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BLS Bureau of Labor Statistics

CBP County Business Patterns

Commerce Maryland Department of Commerce

DoD Department of Defense

DHS Department of Homeland Security

DIA Defense Industry Adjustent

DLOGS Defense Logistics Agency

DUNS Data Universal Numbering System

FIPS Federal Information Processing Standard Code
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IARPA Intelligence Advanced Research Projects Activity
IBM International Business Machines
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1.0 Executive Summary

The Regional Economic Studies Institute (RESWYwson University was tasked by the
Maryland Department of Commer¢€ommercejo conduct a industrycluster analysis of

al NEBf I yRQfocuSing an/itsé darts of thetate econony that receive defense
related spending. With potential future flugations in defenseelated spending in thetate of
Maryland, the importance of this study lies in prepar@gmmerceo support industry clusters
that have a significant economic impact in Maryland and may also be vulnerable to these
fluctuations.For the purposes of this study, andustry cluster islefined asa grouping of
industries that are related in terms of products, or are interdependent for producing goods or
services that are defined by researchdo enable analysisGiven the number of waythat
defenserelated funding impacts industry clusters in MarylaRESI grouped industry sectors
into clusters (groups of industries that interact to produce certain types of goods) to better
analyze thesii I (i S Q & ¢ &Widy it Wekailed leveForexample the Payroll Services
Engineering ServiceandPassenger Car Leasingustry sectors were grouped into the
Business Servicetuster to provide a more detailed analysis.

Given the significant amount of Department of Defense (DoD) spendingegicky thestate of

Maryland, approximately $1Billion obligatedannually this studyfocuses on those clusters

that receivel a relatively large share diis funding At the state levelthis study emphasizes

the description oftlustersthat received over $300 millionper year. Due to the large variations

in overall DoD spending at the regional level, this steiyphasizes the top ten clusters by DoD
spendingin eachregionw 9 { L Q& | v | dfoveralietnpldgrieht drid yw&ye trends by

industry cluster athe state and regional levelE€£mploymentand wagenumbers demonstrate

GKS NBtIFGAGBS 20SNI ff A YLI Oln afdhion| tgbbtdindR dza &4 NBE 2 y
understanding of the collaboration occurring within these tdus, RESubcontractedTertus

Analytics to conduct a social network analysis (SNA) of defetated innovation in Maryland.

Building on the analysis of the existing dd&d& Sised the Regional Economic Models Inc.

(REMIPI+ economic model to forecast tfiture employment impats of DoD funding on

al NBf I yRQa SiOghofsonsisbprii 5f&h&jobs that are estimated to be

supported based on current DoD fundinglevel® { L Qa F2NB Ol ada O2yaiRSNJ
impacts under three scenarios: if DoD funding to Marylesrdains the same over time, if DoD

funding to Maryland increases by 10 percent over time, and if DoD funding to Maryland

decreasedy 10 percent over timeEach forecast focuses onten-year period, using a fivgear

average of the existing DoD spendingMaryland.

laSNOSRSa 5Sf3FR2Y aAOKEFSt 9d t 2 NI SNIL v RdBuEIFiais ¢{ G SNy =
Economic Geograpty6 no. 1 (2015): 1, accessed December 28, 2016,
http://www.clustermapping.us/resource/defininglustersrelatedindustries2016
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Thiscluster analysisvasconductedas part of a larger studat RESI isxecutingwith the
same aim of understanding thel G S Q& NXB ffuhding tO Freparg/for padehtial future
fluctuations in this funding. The other componentshuf study includinga statewidesurvey
of firms receiving DoD fundingn analysisof the strengths, weaknesses, opportunities, and
threats (SWOTip Maryland relating to DoD fundingndthe development of the Mryland
Defense NetworKMDN) online inteactive platfornt will be integrated into this analysis as
needed?

1.1 Statewide Findings

With nearly$18billionin obligated DoD fundingeceived by Maryland businesses per year from
20112015, equating to B percent of the average state GDP during ttiate,a I NB f | Y RQ &
economy is significantly impacted by DoD funding le¥&lsefederal government budget
sequestrationin 2013affected DoD spending duririge 20112015 time period for this
analysisFor exampleasshownin Figure6 in Section 2.2there is a noticeable difference
between spending at the beginning of taealyzedime period in 2011 and at the end of the
period in 2015While it is important to recognize that these fluctuations do exist, the
relationship between this reduction in funding and its direct impact on industry clusters in
Maryland is difficult to assert given external factors such as funding coming to companies
outside of the DoD or the federal governmerRecognizing the changes to Dspending

during this periodthis section will focus oreviewing the major industry clusters in tiséate as
well as a forecast of the economic impact of this funding over the next ten years.

1.1.1 Overview of State Clusters Supported by Deiinding

The DoDfunding received by businesses in Maryland is not distributed equally to industry
clusters in thestate. Togainan understanding of this distribution, RESI reviewed the secondary
data on industry cluster® define the clusters in thestate, and then analyzed USA Spending
data to determine the level of DofDnding, if any, that was attributed to the industry cluster
from 2011to 2015° These clusters were defined using North American Industry Classification
System (NAICS) codes at thedipit level. RESI assumed that the DoD funding, at the contract
level, was used entirely within the gikgit NAICS classification of the contract presented in USA

2wS3AA2YyFE 902y2YAO {{(idzZRASE LyaidaAdildzie 20y R@&® a2YLI NIA WSWE A
55FSyasS LyGaSyardsS [ yRaOl LIS ¢

3"Regional Economic Accounts," U.S. Bureau of Economic Analysis, accessed December 12, 2016,
http://www.bea.gov/regional/.

4The dataset utilized for this report does not allow for a causal analythe afirect impacts that sequestration

had on any particular sector. Further, sequestration impacted overall government spending, and many Maryland
companies are dependent on nddoD revenues for their business.

552yt 2FR / SYGSNE$¢ Janpary4{2018,y RAy3x | 00SaasSR
https://www.usaspending.gov/DownloadCenter/Pages/default.aspx
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Spendingd. Figurel highlights thedistribution of fundingto the major industry clusters, noting
its impact on jobs during this period.

Figurel: Maryland Clusters Ranked by DoD Allocatgp8011¢2015

Statewide Job Statewide Average Annua g
Cluster Name Estimate Average Wage , Dollars |- Sjpzmiite
2014 2015 Obligated 201+ by DoD
p[klsy Spending
Business Services 315,659 $76,688 $7,299,282,121 35,446
Education and A
Knowledge Creation 78,237 $75,859 $1,864,276,68< 9,152
Local Real Estate,
Construction, and 233,818 $49,519  $1,487,297,165 11,185
Development
Aerospace Vehicles and
10,881 $85,290 $1,240,767,97¢ 5,418
Defense
Communications 10,725 $73,561 $1,103,423,851 5,586
Equipment and Services
Water Transportation 4,469 $60,708 $871,676,614 5,347
Local Utilities 29,055 $67,836 $659,7/8,570 3,622
Local Health Services 346,345 $54,877 $500,422,212 3,396
Information Technology
and Analytical 12,456 $94,160 $438,013,07C 1,732
Instruments
Hogel oDl 178,526 $47,021  $396,081,575 3,137
Services
Transportation and 17,892 $51,060  $322,011,737 2,348
Logistics
Subtotal 1,238,062 $60,713 $16,183,031,57¢ 86,369
State Total 2,460086 $52,546 $17,968243321 101,263

Sources: BLS OES; Delgado, Porter, and Stern; RESI; USA Spending; U.S. Census

In Figurel, thefirst column presents the names of thedustry clusterslistedin descending
orderbased on the average annual dollars obligated from the Polth column) While there
are more industry clusters active in tsete, thes clusters werghe majorfocus as their
annual DoD obligation exceeded $300 millidhesecondcolumnshows the estimatediumber

8 For each contract entry in USA Spending, activities will not always occur entirely within the primary NAICS code of

the contractor, and hence could be counted for employmiena different cluster. However, to evaluate the

spending under each contract and reclassify the associated NAICS codes to a higher specificity than reported is not
feasible due to the number of contracts in the database.
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of Marylandjobs available in each clustdollowed by the average wage ftrese positionsn

the third column’ As noted &ove, the fourth column corresponds to the average annual DoD
funding obligated to the clusteifhe data in the second through fourth columns was used to
calculate the job impacts shown in the fifth, galdlored columnThe fifth and final column
shows tle estimated number of jobs supported by D@Bpendingon the clusterlt should be
noted that the jobs that the DoD spending to the cluster supports may not necessarily be in
that cluster.For example, the 35,446 jobs supported by DoD spending on BuSiaesses are
not confined to the Business Services cluster; these jobs represent a wide range of occupations
in the region This estimated employment supported by DoD fundaggcluster(in the fifth
column) was calculated utilizing the employment and wadata presented in the second and
third columns. Please see Appendifo€a more detailedoverview of themethodology.

Focusing briefly on the rows Figurel, the subtotal section of the chai$ the summatia of

the 11 clusters shown in the chartt shows that the topl1 clusters received the majority of

al NBf I yRQa 525 206t A3l G§SR ¥ dzyRbtojaFaw, 22D SiNGSP vdi | 61AS
total of approximately $18 billion. Treeibtotal row also& 2 6 a4 G KIF G Fo62dzi KIf F 2
workers are employed in the clusters receiving the higla@sbunts ofDoD funding

Using data from théJ.S. Censug014CountyBusiness Patterns (CBP) dataset for each cluster in
the state, RESIstimatedthe number of pbs each cluster supports. The 2014 CBP data

the most recently available data by that source amere used inlieu of more recent data such
asQuarterly Census of Employment and Wa@@EEW, due to data suppression issues in the
latter source® As sen in thesecondcolumnof Figurel, the two largest clusters based state
employment levelsvere Business Services ahdcal Health ServiceSonsidering that the
Business Services cluster receivacder $7 billon in average annual obligated fundingoughly
406LISNDSyYy G 2F GKS aidl GSQa G ¢#thdhigh fudlerof dzz RAYy 3  FN.
individualsemployed in this clustes expected. Howeverhe Local Health Services cluster
whichreceived $500 million, 016.9 percentof the averageannualfunding that the Business
Services cluster receigdrom the DoDemployed more individuals within thetate. This

highlights that the Local Health Services cluster in Marylatess dependent on DoD funding
and therefae better insulated against potential future funding fluctuatiadhan other clusters

Using USA Spending datategorizedoy industry sector, RESI calculated the overall economic
impacts of DoD spending in Marylaria. estimate clustetevel impacts, REmultiplied the

"Wages represents the averageraral wage for the total employment in each cluster, according to OES data for
2015. REMI calculates wages without distinction betweerdnlll parttime employment, resulting in an
underestimation of wages.

8 Data can be suppressed for a number of reasamsuding but not limited to: classified information, concerns
over acquisitions of small companies, and concerns of competition for specialized workers.
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salaryweighted DoD funding for each categdrythe estimated overalémploymentimpacts®

This allows for detailed impacts based on spending at the cluster level to be estimated and can
be used to better understand how potential policlganges relating to spending allocations will
effect Maryland. DoD spending the top11 clusters providd approximately 8%ercentof the
estimated employment impact iMaryland, supportingver 86,000 total jobsncludingdirect,
indirect, and inducegbbs1°

For the top clusters shown Figurel, it is important to rote that manyof these clusters are
high-wage clusters, exceeding tisg I (i281Ga@verage annual wage 06$,402 The Business
Services clustefor instance, captured 40.6 percent of total DoD funding in Maryland and
boasted an average annual wage of approximately $76,868:ever, this was not the case for
three of these clusterd.ocal Real Estate, Construction, and Developmadal Commercia
Servicesand Transportation and Logistitsshould be noted that the 2015 wage data was
analyzedalongside the 2014 occupatiahdata because it alload for the most upto-date
information available from both datsourcego be usedln addition, comiming these sources
enables RESI to get the most comparable estimates of the conditions today.

Figurel highlights two important points to consider for the remaindéitois report. First, the
obligated DoDspendngwas one of manysources of fundingto the industry clustern the

state. Due to variations in Dofbindingobligations between 2011 and 2015 and differing cluster
dependence on this funding, the impacts to individual clusters resulting from fluctwtion
defense spendingarned. Secondthisfigure makes clear that the impacts BloDspending

were not limited to traditionallydefined defense contractor§Vhile expectedclusters such as
Aerospace and Defensend Water Transportatior{this category incidesshipbuilding were
present clusterslike local health services, which includes hospitals were also preshist
contrasthighlighsthe nontraditional aspects of Dolunding inMaryland

Through further analysis of the information provided in Feggli, RES¢talculatedocation

quotientsi 2 0 SGGSNJ dzy RSNEGF YR K2g (KS&8Bnalgringza G SNE A
clusters by location quotient is helpful because it reveals the concentration of a local industry

relative to the national concentratioaf that industry.Moreover, location quotients provide

important information for economic developers when assessing local strengbkeation

9 These figures were calculated by using the spending levels divided by the average wages imsearchlivided

by the total spending levels, divided by the average wages summed for all clusters. This methodology is outlined in

more detail, including equations, in Appendix C.4.

10The REMI model separates direct effects (jobs supported and dollars apardirect result of DoD contracts)

FTNEY AYRANBOG FyR AYRAOSR S$FF800a 62264 FyR 2dzilidzi & dzld
either for business or from personal salaries).

1 RESI estimated statevel average annual wages using CBPRleyment estimates and OES wage data from CBP
county-level data. See Appendix A for a detailed methodology.

2 ocation quotients for each cluster were calculated using CBP data for the state, as described in Appendix C.5.
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guotients greater tharl.0show that there is more employment in that cluster relative to the
national average, hile location quotients less thahOindicate an employment concentration
that is lower than the national average. In general, an industry with a location quotient higher
than 1.25 is expected to be an export industnyeaninghe industryis expected t@roduce
morethan is consumeth the regiont34 Marylandis home to five clusters with a location
guotient meeting the 1.25 thresholtl5 Theseclusters areBusiness Services; Education and
Knowledge Creation; Local Education and Training; Local PersoviaeSéNorMedical); and
Local Real Estate, Construction, and Development

Beyond the clusters outlined Figurel> w9 { L Qa | y I ed@®rieheaiging dustérs or O O 2 dzy
clusters thatwere not easily defined pthe identified groupings used NAICS codess these
clusters cut across NAICS code groupiRgs example, while the design of a product may be
classified as engineering, the actual production of a prototype may be classified as
manufacturing.Thus to estimate characteristics of these clustdRE S| used a combination of
NAICS codes to define these industrigsction3.4.2includesmore details on these NAICS
codes Relying solely oNAICS codeand the traditional NAICS codes industry groupings
clusters such as Research and Development (R&Dfanmation TechnologyZyberSecurity
may be overlookedHowever, through the review of the existing literatuneludingthe
concurrentSWOT analysi®RESiound that R&D spending was especially vulnerablaihding
changesand thatinformation Technology@yber Security was likely to be a growth industry
Both are important points to considéor further policy analysi&’

Spending in the R&D and Information Technology/Cyber Secatiegoriesvas not limied to

the comprehensiv&AICSndustry definitions used in this repofftor example, spending on
Information Technology/Cyber Security occurred in a number of clusters, including Business
Services, Communications Equipment and Services, Education antedgewCreation, and
Local UtilitiesAs such, custom categories were adopteduxdher determinehow these

Bwilliam Shuffstall, "Using Loigen Quotients to Identify Local Strengths, Opportunities, and Industry Clusters,"
Penn State Extension (2016): 1, acces3etbber 14, 2016,
http://extension.psu.edu/community/ecd/understandinrgconomiechangein-your-community/uselocation
quotients.

14 | ocation quotients compare the proportion of employment in a specific industry in a region to the proportion of
employment in that specific industry at the national level. By definition, a location quotient of 1.0 means that the
same ratio of industry empionent occurs at the local and national éwvhile location quotients less than 1.0
indicate an employment concentration lower than the national averdageation quotients over 1.0 indicates that
regionallabor is producing more goods than are being aoned in the region. Epertstypicallyaccept any

industries with a value over 1.25 being exporting indtises.

15 Note that the number of industries with a location quotient over 1.25 is different for the State of Maryland than
for each region. Locatioguotients are calculated based on geography, therefore one region may have a greater
concentration than the state as a whole.

BwSIA2Yy Il 902y2YAO {GdzRASE LyaidAaadziS 2F ¢26a2y ! yADSNAEI
Defense Intensive Landgue £
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spending categories affect Marylanto captureR&D and Information Technolagyyber
Security, RESI created customized cluster definitions to ocaphg employment impacts of this
spending. More details on these clustean be found in Sections 44, 3.4,and the SWOT
analysist’ RESI estimates that between 2011 and 2015:
1 The R&[xlusterin Maryland received an average of nearly $2.7 bilianually in
spending obligationand employedver 195,000ndividualsin Maryland.
1 The Information Technolog€yber Securitglusterin Maryland received an average of
nearly $1.8 billion in annual spending obligati@msi employed over 203,000
individuals

Due to the fact thatthe NAICS codes represented i@ tR&D cluster and the Information
Technology/Cyber Security clustarerlap with the industrywide definitiors utilizedfrom
Delgado, Porter, and Sterthese estimates were not explicitly displayedrigurel. Although
the NAICS codes frotheseclusteris overlap with each other, the spending amounts do not
since they are based amiqueDoD identified product or service coflending categories
These customizedusters areconsideredor the remainder of thiseport, and are elaborated
upon in the SWOT analys#.

1.1.2 Forecast of DoBrunding Economic Impact

Thus far Section 1 has focused on the current impact of DoD funiine State of Maryland

for the 2011-2015 period. RESI used the average level of funding during thigeareperiod

and forecasted the impact of this funding, if it remained at the current levels without adjusting
for inflation, over the next ten year3he longterm forecast providesisight on the number of
Maryland jobs that could be supported by DoD spendirthpéfuture. To do this, RESI utilized
the REMI Pl+ software.

The REMI Pl+ model is a higid dynamic modeling todhat helps RESI to build a

sophisticated model that is thrated to the specific demographic features of thiate. This

model enumerates the economic and fiscal impacts of each dollar earned and spent by the

following: employees relating to the economic events, other supporting vendors (business

services, reta, etc.), each dollar spent by these vendors on other firms, and each dollar spent

08 (KS K2dzaSK2fRa 2F GKS S@SyiQa SyLX2eSSasz 2
employeesThe modefeatures the ability to capture price effects, wage changesl

behavioral effects through tim&hisallows RESI to capture the effects occurring between

industries and minimize the potential for double counting in employment, output, and wages.

The ability to capture effects throughout a span of time providégtailed representative of an

YwS3IA2ylf 902y2YAO {GdzRASE LyaidAaadziS 2F ¢26a2y ! yADSNAEI
Defense Intensive Landscage.
8 bid.
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economic event over time and its effects on the study afeather information on the model
and assumptiongs provided inPAppendix C.

Using this modelRESI found the employment impact of DoD funding to be significant,
estimating that this funding will continue to support an average of 101,000 dimedirect, and
inducedMaryland jobs for each of the next ten yedPsLhe impact is particularly noticeable in
certain Maryland regiors Central and Capitaland within specifiendustry clusters. For
example, the Business Services cluster is estimated to create over 35,000iddieett, and
inducedjobs on average per yeasr 35 percent of all new jobs supported by DoD funding. This
analysis takes a closer look at activitighin these clusters at both the state and regional levels.

1.2 Regional Findings
In addition to the statewide analysiRESI assessed cluster employment activity at the regional
level. The five regiondetailedin this analysis were the Capital, Centidstern Shore,
Southern Marylandand Western Maryland regionshown below irFigure2. Thecounties that
comprise theseegions areas followg(regionsin alphabetical order):
1. Capital regiorg Frederick, MontgoB NE > YR t NAYyOS DS2NHEHSQa
2. Central regiorg Anne Arundel, Baltimore, Carroll, Harford, Howard Counties and
Baltimore City
3. EasternShore/ SOAf X /I NRPfAYST 52NOKSAGSNE YSy(
Talbot, Wicomico, and Worcester Counties
Souhern Mayland¢/ I €t @SNI S / KF NI S&ax FyR {Gd al NE!
Western Maryland; Allegany, Garrett, and Washington Counties

o s

(@]}
(0p))
—t

Pwo{LQad SaltAYIFIGS F2NJGKS G2GFt ydzyoSNI 2F 220 &edRNER LJa
wages in the economic model, which creates diminishing returns in the impacts of the same spending levels over
time.
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Figure2: Maryland Counties in Five Regions Used for Analysis

Harford

Baltimore

Il Capital Maryland
[[] Central Maryland
[l Eastern Shore

Il Southem Maryland
[ Western haryland

Source: RESI

al NBEf I YRQA& NB I A msolirurdl &hB urbiad poikt s, addythis is Sugaly
reflected in the number of jobs estimated to be in each region. The Eastern Shore, Southern
Maryland, and Western Marylaneégionsare the more rural areas of the state, while the
Capital and Centrakgions are more urbam.aking the geographical illustration of the regions
in Figure2, Figure3 provides the basic economic data, focusing on jobs and populatitme
regional level.

Figure3 shows the large disparity in the number of jahseach regionwhich is related to

overall population and population density between the Capital and Central regions and the rest
of the stae. Whenjob estimatesvere combined fothe Capital and the Centradgions these

two areascompriseal over 2 million of thetotal 2.4 million jobs assigned at the regional levl.
Also,it is noted that the average wagesere higher for the Capital ande@tral regiors than the

rest of the state at approximately $5499and $52630, respectively’! The Eastern Shore and
Western Marylandvere the two-lowest wage areas of the state, ah average of
approximately$45,157and $17,662, respectively. In generahis alignswith the pattern that

20 Note that due to data suppression that occurs at the county level, the totals for the regions do not add up to the
total for the stte, and the state average salary is higher due to inclusion of data for the state that is assigned to
0KS adpdpé O2dzyieé O2RS F2NJ LINAGI O& LIdzZN1J2aSao

21 RESI estimated stalevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for more details.
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rural areas tend to havalower cost of living and lower wages than urban areas. Southern
Marylandfell in between the two extremes in terms of wagésyvinga value of approximately
$49,017. Southern Maryland is rurafet still has a close proximity to Washingtdn C, which
gives the area a geographic competitive advantagéeresultsin a higher average wage than
other rural areas in the state

Figure3: Regional Overview Total JobsAverag AnnualWages DoD Fundingand
Employment Impact?
Regional Jobs

Job Regional Average Annua Subported Percent

Estimate Average Dollars Obligated bSFE)oD Jobs DoD

2014 Wage 2015 2012-2015 Spending Dependent

Central 1,214,807 $52630 $8,082,350494 51,344 4.32%

Capital 875,165 $54199 $7,685,333,30¢ 40,324 4.85%

Southern 89020  $49017  $1,942,834,38% 7,664 8.88%
Maryland

Eastern Shore 146,615 $45,157 $173,764,748 1,195 0.90%
Western

0,
Maryland 102,308 $47,662 $77,359,941 736 1.08%
Total 2,427915 $52,402  $17,961,642,87t 101,263 4.39%

Sources: RESI, U.S. Census CBP

In addition to having the highest number of jobs and wages irstidite, the Central and Capital
regionsreceivad i KS @ aid Yl 22NARGe& 27F al Nifdvehde@fdvers 2 5
$15.5 billion annually between 2011 and 2015. During this tthmemajority of the remaining
fundingwent to Southern Maryland, which receivesh annual average afearly $2 billionThe
Eastern Shore and Western Marylamdjionsreceive relatively low amounts ofannualDoD
Spending, averagirgpproximately$174 million and over $77 millionespectively between

2011 and 2015.

