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Network Basics

ANetworks are about:

® Nodes (i ndividuals, entitiesé
— Links (edges, connections)
AThe way in which nodes connect makes all the difference

ATopics/applications
A Strength of weak ties
ARandom vs. nomandom networks
APreferential attachment (fit get fitter)
AEmergence of scaling



Basic Network Structures RCRD
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Why network analysis?

AAdditional insights into relationships, causal factors

ANodeods position withi ndmengiowor k .
characteristics explaining outcomes

AY = a +bX vs.

AY=a+bX+ cY

AY = the nodeds position (e.g., cent
AExamples

AMincert ype earnings equation: individu
ACounty economic growth model: count

AlIndustry, firm resilience: how central to the local economy

ANet wor ks canovedagedost ackedo (



~88,000,000,000
neurons

Each nerve cell may have up
to ten thousand connections
(synapse)The brain has

100,000,000,000,000
synapses

Source:DeanDrosnes MD, FASAM;

Medical Director, Pennsylvania, Caron
Treat ment Center s:
Cri si s: Where ar e




A Generic Network ACentralityod

A Overall connections
A A Highest: E, then F, G
A Lowest: J

B F A Betweeness
A Highest: H, then F, G
A Lowest: A, D, J

- H | J A Closeness
A Highest: F, G, then E, H
- G A Lowest: J
D
Nodes, individuals, or firms, have different roles in the network, @
N o1

depending on their positions: J may



Strength of Weak Ties Grero

A Network of Connectors Linked by Weak Ties

R. Ogle (2007p5mart World Breakthrough Creativity and th
New Science of Ideadlarvard Business School Press, [R0).3



How Networks Grow or Fall: Topological Phase Transitions

A Complexity

star network
scalefree
network
random
graph
) >
Resources Stress

Source After Csermly 2009,Weak Links: The Universal Key to the Stability of Networks and Complex SySpgmger



A Generic Network A Individuals

A Friendship

A Entrepreneurs

A Authors

A Patent holders

A Artists (coexhibition)

A Industries
A Firms
H | J A Establishments

A Cities, counties
C A Migration
A Commuting
D A Commodity flows (x, m)
A Communications (info)
A Gov websites

Words, planets, flavor s m

mj RCRD|’
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Input-Output Tables as Networks

Francois Quesnay, Tableaconomique W. Leontief, Inpubutput table



InputOutput Tables as Networks

Sour ce:
nputo Ut put

Industry Final Total
1 2 3 4 t | Demand output
1 Xy Xpp X3 Xy X1t Ji X;
2 X21  X22 | A23| X4 X2t S X
-
Z 3 X3; X3 X33 X3y X3 /3 X;
= 4 Xq1 X420 Xy3 Xy X4t I Xy
§ xsl xSE’ xa'j’ x&"sf o x.ﬁ'? ﬁ' "YS
Value added V; Vs, V3 vy Vv,
Total output *Yl j{z _T('j. j('4 *’Yr
Han Y., Goetz S. J. (2019)

AppledBcononsca9(51): 20192028

nNPr edil



US Economy, Backbone, 2000

Fublishify activities

Paper products'"“-m.ax !
Printing and reproduction

@

~Air transport

petrofeum products
| |
| |
—— 'Jl——--J—-._.__
| —————
ort viaHpinIines .
(| Postal and courier

t:--"’F?ﬁt_J_hder and

Basic phal'maceutiWs /

Chemical products

_Etettricity/ gas supply
- it Accommodation and food service

Agriculture .

" Fishing/ aquaculture

s

/"r:urestry

mmunjcations

Programming and broadcasting

(Billion US$)
Woad pl'o‘du\u:ts

w
N,
1
B

. Furniture
Auxiliary to financialiinsurance activities  Information services

Data source: World Inpt®utput Table. Backbone detection algorithm of Serrano et al. (2009)v&due 0.02.
Node colors indicate industry communities based on the natural clustering method.

