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Talk outline

Backround and Motivation:

» CityPorts and Merope Interreg Ill/B projects

» Emilia-Romagna’s towns logistic surveys
A unified modeling framework for Urban Logistics
(CityGoods)

» Step 1. a demand generation model

» Step 2-3: distribution and assignment models

» Step 4. GityGoods modeling suite
Conclusions
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The CityPorts Project

CityPorts (EU INTERREG [II/B 2003-05), coordinated by
Regione Emilia-Romagna, proposed a general
methodological framework for the design ad evaluation of
City Logistics Actions (support initiatives):

» Infrastructures

» Policies and regulations ...

The approach relies on the analysis of the different supply
chains and their impact on the different zones of the urban
area

Another twin project, Merope, involved other towns of the
region with similar objectives
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The Zones-Supply Chains Grid

Logistic characterization of towns is based on the
construction of the Zones-Supply Chains (ZS) Grid as a
“reading guide” of the town in Logistic terms
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Logistic Actions and ZS Grid

A Logistic Action (Infrastructure, Policy) may be mapped
Into the ZS Grid to evaluate it effectiveness
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Logistic Actions Evaluation

Action mapping into a ZS Grid gives the basis for Action
effect evaluation (and possible re-design)

Need of a quantitative ZS Grid

Need of a Supply-Chain-based Demand Generation Model
» to define the ZS Grid

» to be used within classical transp. models
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ER City logistic surveys

In the years 2003-05 Emilia-Romagna performed an
extensive survey of City Logistics phenomenon for all ER

towns
» CityPorts, Merope, Regional programmes ...

Huge and fine-grained data source
» Quite homogeneous (CityPorts survey model)

» 3 main surveys:
» Demand Generation (interviews at shops...),
» Demand Attraction (interviews at logistic operators)
» Flows/operations (interviews to vehicles)
» 11 towns (all with > 50K inhabitants), thousands of interviews

A unique modeling opportunity !
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CityGoods Modeling framework

Unified modeling approach:
» Description of City Logistics phenomena
» For a specific town and for a regional territory

» Definition of qualitative and quantitative indicators of City Logistics in
ER towns

» That may be used for evaluation and planning purposes
» CityPorts methodology and Classical transportation analysis
Classical modeling framework
(Generation, Distribution, Assignment)

Demand Generation exploits the hierarchical structure of
activity classification systems

Distribution takes into account that vehicles can perform
more than one stop in a tour
e .//
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CityGoods package development

The prototypes of the models were developed in 2004 for
RER

In 2005-06 models are validated on real-world data from RER
surveys

In 2006-07 the models were integrated into a unified package
(CityGoods) tested and adopted by RER

CityGoods is developed and commercialized by OPTIT and

Sistema
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Demand Generation Models

General survey: Russo & Comi (2004)

» gravitational, 4 Phases (Hutchinson 1974, Odgen 1992, List &
Turnquist 1994, Taylor 1997, He & Crainic 1998, Gorys &
Hausmanis 1999 ...): more suited to a urban scale

» Input-output (Harris & Liu, 1998)

» spatial price equilibrium (Oppenheim 1994, Nagurney, 2002)

Some problems:

» Generation:

» intrinsic approximation introduced by aggregating many
economic activities into few categories

» a given economic activity generates movements belonging to
different Supply Chains

» Distribution: a vehicle performs many deliveries/pickups in a tour
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Other experiences

FRETURB (L.E.T., Lyon, Fr): general model for the evaluation
of the impact of Logistic Actions

» Based on 3 detailed surveys on French towns (Marseilles, Bordeaux
and Dijon)

» Regression-based model

» Software tool distributed by French Ministry of Transport to all
French Municipality

VISEVA (Friedrich et al 2003), Good Trips (Boerkamps, 1999)
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Demand Generation Model

Objective: estimate the yearly number of operations
generated by each SC - Zone

Starting Points:
» ER surveys on Demand Generators:

» Small samples wrt Universe
(e.g. Bologna: 250-500 out of 35131)

» Rich of logistic information (operations generated per SC, time
distribution, type of vehicles ...)