To show the relative dependency of each regiorDmD fundingRESI calculated the
percentage of jobs that are Dal2pendent for each regiof Thisanalysis foundhat Southern
Maryland is the most dependent on funding, while the Eastern Shore and Western Maryland
arethe leastdependentregions Proportionally, theSouthern Marylandegion receives the
largest share bDoD spending obligations in terms of fundiiogjobsratio. Due to this reliance

22 Note that due to data suppression that occurs at the county level. the totals for the regions do not add up to the
total for the state, and the state average salary is higher due to inclusion of datzefstate that is assigned to

0KS adppé O2dzyieé O2RS F2NJ LINAGIF O LIzN1J2aSao

23 Note thatthis ratio in thisreport uses the estimated employment impact from REMI outputs and the total
number of jobs in a region as estimated by CBP data, described in thedtdtlyy section and Appendix A.
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on DoD funding to support jobs, the Southern Maryland region woulchbst affected bya
reduction in DoD funding and less likely to rebodirain DoD spendindjuctuations

w9 {LQa AYWkingREM Bldicates that DoD funding in the Capital region is

predicted to supporapproximately40,000direct, indirect, and inducedobs annually over the

next ten years. This amounts t4.JS NOSy i 2 F ( KSfmNBtHah 874508 220 0 | 3
estimated private notfarm jobsin 2014. DoD funding for the Central region is predicted to

support more than 51,00direct, indirect, and inducedobs annually over the next ten years.

This represents roughly 4.3 percentoftherggioa G2 0Ff SYLX 28YSyid 2F wm¢
Southern MarylandDoDfunding is expected to support 7,6@irect, indirect, and inducedobs

annually or approximately 8LIS NOSy (i 2 T (pkdvate haBfah jabyb&sa of 89000 €

in 2014.Againthese estimatesissume current spending levels will be maintained and do not

account for inflation.

The Doliunding provided to eachegion is unevenly distributedcross industry clusters
outlinedin each regionas outlinedin Figure4. Thisfigure highlightghe top cluster for each

region of the sta¢ by DoD fundindevels In all of the regions, the top clusterdhannual wage
greater than theaverage for the entire state$62,402annuallyin 2015.2* The Busiass Services
clusterreceive the largest level of DoD fundingoth in the statglas shown irFigurel), and in

the three regionghat receivedthe most DoD fundingThis cluster receivemore than $3.7

billion inaverage annual funding in the Capital region and emgdaywer 155,000 peopldn

the Central region,hte Business Servicetuster receive over $2.1 billion in the Central region
and employed more than166,000 peopleln Southern Maryland, thclusterreceived over $1.3
billion and emplogd over 15,000 peoplelhe top cluster for Western Maryland was Local
Commercial Services, which received over $25 million in funding obligations and employed over
5,600 individuals. Education and Knowledge Creationthvasop cluster for the Eastern Shore,
which received nearly $25 million annually in funding obligations and employed approximately
2,000 people.

24 RESI estimated stalevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for more details.
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Figure4: Estimated Jobs and Average Wage for Top Regional Clustéwbesage Anmial DoD
Funding
Average

Cluster Name AnnualDollars Job Estimate Avergsgr\r/]\?;ed

Obligated 2014 9 o0 fsﬁ
20112015

Capital Business Services  $3,764,580,77¢ 155,491 $80,110

Central Business Services $2,153,631,37C 166,779 $79,025

southemn g | ocs Services  $1,352,852,31¢ 15,089 $78,107

Maryland

Western LocalCommercial

Maryland Services $25,187,985 5,668 $52,743

Eastern Educationand

Shore Knowledge Creation $24,841,118 1,980 $62,875

SourcesBLS OE®elgado, Porter, and SterRESIUSASpendingU.S Census

1.3  Social Network Analysis Findings

Tounderstand the collaborative activity occurring across Maryland, RESI subconffactec
Analyicsto conduct a social network analysis (SN8NAidentifies and exploresonnections
betweenentities, organizationsand people, to determine how they interact to create new
products and servicest could be argued that the SNAsisnilar toan xray of the cluster

showing how companies, universitiesd government organizatiormprisingthe cluster
connectwith one another dusters thathavelittle to no activitybetween theirmembersare

most likely geographic agglomerations of firraed are not benefiting from their involvement

in the cluster?® In reviewing the defenseelated clustersn thestate,¢ SNI A dza ! yI f @G A Oa
found significant collaboration between large defense contractors and major universities in
Maryland notably. Johns Hopkinbniversity(JHU) University of Maryland, Baltimor@MB)
University of MarylangBaltimore @unty (UMBC)and University of Maryland, College Park
(UMCP)Major defense contractors in the state include Lockheed Matrtin, International
Business Machines (IBM), Boeing, and Honeywell Internatidmabre exhaustive list of
collaborators identified ithe SNA from both in the state and outside of the state can be found
in Sectiorb. Collaborations between universities and defense contractors are an asset to the
state and foster innovation within the defense industry.

According to the SNA, the main ungtry clusters supporting innovation in Maryland incldde
Aerospace Vehicles and Defense, Biopharmaceuticals, Business Services, Communications
Equipment and Services, and Information Technology and Analytical Instrur@eN. Y w9 { L Qa
analysis of these sp#ic clusters, they collectivegmployed over 355,000ndividualsand pad

Bt KATALI /22182 awS3IA2y Lt LYy26@I ERAG IpadEa hw@meratd dza § SNE =
Changel0 no.4 (2001): 94974,doi: 10.1093/icc/10.4.945
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an average anral wage of approximately $77,448The SNA also showeah &merging
Materialscluster, which is supported by the defense industry dra$ originatedrom the
Aerospa&e and Defense network, the Bio network, and the Telecommunications network.

The SNA also found that certain innovation networks appear vulnetalflending fluctuations
due to their dependence upon a single comp&mgt connecs members of the networki-or
example, the Communications Equipment and Services cluster is entirely dependent on
Telecommunications Systems, Iliitis dependency is a significant threat, siaog innovation
originating from this cluster would suffer a serious shotkefcentralcompanywere to cease

operations

26 Cluster employment data was estimated using U.S. Census CBP data for 2014. Wage estimates were calculated
using occupation profile and wage data fodistries in Maryland from BLS OES data for 2015. In both cases the
data used was the most recent available.
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2.0 Introduction

The Regional Economic Studies Institute (RESI) of Towson University was tasked by the
Maryland Department of Commerce (Commerce) to conduct an industry cluster analysis of
al NBEf I YyYRQ& S Condthéseparis offin@ Slatesekoyiaihy that receive defense
related spending’ The5 S LJ- NIi YSy & 2 F Offic af Eo6rnBi€©Adjusinte @EA)
Defense Industry Adjustment (DIRjogram hag0 ongoingstate- and regionalevelprojects
throughout the U.S$8 These projects are tailored to meet the needs of each logaliawever,
funding is generally useld examine the economic impact of potential future fluctuations in
DoD fundingand how the locality will prepare for this chand&hile some states havdraady
completed their assessmergyuch as Washingtoand Virginig other states such as Hawaire
only beginning their assessment.

While these projects are occurring across the courttrg importance of thisesearch at the

state level cannot be ovstated.Using data gathered through USA Spendirgnf2011to

2015,RESI estimated théhe DoD obligateépproximately$18 billion per yeato companies in

the State of Maryland? According to the FY15 OEA report on DoD funding by s¢teyland
ranksfourth in the US for DoD funds spent in the sta&3! In addition, during the samfiscal

year, Maryland ranks fifth after Virginia, Hawaii, Alaska, and Alabama for defense spending as a
percent of state GDF.While sequestration has had an impact on fhadingto the state

during this period, the average contribution of DoD fundind/tarylandis approximately S

percent of state GDP.

Thisfundingis avaluableeconomic engine for growth in the statand is als@an important
resource for privateompanies, academic institutions, economic developers, military
installations, and policymakers in the State of Marylahk directindirect, and inducedobs
and wages associated withdgldefensandustry highlight the economic impact of DoD funding
in Maryland.Recognizing the contribution of this funding to the state, the findings from this
report, as well as the widestudy being conducted by RESIll prepare Commerce to support
industry clusters that have a significant economic impact in Marylandvemdalso be
vulnerable to future DoD funding fluctuations.

2" For the purposes of this study, an industry cluster is defined as a grouping of industries related in terms of
products produced, or are interdgmdent for producing goods or services, and are defined and organized by
researchers to enable analysis.

Bgho! tNR2SOG tNRFAfSazXé !'d{d 5SLINIYSYyld 2F 5STSyasSs
2016, http://www.oea.gov/howwe-do-it/projects?program=defense+industry+adjustment&state=all&view=grid
Ba52gyt 2R / SYGSNEE ' {! {LSYRAYS3

30 bid.

h -

31U.S. Department of Defense, Office of Economic Adjustntén§ ¥ Sy aS { LISYRAy 3 o0&3, { G 4GS CA

accessed December 31, 20h&p://www.oea.gov/sites/default/files/resources/fy2015tatesonly508final-
sm_0.pdf
32 bid.
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The research questions that are leading the analysis throughout the remainder of this report
include the following:
1 What are the major industry clustersat the state and regional levalghat receved
DoD funding in Maryland from 20320157
1 Whatwerethe economic impacts jobs, wages of these clusters in the state and in
the individual regions from 2032015?
1 How reliant are these major industry clusters on DoD funding?
1 Over the next ten yearsyhat will the economic impact of DoD funding be on the
identified industry clusters in Maryland?

This setion will continue as follows. The next subsection will review the existing literature on
industry clustershighlighting how RESI determined which ctustvould be used for this

analysis. This will be followed by a subsection outlining the historic trends in defense spending.
The final subsection will be signposting for the remainder of this report, including the
Appendces

2.1 Defining a Cluster

Thraugh a review of the secondary literature, RESI found that academics, policymakers, and
companies have a variety of ways of defining clusters and defining cluster analysis. In terms of
cluster definitions, the most basic andriiest definition of a clustewasd & A Y RdzA G NA I £ R
or agroup of companies that are competitors as well as collabora¥ossnce this early
conceptualizatiorof clustersacademics have sought to redefine clusters accounting for the
relationship betweenndustries instead ofifims, the proximity of firms within the cluster, the

lack of proximity of firms within the cluster, atide role of entrepreneurship in cluster
development343% Examples of clusters exist to support each definition from around the globe

at all skills levelsanging from higktech development in Silicon Valley and biotechnology in
Greater Bostonto specialized cheese production in Parritaly and woodworking in Salling
Denmark Regardless of the location of the firms in the cluster, the number of firrtigein

cluster, or the starups derived from the cluster, clusters require companies and industries to
work together in a collaborative manner. This collaboration can compose a supply chain or be
for the purposes of innovation.

From an economic developmeapproach a cluster often refers to grouping different
industries in a region based on similar or complimentary products that compargate3°
These groupings are often customized to specific industries present in a given area. This

33 Alfred Marshall)ndustry & Trad€London: Macmillan1919).

34 M.E.Porter,On CompetitiorfBoston Harvard Business School Prek398).

35 PhilipCookeand KevirMorgan, The Associational Economlyirms, Regions, and Innovatitxford Oxford
University Pressl998).

36 Delgado, Porter, and StertDefiningQusters ofRelated Industries” 1.
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Gsimilaritye Y 20l tBeFproductscan also includ@arallelsin the necessary skills that

occupationswithin different industries have in commaoni For example, if there is a glass

YIEydzZFl OGdzNAy3a O2YLIye FyR | aldSttAGS YIydzFl O
glass worker who has the knowledge and skills to create specialized glass to make satellites

lighter and more durableThe groupingamong industries based on skillset or product

similaritycan be done om caseby-case basis, deeply analyzing a specificoretp understand

the interdependencies of industries at a local level. An example of this approach would be the
SanDi@ 2 Q& [/ & o Qusterfari@sgaeduded by the San Diego Regionabfbmic
DevelopmentCorporation 38

The groupings of similarés can alsbe performed using larger datasets across different
regions, such as the work done by Delgado, Porter, anah Sidro created clusters and
sukclusters based on observed linkages and occupational similaiithes example of this

Y S i K 2 R Qdustatzstuliesdary be found in a 2016 report I§ooper, Sedgwick, and DeWitt
whichanalyzed the aerospace industry in Southern Califathia.

In terms of analyzing the clustelRESUsedthe Delgado, Porter, and Steapproachfor the
overall analysi8 ¥ a | NE f | y R Qdihthd SateyagdYeayionallleielsThis analytical
technique was developed by a team of researclieyen Harvard, MIT, and Temple, utilizing
funding from theU.S.Department of Commerd&@B&conomic Development Administratiéh.
Ddgado, Porter, and Stern, three researchers from the aforementioned institutions, describe
this approach in a 2015 pap&Theirmethodologyutilizes national cdocation patterns,
occupational data, and industry inpoutput tables to define their clustsr*® Further

information on the analysis of the clusters can be found in SectitdveBhodology

2.2  Defense Spending Patterns

The pattern of behavior observed in Congress over the past five years suggests that, while there
appears to be majority suppofor increasing the defense budget, that desire is being tempered

by divisions over the nondefense portion of the budget. Overall trends are difficult to predict

due to the large number of variables impacting DoD funding obligations to Maryland

37 Delgado, Porter, and StertDefiningQusters ofRelated Industries” 1.

Bsand SI2 wSIA2y Lt 902y 2 YA CyeSaagity id 5av Biggd: At B-dnbhdficNchpichadd/ = &

Ly Rdza 0 NB ladcés$ed Beretifei 31,2016,
http://www.sandiegobusiness.org/sites/default/files/Cyber%20Security%20Final%20Report.pdf

¥Delgado, POBNE YR { 0SNYI G5SFAYAYZEB /fdzaiSNB 2F wSfFGiSR LYR
VY KNRAGAYS [/ 22LSNE {KIyy2y {SRIgAO01=Z YR 2S5SatSe 5S2Ai0:
I FEAF2NYALFY ¢KS CdzidzNBE A& | SNBxX¢ [ 2a !y DegoRagiohae dzyie 9 O:
EDC (March 2016): accessed December 31, 2@p&/laedc.org/wp-
content/uploads/2016/02/LAEDC_Aerospace_FINAL_20160301.pdf

41"About the Project,'U.S.Cluster Mappingaccessed October 6, 2016, http://clustermapping.us/about.

“pelgadot 2 NIISNE FyR {GSNY>X a5STAYA30I /fdzaGiSNR 2F wStlFGiSR L
43 bid, 3.
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contractors.These include priorities on how allocated defense funding is spent, and political
priorities between defense spending, tax cuts and otigpenditures As shownn Figure5,
defense spending has historically be®ghly cyclical.

Figure5: DoD BudgetFY 1948 to FY 2016, Adjusted for Inflation
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SourceCenter for Strategic & International Studies

Since the end of World War I, there have been four major cycles of defense spendingogriven

military conflicts and peacetime competition. In the most recent budget cycle, the overall

defense budget grew from its low point in FY 1998 to a{@etld War Il high in FY 2010. Since

then, however, the budget has declined by 25 percent, adjusbngflation, through FY 2015.

Much of this decline was due to a reduction in operations in Irag and Afghanistan-If war

NEBftl G§SR FTdzyRAy3 A& SEOf dzR SsRyonlyilR Bercénd In BYS2016, RS TSy
the base defense budget began to grogaa, marking what could be an end to this downturn.

Due to these considerationthe average spending between 2011 and 2015 is used for
estimating the impacts DoD spending in Maryland throughout this reffdtigue 6 outlines

44 RESI alsconductedforecass assuming a0 percent decrease and E) percent increase in average DoD

spending in Maryland. However, these numbers are not reported asypetheticalincrease shows a 9.971

percent average increase in employment over ten years,thadypotheticaldecrease shows a 9.973 percent
average decrease in employment over ten years. This shows that the model predicts diminishing returns, as there
isa slightly larger gain to employment from moving from tt@percent decrease to the status quo than there is

from moving from the status quo to th&0 percent increase, but is otherwissremarkable Section 7 of "A SWOT
lylrfeaira 27T al N#EDefensRi@ensive BahdsddfieYpeyeiits detailed policy change analyses
based on specific policy changes determib@dbe likely through the SWOT analysis.
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the amount of DoD funding thahe State of Marylandeceived per year from 20£2015at
both the stateandregional level. In regards to the lattdRESI analyzed five Maryland regions in
this report. These region®&nd the countiecomprisng these regionsare in alphabetical order
as follows
1. Capital regog CNERSNA O Z a2y i32YSNEZ YR t NAYyOS
2. Central regiorg, Anne Arundel, Baltimore, Carroll, Harford, Howard Counties and
Baltimore Ciy
3. Eastern Shore Cecil, Caroline, DK Sa (0 SNE Y S ySorzersettadbdby ! yy S ¢
Wicomico,and WorcesterCounties
4. Southern Maryland,/ I £ SNI X / KFNI Saz FyR {{i® al NBEQa
5. Western Maryland; Allegany, Garrett, and Washington Counties

The DoD funding allocated to each region can hmfébelowin Figure6. Thetable with
greater detailfor this data can be found iAppendix A

Figure6: Annual DoD Funding Obligations by Regi@pending in $Millions)
2013 2014 2015 Average Spending

($Millions)
Capital
ronion $8,675.2 $8.450.2 $7.357.1 $7.316.2 $6,626.9 $7.685.1
g:gfg"’r‘: $8,069.7 $8528.3 $7.472.3 $81585 $8182.4 $8,082.2
gﬁiﬁm $195.6 $1409 $1085  $1195  $277.7 $168.5
Southern
Varylang  $1:9914 $20956 $17952 $18906 $1,948.7 $1,944.3
Western
Maryland $75.3 $91.9 $81.1 $58.2  $101.3 $81.6
#";g'a”d $19.007.2 $19.306.8 $16,814.3 $17.543.0 $17,137.0 $17.961.7

Sources: RESI, USA Spegdin

Taking the information in Figurea the regionallevelin Maryland (depicting the stateride

trendsas a whole)and viewing it alongside theational trendsillustrated in Figure 5a similar
situation has been occurrirecrossat the nationaland state levels Regionally there has been

some variation, with spending on the Eastern Shore first declining and then increasing. This
type of variability is expected because at more disaggregate levels variation can be more easily
effected by relatively fewealatively large contractsthis is particularly noticeable in the pest

2013 period with the winding down of war funding as well as the impact of sequestraten.

data used to construdtigure6 can be found irAppendix A.1.3
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2.3  Report Overview

This reportwill continue adollows. Section provides an overview dhe methodologiesised

in the cluster analysis as well as the definitions used to define the clusters. The methodology
subsectiorfocuseson outlining the data used in the cluster analysibe datasources are

described in detailincluding an explanation of why these sources were ch@selthe source
individual strengths and weaknesses. This subsection also includes an overview of the methods
usedby Tertius Analytics to conduct the social network analf&li¢A) The definitions
subsectiorhighlights howRESbrganizel the industry clustersn the state

Section 4 and Section 5 are closely related. Section 4 focuses on reviewing the findinggefrom
RESI cluster analysis at the state lewdlile Section 5 focuses on reviewing the findings from
the RESI cluster analysis at the fiegion level. These two sectisnomprise the core analysis

of industry clusters in the report. Both sections pravitie following information: an overview

of the employment and wages of each cluster in the state/region; the distribution of DoD
funding (from 20132015) to each cluster in the state/region; a discussion of the current
economic impact of this DoD fundiog the clusters; and a forecast of the economic impact of
this DoD funding under different conditions over a{ggar period.

Section 6 detailsthe b!  LISNF2N¥YSR o0& ¢SNIAdza !ylrfedadazr w
Ly Ff@dA0aQ {b! K a&elsKrthe Stat€ind the dynArdicihteiaktidrybetileierdz

military, government, academia, and private industry in Marylahgkir analysis found that

universities are a large asset to Maryland in terms of fostering innovation

Taking the results from Sectisd, 5, and 6Section? presents a combinationf the cluster
analysisand the social analysiwhere the results of the two are used present amore
completeoverall picture of innovation in Marylan@his section is important as the preceding
sections(4 and 5) focus on the agglomeration of companies providing similar products and
services that comprise the industry clusters as well as how these companies in&xatto(6),
if at all, within clusters and between clusteHowever,sections 4, 5, ané do nothighlightthe
collaboration occurring within the clustershich Section 7 highlights.

The final section of the repor§ection 8presents a summary die main findings of the report
broken out for thestate and its component regionslsingthese findings, RESI suggests
recommendations for the diversification olusters in Maryland focusing on clusters with a high
level of DoD fundingas well as clusters with a higgvel of employment reliant on DoD
funding.It should be noted that RESka created several apperodis where additional
information on the methodology, definitions, and analysis can be found.

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY. 3 1



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

3.0 Methodology

RESI uskboth primaryand secondary data based in Maryland to complete thesteranalysis
found in this report Ths data includes informatioffom the strengths,weaknesses,
opportunities,threats SWOT analysisthe survey, theSNA andsecondary data sources to
ascertainmore specific cluster definitiorend to allowfor a better understanding of how
potential polcy changes will affect Marylartd.

This section will review theggimary and secondargatasets explaining why they were used.
In addition, this section will also outline how the clusters were defined for both the clusters
defined byNorth American Indusy Classification Syste(MAICHcodes as well as the
customized clustersA more robust review of the methods used and the analytical approach
adopted can be found in Appendixafdd Appendix D

3.1  Collection of Primary Data: The Maryland Defense Netkw@&urvey

To support the cluster analysis as well as the larger OEA project, RESI collected primary data in
the form of business surveys. The aim of the survey wasfdbb First, the survey was

developed to identify companies that received DoD fundingvieerte further down the DoD

supply chain, beyond the prime and futgr contractors, not reported in USA Spending.

Second, once these companies gdéntified as being a part of the supply chain, the aim was to
determine their level of dependency on D&ihding as a percent of their annual revenue. To
meet these objectives, the survey questions, a suppistmupload website, an introduction,

and a reminder were created by RESI and disseminated by Commerce via email between April
2016 and December 201k addition, RESI contracted with the Schaefer Center for Public

Policy at the University of Baltimore to conduct the survey via phone from September 2016 to
December 2016. While the survey collected data until December 2016, for the purposes of this
report, the data collected from April 2016 to October 2016 was used. During this period, the
survey collected 591 responses. An overview of the survey collection and analysis is outlined in
AppendixA.2.1.

3.2 Review of Secondary Dat& Analysis
Toconduct a @fenserelated industry cluster analysis RESI utilized data from multiple sources,
including:

1 U.S.Census County Bness Pattern (CBP) dataset

1 U.S. Censuuarterly Workforce Indicatorfsom the Longitudinal EmployeiHousehold
Dynamics (LEHD)
Bureau ofLabor StatisticsBL$ Occupational Employment Statistics (QES)

1
1 BLS.ocal Area Uneployment Statistics (LAUS)

45 As a separate part of this overall project, RHES) conducted a SWQihalysis of the defensadlustry in
Maryland to better understand DoD spending impacts on Maryland.
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BLQuarterly Census of Employment and Wage (QCEW)
InfoUSA

O*Net (the Occupational Informationdtivork), and

USA Spending.