— 10¢w <80
—> w280




US Economy, Backbone, 2014
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Changes in the U.S. Economy, 26@2014/16
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Chang

es In Industry Sales as % of total, 2000=2014

Data source:
World Inp@utput Table
55 intermediate industries
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Highest Sales Shares (top 10), as measure of centrali

US Economy, sales
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HighestBetweenesg&entralities, U.S. industries
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Highest Closeness Centrality, U.S. industries
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Changes in Network Centralities, U.S. Industries, 22004
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Changes in the Direct Flow Matrix
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Changes Iin the Direct Flow Matrix, 202014

C(post -recession)
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Rewiring of the Direct Flow Matrix

Rewiring=
C(post -recession)
-C(pre -recession)

Data source:
World Inpt@utput Table
55 intermediate industries
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Measuring Change in Networks (Rewiring)
using cosine similarity or distance



Cosine similarity: Measuring network change (or distance)

Vectors of Interindustry Transactions (U.S.); or Employment atigit NAICS level, U.S. counties
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Example 1: National Economies
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Rewiring during the GR (cosine similarity): USA, Germany and Chi
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https://doi.org/10.1371/journal.pone.0220295

Changes in GDP Growth Rates
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GDP growth rate = GDP growth rate (202014)- GDP growth rate (2062006).
Data source: Word Inpt®utput Database. World Bank, GDP data are in constant 2010 U.S. dollars



Example 2: County Economy Employment
Transition between Sectors



Map of employment reorganization during the Great Recession

Cosine similarity applied to employment by industry vectors, 22
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Regression results for changes in the colengl employment growth rate,
20032007 and 2012015 (using cosine similarity)

Modell Model 2 Model 3 Model 4 |Model 5
Ind_diversity -0.130* -0.113* -0.127* -0.197***  -0.075 -0.076

0.129%%*  0.425%

*% * *k%k *% *%*

mployment growth rate. N=3,108 U.S. counties
ectt statistic in parentheses. Significance levels: different from zero at *10%, **5%, and ***1% or lower.
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Economic Resilience Based on Injiitput Tables



Degree Distributions (and Resilience) of the US Economy and the Food Sys
Economywide resilience based on the inpuitput table
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Both systems have become more concentrated (flatter slope, larger or less negative gamma coefficient) and thus mo
vulnerable to a targeted attack or failure, but less vulnerable to a random attack.



County centrality scores stepped down to the county level
Centrality scores based on the input output table
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Impacts of Centralities oResiliencg=dep. variable)
Source: Han Y., Goetz S.J.: (20Bgview of Regional Studies af219)Applied Economics
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0.096***  0.092%**  0,09%**

-0.016 -0.010 -0.016

0.168*  0.166™*  0.168**

* * N=3,087 counties,
P (0.161) (0.158) (0.159)  SFE included.



Spatial Supply Chains based on Irf@uitput Tables



Local and Regional Food Supply Chain Elements & LocationEmﬁ
N

Production: F&V, Meat (NAICS 11

i

Specialized Freight Trucking,
Local, including refrigerated:

/

Farm product warehousing and
storage (except refrigerated)
493130

N

Livestock Merchant | :j*
Wholesalers: 424520

484220

Flour Milling: 211

e Animal (except

Meat Processed\

Poultry) Slaughtering: from Carcasses:
Frozen Fruit, Juice, &Vegetable Mfg.: 411 Short 'iggﬁg”mads; 611 311 612
Fruit and Vegetable Canning: 421 Poultry Rendering and Mgat
Dried & Dehydrated Footfg: 423 \_ Progizsmg: Byprodu%tlzrocessmi
Refrigerated Warehousin

and Storage: 493120
Soybean & Other Oilseed ProcessiAgl

@rishable Prepared Fobtig: 991 /

Seafood Product Preparation
and Packaging: 311710

____________________________________________________________________________________________________________________________________________________ [

