Gharaie’s worthis paper uses the same
principles to demonstrate the applicability of tlaev in the US house building
industry and to investigate the relationship betwaeerage house completion time,
number of houses under construction, and numbleowse starts.

LITTLE’'S LAW ADAPTATION FOR THE HOUSE BUILDING INDU  STRY

Little’s law in production planning is the fundanahnlaw explaining the relationship
between work in process (L), average processing (W) and rate of start)(in a
production line. However, since Little’s law is ddeped for manufacturing systems,
it needs to be adapted for the house building iimgu§herefore, this part of the study
starts with this adaptation, and then the US hdusleling industry is examined for
applicability of the law.

In house building where houses are the productseofystem, work in process is
measured by number of houses under constructiotd@Haverage processing time
is measured by average house completion time (AH&TJ number of house starts
(NHS) is the arrival rate of the system.

With these definitions, Little’s law for the houbeilding industry would be as
follows:

Little’s law in manufacturing: L=IW Equation 2

L -~ NHUC
SubstitutionsW - AHCT
A - NHS

= Little’s law for house building industryNHUC = NHS* AHCT Equation 3

It should be noted that house completion timefis@mced by the NHUC and NHS at
the start of a house. However, the completion efhlibuse may be reported in the
year after. In this case, the NHUC and NHS areaatal with the AHCT in the next
year. For example, the AHCT reported in 1992 mayassociated with the NHUC
and NHS in 1991. This adds the effect of time titlé’s law presented above and its
mathematical representation is:

_ . _ NHUC, ,
NHUC ,, = NHS,, * AHCT,,, or AHCT,,, “NAS. Equation 4

(t)

Wherel in the term+t represents the lag and has the same dimension @ AH

In the US house building industry, the average daumsnpletion time is less than one
year and the NHS and NHUC are reported annuallgr&fore, the assumed value for
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| in the Little’s law is 1. The validity of this assiption is tested in the following
section.

DATA COLLECTION AND DEFINITIONS

There are some terms used in this research thaafteect the understanding of the
results. Following are the definitions of termsdige this work. Note that since the
data for this research were collected from the WC8nsus Bureau database, the
definitions are the exact quotes from the Censetdbiary.

House:

House in this study is a single unit dwelling anttliudes fully detached,
semidetached (semi-attached, side-by-side), rovedmuand townhouses. Note that
the buildings with two or more units are not inaddn this study.

Start:
“Start of construction occurs when excavation bgdor the footings or foundation
of a building. All housing units in a multifamilyulidding are defined as being started
when this excavation begins.” (U.S. Census BuréHi2a).

Completion:
“A house is defined as completed when all finislfiedring has been installed (or
carpeting if used in place of finished flooringjU.S. Census Bureau 2012a)

Average house completion time:

This is the length of time from start of constraatito completion. Considering
the start and completion definitions, average hoctsepletion time is the time
between the first physical building activity andadaess of the building for
occupation. This definition helps this study speaify focus on the house building
industry. The approval process and the activitefote the start, and after finish, of
the construction process are excluded. The avdragee completion time data were
obtained from the US Census bureau. These datzoleeted on a monthly basis and
are annually reported.

Number of house starts:

The number of house starts is the number of hastse®d in one year. This set of
data is collected monthly by the US Census Bureal ia reported monthly and
annually. For the purpose of this research, thaiandata were obtained from the
Bureau.

Number of houses under construction:

This is “the estimates of housing units started, tot yet completed” (U.S.
Census Bureau 2012a). These data have also beamembfrom the US Census
Bureau.

THE VERIFICATION OF LITTLE’S LAW APPLICABILITY

The applicability of Little’s law that shows thelagonship between average house
completion time, number of houses under constrncaad number of house starts in
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the US house building industry, is a hypothesis theeds to be verified. This
verification is undertaken by comparison of theuatand predicted AHCT using the
law. The time series for all three parameters ofJlEHHAHCT and NHS are obtained
from US Census Bureau (2012b). Thus, if AHCT isdmted by the law and

compared with the actual data, the level of ervavsld show the validity of the law

in the industry. In other words:

NHUC . )
AHCTpred(t+I) T
NHSacl(t)
= Comparison of AHCT ., and
AHCT,_, would show applicability of the
) law
AHCT,__ ., is available from US Census Bureau Equation 5

act(t)

The comparison is made using two methods. Therfiethod is a visual comparison
of the trends of actual and predicted data on d@neesgraph. The second method uses
mean absolute percentage error (MAPE) as an emtnianwhich shows the level of
error between the prediction and the actual data.