E N

RESUseda conbination of the aforementioned secondary datasets to complete the cluster
analysis. The CRRtawas usedo develop a detailed summary of labor and employment
characteristics for both the State of Maryland and for each of the five regions selected. Phe CB
data set provides estimates for employment by-digit NAICZode*® NAICS are twdo six

digit codes for classifying businesses byititistry they are inwith two-digit codes being

more generic, and sidigit codes being more specific. For examfhe, two-digit NAICS code
amMmé Ad GKS OflFAaAFAOFGAR2Y F2NJ ! INKOdzf G dz2NB =
the code for Soybean FarmiAgUsing data from the 2014 CBP dataset for each cluster in the
state, RESI estimates the number ofgaach cluster supports in tlstate. CBP data is used
instead of QCEW data because CBP data provides size ranges for employemy/mieda

means for estimating employment in industries withta that was suppressed to maintain
privacy*® The 2014 CBP tlawas the most recently available data by that source and was used
in lieu of more recent 2015 QCEW data due to data suppression issues in thestaitee CBP

data provides categorical firm size data, which allows for an estimate on the level of
employment in many, but not all, suppressed industries such as those in the Aerospace and
Defense Cluster.

The LEHD dataas used alongside the CBP data to prowdermation on labor transitions
betweenindustriesat the state level, and is collected undéetLocal Employment Dynamics
partnership.This datgorovides an understanding of the quantity and type of labor that is
transitioning between industriefdditionally, he BLS. AUS data provides an overview of
employment trends for the state and each regim Maryland

Similar to the CBP and the LEHD data being used togetsiagthe BLS OES and QCEW data in
conjunction with O*Net data sets all@for estimation ofoccupational wage and employment
levels for MarylandThis method is used for estimatimgages because it allows for
approximationsof earningsin industries withannualpayroll datg whichis suppressed by the
CBP datadlt should be noted that throughout the report the 2015 wage data was waddthe
2014 occupation datto allow for the met upto-date estimations, providing an accurate
account of current conditions.

46"County Business Patterns: 2014," U.S. Census Bureau, accessed September 27, 2016,
http://www.census.gov/data/datasets/2014/econ/cbp/201dbp.html.

47 éNorth American Industry Clsification System: Concordangel.S.Census Bureaaccessed October 4, 2016
https://lwww.census.gov/eos/www/naics/concordances/concordances.html.

B/ 2dzyie . dzaiySaa trdGaSNyazé | o{d® / Syadza . dzZNBIl dzz |
https://www.census.gov/econ/overiew/mu0800.html.
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ThelnfoUSA datset contains informatioron many verifiedousinesses in the United Stajesd
wasdeveloped by InfoUSA by utilizing publicly available data such as recacds)atounty
courthouse business filings, and phone directoffego verify and update the business data,
InfoUSA representatives call companies on a regular basis. As a result, the dataset is kept
currentandprovidesatimely and detailedinderstanding bbusiness activity at the national
level. For the purposes of thisport, InNfoUSAdata for Marylandvas used to supplement the
information companies reported in the survéyutlined inSection 3.2) Specifically, the
companies responding to the survey mematched against those in the InfoUSA data $é&is
allowed RESI to match respondents tedigit NAICS codes to be mapped to the Delgado,
Porter, and Stern cluster definitiols8.

RESI usedSA Spending data quantify the impacts of the defense indui N2 2y al NBf | yF
economyusing the REMI PI+ modéP? The data providethy USA Spending shows the actual

contracts awarded to companies conducting business with the DoD from around the country.

The federal government requires that tipeime and thefirst-tier companies within the defense

industry supply chaineport their DoD contracting activity dollars awarded, revenue, point of

contactc¢ through USA Spending which also provides a basis for understanding the

collaboration among firms in the defensalimstry >3 Appendix A provides more details on the
dataoutlined above as well as how this data was analyzed.

3.3  Social Network Analysis

Social network analys{(§NAXxonsists of analyzing three main components: nodes, ties, and
networks. The nodes are ¢hactors within the systenfor this report they are individuals,
business, and organizations. Ties are the linkages between the nodes in the system. For
example, if a company acts as a subcontractor to another firm, there is a linkage between the
two nodes representing those companies. Networks are groupings of nodestiasdand can
contain other groupings of nodes and linkageeatingsubnetworks By analyzing these
networks at different levelsf granularity economic developers can gebatter sense of how
companies and other organizations interact in the innovation process.

Vel 2¢g 2SS DFOGKSNISFGFZE LyF2!'{!3s I O00SaaSR 550SY0SNI omZ
https://lp.infousa.com/infousa_g?bas_phone=800.868.5249&bas_offer=16109445366&gclid=CNToj
2_mtECFQZLDQodjjwD1wé&gclsrc=aw.ds.

50 Delgado, Porter, and StertDefiningQusters ofRelated Industries” 23-30.

a52¢gyt 2R / SYidSNEE | {! {LISYyRAY3

52See Appendix D for a detailed explanation of this process.

53 A prime contractor is defined as the recipient of DoD funding who is contracted to provide a product or service.

Firsttier refers to the first level of subcontractor(s) that the prime contradiines to complete the project.

Contractors further down the supply chain can exist with seeti@dand thirdtier contractors; however, prime

and firsttier contractors do not need to repbthese secondier and thirdtier contractors to USA Spending.
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NArequires specialized sldthnd data to perfornfor an accurate analysigs such, RESI
contracted with Tertius\nalyics, which has developed a proprietary data setaoduct this
type of research. Tertiunalyh O & Q (Rilizes infér8aiion from multiple sources, including:

1 U.S. Rtent and Trademark Offiagataon patent grants and patent applications

1 National Institutes of Health (NIH) research grants

1 National Sience Foundation (NSF) research grants

1 Small Business Innovation Research (SBIR) and Small Business Technology Transfer

(STTR) grantand
1 USA Spending.

Unless otherwise noted, the dataset for tB&Ais comprised of grant contracts and patent
application documents dated from January 1, 2010 through August 31, 2016. In general, grant
contract start dates and patent application dates wesed to determine if a document was
included in the analysi®\n explanation of the data preparation and anaysan le found in
Appendix A

3.4  Developing the Clusters

To conduct the cluster analysis in Maryland, RESI used cluster definigoal®ped byateam
of researchergrom Harvard Massachusetts Institute of TechnologWIT), and Temple, funed
by the U.S Department of Commerc@ Bconomic Development AdministratiéhDelgado,
Porter, and Stern, three researchers from the aforementioned institutions, describe this
approach in a 2015 papé?.Their approachoutlined in U.SCluster Mappingutilizes
geographicatonsiderationspational celocation patterns, occupational data, and industry
input-output tables to define their cluster®>’ Beyond this approachREStreated customized,
specificcluster definitions fornformation Technology and Cyb8ecurity anddr Research and
Development R&D at the state levelRESI focused on these three specific clusters based on
findings fromthe SWOTeport and socialnetwork analysis The SWOT indicated that from a
policy perspective that R&D was potentially vulnerabld #rat Information TechnolodgZyber
Security was likely to have gains in funding le¥&ls.

3.4.1 Creating the Clusters with NAICS codes

Using CBP datautlined above in Section 3.19 estimate employment at the sidigit NAICS
code level, RESI mapp#t Delgado, Porter, and Stern indagtlusters to creatéoth state

and regional profilesThis process allowed RESI to map 978ligjiit NAICS codes to 67 industry

S4"About the Project," U.S. Cluster Mapping

55 Delgado, Porter, and Stern, "Defining Clusters of Related Industrie80.23

56 1bid.

57 1bid, 3.

%8 Regional Economic Studies Institute of Toyiso! YA GSNBRAG& s a! {2h¢ ! yoffeara 27
Defense Intensive Landscage.
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clusters®® RESI constructedage estimates for each clustesing OES average wage daya
occupation RESI produced industwide estimates at the sidigit NAICS code levasing
occupational profiledata. This approach was necessary due to data suppression by both QCEW
and CBP.

An example of organizing the 978-gigit NAICS codes into 6sters can be found with the

Local Real Estate, Construction, and Development cluster. Within this one chizdkCS

codes are present including: Masonry Contractors (NAICS code 238140), Roofing Contractors
(NAICS code 238160), and Plumbing, Heatmmdj Aa~Conditioning Contractors (NAICS code
238220). Another example would be the Business Services clugtpresenting the activity
among33NAICS codes includir@ayroll Services (NAICS code 541214), Engineering Services
(NAICS code 541330), and Raxgger Car Leasing (NAICS code 5321d@)stry sectors were
grouped into the Business Services cluster to provide a more detailed anAlysendix B

contains additional details for spending by NAICS code for the laslyssers by spending.

The advamge of using th®elgado, Porter, and Stern approdsltthat through its utilization of
employment patternsthe methodology allows fadistinction between traded and local

clusters. Traded clustegenerallyprovide services that suppoititerests externato the region,

and local clustersommonlyprovide more services for those that live in the afédraded

clusters produce 96.5 percent of the patents in the United States, and overall pay higher wages
than local cluster§! Aswill be seen in Section 4yerall DoD spending in Maryland supports

jobs that pay an average wage higher than that of the state. This is largely because the majority
of DoD spending in Maryland goes to traded clust&hss analysis, presents both traded and

local clusters due tahe large amounts of funding that Maryland based businesses receive in
both. As mentioned above, traded clusters arguably have a disproportionate impact on the
economy. Howevequel 2 al NBEf I YRQA O2YLISGAGAGS | ROLyGl3AS
D.C. andederal installations such as military bases and research institutes, Maryland

effectively exports services that are traditionally thougibe local in nature Examples of this

would includethe large amount of spending that occurs @al esate and castruction

services in the state. Since these buildings and forts provide service to the Federal Government,
they are effectively providing services to the rest of the nation too.

One potential limitation of théelgado, Porter, and Stern approdstthatit utilizes national
level data and has the potential tiverlookdetails that are pertinent to the regional

¥/ tdzaGSNJ al LIWMAY3 aSiK2R2t238z¢ | ©o{d /fdzAGSNI al LIWAyYy IS |
http://www.clustermapping.us/content/clustermappingmethodology.

80 Mercedes Delga®lz wA OKF NR . NERSyZ FyR {IYIFIY(iKI %e2yiilz &/l GS3:
'{ 902y2Yeéxé¢ M3 I O0O0OSaaSR {SLIWSYOSNI HPE HAmMCZ
http://clustermapping.us/sites/default/files/files/page/Categorization%200f%20Traded%20and%20Local%20Indus
tries%20in%0the%20US%20Economy.pdf.

g/ f dzAGSNBRZE ! o{ d [/ fdzaGSNI al LAYy IS | O0OSaaSR CSoNXzZ NB m:
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differences that exist for Maryland o overcome this limitation, RESI integrated the SWOT
analysis findings relevant to the clusters in the st&ter example, the SWOT analysis found
that that R&D spending was especially vulnerabl®tbDfundingfluctuationsand that
Information Technology@yber Security was likely to be a growth industfihese two spending
categories cross the comprehensive isthy definitions primarily used in this report. As such,
custom categories were adopted better understanchow these spending categories affect
Maryland.To capture R&D and Information Technolb@yber Security, RESI created
customized cluster definitiato capture the employment impacts of this spendiogtlined in
the following section.

3.4.2 Creating a Customized Cluster

In order to conduct a more thorougéconomic impacanalysis for Maryland, RESI developed
custom definitions o6pendingspecificclustersbased on observed DoD spendifigis was

done using USA Spending datategorizedoy Product or Service Code (PSC) category. These
definitions alloved RESI to better assess cluster activity and assocetedomic impactor
Maryland.While theactivities that the government identifies as R&D or Information
Technology/Cyber Security may seem widaging and subject to interpretation, they reflect

the official observed classification of the activitteadedby the U.S.Governmentthat occur in
these dusters One important observation that comes from tl@pproach is just how many
industries that would not be traditionally thought of as being included in R&D or Information
Technology/Cyber Securitgceivefunding in these two categorie§or example the DoD

reports thatthe Administrative Management and General Management Consulting Services
sector NAICS®0de54161)) received over $63 million in spending annually on average between
2011 and 2015 that was classified as R&D spending. Examiptles,tgpe of services classified

as being in R&D spending here includes: AD26: Services (Management/Support), AN95: R&D
Medical: Other (Operational Systems Development), and AJ56: Gé&iral
Science/Technology: Life Sciences(Management/Supfdet)rther, if the analysis were limited

to only spending lining up on industries more traditionally thought of as being associated with
R&D spending, such as tBelucation and Knowledge Creatidinister,Engineering Services
(NAICS code 541330) would not be ideld as it is included the Business Services cluster. USA
Spending reportaearly$659 million yearly on average between 2011 and 20di5g classified

as being spent okngineering Services.

To identify the clusters for R&D andfdrmation Technolog\Cybe Security, RESI used USA
Spending data tadentify sixdigit NAICS codes that receivemh averageat leastone percent
of all DoD obligated dollafsom 2011 to 2015n the relevant PSC categof@ne percent was
an appropriatecut-off for presentation urposes and limited the analysis to only the NAICS

252yt 2R / SYiSNEE | {! {LISYyRAY3
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categories where the largest amounts of spending occuf?es more NAICS codes are
included the overall definition of the cluster becomes less precise, and also includes smaller
amounts of DoD spendinés sucha balance between precision and inclusiveness of additional
NAICS codss crucial For the R&D clusteRESI used a minimuiendingvalue of

approximately $30 million, anapproximately $19 millioffior the Information
Technolog¥CyberSecurity custer. All NAICS codes and spending fardicategorescan be

seen in AppendiB.

TheR&Dspending PSC categamceives more tha$2.9 billion per year in obligated DoD
funding, or approximately 16 percent of tofAbDspending in Marylan&*%° As detaled in
Figure7, the MarylandR&Dcluster, based on the ompercent cutoff described abovepntains
nine different sectorseceiving a minimum of $30 million in DoD fundime sectorare
rankedaccording to shiee of all DoDfundingobligated for thecluster, totaling nearly $2.7
billion annually Two industries within this cluster received more tH#hpercent ottotal DoD
spendingobligated to the R&Rluster.

1 TheResearch and Development in the Physical,i&@ging, and Life Sciences (Except
Biotechnology) sector, which received more than $960 million, or approximately 33
percent of all R&D cluster fundingnd

1 TheEngineering Services sector, which receinedrly$660 million, or22.5 percent of
total DoDfunding within the R&D cluster.

531n Economic Impact Analysis presented in the SWOT all spending was used to create thieestimwever, for

the primary analysis in this document a 1 percent cut off is used to focus the presentation of spending and
occupations to a manageable level of information. All of the spending by NAICS code is presented in Appendix B.
4a52gyt 2INRé/ SYHS{LISYRAY3

85 As can be found in Appendix B, total spending on this category was approximately $2.9 billion, however the
NAICS codes that are associated with the additional spending each receive relatively little of the spending.
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Figure7: Maryland R&D Cluster NAICS Codes and Average DoD Spending
Dollars Obligated Percent of Total M

NAICS Description

20112015 DoD R&D Spendin

Research and Developmeintthe

541712 Physical, Engineering, and Life Scienc: $963,035,465 32.9%
(Except Biotechnology)

541330 Engineering Services $658,933,947 22.5%

541711 Research and Development in the $371,771.391 12 7%

Physical, Engineering, And Life Scienc
Radio andrelevision Broadcasting and
334220 Wireless Communications Equipment $349,547,710 12.0%
Manufacturing
Custom Computer Programming

541511 . $182,525,609 6.2%
Services
Administrative Management and

541611 General Management Consulting $63,417,304 2.2%
Services

541512 Computer Systems Design Services $40,178,099 1.4%
Search, Detection, Navigation, Guidan

334511 Aeronauticaland Nautical System and $33,781,385 1.2%
Instrument Manufacturing

541711 Rgsearch and Development in $30.629.588 1.0%
Biotechnology
Total $2,693,820,498.0( 92.1%

Sources: RESJ,S.Census NAICS, USA Spending

Thelnformation TechnologhCyber SecuritiPSC categomgceivedan averageof nearly$1.9
billion per yeay or approximately 10 percent of the total DoD spendintylaryland®® Figure8
shows he Marylandinformation Technolog\CyberDefensecluster consist of 11 different
sectorsreceiving a minimum of 8 million in DoD fundingThe sectors are ranked according to
share ofall DoD funding obligated for the cluster, totaling nearly $1.8 billion annuiikge
industries within thisclustercollectivelyreceivedmore than50 percent of the average
obligated dollars between 2011 and 2015:
1 The Wired Telecommunications Carriesesctor, whichreceived more than $34million,
or 18.2 percent o&ll Information Technology/Cyber Securityster funding
1 The Other Computer Related Services seatdrichreceivedover$311 million in
funding, or 16.6 percent aflusterfunding; and

6526yt 2H&R YOy ISINEYRAY 3
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1 The Computer Systems Design Services sestichreceived more than $294 million,
2NJ Mmp @1 LIS N Stgtai DabFundingg S Of dza i SN &

Figure8: Maryland Information Technology ancyberSecurityCluster NAICS Codes and
AverageDoD Spending

- Dollars Obligated Percent of Total M
NAICS Description 20112015  IT/Cyber Spendin[j
517110 Wired Telecommunications Carriers $341,192,864 18.2%
541519 Other Computer Related Services $311,110,209 16.6%
541512 Computer Systems Digs Services $294,235,699 15.7%
sarEag  SLBR CompliEr HEERmimie $196,606,658 10.5%
Services
541330 Engineering Services $180,302,559 9.6%
541513 Computer Facilities Management $164,822,830 3.8%
Services
Research and Development in the
541712 Physich Engineering, and Life $99,691,836 5.3%
Sciences (Except Biotechnology)
517410 Satellite Telecommunications $99,451,891 5.3%
518210 Data.Processing, Hosting, and Relat $34.341,776 1.8%
Services
517919 All Other Telecommunications $26,049,985 1.4%
443142 Computer and Software Stores $19,746,285 1.1%
Total $1,767,552,592 94%

Sources: RESJ,S.Census NAICS, USA Spending

The Information Technology and Analytical Instruments cludifégrs from thelnformation
Technolog¥Cyber Security cluster &ése formeris a product of thédelgado, Porter, and Stern
approach®’ Their definition mostly (20 out of 23) consists ofdigit NAICS codes that fit into

the three-digit NAICS code category of Computer and Electronic Product Manufacturing
category®® Theremaining three digit NAICS codes by their definition are the Semiconductor
Machinery Manufacturing (NAICS code 333242), Photographic and Photocopying Equipment
Manufacturing (NAICS code 33316), and Software Publishers (NAICS code Fdstd@ynin
Figure8, none of these match the NAICS codes receiving more than one percent of DoD

spending in this category.

57 Delgado, Porter, and Stern, "Defining Clusters of Related Industrie80.23

58 NAICS codes are read from left to right, with the first two digits referring to thdee@ industry definition, and
each digit to the right becoming morgecific. As such, all sdigit NAICS codes that fit thgattern 334XXX(ith X
representing a digit between 0 and 9) belong to the thdigit NAICS code of 334 which is the Computer and
Electronic Product Manufacturing NAICS code.
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economy,theerhJt 2@ YSyYy  AYLI Ola 2F 525 &ALISYRAYy3ISZ | yR
interact to innovate. The next few sections present the results at the state and regional levels of
these methods. These results provide the information necessary to help direct moono

development efforts.

40 'yt el Ay3 al NRdatedCRsles 5STSyas
On average, more than $18 billion in DoD spending occurs in Maryland every year. This
spending varies both by region and by industry across the dbataving on the cluster

definitions, DoD spending data, and cluster analysis approaches outlined in the previous
sections of this report, this section will provide an analysis of the industry clusters in Maryland
that are impacted by DoD funding at the state level. This analysikighlight the impact of the
2011-2015 DoD funding to Maryland as well as which industry cluster types receive the highest
amounts of DoD funding in the state. Given the overarching aim of this projealetermine

the impact of potential future fluctuatios in DoD fundimg RESI also forecasted the economic
impacts of these industry clusters under different scenarios in this section.

This section will continue as follows. Section 4.1 provides an overview of the cluster analysis for
the state. Specificallyhis section presents overall employment by clusters, labor descriptions,
and DoD obligated spending by industry cluster. The rest of this section consists of:
1 Section 4.1.1 presents the top statewide industry cluster descriptions and corresponding
employment characteristics,
1 Section 4.1.2 shows details of the cluster analysis for the top clusters receiving DoD
funding in the state,
f Section 4.1.3 showthe potential impacts of DoD spendiiydzi & Ay al NEf | yRQa&
funded clusters,
1 Section 4.4 details the R&D and Information Technology/Cyber Security clusters that
were customized by RESI,
1 Section 4.1 presents related clustelevel results from the industry survey that RESI
conducted as part of a defense industry mapping project, and
1 Section 4.16 presents the longterm forecast for the impact of DoD spending on the
atlraisqQa SoOz2yz2yvyeéeo

4.1  State Cluster Overview

l'a 2F wnmnX al NBfFYRQa SYLX 2@ Y S state jobls,&vith | Y2 dzy
average annual wages as of 2015 amounting to4%2%° In terms of absolute employment,

al NBf I yRQa fFNASald AyRdzalGNER Of dzZaGdSNB INB [ 20!

69 RESI estimated stalevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for more details.
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Services with 315,000 employees, and Local Hospitality Establishments with 245,000
employees. Collectively, these three clustemploy more than 907,000 individuals, and
comprise approximately 37 percent of total jobs in Maryland.

4.1.1 Maryland Economy Overall Top Clusters

LG Aa ySOSaalNB G2 dzyRSNEGFYR al NBEflFYyRQA& 2 @SN
spending impad on Maryland. As mentioned in Section 3, RESI used CBP data to determine
industry cluster employment as defined by Delgado, Porter, and Stern, to provide background

datal YR AYT2NXI GA2Y 2 ¥Inaddithitd defhiRgxiusteBsQitzely 2 Y & @
methodology makes a distinction between traded clusters, which provide services that are

generally for those living outside the area, and local clusters, which generally provide services

to those living in the are& This report analyzes both local and tradédsters, as DoD

ALISYRAYI Aa AAAYATFAOLIYG Ay 020K (8@ LISEBC, CdzNIi K S
and federal installations such as military bases and research institutions, Maryland effectively
exports services to the rest of the countryathare traditionally thought of as being local in

naturet in part by providing services to the federal government. This section will review the

top clusters in Marylarmd by number of employees, by wages, and by location quotigoitior

to taking the impact oDoD funding on state clusters into account in the next section

Using 2014 data from the CBP and 2015 data from OES;d&kétfdtedthe top clusters by total
employment in Maryland, and their corresponding wages. Local Health Services is the largest
overall cluster, employing approximately 346,000 workers and paying an average wage of
$54,876. The Business Services cluster employs over 315,000 and pays an average salary of
$76688per year. The high number of employees and the high wages in the BuSieesses
cluster can be attributed to the following sectarsvhich collectively employ over 212,000
people in Maryland being included in this clustetefinition:

1 Corporate, Subsidiary, and Regional Managing Offices (NAICS code 551114);

1 Engineering Senas (NAICS code 541330);

1 Computer Systems Design Services (NAICS code 541152); and

1 Custom Computer Programming Services (NAICS code 541511).

Despite having very different wages, ttierd-largest cluster is the Local Hospitality
Establishments clusteemploying over 245,000 workers and providing an average wage of
$24,730. Collectivelythe three top clusters employ more than 907,000 individuals, and
comprise approximately 37 percent of total jobs in Maryldd@he Local Real Estate,

0 Delgado, Porter, and StertDefiningQusters ofRelated Industries” 23-30.

Delgado, NERSY X | yR MBR{ARY aFl 6RBRSR YR [20Ff LyRdzaGNRSS
2Number of employees is estimated usingglCensus CBP data from 2014, the most recent data available, while

the average wage data is estimated used the Bureau of Labor Statistics OESrda#?@Xt The most recent data

available was used for this analysis, in order to make the overall estimates as comparable as possible to current
conditions.

