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Introduction

» Part of the CFIRE Broad Economic Impacts of
Freight Infrastructure project being conducted by
The UTC

» New approach to capture broad impacts of
transportation infrastructure
> Using existing input-output techniques

» Address a short coming of existing tools within
transportation analysis
- FHWA Broad Impacts Tool

(Kawamura, Sriraj and Lindquist 2009)



The Federal Highway Administration: Freight Logistics
Reorganization Benefits Estimation Tool

» The Federal Highway Administration (FHWA)
identifies three orders of benefits regarding freight
Improvements

> The tool however only evaluates the first two orders
Based on changes in
consumer surplus

U5 Deportmant of Doregonoton
(‘ Federal Highway

@ Administration

Highway Freight Logistics Reorganization Benefits Estimation Tool
DRAFT Version 2.5
June 25, 2007

Basic instructions:
denotes drop-down menu user input
denotes keyed-in user input

The tool consists of the following components:
1 Estimation Inputs CChose from Predefined Yalues or provide Custom Input
2 Conventional CBA Freight Benefits Input

3 Summary of Results
4 Summary of Inputs

Select Tool Mode:
(Ctrl+D for Standard Mode, Ctri+A for Advanced Mode)

@® standard
O Advanced




The Federal Highway Administration: Freight Logistics
Reorganization Benefits Estimation Tool Continued

» Typical freight services consumer/producer

relationship
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The Federal Highway Administration: Freight Logistics
Reorganization Benefits Estimation Tool Continued

» Potential Benefits of Freight Services

> First order benefits
Decreasing costs

Freight
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The Federal Highway Administration: Freight Logistics
Reorganization Benefits Estimation Tool Continued

» Potential Benefits of Freight Services

- Second Order Benefits
Maximization of benefit through change in logistics
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Second Order Benefits

\_ y
................................ - JUPRRYTTTICTICLIL LI LTI T ORI
ST eeeeeed e N*%%ee,, = ..
> e T8 A
Profit o OA Savings
5 d ) 5
. L] ]

. 5

L ]
T w ) ) - ot
'y Freight Producer |  Freight Consumer ¢
c S
e P ]
o B
L Y e *
‘..o. ....... o® | No change in product
. 1 Service Provided } oooo : N

) Change use of Logistics to ) | Output (38
Maximize Benefits b g




The Federal Highway Administration: Freight Logistics
Reorganization Benefits Estimation Tool Continued

» Potential Benefits of Freight Services

> Third Order Benefits
Change in product, quality of product or demand
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Third Order Benefits
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Project Design

\ Regional Transportation |
[ Performance based ‘

Plan estimated percent
elasticity of freight demand delay reduction
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[ Increased demand for trucking
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Project Design Contin

» Geographic scope:
> Six county Metro Chicago region
Cook, Dupage, Lake, Kane, McHenry,
and Will Counties
» Data source:
> Input-output tables: IMPLAN 2001
> Increased demand: FHWA and CATS

Impact analysis: CMAP ARRA Kennedy
Expressway River Road to 1-94.

» Software
- Aggregation — IMPLAN
From 509 to 21 sectors
- RAS, multiplier analysis, impact
analysis, field of influence, key sector
analysis — PylO

IMPLAN Aggregated Sectors

11 Ag, Forestry, Fish & Hunting

21 Mining

22 Utilities

23 Construction

31-33 Manufacturing

42 Wholesale Trade

394 TRUCKING

48-49 Transportation &
Warehousing

44-45 Retail trade

51 Information

52 Finance & insurance

53 Real estate & rental

54 Professional- scientific & tech
SvCcSs

55 Management of companies

56 Administrative & waste
services

61 Educational svcs

62 Health & social services

71 Arts- entertainment &
recreation

72 Accommodation & food
services

81 Other services

92 Non NAICs




Input-Output Tables

{ ™\
s J ‘ Regional Transportation ‘

Performance based Plan estimated percent
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Input-Output — Transactions

T O =3 = =3 T O =3 () = T D i Y =0 D D ] = O = C D D 7 D
ef g s | ] EL I O A gc (e Bz [EE |2¢ [E |s¢ [EE st [E S
I B g b 58 |2 5 £ g3 gz~ |zs |2 |8 = s3 |58 [E% |5 2
Sector/Sector 2001 23 N @ < 53 [=4 2 S £ 2 © 38 %g 7% S R £3 3 L [ <
Transactions Matrix | 5 3 & g3 3 x = o g 2% g © £z g E 2 E 3 2 z
In Millions S & E <} 3 © [ 55 = 2= u'g_, z 3 < 9« *
3 & ] 3 ~ g 8 g - 8 g N 3
b=t & 2 & © =
11 Ag, Forestry, Fish &
[Hunting 5.1 0.0 0.0 15 148.9 0.1 0.0 0.0 0.0 0.1 0.0 1.6 0.1 0.0 3.8 0.0 0.7 0.4 7.5 0.2 0.4
21 Mining
0.4 268.2 893.0 754 1802.7 2.1 24.4 0.6 0.8 2.0 0.4 3.1 1.7 0.2 0.7 0.1 4.1 0.2 2.8 4.1 106.9
22 Utilities
4.7 19.4 10.9 6202 967.1 198.7 72.5 6.9 240.3 56.3 74.4 537.3 70.5 60.0 74.2 12.9 216.7 36.6 173.1 146.8 100.6)
23 Construction
2.1 0.8 135.5 292 227.6 115.5 81.0 9.0 126.1 78.7 167.8 484.3 78.7 65.9 28.9 91.1 187.2 38.8 99.4 133.5 634.3
31-33 Manufacturing
58.6 164.0 207.6 47491  24903.6 § 13429 15623 375.2 554.9 1259.9 303.1 392.5 856.7 133.6 444.9 78.1 2545.1 123.3  1633.1 24383 910.6
42 Wholesale Trade
24.8 40.7 58.7 104 7579.1 § 1359.4 376.9 272.4 167.7 305.6 72.8 97.6 180.6 22.5 167.8 31.0 798.6 36.8 584.2 524.6 2749
48-49 Transportation &

