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This work is dedicated to my daughter Adriana Wafari Frazier.

Now faith is the substance of things hoped for, the evidence of things not seen.
Hebrews 11:1, King James Bible
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S6+!G#$G.,+!.H!067,!$+,+'$86!T',!0.!8$+'0+!'(!')+(04based urban simula'on based on land use at the plot 

level for projec'ng the disaggregated electricity demand of the Greater Accra Metropolitan Area (GAMA).  

A simula'on system comprised of loca'on choice, regression, and simple models were used to project 

6.#,+6.&*J! +;G&.E;+(0! '(*! &'(*! *+=+&.G;+(0! *+87,7.(,2! ! F.#,+6.&*,J! G+$,.(,J! '(*! U.V,! 0'V&+,!T+$+!

synthe'cally generated from GLSS5 (Ghana Living Standards Survey 2005) data using Stata, built in a 

MySQL database and incorporated for use in the Open PlaPorm for Urban Simula'on (OPUS).  Electricity 

demand was projected for each of the simula'on years based on a regression model.  Numerous 

geospa'al datasets were projected and edited in ArcGIS which describe the physical composi'on of Accra 

in its totality, including buildings, roads and electricity infrastructure.  Household mobility was es'mated 

from a modified Cox Regression of residen'al mobility in Accra (Bertrand et al.) and applied to the GLSS5 

for use in the loca'on choice model, while employment coefficients and parameters describing land value 

were derived from literature (Buckley et al.).  The model has been applied for projec'ng the electricity 

demand of the Korle Bu district in terms of high, medium and low economic and popula'on growth rates 

for the 'me period 2006 un'l 2025, based on monthly electricity consump'on per meter.  An addi'onal 

G6',+! .H! 067,! $+,+'$86! +(=7,7.(,! 7(8&#*7()! '&&! MK!BDID!*7,0$780,! 1#,7()! *'0'!T6786! 6',! V++(!.V0'7(+*3W!

infrastructure models to project demand for transporta'on, water & sewer, and solid waste facili'es; as 

T+&&!',!8.;G'$7()!T+'/!'(*!,0$.()!,#,0'7('V7&70E!,8+('$7.,!T706!06+!V#,7(+,,4',4#,#'&!*+=+&.G;+(0!G'06!

H.$!8.,04V+(+X0!'('&E,7,!.H!G$.G.,+*!G#V&78!G.&787+,2!



!

Y!

%"#()!*+!'*,%),%$!

!

M2! !!!!!!!!!!<$V'(!C0#*7+,!'(*!%&+80$7870E!<,+!O&'((7()!7(!06+!-+=+&.G7()!:.$&*!

M2M! -+=+&.G;+(0!5+,+'$86!'(*!06+!Z70E!222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!A!

M2K! Electricity Use and African Ci'es!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!MM!

M2R! S6+!5+;'$/'V&+!B$.T06!.H!B6'('[,!Z'G70'&!Z70E!222222222222222222222222222222222222222222222222222222222222222222!MY!

M2Y! Research Objec've!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!MA!

!

K2!!!!!!!!!!!!!!I.*+&7()!06+!Z70E!

K2M!!!!!!!!!!!!S6+!C87+(8+!.H!06+!Z70E!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!M@!

2.2            PlaPorms for Modeling Ci'es!222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!KK!

K2R!!!!!!!!!!!!I.*+&7()!%&+80$7870E!\(H$',0$#80#$+!222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!K]!

!

R2! !!!!!!!!!The Physical and Human Geographic Pa^erns of Accra!

R2M! An Introduc'on to Accra!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!RY!

R2K! Greater Accra’s Physical Geographic Pa^erns!2222222222222222222222222222222222222222222222222222222222222222222222!R^!

R2R! Greater Accra’s Human Geographic Pa^erns!22222222222222222222222222222222222222222222222222222222222222222222222!Y]!

!

Y2!!!!!!!!!!!!!!%&+80$7870E!\(H$',0$#80#$+!'(*!-+;'(*!7(!D88$'!

Y2M!!!!!!!!!!!!Powering Megaci'es in the Developing World!222222222222222222222222222222222222222222222222222222222222222222222!̂ A!

Y2K!!!!!!!!!!!!%&+80$7870E!C#GG&E!7(!B6'('!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!̂ _!

Y2R!!!!!!!!!!!!%&+80$7870E!-+;'(*!7(!D88$'!222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!]K!

!

5.              The Greater Accra Urban Simula'on 4!`.$&+!?#!-7,0$780!

5.1            Urban Simula'on System Described!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222!AM!

^2K!!!!!!!!!!!!-'0',+0,!222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!A^!

^2R!!!!!!!!!!!!I.*+&,!22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!_L!

5.4            Electrcity Demand Projec'ons!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!_@!

!

Z.(8&#,7.(!!!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!@^!

DGG+(*7a!!!2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222!@A!

!

!



!

^!

!
!
!
!
Powering	Accra:	Projecting	

Electricity	Demand	for				

Ghana’s	Capital	City!



!

]!

!
!
!
Chapter	1!
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the	Developing	World!
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!"!# Development	Research	and	the	City#

C7$!Hans Wolfgang Singer first iden'fied one of the fundamental tenets of development research when he 

iden'fied that the!0+$;,!.H!0$'*+!V+0T++(!G$7;'$E!G$.*#80,!'(*!;'(#H'80#$+*!)..*,!0+(*!0.!*+0+$7.$'0+!

over 'me.  The Singer thesis states, when resource flows from a periphery of poor and underdeveloped 

,0'0+,! 0.!'!8.$+!.H!T+'&06E! ,0'0+,J! 06+! &'0+$!T7&&!V+!+($786+*!'0! 06+!+aG+(,+!.H! 06+! H.$;+$2! !S67,!.88#$,!

V+8'#,+!',! 7(8.;+,! $7,+J! 06+!*+;'(*! H.$!;'(#H'80#$+*!)..*,! 7(8$+',+,!;.$+!$'G7*&E! 06'(!*+;'(*! H.$!

G$7;'$E!G$.*#80,J!'(*!06#,!7;G&E7()!06'0!70!7,!06+!=+$E!,0$#80#$+!.H!06+!;'$/+0!T6786!7,!$+,G.(,7V&+!H.$!06+!

existence of inequality in the world system.  From this thesis emerged the concept that wealthy na'ons 

have a certain moral obliga'on to assist with the development of poorer na'ons, such that poverty is 

$+*#8+*J!,+&H!,#b87+(8E!7,!G$.;.0+*J!'(*!7(!06+!H#0#$+J!'(!7(*#,0$7'&7"+*!+8.(.;E!T7&&!*+=+&.G2!!\0!7,!067,!

idea that has served as the basis for United Na'ons and World Bank programs, such as the Interna'onal 

Development Associa'on, the United Na'ons Development Program, and the World Food Program.  It is 

'&,.!.(+!.H!06+!H#(*';+(0'&!0+(+0,!.H!06+!.%/0&1)!21&!3/04-56$1/7*28&*91/7!1c%93!',!T+&&!',!06+!:$8;($%&!

<(/=%$! =%*! <(**%&6&%-*$(12%*! (GLOWA), the ins'tute and project hos'ng this doctoral work. (Singer, 

M@^L3!

In the post World War II era, development research has generally focused on poverty reduc'on, 

G$+*.;7('(0&E! 7(! 06+! ;.$+! $#$'&J! ')$78#&0#$'&! G'$0,! .H! *+=+&.G7()! 8.#(0$7+,J! ,7(8+! 7;G.=+$7,6+*!

6.#,+6.&*,! 6'=+! V++(! G$+*.;7('(0&E! &.8'0+*! T7067(! $#$'&! '$+',2! ! D)$78#&0#$'&! +8.(.;7,0,J! 6E*$.&.)78!

engineers, and social scien'sts have served to improve the lives of thousands of poor, rural households 

through managing water use for equitable alloca'on, promo'ng best management prac'ces for 

agricultural and forest land uses, developing a be^er understanding of the causes of child mortality, as 

well as focusing on issues global phenomenon such as the dynamics of rural to urban migra'on and the 

7;G'80! F\Q4D\-CJ! ;'&'$7'J! '(*! H';7(+! 6'=+! 6'*! .(! 06+! C#V4C'6'$'2! ! :67&+! 06+,+! 7,,#+,! 6'=+! (.0!

diminished in their importance, over the past 10 years a new, drama'c trend has begun to emerge across 

06+!&'(*,8'G+!.H!06+!C#V4Sahara. Urbaniza'on is reshaping the face of Africa and is demanding that urban 

'(*!$+)7.('&!G&'((7()!V+!7(8.$G.$'0+*!',!'(!7(0+)$'&!G'$0!.H!06+!*+=+&.G;+(0!$+,+'$86!')+(*'2!

!"!"!# Africa‘s	Urbanization#

The urbaniza'on of Sub4C'6'$'(!DH$78'!7,!.88#$$7()!;.$+!$'G7*&E!06'(!7(!'(E!.06+$!$+)7.(!7(!06+!T.$&*J!'0!

'!67,0.$78'&&E!#(G$+8+*+(0+*!'V,.&#0+!$'0+!.H!7(8$+',+2!!S6+!8#$$+(0!)$.T06!$'0+!.H!'&;.,0!^!G+$8+(0!G+$!

year implies close to a doubling of the urban popula'on in 15 years, with new urban residents projected 

to rise sharply by over 300 million between 2000 and 2030, more than twice the rural popula'on 

7(8$+;+(0! 197)#$+!M32! ! S67,! 7;G&7+,! 06'0!;#86!.H! 06+!(+T!*+;'(*! H.$! U.V,! '(*! ,+$=78+,J! ',!T+&&! ',! 06+!

,#GG&E!.H!6#;'(!+(+$)E!0.!;++0!06+!8.#(0$7+,d!H#0#$+!(++*,J!T7&&!'GG+'$!7(!#$V'(!'$+',2!!1`+,,7*+,J!KLL]3!!

S6+! *+;.)$'G678! G780#$+! .H! DH$78'! 7,! .(+! .H! 86'()+!T706! 06+! #$V'(! *+;.)$'G678! )$.T06! 8.;7()! H$.;!

three sources: natural increase among exis'ng urban residents, reclassifica'on of formerly rural areas as 

#$V'(J! '(*! 7(0+$('&! $#$'&4urban migra'on.  The underlying dynamic of high urban growth rates are 

predominantly driven by natural increase, due to persistently high fer'lity rates and slowly declining 

mortality.  Suburban land use reclassifica'on and migra'on, together account for less than half (about 

40%) of urban growth es'mates.  Furthermore, it is also necessary to explain rural40.4urban migra'on by 

“pull” factors, economic opportuni'es that a^ract residents to a city, and “push” factors, the lack of 

opportuni'es in rural areas.  It is also significant to note that the tradi'onal view of one4T'E! $#$'&40.4

urban migra'on is much less important in overall popula'on mobility than circular and seasonal 

migra'ons.  And finally, perhaps the most important point regarding Africa’s rapid and drama'c 

demographic change is that the real surge in urbaniza'on is yet to come, with most of this growth 



!

_!

+aG+80+*! H$.;! ('0#$'&! 7(8$+',+! '(*! $#$'&40.4urban land use reclassifica'on in the urban periphery. 

1I'V.)#(U+J!KLL^3  

Across all countries over 'me, the level of urbaniza'on is strongly correlated to the level of economic 

*+=+&.G;+(02!!\(!C#V4Saharan Africa this correla'on is evident when comparing the levels of urbaniza'on 

'(*! .H! 8.(,0'(0! B-O! G+$! 8'G70'! .=+$! 06+! &',0! *+8'*+! 1M@@L! 0.! KLLR3J! '(*! 7,! 7;G.$0'(0! 0.! $+8.)(7"+!

V+8'#,+!06+!+8.(.;78!)$.T06!06'0!6',!0'/+(!G&'8+! 7(!$+8+(0!E+'$,! 7,!.(!06+!T6.&+!;'7(&E!#$V'(!V',+*2!!

The industrial and services sectors, which roughly approximate urban based ac'vi'es, accounted for at 

&+',0!]L!G+$8+(0J!'(*!'=+$')+*!'&;.,0!_L!G+$8+(0J!.H!B-O!)$.T06!7(!06+!$+)7.(!V+0T++(!M@@L!'(*!KLLR2!!

Addi'onally, the informal economy which cuts across all sectors and is predominantly urban based, has 

been es'mated to contribute as much as 1/3rd of the total GDP in some African na'ons (Cameroon). 

Furthermore, the informal economy workforce is es'mated to account for 78 percent of nonagricultural 

+;G&.E;+(0J!@R!G+$8+(0!.H!'&&!(+T!U.V,!8$+'0+*!'(*!]M!G+$8+(0!.H!#$V'(!+;G&.E;+(02!!-+,G70+!06+!,0$.()!

G+$H.$;'(8+!.H!06+!#$V'(!V',+*!,+80.$J!H.$!;.,0!.H!DH$78'!06+!)$.T06!.H!0.0'&!B-O!7(!G+$!8'G70'!0+$;,!6',!

V++(!7(,#b87+(0!0.!0#$(!'$.#(*!G.=+$0E!197)#$+!K32!!\H!C#V4C'6'$'(!DH$78'!7,!0.!;++0!06+!I-B!.H!$+*#87()!

G.=+$0E!0.!KK!G+$8+(0!VE!KLM^J!06+!$+'&!B-O!.H!DH$78'(!8.#(0$7+,!T7&&!(++*!0.!)$.T!VE!'0!&+',0!]!G+$8+(0!

G+$! E+'$! 1.$! ,&7)60&E! &+,,! 7H! 7(+e#'&70E! 7;G$.=+,32! !O.&787+,! 06'0!G$.;.0+!+8.(.;78!*+=+&.G;+(0! 06$.#)6!

7;G$.=+*!870E!G&'((7()!'(*!8'G70'&!7;G$.=+;+(0,!T7&&!V+!$+e#7$+*!0.!+('V&+!06+!)$.T06!(+8+,,'$E!7(!06+!

7(*#,0$7'&!'(*!,+$=78+,!,+80.$,!0.!;++0!06+,+!I-B!).'&,2!!1?'/+$J!KLL_3  

D(!'&;.,0!#(7=+$,'&!X(*7()!7(!*+=+&.G7()!8.#(0$7+,!7,!06'0!$#$'&!G.=+$0E!$'0+,!+a8++*!#$V'(!G.=+$0E!$'0+,!

o0en by a very large margin, but in Sub4C'6'$'(!DH$78'! X)#$+,! ,6.T! 06+! *7f+$+(8+! V+0T++(! $#$'&! '(*!

#$V'(!G.=+$0E!$'0+,!'$+!'80#'&&E!e#70+!8&.,+J!'(*!067,!)'G! 7,!G$.U+80+*! 0.!8&.,+2! !D,,#;7()!(.!86'()+! 7(!

$#$'&!'(*!#$V'(!G.=+$0E!7(87*+(8+J!7(!0T+(0E!E+'$,!6'&H!.$!;.$+!.H!06+!G..$!T.#&*!$+,7*+!7(!#$V'(!8+(0+$,2!!

Also, assessing the nature of urban poverty requires looking beyond monetary measures.  O0en the urban 

poor suffer from food insufficiency due to affordability, and while the loca'on affords proximity to social 

!"#$%&'()(''*$+,Saharan Africa Urban and Rural Popula4on Growth (UN -'World Urbaniza4on Prospects, 2003)'
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@!

'(*! 7(H$',0$#80#$+! ,+$=78+,! 70! *.+,!(.0! )#'$'(0++!'80#'&!'88+,,!.$! 'f.$*'V7&70E2! !O6E,78'&! 7(H$',0$#80#$+,!

such as electricity, water and sewer, and transporta'on improvement are o0en extended to more remote 

and sca^ered but be^er4.f!(+7)6V.$6..*,!T67&+!(+7)6V.$6..*,!T6+$+! 06+!#$V'(!(.(4G..$J!T6786!'$+!

more o0en even adjacent to exis'ng infrastructures, are ignored.  It’s also difficult to quan'fy non4

monetary costs for ac'vi'es such as obtaining water or using sanitary facili'es which may be in direct 

G6E,78'&&E!G$.a7;70E!0.!'!6.#,+6.&*J!V#0!*7b8#&0!0.!'88+,,!*#+!0.!06+!,6++$!(#;V+$,!.H!G+.G&+!*+G+(*7()!

.(!06+;2!!Z.(,+e#+(0&EJ!06+!<g4Habitat es'mates that over 70 percent of the urban popula'on suffers 

shelter depriva'on in terms of inadequate housing, water supply, or sanita'on helps to explain why the 

I-B!0'$)+0!.H! $+*#87()! 7(H'(0!;.$0'&70E! 7,! G$.U+80+*! 0.!(.0!V+!;+0! 7(! 06+!#$V'(!'$+',!.H!;.,0!DH$78'(!

coun'es.  Such instances of inequitable infrastructure and social service planning are evidence that much 

of the depriva'on in ci'es relates to ins'tu'onal failures that perpetuate social exclusion between the 

#$V'(!G..$!'(*!#$V'(!(.(4poor.  Correc'ng intra4urban inequali'es is good value since the urban slums 

'(*! G+$74urban residents form the core or the urban workforce and it is cost effec've to ensure their 

effec've access to basic services.  (Kessides, 2006)!

Ci'es financial performance, and therefore also their performance in service delivery, depends in the first 

7(,0'(8+! .(! 06+! 7(0+$).=+$(;+(0'&! X,8'&! H$';+T.$/! 06'0! *+0+$;7(+,! 06+7$! '#06.$70E! 0.! 0'a! '(*! 06+7$!

'88+,,!0.!='$7.#,!H.$;,!.H!8+(0$'&!$+=+(#+,2!!:67&+!7(!06+!%#$.G+'(!Z.;;#(70E!&.8'&!G#V&78!+aG+(*70#$+!

'=+$')+,!MM!G+$8+(0!.H!B-OJ! 7(!.(&E!'! H+T!DH$78'(!8.#(0$7+,! 70!';.#(0,! 0.!^h!.H!B-OJ!'(*!;#86!;.$+!

o0en is closer to 1%.  The tax and borrowing authority for the ci'es, especially large ci'es and locali'es 

facing rapid popula'on growth, rely less on taxa'on and more on transfers, and they are typically not 

!"#$%&'().''/&01'2&%'304"50'6789:&'"7'*$+,*0;0%07'<=%"80';0>'795'6:4%9?&@'ABC!'D'EC6F'.GGHI'
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adapted to their greater expenditure and service delivery obliga'ons.  Local administra'ons have weak 

fiscal and administra've means, and are barely up to the task of maintaining services, let alone mee'ng 

06+! *+;'(*,! .H! )$.T062! ! S6+! $+,#&0! 7,! G#V&78! ,+$=78+,! '$+! '&;.,0! (.(4+a7,0+(0! .#0,7*+! 06+! T+'&06E!

neighborhoods and in many African ci'es firms and households subsist by their own grit.  (Kwapong, 

KLL_3!

!"!"$# Urban	Planning	and	African	Cities#

Good urban management feeds into the en're na'onal growth and welfare agenda, s'mula'ng 

agricultural intensifica'on and diversifica'on of rural income, poverty reduc'on, good governance, and 

fiscal resource mobiliza'on.  Op'ons for intensified agriculture and diversifica'on into nonfarm 

produc'on prove to be complimentary; they can also be fostered by common condi'ons, especially by 

effec've access to major urban markets.  The most construc've way of looking at the produc've 

7(0+$&7(/')+,!';.()!#$V'(!'(*!$#$'&!'$+',!;'E!V+!',!'!=7$0#.#,!87$8&+J!T6+$+VE!'88+,,!0.!#$V'(!;'$/+0,!

and services for nonfarm produc'on s'mulates agricultural produc'vity and rural incomes, which in turn 

)+(+$'0+!*+;'(*!'(*!&'V.$!,#GG&E!H.$!;.$+!,#86!)..*,!'(*!,+$=78+,2!1`+,,7*+,J!KLL]3!

Urban areas epitomize the process of endogenous growth, whereby resources are used more produc'vely 

and in new ways.  Releasing the poten'al of Africa’s ci'es by addressing basic weaknesses in land 

markets, public transport, and the provision of urban services could reduce an effec've “binding 

constraint” to future growth in Africa.  These benefits do not arise from the mere physical concentra'on 

of people and firms but from the ability of ci'es, and in par'cular their governments, to create an 

+(=7$.(;+(0! 7(! T6786! +8.(.;78! ')+(0,! 8'(! +',7&E! 7(0+$'80J! &'V.$! 7,! ;.V7&+J! #$V'(! &'(*! 8'(! V+8.;+!

available for produc've uses, and both ci'zens and firms trust they can safely invest in the future.  Failure 

to ensure these ingredients of leads to ineffec've ci'es and very high opportunity costs, both by lowering 

returns to urban assets and by provoking nega've outcomes such as environmental degrada'on and 

,.87'&!*7,0$+,,2!!1I'V.)#(U+J!KLL^3!

There are many advantages to mee'ng poverty reduc'on in urban areas.  For example, the per capita 

8.,0,!.H!;'(E!H.$;,!.H!7(H$',0$#80#$+!'(*!,.87'&!,+$=78+,!'$+!)+(+$'&&E!&.T+$J!',!;'(E!;.$+!G+.G&+!8'(!V+!

reached.  Addi'onal benefits can be a result of access to income from nonfarm and urban4based ac'vi'es 

is associated with reduced rural poverty, and op'ons for such income mul'ply in proximity to urban 

markets.  Remi^ances represent such an important supplement to household incomes, not only from 

abroad, but also from the city to rural areas.  Interes'ngly, remi^ances are likely to exceed microcredit or 

development assistance as a supplemental resource for many households.   Also, improved transporta'on 

which enable migra'on or mobility is clearly a favorable element in income growth and poverty reduc'on, 

for both urban and rural popula'ons.  Policies should enable labor mobility as an element of general 

welfare and poverty reduc'on strategies.  At the same 'me, migra'on can pose major challenges to the 
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African ci'es need to improve their basic flexibility of the markets, including reducing barriers for workers 

to obtain jobs, improving residen'al mobility and decreasing limita'ons on land use.  There is large 

*+;'(*! 0.!;'/+! &.8'&! G#V&78! ,+$=78+,!;.$+! +b87+(0J! V.06! 06.,+! 06'0! 8'(! V+!G$.*#8+*! 06$.#)6!G#V&784
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in government, the private sector and households won’t be deterred from inves'ng and partnering for the 
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func'oning of the essen'al core of land and housing, environmental services, public transporta'on, and 
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In Africa, the housing sector is overwhelmingly informal, but with the right policies and ins'tu'ons it 
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to prevent sensi've areas from being se^led.  Poor regula'on leads to low density, urban sprawl, which 
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services, most notably water and sanita'on, solid waste disposal, drainage and preserva'on of green 
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the circula'on of goods, again shu^ering the urban marketplace.  Road traffic is barely managed and 
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!"!"%# The	Cost	of	Neglect#

The failure to sa'sfy the basic condi'ons for effec've ci'es will, in simplest terms, dilute the benefits that 

could be gained for the country.  Neglec'ng African ci'es makes both firms and households more 

vulnerable to the diseconomies of urban agglomera'on, which are observed in terms of: high costs of 

land; conges'on and inadequate mobility; a polluted environment; and many other threats to social 

order, public health and public safety.  Such risks are never en'rely unavoidable within popula'on 

concentra'ons, but they become greater and are prematurely imposed by very inadequate urban 

management.  It is not credible to argue that diseconomies are outweighing the posi've benefits of 

African ci'es, when these ci'es have virtually no working public transport or safe waste disposal, much of 

the land is held in public control with li^le available to meet market demand or the requirements that 

advance the public good, and infant mortality is rising due to poor public sanita'on in the neighborhoods 

T6+$+!;.,0!G+.G&+!&7=+!'(*!T.$/2!!1`+,,7*+,J!KLL]3!

Unreliable infrastructure and high transac'on costs undermine firms domes'cally, and this compara've 

disadvantage can be fatal for expor'ng firms a^emp'ng to par'cipate in global markets.  Urban poor 

867&*$+(! '$+! H.#(*! 0.! V+! &+,,! 6+'&06E! 06'(! 06+7$! $#$'&! 8.#(0+$G'$0,2! ! Z67&*$+(! 7(! ,&#;,! .H! g'7$.V7! H'8+!

enormously higher risks than do their peers living elsewhere in the same ci'es or rural se^lements.  The 

Ghana Sta's'cal Service found that worsening indicators for urban poor, including underweight status, as 

rela've to the rural poor.!

Poli'cal preference is o0en given to reducing the rela've dominance of the largest (primate) city and to 

promo'ng distribu'on or urban popula'on and economic ac'vity across a number of geographically 

dispersed, smaller ci'es.  This approach inhibits op'mal growth since large ci'es tend to be the most 

produc've and the most a^rac've to innova've and informa'on intensive economic ac'vi'es.  Urban 

policy should establish condi'ons and incen'ves that help exis'ng local governments to mobilize 

revenues and to respond to the evolving demands for effec've public services.  Municipal development 
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!"$# Electricity	Use	and	African	Cities#

The Interna'onal Energy Agency (IEA) predicts that worldwide energy consump'on in the year 2030 will 

be about 60% higher than it was in 2002. Approximately 85% of the future power supply will s'll be based 

on fossil fuels, the burning of which represents the most important driving force for climate change.  Ci'es 

are important arenas for energy use and produc'on, and while urban areas occupy only 2% of the earth’s 
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&'(*! ,#$H'8+J! 06+E! '$+! $+,G.(,7V&+! H.$! 06$++4quarters of global energy consump'on as well as 

approximately 85% of the global produc'on of greenhouse gases.  By 2030, 4.9 billion people, or 60% of 

the world’s popula'on, will inhabit ci'es, and the people living in these ci'es will consume 73% of the 

world’s energy.  In 20 years, ci'es will emit 73% of the world’s greenhouse gases.  (NKGCF 2008)!

Ci'es in the developing world are a par'cular concern, because 81% of urban energy growth will come 

H$.;! *+=+&.G7()! 8.#(0$7+,! T706! 06+7$! #$V'(! V#7&0! #G! '$+',! 0$7G&7()! 7(! ,7"+2! ! -+=+&.G7()! 8.#(0$7+,! T7&&!

,#$G',,!i%Z-!8.#(0$7+,! ',! 06+! &'$)+,0! 8.(0$7V#0.$,!.H! )$++(!6.#,+!)',! 1BFB,3!+;7,,7.(,!VE!KLMKJ!T706!

their urban energy sectors being the primary force responsible for this drama'c increase.  Within the 
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transporta'on present the highest poten'al for GHG reduc'on.  (ESMAP 2009; The World Bank 2008; 
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Ci'es offer strategic star'ng points for energy efficiency and climate protec'on. On the one hand, the 

concentra'on of people, material flows and residen'al districts makes it possible to reduce the 

consump'on of resources because modern governance, planning and service concepts mean that more 

G+.G&+!8'(!V+!,#GG&7+*!;.$+!+8.(.;78'&&E!#,7()!06+!,';+!';.#(0!.H!0$'(,G.$0J!+(+$)E!'(*!,G'8+2!C#86!

gains in efficiency can flow into the surrounding suburban and rural areas, as well as into the na'onal 

economy, to which large ci'es are integrated by means of resource flows and supply corridors.  Also, the 

func'onal integra'on of urban industries, infrastructures and networks make the accelerated 

dissemina'on of innova'ons possible, not at least in the energy sector. An integrated approach to urban 

*+=+&.G;+(0! 7,! $+e#7$+*! T6786! 0'/+,! 7(0.! '88.#(0! 06+! .=+$&'GG7()! X+&*,! .H! $+,G.(,7V7&70E! ,#86! ',!

buildings, transporta'on networks, energy technologies, and ci'zen behavior, and integrates these into a 

&.()!$'()+!G&'((7()!'GG$.'862!

!"$"!# Electricity	Use	and	Poverty	Reduction#

Numerous studies have been conducted recently to determine the causali'es between electricity 

consump'on and gross domes'c product or average annual income in developing countries.  Narayan and 

Figure 1.3  Historical and Forecasted CO2 Emissions from Fuel Combus4on by Region (IEA 2007)'
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Smith examined the causal rela'onship between electricity consump'on and gross domes'c product in a 

number of Middle East countries, finding that a 1 percent increase in electricity consump'on increases 

GDP by 0.04%.  Chen, Kuo, and Chen conducted a similar study inves'ga'ng the rela'onship between 

GDP and electricity consump'on in 10 developing countries in Asia and likewise found that sufficiently 

&'$)+! ,#GG&E! .H! +&+80$7870E! 8'(! +(,#$+! '! 67)6+$! &+=+&! .H! +8.(.;78! )$.T062! ! P++! 8.(*#80+*! '! ,0#*E! .H!

*+=+&.G7()! 8.#(0$7+,! '(*! H.#(*! &.()4$#(! '(*! ,6.$04run causali'es from energy consump'on to GDP, 

T67&+!D/7(&.!8.(*#80+*!'!,7;7&'$!,0#*E!7(!C#V4Saharan Africa and likewise found that energy consump'on 

has a significant posi've long run impact on economic growth in Ghana, Gambia, and Senegal among 

.06+$!DH$78'(!8.#(0$7+,2!1g'$'E'(!j!C;706!KLL@W!Z6+(J!`#.J!j!Z6+(!KLLAW!P++!KLL^W!D/7(&.!KLL_3!

While these studies clearly state the posi've causality between electricity consump'on, GDP, and average 

annual income, in more prac'cal terms, the availability of electricity in urban areas is part of an enabling 

+(=7$.(;+(0!06'0!G$.;.0+,!+8.(.;78!*+=+&.G;+(0!'(*!e#'&70E!.H!&7H+2!!S6+!'='7&'V7&70E!.H!+&+80$7870E!7,!(.0!

'! G'('8+'! 0.! 8#$+! '&&! 06+! 7&&,! .H! G.=+$0EJ! V#0! '='7&'V7&70E! .H! ;.*+$(! +&+80$7870E! ,+$=78+,! T7&&! ;'/+!

commercial businesses more profitable, residen'al households more enjoyable, industries more 

produc've, and ins'tu'ons more effec've.  Furthermore, electricity supply is part of a virtuous cycle that 

not only supports increases in the average annual incomes, but is also important in transporta'on 

networks for traffic control and street ligh'ng, in water and sewer networks for maintaining pressure and 

preven'ng backflows, as well as with hospital, schools, and public safety.!

!"$"$# Urban	Planning	and	Electricity	Demand#

Energy demand forecas'ng is an essen'al component of energy planning and formula'ng strategies and 

$+8.;;+(*7()! G.&787+,2! ! S6+! 0',/! 7,! (.0! .(&E! *+=+&.G7()! 8.#(0$7+,! T6+$+! (+8+,,'$E! *'0'J! 'GG$.G$7'0+!

models and required ins'tu'ons are lacking, but also in industrialized countries in which these limita'ons 
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approaches.  The econometric approach establishes a rela'onship between the dependent variable and 

certain chosen independent variables by sta's'cal analysis for historical data.  The rela'onship so 

determined can then be used for forecas'ng simply by considering changes in the independent variables 

Figure 1.4  GHG Mi4ga4on Measures Projected to 2030 (IPCC 2007)'
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and determining their effect on the dependent variable.  The discrete choice method and mul'nomial4
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(industrial, commercial, ins'tu'onal, residen'al, transporta'on) and projects energy demand in 
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(Bha^acharyya, 2009)!

!"%# The	Remarkable	Growth	of	Ghana‘s	Capital	City#

Global experiences illustrate that as economies grow, rapid urbaniza'on takes place that encompass a 

large share of a na'on’s popula'on.  In step with its Sub4Saharan loca'on, Ghana is also experiencing 

unprecedented urbaniza'on with approximately 50 percent of its more than 20 million people currently 

&7=7()! 7(!#$V'(!'$+',!T706!067,!,6'$+!+aG+80+*!0.!V+!]^h!VE!KLRL2!!S6+!;.,0!,7)(7X8'(0!)$.T06!7,!0'/7()!

place in Accra, which is Ghana’s administra've and commercial center, as well as its largest and fastest 

growing urban concentra'on.  Inhabited by more than 3 million people, represen'ng 15 percent of the 

total popula'on and 40% of the total urban popula'on, Accra’s growth rate of 4% per year implies that 

the popula'on will double in 16 years.  But these projected increases are not a new trend, instead they 

are an extension of the past 15 years when Accra also doubled its popula'on and expanded its area 

'&;.,0!06$++!H.&*2!!?+0T++(!M@@L!'(*!KLL^!06+!V#7&0!#G!'$+'!7(8$+',+*!H$.;!MRR!,e#'$+!/7&.;+0+$,!0.!RYY!

square kilometers, and the popula'on density decreased from 14,000 persons per square kilometer to 

8,000. (United Na'ons, 2005; World Bank, 2007; World Bank, 2009) !

The urbaniza'on pa^ern of Accra reveals strong physical growth, which is typified by moderate and 

patchy densifica'on within the inner core, involving the replacement of residen'al by commercial uses, 
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comprehensive urban development policies and inadequate implementa'on of programs on urban 

management, land use, transport and economic development is permipng unbridled urban sprawl, which 

not only limits the growth poten'al of all sectors but also has a par'cularly significant affect on the most 

vulnerable sec'ons of society due to their dependence on public systems. (World Bank 2007; World Bank 

KLL_W!I'V.)#(U+J!KLL^3!

Figure 1.5  Ghana Urban and Rural Popula4on Growth (UN -'World Urbaniza4on Prospects, 2005)'
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Without a clear policy direc'on and vision, the ability of ci'es to grow compe''vely and remain bankable 

and livable is o0en compromised.  Like most Sub4C'6'$'(!8.#(0$7+,J!06+!)$.T06!.H!06+!')$78#&0#$+!,+80.$!

in Ghana is slowing down and “push factors” are causing migra'on to towns and ci'es.  However, the 

urban areas are not genera'ng enough economic growth for the increased popula'on and local 

authori'es do not have sufficient resources or exper'se to make comprehensive provisions for public 

services, such as electricity, water, transporta'on, educa'on, health care, and public safety.  While a 

contrac'on of the agricultural sector has served to encourage rural to urban migra'on, natural increases 

due to high fer'lity and greatly reduced child mortality rates in urban areas as well as the reclassifica'on 

of rural areas to urban lands are the primary explana'ons for the growth of Ghanaian ci'es.!

S6+$+!7,!'!,0$.()!(++*!H.$!B.=+$(;+(0!8.;;70;+(0!0.!'**$+,,!06+!+;+$)7()!7,,#+,!.H!06+!#$V'(!,+80.$2!!

It is clear that urbaniza'on is here to stay and that it needs to be tackled strategically within the context of 

economic development and poverty reduc'on.  There is a pervasive iner'a which has prevented the 

Government of Ghana from effec'vely and decisively tackling the decentraliza'on agenda and the 

,#V,+e#+(0! ,+$=78+! *+&7=+$E! '(*! X('(87()! .H! &.8'&! 7(=+,0;+(0,2! ! B6'('! (++*,! 0.! ;.=+! 'T'E! H$.;!

“business as usual” and move towards sustainable solu'ons that link municipal management reforms to 

improved access to services and economic growth, providing opera'onal tools for future planning, 

improving transfers and local taxa'on and crea'ng an environment favorable to business and economic 

ac'vi'es. (The World Bank, 2008)!

Land management remains a key constraint for effec've growth in Greater Accra.  The dual system of land 

delivery, tradi'onal and public, and the lack of systema'c planning at the local level have created a 

complicated system of property rights.  Exis'ng revenue mechanisms like property tax rates add minimal 

='&#+!0.!06+!&.8'&!).=+$(;+(0!.T(4,.#$8+!$+=+(#+,2!!9#$06+$;.$+J!06+!G..$!6'=+!=+$E!&7;70+*!'88+,,!0.!

decent shelter and are o0en forced to live in slums or overcrowded tenements.  The rapid demand for 

Figure 1.6  Urban Sprawl of Accra, Ghana from 1985 un4l 2000 (Buckley, 2005)'
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comparable to some European Ci'es.  But, lack of property rights is having an impact on business 
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enough authority and resources to effec'vely address land management ac'vi'es. (The World Bank, 

KLL_3!

The decentraliza'on agenda has taken a long 'me to take off in Ghana. Prac'cal arrangements for sharing 

of du'es and responsibili'es between the DAs of Greater Accra and the Government remain to be defined 

and delivery of services to the popula'on is hampered by a number of factors.  Func'onal overlap 

between deconcentrated administra'on and DAs, use of secondment of deconcentrated staff to DAs, 

leaving DAs li^le influence on personal ma^ers and training, and transfers making up 84 percent of DA 

revenues (which leave li^le incen've for savings), are all structural problems.  Addi'onal issues are, the 

H'80! 06'0!-7,0$780!D,,+;V&7+,!)+(+$'0+!.(&E!;.*+,0!';.#(0,!.H! 7(0+$('&! $+=+(#+,J! 06'0!-D,!V#*)+0,!'$+!
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Greater Accra are approximately $2.7 USD per capita as compared to an es'mated need of $80 USD per 
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This results in a situa'on where the larger DAs of Greater Accra are not able to provide services to their 

popula'ons. Due to inadequate financing and management capacity, water coverage has declined in 
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on the DAs budgets but is s'll not func'oning, with only 70 percent being collected.  Transporta'on 
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substandard. The electricity sector is strained, which could result in reduc'on of GDP by as much as 0.9 
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challenges, including the cost (in terms of fees and procedures) of star'ng a business anywhere in Ghana, 
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borders.  Small and micro enterprises are severely constrained by lack of access to credit.  Addi'onally, 

inadequate infrastructure facili'es and public services hinder the forma'on and growth of firms by 

increasing the cost of doing business, limi'ng access to markets, and reducing efficiency.  A vibrant urban 

agglomera'on with improved connec'vity and produc'vity can help bridge the gap with the rural areas 

&7/+!0$'*+J!,+$=78+,J!'(*!+;G&.E;+(02!1S6+!:.$&*!?'(/J!KLL_3!