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY. 42



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

Construction and Deelopment; Local Commercial Services; Local Food and Beverage
Processing and Distributions; Local Retailing of Clothing and General Merchandise; Distribution
and Electronic Commerce; Local Community and Civic Organizations; and Local Motor Vehicle
Productsand Services clusters comprise the remaining clusters in the top ten clusters by
employment.The commensurate employment and wage information for each of these clusters
can be found in Appendi.

Using 2014 data from the CBP &1il5 data fromOESRES&lsocalculatedthe top ten

industry clusters in Maryland by wage. The top industry cluster by wage is the Information
Technology and Analytical Instruments cluster, with an estimated employment of
approximately 12,500 employees and an average wage qii$04The Aerospace Vehicles and
Defense cluster is second, with employment of nearly 11,000 workers who are paid an average
wage of $8590. Third is the Financial Services cluster, which has over 45,500 emplagydes,
paid an average wage of over $823. The remaining seveighest average wage clusters in
descending order are: Business Services; Electric Power Generation and Transmission;
Education and Knowledge Creation; Biopharmaceuticals; Communications Equipment and
Services; Oil and Gas Productand Transportation; and Marketing, Design, and Publishing.
The commensurate employment and wage information for each of theséectusan be found

in Appendix E

Theemployment and wage informatiois important to understand for the current economic
activity among the industry clusters identified in this report. Even without understanding the
distribution of DoD funding to these industry clusters (which will be reviewed later in this
section), the impact of employment and wages in these clusters is pettio the overall

picture for how diversification will proceed. This background information can contribute to
targeting specific industry clusters for proactive diversification planning in future.

Location quotients are a tool to identify industry cont&tions within a geographic location.

By definition, a location quotient of 1.0 means that the same ratimdustry employment

occurs at the local and national leyelhich is used as a baseline vallie region were to

produce and consume the samadket of goodsin the same proportion as the natipthis

area would also have a location quotient of IHawever, we know that trade occurs across
regions, and that different areas specialize in production of different goods and services. This
specialiation is reflected in employment, and hence location quotiehtscation quotiens

over 1.0 indicatéhat the labor in that sectoproduesmore goods than are being consumed in
the region.In general, an industry with a location quotient higher than li2éxpected to be

an export industry’?

B William Shuffstall, "Using Location Quotients to Identify Local Strengths, Opportunities, anthir@usters,"1.
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Maryland is home to five industry clusters with a location quotient greater than, A2Shown

in Figure9. Location quotients under 1.0 indicate that commodities are bémgorted into the
region/4 For example, in Marylahthe Business Services sector has a location quotieht3df,
indicating that this sector employees 1.34 people to all those employed in Maryland, for
everyone person employed in this sector to all sk employed nationally. However, the

Metal Mining industry has a location quotient of .002 in Marylahkis is not surprising, as
Maryland does not have an abundance of these natural resources, compared to the rest of the
country. This example shows hdecation quotients can be used to identify the comparative
advantages that one region may possess.

Figure9: Top Clusters by Location QuotientdMaryland, 2014

Local Real Estate, Construction, and Developm—I
1
Business Service_
1
Local Education and Trainin_:
Local Personal Services (Non—Medic_I

Education and Knowledge Creatio—

Communications Equipment and ServicdSH———
Local Food and Beverage Processing and Distribu il

Local Household Goods and ServicESHm
Financial Servicesillllmms
Environmental Servicesilliig

1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4

Sources: Delgado, Porter, and Stern; RESIQOdnsus

Figure9 shows the top industry clusters by location quotient for the State of Maryland, using
2014 employment estimates from CBP. The five industry clusters with a location quotient
greater than 1.25 are: Local Real Estatmsruction, and Development; Business Services;
Local Education and Training; Local Personal ServicesMBidical); and Education and
Knowledge Creatioff Given their high location quotients, these industries would be primed for

74 William Shuffstall, "Using Location Quotients to Identify Local Strengths, Opportunities, and Industry Clusters,"
> As mentioned at the beginning of this section, both local and traded clusters are considered in this analysis

becauseof significant DoD spending to both types of clusters. Local Real Estate, Construction and, Development
really demonstrates this point. As will be seen in the next section, the cluster received nearly $1.5 billion in DoD
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export activity. Communations Equipment and Services is just below the threshold at 1.24.

The remaining clusters in the top ten by location quotient for Maryland are Local Food and
Beverage Processing and Distribution, Local Household Goods and Services, Financial Services,
and Environmental Services.

As will be seen in the next section, there is significant overlap with the top clusters by location
guotient and by DoD funding. With five of the six top clusters by location quotient, Local Real
Estate, Construction, and Developnt, Business Services, Local Education and Training,
Education and Knowledge Creation, and the Communications Equipment and Services cluster
all receiving over $1.1 billion in funding annually on average, between 2011 and 2015. This
spending directly addiover 37,500 jobs across these clusters in Maryland, which directly
increases the location quotient in these clusters. For exampléppendixH RESI estimates

that there were 19,927 jobs directly being supported in Maryland, in the Business Services
cluster from DoD funding on average annually. These jobs account for 6.3 percent of all of the
jobs in this cluster in Maryland, and without them the cluster would still be an exporting
cluster, but just barely as it would have a location quotient of appraxety 1.26. Further, the
spendingn this cluster creates additional 15,519 indirect and induced jobs employing
additional workers in Maryland.

4.1.2 DoD Spending in Maryland by Top Clusters

wo{LQa Fylfeara 2F ! { DoD{speiigrRakeyagef 8ver@lBbilibre dzy R
annuallyon contracts awarded to Marylardased vendorsor for work performed inthe state
Overall,DoD spending is diverse in terms of economic sectors impacted, and has atrleast a
indirect effect on all aspects oMarylandQ @onomy.Using theDelgado, Porter, and Stern

cluster approacho analyzethe 978 sixdigit NAICS codeshich received funding from DgD

RESI found 63 clusters that were impacted by DoD funding in the State of Maryland from 2011
2015. h an average ya& inMaryland(during this analysis periodpoD spending impact83 of

the 67clustersin Marylandwith direct funding obligationsThe 11 clusters inFigurelOreceive

the mostdirect funding obligations from #DoD) with each having aannual DoD obligation
exceeding $300 million. The full list of the allocation of DoD funds to clusters in Maryland can
be found in Appendix F.

funding on average annually betwe@011 and 2015. Maryland is effectively exporting these services to the rest
of the country.
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FigurelO: EstimatedJobs,Average AnnualWagesFunding and Impact by Clustar
Maryland’677.78

Statewide Job Average  Average Annual Jobs Supporteg

Cluster Name Estimate 2014 Wages Dollars Obligated by DoD
2015 2011-2015 Funding

Business Services 315,659 $76,688 $7,299,282,121 35,446
Education and 4
Knowledge Creion 78,237  $75,859 $1,864,276,68% 9,152
Local Real Estate,
Construction, and 233,818 $49,519 $1,487,297,165 11,185
Development
Aerospace Vehicles
and Defense
Communications

10,881 $85,290 $1,240,767,97¢ 5,418

Equipment and 10,725 $73,561 $1,1@,423,851 5,586
Services

Water Transportation 4,469 $60,708 $871,676,614 5,347
Local Utilities 29,065 $67,836 $659,778,570 3,622
Local Health Service: 346,345 $54,877 $500,422,212 3,396
Information

Technology and 12,456  $94,160 $438,013,00 1,732
Analytical

Instruments

Lol CommrErEE] 178,526 $47,021  $396,081,575 3,137
Services

Transportation and 17,892 $51,069  $322,011,737 2,348
Logistics

Subtotal 1,238,062 $60,713 $16,183,031,57¢ 86,369
State Total 2,460,086 $52,546 $17,968,243,321 101,263

Sources: BLS OES; Delgado, Porter, and REMIRESI; USA Spending; U.S. Census

"6 This analysis does not account for the customized clusters including Information Technology/Cyber Security or
R&D as outlined in Section 3. These clusters weteaccounted for in this section because they use different
definitions, are not comprehensive, and are not mutually exclusive in terms of the NAICS codes represented.

T The subtotal row contains the total estimated employment and overall average wagesfalusters presented

in the chart.

"8 This estimated employment supported by DoD funding by cluster (ififthecolumn) was calculated utilizing

the employment and wage data presented in the second and third columns. Please see Appendix C.4 &r more
detailed methodology.
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Moving from left to right irthe columns ofigurel0, the industry clusters are listed with their

order based on the averagaaual funding from the DoD. These clusters were defined using

NAICS codes at the giigit level with RESI assuming that the DoD funding was used entirely

within the cluster. The next colunmshows the estimated number of jobs available in each

cluster, suported by both DoD and neBoD funding, followed by thaverage wage of

individuals working in the clustethe DoD funding per cluster, arttlen its impact on the total

number of jobs (not exclusivto the respective clustery Focusing briefly on the rasvinFigure

10, the subtotalrow shows that the tod10f dza 4§ SNBE NBOSA PSR (KS YI 22 N
20f A3l 0SR FdzyRAy3AZ 2@0SNJ bmc o0AffA2Yy R2ffl NBR 2
subtotalra | f a2 &aK2¢ga GKFG Fo2dzi KFIEF 2F al NBf I yYRC
receiving the greatest amounts of DoD funding.

Figurel0 highlightsthe two largest clusters based on absolute employment levelsallldealth

Services and Business Services. Considering that the Business Services cluster received over $7
billion in average annual obligated funding? dzZaKf & nndc LISNOSyid 2F (GKS
funding from 2011 to 2015 the high number of individuals enfgyed in this cluster is

expected. However, the Local Health Services cluster, which received $500 miléd®, or

percentof the average funding that the Business Services cluster received from the DoD per

year, employed more individuals within the stafiéhisindicatesthat the Local Health Services

cluster in Maryland is less dependent on DoD funding and therefore better insulated against

potential future funding fluctuations than the other clusters.

Using USA Spending data categorized by industrpseéRESI calculated the overall economic
impacts of DoD spending in Maryland. To estimate cluster level impacts, RESI multiplied the
salaryweighted DoD funding for each category by the estimated overall employment imffacts.
This estimate allows for detaill impacts based on spending at the cluster level to be
estimated, and can be used to better understand how potential policy changes relating to
spending allocations will effect Maryland. DoD spending on thelfogusters provide
approximately 85 percentf the estimated employment impact in Maryland, supporting over
86,000 total jobs, which includes direct, indirect, and induced fbs.

PeKS O2fdzyy GAGESR a525 {LISYRAYy3I wW26a LYLIOGéE NBFESOGaA
supported from obligated DoD funding, not the number of jobs created exclusively within the cluster.

80 These figures werealculated by using the spending levels divided by the average wages in each cluster, divided

by the total spending levels, divided by the average wages summed for all clusters. This methodology is outlined in

more detail, including equations, in Appendh4.

81 The REMI model separates direct effects (jobs supported and dollars spent as a direct result of DoD contracts)

FNRY AYRANBOG FyYyR AYRdzOSR STFF¥SOGa o6220a | yR 2dziLizi &dzJ
either for business or fromgysonal salaries).
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In terms of earnings, it is important to note that mosttbé top 11 clusters are higiwage

clusters, exceeding thelstt SQa wHnamp | @S NI 3028 Thy Budimteds SardicasS 2 F
cluster, for instance, captured 40.6 percent of total DoD funding in Maryland and boasts an
average annual wage of more than $76,500. However, this is not the@abeee clusters:

LocalReal Estate, Construction, and Development; Local Commercial Services; and
Transportation and LogisticBhe 2015 wage data was used alongside the 2014 occupational

data because it allowed for the most #p-date information available from both data sousce

to be usedCombining these data sources enables RESI to get the most comparable estimates

of the conditions today.

FigurelO highlightstwo important points to consider for diversification measures in future.

Hrst, the obligated DoD spending is one of many sources of funding to the industry clusters in
the state. Due to variations in DoD funding obligations between 2011 and 2015 and differing
cluster dependence on this funding, the impacts to the individuatehs resulting from
fluctuations in defense spending vary. Second, this figure makes clear that the impacts of this
DoD spending are not limited to traditionadfiefined defense contractors. While expected
clusters such as Aerospace and Defense do appeékely clusters such aocal Health
Servicesre also present. This contrast highlights the #iaditional aspects of DoD funding in
Maryland.

4.1.3 Impact of DoD Spending on Top Cluster Occupations and Companies in Maryland
To further refine the indrmation providedm FigurelOto the occupational level, RESI focused
additional analysis on the three clusters receiving the highest levels of DoD funding from 2011
2015:

1 The Business Services cluster;

1 The Eduation and Knowledge Creation cluster; and

1 The Local Real Estate, Construction and Development cluster.

The occupational data presentedhiigurell, Figurel2, andFigurel3alsoallow for an
estimation of which occupations will be directly impacted by funding cuts in the respective
clusters.FigurelO presentsthe total impact of jobs athe cluster level. The total jobs impact
includes direct, indirect, and induced jobs. Using the direct job impacts and occupational
information, presented ilppendix HRESI is able to estimate the specific occupational level
impacts of spending, and tHest wages that will come from theseskes. For each of the three
clusters presented, the overall occupational information is presefitst] followed by an
analysis of how a cut in defense spending would specifically inghzster occupations

82 RESI estimated stalevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for a detailed methodology.
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Figurell shows employment and average wages by occupational category for the Business
Services cluster. The average wage for this industry cluster i688 @vhich is higher than that

of the state ($52402) .83 The largesoccupational category for the Business Services cluster in
Maryland is Computer and Mathematidatcupations, which employs over 90,000 workers.

Some occupational categories have higher annual wages within this cluster, such as
Management Occupations, ogared to the total for this occupational category in the state.
Other occupational categories, such as Transportation and Material Moving, are lower for
individuals within the Business Services cluster compared to all Transportation Material Moving
employment in the state.

83 RESI estimated stalevel average annual wages using CBP empoymstimates and OES wage data from CBP
county-level data. See Appendix A for more details.
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Figurell: Employment Data byOccupatioral Categoryfor the Business Services Cluster
Maryland

Estimated Annual
SOC Occupational Category Employment Average
2014 Wage 2015
15-0000 Computer and Mathematic&ccupations 90,609 $88,778
43-0000 Office and Administrative Support Occupation 47,339 $39,173
13-0000 Business and Financial Operations Occupatio 44,141 $80,459
17-0000 Architecture and Engineering Occupations 33,352 $80,499
11-0000 Management Ocqouations 31,262 $144,063
41-0000 Sales and Related Occupations 12,604 $71,982
53.0000 Transportation and Material Moving 10,021 $28.828
Occupations
19-0000 Life, Physical, and Social Science Occupation 9,544 $68,674
49-0000 Installatipn, Maintenance,rad Repair 4.814 $48,141
Occupations
37-0000 Bui!ding and Grounds.CIeaning and 4783 $25.233
Maintenance Occupations
33-0000 Protective Service Occupations 4,466 $35,599
51-0000 Production Occupations 4,115 $32,751
26.0000 Healthcqre Practitioners ance@hnical 4.059 $64.635
Occupations
27.0000 Arts, De§ign, Entertainment, Sports, and Med 3.992 $64,685
Occupations
47-0000 Construction and Extraction Occupations 3,585 $50,350
23-0000 Legal Occupations 1,516 $127,167
31-0000 Healthcare Support Occupans 1,303 $28,944
Food Preparation and Serving Related
35-0000 . 1,221 $26,630
Occupations
250000 Education, Training, and Library Occupations 1,010 $40,773
39-0000 Personal Care and Service Occupations 961 $25,095
21-0000 Community and Social ServiOecupations 916 $43,826
450000 Farming, Fishing, and Forestry Occupations 46 $29,759
Total 315,659 $76,688

Sources: BLS OES; Delgado, Porter, and Stern; RESI; U.S. Census

Combining the DoD spending impacts in Figure 10 with the occupation dagune E1, RESI
forecasted how a reduction in DoD funding to the Business Services cluster would impact
employment in the stateDoD funding for the Business Services cluster supports 35,446 jobs.
Therefore, a0 percent cut in DoD funding to the clustepuwid result in approximately 3,534
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fewer total jobs (direct, indirect, and induced) in the state, with 1,987 of these jobs being direct
jobs in the clustef* Computer and Mathematical Occupations would be especially hit hard in
this scenario, as these pedsions account for 28.7 percent of the total jobs in the cluster for

the state 8> RESI estimates thas a result of a 10 percent cut in DoD fundimgproximately

570 jobs would be lost i@omputer and Mathematical Occupatioimthe Business Services
cluster, which would result in a loss of $50.6 million in wages. Office and Administrative
Occupations comprise 15 percent of the occupations in this cluster at the state level and would
be the seconemost impacted occupation, losing an estimated 298 jobgse€ lost jobs would
resultin $11.7 million lost wages in the state. The thirbst impacted occupational category
would be Business and Financial Operations Occupations, whicprisel4 percent of the
occupations in this cluster in the state. A ten gamt cut in funding to this cluster would be
expected to create a loss approximately278 jobs, resulting in $22.4 million in lost wages
AppendixH provides more details on the direct job impacts per cluster.

The Education and Knowled@eeation clusteis the secondargest in the state for average
annual DoD funding, and pays an average wa@¥ 8859t higher than the state average of
$5240286

Figurel2 shows the estimated employmentithin the clusterby occupational category and the
associated annual average wage. The highest salaries for this cluster are found in the Legal and
Management occupations, while the lowest salaries are found in the Food Preparation and
Serving Related, and Building and Grou@tsaning and Maintenance occupations. The largest
occupational category for the Education and Knowledge Creation cluster lisféh&hysical,

and Social Scien@ategory, with an estimated employment of 15,256.

Figurel2: Employnent Data by Occupational Category for the Education and Knowledge
Creation Cluster Maryland

Estimated Annual Averag
Employment 2014 Wage 2015

15,256 $80,325

SOC Occupational Category

Life, Physical, and Social Science
Occupations

Eduation, Training, and Library
Occupations

19-0000

25-0000 14,628 $68,185

84 A decrease of 10 percent in the overall DoD budget will result in an approximate decrease of 9.971 percent,
reflecting diminishing returns. This number is useastimate the impacts.

85 Note that occupational compositions vary at the-gigit NAICS. Since there are differing mixes of industries at

the sixdigit NAICS code level at the state and regional levels, there are different occupational proportions in
different regions.

86 RESI estimated stalevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for more details.
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Estimated Annual Averagﬁ

SOC Occupational Category Employment 2014 Wage 2015

Office and Administrative Support

43-0000 : 9,507 $40,945
Occupations

13-0000 Busmesg and Financial Operations 7,649 $72.539
Occupations

11-0000 Management Occupations 7,358 $135,075

15:0000 Compue_r and Mathematical 7286 $92.595
Occupations

17-0000 Archltect.ure and Engineering 5100 $97.941
Occupations

27.0000 Arts, Design, Entertainment, Sports, 1,905 $56,985

and Media Occupations
200000 Healthcqre Practitioners and Technice 1738 $71,451
Occupations

Building and Grounds Cleaning and

SIELLYY Maintenance Occupations LA e

49-0000 Installatlpn, Maintenance, and Repair 1,101 $46,921
Occupations

21-0000 Commumty and Social Service 1,073 $50,096
Occupations

41-0000 Sales and Relatedc@upations 899 $71,019

33-0000 Protective Service Occupations 835 $39,010

39-0000 Personal Care and Service Occupatio 718 $30,079

35-0000 Food Pr(_aparatlon and Serving Relatec 363 $27.870
Occupations

31-0000 Healthcare Support Occupations 343 $35,321

53.0000 Transportatlon and Material Moving 311 $41.015
Occupations

47-0000 Construgtlon and Extraction 300 $56,133
Occupations

51-0000 Production Occupations 299 $51,558

23-0000 Legal Occupations 277 $137,420

45-0000 Farmlng, Fishing, and Forestry 3 $33,079
Ocapations
Total 78,236 $75,859

Sources: BLS OES; Delgado, Porter, and Stern; RESI; U.S. Census

Combininghe occupatiordatafrom Figurel2 with the DoD spendingnpacts fromFigurel0,
RESI estimates thatl® percent cut in DoD funding to the Education and Knowledge Creation
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cluster would cause a loss of about 912 total jobs in the s&i& of which will be lost in the
cluster directly?” The largest effet at the occupational level would occur in the Life, Physical,
and Social Science Occupations category, which makes up 19.5 percent of the employment for
the cluster. This occupational category would see an estimated loss of 100 jobs, which would
have pail approximately $8 million in total wages. The Education, Training, and Library
Occupations would see the next largest reduction in employmasthese occupations
comprisel8.7 percent of the total jobs in the clustdhese occupationsould lose an

estimated 96 jobs, paying a total over $6.5 million in wages. The-thglest losses would

occur in Office and Administrative Support Occupatjeviich employs 12.2 percent of

workers inthe Education and Knowledge Creation clustéris occupational categy would see

a loss of 62 positionsnd a total loss of approximately $2.6 million in wages.

Figurel3 showsthat the average annual wage the Local Real Estate, Construction, and
Development clusteis $49,519, lower than the state average of $3D28 However, several
occupations do pay more than the state average, includeggal, Management; Architecture
and Engineering; Computer and Mathematical; Business and Financial Operedgaitbcare
Practitionersand Technical Occupatigrisfe, Physical, and Social Scieras@Education,
Training, and Library OccupatioffsThe largest occupational category for this group is
Construction and Extraction Occupations, with over 104,000 estimatguloyeesin these
professions.

