Republic of Nicaragua
Municipality of Managua

PROJECT FOR
URBAN DEVELOPMENT MASTER
PLAN FOR MANAGUACITY
IN REPUBLIC OF NICARAGUA

FINAL REPORT
Part - 1l: The Master Plan

August 2017

Japan International Cooperation Agency

KISHO KUROKAWA architect & associates
NIPPON KOEI CO., LTD.

International Development Center of Japan Inc. El

NIPPON KOEI LATIN AMERICA-CARRIBEAN CO.,LTD. JR

17-103




The exchange rate used in the report is
USS$ 100 = NIO 2820




Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua
Final Report

PROJECT FOR
URBAN DEVELOPMENT MASTER PLAN FOR MANAGUA CITY
IN REPUBLIC OF NICARAGUA

FINAL REPORT

TABLE OF CONTENTS

Abbreviation
Summary

Part — I: Current Conditions

CHAPTER 1 OQOutline of the Study .....ccoieiisssnnnnssnsssssnssssssecssssansssssnescssnns 1=1

1.1 INETOAUCTION ...ttt ettt st s b et et b et s be b 1-1
1.2 ODbJECtiVe OF the SUAY .....viiiiiiieieieeeee ettt e b e e ae s aaesteesseeseenseesseessenssensaens 1-2
1.2.1  ObjectiVe Of the StUAY ....cciecieiieiiciececeee ettt st ae e s e staeste e seebeenseensesnnas 1-2
D22 OULPULS .ttt ettt ettt bbbt e b bbbt b ettt be et en et 1-2
1.3 STUAY AT@A....eoueiieiieeiieeie ettt ettt st e st e sttt e ettt e sttt esabeesabeessbeessseensseessseensseeassaensseessseensseensseennseenns 1-2
1.4 Schedule and DEliVETabIes .........c..cciviieiriiieiriieirieetretete ettt 1-3
LA SCREAUIE ...ttt ettt ettt 1-3
LA.2 WOTK FIOW ..ottt ettt 1-5
143 DELIVETADIES .....ooviieiiiiiieiieiiicieiertcet ettt ettt ettt ettt bbbt 1-7
1.5 Organization Of StUAY TEAML.........ccviiiieiiieieeiecieceee ettt steesbeesseesbessbeessesssesseens 1-7
1.5.1  Steering COMMILIEE........ccuierrietieiieeeiieieesteesteeteeteesteesseesseesseessesssesseesseesseesseesseessessseseesseessesssesses 1-8
1.5.2  Technical WOTKING GIOUD ......ccvieiiiiiiieiieiieie ettt et te e esaeseaesteesteesseesseessesssesseesseenseessesssensnas 1-9
CHAPTER 2  OQOutline and Current Conditions of the Study Area ..........2-1
2.1 TRITIEOTY .ottt bttt et s a e s b e bt bt et sa et sbe bt et aesae b e 2-1
2. 1.1 Territory Of NICATAZUA .....eeeveerrieeiieiiieeteeiteeeiteesteeeaeessteesseessseeanseesssaeansesssseeaseesnsesessesssesenseesnses 2-1
2.1.2  Territory Of Managua City.......ccceeceeriiieriieeiiieeiieeeieeeiteesteeeiteesteesseesssaesnseessseesseessseessesssesansessnnes 2-2
2.2 NaAtUIal CONAILIONS ...ouviiiiieiieiieieieeeee ettt sttt ettt e sae b e 2-3
221 CHIMALE ..ottt ettt ettt sttt ettt b bbbt bbbttt b et b e 2-3
N € (<107 1 3] 1SS 2-4
2.2.3  TOPOZIAPIY oouevieiiieeiiieiiiieeie et e et et e et e st e e s aeesibeeesaeeesbeeanseeesseeanseesssaeansaesnseeanseesnseesnseesnseeansessnses 2-4
224 RIVEr and HYATOLOZY ...ccuviieiiiiiieeiieiiieeieeeite ettt ettt e steesbeeebeessbaeenseesnbeesnseesnseeenseesnseeanseesnses 2-4
A T 7 1110 1D - USSR 2-5
2.3 POPULALION ...ttt et e st sb e e et e e s beeesbeesabeeanbeessbaeanseeessaeenseesnsaennseesnteeenseennnes 2-5



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

2.3.1  Population Of NICATAZUA ........eeitieiiiiiitieitieteet ettt ettt sttt et ettt e st e st et enbeenbeenaesnees 2-5
2.3.2  Population of Managua City until 2005 ........c.cooiiiiiiiiiieieee e 2-7
2.3.3  Social Conditions of Managua City .........cccceerieiiiiieieniieeeeete ettt 2-9
2.4 SOCIO ECOMOMIY ..ttt ettt ettt ettt e bttt et e e et e s a e sbeenbe e bt emtesseeeaeenneenseans 2-14
2.4.1  Gross Domestic Product (GDP) in NIiCATAZUA ......cecueeuiruiriiiniieniieieeie et siee st see et eeee e seeesaens 2-14
2.4.2  Economy and Industry in Managua City .........cccoieriiriiiienieniieniieie et see et eeeeseeenieens 2-16
2.5 Ongoing and CommiItted PTOJECES ......eeouiiiiiiiiiiiiieieeee et 2-20
2.5.1  Urban Planning ProOJECT .........ooiiiiiiiiiiieie ettt sttt et et saee i 2-20
2.5.2 TransSpOrt PIOJEC .. .ccoui ittt ettt e et s et e sbee bt e s bt e bt enteeaeesneenaeens 2-24
2.5.3  INrastructure PIOJECT.......cuiiiiitieiieieee ettt ettt ettt s e bbbt et eneesaeenaeens 2-35
CHAPTER 3 Urban Planning ........cccccveeeeccccssnnsssssssssnnssssssssssscsssssssssssssssnns 3= 1
3.1 Managua in Regional CONEXE. ........oeiuiiiiiiieieiieieeite ettt ettt e et et e eneeeneesneenseens 3-1
3.1.1 Managua in International and National CONEXE .........cccceeriirriiriierienieneee e 3-1
3.1.2  Roles and Functions of Managua in Regional ConteXt ..........cccoeiierienienreiienieniesieseee e 3-3
3.2 History of Urban Planning in Managua ..........cccoeoieiiiiinieiieieee et 3-15
3.2.1 Brief History of Managua City.......ccoeoioiirieiieieeie ettt ettt ettt esse e 3-15
3.2.2  Early Practice of Urban Planning............ccccoeiieiiriiiiiiieiieeee e 3-16
3.2.3 Reconstruction Plan after Earthquake and Urban Planning in 1970 .........cccccocoveiiniiniiiinieee 3-16
3.2.4 Urban Planning in the 1980s and Early 1990 ..........ccoooiiiiiiiiiieie et 3-17
3.2.5 Urban Planning in the Late 1990s and 20008 ..........cccerierierierieieeieeeeiee e 3-18
3.2.6  Urban Planning in the 20108 ......c.eeiuieiiiiiieieieeee ettt s ne e 3-20
33 Laws and Legislations for Urban Planning ..............cccecoviiiiiiiiiinie e 3-23
3.3.1 Constitution and Civil Code of NiCAragua ........ccceceeuerierieiieeeie e 3-23
3.3.2 National Laws and Regulations of NiCaragua ..........ccceeouevierienieiiieiieiesiiesieeee e 3-23
3.3.3  Municipal/Urban Regulations of Managua City ........ccccceeeereerienieeieeieniesieeie e 3-26
34 Present Implementation System of Urban Planning in Managua City .........cccoeeeeveenieneenieenennennn. 3-27
3.4.1 Organizations for Implementation of Urban Planning in Managua City..........ccccceevuerieerieniennnnne. 3-27
3.4.2 Implementation System of Urban Planning in Managua.............cccoeevrierienieneeseee e 3-29
3.4.3 Implementation System of Construction Permit in Managua City........c.cccceeenenienenenceeneenenenne. 3-34
3.5 Existing Land Useof Managua City .........cccoueririnirinirieieieninieniesiesieeitetet et st sae s 3-37
3.5.1  EXisting Land USE MaP.......coceeieiiriininiriiiieteteteteste sttt ettt ettt st nae s 3-37
3.5.2  Present Land USE........ccooiiiiiiiiiiniieniesceeetet ettt ettt ettt 3-38
3.5.3  Comparative Study of Built Up Area 2005-2015 ......ccccoiririeiininiininineeeeeeesene e 3-39
3.5.4  Characteristics Of BUilt UP AT@a ......cceruiriiriiiiiiiinieiieiiecetetestce sttt 3-42
3.6 Spatial Data (GIS) ...c..coueririiieiiieeere ettt ettt ettt st b ettt eaeae e 3-47
3.6.1 Spatial Data Collection and Development ..........c..ccccvirererieiiinininininceteccese e 3-47
3.6.2 Major Spatial Data Producers and Users in Managua City .......c..coccocevereeenieneninicnenineeneneneenes 3-49
3.6.3  Utilization of Spatial Data in Managua City .........cccecereierierierieerieeieeieseesieeie e seesee e e ens 3-52
3.6.4  Issues in the GIS SECLOT ......c.couiiiiriiiiiiieiercee ettt st 3-54



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

3.7

Issues in Urban PIANNING . ......c.coouiiiiiiiiieiieeee ettt et sb et e 3-57

CHAPTER 4 Transport Planning............eeinseesscseessseeccssncccsssnneensnn 4-1

4.1
4.1.1
412
413
4.1.4
4.15

42
42.1
422

43
43.1
432
433
43.4

4.4
44.1
442
443
4.4.4
445

45
45.1
452
453
454
455
4.5.6
45.7

4.6

Traffic Administration, Institution, and Legislation ...........ccccoooverieiiiiiiiiiee e 4-1
National Organizations and INStITULIONS ........eeuiiiiriiiiiiiec e e e 4-1
Transport Organizations and Institutions 0f ALMA .........cccooiiiiiiiiiieeee e 4-4
Transport Organizations and Institutions of MTL..........cocoiiiiiiiiiiii e 4-7
Organizations and Institutions of Round Table (MTI/ IRTRAMMA)......ccccoioiniiniiiiiiiieeieneene 4-9
Legislations Regarding TIranSPOIT ........cc.eeuiiierieriee ettt te ettt sttt eeeeeesaeesaeenaeens 4-9

Person Trip CRATACEIISTICS .....eertieteiieeiieitieite ettt ettt ettt st se ettt e et e s b et e et ebeenaesaees 4-13
Outline of Traffic SUIVEYS ....cc.uiiiiieeee et 4-13
Urban Transport CharaCteriStiCS ........eouieiirierieiieieeie ettt ettt ettt eeeesreesaeesaeeee e 4-15

Road Facility and Traffic CharacteriStiCs .........oueruieiirierieieeieeie ettt 4-25
Conditions 0f the ROAAS .......ooiiiiiiiieieee e 4-25
Current Features Road Traffic.........cooieiiiiiiiieee e 4-44
CaAr@O TTANSPOTL...ce ettt ettt ettt e b e sttt e bt e s bt e s bt e sab et ebeesabaeebeesanee 4-51
EXisting ROAA PIANS ......cc.ooiiiiieeeee e e 4-52

Public TransSport CONAITIONS ... ...eeueeeeiieiieiteete ettt ettt e e te et e sseeseeesteeneeeneeeneesneenseenseenseennesnees 4-58
OVEIVICW ...ttt ettt ettt et e et e et et e emteeseeeseeeb e e sa e e st e et emeeemeeeaeeesee bt anseanseemeeemeesneesseenneenseenneenes 4-58
UTban PUDLIC BUS .....eieiiiiieie ettt ettt et e e nee s 4-58
INEEICIEY BUS ..ottt ettt et et s et e bt et e et e e s e sneeereenneeneeneeenes 4-66
TTaX Tttt ettt b e ettt et e b e e bt bt e e bt e bt e e bt e e bt e et e e e bt e e b e e e beeearee 4-69
1Y (0} 10 72 - < SRS 4-70

Traffic Control and Management CONAItIONS ..........ecueeieriierieriieieeie ettt 4-71
Condition of Traffic Signal Control ...........cceoiiiiiiiiieii e e 4-73
Traffic REGUIALIONS ....c..eiiieiieie ettt ettt ettt et e e saeesreesneenaeeeeenes 4-78
Traffic Safety CONAItIONS ......ccvieuiieiieiieie ettt ettt s esneesaeeee e 4-79
B N (O AN T 1S) 1L U PSS 4-79
Traffic Education and Driving License SYStIM..........cevieririiiiiieeiieiesiieie e 4-83
Current Parking Conditions.........coeeerereeiiriiierirereetet ettt st 4-83
TSttt ettt bbbt bbbt e sttt b e bbbttt na b e 4-85

Issues in Transport PIANMING .......cceoereririiiiiininercetet ettt st 4-88

CHAPTER S Infrastructures and Disaster Mitigation.............ccceeuueeeeneee. 5-1

5.1
5.1.1
5.1.2
5.1.3
5.14

52
5.2.1

WALET SUPPLY ..ottt ettt et b bbbt ebt ettt s et bbbt eae e e e et e 5-1
IEEOTUCTION ...ttt ettt et et et e et e s st e st e st en s e ensesnsesseesseenseenseenseennesneanseenseens 5-1
Previous Studies and PrOJECES ......cccoivereeieiiniiieiieee ettt st 5-2
Identified ProbIemS ........c.ooiiiiiiieiieie ettt s st e st et e et e ennenneens 5-8
LY LD 0] 4 LSS 5-10

WaALET RESOUICES ....ueiuiiiiiiiiiieiieie ettt ettt ettt et et et e e e eane e 5-12
Hydrological Conditions in and Around the Study ATea..........ccoeoveviieierienienieeee e 5-12

il



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
5.2.2  Current Status of Water RESOUICTES ......c..ceuiririiiiiiiiniiciieteeeetcene ettt 5-13
53 Wastewater Disposal, Sewerage, and Stormwater Drainage ...........occeceeveecvenvenienineneeeeeenecneneenne 5-17
5.3.1 Sewage Collection CUrrent STAtUS ..........ccevieriieriirieeie ettt ettt et esbe e ee e e 5-17
5.3.2  Description of the EXisting SEeWerage SYSteM.........ceoerierierienieieeie ettt 5-19
5.3.3  Status of the Wastewater Treatment Facilities...........coceeirieieiiininininineeeciecenceeeeeeeeeseene 5-24
5.3.4 Implementation Framework for Water SECtOr .........cooueiiiiiiiiiniiee e 5-28
54 FLOOA PIOTECHION ...ttt ettt sttt et sttt saenes 5-32
5.4.1 River Systems in the StUAY ATCa.......ccuiiiiiiiiiieiieeee et st 5-32
5.4.2 Historical Floods in the Study AT€a .........cccoeiiiiiiiiiiieiieeree e 5-33
5.4.3  Current Status of FIood Management .............ccceeueeierienienienieeie ettt 5-37
5.5 Solid Waste Management..........cccuevuirieriririreeietetenesteste et eeeetete sttt sieeue e e e teseesbesbeeneesnensenneneens 5-44
5.5.1 Legal Framework and Administrative StrUCLULE ..........cceevieiierieiieieeieeiie e 5-44
5.5.2  Status of Solid Waste Management in Managua City ........ccccoeveerieiiiniinieneeeee e 5-47
5.6 Disaster Mitigation and Risk Management .............cocceeveeieiieninenineneeeeieereneeere e 5-58
5.6.1  Major Natural DISASLEIS .......eeiueeruieiiieiieieetiestiete et et ete st e st ettt e et e sae et este et e eneeeseesneesneesseeseenes 5-58