Outputs

34.5 A 235.6 103.6 5 196.3 3.5

51 Information

0.9 5.6 19.1 443.5 326.0 163.5 31.6 2214 12473 327.6 194.1 422.8 134.6 129.1 36.3 305.4 37.5 81.1 153.4 58.7
52 Finance & insurance
8.2 36.7 71.9 1123.8 575.1 389.9 156.2 470.2 230.4 10348.7 874.4 381.4 14.7 186.0 42.6 832.4 70.5 192.1 191.0 12949
53 Real estate & rental
21.4 255.1 38.5 1791.2 947.5 572.4 128.0 1165.8 617.5 1255.8  1746.5 _ 1030.2 258.9 358.7 247.4 1968.2 186.5 612.8 765.8 499.0)
54 Professional- scientific
& tech sves 6.0 50.0 186.6 2622.9 § 1916.7 934.5 121.3  1465.2  1265.0 21333 1235.0 2020.7 763.7 558.7 78.9 13845 206.6 358.2 508.4 634.0)
5 Management of
ompanies 0.1 72.1 3.7 1793.4 652.9 53.0 49.4 911.4 63.2 275.8 39.2 68.8 0.0 173.7 3.6 289.0 27.9 28.5 114.7 1.3
56 Administrative & waste
services 0.9 8.4 51.0 3110 605.3 § 1159.0 897.3 34.1 612.4 288.8 526.3 1531.0 1286.4 8.4 672.6 78.7 _1535.0 108.2 137.4 410.2 326.5
61 Educational svcs
0.0 1.0 23.9 3 68.3 108.8 28.8 2.8 45.1 33.7 82.2 26.5 50.2 0.0 50.9 285.7 79.5 66.5 5.9 131.6 12.7
62 Health & social services|
0.0 0.0 0.0 ago 0.0 0.0 0.3 1.3 0.1 0.0 0.0 0.0 3.2 0.0 0.9 0.7 164.5 0.5 0.1 0.7 0.0
71 Arts- entertainment &
recreation
0.5 20.4 2.2 1249 76.6 45.6 6.4 1.5 22.1 213.9 64.6 35.4 111.8 1.1 26.4 6.2 36.8 299.5 55.5 34.5 2.5
72 Accomodation & food
jservices 0.3 2.7 33.1 344 373.6 185.0 241.9 6.8 124.6 62.0 367.0 186.8 329.7 0.4 115.6 8.3 436.1 11.7 78.9 82.5 8.4
81 Other services
6.4 4.0 14.1 43015 2202.7 467.3 243.4 337.2 251.8 272.0 197.3 287.7 281.8 145.2 311.4 29.1 393.9 65.1 137.6 238.5 294.8
92 Non-NAICS
1.7 15.7 13.6 638 1155.3 343.8 507.3 26.2 122.2 299.5 662.3 452.0 170.3 28.1 62.2 8.8 132.1 19.5 84.0 89.8 89.9

(IMPLAN, 2001)




Input-Output — Direct Requirements

IS © =3 n =3 =3 3F O = T =3 T S oy =0 i 7 = 0 = SR r} %)
s 0 E EBIE W Bk E E EEOE B: 2 lE2 |E [F2 |22 B2 | F
R E 2 g ¢ 858 |2 = £ 5 b 25 |22 gz |= AT - N 2
Sector/Sector 2001 | S N g El s¢ = g 2 £ & S i % 8 2z ; 2 K] K 52 g é ; 5
Baseline Direct g © g 2=z & © = - % T o ] g 8 g £ g8 £ z
Requirements Matrix | ~ o = 3 g = 3 E 2 2 K] = & < pr &
5 : ] 5y IS o k] 8 < - © 3 o ©
< - B 3 iT 14 2 0 © 3 ~
o 2 o 3 ~
11 Ag, Forestry, Fish &
Hunting 0.0078 0.0000 0.0000 0.00D0 0.0012 § 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0001 0.0005 0.0000 0.0000
21 Mining
0.0006 0.0789 0.1125 0.00p5 0.0149 § 0.0000 0.0011 0.0001 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0002 0.0002 0.0019
22 Utilities

0.0072  0.0057 0.0014 0.00RO  0.0080 § 0.0045 0.0034 0.0010 0.0090 0.0020 0.0012 0.0131 0.0013 0.0061 0.0040 0.0026 0.0061 0.0071 0.0121 0.0070  0.001§

23 Construction
0.0032  0.0002 0.0171 0.0iO 0.0019 § 0.0026 0.0038 0.0013 0.0047 0.0028 0.0027 0.0118 0.0015 0.0067 0.0015 0.0184 0.0053 0.0075 0.0070 0.0064 0.0115

131-33 Manufacturing
0.0903 0.0482 0.0262 0.1353 0.2052 § 0.0307 0.0732  0.0557 0.0208 0.0444 0.0048 0.0096 0.0162 0.0136 0.0238 0.0158 0.0718 0.0239  0.1145 0.1171  0.0165

42 Wholesale Trade

48-49 Transportation &

0.0382  0.0120  0.0074 0.0I3 0.0625 §0.0310 0.0177 0.0404 0.0063 0.0108 0.0012 0.0024 0.0034 0.0023 0.0090 0.0063 0.0225 0.0071 0.0410 0.0252  0.0050}

&) LS A S " A LaZ T CAUCI A N A A Ve L A A" "4 "4 A "\ A °A"A"A A" A A A" 2 = - A"~ A A" A A% L A A |
94 Trucking Outputs
0.0085__0.0052 _0.0027 _0.0Mi5 __0.0140 §0.0013 _0.0077 _0.0948 _0.0017 __0.0015 _0.0002__ 0.0007 __0.0005 __0.0005___0.0020 __0.0012 _ 0.0028 _ 0.0015 _0.0065 _0.0041 _0.0012

-45 Retail trade
0.0009 0.0013 0.0007 0.0612 0.0018 § 0.0060 0.0027 0.0120 0.0106 0.0012 0.0007 0.0058 0.0020 0.0000 0.0105 0.0007 0.0049 0.0030 0.0070 0.0173  0.0072

51 Information
0.0014 0.0016 0.0024 0.0069 0.0037 § 0.0074 0.0077 0.0047 0.0083 0.0440 0.0052 0.0047 0.0080 0.0137 0.0069 0.0074 0.0086 0.0073 0.0057 0.0074 0.0011}

52 Finance & insurance
0.0127 0.0108 0.0091 0.05 0.0093 §0.0131 0.0183 0.0232 0.0176 0.0081 0.1639 0.0214 0.0072 0.0015 0.0100 0.0086 0.0235 0.0137 0.0135 0.0092  0.0234]

53 Real estate & rental
0.0329 0.0750 0.0048 0.01p2 0.0148 §0.0216 0.0268 0.0190  0.0437 0.0218 0.0199 0.0427 0.0195 0.0263 0.0192 0.0501  0.0555 0.0361 _ 0.0430 0.0368  0.0090)

54 Professional- scientific &

ech sves 0.0093 0.0147 0.0235 0.0490 0.0216 § 0.0438 0.0438 0.0180 0.0550 0.0446 0.0338 0.0302 0.0383 0.0776  0.0299  0.0160 0.0390  0.0400 0.0251  0.0244  0.0115
55 Management of

ompanies 0.0002 0.0212 0.0005 0.00b8 0.0148 § 0.0149 0.0025 0.0073 0.0342 0.0022  0.0044 0.0010 0.0013 0.0000 0.0093 0.0007 0.0081 0.0054 0.0020  0.0055  0.0000
56 Administrative & waste
services 0.0015 0.0025 0.0064 0.012 0.0050 §0.0265 0.0420 0.0051 0.0230  0.0102  0.0083 0.0374 0.0244 0.0008 0.0360 0.0159 0.0433 0.0210 0.0096 0.0197  0.0059

61 Educational sves
0.0000 0.0003 0.0030 0.00p2 0.0006 § 0.0025 0.0013 0.0004 0.0017 0.0012 0.0013 0.0006 0.0010 0.0000 0.0027 0.0578 0.0022 0.0129 0.0004 0.0063  0.0002}