Perhaps the most important factor in the moderniza'on of Ghana is the presence of modern electricity 
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poten'al to improve quality of life standards than a modern electricity infrastructure. The presence of 

electricity facili'es supports all public infrastructures, from transporta'on systems to potable water and 

sanitary sewer services, from medical and public educa'on to police, fire, and telecommunica'ons. A 

reliable electricity supply is cri'cal to the realiza'on of a modern Ghana. (Na'onal Development Planning 

Commission of Ghana, 2005; United Na'ons, 2006)!

Accra, Ghana is on the verge of becoming a megacity and thus facing cri'cal decisions on which direc'on 

to take in the future. While its con'nued expansion could further fuel energy consump'on demands, 

innova'on in technology and urban planning could set up sustainable structures and guidelines for energy 

demand and produc'on which would decouple economic growth from energy consump'on, serve as a 

hospitable vehicle for poverty reduc'on and lead emissions from an exponen'al increase to at least a 

fla^ening growth curve.!



!

MA!

!"&# Research	Objective#

C#V4Saharan Africa is urbanizing at a drama'c rate, which has the poten'al for many benefits as well as 

harms.  Urban areas have great poten'al to serve as incubators of economic growth and engines of 

poverty reduc'on.  Improved infrastructure is a significant component of promo'ng this growth in urban 

'$+',J!'(*!G&'((7()!H.$!7;G$.=+*!+&+80$7870E!7(H$',0$#80#$+!8'(!,+$=+!0.!7(8$+',+!B-O!'(*!'=+$')+!'((#'&!

income, as well as be part of an enabling environment for economic development and poverty reduc'on.  

Focusing on electricity use in the ci'es of the Sub4C'6'$'! 7,! '&,.! 7;G.$0'(0!V+8'#,+!#$V'(!'$+',! 7(! 06+!

developing world are projected to overtake OECD countries as the largest emi^ers of GHGs.  Therefore 

developing a model for projec'ng the electricity demand of a major African city will serve as a founda'on 

for quan'fying the costs and benefits associated with proposals for economic development, poverty 

reduc'on, and environmental protec'on as well as ac'ng as a template for other African ci'es.!

The primary research objec've of this work is to create a highly disaggregated property and land use 

urban simula'on system for comprehensively projec'ng the electricity demand of the Korle Bu district in 

Accra, Ghana, in terms of low, medium, and high popula'on and economic growth rates for the 'me 

period 2006 un'l 2025.  In order to meet this primary research objec've, the following secondary 

objec'ves will also be achieved.!

M2! To annually model household loca'on choice by matching household a^ributes to preferred 

loca'ons using a synthe'cally generated household popula'on and the actual residen'al structures 

7(!`.$&+!?#2!

K2! To annually model commercial loca'on choice by matching business a^ributes to preferred 

loca'ons using a synthe'cally generated employment popula'on and the actual commercial 

,0$#80#$+,!7(!`.$&+!?#2!

R2! S.!'((#'&&E!;.*+&!06+!G$78+!.H!+'86!7(*7=7*#'&!G&.0!7(!`.$&+!?#2!

Y2! To annually project demographic and economic growth in Korle Bu for use in projec'ng low, 

;+*7#;!'(*!!67)6!)$.T06!,8+('$7.,2!

^2! S.! '((#'&&E!;.*+&! +&+80$7870E! *+;'(*! H.$!+'86! V#7&*7()! '(*!G&.0! 7(! `.$&+! ?#J! '(*! 06+(!'))$+)'0+!

06+,+! *+;'(*,! 0.! *+0+$;7(+! 0.0'&! G$.U+80+*! +&+80$7870E! T7067(! 06+! *7,0$780! ',! T+&&! ',! '((#'&!

G$.U+80+*!*+;'(*!0.!KLK^2!

In total, these objec'ves comprise a single urban simula'on system which describes every building and 

plot in the Korle Bu district for each year from 2006 un'l 2025, and thus enabling the disaggregated 

electricity demand projec'on.!
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Chapter	2!
Modeling	the	City!
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2.1		The	Science	of	the	City	#

S6+!,0#*E!.H!06+!870E!H'&&,!#(*+$!*7f+$+(0!(';+,N!Z70E!'(*!5+)7.('&!O&'((7()J!B+.)$'G678'&!C87+(8+,!'(*!

Urban Studies, Town and Country Planning, Urban Economics, or Public Administra'on among many 

.06+$,2! ! i(+! .H! 06+! $+',.(,! 06+$+! '$+! ,.! ;'(E! *7f+$+(0! 'GG$.'86+,! 0.! ,0#*E7()! 06+! 870E! 7,! V+8'#,+!

#(*+$,0'(*7()! #$V'(! *E(';78,! V$7*)+,!;'(E! *7f+$+(0! *7,87G&7(+,! .H! $+,+'$862! ! S6+! C87+(8+! .H! Z70E! '(*!

Urban Geography is interdisciplinary in nature; it includes economics and demographics, sta's'cs and 

+()7(++$7()J!G#V&78!G.&78E!'(*!#$V'(!*+,7)(J!8#&0#$'&!,0#*7+,!'(*!'$8670+80#$+2!

The city can be defined in terms of its poli'cal boundaries as a subdivision of the state or by its con'guous 

urban area.  Therefore, a city or town may have a poli'cally defined boundary which is not coterminous 

with the urban area.  Some'mes the aggrega'on of ci'es combine to create larger, con'nuous urban 

areas, while at other 'mes, more rural municipali'es, which are more similar to a district or a county, seek 

to include areas which are be both rural and urban within their borders.  The point being, ci'es generally 

have two different boundaries, one that defines the jurisdic'on for a poli'cal en'ty which has some rights 

to govern within that area, and another that describes a con'guous urban area, which may be an 

aggrega'on of numerous poli'cal en''es, on many different levels: local, county, district, regional, state 

or even na'onal.  The =%! 2(508! city is more concerned with the con'guous urban area and how those 

poli'cal en''es func'on and govern.!

S6+! H#(*';+(0'&!#(70!.H! '! 870E! 7,! G$.G+$0E2! !:67&+! '!870E! 7,! *+X(+*! 7(! 0+$;,!.H! 70,!V.#(*'$7+,J! 70! 7,! '&,.!

,#V*7=7*+*!7(0+$('&&EJ!T706!'&&!G'$8+&,!6'=7()!,.;+!H.$;!.H!.T(+$,67GJ!T6+06+$!G$7='0+J!G#V&78J!G+$;'(+(0!

or temporary.  Generally speaking, residen'al land uses, such as a single family home, is a singularly 

,#V*7=7*+*! G7+8+! .H! G$.G+$0E!T6786! 7,! .T(+*! VE! '(! 7(*7=7*#'&! .$! H';7&E2! ! D!;.$+! 8.;G&78'0+*! H.$;! .H!

ownership involves condominiums or higher density residen'al land uses.  Commercial land uses may also 

be individually owned by a person or business, but o0en some designated part of the property is leased to 

a corpora'on for a given amount of 'me.  Industrial opera'ons may also be owned or leased.  

Ins'tu'onal uses are generally owned by the public, as designated within a governmental body.  Finally, 

$7)60,4.H4T'E,!'(*!+',+;+(0,!'$+!'!H.$;!.H!.T(+$,67G!*+,7)('0+*!H.$!G#V&78!'(*!G$7='0+!7(H$',0$#80#$+,J!

,#86!',!67)6T'E,!'(*! $.'*,J! +&+80$7870E! '(*!)',J!T'0+$!'(*! ,+T+$J! ,0.$;T'0+$! '(*!*$'7(')+J! ',!T+&&!',!

telecommunica'on facili'es.!

:67&+!G$.G+$0E!T6786!6',!V++(!,#V*7=7*+*! 7(0.! 7(*7=7*#'&! &.0,J!G'$8+&,J!.$! $7)604.H4T'E,! 7,! 06+!G$7;'$7&E!

#(70!.H!'('&E,7,J!06+!G$7;'$E!;+'(,!H.$!*+,8$7V7()!06+,+!7(*7=7*#'&!#(70,!7,!7(!0+$;,!.H!&'(*!#,+2!!S6+$+!'$+!

four primary urban land uses: residen'al, commercial, industrial, and ins'tu'onal.  A parcel can also be 

described in terms of the exis'ng use on that subject piece of property, for example, an apartment 

building may be considered as a medium density residen'al use.  Furthermore, that exis'ng use, may or 

may not comply with those uses which have been permi^ed for that subject parcel.  This regula'on of 

what is permi^ed on an individual piece of property is called zoning or some'mes current planning.  A 

zoning designa'on serves to regulate what uses are permi^ed on a subject property, as well as the levels 

of density (residen'al uses which are measured in the number of dwelling units per acre or m
!

3! .$!

intensity (commercial and industrial uses which are measured in floor area ra'o which is a comparison of 

the total building floor area to the property area) which are permi^ed, among other things.  Finally future 

&'(*!#,+!G&'((7()!)#7*+,!06+!*+=+&.G;+(0!.H!&'$)+!'$+',!T7067(!'!870EJ!*7,0$780!.$!$+)7.(!',!0.!T6'0!0EG+,!.H!

uses and development are consistent with the vision for that par'cular area.  One such example could be 

an area which has been designated for Intensive Development, where more intense industrial opera'ons 

are permi^ed, such as a harbor or trucking terminal.  Compara'vely a future land use designa'on of 

Environmental Conserva'on indicates a community vision which involves protec'ng habitat and fauna, 
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7(*7)+(.#,!.$!+(*'()+$+*!,G+87+,J!.$!)$.#(*T'0+$!$+86'$)+!'$+',2!

C0#*E7()! 06+! 870E! 7,! 7(0+$*7,87G&7('$E! 7(! ('0#$+J! V#0! 06+! 0T.! G$7;'$E! *7,87G&7(+,! T6786! ,+$=+! ',! 06+!

founda'on for Urban Sciences are demography and economics.  Demographics and the associated use of 

sta's'cs has many uses, but from the perspec've of city planning focuses on domes'c ac'vi'es of 

individuals and their associated households, which assumedly are located on residen'al land uses.  Within 

the context of city planning, economics is focused on the analysis and classifica'on of jobs and businesses, 

which are primarily commercial or industrial.  Addi'onally, economic analysis also iden'fies whether a 

par'cular business is associated more with providing local services, such as a restaurant or barber shop as 

8.;G'$+*!0.!'!V#,7(+,,!06'0!7,!;.$+!7(=.&=+*!T706!,+$=78+,!T6786!'$+!G$.=7*+*!.#0,7*+!.H!06+!&.8'&!$+)7.(J!

such as an interna'onal legal or engineering firm.  Ins'tu'ons or public services are also an important part 

of the city.  Ins'tu'onal analysis can focus on: Public Educa'on (Universi'es, Colleges and Schools); Public 

Health (Hospitals and Clinics); as well as Public Safety (Military and Police).  Infrastructure analysis is o0en 

a synthesis of engineering, which involves the design and construc'on of facili'es (transporta'on, 

electricity, stormwater, potable water and sewer, telecommunica'ons, and some'mes even parks and 

recrea'on) with public administra'on, which is more concerned with programming and finance.!

2.1.1		Simulating	Urban	Dynamics#

S.! #(*+$,0'(*! 06+! *E(';78,! .H! *7,'))$+)'0+*! *+;'(*,J! ',! +a67V70+*! VE! 7(*7=7*#'&,J! 6.#,+6.&*,! .$!

V#,7(+,,+,! &.8'0+*!T7067(!'!870EJ! 70! 7,!(+8+,,'$E!0.!V+!'T'$+!06'0!T+!'$+!*+'&7()!T706!'!8.;G&+a!,E,0+;!

T6786!7,!*.;7('0+*!VE!(.(4linear and interac've processes. Micro4level ac'ons based on local interac'on 

and their urban environment are responsible for the “emergence” of consump'on pa^erns at a macro4

level. While at the same 'me, changes in urban planning policies can create new opportuni'es and 

8.(,0$'7(0,! T6786! 'f+80! 06+! ;78$.4behavior of individual “agents” and influence the configura'on of 

demand pa^erns. (Da Fonseca Feitosa et al. 2010)!

The complexity inherent to disaggregated demands imposes serious difficul'es to the use of deduc'on, 

intui'on or hand calcula'on in the process of understanding this phenomenon. Regarding this issue, 

8.;G#0+$4based simula'ons have been pointed towards as the most appropriate tools for understanding 

complex systems. Complex adap've systems (CAM) and mul'4agent systems (MAS) in par'cular, 

$+G$+,+(0!'!G$.;7,7()!'GG$.'86!0.T'$*,!'**$+,,7()!06+!8.;G&+a70E!.H!*7,'))$+)'0+*!*+;'(*,2!?E!('0#$+J!

complex adap've and mul'4agent systems focus on individual behavior within a certain spa'al 

environment and how the interac'ons of these individuals manifest in the construc'on of global 

frameworks. It deals with many autonomous and explicitly located en''es, or agents, which react to their 

+(=7$.(;+(0!'(*!;'/+!*+87,7.(,!'88.$*7()!0.!'!,+0!.H!$#&+,2!1-'!9.(,+8'!9+70.,'!+0!'&2!KLML3!

The	Limits	of	Modeling	Cities!

One of the key ques'ons facing urban modelers is exactly how much detail is needed.  The mainstream 

trend in urban transport and land use modeling is more and more towards disaggrega'on.  Ac'vity4V',+*!

0$'=+&!;.*+&,!6'=+!V+8.;+!06+!,0'0+!.H!06+!'$0!'(*!')+(04based land use models are prolifera'ng.  There 

are persuasive reasons for this trend including a growing individualiza'on of society, the increased 

dominance of urban life styles, and the tendency for loca'on and mobility pa^erns which are more 

diversified. Disaggregate models capture this heterogeneity.  S'll, some have argued that such a^empts at 

microsimula'on for large modelling projects failed to deliver in 'me, did not become opera'onal for any-

one other than the author, got lost in data collec'on and calibra'on and did not reach the state of policy 

'('&E,7,!.$!,7;G&E!$+;'7(+*!7(!06+!'8'*+;78!+(=7$.(;+(0!'(*!G$.*#8+*!.(&E!O6-!06+,+,2!!i(+!'$)#;+(0!

is based on the idea that when models include more informa'on than necessary, the actually become ex-

'80&E!T6'0!7,!V+7()!,7;#&'0+*2!
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"Simplifying assump/ons are not an excrescence on model>;1-$=-/7?! 09%#! (&%! -0*! %**%/5%@! A%4-*!

B(&&8$$!8/5%!&%)(&6%=!09(0!(!)(C!8/!09%!*5($%!82!8/%>08>8/%!481$=!*%&D%!/8!C1&C8*%@!E/=!09%!C9->

$8*8C9%&!82!*5-%/5%!F1**%$$!G(/*8/!/80%=!09(0!-2!#81!C&87&%**%=!2&8)!(!HD%>-/59!;($*(!488=!)8=%$!

of a Spi7ire air plane to a 15>-/59!)8=%$!4-09810!)8D-/7!C(&0*I!08!(!9($2>*5($%!)8=%$I!08!(!21$$>*-,%!

en/rely accurate one, you would end up not with a model of a Spi7ire but with a Spi7ire".!

!5.V+$0!I2!C.&.T!1M@AR3!

This approach begs the ques'on, how much micro is too much?  Planners seeking to develop a more ag-

gregate approach point towards constraints of data collec'on, compu'ng 'me and stochas'c varia'on 

and suggest that for each planning problem an op'mum level of conceptual, spa'al and temporal model 

resolu'on suggests to work towards a theory of balanced mul'4,8'&+!;.*+&,!T6786!'$+!',!8.;G&+a!',!(+84

+,,'$E!H.$!06+!G&'((7()!0',/!'0!6'(*!'(*!k',!,7;G&+!',!G.,,7V&+!V#0!(.!,7;G&+$k2!1:+)+(+$!KLL@3!

In this work we tend towards higher levels of disaggrega'on and complexity, because the very systems we 

are simula'ng are in fact very complex.  In fact many urban systems have already been modelled and can 

be observed as they operate in real 'me.  Transporta'on monitoring systems are capable of observing 

0$'b8!'(*!0$7G,!',!06+E!.88#$J!T'0+$!'(*!,+T+$!,E,0+;,!8'(!)7=+!$+'&4'me read outs of pressure and flow 

from a remote loca'on, while children in schools can be monitored by their parents from their homes.  

Simplifying for the sake of simplicity does not necessarily result in be^er results, while likewise building a 

more complex simula'on also does not guarantee results.  En'ty oriented modelling offers a new direc-

'on with a capability to synthesize discrete choice approaches with goal oriented and adap've agent4

based models within the context of an urban fabric of physical structures being modeled in real 'me.  Fur-

06+$;.$+J!8.;G#0+$!,E,0+;,!'(*!G$.)$';;7()!&'()#')+,!6',!V++(!*+=+&.G+*!T6786!)$+'0&E!+aG'(*!06+!

poten'al for speed and power.!

"#$%&'Agent	Systems	and	Agent'Based	Models!

The concept of (computa'onal or so0ware) “agents” stems from the fields of Distributed Ar'ficial 

Intelligence (DAI) and Mul'4Agent Systems (MAS).  Common defini'ons of the term characterize them as 

autonomous, reac've, goal4.$7+(0+*J!.$!,.87'&&E!'V&+J! U#,0!0.!'!870+!'!H+T2!!D)+(04V',+*!;.*+&,J! 7(,0+'*J!

are most importantly goal oriented and adap've, and are programmed with an element of learning which 

is inherent to the agent itself.  In a mul'4agent system, an agent may be assigned a value or u'lity, which 

is dependent on their ac'ons within that environment, but a goal oriented agent may seek to maximize 

this value and can adapt and learn which ac'ons to take in order to increase their value over 'me and 

06#,!$+'86!'!).'&2!!S6+!%$+=!'(*!5.06!'&).$706;!7,!.(+!+a';G&+!.H!&+'$(7()!G$.)$';;+*!7(0.!'(!')+(0!7(!

.$*+$!0.!'*'G0!'(*!$+'86!'!,G+87X+*!).'&2!1:+7*&786!'(*!Q+70J!KLL_3!

Discrete	Choice	Models!
Mul'4agent systems for urban simula'on systems rely heavily on discrete choice modeling, a path 

breaking approach to modeling individual ac'ons which was pioneered in the 1970s with Daniel 

McFadden’s theory on Random U'lity Maximiza'on.  This approach derives a model from the probability 

of choosing among a set of available alterna'ves based on the characteris'cs of the chooser, the 

a^ributes of the alterna'ves, and the propor'onal, rela've u'lity amongst them.  A household choosing 

among alterna've loca'ons in the housing market, which we index by , can serve as a simple illustra'on 

of how discrete choice models operate within an urban simula'on. Take for example each agent, or 

household, and assume that each alterna've choice ! has an associated u'lity ! T6786! 8'(! V+!

separated into a systema'c part and a random part.!



!
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S6+!&.)!.H!067,!*+(.;7('0.$!7,!8'&&+*!06+!$87*1), or composite u'lity, and it summarizes the u'lity across 

all the alterna'ves.  In the context of a choice of mode between origins and des'na'ons, for example, it 

would summarize the u'lity (disu'lity) of travel, considering all the modes connec'ng the origins and 

des'na'ons. Thus the $87*1)!also has appeal as a comprehensive evalua'on measure. (Waddell 2010)!

2.2	Platforms	for	Modeling	Cities#

5+)7.('&J! #$V'(J! 870E! '(*! 0.T(! G&'((7()! 7,! 7(0+$*7,87G&7('$E! VE! ('0#$+J! 06+$+H.$+!;.*+&7()! 'GG$.'86+,!

towards simula'ng urban dynamics have also bridged many different areas of research.  Urban simula'on 

systems trend towards a synthesis of econometric, agent based models with physical representa'ons of 

urban designed real ci'es, as they change through 'me.  Infrastructure models, such as those that 

forecast the dynamics of transporta'on networks or electricity systems, typically either make projec'ons 

at a na'onal or regional (suprana'onal) level or focus on a singular infrastructure project within a 

(+7)6V.$6..*!.$! *7,0$7802! ! 5'$+&E! *.! 7(H$',0$#80#$+!;.*+&,! H.$+8',0! *E(';78,!T7067(! '! V.#(*'$E! 06'0! 7,!

8.0+$;7(.#,!T706!'!=%!2(508!#$V'(!'$+'2!

The challenge of simula'ng the urban dynamics of any large city, such as Accra, is to physically model all 

of the physical infrastructure, including the transporta'on systems, water and sewer (if they exist), solid 

waste, storm runoff, public health, safety and educa'on facili'es, as well as projec'ng the daily decisions 

.H!6.#,+6.&*,!'(*!V#,7(+,,+,!',!T+&&!',!06+7$!',,.87'0+*!&7H+!8E8&+!',!06+,+!#(70,!G$.)$+,,!7(0.!06+!H#0#$+2!!

Finally, modeled physical infrastructures should animate their func'ons as if they were occurring in real 

'me, or hypothe'cally if a change to the system is being proposed.  The result is an urban simula'on that 

synthesizes and employs components of economics and demographics, sta's'cs and engineering, public 

G.&78E!'(*!#$V'(!*+,7)(J!8#&0#$'&!,0#*7+,!'(*!'$8670+80#$+2!!S67,!7,!06+!8.;G$+6+(,7=+!'(*!8.;G&+a!('0#$+!

of simula'ng urban system dynamics of ci'es as well as their interac'on with suburban and rural areas 

T7067(!06'0!$+)7.(2!

2.2.1		NetLogo#

NetLogo is a mul'4')+(0! G$.)$';;7()! &'()#')+! '(*! 7(0+)$'0+*!;.*+&7()! +(=7$.(;+(0! H.$! *+=+&.G7()!

mul'4')+(0!,E,0+;,!'(*!')+(04V',+*!;.*+&,!7(!06+!,.87'&!'(*!('0#$'&!,87+(8+,2!!g+0P.).!T',!*+,7)(+*!7(!

Formula 2.1  Geometric Interpreta4on of a Simple Discrete Choice Model'
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06+!,G7$70!.H!06+!P.).!G$.)$';;7()!&'()#')+!0.!V+!k&.T!06$+,6.&*!'(*!(.!8+7&7()Jk!06'0!7,!0.!+('V&+!+',E!

+(0$E! VE! (.=78+,! '(*! E+0! ;++0! 06+! (++*,! .H! 67)6! G.T+$+*! #,+$,2! S6+! g+0P.).! +(=7$.(;+(0! +('V&+,!

explora'on of!+;+$)+(0! G6+(.;+('2! \0! 8.;+,!T706! '(! +a0+(,7=+!;.*+&,! &7V$'$E! 7(8&#*7()!;.*+&,! 7(! '!

='$7+0E!.H!*.;'7(,!,#86!',!+8.(.;78,J!V7.&.)EJ!G6E,78,J!86+;7,0$EJ!G,E86.&.)EJ!,E,0+;!*E(';78,!'(*!;'(E!

.06+$!('0#$'&!'(*!,.87'&!,87+(8+,. Beyond explora'on, NetLogo enables the quick and easy authoring of 

models.  It is par'cularly well suited for modeling complex systems developing over 'me. Modelers can 

give instruc'ons to hundreds or thousands of independent "')+(0," all opera'ng concurrently. This makes 

it possible to explore the connec'on between the micro4&+=+&!V+6'=7.$!.H!7(*7=7*#'&,!'(*!06+!;'8$.4&+=+&!

pa^erns that emerge from the interac'on of many individuals. (NetLogo 2010)!

Examples	of	Application!

One of the first works of real significance in the area of simula'on modeling and development research 

was by Dr. Quang Bao Le.  Le et al. developed an innova've and novel mul'4agent system for simula'ng 

&'(*4#,+! '(*! &'(*! 8.=+$! 86'()+! H.$! '(! #G&'(*! T'0+$,6+*! '&.()! 06+! 8+(0$'&! 8.',0! .H! Q7+0(';2! ! <,7()!

g+0&.).J!-$2! P+! *+=+&.G+*! 67,! Qg4LUDAS model, consis'ng of four modules, which represent the main 

8.;G.(+(0,! .H! 06+! 8.#G&+*! 6#;'(4&'(*,8'G+! ,E,0+;! 7(! H.$+,0!;'$)7(,2! P+! +0! '&2! (+,0+*! 06+! V.#(*+*4

ra'onal approach based on u'lity maximiza'on using spa'al mul'4nominal logis'c func'ons with 

heuris'c rule4V',+*!0+86(7e#+,!0.!$+G$+,+(0!06+!*+87,7.(4;'/7()!;+86'(7,;,!.H!6.#,+6.&*,!T706!$+)'$*!

to their agricultural ac'vi'es. The agent4based architecture allowed integra'on of diverse human, 

+(=7$.(;+(0'&! '(*! G.&78E4$+&'0+*! H'80.$,! 7(0.! H'$;+$,d! *+87,7.(! ;'/7()! T706! $+,G+80! 0.! &'(*! #,+! '(*!

presenta'on of subsequent accumulated outcomes in terms of spa'otemporally explicit pa^erns of the 

natural landscape and popula'on. (Le et al., 2005)!

State of the art simula'on of urban segrega'on, as well the development of a highly sophis'cated urban 

simula'on system, is found in the work of Dr. Flavia da Fonseca Feitosa.  Da Fonseca Feitosa et al. built 

upon previous work developed at the Brazilian Na'onal Ins'tute for Space Research (INPE), while 

synthesizing the work of Bao et al. and important historical founda'ons (Thomas Schelling) for a 

parameterized and calibrated hypothe'cal applica'on of an'4segrega'on policies in São José dos Campos, 

Brazil and its environs.  Da Fonseca Feitosa’s MASUS, Mul'4Agent Simulator for Urban Segrega'on, is a 

virtual laboratory built in the Netlogo programming environment to explore theore'cal issues and policy 

approaches on segrega'on.  Urban households are represented as individual agents that interact with one 

'(.06+$!',!T+&&!',!06+7$!+(=7$.(;+(0!T67&+!;'/7()!*+87,7.(,!$+)'$*7()!T6+06+$!.$!(.0!0.!$+&.8'0+!',!T+&&!

as their actual loca'on choice.  Within this structure, urban segrega'on emerges from the complexity of 

interac'ons. (Da Fonseca Feitosa et al.)!

-'! 9.(,+8'! 9+70.,'! +0! '&2! #,+*! 067,! &+'$(7()! &'V.$'0.$E! 0.!+aG&.$+! 06+! 7;G'80! .H! 7(8.;+! 7(+e#'&70E! '(*!

personal preferences on segrega'on, and found that decreasing levels of income inequality promote the 

spa'al integra'on of different social groups within the city.  Da Fonseca Feitosa et al. also conducted 

+aG+$7;+(0,! 0.!+aG&.$+!67)647(8.;+! H';7&7+,d!(+7)6V.$6..*!G$+H+$+(8+!'(*! $+=+'&+*! 06'0!67)6! &+=+&,!.H!

poverty isola'on were maintained even when affluent households did not take into account the income 

composi'on of neighborhoods while selec'ng their residen'al loca'on.  Finally, Da Fonseca Feitosa et al. 

present results with regard to the equitable distribu'on of infrastructure investments on clandes'ne 

se^lements as well as the poten'al implementa'on of social mix policies (poverty and wealth dispersion) 

7(!?$'"7&2!1-'!9.(,+8'!9+70.,'!+0!'&23!

2.2.2		The	Open	Platform	for	Urban	Simulation	(UrbanSim)#

UrbanSim is a so0ware4based simula'on system for suppor'ng planning and analysis of urban 

development, incorpora'ng the interac'ons between land use, transporta'on, the economy, and the 
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environment. It is intended for use by Metropolitan Planning Organiza'ons (MPOs), ci'es, coun'es, non4

governmental organiza'ons, researchers and students interested in exploring the effects of infrastructure 

and policy choices on a number of community outcomes.  Unlike most mul'4')+(0! ,E,0+;! '(*! ')+(04

based modeling plaPorms which have been developed in Java, UrbanSim was completely reprogrammed 

H$.;! l'='! 0.! OE06.(! 7(! KLLAJ! *#+! 0.! 06+! '*='(0')+! OE06.(! 6',! 7(! 0+$;,! .H! G$.8+,,7()! ,G++*! H.$! 06+!

;',,7=+!';.#(0,!.H!*'0'! 06'0!'$+!(.$;'&&E!',,.87'0+*!T706!;.*+&7()! &'$)+!#$V'(!'$+',2! 1:'**+&&!+0!'&2!

KLML3!

Functional	Description!

C0$#80#$'&&EJ! <$V'(C7;! 7,! '! ,E,0+;! .H! ;.*+&,! T6786! G$+*780,! 86.78+,! .H! 7(*7=7*#'&,J! 6.#,+6.&*,J! '(*!

businesses.  This urban simula'on system relies heavily on discrete choice models for projec'ng 

residen'al, commercial, industrial and ins'tu'onal loca'on choice.  Regression models are used to predict 

real estate price, while simple alloca'on models are used to determine exogenous variables such as 

popula'on or economic growth.  Each UrbanSim project has a fundamental spa'al unit of analysis, either 

'!G'$8+&J! )$7*8+&&J!.$! ".(+J!T6786! 7,! (.$;'&&E!*+0+$;7(+*!*+G+(*7()!.(! 06+!e#'&70E!.H!*'0'!'='7&'V&+2! ! \H!

comprehensive data is not available, for each and every unit, a synthe'c popula'on generator may be 

used to simulate needed tables, so long as certain sta's'cal parameters are met.  The resul'ng group of 

tables or baseyear data is then used as input for the models that run sequen'ally and comprise the larger 

urban simula'on system.  As each model is run, the baseyear data is updated to reflect the projected 

outcome, which is sequen'ally used as input for subsequent models un'l the series or annual cycle has 

been completed for that single simula'on year. (Waddell et al. 2010)!

Each urban simula'on project is typically comprised of 4 different types of models which allocate jobs and 

6.#,+6.&*,J! *+0+$;7(+! 7H! U.V,! '(*! 6.#,+6.&*! T7&&! $+&.8'0+J! 86..,+,! T6+$+! 06+E! T7&&! &.8'0+J! '(*!

determines land value.  These 4 types of models use the a^ributes of the fundamental spa'al unit (parcel, 

gridcell, or zone) for the dataset (land use, land value, economic and demographic characteris'cs, and 

energy consump'on) to es'mate each model.  The Economic and Demographic Transi'on Models 

!"#$%&'.)(''J%+07*":'<77$01'3K81&'9='L9@&1'*K>5&:'
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integrate exogenous forecasts of aggregate employment by sector and control totals for popula'on and 

6.#,+6.&*,2! !D,! ,+80.$,!)$.T!.$!*+8&7(+! H$.;!06+!G$+8+*7()!E+'$J! U.V,!'$+!'**+*!.$! $+;.=+*! H$.;!06+!

database.  Likewise the demographic transi'on model approximates changes to affect the net result of 

each 'me step.  These models serve as the interface with an exogenous macroeconomic model.  The 

Employment and Household Reloca'on Models predict the probability that jobs or households of each 

type will move from their current loca'on or stay during a par'cular year.  As the u'lity of different 

loca'ons increases or decreases as well as the value of the exis'ng loca'on, firms and households may 

86.,+! 0.! $+&.8'0+2! !Employment and Household Loca/on Choice Models G$+*780! 06'0!'! U.V!.$!6.#,+6.&*!

that is either new or has moved within the region will be located at a par'cular site. Buildings are used as 

the basic geographic unit of analysis.  Each job and household has an a^ribute of space that it needs and 

this provides a simple accoun'ng framework for space u'liza'on within buildings.  Households are further 

*+X(+*! VE! 7(8.;+! &+=+&! '(*! 06+! G$+,+(8+! .H! 867&*$+(! .$! H';7&E! ,7"+2! ! P'(*! Q'&#+! 7,! ;.*+&+*! #,7()! '!

6+*.(78! $+)$+,,7.(!.H! 06+! &.)4transformed property value per square foot.  A^ributes of the parcel are 

'&,.!#,+*!,#86!',!7(H$',0$#80#$+!'='7&'V7&70EJ!'88+,,7V7&70EJ!*+(,70E!'(*!(+7)6V.$6..*!+f+80,2!1:'**+&&!+0!'&2!

KLML3!

Synthetic	Population	Generation!

UrbanSim is essen'ally an ac'vity based microsimula'on model system that recognizes that fact that 

disaggregated demand (for transporta'on, water, electricity, goods and services etc…) is a derived 

demand, where individuals undertake ac'vi'es in 'me and space.  The behavioral unit under 

considera'on is the individual person, thus leading to model systems that are capable of simula'ng 

ac'vi'es of individual persons over the course of a day, week, month and year.  As ac'vity4V',+*!

microsimula'on model systems operate at the level of the individual, household and person a^ribute 

informa'on become necessary for the en're popula'on within the study area.  The problem faced by 

#$V'(!;.*+&+$,! 7,! 06'0! 67)6! e#'&70E! 8.;G$+6+(,7=+!*'0'! 7,! =7$0#'&&E! (+=+$! '='7&'V&+! '0! 06+! *7,'))$+)'0+!

level for an en're region or metropolitan area.  However, a random sample from a survey is o0en 

available and can be used to generate a complete synthe'c popula'on with comprehensive data on 

a^ributes of interest.  The ac'vity based model system can then be applied to this synthe'cally generated 

popula'on to forecast disaggregated demand at the level of the individual person. (Pendyala et al. 2009)!

Synthe'c popula'ons can be formed from the random samples by choosing or selec'ng households and 

persons from the random samples such that the joint distribu'on of the cri'cal a^ributes of interest in 

the synthe'c popula'on match known aggregate distribu'ons of household and person a^ributes.  Using 

a heuris'c approach called Itera've Propor'onal Upda'ng (IPU), synthe'c popula'ons can be generated 

Formula 2.2  Geometric Interpreta4on of the Itera4ve Propora4onal Upda4ng (IPU) Method'
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where both household level and person level characteris'cs can be matched in a computa'onally efficient 

manner.  The mathema'cal op'miza'on problem takes the form of Formula 2.2 depending on the 

objec've func'on. (Pendyala et al. 2009)!

Multiple	Regression	Model	for	Projecting	Disaggregated	Demand	of	Public	Services!

\(! .$*+$! 0.! G$.U+80! *7,'))$+)'0+*! *+;'(*! H.$! '! ,G+87X8! G#V&78! ,+$=78+! 1G.0'V&+!T'0+$J! +&+80$7870EJ! ,.&7*!

waste etc…) a mul'ple regression model based on property characteris'cs such as historic consump'on, 

land use, demographic and economic data can be incorporated into the urban simula'on system.  A 

mul'ple regression model is a mul'variate sta's'cal technique, which examines the variable being 

forecasted (e.g. electricity demand) and mul'ple other variables in order to forecast the implicit nature of 

a dependent to mul'ple other significant independent variables.!

When using a mul'ple regression model, it is important to minimize the correla'on between predictor 

='$7'V&+,2! ! \H! G$+*780.$! ='$7'V&+,! '$+! $+&'0+*! 0.! +'86! .06+$J! '! 86'()+! 7(! .(+! ='$7'V&+! T7&&! 8'#,+! .06+$!

variables to change, resul'ng in an exaggerated change in the dependent variable.  This is the problem of 

collinearity.  Although rela'onships between predictor variables may be unavoidable, an effort to 

minimize collinearity is important for maximizing the predic'on power of the regression model.  (King et 

'&2!KLL]3!

Examples	of	Application!

<$V'(C7;! 7,!V+7()! H.$;'&&E!#,+*! H.$!G&'((7()!G#$G.,+,!VE!'!(#;V+$!.H! &.8'&!'(*! $+)7.('&!).=+$(;+(0,!

mostly in the United States.  These city and regional planning organiza'ons include Honolulu, Hawaii’s 

Oahu Metropolitan Planning Organiza'on; Eugene4CG$7()X+&*J! i$+).(! ',! 7;G&+;+(0+*! VE! 06+! i$+).(!

Department of Transporta'on; the Houston4B'&=+,0.(! D$+'! Z.#(87&W! 06+! 5+)7.('&! O&'((7()! D)+(8E! H.$!

Paris, France; Sea^le, Washington’s Puget Sound Regional Council; the San Francisco County 

Transporta'on Authority; and the Southeast Michigan Council of Governments.  More recent applica'on 

6',!7(8&#*+*!06+!C#,0'7(Z70E!G$.U+80!T6786!7,!V+7()!&+*!VE!%SF!'(*!7,!*+=+&.G7()!'!;.*+&!<$V'(C7;!V',+*!

on Zurich, Switzerland as well as applica'on in Johannesburg, South Africa, which is being funded by the 

Council for Scien'fic and Industrial Research (CSIR).  Other academic ins'tu'ons that are reportedly 

*+=+&.G7()!<$V'(C7;!;.*+&,!'$+!06+!S+86(78'&!<(7=+$,70E!.H!?+$&7(!1B+$;'(E3J!06+!<(7=+$,7*'*+!9+*+$'&!