5.6.2 Government’s Organization Structure for Natural Disaster Prevention Planning/ Management and
RISK ASSESSIMENL.......uiiiiiititiitieitet sttt ettt ettt et ettt e sb e et be bt ee et et st e sbe s bt sbeeaeeneennenaenes 5-61

5.6.3 Policies and Laws for Natural Disaster Prevention Planning/Management and Risk Assessment 5-64

5.6.4 Preliminary RiSK ASSESSIMEIL ....c.eeuieuiiieiitietieie ettt ettt ettt ettt eeeeseeeseeeseeeeenes 5-65
5.7 Issues in Infrastructure and Disaster MitiZation.........cccceceevverierinenininieieieeeneere e 5-67
CHAPTER 6 Institutional System and Capacity Development...............6-1
6.1 OVETVIBW ...ttt ettt ettt ettt st b e bt ettt e a e e bt e bt eut st et et e s bt e bt she e bt e et et e b e naesbe e bt eue e s eneenenee 6-1
6.2 Clarification of Actual Institutional SYSteIM .......cc.eeiuiriiiiiiieiiee e 6-1
6.2.1  INSHIUHONAL STIUCLUIE ....c.vitiiieiieiieteterteeteee ettt sttt et sttt ettt sae bt ne e e 6-1
6.2.2  HUMAN TESOUICES .......eouiiiiiiiieiieiteit ettt ettt et s st sae et et e e s ae e e e et e s e e e eanesanesanes 6-4
6.3 NEEAS ASSESSIMEINL ...ttt ettt ettt et ste sttt st e bt estes b e st e besbe e bt ebeeaeea s et enbesbeebe e st ennentensensenaeas 6-6
6.3.1  Definition of NecesSary Capacity.......cceecieoieierierieniereeieetestesee st et eeeetesseesseesseesseeneeeneesneesnees 6-6
6.3.2  Evaluation of Actual Capacity 0f ALMA ........oooiiiiiieeeeee et 6-8
6.4 Preparation of Capacity Development Plan ...........coccoiviiiiiiiiinininiiiciccccenceeecce e 6-10
6.4.1  Scoping of Capacity Development Plan..........cccccoccoiiiiiniiiiiniininininececcccseeeeeeeee e 6-10
6.4.2  Capacity Development PIan ..........c.ccocoriiiriiiiiininiiccceteeeese et 6-12
6.5 Record of Capacity Development ACLIVITIES .....c..coererereeieiienienienieeieneet ettt 6-14
6.5.1  Urban PLanning........coooeriiiriiieietieneeet ettt ettt ettt ettt na s 6-14
6.5.2  Mobility and Transport TWG........coeviriiiriiiiiiiineeeeetet ettt 6-16
6.5.3  S0CI0-ECONOMIC TWG ..ottt ettt st 6-19
6.5.4 Integration of MUItIPLE SECLOTS.......couirtiririiriiiiiertiereet ettt st 6-19
6.6 Evaluation of Capacity Development ACHVILIES .....c..coeeveeierierineniniineeteieee ettt 6-22
6.7 Suggestions for improvement of Institutional SYStem ...........ccoccvevierieiiicieiie e 6-24
I B O 111153 1 (<SSR 6-24



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
6.7.2  SUGEESLEA BCHIOMS ....cuveuviniiiiiieieeiieteterte ettt ettt sttt ettt st ettt ettt be bt ebe et na s 6-26
CHAPTER 7 Financial Conditions and Investment Planning.................7-1
7.1 Financial Conditions Of ALMA ........cociiiiiiiiiiiint ettt st 7-1
7.1.1  Annual Revenue 0f ALMA ........cccooiiiiiiiiiiiicecene ettt sttt st e 7-1
7.1.2  Annual Expenditure Of ALMA ......cc.ooiiiii ettt ettt ettt 7-4
7.1.3  Financial Balance 0f ALMA ......cc.ccooiiiiiiiieiienset ettt st e 7-6
7.1.4  ALMA’s Current Financial Plan..........c.ccocviiiiiiiiniiiininiiccceneseeeeteeee et 7-7
7.1.5  Analysis and Estimation of Available Budget for MP projects .........cccccoveerienenienieneicencee 7-10
7.2 Financial Conditions of the National GOVErnment...........ccccceveveririneeieiienienenineneeeeeeieie e 7-11
73 Donor Participation in Managua City and NiCaragua ...........cccceeeeruerienienieneeieeiesicesieeieeie e 7-14
7.3.1  JICA’S Presence in NICATAZUA ....c.cecueeeeeuieriieiieieeieetesiiesteeseeenteeeeeneesseesseesteenteensesneesneesseeseeseenes 7-15

Part — II: The Master Plan

CHAPTER 8 Development FrameworK..........eeiicceeessveeccssneccssenncennnn. 8-1

8.1 Setting Vision for Managua City 2040 .........cooiiiieiiiieeieieeee ettt ettt ee e enees 8-1
8.1.1  Previous Discussion on Vision of Managua City .........ccceceeirrienienieeieeie e seesee e eeee e 8-1
8.1.2  Vision for Managua City 2040 .........cceeuiiieiieriiee ettt ettt et see st et e e et e e eneesaeenneens 8-2

8.2 Planning FrameWOTK ..........c.ooiiiuiiiieieie ettt ettt et st a et e et eeneeeneesneens 8-4
8.2.1  Population FramewWOrK ...........cceoieiieiiiiiiie ettt et sttt et eneeeneenneens 8-4
8.2.2  Economic FrameWOTK ..........cciiiiiiiiiiiiiiiiiee ettt ettt 8-12
8.2.3  Land Use FIrameWOTK ..........cocuiiiiiiiiieiieetet ettt ettt et et e e e e eaees 8-15

CHAPTER 9 Urban Development Master Plan.........ccoccveeeecccccnnncssssrnnnn 9-1

9.1 UTDAN SEIUCEULE ...ttt ettt e et e e e et et e et e et e enseeseesaeesseenseeneeensesneeeneenneenseans 9-1
9.1.1  Spatial Structure of Managua City .........cceeoiriirierieieeee ettt e ae e eneas 9-1
9.1.2  Concept 0f Urban SHIUCTUIE. ......cc.eiitieiieeiieieeesiesttete ettt sttt et et e et e e st et e eneeeneeenaeeneas 9-6

9.2 Scenarios for Urban StIUCTUIE ........ccuiiiirieiieiierie ettt ettt eeneeseeens 9-11
L2 B 4 o 11 )11 (<) USSR 9-11
0.2.2  AKIS ettt ettt bttt a ettt a ke b e st Rt e st ket e st b et e stk et e sttt et et enentenea 9-20

93 Urban Planning MEASUIES ........cc.couerereruirieiiieriinteniesieeiteitetesteste sttt st est et et ebesaesbe it bt eseensenaesaeenes 9-20
9.3.1 Residential Area DeVelOPMENL.........cceruiriiririiiiniiniiiceteecetet ettt 9-20
9.3.2  Industrial Area DeVEIOPMENL ........ccueviriiriiriiiiiiiinesc ettt ettt bbbt 9-21

9.4 21 4 Ta N < PP 9-21
L2 B I3 U B 2T 1 1010 o USSR 9-21
9.4.2  Urbanization STMUIAtION .......cceeriieiiieiiiieeieieeie ettt ettt ettt et eeaesnaesneesneesneenseenes 9-30
9.4.3  Densification 0f Land USE..........cceecieiiiiirieiiesiieie ettt eae e seeesneesneeseenes 9-34
LR O ¥ Vo B TR s LSS 9-41
9.4.5  Further Steps for Land COntrol ..........c.cocueeieriieiieiieeie ettt enes 9-54
9.4.6  Proposal of Urban Development Promotion ZONE ............ccecverieerieecieeienieniieieeie e e seeseeeeeens 9-54



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
9.5 G ettt bbb bbbt b bbbt b e 9-56
9.5.1  GIS for Urban PIanning ...........cooeeriiiiiiiiieieeee ettt ettt s see e 9-56
9.5.2  Outline of GIS Database .........cccccueriiriiriniiieiiieniene ettt 9-57
9.5.3 Data Sharing and DiSSEMINAtiON ..........cccueruieriieriiriieiie ittt ettt ettt seeesaeesbeeneeenee e 9-58
9.5.4 Next Steps of Utilization of GIS for Urban Planning.............cccceeveeiiiniinieniieiieeneeenceeeee 9-60
9.6 Proposed Projects (Long List) for Urban Planning Sector ...........cocceiiiiieniiniiiieieiesieeeeeeee. 9-64
9.6.1 Technical Assistance Project for Urban Planning Sector ...........cccoviiiiiieniiiniiiiiiiiececee 9-67
9.6.2 Housing Redevelopment Project ..........cocuiiiiiiiiiiiiieie e 9-69
9.6.3  Urban Park Development Project.........coceoiiiiieiiiiiiiieiieieseee e e 9-70
9.6.4  Public AWAreness PIOJECT ......c..ciiuiiiiiiiiieietie ettt sttt 9-72
9.6.5 Revision of the Address System Project........c.cceviririninieieriininenceeeceeceenese et 9-73
CHAPTER 10 Transport Development Master Plan...................cceuueeeeee. 10-1
10.1  Traffic Demand FOTECaSt........cceevieiiriiriniiiiieeteeetcrtestest ettt ettt sne e 10-1
10.1.1 LY (31 1 1o o) 1< = OSSR SRR 10-1
10.1.2 IMAJOT PIOIMISES ....uveeutieiieeiieitie ettt ettt ettt et et ste s et e bt et e et e st e eneeeseesbeenbeenteenneeneas 10-2
10.1.3 Traffic Demand FOTECaSt.........coiviriiiiiiiiiinieerteece ettt e 10-3
10.2  Transport Planning SCINATIO ......cc.eeruiiiiieieitietieie ettt ettt ettt e e et eseeesaeesneeseeeeeenes 10-6
10.2.1 POLICY @Nd StrATEZY ....veeuieeiieiiieitieeie ettt ettt st a ettt et e st et e b et et enaeeneas 10-6
10.2.2 Road and Traffic Management Plan..............occooiiiiiiiiiiiii e 10-10
10.2.3 Public TransSport PIAN .........ccooiiiiiii ettt s s ee e 10-16
10.3  Proposal for Appropriate Transport Institution SYStem .........cceecereerierienierieeeeeeeeee e 10-20
10.3.1 GETIETAL.....cuiiitiie ettt ettt ettt et et b et ettt et aennes 10-20
10.3.2 Proposal for Institutional Organizations and Tasks ...........ccceereeiiriiinienieiiee e 10-20
10.3.3 Metropolitan Organization and FUNCHONS...........ccoeouiiieiieiiei e 10-23
10.4  Proposed Projects for TransSport SECTOT ........eevuieiierierieiieieeie ettt ettt eae e e 10-24
10.4.1 QT T B (T USSR 10-24
10.4.2 PUblic TransSport PrOJECT. .....ciuieiiieiieieeieeieete ettt ettt see e s ee s 10-39
10.4.3 Traffic Management PrOJECT.........cviiiiiiiieieieeie ettt 10-51
10.4.4  Assessment of Future Traffic Flow with Proposed Project............cccceeevinininininicncncncnns 10-55
10.4.5 Database of Traffic SUIVEY......coceririiiiiiiiieee et 10-61
10.4.6 Proposed Projects from Transport Planning...........ccccecvevererinienenieienieneninenesesceeeeeneenes 10-63
CHAPTER 11 Infrastructure Development Master Plan ........................ 11-1
L O 3 3o U SURSPRP 11-1
11.1.1 Basic Policy for DevelopmEnt .........cccceciiriiriirininiiieieteentcetcse ettt 11-1
11.1.2 PropOSEA PIOJECTS ....cueiuieiiiiiieriieieeicect ettt ettt sttt 11-1
T1.2 WALl RESOUICES ... .coueiiiiiiiiiiieiieitet ettt et ettt ettt et s st esateneemneeanesanenaeeieens 11-5
11.2.1 Basic Policy for DevelopmEnt .........ccccecviriiriirininiiicieictereetese ettt 11-5
11.2.2 PrOPOSEA PrOJECES ... eeuvieiieeeieeiieciieieeit ettt ettt ettt st e st e s e enseeneesseessaenseenseensesnsesnnas 11-5
11.3  Sewerage and Wastewater DIiSPOSal ........c.cccueiieriiriieriieie ettt eeeeneesneesseeeeens 11-7

Vi



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
11.3.1 Basic Policy for DevEIOPMENL .......coouiiiiiiiiiieiietieieee ettt 11-7
11.3.2 ProPOSEd PrOJECES ....cueiiieiiiestiet ettt ettt ettt 11-10
11.4  FloOd ManagemeENL.........ccueeiuieiieieniieitie ettt ettt et et e e e e et et e sbeesbee bt emeeeseeeneesbeenbeenbeenseenseeneas 11-12
11.4.1 Basic Policy for DevelOPMENt ........ccueeiiiuieriieiieieeie ettt 11-12
11.4.2 ProPOSEAd PrOJECES ....cueiiiiiiieitiet ettt ettt ettt et 11-13
11.5  Solid Waste Mana@emeNL ..........cecueeueiieriieiieie et eteete ettt eete st esaee et ente e et eseeeseesbeenbeebeenteenseeneas 11-15
11.5.1 Basic Policy for DevelOpMENLt ........cc.oeiiruieriieieeieeie et e 11-15
11.5.2 ProPOSEAd PrOJECES ....cueiiiiiiieitiet ettt ettt ettt et 11-16
11.6  Proposed Projects from Infrastructure Part ............ccoocoiieiiiiiiiiiie e 11-21
CHAPTER 12 Disaster Mitigation and Risk Management Plan.............12-1
12.1  Basic Approach in Disaster Risk Reduction Management (DRRM) for Managua City ................... 12-1
12.2  Basic Development Policy and Vision of Managua City with DRRM............ccceoiniiiiiiiiiie 12-2
12.3  Well-balanced Structural and Non-Structural Measures in the DRRM............cccccceriiniiienieniee 12-3
12.3.1 Structural Measures in the DRRIM .......ccooiiiiiiiiiieeee e e 12-3
12.4  Non-structural Measures in DRRIM ........cccooiiiiiiiiiiiiieieee et 12-3

12.5 Proposed Projects for Disaster Mitigation and Risk Management in the Formulated Urban
Development Master Plan in Managua City ........c.oooueiieiiinieie ettt sttt et e e eeeens 12-4