[62 Feaith & social services
0.0000  0.0000 0.0000 0.00b0  0.0000 § 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001 0.0046 0.0001 0.0000 0.0000 0.0000

71 Arts- entertainment &

recreation

0.0007 0.0060 0.0003 0.00b4 0.0006 § 0.0010 0.0003 0.0002 0.0008 0.0075 0.0010 0.0009 0.0021 0.0001 0.0014 0.0012 0.0010 0.0580 0.0039 0.0017  0.0000
72 Accomodation & food
services 0.0004 0.0008 0.0042 0.0(2 0.0031 §0.0042 0.0113 0.0010 0.0047 0.0022 0.0058 0.0046 0.0062 0.0000 0.0062 0.0017 0.0123 0.0023 0.0055 0.0040  0.000%

81 Other services
0.0098 0.0012 0.0018 0.01¥1 0.0182 §0.0107 0.0114 0.0501 0.0094 0.0096 0.0031 0.0070 0.0053 0.0148 0.0167 0.0059 0.0111 0.0126 0.0097 0.0115  0.0053

92 Non-NAICS

0.0027 _ 0.0046 _ 0.0017 _0.00p1 0.0095 § 0.0078 0.0238 0.0039 _ 0.0046 _ 0.0106 _0.0105 _0.0111 0.0032 _0.0029 0.0033 _0.0018 0.0037 0.0038 _0.0059 _0.0043 _ 0.001f

(IMPLAN, 2001)



Input-Output — Leontief Inverse

=g =3 = =3 = o} T = =T TS -7 = ™ ™ =7 P = ™ o]
48 < < 2 £ K s |z K] S Qg o £ g < 22 28 S S8 g=2 |g8 |8 o
5|8 g 2 ; I £ | e |ge |82 [8§ [z |2 §s [E% |gs | S
>3 b3 2 S £o s} = £ = B a5 £2 Icl] © o < £ Q T 5 o z
I £ 52 £ 26 g & I >
£ o 7 8 25 =} g s 2 @ ] g E g0 5 @ £8 |82 4 S
Sector/Sector 2001 Baseline | @ ~ 5 2 25 = & E x = Kl G < 28 = = = g= |3 9] 2
Leontief Inverse Matrix | £ O g o= < 0 - ] 4 a o S £8 S 3 i3] 8e g ~
3 | == B [ F 2 2 ORF O 5L ¥
< o 2 3 0 g n Iy ~ =
< 8 E 3 9 8 o o & &
= ® ) < & ©
11 Ag, Forestry, Fish &
Hunting 1.0081 0.0001 0.0001 0.0§03 0.0016 0.0001 0.0002 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0003 0.0000 0.0002 0.0002 0.0007 0.0002 0.0000

21 Mining

0.0038 1.0879 0.1236 0.0 0.0221 0.0017 0.0039 0.0023 0.0021 0.0016 0.0006 0.0023 0.0008 0.0013 0.0014 0.0011 0.0030 0.0019 0.0047 0.0041 0.0029

22 Utilities

0.0094 0.0085 1.0034 0.0f 0.0118 0.0062 0.0060 0.0037 0.0110 0.0036 0.0023 0.0146 0.0024 0.0071 0.0055 0.0042 0.0089 0.0092 0.0150 0.0099 0.0025)

23 Construction

0.0047 0.0022 0.0182 1.0 0.0040 0.0041 0.0058 0.0034 0.0065 0.0041 0.0041 0.0133 0.0023 0.0077 0.0028 0.0208 0.0074 0.0096 0.0089 0.0083 0.0120)

31-33 Manufacturing

0.1238 0.0732 0.0543 0.2 1.2748 0.0502 0.1108 0.0981 0.0383 0.0665 0.0139 0.0226 0.0274 0.0254 0.0404 0.0311 0.1057 0.0428 0.1572 0.1601 0.026¢

42 Wholesale Trade

0.0495 0.0197 0.0155 0.0419 0.0854 1.0375 0.0295 0.0561 0.0115 0.0175 0.0038 0.0062 0.0068 0.0056 0.0141 0.0109 0.0333 0.0128 0.0550 0.0389 0.0080)

48-49 Transportation &
\Warehousing

1394 TRUCKING

Outputs

0.0078 0.0054 0.0159 1.0125 0.0027 0.0019 0.0080 0.0030 0.0014 0.0122 0.0031 0.0075 0.0052 0.0094 0.0198 0.0086]

1 Information

0.0072 0.0100 0.0109 0.0083 0.0112 1.0476 0.0076 0.0066 0.0096 0.0157 0.0090 0.0095 0.0118 0.0099 0.0084 0.0103 0.0020)

2 Finance & insurance

0.0191 0.0201 0.0290 0.0367 0.0257 0.0138 1.1986 0.0295 0.0113 0.0046 0.0155 0.0145 0.0345 0.0214 0.0225 0.0172 0.0299

3 Real estate & rental

0.0406 0.0901 0.0204 0.0283 0.0295 0.0380 0.0322 0.0529 0.0289 0.0281 1.0495 0.0243 0.0315 0.0260 0.0591 0.0670 0.0461 0.0533 0.0473 0.0125)

54 Professional- scientific gl
ech svcs

0.0193 0.0268 0.0350 0.0399 0.0554 0.0593 0.0350 0.0685 0.0550 0.0462 0.0392 1.0448 0.0850 0.0392 0.0246 0.0542 0.0523 0.0391 0.0385 0.0164

5 Management of

ompanies 0.0033 0.0250 0.0047 0.0877 0.0214 0.0172 0.0060 0.0119 0.0361 0.0042 0.0059 0.0025 0.0025 1.0009 0.0113 0.0020 0.0116 0.0074 0.0062 0.0099 0.0012
6 Administrative & waste
[services 0.0069 0.0091 0.0128 0.0888 0.0132 0.0333 0.0521 0.0146 0.0303 0.0157 0.0138 0.0436 0.0288 0.0054 1.0417 0.0221 0.0528 0.0285 0.0172 0.0273 0.0084]

61 Educational svcs
0.0005 0.0008 0.0036 0.0§10 0.0014 0.0032 0.0021 0.0014 0.0023 0.0018 0.0019 0.0011 0.0013 0.0003 0.0034 1.0617 0.0031 0.0150 0.0011 0.0073 0.0005

62 Health & social services
0.0000 0.0000 0.0000 0.0800 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0002 1.0047 0.0001 0.0000 0.0000 0.0000)

71 Arts- entertainment &

recreation

0.0011 0.0073 0.0014 0.0§11 0.0014 0.0016 0.0009 0.0008 0.0014 0.0087 0.0016 0.0013 0.0026 0.0005 0.0019 0.0017 0.0017 1.0621 0.0047 0.0023 0.0002
72 Accomodation & food
Iservices 0.0018 0.0022 0.0058 0.0834 0.0053 0.0058 0.0138 0.0033 0.0063 0.0035 0.0078 0.0059 0.0072 0.0011 0.0075 0.0028 0.0145 0.0038 1.0074 0.0058 0.000:

[81 Other services
0.0144 0.0050 0.0052 0.0815 0.0270 0.0143 0.0174 0.0604 0.0131 0.0130 0.0054 0.0097 0.0074 0.0167 0.0198 0.0087 0.0166 0.0165 0.0155 1.0173 0.006

92 Non-NAICS

0.0055 0.0077 0.0051 .0062 0.0144 0.0103 0.0281 0.0084 0.0072 0.0129 0.0137 0.0129 0.0046 0.0042 0.0052 0.0036 0.0074 0.0061 0.0095 0.0078 1.002

(IMPLAN, 2001)




Increased Demand for Trucking

/ Y

s Regional Transportation

Performance based Plan estimated percent
elasticity of freight demand delay reduction

. - v

I‘ |
e S

Increased demand for trucking l

| ] :

[ Adjusted 2001 IMPLAN matrices ‘ Unaltered 2001 IMPLAN Matrices ‘

l J |.
] § ) ]

I Baseline scenario |

-

L

' Freight Improvement
Updated Scenario

\_ /’I‘

to improvements in freight infrastructure
. . — >
|

Evaluation of baseline and updated broad economic structure due J

‘ Quantifying structure of both scenarios

Evaluating linkages of the
structures in both scenarios

_J

N R L

e [

[ ) \ ‘// A \l
Multiplier analysis ] Impact analysis ‘ ( N p
| { Key sector analysis | Field of influence analysis

-




Chicago Area Transit Study 2020 Reglonal

Transportation Plan a3 s o

» 20 capital improvement
projects

» $12.3 Billion

» Expressway lanes
expand by 16%

» Delay reduction 4.9%

~(CATS, 1997)




Increased Demand for Trucking

» Increase in demand in this study is achieved by

Increasing output for trucking
> Increase in output is calculated by multiplication of delay
reduction and performance elasticity
Delay reduction estimate is a result of the proposed CATS
2020 Regional Transportation Plan
Performance elasticity is estimated from the FHWA Benefit

Tool
Based on 18 central corridors

(CATS, 1997)
(HLB Decision Economics, 2008)




Increased Demand for Trucking
Continued

» Original trucking output (O°) = $6,737.7 Mil.
» Performance elasticity (e) = 0.0175

» Delay reduction (d) = 4.9%

» Increased demand (D) = e*d = 0.08575%

» New trucking output o = O°*D = $5.7 Mil.

4

New total trucking output (O) = O° + 0 = $6,743.4
Mil.

(CATS, 1997)
(HLB Decision Economics, 2008)




Adjusting Matrices
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RAS Method

» Iterative method for balancing a new matrix based
on an existing matrix with at least one change

- Simple — only column and row sums
- Modified — some known values

Where
[R] =, __Diagonal Matrices of row
‘qt — [ E] [ ‘q'}] [5] [S1= s; = and column oriented multipliers

Af = Updated Matrix
A% = Original Matrix
:::Ef = Sectoral Output

Applied to

vi = Intermediate Input

m n
E 0 — b E 0 — 4.b

TEIE_J'S_;I' = Uy and T; I:‘_;'S_;f - E:'_;.' ul = Intermediate Qutput
i d

(Planting and Guo 2002)



RAS Method Continued

5.086933 0.015341 0.002733 1.51582 148.8891 0.060638 0.022676 0.001047 0.042481 0.105836 0.031178 1.565191 0.10494 0.00013 3.751113 0.006767 0.679443 0.421712 7.459616 0.183684 0.35766
0.361017 268.2332 893.006  75.424 1802.695 2.073735 24.39603  0.5916 0.837462 1.960481 0.437491 3.118499 1.736033 0.192634 0.689029 0.121721 4.080254 0.189623 2.772867 4.084241 106.8717
4.672941 19.3981 10.93628 62.17779 967.1129 198.6822 72.47576 6.947254 240.2962 56.34512 74.40577 537.3356 70.51377 59.97962 74.24538 12.91503 216.7479 36.5791 173.1027 146.8167 100.6479
2.1081 0.810423 135.4845 29.22458 227.637 115.5212 80.98029 9.026551 126.1 78.72321 167.7705 484.273 78.69296 65.88064 28.88632 91.12934 187.1779 38.83796 99.44479 133.5215 634.3312
58.63253 163.9656 207.6404 4749.125 24903.55 1342.937 1562.262 375.1981 554.8865 1259.875 303.0704 392.5434 856.656 133.6321 444.9409 78.14545 2545.059 123.3412 1633.137 2438.258 910.5834
24.83313 40.72536 58.6697 1049.771 7579.091 1359.363 376.9128 272.3517 167.657 305.6121 72.75462 97.62643 180.6241 22.49518 167.8301 30.99471 798.6097 36.79496 584.153 524.5509 274.857
4.636104  21.553 429.2956 145.4445 1039.543 736.2556 1170.78 288.9101 438.502 165.2768 497.761 231.3918 382.8887 6.004164 162.6955 21.82805 491.3295 34.68439 84.11803 166.4461 98.12482
5.55028 17.59169 21.47335 352.1751 1702.579 57.65981 164.174 638.5462 45.83984 42.22573 11.9338 27.12103 27.47347 5.153303 37.78648 5.922647 100.9359 7.893305 92.02738 86.36195 65.36594
0.58328 4.305458 5.423228 1870.449 224.1634 263.8713 58.16037 80.68802 283.689 34.49886 43.69567 235.6073 103.643 0.134522 196.2862 3.451405 174.2682 15.64104 99.84718 360.5682 399.6143
0.909314 5.579999 19.07575 178.9192 443.5404 326.0439 163.5471 31.56719 221.395 1247.297 327.6157 194.0517 422.828 134.5907 129.0901 36.3257 305.4006 37.50465 81.07953 153.4141 58.6923
8.242861 36.68509 71.90141 380.7767 1123.794 575.1057 389.9062 156.2203 470.2065 230.4018 10348.7 874.4224 381.4398 14.74207 185.9806 42.57558 832.4166 70.52486 192.1152 190.9542 1294.633
21.37578 255.0714 38.47086 373.6964 1791.206 947.5307 572.3583 128.0225 1165.801 617.5231 1255.812 1746.471 1030.226 258.9448 358.6541 247.4467 1968.163 186.5034 612.793 765.7767 498.9884
6.015656 49.99896 186.6056 1496.544 2622.879 1916.664 934.5229 121.3414 1465.249 1264.961 2133.314 1235.004 2020.719 763.7021 558.7387 78.86127 1384.498 206.6196 358.2433 508.3842 633.9791
0.106073 72.14805 3.653798 24.69967 1793.43 652.9193 53.02261 49.36047 911.4219 63.24127 275.7817 39.23797 68.78315 0 173.7459 3.646641 289.0293 27.90034 28.50656 114.7246 1.29713
0.945798 8.35771 50.9635 310.9624 605.296 1159.032 897.3295 34.13379 612.3707 288.7893 526.2917 1530.96 1286.408 8.36251 672.5771 78.70386 1535.043 108.2143 137.3666 410.2345 326.5164
0.001612 1.015886 23.92773 7.279264 68.34661 108.7843 28.78571 2.769397 45.05927 33.72615 82.24393 26.47574 50.18031 0.036629 50.88395 285.6592 79.4679 66.47775 5.91049 131.5853 12.74369
0 0 0 0 0 0 0.300183 1.319572 0.094253 0 0.035891 0 3.17449 0 0.891666 0.728856 164.4997 0.507457 0.056916 0.73063 0
0.451484 20.43378 2.19276 12.91122 76.57497 45.63405 6.400532 1.491173 22.14304 213.8534 64.5663 35.35624 111.7808 1.054283 26.39989 6.160535 36.81159 299.4744 55.50123 34.49619 2.48562
0.292286 2.712946 33.06487 36.44283 373.5908 185.0247 241.9381 6.812844 124.6471 62.01213 367.0299 186.8387 329.7054 0.417595 115.5769 8.308138 436.118 11.7357 78.91736 82.49126 8.413024
6.383162 3.95237 14.09109 430.499 2202.737 467.3282 243.3554 337.2471 251.8491 272.0147 197.2866 287.7069 281.7584 145.2018 311.4497 29.14711 393.8589 65.06014 137.6185 238.5177 294.7836
1.73893 15.65036  13.599 63.79451 1155.275 343.7753 507.2743 26.24657 122.157 299.4505 662.2649 452.0029 170.2786 28.12917 62.18983 8.781835 132.1292 19.48016 84.02367 89.75465 89.81019