Wholesaler Fresh Fruit and prqzen Vegetable Psu?tl; ltr%g&ict Meat and Meat Fish and Seafood gter;ztre(jrgfoeéﬁggd
level: 424 \l\//legr?:thaabrlf Merchant Mesr/chant Product Merchant Merchant Merchant
. Wholesalers: 420 ) Wholesalers: 470 Wholesalers: 460
Wholesalers: 480 Wholesalers: 440 wholesalers 490
Retailer . A l \/
level: 445 Fruit and Vegetable Meat Markets: 210 Fish and Seafood

Markets: 210

Supermarkets and Other Convenience Stores: 120

Grocery (except Convenience)
Stores: 110

War

Consumption

Markets: 220
ehouse and

Supercenters: 452910

NAICS codes used in County Business Patterns



s B Vegetable Farm, Manufacturing, Wholesale, Retail, ‘ﬁb
o Refrigerator and Farm Product Warehouses , 2007

l!‘
:

-

+ Vegetable
* Manufacturing

"‘""_ Vegetable Farms

@oe-

l

Farms Slaught/Proc. Refrigerating WholeSale RetoilMarket - B
[]1-1% * 12 * 1.2 ¢ 13 e 1.5 -
-2 o 3.4 ® 3% ® &0 © 6w i e = PR N )
i : ol : rd : s 8 el R o Map prepared by Hamideh Etemadnia, The Northeast Regional NED C‘RD
P ® ‘5' . @ .' o ":a o ?::p,f;ﬁ:m &Wﬁ%"%‘?& : ® - Center for Rural Development; http://nercrd.psu.edu
b e o e Development; httg://nercrd.psu.edy —— o v
Based on: HEtemadniaS.J. Goetz, P. Canning, Madegiravallali( 2015) A Opti mal whol es al

the fruit and vegetables supply chain with bimodal transportation options: ML h e ur i s tEurgpeaap pr o

Journal of Operational Research44 (2): 648661



Backgroundand Purpose

Economic flows in local economies
ALocal spatial linkages of goods, services, and information

AInput-Output table (10 table) captures economic flows
(transactions) between industries

ABut not flows between local economies

Modeling flowsin alocal IO network
ASectors in | ocal economies Y NO«
ATransactions between | ocal sect c

AWe estimate the local 10 network
A using the national 10 table and industry structures in local economies
A based on the idea that complex networks connect themselves

AThen, we analyze spatial linkages in the local 1O networks

Source: Han Y., Goetz S.J., and Schmidt C.; Pres. at thEBSA Congress (2019), Lyon, France



Method

Assumptions

A Transactions between local sectors follow the gravity rule and the
preferential attachment rule in complex netwoiBar@basand
Albert, 1999)

A Production and consumption of a local sector are proportional to
employment (or population) in the local sector

Linkages

A Preferential attachment: A node prefers to attach to a node that
already has a large number of connections

A Gravity effect: Amount of transactions between local industries
are inversely proportional to distance

A Total production and consumption of local industries, and
transactions between industries are fixed

Barabasi, AL., and R. Albert (1999) Emergence of Scaling in Random Netw8idience286(5439): 50%512.



Model (balance productionconsumption over space):

Uses 10 table to examine each segment of the supply chain

Balance Equation of indust&in IO table
xst: flows from industrysto industryt

m n N N & m n ~
X® = é+ a = aa %‘ +a 8 fsu: flows from industrysto final demand.
t u i Gt u = x;°: flows from industrysin placei to industryt
in place;
Production, consumption f;u: final demand flows from industryin place
| to final demandu in placej

p° = X® __m -, G :Yt__ﬂ, f ¥‘¢ p;s: total production of industrgin placei
a,m a, ! a”’I ¢ total consumption of industryin countyj
_ fi': total consumption of final demandn countyj
Transactions ms: employment in industrgin countyi
ot O q-Pg Xs: Total output of industrg
)gft = K]_St @S ij@ P, st p— = Y. Total intermediate consumption of industry

a, a.c &" df Kk aproportionality constant
£U G (pg d;: distance from countyto countyj
fijS“ = stu @S ij@j P j su P —J_ _ . — O exponential coefficierfior distance effect
a, a fo O dY 8% probability that a unit commodityproduced
in placel is consumed in industiyin placej