12.5.1 Establishment of the Permanent Office and Staff for Disaster Management and Training Program

12.5.2 Update of Hazard Map and Dissemination to Citizens for Their Understanding of the

Community-based Disaster Risk Reduction Management SYStem ...........cccocvevieiiieienienienieneeeeee e, 12-10
12.5.3 Land Use Regulation in Cause, Micropresa, and High-risk Areas..........cccccecvveereenveneenennne. 12-11
1254 Improvement of Public Emergency Facilities for Disaster Preparedness ............cccoceeveenennne. 12-12
12.5.5 Development of Emergency Transportation NetWorki...........cccoocveiirienienieneeee e 12-15

12.5.6 Study, Design, and Installation of the Flood Early Warning System for the Urban Area of
A Yo Yo T 5 Ly OSSP 12-17
12.5.7 Environmental Consideration including Solid Waste Management ..............ccceceveereeneeennne. 12-17
12.5.8 Assessment of Earthquake Resistance of Existing Buildings, and Study on Improvement for
Earthquake-resistant BUIlAINgS ......c..ccccoiriiiriiiiniiiinieneeeeect ettt 12-18
12.5.9 Improvement of the Earthquake Disaster Prevention and Warning System...........cccccceenuenne. 12-18
CHAPTER 13 Action Plan for Implementation of Urban Development
Master Plan  .eceeeeeeeentenerennecsseesseessssssssssssssssssssssssessssessenes 1 3= 1

L B 0 )< o [ 2RSSR 13-1
13.1.1 Overall Urban Development Master Plan ..........cc.coceciiiinininininieiiiceeneeeceeeeene 13-1
13.1.2 Overview of Proposed PrOJECTS .......ceueriiriiriniririeiicictertcste sttt 13-1
13.1.3 Selecting Criteria for Priority PrOJECTS ......ccuecueriiririririeicientieniceeeeetctetee et 13-5

13.2 Proposal for ACtioNn PIam ......c..coooiiiiiiiiiiiiieeeee et e 13-15
13.2.1 Package 1: Sustainable and Attractive City Development Program .............ccecvvevevveneennne 13-15
13.2.2 Package 2: Accessible and Economically Active City Program..........cccoccvevveiercienveneenennne, 13-16

Vil



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

13.2.3 Package 3: Resilient and Socially Equitable City Program...........ccoocevieiieiinieiciiencene 13-16
13.24 Implementation INSTITULIONS .......eeouiiiiiiiiietiee ettt s 13-20
13.3  Financial Plan for Accomplishing Action Plan ...........ccccooiiiiiiiiiiiii e, 13-21
13.3.1 Overview of the Project INVEStMENt..........cocueiiiiiiiiiiei e 13-21
13.3.2 Financial Capacity Of ALMA ... ..ccui ittt ettt st s 13-22
13.3.3 Financial Plan for Each Package...........cooeeiuiiiiiiiiiiiiiieec e 13-23
13.34 BUdget ALIOCATION ....eeiiiiiiieiieit ettt ettt ettt a e bttt esteseeesaeesaeeeeenes 13-27
13.3.1 Measures to Fill the FInancial Gaps........c..cocvirirerieieniineninineecerecteniese e 13-31
13.3.2 PPP Opportunities for Infrastructure InVestment ..........c..coccoeeirieiecieneneninneneeeeeeeneenen 13-32
CHAPTER 14 Environmental and Social Considerations....................... 14-1
14.1  Environmental Administration and Legal Framework ............c.coocieiiriiiiinieiieiieceeeeee 14-1
14.1.1 Administration Framework for ETA .........ccoooiiiiiii e e 14-1
14.1.2 Legal FrameWOTK ........cocuiiiiiiiiiee ettt ettt et e 14-6
14.1.3 Environmental Impact Assessment and Approval Process. .........ccoceveeveeneeiinienienieseeen 14-10
14.1.4 Environmental MONIOTINE . .....ccueeruieiieieetietiete ettt ettt ettt eeaesreeseeeneeeneeenes 14-13
14.1.5 PUDLIC PartiCIPation .....cc.eeiuieieieiteie ettt ettt ettt a ettt et snee st e e e ee e 14-14
14.1.6 Strategic Environmental Assessment (SEA) .......oooiiiiiiiiiieeee e 14-14
14.1.7 Environmental Standards ...........cooooioiiiioiee e e 14-15
142 Current Environmental Status of Managua ...........cccooieiiriiiiinieicereee e 14-15
14.2.1 INEEOAUCTION ...ttt sttt ettt e s et e bt et enaeeneesneesaeeneeenes 14-15
14.2.2 Southern WaterShed GIOUD .......oceeiieiiiiieieeieet ettt ettt ettt e e eneeenees 14-15
14.2.3 Managua LaKe.......c.ooouieieiieiee ettt ettt e ne e 14-17
1424 The Urban Environment of the Capital City .......ccceouevieiierieiieieeeeeee e 14-20
143  Household Interview Survey (Environmental and Social ASPects)........cccceevveveeeirrieneeneeneeenen. 14-21
14.3.1 INEEOAUCTION ...ttt sttt ettt et e bt e e nteenaesneesneesneeneeenes 14-21
1432 SUIVEY RESUILS ..ttt ettt e e et e st et e s e enteeneeenees 14-22
14.4  Strategic Environmental ASSESSIMENT ........cc.eeiuieiiiiiieieriieeieieeie et ste st eeee e sseenseeeeeeeeneas 14-25
14.5  Stakeholder Meeting and Public INVOIVEMENL .........cccoevuieiiiriiiiiiiie et 14-25
14.5.1 INEEOAUCTION ...ttt ettt sttt nae s 14-25
14.5.2 st Stakeholder MEETING. ......ccveruiriirieiieiieicierteetere ettt sttt 14-26
14.5.3 First Round of Focal Group MEEtING .........ccccoiriririeiinienienienieneetetetete ettt 14-27
1454 2nd Stakeholder MEELING .....cc.evviruiriieiiiiiiiene ettt sttt 14-28
14.5.5 Second Round of Focal Group MEEting..........coeeereririeieiiiniinienenieetetetenteste et 14-29
14.5.6 3rd Stakeholder MEELINEZ .....cc.eouerueiiiiiiiiiierieet ettt ettt sttt nae 14-31
14.5.7 Third Round of Focal Group MEeting...........coceeererieieniinininineeteteteteseesesieee et 14-31
14.5.8 IMP WOTKSHOP ..ttt sttt ettt et nae s 14-33
14.6  Analysis on Planning Alternatives (Structure plan) ..........ccccoeeerinererieiienienenineneseeeeeere e 14-34
14.7  Integration of Public Comments into the Master Plan ..........ccccocovvereriiiiiniinininincncccecee 14-40
14.8  Website Development and Management ............c.eecveeueerieeriierieeieeeeseeseesieeeeeeeseeesseesseenseesesnsesenas 14-42

Viil



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
14.8.1 INEEOAUCTION ...ttt sttt 14-42
14.8.2 COMEEIE ...ttt ettt et ettt sa et s b e e bt ettt et e b e sbe et e ebeeue e s ennennenaens 14-43
14.8.3 Website Operation Framework and PoliCy .........cccoooiiiiiiiiiiniiieeeeeee e 14-45
149  PDUM-related Drawing CONEST.......cccueiuiiruiiriiiiieiiirtieriieteeie ettt ettt ee st e st et et eneeseeeeeeas 14-45
14.9.1 INEEOAUCTION ...ttt sttt 14-45
14.9.2 OULINE OF CONLEST ...ttt ettt ettt sa e bt sbe st saenbenaean 14-46
14.10 Conclusions and Recommendations...........c..coeoueririririeienieneninene ettt sne e 14-47
14.10.1  CONCIUSIONS ..ttt ettt ettt ettt be st bt et ettt sae bt et eaeemsenennenaeas 14-47
14.10.2  ReCOMMENAALION ...c.vevriniiiiiiitiitieiieiteeetete ettt ettt st ettt ettt sae st st e enneaenenaeas 14-48
CHAPTER 15 Conclusion and Recommendation...........ccccceeeeeveecensnneeens. 15-1
T B 1073 To] 11 3 o ) o AP SPSPSUS 15-1
152 RECOMMENAALIONS .. ..eueieiietieiieie ettt ettt ettt e st e et e ste e et et eaeeeseees e e bt e bt enseenseeneesneesneenseenseenes 15-1
Part — I1II: APPENDIX
Appendix 1 Approach for Master Plan Goals (Annex to Chapter 8)
Appendix 2 Outline of Traffic Survey (Annex to Chapter 4, 10)
Appendix 3 Traffic Demand Forecast (Annex to Chapter 10)
Appendix 4 Environment and Social Consideration (Annex to Chapter 14)
Appendix 5 Project Detail Chart (Annex to Chapter 13)



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
LIST OF FIGURES
Figure 1.3.1 Target Area for PIAnning ........ccccoooiiiiiiiiiiii e 1-2
Figure 1.3.2 Alternative 1: Metropolitan Area and Granada City ........ccccoeoerierienienieniieeeieseeeeee e 1-3
Figure 1.4.1 Study SChedule ........c.ooiiiiii et 1-4
Figure 1.4.2 WOTK FLOW ..cueiiiiiieeee ettt sttt ettt et ebe e b e b e e e emaeenees 1-5
Figure 1.4.3 Formalation Flow of Urban Development Master Plan...........c.ccooooviiiiiiiniininiceeee, 1-7
Figure 1.4.4 Formalation Flow of Transport Development Master Plan.............ccccoocioiiiiinininninn, 1-7
Figure 1.5.1 Study OTraniZation ............ceoeeueiierienieniieit ettt ee st et eteseee e e bt e bt eseeeaee st enbeenbeebeenaesnees 1-8
Figure 1.5.2 Technical WOTKing GIrOUP ........c.eoueiieiieiieis ettt sttt et 1-9
Figure 2.1.1 Republic Of NICATAZUA ....c.eeiuieiiiiieiiieieeie ettt sttt ettt et e e et et e eeeenaeenees 2-1
Figure 2.1.2 Administrative Boundary of Nicaragua (Departmento and Region Autonomista) .................. 2-2
Figure 2.1.3 Administrative Boundary of Managua City ..........ccceieeiieriirieiieniereeie e 2-3
Figure 2.2.1 Geological Map Of NICATAZUA .......eeiuiiiiiiriieiieieeeie ettt ettt sttt ettt eesee e e sbeeeeenaeenees 2-4
Figure 2.3.1 Total Population in NICATaUA...........ceiieiuieiiieieeieeiiesieeie et st sttt ee e seeesbeeeeenaeenees 2-6
Figure 2.3.2 Population of Managua City ..........cceerierieiiieieeieeieesee ettt ettt 2-7
Figure 2.3.3 Percentage of Emigrants by Department of Origin...........cccoeveerieieiiieiienieneeeeiceeeieeiene 2-11
Figure 2.3.4 School Enrolment in Primary and Secondary School (Person, 2010-15) .......ccccoevieiininnncnne 2-13
Figure 2.4.1 GDP and GDP ZrowWth rate..........cceeiiiiiiiiiieii ettt seee e 2-14
Figure 2.4.2 GDP Per Capita in Nicaragua (Current USS$).......ccccoreriiriiieinieieieieee e 2-15
Figure 2.4.3 Number of Establishments in Urban Area by Sector (2010)......cccceroiiriinienieiieieieeieeene 2-17
Figure 2.4.4 Business Tax Collection in Managua City (NIO in Million) .........ccoocevoiirienienieiieieeieee 2-18
Figure 2.4.5 Share of FTZ Products in Volume of EXports (2015) ....coooieiiriiriiiiecieeeeeeeee e 2-19
Figure 2.5.1Proposed Projects for Land Use Management by Action Plan for Sustainable Managua....... 2-21
Figure 2.5.2 Proposed Regeneration of Historical City Center............ecvereerierieiieiienieseeeie e eee e 2-22
Figure 2.5.3 Survey Area of the Project (Phase 4) by ALMA ........ccoooiiiiiiieeee et 2-23
Figure 2.5.4 Images 0f ROAd PrOJECES .....cc.eeiiiiiiieiieieiese ettt 2-25
Figure 2.5.5 Layout of BRT Route along Pan-America NOIth...........ccoooieiiriiiiiiiiiieeeee e 2-34
Figure 2.5.6 Route of Managua - Masaya - Granada Railway Project.........c..ccceeevenininicncniencncncnene. 2-35
Figure 2.5.7 Motor on a Well Replaced by IDB Project ........cccccueviirininininieniiieiccncscnceeceeceeie e 2-39
Figure 2.5.8 Existing Well Necessary for Rehabilitation WOrksS .........ccccoceeereeieciinininnicnceieciccneee, 2-39
Figure 3.1.1 Plan de Accion Pala la Region Metropolitana ..........c..coceoerineneeieienicnicnineneneecceeeeneenee 34
Figure 3.1.2 Location of Municipalities Constituting RMM.........ccccoceiirininininiiiniiinineneeecceeeeee 34
Figure 3.1.3 Mexican Proposal in 1973 .....c.coiiiiiiiiniiieect ettt e 3-5
Figure 3.1.4 Managua Metropolitan REZION ........cccciririiiiiiiiiiiinicienessceeet et e 3-6
Figure 3.1.5 Natural Resources in Managua City and the Surrounding Area ........c..ccccovevererercevencnennen 3-7
Figure 3.1.6 Population of Managua City and Neighboring Municipalities ..........c.cccccvvemererienrceriencnennenn 3-8
Figure 3.1.7 Managua City and Surrounding Citi€S............ceeuerieriierieeiieniesiesieseeesteeee e seeesseesseesseesesenes 3-9



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 3.1.8 Percentage of People Who Work at their Living Municipality (2005)........cccceevirvinieniencene 3-10
Figure 3.1.9 Major Industrial Accumulations in ManaguaCity and the Surrounding Area...........cccccoeueee. 3-11
Figure 3.1.10 Natural Tourism Destination: Lake Masaya..........cccecueeueeriierieriienieiie oo 3-13
Figure 3.1.11 Cultural Tourism Destination: Granada ...............occoeoirieiieniiiiine e 3-13
Figure 3.1.12 Z0ona Franca ASIIO........cooieiiiiieieeie ettt st s e st be ettt eeneesaeenaeans 3-14
Figure 3.1.13 Industrial Area on Route TTA ..ot 3-14
Figure 3.2.1 Expansion of Urban Area in Managua City ........cccoceeiirienieneeieeie et 3-15
Figure 3.2.2 Zoning Scheme 1N 1954 ......o.uiiiieee ettt et 3-16
Figure 3.2.3 Zoning Scheme i 19608 .........coouiiiiiiiiieiee ettt 3-16
Figure 3.2.4 Master Plan of the Central Area of ManaguaCity .........cccceeieriieierieiieiieneene e 3-18
Figure 3.2.5 District Plan for Urban Management ............ccccoeouieiiriinienieieeieeie et seee e 3-19
Figure 3.2.6 Zoning in Synthesis of District Plans for Urban Management ..............ccooceerveiierirerieniennenne 3-20
Figure 3.2.7 Overview of Major Planning Documents and Associated Legislations .............ccccceeceveenene 3-22
Figure 3.4.1 Organizational Chart of ALMA, as 0f 2015......ioiiiiiiieeeeeee et 3-27

Figure 3.4.2 Organizational Chart of the General Directorate of Environment and Urban Planning as of