649.6  3399.6 79354 30571.7 121334 43799.5 21342.6| 6737.7] 26657.8 28353.3 63153.9 40898.9 527657  9836.7 18658  4939.7 354679  5159.2 14259.3 20827.3 55213.8

Original Output

649.6  3399.6 79354 30571.7 121334 43799.5 21342.6| 6743.4] 26657.8 283533 63153.9 40898.9 527657  9836.7 18658  4939.7 354679  5159.2 14259.3 20827.3 55213.8

Updated Output

(IMPLAN, 2001)




RAS Method Continued

ifference between Original and updated tabl

=] =) « = =3 [} D [0} © = R <] £ 5 @ CEA 4 =2 & € R4 [ 0
g £ £ £ £ gl 3:¢8 z E s egl SE| zEEl g o ¢l gl ez i $ 8
85 s = g 2 El 922 4 = g g g gel 25° g g £z 2 32 c¢§ 22 2 <
Sector/Sector 2001 RAS| 5T 2 = = 8 o g2 S 3 5 £3 H 2% £ g = ] s 8 REZ g9 g z
Updated Total 52 o & s g i 2 g = 3 £ u = = S5 g3 2 2 £ £ 52 £3 5 s
2 = a S8 £
Requirements Matrix 8 ® = g & S g o © © 2 g £ E] £ 2 S o 8
b} N Py s = ® @ 33 2 Z 5 o
8 ¥ © 3 s o 8 3
B g © 8 3 §
11 Ag, Forestry,
Fish & Hunting 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
21 Mining
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
22 Utilities

0.000002 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
23 Construction
0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 -0.000001 0.000000 0.000000 0.000000 0.000000  0.000000

31-33
Manufacturing
42 Wholesale Trade

0.000018‘ 0.000001 0.000000 0.000001 0.000000 0.000000 0.000000 0.000047| 0.000000 0.000000 0.000000 0.000000 0.000000 -0.000001 0.000000 0.000000 0.000000 0.000000

0.000007 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000( 0.000034| 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

48-49 Transportatior
0.000001
394 TRUCKING

0.000000 0.000000 0.000000 0.000000| 0.000036| 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

0.000002 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000( 0.000080| 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

44-45 Retail trade

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000| 0.000010| 0.000000 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

51 Information

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000004 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

52 Finance &

insurance 0.000002 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000| 0.000020| 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
53 Real estate &

rental 0.000006 0.000002 0.000000 0.000000 0.000000 0.000000 0.000000( 0.000016| 0.000000 0.000000 0.000000 0.000000 0.000000| -0.000001| 0.000000 -0.000001 0.000000| -0.000001] 0.000000 0.000000 0.000000
54 Professional-

scientific & tech 0.000002  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000| 0.000015| 0.000001 0.000000 0.000000 0.000000 0.000000| -0.000003| 0.000000 0.000000 0.000000] -0.000001| 0.000000 0.000000  0.000000
55 Management of

companies 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000006 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
56 Administrative &

waste services 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000004 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 -0.000001 0.000000 0.000000 0.000000

61 Educational svcs

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

62 Health & social

services 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000001 0.000000 0.000000  0.000000
71 Arts-

entertainment & 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
72 Accomodation &

food services 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

81 Other services

0.000002  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

92 Non-NAICS
0.000001 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000003 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

Blue cells are above average change, yellow cells are below average change, gray cells have no change.
Outlined cells are the 10 highest and lowest values.
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Multiplier Analysis

» For this project type | (direct and indirect) output
multipliers
> Multipliers are column sum of the Leontief inverse

The Leontief inverse is given as

B =(by)

Out multipliers are given as

O;

Then

n
i=1

(Miller and Blair, 1985)




Multiplier Analysis Continued

. . Baseline and Updated Output Multipliers

» Greater efficiency Baseline  Updated
Scenario Scenario Change
means mon ey 11 Ag, Forestry, Fish & Hunting 1.34204  1.34198 -0.00007
21 Mining 1.40909 1.40909 -0.00001
g oes th rou g h 22 Utilities 139867 1.39867 0.00000
23 Construction 155185 1.55184 -0.00001
fewe r ro u n d S Of 31-33 Manufacturing 1.61932 1.61931 -0.00001
42 Wholesale Trade 1.33182 1.33182 0.00000
. 48-49 Transportation & Warehousing 149277 149276 -0.00001
sSpen din 0 394 Trucking 155422 155370 _-0.00052
44-45 Retail trade 1.36067 1.36067 0.00000
51 Information 1.31314 1.31314 0.00000
52 Finance & insurance 1.36923 1.36923 0.00000
53 Real estate & rental 1.27965 1.27965 0.00000
54 Professional- scientific & tech svcs 1.19807 1.19807 0.00000
55 Management of companies 121849 1.21849 0.00001
56 Administrative & waste services 1.27242 1.27242 0.00000
61 Educational svcs 1.29122 1.29123 0.00001
62 Health & social services 1.47058 1.47058 0.00000
71 Arts- entertainment & recreation 1.36424 1.36424  0.00000
72 Accomodation & food services 1.45757 1.45757  0.00000
81 Other services 1.45327 1.45327 0.00000
92 Non-NAICS 1.14737 1.14737 0.00000

(Miller and Blair, 1985)




Impact Analysis

» For this project type | (direct and indirect) impact
analyses were conducted
X=00-A47F
where

X = output

(I — A)™! = The Leontief Matrix
F = Final Demand

(Nazara, et al. 2003)