» Universe
» Municipality, CCIAA Data ... ASIA ER Database

» No Supply-chain related classification (only ATECO/NACE
economic classification, NAICS in USA ...)
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Demand Generation Model (2)

Overall approach:

» No “a-priori” aggregation of activities into categories (SC)

» Characterize demand generation directly using the ATECO/NACE
classification of the generators (=»operations per NACE code)

» Hundreds of codes and small samples! =» Exploit the hierarchic
structure of the classification within the model

» Use survey data to calibrate the model and define the specific SC
generation models

Result:
» Very fine-grained information wrt to classical index-by-category
approaches
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\ 1 057 - ESTRAZIONE 01 MINERALI
x 2 [BBGZ50) - DEL LEGNO E DEI PRODOTTI I LEGNO
\] 2 |1/26al) - FABBRIGAZIGNE DI MACCHINE ELETTRICH i AP

502 (£17560) - MANUTERZIONE E RIPARAZIONE DI AUTOVEICOLI
E020 (417560 - Manutenzians & nigarazions dl autovelcal
50201 (371583 - Riparazion| meccanicne i ausovelooll

Py 2 (2537863) - COMMERCIDALD ESCLUSC QUELLD DI AUTOVEICOLI E DI MOTOCICLIE RIPARAZIONE DI SENI PERSONALI E PER LA CA,
DETTAGLIC IN ESER! ZPECIALIZZAT]
4)- Commerclo esancizl non spectalizzall con prevalenza o proded] almentan & bevands
52111 (436) - |permercati
52112 {30437) - Supermercat

52113 {82614} - Discount al almentari
52114 {140138) - Minmercatl ed altl eserci non specialzat dl almentari varl
52115 {13480} - Commercks 3l detiaglo ol prododl surgeiatl
5212 {360) - Commencio 3 dettagllo 1 eserclzl non speciallzzatl con pravaienza d prodatt non almentar
527 - COMMERCIO AL DETTAGLIC IN ESERCIZ) SPECIALZZATI DI PRODOTTI ALIMENTARI, BEVANDE E TABACCO
523 [4B5204) - COMMERCIO AL DETTAGLIC Dl PRODOTTI DI COSMETICI E DI ARTICOLI DI PROFUMERIA
5231 (282958) - Famacie
5233 {203245) - Commercio al detiagho ol cosmeticl, ol articol ol profumerta, erborisieriz
534 (1036954 - COMMERCID AL DETTAGLIO IN ESERCIZ] SPECIALIZZAT) DI ALTR! PRODOTTI (ESCLUS! QUELLI DI SECONDA MAND
p] =5 (2050054 - ALEERGH) £ RS TORANT)
7 (733456) - ATTIVITA IMMOBILIARI, NOLEGGIO. INFORMATICA, RICERCA, SERVIZI ALLE IMPRESE
9 (433453) - ALTRI SERVIZ] PUBBLICI, SOCIALI E PERSONALI
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ATECO-NACE tree (2)

Mapping of the Universe into the NACE tree gives immediate
Indicators of town structure (overall and spatial=per Zone)

a (35131) - ateco
0 (137) - AGRICOLTURA, CACCIA E SILVICOLTURA

5 (14074) - COMMERCIO ALL'INGROSSO E AL DETTAGLIO; RIPARAZIONE DI AUTOVEICOLI, MOTOCICLI E DI BENI PERSONALI E PER LA CASA

521 (378) - COMMERCIO AL DETTAGLIO IN ESERCIZI NON SPECIALIZZATI
522 (892) - COMMERCIO AL DETTAGLIO IN ESERCIZI SPECIALIZZATI DI PRODOTTI ALIMENTARI, BEVANDE E TABACCO
523 (362) - COMMERCIO AL DETTAGLIO DI PRODOTTI FARMACEUTICI, MEDICALI, DI COSMETICI E DI ARTICOL| DI PROFUMERIA

525 (48) - COMMERCIO AL DETTAGLIO DI ARTICOLI DI SECONDA MANO B O I O g n a
526 (759) - COMMERCIO AL DETTAGLIO AL DI FUORI DEINEGOZI
U .