20 S bbb bbbt h bt s bt b s bt s bbbt bbb et b e ene 3-28
Figure 3.4.3 Zoning Scheme in Effect in 2015 ..o 3-29
Figure 3.4.4 Building Banco Central de Nicaragua and Surrounding Area ............cccccevvereeniecieesieneencnne 3-30
Figure 3.4.5 Land Use Regulation Map of Managua City ..........ccoecueeuieiienieeiieeie et 3-34
Figure 3.4.6 Four Steps in Construction Permit in Managua City ..........ccocceererrieriieiienieneeeeeeeee e 3-35
Figure 3.5.1 Existing Land Use Map 2016 ......c.ccouiiiiiiiiieiiee ettt saeens 3-37
Figure 3.5.2 Area of Land USE 2010 .......cc.oooiiiiiiieiieiieeieesit ettt ettt s ee e e ee e eneesneenneens 3-38
Figure 3.5.3 CONtOUL IMAP ..coueiiiiieeiieiietieteee ettt ettt ettt et et e e et e eseesseesseesseenteenseeneeeneenseens 3-39
Figure 3.5.4 Built Up Area in the Study Area in 2005 .......cccoooiiiieiirieeeee et 3-40
Figure 3.5.5 Built Up Area in the Study Area in 2015 ......oooiiiiiiieieeeeeee e 3-41
Figure 3.5.6 Urbanization DIr€CION ..........cecuiriiiieiieiiieitestt ettt ettt sttt ee e eneeeneenneens 3-42
Figure 3.5.7 Urban Characteristics by Barrio..........ccuoiieiieiiiiiiiieceeeeeee et 3-43
Figure 3.5.8 Urban Area of Managua City ........ccccueiiiiieiiereeie ettt see e enee e sneeneeens 3-44
Figure 3.5.9 Samples of Land Use Intensity in the Urban Area.........ccccvevereeieieniencninienenceeeeeicneenne 3-44
Figure 3.5.10 Sub-urban Area of Managua Cit ........c.ccocereririeieiinineneeieeeeetetetete sttt 3-45
Figure 3.5.11 Land Use Intensity in the Sub-urban Area ..........cccccccvivininiiniiiiiiininceececcee 3-45
Figure 3.5.12 Rural Area of Managua City .......c.ccoueverirenininieieienenienieetesieeie ettt 3-46
Figure 3.5.13 Land Use Intensity in the Rural ATea.........c..cccevveiieiiniininininiiieieceseeese et 3-46
Figure 3.6.1 Samples of Collected and Developed Spatial Data..........c.cceeereeieieninininienceieicceneene 3-49
Figure 3.6.2 Screenshot of AImaGIS as 0f APril 2016.....cc.coerieieiiininininirecteteeereeee e 3-53
Figure 3.6.3 Screenshot of Consulta de Uso de Suelos (Under developing as of April 2017) ........c..c....... 3-53
Figure 3.6.4 Sample of Data DISCTEPANCY ......c.ceeeiiriiriiniiriiriieiteteterenteste ettt ettt ne e 3-55
Figure 3.6.5 Sample of Data Errors (Roads network data) ...........cceeverieriiriiinieiiecieceeeee e 3-56
Figure 3.7.1 Historical Area of Managua City .........ccoccuerieriierieeieeiesiesieesieeieetesaeseeesseesseeseenseessessnesseens 3-58

Xi



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

Figure 3.7.2 Inbound Tourism: Trend in Daily Average Expenditure According to Trip Purpose ............. 3-59
Figure 3.7.3 Inbound Tourism: Trend in Expenditure and Average Stay Per Capita.......c..ccccceevevrienienncne 3-59
Figure 3.7.4 Existing Zoning Map in Managua .........c.cceoeeriiiiiiiinienieniceie ettt eieesaee e 3-61
Figure 3.7.5 The Current Zonings applied Relatively Higher Building ...........ccccoooiiiniiniiiiiiiiiee 3-62
Figure 3.7.6 Differences among Existing Land Use, Development Restriction Area, and the Current Zoning

............................................................................................................................................................ 3-62
Figure 3.7.7 Details of the Current Zoning Map and its Digital Data Errors.........cccccceveenieiiiiiniinenene 3-63
Figure 3.7.8 Built Up Area and Protected Area in 2005 ........cocuiiiiiiiiiiiieieeieeie e 3-64
Figure 3.7.9 Built Up Area and Protected Area in 2015 .....ccooiiiiiiiiiiieieeeeeee e 3-65
Figure 3.7.10 On-Going Cultural Facilities in the Historical Area ...........ccccocoevoiiiiiiiinienieiieceeeeeee 3-67
Figure 3.7.11 Existing Land Use in Central Area of Managua ............cccceereereeienieiieneene e 3-68
Figure 4.1.1 Ministries Involved in Transport in Managua City .........ccecceeeuerierienienieieeie e 4-1
Figure 4.1.2 Organizational Chart of IRTRAMMA ........cooiiiiiiieeee et 4-5
Figure 4.1.3 Organizational Chart Of ALIMA ........coiiiiiii ettt 4-7
Figure 4.1.4 Organizational Chart Of MTT .........cooiiiiiii e 4-8
Figure 4.2.1 Traffic Zoning inside Managua City..........ccceerieriiriierieniienieie et enee e 4-14
Figure 4.2.2 Demographic Pyramid for Surveyed People..........cccooiiiiiiiiiiiieie e 4-15
Figure 4.2.3 Demographoc Pyramid 1999 and 2016..........cccoooiiiiiiiniieieeeeee et 4-16
Figure 4.2.4 Household INCome LevVel ........cc.ooiiiiiiiiieee et 4-17
Figure 4.2.5 Household Income Level by Traffic Zone ..........ccoeoveeiieieiieiieieee et 4-17
Figure 4.2.6 Vehicle Ownership by Traffic ZOne ..........ccooierieiiiiieeieeeeee et 4-18
Figure 4.2.7 Person Trip Distribution in Managua City ..........ccceeeeierienieieeieeie e 4-19
Figure 4.2.8 Modal Share (Left: With Walk Trip, Right: Without Walk Trip) .....ccccevovivienieiieieeieeieee 4-20
Figure 4.2.9 Modal Share by Planning Zomne............ceeceerierieiireiieeieeiesteeie et siee st st ee e enee e sneens 4-20
Figure 4.2.10 Composition of Trip PUMPOSE .......eeeiiiiiieiieie ettt 4-21
Figure 4.2.11 Hourly Variation of Trip Generation by Trip Purpose..........ccceccveveiieiienienieieieeieeieeee 4-22
Figure 4.2.12 Hourly Variation of Trip Generation and Attraction .............ceeeeeeeereerienieneeneeeeeeeeeeneens 4-23
Figure 4.2.13 Type 0f DeStINAtION .......couieitieiieieeie sttt ettt ettt e e teeeesseesseeseeesseeneeeneeeneesneenseens 4-23
Figure 4.2.14 Trip time by traffic ZONE .........coceeiiviiiiiniiniiiiiieectc et 4-24
Figure 4.3.1 Interconnection Map of the Metropolitan Area of Managua to the Main Cities .................... 4-25
Figure 4.3.2 Map of the Managua Metropolitan Road System ..........cccvevereeiriiinininininenieeceeeneee 4-26
Figure 4.3.3 Map of Managua, Tipitapa and Ciudad Sandino Metropolitan Road System....................... 4-27
Figure 4.3.4 Transversal Section Types in the Metropolitan Road Network...........cccccvevveneninicncncnenne. 4-28
Figure 4.3.5 Map of Road Network by Pavement TYPe ........ccecveueviirinininineeieienicienceeneeecee e 4-37
Figure 4.3.6 Ratio of Intersection Type in Managua City .........ccceeeremeririneeieienieneneeeneeeceeeeenie e 4-38
Figure 4.3.7 Location of Major INTETSECTION ........ccuevuiriiriiriiriirieieienieniesteete ettt sttt 4-39
Figure 4.3.8 Location of Main Signalized INterSection ...........cccecuevuerineninineeieienieneneeesieeeeeeeneeie e 4-41
Figure 4.3.9 Traffic Signal and Sign in Managua City.........cccveciieierienieniieieeie ettt seaeseeens 4-42
Figure 4.3.10 Sidewalk CONAItIONS ......c.covvieiieieeieiieiiestenit et et ete st e tee e esteesessaessaesseenseensesnsesssessaenseens 4-43

Xil



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 4.3.11 Vehicle Parking RESIIrICIONS ........ccueiiiiiiiieiiiie ettt 4-43
Figure 4.3.12 Traffic Volume from Cordon Line Survey in 2016 .........ccccooeeiiniiiiiiiiinienieceeeesieicene 4-45
Figure 4.3.13 Traffic Volume in 1999 and 2016.........cccooiiiiiiiiiiieeeeee e 4-45
Figure 4.3.14 Composition of Type of Vehicle in Cordon Line ...........cccceeoeeiinieiiiiiinieneeeeeeiesceeee 4-46
Figure 4.3.15 Hourly Traffic Variation for Total Traffic VOIUME ..........cccoeviriiiiiiiiiieecececeee 4-46
Figure 4.3.16 Traffic Volume from Screen Line Survey in 2016 .........cccoeiiiiiriiiiiiiinienieceeeeeeee 4-48
Figure 4.3.17 Hourly Traffic Variation by Dir€Ction .........ccoeeuiiiiriinieiieeeieeie et 4-49
Figure 4.3.18 Result of Travel Speed Survey (Morning, 7:00 — 10:00) .......ccoceriiiiiiiiinieeeeeieeeeeeiene 4-49
Figure 4.3.19 Result of Travel Speed Survey (Off-peak, 11:00 — 14:00).....ccccevviiiiiiiniinieieeeieeieneene 4-50
Figure 4.3.20 Result of Travel Speed Survey (Evening, 16:00 — 19:00).......ccccooeiiiiiinienieieeeieeieee 4-50
Figure 4.3.21 Markets in Managua City and Cargo Transportation ............cceceeeeereereeneeneenieeneeeeeseeneens 4-51
Figure 4.3.22 Location of Main Freight Transport Companies and the Most Used Road Network........... 4-52
Figure 4.3.23 Transportation Infrastructure Projects.........occveoieiieiirienieeeeee et 4-53
Figure 4.3.24 Intersection Development ProOJECtS ........covieriiriiiieiiieiiee et 4-54
Figure 4.3.25 Proposed Route and Main Intersections with the Managua Radial Network....................... 4-55
Figure 4.3.26 Cross Section of Trunk ROAdS..........couiiiiiiiiiiieieeeeee et 4-56
Figure 4.3.27 Proposed Fourth and Fifth Ring..........ccocoiiiiiiiiiiee e 4-57
Figure 4.4.1 TUC Card by MPESO .......ooiiiiiiie ettt sttt enee e 4-59
Figure 4.4.2 Control Center for Urban Public Bus in IRTRAMMA ........ccccoeiiiiiiiiiieiiereee e 4-60
Figure 4.4.3 Bus Stop with Display Board of Passing ROUtes ...........cccoceeiiriiiiiiiiieiecee e 4-61
Figure 4.4.4 Occupation of Bus Stop Space by Mini Stand ...........cccoeeeiieiiriiniiiiie e 4-61
Figure 4.4.5 Routes of Urban Public BUS........ccooiiiiiiiiiiee et 4-62
Figure 4.4.6 Index of Passengers per KilOmetre ..........ccooieiiiiiiiiinieeeieeee et 4-63
Figure 4.4.7 Average Daily Passengers of All Urban Public Buses by Month in 2014.............ccoecveienne. 4-63
Figure 4.4.8 Number of Passengers of All Routes by HOUT ........coociiiiiiiiiiiiie e 4-64
Figure 4.4.9 Reason for ChooSINg BUS ......ccc.oiiiiiiiiiiiieiiee ettt e eneens 4-65
Figure 4.4.10 Reason for ChOOSING Car..........cceiueiieiieiieii ettt st s eeesee e eneeeneesneenneens 4-65
Figure 4.4.11 Choice Tendency for TUC USETS ........ocierierieeriieieeiieeiiesieeieeieeee e sieeseeeseee e eneeeneesneesseens 4-66
Figure 4.4.12 Choice Tendency for Car USETS ........cccoiveriririeieieniinieniieienieeieetentenie sttt saenae e 4-66
Figure 4.4.13 Locations of Intercity Bus Terminals .........c..ccccoccevieriinininininiiiiicicincscnceceeceeee e 4-67
Figure 4.4.14 Terminal ISrael LEWILES......c.cceririiriiiiiniiniiniceieetcteteete sttt e 4-67
Figure 4.4.15 Terminal Casimiro SOELO .........cecueriiriiriniriniiieieteretestcee ettt 4-67
Figure 4.5.1 Growth of Car Fleet in Nicaragua, 1995 - 2014 .....c..ccccoimininininiiiiieneseneeceeceeeneees 4-72
Figure 4.5.2 Traffic Concentration Around Managua City ........ccccccevererinineeieienienieneneneeeeeeeeene e 4-72
Figure 4.5.3 Example of HOurly TraffiC........coceoieviiiinininiiiiicccc et 4-73
Figure 4.5.4 Technology of New Traffic Signals .......c..cocoiririiiiiiiinininnecccccceecee e 4-76
Figure 4.5.5 Roads and Sections with Greater FIows in the City........cccoceeireriiiiineninineneeiecccneeen 4-78
Figure 4.5.6 Accident Black Points in Managua City ..........ccccveeueeierieniienieeieeeesieseeseeesseesesseensessnensnens 4-80
Figure 4.5.7 Number of Accidents, Killed and Injured, 2007-2016%..........cccoveviiiieiienieniee e 4-81

Xiii



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 4.5.8 Relation between Accidents and Number of Vehicle, 2007-2011 ........c.ccoovieiieiiiiiniiinieneee 4-83
Figure 4.6.1 Imports of Motorized Vehicles in Managua City 2010 - 2015.......cccooeiiiiiiniiiiiiieieeieee 4-90
Figure 4.6.2 Ratio of People Who Answered “Limited Access to Public Transport” .........ccccceceeveenienncee 4-93
Figure 5.1.1 Water Distribution System Major Components in 2005 ..........ccccooierierieiiniienieneeneeneeee e 5-2
Figure 5.1.2 Potential SOIULION. .......ooiiitiiiiiieie ettt sttt ettt et saee e 5-11
Figure 5.2.1 Mean Monthly Rainfall in Managua City (1980-2010) ........ccceeiiriiiiiiienienieeeeeeeeeeene 5-12
Figure 5.2.2 River Basins in the South Side of Managua Lake............ccccoiiiiiniiiiiiiiiieieceecee 5-13
Figure 5.2.3 Locations of the Existing Water Sources in the Study Area.........c.ccooeiinienieniieninciienee 5-15
Figure 5.2.4 Recent Annual Extraction Amount of Raw Water in Managua City.........ccocceevirviniencencene 5-16

Figure 5.2.5 Monthly Extraction Amount of Raw Water from Major Water Sources in Managua City in