Impact Analysis Continued

TL Impact Analysis for the American Recovery and Reinvestment Act
} $ 1 6 . O 7 M I I I I O n Total Kennedy Expressway Repaving

o I d d Baseline Updated
$14 . 22 M I I I IO n O UtSI e fu n S All Values in Millions of 2001 Dollars Scenario  Scenario
. 11 Ag, Forestry, Fish & Hunting 0.00450  0.00450
> Almost unnoticeable decrease [wvinng 009629009629
22 Utilities 0.07715 0.07714
i nu pd ate d scen arl o) 23 Construction _ 14.25945 14.25945
31-33 Manufacturing 297751  2.97747
42 Wholesale Trade 0.73746  0.73744
48-49 Transportation & Warehousing 0.16219  0.16218
394 Trucking 0.23628  0.23626
44-45 Retail trade 0.90894  0.90894
51 Information 0.13308 0.13307|
52 Finance & insurance 0.31743  0.31743
53 Real estate & rental 0.35702  0.35701
54 Professional- scientific & tech svcs 0.95015  0.95014
55 Management of companies 0.10945  0.10944
56 Administrative & waste services 0.26687  0.26687
61 Educational svcs 0.01447  0.01447
62 Health & social services 0.00014  0.00014
71 Arts- entertainment & recreation 0.01580 0.01580
72 Accomodation & food senvices 0.04893 0.04893
81 Other services 0.30593 0.30592
92 Non-NAICS 0.08821  0.08820
Total Impact 22.06724 22.06710

(Nazara, et al. 2003)
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Field of Influence Analysis

» Three orders of field of influence analysis

> First order FOI evaluates the probable impact of a
change in one inter-industry relationship to the Leontief
Inverse

- Second order FOI evaluates the probable impact of a
change to one sector of the Leontief Inverse

> Third order FOI estimates the impact of a change to the
entire Leontief Inverse.

(Sonis and Hewings 1991)




Field of Influence Analysis
Continued

» First order field of influence is calculated in this study
> First order FOI evaluates the probable impact of a change in one
Inter-industry relationship to the Leontief inverse (i.e. a single
cell)
- Useful for identifying specific relationships that may have greater
than average potential

Br=3ﬁ< Z ZFF{EILL-L'"E}H?{)

k=1izis, jZj=

Where Q(E) = the ratio the determinants of B,B', F,.
Field af influence first order is given as

b
! fl[aij-] = Direct requirement matrix
L, j = ’ £ R | eg..|l= atrix containing changes to direct requirement matrix
Fli,j] (® bin) Ele;]=aM h d
b . B[bi}-] = Leontief inverse matrix = (I — A)™!

ML
B' [b'ij-] = Leontief inverse matrix after change in direct requirement matrix

=(i—-A—-E)*

(Suahasil, et al. 2003)



Baseline Scenario Field of
Influence Analysis

Baseline Scenario Field of Influence Analysis with Change Occuring in Row 8 Column 5
=) j=J 0 c M D 09 o3 O [Y] [7] < 3 O S T| =< @ © 0 0 = 9 = h o3 = S [ 12
g5l g| £ f 5| g8 2| E| 5| uE| R EEd| g =g ER Eflgzd| g f ¢
5z = 3 2l "8l s7| 838 3] = gl 85| £°| @9 g8 sl ® el =egl =3 & z
Sector/Sector 2001 ] ] N 2 E H ‘g_'@ z I £ &2 < g g& @ 3 7 58 82 = S
Baseline 2= 8 5 & a g [ x S @ g | 8% g° g| o 3 £ 58 2 z
= 3 0 g 8 8 N a3
N
11 Ag, Forestry,
Fish & Hunting 0.00002 0.00001 0.00001 0.00003 0.00016 0.00001 0.00001 0.00001| 0.00000| 0.00001| 0.00000| 0.00000| 0.00000| 0.00000| 0.00001| 0.00000| 0.00001 0.00001 0.00002 0.00002| 0.00000
21 Mining
0.00028 0.00017 0.00012 0.00047 0.00288 0.00011 0.00025 0.00022 0.00009 0.00015 0.00003 0.00005 0.00006 0.00006 0.00009 0.00007 0.00024 0.00010 0.00035 0.00036 0.00006
22 Utilities

0.00046 0.00027 0.00020 0.00077 0.00470 0.00018 0.00041 0.00036 0.00014 0.00024 0.00005 0.00008 0.00010 0.00009 0.00015 0.00011 0.00039 0.00016 0.00058 0.00059 0.00010

23 Construction
0.00042 0.00025 0.00018 0.00070 0.00428 0.00017 0.00037 0.00033 0.00013 0.00022 0.00005 0.00008 0.00009 0.00009 0.00014 0.00010 0.00035 0.00014 0.00053 0.00054 0.00009

31-33 Manufacturing

0.01215 0.00718 0.00533 0.02055| 0.12511| 0.00493 0.01088 0.00963 0.00376 0.00652 0.00137 0.00222 0.00269 0.00250 0.00397 0.00305 0.01037 0.00420 0.01543 0.01571 0.00261

42 Wholesale Trade
0.00694 0.00410 0.00304 0.01174 0.07147 0.00281 0.00621 0.00550 0.00215 0.00373 0.00078 0.00127 0.00153 0.00143 0.00227 0.00174 0.00592 0.00240 0.00882 0.00898 0.00149

48-49 Transportation|
0.00671 0.00396 0.00294 0.01134 0.06905 0.00272 0.00600 0.00532 0.00207 0.00360 0.00076 0.00122 0.00148 0.00138 0.00219 0.00168 0.00572 0.00232 0.00852 0.00867 0.00144

394 TRUCKING
0.13708‘ 0.08103‘ 0.06013| 0.23185‘ 1.41157| 0.05557‘ 0.12272| 0.10867‘ 0.04239 0.07359 0.01544 0.02504 0.03032 0.02815 0.04476 0.03442‘ 0.11698| 0.04735‘ 0.17410‘ 0.17727‘ 0.02945

44-45 Retail trade
0.00197 0.00116 0.00086 0.00333 0.02025 0.00080 0.00176 0.00156 0.00061 0.00106 0.00022 0.00036 0.00043 0.00040 0.00064 0.00049 0.00168 0.00068 0.00250 0.00254 0.00042

51 Information
0.00103 0.00061 0.00045 0.00174 0.01056 0.00042 0.00092 0.00081 0.00032 0.00055 0.00012 0.00019 0.00023 0.00021 0.00033 0.00026 0.00088 0.00035 0.00130 0.00133 0.00022

52 Finance &

insurance 0.00454 0.00269 0.00199 0.00768 0.04678 0.00184 0.00407 0.00360 0.00140 0.00244 0.00051 0.00083 0.00100 0.00093 0.00148 0.00114 0.00388 0.00157 0.00577 0.00588 0.00098
53 Real estate &

rental 0.00399 0.00236 0.00175 0.00674 0.04104 0.00162 0.00357 0.00316 0.00123 0.00214 0.00045 0.00073 0.00088 0.00082 0.00130 0.00100 0.00340 0.00138 0.00506 0.00515 0.00086