*+! C'(0'! Z'0'$7('! 1?$'"7&3J! D$7".('! C0'0+! <(7=+$,70E! 1<CD3! '(*! 06+! <(7=+$,70E! .H! 9&.$7*'J! ';.()! ;'(E!

.06+$,2!1:'**+&&!+0!'&2!KLML3!

2.3	Modeling	Electricity	Infrastructure#

Named the greatest engineering achievement of the 20th century by the Na'onal Academy of Engineering 

1<CD3J!06+!+&+80$78'&!)$7*!6',!V++(!8'&&+*!06+!&'$)+,0!'(*!;.,0!8.;G&+a!;'867(+!7(!06+!T.$&*!',!T+&&!',!06+!

&'$)+,0! 7(*#,0$7'&! 7(=+,0;+(0! 7(! 06+! 67,0.$E! .H! 6#;'(/7(*2! ! %&+80$78'&! G.T+$! ,E,0+;,! '$+! +a0$+;+&E!

intricate, comprising genera'on, transmission and distribu'on subsystems, and in order to keep modern 

!9%:$10'.)M''<'*":41&'N"7&0%'/&#%&>>"97'
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systems opera'ng smoothly, different kinds of so0ware are used at different opera'onal stages and 

levels.  For example, Supervisory Control and Data Acquisi'on (SCADA) and Energy Management System 

(EMS) so0ware is used to supervise, control and manage genera'on and transmission systems, and 

Distribu'on Management System (DMS) so0ware is used to manage distribu'on networks.  (Sun & 

S+,H'0,7.(J!KLL]V3!

%&+80$7870E! ,E,0+;! '('&E,7,! 8'(! V+! V#7&0! '$.#(*! 06$++! 8.(8+G0#'&! &'E+$,! 8.;G$7,7()! G$7;'$7&E! '80.$,J!

infrastructure, and zones.  Actors are typically grouped in accordance with their legal iden'ty, for example 

power genera'on companies, load4serving en''es and independent system operator within the domain 

of wholesale markets.  Likewise actors in retail markets are defined in accordance with their legal iden'ty 

,#86!',!$+0'7&!G.T+$!*7,0$7V#0.$!'(*!8.(,#;+$,!'0!06+7$!+(*4#,+2!!S6+!0+86(78'&!&'E+$!7,!,0$#80#$+*!'$.#(*!

06+! G$.8+,,7()! .H! $+,.#$8+! ,0.8/,! '(*! m.T,J! 67)64voltage transmission grids, low voltage distribu'on 

networks, as well as end use power consump'on or produc'on.  Interconnected control domains are 

7(0+$H'8+*!VE!)'0+T'E,!T6786!$+m+80!='$7.#,!0EG+,!.H! &+)'&!8.(0$'80,!T6786!;'E!V+!;'(')+*!VE!06+!\Ci!

for wholesale transac'ons or possibly LSEs in the case of dual register meters (net metering).  The zonal 

layer incorporates condi'ons that are more exogenous to the system such as weather, macroeconomics, 

or the site suitability for implementa'on of a new technology.  (Morrison et. Al, 2008)!

?+8'#,+!.H!06+!0+86(78'&!('0#$+!.H!06+!0$'*+*!)..*J!+&+80$7870E!;'$/+0,!$'(/!';.()!06+!;.,0!8.;G&+a!.H!

all markets operated at present.  Supply and demand have to be balanced in real 'me, considering 

transmission limits and unit commitment constraints.  These complexi'es drive most classical modeling 

;+06.*,!0.!06+7$!&7;70,2!!%e#7&7V$7#;!;.*+&,!+706+$!*.!(.0!8.(,7*+$!,0$'0+)78!V7**7()!V+6'=7.$!.$!',,#;+!

that players have all the relevant informa'on about the other players’ characteris'cs and behavior.  Due 

0.! 06+! *7b8#&0! $+'&4world aspects, such as asymmetric informa'on, imperfect compe''on, strategic 

interac'on, collec've learning and the possibility of mul'ple equilibria, more and more researchers have 

V++(! *+=+&.G7()! ')+(04based models for simula'ng electricity infrastructure and market dynamics. 

1S+,H'0,7.(!j!:+7*&786!KLL]3!

2.3.1		Accounting	Frameworks#

Developed at the Stockholm Environment Ins'tute, the Long range Energy Alterna'ves Planning System 

1P%DO3!7,!'!T7*+&E4used so0ware tool for energy policy analysis and climate change mi'ga'on assessment.  

LEAP is an integrated modeling tool that can be used to track energy consump'on, produc'on and 

resource extrac'on in all sectors of an economy.!! \0!8'(!'&,.!V+!#,+*!0.!'88.#(0! H.$!V.06!+(+$)E!,+80.$!

'(*!(.(4+(+$)E!,+80.$!)$++(6.#,+!)',!1BFB3!+;7,,7.(!,.#$8+,!'(*!,7(/,2!! In addi'on to tracking GHGs, 

Figure 2.2  En4ty Oriented Electricity System Model (Morrison et al.)'
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P%DO!7,!#,+*!0.!'('&E"+!+;7,,7.(,!.H! &.8'&!'(*!$+)7.('&!'7$!G.&&#0'(0,J!;'/7()! 70!T+&&4,#70+*!0.!,0#*7+,!.H!

06+!8&7;'0+!'(*!06+!8.4benefits of local air pollu'on reduc'on.  (SEI, 2009)!

LEAP is not a model of a par'cular energy system, but rather a tool that can be used to create models of 

*7f+$+(0! +(+$)E! ,E,0+;,J! T6+$+! +'86! $+e#7$+,! 70,! .T(! #(7e#+! *'0'! ,0$#80#$+,2!! P%DOd,! ;.*+&7()!

capabili'es operate at two basic conceptual levels. !D0!.(+!&+=+&J!P%DOn,!V#7&04in calcula'ons handle all of 

06+!k(.(!8.(0$.=+$,7'&k!+(+$)EJ!+;7,,7.(,!'(*!8.,04benefit accoun'ng calcula'ons.!!D0!06+!,+8.(*!&+=+&J!

#,+$,!+(0+$!,G$+'*,6++04like expressions that can be used to specify 'me4='$E7()!*'0'!.$!0.!8$+'0+!'!T7*+!

variety of sophis'cated mul'4variable models, thus enabling econometric and simula'on approaches to 

be embedded within LEAP’s overall accoun'ng framework. LEAP is intended as a medium to long40+$;!

;.*+&7()!0..&!T706!;.,0!,0#*7+,!#,7()!'!H.$+8',0!G+$7.*!.H!V+0T++(!KL!'(*!^L!E+'$,2!! !P%DO!7,!*+,7)(+*!

'$.#(*! 06+! 8.(8+G0! .H! &.()4$'()+! ,8+('$7.! '('&E,7,2!! C8+('$7.,! '$+! ,+&H48.(,7,0+(0! ,0.$E&7(+,! .H! 6.T! '(!

energy system might evolve over 'me.!1C%\J!KLL@3!

S6+!'*='(0')+!.H!P%DO!7,!70,!,7;G&+!,0$'7)60!H.$T'$*!'GG$.'86!0.!;.*+&7()!+(+$)E!,#GG&E!'(*!*+;'(*!7(!'!

manner that is scalable to economies which are mul'4na'onal in nature (such as West Africa) or detailed 

*.T(!0.!06+!,7"+!.H!'!&'$)+!870E!.$!*7,0$780!T7067(!'!870E!1,#86!',!`.$&+4?#!7(!D88$'32! !S6+!7(0+$H'8+!7,!=+$E!

intui've, user friendly, and instruc've.  It is also a very good learning tool and is being used by numerous 

*+=+&.G7()!8.#(0$7+,!H.$!+a'80&E!06'0!G#$G.,+2! !S6+!)+(+$'&!'GG$.'86!.H!P%DO!7,!0.!'))$+)'0+!*'0'! 7(!'(!

accoun'ng framework, which doesn’t lend itself to highly disaggregated approaches which may 

7(8.$G.$'0+! &'$)+!';.#(0,!.H!*+0'7&!'0!06+! 7(*7=7*#'&!6.#,+6.&*!.$!V#,7(+,,! &+=+&2! ! \0! 7,!'&,.!#(8&+'$!6.T!

LEAP would operate when coupled with another modeling plaPorm, such as those used to simulate urban 

*E(';78,2! !g.(+06+&+,,J! P%DO! 7,!'(!+a8+&&+(0! H$';+T.$/!'(*! 7,!V+7()!#,+*!VE! 06+!I7(7,0$E!.H!%(+$)E! 7(!

B6'('J!T6+$+!'!(#;V+$!.H!*7f+$+(0!;.*+&,!.H!B6'('d,!+(+$)E! 7(H$',0$#80#$+!6'=+!V++(!*+=+&.G+*!'(*!

*+G&.E+*2!1C%\J!KLL@3!

2.3.2		Optimization	Models#

B6'('d,!+&+80$7870E!,E,0+;!6',!V++(! 7(! 06+!G$.8+,,!.H!;.=7()! H$.;!'!8+(0$'&7"+*!,0$#80#$+!V',+*!.(!,+0!

tariffs or contractual rela'onships between purchaser and buyer towards a deregulated one where 

T6.&+,'&+!0$'*7()!'(*!06+!='$7.#,!*E(';78,!.H!,#GG&E!'(*!*+;'(*!*+87,7.(,!*E(';78,!'$+! 7(8.$G.$'0+*!

into the system. Op'miza'on models are par'cularly useful for modeling centralized systems or decisions 

made by single organiza'ons, such as in a centralized structure, but as Ghana plans to deregulate its 

electricity markets, more sophis'cated models will be needed.  The US based consul'ng firm Nexant 

0+86(.&.)7+,! 6',! *+=+&.G+*! U#,0! ,#86! '! ,E,0+;! H.$! B6'('! ',! G'$0! .H! 06+! <CD\-! H#(*+*! :+,0! DH$78'!

5+)7.('&! S$'(,;7,,7.(! C0'V7&70E! C0#*E2! ! g+a'(0! 6',! *+=+&.G+*! 0T.! ,+G'$'0+!;.*+&7()! H$';+T.$/,J! 06+!

Elfin op'mum (Least Cost) genera'on expansion plan and the GE4OCP9!;.*+&! 0.!G$.U+80! &.'*!m.T,!'(*!

*E(';78!$+,G.(,+,!T7067(!06+!(+0T.$/2!!1g+a'(0!KLL^3!

S6+!%&X(!;.*+&7()!H$';+T.$/!T',!*+=+&.G+*!0.!,++/!+8.(.;78'&!;+06.*,!0.!7(8$+',+!06+!+8.(.;78!'(*!

environmental efficiency of energy investments, while the GE Posi've Sequence Load Flow model is an 

analy'cal tool to perform transmission planning for load flow studies.  Elfin includes genera'on planning 

analysis to adequately meet demand for electricity at a minimum cost through the incorpora'on of two 

main components: genera'on produc'on forecast and genera'on op'miza'on.  The Elfin genera'on 

forecast uses a probabilis'c load dura'on curve simula'on method to dispatch resources to meet 

demand described by a load input curve, while the resource model makes alloca'ons through an 

op'miza'on process that includes itera've tes'ng and life cycle cost benefit analysis.  One of the main 

goals of the GE Posi've Sequence Load Flow model is to design a large scale transmission system which 

.G+$'0+,! 7(! '! ,'H+! '(*! $+&7'V&+!;'((+$2! !:67&+! g+a'(0! S+86(.&.)7+,d!;.*+&7()! 'GG$.'86! H.$! 06+!:+,0!
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Africa Regional Transmission Stability Study is based on sound examples (including implementa'on in 

9&.$7*'J! g+T! o.$/J! Z'&7H.$(7'J! 9$'(8+J! Z67('J! '(*! \(*.(+,7'3! 7(! ;'(E! $+)'$*,! 70! 7,! 7*+.&.)78'&&E! G'06!

dependent.  This is par'cularly true in terms of modeling demand, which is largely aggregated and overly 

,7;G&7X+*2!1g+a'(0!KLL^3!

2.3.3		Equilibrium	Models#

Approaches which explicitly consider market equilibria within a tradi'onal mathema'cal programming 

framework are classified as equilibrium models. Two common types are the Cournot compe''on, where 

firms compete in quan'ty strategies, and the Supply Func'on Equilibrium (SFE), where firms compete in 

.f+$! 8#$=+! ,0$'0+)7+,2! ?.06!;.*+&,! '$+! V',+*!.(! 06+! 8.(8+G0! .H!g',6!+e#7&7V$7#;J! 06+!;'$/+0! $+'86+,!

+e#7&7V$7#;! T6+(! +'86! X$;d,! ,0$'0+)E! 7,! 06+! V+,0! $+,G.(,+! 0.! 06+! ,0$'0+)7+,! '80#'&&E! +;G&.E+*! VE! 70,!

opponents. The SFE approach presents some advantages with respect to more tradi'onal models of 

imperfect compe''on since it does not rely on the demand func'on, but on the shape of equilibrium 

supply func'ons. (North et al., 2002; Veit, Fichtner, & Ragwitz, 2004; Ventosa, Baíllo, Ramos, & Rivier, 

KLL^3!

MARKAL (an acronym for MARKal ALloca'on) is an example of an equilibrium modeling framework of 

+(+$)E! ,E,0+;,! 06'0! #,+,! '! 0+86(.&.)E4rich basis for es'ma'ng energy dynamics for one or several 

regions over a mul'4G+$7.*!6.$7".(2!!ID5`DP!T',!*+=+&.G+*!VE!06+!%(+$)E!S+86(.&.)E!CE,0+;,!D('&E,7,!

O$.)$';! 1%SCDO3J! T6786! 7,! '(!extension of the Interna'onal Energy Agency (IEA).  MARKAL computes 

+(+$)E!V'&'(8+,!'0!'&&! &+=+&,!.H!'(!+(+$)E!,E,0+;N!G$7;'$E! $+,.#$8+,J! ,+8.(*'$E! H#+&,J!X('&!+(+$)EJ!'(*!

+(+$)E! ,+$=78+,2! S6+!;.*+&! '7;,! 0.! ,#GG&E! +(+$)E! ,+$=78+,! '0!;7(7;#;! )&.V'&! 8.,0! VE! ,7;#&0'(+.#,&E!

making equipment investment and opera'ng decisions and primary energy supply decisions, by region.  

The choice of genera'on equipment (type and fuel) incorporates analysis of both the characteris'cs of 

alterna've genera'on technologies and the economics of primary energy supply. The modeling 

framework takes into account global features as well as local decisions thus making MARKAL a ver'cally 

integrated model of the en're energy system. (ETSAP 2009)!

Alam Mondal’s work at the Zentrum fur Entwicklungsforschung focuses on the rela'onship of economic 

*+=+&.G;+(0!'(*!,#,0'7('V&+!+(+$)E!G'06,!7(!?'()&'*+,62!!S6$.#)6!06+!*+=+&.G;+(0!.H!'!ID5`DP!+(+$)E!

use model for Bangledesh, Mondal’s work examines the poten'al contribu'on of renewable energy to the 

future power supply mix under least cost analysis.  The scien'fic innova'on of his research is to specify 

na'onal energy strategies which may arise in the further development of the Bangladesh energy sector 

T706!'!,G+87'&!H.8#,!.(!$+(+T'V&+!+(+$)E!0+86(.&.)7+,2!!1I.(*'&!KLML3!

2.3.4		Multi&agent	and	Agent&based	Models#

Energy systems exist to provide industry, commerce, households and ins'tu'ons with fuels and energy4

services.  In addi'on to financial cost and reliability impera'ves, these systems are now being asked to 

perform across a range of sustainability criteria.  Most na'onal systems fall well short on this second 

count and governments need to promote a suitable transi'on.  The development of suitable public policy 

has necessitated the need for sophis'cated simula'on techniques, par'cularly considering the technical 

and commercial complexi'es involved, the mul'48$70+$7'!('0#$+!.H!06+!G.&78E!G$.V&+;J!'(*!06+!H'80!06'0!

most interven'ons will interact. (Morrison et al., 2008)!

D)+(04based simula'ons are an important next step from equilibrium models, as the problems under 

considera'on become too complex for a formal equilibrium framework. Sta'c models seem to neglect the 

H'80!06'0!')+(0,! &+'$(!H$.;!G',0!+aG+$7+(8+J! 7;G$.=+!06+7$!*+87,7.(4;'/7()!'(*!'*'G0!0.!86'()+,! 7(!06+!

environment (e.g. compe'tors’ moves, demand varia'ons, or uncertain hydro flows). Integrated 
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simula'on models can represent strategic agent decision dynamics by a set of sequen'al rules that can 

range from scheduling genera'on units and construc'ng offer curves to individual household and 

business decisions.  Adap've agent based simula'on techniques can shed light on features of electricity 

markets that sta'c models ignore and are helpful in the analysis of new regulatory measures and market 

rules. Mul'4')+(0! '(*! ')+(04based simula'on systems present the poten'al framework to explore the 

influence that repe''ve interac'on of par'cipants exerts on the evolu'on of wholesale and retail 

+&+80$7870E!;'$/+0,2!1S+,H'0,7.(!j!:+7*&786!KLL]W!C#(!j!S+,H'0,7.(J!KLL]V3!

Entity	Oriented	Modeling!

Highly disaggregated and rela'vely literal energy system simula'ons represent an emerging field, as well 

as an important type of simula'on system, which may also be referred to as a Complex Adap've System 

(CAM).  This type of high resolu'on, bo^om up approach which not only includes each plant, connec'on, 

actor, decision and transac'on but also the dynamic, networked infrastructure system is referred to as 

En'ty4Oriented (EO) modeling.  EO modeling is a style of simula'on where all relevant en''es in the 

problem domain are represented in a rela'vely concrete form.  In terms of electricity power systems all 

relevant en''es will generally include all actors and agents within the system: from the domain of high4

voltage transmission, centralized power genera'on and wholesale markets; to low voltage distribu'on, 

distributed power genera'on, retail markets; as well as all the func'ons implicit to disaggregated demand 

at the fundamental level of analysis: the household, business, industry, or ins'tu'on. (Morrison et al., 

KLL_3!

The advantages and benefits of en'ty oriented models are derived from their nature as a bo^om up 

approach which is capable of accommoda'ng high resolu'on, localized simula'ons that focus on sec'ons 

.H! 06+! .=+$'&&! ,E,0+;2! %i!;.*+&,! 8'G0#$+! (+0T.$/! *E(';78,! ('0#$'&&EJ! V+8'#,+! 06+E! '$+!T+&&! ,#70+*! 0.!

system architectures and ins'tu'onal arrangements where these dynamics are likely to develop.  EO 

models are also par'cularly useful for modeling demand, since demand from the most fundamental 

disaggregated unit of analysis is the primary driver of ac'ons.  EO models are also par'cularly useful for 

incorpora'ng the idea of distributed management and distributed systems as well as modeling the 

(+0T.$/!*E(';78,!T6786!'$7,+!H$.;!06+!8'G'870'0+*!('0#$+!.H!(+0T.$/,2!!S67,!7,!'(!7;G.$0'(0!'*='(0')+!

,7(8+! 70! 7,! '&,.! &7/+&E! 06'0! H#0#$+! +(+$)E! ,E,0+;,! T7&&! V+! ,0$.()&E! ,0'0#,! 'T'$+! 7(! .$*+$! 0.! $+,G.(*! 0.!

86'()7()!87$8#;,0'(8+,!7(!'(!7(0+&&7)+(0!;'((+$2!!1I.$$7,.(!+0!'&2J!KLL_3!

Despite being detail intensive, en'ty oriented models are not fundamentally difficult to calibrate, so long 

as adequate data is available.  Compara'vely, other models o0en require abstract causali'es to be 

es'mated and can be quite sensi've to inaccuracies.  EO models are also capable of providing insight into 

06+! T'E! +(+$)E! ,E,0+;,! ;7)60! V+! G$.;G0+*! 0.! +=.&=+! H$.;! 06+7$! G$+,+(0! ,0'0+! 0.T'$*,! G'06T'E,! .H!

+(+$)E!,#,0'7('V7&70E2! !%i!,E,0+;,!;.*+&7()!.f+$!06+!'V7&70E!0.!.V,+$=+!'(*!#(*+$,0'(*!buDerfly effects!

T7067(!06+!,E,0+;J!6.T!,++;7()&E!;7(.$!(+0T.$/!*E(';78,!8'(!'f+80!.=+$'&&!0$'U+80.$7+,!1,#86!',!7(!&.()4

range weather systems).  Finally EO modeling is very capable of integra'ng actor/agent based modeling 

for inves'ga'ng fundamental interac'ons with social and economic systems.  This type of ;81/=%=!

ra/onality! 7,! #,+*! 0.! *+,8$7V+! *+87,7.(4;'/7()! T6786! ,7*+,0+G,! 06+! *.80$7(+,! .H! 1?'E+,7'(3!;'a7;7"+*!

subjec've expected u'lity and discounted profit stream, and instead recognizes that actors, whether 

domes'c or commercial, have limited knowledge, limited informa'on gathering and processing abili'es 

and different preferences and percep'ons as to future states of the world.  (Morrison et al., 2008)!

JustiGication	for	Improving	Empirical	Derivations	of	Disaggregated	Demand!

Energy demand forecas'ng is an essen'al component for energy planning, strategy formula'on for 

sustainable futures and developing energy policy recommenda'ons.  The task is challenging in developing 
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countries where necessary data, appropriate models and required ins'tu'ons are lacking. Most energy 

*+;'(*!;.*+&,!H.8#,!.(!'!,7()&+!'GG$.'86!,#86!',N!+8.(.;+0$78!.$!+(*4#,+W!*+;'(*!'('&E,7,!VE!H.8#,7()!

on elas'ci'es of demand and their variability among or across studies; or comparison of forecasts with 

the actually demand of industrialized countries.  To date, we are unaware of any work that has a^empted 

0.!8'G0#$+!06+!V$.'*!$'()+!.H!'GG$.'86+,!'(*!06+7$!;+06.*.&.)78'&!#(*+$G7((7(),!8.(,7*+$7()!06+!G.&78E!

perspec've of the developing world.  Furthermore supply shortage is quite common in developing 

countries for commercial energies in general and electricity in par'cular.  Consump'on does not 

(+8+,,'$7&E! $+G$+,+(0!'80#'&!*+;'(*!*#+!0.!06+!+a7,0+(8+!.H!#(H#&X&&+*!.$!,#GG$+,,+*!*+;'(*2! !97('&&EJ!

the possibili'es of “leapfrogging” technological developments render unhinge the developing world from 

the path dependence experienced in industrialized countries. (Bha^acharyya & Timilsina, 2009)!

Projected energy demands are o0en found to deviate from the actual demands due to limita'ons in the 

model structure or inappropriate assump'ons.  One review of energy demand forecasts in the United 

States, found that most forecasts overes'mated demand by 100%.  The models employed suffer from a 

long list of limita'ons including burying analy'cal assump'ons in “black boxes” which are difficult to 

evaluate and reproduce the results.  Others use inaccurate characteriza'ons of the behavior of economic 

agents or group consumers into a few representa've agents that represent the millions of decisions made 

by millions of individuals. (Bha^acharyya, Timilsina, 2009; Craig et al. 2002; Laitner et al. 2003)!

A weak quan'ta've means for projec'ng demand generally results in load serving en''es passing 

7(8$+',+*! 8.,0,! *.T(,0$+';! 0.! $+0'7&! ;'$/+0,2! ! S67,! 7,! &'$)+&E! '! $+,#&0! .H! ,0$'0+)78! V+6'=7.$! 7(! 06+!

wholesale electricity markets where each agent can poten'ally influence market prices by bidding above 

marginal cost.   While a ra'onal, profit4seeking behavior, wholesale electricity regula'on permits this type 

of behavior when compe''on in the retail sector is not providing a counter4V'&'(8+2! 1:+7*&786!j!Q+70J!

KLL]W!Q+(0.,'J!?'p&&.J!5';.,J!j!57=7+$J!KLL^3!

()*+,$-.!

Researchers at Iowa State University have developed Open Source So0ware (OSS) of an agent4V',+*!

framework for tes'ng the dynamic efficiency and reliability of the U.S. Federal Energy Regulatory 

Figure 2.3  Feasibility analysis for 200 kWe neighborhood fuel cells opera4ng in a range of configura4ons and control se[7#>)'
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Commission’s (FERC) proposed Wholesale Power Market PlaPorm.  This framework, which is referred to 

',!DI%C!1D)+(04based Modeling of Electricity Systems), models strategic traders interac'ng over 'me in a 

T6.&+,'&+!G.T+$!;'$/+0!06'0!7,!.$)'(7"+*!7(!'88.$*'(8+!T706!8.$+!9%5Z!$+8.;;+(*+*!H+'0#$+,!'(*!06'0!

operates over a realis'cally rendered transmission grid.  This state of the art agent4V',+*! T6.&+,'&+!

market simula'on uses a derived form of the Erev4Roth stochas'c reinforcement learning algorithm for 

each profit seeking Generator, which learns over 'me which marginal cost func'on to report to the ISO 

based on the profits it has earned from previously reported func'ons.  The AMES model demonstrates the 

7(6+$+(0!'(*!e#',74monopolis'c nature of power genera'on companies to collude and game wholesale 

electricity markets in the United States, while load serving en''es, generally pass costs along to the 

8.(,#;+$! T706! +(*! #,+$,! V+7()! G$.=7*+*! H+T! 7H! '(E! 86.78+,2! 1S+,H'0,7.(! j! :+7*&786! KLL]W! C#(! j!

S+,H'0,7.(J!KLL]V3!

Researchers at the Technical University of Berlin have developed Xeona (extensible en'ty oriented 

op'miza'on4V',+*! (+0T.$/! ;+*7'0+*! '('&E,7,3! '(! .VU+804oriented simula'on environment where 

demand drives system evolu'on as it responds to market dynamics and public policy.  Xeona has been 

#,+*!0.!',,+,,!6.T!='$7.#,!,86+;+,! H.$!*7f+$+(0!0EG+,!.H! &'(*!#,+,! 7(!,.#06+$(!B+$;'(E!8'(!8.;G+0+!

with district heat and electricity from the incumbent municipal u'lity.  The study considered the merits of 

7(,0'&&7()!('0#$'&! )',!X$+*! H#+&! 8+&&,! H.$! '!V&.8/!.H! &.T4rise apartment buildings as well as the poten'al 

network interac'ons with renewable energy opportuni'es, such as solar systems and wind genera'on.  

The study found that technological mul'4criteria performance is sensi've to the quality of local 

integra'on.  The study also found significant posi've social externali'es despite the fact that none of the 

proposed op'ons qualified as a fully commercial proposi'on. (Morrison et. Al, 2008)!

!
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Chapter	3		 

The	Physical	and	Human		

Geographic	Patterns	of	Accra  
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%"!# An	Introduction	to	Accra#

This chapter presents a descrip'on of Greater Accra in terms of its physical and human geographical 

environment.  The physical geography of Accra is described in terms of spa'al land development, exis'ng 

infrastructure, and the exis'ng land use pa^erns.  This includes a discussion of the consequences of 

urbaniza'on, an assessment of transporta'on, water and sewer, and solid waste services, and an 

inventory of the exis'ng industrial, ins'tu'onal, commercial, and residen'al land uses.  Likewise, Accra’s 

human geography is described in terms of its poli'cs, economics, and demographics.  A discussion of the 

different instruments for revenue genera'on including means of taxa'on is presented and followed by an 

inventory and assessment of the economic and microeconomic characteris'cs as well as profiles of 

demographics including households and their mobility.  Electricity is given individual a^en'on in the 

,#V,+e#+(0!86'G0+$2!

%"!"!# A	Brief	History#

I.,0!&.8'&!+aG+$0,!+e#'0+!06+!+,0'V&7,6;+(0!.H!D88$'!T706!06+!*+=+&.G;+(0!.H!'!8.',0'&!X,67()!=7&&')+!7(!

the late sixteenth century.   The earliest known se^lers on the stretch of coastline now named Accra were 

06+! `G+,7! G+.G&+2! ! B'4,G+'/7()! ;7)$'(0,! H$.;! 06+! qg7)+$! 8.#(0$Er! $+'86+*! 067,! '$+'! 7(! 06+! ,7a0++(06!

century, made their homes among the Kpesi and absorbed them into their communi'es.  This fishing 

=7&&')+!T',!+',0!.H!`.$&+!P')..(J!V#0!+=+(0#'&&E!T.#&*!+aG'(*!0.!+(8.;G',,!06+!.&*+,0!'*U.7(7()!G'$0,!.H!

G$+,+(04day Accra, in par'cular, Jamestown and Ussher Town.  Archeaological evidence suggests that the 

village was spa'ally organized around the sheltered harbors with low4*+(,70E!,6+&0+$,!'*U.7(7()!06+!8.',04

&7(+!7(!'(!#(G&'((+*!H',67.(2!!1B$'(0!KLL@3!

-#$7()!06+!X$,0!G'$0!.H!06+!8.&.(7'&!G+$7.*J!06+!,&'=+!0$'*+!V+)'(!0.!$+7(H.$8+!06+!*+=+&.G;+(0!.H!8.',0'&!

trade centers, where warehouses and permanent installa'ons were needed.  During this 'me a number 

.H! H.$0,! T+$+! V#7&0! 7(! T6'0! 7,! /(.T(! ',! G$+,+(04*'E! D88$'! 19.$0! <,,6+$! VE! 06+! -#086! 7(! M]L^J!

Chris'ansborg Castle by the Swedes in 1657, and Fort James by the Bri'sh in 1673).  These three forts, all 

Figure 3.1  Spa4al Organiza4on of Accra during the Colonial Period (Grant)'
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T7067(! 06$++!;7&+,J! H.$;+*!'!(#8&+#,! H.$! H.$+7)(! 8.;;+$87'&! +(0+$G$7,+! 7(! 06+!+'$&E! 8.&.(7'&! G+$7.*2! ! \(!

G$.a7;70E!0.!06+,+!H.$0,!T+$+!T'&&+*!B'!=7&&')+,!T6786!T+$+!.$7+(0+*!0.T'$*,!0$'*7()!T706!06+!%#$.G+'(!

merchants.  Sca^ered se^lements connected by footpaths rather than an urban clustered center 

characterized the emerging organiza'on of Accra.  (Grant 2009)!

The second part of colonial development involved the Bri'sh consolida'on of power on the Gold Coast in 

1874, when they defeated the Ashan's.  The rise of Accra as an urban center dates to 1877, when the 

8.&.(7'&!6+'*e#'$0+$,!T+$+!$+&.8'0+*!06+$+! H$.;!Z'G+!Z.',02! !i(+!$+',.(,! H.$! 06+!;.=+!$+&'0+*!0.!06+!

earthquake of 1862, which had severely destroyed large por'ons of Accra, and presented colonial rulers 

T706!'(!.GG.$0#(70E! 0.!G&'(J! $+V#7&*!'(*!$+.$)'(7"+!06+!,G'8+2! ! !-#$7()!06+!M@
"#

! 8+(0#$E!06+!$.&+!.H! 06+!

forts changed to administra'on centers for officials, troops and later police.  The Bri'sh also a^empted to 

improve sanita'on and living condi'ons in the area as well as make spa'al dis'nc'ons for foreign and 

domes'c sectors.  European commercial and residen'al areas were clearly dis'nguished from domes'c 

commercial and residen'al areas.  The Town and Country Planning Ordinance of 1945 was the basis for 

".(7()!'(*!V#7&*7()!8.*+,!T6786!T',!,0$780&E!+(H.$8+*!7(!06+!%#$.G+'(!Z+(0$'&!?#,7(+,,!-7,0$7802!!S67,!'80!

6',! $+;'7(+*! 7(! +f+80! '(*! 7,! '*;7(7,0+$+*! VE! 06+! S.T(! '(*! Z.#(0$E! O&'((7()! -+G'$0;+(0! +=+(!!

though the ordinance was enacted prior to the founda'on of Ghana as a Republic.  (Grant 2009)!

-#$7()!06+!KL
"#

!century and in par'cular from 1920 onwards, Accra con'nued to develop as a warehouse 

870E!$'06+$!06'(!'!H'80.$E!870E!T706!8.;;+$8+!$+G&'87()!).=+$(;+(0!',!06+!G$7;'$E!+&+;+(0!7(!06+!#$V'(!

V',+*! +8.(.;E2! ! D! ;'U.$! $+',.(! H.$! 067,! T',! 06+! 8.8.'! V..;! .H! 06+! M@KL,! 06'0! *++G+(+*! 06+!

7(0+$*+G+(*+(8+!.H!D88$'!T706!06+!+a0+$('&!+8.(.;E2! ! \(!M@^A!06+!5+G#V&78!.H!B6'('!T',!H.#(*+*!'(*!

&+*! VE! `T';+! g/$#;'6J! '! G+$7.*! T6786! 7,! 86'$'80+$7"+*! T706! H.8#,! .(! 7(H$',0$#80#$+! 7(=+,0;+(0! '(*!

programs aimed towards promo'ng the economic development of industries.  It also was a period that 

T70(+,,+*! B6'('7'(! V#,7(+,,+,! ;.(.G.&7"7()! ;'$/+0,! '(*! ;'(E! H.$+7)(! 7(*#,0$7+,! G#&&7()! .#0! .H! 06+!

country.  Spa'ally, this period is characterized by a decline of foreign corporate and residen'al presence, 

06+!*+4Europeaniza'on of the central business district, and rapid popula'on growth including the rise of 

na'onal entrepreneurship and a significant expansion in the number and size of domes'c businesses. 

1B$'(0!KLL@3!

%"$# Greater	Accra’s	Physical	Geographic	Patterns#

Evidence suggests that eventhough the growth rate has been consistent na'onally; the share of 

popula'on growth is shi0ing considerably from rural to urban areas.  Popula'on trends indicate that by 

2010, more than half of Ghana’s popula'on will be living in urban areas, with urbaniza'on expected to 

reach 65 percent by 2030.  Greater Accra is the best example of this urbaniza'on, with its sprawling urban 

+aG'(,7.(! 7(0.! 06+! ,#$$.#(*7()! $#$'&! ,G'8+,2! ! S6+! '((#'&! )$.T06! $'0+! .H! D88$'! 7,! Y2Yh! T706! 06+! 870E!

G$+*.;7('(0&E!)$.T7()!0.T'$*,!06+!T+,0!17(8&#*7()!DT.,67+J!`T',67+;'(J!P'O'"J!DV+/'J!g.$06!i*./.$!

'(*!06+!H'$!+',0+$(!,#V#$V,!1g#()#'!'(*!S+,67+32! !D$+',!&7/+!?#$;'!Z';GJ!i,#!'(*!P'!6'=+!'&,.!,6.T(!

increases in popula'on, while locali'es adjoining Accra such as Dome, Taifa, Gbawe, New Achimota, 

D(E''J!C'(0'!I'$7'J!D;'(H$.;J!g77!?.E+!S.T(J!I'&&';J!`7,,7+;'(J!D)V.V'J!T6786!T+$+!8&',,7X+*!',!$#$'&!

in the 1984 census, have a^ained urban status in the 2000 census. (The World Bank, 2008) A large 

conurba'on has also been created with Tema, which has taken in La, Teshie and Nungua.  Areas like 

I'*7('J!D*+(0'J!S'7H'J!iH'(/.$!'(*!O./',+!T6786!.(&E!'!H+T!E+'$,!').!T+$+!8&',,7X+*!',!B'!5#$'&!-7,0$780!

6'=+! (.T! X$;&E! V+8.;+! G'$0! .H! 06+! D88$'! s! Tema conurba'on.  Tema has also expanded to include 

D,6'7;'(J!'!870E!.H!;.$+!06'(!MLLJLLL2!!1S6+!:.$&*!?'(/!KLL_3!

D!$+8+(0!,0#*E!1D()+&!+02!D&!KLL^3!$+=+'&,!06'0!06+!V#7&0!#G!'$+'!7(!06+!D88$'!I+0$.G.&70'(!'$+'!7(8$+',+*!

from 133 square kilometers in 1985 to 344 square kilometers in 2000.  The exis'ng urbaniza'on pa^ern 



!

R]!

reveals a historically rooted central urban core, which has retained some ves'ges of its Bri'sh Town 

O&'((7()! *+,7)(J! T67&+! 8&+'$&E! +aG$+,,7()! '! ,E(06+,7,! H$.;! 06+! 7;G$7(0! .H! '! ;.$+! $+8+(0! B6'('7'(!

influence.   The inner core of the city is rela'vely dense, with the replacement of residen'al by 

8.;;+$87'&!#,+$,!7(!,.;+!G&'8+,2!!S6+!;.$+!$+8+(0!)$.T06!.H!D88$'!7,!0EG7X+*!VE!'(!.$)'(78J!#(8.(0$.&&+*J!

&.T!*+(,70E!G+$7G6+$'&!+aG'(,7.(!T706!'!$'0+!.H!)$.T06!T6786!7,!.88#$$7()!'0!'!;#86!;.$+!$'G7*!G'8+!06'(!

the central urban popula'on growth. This type of expansion is illustrated by the an ad hoc transforma'on 

.H! B'! -7,0$780! VE! &.8'&! 0$7V'&! $#&+$,! 106+! g'('3J! H$.;! ')$78#&0#$'&! '(*! H.$+,0! &'(*,! 0.! &.T! *+(,70E! ,7()&+!