2015 et h bbb h b s bt s bt es bbbt bbbt be e 5-16
Figure 5.2.6 Burnt Field for Beans Production .............cooceeiiiiiiiiiiiiieeeeeee et 5-17
Figure 5.2.7 Reforestation by INAFOR .......c.oooiiiiiiieee ettt 5-17
Figure 5.3.1 (A) Settlements Rely on Simple Latrines, Spilling Greywater into Ditches, (B) Houses

Discharging Directly to Stormwater Drainage Channels ...........c.ccoooceriiiiiniiiiiiiieeeeeee e, 5-19
Figure 5.3.2 ENACAL Main Collectors of Managua City Sewerage System (PRASMA).........ccccceceeneee 5-20
Figure 5.3.3 Existing Main Sewerage System of Managua City..........ccceerieiieiienieiieniereee e 5-21
Figure 5.3.4 (A) Area of Expansion of Collector Y, (B) Projected Collector Y ........cccovverieiieieeienienenne 5-22
Figure 5.3.5 Condominial Sewer System, Manhole Construction at Villa Reconciliacion Sur.................. 5-23
Figure 5.3.6 (A) Aerial View of MWWTP, (B) Primary Settling Tanks ..........cccoeeereinienienieieieeieeee 5-27
Figure 5.3.7 Organizational Chart of the Drinking Water and Sanitation Sector ............cccceevveveeerieneennenne 5-31
Figure 5.4.1 Locations and Catchment Areas of Major Cauces in ALMA ..........coooiiiiiiiiieiieeeeeee 5-32
Figure 5.4.2 Flood Experiences at Own Houses of Surveyed Households ............ccoooivienieiiiiiiiinee 5-34
Figure 5.4.3 Depth and Duration of the Most Serious Flood Inundation at the Own Houses.................... 5-34
Figure 5.4.4 Interview Locations along Cauce Oriental..............ccoeovieiiiieiieiieie e 5-35
Figure 5.4.5 Oriental Cauce Constructed in 19708 .......coiieiiiiiiiieeeeieeeee et 5-36
Figure 5.4.6 Indicated Water Level of Flood Inundation from Oriental Cauce...........ccccoevverveeeeieniennenne 5-36
Figure 5.4.7 Flood Inundation in JUNe 2015 ......cccooiiiiiiiieie et 5-36
Figure 5.4.8 Rainwater Drainage Pipe Network in Managua City.........c.ccocevveeieieneneneniencnieneenieneneenes 5-38
Figure 5.4.9 Typical Micropresa (Las Colinas, Cauce Oriental) .........cccoeeereeieeienienenenieneeieeeneneneenes 5-38
Figure 5.4.10 Locations of Micropresas in Managua City .........c.cccevererireneeieienienieneneneeeeeeeenenaenes 5-39
Figure 5.4.11 Upper SretCh 0f A CAUCE .......co.eoueeiiiiiniiniiiiiiiicicieeeseeet ettt 5-41
Figure 5.4.12 Side Slope along Upper Stretch of Cauce............ccoooevinininiiniiiciiciiiiiinincneceeeeeeeee 5-41
Figure 5.4.13 Location of Rainfall Stations Managed by INETEL........c..cccoceeoiiiiinininnnnicicccnee, 5-42
Figure 5.4.14 Components of "Programa de BONOS Ambientales” ...........cccceceeevenenininenicniencncncnenne. 5-43
Figure 5.5.1 Organization Structure 0f ALMA .......ccooiiiiiiiiiiieeeeseee ettt s 5-46
Figure 5.5.2 Waste COMPOSILION ......ccuiruiriiriiriiieiitertietente ettt ettt sttt ettt et see bbb e e enbe e enes 5-48
Figure 5.5.3 The Amount of Waste COlleCted. ........cuiviirieriieiieieeieeiieeee et 5-48
Figure 5.5.4 Solid waste management in Managua City.........cc.cccveeveeierieneenieeie e seesee e eee e eeee e neeens 5-49

Xiv



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 5.5.5 Map of Landfill Site, Transfer Stations, Communitarian Boxes, and Workshops................. 5-50
Figure 5.5.6 Transfer STAtION........ccuoiiiiieriieieete ettt ettt ettt sbeesbe e bt e bt enteeneesaeenaeans 5-51
Figure 5.5.7 Communitarian BoOX........cccoiiiiiiiiiieiie ettt ettt et 5-51
Figure 5.5.8 Tllegal DUMPING STt .......ccuieitiiiiiiieiieitieiie sttt ettt ettt st shee st esbe e teseeeeneesaeeneeans 5-52
FAUIE 5.5.9 MICTOPIESAS. c...eeueieueieiieetieetiet ettt ettt et e bt ettt e et e et e b e bt en e eseeeseesbeenseenbeenteeneeeneeeneenaeans 5-52
Figure 5.5.10 Sorting FACIIILY .......coeiiiieieiieeee ettt ettt sttt et eaeesaee i 5-52
Figure 5.5.11 Composting FACIIIEY ......cc.eeitiiiiiiiiieiie ettt e et naens 5-52
Figure 5.5.12 Sanitary Landfill STte.........coooiiiiiiiiiiiee e 5-53
Figure 5.5.13 Garbage Compactor TIUCK .......ccoiiiiiiiiiiieit ettt 5-53
Figure 5.5.14 Dump Truck and Front-end Loader ............coocoeiiiiiiiiiiiiieeeee e 5-53
Figure 5.5.15 Solid waste management financial analysiS..........ccoeoueeierierieeiiniieiie e 5-55
Figure 5.5.16 Income of waste collection Service by CateZOry ........ceverieierriieiieiieiiereesie e 5-56
Figure 5.5.17 Balance related to solid waste management in EMTRIDES.............coccoiiiiiiiiiiiiiiiee 5-56
Figure 5.6.1 Highly Active Fault Lines in Managua ...........cccoceeiieiiniieniieieeieeie e 5-58
Figure 5.6.2 Seismic Hazard Map for Managua ...........cccoeoiiiiiiinienieeeee et 5-59
Figure 5.6.3 River Channel System in the Managua Metropolitan Area...........ccoeeeveerieneenienieieeieeeene 5-60
Figure 5.6.4 Flood Inundation Hazard Map for Managua............cccceeeeiieiieiinieiie e 5-60
Figure 5.6.5 Landslide Hazard Map for Managua ...........ccocceeiiiiiriinienieeeieeie et 5-61
Figure 5.6.6 Organization Structure of SINAPRED ........coooiiiiiiiiieee et 5-62
Figure 5.6.7 Organization Structure of the COMUPRED of Managua City ..........ccccoeevierienieiieeieeienenns 5-63
Figure 5.6.8 Critical Points for Flood Inundation and Landslide in 2015 ..........ccoccoiiiiieiieiiiieeeieee 5-66
Figure 5.7.1 The period of existing final disposal site with current waste management system................ 5-70
Figure 5.7.2 Incineration, oil recycling and segregation reCyCling ...........ccceeeeevierierienieneenieieeieeieeiens 5-70
Figure 6.2.1 Organization structure Of ALIMA ........oioiiiiiieeeeeee ettt 6-1
Figure 6.2.2 Organization structure of General Directorate of Environment and Urbanism........................ 6-2
Figure 6.2.3 Organization structure of General Directorate of Projects..........coooevverieiieiinienienieseeeeee, 6-3
Figure 6.2.4 Organization structure of General Directorate of Planning.............ccccoeeveviniiniinenieneeeee, 6-4
Figure 6.3.1 Published GIS data from ALMA .......coioiiii ettt 6-9
Figure 6.5.1 Scenes of Urban Planning TWG MEEtING .......ccceecveuieviirinininineeicietcieneeesie et 6-14
Figure 6.5.2 Structure of GIS TTaINING ......coceeeeiiiiiiiiniinceeetet ettt 6-15
Figure 6.5.3 Scenes of OJT 0n GIS......coiiiiiiiiiiiiieeee ettt e 6-15
Figure 6.5.4 Scene of Mobility and Transport TWG mMeeting.......c..coevererererieoienieneneneneeceeeeeeeneenes 6-17
Figure 6.5.5 Scene of lecture on tranSport planning............coceeceeierienieneninineeieeee et 6-17
Figure 6.5.6 Scenes of OJT on Traffic SUIVEY .....cccoiririiiiiniiiccceceee et 6-18
Figure 6.5.7 Scene of OJT on Traffic Demand FOrecast ...........cccecevininininenieieninnescnceceeceee e 6-19
Figure 6.5.8 Scene of Joint TWG MEETING ....cc.eeveiiiiniiniiniiniieitetetestente ettt st 6-20
Figure 6.5.9 Scene of SWOT analysis of Managua city in Joint TWG meeting ..........c.ccoccveeeecveneennennenne. 6-20
Figure 6.5.10 Scene of Training in JAPAN ........ccueeveiieiieriieie et seeeieeteete e saeseeesseesseensesneesnnensaenseens 6-21
Figure 6.5.11 Scene of presentation on Training in Japan by trainees ...........cceecereeereeerieneeneecieeieeienenns 6-21

XV



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 7.1.1 Annual Revenue by Category 0Of ALIMA ........ooiiiiiiiiieieiee et 7-2
Figure 7.1.2 Annual Fixed Amount Transfer from the Central Government to ALMA ..........cccccooeeiennennen. 7-3
Figure 7.1.3 Annual Expenditure by Category 0f ALMA ......c.ooiiiiiiiiiieie et 7-4
Figure 7.1.4 Types of Investment Of ALIMA ......c..ooiiiiiiiieeeeeee ettt 7-5
Figure 7.1.5 Annual Flow Budget Balance 0f ALMA .........cooiiiiiiiiieiee et 7-6
Figure 7.1.6 Projected Revenue Chart for ALMA in the Years 2016-2021.........ccccoeiiriiiiinienienieceeee, 7-7
Figure 7.1.7 Projected Expenditure Chart for ALMA in the Years 2017-2021 .......cccooviiiiniininiincneeee, 7-8
Figure 7.1.8 Investment Plan in 2017-2021 (Financial Plan in March 2017) .....ccccoooiiiiiiiniiniieceee, 7-9
Figure 7.1.9 Latest Investment Plan 2016-2022 (August 2016)....c..cooueeierieiienieieeeeeeeeeeeee e 7-9
Figure 7.1.10 Long-term Forecast of Revenue of ALMA ..........ccoiiiiiiiiiiee et 7-11
Figure 7.2.1 Budgeting of the Nicaraguan National Government (2012 -2016).........cccceerveiiriinieniennenne 7-12
Figure 7.2.2 Funding Sources of the Nicaraguan National Government Budget (2016) ..........ccccceeeennee 7-12
Figure 7.3.1 Latest Investment Plan 2016-2022 (August 2016)........coveiieiieiieieiie et 7-15
Figure 8.1.1 Strategies in SiX Pillars .........ccooiiiiiiiiiii e 8-3
Figure 8.1.2 Sequence from Vision to Actions (Policy Packages) .........ccceoerieiiiniiiiiiiiccececeeee e, 8-4
Figure 8.2.1 Proposed Population SCENATIO ..........coiieiiieiiiiiieieeiiesieeie ettt 8-6
Figure 8.2.2 Average Annual GDP Growth Rate...........oocieiiiiiiiiiiceeeee e 8-13
Figure 9.1.1 Existing Land USE DY AT@a ........ccuiiiiiiiiieie ittt ettt 9-1
Figure 9.1.2 Composition of Land Use by Area in 2016...........coeeiieiiriiieiieieecee e 9-2
Figure 9.1.3 Existing Road Networks and Planned ROUtes...........cccoooeeiiriiiiiiiiieceeeeeee e, 9-5
Figure 9.1.4 Natural ReSEIVEA ATCa .......cecuieiiiieiiieiieit ettt ettt sttt ettt e e e st e sseeseeneenneenees 9-6
Figure 9.1.5 Alternatives of Urban StrUCTUIE .........ccoeiuiiiiiiiieiiriieeeeete ettt 9-8
Figure 9.1.6 A Structure Plan for Managua City 2040 ..........cooieiiieiirieiieieeeeie et 9-10
Figure 9.2.1 Location of the Candidate Sites for the New City Centers .........ccccevceereereeneeniesereieeiennens 9-12
Figure 9.2.2 Location of Traditional and Heritage Center .............ocoeeerieiieieeieiie e 9-15
Figure 9.2.3 Location of the Metropolitan Urban Sub Center..............cccvereriirrieiienieniere e 9-16
Figure 9.2.4 Location of the East Urban Sub Center ...........cccccoeoiiriiiieiieiieieee et 9-17
Figure 9.2.5 Location of the West Urban Sub Center..........ccoooieiirierienieieeieeie et 9-18
Figure 9.2.6 Location of the Advanced Knowledge Urban Sub Center ..........cccccceveveninencnienecncncnenne. 9-19
Figure 9.4.1 Natural Protected Area ANALYSIS ......c..ccerireriririeieiinienieneeieneetet ettt s 9-23
Figure 9.4.2 Disaster RiSK ANALYSIS .....cceeereririeiiientinienieeieet ettt ettt ettt st e b e enes 9-24
Figure 9.4.3 Social Protected Area ANALYSIS ........ccuevuerireriririeietertenienie ettt ettt eee e see e e 9-26
Figure 9.4.4 Transport Accessibility ANALYSIS......c..cceriririririeieienineneeereeeetet et 9-27
Figure 9.4.5 Infrastructure Accessibility ANALYSIS .....coeeeriririiieiiniiineeereeeeetee et 9-28
Figure 9.4.8 Weight of Land Evaluation ..........ccccoeiirininiiiiiiicineececeee e 9-29
Figure 9.4.6 Existing Land Development ANalySiS.........ccoceeeeieieieninieninineetetentenieneee et 9-30
Figure 9.4.7 Methodology of Urbanization Simulation ............cccccerererininerieieneneneneneeeceeeseee e 9-31
Figure 9.4.8 Scoring System of the Urbanization Simulation Model ..........cc.ccceoviniiininininiincncncnee, 9-32
Figure 9.4.9 Result of the Calibration on Urbanization Simulation .............cecceceeevenienininiencnienenenenene. 9-33