Conditional equation

~

Hszééeéxjst + ajsu ’8 (]:t — éh@ J.I:u -: asﬁ XSt

:ijxét. éisu :ijfs
j Gt it j i

i ]



Data

|O table and sectors
A Total 416 sectors from the 2012 Benchmark 10 table (BEA)

Local industry structure
A Employment based on NAICS in 3,148 counties
A Farming sectors: commodity products from AG Census
A Some sectors in final demand: Population from US Census

Distance between counties

A Network impedance from Oak Ridge Natl. Lab.

A Transportation cost depends on the geographical environment
(mountains, river, etc.) and road types (highway, railroad, ship, etc.)

A1 mile distance (highway), 1/3.3 (rail), 1/5.0 (inland barge), 1/5.8
(Great Lakes), 1/6.5 (marine shipping)



Ruralurban linkages

APopulation density (per square miles)

AHigh population density: urban
ALow population density: rural

ARuralurban continuum code (RUCC)

Code Description Type
1 Counties in metro areas of 1 million population or more Urban
2 Counties in metro areas of 250,000 to 1 million population Urban
3 Counties in metro areas of fewer than 250,000 population Urban
4  Urban population of 20,000 or more, adjacent to a metro area Suburban
5 Urban population of 20,000 or more, not adjacent to a metro area Rural
6 Urban population of 2,500 to 19,999, adjacent to a metro area Suburban
7 Urban population of 2,500 to 19,999, not adjacent to a metro area Rural
8 Completely rural or less than 2,500 urban pop., adjacent to a metro area Suburban
9 Completely rural or less than 2,500 urban pop., not adjacent to a metro area  Rural




- Population density, 2016 " Rural-urb ti de (RUCC
[Mrero Population density [T rero Rural-urban continuum code ( )




Examining RuralUrban linkages

Examine three industries
AAgriculture: Grain farming (primary)
AManufacturing: Motor vehicle gasoline engine and engine parts (secondary)
Alnformation: Data processing, hosting, and related services (tertiary)

Ruralurban linkages
ADiscrepancies between production and consumption
ARuralurban linkages sorted by population density and RUCC
AGenerate a network map based on linkages
AShow ruralurban linkages in the two largest downstream industries



Spatial supplyhain

Grain farming

Transaction (M$)

sl 9.2 or more (0.01%)
> 3.6 — 9.2 (0.04%)
e 1.8 — 3.6 (0.1%)
> 1.0 — 1.8 (0.2%)

Source: Han Y., Goetz S.J., and Schmidt C.; Pres. at thERSA Congress, 2019, Lyon, France



Productionconsumption

Grain farming
7

6 —e— Production

Consumption
5

Share (%)
(S

0 10 20 30 40 50
Population density (quantile)

Discrepancies between production and consumption createurbeal linkages



Ruralurban linkages

: : Consumption
Grain farming P

rural

Pop density

rural

Production
Pop density

urban

(S — ]
0 1.42 4.29 8.02 15.38 2542 34.31 47.16  Transaction (M$)



Ruralurban linkages

Grain farming

% Rural Suburban Urban Production
Rural 11.6 7.4 15.8 34.8
Suburban 5.8 9.6 20.3 35.6
Urban 3.5 6 20.1 29.6
Consumption 20.8 23 56.2 100




Spatial supplyhain

From Grain farming toée

Other basic organic chemical manufacturing Flour milling and malt manufacturing

Transac tion (M$)
w29 or more (0.02%)
—p 1.6 — 2.9 (0.05%)
—p 1,0 — 1.6 (0.1%)
b 0.4 - 1.0 (0.3%)

wm 7.4 or more (0.02%)
—p 4.0 — 7.4 (0.05%)
— 2.4 - 4.0 (0.1%)
—p 1.0 — 2.4 (0.3%)