527 (291) - RIPARAZIONE DI BENI DI CONSUMO PERSONALI E PER LA CASA

71 (224) - NOLEGGIO DI MACCHINARI E ATTREZZATURE SENZA OPERATORE E DI BENI PER USO PERSONALE E DOMESTICO

73 (70) - RICERCA E SVILUPPO

;

742 (419) - ATTIVITA DEGLI STUDI DI ARCHITETTURA, INGEGNERIA ED ALTRI STUDI TECNICI 0,1
743 (31) - COLLAUDI ED ANALISI TECNICHE 0.2
744 (442) - PUBBLICITA -
745 (90) - SERVIZI DI RICERCA, SELEZIONE E FORNITURA DI PERSONALE 0.5
746 (30) - SERVIZI DI INVESTIGAZIONE E VIGILANZA 1
747 (423) - SERVIZI DI PULIZIA E DISINFESTAZIONE 2
748 (1052) - ALTRE ATTIVITA DI SERVIZI ALLE IMPRESE
8 (585) - ISTRUZIONE g
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NACE-Based Model

Main assumption

» The n. of operations generated by a specific NACE code (e.g. 502
Vehicle Maintenance) should take into account:

» Those generated by the “descendant” codes (5020, 5021, ...
50201,...,50205)

» Those generated by “parent” classes (50, 5)
» Measured by two contributes:

» the relative weight (n. of elements in the Universe) of the subtree
rooted at the code

» relative weight of the path to the tree root
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Model Formulation

NACE tree structure:
N set of NACE codes J=10)
f(i) father of codeieN - B N
FS() ={ieN: f(i) =j} jeN
r root of the tree FS() |

M., number of yearly operations of the supply chain

seS generated by code ieN (model output)
m.. number of yearly operations associated to the link
entering ieN (parameters to be determined by calibration)
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Model Formulation (2)

IVlis = Wis + His leN
W,. contribution to M, of the subtree with root |

SUGAR

H.. contrib. to M, of the path from i to r (for leaves M, = H,,)

His = Mis + Hegy leN
(computed in topological order)
Wis = 2 jersi By - (Wjs + myg) leN

(computed in reverse topological order)

B; probability that the child of f(i) is ieN
(computed statistically from the Universe)

ALMA MATER STUDIORU M
UMNIVERSITA DI BOLOGMNA

Daniele Vigo
Bruxelles, 04/05/2011

E#%

& @ ERegioneEmilia—Romagna

\/

INTERREG IVC

IS INNOVATI
\\™  Recions of EuroPE SHARING SOLUTIONS

Made possible by the INTERREG IVC programme



(O N RS ! Pe——e .ﬁ

SUGAR
NACE-Based Model (2)

The overall model defines the total number of operations of
a SC per year generated as a function of:

» the NACE code

> the n. of employees in each local unit
Survey data are used to

» calibrate the model

» obtain the distribution of the different attributes (parking type, time of
service...) for each SC

Posey W/
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SUGAR
NACE-Based Model (3)

A spatial model is derived by using

» user-defined Zones (Cityports Macro-Zones, Transportation studies
Zones ...)

> distribution of the Universe in the Zones

» through geocoding by using a commercial street network
(Navteq) available for all towns

» Municipality-owned GIS ...

Posey W/
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CityGoods Overview

CityGoods is a GIS application based on an ACCESS-like DBMS ...

¥ CityGoods - C:\Documents and Settings'Guido’,Desktop',pesca’, Transportation’ exec’..'data’,CityGoodsDELS.mdb - |EI|5|
File Procedure Mebwork  Assign  CikyGoods  Help
DeEeH| e/ DX
+ A oo . = "
masxga|n [ ©hesE =]
rFe
Apri R B u
Cerca i IE}data j - &5 B2~
F,].j bologna. mdb ravenna_zone,dbf
E,].j bologna_orig. mdb ravenna_zone, shp
bologna_strade, dbf rawvenna_zone, shx
baologna_strade.shp
balogna_strade.shix
bologna_zone, dbf
balogna_zone.shp
bologna_zone. shix
21 ity GoodsDELS . mdb
. . E,:.J ravenna_orig.mdb
Documenti ravenna_strade.dbf
= ravenna_strade.shp 1000 m
: L 1
'-I ravenna_strade. shi i
4 | | -« »
== 2710.765 m
Dane! ' . ;I
Reset Print Zones .. Maome file: I j Apri | =]
Tipo file: [ > Annula |
[ Apiin sola lettura
£ 4
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CityGoods Overview