54 Professional-
scientific & tech 0.00434 0.00256 0.00190 0.00734 0.04468 0.00176 0.00388 0.00344 0.00134 0.00233 0.00049 0.00079 0.00096 0.00089 0.00142 0.00109 0.00370 0.00150 0.00551 0.00561 0.00093
55 Management of

companies 0.00147 0.00087 0.00064 0.00248 0.01513 0.00060 0.00132 0.00116 0.00045 0.00079 0.00017 0.00027 0.00032 0.00030 0.00048 0.00037 0.00125 0.00051 0.00187 0.00190 0.00032
56 Administrative &
waste services 0.00181 0.00107 0.00079 0.00306 0.01861 0.00073 0.00162 0.00143 0.00056 0.00097 0.00020 0.00033 0.00040 0.00037 0.00059 0.00045 0.00154 0.00062 0.00229 0.00234 0.00039

61 Educational svcs
0.00017 0.00010 0.00008 0.00029 0.00177 0.00007 0.00015 0.00014 0.00005 0.00009 0.00002 0.00003 0.00004 0.00004 0.00006 0.00004 0.00015 0.00006 0.00022 0.00022 0.00004

62 Health & social

services 0.00003 0.00002 0.00001 0.00005 0.00029 0.00001 0.00002 0.00002 0.00001 0.00001| 0.00000| 0.00001| 0.00001 0.00001 0.00001 0.00001 0.00002 0.00001 0.00004 0.00004 0.00001
71 Arts-

entertainment & 0.00010 0.00006 0.00004 0.00017 0.00102 0.00004 0.00009 0.00008 0.00003 0.00005 0.00001 0.00002 0.00002 0.00002 0.00003 0.00002 0.00008 0.00003 0.00013 0.00013 0.00002
72 Accomodation &

food services 0.00041 0.00024 0.00018 0.00070 0.00424 0.00017 0.00037 0.00033 0.00013 0.00022 0.00005 0.00008 0.00009 0.00008 0.00013 0.00010 0.00035 0.00014 0.00052 0.00053 0.00009
81 Other services

0.00748 0.00442 0.00328 0.01266 0.07706 0.00303 0.00670 0.00593 0.00231 0.00402 0.00084 0.00137 0.00165 0.00154 0.00244 0.00188 0.00639 0.00258 0.00950 0.00968 0.00161

92 Non-NAICS

0.00104 0.00061 0.00046 0.00176 0.01070 0.00042 0.00093 0.00082 0.00032 0.00056 0.00012 0.00019 0.00023 0.00021 0.00034 0.00026 0.00089 0.00036 0.00132 0.00134 0.00022

Blue cells are above average change, yellow cells are below average change, gray cells have no change.
Outlined cells are the 10 highest and lowest values.




Updated Scenario Field of Infl

nalysis

uence

Updated Scenario Field of Influence Analysis with Change Occuring in Row 8 Column 5
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11 Ag, Forestry,
Fish & Hunting 0.00002 0.00001 0.00001 0.00003 0.00016 0.00001 0.00001 0.00001| 0.00000| 0.00001| 0.00000| 0.00000| 0.00000| 0.00000| 0.00001| 0.00000| 0.00001 0.00001 0.00002 0.00002| 0.00000
21 Mining
0.00028 0.00016 0.00012 0.00047 0.00287 0.00011 0.00025 0.00022 0.00009 0.00015 0.00003 0.00005 0.00006 0.00006 0.00009 0.00007 0.00024 0.00010 0.00035 0.00036 0.00006
22 Utilities
0.00046 0.00027 0.00020 0.00077 0.00469 0.00018 0.00041 0.00036 0.00014 0.00024 0.00005 0.00008 0.00010 0.00009 0.00015 0.00011 0.00039 0.00016 0.00058 0.00059 0.00010
23 Construction
0.00042 0.00025 0.00018 0.00070 0.00428 0.00017 0.00037 0.00033 0.00013 0.00022 0.00005 0.00008 0.00009 0.00009 0.00014 0.00010 0.00035 0.00014 0.00053 0.00054 0.00009
31-33 Manufacturing
0.01214 0.00717 0.00532 0.02053| 0.12499| 0.00492 0.01087 0.00961 0.00375 0.00652 0.00137 0.00222 0.00268 0.00249 0.00396 0.00305 0.01036 0.00419 0.01542 0.01570 0.00261
42 Wholesale Trade
0.00693 0.00410 0.00304 0.01173 0.07141 0.00281 0.00621 0.00549 0.00214 0.00372 0.00078 0.00127 0.00153 0.00142 0.00226 0.00174 0.00592 0.00240 0.00881 0.00897 0.00149
48-49 Transportation
0.00670 0.00396 0.00294 0.01133 0.06899 0.00272 0.00600 0.00531 0.00207 0.00360 0.00075 0.00122 0.00148 0.00138 0.00219 0.00168 0.00572 0.00231 0.00851 0.00866 0.00144
394 TRUCKING
0.13704‘ 0.08102| 0.06012‘ 0.23183‘ 1.41144| 0.05556‘ 0.12271‘ 0.10856| 0.04238 0.07358 0.01544 0.02503 0.03031 0.02815 0.04475 0403442‘ 0.11697| 0.04735‘ 0417408‘ 0.17726| 0.02945
44-45 Retail trade
0.00196 0.00116 0.00086 0.00332 0.02023 0.00080 0.00176 0.00156 0.00061 0.00105 0.00022 0.00036 0.00043 0.00040 0.00064 0.00049 0.00168 0.00068 0.00250 0.00254 0.00042
51 Information
0.00102 0.00061 0.00045 0.00173 0.01055 0.00042 0.00092 0.00081 0.00032 0.00055 0.00012 0.00019 0.00023 0.00021 0.00033 0.00026 0.00087 0.00035 0.00130 0.00133 0.00022
52 Finance &
insurance 0.00454 0.00268 0.00199 0.00768 0.04674 0.00184 0.00406 0.00359 0.00140 0.00244 0.00051 0.00083 0.00100 0.00093 0.00148 0.00114 0.00387 0.00157 0.00576 0.00587 0.00098
53 Real estate &
rental 0.00398 0.00235 0.00175 0.00673 0.04100 0.00161 0.00356 0.00315 0.00123 0.00214 0.00045 0.00073 0.00088 0.00082 0.00130 0.00100 0.00340 0.00138 0.00506 0.00515 0.00086
54 Professional-
scientific & tech 0.00433 0.00256 0.00190 0.00733 0.04464 0.00176 0.00388 0.00343 0.00134 0.00233 0.00049 0.00079 0.00096 0.00089 0.00142 0.00109 0.00370 0.00150 0.00551 0.00561 0.00093
55 Management of
companies 0.00147 0.00087 0.00064 0.00248 0.01511 0.00059 0.00131 0.00116 0.00045 0.00079 0.00017 0.00027 0.00032 0.00030 0.00048 0.00037 0.00125 0.00051 0.00186 0.00190 0.00032
56 Administrative &
waste services 0.00180 0.00107 0.00079 0.00305 0.01859 0.00073 0.00162 0.00143 0.00056 0.00097 0.00020 0.00033 0.00040 0.00037 0.00059 0.00045 0.00154 0.00062 0.00229 0.00233 0.00039
61 Educational svcs
0.00017 0.00010 0.00008 0.00029 0.00177 0.00007 0.00015 0.00014 0.00005 0.00009 0.00002 0.00003 0.00004 0.00004 0.00006 0.00004 0.00015 0.00006 0.00022 0.00022 0.00004
62 Health & social
services 0.00003 0.00002 0.00001 0.00005 0.00029 0.00001 0.00002 0.00002 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00002 0.00001 0.00004 0.00004 0.00001
71 Arts-
entertainment & 0.00010 0.00006 0.00004 0.00017 0.00101 0.00004 0.00009 0.00008 0.00003 0.00005 0.00001 0.00002 0.00002 0.00002 0.00003 0.00002 0.00008 0.00003 0.00013 0.00013 0.00002
72 Accomodation &
food services 0.00041 0.00024 0.00018 0.00070 0.00423 0.00017 0.00037 0.00033 0.00013 0.00022 0.00005 0.00008 0.00009 0.00008 0.00013 0.00010 0.00035 0.00014 0.00052 0.00053 0.00009
81 Other services
0.00747 0.00442 0.00328 0.01264 0.07698 0.00303 0.00669 0.00592 0.00231 0.00401 0.00084 0.00137 0.00165 0.00154 0.00244 0.00188 0.00638 0.00258 0.00949 0.00967 0.00161
92 Non-NAICS
0.00104 0.00061 0.00046 0.00176 0.01069 0.00042 0.00093 0.00082 0.00032 0.00056 0.00012 0.00019 0.00023 0.00021 0.00034 0.00026 0.00089 0.00036 0.00132 0.00134 0.00022

