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Executive Summary
We analyzed the impacts of transportation investment in Virginia and to overall output and final demand in sixty sectors of the economy.  
For this study, we purchased data from the Bureau of Economic Analysis (http://www.bea.gov/regional/rims/index.cfm).  The data set was released in 2005 and is the most recent data available. 
Our observations from Bureau of Economic Analysis data are as follows:

· The seven transportation sectors are interconnected with the sixty sectors through the expression x = Ax + c (expressed per year).

· x - total output per year (million dollars)
· A - input output matrix for output recycled to each sector [60 x 60]
· Ax – recycled output into other sectors per year (dollars) 
· c  - "final demand" output of the economy per year or GDP(dollars)

· GDP = consumption + investment + (government spending) + (exports − imports)
· Output in Virginia is broken down into 60 sectors for this problem.

· Of the sixty sectors the total output is $226B

· Of the sixty sectors, the final demand is $128B

· The seven transportation sectors are 

· Air transportation

· Rail transportation

· Water transportation

· Truck transportation

· Transit and ground passenger transportation

· Pipeline transportation 

· Other transportation and support activities 

· Output for the seven transportation sectors is $7.2B

· The seven transportation sectors constitute 2.5% of total output

· Final demand for the seven transportation sectors is $3.2B

· The seven transportation sectors constitute 3.2% of the final demand
· This database does not distinguish between public and private investment or between services and construction.
We found the following in complementary analysis:
· Stimulating total output: A 1% increase to transportation output, x, results in a $37M increase to final demand, c, across all sectors
· The 1% increase in transportation output also resulted in over a 1% increase in final demand for all transportation sectors
· Stimulating final demand:  (say something about graph results)

· Mention difference between stimulating demand and increasing output 
Results of Increasing Transportation Output
We analyzed the results of increasing transportation output by raising transportation output in all the transportation sectors by 1%.  Table 1 provides the sectors and increased output in millions of dollars.  
Table 1 - Transportation sector increase in output
	Sector
	Sector ouput ($ millions)
	Increase in sector output ($ millions)

	Air transportation                                                                                  
	1801.7
	18.0

	Rail transportation                                                                                 
	699.3
	7.0

	Water transportation                                                                                
	292.0
	2.9

	Truck transportation                                                                                
	2538.1
	25.4

	Transit and ground passenger transportation*                                                        
	344.1
	3.4

	Pipeline transportation                                                                             
	80.0
	0.8

	Other transportation and support activities*                                                        
	1443.3
	14.4


Using the formula x= Ax + c, new c values (output or final demand) values were calculated.  Figure 1 displays the increased output for the respective transportations sectors.
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Figure 1 – Increase in output for transportation sectors given 1% increase in output
The total output increase for all transportation sectors is 64 millions dollars.  The total output increase for all sectors in Virginia is 37 million dollars.  The difference between the transportation sector gains and overall gains is due to increased transportation output absorbing output from other sectors.  It is important to note that there is still a strong overall increase in output overall when increasing output for transportation by 1%.  
Results from Stimulating Final Demand
We use the formula x = Ax + c to exchange the desired unknown c value with x. After manipulating the formula we obtain c(I-A)-1 = x.

When stimulating demand, we found that output for all sectors increases, in contrast to the first approach, which was increasing output for specific sectors.  Figure 2 shows the ten sectors with greatest percentage increase in output based on a 1% increase in final demand in the transportation sectors.  
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Figure 2 – Percent increase in output per 1% increase in final demand for transportation sectors
These following issues should be considered when deciding whether to increase output or attempt to stimulate demand:
· Ease of stimulating demand in a sector compared to ability to increase output for a sector

· Stimulating final demand for transportation sectors by 1% results in a 3% increase in petroleum and coal manufacturing output, however, it must be considered if this output is feasible

· Need to increase output for many sectors

· Stimulating demand has a greater overall positive effect in increasing output over a variety of sectors

· Specific sectors that currently may be in higher demand or have a higher ability for production/output 

· For example, rail as a form of public transportation has become more popular in past years, thus making it easier to stimulate demand for the sector

APPENDICES 
Appendix A – Results from increasing output across all manufacturing secots
For comparison, we increased all manufacturing sector output values by 1% as described in Table 2.  