87 See Appendix H for more details.

88 RESI estimated stalevel average annualages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for more details.

8 hid.
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Figurel3: Employment Data by Occupational Categdoy the Local Real Estate, Construction,
and Development Cluster Maryland

Estimated Annual

SOC Occupational Category Employment Average
2014 Wage 2015
47-0000 Corstruction and Extraction Occupations 104,851 $47,173
43-0000 Office and Administrative Support Occupatiol 30,741 $35,744
41-0000 Sales and Related Occupations 24,683 $43,233
49-0000 Installatipn, Maintenance, and Repair 21334 $42.807
Occupations
11-0000 Management Occupations 17,610 $100,274
13-0000 Business and Financial Operations Occupati 10,545 $65,879
53.0000 Transportation and Material Moving 8.447 $36.071
Occupations
37-0000 Bui_lding and Grounds _Cleaning and 4.904 $28.556
Maintenance Occupations
17-0000 Architecture and Engineering Occupations 2,770 $73,389
51-0000 Production Occupations 2,340 $38,771
23-0000 Legal Occupations 1,658 $103,073
150000 Computer and Mathematical Occupations 1,124 $70,933
33-0000 Protective Service Occupans 1,017 $33,520
39-0000 Personal Care and Service Occupations 591 $30,065
27.0000 Arts, Degign, Entertainment, Sports, and Mec 463 $45.663
Occupations
35-0000 Food Prgparation and Serving Related 384 $23.758
Occupations
26.0000 Healthcare Practitiners and Technical 152 $64,480
Occupations
19-0000 Life, Physical, and Social Science Occupatiol 131 $63,176
21-0000  Community and Social Service Occupations 51 $42,960
25-0000 Education, Training, and Library Occupations 10 $54,795
450000 FarmingFishing, and Forestry Occupations 9 $30,838
31-0000 Healthcare Support Occupations 2 $27,905
Total 233,817 $49,519

Sources: BLS OES; Delgado, Porter, and Stern; RESI; U.S. Census

A 10 percent cut in the DoD funding for the Local Real Estate, Caistruiend Development
cluster would result in a totatatewideloss of approximately 1,115 total jop827 of which

would be within the clusterConstruction and ExtractidDccupationsyhich comprise 44.8
percent of the jobs in this clustewould incurthe largest lossesThis category would lose
approximately 281 jobs, resulting in a statewide loss of approximately $13.3 million in wages.
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Office and Administrative Support Occupations contain 13.2 percent of the workers in this
cluster. This occupationahtegory would lose approximately 82 positions resulting in the loss

of approximately $3 million in statewide wages. Sales and Related Occupations would have the
third-largest loses due to a DoD cut, as they comprise approximately 10.6 percent of the
employment in this cluster. This occupational category would lose approximately 66 positions,
resulting in a loss of approximately $2.9 million in total wages in the stqpendixH provides

more details on the direct job impacts per cluster.

Takinginto® 02 dzy i (GKS O2yOSLIi 2F GaAYAfIFINRGASAE 0SS
industry (outlined by Delgado, Porter and Stern), as well as the aim of this study in preparing for
future fluctuations in DoD funding, understanding the occupations that maynpacted by

DoD funding changes is of the utmost importance for retaining a-$kgted workforce. A

reduction in highskill and higkhwage occupations, including many of those listed in the

preceding three figures, can have an indirect and negative ecanionpact in the shorterm,

with less disposablancomein the economy. In the lontgrm, the impact can be more severe if

migration of a higkskilled workforce occurs. To further highlight the importance of this issue,

Figurel4d below demonstrates the types of companies that perform work in these clusters,

providing further context on the type of businesses that operate in these groups.

Figurel4: HighestFunded Company per Tepunded Claters

Dollars

Cluster CompanyName Obligated 201t
2015

Water Transportation Lockheed Martin Corporatiol $820,918,132

Education and Knowledge The Johns Hopkins University Appli

Creation Physics Laboratory LL LS Ae

Business Services BAESystens Technology Sqluﬂons $600,429,936
Services Inc

Aerospace Vehicles and Defens AAIl Corporation $486,257,908

Insurance Services Johns Hopkins Medical Sgrwc $367,505,000
Corporation

Communications Equipment ant Lockheed Martin Corporatiol $346,379,176

Services

Business Services Mantech Sensor Technologies, Ir $317,955,839

Local Hospitality Establishments Sodexo Management Inc $239,268,456

Local Health Services Johns Hopkins Medical Se_rwc $233,027,453
Corporation

Local Real Estate, Consttion,
and Development
Sources: RESI, USA Spending

Walsh/Gilbane\ $206,445,000
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Figurel4 shows the top company for each cluster based on DoD funding to individual vendors
at the cluster level, ranked by fundimgnount®® Lockheed Martin Corporation received the
largest amount of average annual funding faotof the top ten clusters: Water
Transportationand Communications Equipment and Services, at approximately $821 million
and$346 million, respectively. Th&ohns Hopkins University Applied Physics Laboratory is the
secondlargest recipient of funding at the cluster level, receiving an average of Giér $

million annually for work in the Education and Knowledge Creation clU3£dt. Systermis the
third-largest recipient at the cluster level, receiving an average of more tig@Q® illion

annually for work in théusiness Servicetuster.For all of the top vendors by cluster lgason

DoD awards, see Appendix F

4.14 Additional Custom Clusters Analyzed

TheSWOT analysis determined through interviews, focus groups, and surveys that STEM
related fields to need to be explored in more defdiAs such, RESI focused on spending in R&D
and the Information Technology/Cyber Security areas to better analyze defpasdiag and
clusters that may be present there. To determine clusters that are present in these categories,
RESI analyzed spending bydigit NAICS codes relating to both R&D and Information
Technology/Cyber Security All NAICS codes and spending fas ttategory can be found in
Appendix 3

Figurel5 showsthat almost a billion dollars has been spent annually on Research and
Development in the Physical, Engineering, and Life Sciences (Except BiotecHHAIGSy)

sector in Maryland between 2011 and 20¥5These funds are part of the approximate $18

billion spent in Maryland on average annually, and constitutes nearhtlang of total DoD

spending in the R&D clust&rEngineering Services was the sectargjestcategory for

spending in the R&D cluster, with average annual spending of nearly $660 million. As detailed in
Figurel5, thesetwo categories constitute over 55 percent of spending in R&D. Collectively, the
top nine NAICS categories includedrigurel5 receiveover 92 percent of the total DoD

spending in the R&D cluster in Maryland.

9 For display purposes, only the togn clustersare shownhere. See Appendix for the top vendor in each cluster

by DoD funding loligations.

AwSIA2yFEf 902y2YAO {(idzRASE LyaidAaiddziS 2F ¢2¢60RYy | yADSNAE
Defense Intensive Landscage.

92 Note that these clusters are not defined to be mutually exclusive from each other.

93 As mentioned abovehe NAICS codes in the R&D and Information Technology/Cyber Security clusters are not

mutually exclusive to the other cluster definitions presented. However, they allow for a better analysis of potential

policy changes and were created for this purpose.

“¢KS bl!L/{ O2RS A& ftAa0GSR & [ AFS {OASyOSa 69EOSLI . A:
here: http://www.census.gov/eos/www/naics/

Ba52¢yt2FR / SYiSNEE | {! {LISYyRAY3
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Figurel5: Average DoD Spending by NAIC&dein the Maryland R&D Cluster
Average Annual

NAICS - Dollars Percent of Total
Code NAICS Description Obligated DoD R&D Spendin
2011-2015

Research and Development in the Physice

541712 Engineering, and Life Sciences (Except $963,035,465 32.9%
Biotechnology)

541330 Engireering Services $658,933,947 22.5%

541711 Resgarch and Devglopm_ent in the Physice $371,771,391 12 7%
Engineering, And Life Sciences
Radio and Television Broadcasting and

334220 Wireless Communications Equipment $349,547,710 12.0%
Manufacturing

541511 Custom Computer Programming Services  $182,525,609 6.2%

541611 Administrative Manag.ement and General $63.417,304 2 204
Management Consulting Services

541512 Computer Systems Design Services $40,178,099 1.4%
Search, Detection, Navigation, Guidance,

334511 Aeronautical, and Nautical System and $33,781,385 1.2%
Instrument Manufacturing

541711 Rgsearch and Development in $30.629.588 1.0%
Biotechnology
Total $2,693,820,49¢ 92.1%

Sources: RESJ,S.Census NAICS, USA Spending

In comparison to the other ctitersoutlined inFigurelO, the total amount of DoD funding

allocated to the R&D cluster in Maryland would rank second, after the Business Services cluster
which received $7 billion per year from the DoD from 2612015. Similar to other clusters in
FigurelOthe R&D cluster receives a high level of funding, serves as an employer for a larger
number of individuals, and supports a range of occupational categories. Thaggations are
outlined inFigurel6 below.
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Figurel6: Employmentand WageData byOccupatioral Categoryfor the Maryland R&D

Cluster
. Estimated Annual Average
SOC Occupational Category Employment 2014 Wage 2075
11-0000 Management Occupations 18,289 $149,592
13-0000 Business and Financial Operations Occupatior 21,933 $84,846
150000 Computer and Mathematical Occupations 65,072 $90,882
17-0000 Architecture and Engineering Occupations 34,831 $82,386
19-0000 Life, Physical, and Social Science Occupations 18,024 $77,091
21-0000 Community and Social Service Occupations 205 $53,360
23-0000 Legal Occupations 477 $140,784
25-0000 Education, Training, and Library Occupations 328 $68,421
27-0000 Arts, De_sign, Entertainment, Sports, and Medi: 2324 $69,413
Occupations
26.0000 Healthcgre Practitioners and Technical 1,247 $68.624
Occupations
31-0000 Healthcare Support Occupations 188 $34,684
33-0000 Protective Service Occupations 453 $49,25
35-0000 Food Pre_:paration and Serving Related 63 $31,341
Occupations
37-0000 Building _and Grounds Cleaning and Maintenar 544 $30,386
Occupations
39-0000 Personal Care and Service Occupations 69 $31,255
41-0000 Sales and Related Occupations 6,213 $83,849
43-0000 Office and Administrative Support Occupations 18,065 $42,755
450000 Farming, Fishing, and Forestry Occupations 29 $32,824
47-0000 Construction and Extraction Occupations 1,809 $57,994
49-0000 Installation, Maintenance, and Repair 1.927 $52.227
Occupatons
51-0000 Production Occupations 2,236 $42,083
53.0000 Transportation and Material Moving 976 $37.007
Occupations
Total 195,302 $86,003

Sources: BLS OES, RESI, USA Spdndiicgnsus, CBA

As shownn Figurel6, RESI estimates that the R&D cluster employs over 195,000 workers both

through DoD and noioD funding, and has average annual wage of $&883. The largest
occupatioral category for this cluster is Computer and Mathematical Octiopsa, which is
estimated to employ over 65,000dividualsat anaverage annual wage of $882 The types

of skills and qualifications for individuals in this occupational category are comparable to other

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY.

58



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

industry clusters, including the Business Serjiéglucation and Knowledge Creation, and Local
Commercial Services clustéfs.

The R&D cluster was one of two customized clusters created by RESI based on the feedback
provided in the SWOT report. The Information Technology/Cyber Security cluster, tmelseco
customized by RESI, is detaileglow inFigurel?. This cluster received over $1.7 billion dollars
in annual DoD funding from 2011 to 2015, rankinfgutrth in comparison to the clusters in
FigurelO (includingthe custom R&D cluster).

Figurel7 alsohighlights the distribution of DoD funding across the NAICS codes used to define
the cluster. For example, an averageowér $30 million dollars was speiinnuallyin the

Wired Telecommunications Carriers abBther Computer Related Servicsectors. All NAICS
codes and spending for this category can be seen in Appendix D.

Figurel7: Average DoD Spendingy NAICE odein the Maryland Information
TechnologyCyber Security Cluster

Average Annual

NAICS Description Dollars Percent of Total

Obligated 201+ IT/Cyber Spendin

2015
517110 Wired Telecommunications Carriers $341,192,864 18.2%
541519 Other Computer Related Services $311,110,209 16.6%
541512 Computer Systems Design Services $294,235,699 15.7%
541511 Custom Computer Programming Servic  $196,606,658 10.5%
541330 Engineering Services $180,302,559 9.6%
541513 Computer Facilities Managemen $164,822 830 3.8%
Services
Research and Development in the
541712 Physical, Engineering, and Life Science $99,691,836 5.3%
(Except Biotechnology)
517410 Satellite Telecommunications $99,451,891 5.3%
518210 Data.Processing, Hosting, and Related $34.341,776 1.8%
Servies
517919 All Other Telecommunications $26,049,985 1.4%
443142 Computer and Software Stores $19,746,285 1.1%
Total $1,767,552,592 94%

Sources: RESI, USA Spending

% Appendix H contains additional details for the occupationafifes.

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY. 59



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

Figurel8 showsthat the Information Technology/Cyber Security cluster is estimated to employ
over 200,000 individuals, including both DoD and-baD funded positions. Further, this

cluster pays significantly higher wage than the average for Maryland with an estimated average
wage d $83277. The largest occupation types in this category are the Computer and
Mathematical Occupations, with nearly 81,000 individuals employed.

Figurel8: Employmentand WageData byOccupatioral Categoryfor the Maryland
Information TechnologyCyberSecurityCluster

Estimated Annual
Occupational Category Employment Average Wage
2014 2015
11-0000 Management Occupations 16,529 $149,291
13-0000 Business and Financial Operations Occupations 15,580 $83,324
150000 Compute and Mathematical Occupations 80,866 $89,632
17-0000 Architecture and Engineering Occupations 31,285 $81,491
19-0000 Life, Physical, and Social Science Occupations 12,223 $75,579
21-0000 Community and Social Service Occupations 101 $53,200
23-0000 Legal Occupations 429 $145,977
25-0000 Education, Training, and Library Occupations 242 $67,544
27.0000 Arts, Degign, Entertainment, Sports, and Media 2.070 $69,153
Occupations
29-0000 Healthcare Practitioners and Technical Occupati 649 $68,617
31-0000 Healthcare Support Occupations 112 $34,862
33-0000 Protective Service Occupations 380 $45,452
35-0000 Food Preparation and Serving Related Occupati 32 $29,617
37-0000 Building _and Grounds Cleaning and Maintenance 444 $30,094
Occupations
39-0000 Personal Care and Service Occupations 33 $30,867
41-0000 Sales and Related Occupations 12,668 $61,425
43-0000 Office and Administrative Support Occupations 19,162 $42,146
450000 Farming, Fishing, and Forestry Occupations 14 $33,679
47-0000 Construction and Extraction Occupations 1,649 $58,137
49-0000 Installation, Maintenance, and Repair Occupatiol 7,513 $54,907
51-0000 Production Occupations 977 $45,466
53-0000 Transportation and Material Moving Occupations 694 $35,661
Total 203,653 $83,277

Sources: BLS OES, RESI, USA Spending, U.S. Census, CBA

In regards to this specific cluster, it should be noted that the employment and wage
information derived from CBP and OES data is for the private industry anchdbascount for
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most government employees. This is particularly pertinent given the advanced research that is
being carried out in the field of cybsecurity across Maryland at educational institutions such

as the University of Maryland, College Park @R, University of Maryland, Baltimore County
(UMBC); and Johns Hopkins University (FRA0iditionally, Maryland has federal institutions
conducting advanced research in cyber security, including the National Security Agency (NSA),
the National Instituteof Standards and Technology (NIST), and the Intelligence Advanced
Research Projects Activity (IARP#N response to the need for workers with advanced

skillsets, academic institutions including JHU, UMCP, and UMBC have developed programs to
produce gradates with the skills and qualifications these federal agencies derffafiith
cutting-edge research being conducted at these academic institutions and a pipeline of
employment into the private industry outlined above by occupational category or into the
military bases such asberdeen Proving Ground amart Meade, Maryland is a national leader

in cybersecurity100101

4.15 Survey Results by Cluster

As part of the overall research project on the defense industry in Maryland, RESI conducted a
survey of defens contractors to determine their dependency on DoD funding. An explanation
of the survey methodology is outlined in Section\Aile the survey collected data until
December 2016, for the purposes of this report, the data collected from April 2016 to €ctob
2016 was used. During this period, the survey collected 591 full and partial responses from
businesses in Maryland. Of these responses, 565 were from unique comp¥riiesre were

477 fully complete responses, 494 responses where the companies pralepetdency

ranges, and 71 responses where companies started the survey but stopped responding to the
survey before providing a dependency range. The survey responses were matched to InfoUSA
to allow for inclusion in this analysis; of the 565 unique compeye responses, 290 of them
were matched to InfoUSA dat& These 290 companies represented 42 different clusters, with
6 of these clusters having more than 10 companies surveyed. The cluster with the most

“al NBEflFYyR 5SLINIYSY(d 2F . dzaAySaa IyR 902y2YAO0 5S@St 2 LIV!
http://commerce.maryland.gov/Documents/ResearchDocument/CybermarylandReport. pdf

%bid., 9.

%bid., 20.

100 Regional Economic Studies Indtii S 2 F ¢2g6a2y | YyABSNBRAGEY da! {2h¢ 1 ylfea
55FSyasS LyGaSyardsS [ yRaOl LIS ¢

g/ 20 SNESOdzNRAGE&ZE | Ne | { thitpl/afmySlance.oig@Boatdp§/Rissiorod Ndzl NB ¢
apg/cybersecurity/

10250me companies had moreah one respondent. When this occurred, RESI used the most complete, and if they

were equally complete the most recently completed response.

103 Of the nonmatches, 25 indicated having only 1 employee, 106 indicated having between 2 and 10 employees,

and 82 ndicated having between 11 ari) employees. Companies of this size are not always present in the

InfoUSA dataset in 2015, which requires verification. Furtbempanies may not have used their legal name in

their response on the survey as indicated orittDBA, this could create situations where the name is different

enough to inhibit a successful match.
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companies surveyed was the Business Servicesc|wghich had 88 company responses. Other
clusters with more than 10 company responses were Local Real Estate, Construction, and
Development with 31 responses; Local Commercial Services with 25 responses; Local
Entertainment and Media with 21 responsesugdtion and Knowledge Creation with 14
responses; and Distribution and Electronic Commerce with 13 responses.

Of the 494 companies that provided dependency ranges, 158 identified their dependency on
DoD spending as high (above 70 percent of their reveri@)dentified their dependency as
mid-level (between 35 and 69 percent of their revenue), and 286 companies identified their
dependency on DoD contracts as low (34 percent or less of their revenue). Of the 290
companies matched to clusters, there weres2®sponses containing both cluster information
and dependency responsdsigurel9 presents the top clusters in terms of total responses with
dependency information provided, these clusters all received at |edst tesponses for this
guestion. The Business Services cluster had the most responses in each category, with 33
respondents indicating they had @V dependency on DoD spending, eigbimpanies with a
medium dependency, and 35 with a high dependency.arheunt of companies expressing a
high dependency on DoD spending fits expectations as the cluster receives over 40 percent of
the DoD funding in the state. Appendixlcontains all of the survey responses tabulated by
cluster.

Figurel9: Dependency on DoD Spending Maryland Clustef®

Cluster Name Low Medium High Total Response!
Business Services 33 8 35 76
Local Real Estate, Construction, and 21 5 6 29
Development
Local Commercial Services 13 1 6 20
Local Entertainment and Mka 13 0 4 17
Education and Knowledge Creation 10 2 1 13
Distribution and Electronic Commerce 8 0 3 11
Local Industrial Products and Services 6 1 1 8
Information Technology and Analytical

3 2 1 6
Instruments
Subtotal 107 16 57 180
Total 145 26 84 255

Sources: Delgado, Porter, and Stern; RESI

Many of the respondents indicated that there were problems with finding qualified employees.
Figure20 showsthat the level of difficulty that respondents expressed in finding qualified
employees varied by cluster. Of the 65 respondents to the question from the Business Services

104 Only clusters with a minimum of five responses were included in this figure.
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cluster, 45 indicated that it was somewhat difficult or difficult to hire qiedifemployees.
However, in the Local Commercial Services cluster onlyrtiadf, of the respondents indicated
that it was difficult or somewhat difficult to hire qualified employebsAppendixC.1
responses are tabulated for all of the respondents lgier.

Figure20: Level of Difficulty in Hiring Qualified Employebg Maryland Cluster

Cluster Name . \_/ery Som_e\_/vhat . .NOt

Difficult Difficult Difficult
Business Services 14 31 20 65
Local Real Estate, Constructiamd 6 13 7 26
Development
Local Commercial Services 4 5 9 18
Local Entertainment and Media 3 8 4 15
Education and Knowledge Creation 4 6 2 12
Distribution and Electronic Commerc 3 2 5 10
Local Industrial Products and Service 1 5 0 6
Information Tebnology and Analytical

1 4 1 6

Instruments
Recreational and Small Electric Gooc 1 1 1 3
Local Health Services 0 1 1 2
Plastics 2 1 1 4
Subtotal 39 77 51 167
Total 55 96 67 218

SourcesDelgado, Porter, and Stern; RESI

One theme that emerged in the comments was that skilentkerswere in high demand

especially in Information Technoladyurther, the respondents indicatelat it was especially

hard to find workers possessing the nesasy skills with security clearanc®¥8For example,

one respondentnotedd 2 S NBIlj dzZANS LY FT2NXI GA2y ¢SOKy2f238& L
I £ SIENIyOSa waAi 06 & Seckirby&learaNds at Any levl s 2liffidult té atauirst & ® ¢
and maintain unles the employee is consistently engaged in work that requires a security

clearance. Additionally, data compromisemcluding the Office of Personnel Management

(OPM) breach in 2015have impacted public trust and made some potential applicants wary of
providing sensitive information required by to obtain security clearatté&hese difficulties,

g At Sy S %A Y YSBdklJeghity Qledrantd is a Ticket to LoW®f0  h FHE Sdwayark Timeapril

9, 2006): accessed January 4, 201t#://www.nytimes.com/2006/04/09/jobs/topsecretsecurityclearanceis-a-
ticket-to-lots-of-job-offers.html

W) AyR& Y&l SNE aD2dG I+ / f S NIDEenSRne@&abér 26y Z15): aco¥gseéd Wdza i D2 i
January 4, 201 'http://www.defenseone.com/business/2015/10/getlearancegettingjob-just-got-

harder/123136/
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coupled with delays in processing clearances by the OPM, present barriers for recruiters and
agencies seeking to fill defense contracts with qualified persoftfel.

4.1.6 LongTerm Forecast
Using the REMI PI+ model and USA Spending data, RESI forecasted the impact of DoD funding
on jobs and wages in industry clusters in Maryland over the next ten yREidl Pl+ is a high
end dynamic modeling todhat helps RESI to bdila sophisticated model that is calibrated to
the specific demographic features of teate. This model enumerates the economic and fiscal
impacts of each dollar earned and spent by the following: employees relating to the economic
events, other supportig vendors (business services, retail, etc.), each dollar spent by these
GSYR2NE 2y 20KSNJ FANXa> FyR SIFEOK R2ffF N aLISyi
20KSN) OSYR2NEQ SYLJX 28&SS a3 THe yhn®lef@aturésSielatbliyzioA y S & a4 S
capture price effects, wage changes, and behavioral effeatstime. It allows RESI to capture
the effects occurring between industries and minimize the potential for double counting in
employment, output, and wages. The ability to captthieseeffectsprovides a detailed
representationof the impact of DoD funding on the economy of Maryland over tilffeee
scenarios were developed and a forecast was completed for each situation:
1 Scenario 1: Assuming that the average DoD funding from-201% remains castant,
what will the economic impact of this funding be on industry clusters in Maryland over
the next ten years?
1 Scenario 2: Assuming that the average DoD funding from-Z15 is reduced by 10
percent, what will the economic impact of this fundingluetion be on industry clusters
in Maryland over the next ten years?
1 Scenario 3: Assuming that the average DoD funding from-ZI15 is increased by 10
percent, what will the economic impact of this funding addition be on industry clusters
in Maryland oer the next ten years?