XVi



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 9.4.10 Land Potential Evaluation in 2040...........cccooiiiiiiiiiiieeeeeee et 9-34
Figure 9.4.11 Analysis of the Future Built Up Area without Densification Measure in 2040..................... 9-35
Figure 9.4.14 Distribution of the Densified Area in 2040 ...........ccoouiiiiiieiieiiee et 9-40
Figure 9.4.13 Built Up Area Simulation in the Worst and Optimal Cases in 2040 .........cc.ccccceevirieniencnne 9-40
Figure 9.4.15 Future Land Use P1an 2040 .........cc.ooiiiiiiiiiiiee ettt 9-52
The spatial relation between the future urban structure and land use is illustrated in Figure 9.4.16.......... 9-53
Figure 9.4.16 Urban Structure and Land Use Plan 2040...........coooiiiiiiiiiiiiiee e 9-54
Figure 9.4.17 Scheme of Urban Development Promotion Zomne .............cceceeveeeeiieiienienieneeieeiesieniene 9-55
Figure 9.5.1 Image of Spatial Data Sharing System in ALMA .........cccoiiiiiiiinieie e 9-59
Figure 9.5.2 Sample of Data Sharing using Web GIS (Pittsburgh, USA) ......ccooiiiiiiiiiniiiieeeieee 9-63
Figure 9.5.3 Sample of Data Sharing using Web GIS (Cordoba, Spain)..........cccceeeeereenienienieieeieeieecee 9-63
Figure 9.6.1 Example of the Metropolitan Urban Sub Center Development .............ccooceereeiieiieiienienenne 9-68
Figure 9.6.2 Examples of Medium-rise Residential Redevelopment Project.............ccooverveiiiiinieniencnne 9-70
Figure 9.6.3 Open Space and Green Area for Development and Reserve...........coocevoeiienieiieiieieiienee 9-71
Figure 9.6.4 Land of Proposed Park Development ...........ccceeouiiiiriinienieieeieeie e 9-72
Figure 9.6.5 Favorable House: Result Of HIS 2016 ......cooiiiiiiiiiieeeeeee e 9-73
Figure 9.6.6 Sample of Land Plot Number Assigned in 2008 ...........cccooiiiiiriiniieiie et 9-75
Figure 10.1.1 Outline of Flow of Four-Step Method ..........ccoooiiiiiiiiieeeee e 10-1
Figure 10.1.2 Existing Road Network for Traffic Demand Forecast ...........ccccoeoeviiiiinienienieceieeieee 10-3
Figure 10.1.3 Vehicle Assignment Result in “Existing Case” (2016) .......ccceererreerierienienieneeieeeeeieeeens 10-4
Figure 10.1.4 Vehicle Assignment Result in “Do-Nothing Case” (2040) ......cccecceroeerierienieiieeeieeieeiens 10-4
Figure 10.2.1 Future TranSportation SYSIEIM ........ueiierierierieeieeieeeieetiesteesieeteeteseeseeeseeesseeeeeneeeneesneesseens 10-6
Figure 10.2.2 ROAA NEIWOTK .......oiuiiiiiiiieiieieee ettt ettt et eseeeseeesaeeteeneeeneeeneenseens 10-8
Figure 10.2.3 PUDLIC TIANSPOTT.......ceeuiietietietieieeiie et iestee st et eteete e ee st et et enseeneesseesseesseenseenneeneeenseeneenseens 10-9
Figure 10.2.4 Traffic ManagemeEnt...........c.coruieriieiieieeie ettt ettt ettt et teeaeestesneesneesseesseenaeenes 10-10
Figure 10.2.5 Transport Hubs to be Strengthen..........ccovoiiiiiiiieiieiee e 10-12
Figure 10.2.6 Conceptual Plan for Truck Diversion ROULES..........ceoieiiiiiiriiiieieeeece e 10-13
Figure 10.2.7 Future Road NEtWOTK........cciiiiiiiiiieiee e 10-15
Figure 10.2.8 Conceptual paths of public transport modal share ...........c.ccoceeeeevievinininininieiccninenns 10-17
Figure 10.2.9 Public transport services and CitiZens’ PErcePtion..........cceverereeeerrenienerenereeeensensenennens 10-17
Figure 10.2.10 Proposed routes of mass-transit systems and their main feeder buses ..........cccccccceerenenn 10-18
Figure 10.2.11 Proposed relocation of bus terminals .............ceceeveeiienineninineeieiencneneeereeeeeeecse e 10-19
Figure 10.4.1 Components of the Road Plan..........c..ccccoinininiiiiiiniiiiicccccesee e 10-24
Figure 10.4.2 Investment Schedule of the Road Projects...........cccccevinenininiiienininninnceeeieicnenns 10-26
Figure 10.4.3 Functional Hierarchy of the Master Plan of the Road Network .......c..cc.coccoveverieiicnincnnnn 10-27
Figure 10.4.4 Number of Lanes of the Master Plan of the Road Network ..........ccccocevenineninicncninennns 10-28
Figure 10.4.5 Road Development Phases.........cccccouiriririniniiieicieniinenceeecetctestesie e 10-29
Figure 10.4.6 Example of Park & Ride facility (Nante, France)..........cccccoecvevienienieneeiece e 10-40
Figure 10.4.7 Example of Bus location info provision (Osaka, Japan)...........cccecvevveviecieneencienieneeene, 10-40

XVii



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

Figure 10.4.8 Example of accessible design of public transport facilities (Toyama, Japan).................... 10-41
Figure 10.4.9 Peak hour peak direction trips (PHPDT) on public transport network in 2040 ................. 10-42
Figure 10.4.10 Peak hour peak direction trips (PHPDT) on public transport network in 2030 ............... 10-42
Figure 10.4.11 Scheduled speed and PHPDT capacity of mass-transit SyStems ..........cccceeeeereereeneenenne. 10-43
Figure 10.4.12 Proposed route of Juan Pablo IT Line.........ccccooieiiiiiiiiiiiiiieieeeeeee e 10-44
Figure 10.4.13 Proposed route of Masaya LiNe .........ccccooeeiiiiieniiniiiieeeeieeee et 10-45
Figure 10.4.14 Proposed route of Suburbana Line............coccerieiiiiiiiiiiiinieieceeee e 10-46
Figure 10.4.15 Proposed route of Panamerican Line ..........ccooceeriiiiiiiiiiiiiiieeeece e 10-47
Figure 10.4.16 Intercity bus arrangement around Masaya bus terminal .............ccocceeeerieioineneeneenene 10-50
Figure 10.4.17 Intercity bus arrangement around West bus terminal .............cccooceeiiiiiniiiiiiieneneee, 10-51
Figure 10.4.18 Future Traffic Flow in 2020 without Project (Up) with Project (Below)...........cccuenue..e. 10-58
Figure 10.4.19 Future Traffic Flow in 2030 without Project (Up) and with Project (Below) .................. 10-59
Figure 10.4.20 Future Traffic Flow in 2040 without Project (Up) and with Project (Below) .................. 10-60
Figure 10.4.21 Survey Locations for Intersection COUNtING .........ccceereeeiirierieniierieee e 10-61
Figure 10.4.22 Survey Result for Intersection COUNtING........ccceerierieiieieeiesiesieee e 10-61
Figure 10.4.23 Proposed Traffic Survey LoCations............ccceeiieiierieiieeieeiesiceiee e e 10-63
Figure 11.1.1 Fault Tree of Water SUPPLY -.ecveeiieieiieieeeet ettt sttt 11-2
Figure 11.2.1 Fault Tree of Water Resources in the Study Area...........cccoeiieiiriiiiiiiiiieeee e 11-6
Figure 11.3.1 Fault Tree of Sewerage and Wastewater Disposal in the Study Area...........ccccceevveiencenncnne 11-9
Figure 11.4.1 Fault Tree of Flood Management in the Study Area .........ccooceeveeiieiieieeieee e 11-14
Figure 11.5.1 Fault Tree of Solid Waste Management .............cceceerieriieienienienieesieee e 11-16
Figure 12.1.1 Disaster Management CYCLE ........ccoueiiiiiiiieiiei ettt 12-1
Figure 12.5.1 Operation Center of SINAPRED .........cooiiiiiiiiii ettt 12-9
Figure 12.5.2 Hazard Potential Map with Three-level Classification (A, B, and C) for Seismic, Volcano,

F1o0d, and LandSIIAE ..........oooiiiiiiiiiiiiiee ettt e e et e e e e et a et e e e e e sennaaaeeeeeeean 12-10
Figure 12.5.3 Population Distribution in the Hazard Areas ..........ccccoooeeiirienienieiieeee e 12-12
Figure 12.5.4 Disaster Management IMaAP ........c.ceceeierierienientesie ettt seee e s eneeeneenes 12-14
Figure 12.5.5 Evacuation ROad Map.......ccooiiiiiiiiiiieeecete ettt 12-16
Figure 12.5.5 Approximate Location of Seismic Monitoring SyStem..........ceceevueeveriinerenerieeienienicnennens 12-19
Figure 13.1.1 Relation between Total Cost and Score (Soft Projects) .........ccccecveevenenerinenieeienencnennens 13-12
Figure 13.1.2 Relation between Total Cost and Score (Hard Projects).........cccecveevevenenenencceicncncnennens 13-13
Figure 13.2.1 Action Plan for Package 1 (Sustainable and Attractive City Development Program)....... 13-17
Figure 13.2.2 Action Plan for Package 2 (Accessible and Economically Active City Program)............. 13-18
Figure 13.2.3 Action Plan for Package 3 (Resilient and Socially Equitable City Program) ................... 13-19
Figure 13.3.1 Total Investment for Mass Transit Project by Year (USD in Million)..........cccceceecveniinnennens 13-25
Figure 13.3.2 Financial Deficit of ENACAL .......ccccoiiiiiiiiiiicicinc ettt 13-29
Figure 13.3.3 Financial Support to ENACAL......c.ccccoiiiiiriiiicteninnceeteteetese et 13-30
Figure 13.3.4 Budget Framework of Capital Expenditure of MTT.........ccccooiriiiiiiininininineiciccenns 13-30
Figure 14.1.1 Organization Chart 0f MARENA ........cccooiiiiiiiieieeieeieeee ettt 14-2

XVIil



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Figure 14.1.2 Organization Chart of Department of Environment and Urban Planning of ALMA ........... 14-5
Figure 14.1.3 Department of Environmental Coordination and Inspection of ALMA.........cccoceriinienncee 14-5
Figure 14.1.4 Flowchart of Environmental Approval Process in Nicaragua ............cccceeeevenieneeneennenne. 14-12
Figure 14.2.1 Current Natural and Social Conditions of Southern Watershed Region ...........cc.ccoceeneee. 14-16
Figure 14.2.2 Time Variation of the Monthly-Average Surface Water Level of Managua Lake.............. 14-18
Figure 14.2.3 Photo Records of Lakeside Final Waste Disposal Site..........ccooceerieiinienieiiiiienieneeee, 14-19
Figure 14.2.4 Crater Lakes and Important Groundwater Pumping Area..........ccccceoeeverenoeniencencenene 14-21

Figure 14.3.1 Survey Results Regarding “What are the current main environmental concerns or issues of
Managua regarding the urban development?”............coooiiiiiiiiiiiii e 14-22
Figure 14.3.2 Survey Results regarding “What are the current main socio-economical concerns regarding
the urban development 0f Managua?”..........cccooiieiieiiiieeeee ettt nee e saeens 14-23
Figure 14.3.3 Survey Results Regarding “Information disclosure and public involvement program regarding
the PDUM is to be initiated soon. Which procedures you prefer to express your concerns and/or
10] 00110231 USRS 14-24

Figure 14.3.4 Survey Results Regarding “Do you support on-going Managua Urban Development MP

11014 ) 2 USSP 14-24
Figure 14.4.1 SEA Implementation FramewWork ............ccccoooiiiiiiiiniiiieeeeeeeee e 14-25
Figure 14.5.1 Program Outline and Photo Records of 1st Stakeholder Meeting (held on June 15, 2016) 14-27
Figure 14.5.2 Photo Records of 1st Round of Focal Group Meeting...........cccceeveeieeienieiieiieneeseeeene 14-28
Figure 14.5.3 Program Outline and Photo Records of 2nd Stakeholder Meeting (held on December 01,

20760 ettt et bbbt h bbbt h bt s e bt n ettt b e benes 14-29
Figure 14.5.4 Photo Records of 2™ Round of Focal Group Meeting..............c.cevevevereureeeeeeererereneererenenns 14-30
Figure 14.5.5 Program Outline and Photo Records of 3rd Stakeholder Meeting (held on April 28, 2017)

.......................................................................................................................................................... 14-31
Figure 14.5.6 Figure Photo Records of 3rd Round of Focal Group Meeting ...........cccceeeeeveerieneeneennnnne. 14-33
Figure 14.5.7 Photo Records of MP Workshop (held on June 22, 2017) ....ccooeevieiieiieieieceeeeee 14-33
Figure 14.6.1 Schematic Diagram of “Building Valley Effect” ..........cccooiiiiieiieiieeeee e 14-39
Figure 14.6.2 Schematic Diagram of “Heat Island Effect” ...........ccccoooiiiiiiiiiine e 14-39
Figure 14.8.1 Website ATCRIECTUIE ......cc.eouiiiiriieiiiiiiineeterceetet ettt 14-43
Figure 14.8.2 FrontPage of the Website 0f PDUM .......ccccoceiiiiiiiiiiininieniienectctencescse et 14-44
Figure 14.9.1 Preliminary Discussion between ALMA and Directors of Elementary and High Schools in

Managua, held on March 24, 2017 .......oceiiieiieeeet ettt ettt seeeneesseeseens 14-45
Figure 14.9.2 Photo Records of PDUM-related Drawing Contest .........c..coceeeeeevienineninerieeieniencnennens 14-46

XIX



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
LIST OF TABLES

Table 2.2.1 List of Climate Data in Managua City..........cceecveeieriereerieeiienieseeseesreesseeeesnesesessaesseessessessnes 2-3
Table 2.3.1 Population by Department............cc.eeuerieriieriieiieieeieseeie ettt e eaeesaeesaessaesseenseenseensesnnes 2-6
Table 2.3.2 Population Change from 2005 t0 2016........ccuieoiirierieiieieeieeie et 2-8
Table 2.3.3 Population of Managua City by District in 2016........ccceecveeriercieiiieiienieeie e eenes 2-8
Table 2.3.4 Total Fertility Ratein Nicaragua (by Department, Highest and Lowest Groups)....................... 2-9
Table 2.3.5 Total Fertility Rate in Managua City by DiStrict ........ccceeveerieieieiiierienierie e eve e 2-9
Table 2.3.6 Registration of Change 0f AdAIeSS........c.ccvverieriieiiieieeieeieiee ettt seaessaens 2-10
Table 2.3.7 Net Migration Balance in Nicaragua (Estimation and Projection) ..........ccccceevevvveieeiesiennnnns 2-10
Table 2.3.8 Population in Nicaragua and Managua City by Three Age Groups in 2005...........c.cccveevennene 2-11
Table 2.3.9 Economically Active Population among Population of over Ten Years Old in Nicaragua and