Table 2 – Manufacturing sector increase in output

	Sector
	Sector ouput ($ millions)
	Increase in sector output ($ millions)

	Wood product manufacturing                                                                          
	1805.2
	18.1

	Nonmetallic mineral product manufacturing                                                           
	910.5
	9.1

	Primary metal manufacturing                                                                         
	753.3
	7.5

	Fabricated metal product manufacturing                                                              
	1642.4
	16.4

	Machinery manufacturing                                                                             
	1774.7
	17.7

	Computer and electronic product manufacturing                                                       
	2500.6
	25.0

	Electrical equipment and appliance manufacturing                                                    
	749.1
	7.5

	Motor vehicle, body, trailer, and parts manufacturing                                               
	1562.2
	15.6

	Other transportation equipment manufacturing                                                        
	2916.9
	29.2

	Furniture and related product manufacturing                                                         
	1424.0
	14.2

	Miscellaneous manufacturing                                                                         
	674.6
	6.7

	Food, beverage, and tobacco product manufacturing                                                   
	5960.6
	59.6

	Textile and textile product mills                                                                   
	1585.6
	15.9

	Apparel, leather, and allied product manufacturing                                                  
	378.4
	3.8

	Paper manufacturing                                                                                 
	2006.4
	20.1

	Printing and related support activities                                                             
	1482.3
	14.8

	Petroleum and coal products manufacturing                                                           
	127.7
	1.3

	Chemical manufacturing                                                                              
	2238.5
	22.4

	Plastics and rubber products manufacturing                                                          
	2083.7
	20.8


Table 3 provides output increases for the manufacturing sector compared to the transportation output increases.

Table 3 - Comparison of transportation and manufacturing increased output results

	Agglomerated Sector
	Change in final demand for transportation sectors per one unit change in output
	Change in final demand for all sectors per one unit change in output

	Transportation
	0.89
	0.52

	Manufacturing
	0.66
	0.37


The first column represents the increased final demand for the respective agglomerated sector per one unit change in output for the agglomerated sector.  Another interpretation for the first column is an increase in final demand per $1 increased output in the agglomerated sector.  The second column represents the sum of increased final demand for all sixty sectors per one unit output increase for the agglomerated sector.  We found that the transportation sector produces more final demand per increased output than manufacturing, or in other words, requires less output increase to produce a comparable level of final demand.  

To justify the one percent increase in output, we calculated the resulting change in output.  The output change is displayed in Table 4. 

Table 4 - Percent Increase of Output for Transportation Sectors
	Sector
	Percent change

	Air transportation                                                                                  
	1.6%

	Rail transportation                                                                                 
	1.7%

	Water transportation                                                                                
	1.2%

	Truck transportation                                                                                
	2.2%

	Transit and ground passenger transportation*                                                        
	1.5%

	Pipeline transportation                                                                             
	1.1%

	Other transportation and support activities*                                                        
	3.1%


Every percent increase is above 1%, the amount of increase in output.  In the manufacturing sector, five industries had less than 1% return.    

Based on the data analysis above, it is predicted that increasing output in the transportation sector will result in a beneficial output.  Further analysis may be done to focus on which transportation sectors provide the best output per increased output and how other sector’s increased outputs compare to transportation. 

Appendix B – Sample data from the Bureau of Economic Analysis
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1 [Code_59 1 2 3 4 5 6 7 8 9 10 ikl 12 13 14 17

2 1 0.1514] 0.0541 0.0000 0.0000 0.0001 0.0000 0.0010 0.0168 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 [

3 2| 0.0517] 0.2342 0.0000 0.0000 0.0000 0.0000 0.0000 0.1399| 0.0000 0.0001 0.0000 0.0000 0.0000 0.0003 0.0005 [

4 3| 0.0005 0.0001 0.0723 0.0059) 0.0013 0.0897] 0.0003 0.0001 0.0003 0.0002 0.0001 0.0001 0.0000 0.0001 0.0001 [