Starting with Scenario, Figure21 showsthe tenyear forecast for the impacts of the defense
industry in Maryland, assuming funding levels stay at theirye@ average, and are not
adjusted for inflation.

W AyRe Yel SNE aD2dG F /fSFNIYyOSK DSGGAYI |+ W20 Wdzad D2
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Figure21: Forecasted Total Economic Impacts for Maryland forladD Spending, 2012026

Year Employment Output Wages\
2017 115,708 $15,043,690,97¢ $5,475,544,544
2018 117,991 $15,421,023,82 $5,673,405,693
2019 115,786 $15,407,858,65¢ $5,742,593,305
2020 111,237 $15,035,879,50: $5,724,345,205
2021 105,618 $14,493,863,93¢ $5,654,222 553
2022 99,683 $13,872,695,43¢ $5,553,067,291
2023 94,015 $13,252,256,471 $5,451,533,677
2024 88,765 $12,660,950,181 $5,357,276,104
2025 84,022 $12,116,757,711 $5,276,177,177
2026 79,807 $11,667,482,18¢ $5,218,638,703
Average 101,263.2 $13,897,245,887.9( $5,512,680,425.2(

Sources: REMI Pl+, RESI

The total impa&t on private noAfarm jobs in the region is estimated to peak in 2018 at an
employment level of approximately 118,000, and will fall to its lowest level in 2026, nearly
80,000 individuals employed. This pattern occurs because the forecast assumes thaat cur
DoD spending is maintained witht increases for inflatioA® Without adjustment for inflation,
the same levels of DoD funding will be able to support fewer jobs and outputs, as nominal
wages and prices increase with inflation.

Figure21 showsthat total predicted wages remain relatively stable over the-{ear period,

with total wages resulting from defense spending in Maryland peaking in 2019 at a level of
approximately $5.7 billion, and the lowest levegimated at $5.2 billion in 2026. Output is
estimated to peak in 2018 at approximately $15.4 billion, and be at its lowest level of $11.7
billion in 2026. Output follows a similar pattern to employment, because over time the same
amount of money spent wilave a lower purchasing power for inputs, and with wages
predicted to remain level, this means that output will fall.

The results from the forecast are similar to the average annoigdl@eymentimpacts calculated

by RESI while performing the SWOT anglgsisn though there are methodological differences
between the analyse¥”® For the SWOT analysis at the state level, RESI found an average annual
employment impacbf 113,277 for the years 2011 to 2015 using obseaualvaluesof DoD
funding % Usingthe averag for only the first five years dfie ten-year forecasteported in

Figure21, avirtually identicahumberof jobs supported by DoD fundirg obtained(113,26§.

108 More details on the REMI Pl+ model and mtidglassumptions can be found in Appendix C.
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Further analyzinghe impacs of DoD funling on the clusters over the next ten years, RESI
forecasted the occupations that will have the most growth in Maryldngure22 presents
theseoccupational categories in order of their estimatiedal percent hcrease over the ten
year period.
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Figure22: Maryland Employment Projections by Occupational Category, 20026
10 Year Average

Occupational Category Total Annual Z?gi\i?}t
Growth Growth

47-0000 Construction and Extréion Occupations 49,219 4,922 43.9%

31-0000 Healthcare Support Occupations 10,474 1,047 14.5%

23-0000 LegalOccupations 3,259 326 13.5%

26.0000 Healthcgre Practitioners and Technical 21702 2170 13.2%
Occupations

37-0000 Bw_ldlng and Grounds_CIeanlagd 7110 711 8.4%
Maintenance Occupations

21-0000 Community and Social Service Occupatio 3,378 338 8.2%

19-0000 Life, Phy_S|caI, and Social Science 3.110 311 7 70
Occupations

17-0000 Architecture and Engineering Occupation: 4,255 426 7.5%

11-0000 Management Occupations 9,957 996 6.8%

15-0000 Computer and Mathematical Occupations 8,095 809 6.7%

39-0000 Peronal Care and Service Occupations 4,843 484 6.1%

13:0000 Busmess_ and Financial Operations 9.624 962 5 9%
Occupations

430000 Office ar_ld Admintsative Support 23.087 2309 5 704
Occupations

49-0000 Installatlpn, Maintenance, and Repair 5.350 535 5 304
Occupations

35-0000 Food Prgparatlon and Serving Related 9.844 984 4.6%
Occupations

250000 Educan_n, Training, and Library 6.662 666 3.9%
Occupations

33-0000 Protective Service Occupations 2,555 255 3.6%

41-0000 Sales and Related Occupations 5,236 524 2.0%

27-0000 Arts,_ Design, Eptertalnment, Sports, and 494 49 1.6%
Media Occupations

530000 Transportatlon and Material Moving 1,120 112 0.7%
Occupations

51-0000 Production Occupations -2,231 -223 -2.9%

450000 Farming, Fishing, and Forestry Occupatio -123 -12 -5.2%
Total 187,020 18,702 7.2%

Sources: REMI Pl+, RESI
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The top growth category, both by raw numbers and percent growth rategnstfiction and
Extraction Occupations. These occupations were especially impacted by the Great Recession,
and have shown recovery recent{.Nonetheless, they are still somewhat sensitive to DoD
spending. According to the SWOT analysis, this categdrg secondargest for DoD

dependent occupations by employment, employing an average of nearly 15,000 annually,
between 2011 and 2015. The ndargest occupation by growth rate is Healthcare Support
Occupations. These occupations, and the Healthcare Bometis and Technical Occupations,
will grow largely due to demographic changes; as a large part of the population ages, the
demand for healthcare will also increase. Further, according to the SWOT analysis, DoD
spending as it is currently constituted isigg to have the most impact ddffice and
Administrative Support Occupations. This category employed on average 17,041 of 113,227
total jobs over the past five yeat$?

Maryland is expected to have significant job growth in important DoD related ocomgati
Computer and Mathematical Occupations are predicted to grow at a 6.7 percent rate over the
next ten years, adding an average of 809 jobs per year. The Architecture and Engineering
Occupations, and Life, Physical, and Social Science Occupation® anealsted to grow over
the next ten years, at rates of 7.5 percent and 7.7 percent per year, respec@atyputer and
Mathematical Occupations comprised the thatgest category for Dofunded jobs, with

nearly 10,000 workers. Therchitecture and Engeering Occupationsategory employed

nearly 5,000 individuals, and thefe, Physical, and Social Science Occupations empheypety
2,700.Further,Figurell, which presents Business Services cluster employtgmiccupation
shows that over 90,000 workers are employed@omputer and Mathematical Occupatioims

that cluster, compared tahe 120,000 workersn the same occupations the state.Similarly,

the Business Services cluster employed over 33,000 iArttatecture and Engineering
occupational categorycompared tonearly 57,000 in the state overall, and the Life, Physical,
and Social Science occupations category employed 9¢60@pared toover 40,500 in the state
overall. The survey results also icatied that Information Technology and skilled computer jobs
are in demand, and the occupational forecast suggests that this demand will persist over the
long term.

Focusing on Scenarios 2 and 3, RESI forecasted the economic impact of DoD spending between
2017 and 2026assuminga 10 percent decrease and increase, respectively, in average DoD
funding From analyzing both scenarios and comparing the results to the data presented in
Scenario In Figure21, RESfloundthat a 10 percent increase or decrease in DoD funding had

only a marginal impact. For example, Scenario 2 found that with a reduction in funding there

was a 9.973 percent average decrease in employment over the next ten years. Similarly,
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Scenario 3oundthat with an increase in funding there was a 9.971 percent average increase in
employment over ten yearg.hisindicatesthat the model predicts diminishing returns, as there

is a slightly larger gain to employment from moving from the ten percent deciteas@rent

spending than there is from moving frorourrent spendindo the ten percent increase, but
otherwiseprovides limited insigitb { SOG A2y T 2F b! {2h¢ !ylIfeara
Defense Intensive Landscape” presents detailed analyseéatbdased on specific policy

changeghat the SWOT analysis identifiétf

50 'yIfeaT Ay3a al NBf | yAe@tadClwsieB A 2y | f 5 &
RESI took the analysis completed at the state level in Section 4 a step further by completing the
same analysis at theegional levelDrawing on the cluster definitions, DoD spending data, and
cluster analysis approaches outlined in the previous sections of this report, this section will
provide an analysis of the industry clusters in Maryland that are impacted by Doidduetd

the regional level. This analysis will highlight the impact of the 216 DoD funding to

Maryland noting where the highest amounts of DoD funding go to clusters across the state, as
well as which industry cluster types in each region receivéhigbest amounts of DoD funding

in Maryland. Given the overarching aim of this projetd determine the impact of potential

future fluctuations in DoD fundingRESI also forecasted the economic impacts of these

industry clusters in each region.

For this amlysis, the state is broken down into five different regions, includimg Capital,
Central, Eastern Shore, Southern Maryland and Western Maryland regions. The counties that
comprise these regions are as follows (regions in alphabetical order):
1. CapitalegioncCNE RSNA O]l =X a2y d3I2YSNESZ YR t NAYyOS
2. Central regiorg Anne Arundel, Baltimore, Carroll, Harford, Howard Counties and
Baltimore City
3. EasternShore/ SOAfT X /I NRPfAYSS>S 52 NIHSsetil SNE YSy(
Talbot, Wicomicoand Worcester Counties
4. Southern Maryland,/ I f @3SNI X / KF NI Saz FyR {(® al NE:!
5. Western Maryland; Allegany, Garrett, and Washington Counties

al NBflyRQa NB3IA2Yya NBE RAGSNAS Ay GSN¥a 27F NIz
reflected in the numbebf jobs estimated to be located in each region. The Eastern Shore,

Southern Maryland, and Western Maryland regions are the more rural areas of the state, while

the Capital and Central regions are more urban. This geographic difference will have an impact

on wages and jobs. As a result, it will be explored throughout this section.

wWyd3rzylrt 90
a$s

Sa LyaidAaiddziS 2F ¢26a2y | yADBSNA
55F¥SyasS Ly 3

- LIS D€

<N
Qx
>
S <
U >«
< c
pufi
Qx
O >+

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY. 69



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

The same level of analysis carried out at the state level, focusing on the industry clusters, the
DoD impact on industry clusteasid occupationsand the forecasted DoD impachandustry
clusters will be carried out for each of these regions. It should be noted that the impacts of the
customized clusters are not reviewedthe regional levebs it will be a repeat of the

information provided for these clusters at the state le€vEhe spending in the category is
captured in the comprehensive cluster definitions, and the SWOT report provides additional
details for the policy analysis that the cluster definitions enabBléd.

5.1 Capital Region Overview

The Capital regioninMarylen A& O2 YLINAASR 2F CNBRSNAO1I az2yil

Counties. This region had an estimated 875,000 jobs in 2014 with average annual wages of
approximately $54,200 the highest in the staté!®> The region receives 42.8 percent of all DoD
funding in Mayland, at an average annual of over BBillion dollars, which is the second
KAIKSad Ftt20FGA2y (2 | &aLISOAFTAO NBIAZ2Y AY
the Business Services cluster, which employs over 155,000 individuals at ageawege of

over $80,000 per year.

The next subsections are organized as follows: Section 5.1.1 provides an overview of the top
industry clusters present in the region by employment, wages, and location quotients; Section
5.1.2 details the top industrylusters in the region by annual DoD funding; and Section 5.1.3
presents the longerm forecast for the Capital region.

5.1.1 Capital Region Overall Top Clusters

It is necessarytdzy RS NA G I Y R (i K 8verallledahoinit frofil&l$ flly engdersid

DoD spending impacts on the area. Focusing on the employment numbers per cluster, RESI
constructed a ranking of industry clusters in the Capital region. The construction of the clusters
is based on the Delgado, Porter, and Stern definitions using 2BR4d&taWage estimates

were made using 2015 OES data.

The Business Services cluster is the top cluster by employment in the region, employing over
155,500 individuals at an average wage of $80,110. The sdaagekt cluster in the region is

the Local ldalth Services cluster, which employs approximately 103,800 people, and pays an
average wage of $55,397. This cluster is followed by the Local Real Estate, Construction, and
Development cluster, employing nearly 100,900 individwalk an average wage §49,865

114 Regional Economic Studies Institute of Bo#&y” | YA GSNBRAGES a! {2h¢ !yl feara
5STSyasS LyaSyaadsS [ yRaOl LIS ¢

1152014 CBP data was used to estimate the overall employment levels, the most recent year available that allowed
estimation in all clusters. 2015 data was used fdimeating the average wages for this study because it was the

most recent data available.
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Focusing on wages as the main economic indicator, RESI ranked the clusters by average wage
for the Capital region. The Information Technology and Analytical Instruments cluster is the
highestpaying cluster in the region, employing over 6,60fividuals at an average wage of
$96,168. The secoAdighest paying cluster in the region is the Aerospace Vehicles and Defense
cluster, employing approximately 1,300 people with an average wage of $84,977. The
Education and Knowledge Creation cluster, \Wwhemploys almost 44,400 individuals, has the
third-highest average wage of $83,165. Taking into account the estimated employment and the
wages in this ranking, there are specialized clusters employing a small number of individuals in
the region at a highewage. This is particularly notable in the Information Technology and
Analytical Instruments cluster, as well as the Aerospace Vehicles and Defense cluster, where
the skills and education needed to fill the jobs command a higher wage.

For the third and fial economic indicator, RESI compared the location quotients of the clusters
in the Capital regiorkigure23 showsthat within this region in Maryland, there are eight
clusters with a location quotient over 1.2&dicating an exporting clustété 117

118 jilliam Shuffstall, "Using Location Quotients to Identify Local Strengths, Opportunities, and Industry Clusters
1171 ocation quotients compare the proportion of @yment in a specific industry in a region to the proportion of
employment in that specific industry at the national level. By definition, a location quotient of 1.0 means that the
same ratio of industry employment occurs at the local and national,leshile location quotients less than 1.0
indicate an employment concentration lower than the national averdgeation quotients over 1.0 indicates that
regionallabor is producing more goods than are being consumedénéigion. Kpertstypicallyaccept ay

industries with a value over 1.2% being exporting indtises.
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Figure23: Top Clusters by Location QuotientsCapital Region

Communications Equipment and Servic G

Local Real Estate, Construction, and Developm_

Education and Knowledge Creatio il

Business Service
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Local Education and Trainin G

Local Personal Services (Non-Medicj NN

Local Household Goods and Servic_

0O 025 05 075 1 125 15 175 2 225
Sources: Delgado, Porter, and StdRESI{.S Census

The Communications Equipment and Services cluster has the highesthogatient for the

region at 2.0. Additional clusters with location quotients exceeding 1.25 in the region ranged
from 1.3 to 1.7 and include: Local Real Estate, Construction, and Development; Education and
Knowledge Creation; Business Services; Biophautmals; Local Education and Training; Local
Personal Services (Ndtedical); Local Households Goods and Services; Local Commercial
Services; and Local Food and Beverage Processing and Distribution.

The industries with higher location quotients refléloe competitive advantages of the area.

The Capital region enjoys a geographic advantage due to its proximity to Washington, D.C. For
example, one reason the region likely has advantages in both the Communications Equipment

and Services and Business S@wiclusters may be that companies prefer to have offices in

close vicinity of the U.S. capitéls can be seen in the next section, these two clusters are the

top two in terms of funding fromthe DoB. K S LINPEAYA (& (2 GKS ylI{iA2Yy(
the area due to the number of government facilities, including research institutions that are

located in Washington, D.C. These institutions attract a skilled workforce earning high wages,
reflected in an average annual wage for the region that is above tlshd average. This

also contributes to the Local Real Estate, Construction, and Development cluster having a
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services to the rest of the country while worgilon DoD and other government contracts.

5.1.2 Capital Region DoD Spending in Top Clusters

Ly al NBflYRQa&a / I LA Gdahavetdadf 87ybillion pek year ovendaeso £ A 3 | (
based in or performing work in the region. As seeRigure24, in addition to being the largest

recipient of DoD funding at the state levBlisiness Services walsothe highestfunded

clusterin the Capital region.

Figure24: Estimated Jobs, Averag&/age, and Employment Impacts in thieop Clusters by
DoD Spending Capital Regioh'®

Average Annua Jobs
Blo]IETEN Ol Supported by
Pkt DoD Spending

Regional Jok Average

Cluster Name Estimate, 2014 Wage, 2015

Business Services 155,491 $80,110 $3,764,580,776 16,239
Communications

Equipment and 6,222 $74,272 $714,155,402 3,323
Services

Local Real Estate,

Construction, and 100,882 $49,865 $614,306,587 4,257

Development
Education and
Knowledge Creation 44,360 $83,165 $516,905,370 2,148
Local HealtlBervices 103,770 $55,397 $264,504,721 1,650
Local Hospitality

Establishments 70588 $24,958  $244,051343 3,379

Local Commercial 72.833 $45,386 $237.011,702 1,805

Services

Local Utilities 9,757 $68,227 $236,757,638 1,199
Information

Technology and 6,662 $96,168 $230,345,663 828

Analtical Instruments
Aerospace Vehicles

1,321 $84,977 $142,844,325 581
and Defense
Subtotal 571,886 $59,229 $6,965,463,5373 35,409
Regional Total 831,966 $54,547 $7,685,333,30¢ 40,324

Sources: BLS OES; Delgado, Porter, and EM|RESI; U.S. Census CBP

118 This estimated employment supported by DoD funding by cluster (ififthecolumn) was calculated utilizing
the employment and wage data presented in the second and third columns.ePeasAppendix C.4 famore
detailed methodology.
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RESI estimates that the Business Services cJubtefargest cluster in the state, alkadthe

largest impact on total jobs in the region, contributing over 16,000 totiaé¢tl indirect, and
induced jobs to Marylan@ &onomy due to DoD spending. This cluster had an annual average
of $3.76 billion in obligated funding in the Capital region between 2011 and 2015. The second
largest cluster in the regioby funding amountvas Communications Equipment and Servjices
which receivedn average funding obligation of approximately $714 million2014, over

6,200 workersvere employed in this clustevith an averagannualwage of $7472 The
third-largest cluster for the Capitaegion was Local Real Estate, Construction, and
Development, which had an average funding obligation of $614 mitistimated employment

of approximately 100,900andan estimated average wage of $865. The subtotal row shows

the total numbers for tle top ten clusters by DoD spending showirigure24, and the regional
total row shows the overall totals for all clusters receiving DoD funding iC#petalregion. To

see details on the clusters receiving DioBding seeAppendix E

DoD funding withinndustryclusters will not impact all occupations or businessebe region
equally. Focusing on the Business Serwtgster,Figure25 providesemploymentand wage
estimatesby major occupational category for the Capital region
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Figure25: Employmentand WageData by Occupational Categofgr the Business Services
Cluster Capital Regioh'

Regional Jokt Average

SOC Occupational Category Estimate Wage
2014 2015
150000 Computer and Mathematical Occupations 53,596 $89,042
13-0000 Business and Financial Operations Occupatic 22,138 $81,705
43-0000 Office and Administrative Support Occupatior 21,351 $39,854
11-0000 Management Occupations 15611 $145,328
17-0000 Architecture and Engineering Occupations 13,671 $81,662
41-0000 Sales and Related Occupations 6,408 $75,939
19-0000 Life, Physical, and Social Science Occupatior 4,401 $70,164
53.0000 Transpo_rtation and Material Moving 2676 $31.854
Occupatios
33-0000 Protective Service Occupations 2,512  $35,756
37-0000 Bui_lding and Grounds _Cleaning and 2357 $25251
Maintenance Occupations
49-0000 Installati(_)n, Maintenance, and Repair 2246 $48.628
Occupations
27-0000 Arts, Design, Entertament, Sports, and Media 2047 $65,070
Occupations
26.0000 Healthcgre Practitioners and Technical 1,669 $63.660
Occupations
47-0000 Construction and Extraction Occupations 1,282 $53,846
51-0000 Production Occupations 978  $38,006
23-0000 Legal Occupatian 708 $128,500
35:0000 Food Prgparation and Serving Related 441 $27.681
Occupations
21-0000 Community and Social Service Occupations 418 $43,796
31-0000 Healthcare Support Occupations 415 $28,317
39-0000 Personal Care and Service Occupations 282 $25,546
25-0000 Education, Training, and Library Occupations 268 $50,181
450000 Farming, Fishing, and Forestry Occupations 17  $32,076
Total 155,491 $80,110

Sources: BLS QHER®lgado, Porter, and SterRESIU.S.Census CBP

In total, RESI estimates thdte average annual wage for occupations in the Business Services
cluster in the Capital regiomnas approximately$80,110 in2015 Computer and Mathematical

119 Major occupational categories represent the highkstel occupational groupings of employees on private-non
farm payrolls. The employment data are from 2014 CBP and wage estimates are from 2015 OES.
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Occupations within the cluster had the largest number of workers in the regiibim nearly

53,600 enployed at arestimatedaverage wage of $8%@. The secondargest occupational
category in terms of employment was in Business and Financial Operations Occupations, which
employed over 22,100 workers receigan average annual wage approximately$81,705.

TheOffice and Administrative Support Occupations catedway the thirdlargest number of
employeeswith approximately21,400individualsreceivng an average annual wage of

$39854.

Using the informatiorirom Figure24 and Figure25informshow a cut in DoD funding to the
Business Services cluster would impact employment in the Capital region. A 10 percent
reductionin DoD funding to the cluster the Capitaregionwould have large negative impacts

to the NS 3 AeBoyidihit because of the large amount of funding (nearly $3.8 billion) the cluster
receives. This cut would resultanioss 0672 direct jobs from the cluster and 1,616tal jobs

in the region. Computerrad Mathematical Occupations would be expected to especially be hit
hard in this scenario, as these professions account for 34.5 percent of the total jobs in the
cluster in this region?° RESI estimates that approximately 372 jobs would be lost in this
occpation in this clustercorresponding ta loss of approximately $33.1 million in wages in

the region. Business and Financial Operations Occupations account for 14.2 percent of the jobs
in the cluster, and would lose approximately 154 jobs, resulting pnapmately $12.5 million

in lost wages. The thirthrgest los®f jobs would occur in the Office and Administrative
Occupations. This occupatialitategory accounted for 13.7 percent of the jobs in the cluster,
and would lose approximately 148 jobs, raésyg in nearly $5.9 million in lost wages in the

state. Calculations were made using the direct employnwahiesby occupational category,

from AppendixF.

Figure26 lists the top company for eacbf the ten higlestfundedclusters in the Capital region,
based on DoRllocationsto individual vendors at the cluster leveél.BAE Systenitechnology
Solutions& Servicesvas the largest compartyy annualDoDfunding for theBusiness Services
cluster, receiving approxiately $00million annually The secondargest funding commitment
by cluster was for Lockheed Martiaceiingthe greatestfundingamountsin the
Communication Equipment and Serviohsster, at an average of approximately $290 million
and $86 million anually, respectively. The thiddrgest funding commitment by cluster is for
Local Hospitality Establishments, in which Sodexoddament received an average of over
$239million annually in the Capital region. For all of the top vendors by cluster basBdD
awards, sed\ppendix F.

120 Note that occupational compositions vary at the-gigit NAICS. Since there are differing mixes of industries at
the sixdigit NAICS code level at the state and regional levels, there are different occupational proportions in
different regions.