IMANAGUA CILY 1.vviviiieieeiiestieieeieeteetesite st e st eaeesaeeseesteessaesseesseesseassesssesseesseesseasseassesssenssenseensenssesssesses 2-12
Table 2.3.10 Working Populationin Nicaragua and Managua City by Sector ........ccccevverrieriiecieeieniennnns 2-12
Table 2.3.11 School Attendance Rate of Population of 6-29 Years Old .........cccccevevevienienieniieiieieeieiens 2-13
Table 2.3.12 Number of Enrolment of University in Managua City ..........ccceeeeeeeriereereenienieeieeeesneninens 2-14
Table 2.4.1 GDP by Department (Current Cordoba, 2000) ............ccuevierieriirrieeieiiesieseesieeneeneeressneseeens 2-15
Table 2.4.2 Number of Establishments and Employed Person in Urban Area in Nicaragua (2010) .......... 2-16
Table 2.4.3 Number of Establishments in Urban Area by the Range of Number of Workers (2010)......... 2-17
Table 2.4.4 Number of Companies in Free Trade Zones (2016) ........cceveerieeriiecieiieiieieeseerie e e enenieens 2-19
Table 2.5.1 Summary of the Ongoing Project for Land Use Survey by ALMA ........cccoovevveiieiieieeieenn, 2-23
Table 2.5.2 Annual Investment Plan (PIA) - 2016 (USD)¥.......ccovieiieierieieeieeie ettt 2-26
Table 2.5.3 Projects of the Investment Program 2015-2022 .........cccveeierieieeiieeiesieseeeeesre e eeeeeeeseaeseeens 2-27
Table 2.5.4 Improvement Projects with Financing in Managua City 2016 - 2019.........cccccoeovveviecvenvennnnns 2-28
Table 2.5.5 Projects in the Process 0f FINANCING..........ccovveriiiriiiiieieeierieeie ettt esve s eeneseeens 2-29
Table 2.5.6 Projects without Source of Financing for Construction............c.ecueeevereieieereeneenieeereeveenenenens 2-30
Table 2.5.7 List of Projects Identified by PITRAVI ..........ccociiviiiiiiiicieieecteeee ettt 2-31
Table 2.5.8 List of Projects in the National Transport Master Plan Relevant to Managua City................. 2-34
Table 2.5.9 Summary of Master Plan of Flood Drainage Project (IDB) .......ccccceeeeiiiiiienciieiiieeciie e 2-36
Table 2.5.10 Component of “Proyecto de Desarrollo Integral del Barrio de Acahualina”.............ccccc..e. 2-38
Table 3.1.1 Population and Gross National Income of Central American Counties...........ccccceeeevreeruennennne. 3-1
Table 3.1.2 Population, Density, and Income of Capital Cities in Central American Countries .................. 3-2
Table 3.1.3 Population of Metropolitan Area in 2016 ........c.oeecieeiieeiiieiiieeiee ettt 3-8
Table 3.1.4 Number of Urban Functions in Managua and the Surrounding Area 2015-2016.................... 3-10
Table 3.1.5 Number of Commercial Industry Activities in Managua City and the Surrounding Area

201572076 ettt ettt bt h e bt a etttk he bt e a e et et et e bt eae bt eneentetenaeenes 3-12
Table 3.1.6 Number of International Visitors t0 NiCATa@UA..........c.eeevueeriieeeieeriiienieerieenieesreesaeesseesneenns 3-13

Table 3.1.7 Total Number of Passenger for Inbound and Outbound by Type at August C. Sandino

XX



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

INterNAtioNal ATTPOTT. .. ..oiuieiieiieie ettt ettt sttt ettt et et e e st e et e st e ebeeteenteeaeas 3-13
Table 3.4.1 Urban Planning Parameters for Zoning SCheme ............cccoiieiiiiiniiiiieiiece e 3-31
Table 3.4.2 Period and Cost for a Construction Permit in Doing Business in Nicaragua ...........ccccceceeuee 3-36
Table 3.5.1 Built Up A1ea DY DISIICE . ....cccuietiiiieiieiiieiteesteett ettt sttt e esaee i 3-40
Table 3.6.1 Summary of Spatial Data Collection and Data Development by JICA study team.................. 3-47
Table 3.6.2 Summary of Application Related to Spatial Data in ALMA .........cccoiiiiiiiiiiniiieeeeeeeee 3-50
Table 3.6.3 Summary of Outputs INETER-JICA Mapping Study 2006 (For Managua City area) ............ 3-51
Table 3.6.4 Description of Types of Spatial data...........ccoeeiiiiiiiiii e 3-55
Table 3.7.1 Global Competitiveness Index (GCI) Comparison with Neighbouring Countries .................. 3-57
Table 3.7.2 Global Competitiveness Index (GCI) in Safety and Security Comparison with Neighboring

COUNLTIES .. euve vttt ettt ettt ettt et et et b e sb e bt et ebe et e e e b sb e eb e e bt eae et et eabenaeebesueebeessentennenaean 3-58
Table 3.7.3 The Current Zoning applied Higher Building above 51 FI0OT ...........cccoeueuiiiieeeeeeeeeeaan 3-61
Table 3.7.4 Newly Urbanized Area in Protected Zone in 2005 and 2015 ........cccoviiiiiiienieiieieeeieee 3-64
Table 4.1.1 Quality of Service and Type of VEhicIes .........cccoeiiiiiiriiiieieeeeee et 4-10
Table 4.2.1 Survey Components of Traffic SUIVEYS.......oceeiiiiiiiieieeeee e 4-13
Table 4.2.2 Z0NE COAE ...c.veviiiiiieiieiiierieeteee ettt ettt ettt et b ettt s a ettt et sae s 4-14
Table 4.2.3 Occupation COMPOSITION .....eevietieiieiieitieitierteerte ettt et eeete et et eeteeseesseesseeseeeseeenteeneeeneesneesseans 4-16
Table 4.2.4 Ratio of Vehicle POSSESSION .....cc.evuiiuiiiiiiriiriiniiiiietctctertetesc ettt 4-18
Table 4.2.5 Ratio of Driving License HOIAEIS.........cooiiiiiiiiiiiieeeeee e 4-19
Table 4.2.6 Composition of Trip Mode bY PUIPOSE ......cooueeieiiiiiiieieiieieeeee ettt 4-21
Table 4.2.7 Average Trip Time DY MOGE ........ooouiiiiiieiieiieie ettt ettt e s e 4-24
Table 4.2.8 Purpose of Trip to Arrival PaSSENZEIS .......ccovieiiieiiieiieiieeiieieee et 4-24
Table 4.3.1 Main Radial ROAAS ......cc.coiiiriiririiieieenen ettt e 4-29
Table 4.3.2 Functional Classification of Urban Road System...........cccoevieiiriiniiinieienieeee e 4-30
Table 4.3.3 RiNG ROAAS ....cueiiiiee ettt ettt ettt e saee s et e s et enteeneeeneeeneenneens 4-31
Table 4.3.4 Minimum Standards of Geometric Design of Roads (Road Design Standards)...................... 4-32
Table 4.3.5 Length of the Existing Road Network by Type and District (Kim)........cooceveevieiieiiniieieene 4-33
Table 4.3.6 Summary of the Planned and Existing Road Network ...........cccooiriiiiiiniinieieeeeeee 4-33
Table 4.3.7 Equivalent Classification of the Regional and Urban Road Network ..........ccccoccecevveicncnnnne. 4-34
Table 4.3.8 Existing Road Network of Managua City, According to the Number of Lanes and Directions on

the ROAA (KIM)...eiiieeiieiei ettt et e e st e st e eseenee e st e eseesseenseenseensesnnesnnes 4-35
Table 4.3.9 Annual Investment Plan (PIA) — 2016 (USD) * ......ociooiirininirineeeeietceneeeseeieeeeeene e 4-36
Table 4.3.10 Existing Road Network of Managua — October 2016...........cccceceeerieninininieneeieiceneneene 4-37
Table 4.3.11 Example of Major Intersections in Managua City..........ccceeeeereeieienienenineneneeeeeeeeneenes 4-40
Table 4.3.12 Vehicle COMPOSILION ....c.eruiriiriiriieiieiiientieterie ettt sttt ettt et bbb bt et eaebe e enes 4-46
Table 4.3.13 Ratio of Peak-Hour Traffic, 1999 and 2016 ............c.oeeviiiiieeiieiieeceee e 4-47
Table 4.3.14 Number of Estimated Passengers Who Passed the Cordon Line.........ccccocevveverirvencncnenne. 4-47
Table 4.3.15 Traffic Volume and Ratio of Screen Line Survey in 2016 ........cccoevvvveiiiienienieieieeieeieine 4-48
Table 4.3.16 Origin and Destination of Trucks which Stayed in the Oriental Market ..........ccccccceenennnne. 4-51

XXI



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
Table 4.3.17 Widths of the Elements of the Proposed Way Type Section ...........ccccceveerienienieniinieniencene 4-56
Table 4.4.1 Existing Public Transport SEIVICES ........ueiieriiriieiieieetieetienieeie ettt e st te et eneesaeenaeens 4-58
Table 4.4.2 Registration Status and Capacities of Urban Public Bus Fleet..........c.ccccccovviiniiiiiiiniinene 4-59
Table 4.4.3 Types Of INtICItY BUS .....ooouiiiiiiiiiiee et ettt 4-68
Table 4.4.4 Use of Intercity Bus for Mobility Inside Managua City ........ccccceoeerieiieiienienieneeieeiesienieene 4-68
Table 4.5.1 Rate of Growth of Traffic in Permanent Counting Stations ..........ccccceceereeneeneenienieeiesieneene 4-72
Table 4.5.2 Traffic Signals, Roads and Population in Selected Cities of Latin America...........cccccceveennee 4-74
Table 4.5.3 Daily Traffic in Access Roads to Managua Department in 2015..........cccccovieniiiiniinienenene 4-77
Table 4.5.4 Traffic in Main AXes OF the City......coouiiiiiiiiieii e 4-77
Table 4.5.5 Accidents and Consequences in Managua City, 2007-2014 ........ccooiiiiiinieniienieeeeeeeene 4-80
Table 4.5.6 Trend of High Accidents Spot, 2007-2016 ......cceoouieiieiinieieeeeee et 4-82
Table 4.6.1 Imports of Motorized Vehicles in Managua City 2010 - 2015 ......coooiiiiiiiieiieeeceeeeeee 4-90
Table 4.6.2 Most Serious Issue in Community or Living Environment .............ccooceiiinieneenienieiecieeene 4-93
Table 5.3.1 Estimated Sewage Flow Collected and Treated in Managua City ..........ccovoeeveeriecieeienienncnne 5-19
Table 5.3.2 Projections from the Master Plan for Sewerage System of Managua (PMASMA)................. 5-21
Table 5.3.3 Characteristics of the Main Pump Stations of Managua’s Sewerage System............cccceceenne 5-23
Table 5.3.4 Existing Wastewater Treatments Plants Managed by ENACAL in Managua ............ccccce..... 5-26
Table 5.3.5 Projected and Actual Inflow Loads and Effluent Quality of MWWTP ..o 5-27
Table 5.4.1 Past Major Flood in and Around Managua City ..........cceeeereerieriieeienie e 5-34
Table 5.4.2 General Status of Flood Damages of June 2015 in Managua City ..........cccoceevveiierirnieeniennenne 5-37
Table 5.4.3 Design Scale of Flood Management Structures in Managua City ..........ccoeeeevverrecieeieniennenne 5-38
Table 5.4.4 General Features and Maintenance Record of Micropresas in Managua City............cccceeueee. 5-41
Table 5.4.5 Past Budgetary Arrangement for Maintenance Works of Cauces and Micropresas ................ 5-42
Table 5.5.1 Laws and Regulations Related to Waste Management in Nicaragua ...........cccceeeveeeeeeeneennenne 5-45

Table 5.5.2 Number of Staff for Solid Waste Management Direccion General de Limpieza Publica, District

Office, and EMTRIDES .........ccoiiiiiiiiirieeere ettt 5-47
Table 5.5.3 Plan for Solid Waste Management in the Development Plan of ALMA ..........cccoooiiiiienene 5-48
Table 5.5.4 Unit of Waste Discharge per Person per Day..........occoevivieiieiieieeeee e 5-49
Table 5.5.5 Characteristics of Transfer stations and communitarian BoXes ...........ccccocevenenerinciencncnenne. 5-51
Table 5.5.6 The Number of Micro Waste Collectors and Transfer Station in Each District ........c..c..c....... 5-52
Table 5.5.7 Number of Illegal Dumping Sites in Managua City ........cccverereeieoienenineneneeieeeneene e 5-52
Table 5.5.8 Equipment for the Waste Management of the Directorate General for Public Cleaning......... 5-55
Table 5.5.9 Equipment for the Waste Management of Each District Office ........cccoccoeninincninicncncnenne. 5-55
Table 5.5.10 Equipment for the Waste Management of EMTRIDES ..........ccccccooinininininniiiccnee, 5-55
Table 5.5.11 List of Hospitals and INCINETALOT ........cccvuirieriririeieiinieiesieeeneetetetee et 5-58
Table 5.6.1 Warning Information by Three Alert Levels for the Managua Metropolitan Area .................. 5-60
Table 5.6.2 Possible Affected Families/People by Earthquake, Flood Inundation, and Landslide Disasters in

MANAGUA CILY ..viiveiieeiietieie et eteeteete st e st eseesaeeseesseasseenseenseenseassessaesseeseenseanseensensseseenseensennsesnsesnnes 5-64
Table 5.6.3 Features of Evacuation Center in Managua City ..........cccecvereerieerieeiieniiesieneenieeie e eeeseeenenens 5-65

XXil



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

Table 5.6.4 Major Earthquake Damages in the Past for Managua Metropolitan Area ............cccccecueveenneee 5-66
Table 5.6.5 Number of Critical Points for Flood Inundation and Landslide ..........ccccccocevvinininicncncnnne. 5-67
Table 6.2.1 Human resources in main General Directorates for urban development.............ccccceeeevennnee. 6-4
Table 6.4.1 Capacity Development MatriX ........cccceiieiierieniieie ettt sttt seee e 6-10
Table 6.4.2 Capacity Development P1an ............cccoiiiiiiiiiiiii e 6-13
Table 6.5.1 Record of Urban Planning TWG MEEtINGS ......cc.eeuiriiriineieniieieeieeie ettt 6-14
Table 6.5.2 Record of Mobility and Transport TWG mMeetings .........ceeerueerieerierieiieiienieneeie e eee e 6-16
Table 6.5.3 Record of lectures on transport Planning...........coecueeveeierierienieeeeie et 6-16
Table 6.5.4 Record of Socio-Economic TWG MEETINGS ....c.eeouiriiriiniieniieieeieeie e 6-19
Table 6.5.5 Record of Joint TWG MEEINES ....c.veeueeiiieiieriieiieee ettt sttt et saee e 6-20
Table 6.5.6 Participants for training in JAPAN .........ccceeiieiiiiiiie et 6-20
Table 6.5.7 Training activities N JAPAN ......cecuiiiiiiiiieiieie ettt et e saee e 6-21
Table 6.6.1 Self-Evaluation of Capacity Development ACHIVItIES .........cceeruerrierrierierie e 6-22
Table 7.1.1 Revenue Structure 0f ALMA ......c.cociiiiiiiiintneetetetereese ettt e 7-1
Table 7.1.2 Expenditure Structure Of ALIMA ......c.ooiiiiiii ettt 7-4
Table 7.1.3 ALMA's Balance Sheet (as of December 31, 2015) .....ccciiiiiiieiiiiiiieeie et 7-6
Table 7.1.4 Estimated budget of ALMA for MP Project .......cooueeiieiioieniieieeieeie et 7-11
Table 7.2.1 National Priority PrOJECES ......c.eeiuiiiiiieiieiieieee ettt e 7-13
Table 7.3.1 Record of Japanese ODA Assistance in NiCaragua .........ccceceereerieeierienienieneeneeeeeeeseeneens 7-15
Table 7.3.2 Target Sector for JICA ASSISLANCE ......eeiuierieieierieeie et eeeeetie et eteeeeseeseeeseeeseeeteeneeeneesneesneens 7-16
Table 8.2.1 Proposed GrOWEh SCENATIO ......eeveruieiiieiiieiieit ettt sttt ettt et e e e st e steeneeeneeeneeenees 8-5
Table 8.2.2 Population Projection by ALMA ........cooiiiiii ettt 8-5
Table 8.2.3 Estimation and Projection of Percentage of Population in Urban Area (estimation and