5 4| 0.0021 0.0001 0.0001 0.0870 0.0011 0.0332 0.0061 0.0001 0.0607] 0.0395 0.0004] 0.0002 0.0003 0.0010 0.0001 [

6 5 0.0000 0.0000 0.0023 0.0029) 0.0013 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 [

7 6| 0.0158 0.0015 0.0090 0.0129) 0.0038 0.0072] 0.0023 0.0067| 0.0198 0.0168 0.0082] 0.0041 0.0039) 0.0031 0.0058 [

8 7| 0.0032] 0.0024] 0.0000 0.0000 0.0010 0.0070 0.0011 0.0012] 0.0025 0.0020 0.0026] 0.0023 0.0021 0.0012] 0.0021 [

9 8| 0.0035 0.0002 0.0000 0.0006] 0.0007] 0.0008 0.0335 0.2106] 0.0034] 0.0015 0.0012] 0.0015 0.0006] 0.0026] 0.1005 [
10 9| 0.0016] 0.0001 0.0020 0.0016] 0.0110 0.0015 0.0285 0.0085 0.0724] 0.0096] 0.0025 0.0028 0.0013 0.0106] 0.0030 [
" 10| 0.0013 0.0000 0.0048 0.0035 0.0086] 0.0006] 0.0028 0.0002 0.0035 0.1309 0.0783 0.0424] 0.0085 0.0436] 0.0131 [
12 " 0.0024] 0.0007] 0.0064 0.0057] 0.0153 0.0016] 0.0245 0.0100 0.0061 0.0150 0.0543 0.0478 0.0146] 0.0221 0.0187] [
13 12| 0.0082] 0.0009) 0.0061 0.0231 0.0149| 0.0004] 0.0096] 0.0009) 0.0010 0.0065 0.0066] 0.0435 0.0036] 0.0051 0.0009) [
14 13| 0.0002 0.0002 0.0001 0.0001 0.0020 0.0003 0.0023 0.0034] 0.0033 0.0038 0.0042] 0.0089) 0.0947] 0.0140 0.0036] [
15 14| 0.0014] 0.0001 0.0002 0.0005 0.0021 0.0025 0.0121 0.0052] 0.0012] 0.0074 0.0036] 0.0224] 0.0095 0.0374 0.0011 [
16 15| 0.0012] 0.0006] 0.0012] 0.0017] 0.0019) 0.0001 0.0020 0.0014] 0.0005 0.0002 0.0013 0.0073 0.0009) 0.0003 0.0004] [
17 16| 0.0002 0.0001 0.0001 0.0005 0.0003 0.0001 0.0005 0.0002 0.0001 0.0003 0.0003 0.0010 0.0006] 0.0005 0.0002 [
18 17| 0.0001 0.0000 0.0000 0.0000 0.0001 0.0001 0.0091 0.0074 0.0003 0.0002 0.0003 0.0002 0.0015 0.0002 0.0241 [
19 18| 0.0002 0.0001 0.0003 0.0002 0.0003 0.0000 0.0006] 0.0005 0.0008 0.0003 0.0005 0.0012] 0.0010 0.0007] 0.0004] [
20 19| 0.0740 0.0022 0.0001 0.0002 0.0002 0.0000 0.0002 0.0006] 0.0005 0.0004] 0.0003 0.0004] 0.0004] 0.0005 0.0013 [
21 20| 0.0016] 0.0037] 0.0001 0.0003 0.0002 0.0000 0.0018 0.0018 0.0013 0.0001 0.0005 0.0013 0.0002 0.0005 0.0416] [
22 21 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0006] [
23 22| 0.0033 0.0002 0.0009) 0.0010 0.0012] 0.0004] 0.0032] 0.0043 0.0143 0.0020 0.0057] 0.0054] 0.0040 0.0114] 0.0177] [
24 23 0.0005 0.0004] 0.0008 0.0003 0.0010 0.0003 0.0012] 0.0005 0.0006] 0.0005 0.0010 0.0009) 0.0015 0.0007] 0.0035 [