210nly the top ten are displayed here, see Appendifor the top vendor in each cluster by DoD funding
obligations.
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Figure26: HighestFunded Company per Tepunded Clustens Capital Region
Annual Average
CompanyName Dollars Obligated

20131-2015

BAE Systems Technology Solution
Servicesnc.

Lockheed Martin Corporatiol $346,379,176

Business Services $600,429,936

Communications Equipment an

Services

Local Hospitality Establishment Sodexo Management In $239,268,456
Aerospace Vehicles and Defen RIS SRS STy Solutlon $91,85,258

Services Inc

Local Utilities International Business Machine $90,744,101
Hore IRl [SEis;, e Ee) Manhattan Hunt A Joint Ventur $74,643,269
and Development

Education and Knowledge URS Federal Services, | $50,271,994
Creation

Transportation and Lasfics Dyncorp International Ll $48,251,775
Information Technology and Hewlett-Packard Compan $46,772,419

Analytical Instruments
Local Commercial Services International Business Machige $39,869,235
Sources: RESI, USA Spending

Overall, the distributin of DoD funding in the regiomhich isconcentrated in the Business
Services cluster, parallels the findings at the state level. Interestwiglyificant awardérom

DoD funddor a contractor irthe Capitalregion have been distributed across diffate

companies in several clustetsghlighting the diverse array of companies in Hreaand the
involvement of multiple clusters in defense activigor exampleFigure26 showsBAE Systems
Technology Solutiong& Services and International Business Machines both received the largest
awards in two differentlusters

5.1.3 Capital Region LongTerm Forecast
RESI used the REMI PI+ model to forecast the impacts of DoD funding on the Capital region over
the next tenyears.1??

122RESI also conducted forecasts assumib@@ercent decrease and E0 percent increase in average DoD

Spending in Maryland, but these are not preted as they are roughly the same results but scaled up and down.
{SOlGA2y T 2F b! {2h¢ lylfeara 2F alNBflFIyRQa 5SLI NIYSyi
change analyses that are based on specific policy changes determined athiikegjh the SWOT analysis.
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Figure27: Forecasted Total Economic Impacts for all Defense Spendi@gpital Region, 2017

2026
Year Employment Output Wages\
2017 46,718 $5,878,278,23C $2,188,248,053
2018 47,070 $5,970,606,577 $2,245,369,127
2019 45,815 $5,928,580,03% $2,258,195,10¢
2020 43,919 $5,777,776,994 $2,247,614,71§
2021 41,708 $5,572,439,397 $2,220,924,72(
2022 39,472 $5,347,114,24C $2,186,419,811
2023 37,365 $5,124,550,437 $2,153,169,245
2024 35,426 $4,913,615,55¢€ $2,123,188,62(
2025 33,675 $4,718,782,532 $2,098,135,563
2026 32,073 $4,553,192,87€ $2,079,765,48¢

Sources: REMI Pl+, RESI

Figure27 showsthat between 2017 and 2016, the total impact on private #famm jobs in the
region will pe& in 2018 at an employment level of approximately 47,100, and will fall to its
lowest level in 2026, at 32,100 individuals employed. Output will peak in 2018 at approximately
$6.0 billion, and be at its lowest level of $4.6 billion in 2026. Total wagakingsfrom defense
spending in the Capital region will peak in 2019 at a level of approximately $2.3 billion, and be
at its lowest level of $2.1 billion in 2026. As spending occurs further in the future, the same
amount of money effectively purchases leas wage rates and prices increase. Notice that
predicted wages remain relatively stable, but the number of those employed declines. Output
follows a similar pattern to employment, because over time the same amount of money spent
will have a lower purchasg power for inputs, and with wages predicted to remain level, this
means that output will fall.

5.2  Central Region Overview

The Central region in Maryland is comprised of Anne Arundel, Baltimore, Carroll, Harford, and
Howard Counties, and Baltimore Cifyhis region has the largest number of employees in the

stater estimated at 1.2 million jobs in the region in 2@14nd has the seconbighest average

gl 3S 2F Y2NB GKFYy bPpuXZcnn LISNI @S| NX» tokaS / Sy i N.
Health Servies employing over 187,000 individuals at an average annual wage (for the region)

of over $55,300. Th€entralregion receives the most funding of arggionin Maryland with

nearly $8.1 billion worth of obligated DoD funding5 percent of the total allodad to the

state in an average year.

The next subsections are organized as follows: Section 5.2.1 provides an overview of the top
industry clusters present in the region by employment, wages, and location quotients; Section
5.2.2 details the top industrglusters in the region by annual DoD funding; and Section 5.2.3
presents the longerm forecast for the Central region.
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5.2.1 Central Region Overall Top Clusters

LG Aa ySOSaalNE (2 dzyRSNROGFYR GKS [/ LidiFf NB3
DoD spending impacts on the area. Focusing on the employment numbers per cluster, RESI
constructed a ranking of industry clusters in the Central region. The construction of the clusters

is based on the Delgado, Porter, and Stern definitions using 2BR4d@taWage estimates

were made using 2015 OES data.

The Local Health Services cluster is the largest overall cluster in the region and employs nearly
187,200 people and pays an average wage of $55,307. The skegedt cluster in the region

is the Risiness Services cluster, which employs approximately 166,800 people, at an average
wage of $79,025. This third largest cluster by employment, in this region is the Local Hospitality
Establishments cluster with over 109,500 employees, at an average w&gd 670.

The Information Technology and Analytical Instruments cluster is the higlagstg cluster in

the Central region, employing over 6,200 individuals at an average wage of nearly $95,482. The
secondhighest paying cluster in the region is thedfinial Services cluster, which employs

almost 27,000 people, and pays an average wage of $87,980.The Aerospace Vehicles and
Defense cluster, which employs over 7,600 individuals, has the hingitest average wage of
$85,419. Similar to the findings in ti@apital region, the Information Technology and Analytical
Instruments cluster has a relatively small number of employees receiving a high wage in the
region.

Figure28 showsthat the Central region of Marylandals six industry clusters with location
guotients for employment over 1.25. The top cluster by location quotient is the Aerospace
Vehicles and Defense cluster with a location quotient of 1.46, followed by the Environmental
Services cluster at 1.34. The othedustry clusters in the region with location quotients above
1.25 are Local Education and Training; Financial Services; Education and Knowledge Creation;
and Local Personal Services (Mvedical).
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Figure28: Top Clusters biocation Quotients Central Region

Aerospace Vehicles and Defen

Environmental Service

Local Education and Trainin

Financial Service

Education and Knowledge Creatio

Local Personal Services (Non-Medic

N-.---
)]

1 1.

SourcesDelgado, Porter, and SterRESI; US

15

The clusters with high locatiaquotientsdescribed above demonstrate the strengths of the
Central region. The area is home to several large defense contractors inclhdingckheed

Martin Corporationand the AAI Corporation, both part of the Aerospace Vehicles and Defense
cluster.Further, the area has large universities including JHU, Towson UnivergiBand

UMBC which arpart ofthe Education andnowledge clustein addition to these academic
institutions, the Johns Hopkins Applied Physics Laborgpamt of the Education and

Knowledge clusteris also located in the Central regiandis one of the largest recipients of
DoD funding in the state.

5.2.2 CentralRegiorr DoD Spending in Top Clusters

The Central regiomeceived the highest level of DoD fundimgth annualaverage of $8.1 billion
spentannuallyfor vendors based in or performing work in the regitmaddition to being the
top recipient of DoD fundig for both Maryland and the Capital regidsiness Services was
also the highesfunded cluster in the Central regiamth averageDoDspendingof $2.15 billion
annually Figure29 below shows the top ten clustarin the Central region bybligatedDoD
funding between 2011 and 2015.
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Figure29: Estimated Jobs, Average Wage, and Employment Impacts infhe Clusters by
DoD Spending Central Regio#?®

Regional Jok Average e
. PACIET CRANEL WA TEBGIIETES Supported by
Cluster Name Estimate, )
2014 2015 Obligated, DoD.
plOiNZN] Spending

Business Services 166,779 $79,025 $2,153,631,37C 11,657
Education and
Knowledge Creation 44,933 $72,797 $1,259,500,03¢ 7,401
Aerospace Vehicles 7,601 $85,419 $995,080,987 4,983
and Defense
Water Transportation 3,263 $60,955 $845,277,435 5,932
Local Real Estate,
Construction, and 105,131 $49,708 $778,528,515 6,699
Development
Local Utilities 15,065 $68,679 $401,596,981 2,501
Communications
Equipment and 4,391 $72,385 $323,817,737 1,914
Servces
Local Health Services 187,184 $55,307 $230,706,971 1,784
Information
Technology and 6,223 $95,482 $179,139,792 803
Analytical Instruments
Insurance Services 14,005 $70,072 $147,926,423 903
Subtotal 554,575 64,564 $7’315’206’€g€ 44,577
Regional Total 1,188,453 $52,491 $8,082,350,494 51,344

Sources: BLS OREMIRESIU.S.Census CBP

DoD pendingin the Business Services clusteestimated to result in over 1106 total jobs
(direct, indirect, and inducedlin the Central regionRESI estimates that this cluster employed
approximately 166,80thdividualswith an estimated average wage of $7951n 2014. The
secondlargest clusteby obligatedfundingwas the Eduation and Knowledge Creation cluster
which hadan average funding obligation of approximately $1.3 bildonually.This cluster
employedapproximately 44,90thdividuals in 2014 an estimated wage of $7297. The third
largest cluster for the Centratgion was the Aerospace Vehicles and Defense cluster, which
had an average funding obligation of $995 million, estimated employment of approximately

123This estimated employment supported by DoD funding by cluster (ififthecolumn) was calculated utilizing
the employment and wage data presented in the second and third columns. Please see Appendig @gréor
detailed mehodology.
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7,600, and an estimateginnualwage of $85,49. The subtotal row shows the total numbers for
the top ten dusters by DoD spending shownHRigure29, and theregionaltotal row shows the
overall totals for all clusters receiving DoD funding in@satralregion. To see details on the
clusters receiving DoD funding s&ppendixE DoD funding within industry clusters will not
impact all occupations or businesses in the region equally. Focusing on the Business Services
clusten the largest cluster in the Central regiorrigure30reviews employment and wage
estimates by major occupational category for the Central region.
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Figure30: Employmentand WageData by Occupational Categofgr the Business Services
Cluster Central Regiott*
Regional Jot  Average

SOC Occupational Category Estimate, 2014 Wage
2015
15-0000 Computer and Mathematical Occupations 52,231  $88,796
43-0000 Office and Administrative Support Occupatior 24,584  $39,763
13-0000 Business and Financial Operations Occupatic 23,772  $80,336
11-0000 Management Occupations 17,552 $144,754
17-0000 Architecture and Engineering Occupations 16,882  $80,942
41-0000 Sales and Related Occupations 6,849 $73,204
19-0000 Life, Physical, and Social Science Occupatior 4,621  $69,134
53.0000 Transpo_rtation ad Material Moving 4282  $29457
Occupations
49-0000 Installati(_)n, Maintenance, and Repair 2242  $48.529
Occupations
27.0000 Arts, De;ign, Entertainment, Sports, and Med 2113 $65.439
Occupations
26.0000 Healthcqre Practitioners and Technical 1933  $65.573
Occupatons
51-0000 Production Occupations 1,728  $34,031
37-0000 Buillding and Grounds.CIeaning and 1.646  $25.615
Maintenance Occupations
47-0000 Construction and Extraction Occupations 1,589  $51,507
33-0000 Protective Service Occupations 1,458 $36,639
23-0000 Legal Occupations 827 $130,591
31-0000 Healthcare Support Occupations 594  $29,095
35-0000 Food Prgparation and Serving Related 507  $27.557
Occupations
21-0000 Community and Social Service Occupations 464  $44,222
39-0000 Personal Care an8ervice Occupations 443  $25,382
25-0000 Education, Training, and Library Occupations 442  $42,354
45-0000 Farming, Fishing, and Forestry Occupations 20  $30,283
Total 166,779  $79,025

Sources: BLS OES, RESICensus CBP

RESI estimates that the aageregionalwage for theBusiness Services cluster in tBentral
regionwasapproximately$79,®5 in 2014 Computer and Mathematical Occupations had the

24 Major occupational categories represent the highkstel occupational groupings of employees on private-non
farm payrolls. The employment data is from 2014 CBP and wage estimates are from 2015 OES.
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largest number of workers in the region with more than 52, a@flvidualsemployed at an
estimatedaverage wage of $8896. The secondargest occupational categoby employment
was in the Office and Administrative Support Occupations, which employed approximately
24,600individualsreceivng an average annual wage of $383. The Business and Financial
OperationsOccupations categorwas ranked third in the region by employment level, having
approximately23,800individuals earningn average annual wage of $8863

Using the informatiorirom Figure29 and Figure30informshow a cut in DoD funding to the
Business Services cluster would impact employment in the Central region. The Central region
would also experience large negative economic impacts from a 10 percemt DoCi funding

to the Business Services cluster. A cut of ten percent would result in approximately 1,162 fewer
direct, indirect, and induced jobs in the region. Of the total jobs lost, approximately 572 would
be direct jobs in the cluster. Computer and Mainatical Occupations would be especially hit
hard in this scenario, as these professions account for 31.3 percent of the total jobs in the
cluster in this region?® RESI estimates that approximately 179 jobs would be lost in this
occupation in this clusteresultingin a loss of approximately $15.9 million in wages in the
region. TheDffice and Administrative Occupations account for 14.7 percent of the jobs in the
cluster, and would lose approximately 84 jobs, resulting in approximately $3.3 milliost in lo
wages. The thirdargest loss of jobs would occur in the Business and Financial Operations
Occupations. This occupation category accounted for 14.3 percent of the jobs in the cluster,
and would lose approximately 81 jobs, resulting in approximately $@l®n in lost wages in

the state. For these calculations, RESI used the direct employmakr@sby occupational
category,from Appendix.

While uinderstanding how the cluster and occupations are impacted by DoD funding is
important, it is alsoimportant to understand how this funding is allocated to specific firms in
the Centrakregion.Figure31 showsthe top company for eachf the ten highestfunded
clustersbased on DoRllocationsto individual vendors athe cluster level.

125Note that occupational compositions varytae sixdigit NAICS. Since there are differing mixes of industries at
the sixdigit NAICS code level at the state and regional levels, there are different occupational proportions in
different regions.
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Figure31: HighestFunded Company per Tepunded Clusterns Central Region
Annual Average

CompanyName Dollars Obligated
2011-2015
Water Transportation Lockheed Martin Corporation $820918,132
Education and Knowledge The Johns Hopkins University a
Creation Applied Physics Laboratory LLS L AR AE
Aerospace Vehicles and Defense AAI Corporation $486,257,908
Insurance Services E]:%r;gs Hopkins Medical Services $367,505,000
Business &vices Mantech Sensor Technologies, Ir $317,955,83¢9
Local Health Services éc;r:gs Hopkins Medical Services $233,027,453
Local Real Estate, Construction, Walsh/Gilbane JV $206,445,000
and Development
Local Utilities Lockheed Martin Corporation $181,973,845
Com_munlcatlons Equipment and Telecommunication Systems $98.419 347
Services Incorporated
Downstream Metal Products Lockheed Martin Corporation $78,358,575

Sources: RESI, USA Spending

Lockheed Martin Corporatiowasthe largest vendor for threef the highestfundedclusters:
Water Transportation, Local Utilities, and Downstream Metal Products, receiving average
annual funding obligations of approximately $821 million, $182 million, and $78 million,
respectively. The secoHrdrgest vendor by awds at the cluster level was The Johns Hopkins
Applied Physics Laboratory, which received an average of Gidémfillion annually irDoD
spendingn the Education and Knowledge Creation clusi#hile a corporation such as
Lockheed Martin Corporation manpt traditionally be thought of as being in the Local Utilities
or Downstream Metal Products clusters, based on USA Spending data, they have performed
work categorized as such by the DoD. For all of the top vendors by cluster based on DoD
awards, sed\pperdix F

5.2.3 Central Region LongTerm Forecast

Using the REMI Pl+ mode, Ri6&icastedthe impact of DoD funding in the Central region over
a tenyear period Figure32 shows the output from the forecast in thee@@tral region. This
forecast assumes funding levels stay at their-frear average, and are not increased for
inflation 126

126 RESI also conducted forecasts assumib@@ercentdecrease and 40 percent increase in average DoD
Spending in Maryland, but these are not presented as they are roughly the same results but scaled up and down.

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY. 85



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

Figure32: Forecasted Total Economic Impacts fidt Defense Spending Central Region,
20172026
Year Employment Output Wages\

2017 58,688 $8,015,814,97C $2,853,860,037
2018 60,126 $8,248,831,94¢ $2,972,730,88(
2019 59,181 $8,260,456,594 $3,018,042,564
2020 56,804 $8,051,504,14z $3,006,209,07(
2021 53,813 $7,743,135,39C $2,963,121,235
2022 50,599 $7,384,741029 $2,899,951,575
2023 47,524 $7,027,017,82¢ $2,835,922,914
2024 44,679 $6,686,953,667 $2,775,872,691
2025 42,119 $6,376,236,821 $2,723,600,436
2026 39,906 $6,127,098,21¢ $2,687,572,641

Sources: REMI Pl+, RESI

The total impact on private nefarm jobs in theCentralregion will peak in 2018 at an
employment level of approximately 60,100, and will fall to its lowest level in 2026, at 39,900
individualsemployed. Output will peak in 2019 at approximately $8.3 billion, and be at its
lowest level of $6L billion in 2026. Total wages resulting from defense spending in Central
Maryland will peak in 2019 at a level of approximately $3.0 billion, and be at its lowest level of
$2.7 billion in 2026As spending occurs further in the futytbe same amount ofmoney

effectively purchases less, as wage rated pricesncrease. Notice that predicted wages

remain relatively stable, but the number of those employktlines Output follows a similar
pattern to employment, because over time the same amount of mapant will have a lower
purchasing power for inputs, and with wages predicted to remain level, this means that output
will fall.

5.3 Eastern Shore Overview

¢CKS 91FadSNyYy {K2NB O2yaraida 2F [/ SOAftZ /I NRtAYS
Talbot, Wcomico, and Worcester Counties. It is the thiadgest region in the state by the

number of employees, having over 146,000 jobs with an average wage of approximately
$45000peryeat KS NBIA2y Qa fFNBSad SYLX 2@ Yduster, Of dzad S
which has an average wage of over $54,000 per year and employs nearly 27,000 individuals.
TheEastern Shoreeceives an average of $173 million in DoD funding annually, significantly

below thefive-regionaverage of $3.6 billion.

The next subsetns are organized as follows: Section 5.3.1 provides an overview of the top
industry clusters present in the region by employment, wages, and location quotients; Section
5.3.2 details the top industry clusters in the region by annual DoD funding; andr§8@&.3
presents the longerm forecast for the Eastern Shore region.
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5.3.1 Eastern Shore Overall Top Clusters

¢2 Fdzfte& dzyRSNRGIYR 525 &LISYRAY3I AYLI OGa 2y
dzy RSNR Gl YR GKS 91 aui S Niffile{ FEcRsB @ dhe @nplSyhént numb8r® 2 y 2 Y
per cluster, RESI constructed a ranking of industry clusters on the Eastern Shore. The

construction of the clusters is based on the Delgado, Porter, and Stern definitions using 2014

CBP data. Wage estimates weraade using 2015 OES data.

The Local Health Services cluster is the largest cluster in the region, employing nearly 27,000
individuals, and paying an average wage of $54,052. The séaebt cluster in the region is

the Local Hospitality Establishmemisister, which employs over 17,300 people at an average
wage of $24,374. The third largest cluster by employment is the Local Real Estate, Construction,
and Development cluster, which employs more than 12,900 individuals, and pays an average
wage of $48,93.

Aerospace Vehicles and Defense is the highest paying cluster in the region, employing
approximately 1,400 at an average wage of over $84,929. The sédghest paying cluster in

the region is the Information Technology and Analytical Instrumentseclushich employs

nearly 600 people and pays an average wage of approximately $83,467. The Financial Services
cluster has the thirehighest average wage for the region, employing 1,045 individuals with
average earnings exceeding $77,561.

Of the three rgions analyzed thus far, this region is the first to identify the Aerospace Vehicles
and Defense cluster as having the highest average wage in the region. While there are
considerably less employment opportunities in the Eastern Shore region than in tf@lGend
Capital regions, and the wages are slightly less in comparison, the wages areohigiher

Eastern Shor¢han the other more rural regions of the state.

Figure33 shows the top clusters by location quent for the Eastern Shore. The region has 21
clusters with location quotients over 1.25, indicating that much of the economic output of the
Eastern Shore is exported to other locations.
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Figure33: Top Clusters by Location Quetitst Eastern Shore Region
Fishing and Fishing Products:
Plastics
Aerospace Vehicles and Defense
Paper and Packaging
Recreational and Small Electric Goods
Hospitality and Tourism
Water Transportation
Jewelry and Precious Metals
Local Household Goods and Services
Local Personal Services (Non-Medical¥

Local Hospitality Establishments

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7

Sources: Delgado, Porter, and Stern; RESI; U.S. Census

The industries with high location quotients in the region demonstrate the comparative
advantages of the Eastern Shore, notably, accesataral resources. Fish and agticmal
commodities are produced in the area and sent to other regions, and comprise the top two
clusters by location quotient. The top industry by location quotient is the Fishing and Fishing
Products industry at 6.38, which demonstrates the importanctnisfcluster to the area and
the high intensity of labor associated with this industry. Natural resources also benefit the
region through tourism, which plausibly contributes to the strong retail, jewelry, and service
industries in the area. It could begred that the large number of clusters with location
guotients exceeding 1.25 indicate that the region lacks diversity in employment options.
Analysis of this region indicatésat DoD spending is not a strong predictor of regional
employment patterns onhie Eastern Shore, as there is such low funding allocated to this
region, compared to the fiveegion average.

5.3.2 Eastern Shore DoD Spending in Top Clusters

The DoDspert an average of approximately $174 million per yeethe Eastern Shore region
between 2011 and 201fer vendors based in or performing work in the region. At the regional
level, DoDfundingfor the Eastern Shore is consideraldgs tharthe spendingobligated to the
Central and Capital regionghe allocation of these funds across tdws in the Eastern Shore
regionis displayedbelowin Figure34.
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Figure34: Estimated Jobs, Average Wage, and Employment Impacts infbe Clusters by
DoD Spending Eastern Shore Regidf128

Regional Jok Average Annua

. Average . Jobs Supported

Cluster Name Estimate, Wage, 2015 Dollars Obligated, by DoD Spending
2014 ’ 20112015 N

Education and
Knowledge Creation 1,980 $62,875 $24,841,118 153
Production
Technology and 623 $55,179 $21,036,679 147
Heavy Machinery
Construction
Products and 586 $53,561 $19,690,751 142
Services
AETEEPEED Ve e 1,398 $84,929 $14,769,258 67
and Defense
Downstream Metal
Products 175 $53,263 $14,756,795 107
Distribution and
Electronic Commerce 5,130 $50,880 $12,003283 91
Medical Devices 652 $61,649 $11,728,084 74
Business Services 5,914 $71,651 $9,053,887 49
Information
Technology and
Analytical 564 $83,467 $8,515,272 39
Instruments
Local Food and
Beverage Processing 6,254 $32,779 $5,673,377 67
and Distribution
Subtotal 23,276 $55,651 $142,068,504.0C 936
Regional Total 132,464 $44,751 $173,764,748 1,195

Sources: BLS OREMIRESI, U.S. Census CBP

As seen irfrigure34, Education and Knowledge Creation was tihye clusterfor the Eastern
Shore which hadan average of #million inannualfunding and created an estimated 153
total jobs (direct indirect,andinduced in theregion between 2011 and 201RESI estimates
that this cluster employed approximately 2,0@@ividualswith an average wage of $25.