VISUAL COMPARISON

The first method to test the prediction accuracyigial comparison. To see the
conformity of the predicted and the actual AHCTe ttwo graphs are drawn on
Figure 1. This stage of the verification is donéhwthe assumption thatequals to
one in the law. The closeness of the prediction #rel actual data shows the
applicability of the law in the house building irsdty. This figure shows that the
predicted data follow the same trend as the actleh. The prediction is
accomplished with very small error, demonstratitsypredictive strength. Further,
the assumption of one year lag is shown valid ler tittle’s law in the US house
building industry.
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Completion time (Months)

—— Actual average house completion time

= = Predicted average house completion time
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Figure 1: The comparison between predicted andabatterage house completion
time

M EAN ABSOLUTE PERCENTAGE ERROR

The error in a forecast is the deviation of preztictlata from actual data. To analyse
the accuracy of a forecast there are some erraiasi¢hat quantitatively compare the
predictions with the actual observations. Mean htsagoercentage error is one of
these metrics (Evans 2010).

Mean absolute percentage error (MAPE) is the aeemdgthe absolute error
divided by the actual data. This metric does noteha scale and can show the
accuracy of a prediction regardless of its scahe formula for MAPE is as follows:

. At - Pt
tzzl t

MAPE x 100

Equation 6

Where A, is the actual data for the tinieR, is the predicted data for the tirhand

n is the number of forecast data.
For house production:

AHCT

act(t)

= AHCT i)

AHCT

act(t)

x100

n

Equation 7
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The MAPE resulted from the above formula is 5%.sTisi an acceptable level of
error in predicting the dynamics of an industrync®i this prediction is undertaken
using the assumption of one year lag in the L#tlelw, the assumption is shown
valid.

LITTLE'S LAW FOR THE US HOUSE BUILDING INDUSTRY

The analysis undertaken in this section shows pipdicability of Little’s law in the
US house building industry. The prediction had emreof 5%, which is very low,
and the visual comparison strengthened the prapodhat Little’s law is applicable
in the US.

It was shown that the prediction should be madé witone year lag. Thus,
Little’s law for the US is, as follows:

NHUC ,, = NHS,, * AHCT,,,,, Equation 8

The applicability of the law shows that the US heobsilding industry approximates
a production line. The same relationship that existween work in process, cycle
time and arrival rate in a production line existghie house building industry between
number of houses under construction, average hmamseletion time, and number of
house starts. This result is a platform for furtlaralysis of the industry using
workflow-based planning approaches. The verificatad Little’s law in the house
building industry leads to the conclusion that Wwkflow-based planning approach
can predict and explain the dynamics of the housklibg industry. This law is a
platform for decreasing waste and increasing prdtic in manufacturing.
Therefore, it can be used for the same purposéseitouse building industry. The
applicability of this law also opens a new perspecto the industry and can lead to
better understanding of its dynamics.

CONCLUSIONS

This research investigated the applicability otleis law in the US house building
industry. Since this law is designed for a manuwfacy process, it was modified to
suit the house building industry. The modificatianluded the amendment of a time
factor in the law. The investigation was undertakierough the prediction of the
average house completion time using the law. Thenrdsults of the prediction were
compared with the actual data. The comparison wadenusing error metrics, and
visual comparisons. It was shown that the errot&den the result of Little’s law and
actual data are very small. MAPE was 5% which isaaaeptable error for a
prediction. Therefore, it was concluded that Ligtliaw is applicable in the US house
building industry.

Applicability of Little’s law in the US house builtly industry demonstrates the
similarities between the industry and productioredi. This can be used as a platform
for the adoption of techniques and methods usegrbgiuction managers, in house
building industry and in housing policy making.
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