H';7&E!6.#,7()J!'(*!'!='$7+0E!.H!&.8'&!8.;;+$87'&!#,+,2!!1S6+!:.$&*!?'(/J!KLL_3!

O&'((7()!7(!B$+'0+$!D88$'!8'(!V+!*+,8$7V+*!',!,G.$'*78!'(*!(.(48.;G&7'(0!'0!V+,02!!:7067(!06+!8.(0+a0!.H!

decentraliza'on, the District and Metropolitan Assemblies (DAs and MAs) have been entrusted with 

!"#$%&'M).''B%&05&%'<88%0'L&5%9491"507'<%&0'O"5;'*9:&'9='65>'P&"#;+9%;99@>'07@'N07@'J>&>'A391$:+"0'<88%0'*5$@"9'.GGMI'

Figure 3.3  Urbaniza4on of Accra from 1985 to 2002 (Yankson)'
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significant responsibili'es related to planning and enforcing the physical development within their 

administra've boundaries.  However it is evident that links between the na'onal planning system and the 

local authori'es are extremely weak.  The Greater Accra Metropolitan Structure Plan was developed in 

1991 to plan for future growth, but enforcement remains a challenge as there is very limited coordina'on 

V+0T++(! 06+!Z+(0$'&!B.=+$(;+(0!')+(87+,! '(*!;+0$.G.&70'(!',,+;V&7+,2! ! S67,!6',! $+,#&0+*! 7(! '! &'8/!.H!

planning that has benefited the private sector.  Without any ac've enforcement of planning standards, 

any individual can hire a surveyor (who may or may not be cer'fied by the District Assembly) to develop a 

&'E.#0! G&'(! H.$! '! *7,8$+0+! *+=+&.G;+(02! ! S6+,+! &'E.#0! G&'(,! '$+! *+=+&.G+*! $'(*.;&E! T706.#0! '(E!

considera'on for infrastructure, and unless the property requires a 'tle, it normally will not pass though 

the District Assembly.  There is no reliable process for review of permi^ed uses as part of building 

permipng, zoning is ineffec've and review predominantly does not exist, considera'on of !

7;G'80,! ',! T+&&! ',! 06+! *+;'(*! H.$! 7(H$',0$#80#$+,! ',! G'$0! .H! '! 8'G70'&! 7;G$.=+;+(0! G&'(! '(*!

8.;G$+6+(,7=+!G&'((7()!G$.8+,,!7,!(.(4+a7,0+(02!1S6+!:.$&*!?'(/!KLL_3!

Due to hap hazard development in Greater Accra, a responsive disposi'on rather than a systema'c 

proac've approach to planning that takes into account a mul'tude of stakeholders will be required.  In 

D88$'J!(+T!&'(*!.T(+$,!'$+!8$+'0+*!e#70+!H$+e#+(0&EJ!V#0!70! 7,! 7;G.,,7V&+!H.$!06+!&'(*!,+80.$!')+(87+,!0.!

/++G! 06+7$! $+8.$*,!#G40.4date.  As land owners develop land in all sectors of the city’s periphery, o0en 

without the knowledge of the land sector agencies or the city authori'es, the city’s boundaries expand as 

people build on such lands without either development or building permits.  Planning authori'es can 

hardly provide exact sta's'cs about the city’s boundaries as illegal se^lements con'nues to sprawl into 

Figure 3.4  Poli4cal Subdivisions of Accra (by Author)'
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the suburbs.  Addi'onally, as land owners develop, par'cularly in the urban periphery, u'lity providers 

8'(!6'$*&E!/++G!G'8+!7(!'&&!G'$0,!.H!06+!870EJ!(.$!,6.#&*!06+E2!!S6+,+!0EG+,!.H!*+=+&.G;+(0!7;G'80,!6'=+!'!

significantly adverse effect on the implementa'on of development controls as well as infrastructure and 

ins'tu'onal planning.  It is likely at some point in the future, costly development impact fees will be 

(++*+*!0.!8.#(0+$'80!E+'$,!.H!#(G&'((+*!'(*!#($+)#&'0+*!#$V'(!,G$'T&2!!97('&&EJ!06+!;',,7=+!+aG'(,7.(!

of Accra in all direc'ons indicates the presence of an ac've private sector involved in the land markets 

which benefits from this chao'c environment.  This is par'cularly evident in the areas of Ga where 'tles 

for customary lands that have been tradi'onally used for rural and agricultural purposes are being 

,#V*7=7*+*!'(*!#,+*!H.$!&.T!*+(,70E!,7()&+!H';7&E!6.;+,2!!1S6+!:.$&*!?'(/!KLL_3!

Consequences	of	Urbanization!

The urbaniza'on process as manifested in Ghana has resulted in increasing poverty in urban areas.  It is 

es'mated that 1.9 million people live below the poverty line in Ghanaian ci'es, many whom are 

admi^edly uncounted or undercounted by the Sta's'cal Service.  While rural poverty is declining, urban 

poverty is increasing, and based on the increased migra'on from rural to urban areas it can be expected 

that worsening living condi'ons of the urban poor will con'nue.  The 2005 GPRS also notes that 

6.#,+6.&*,!V+&.()7()! 0.! 06+! ,+&H4+;G&.E;+(0! 8'0+).$E!6'=+!'! )$+'0+$! 86'(8+!.H! H'&&7()! 7(0.!G.=+$0E! 7(!

urban areas compared to rural areas.  Addi'onally, urban poverty has worsened the condi'ons of women, 

+,G+87'&&E!H+;'&+4headed households, who are sta's'cally significant among the urban poor. (NDPC 2005)!

One of the most observed consequences of urbaniza'on is the rapid prolifera'on of the housing stock.  

Household forma'on and housing stock have increased sharply in Greater Accra over the past two 

!"#$%&'M)Q)''39:49$7@'R9$>&>'"7'P":0'ASK'<$5;9%I'
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*+8'*+,! 1M@_Y! s! 2000), largely because of a rapid and significant popula'on shi0. (Ghana Sta's'cal 

Service 2003)  A further examina'on of the housing pa^erns of the Greater Accra Metropolitan area 

reveals that close to 42 percent of the popula'on lives in compounds followed by 18 percent in separate 

6.#,+,!'(*!M]!G+$8+(0!7(!,+;74*+0'86+*!6.#,+,2!!Z.;G.#(*!6.#,7()!7,!0EG78'&&E!86'$'80+$7"+*!VE!'!&'$)+!

number of households and groups of between 10 and 30 rooms with kitchen and toilet facili'es arranged 

'$.#(*!'(!.G+(!8.#$0!06'0!7,!#,+*!',!'!8.;;.(!&7=7()!,G'8+2!

Addi'onally, a recent study by Columbia University illustrates that in 2001 more than half of the urban 

popula'on in Ghana were living in slum se^lements.  Approximately 60% of the Greater Accra 

;+0$.G.&70'(!'$+'!7,!8.;G$7,+*!.H!&.T47(8.;+!(+7)6V.$6..*,!06'0!'$+!86'$'80+$7"+*!VE!67)6!*+(,70EJ!G..$!

7(H$',0$#80#$+!7(8&#*7()!&.T!6.#,7()!e#'&70EJ!+a7,0+(8+!.H!7(H.$;'&!V#,7(+,,+,J!'(*!7$$+)#&'$!*+=+&.G;+(0!

without any planning or considera'on for future expansion.  A lack of provisions for affordable housing is 

also a significant consequence.  For example an SSNIT unit in Tema is es'mated at $20,000 to $25,000 

<C-J!T6786!7,!+a0$+;+&E!67)6J!8.;G'$+*!0.!'(!'=+$')+!'((#'&!G+$!8'G70'!7(8.;+!.H!tY^L!<C-2!1S6+!:.$&*!

Bank 2008)  Closer examina'on of the living condi'ons reveals that due to poor shelter op'ons, people 

are forced to live in overcrowded tenements.  Overcrowding of se^lements poses a serious public health 

and safety issue, as well as reflec'ng the gap between the rich and the poor in terms of mee'ng shelter 

needs.  Accra needs between 14,000 and 16,000 units per year to meet exis'ng growth rates, not taking 

into account the more than 100,000 units needed to reduce exis'ng conges'on. (Columbia University 

KLLR3!

%"$"!# '()*+,-*./-.*0#

/0*1.,20%*%&21!

\(!,G70+!.H!06+!)$.T7()!+8.(.;78!7;G.$0'(8+!.H!D88$'J!;.,0!G'$0,!.H!06+!870E!'$+!(.0!'*+e#'0+&E!,+$=+*!VE!

good access roads.  The urban transport environment in Accra is characterized by heavy conges'on 

par'cularly during peak periods, low vehicle u'liza'on rates, weak implementa'on of traffic management 

measures, and inadequate facili'es for pedestrians and bicyclists, poor road safety arrangements and 

+a0$+;+&E!67)6!'887*+(0,!$'0+,2!!D&;.,0!AL!G+$8+(0!.H!G+$,.(!0$7G,!7(!D88$'!*+G+(*!.(!,.;+!H.$;!.H!V#,!',!

06+!*.;7('(0!;.*+J!#,7()!&+,,!06'(!M^h!.H!06+!$.'*!,G'8+W!7(!8.(0$',0J!G$7='0+!8'$,!'(*!0'a7,!;.=+!&+,,!

06'(!RL!G+$8+(0!.H!06+!G+$,.(!0$7G,!V#0!.88#GE!.=+$!AL!G+$8+(0!.H!06+!$.'*!,G'8+2!!S6+!0$'(,G.$0!,+80.$!7,!

a dominant source of local air pollu'on that is responsible for poor health and other nega've impacts. 

1S6+!:.$&*!?'(/J!KLL_3!

In spite the importance of urban public transport in mee'ng mobility demands of Accra’s residents, it 

.G+$'0+,! #(*+$! X('(87'&! '(*! ;'(')+;+(0! 8.(,0$'7(0,2! ! D88$'d,! 7('*+e#'0+! G#V&78! 0$'(,G.$0! ,E,0+;!

,#GG$+,,+,! 06+! +8.(.;78! '(*! ,.87'&! '*='(0')+,!B6'('d,! 8'G70'&! 870E! G.,,+,,+,2! ! S6+$+! 7,! '(! 7(8$+',7()!

vehicle popula'on of more than 10 percent per annum, and in 2006 this reached 15 percent.  Commu'ng 

'mes from suburban Accra, Adenta, Madina, East Legon, Aburi etc…can be 3 hours or more for transport 

'me to and from work.  These terribly high commu'ng 'mes reduce produc'vity, increase pollu'on from 

exhaust, increase fuel consump'on, and nega'vely affect the health of Accra’s inhabitants.  (The World 

?'(/J!KLL_3!

Long term transporta'on planning is dras'cally needed for Greater Accra, which not only takes into 

considera'on public transporta'on systems such as Buses, but also links land use to transporta'on 

7(H$',0$#80#$+2!!C.;+!+f.$0,!6'=+!V++(!;'*+J!',!+=7*+(8+*!VE!06+!?#,!5'G7*!S$'(,70!1?5S3!,E,0+;!T6786!7,!

being used on selected roads in Accra, and some efforts at intersec'on improvements, traffic networking 

opera'ons, and enforcement of traffic regula'ons, but much more is needed.  Linking land use to 

transporta'on planning, implemen'ng concurrency standards, sepng the func'onal classifica'on of 
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$.'*T'E,J! '(*! &+=+&!.H! ,+$=78+! ,0'(*'$*,! H.$! $.'*! ,+);+(0,! '$+!'&&! (++*+*!',!G'$0!.H! '! 8.;G$+6+(,7=+!

transporta'on effort.  Hiring and training an effec've local police force is also cri'cal to the effort where 

corrup'on is rampant and undermines reinforcement of motorist behavior.!

S6+!I+*7#;!S+$;!-+=+&.G;+(0!O&'(!.H! 06+!DID!G'7(0,!'!*7$+!G780#$+!.H! 06+!870Ed,!6'$*! 7(H$',0$#80#$+J!

especially roads.  This is par'ally due to rapid urbaniza'on and the mul'tude of associated unplanned 

se^lements which have resulted in more than 400 kilometers of un4+()7(++$+*! $.'*,2! ! C+$=78+! $.'*,J!

which are essen'al for commercial and industrial trips are o0en intermi^ent or non4+a7,0+(0J!+,G+87'&&E!7(!

Central Accra, where they are crucial.  Overall, the condi'on of roads in the AMA are listed as more than 

45% in poor condi'on, and almost 30% in fair condi'on.!

D88$'!7,!'&,.!,+$=+*!VE!'!(#;V+$!.H!*7=7*+*!;'U.$!'(*!;7(.$!'$0+$7'&,2!!S6+,+!7(8&#*+!06+!S+;'!I.0.$T'EJ!

T6786!7,!,#GG.,+*!0.!V+!8.(0$.&&+*!'88+,,J!'(*!70,!+a0+(,7.(!0.!I'&';J!06+!,.48'&&+*J!,..(!0.!V+!7;G$.=+*!

George W. Bush Highway.  Ring Road, Kwame Nkrumah Boulevard, Libera'on Road, Ridge Road, Gifford 

5.'*J!`'(*'!F7)6T'E!'$+!,.;+!.H!06+!.06+$!;.$+!,7)(7X8'(0!'$0+$7'&,2!!F7)6!'(*!iaH.$*!C0$++0,!',!T+&&!',!

B$'G678J! CG7(0+aJ! '(*! g+T! S.T(! 5.'*,! '(*! g7;'! F7)6T'E,! '$+! ,.;+! .H! 06+! ;.$+! ,7)(7X8'(0! I'U.$!

Collectors.  Some of the more important junc'ons in Accra are Kwame Nkrumah Circle, Te^eh Quarshie 

\(0+$86'()+J! D/.! D*U+7! i=+$G',,J! `7()! S'8/7+! S'T7'6! i=+$G',,J! '(*! iV0,+E! P';G0+E! Z7$8&+2! !:706! H+T!

excep'ons, all of these road segments and interchanges are failing nearly all if not all standards for Level 

.H!C+$=78+2!

!"#$%&'M)T''L0U9%'/90@O0K>'9='<88%0'
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Potable	Water	Supply	and	Sanitation!

Z#$$+(0!$+G.$0,!.H!T'0+$!,#GG&E!7(!D88$'!7(*78'0+!06'0!'88+,,!0.!G#V&78!T'0+$!6',!*+8$+',+*!H$.;!_^h!7(!

1990 to about 60%.  Likewise, access to a public sewer for flush toilets is es'mated at only 30%.  The 

decaying situa'on of public water provisions is a combina'on of inadequate funding for infrastructure (a 

$+G.$0+*!*+X870!.H!'V.#0!tKL!I7&&7.(!<C-!G+$!E+'$!7(!.$*+$!0.!'867+=+!_^h!'88+,,!VE!KLM^3!'(*!#(V$7*&+*J!

#(G&'((+*! &.T!*+(,70E!#$V'(!,G$'T&2! ! !S6+! $+,#&0! 7,!'!*7,'*='(0')+.#,!+8.(.;E!.H! ,8'&+! H.$!T'0+$!'(*!

sewer provisions, as well as the added complexity associated with revenue collec'on.  Furthermore poor 

G&'((7()!'(*!7;G$.G+$!;'(')+;+(0!6',!'f+80+*!06+!T'0+$!,+80.$J!',!+=7*+(0!VE!'!tKL!I7&&7.(!<C-!:.$&*!

Bank funded wastewater treatment plant which has been constructed but has not been in opera'on since 

its comple'on.  The majority of sanitary waste is pumped from the millions of sep'c tanks located 

06$.#)6.#0!D88$'!'(*!0$#8/+*!0.!`.$&+!B.((.!T6+$+!70!7,!$+&+',+*!*7$+80&E!7(0.!06+!B#&H!.H!B#7(+'2!

Problems with water supply for industrial or commercial consump'on typically depend on several factors, 

principally the size of firms or their loca'on.  Larger established businesses rarely suffer from shortages 

because they are located in sectors where water distribu'on is priori'zed or they compensate for service 

with private storage facili'es.  On the other hand, for small and medium scale businesses (SMEs), such as 

6'7$4dressing salons, car washing bays, and chop bars, intermi^ent water supply can have a significant, 

nega've economic effect.  While there are several strategically located reservoirs and water towers 

06$.#)6.#0!06+!870EJ!*+&7=+$E!0.!6.#,+6.&*,!'(*!CI%,!0+(*!0.!H'&&!V+&.T!*+;'(*!V+8'#,+!.H!7('*+e#'0+!

produc'on at the two main water pumping sta'ons: Weija and Kpong s!D/#,+2! ! \0! 7,! #(8&+'$! ',! 0.! 06+!

$+',.(!T6E!06+!`G.()!4!Akuse sta'on is not used to supply more water to Greater Accra. (AMA, 2004)!

Figure 3.7  Inoperable Wastewater Treatment and Sep4c Truck Disposal'
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Stormwater	&	Flooding!

Ambigui'es in the responsibility for maintenance of storm drains have contributed to inadequate 

investment and ineffec've service of storm drains in Accra.  In Accra, the Hydrologic Service Department 

.H!06+!I7(7,0$E!.H!:.$/,!'(*!F.#,7()!7,!$+,G.(,7V&+!H.$!06+!;'7(0+('(8+!.H!&'$)+!*$'7(,!'(*!DID!H.$!06+!

$+,02!!I#86!.H!06+!*$'7(!8&+'(7()!7,!*.(+!',!(++*+*!'(*!T706.#0!G&'((7()J!'(*!7(!06+!G',0J!8.(0$'80,!6'=+!

V++(! 'T'$*+*! 0.! ;.$+! 06'(! .(+! ')+(8E! H.$! 06+! ,';+! '$+'2! ! S6+! -+G'$0;+(0! .H! <$V'(! 5.'*,! 6'*!

;'7(0'7(+*!06+!,0$++0!,7*+!*$'7(,!',!'!0+;G.$'$E!;+',#$+J!V#0!7(!KLLK!6'(*+*!067,!$+,G.(,7V7&70E!.=+$!0.!

06+! DIDJ! '&V+70! T706.#0! V#*)+0! 0$'(,H+$,2! ! D! G$.G.,'&! 0.! +,0'V&7,6! '! *$'7(!;'7(0+('(8+! #(70! T',! (.0!

7;G&+;+(0+*!V+8'#,+!06+!DID!*7*!(.0!T'(0!0.!',,#;+!X('(87()!$+,G.(,7V7&70E2!!S6+!$+,#&0!7,!06'0!,0.$;!

*$'7(,!'$+!(.0!G$.G+$&E!;'7(0'7(+*!'(*!;'(E!6'=+!,7&0+*!'(*!'88#;#&'0+*!$+H#,+!0.!'! &+=+&!T6+$+!06+E!

'80! ',! )'$V')+! *#;G,2! ! g.! S.0'&! I'a7;#;! -'7&E! P.'*,! 6'=+! V++(! +,0'V&7,6+*! 7(! $+)'$*,! 0.! '(E!

,0.$;T'0+$! $#(.fJ! '(*! 0.a7870E! &+=+&,! '$+! T+&&! V+E.(*! '(E067()! 'GG$.G$7'0+! H.$! '! 6#;'(+! #$V'(!

+(=7$.(;+(02!

Solid	Waste!

The AMA spends about 37 percent of its current expenses on garbage collec'on.  Residents of Accra 

)+(+$'0+!'V.#0!M^LL!0.!M_LL!0.(,!.H!,.&7*!T',0+!G+$!*'E2!!i(!'=+$')+!.(&E!ALh!.H!067,!T',0+!7,!8.&&+80+*2!!

D! :',0+! I'(')+;+(0! -+G'$0;+(0! 6',! V++(! +,0'V&7,6+*! '(*! +;G.T+$+*J! '(*! 6',! ,++(! ,.;+!

improvement with regard to priva'za'on (Zoom Lion is one example).!

%"$"$# Existing	Neighborhood	and	Land	Use	Assessment#

In many ways, Accra is simply a combina'on of small villages that have grown over the years, blurring the 

!"#$%&'M)V'<88%0W>'P&"#;+9%;99@>'
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lines between where neighborhoods begin and end, and eventually aggrega'ng and synthesizing in 

becoming what we now know as Greater Accra.  Many Accranaians s'll refer to the mul'tude of 

neighborhoods that comprise Accra as if they are individual towns or ci'es, and in fact, most of the 

neighborhoods retain dis'nct characteris'cs.  As a good star'ng point, Greater Accra can be delineated in 

'88.$*'(8+!T706!06.,+!(+7)6V.$6..*,!T6786!8.;G$7,+!06+!DIDJ!B'J!'(*!S+;'!*7,0$780,2!

Industrial	Land	Uses!

Industrial land uses are range in intensity of use from heavy to light.  Loca'ons for the most intense 

industrial land uses are rela'vely well defined in designated industrial areas.  The largest ones are located 

7(!G$.a7;70E!0.!06+!$'7&!&7(+!+706+$!'&.()!B$'G678!5.'*!.$!7(!06+!(.$06!.$!,.#06!7(*#,0$7'&!G'$/,2!!P'$)+!,8'&+!

industrial opera'ons such as Coca4cola, Fan Ice, or Star Beer are located here.  While also o0en just as 

intense but smaller in size, machine shops and car repair ouPits are also located throughout the city.  

These are o0en more disaggregated, o0en fron'ng one the higher traffic thoroughfares.!

Institutional	Land	Uses!

Numerous ins'tu'onal uses are located throughout the Greater Accra Region.  Two of the larger 

8.;G&+a+,! '$+! 06+! `.$&+! ?#! S+'867()! 6.,G70'&! 7(! `.$&+! B.((.J! T+,0! .H! 06+! P')..(J! '(*! 06+! I7&70'$E!

Installa'on on Gifford Road.  The na'onal ministries in Accra Central are also a significant agglomera'on 

of ins'tu'onal uses, including many of the Greater Accra district level offices.  The University of Legon, 

which is located north of the Te^eh4u#'$,67+! \(0+$86'()+J! 7,!'&,.!=+$E! ,7)(7X8'(0! 7(! ,7"+2! ! C;'&&+$! ,8'&+!

hospitals, police sta'ons, and schools are also spread across the district and region.!

!"#$%&'M)X''67@$>5%"01'N07@'J>&>'N9805&@'"7'5;&'*9$5;'67@$>5%"01'<%&0'+&5O&&7'Y+&5>&K'N0:45&K'3"%81&'07@'5;&'Y@0O'/"?&%'A+K'
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Commercial	Land	Uses!

Located throughout Accra are a number of markets which are an agglomera'on of mul'ple uses.  Two of 

06+! &'$)+$! $+)7.('&! ;'$/+0,! '$+! 06+! I'/.&'! I'$/+0! 7(! D)V.)V&.,67+! '(*! I'&';! D0'! I'$/+0! 7(!

`./.;&+;&+2!!g#;+$.#,!.06+$!8.;;+$87'&!*7,0$780,!'$+!&.8'0+*!06$.#)6.#0!06+!870EJ!7(8&#*7()!'0!`'(+,67+!

and along New Town Road.  Commercial ac'vi'es are also par'cularly ac've at Kwame Nkrumah Circle as 

well as throughout Central Accra.    Commercial uses along Osu Road cater more to foreign popula'ons 

and more affluent Accranaians.  This is also true of the Accra Mall, a new development located at Te^eh4

u#'$,67+J!',!T+&&!',!06+!67)6+$!e#'&70E!#,+,!T6786!8'(!V+!H.#(*!06$.#)6.#0!%',0!P+).(!0.!D*U../'(.!'(*!

Transaco Village.  S'll, pre^y much throughout Accra, small scale commercial uses are found everywhere 

located in kiosks or converted freight containers (TEUs) and very o0en located within street right4.H4T'E,2!

Residential	Land	Uses!

F.#,7()!0EG+,!7(!D88$'!8'(!V+!86'$'80+$7"+*!;.$+!.$!&+,,!7(!0+$;,!.H!06+!,7"+!'(*!='&#+!.H!06+!V#7&*7()J!',!

T+&&!',!70,!*+(,70E2!!S6+!67)6+,0!e#'&70E!'(*!;.,0!+aG+(,7=+!6.#,7()J!T6786!7,!)+(+$'&&E!H.$!H.$+7)(+$,!'(*!

.(&E! 06+! ;.,0! 'v#+(0! D88$'('7'(,J! '$+! ,7()&+! H';7&E! *+0'86+*! *T+&&7(),! &.8'0+*! T7067(! G&'((+*!

residen'al subdivisions with gated access by a private street.  The next step in quality of housing are single 

H';7&E!6.;+,!&.8'0+*!.(!,#V*7=7*+*!G&.0,!T706!*7$+80!'88+,,!VE!'!G#V&78!$.'*2!!:67&+!(.0!G'$0!.H!'!)'0+*!

8.;;#(70EJ!06+,+!0EG+,!.H!6.;+,!'$+!)+(+$'&&E!'88+,,+*!=7'!'!)'0+!'(*!,#$$.#(*+*!VE!'!]!0.!_!H..0!T'&&!

T6786!7,!8+(0+$+*!.(!06+!G$.G+$0E!&7(+2!!:67&+!06+,+!;'E!V+!7(6'V70+*!VE!H.$+7)(+$,J!70!7,!;.$+!8.;;.(!0.!

find families with more long standing 'es to the community, or perhaps second genera'on immigrants 

1P+V'(.(J!5#,,7'!7(!,.;+!7(,0'(8+,J!'(*!+&,+T6+$+32!!?E!H'$!06+!;.,0!8.;;.(!0EG+!.H!6.#,7()!7(!D88$'!7,!

the compound structure, which is typically a combina'on of rooms, around a common open area.  Like 

the detached home, the quality of housing is o0en correlated to its access.  Higher quality compound 

,0$#80#$+,!8'(!V+! H.#(*!'(*!'88+,,+*!=7'!'!G#V&78!,0$++0!.$! H$.;!'!,6.$0!T'&/J!T67&+!,.;+!.H! 06+! &.T+$!

e#'&70E!8.;G.#(*!,0$#80#$+,!'$+!.(&E!'88+,,+*!=7'!H..0G'06J!7(,#&'0+*!'(*!,#$$.#(*+*!VE!(#;+$.#,!.06+$!

8.;G.#(*!,0$#80#$+,J!T6786!&7/+&E!8.;G$7,+!'!&'$)+$!,&#;!&7/+!(+7)6V.$6..*2!

Z.;G.#(*!,0$#80#$+,!'88.#(0!H.$!'&;.,0!ALh!.H!06+!6.#,7()!,0.8/!7(!D88$'J!T67&+!06.,+!&7=7()!7(!,+G'$'0+!

!"#$%&'M)(G''/&#"9701'L0%Z&5'"7'<88%0['L010:'<50'L0%Z&5'97'P&O'\9O7'/90@'"7']9Z9:1&:1&'
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6.#,+,!.$!,+;74*+0'86+*!6.;+,!8.;G$7,+!'V.#0!M^h!.H!'&&!*T+&&7()!0EG+,2!!9&'0,!.$!'G'$0;+(0,!8.;G$7,+!

@h! .H! 06+! ,0.8/2! ! I.$+! 06'(! ^Lh! .H! '&&! 6.#,+6.&*,! 7(! D88$'! $+(0! ,G'8+,! &.8'0+*! T7067(! '! 8.;G.#(*!

,0$#80#$+J!T67&+! .(&E! 'V.#0! K^h!.T(! 06+7$! 6.;+2! !iH! 0-+! 8.;G.#(*!6.#,+,! &.8'0+*! 7(!D88$'J! ^Yh!'$+!

8.;G$7,+*! .H! '! ,7()&+! $..;J! T67&+! RMh! '$+! 8.;G$7,+*! .H! 0T.! $..;,2! ! S6+! ;+'(! '$+'! .88#G7+*! VE! '!

6.#,+6.&*! 7(!D88$'! 7,! YK2]! ,e#'$+!;+0+$,2! !DGG$.a7;'0+&E!_^h!.H! '&&! 6.#,+6.&*,! 7(!B$+'0+$!D88$'!6'=+!

'88+,,! 0.!T'0+$! H$.;!'! ,#GG&E!G7G+J!+706+$! 7(*..$,!.$! 7(!G$.a7;70E! 0.!06+7$!*.;787&+2! !D&;.,0!@Lh!.H!'&&!

households in Accra have access to electricity for ligh'ng purposes, but s'll more than 50% use charcoal 

H.$!8../7()J!T67&+!.(&E!R^h!#,+!('0#$'&!)',2! !i(&E!YLh!.H!D88$'('7'(!6.#,+6.&*,!$+G.$0!06+7$!)'$V')+!7,!

8.&&+80+*J! T67&+!;.$+! 06'(! YKh! *7,G.,+! .H! 06+7$! )'$V')+! 7(! '! [G#V&78! *#;Gd! '(*! (+'$&E! MLh! [*#;G! 70!

elsewhere.’  Addi'onally, only 30% of Accra’s households report the use of a flush toilet, but it is unclear if 

06+,+!m#,6!7(0.!'!,'(70'$E!,+T+$!,E,0+;!&+'*7()!0.!'!T',0+T'0+$!0$+'0;+(0!H'87&70E!.$!'!8.;V7(+*!,+T+$J!

T6786!*$'7(,!7(0.!06+!$.'*,7*+!,0.$;!,+T+$,!'(*!+=+(0#'&&E!7(0.!.G+(!8'('&,J!06+!T'0+$!0'V&+!'(*!0.T'$*,!

06+!B#&H!.H!B#7(+'2!1BCCJ!KLL_3!

High	End	Developments	and	Properties!
Within the last two decades Accra has gone through a far reaching social and economic transforma'on 

resul'ng in an increasing fragmenta'on of urban residen'al space.  As foreign direct investment led to 

more foreign na'onals requiring a residence in Accra, demand for private enclaves which have been 

8&+'$&E!*+;'$8'0+*! H$.;! 06+! ,#$$.#(*7()!+(=7$.(;+(0!6'=+!V++(!*+;'(*+*2! ! S67,! 7,! G'$0&E!*#+! 0.! 06+!

*+;'(*! 0.!8$+'0+!;78$.+(=7$.(;+(0,!T7067(! 06+!870E!T6786!'$+!;.$+!'/7(! 0.!T+,0+$(!,0E&+!6.#,7()! 1.$!

+',0+$(!7(!,.;+!8',+,3!',!T+&&!',!G$.V&+;,!',,.87'0+*!T706!T7*+,G$+'*!&'(*!&'T!8',+,J!T6786!6'=+!,++(!

'(ET6+$+! H$.;!M^JLLL! 0.!]LJLLL! 8',+,! G+(*7()! 7(! 06+! $+8+(0! G',02! ! \(*7=7*#'&! #(70,J! *+G+(*7()! .(! 06+!

)'0+*!,#V*7=7,7.(J!)+(+$'&&E! $'()+! 7(!G$78+! H$.;!RLJLLL! 0.!Y]LJLLL!<C-! 106+!67)6!+(*!V+7()! 06+!6.;+,!

located in Transacco Valley). Once these 23 gated communi'es are all completed, the total number of 

#(70,!T7&&!V+!RJ^AK!6.#,+,!'(*!AK!'G'$0;+(0,!.$!'V.#0!Rh!.H!06+!8#$$+(0!,0.8/2!

Detached	Homes,	Flats	and	Apartments!
While the majority of Accranaians con'nue to reside in compound structures, Single Family Homes or 

Figure 3.11   Gated Communi4es throughout Accra (from Grant)'
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*+0'86+*!6.;+,!6'=+!)'7(+*!;.$+!'(*!;.$+!G.G#&'$70E!.=+$! 06+!$+8+(0!E+'$,2! !Z+(,#,!$+,#&0,! 7(*78'0+!

06'0!]_JRYL!(+T!6.#,+,!T+$+!V#7&0! 7(!D88$'!,7(8+!M@_Y!T706!06+!&'$)+,0!7(8$+',+!V+7()!7(!,+;74*+0'86+*!

6.;+,! ',! T+&&! ',! m'0,! '(*! 'G'$0;+(0,2! ! S6+! ='&#+! .H! ,7()&+! H';7&E! 6.;+,! 7,! 0EG78'&&E! *780'0+*! VE! 06+!

(+7)6V.$6..*! '(*! 06+! G#V&78! ,+$=78+,! T6786! '$+! G$.=7*+*2! ! C7()&+! H';7&E! 6.;+,! 7(! %',0! P+).(J!

Cantonments, Osu and Airport Residen'al are some of the most expensive proper'es in Accra.  While the 

(.$;'&&E!'88+,,!G'=+*!G#V&78!,0$++0,J!06+E!'&,.!'&,.!0EG78'&&E!T'&&+*!'(*!'88+,,+*!=7'!'!)'0+2!!C7()&+!H';7&E!

homes in neighborhoods such as Kokomlemle or La are generally second 'er proper'es which or normally 

(.0! ,#$$.#(*+*!VE! '!T'&&2! ! S6+! ,#$H'8+! e#'&70E!.H! 06+! '88+,,! $.'*!T7&&! '&,.! 6'=+! '! &'$)+! 7;G'80!.(! 06+!

residen'al value of the property.!

Compound	Structures!
?E!8#$$+(0!'88.#(0,!8.;G.#(*!,0$#80#$+,!'88.#(0!H.$!'(ET6+$+!H$.;!Y^h!0.!ALh!.H!06+!6.#,7()!,0.8/!7(!

Accra, and are the most dominant type of residen'al housing structure.  Due to the populariza'on of 

T+,0+$(!,0E&+,!.H!6.#,7()J!067,!0EG+!6',!,6.T(!'!*+8$+',+!7(!G.G#&'$70E!,7(8+!M@_Y2!!O'$0!.H!067,!*+8$+',+!

in popularity was o0en inability to sell or transfer the property due to the associated idea that property 

was the birthright succeeding genera'ons, rather than being at the disposal of the living.  A compound 

6.#,+! (.$;'&&E! 8.(,7,0,! .H! ;'(E! ,;'&&! $..;,! .f! '! G$7='0+! 7(0+$('&! 8.#$0E'$*2! ! S67,! .G+(J! #($..H+*!

courtyard leads directly to household living spaces directly from the courtyard or some'mes by a porch or 

veranda.  Compound dwellings can also vary in size, with most being single story structures, but mul'4

,0.$E!V#7&*7(),!'&,.!+a7,02!

%"%# Greater	Accra’s	Human	Geographic	Patterns#

B6'('!7,!,#V*7=7*+*!7(0.!ML!5+)7.(,!'(*!MAL!-7,0$780,J!06+!B$+'0+$!D88$'!I+0$.G.&70'(!D$+'!,G'(,!0T.!.H!

06+,+! $+)7.(,! 1B$+'0+$! D88$'! '(*! Z+(0$'&! 5+)7.(,3! '(*! X=+! .H! 06+,+! *7,0$780,! 1DIDJ! B'! %',0J! B'!:+,0J!

S+;'J! '(*! DT#0#4Senya).  Complica'ng poli'cal subdivisions further, the Greater Accra Region is 

comprised of 2 Metropolitan Assemblies (Accra and Tema, both which have popula'ons of more than 

K^LJLLL! 7(6'V70'(0,3! '(*! ]! I#(787G'&! D,,+;V&7+,! 1D*+(0'J! D,6'7;'(J! B'! %',0J! B'! :+,0J! P+*"+/#/#4

Krowor, and Weija which have popula'ons of more than 95,000 inhabitants).  Addi'onally, the 

Municipali'es of Kasuo and (to a lesser extent) Nsawam have been absorbed into sprawling Accra.  Both 

!"#$%&'M)(.''C&508;&@'R9:&'07@'!105>'5K4"801'9='<88%0'A=%9:'S&%5%07@I'
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are poli'cally located in different regions (Central and Eastern Regions respec'vely) with different seats of 

Regional and District administra've authority, but physically and economically are connected to Accra. 

1I7(7,0$E! .H! P.8'&! B.=+$(;+(0J! KLL@3! ! S6+,+! -7,0$780! D,,+;V&7+,! T6786! 8.;G$7,+! 06+! B$+'0+$! D88$'!

Metropolitan Area have been part of the decentraliza'on process enacted as part of Law 207 (PNDC) in 

M@__2! ! \(! M@@RJ! 06+! P.8'&! B.=+$(;+(0! D80! )$'(0+*!-7,0$780! D,,+;V&7+,! 1-D,3! 06+! G.T+$! 0.N! 173! +a+$87,+!

poli'cal and administra've authority in the District; (ii) provide guidance for district inhabitants; (iii) 

supervise all administra've authori'es in the District; (iv) and assure overall development of the District 

7(8&#*7()! *+=+&.G;+(0! .H! V',78! 7(H$',0$#80#$+J! G$.=7,7.(! .H! ;#(787G'&! T.$/,! '(*! ,+$=78+,J! '(*!

management of human se^lements and the environment. (The Republic of Ghana, 1993)!

Local	Government	Decentralization	in	Accra!

C7(8+! 06+!X)60! ')'7(,0! G.=+$0E! 7(0$.*#8+*! '! ,.87'&! *7;+(,7.(! 0.! ,0$#80#$'&! '*U#,0;+(0J! 06+! 8.;;#(70E!

ideal has influenced urban development which has been promoted and financed by interna'onal donors 

7(!DH$78'(! 0.T(,2!S6+! 7(0+(0!.H! 067,! 7*+'&!6',!V++(! 0.!G&'(! H.$!'!*+8+(0$'&7"+*J! ,.87'&&E! $+)#&'0+*J!#$V'(!