PLOJECTION) (V0) c-veneertetieteete et e ee et e et e bt e e et e et e et e st e e st e et eneeeneeesee s e e s e enteenseemeesseesaeanseenseensesneenseenneans 8-6
Table 8.2.4 Number of Registration to the Registry Office 0f ALMA .......ccooiiiiiiiiiieieeeeeeeee e 8-7
Table 8.2.5 Estimation of Approximate Population Total Growth Rate, as of the end of 2015.................... 8-8
Table 8.2.6 Estimation and Projection of Population Growth Rate (Annual Average) ..........cccccevvevueeeennen. 8-8
Table 8.2.7 Estimation and Projection of Population Growth Rate (Annual Average) ..........ccccceeverueeuennen. 8-9
Table 8.2.8 Population Projection by ECLAC and Absolute Error Rate.........cccecveveiinincneniencncncnenne, 8-10
Table 8.2.9 Estimation of Economically Active Population in Managua City .........ccccocevvenerincvencncnenne. 8-11
Table 8.2.10 Estimation of Economically Active Population in Managua City ..........cocceveverieveneenncnnenne. 8-11
Table 8.2.11 Projection of GDP GrOWEh .......ccceviiiiiiniiiiiiieccces et 8-12
Table 8.2.12 Estimation and Projection of Growth Rate and National GDP of Nicaragua ...........cccc....... 8-13
Table 8.2.13 Estimation of Labor Productivity by Sector in Nicaragua and Managua City .........ccc.c...... 8-14
Table 8.2.14 Economic Framework of the Master Plan ............ccccccovinininininiiiiininncceccccee 8-15
Table 8.2.15 Estimation of Built Up Area in 2040 ........cccooiriiiiiiiiniiienieeneeeeteece et 8-16
Table 9.1.1 Area by Urban CRaracteriStiCs..........ueoueruirireriririeietentenie sttt ettt sttt 9-2
Table 9.2.1 Overview of the Candidate Sites for the New City Centers .........cccceveuerierieneereerireeenieninns 9-13
Table 9.2.2 Functions of the Candidate Sites for the Urban Centers...........cccccoveveeerenieinincccninieinenene, 9-20

XXIiT



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

Table 9.4.1 Evaluation Category of Natural Protected Area Analysis........ccceceeeueriieiieniienienieieeieeieneene 9-23
Table 9.2.2 Evaluation Category of Disaster Risk Analysis.........ccocuevierieiiiiiniiiieiereecee e 9-24
Table 9.4.3 Evaluation Category of Social Protected Area Analysis.........ccceevuereeiieiiinienienieieeieeieneene 9-25
Table 9.2.2 Evaluation Category of the Transport Accessibility Analysis........coccevveerierienienieniieienieneane 9-27
Table 9.4.5 Evaluation Category of the Transport Accessibility ANnalysis........ccccevveerierienieniieniieiieiieneene 9-28
Table 9.4.1 Estimation of the Required Land Size for Built Up Area in 2040 ...........ccooceevieiiiiiniieniencene 9-34
Table 9.4.2 Basic Scenario for Densification by AT€a.........ccoevuiiiiiiirienieieeeee e 9-37
Table 9.4.3 Densification SCENArio DY ATCa .......ccueiiiiierieiieie ettt sttt sttt et eneesaeesaeens 9-39
Table 9.4.4 Category of Future Land Use 2040 .........cocooiiiiiiiiiiiiieeieeeeee e 9-43
Table 9.4.4 Comparison of Existing Zoning and Future Land Use 2040 ...........ccccceiiinienienienieieniencee 9-49
Table 9.4.5 Category of Future Land Use 2040 .........cccooiiiiiiiiiieeeiesieie ettt 9-53
Table 9.5.1 Outline of GIS Database..........coceeeeureiiriiniininieieteteentente ettt ettt sae s 9-57
Table 9.5.2Current Data Sharing Application in ALMA .........cooiiiiiiieeeeeee et 9-58
Table 9.5.3 List of GIS Data to be Update (Recommendation).............ccceereerieeieiieiienieneee e 9-61
Table 9.5.4 Recommended GIS Data FOrmat..........ccccoiviiiriniiieiininnceenceeeeecre e 9-62
Table 9.5.5 Levels of Data Dissemination by Method ............ccoooiiiiiiiiiiiiee e 9-62
Table 9.6.1 List of Proposed Projects for Urban Development.............cccoeieeiierieiieiienieneeeeieeesceiene 9-65
Table 9.6.2Urban Park and Population 2016-2040 ..........ccoiiiiiiiiieieieeeieee et 9-72
Table 9.6.3 Possible Benefits of the Introduction of the Clear Address System .........ccccevvevieiieieniennenne 9-73
Table 9.6.4 Summary of the Challenges of the Revision of the Address System in Managua................... 9-74
Table 10.1.1 Primary Indices by Vehicle Assignment Results in Existing and Do-Nothing Case ............. 10-3
Table 10.2.1 The Six Pillars of Managua Vision to 2040 in regards to the Road Plan............................. 10-11
Table 10.2.2 Width 0of Main ROAAS ......cccoeiiiriiiiiiiiniineectcessen ettt 10-15
Table 10.4.1 Proposed Road Projects Geometric CharacteriStics. .......cuvevrrueerienieereeeeiesee e seee e 10-25
Table 10.4.2 Proposed Road Projects Characteristics (Road Improvement and New Bypass) ................ 10-26
Table 10.4.3 Proposed Road Projects Characteristics (Overpass and Intersection) ............ccccevvererenenne. 10-26
Table 10.4.4 Typical Cross-sections of the Road Network for the case of shared with massive public

transport and capacity improvement of Local Roads ...........ccooieiiiiiniiniiieeec e, 10-30
Table 10.4.5 Implementation Schedule of of the Road Plan Projects........c..ccccecveevenininininiceiencncnennens 10-36
Table 10.4.6 Comparison of medium capacity mass-transit SYStemMS ...........ceceeverrerenrerenerreeeerienenennens 10-43
Table 10.4.7 Summary of Mass-Transit LINES ........ccccoceveriririerieiiinininceeecctctenteese et 10-47
Table 10.4.8 Traffic Demand FOrecast Case ........c.ccocerireriririeienieniinenceieeieetetentesie st 10-56
Table 10.4.9 Result of Traffic Demand Forecast by Each Case .......c..cccoeverieieiicnininininceicicicicnns 10-57
Table 10.4.10 Proposal of Future Traffic SUIVEY .......c.cccceiiririiiiiiiinireeecceeereeeeceeeeeece e 10-62
Table 10.4.11 List of Proposed Projects for Transport Planning ............coccoceceeviiiiinininininiencncninenens 10-64
Table 11.6.1 List of Proposed Projects for Urban Development............ccccoevceeieviinineninenceieniencnennens 11-21
Table 12.5.1 Proposed Projects for Disaster Mitigation and Risk Management in the Formulated Urban

Development Master Plan in Managua City .........ccoecverieriieiieiieniesie e eee e seee e seeeseesessesenes 12-5
Table 12.5.2 List of Proposed Projects for Urban Development .............ccecvecueeieiiieiienienieieeieeee e 12-6

XXIV



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report

Table 12.5.2 General Characteristics of the Hazardous Areas of Managua City.........cccccevoenienvencencnne. 12-11
Table 13.1.1 List of Al PropoSed ProJECtS.......c.couiiiiiieiieie ettt e 13-2
Table 13.1.2 Implementation Schedule of All Proposed Projects .........ccceoeeieroiiiiiiiinienieeeceieeeeee 13-4
Table 13.1.3 Allocation of Cost to Implementing INStItULIONS ........c.eeeeriieiiriiiiiiie e 13-5
Table 13.1.4 Criteria for Selecting Priority Projects .........coocieoiiiiriirieieeeeee et 13-6
Table 13.1.5 Scoring Chart for the Evaluation of Projects..........ccoeoiriiiieiiiiiieiieiececee e 13-8
Table 13.1.6 Scoring and Result of the Evaluation of Proposed Projects ..........ccocceeviiiiiinincenceene, 13-10
Table 13.1.7 List 0f Priority Projects ......ooeiiieiiiieiie ettt e 13-14
Table 13.2.1 Implementation INSHIULIONS .......cccuiiiiiiiiiieiieice ettt s 13-20
Table 13.3.1 Allocation of Cost to Implementing Institutions (USD in Million) .........cccceecevieneencencene. 13-22
Table 13.3.2 Cost Schedule of Policy Packages (USD in Million) .........ccceceerienieiieiinieie e 13-22
Table 13.3.3 Cost Schedule of Package 1 .......ccooiiiiiiiiiieee e 13-23
Table 13.3.4 Cost Schedule of Package 2 .......oc.oiiiiiiiiiieeet e 13-24
Table 13.3.5 Cost Schedule of Package 3 .......cc.ooiiiiiiiieeee e 13-26
Table 13.3.6 Investment Cost by Funding INStitUtions ...........oooverieriieiieieeieseeeeeee e 13-27
Table 13.3.7 Projects in the Development Plan of ALMA and the Central Government ......................... 13-27
Table 14.1.1 Major Legal Codes and/or Regulations for PDUM ..........ccccooiiiiiiiiiiiiiiieeeeeeeeeee 14-6
Table 14.1.2 EIA Categories by Projects Expected Environmental Impacts............cccceeeeevenieneeneenneee. 14-11
Table 14.1.3 Timeline for Technical REVIEW........cccciriiiiiiiiieiiieniireeeeeeeeee et 14-12
Table 14.1.4 List of Major Projects Subject to EIA in Japan (EXCerpt) .......coccevvenieienieneiieceeee, 14-13
Table 14.1.5 Environmental MONITOTING ........eeovieiieriirieriieitiestestt et ete e eee st et ee e eseeseeesreesseeseeeeeenes 14-14
Table 14.1.6 Major Environmental Standards of Nicaragua ...........cccocceeeieieiienieiieeee e 14-15
Table 14.2.1 Summary of Surface Water Level of Managua and its Discharge for the last 87 years (1928

F20T4) et bttt ettt bbbt ea et b e et e h e bt et et a b e 14-17
Table 14.5.1 Summary of Stakeholder Meeting for PDUM ..........cccoiiiiiiiieiieieeeeee e 14-26
Table 14.5.2 Summary of Focal Group Meeting (15t Round) .........ccooouveiiiiiiiiiieieeeeceeee e 14-27
Table 14.5.3 Summary of Focal Group Meeting (2nd Round)...........cccoeoieiiiieiieiieiceceeeeee 14-30
Table 14.5.4 Summary of Focal Group Meeting (3rd Round) ..........ccccoeoieiiiieiiiiieee e 14-32
Table 14.6.1 Summary of Proposed Development Structure Alternative Plan..........c..cocoovvceiiicninenns 14-34
Table 14.6.2 Land Use strategies to control city-wide population densification..........c..cocceceeeeceencnennens 14-35
Table 14.6.3 Evaluation Factors for SEA (draft)........c.ccocveiiiiiiiiiininincicecencseeceeceeecne e 14-36
Table 14.6.4 Compound Matrix for Selected Development Structure AIternatives ...........cocceceecverecruennens 14-37

Table 14.6.5 Environmental Risk and Opportunity Matrix for Selected Development Structure Alternative

.......................................................................................................................................................... 14-38
Table 14.7.1 Major PDUM Remarks and/or Comments (Stakeholder Meetings) ........c..cocevveeeecvenicnnennens 14-41
Table 14.7.2 Major PDUM Remarks and/or Comments (Focal Group Meetings) .........cccceceeeecverecnnennns 14-42
Table 14.8.1 Website Operation Policy (draft) ........c..coeeeririiiiiiiiininiieecccceeeeeeee e 14-46
Table 14.9.1 Outline of PDUM-related Drawing COontest ..........ccvevuieeeeierienieniiesieeieeieseeseeeseeeseeeneeens 14-47

xXxXv



Project for Urban Development Master Plan
for Managua City in Republic of Nicaragua

Final Report
LIST OF ABBREVIATIONS
AASHTO American Association of State Highway and Transportation Officials
AGT Automated Guideway Transit
ALMA Municipality of Managua
AMUSCLAM Storm water Drainage and Development Management Sub Watershed I11
APP Public Private Partnership
ATN Nicaraguan association of transporters
BAC Bank of Central American
BCIE Central American Bank for Economic Integration
BCN National Bank of Nicaragua
BDF Finance Bank
BEI European Investment Bank
BOD Biochemical Oxygen Demand
BTR (BRT) Bus Rapid Transit
CACONIC Nicaraguan Chamber of Commerce
CCTV Closed-Circuit Television
COBAPRED Barrio Community of Prevention, Mitigation and Attention of Disasters
COD Chemical Oxygen Demand
CODIPRED District Community of Prevention, Mitigation and Attention of Disasters
COMMEMA Municipal Corporation of Managua Markets
COMUPRED Municipal Community of Prevention, Mitigation and Attention of Disasters
CONAPAS National Commission of Water and Sewerage
DBOS5S Biochemical Oxygen Demand
DDV Right of Way
DGA Directorate General of Customs Services
DGAC General Directorate of Civil Aviation
DGO Official Gazette Daily
DGTT General Directorate of Land Transportation
DQO Chemical Oxygen Demand
DWT Deadweight Tons
E/N, C/N Exchange of Notes
EA Environmental Evaluation
EAAI International Airport Administration Company
EAE Strategic Environmental Assessment
ECLAC/CEPAL Economic Commission for Latin America and the Caribbean
EHMP Household Survey to Measure Poverty
EIA Environmental Impact Assessment
EMTRIDES Company of Integral Solid Waste Treatment
ENACAL The Nicaraguan Company Water Supply and Sewerage
ENATREL The National Company of Electricity Transmission
EPN National Port Authority
FIDEG International Foundation for Global Economic Challenge
FMAM Global Environment Facility
FND Nordic Development Fund
FOS Land Occupancy Factor
FOT Total Occupancy Factor
FS Feasibility Study

XXVI
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FSLN Sandinista National Liberation Front

FTA Free Trade Agreement

FTZ/ZF Free Trade Zone / Zona Franca

GDP, PIB Gross Domestic Product

GEF Global Environment Facility

GIS/SIG Geographical Information System

GIZ German International Cooperation Company
GPS Global Positioning System

GRDP Gross Regional Domestic Product

HIPC/ PPME Heavily Indebted Poor Countries

IACR Kreditanstalt fiir Wiederaufbau / German Reconstruction Credit Institute
ICES Emerging and Sustainable Cities Initiative (IDB)
IDA, AIF-BM International Development Association - World Bank
IDB, BID Inter-American Development Bank

IDR Rural Development Institute

IEE Initial Environmental Examination

IMF International Monetary Fund

IMO Organization Marine International

INAA The Nicaraguan Institute for Water Supply and Sewerage
INAC Nicaraguan Institute of Civil Aeronautics
INAFOR National Forestry Institute

INATEC National Technological Institute