Spatial supplyhain

From Gr al n

Other basic organic chemical manufacturing Floug milling and malt manufacturing
7

f ar mi

ng

t oé

6 —e— Production 6 —e— Production
s Consumption 5 Consumption
g 4 ‘§ 4
@ 3 @ 3 f
[~} [~
A2 o’ A2 Faa
1 1
0L 4 0t
0 10 20 30 40 50 0 10 20 30 40 50
Population density (quantile) Population density (quantile)
% Rural Suburbar Urban [Productior % Rural Suburbar Urban [Productior
Rural 11.6 59 16.1 33.7 Rural 52 8.6 18.1 31.8
Suburban 6.1 7.5 22.9 36.6 Suburban 2.8 10.8 23.6 37.3
Urban 3.8 4.9 21.1 29.7 Urban 1.7 6.5 22.7 30.9
Consumptio| 21.5 18.4 60.1 100 Consumptio| 9.7 25.9 64.4 100




Spatial supplhchain

Motor vehicle gasoline engine and engine panfig
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Transaction (M$)
s> 12.2 or more (0.05%) RS0 VSN NN ;3/;\:

—P 6.6 - 12.2 (0.1%) /i \‘
e 3.3 — 6.6 (0.2%) s Nl
=—> 1.4 -3.3(0.5%)




Productionconsumption

Motor vehicle gasoline engine and engine panfig

18
16 —e— Production
14 Consumption

12 J
1

-

Share (%)

)
T
2

e e e e’

0 10 20 30 40 50
Population density (quantile)

Discrepancies between production and consumption createurbeat linkages



Spatial supplyhain

From Motor vehicle gasoline engine to

Light truck and utility vehicle manufacturing Automotive repair and maintenance

ke

Transac tion (M$)
sl 34.2 or more (0.2%)

> 9.8 or more (0.02%)
— 2.9 9.8 (0.1%)
e 0.9— 2.9 (5%)
— 0.5-0.9 (1%)

— 16.5 — 34.2 (0.5%)
—p 8.6-16.5 (1%)
— 2.4 -16.5 (3%)



Spatial supplyhain

From Motor vehicle gasoline engine to

Light truck and utility vehicle manufacturing Automotive repair and maintenance

25 | 16 |
—e— Production 14 —e— Production
20 Consumption 12 Consumption |
~ 15 ’ 10
@
= 10 = 6
= = -
) ©og
5 vm /\,- N
2 oA
o L . W —_ 0 Lesstsessss ;'AJ\'WMM )
0 10 30 40 50 0 10 20 30 40 50
Population density (quantile) Population density (quantile)
% Rural Suburbar Urban |Productior % Rural Suburbar Urban |Productior
Rural 0.001 1.8 2.8 4.6 Rural 0.8 0.7 3.3 4.7
Suburban| 0.004 3.3 19.0 22.3 Suburban 3.4 4.4 19.9 27.7
Urban 0.003 5.3 67.8 73.1 Urban 3.3 6.6 57.7 67.6
Consumptio| 0.008 10.4 89.6 100 Consumptio| 7.5 11.6 80.8 100




Spatial supplyhain

Data processing, hosting, and related services

Transaction (M$)

weel 33.7 or more (0.02%)
e 12.6 — 33.7 (0.05%)
e 6.2 — 12.6 (0.1%)

b 1.8 6.2 (0.3%)



Productionconsumption

Data processing, hosting, and related services

35
30 —e— Production
Consumption

25
g 20
E 15
=
w» 10

5 F

0 10 20 30 40 50

Population density (quantile)