25 24| 0.0044 0.0009) 0.0011 0.0043 0.0056] 0.0010 0.0023 0.0005 0.0006] 0.0015 0.0006] 0.0005 0.0001 0.0006] 0.0003 [
26 25 0.0334] 0.0172] 0.0102| 0.0086] 0.0145 0.0006] 0.0056] 0.0091 0.0191 0.0044] 0.0118 0.0065 0.0078 0.0223 0.0080 [
27 26 0.0047] 0.0013 0.0039) 0.0092| 0.0047] 0.0014] 0.0196] 0.0072] 0.0083 0.0019) 0.0062] 0.0231 0.0111 0.0271 0.0541 [
28 27 0.0361 0.0186] 0.0112 0.0161 0.0167| 0.0031 0.0203 0.0517] 0.0244] 0.0579) 0.0361 0.0488 0.0524 0.0522 0.0471 [
29 28] 0.0027] 0.0008 0.0037] 0.0026] 0.0026] 0.0005 0.0473 0.0023 0.0032] 0.0017] 0.0023 0.0021 0.0023 0.0029) 0.0163 [
30 29| 0.0007] 0.0005 0.0002 0.0004] 0.0007] 0.0003 0.0013 0.0019) 0.0019) 0.0022] 0.0026] 0.0029) 0.0035 0.0020 0.0026] [
31 30| 0.0058 0.0012] 0.0006] 0.0246] 0.0017] 0.0138 0.0014] 0.0053 0.0074 0.0154] 0.0021 0.0013 0.0004] 0.0016] 0.0023 «
32 31 0.0005 0.0003 0.0004] 0.0025 0.0014] 0.0012] 0.0005 0.0007] 0.0040 0.0026] 0.0002 0.0001 0.0000 0.0003 0.0003 ]
33 32| 0.0112 0.0033 0.0025 0.0142] 0.0096] 0.0017] 0.0088 0.0233 0.0399| 0.0264] 0.0104] 0.0087] 0.0027] 0.0088 0.0142 ]
34 33| 0.0000 0.0000 0.0000 0.0002 0.0002 0.0000 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 0.0002 0.0001 0.0001 ]
35 34| 0.0001 0.0000 0.0025 0.0007] 0.0001 0.0109 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 ]
36 35| 0.0003 0.0008 0.0006] 0.0012 0.0007] 0.0007] 0.0018 0.0013 0.0019) 0.0016] 0.0014] 0.0013 0.0011 0.0008 0.0013 ]
37 36| 0.0109| 0.0001 0.0021 0.0030 0.0096] 0.0000 0.0001 0.0016] 0.0024] 0.0013 0.0024] 0.0030 0.0057] 0.0040 0.0018 ]
38 37| 0.0012] 0.0013 0.0026] 0.0015 0.0030 0.0008 0.0038 0.0018 0.0018 0.0017] 0.0025 0.0028 0.0349 0.0022 0.0028 ]
39 38 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 ]
40 39| 0.0050 0.0013 0.0039) 0.0019) 0.0069) 0.0012] 0.0123 0.0035 0.0045 0.0027] 0.0062] 0.0106] 0.0107] 0.0040 0.0061 ]
41 40| 0.0004] 0.0002 0.0006] 0.0007] 0.0025 0.0005 0.0013 0.0017] 0.0020 0.0018 0.0026] 0.0033 0.0049) 0.0023 0.0029) ]
42 4 0.0161 0.0073 0.0246] 0.0115 0.0169) 0.0085 0.0144] 0.0079) 0.0106] 0.0084 0.0115 0.0119] 0.0142 0.0074 0.0111 ]
43 42| 0.0001 0.0003 0.0007] 0.0023 0.0027] 0.0003 0.0013 0.0005 0.0007] 0.0007] 0.0009) 0.0009) 0.0013 0.0007] 0.0009) (
44 43| 0.0019) 0.0034] 0.0027] 0.0044] 0.0017] (o
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Figure 3 – Input/Output sector output (A matrix)
Table 7 - Sector Output (x)