H'V$78! T6786! 7,! 67)6&E! *7,'))$+)'0+*J! 0.! 06+! V&.8/! '(*! +=+(! G&.0! T706! 06+! 7(0+(0! 0.! ;'/+! G#V&78!

administra'on of policy (for example urban taxa'on) more efficient.   These “Urban Projects” of the World 

Bank have assumed the virtues of all that is local, while highligh'ng decentraliza'on measures, 

community upgrading, and local par'cipa'on. Part of the intent is to introduce into the willingness and 

capacity of townspeople to pay for their services, and also points to the residen'al anchoring of urban 

*T+&&+$,!',!06+!V+,0!)#'$'(0++!.H!;.V7&7"7()!06+,+!(+8+,,'$E!$+,.#$8+,2! ! \(! 067,! H$';+T.$/J! &'(*.T(+$,!

are considered the best se^led and most solvent taxpayers, thought to making up a stable territorial 

pa^ern, with a clear iden'ty on the very local scale of interven'on and of urban markets. (Bertrand 2005)!

Figure 3.13  Comparison of Resources and Expenses from Five African Ci4es (from Farvacque,^"5Z9?"8'&5'01)I'
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\(!06+!;.$+!,G+87X8!8.(0+a0!.H!D88$'J!'0!06+!+(*!.H!06+!M@_L,J!*7,0$780!',,+;V&7+,!T+$+!)7=+(!(+T!G.T+$,!

and means as part of the decentraliza'on framework, while during the last decade local government has 

evolved towards elec'on and designa'on of assembly members and Unit Commi^ees.  This 

transforma'on has also brought to the surface older problems, notably in the rela'ons between 

7(*7)+(.#,!G+.G&+!'(*!.#0,7*+$,J! 06+! H.$;+$!#,7()!8#,0.;'$E!G$.8+*#$+!',!'!*+H+(,+!')'7(,0!;7)$'(0,d!

demographic pressures.  The real objects of pressure and iden'ty manipula'on at the local level, 

especially among the impoverished popula'ons are limita'ons upon: the access to land, the influence of 

community opinion, neighborhood representa'on and municipal lobbying.  Urban development in Accra 

has overlooked the ques'ons regarding tenant par'cipa'on when addressing poverty reduc'on and the 

result of the local “good governance” concept has concealed disintegra'ng social rela'ons in the rental 

sector.  One cannot overlook that the aggrega'on of local governments comprising Greater Accra, which 

have been both required and promised by interna'onal donors, has largely contributed to the 

disenfranchisement of migrant popula'ons and remains an obstacle to poverty reduc'on.  (Bertrand 

KLL^3!

Local	Government	Funding	Mechanisms!

-7,0$780!D,,+;V&E!$+=+(#+,!'$+!&'$)+&E!;'*+!#G!.H!0$'(,H+$,!H$.;!06+!8+(0$'&!).=+$(;+(0!.$!*.(.$,2! !iH!

06+!B$+'0+$!D88$'!-D,J!'GG$.a7;'0+&E!_Yh!T+$+!0$'(,H+$,J!T67&+!.(&E!M]h!T',!)+(+$'0+*!H$.;! 7(0+$('&!

revenues such as rates, fees and land revenues.  S'll while all DA revenues represent about 5 percent of 

8+(0$'&!B.=+$(;+(0! $+=+(#+J! 06+! 8+(0$'&! ).=+$(;+(0! 0$'(,H+$,! .(&E!Y2^h!.H! 70,! V#*)+0! 0.! 06+!-D,2! ! \(!

KLLYJ!-D,!,G+(0!A_!G+$8+(0!.H!06+7$!0.0'&!V#*)+0,!.(!7(=+,0;+(0,!T67&+!.(&E!MM!G+$8+(0!T',!H.$!G+$,.((+&!

salaries.  A comparison of the municipal finances of five West African ci'es shows a sharp differen'a'on 

especially between Accra and other capitals of the Region.  A recent study es'mated that an investment 

.H! t_L! <C-! G+$! 8'G70'! .=+$! ;.$+! 06'(! RLL! ,e#'$+! /7&.;+0+$,! T.#&*! V+! (++*+*! 0.! #G)$'*+! V',78!

7(H$',0$#80#$+!,+$=78+,!7(!D88$'2!1S6+!:.$&*!?'(/J!KLL_3!

:6+(!8.;G'$7()!06+!X=+!&'$)+,0!-D,!7(!B6'('!*'0'!$+=+'&,!06'0!06+E!$+G$+,+(0!YYh!.H!06+!0.0'&!8#$$+(0!

7(0+$('&&E!)+(+$'0+*!$+=+(#+,J!V#0!.(&E!MLh!.H!06+!)$'(0,2!!S67,!7,!'!0+,0';+(0!0.!06+!H'80!06'0!$+=+(#+,!

G+$!8'G70'!7(!&'$)+!-D,!'$+!&.T!8.;G'$+*!0.!06+!'=+$')+J!T706!D88$'!6'=7()!';.()!06+!&.T+,0!$+=+(#+!G+$!

capita of all the ci'es.  In addi'on to receiving a dispropor'onate share of the grants from the central 

B.=+$(;+(0J! 7(0+$('&&E!)+(+$'0+*!$+=+(#+,!6'=+!'&,.!V++(!=+$E! &.T! 7(!D88$'J!'=+$')7()!'$.#(*!M^h!.H!

!"#$%&'M)(H''C">5%"85'<>>&:+1K'/&?&7$&>'4&%'304"50'A=%9:'!0%?08_$&,^"5Z9?"8'&5'01)I'



!

Y@!

the total budget.  Also, the formula for the alloca'on of the District Assembly Common Fund 

dispropor'onately weights the smaller DAs.  For example, an average district represents 0.72 percent of 

the total popula'on of Ghana, and usually receives the same propor'on of the Common Fund.  But the 

Accra Metropolitan Assembly (AMA) represents nearly 9% of the popula'on, but receives a bit more than 

1% of the Common Fund.  Clearly this distribu'on favors the small DAs, with the sta's'cal distribu'on 

being diametrically opposed to the popula'on size.  In large countries, transfer mechanisms tend to favor 

large ci'es as they are most o0en the providers of divers and expensive services.  However, under the 

exis'ng Ghanaian fiscal transfer system, the resource transfers favor rural districts and small towns. (DACF 

KLL^3!

The situa'on is similar for HIPC grants, which also follows a distribu'on formula similar to the DACF.  For 

+a';G&+! 8.;G'$+! *7,V#$,+;+(0,! 0.! 06+! <GG+$! :+,0! 5+)7.(! T6786! $+8+7=+*! 'V.#0! MR^JLLL! Z+*7,! G+$!

8'G70'J!T67&+!06+!B$+'0+$!D88$'!5+)7.(!$+8+7=+*!8&.,+$!0.!]LJLLL!Z+*7,!G+$!8'G70'2! !D)'7(!$#$'&!'$+',!'$+!

being favored over urban areas, and the northern regions over the southern ones. Another illustra'on of 

067,!G$+H+$+(8+!'$+!06+!)$'(0,!0.!S';'&+J!06+!G..$+,0!;+0$.G.&70'(!'$+'J!T6786!$+8+7=+,!06+!,';+!';.#(0!

per capita as Accra due to substan'al grants.  Addi'onally, other donor support is concentrated on half 

the Districts, with large ci'es such as Accra receiving close to nothing. (The World Bank 2008)!

Land	Valuation!

The Land Valua'on Board carries out the valua'on of proper'es in each of the districts (AMA, Ga, Tema, 

etc…) and prepares a Valua'on List which is a list of all the assessed proper'es and their values.  This 

taxa'on mechanism is called the Property Rate and it is the only tax that is based en'rely on property, 

with its valua'on method based on the replacement cost.  Land in Greater Accra is a vastly undervalued 

fiscal resource as well as an untapped instrument for poten'al sustainable land development.  Likewise, 

!"#$%&'M)(Q''N07@'^01$&>'5;%9$#;9$5'<88%0'A=%9:'!0%?08_$&,^"5Z9?"8'&5'01)I'
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property taxa'on is a poten'ally important tool for the Accra Metropolitan Assembly, requires dras'c 

revision from a simple method for genera'ng revenue to one that serves specific land management goals 

and objec'ves.  (The World Bank 2008)!

Revenue generated from property in Accra is no be^er than 2 GHC per capita, which lends serious doubt 

',! 0.! T6+06+$! 06+! $+,.#$8+,! E7+&*+*! VE! 06+! G$.G+$0E! $'0+,! '$+! 8.;;+(,#$'0+! T706! 06+! 8.,0! .H!

administering the assessment of individual Property Rates in order to create the Valua'on List.  

Determining the replacement cost of all the proper'es in a district is extremely 'me consuming, and 

becomes even more so when valua'ng specialized proper'es such as plants and machinery for very large 

industrial buildings.  A be^er approach is to base property taxa'on on the open market value.  This has 

the advantage of discouraging specula'on by weighing the tax more heavily on vacant lands and would 

'&,.! 8'G0#$+! &'(*! ='&#+,! T6786! '$+! (.0! 06+! $+,#&0! .H! &'(*.T(+$! 7(=+,0;+(0! *+87,7.(,! 1#(+'$(+*!

7(8$+;+(0,!0.! &'(*!='&#+32! !P+=E7()!V',+*!.(!06+!.G+(!;'$/+0!='&#+!T.#&*!;'/+!06+!',,+,,;+(0! H',0+$!

and less cumbersome with the ability to process mass valua'ons and limit the number of man hours need 

from a Regional Valua'on Board which has been rife with corrup'on. (GSS, 2008)!

%"%"!# 1/2(234/,#

While there are no official sta's'cs on the contribu'on of the overall urban economy to Ghana’s GDP, it 

may be es'mated, based on the share of industry and services (which are mainly urban4V',+*3!06'0!06+!

#$V'(!+8.(.;E!8.(0$7V#0+,!'V.#0!]L!G+$8+(0! 0.!B-O2! ! 1BO5C4II, 2005)  The AMA es'mates that Accra’s 

total economic ac'vity accounts for at least 10% of Ghana’s GDP, with manufacturing ac'vi'es 

contribu'ng to over 50% of value added.  This implies that focusing on Ghana’s urban economies, 

especially Accra, to add more value to their agricultural output is cri'cal to achieving the na'on’s aim of 

achieving middle income status.  Addi'onally, nearly 80% of all Foreign Direct Investment in Ghana were 

7(=+,0;+(0,!&.8'0+*!7(!06+!B$+'0+$!D88$'!5+)7.(!1'GG$.a7;'0+&E!tM]L!I7&&7.(!<C-!7(!KLL^!'&.(+3J!H#$06+$!

+;G6',7"7()!06+!7;G.$0'(8+!H.$!#$V'(!*+=+&.G;+(0!$+,+'$862!

Adequate urban infrastructure and services, a suppor've urban policy framework at the AMA, Greater 

Accra Region, and Na'onal levels, and good ins'tu'onal capacity are essen'al for the growth of the urban 

+8.(.;E2! ! \(H$',0$#80#$+! 7(=+,0;+(0,! ,+$=+! 0.! G$.;.0+! '(! +('V&7()! +(=7$.(;+(0! H.$!;78$.J! ,;'&&! '(*!

medium enterprises (MSMEs).  However, in Accra, inadequate infrastructure facili'es and public services 

hinder the forma'on and growth of firms by increasing the cost of doing business, limi'ng access to 

markets, and reducing efficiency.  Urban produc'vity is also hampered by low4*+(,70E!#$V'(!,G$'T&J!T6786!

Figure 3.16  Foreign and Domes4c Businesses in Accra (from Grant)'
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increases the cost of infrastructure and commu'ng.  Concentra'ons of small and micro enterprises in 

#$V'(! '$+',! G$.=7*+! 06.#,'(*,! .H! U.V,! '(*! ,+$=+! ',! 7(8#V'0.$,! H.$! 06+! )$.T06!.H! X$;,J! V#0! 06+,+! &'8/!

;.,0!V',78!,+$=78+,!'(*!'$+!'0!$7,/!H$.;!7&&4conceived loca'on schemes.  In the medium to longer term, the 

*+=+&.G;+(0!.H!7(*#,0$E!T7&&!V+!8.(,0$'7(+*!#(&+,,!;+',#$+,!'$+!0'/+(!0.!H'87&70'0+!06+!'='7&'V7&70E!.H!&'(*!

'(*!,+$=78+,! H.$! 7(*#,0$7+,2! !%;+$)7()!+(0+$G$7,+,!T706!G$+;7,+,!'(*!,#b87+(0! 0+86(78'&!/(.T&+*)+!'(*!

the more sophis'cated technologies with dynamic growth poten'al (such as a welding shop, for example) 

are more likely to have a direct impact.  Enterprises whose opera'ons are closer to subsistence than to 

06+!;'$/+0! +8.(.;E! (++*! 0.! V+! 8.(,7*+$+*! ,+G'$'0+&E! G.&78E! T7,+! *#+! 0.! '(! #(&7/+&76..*! H.$! )$.T06!

poten'al and wealth accumula'on.  At the household level, the produc'vity of the urban poor is kept low 

by among many things, deficiency in basic services, especially road access and sanita'on.  (Camilleri, 2006)!

Labor	Force	and	Earnings!

The informal sector accounts for 40 percent of the na'onal income, with the majority of this earned in 

#$V'(!'$+',2! ! \(!D88$'J!06+! 7(H.$;'&!,+80.$J!T6786! 7,!G$+*.;7('(0&E!8.;G$7,+*!.H!,+&H4+;G&.E+*!T.$/+$,!

o0en employed in retailing or light volume trading services, accounts for somewhere between 45% and 

_Lh! G+$8+(0! .H! 06+! 0.0'&! &'V.$! H.$8+2! ! iH! 06+! 'GG$.a7;'0+&E! R!;7&&7.(! D88$'('7'(,J! ]L!h! .H! '&&! G+$,.(,!

between the ages of 15 and 64 are economically ac've, while this number increases to 80% of males and 

ALh!.H!H+;'&+,!V+0T++(!06+!')+,!.H!K^!0.!]Y2!!1BCCJ!KLL_3!!I.,0!6'=+!+706+$!T')+!+;G&.E;+(0!1;'&+,!

(+'$&E!^Lh3!.$!'$+!,+&H4employed without employees (females a bit more than 50%).  The main occupa'on 

listed for 45% of all persons between 15 and 64 was either service & sales or cra0 and related trades.  An 

+8.(.;78!V$+'/*.T(!.H!+;G&.E;+(0!VE!,+80.$!'&,.!$+7(H.$8+,!06+!,7)(7X8'(8+!.H!06+!7(H.$;'&!,+80.$!T706!

more than 30% employed in the trade industry, and 16% in manufacturing.  It is es'mated there are more 

than 440,000 businesses spread amongst the manufacturing, trading, and “other” sectors.  Interes'ngly, 

H+;'&+! .G+$'0+*! V#,7(+,,+,! .#0(#;V+$7()! ;'&+! .T(+*! .(+,! '&;.,0! R! 0.! MJ! 06#,! +;G6',7"7()! 06+!

7;G.$0'(8+! .H! 6.#,+6.&*! +(0+$G$7,+,2! ! D)$78#&0#$+J! G$7;'$7&E! X,67()! 7,! '&,.! '! ,7)(7X8'(0! 8.(0$7V#0.$! 0.!

6.#,+6.&*!7(8.;+!7(!D88$'2!!1BCCJ!KLL_3!

B$+'0+$!D88$'!6',!'(!'=+$')+!'((#'&!7(8.;+!.H!MJ^K@!BFZ!'(*!'!;+'(!'((#'&!G+$!8'G70'!7(8.;+!.H!^YY!

BFZ2!!\(!0+$;,!.H!6.#,+6.&*!,.#$8+,!.H!7(8.;+J!06+!;'U.$70E!.H!;.(+E!V$.#)60!7(0.!D88$'d,!6.;+,!7,!H$.;!

T')+!7(8.;+!1'&;.,0!]Lh3!T67&+!(.(4H'$;!,+&H!+;G&.E;+(0!'88.#(0,!H.$!'V.#0!K^h2! !S6.,+!T.$/7()! 7(!

06+! X('(87'&! ,+$=78+,J! $+'&! +,0'0+J! '(*! +&+80$7870E! ,+80.$,! 8.(,7,0+(0&E! T.$/+*!;.$+! 06'(! YL! 6.#$,! G+$!

week.  Public administra'on, educa'on, and health and social work also received more than 35 hours per 

T++/!.H!T.$/2!!S6+!X('(87'&!'(*!$+'&!+,0'0+!7(*#,0$7+,!G'7*!06+!V+,0J!T706!+;G&.E++,!$+8+7=7()!;.$+!06'(!

1.5 and 1.25 GHC per hour respec'vely.  Likewise, those classified as legislators/managers or professionals 

Figure 3.17  Ac4vity, Distribu4on, and Earnings of Accranaians (from GSS)'
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expectedly received the highest hourly earnings, also 1.5 GHC or more.  Compara'vely, those working in 

the services and trades made closer to 0.5 GHC per hour.  Remi^ances are also significant, accoun'ng for 

almost 10% of all household income in Greater Accra, par'cularly amongst mothers with children living 

'V$.'*2!!1BCCJ!KLL_3!

%"%"%# 50326*+784/,#

The report of the fi0h round from the Ghana Living Standard Survey (GLSS) indicates that approximately 

@KMJLLL!6.#,+6.&*,!'$+!&.8'0+*!7(!06+!B$+'0+$!D88$'!5+)7.(J!'(*!06'0!06+!;+'(!,7"+!H.$!06+,+!6.#,+6.&*,!

is 3.4 persons.  This 2005 es'mate is down considerably from the 2000 census of 4.6 persons per 

6.#,+6.&*J!V#0!,6.#&*!V+!8'$+H#&&E!8.(,7*+$+*!7(!0+$;,!.H!70,!'88#$'8E2!:67&+!06+!(+7)6V.$6..*,!.H!i,#J!

Z'(0.(;+(0,J!'(*!%',0!P+).(!$+m+80!'!0EG78'&!,#V*7=7,7.(J!`./.;&+;&+J!g7;'J!g+T!S.T(J!P'J!-'(,.;'(J!

Nungua, Madeina & Adenta, and many others are be^er examples of the typical neighborhood that 

comprises this largely residen'al urban metropolis.  The midyear census for Greater Accra as well as the 

GLSS 5 es'mate the popula'on for Greater Accra between 3.1 and 3.7 million persons and, es'mates the 

B$+'0+$!D88$'!I+0$.G.&70'(!D$+'J!T6786!8.;G$7,+,!06+!DIDJ!SIDJ!'(*!06+7$!,#$$.#(*7()!#$V'(!'$+',J!'0!

2.6 million.  These popula'on es'mates should also be carefully considered in terms of its accuracy.!

I.,0! .H! 06+! 6+'*,! .H! 6.#,+6.&*,! 7(! D88$'! '$+! ;'&+! '(*! ;.$+! 06'(! YL! E+'$,! .&*J! T67&+! ]^h! .H! '&&!

households are inhabited by a married couple.  Accra’s popula'on is young with a large segment of the 

;+(!V+7()!#(*+$!RL!E+'$,!.&*!1;.$+!06'(!RLh3!'(*!T.;+(!#(*+$!K^!E+'$,!.&*!1;.$+!06'(!K_h32!!I.,0!

Accranaians trace their ethnicity to Akan (Asante or Fan') or Ga lineages (more than 75%), while Ewe 

'(8+,0$'&! &7(+')+,! 1)+(+$'&&E! H$.;! 06+! Q.&0'! 5+)7.(3! 8.;G$7,+! 'V.#0! MYh2! D&,.J! ;.$+! 06'(! _Lh! .H! '&&!

households profess a Chris'an denomina'on, the highest concentra'on in Ghana, while a significant and 

no'ceable Muslim popula'on is also reflected in the sta's'cal count (about 12% of households). Unlike 

more rural parts of Ghana, Accranaians neither prac'ce tradi'onal African religions nor consider 

06+;,+&=+,!(.(4believers in sta's'cally significant numbers.  (GSS, 2008)!

A survey of the propor'on of households owning various items revealed interes'ng characteris'cs with 

implica'ons for the future.  Less than 2% of all households in Greater Accra owned an air condi'oner, 

while about 50% owned either a kerosene, electric or gas stove.  Addi'onally a bit less than 50% owned a 

$+H$7)+$'0.$2!!i(&E!]h!.H!06+!6.#,+6.&*,!7(!D88$'!.T(+*!'!8.;G#0+$!'(*!&+,,!06'(!Kh!.T(+*!'!T',67()!

;'867(+2! !:67&+!ARh!.H!'&&!6.#,+6.&*,! 7(!D88$'!G.,,+,,+*!'!0+&+=7,7.(J!.(&E!MLh!.T(+*!'(!'#0.;.V7&+!

'(*!^h!'!V78E8&+2! !S6+!'=+$')+!'((#'&!+aG+(*70#$+!.H!H';7&7+,!*T+&&7()!7(!'!8.;G.#(*!6.#,+!T',!KJK]R!

BFZ!G+$!E+'$J!T67&+!,+G'$'0+!6.#,+,!'(*!,+;74*+0'86+*!6.#,+,!6'*!+aG+(*70#$+,!.H!]J_R^!'(*!RJ_RL!BFZ!

respec'vely.  Survey results indicated that flat apartment expenditures were 4,147 GHC per year.  (GSS, 

!"#$%&'M)(V''R9$>&;91@>'+K'\K4&F'`5;7"8"5K'07@'/&1"#"97'A=%9:'B**I'
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Household	Mobility!

According to the social and territorial dynamics of the metropolis, urban development is a dialec'cal 

process between the residen'al mobility of individuals and households and the anchoring effects resul'ng 

from capital improvements.   On the regional scale, one cannot study rehabilita'ng Accra without 

examining the constraints and opportuni'es presented by housing and employment markets.  Where an 

individual lives and works affects the redistribu'on of popula'ons through a combina'on of inward and 

.#0T'$*!;.=+;+(0,J! '(*! $+8.;G.,+,! &.8'&! 0+$$70.$7'&! )$.#G,! '88.$*7()! 0.! 8$70+$7'! .H! '88+,,7V7&70E! '(*!

transport services.  Since independence, several studies have considered migra'on in its classical sense, as 

'!.(+4way, defini've movement, but there has not been a study of residen'al mobility in the center of 

B6'('d,!G$7(87G'&!&'V.$!G..&!'(*!G$.G+$0E!;'$/+02!1?+$0$'(*!KLL^3!

To establish what differen'ates the mobility of the inhabitants of Accra, within the perimeter of the 

8'G70'&!$+)7.(J!,+=+$'&!*+;.)$'G678!'(*!,.87.+8.(.;78!7(*78'0.$,!T+$+!$+8.$*+*!',!G'$0!.H!'!,0#*E!VE!06+!

Ins'tut de Recherche pour le Developpement (IRD) in the Centre Popula'on et Developpement (CEPED) at 

the University of Paris.  The purpose of the study was to measure mobility and to examine varia'ons of its 

intensity in Accra.  To ensure representa'veness throughout the Greater Accra Metropolitan Area, seven 

,#$=+E!".(+,!T+$+!86.,+(N!i&*!S+,67+J!P').,!S.T(!1g+T!S.T(3J!g+T!9'*';'J!g+T!BV'T+J!S+;'!Z70E!^J!

Ashaiman, and Dodowa.  The choice of neighborhoods was based on the spa'al configura'on of Accra 

and the history of its se^lements.  The primary a^ributes taken into considera'on when choosing these 7 

communi'es were: distance to center, type of housing stock (compound house, self48.(0'7(+*!6.#,+J!'(*!

flats), socioeconomic level of households, and indigenous versus migrant popula'ons.  Bertrand and 

-+&'#('E! +,0'V&7,6+*! ,+=+$'&! *+;.)$'G678! '(*! ,.87.+8.(.;78! ='$7'V&+,! ',! T+&&! ',! $+&7)7.#,! '(*! 0$7V'&!

affilia'on indicators in order to differen'ate the Accranaians’ mobility.!

The	Affect	of	Time!
From the perspec've of studying residen'al mobility, we can assume that when a person decides to 

move, for whatever their reason, that decision reflects that the value of the new loca'on is higher than 

the hazard of moving.  As 'me passes, and individuals grow in age, stability becomes more of the norm 

'(*!06+!0+(*+(8E!0.!;.=+!*7;7(7,6+,2!!?+$0$'(*d,!,0#*E!7(!D88$'!)+(+$'&&E!H.#(*!067,!0.!V+!06+!8',+2!!S6+!

!"#$%&'M)(X''L9+"1"5K'+K'<#&'A=%9:'S&%5%07@I'
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frequency of moving increases un'l the age of about 25, which coincides with the search for work and 

accommoda'on, and the se^ling of an independent household; then residen'al mobility rapidly 

decreases a0er this age.  It is also important to iden'fy that different cohorts are more mobile than others 

at the same moments in their life'mes, a reflec'on of the fact that Accra as a city is also ever evolving and 

affec'ng intra4urban residen'al mobility.  For example, 20 s!KY!E+'$!.&*,! 7(! 06+! E+'$!KLLL!6'=+!'!MAh!

G$.V'V7&70E!.H!86..,7()!0.!;.=+!.=+$!06+!6'"'$*!G$+,+(0+*!VE!;.=7()!',!8.;G'$+*!T706!'!MMh!G$.V'V7&70E!

observed retrospec'vely for the sum of all other cohorts aged 20 s!KY2!!S67,!7(8$+',+!7(!06+!&7/+&76..*!.H!

residen'al mobility may depend on the historical context of the city at that precise moment.  Permanent 

se^ling seems is becoming more difficult, likely due to expanding and overpopula'ng the oldest urbanized 

areas as well as increases in salaried work which creates incen've to relocate.!

Location	and	Reason	for	Move!
D88.$*7()!0.!06+!,0#*EJ!06+!G$.X&+,!H.$!I+0$.G.&7,!D88$'!'(*!S+;'!6'=+!,7;7&'$!;.V7&70E!$'0+,J!T67&+!B'!

and Dangbe west, districts which are more so in the urban periphery, also have similar rates.  These la^er 

'$+',J!.$!;.$+!$+8+(0&E!#$V'(7"+*!'0!06+!T+,0+$(!&7;70,!.H!06+!$+)7.(J!0+(*!0.T'$*,!;#86!67)6+$!;.V7&70EJ!

due to a concentric effect with their loca'on at the peripheral suburbs encouraging mobility.  With regard 

to the reason for a move, short stays tend to be mo'vated by educa'on, while professional reasons 

precipitate longer stays.  Three reasons lead to undifferen'ated dura'on of stays: the return to !

the hometown or to the family, the simple change of accommoda'on, or the accompaniment of a 

6#,V'(*2!

Individual	Characteristics!
Bertrand also developed the respec've mobility based on a number of individual characteris'cs indicated 

as part of their survey.  Regarding sex, residen'al mobility clearly indicates that men are significantly more 

mobile than women.  The prominence of male mobility was par'cularly prominent in Upper Dodowa.  

Marital status had a less prominent indica'on of mobility, with single people apparently making shorter 

stays as compared with married and divorced persons.  Interes'ngly, divorced persons were significantly 

more mobile than separated individuals.  Sepera'on is par'cularly characteris'c of poor levels, typical of 

the Ga in Teshie and the Shai in Dodowa, who marry more o0en within their community, where they can 

benefit from usufructuary rights.  Level of educa'on is a strong discrimina'ng factor in mobility, with 

mobility rates steadily increasing as educa'onal status progresses towards more advances educa'on.  

!"#$%&'M).G''L9+"1"5K'+K'/&0>97'A=%9:'S&%5%07@I'
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Professional status can also provide some details as to the residen'al mobility of an individual, with public 

,+80.$!T.$/+$,!6'=7()!06+!67)6+,0!$'0+,!1MMh!T706!'!;.=+!G+$!E+'$32!!I.V7&70E!8'(!'&,.!V+!',8+$0'7(+*!7(!

'88.$*'(8+!T706!+06(78!)$.#G!'(*!$+&7)7.(J!T706!D/'(!'(*!%T+!)$.#G,!,6.T7()!06+!67)6+,0!7(87*+(8+,!.H!

choosing a new residen'al loca'on, while Northerners and those from other West African origins 

illustrated lower rates.  In terms of mobility in accordance with religious affilia'on, tradi'onal cults 

showed the lowest rates, while those who did not a^end church or described themselves as having no 

religion had the highest chance of reloca'ng.  Moslems, Catholics, Protestants and Pentecostal/

Charisma'cs had rates ranging from 6% to 11% respec'vely.!

Households	and	Housing	Types!
\(!)+(+$'&!7(*7=7*#'&,!7(!,7()&+!G+$,.(!6.#,+6.&*,!T+$+!&+,,!;.V7&+!06'(!06.,+!7(!6.#,+6.&*,!8.;G.,+*!.H!

,+=+$'&! G+.G&+J! T706! 06+! H$+e#+(8E! .H!;.=7()! *+8$+',7()!T6+(! '! 6.#,+6.&*! 8.;G$7,+*! 06$++! .H!;.$+!

persons, but increased when nine or more individuals occupied a domes'c unit.  The considerable rise in 

06+!;.V7&70E!.H!,G.#,+,!'(*!867&*$+(!7,!'&,.!&7/+&E!T6+(!8.;G'$+*!0.!06+!6+'*!.H!6.#,+6.&*2!!Z.;G.#(*!

housing o0en brings together families of modest incomes or even living in poverty, while flats and self4

8.(0'7(+*!6.#,+,!'$+!$+,+$=+*!H.$!06+!;7**&+!8&',,2! !I.V7&70E! 7,!67)6+$!';.(),0!m'0,!'(*!,+&H48.(0'7(+*!

houses while occupants of compound houses tend to se^le more or may be restricted by the land and 

G$.G+$0E!;'$/+0!7(!D88$'2!

!

!

Figure 3.21  Mobility by Marital Status and Educa4on (from Bertrand)'
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Electricity	Infrastructure	

and	Demand	in	Accra 
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	4.1	Powering	Megacities	in	the	Developing	World#

Efficient power supply and energy demands will be central ques'ons in the 21
$"

!8+(0#$E!'(*!V+E.(*2!I'(4

kind’s energy consump'on is rising con'nuously and presents enormous challenges for climate protec'on 

and energy security.  The Interna'onal Energy Agency (IEA) predicts that worldwide energy consump'on 

7(!06+!E+'$!KLRL!T7&&!V+!;.$+!06'(!]Lh!67)6+$!06'(!70!T',!7(!KLLK2!!DGG$.a7;'0+&E!_^h!.H!06+!H#0#$+!G.T4

er supply will s'll be based on fossil fuels, the burning of which represents the most important driving 

force for climate change.  Also, urban agglomera'ons, and in par'cular, megaci'es in developing and 

newly industrialized countries are important arenas for energy use and produc'on.  While ci'es take up 

only 2% of the earth’s land surface, they are responsible for three quarters of global energy consump'on 

as well as approximately 85% of the global produc'on of greenhouse gases. The underlying trend to ur-

baniza'on (with an approximate 1.8% increase per year in the global urban popula'on) and to the spread-

ing of megaci'es is con'nuous.  (NKGCF 2008)!

Megaci'es offer strategic star'ng points for energy efficiency and climate protec'on. On the one hand, 

the concentra'on of people, material flows and residen'al districts in megaci'es makes it possible to re-

duce the consump'on of resources because modern governance, planning and service concepts mean 

06'0!;.$+!G+.G&+! 8'(!V+!,#GG&7+*!;.$+!+8.(.;78'&&E!#,7()! 06+! ,';+!';.#(0!.H! 0$'(,G.$0J!+(+$)E!'(*!

,G'8+2!C#86!)'7(,!7(!+b87+(8E!8'(!m.T!7(0.!06+!,#$$.#(*7()!,#V#$V'(!'(*!$#$'&!'$+',J!',!T+&&!',!7(0.!06+!

na'onal economy, to which large ci'es are integrated by means of resource flows and supply corridors.  

Also, the func'onal integra'on of urban industries, infrastructures and networks make the accelerated 

dissemina'on of innova'ons possible, not at least in the energy sector.  An integrated approach to urban 

*+=+&.G;+(0! 7,! $+e#7$+*!T6786! 0'/+,! 7(0.!'88.#(0! 06+!.=+$&'GG7()!X+&*,!.H! $+,G.(,7V7&70E! ,#86!',!V#7&*4

ings, transporta'on networks, energy technologies, and ci'zen lifestyles, and integrates these into a long 

$'()+!G&'((7()!'GG$.'862!1g`BZ9!KLL_3!

Accra, Ghana is a good example of the aforemen'oned, following in the footsteps of its Nigerian mega4

city neighbor, Lagos, and transi'oning towards income inequality.  While its con'nued expansion will fur-

ther fuel energy consump'on demands, innova'on in technology and urban planning could set up sustain-

able structures and guidelines for energy demand and produc'on which would decouple economic 

growth from energy consump'on and lead emissions from an exponen'al increase to at least a fla^ening 

)$.T06!8#$=+2!

4.1.1	Electricity	and	the	Development	Context#

Perhaps the most important factor in the moderniza'on of Ghana from a third world country to an indus-

trialized na'on is the presence of modern electricity systems in its urban centers.  Of all the western 

world’s appurtenances, none has a more profound poten'al to improve quality of life standards than of a 

modern electricity infrastructure.  The presence of electricity facili'es supports all public infrastructures, 

from transporta'on systems to potable water and sanitary sewer services, from medical and public educa-

'on to police, fire, and telecommunica'ons.  A reliable electricity supply is cri'cal to the realiza'on of a 

modern Ghana. (Na'onal Development Planning Commission of Ghana, 2005; United Na'ons, 2006)!

Z#$$+(0&E!06+$+!'$+!;'(E!G&'(,!0.!7;G$.=+!+&+80$7870E!,#GG&E!06$.#)6.#0!:+,0!DH$78'2!!S6+!%8.(.;78!Z.;4

munity of West Africa States (ECOWAS) has commissioned ac'vity that will promote the West African Gas 

O7G+&7(+! O$.U+80! 1:DBO3J! '! G$7;'$7&E! ,#V;'$7(+! ('0#$'&! )',! G7G+! 06'0! $#(,! 'V.#0! RL! /7&.;+0+$,! .f! 06+!

8.',0! H$.;!g7)+$7'! 06$.#)6! 06+!B#&H!.H!B#7(+'!T+,0!'&.(),7*+!B6'('!T706!,G#$,! 0.!S+;'!'(*!S'/.$'*72!!
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06+!D;+$78',2!1g+a'(0!\(82J!KLLYVW!S6+!:.$&*!?'(/!j!I\BDJ!KLLY3!

There are also na'onal commissioned plans seeking to improve electricity services across Ghana such as 

the Bui Dam hydro project on the Black Volta River or proposals to increase genera'on capacity at the 

Takoradi Thermal Plant.  The na'onal government has also taken steps towards consolida'ng and restruc-

0#$7()!06+!%&+80$7870E!Z.;G'(E!.H!B6'('!1%ZB3!'(*!06+!g.$06+$(!%&+80$7870E!-+G'$0;+(0!1g%-3!.H!06+!Q.&0'!

57=+$! D#06.$70E! 1Q5D3! 0.! G$.;.0+! +b87+(0!;'(')+;+(02! ! S6+! O#V&78! 5+)#&'0.$E! Z.;;7,,7.(! 1O<5Z3! 7,!

8.(,7*+$7()!'GG$.G$7'0+!0'$7f,!H.$!6E*$.J!06+$;'&J!'(*!$+(+T'V&+!G.T+$!)+(+$'0.$,!T7067(!'!,E,0+;!06'0!

is moving towards deregula'on, and the Energy Commission of Ghana is working towards a supervisory 

,0$#80#$+! 0.! ).=+$(! ,G.0! '(*!*'E4ahead market opera'ons and regula'on of carbon4*7.a7*+!+;7,,7.(,2!!

S6+$+!6'=+!'&,.!V++(!8.;;7,,7.(+*!,0#*7+,!,++/7()!0.!G$.U+80N!+&+80$7870E!'f.$*'V7&70E!H.$!B6'('d,!&'$)+,0!

economic sector, residen'al households; reduc'on of wood4fuel consump'on when electricity services 

'$+!;'*+!'='7&'V&+W!'(*!7;G$.=+*!7(*..$!'7$!e#'&70E!',!T+&&!',!T.;+(!'(*!867&*$+(d,!$+,G7$'0.$E!6+'&062!

1%(+$)E!Z.;;7,,7.(!.H!B6'('J!KLL]W!g+a'(0!\(82J!KLLYV3!

Z#$$+(0&E!;.,0!B6'('7'(,!$+&E!.(!T..*4H#+&,!',!06+7$!G$7;'$E!,.#$8+!.H!+(+$)E2!!iH!06+!(+'$&E!]2]!;7&&7.(!

S.(,!.H!i7&!%e#7='&+(0!1Si%3!G$.*#8+*!7(!0+$;,!.H!7(*7)+(.#,!+(+$)EJ!'GG$.a7;'0+&E!R2_!Si%!T',!*+$7=+*!