Blue cells are above average change, yellow cells are below average change, gray cells have no change.
Outlined cells are the 10 highest and lowest values.




Key Sector Analysis

» Key sector analysis identifies sectors that likely will have a great
than average impact on the economy by measuring forward and
backward linkages

» Key sectors have forward and backward linkages greater than 1
- Backward linkages represent the amount a sector demands from other

sectors
- Forward linkages represent how much a sector is demanded by others

Where
B=(—-A4) "= b,
B; = column multiplier, B; = row multiplier
[BL ) Backward Linkage,(FL.) = Forward Linkage
1
Ez =1 g_:| EB}' B} E_:I 1 z_;l BE_E

BL. = = =—L And FL,= "; =
ﬂ

1 N 1 1 1 o, 1
T A Len, Sv Ly

WhereB—Zb andB—Zb and V= ZZE}

i=1 j=1




Key Sector Analysis Continued

Key Sectors for Baseline and Updated Scenarios
Difference Between
Baseline Scenario Updated Scenario Scenarios

Forward Backward Key Forward Backward Key Forward Backward
Sector Linkage Linkage Sector? Linkage Linkage Sector? Linkage Linkage
11 Ag, Forestry, Fish & Hunting 0.7358 0.9753 No 0.7358 0.9753 No 0.0000 0.0000
21 Mining 0.9302 1.0241 No 0.9302 1.0241 No 0.0000 0.0000
22 Utilities 0.8362 1.0165 No 0.8362 1.0165 No 0.0000 0.0000
23 Construction 0.8379 1.1278 No 0.8379 1.1278 No 0.0000 0.0000
31-33 Manufacturing 2.0004 1.1768 Yes 2.0004 1.1769 Yes 0.0000 0.0000
42 Wholesale Trade 1.1405 0.9679 No 1.1405 0.9679 No 0.0000 0.0000
48-49 Transportation & Warehousing 1.0067 1.0849 Yes 1.0067 1.0849 Yes 0.0000 0.0000
394 Trucking 0.8936 1.1295 No 0.8936 1.1292 No 0.0001 0.0004
44-45 Retail trade 0.8728 0.9889 No 0.8728 0.9889 No 0.0000 0.0000
51 Information 0.8840 0.9543 No 0.8840 0.9543 No 0.0000 0.0000
52 Finance & insurance 1.1783 0.9951 No 1.1783 0.9951 No 0.0000 0.0000
53 Real estate & rental 1.3307 0.9300 No 1.3307 0.9300 No 0.0000 0.0000
54 Professional- scientific & tech svcs 1.4104 0.8707 No 1.4104 0.8707 No 0.0000 0.0000
55 Management of companies 0.8714 0.8855 No 0.8714 0.8856 No 0.0000 0.0000
56 Administrative & waste services 1.0874 0.9247 No 1.0874 0.9248 No 0.0000 0.0000
61 Educational svcs 0.8102 0.9384 No 0.8102 0.9384 No 0.0000 0.0000
62 Health & social services 0.7307 1.0687 No 0.7307 1.0688 No 0.0000 0.0000
71 Arts- entertainment & recreation 0.8040 0.9915 No 0.8040 0.9915 No 0.0000 0.0000
72 Accomodation & food services 0.8108 1.0593 No 0.8108 1.0593 No 0.0000 0.0000
81 Other services 0.9679 1.0562 No 0.9679 1.0562 No 0.0000 0.0000
92 Non-NAICS 0.8602 0.8339 No 0.8602 0.8339 No 0.0000 0.0000




Results

Summary of Results

Top Three
Values

Baseline Scenario

Updated Scenario

Multiplier

Manufacturing (33-34)
Trucking (394)
Construction (22)

Manufacturing (33-34)
Trucking (394)
Construction (22)

Trucking (394) to Manufacturing (33-34)

Trucking (394) to Manufacturing (33-34)

I:;Iilgnil Trucking (394) to Construction (22) Trucking (394) to Construction (22)
Trucking (394) to Other Senices (81) Trucking (394) to Other Senices (81)
Manufacturing (33-34) Manufacturing (33-34)

Key Sector |Transportation & Warehousing (48-49) Transportation & Warehousing (48-49)
N/A N/A

Relaxed Manufacturing (33-34) Manufacturing (33-34)

Key Sector |Professional & Scientific Senices (54) Professional & Scientific Senices (54)

Forward |Real Estate & Rental (53) Real Estate & Rental (53)

Relaxed [Manufacturing (33-34) Manufacturing (33-34)

Key Sector |Trucking (394) Trucking (394)

Backward

Construction (22)

Construction (22)




Weaknesses

» Lacks geographic element
» Assumed increased demand economy wide

» Benefit Is somewhat less clear
> For who?

» Only updates one sector
» Not as thorough as other methods (equilibrium)

» Only as good as data available
- Simple RAS does not capture all the changes




Contributions

» This project provides a useful framework for

> A novel use of existing methods which will allow for more
types of freight infrastructure impacts to be evaluated

- More rounded approach
» Accessible in same manner as the FHWA first and

second order tool




Future Work

» More recent data

» Inclusion of partial survey or expert data
- Use of the modified RAS method

» Industry specific demand data
» Reduced aggregation




Thank you!

Questions?
ehalpe2@uic.edu
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