... with specific tools to model CityLogisitcs

File Procedure Mebwork Assign Help
| = | e S, D Impcrta Stradario
| @ EL +:+ q,_ C\_ <]:| HE Importa Zonizzazione

Geocodifica Portali
Geocodifica Campione
Geocodifica Universo
Geocodifica Giri

Individua Zone del Campione
Individua Zone dellUniverso
Individua Zone dei Giri

Statistiche Albera
Grafico Albera

=000 Calibra Modello di Generazione
100 Applica Modello di Generazione
Calibra Modello di Distribuzione
Applica Modello di Distribuzione

Crea Grafo dallo Stradario

0 q Crea Centroidi
ColotField  Layer  DimField  Co|  Connetti Centroidi al Grafo
time link flovs ti Applica Modello di Assegnazione
»
¥ = BEEF35.2 m |v=9371828 m |Scale = 1:195280 5
Drawing Time = 2253187 sec A
Drawing Time = 2313897 sec =]
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CityGoods Overview

It imports the street network (e.g. NavTeq shape file)

¥ CityGoods - C:\Documents and Settings', Guido', Desktop’ pesca’, Transportation,data’,bologna.mdb - |I:I|£|
File Procedure Metwork Assign  CikyGoods  Help
D E|e i DX
OASRXLE|e2 | Ofh 2 S B [ N
_ e ;I
=10l x|
F 22 KL | o B B 4Recod 1 of 365 p o] 3 B
A =l =l [l
MSHP|  LIME_ID|ST_MAME FEAT ID|ST LANGCD MUM_STHMES |ST_MM_PREF o
| 3 1| 5544730614 DEL TUSCOLAR 510169327 ITA 3
2| 5B441306| STRADA PROVIMNCI| 5423303047 ITA 3 oo
3| 5B441306| SP45 BAR643993(ITA 3
4| 55441309 RRRRA30E3 1
5l 55441910 BREER3083 1
Bl 55447317 |WIA WILLIAM SHAK | 555563404 | TA 1
1 7| BRI 2|VIA DEL TREBEO BT0TE320(1TA 2
o = BOE72. 9 m 2| 5ha4132\VIA DEL TREBEO BT0TE320(1TA 2
Donel 9| 5ha41312\VIA DEL TREBEO BT0TE320(1TA 2
Impu:ur.t ShapeFile strade 10) 554415912 WA CORTICELLA | B48309553(1TA 2
11 RRAAT 2 IVIA TORTICF LA RARENGRAA(ITA 7 ha
M »
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CityGoods Overview
It imports the City Zones (shape file)

2P CityGoods - C:\Documents and Settings', Guido', Desktop',pesca’, Transportation',data’ bologna - |EI|5|

File Procedure Mebwork Assign  CibyGoods  Help

D H e/ LD X
|';D|:L+:+C{FCK_<}:|HE/"|@UL//(@§IZDHE j

- _loix

A8 L o B B[ ML 4Recod 108105 DR S
A i =l =
HSHP 1D AREA PERIMETER |HAME I:EIDE;
b 1 53 BE5030.027344 AE98.920545( B argelino
2 33 185075234922 1794 485754 |Mazarnio Sauro o
3 0 283233.033203 2523228832 | Due tarri
4 =1 495749 533934 342 393455 Saragozza-Mozadell:
al 92 521568.97 2656 3967 273423 | = Giugho
5 93 277136919922 2631.845265 | Riva Aena
7 94 4571333.308594 3276 623688 Zamboni-5. Giacomo
a 95 430351.162109 2783.29149| Strada Magaiore
4 9 96 285389.731 25 2463608065 | Milazzo-Amendola
S ——— Woa 10 97]  304834.746094 2953079077 | Marcani
Dongl 11 93 495010.643433 3281001254 linenio-B. go . pietro
Compute Geomatry of Layer zone .. 12 93 460957.341797 3020.470364| Corticella-Luna
13 100 1862920, 267578 5138052465 Papini ha
4 [ LI_‘
o 2 = \//
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CityGoods Overview

Geocodes the survey data ...