H$.;!T..*4H#+&,2! !iH!067,!R2_!Si%!*+$7=+*!H$.;!T..*4fuel, about 75% is by the residen'al sector in the 

form of firewood or charcoal and predominantly used for cooking.  Household consump'on of wood4H#+&,!

is also one of the primary contributors to Ghana’s rapid deforesta'on, a loss of more than 6000 sq.km of 

forests since the year 2000 and 20,000 sq.km since 1990.  Compara'vely, only 0.5 TOE of indigenous pri-

;'$E!+(+$)E!T',!G$.*#8+*!7(!06+!H.$;!.H!+&+80$7870E!H$.;!6E*$.!'(*!06+$;'&!,.#$8+,!7(!KLLY2!!iH!06+!'G4

proximately 6000 GWhs generated in 2004, more than 50% of all distribu'on was to residen'al house-

6.&*,!'(*!;.$+!06'(!^LLL!B:6,!T+$+!8.(,#;+*!VE!8#,0.;+$,!.H!%ZB!'(*!g%-2!!\0!,6.#&*!'&,.!V+!(.0+*!

that the industrial and services sectors, which together account for nearly 75% of Ghana’s GDP, rely cri'-

8'&&E!.(!+&+80$7870E2!1%(+$)E!Z.;;7,,7.(!.H!B6'('J!KLL]W!5.E'&!-'(7,6!I7(7,0$E!.H!9.$+7)(!Df'7$,!j!%(+$)E!

Commission of Ghana, 2003; The World Bank & MIGA, 2004; United Na'ons, 2006)!

4.2	Electricity	Supply	in	Ghana#

S6+!/+E!G&'E+$,!7(!B6'('d,!G.T+$!,+80.$!'$+!06+!Q.&0'!57=+$!D#06.$70E!1Q5D3!$+,G.(,7V&+!H.$!G.T+$!)+(+$'4

'on, transmission and system opera'on for the en're country; the Electricity Company of Ghana (ECG) 

responsible for distribu'on in southern Ghana, where most of the electricity is consumed; and the North-

ern Electricity Department (NED), which is a VRA subsidiary responsible for power distribu'on in northern 

B6'('2!!D&&!.H!06+,+!')+(87+,!'$+!.T(+*!VE!06+!B.=+$(;+(0!.H!B6'('!'(*!$+)#&'0+*!VE!06+!%(+$)E!Z.;4

mission and the Public U'lity Regulatory Commission (PURC).  VALCO, which had tradi'onally been the 

&'$)+,0!G$7='0+&E!.T(+*!V#&/!8.(,#;+$!.H!+&+80$7870EJ!8&.,+*!70,!S+;'!'&#;7(#;!,;+&0+$,!7(!KLLK2!!1g+a'(0!

\(82J!KLLYVW!S6+!:.$&*!?'(/!j!I\BDJ!KLLY3!

Un'l recently, the sole sources of power supply in Ghana were from the VRA owned hydroelectric plants 

.H!D/.,.;V.! 1MLR_!I:J!8.;;7,,7.(+*! 7(!M@]^3! '(*!`G.()! 1M]LI:J! 8.;;7,,7.(+*! 7(!M@_K3J!'(*! 7;4

ports from Cote d’Ivoire.  Since demand was outstripping the supply from the two hydro genera'on sta-

'ons and poor hydrologic condi'ons were increasingly resul'ng in severe power shortages (such as in 

M@@A!'(*!M@@_3J!06+!B.=+$(;+(0!8.;;7,,7.(+*!'!RRL4I:!Z.;V7(+*!ZE8&+!06+$;'&!G&'(0!'0!S'/.$'*7!7(!

1999.  The Government followed this by further diversifying its electricity produc'on capabili'es with a 

,+8.(*!06+$;'&!G&'(0!'0!06+!,';+!,70+!7(!KLLL2!!S67,!,+8.(*!G&'(0J!T6786!T',!*+=+&.G+*!06$.#)6!'!U.7(04

=+(0#$+!G'$0(+$,67G!V+0T++(!06+!Q5D!'(*!ZIC!%(+$)E!1l'8/,.(J!I7867)'(J!<CD3!7,!'!KKL4I:!C7;G&+!ZE4
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cle thermal plant, with the op'on for an addi'onal 1104I:! ,0+';! 0#$V7(+J!.(8+! ('0#$'&! )',! V+8.;+,!

'='7&'V&+2!!Z#$$+(0&E!V.06!G&'(0,!'$+!$#(!.(!&7)60!8$#*+!.7&!7;G.$0+*!H$.;!g7)+$7'2!!1%(+$)E!Z.;;7,,7.(!.H!

B6'('J!KLL]W!g+a'(0!\(82J!KLLYV3!

At present, the total genera'on capacity of the VRA is 10384I:!'(*!M]L4I:!H$.;!06+!0T.!6E*$.!,0'4

'ons and 5504MW from the two thermal sta'ons.  The firm energy supply is made up of 4800 GWh hydro 

'(*!K^LL!B:6!06+$;'&J!6.T+=+$!*+G+(*7()!.(!T'0+$!7(m.T,!7(0.!P'/+!Q.&0'J!06+!6E*$.!.#0G#0!8'(!$+'86!

up to 6100 GWh per year.  The VRA transmission network is comprised of 36 substa'ons and approxi-

;'0+&E!YLLL!/;!.H!0$'(,;7,,7.(! &7(+,! 7(!'! &..G!06'0!8.=+$,!;.,0!.H! 06+!8.#(0$E2! !C0'(*'$*!0$'(,;7,,7.(!

voltages are 161kv and 69kv.  Major transmission lines run from the hydro sta'ons at Akosombo and 

Kpong to Accra and also Kumasi.  Addi'onal 161kv lines run from the thermal sta'ons at Takoradi to Accra 

and also to Kumasi.  Ghana’s transmission system also has major interconnec'ons with the na'onal elec-

tricity grids of Cote d’Ivoire and Togo extending from Prestea and Akosombo respec'vely.  A single circuit 

161kv line extends from Kumasi supplying power to northern Ghana, including a minor connec'on to 

Burkina Faso.  An addi'onal upgrade to the Burkina Faso connec'on has been planned as an ECOWAS4

:DOO!G$7.$70E!G$.U+802!!1%(+$)E!Z.;;7,,7.(!.H!B6'('J!KLL]W!g+a'(0!\(82J!KLLYVW!S6+!:.$&*!?'(/!j!I\BDJ!

KLLY3!!

!"#$%&'H)(''^/<'\%07>:">>"97'P&5O9%Z '
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VRA operates a fully automated modern control center at the Tema substa'on.  A genera'on pre4

schedule, which covers all the genera'ng plants of the VRA as well as in Cote d’Ivoire and Togo, is pre-

pared daily and shared to ensure coordinated opera'ons.  All genera'ng units and substa'ons can be 

;.(70.$+*!H$.;!06+!8.(0$.&!8+(0+$2!!Q5D!'&,.!6',!8.(0$'80,!H.$!V#E7()!'(*!,+&&7()!+(+$)E!T706!Z.0+!*d\=4

.7$+!'(*!S.).J!',!T+&&!',!06+! U.7(0!=+(0#$+!T706!ZIC!%(+$)E!'0!S'/.$'*72! !S'$7f,!H.$!V#&/!8.(,#;+$,J! 7(4

cluding ECG, are also regulated by the Energy Commission and PURC.  Ac'on has been taken towards re-

structuring and cleaning up the VRA and ECG balance sheets, including debt restructuring to se^le all ac-

counts among Government en''es and reduce some of the debt burden of these companies.  This re-

,0$#80#$7()!T7&&!+('V&+!%ZB!0.!,0'$0!;'0867()!+&+80$7870E!*+;'(*!T706!06+!(+8+,,'$E!(+0T.$/!#G)$'*+,!'(*!

+aG'(,7.(,2!!\(!06+!G',0J!%ZB!6',!V++(!V#$*+(+*!VE!#(*+$4investment in their power distribu'on system, 

overloaded transformers and distribu'on networks, and the con'nued use of obsolete equipment, all of 

which resulted in high distribu'on system losses and poor electricity supply, quality, and reliability. 

1%(+$)E!Z.;;7,,7.(!.H!B6'('J!KLL]W!g+a'(0!\(82J!KLLYVW!S6+!:.$&*!?'(/!j!I\BDJ!KLLY3!

In parallel, Ghana is in the process of deregula'ng its electricity sector, which will include the introduc'on 

.H!'(! \(*+G+(*+(0!CE,0+;!iG+$'0.$! H.$! 0$'(,;7,,7.(!;'(')+;+(0!',!T+&&!',!G$7='0+!8.;G'(7+,! H.$! 7;4

proved distribu'on and new thermal genera'on facili'es.  This includes plans for CMS Energy to increase 

electricity produc'on at the Takoradi power complex to 6604I:!'(*!.G+$'0+!06+!G&'(0!#(*+$!'!G+$H.$4

;'(8+!V',+*!8.(0$'802!!S6+$+!'$+!'&,.!G&'(,!0.!7(0$.*#8+!'!067$*J!G$7='0+&E!.T(+*!RRL4I:!Z.;V7(+*!ZE4

cle genera'on facility once the WAGP spur is completed to Tema.  The Ghanaian Government is moving 

towards 'ghter coordina'on in a compe''ve market environment, which is expected to progress in all 

areas of development including ins'tu'onal, legal, and regulatory arrangements.  By 2020, Ghana is ex-

pec'ng to conduct electricity trading through day4'6+'*!'(*!6.#$4'6+'*!;'$/+0,2!!1%(+$)E!Z.;;7,,7.(!.H!

B6'('J!KLL]W!g+a'(0!\(82J!KLLYVW!S6+!:.$&*!?'(/!j!I\BDJ!KLLY3!

4.2.2	Electricity	Sector	Issues#

9.$!06+!G',0!ML!E+'$,J!B6'('!6',!V++(!,0$#))&7()!0.!;++0!'(!7(8$+',7()!+&+80$7870E!*+;'(*2!!9$.;!M@__!0.!

2002, Ghana’s electricity consump'on increased at an average rate of over 8% per annum, with peak 

Figure 4.2  Electricity System Status Quo in Ghana: Illustra4ve representa4on of the current state structure'
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G.T+$! ,#GG&7+*! VE! 06+! Q5D! (+0T.$/! $+'867()! MKLL!I:! '(*! 0.0'&! +(+$)E! 8.(,#;+*! H.$! KLLK! '0! AYLL!

GWhs.  Mee'ng these demands has been neither cheap nor easy, with costs to generate electricity aver-

')7()!_8w/T!H$.;!7;G.$0+*!&7)60!8$#*+!.7&!H.$!06+!S'/.$'*7!G&'(0,!8.#G&+*!T706!06+!,+=+$+!*$.#)60!8.(*74

'ons of the recent years which have resulted in structural deficits and the resultant load shedding.  Mak-

ing ma^ers worse, both the VRA and ECG have been characterized by lack of financial discipline, below 

poten'al performance, low resource mobiliza'on, and under47(=+,0;+(02!!S67,!G..$!X,8'&!;'(')+;+(0!7,!

+=7*+(8+*!VE!06+!MYY2@!;7&&7.(!<C-!*+V0!$+&7+H!)$'(0+*!0.!06+!Q5D!'(*!@^2L]!;7&&7.(!<C-!0.!%ZB2! ! 1S6+!

:.$&*!?'(/!j!I\BDJ!KLLY3!

Infrastructure improvement is badly needed in order to be^er serve all areas of the country.  Major trans-

;7,,7.(!&7(+!#G)$'*+,!'$+!#(*+$T'EJ!T6786!T7&&!7(8$+',+!&7(+!=.&0')+,!H$.;!M]M/=!0.!RRL/=2!!S6+,+!7(8&#*+!

'!067$*!&7(+!H$.;!Q.&0'!0.!DV.'*"+!1S'/.$'*73!0.!0$'(,;70!G.T+$!+',04T+,0!'8$.,,!06+!Q5D!(+0T.$/2!!S67,!

line will eventually 'e into an upgraded 330kv line extending from Volta to Mome Hagou, Togo, east to 

C'/+0+J!?+(7(J!'(*!.(!0.! \/+U'!:+,0J!g7)+$7'2! !D&.()!06+!T+,0+$(!8.',0!.H!B6'('!'!067$*! &7(+!T7&&!'&,.!V+!

installed to upgrade transmission between Aboadze and Prestea (with the Cote d’Ivoire interconnec'on) 

and on to Kumasi.  Plans are also in the early stages for connec'ng Bolgatanga to Ouagadougou, and thus 

;'/7()!'!87$8#70!T706!06+!Z.0+!*d\=.7$+!(+0T.$/!06$.#)6!?#$/7('!9',.2!!1g+a'(0!\(82J!KLLYV3!

\(!KLLM4KLLK!O#$*#+!<(7=+$,70E!#(*+$0../!'!O&'((7()!C0#*E!06'0!8.;G$+6+(,7=+&E!;.*+&+*!*'0'!'(*!7(4

forma'on on West Africa electricity trade and capacity expansion op'ons for the en're region.  The West 

Africa Power Pool Electricity Data Set #6, is a ready source of technical data for modeling genera'on, 

transmission and interna'onal transac'ons.  In 2004 Nexant incorporated the Purdue model as a primary 

source of informa'on for its review of the electricity demand/supply balances in its Regional Power Sys-

tem Master Plan.  Nexant’s analysis of genera'on and transmission requirements was conducted using 

!"#$%&'H)M''^/<'*$441K'a'C&:07@'S01078&'!9%&80>5 '
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the Elfin produc'on simula'on model, which was used to prepare an op'mum (Least Cost) genera'on 

+aG'(,7.(!G&'(2!!1g+a'(0!\(82J!KLLY'3!

S6+!g+a'(0!%&X(!;.*+&!G$.U+80,!G+'/!'(*!+(+$)E!*+;'(*!H.$+8',0,!H.$!06+!G+$7.*!KLLR!0.!KLKL2!!\(!,#;4

mary, total domes'c consump'on is expected to grow at an annual average of 6.3 percent from 2000 to 

2020.  The economy is also expected to grow at a rate of five percent un'l 2020, based on the growth rate 

.H!06+!G',0!*+8'*+2!!\0!7,!'&,.!+aG+80+*!06'0!B6'('!T7&&!;.=+!0.T'$*!'!,#,0'7('V&+!+&+80$7870E!G$787()!G.&78E!

represen'ng long4run marginal cost to ensure that the VRA meets its financial obliga'ons, including com-

;70;+(0,! 0.! G#$86',+! ('0#$'&! )',2! ! D! /+E! #(8+$0'7(0E! 7(! 06+! *+;'(*! H.$+8',0! 7,! 06+! ,#GG&E! 0.! QDPZiJ!

which was closed in 2002 with no signs of restar'ng the plant in the near term.  Demand forecasts in Fig-

#$+!K!',,#;+!QDPZi!T7&&!(.0!$+.G+(!7(!06+!(+'$!H#0#$+2!!1g+a'(0!\(82J!KLLY8J!KLLY*3!

4.3	Electricity	Demand	in	Accra#

S6+!%&+80$7870E!Z.;G'(E!.H!B6'('!6',!,#V*7=7*+*!D88$'!7(0.!K!5+)7.(,J!D88$'!:+,0!'(*!D88$'!%',0J!T6786!

7,! 06+(! H#$06+$! ,#V*7=7*+*! 7(0.! MK! *7,0$780,N!I'/.&'J! P+).(J! 5.;'(! 57*)+J! S+,67+J! `.$&+! ?#J! D867;.0'J!

Bor'anor, Dansoman, and three other districts that were unnamed at the 'me of the data collec'on.  Te-

;'!7,!'!,+G'$'0+!$+)7.(!#(0.!70,+&H2!!9.$!06+!G#$G.,+,!.H!06+!+&+80$7870E!*+;'(*!;.*+&!T6786!T7&&!V+!G$+4

,+(0+*!7(!'!&'0+$!86'G0+$J!06+!H.&&.T7()!*7,8#,,7.(!.H!+&+80$7870E!*+;'(*!T7&&!H.8#,!.(!06+!`.$&+!?#!*7,0$780J!

T6786!7,!&.8'0+*!7(!06+!D88$'!:+,0!5+)7.(2!

4.3.1	Korle	Bu	District	Described	in	Terms	of	Location,	Area	and	Population#

D88.$*7()!0.!06+!KLLL!8+(,#,J!0he Korle Bu district had a popula'on of 186,593 persons.  The district is 

V.$*+$+*! VE! `T';+! g/$#;'6! ?.#&+='$*! '&.()! 06+! +',0+$(! V.#(*'$EJ! `T';+! g/$#;'6! Z7$8&+! '0! 06+!

Figure 4.4  Korle Bu District and the Communi4es Comprising this part of Accra'
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(.$06T+,0! 8.$(+$J! 57()! 5.'*! '(*! 06+(!iV+0,+V7! P';G0+E! Z7$8&+! 0.! 06+! (.$06J! %*#'$*.!I.6*&'('! 5.'*!

'&.()!06+!T+,0+$(!,7*+J!'(*!06+!B#&H!.H!B#7(+'!0.!06+!,.#062!!S6+!(+'$&E!M@LJLLL!G+$,.(,!&7=7()!7(!`.$&+!?#!

8.;G$7,+!YRJA]R!6.#,+6.&*,!.H!T6786!_@J_^A!'$+!;+(!'(*!@]JAR]!'$+!T.;+(2! !iH! 06+,+!'GG$.a7;'0+&E!

44,000 households, they occupy 10,964 residen'al structures which total 1,359,837 square meters in total 

m..$!'$+'2!

S6+! G$.G+$0E! 70,+&H! 7,! ,#V*7=7*+*! H$.;! 06+! *7,0$780! V.#(*'$E!T6786! 7,! MK2]! /;K! 7(! '$+'! 7(0.! X=+! V&.8/,J!

which have then been subsequently subdivided into rounds and ul'mately into plots where buildings or 

structures are located.  James Town and Ussher Town are two of the older communi'es in Accra and are 

also primarily residen'al in nature with fishing along the shoreside.  Korle Gonno is one of the more 

6+'=7&E!G.G#&'0+*!,#V*7=7,7.(,J!T6786!7,!&.8'0+*!'8$.,,!06+!&')..(2!!D)V.)V&.,67+!'(*!D*+*+(/G.!'$+!06+!

loca'on of the largest market in Accra, the end of the rail line as well as one of the largest slums in Ghana.  

S6+!C.#06!\(*#,0$7'&!'$+'! 7,!86'$'80+$7"+*!VE!'!(#;V+$!.H! &'$)+!V#,7(+,,+,! 7(8&#*7()!;'(E!H.$+7)(!.(+,J!

T67&+! 06+!D*'V$'/'! 7,!*7$+80&E!'*U'8+(0! 0.!`T';+!g/$#;'6!Z7$8&+! 0.! 06+!,.#064T+,0!'(*! 7,!,7)(7X8'(0&E!

characterized by the local business ac'vi'es typical to Circle as well as some residen'al land uses. !

ST.! .H! 06+!;.$+! *+(,+&E! G.G#&'0+*! G'$0,! .H! `.$&+! ?#! '$+! <,,6+$! S.T(! (+'$! 06+! 0+$;7(#,! .H! `T';+!

g/$#;'6!?.#&+='$*!',!70!7(0+$,+80,!F7)6!C0$++0J!'(*!C'V.(!c.().!0.!06+!,.#06!.H!iV+0,+V74P';G0+E!Z7$8&+2!!

Ussher Town is one of the oldest sec'on of Accra and is the loca'on of Ussher Fort, a Bri'sh Prison that 

predates the Republic of Ghana.  Sabon Zongo has also received notoriaty for being a des'na'on for 

7;;7)$'(0,2! !Much different in terms of land use composi'on, 06+!C.#06!\(*#,0$7'&!D$+'!7,!86'$'80+$7"+*!

by a number of large businesses opera'ng in Accra and throughout Ghana.  These are some of the most 

Figure 4.5  Block and Round Boundaries as well as Popula4on by Plot and Community'
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valuable proper'es in Ghana as well as the highest consumers of electricity.  African Concrete Products, 

Super Industries, Ghana Rubber Products, as well as a number of automobile dealerships and construc'on 

V#,7(+,,+,!'$+!&.8'0+*!7(!06+!C.#06!\(*#,0$7'&!O'$/2!!

4.3.2	Consumption	by	Plot	and	Land	Use#

The following figure illustrates the total electricity consump'on in Kilowa^4Hours for the 'me period from 

October 2006 un'l January 2008.  The highest power consump'on is in the area of the South Industrial 

D$+'J! T67&+! 06+! 8.;;+$87'&! 8+(0+$! .(! 06+!T+,0! ,7*+! .H! `T';+!g/$#;'6! ?.#&+='$*! 1CT'("E! C6.GG7()!

Arcade and mul'ple office buildings adjacent to the south) also consumed significant amounts of 

electricity during this 'me period.  The mixed commericial and residen'al land uses to the west of 

iV+0,+V74P';G0+E!Z7$8&+!7(!DV.,,+E!i/'7J!'&,.!8.(,#;+*!,7)(7X8'(0!';.#(0,!.H!G.T+$2!

Electricity consump'on in the South Industrial Area typically ranges from 5,000 to 35,000 kWh per month, 

V#0! 0T.! .H! 06+! G&.0,! 8.(,#;+*! 8.(,7*+$'V&E!;.$+! +&+80$7870E2! ! O&.0! LLRL! 7(! 06+! C.#06! \(*#,0$7'&! D$+'J!

which is the site of Super Industries Ghana, African Concrete Products, Vicon Processing, Pres'ge Steel, 

Carbon Products, Meriplas'c Manufacturing, Crown Rice Mills and many other industrial land uses, 

demonstrated a remarkable increase in electricity consump'on.  Land uses located within this plot 

exhibited an increase in consump'on of more than 12 fold on average and a more than 200 'mes 

7(8$+',+!H$.;!06+!&.T+$!';.#(0,!.H!*+;'(*!&'0+!7(!KLL]!'(*!+'$&E!7(!KLLA!0.!06+!67)6+,0!;'$/!7(!;.$+!

06'(!^JLLLJLLL!/:6!7(!D#)#,0!KLLAJ!'0!06+!6+7)60!.H!06+!)&.V'&!+8.(.;78!V..;2!

Figure 4.7  Korle Bu Electricity Consump4on by Plot and Land Use'
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Figure 4.8.  Electricity Consump4on Profiles of Plots in the South Industrial Park from October 2006 un4l January 2008'
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O&.0,! LM@L! '(*! LKLL! 7(! 06+! C.#06! \(*#,0$7'&! O'$/! '$+! '&,.! $+;'$/'V&+! ,7(8+! 06+E! 6'=+! *+;.(,0$'0+*!

increases in electricity consump'on, and strong peaks in certain months.  While the consump'on 

averages are not as significant as Plot 0030, they demands are s'll more than the typical consump'on 

G$.X&+2!!D!(#;V+$!.H!'#0.;.V7&+!*+'&+$,67G,!'$+!&.8'0+*!7(!067,!'$+'J!7(8&#*7()!g7,,'(J!l'G'(!I.0.$,J!`7'!

I.0.$,J!F.(*'!I.0.$,!',!T+&&!',!C7&=+$!C0'$J!5'7(V.T!S$'*7()!Z.;G'(EJ!?.(,#!'(*!?$.06+$,J!O$+,VE0+$7'(!

O$+,,J! O+G,7J! D88$'!I'867(+! C6.G! '(*! O$7(8+,! Z.&*! C0.8/J! ';.()! .06+$,2! ! S6+!;.$+! 0EG78'&! +&+80$7870E!

consump'on profile is exhibited by Plots 0090, 0100 and 0120 as illustrated in the previous figure.!

C.;+!.H!06+!;.$+!7(0+(,+!8.;;+$87'&!&'(*!#,+,!'$+!&.8'0+*!'&.()!V.06!,7*+,!.H!`T';+!g/$#;'6!D=+(#+!

6+'*7()!,.#06!H$.;!Z7$8&+!0.T'$*,!F7)6!C0$++0!'(*!06+!B#&H!.H!B#7(+'2!!9.$!06+!G#$G.,+,!.H!067,!7(e#7$EJ!

06+!H.8#,!T7&&!V+!#G.(!06+!T+,0!,7*+!.H!`T';+!g/$#;'6!D=+(#+J!,7(8+!70!7,!06+!+',0+$(!V.#(*'$E!.H!06+!

Korle Bu district.  Agbogbloshie and Korle Dudor are the larger communi'es where many commercial 

developments and aggrega'ons of local commercial ac'vi'es as well as informal businesses are located.  

S6+!CT'("E!C6.GG7()!Z+(0+$J!06+!Z.8.'!?.'$*J!'(*!'*U'8+(0!V#,7(+,,+,!'$+!&.8'0+*!7(!067,!'$+'J!',!T+&&!',!

B6'('d,! ;'7(! $'7&$.'*J! T6786! 0+$;7('0+,! ';7*,0! 06+! V#,7(+,,+,! &.8'0+*! '&.()! B$'G678! 5.'*! '(*! 7(!

7;;+*7'0+!G$.a7;70E!0.!`'0';'(0.!I'$/+02!!D!(#;V+$!.H!&'$)+!V'(/,!'$+!&.8'0+*!7(!067,!=787(70EJ!'(*!+=+(!

;.$+!,.!7(!06+!'GG$.'86!0.!F7)6!C0$++02!!

Typical consump'on for commercial land uses are similar to those for the industrial land uses found in the 

C.#06!\(*#,0$7'&!O'$/2!!:67&+!7(*7=7*#'&!#,+,!T6786!6'=+!67)6+$!G+'/,!'$+!(.0!',!+a0$+;+!8.;G'$+*!T706!

industrial ac'vi'es, on the whole, commercial land uses trend towards slighter higher consump'on rates, 

'=+$')7()! H$.;!MLJLLL!/:6!G+$!;.(06!#GT'$*,! 0.!^LJLLL!/:62! ! S6+!G&.0!T6+$+! 06+!CT'("E! C6.GG7()!

Arcade is located exhibited the highest consump'on rates, as well as no'ceable increases in demand 

during this 'me period.  Averages consump'on rates for the local shopping center approximated 60,000 

.$! ALJLLL! /:6! G+$! ;.(06! &'0+! 7(! KLL]! T67&+! 7(8$+',7()! ;.$+! 0.T'$*,! @LJLLL! +'$&E! 7(! KLL_2! ! C7;7&'$!

increases should be expected for other commercial shopping centers such as the Accra Mall at Te^eh 

u#'$,67+!\(0+$86'()+2!

Residen'al electricity consump'on rates typically range from 5,000 to 15,000 kWh per month as 

illustrated by consump'on in the predominantly residen'al subdivision of Korle Gonno, which is directly 

to the south of the large ins'tu'onal complex, the Korle Bu Teaching Hospital.  A number of churches and 

,86..&,!'$+!7(0+$,G+$,+*!06$.#)6.#0!06+!'$+'J!',!T+&&!',!8.;;+$87'&!+,0'V&7,6;+(0,!.H!='$7.#,!,7"+,2!!O&.0!

MRL!which borders Guggisberg Avenue had a significant peak of electricity consump'on (nearly 1,000,000 

/:6!7(!'!,7()&+!;.(063!T6786!'GG$.'86+,!06+!.#0&E7()!G+'/,!*+;'(*,!H$.;!06+!7(*#,0$7'&!'(*!8.;;+$87'&!

land uses.  This is unusual, especially since the only significant commercial use is the Mobile Filling sta'on 

and a number of other smaller commercial ac'vi'es.  The majority of buildings in this plot are residen'al 

',!T+&&2!
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Figure 4.9  Consump4on Profiles of Commercial Land Uses per Plot in Agbogbloshie and Korle Dudor'
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Figure 4.10  Consump4on Profiles of Residen4al Plots in Korle Gonno'
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Chapter	5		 

Greater	Accra																									

Urban	Simulation																

Korle	Bu	District  
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5.1	Urban	Simulation	System	Described#

The Greater Accra Urban Simula'on for Korle Bu (GAUS4`?3! 7,! 8.;G$7,+*! .H! *7f+$+(0! ;.*+&,! T6786!

project the popula'on and composi'on of households, employment, land development and infrastructure 

from the year 2006 un'l 2025.  Household & employment models predict how the total Korle Bu 

popula'on transi'ons from year to year, determines if an exis'ng family or job will decide to relocate and 

then determines the best match for these moving families and jobs within a building at a new loca'on.  

P'(*!*+=+&.G;+(0!;.*+&,!,+0!06+!G$78+!.H!&'(*J!G$+*780!7H!'(*!T6'0!0EG+!.H!(+T!*+=+&.G;+(0!G$.U+80,!T7&&!

likely be proposed in Korle Bu, and then add new dwellings or floor area to exis'ng parcels in order to 

'88.;;.*'0+!*+;'(*!H.$!6.#,7()!'(*!U.V,2! !D(! 7(H$',0$#80#$+!;.*+&! 7(0$.*#8+,!'!67)6&E!*7,'))$+)'0+*!

electricity demand model for Korle Bu in terms of land use, household and employment a^ributes for 

+'86!".(+!1G&.032!

BD<C4`?! 7,! H#(*';+(0'&&E! 8.;G$7,+*! .H! 06$++! *7f+$+(0! G'$0,N! *'0'J! T6786! T',! .V0'7(+*! 7(! D88$'! '(*!

*+,8$7V+,! 06+! ,#VU+80! ,0#*E! '$+'W! ;.*+&,J! T6786! #,+! 06+! *'0'! ',! 7(G#0! H.$! $#((7()! *7,8$+0+! 86.78+J!

regression, or alloca'on models; and scenarios, which use exogenous data for input into the model 

,E,0+;2! !BD<C4`?! 7(G#0,! *'0'! H$.;! +706+$! 06+! V',+E+'$! .$! ,8+('$7.! *'0'V',+2! ! S6+! V',+E+'$! *'0'V',+!

contains all the informa'on on households, jobs, buildings, parcels, transporta'on and electricity which 

defines the ini'al state when the simula'on starts, which is at the end of the year 2005.  The scenario 

database contains data for simula'ng low, medium or high popula'on and economic growth rates.!

5.1.1	Data	Sources#

S6+! &'$)+,0! '(*!;.,0! ,7)(7X8'(0!*'0',+0,!#,+*! 7(! 067,! $+,+'$86! 0.!*+,8$7V+!`.$&+!?#!'(*!B$+'0+$!D88$'J!

were obtained from: the Ghana Sta's'cal Service (GSS); the Electricity Company of Ghana (ECG); and the 

Lands Commission.   GSS Administra'on has provided the en're dataset from the fi0h round of the Ghana 

Living Standards Survey (GLSS5) which covered a na'onally representa've sample (8,687 households and 

RAJMK_!G+$,.(,3J!V#0!H.$!067,!$+,+'$86!06+!MJMLA!6.#,+6.&*,!8.(0'7(7()!RJYYA!G+$,.(,!T6.!$+,7*+!T7067(!

!"#$%&'Q)(''67@$>5%"01'07@'39::&%8"01'2%94&%5K'^01$&>'"7']9%1&'S$'=%9:'5;&'<=%"80'/&#"97'E9%Z"7#'204&%'*&%"&>'P$:+&%'((G[''

Development of the Ci4es of Ghana (World Bank)'
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the Greater Accra Metropolitan Area (GAMA) were used.  The GSS Geographic Informa'on System (GIS) 

Sec'on provided 2000 Popula'on and Household Census Data for Ghana, as well as the Enumera'on Area 

Map, which spa'ally describes the boundaries of all locali'es in Ghana, and most importantly throughout 

Greater Accra.  ECG Administra'on has provided a thoroughly robust dataset of the historical record of 

electricity consump'on for every meter (as well as the land use at that meter) in Accra West and Accra 

East per month for the 'me period from October 2006 un'l January 2008.  The ECG Survey Department 

6',! G$.=7*+*! G6E,78'&! *'0'! 7(! D#0.ZD-! H.$;'0! *+,8$7V7()! '&&! G$.G+$0E! V.#(*'$7+,! 06$.#)6.#0! B$+'0+$!

Accra, to the level of plot, as well as individual meter loca'ons and annota'ons which describe land use.!

S6+!P'(*,!Z.;;7,,7.(!C#$=+E!-+G'$0;+(0!6',!G$.=7*+*!G6E,78'&!*'0'!7(!D#0.ZD-!H.$;'0!.(!'&&!,0$#80#$+,!

throughout Greater Accra, including all buildings, roads, and annota'ons.   The Survey Department also 

provided orthofotos of the region at 60cm resolu'on, as well as fotographs of Land Title Districts and 

C+80.$'&!I'G,J!V#0!%ZB!*'0'!T',!8.(,7*+$+*!G$+H+$$+*!,7(8+!70!T',!G$.=7*+*!7(!'!*7)70'&!H.$;'0!06'0!T',!

;.$+!$+'*7&E!8.(=+$0+*!H.$!#,+!7(!'!B\C2!!P'(*!#,+!G+$!G&.0!'(*!,0$#80#$+!6',!V++(!7(*7=7*#'&&E!*+0+$;7(+*!

by the author, by using the land use designa'on in the ECG dataset, annota'ons from both the ECG and 

Figure 5.2  Residen4al property values: Regression formula of Property Values in Accra from Buckley et al.'

Figure 5.3  Transformed Cox Regression of Residen4al Mobility in Greater Accra from Bertrand et al. (Top) and applica4on to'

GAMA observa4ons from the GLSS5 for use in the Annual Reloca4on Rates table in GAUS,KB (Bofom)'
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P'(*,!Z.;;7,,7.(,d!C#$=+E!-+G'$0;+(0,J!',!T+&&!',! H$.;!(#;+$.#,!X+&*! ,#$=+E,! 06$.#)6.#0! 06+!,0#*E!

'$+'!H$.;!KLLA!0.!KLL@2!

While the Lands Commission, Land Valua'on Board for Greater Accra has a comprehensive set of land 

valua'on data on every plot throughout Greater Accra, a0er numerous efforts to obtain the data, it was 

not released.  Land value averages have been obtained for each Enumera'on Area throughout Greater 

Accra from the World Bank’s Africa Region Working Paper Series Number 110:  Development of the Ci'es 

of Ghana, from the es'mated land value data provided by the Greater Accra Metropolitan Assembly, as 

!"#$%&'Q)H''2%94&%5K'*$+@"?">"97>'"7']9%1&'S$'"7'/9$7@>'07@'2195>'A01>9'%&=&%%&@'59'0>'c97&>I'
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well as a study of real estate values conducted by the Rockefeller Founda'on in associa'on with the 

:.$&*!?'(/2! 197)#$+!^2M3! ! \(*#,0$7'&!'(*!8.;;+$87'&! &'(*!#,+,! $'()+! 7(!='&#+! H$.;!Y! 0.!]R!BFZ!G+$!;K!

while residen'al values have been es'mated from Buckley et al. (Figure 5.2)  Synthe'cally derived 

households were used with the household loca'on choice model from the year 2005 to es'mate these 

residen'al property values.!

Coefficients of residen'al mobility have been es'mated from the work of Monique Bertrand and Daniel 

Delaunay, Residen'al Mobility in the Greater Accra Region: Individual and Geographical Differen'a'ons.  

Bertrand et al. provide a general synthe'c model of the factors of varia'on involved in the residen'al 

;.V7&70E! 7(!B$+'0+$!D88$'!',!T+&&! ',! '!;+'(! $'0+! .H!;.V7&70E! H.$! '! (#;V+$! .H! *7f+$+(0! (+7)6V.$6..*,2!!

?+$0$'(*!+0!'&2! 7(*78'0+!i&*!S+,67+J!P').,!S.T(!'(*!g+T!9'*+;'!6'=+!;.V7&70E!$'0+,!.H!R2MhJ!Y2^h!'(*!

9.3% respec'vely, while Greater Accra as a whole has a probability of 8.6%.  The areas of Lagos Town 

(New Town) and New Fadema are the closest in terms of proximity to Korle Bu, but are rela'vely small 

communi'es when compared to the study area which is a district of nearly 200,000 persons.  In fact Korle 

Bu incorporates a diversity of dis'nct communi'es which all exhibit somewhat different characteris'cs.  

S6+! '$+',! .H! l';+,! S.T(! '(*!<,,6+$! S.T(! '$+! 8.;G'$'V&+! 0.!i&*! S+,67+!T67&+! D)V.)V&.,67+! +a67V70,!

characteris'cs typical of very low residen'al mobility, while other areas may be comparable to New Town 

or New Fadema. Presented in terms of the odds or hazard ra'o in a Cox regression model, these 

parameters were transformed with the parameters applied to the 1107 GAMA observa'ons.  For the 

purposes of this study, the mean household mobility rate was set at 7.8%.  It may seem counterintui've 

that an increase in annual income (in GHCs) posi'vely correlates to increased residen'al mobility. (Figure 

^2R3!

Coefficients of employment mobility by sector were es'mated from GLSS5 data, but these figures are 

!"#$%&'Q)Q''S$"1@"7#'\K4&>'"7'J>>;&%'\9O7'
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admi%edly quite raw and require further inves4ga4on and study in the future. Variables which included 

observa4ons for employment by sector, amount of 4me at current job, and 4me since taking a new job 

were taking into account for es4ma4ng employment mobility.!

5.2	Datasets!
$%&'(KB is comprised of four different types of datasets: those providing informa4on about land, 

)*+,-)*./,0! -12.*31-450! 64/! 74896,59+:5+9-;! ! <)-! 5=*! 2971693! /656,-5,! 6>*+5! .64/! 69-! 5)-! ?*4-,! 64/!

>+7./74@,! 56>.-,0!=)7:)!/-,:97>-!29*2-953!=75)74!A*9.-!B+0! 6,!=-..! 6,! 5)-!4+1-9*+,!>+7./74@,;! !C656,-5,!

about households include demographic informa4on which describes the households and persons living 

5)9*+@)*+5! A*9.-! B+;! ! C656,-5,! 6>*+5! -12.*31-45! 69-! 2971697.3! :*45674-/! 74! 5)-! D*>,! 56>.-0! =)7:)!