	Sector Codes
	Sector Description
	Sector ouput ($ millions)

	CROP
	Crop and animal production                                                                          
	920

	FRST
	Forestry, fishing, and related activities                                                           
	581

	OILG
	Oil and gas extraction                                                                              
	492

	MING
	Mining, except oil and gas                                                                          
	811

	MINS
	Support activities for mining                                                                       
	82

	UTIL
	Utilities*                                                                                          
	1,907

	CNST
	Construction                                                                                        
	19,147

	WOOD
	Wood product manufacturing                                                                          
	1,805

	NMET
	Nonmetallic mineral product manufacturing                                                           
	910

	PMET
	Primary metal manufacturing                                                                         
	753

	FMET
	Fabricated metal product manufacturing                                                              
	1,642

	MACH
	Machinery manufacturing                                                                             
	1,775

	COMP
	Computer and electronic product manufacturing                                                       
	2,501

	ELEC
	Electrical equipment and appliance manufacturing                                                    
	749

	MOTR
	Motor vehicle, body, trailer, and parts manufacturing                                               
	1,562

	TREQ
	Other transportation equipment manufacturing                                                        
	2,917

	FURN
	Furniture and related product manufacturing                                                         
	1,424

	MFGM
	Miscellaneous manufacturing                                                                         
	675

	FOOD
	Food, beverage, and tobacco product manufacturing                                                   
	5,961

	TEXT
	Textile and textile product mills                                                                   
	1,586

	APPR
	Apparel, leather, and allied product manufacturing                                                  
	378

	PAPR
	Paper manufacturing                                                                                 
	2,006

	PRNT
	Printing and related support activities                                                             
	1,482

	PETR
	Petroleum and coal products manufacturing                                                           
	128

	CHEM
	Chemical manufacturing                                                                              
	2,239

	PLAS
	Plastics and rubber products manufacturing                                                          
	2,084

	WTRD
	Wholesale trade                                                                                     
	9,557

	RTRD
	Retail trade                                                                                        
	16,126

	AIRT
	Air transportation                                                                                  
	1,802

	RAIL
	Rail transportation                                                                                 
	699

	WATR
	Water transportation                                                                                
	292

	TRCK
	Truck transportation                                                                                
	2,538

	GRND
	Transit and ground passenger transportation*                                                        
	344

	PIPE
	Pipeline transportation                                                                             
	80

	TRNM
	Other transportation and support activities*                                                        
	1,443

	WRHS
	Warehousing and storage                                                                             
	754

	PUBL
	Publishing including software                                                                       
	3,557

	MPIC
	Motion picture and sound recording industries                                                       
	250

	BRDC
	Broadcasting and telecommunications                                                                 
	7,846

	INFO
	Information and data processing services                                                            
	4,382

	BANK
	Federal Reserve banks, credit intermediation and related services                                   
	6,102

	SECU
	Securities, commodity contracts, investments                                                        
	1,947

	INSR
	Insurance carriers and related activities                                                           
	4,350

	FUND
	Funds, trusts, and other financial vehicles                                                         
	873

	REAL
	Real estate                                                                                         
	5,566

	RENT
	Rental and leasing services and lessors of intangible assets                                        
	1,792

	PROF
	Professional, scientific, and technical services                                                    
	39,096

	MNGT
	Management of companies and enterprises                                                             
	8,697

	ADMI
	Administrative and support services                                                                 
	8,481

	WSTE
	Waste management and remediation services                                                           
	492

	EDUC
	Educational services                                                                                
	3,080

	HLTH
	Ambulatory health care services                                                                     
	9,515

	HOSP
	Hospitals and nursing and residential care facilities                                               
	8,373

	SOCL
	Social assistance                                                                                   
	1,747

	PERF
	Performing arts, museums, and related activities                                                    
	852

	AMST
	Amusements, gambling, and recreation                                                                
	958

	ACCO
	Accommodation                                                                                       
	1,541

	FSRV
	Food services and drinking places                                                                   
	6,372

	OTHR
	Other services*                                                                                     
	9,611

	60
	Households                                                                                          


















