#¥ CityGoods - C:\Documents and Settings' Guido', Desktop’ pesca’, Transportation’,data’ bologna.mi - |EI|5|

File Procedure Mebwork Assign  CitvGoods  Help

DEeE|[e L DX
ORL XX @@ 21O £ S B [cmwe 7|
II

II!.IF'- I YN
#ﬁ"*&ﬁ?‘!’l'gp \4 s

|
’!3.,
I |H¢J||§D]§|q}§§ [ ]Record 1 of 256 pIoi]| on 3¢ @

| i e -] g ]
I > l"-.!gz |0 | codice addetti pezo|via Civico -
Y, A=y o] om0 (5242 12 GALLERIA CAVOUF 7
&‘.}" - 1000021822 1 Wla CLAVATURE . b
e ~ ._B 1000035242 1 GALLERIA CAVOUF ]
\" "" 100004|5242 0 i PESCHERIE VE 3
Al all ' 1000055242 2 PIAZZA MINGHETT 3
R ' "‘ - 1000065242 0 & OBERDAN 14
100007 | 5242 2 VI MARCHESANA, 12
‘ 1000055221 1 Wi UGO BASSI 25
100003(5221 1 V1A UGO BASSI 0
mos s A I
GieoCode Layer campione .. 100012/ 5221 0 VI4 UGO BASS| 0 Jﬂ
1| | 3
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CityGoods Overview

Geocodes the Universe data ...

#¥ CityGoods - C:'Documents and Sektin - |EI|5|
File Procedure Mebwork  Assign  CikyiGoods  Help

DSE| e DX
|®EL+:+C\+C\_<}3||§/ |@|jlﬁ§luniversu

o2 Rl
M

=10 %]
[ 4 Record 1 of 35131 Pl 3 B RS
[~ || I
addetti peso| via civico cap|
1 WIA OBERDAM 45 4mze) T
1 WIA RIZZ0L0 9 24 T
3 PlAZZA MAGGIORE 4 40124
1 WA SARAG OIS, 105 40123
1] WA MOLIME 16 40126
P a1 1] YWIA STALIMGRADO 16 40126
o200 1] WIA UGE0 BASSI 25 4011
# = BI4EE4.E m [ 52421 0 Y14 GOITO 11 40126
Donel 9303 1 PlaZ28 DI PORTA 4 40133
GeoCode Layer universo ... 123 1] YIA G, DOZZh o4 0138 -
B N LH
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CityGoods Overview

Imports the surveys to obtain the movements per SC and
other logistics attributes

¥ CityGoods - CDocuments and Settings', Guido',Desktop',pesca’, Transportation',data’bologna.mdb - |EI|5|
File Procedure Mebwork Assign  CitwGoods  Help
D d o /i D ¥
|®|:L'+I+CK"'C(<:3||E_.}/"|@[|}//@§Iaperaziani j
i . - —
SNk L A Sl L/ -
=T cauenze Reconds 1=
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CityGoods Overview

Applies the generation model to obtain the number of
movements per NACE Code and per year ...

* 5 %

INTERREG IVC
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REGIONS OF EUROPE SHARING SOLUTIONS
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SUGAR

CityGoods Overview

s
... and produces the ZS matrix ...
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SUGAR
CityGoods Overview

... and produces the ZS matrix ...
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SUGAR

CityGoods Overview

Distribution model uses Logistic Portals (Geocoded)...
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CityGoods Overview

B |
Computes all the distances between inner points and Portals
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CityGoods Overview

SUGAR

Distribution: Gravitational model modified to account for multiple
deliveries within each Zone and applied for each supply chain
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CityGoods Overview

... produces the OD matrices per supply chain that are assigned to
the network (jointly with people movements)
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CityGoods Overview

... obtaining the freight vehicles flows
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CityGoods Overview

... data may be easily exported to be used by other applications (e.g. GIS)
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Typical Use-Cases

SUGAR

Construction of the specific model for a given town using

“Its” surveys

Construction of the “regional” model using all the surveys

(often covering different SCs)
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SUGAR
Typical Use-Case

n
~

N
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Application of the town or regional model to other towns
(without additional surveys)
Requirements:

» Universe (ISTAT, CCIAA ...)

» User-defined Zones

» GIS Cartography o Commercial Street Network
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Conclusions ...

SUGAR

Very effective modeling tool
> “Soft” data requirements:

» Simple Universe data, NACE tree, commercial street graphs
» Fine granularity of results and excellent quality of real-world testing
» Easy portability of the model to different towns with/without specific

additional surveys
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