/-,:97>-,! -6:)! 74/7E7/+6.! D*>0! 5)9*+@)*+5! 5)-! /7,597:5;! ! F746..30! /656,-5,! 6>*+5! 74896,59+:5+9-! 74:.+/-,!

travel_data 4mes to and from each zone as well as historical electricity consump4ons pa%ers.!

5.2.1	Datasets	about	Land!
There are two datasets which describe characteris4cs related to land, the zones!56>.-!64/!5)-!>+7./74@,!

56>.-;! <)-! ?*4-,! 56>.-! 74:.+/-,! E6976>.-,!=)7:)!/-,:97>-! 5)-! ,7?-!*8! 5)-!29*2-953! 64/!)*=!1+:)!*8! 5)-!

29*2-953! )6,! 6.9-6/3! >--4! /-E-.*2-/;! ! G5! 6.,*! :*45674,! /656! 9-@69/74@! 5)-! 29-/*174645! 532-! *8!

development located on the property, whether residen4al, commercial, industrial, or ins4tu4onal. (Figure 

5.4)  The buildings table includes variables which describe the building type, the exis4ng and maximum 

4+1>-9!*8!D*>,!64/!)*+,-)*./,0!6,!=-..!6,!5)-!6E-96@-!E6.+-!2-9!+475;!HF7@+9-!#;#I!

<)-!>+7./74@J532-,!56>.-! 7,!+,-/!>3!$%&'(AB!6,!6!9-8-9-4:-!8*9!-6:)!*8!5)-!/7K-9-45!532-,!*8!,59+:5+9-,!

located throughout Korle Bu.  Residen4al building types are designated as either single family (one 

households per residen4al structure) or mul4(8617.3! H1*9-! 5)64! *4-! )*+,-)*./I0! =)7.-! :*11-9:76.!

,59+:5+9-,!69-!/-,7@465-/!6,!-75)-9!*L:-0! 9-567.!*9!)7@)=63! 9-567.0!=75)!)7@)=63! 9-567.!>-74@!:*4,7/-9-/!

the smallest structures which are most oMen located immediately adjacent to roadway, oMen within the 

97@)5(*8(way.  Service or ins4tu4onal structures are generally hospitals, schools or buildings housing other 

2+>.7:! ,-9E7:-,0!=)7.-! 74/+,5976.! 69-! @-4-96..3! M+75-! .69@-! 74! ,7?-! 64/! .*:65-/! -75)-9! 5)-!N*95)! *9! '*+5)!

G4/+,5976.!O69P,;!HF7@+9-!#;QI!

!"#$%&'()*'+$",-".#'/01&23'".4,$-".#'56&'.$78&%'9:'&;46'501&'9:'8$",-".#'".'<9%,&'+$'

Figure 5.7  Real Estate Price Model Coefficients (top) and Specifica>ons (bo@om)'
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The real_estate_price_model_coefficients and real_estate_price_model_specifica4on tables contain the 

variables and parameters used in the model to es4mate real estate value.  Dependent variables of 

average household income, the number of jobs within 30 minutes travel 4me, the number of households, 

job density within that par4cular zone, popula4on density and the total building area are used to es4mate 

9-6.!-,565-!297:-!8*9!-6:)!>+7./74@!532-!74!6::*9/64:-!=75)!5)-!?*4-!=)-9-!75!7,!.*:65-/;!!<)-!:*-L:7-45,!

table provides the parameters for each variable used in the regression, while the specifica4on table 

defines the variable in python for interpreta4on by the opera4ng plaTorm. (Figure 5.7)!

5.2.2	Datasets	about	Households!
<)-! 2971693! /656,-5! =)7:)! /-,:97>-,! )*+,-)*./,! 7,! 5)-! )*+,-)*./,!table, which is a synthe4cally 

generated popula4on of all households in Korle Bu, including a%ributes such as number of persons, 

Figure 5.8  Households Table including a Comparison of Summary Sta>s>cs and Variable Correla>ons from GAMA Survey 

Observa>ons (Top) and the Synthe>cally Generated Households for Korle Bu (Bo@om)'
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:)7./9-40!=*9P-9,0!64/!5*56.!)*+,-)*./!74:*1-;!!<)-!5*56.!4+1>-9!*8!)*+,-)*./,!8*9!5)-!A*9.-!B+!R-@7*4!

=6,!/-5-9174-/!89*1!5)-!STTT!:-4,+,!5*56.,!=75)!6!UV!74:9-6,-!2-9!3-69!5)9*+@)!STT#;!!&,74@!5)-!,+9E-3!

weights and the bootstrap method in Stata, a resample popula4on of 53,244 households was created with 

sta4s4cal parameters which are nearly iden4cal to the original sample popula4on. (Appendix B)  Figure 

5.8 presents summary sta4s4cs of the original survey observa4ons and the synthe4cally generated 

popula4on including correla4on amongst all variables.!

The annual_household_control_totals table contains the number of households scheduled for poten4ally 

moving into the district for each of the simula4on years.  The table is structured according to household 

,7?-0!964@74@!89*1!,74@.-!2-9,*4!)*+,-)*./,!+2!5*!WS!2-9,*4,!=75)74!6!)*+,-)*./;!!<)-!965-!*8!74:9-6,-!8*9!

each year determines the popula4on growth rate, with low scenarios set at a 2% rate of increase and high 

growth rates at 4%. (Figure 5.9)  The annual_household_reloca4on_rates table contains the probability 

that a par4cular type of household will move at least once within a given simula4on year.  Household 

532-,!69-!/-X4-/!74!6::*9/64:-!=75)!5)-!6@-!*8!5)-!)-6/!*8!)*+,-)*./!6,!=-..!6,!5)-!5*56.!8617.3!74:*1-;!!

These probabili4es are a simplified form derived from the modified Cox regression of Bertrand et al. 

HF7@+9-!#;YI!

The household_loca4on_choice_model_coefficients and household_loca4on_choice_model_specifica4on 

tables contain the variables and parameters used in the model to determine the new loca4on for a 

)*+,-)*./!=)7:)!)6,!>--4!,:)-/+.-/!5*!1*E-;!!'717.69!5*!5)-!9-6.!-,565-!1*/-.0!/-2-4/-45!E6976>.-,!*8!

average household income, the number of jobs within 30 minutes travel 4me, the number of households, 

job density within that par4cular zone, popula4on density and the total building area are used to es4mate 

household loca4on choice.  The coefficients table provides the parameters for each variable used in the 

regression, while the specifica4on table defines the variable in python for interpreta4on by the opera4ng 

plaTorm. (Figure 5.10)!

5.2.3	Datasets	about	Employment!
<)-! 2971693! /656,-5! =)7:)! /-,:97>-,! -12.*31-45! 7,! 5)-! D*>,!table, which is a synthe4cally generated 

popula4on of all jobs in Korle Bu, including their occupa4on, income, and loca4on as well as variables 

Figure 5.9 Household Control Totals Table for 2% Increase in Popula>on'

Figure 5.10  Household Reloca>on Choice Model Coefficients and Specifica>ons'
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related to reloca4on probabili4es such as number of hours worked per week and number of months in 

current job.  The total number of jobs for the Korle Bu Region was determined from GSS es4mates (as 

,:6.-/!8*9!A*9.-!B+I!64/!646.3,7,!*8!>+7./74@,!64/!5)-79!+,-;!!%@674!+,74@!,+9E-3!=-7@)5,!64/!5)-!>**5,5962!

method in Stata, a resample popula4on of 79,856 jobs was created with sta4s4cal parameters which are 

nearly iden4cal to the original sample popula4on. (Appendix B)  While in reality employment choices are 

16/-!>3!>+,74-,,-,0! 74!$%&'(AB!D*>,!69-!5)-!74/7E7/+6.!+475!*8!646.3,7,0!=)7:)!7,!-M+7E6.-45!5*!6,,+174@!

that businesses are making individual choices about the loca4on of each job.  Future model development 

envisions an analogous set of business transi4on, reloca4on and loca4on choice models.  Figure 5.11 

presents summary sta4s4cs of the original survey observa4ons and the synthe4cally generated jobs table, 

including correla4on amongst all variables.!

<)-! -12.*31-45J,-:5*9,! 56>.-! 7,! +,-/! >3! $%&'(AB! 5*! /-X4-! -6:)! D*>! 74! 6::*9/64:-! =75)! 75,! ,-:5*9;!!

Figure 5.11 Jobs Table including a Comparison of Summary Sta>s>cs and Variable Correla>ons from GAMA Survey 

Observa>ons (Top) and the Synthe>cally Generated Jobs Table for Korle Bu (Bo@om)'
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Service industries are primarily defined as ins4tu4onal jobs such as those associated with hospitals, 

,:)**.,! *9! *5)-9! 2+>.7:! ,-9E7:-,0!=)7.-! 74/+,5976.! D*>,! 69-! @-4-96..3! 6,,*:765-/!=75)! -75)-9! 6! 86:5*93! *9!

workshop of varying sizes.  Office sector jobs could include many different types of occupa4ons such as 

9-6.!-,565-!29*8-,,7*46.,0!:*12+5-9!64/!4-5=*9P!,-9E7:-,0!74,+964:-!,6.-,0!*9!6!4+1>-9!*8!*5)-9!532-,!*8!

businesses involving accoun4ng or clerical func4ons to different degrees.  Retail occupa4ons include jobs 

located in hotels or restaurants as well as at loca4ons which house stores or shops for selling general 

merchandise, while highway retail is further differen4ed from retail from its loca4on, which is either fixed 

*9!4*5!X\-/!6.*4@!,59--5!97@)5(*8(=63,;!!]7@)=63!9-567.!D*>,!163!6.,*!>-!8*+4/!74!29*\71753!5*!.*993!269P,!

and are primarily focused on the very ac4ve and dynamic informal economy.  These types of jobs oMen 

.*:65-! 74! 5)-! ,16..-,5! :*11-9:76.! >+7./74@,! ,+:)! 6,! P7*,P,! 64/! ,56..,0! *9! 74! 4-7@)>*9)**/0! /7,597:5! *9!

9-@7*46.!169P-5,!H,+:)!6,!^6.61!%56!^69P-5I;!HF7@+9-!#;WSI!

The annual_employment_control_totals table contains the number of jobs scheduled for poten4ally 

moving into the district for each of the simula4on years.  The table is structured according to the five 

-12.*31-45! ,-:5*9,! =75)! 5)-! 965-! *8! 74:9-6,-! 74! 5)-! 4+1>-9! *8! D*>,! 8*9! -6:)! 3-69! /-5-917474@! 5)-!

-:*4*17:!@9*=5)!965-0!=75)! .*=!,:-4697*,!,-5!65!6!SV!965-!*8! 74:9-6,-!64/!)7@)!@9*=5)!965-,!,-5!65!UV;!

(Figure 5.13)  The annual_job_reloca4on_rates table contains the probability that a job in a par4cular 

sector will move at least once within a given simula4on year.  As es4mated from GLSS data on 

employment, informal and retail type jobs have the highest probabili4es of moving (25% and 20%), while 

ins4tu4onal jobs have the lowest probability (10%).  Industrial and office type jobs rates for reloca4on 

were set at 12.5 and 15% respec4vely.!

The employment_loca4on_choice_model_coefficients table and its associated specifica4on table contain 

the variables and parameters used in the model to determine the new loca4on for a job which has been 

scheduled to move.  Dependent variables of number of employees within 30 minutes loca4on, number of 

employees in zone, and popula4on density are used to es4mate the loca4on choice for a moving job.  The 

coefficients table provides the parameters for each variable used in the regression, while the specifica4on 

table defines the variable in python for interpreta4on by the opera4ng plaTorm. (Figure 5.14)!

5.2.4	Datasets	about	Infrastructure!
The travel_data table includes the travel distances and 4mes to and from each zone (or plot) throughout 

Korle Bu.  The travel data can be interpreted as the composite u4lity of going from one place to another 

given the available travel modes, which is es4mated in terms of travel by motorized vehicle.  The next 

2)6,-! *8! /-E-.*21-45! 8*9! 5)-!$%&'(KB model will incorporate a fully developed transporta4on model 

5)65!:*+2.-,!_O&'!=75)!^65'71; 

<)-! -.-:597:753J/-164/! 56>.-! 7,! 64! 6::*+45! *8! -.-:597:753! :*4,+1-/! 64/! 9-:*9/-/! >3! -6:)! *8! 5)-!1*9-!

than 15,000 meters found throughout the district.  These meters have been spa4ally associated with each 

!"#$%&'()=>'?&459%23'".4,$-".#'56&'.$78&%'9:'&;46'501&'9:'@98'".'<9%,&'+$'

Figure 5.13 Employment Control Totals Table represen>ng an Economic Growth Rate of 2%'
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building loca4on and joined to the data tables received from the Electricity Company of Ghana for the 

year 2007.  A regression model es4ma4ng electricity demand at the zone level is used in the electricity 

demand model to es4mate consump4on per year in terms of the composi4on of households, jobs and 

other a%ributes for each of the 280 zones. (Figure 5.15)!

5.3	Models!
The Greater Accra Urban Simula4on `!A*9.-!B+!/7,597:5!7,!:*1297,-/!*8!6!4+1>-9!*8!/7K-9-45!1*/-.,!=)7:)!

29*D-:5! 6@-45! /-:7,7*4,! 9-@69/74@! .64/0! )*+,-)*./,0! -12.*31-450! 64/! .64/! /-E-.*21-45;! ! a75)74! 5)-!

plaTorm itself (OPUS), each GAUS(KB model is a Python Class which has inherited its proper4es from an 

Urbansim Parent Class (which also inherits its set of func4onality and structure from opus_core).  These 

+9>647,1! :)7./! :.6,,-,! *8! 5)-! *2+,J:*9-! 74:.+/-,! 6! 4+1>-9! *8b! /7,:9-5-! :)*7:-!1*/-.,0! 6! ,-5! *8! 6@-45,!

which make choices from a finite set of possibili4es or alterna4ves based on probabili4es derived from 

u4li4es computed from given variables and coefficients; regression models, which implement a regression 

procedure; and alloca4on models, which distribute given quan44es according to weights while mee4ng 

capacity restric4ons.  GAUS(AB!6.,*! 74:.+/-,!6!4+1>-9!*8!,712.-!1*/-.,!=)7:)!:*12+5-!6!E6976>.-!*4!6!

dataset such that the result becomes a primary a%ribute.  As each model completes its simula4on run, 

data is updated and stored for that par4cular year, for output and joining to individual plots in the GAUS(

KB geodatabase.  A single simula4on run con4nues for each year un4l the simula4on period has been 

:*12.-5-/;!

5.3.1	Land	Models!
<)-!R-6.!c,565-!O97:-!^*/-.!+,-,!9-6.!-,565-!297:-,!6,!5)-! 74/7:65*9!*8!5)-!165:)!>-5=--4!/-164/!64/!

supply of land at different loca4ons for different land uses.  This role is important within the urban 

simula4on to the ra4oning of land and buildings to consumers based on preferences and ability to pay.  

Since prices enter the loca4on choice u4lity func4ons for jobs and households, adjustment in prices will 

!"#$%&'()=('A&#%&22"9.'79-&,'9:'B,&45%"4"50'C&7;.-'1&%'D9.&'

Figure 5.14  Employment Loca>on Choice Model Coefficients and Specifica>ons'
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alter loca4on preferences.  Similarly an adjustment in property value will alter the preference of 

/-E-.*2-9,;!!<)-!1*/-.!29-/7:5,!5)-!6E-96@-!E6.+-!2-9!+475!8*9!-6:)!>+7./74@0!622.7-/!6,!6!,74@.-!/=-..74@!

for residen4al land uses or a single enterprise for commercial, industrial, and ins4tu4onal land uses.!

F7@+9-! #;WQ! 29-,-45,! >+7./74@! E6.+-! 9-,+.5,! 89*1! 5)-! R-6.! c,565-! O97:-! ^*/-.! H9+4! 74! 5-91,! *8! 6! .*=!

popula4on and economic growth rate scenario) in the area of Sabon Zongo at three year intervals 

>-@74474@! 74!STT";! !O-9)62,!5)-!1*,5!*>E7*+,!9-,+.5! 7,!5)65!>+7./74@!E6.+-,!d+:5+65-!*4.3!,.7@)5.3! 74! 5)7,!

area, indica4ng a rela4vely entrenched popula4on.  Considering the low household incomes and low 

mobility rates it can be concluded that the numerous mul4(8617.3!/=-..74@,!69-!9-456.,!=)7:)!69-!74:*1-!

produces for landlords, who may or may not have legal 4tle to the property.  With the rela4vely stable 

value and low mobility, it is ques4onable how much residents benefit from their loca4on in central Accra 

and their proximity to numerous employment opportuni4es.  Instead it is more likely that these real 

estate property values are projec4ng a representa4on of the poten4al rental income collected by 

landlords from these very dense, mostly high density residen4al land uses.  Residen4al densi4es in this 

par4cular area can range upwards from 65 dwelling units/acre with average household sizes of 4 persons 

and including a remarkable amount of site coverage since nearly all residen4al structures are a single story 

74!)-7@)5!H.-,,!5)64!ST!8--5I;!!F+95)-91*9-0!*2-4!,26:-!7,!4-69.3!4*4(existent and li%le or no considera4on 

has been for public service easements such as water, sewer or other u4li4es, likely as result of the 

inten4on to op4mize inhabitable living spaces for increased rental income poten4al.  Considera4on for 

iden4fying the front and back sides of structures is also difficult with many compound structures gaining 

6::-,,!89*1!,59--5!97@)5,(*8(=63!=75)!74/7E7/+6.!6::-,,!5*!!8617.3!/=-..74@,!=75)74!5)-!:*12*+4/!,59+:5+9-!

89*1!6!:-4596.!:*+95369/;! !<)-!/7E-9,753!*8!E6.+-,!29*D-:5-/!>3!5)-!1*/-.!6.,*! 74/7:65-,!5)65!,26:-!/*-,!

-\7,5!8*9!4-=:*1-9,0!>+5!,74:-!29*2-953!E6.+-,!9-1674!4-69.3!:*4,56450!75!7,!1*9-!.7P-.3!5)65!5)-,-!,26:-,!

are available for individual immigrants who have moved to the area and are in the process of adop4ng 

new associa4ons with exis4ng householders or perhaps taking the place of a previous individual who had 

decided to move elsewhere rather than a wholsesale change of family inhabita4on within a single 

/=-..74@;! ! G5! 7,!6.,*!2*,,7>.-! 5)65! 5)-!/7E-9,753!*8!E6.+-,! 74/7:65-,! 5)65!29*2-953! 97@)5,!-75)-9! 74! 5-91,!*8!

*=4-9,)72!*9!5)-!97@)5!5*!6/1747,5-9!6!29*2-953! 7,!+4:.-69!*9!+4/-9!:*45-,5!64/!29-,-45,!64!*>,56:.-!5*!

inhabi4ng a dwelling.  Finally, these real estate property projec4on may also indicate that some of the 

dwellings are simply uninhabitable or very undesirable either due to the condi4on of the stucture, its 

loca4on within the neighborhood or a combina4on of both. !

5.3.2	Household	Models!
<)-! Household Transi4on Model! :9-65-,! 64/! 9-1*E-,! )*+,-)*./,! 74! A*9.-! B+! >6,-/! *4! 5)-!

annual_household_control_totals table, which provides target quan44es of household types by year in 

5-91,! *8! 5)-! 4+1>-9! *8! 2-9,*4,! 9-,7/74@! 74! 5)*,-! )*+,-)*./,;! ! <)-!1*/-.! 75-965-,! *E-9! 5)-! /7K-9-45!

defined marginal characteris4cs, determines the number of households belonging to that household type, 

and compares the control total for that par4cular type and year.  If the difference is posi4ve, new 

households are created, nega4ve, households are removed, and if the difference is zero, nothing occurs.  

N-=!)*+,-)*./,!69-!:*1>74-/!=75)!5)*,-!5)65!)6E-!/-:7/-/!5*!9-.*:65-0!64/!69-!5)-4!M+-+-/!8*9!742+5!5*!

the Household Loca4on Choice Model.  Households scheduled to be removed from a par4cular type are 

randomly sampled for dele4on.  Input from this table is the primary source for determining the rate of 

/-1*@962)7:!@9*=5)0!=75)!5)-!.*=!@9*=5)!,:-4697*!,-5!65!6!SV!965-!*8!74:9-6,-0!1-/7+1!YV0!64/!)7@)!UV!

per year from 2006 un4l 2025.  In Accra, household sizes range from 1 to 12 persons. (Figure 5.9)!

<)-!Household Reloca4on Model!predicts the probability that a par4cular household will move from its 

current loca4on or remain there for that par4cular year.  This model determines which households in 

Korle Bu will be scheduled for reloca4on based on the given probabili4es for each household type found 
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in the annual_reloca4on_rates_for_households table.  These mobility rates have been es4mated from the 

work by Bertrand and Delaunay as previously described and provide the probabili4es that a household 

with given characteris4cs will relocate at least once within the 4me span of a single year.  The run method 

75-965-,!*E-9!5)-!)*+,-)*./,!56>.-!+,74@!5)-!965-!,-50!64/!/-5-9174-,!8*9!-6:)!)*+,-)*./!78!75!=7..!1*E-!*9!

not.  As households are iden4fied for reloca4on, they are combined and queued with new households 

from the transi4on model for input into the Household Loca4on Choice Model.  Households which move 

*+5,7/-!*8!5)-!A*9.-!B+!/7,597:5!69-!/-.-5-/;!HF7@+9-!#;YI!

<)-!Household Loca4on Choice Model!29-/7:5,!5)-!29*>6>7.753!5)65!6!)*+,-)*./!=)7:)!7,!-75)-9!4-=!5*!5)-!

district or has moved from another loca4on within Korle Bu will be located in a par4cular residence 

HF7@+9-!#;W"I!!<)-!4+1>-9!*8!)*+,-)*./,!6E67.6>.-!5*!.*:65-!=75)74!6!>+7./74@!/-2-4/,!*4!5)-!4+1>-9!*8!

6E67.6>.-!+475,0!64/!6,!4-=!*9!9-.*:65-/!)*+,-)*./,!69-!165:)-/!5*!64!6E67.6>.-!+4750!5)-!/656!7,!+2/65-/!

in the buildings table.  The model predicts the likelihood of a household loca4ng in a par4cular building, 

+,74@!,7\!E6976>.-,b!6E-96@-!)*+,-)*./!74:*1-!=75)74!5)-!?*4-0!29*\71753!5*!D*>,0!4+1>-9!*8!)*+,-)*./,!

within the zone, job and popula4on density as well as open space within the round where the residen4al 

structure is located.  The model has been specified to es4mate household preference to locate in zones 

H2.*5,I!=)-9-!)*+,-)*./!74:*1-,!64/!6::-,,!5*!5)-!)7@)-,5!4+1>-9!*8!D*>,!=75)74!YT!174+5-,!*8!5)-!)*1-!

are highest.  The number of households and job density within the round also posi4vely influence housing 

bids, while popula4on density and lack of open space within the round nega4vely influence housing bids.  

HF7@+9-!#;WTI!

F7@+9-,!#;WZ!7..+,5965-,!5)-!4+1>-9!*8!)*+,-)*./,!.*:65-/!74!-6:)!*8!5)-!SZT!?*4-,!5)9*+@)*+5!A*9.-!B+!6,!

29-/7:5-/!>3!$%&'(AB!8*9!5)-!3-69,!STTQ!5*!STS#! 74!5-91,!*8!6! .*=!/-1*@962)7:!64/!-:*4*17:!@9*=5)!

rate.  This spa4al representa4on of the model projec4on indicates the largest number of households will 

>-!.*:65-/!74!'6>*4!e*4@*!=75)!9*+4/!TYT(080 absorbing the largest number and demonsta4ng the most 

,7@47X:645!@9*=5)!/+974@!5)-!ST!3-69!2-97*/!=75)!64!74:9-6,-!*8!6229*\7165-.3!YTTT!4-=!)*+,)*./,;!!<)-!

6/D6:-45!9*+4/!TYT(070, which is in Zo4, trends towards having the second largest number of households, 

and in general the block comprising these four rounds (Zo4, Sabon Zongo and Abossey Okai) exhibit a 

strong trend towards very high densi4es.  The second hotspot where household popula4on demonstrates 

large numbers and growth is in the area of Adedenkpo, par4culary round 010(TUT! 74! 5)-!,*+5)-94!)6.80!

=)7:)!7,!6/D6:-45!5*!A*9.-!C+/*9!=)-9-!.69@-!4+1>-9,!*8!)*+,-)*./,!6.,*!59-4/!74!5)-!2.*5,!H?*4-,I!6.*4@!

the shared border.  The model projects that  in the year 2017, popula4on growth will extend into the 

northern plots comprising  Adedenkpo or the area oMen referred to as “Sodom and Gomorrah.“  As with 

Figure 5.17  Household Datasets, Models, and Associated Behaviorial Structure of Loca>on Choice Model'
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Figure 5.18 Household Loca>on Choice Model outputs for the years 2006 >l 2025: total number of households per Zone'
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Figure 5.19 Total Number of Households Per Zone (Top) and Average Annual Income in District (Bo@om) for the simula>on 

years 2006 >l 2025'
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the real estate price model analysis of Sabon Zongo, the Household Mobility simula4ons present 

ques4ons related to popula4on growth and if any real poverty reduc4on can be expected if business(6,(

usual in Korle Bu con4nues.  Under the low economic and demographic growth scenario, average 

household income increases by only 100 GHCs (1400 to 1500) over the twenty year 4me span from 2006 

5*!STS#;!HF7@+9-!#;W[I!

5.3.3	Employment	Models!

<)-! Employment Transi4on Model! :9-65-,! 64/! 9-1*E-,! D*>,! 74! A*9.-! B+! >6,-/! *4! 5)-!

annual_employment_control_totals table which gives target quan44es of the number of persons 

-12.*3-/!>3!,-:5*9!8*9!-6:)!,71+.65-/!3-69;!HF7@+9-!#;WYI!!<)-!1*/-.!75-965-,!*E-9!5)-!/7K-9-45!/-X4-/!

marginal characteris4cs and determines the number of jobs that belong to that sector.  It then compares 

that number to the control total for that par4cular sector and year.  If the difference is posi4ve, new jobs 

are created, if it is nega4ve, then jobs are removed, if it is zero, nothing occurs.  New jobs are combined 

with those that have decided to relocate, and are then queued for input in the Employment Loca4on 

Choice Model.  Jobs which are to be removed from a par4cular sector are randomly sampled for dele4on.  

B3! :)64@74@! 5)-! :*459*.! 5*56.,! 56>.-0! .*=0! 1-/7+1! 64/! )7@)! -:*4*17:! @9*=5)! 965-,! *8! 6@@9-@65-!

-12.*31-45!>3!,-:5*9!)6E-!>--4!8*9-:6,5;!!G42+5!89*1!5)7,!56>.-!7,!5)-!2971693!,*+9:-!8*9!/-5-917474@!5)-!

965-!*8! -:*4*17:! @9*=5)0!=75)! .*=0!1-/7+1!64/!)7@)!@9*=5)! 965-! ,:-4697*,! ,-5! 65!SV0!YV!64/!UV!2-9!

respec4vely.  Data from the GLSS5 which was based on the World Bank Industrial Classifica4on System 

have been aggregated to match the classifica4on system used in the basic version of the employment and 

>+,74-,,!1*/-.,;!HF7@+9-!#;WSI!

<)-!Employment Reloca4on Model!predicts the probability that a par4cular job will move from its current 

loca4on or remain there for that par4cular year.  This model determines which jobs in Korle Bu will be 

scheduled for reloca4on based on the given probabili4es for each sector found in the 

annual_reloca4on_rates_for_jobs table.  These probabili4es were es4mated from variables related to job 

1*>7.753! 74!5)-!$f''#0! 74:.+/74@!5)*,-!1*,5! .7P-.3!:*4,7/-9-/!5*!>-!2695!*8!5)-! 748*916.!,-:5*9;! !<)-!9+4!

1-5)*/!75-965-,!*E-9!5)-!D*>,!56>.-!+,74@!5)-!965-!,-50!64/!/-5-9174-,!8*9!-6:)!D*>!78!75!=7..!>-!1*E-/!*9!

not.  As jobs are iden4fied for reloca4on, they are combined and queued with new jobs from the 

transi4on model for input into the Employment Loca4on Choice Model.  Jobs which will move outside of 

A*9.-!B+!69-!/-.-5-/;!

<)-!Employment Loca4on Choice Model! 29-/7:5,! 5)-! 29*>6>7.753! 5)65! 6! D*>!=)7:)! 7,! -75)-9! 4-=! 5*! 5)-!

Figure 5.20  Employment Datasets, Models, and Associated Behaviorial Structure of Loca>on Choice Model'
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Figure 5.21 Employment Loca>on Choice Model outputs for the years 2006 >l 2025: total number of jobs per Zone'
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district or has moved from another loca4on within Korle Bu will be located in a par4cular place of business 

HF7@+9-!#;STI!!<)-!4+1>-9!*8!D*>,!6E67.6>.-!5*!.*:65-!=75)74!6!>+7./74@!/-2-4/,!*4!5)-!4+1>-9!*8!6E67.6>.-!

,26:-,0!64/!6,!4-=!*9!9-.*:65-/!D*>,!69-!165:)-/!5*!64!6E67.6>.-!+4750!5)-!/656!7,!+2/65-/!74!5)-!>+7./74@,!

table.  The model predicts the likelihood of a job loca4ng in a par4cular building, using three variables: 

proximity to jobs, number of jobs within the round, and number of poten4al employees.  The model has 

been specified to es4mate job preference for loca4ng in zones (plots) where access to the highest number 

of poten4al employees is highest.  Popula4on density has a slight nega4ve influence on job choice.  

HF7@+9-!#;WUI!

F7@+9-,! #;SW! 7..+,5965-,! 5)-! 4+1>-9! *8! D*>,! .*:65-/! 74! -6:)! *8! 5)-! SZT! ?*4-,! 5)9*+@)*+5! A*9.-! B+! 6,!

29-/7:5-/!>3!$%&'(AB!8*9!5)-!3-69,!STTQ!5*!STS#! 74!5-91,!*8!6! .*=!/-1*@962)7:!64/!-:*4*17:!@9*=5)!

rate.  This spa4al representa4on of the model projec4on indicates the largest single concentra4on of jobs 

=7..! >-! 74! 9*+4/!TST(010, which primarily represent the South Industrial Park.  This par4cular round is 

29*D-:5-/!5*!*+526:-!6..!*5)-9!9*+4/,!*E-9! 5)-!5=-453!3-69!2-97*/!>3!1*9-!5)64!/*+>.-;! !<)-!6/D6:-45!

9*+4/!TT#(070, Agbogbloshie, also exhibits strong growth in number of jobs, which interes4ngly appears 

5*! >-! :*44-:5-/! 5*! 5)-! 2695! *8! %/-/-4P2*! P4*=4! 6,! g'*/*1! 64/! $*1*996);g! ! %! 5)79/!1+:)! ,16..-9!

)*5,2*5!7,!.*:65-/!=75)74!9*+4/!TS#(T#T!64/!622-69,!5*!>-!6,,*:765-/!=75)!6!29*D-:5-/!-\264,7*4!*8!5)-!

A*9.-!B+!<-6:)74@!]*,2756.;!HF7@+9-!#;SSI!

Figure 5.22 Total Number of Jobs Per Round for the simula>on years 2006 >l 2025'
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5.3.4	Land	Development	Models!
The development_templates table represents land developments of a tradi4onal vernacular in basic 

5-91,;! !The Development Project Loca4on Choice Model!29*D-:5,! 9-6.!-,565-!/-E-.*21-45!6,!6!29*:-,,!

=)-9-! 9-6.! -,565-! 29*2-953! /-E-.*2-9,! ,--P! 5)-! >-,5! 6E67.6>.-! ,75-! 8*9! 5)-79! 9-6.! -,565-! 29*D-:5,;! ! ! <)7,!

model has been implemented in a very basic form to project tradi4onal land development in Korle Bu 

based on exis4ng types.  During the next phase of developing GAUS,  this model will be improved to be%er 

represent the decisions of property developers including their poten4al return on an investment with 

regard to a more diverse porTolio of poten4al land development types (as observed in Accra).!

5.4		Electricity	Demand	Projections!

F7@+9-!#;W#!29-,-45,!5)-!9-,+.5,!*8!6!9-@9-,,7*4!1*/-.!=)7:)!)6,!>--4!+,-/!5*!29*D-:5!-.-:597:753!/-164/!

based on the composi4on of demographic and economic characteris4cs comprising each of the 280 zones 

74! A*9.-! B+! 8*9! -6:)! 3-69! 89*1! STTQ! 5*! STS#;! ! <)-! /-2-4/-45! E6976>.-0!=)7:)! 7,!1-6,+9-/! 6,! +475,! *8!

electricity consumed, projects total number of kilowa%()*+9,!/-164/-/0!6,!/-5-9174-/!>3!5)-!4+1>-9!*8!

households and their composi4on in terms of persons, workers, children and average annual income as 

=-..!6,!5)-!5*56.!4+1>-9!*8! D*>,!64/!4+1>-9!*8! D*>,!2-9!,-:5*9;! !<)-!1*/-.!5)-4!622.7-,!5)-!9-@9-,,7*4!

coefficients to the output from the household and employment mobility models to es4mate total 

projected electricity demand for each individual zone (plot) in terms of the total amount of kilowa%()*+9,!

consumed for that par4cular simula4on year.!

Figure 5.24 provides a spa4al illustra4on of projected electricity demand by zone (plot) from 2006 un4l 

2025 in terms of a low popula4on and economic growth rate.   The projec4on largely reflects the results 

*8! 5)-! -12.*31-45!1*>7.753! 1*/-.,0! =75)! 5)-! 69-6! 29*D-:5-/! 5*! -\)7>75! >*5)! 5)-! .69@-,5! /-164/! 64/!

74:9-6,-!74!/-164/!8*9!-.-:597:753!>-74@!9*+4/!TST(TWT!*9!5)-!'*+5)!G4/+,5976.!O69P0!=)7:)!74:9-6,-,!89*1!

a bit more than 3,000,000 kilowa%(hours to well over 6,000,000 per year.  Interes4ngly, the Sabon Zongo 

9*+4/0!TYT(TZT0!7,!29*D-:5-/!>3!5)-!1*/-.!5*!>-!5)-!,-:*4/!.69@-,5!:*4,+1-9!*8!-.-:597:753!,+9@74@!89*1!

Y0TTT0TTT!5*!Y0[Y#0TTT!Pa),!2-9!3-69;!!G4!1*9-!@-4-96.!5-91,0!5)-!2.*5,!:*1297,74@!%@>*@>.*,)7-!6,!=-..!

as those in the northern part of Adedenkpo trend towards hotspots of high end consump4on pa%erns 

throughout the urban simula4on 4me period.  One addi4onal hotspot to consider for electricity demand is 

5)-!2.*5!=)-9-!5)-!A*9.-!B+!<-6:)74@!)*,2756.!7,!.*:65-/;!

F7@+9-! #;S#! /-1*,5965-,! 29*D-:5-/! -.-:597:753! /-164/! 2-9! 9*+4/! 64/! 3-69! 74:.+/74@! 6! 56>.-! *8! 6:5+6.!

simulated consump4on.  The chart clearly illustrates the importance of the South Industrial Area in terms 

*8!-.-:597:753!/-164/!>+5!6.,*!:)695,!5)-!@9*=5)!*8!'6>*4!e*4@*!6,!5)-!,-:*4/!.69@-,5!:*4,+1-9;!!F9*1!

5)-9-0!5)-!9-,+.5,!74/7:65-!5)65!2.*5,!6.*4@!5)-!=-,5-94!,7/-!*8!A=61-!NP9+16)!B*+.-E69/!6.*4@!=7..!)6E-!

5)-!)7@)-,5!/-164/0!=75)!9*+4/,!TT#(TQT!64/!TT#(TZT!-6:)!29*D-:5-/!5*!:*4,+1-!1*9-!5)64!Y0TTT0TTT!

Pa),!2-9!3-69!>3!STS#!64/!9*+4/!TT#(T#T!4*5!869!>-)74/!65!1*9-!5)64!S0#TT0TT!Pa),;!!_4-!*5)-9!69-6!*8!

745-9-,5! 7,!5)-!%>*,,-3!_P67!4-7@)>*9)**/!=)7:)! 7,! .69@-.3!:*11-9:76.!6.*4@!a744->6!R*6/!64/!_>5,-3!

Lamptey Circle.  While Abossey Okai transi4ons to Sabon Zongo to the south and those high density 

residen4al land uses, in this par4cular area the retail and highway retail (informal sector) jobs appear to 

posi4vely impact electricity demand with projec4ons of more than 2,750,000 kWs per year predicted by 

STS#;!!

!"#$%&'()>K'+;2"4'C&J&,917&.5'/01&2':9%'LMN?O<+'
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Figure 5.24 Annual Projected Electricity Demand in total Kilowa@Ohours (kWh) per Zone for the Simula>on Years 2006P>G>('
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F7@+9-! #;SQ! 7..+,5965-,! 5)-!$%&'(KB projec4on of electricity demand for the en4re district.  This graph 

aggregates all demand in the district and presents total projected consump4on in kilowa%()*+9,!8*9!-6:)!

year in terms of the low popula4on and economic growth rate.  The graph clearly illustrates that 

-.-:597:753! /-164/! 7,! 29*D-:5-/! 5*! 74:9-6,-! >3! 4-69.3! W"V! /+974@! 5)-! 5=-453! 3-69! 2-97*/0! =75)! 5*56.!