Discrepancies between production and consumption createurbeal linkages



Spatial supplyhain

From Data processing, hosting, and related services to

Personal consumption expenditures Nondepositorcredit intermediation activities
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— 6.7 - 17.3 (0.05%) = == B\ ' '
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Spatial supphchain

From Data processing, hosting, and related services to

Personal consumption expenditures

Nondepositorycredit intermediation activities

30 35
75 —e— Production ' 30 —e— Production l
Consumption Consumption /
20 25
) e 20
S 15 S j
% % 15 i
g 19 | 7 10 /
0 Lese 0 L Lo T s a
0 10 20 30 40 50 0 10 30 40 50
Population density (quantile) Population density (quantile)
% Rural Suburbar Urban |Productior % Rural Suburbar Urban (Productior
Rural 0.3 0.3 1.1 1.6 Rural 0.2 0.0 1.0 1.2
Suburban 0.2 0.4 1.4 1.9 Suburban 0.0 0.1 1.4 1.4
Urban 3.5 7.4 85.5 96.5 Urban 0.9 1.8 94.7 97.4
Consumptio| 4.0 8.0 87.9 100 Consumptio| 1.0 1.9 97.1 100




County Commuting and Migration Networks



Current definitions of LMAS

\ LMASs are mutually exclusive.
‘ A county can belong to only one LMA.

L] RS f’i/ Large cities (DC, NYC) may
By B g«é@ belong to multiple LMAs.
! .\‘_\/‘

But: A county in New Jersey
may send commuters to DC,
NYC andPhiladelphia

Labor market areas for the US, 1990.
USDA ERS Commuting Zones and Labor Market Areas



LMA Diversity

AConsider that labor market areas may overlap

AWe calculate the number of different LMAs to which a county
may belong, using commuting data and the link community
method of Ahn et al. (2010)

A Membership in more LMAs would provide more diverse economic
opportunities, more stability?

A Diversity = the number of LMAs to which a county belongs

A Vectorsimilarity (or diversity) calculated from the 3,151 x 3,151 US county
matrix

Y.-Y. Ahn, J.PBagrow S. Lehmann. 2010. Link Community reveal msltale complexity in networkslature446: 761764 Supp. p.



Overlapping commuting zones, NE (geographical representation)

DC and Baltimore
belong to a single LMA.

Diversity = 1

Y. Han, S.J. Goetz
2019 nOver | a I N
PP g

labourmarket areas Baltimbre, MD
based on link _
communiti es oMM

. . District of Columbia, DC ,?V‘ _ _
Papers in Regional G,\W Philadelphia and Salem
Scienced8 (1), 539 . /Y belong to 3 different LMASs.

553 i Diversity = 3



Overlapping commuting zones, NE (topological representati

DC and Baltimore
belong to a single LMA.

Diversity = 1

O
O ; ‘ = e New Haven, CT
O i
- 1 \\\‘\B_\UCKS, PA | A | a,,, -: A ' . /‘- : - /j)
=
O Ba{lfimore; MD

Y. Han, S.J. Goetz e 4
(2019) [AOvVes!l apPirrgrre TN o
labourmarket areas . Anne Adndel, MO ) wortgomery, MD 1 ¥ or g
based on link S, SRS S
communitieso 3
Papers in Regional = [ | o\@xv‘ Philadelphia and Salem
Science98 (1), 539 O ' 8 oY belong to 3 different LMAs.

553 O Diversity = 3



Number of counties per commuting zone (Han & Goetz, 2BIRS

Legend

Commuting Zone (CZ)
Number of Counties in CZ
- REE

[+

[ Je-8

=y

|
r_

:jf

o
4
/ "\\'n
S
L 5PN
S % ¢
| 1) % |
Ly i e, 5, =
of ’%T J, ¢ Tk .
¢ } - b T
——Hl,‘ A R e R
L g
[ 1 A J“?:-:{ ‘;'
R AT
7 4 ¥ B

Meadowecroft



Number of Overl apping LMAOSIRBN

Map: D. Meadowcroft