4+1>-9!*8!Pa),! 74:9-6,74@! 89*1!6.1*,5!US0TTT0TTT!5*!#T0TTT0TTT;! !h*4,7/-974@!5)65!5)-!6229*\7165-.3!

200,000 persons inhabi4ng Korle Bu represent only about 0.008% of Ghana‘s total popula4on, this is a 

significant amount of projected consump4on compared to overall totals for the country (once demand 

89*1!5)-!i6.:*!6.+174+1!,1-.5-9!7,!9-1*E-/I;!

This electricity demand projec4on clearly indicates the signifcance of industrial consump4on in Korle Bu.  

It also presents some other interes4ng results, including projec4ng increased consump4on pa%erns in 

%@>*@>.*,)7-!6,!=-..!6,!%/-/-4P2*!64/!6.*4@!5)-!=-,5!,7/-!*8!A=61-!NP9+16)!B*+.-E69/;!!'6>*4!e*4@*0!

which is a high density residen4al area, also projected very high demand for future electricity 

consump4on, which seems to indicate it is func4onally more similar to commercial and industrial zones 

rather than the other resdien4al areas in the district such as Korle Gonno, Ussher Town or James Town.!
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Figure 5.25 Electricity Demand per Round, Projec>on 2006 to 2025'

a)7.-! 5)7,! -.-:597:753! /-164/! 1*/-.! 8*9! A*9.-! B+! 74/7:65-,! 5)-! '*+5)! G4/+,5976.! 2.*5,! 6,! ,7@47X:645!

consumers, it does so in a spa4al manner that illustrates how hotspots can result in adjacent areas 

growing as well.  Projec4ons of growth in the Agbogbloshie and Adedenkpo areas are likely as much a 

result from the number of jobs and households that chose to move there as well as their adjacent loca4on 

5*! 5)-! '*+5)! G4/+,5976.! ?*4-,! 6,!=-..! 6,! A*9.-! C+/*9! 64/! %/6>96P6! 6.*4@! A=61-!NP9+16)! B*+.-E69/;!!

h*4,7/-974@! 5)-! 7126:5!*8! 5)-! 74/+,5976.! ,-:5*9!*4! 5)-! .*:6.! 64/! 9-@7*46.! -:*4*130! 75! 7,! 6/E7,-/! 8*9! 5)-!

i*.56!R7E-9!%+5)*9753!64/!c.-:597:753!h*12643!*8!$)646!5*!6//9-,,!-.-:597:753!74896,59+:5+9-!64/!,-9E7:-,!

from Kwame Nkrumah Circle along Kwame Nkrumah Boulevard to the termina4on of the Accra(A+16,7!

R67.9*6/0! 6.*4@! 75,! 97@)5(*8(=63! 5*=69/,! _>5,-3! f6125-3! h79:.-! 64/! 5)-4! >6:P! 5*! h79:.-! 6@674;!!

G4896,59+:5+9-! 7129*E-1-45,! 6.*4@! 5)7,! :79:+75! =*+./! ,-9E-! 5*! @9-65.3! >-4-X5! 4*5! *4.3! >+,74-,,! 64/!

industries but also poten4ally to a large number of new households which could locate in the area.!

c.-:597:753! /-164/! 74! 5)-! '6>*4! e*4@*! 69-6! 29-,-45,! 6! +47M+-! *22*95+4753! 8*9! 7459*/+:74@! 6! ,59*4@!

sustainability approach to mee4ng consump4on needs.  This area could be used as a model for 

decentralized low voltage electricity supply or incen4ve based net metering, which includes not only high 

density residen4al uses but also ins4tu4onal land uses such as schools or possibly police sta4ons.  A 
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!"#$%&'()>*'/95;,'E%9@&45&-'B,&45%"4"50'C&7;.-'".'<9%,&'+$'C"25%"45':%97'>GG*'59'>G>('8;2&-'9.'LMN?OKB urban simula>on, 

-&79#%;16"4';.-'&49.97"4'#%9U56'%;5&2'9:'>V'

,-:*4/!*22*95+4753!8*9!7459*/+:74@!6!,59*4@!,+,56746>7.753!-.-:597:753!,+22.3!2.64!=*+./!>-!74!5)-!69-6!*8!

the Korle Bu Teaching Hospital and the Korle Gonno residen4al area, which is directly to the south.  Korle 

Gonno is also largely residen4al, but with densi4es that are much lower and possibly more manageable 

5)64!5)*,-!8*+4/!74!'6>*4!e*4@*;!

It should be noted that the demographic and economic projec4on used in this simula4on was very 

conserva4ve, but s4ll represented an increase of nearly 17% in expected total consump4on over the 

5=-453!3-69!2-97*/;!!_4!5)-!:*459693!74:9-6,-,!74!6E-96@-!)*+,-)*./!74:*1-!*8!6>*+5!#V!=-9-!1*/-,5!65!

best.  Furthermore, the plausibility of this model‘s projec4ons are remarkable.  Sabon Zongo and 

Adedenkpo are clearly characterized as high density areas where it is ques4onable how much the 

9-,7/-45,! >-4-X5! 89*1! 5)-79! 29*\71753! 5*! 5)-! :-4596.! :753;! ! <)-!1*/-.! 6.,*! :.-69.3! 74/7:65-,! 5)-! '*+5)!

Industrial Area as a magnet for jobs and electrity consump4on, which is also easily validated.  Finally, the 

1*/-.! !29*D-:5,! 5)-! 712*9564:-!*8! 5)-!/7E-9,-!4+1>-9!*8!>+,74-,,-,! .*:65-/!6.*4@! 5)-!=-,5-94!,7/-!*8!

Kwame Nkrumah Boulevard, par4cularly in the direc4on of Kwame Nkrumah Circle.  This avenue along 

=75)!5)-!967.9*6/!97@)5(*8(way, appear to be the spine for electricity distribu4on and consump4on in this 

-\59-1-1.3!712*9645!/7,597:5!74!$)646j,!:62756.!:753;!
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Africa is urbanizing at an alarming rate and Urban Planning is a cri4cally missing component of the 

Development Research agenda.  Urban Sprawl is rampant in the ci4es of West Africa while electricity 

consump4on and CO2 emissions in developing countries are projected to to overtake developed countries 

between 2015 and 2020.  Energy consump4on in buildings is the most responsible for CO2 emissions in 

>*5)!5)-!/-E-.*2-/!64/!/-E-.*274@!=*9./;!!%::960!$)646!7,!64!-\:-..-45!-\612.-!*8!64!%897:64!:753!=)7:)!

7,!9627/.3!+9>647?74@!74!6!,296=.74@!1644-9!64/!7,!6!@**/!:)*7:-!5*!,-9E-!6,!6!:6,-!,5+/3!8*9!/-E-.*274@!64!

urban simula4on which projects electricity demand.!

Part of the problem with promo4ng sustainable development for African ci4es is the complex nature of 

understanding and describing these urban systems.  Mul4(6@-45! ,3,5-1,!64/!6@-45(>6,-/!1*/-.,!)6E-!

emerged as useful tools for understanding and simula4ng complex systems such as a city.  One such state 

of the art framework is the Open PlaTorm for Urban Simula4on, which was developed by the Center for 

Urban Simula4on and Policy Studies at the University of Washington and has gained in popularity for use 

by a number of ci4es around the world.  This research represents the first known example of an agent(

based urban simula4on system of a major urban city in Africa.!

OMen real data is not used when modeling ci4es, because it is not realis4c to record all of the a%ributes 

needed for large popula4ons, but instead it is useful to generate synthe4c popula4ons from surveys which 

are sta4s4cally nearly the same as the real popula4on.  When coupled with an en4ty oriented model, an 

agent based system can be a powerful tool for understanding and simula4ng a complex system, such as 

-.-:597:753! 74896,59+:5+9-! =75)74! 64! +9>64! 69-6;! ! a)7.-! 1*,5! -.-:597:753! 1*/-.,! 8*:+,! *4! ,+22.3! ,7/-!

6229*6:)-,0!5)7,!9-,-69:)!9-29-,-45,!5)-!X9,5!P4*=4!-\612.-!*8!6!.69@-!,:6.-!/7,6@@9-@65-/!/-164/!,7/-!

1*/-.! *8! -.-:597:753! +,-! 74! -75)-9! 5)-! /-E-.*2-/! *9! /-E-.*274@! =*9./;! ! '+:)! 64! 6229*6:)! 29*1*5-,! 6!

diversity of land and energy use controls, incen4ves and investments which are more focused towards 

decentralized supply and a be%er understanding of efficiency measures in the aggregate.!

G4!*9/-9!5*!>+7./!,+:)!6!/7,6@@9-@65-/!1*/-.0!=-!)6E-!5*!+4/-9,564/!5)-!:753! 74!5-91,!*8! 75,!1*,5!>6,7:!

2695,b! 2-9,*4,! *9! )*+,-)*./,! 64/! 5)-! 2.6:-,! =)-9-! 5)-3! /=-..! *9! =*9P0! >+7./74@,;! ! C-1*@962)7:!

characteris4cs such as the household profile, income and mobility are necessary when building the basis 

for an urban simual4on system as well as the economic characteris4cs such as type of employment and 

loca4on.  Assessing and understanding exis4ng land uses as well as infrastructure and social services are 

also important as well as understanding how much the local government is par4cipa4ng in development 

or management of urban growth.  This is par4cularly important in Ghana where favori4sm is clearly 

demonstrated in favor of smaller ci4es in the more rural, northern part of the country.!

In order to build an urban simula4on system for projec4ng the disaggregated electricity demand of a city, 

the Korle Bu district in Accra has been described and modeled in great detail.  This descrip4on is a building 

by building es4mate aggregated!5*!5)-!2.*5!*8!6229*\7165-.3!ST0TTT!,59+:5+9-,!)*+,74@!!STT0TTT!2-9,*4,!

=75)!6>*+5!ZT0TTT!6,,*:765-/!D*>,!74!5)-!central part of Accra, Ghana.  This base urban simula4on is then 

used to project the kilowa%(hours consumed by each building within a single simula4on year.!

<)-!9-,+.5,!*8!5)-!1*/-.!74/7:65-!5)-!'*+5)!G4/+,5976.!O69P!64/!5)-!-\59-1-.3!/-4,-!69-6!*8!'6>*4!e*4@*!

are projected to be the two highest areas of electricity consump4on during the next 15 years.  The area of 

%@>*@>.*,)7-!64/!%/-/-4P2*!69-!6.,*!29*D-:5-/!5*!/-1*4,5965-!,7@47X:645!-.-:597:753!/-164/!6,!=-..!6,!

5)-!4+1-9*+,!>+,74-,,-,!.*:65-/!6.*4@!A=61-!NP9+16)!B*+.-/E69/;!!_E-96..0!-.-:597:753!/-164/!74!A*9.-!

Bu is projected to steadily increase from 42,000,000 kilowa%(hours in 2006 to 50,000,000 kilowa%()*+9,!

74! STS#0! 6! 9-169P6>.-! 74:9-6,-! :*4,7/-974@! 6E-96@-!644+6.! 74:*1-! 7,! 29*D-:5-/! 5*! 74:9-6,-! 74! A*9.-! B+!
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The objec4ve of this work was to create a highly disaggregated property and land use urban simula4on 

system for comprehensively projec4ng the electricity demand of a large urban area or the Korle Bu district 

in Accra, Ghana, in terms of either a low, medium, or high popula4on and economic growth rates for the 

4me period 2006 un4l 2025.  In mee4ng this research objec4ve, the GAUS(AB!1*/-.! 644+6..3!1*/-.,!

household loca4on choice, employment loca4on choice and real estate price.  Demographic and economic 

@9*=5)!1*/-.,!)6E-!>--4!74:.+/-/!74!*9/-9!5*!,71+.65-!.*=0!1-/7+1!64/!)7@)!@9*=5)!965-,;!!<)-!9-,+.5!7,!

a highly disaggregate urban simula4on system which can be used to model electricity demand, and thus 

fullfills the research objec4ves intended by this work.!
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Technical Addendum: Selected Years from Simula6on Run of GAUS!"#$

Simulate year 2006: started on Sat Aug 28 02:34:37 2010 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): started 
on Sat Aug 28 02:34:38 2010 
                ln_average_value_per_unit=ln(building.average_value_per_unit)....0.0 sec 
                Total number of individuals: 19803 
                REPM chunk 1 out of 1.: started on Sat Aug 28 02:34:38 2010 
                    Number of agents in this chunk: 19803 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.1 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.2 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    zone_area_bldg = building.disaggregate(zone.area)....0.0 sec 
                REPM chunk 1 out of 1.: completed........................0.3 sec 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): 
completed...0.4 sec 
            Running Household Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:34:39 2010 
                persons actual target difference action 
                1 15389 15697.0 308.0 +308 
                2 7621 7773.0 152.0 +152 
                3 7130 7273.0 143.0 +143 
                4 7501 7651.0 150.0 +150 
                5 6493 6623.0 130.0 +130 
                6 4977 5077.0 100.0 +100 
                7 2087 2129.0 42.0 +42 
                8 916 934.0 18.0 +18 
                9 777 793.0 16.0 +16 
                10 254 259.0 5.0 +5 
                11 47 48.0 1.0 +1 
                12 52 53.0 1.0 +1 
 
            Running Household Transition Model (from urbansim.models.transition_model): 
completed...0.1 sec 
            Running Employment Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:34:39 2010 
                sector_id actual target difference action 
                1 5883 6001 118 +118 
                2 12628 12881 253 +253 
                3 19532 19923 391 +391 
                4 22322 22768 446 +446 
                5 19491 19881 390 +390 
 
            Running Employment Transition Model (from urbansim.models.transition_model): 
completed...0.1 sec 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:34:39 2010 
                Number of movers: 54310 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.2 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): started on Sat Aug 28 02:34:40 2010 
                Total number of individuals: 54310 
                HLCM chunk 1 out of 3.: started on Sat Aug 28 02:34:40 2010 
              ....................      Number of agents in this chunk: 18104 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 75604.0 units. 
                    building.building_id>0...............................0.0 sec 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
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function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 6 (in 3 iterations) 
                HLCM chunk 1 out of 3.: completed........................5.0 sec 
                HLCM chunk 2 out of 3.: started on Sat Aug 28 02:34:45 2010 
                    Number of agents in this chunk: 18104 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 57506.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 23 (in 3 iterations) 
                HLCM chunk 2 out of 3.: completed........................4.3 sec 
                HLCM chunk 3 out of 3.: started on Sat Aug 28 02:34:49 2010 
                    Number of agents in this chunk: 18102 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 39425.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate
(household.pers..................................................ons)/zone.area)/1000: 
completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 407 (in 3 iterations) 
                HLCM chunk 3 out of 3.: completed........................4.9 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): completed...14.2 sec 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:34:54 2010 
                Number of movers: 81454 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.1 sec 
            'agents_grouping_attribute' set to job.home_based_status. 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): started on Sat Aug 28 02:34:54 2010 
                Total number of individuals: 81454 
                Non_home_based ELCM chunk 1 out of 2.: started on Sat Aug 28 02:34:54 2010 
                    Number of agents in this chunk: 40727 
                    building.max_jobs-building.number_of_agents(job).....0.0 sec 
                    Available capacity: 98041.0 units. 
                    ln_employees = ln_bounded(building.number_of_agents(job))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
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                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 30 
                    Number of unplaced agents: 0 (in 3 iterations) 
                    Number of unplaced agents: 2 (in 3 iterations) 
                    Number of unplaced agents: 3 (in 3 iterations) 
                    Number of unplaced agents: 13 (in 3 iterations) 
                    Number of unplaced agents: 4 (in 3 iterations) 
                Non_home_based ELCM chunk 1 out of 2.: completed.........6.5 sec 
                Non_home_based ELCM chunk 2 out of 2.: started on Sat Aug 28 02:35:01 2010 
                    Number of agents in this chunk: 40727 
                    building.max_jobs-building.number_of_agents(job).....0.0 sec 
                    Available capacity: 57336.0 units. 
                    ln_employees = ln_bounded(building.number_of_agents(job))....0.0 sec 
                    Choice set size: 30 
                    Number of unplaced agents: 20 (in 3 iterations) 
                    Number of unplaced agents: 35 (in 3 iterations) 
                    Number of unplaced agents: 108 (in 3 iterations) 
                    Number of unplaced agents: 137 (in 3 iterations) 
                    Number of unplaced agents: 96 (in 3 iterations) 
                Non_home_based ELCM chunk 2 out of 2.: completed........15.4 sec 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): completed...22.0 sec 
            Writing datasets to cache for year 2006: started on Sat Aug 28 02:35:16 2010 
                Flushing building 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\buildings doesn't 
exist and is created 
                Flushing travel_data 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\travel_data doesn't 
exist and is created 
                Flushing home_based_status 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\home_based_status 
doesn't exist and is created 
                Flushing zone 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\zones doesn't exist 
and is created 
                Flushing household 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\households doesn't 
exist and is created 
                Flushing job 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\jobs doesn't exist and 
is created 
                Flushing building_type 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2006\building_types doesn't 
exist and is created 
            Writing datasets to cache for year 2006: completed...........0.5 sec 
        Simulate year 2006: completed...................................39.4 sec 
.... 
 
 
 ******** Moving to next year logfile ********* 
 
 
..        Simulate year 2007: started on Sat Aug 28 02:35:18 2010 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): started 
on Sat Aug 28 02:35:19 2010 
                ln_average_value_per_unit=ln(building.average_value_per_unit)....0.0 sec 
                Total number of individuals: 19803 
                REPM chunk 1 out of 1.: started on Sat Aug 28 02:35:19 2010 
                    Number of agents in this chunk: 19803 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.1 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.1 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
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                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    zone_area_bldg = building.disaggregate(zone.area)....0.0 sec 
                REPM chunk 1 out of 1.: completed........................0.3 sec 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): 
completed...0.3 sec 
            Running Household Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:35:19 2010 
                persons actual target difference action 
                1 15697 16011.0 314.0 +314 
                2 7773 7929.0 156.0 +156 
                3 7273 7418.0 145.0 +145 
                4 7651 7804.0 153.0 +153 
                5 6623 6755.0 132.0 +132 
                6 5077 5178.0 101.0 +101 
                7 2129 2171.0 42.0 +42 
                8 934 953.0 19.0 +19 
                9 793 808.0 15.0 +15 
                10 259 264.0 5.0 +5 
                11 48 49.0 1.0 +1 
                12 53 54.0 1.0 +1 
 
            Running Household Transition Model (from urbansim.models.transition_model): 
completed...0.1 sec 
            Running Employment Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:35:19 2010 
                sector_id actual target difference action 
                1 6001 6121 120 +120 
                2 12881 13138 257 +257 
                3 19923 20321 398 +398 
                4 22768 23224 456 +456 
                5 19881 20278 397 +397 
 
            Running Employment Transition Model (from urbansim.models.transition_model): 
completed...0.1 sec 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:35:19 2010 
                Number of movers: 5903 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.2 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): started on Sat Aug 28 02:35:19 2010 
                Total number of individuals: 5903 
                HLCM chunk 1 out of 3.: started on Sat Aug 28 02:35:19 2010 
                    Number of agents in this chunk: 1968 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 23185.0 units. 
                    building.building_id>0...............................0.0 sec 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 5 (in 3 iterations) 
                HLCM chunk 1 out of 3.: completed........................0.5 sec 
                HLCM chunk 2 out of 3.: started on Sat Aug 28 02:35:20 2010 
                    Number of agents in this chunk: 1968 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 22677.0 units. 
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                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 1 (in 3 iterations) 
                HLCM chunk 2 out of 3.: completed........................0.5 sec 
                HLCM chunk 3 out of 3.: started on Sat Aug 28 02:35:20 2010 
                    Number of agents in this chunk: 1967 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 22183.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
z..................one.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 3 (in 3 iterations) 
                HLCM chunk 3 out of 3.: completed........................0.5 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): completed...1.5 sec 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:35:21 2010 
                Number of movers: 16593 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.1 sec 
            'agents_grouping_attribute' set to job.home_based_status. 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): started on Sat Aug 28 02:35:21 2010 
                Total number of individuals: 16593 
                Non_home_based ELCM chunk 1 out of 1.: started on Sat Aug 28 02:35:21 2010 
                    Number of agents in this chunk: 16593 
                    building.max_jobs-building.number_of_agents(job).....0.0 sec 
                    Available capacity: 31552.0 units. 
                    ln_employees = ln_bounded(building.number_of_agents(job))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 30 
                    Number of unplaced agents: 28 (in 3 iterations) 
                    Number of unplaced agents: 117 (in 3 iterations) 
                    Number of unplaced agents: 339 (in 3 iterations) 
                    Number of unplaced agents: 284 (in 3 iterations) 
                    Number of unplaced agents: 452 (in 3 iterations) 
                Non_home_based ELCM chunk 1 out of 1.: completed.........8.8 sec 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): completed...8.8 sec 
            Writing datasets to cache for year 2007: started on Sat Aug 28 02:35:30 2010 
                Flushing building 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\buildings doesn't 
exist and is created 
                Flushing travel_data 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\travel_data doesn't 
exist and is created 
                Flushing home_based_status 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\home_based_status 
doesn't exist and is created 
                Flushing zone 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\zones doesn't exist 
and is created 
                Flushing household 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\households doesn't 
exist and is created 
                Flushing job 
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                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\jobs doesn't exist and 
is created 
                Flushing building_type 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2007\building_types doesn't 
exist and is created 
            Writing datasets to cache for year 2007: completed...........0.5 sec 
        Simulate year 2007: completed...................................12.0 sec 
.. 
 
 
 ******** CUT 2008 through 2014 ********* 
 
 
..        Simulate year 2015: started on Sat Aug 28 02:36:57 2010 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): started 
on Sat Aug 28 02:36:58 2010 
                ln_average_value_per_unit=ln(building.average_value_per_unit)....0.0 sec 
                Total number of individuals: 19803 
                REPM chunk 1 out of 1.: started on Sat Aug 28 02:36:58 2010 
                    Number of agents in this chunk: 19803 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.1 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.1 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.2 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.3 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.1 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.1 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.1 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.1 sec 
                    zone_area_bldg = building.disaggregate(zone.area)....0.0 sec 
                REPM chunk 1 out of 1.: completed........................0.7 sec 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): 
completed...0.8 sec 
            Running Household Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:36:58 2010 
                persons actual target difference action 
                1 18391 18759.0 368.0 +368 
                2 9108 9290.0 182.0 +182 
                3 8521 8691.0 170.0 +170 
                4 8964 9144.0 180.0 +180 
                5 7760 7915.0 155.0 +155 
                6 5948 6067.0 119.0 +119 
                7 2494 2544.0 50.0 +50 
                8 1095 1117.0 22.0 +22 
                9 929 947.0 18.0 +18 
                10 304 310.0 6.0 +6 
                11 56 57.0 1.0 +1 
                12 62 63.0 1.0 +1 
 
            Running Household Transition Model (from urbansim.models.transition_model): 
completed...0.3 sec 
            Running Employment Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:36:59 2010 
                sector_id actual target difference action 
                1 7031 7171 140 +140 
                2 15092 15393 301 +301 
                3 23343 23809 466 +466 
                4 26677 27210 533 +533 
                5 23294 23759 465 +465 
 
            Running Employment Transition Model (from urbansim.models.transition_model): 
completed...0.2 sec 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:36:59 2010 
                Number of movers: 6439 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
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completed...0.2 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): started on Sat Aug 28 02:36:59 2010 
                Total number of individuals: 6439 
                HLCM chunk 1 out of 3.: started on Sat Aug 28 02:36:59 2010 
              ..      Number of agents in this chunk: 2147 
                    building.max_households-building.number_of_agents(household)....0.1 sec 
                    Available capacity: 13727.0 units. 
                    building.building_id>0...............................0.0 sec 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 21 (in 3 iterations) 
                HLCM chunk 1 out of 3.: completed........................0.6 sec 
                HLCM chunk 2 out of 3.: started on Sat Aug 28 02:37:00 2010 
                    Number of agents in this chunk: 2147 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 13287.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 9 (in 3 iterations) 
                HLCM chunk 2 out of 3.: completed........................0.5 sec 
                HLCM chunk 3 out of 3.: started on Sat Aug 28 02:37:00 2010 
                    Number of agents in this chunk: 2145 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 12875.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate
(household.persons............)/zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 17 (in 3 iterations) 
                HLCM chunk 3 out of 3.: completed........................0.5 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): completed...1.7 sec 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:37:01 2010 
                Number of movers: 19981 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.1 sec 
            'agents_grouping_attribute' set to job.home_based_status. 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): started on Sat Aug 28 02:37:01 2010 
                Total number of individuals: 19981 
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                Non_home_based ELCM chunk 1 out of 1.: started on Sat Aug 28 02:37:01 2010 
                    Number of agents in this chunk: 19981 
                    building.max_jobs-building.number_of_agents(job).....0.1 sec 
                    Available capacity: 20680.0 units. 
                    ln_employees = ln_bounded(building.number_of_agents(job))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 30 
                    Number of unplaced agents: 10 (in 3 iterations) 
                    Number of unplaced agents: 58 (in 3 iterations) 
                    Number of unplaced agents: 435 (in 3 iterations) 
                    Number of unplaced agents: 266 (in 3 iterations) 
                    Number of unplaced agents: 865 (in 3 iterations) 
                Non_home_based ELCM chunk 1 out of 1.: completed.........6.2 sec 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): completed...6.3 sec 
            Writing datasets to cache for year 2015: started on Sat Aug 28 02:37:07 2010 
                Flushing building 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\buildings doesn't 
exist and is created 
                Flushing travel_data 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\travel_data doesn't 
exist and is created 
                Flushing home_based_status 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\home_based_status 
doesn't exist and is created 
                Flushing zone 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\zones doesn't exist 
and is created 
                Flushing household 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\households doesn't 
exist and is created 
                Flushing job 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\jobs doesn't exist and 
is created 
                Flushing building_type 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2015\building_types doesn't 
exist and is created 
            Writing datasets to cache for year 2015: completed...........0.8 sec 
        Simulate year 2015: completed...................................10.8 sec 
.... 
 
 
 ******** CUT 2016 through 2019 ********* 
 
 
....        Simulate year 2020: started on Sat Aug 28 02:38:05 2010 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): started 
on Sat Aug 28 02:38:05 2010 
                ln_average_value_per_unit=ln(building.average_value_per_unit)....0.1 sec 
                Total number of individuals: 19803 
                REPM chunk 1 out of 1.: started on Sat Aug 28 02:38:05 2010 
                    Number of agents in this chunk: 19803 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.2 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.1 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.3 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.4 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.1 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.1 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.1 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
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zone.area)/1000: completed...0.1 sec 
                    zone_area_bldg = building.disaggregate(zone.area)....0.0 sec 
                REPM chunk 1 out of 1.: completed........................0.9 sec 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): 
completed...1.0 sec 
            Running Household Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:38:06 2010 
                persons actual target difference action 
                1 20305 20712.0 407.0 +407 
                2 10056 10257.0 201.0 +201 
                3 9408 9596.0 188.0 +188 
                4 9897 10095.0 198.0 +198 
                5 8567 8739.0 172.0 +172 
                6 6567 6698.0 131.0 +131 
                7 2754 2809.0 55.0 +55 
                8 1209 1233.0 24.0 +24 
                9 1025 1046.0 21.0 +21 
                10 335 342.0 7.0 +7 
                11 62 63.0 1.0 +1 
                12 69 70.0 1.0 +1 
 
            Running Household Transition Model (from urbansim.models.transition_model): 
completed...0.4 sec 
            Running Employment Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:38:07 2010 
                sector_id actual target difference action 
                1 7762 7918 156 +156 
                2 16662 16996 334 +334 
                3 25772 26288 516 +516 
                4 29453 30042 589 +589 
                5 25718 26232 514 +514 
 
            Running Employment Transition Model (from urbansim.models.transition_model): 
completed...0.3 sec 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:38:07 2010 
                Number of movers: 7521 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.2 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): started on Sat Aug 28 02:38:07 2010 
                Total number of individuals: 7521 
                HLCM chunk 1 out of 3.: started on Sat Aug 28 02:38:07 2010 
         ..           Number of agents in this chunk: 2507 
                    building.max_households-building.number_of_agents(household)....0.1 sec 
                    Available capacity: 7583.0 units. 
                    building.building_id>0...............................0.0 sec 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 118 (in 3 iterations) 
                HLCM chunk 1 out of 3.: completed........................0.7 sec 
                HLCM chunk 2 out of 3.: started on Sat Aug 28 02:38:08 2010 
                    Number of agents in this chunk: 2507 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 7131.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
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                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 162 (in 3 iterations) 
                HLCM chunk 2 out of 3.: completed........................0.6 sec 
                HLCM chunk 3 out of 3.: started on Sat Aug 28 02:38:09 2010 
                    Number of agents in this chunk: 2507 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 6731.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate
(household.pe..................rsons)/zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 195 (in 3 iterations) 
                HLCM chunk 3 out of 3.: completed........................0.7 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): completed...2.0 sec 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:38:09 2010 
                Number of movers: 23394 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.1 sec 
            'agents_grouping_attribute' set to job.home_based_status. 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): started on Sat Aug 28 02:38:09 2010 
                Total number of individuals: 23394 
                Non_home_based ELCM chunk 1 out of 1.: started on Sat Aug 28 02:38:09 2010 
                    Number of agents in this chunk: 23394 
                    building.max_jobs-building.number_of_agents(job).....0.1 sec 
                    Available capacity: 13959.0 units. 
                    ln_employees = ln_bounded(building.number_of_agents(job))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 30 
                    Number of unplaced agents: 19 (in 3 iterations) 
                    Number of unplaced agents: 115 (in 3 iterations) 
                    Number of unplaced agents: 1020 (in 3 iterations) 
                    Number of unplaced agents: 697 (in 3 iterations) 
                    Number of unplaced agents: 1981 (in 3 iterations) 
                Non_home_based ELCM chunk 1 out of 1.: completed.........7.8 sec 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): completed...7.9 sec 
            Writing datasets to cache for year 2020: started on Sat Aug 28 02:38:17 2010 
                Flushing building 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\buildings doesn't 
exist and is created 
                Flushing travel_data 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\travel_data doesn't 
exist and is created 
                Flushing home_based_status 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\home_based_status 
doesn't exist and is created 
                Flushing zone 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\zones doesn't exist 
and is created 
                Flushing household 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\households doesn't 
exist and is created 
                Flushing job 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\jobs doesn't exist and 
is created 
                Flushing building_type 
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                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2020\building_types doesn't 
exist and is created 
            Writing datasets to cache for year 2020: completed...........1.0 sec 
        Simulate year 2020: completed...................................13.5 sec 
.. 
 
 
 ******** CUT 2021 through 2024 ********* 
 
 
......        Simulate year 2025: started on Sat Aug 28 02:39:28 2010 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): started 
on Sat Aug 28 02:39:28 2010 
                ln_average_value_per_unit=ln(building.average_value_per_unit)....0.1 sec 
                Total number of individuals: 19803 
                REPM chunk 1 out of 1.: started on Sat Aug 28 02:39:28 2010 
                    Number of agents in this chunk: 19803 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.2 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.2 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.4 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.5 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.1 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.1 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.1 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.1 sec 
                    zone_area_bldg = building.disaggregate(zone.area)....0.0 sec 
                REPM chunk 1 out of 1.: completed........................1.0 sec 
            Running Real Estate Price Model (from urbansim.models.real_estate_price_model): 
completed...1.2 sec 
            Running Household Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:39:30 2010 
                persons actual target difference action 
                1 22419 22867.0 448.0 +448 
                2 11102 11324.0 222.0 +222 
                3 10387 10595.0 208.0 +208 
                4 10928 11146.0 218.0 +218 
                5 9459 9648.0 189.0 +189 
                6 7251 7396.0 145.0 +145 
                7 3040 3101.0 61.0 +61 
                8 1334 1361.0 27.0 +27 
                9 1132 1155.0 23.0 +23 
                10 370 377.0 7.0 +7 
                11 68 70.0 2.0 +2 
                12 76 77.0 1.0 +1 
 
            Running Household Transition Model (from urbansim.models.transition_model): 
completed...0.5 sec 
            Running Employment Transition Model (from urbansim.models.transition_model): started on 
Sat Aug 28 02:39:30 2010 
                sector_id actual target difference action 
                1 8570 8742 172 +172 
                2 18397 18765 368 +368 
                3 28454 29024 570 +570 
                4 32519 33169 650 +650 
                5 28395 28963 568 +568 
 
            Running Employment Transition Model (from urbansim.models.transition_model): 
completed...0.3 sec 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:39:30 2010 
                Number of movers: 10753 
            Running Household Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.2 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): started on Sat Aug 28 02:39:31 2010 
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                Total number of individuals: 10753 
                HLCM chunk 1 out of 3.: started on Sat Aug 28 02:39:31 2010 
    ..                Number of agents in this chunk: 3585 
                    building.max_households-building.number_of_agents(household)....0.1 sec 
                    Available capacity: 3163.0 units. 
                    building.building_id>0...............................0.0 sec 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)) 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold 
                            number_of_jobs = zone.number_of_agents(job)..0.0 sec 
                        urbansim_zone.zone.SSS_within_DDD_SSS_threshold: completed...0.0 sec 
                    ln_emp_30_min = ln_bounded(building.disaggregate
(urbansim_zone.zone.number_of_jobs_within_30_am_lov_time_threshold)): completed...0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000 
                        zone.number_of_agents(job)/zone.area.............0.0 sec 
                    ln_job_density_zone = building.disaggregate(zone.number_of_agents(job)/
zone.area)/1000: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 1358 (in 3 iterations) 
                HLCM chunk 1 out of 3.: completed........................1.0 sec 
                HLCM chunk 2 out of 3.: started on Sat Aug 28 02:39:32 2010 
                    Number of agents in this chunk: 3585 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 2936.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 1411 (in 3 iterations) 
                HLCM chunk 2 out of 3.: completed........................1.0 sec 
                HLCM chunk 3 out of 3.: started on Sat Aug 28 02:39:33 2010 
                    Number of agents in this chunk: 3583 
                    building.max_households-building.number_of_agents(household)....0.0 sec 
                    Available capacity: 2839.0 units. 
                    ln_avg_hh_income = ln(building.aggregate(household.income, 
function=mean))....0.0 sec 
                    ln_households = ln(building.number_of_agents(household))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate
(house......................hold.persons)/zone.area)/1000: completed...0.0 sec 
                    Choice set size: 50 
                    Number of unplaced agents: 1392 (in 3 iterations) 
                HLCM chunk 3 out of 3.: completed........................1.0 sec 
            Running Household Location Choice Model (from 
urbansim.models.household_location_choice_model): completed...3.0 sec 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
started on Sat Aug 28 02:39:34 2010 
                Number of movers: 28747 
            Running Employment Relocation Model (from urbansim.models.agent_relocation_model): 
completed...0.1 sec 
            'agents_grouping_attribute' set to job.home_based_status. 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): started on Sat Aug 28 02:39:34 2010 
                Total number of individuals: 28747 
                Non_home_based ELCM chunk 1 out of 1.: started on Sat Aug 28 02:39:34 2010 
                    Number of agents in this chunk: 28747 
                    building.max_jobs-building.number_of_agents(job).....0.1 sec 
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                    Available capacity: 8125.0 units. 
                    ln_employees = ln_bounded(building.number_of_agents(job))....0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000 
                        zone.aggregate(household.persons)/zone.area 
                            zone_id = household.disaggregate(building.zone_id)....0.0 sec 
                        zone.aggregate(household.persons)/zone.area: completed...0.0 sec 
                    ln_pop_density_zone = building.disaggregate(zone.aggregate(household.persons)/
zone.area)/1000: completed...0.0 sec 
                    Choice set size: 30 
                    Number of unplaced agents: 41 (in 3 iterations) 
                    Number of unplaced agents: 186 (in 3 iterations) 
                    Number of unplaced agents: 2186 (in 3 iterations) 
                    Number of unplaced agents: 1428 (in 3 iterations) 
                    Number of unplaced agents: 4108 (in 3 iterations) 
                Non_home_based ELCM chunk 1 out of 1.: completed........10.0 sec 
            Running Non_home_based Employment Location Choice Model (from 
urbansim.models.employment_location_choice_model): completed...10.1 sec 
            Writing datasets to cache for year 2025: started on Sat Aug 28 02:39:44 2010 
                Flushing building 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\buildings doesn't 
exist and is created 
                Flushing travel_data 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\travel_data doesn't 
exist and is created 
                Flushing home_based_status 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\home_based_status 
doesn't exist and is created 
                Flushing zone 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\zones doesn't exist 
and is created 
                Flushing household 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\households doesn't 
exist and is created 
                Flushing job 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\jobs doesn't exist and 
is created 
                Flushing building_type 
                C:\opus\data\accra_zone/runs\run_2.run_2010_08_28_02_34\2025\building_types doesn't 
exist and is created 
            Writing datasets to cache for year 2025: completed...........1.3 sec 
        Simulate year 2025: completed...................................17.4 sec 
.. 
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Technical Addendum: Bootstrap Es6ma6on DO file in Stata used to Generate Synthe6c Popula6ons 
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