127 Spending figures from 2012015, employment and wage figures from 2014.

128This estimated employment supported by DoD funding bgter (in thefifth column) was calculated utilizing
the employment and wage data presented in the second and third columns. Please see Appendig @gréor
detailed methodology.
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The secondargest clusteaccording to annudlndingwas Production Technology and Heavy
Machinery.With an average funding obligation ofore than$21 millionannually, this cluster
supported arestimated 60Fobs in 2014 wittan average wage of $55,9. Construction
Products and Servicegas the thirdlargest cluster for the Eastern Shore regibavingan
average funding obligation of $19 millioim 2014, thislaster supported arapproximately 600
employees withan estimatedannualwage of $53,600. The subtotal row shows the total
numbers for the top ten clusters by DoD spending showkiginire34, and the regionatiotal

row shows the overall totals for all clusters receiving DoD funding iE#istern Shoreegion.

To see details on the clusters receiving DoD fundingAggendix E

Focusing on théop clusterby average DoD allocatioimsthe Eastern Sherregion,Figure35
provides employmenand wageestimatesby major occupational categofgr the Education
and Knowledge Creation cluster.
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Figure35: Employmentand WageData byOccupatioral Categoy for the Education and
Knowledge Creation ClusterEastern Shor&kegion

Regional Jot  Average

SOC Occupational Category Estimate, Wage
2014 2015
11-0000 Management Occupations 148 $109,950
13-0000 Business and Financial Operations Occupations 127  $64,837
150000 Computer and Mathematical Occupations 111 $73,373
17-0000 Architecture and Engineering Occupations 28  $87,204
19-0000 Life, Physical, and Social Science Occupations 155  $65,258
21-0000 Community and Social Service Occupations 43  $49,508
23-0000 Legal Occupations 3 $124,839
25-0000 Education, Training, and Library Occupations 766  $67,654
27.0000 Arts, Degign, Entertainment, Sports, and Media 75 $45.810
Occupations
29-0000 Healthcare Practitioners and Technical Occupatior 52  $73,180
31-0000 Healthcare Support Occupations 9 $36,186
33-0000 Protective Service Occupations 23  $40,391
35-0000 Food Preparation and Serving Related Occupatior 15  $27,810
37-0000 Building .and Grounds Cleaning and Maintenance 46 $30.395
Occupations
39-0000 PersonaCare and Service Occupations 31 $31,317
41-0000 Sales and Related Occupations 19  $54,433
43-0000 Office and Administrative Support Occupations 284  $37,682
450000 Farming, Fishing, and Forestry Occupations 0 $34,080
47-0000 Construction and ExtractroOccupations 10  $53,005
49-0000 Installation, Maintenance, and Repair Occupations 26  $45,601
51-0000 Production Occupations 3  $49,828
53-0000 Transportation and Material Moving Occupations 8  $35,206
Total 1,980 $62,875

Sources: BLS OES, RES.Census CBP

In total, RESI estimates that the averaggionalwagefor all occupational categories in this
clusterwasapproximately $6875. The Education, Training, and Libr@gcupationscategory
had the largest number of workers employed in the regwith an estimatedB00individuals
employed at an average wage of approximately $64, The secondargest occupational
category in terms of employment was in the Office and Administrative Support Occupations.
This category of occupations employed appnoetely 300individualsreceivingan average
annual wage of approximately $&B2 The Life, Physical, and Social Science Occupations
categoryis the seconehighest in the cluster according to employment, with an estimated 155
workersemployed at araverag annual wage of $6858.
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The leading cluster by DoD spending on the Eastern Shore helps to show that the area is not as
dependent on DoD funding as other parts of the state. Using the information Figare34

and Figure35informshow a cut in DoD funding to the Education and Knowledge Creation
cluster would impact employment on the Eastern Shore. A 10 percent cut in DoD funding to the
cluster, would result in approximalye 15 fewer direct, indirect, and induced jobs in the region.

Of these 15 total jobs, approximately three would be direct jobs lost in the cluster. For the
eastern shore, these reductions would result in no or only partial jobs being lost in the
occupatioral categories, with the exception of Education, Training, and Library Occupations. In
this occupational category, RESI estimates #HD percent decrease in funding would result in

a loss of 1.23 jobs, and $83,493 in lost wages. While reductions inuDdIdd will likely result

in some job losses in the region, they will likely be dispersed and compared to other parts of
the state, they will be relatively few both in the region.

Figure36 showsthe top companydr each cluster based on DoD funding to individual vendors
at the cluster level. Two vendqrBederal Resources Supply Company and Alliant Techsystems
Operationsyeceived the largest funding obligatiofa seven of the top ten clusters. Federal
Resourcesupply Company received the largest amount of fundingdiverclusters:

1 Aerospace Vehicles and Defense,

9 Distiibution and Electronic Commerce,

i Medical Devices,

1 Furniture,and

1 Information Technology and Analytical Instruments.
Average annual funding tihis companyor these five clusters amounts to approximately $54.5
million. Assuming that the advantage for this vendor to be located in the Eastern Shore is
access to a wider supply chain in the regiasjt supplies products from multiple clusteits,
could be argued that this firm is pivotal to the economic growth of the region, even if that
growth is lead through diversificatioAlliant Techsystems Operationsceivedthe most
obligated funding foboth the Education and Knowledge Creation and Downstrédetal
Products clusters, at an average of approximately.&inillion and $12.3 million annually,
respectively. For all of the top vendors by cluster based on DoD award&ppeeadix F.
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Figure36: HighestFunded Company perop-Funded Clusters Eastern Shor&kegion
Annual Average
Dollars

Cluster CompanyName

Obligated 201+
2015

Congtructlon Products and Sealaska Constructors, LLC $18,900,000

Services

Educgtlon ) [NaiEetys Alliant Techsystems Operations LL( $17,79,861

Creation

Production T_echnology and Globa_tl Strategies Group (North $15.606,091

Heavy Machinery America) Inc.

Aerospace Vehicles and Defens Federal Resources Supply Compar $13,222,947

Downstream Metal Products Alliant Techsystems Operations LL( $12,259,745

DUSlIbIE Eliel S ESEITE Federal Resources Supply Compar $11,479,651

Commerce

Medical Devices Federal Resources Supply Compar $11,427,692

Furniture Federal Resources Supply Compar $10,939,173

Information Technology and ,

Analytical Instruments Feceral Resources Supply Compan $7,498,863

BUSINEsS Services Globa_ll Strategies Group (North $6.939,537
America) Inc.

Sources: RESI, USA Spending

5.3.3 Eastern Shore LongTerm Forecasts

Figure37 showsthe tenryearforecast of the regional economic impact of DoD funding for the

region conducted by RESI using the REMI P+ model. The analysis assumes funding levels stay at
their five-year average, and are not adjusted for inflatiGh.

129RESI also conducted forecasts assumib@@ercent decrease and E) percent increase in average DoD

Spending in Maryland, but these are not presented as they are roughly the same results but scaled up and down.
{SOlGA2y T 2F b! {2h¢ lylfeara 2F alNBflFIyRQa 5SLI NIYSyi
chang analyses that are based on specific policy changes determined as likely through the SWOT analysis.
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Figure37: Forecasted Total Economic Impacts for All Defense Spendbastern Shore
Region, 20172026

Employment

2017 1,339 $144,970,347 $37,333,76

2018 1,428 $154,577,137 $40,520,495
2019 1,423 $156,673,910 $41,755,639
2020 1,358 $152,24,986 $41,429,539
2021 1,277 $145,754,245 $40,597,16

2022 1,186 $137,878,487 $39,304,016
2023 1,098 $129,886,665 $37,933,124
2024 1,016 $122,279,902 $36,610,276
2025 944 $115,462,734 $35,460,278
2026 883 $110,018,693 $34,648,248

Sources: REMI PRESI

The total impact on private nefarm jobs in theEastern Shoreegion will peak in 2018 at an
employment level of approximately 1,400, and will fall to its lowest level in 2026 less than
900individualsemployed. Output will peak in 2019 at apppimately $15 million, and be at its
lowest level of $110 million in 2026. Total wages resulting from defense spending on the
Eastern Shore will peak in 2019 at a level of approximately $41 million, and be at its lowest level
of $35 million in 2026 As ending occurs further in the futuréghe same amount of money
effectively purchases less, as wage rated pricesncrease. Notice that predicted wages

remain relatively stable, but the number of those employktlines Output follows a similar
patternto employment, because over time the same amount of money spent will have a lower
purchasing power for inputs, and with wages predicted to remain level, this means that output
will fall.

5.4  SouthernMaryland Overview

Southern Maryland is composed of G&MIi = / K NI Sa> IyR {(G®d-al NEQa
smallest region by workforce based on the CBP data, with an estimated 89,000 jobs in 2014 and
Fy FyydzZt 613S 2F 20SNI PnpZnnnd® ¢KS NBIA2Y QA
which emplog approximately 15,000 individuals and pays an average wage in the region of

over $78,000 per year. The region benefits from an annual average of more than $1.9 billion in
DoD funding. Within the state, this region is known as being heavily dependent®n Do

funding!%°

By o {0200 5SYLW2tF S Ifdx a{dGdd al NBEQa /2dzyieés al NBflY
Proposed Strategy (CERS) | Y A @S N& A (ilkege Pdik, d.$. Hddriomiy DeTelognnt Administration

(RevisedMay 2016): 1paccessed January 19, 2017, http://www.co.saint
marys.md.us/docs/UMD%20Recommended%20CEDS.pdf.
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The next subsections are organized as follows: Section 5.4.1 provides an overview of the top
industry clusters present in the region by employment, wages, and location quotients; Section
5.4.2 details the top industry clusters in the regionamnual DoD funding; and Section 5.4.3
presents the longerm forecast for the Southern Maryland region.

5.4.1 Southern Maryland Overall Top Clusters

This section provides an overview of the industry clusters for Southern Maryland, utilizing the
cluster cefinitions given by Delgado, Porter, and Stemprovide the proper context to
understand DoD spending impacts in the regibhe construction of the clusters is based on

the Delgado, Porter, and Stern definitions using 2014 CBP \Watge estimates wermade

using 2015 OES data.

The Business Services cluster is the largester by employment in Southern Marylaadd
employs approximately 15,100 individuals at an average wage of @78 he secondargest
cluster in the region is Local Health Seggigvhich employs approximately 13,000 peojaled
pays an average wage of $56,049. The thardest cluster, ithe Local Hospitality
Establishments cluster, which employs approximately 11,800 individtals average wage of
$24,072

The Aerospace Véles and Defense cluster is the highpaying cluster in the region,

employing an estimated 107 individuals at an average wage of $85,309. The $egbest

paying cluster in the region is Education and Knowledge Creation, which employs an estimated
1,419 people, and pays an average wage of approximately $81,056. The Business Services
cluster employs approximately 15,089 Marylanders at an average wage of $78,107, ranking it as
the third-highest cluster by earnings in the region.

Figure38 showsthat Southern Maryland hasl industry clusters with location quotients over

1.25 The Electric Power Generation and Transmission cluster has the highest location quotient
for the region with a value of 8.46. The magniguaf this location quotient can be explained by
the presence of Calvert Cliffs Nuclear Power Plant, which accounted for 40 percent of

al NBf I yRQa St SiOIDMNRIOA (e 3ISYSNI GAzZY

Blg a | N&StateyProfile and Energy Bstitess € Endrdy dnformation Administran, accessed October 17,
2016, http://www.eia.gov/state/?sid=MD.
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Figure38: Top Clusters by Location QuotientsSouthern Maryland Region

Electric Power Generation and Transmissidil
Local Personal Services (Non-Medical)
Local Real Estate, Construction, and Developm i
Local Food and Beverage Processing and Distribufiii
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SourcesDelgado, Porter, and SterRESI; U.S. Census

Southern Maryland benefits greatly from military spending. Besides the DoD funding levels that
are analyzed in this report, the region benefits frah8. Navynilitary basest? One likely

reason for the strength in thiocal clusters in the region is due to the number of government
employees who are employed in the area in relation to the relatively small number of the
overall workforce. As a result, the local clusters are latigan would otherwise be supported,
because the local industries are effectively exporting these services to the rest of the country
through the disproportionate number of government employees.

5.4.2 Southern Maryland DoD Spending in Top Clusters
The DoDspert an average of $1.94 billion per ydagtween 2011 and 201fer vendors based

in or performing work in th&outhern Marylandegion. Theallocationof DoD spendin@cross
the top-fundedclusters in the regiorcan befound in Figure39.

By {O2G0 5SYLW2tF SiG Ffor a{GP alNEQa /2dzydieés al NBf Yy
Proposed Strategy (CERS) -221 m
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Figure39: Estimated Jobs, Average Wage, and Employment Impacts infbe Clusters by
DoD Spending Southern Maryland Regio®

Regional Jok Average Average Annal Dollars JeIe]elsgSI]o]efe]gt=le!
Estimate, 2014 Wage, 2015 Obligated, 20112015 eo)YAbIe]pRS]ol=1gle[[ale

15,089 $78,107 $1,352,852,31¢ 4,824

Cluster Name

Business
Services
Transportation
and Logistics
Local Real
Estate,
Construction, 10,733 $49,757 $89,871,809 503
and
Development
Aerospace
Vehicles and 107 $85,309 $79,666,649 260
Defense
Communications
Equipment and 189 $71,246 $65,191,487 255
Services
Education and
Knowledge 1,419 $81,056 $51,880,144 178
Creation
Local Utilities 1,492 $65,550 $21,252,455 90
Information
Tecmology and
Analytical
Instruments
Local
Commercial 2,922 $51,765 $13,957,844 75
Services
Local Householc
Goods and 1,641 $33,738 $13,748,242 113
Services
Subtotal 34,021 $76,820 $1,878,544,467.0( 7,332
Regional Total 86,273 $48,508 $1,942,834,38% 7,664
Sources: BLS OREMIRESI, U.S. Census CBP

413 $49,046 $171,556,232 974

16 $86,074 $18,567,286 60

1383 This estimated employment supported by DoD fundigghuster (in thdifth column) was calculated utilizing
the employment and wage data presented in the second and third columns. Please see Appendig @gréor
detailed methodology.
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Asshownin Figure39, Busines$ervices was the largedusterby both estimated employnm
and fundingfor the Southern Marylandegion, havingan average of $1.35 billion annualDoD
spendingoetween 2011 and 2015. RESI estimates thatftiigingresulted in approximately
4,800total jobs (directindirect, and inducedlin Southern Marylad. Further, RESI estimates
that this cluster employed approximately 15,1id@ividualswith an estimated average wage of
$78,1(0/. The secondiargest clusteby obligating fundingvas Transportation and Logistjcs
whichhad averagannual DoD spendingf approximately$171 million This cluster had an
estimated 400 workersarninganannualaverage wage of $4946. The Local Real Estate,
Construction, and Development clusteas thirdlargest cluster for Southern Marylandith an
averageDoDfunding of $89million annually RES¢stimates that the clusteemployed
approximately 10,70hdividuals atan average wage of $457. The subtotal row shows the
total numbers for the top ten clusters by DoD spending showFigare39, andthe regional
total row shows the overall totals for all clusters receiving DoD funding iStheghern
Marylandregion.Details on the clusters receiving DoD fundoamn befound inAppendix E.

Focusing on the top cluster by averdgeD dlocations in the Southern Maryland regidfigure

40 providesemployment and wage estimates by major occupational category for the Business
Services cluster. RESI estimates thataherage wage for all occupatidnaategorieswithin this
cluster was $78,10in 2015.
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Figure40: Employmentand WageData by Occupational Categofgr the Business Services
Cluster Southern Maryland Region

Regional Jot  Average

SOC Occupational Category Estimate, Wage
2014 2015
11-0000 Management Occupations 1,302 $143,490
13-0000 Business and Financial Operations Occupations 1,724  $82,532
150000 Computer and Mathematical Occupations 4,023  $89,643
17-0000 Architecture and Engineering Occupations 3,191 $78613
19-0000 Life, Physical, and Social Science Occupations 721  $64,852
21-0000 Community and Social Service Occupations 37  $41,903
23-0000 Legal Occupations 34 $129,748
25-0000 Education, Training, and Library Occupations 21  $53,926
27.0000 Arts, Degjn, Entertainment, Sports, and Media 177 $67.079
Occupations
29-0000 Healthcare Practitioners and Technical Occupation 86  $61,396
31-0000 Healthcare Support Occupations 10  $30,993
33-0000 Protective Service Occupations 393  $35,476
35-0000 Food Prepartgon and Serving Related Occupations 52  $26,372
37-0000 Building .and Grounds Cleaning and Maintenance 423 $25.145
Occupations
39-0000 Personal Care and Service Occupations 5 $28,069
41-0000 Sales and Related Occupations 436  $80,914
43-0000 Office and Aministrative Support Occupations 1,632 $40,851
450000 Farming, Fishing, and Forestry Occupations 2 $32,531
47-0000 Construction and Extraction Occupations 238  $56,314
49-0000 Installation, Maintenance, and Repair Occupations 280  $49,210
51-0000 Produwtion Occupations 118  $42,717
53-0000 Transportation and Material Moving Occupations 184  $34,228
Total 15,089 $78,107

Sources: BLS OES, RESICensus CBP

The Computer and Mathematical Occupati@agegoryhad the largest number of workers
employedin the Southern Marylandegion, with over 4,000ndividualsemployed at an average
wageof $89,643. The secondiargest occupational categoby employment was in Architecture
and Engineering Occupatignshichemployed approximately 3,2000rkersreceivingan
average annual wage of over $783% Business and Financial Operations Occupatiauisthe
third-highest employment bpccupational categoryemploying approximately,700 workers
earningan average annual wage of $82%5

Regional Economic
Studies Institute

~
TOWSON UNIVERSITY. 9 9



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

Using the informatiorirom Figure39 andFigure40 informshow a cut in DoD funding to the
Business Services cluster would impact employment in Southern Maryland. A 10 percent cut in
DoD funding® the cluster, would result in approximately 481 fewer direct, indirect, and

induced jobs in the region. Of the total jobs lost, approximately 275 would be direct jobs in the
Business Services cluster. For these calculations, RESI used the direct emipl@ayuesby
occupational category, frolAppendixH. Computer and Mathematical Occupations would be
expected to especially be hit hard in this scenario, as these professions account for 26.7 percent
of the total jobs in the cluster in this regiof* RESI énates that approximately 73 jobs would

be lost in this occupation in this cluster, which would result in a loss of approximately $6.6
million in wages in the region. Techitecture and Engineering Occupations account for 21.2
percent of the jobs in theluster, and would lose approximately 58 jobs, resulting in
approximately $4.6 million in lost wages. The tHaigest loss of jobs would occur in the

Business and Financial Operations Occupations. This occuglat&eagory accounted for 11.4
percent ofthe jobs in the cluster, and would lose approximately 31 jobs, resulting in
approximately $2.6 million in lost wages in the state. Interestingly, the Southern Maryland
Business Services cluster employs more architecture and engineering occupationsethan th
other regions of Maryland.

Figure41 showsthe top company for eachf the ten highesfunded clustersbased on DoD

awardsto individual vendors. Adams Communication & Engineering Technology was the largest
vendor byDoD spendingt the cluster level in Southern Maryland, with nearly $113 million in
annual average DoD funding obligations for the Business Services cluster. Dyncorp International
wasrankedsecond, receiving over $95 million in funding from coatseclassified under the
Transportation and Logistics cluster. Neany, Inc. received the @mdl fourth-highestfunding
obligations in Southern Marylan@his companyeceived nearly $70 million in average annual
funding obligations for the CommunicatisfEquipment and Services cluster and over $31

million for the Local Hou$mld Goods and Services clusteor all of the top vendors by cluster
based on DoD awards, séppendix F

134 Note that occupational compositions vary at the-gigit NAICS. Sindkere are differing mixes of industries at
the sixdigit NAICS code level at the state and regional levels, there are different occupational proportions in
different regions.
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Figure41: HighestFunded Company per Tepundel Clusterst Southern MarylandRegion
Annual Average
Dollars

Cluster CompanyName

Obligated 201+
2015

Business Services Adams C‘ommunlcanon & $112,753,173
Engineering Technology, Inc.

Transportation and Logistics Dyncorp International LLC $95,311,156

Cdnmunlcatlons Equipment and Neany, Inc $69,791,072

Services

Local Household Goods and Service Neany, Inc $31,088,426

Marketing, Design, and Publishing  Engility Corporation $26,195,279

Aerospace Vehicles and Defense The Boeing Company $22,262,918

LocalReal Estate, Consruction, and Sheffield Korte Joint Venture $21,427,802

Development

Oil and Gas_ Production and e, 6. $17.430,278

Transportation

Education and Knowledge Creation Pae Applied Technologies LLC $13,267,918

Local Utilities General Dyamics Information $11,544,091
Technology, Inc.

Sources: RESI, USA Spending

Southern Maryland is more dependent on DoD spending than the other regions in the state, as
the $1.9 billionof DoD fundingproduces the largest amount of jobs compared to theatan

the region. The aress particularlydependent on the DoD spending in the Business Services
cluster, morethan the Central and Capital reggmwhich also had Business Services as the
highestfunded regional clustelApproximately 69.6 percent @oDspending in the region is
allocated tothe Business Services cluster, versus 26.6 percent and 48.9 percent for the Central
and Capital regions, respectively.

5.4.3 Southern Maryland LongTerm Forecast

Using REMI PIfFjgure42 shows the teryear forecast for the impacts of the defense industry
for Southern Maryland. The analysis assumes funding levels stay at theieéivaverage, and
are not adjusted for inflatiod®® The total impact on private nefarm jobs i the region will

peak in 2019 at an employment level of approximately 8,500, and will fall to its lowest level in
2026, at 6,400ndividualsemployed. Output will peak in 2019 at approximately $976 million,

1 RESI also conducted forecasts assumib@@ercent decrease and ED percentincrease in average DoD

Spending in Maryland, but these are not presented as they are roughly the same results but scaled up and down.
{SOlGA2y T 2F b! {2h¢ lylfeara 2F alNBflFIyRQa 5SLI NIYSyi
change aalyses that are based on specific policy changes determined as likely through the SWOT analysis.
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and be at its lowest level of $816 million inZB) Total wages resulting from defense spending

in Southern Maryland will peak in 2021 at a level of approximately $404 million, and be at its
lowest level of $373 million in 2017. As spending occurs further in the futuresame amount

of money effectiely purchases less, as wage rates increase. Notice that predicted wages
remain relatively stable, but the number of those employktlines Output follows a similar
pattern to employment, because over time the same amount of money spent will have a lower
purchasing power for inputs, and with wages predicted to remain level, this means that output
will fall.

Figure42: Forecasted Total Economic Impacts for All Defense SpendBguthern Maryland
Region, 20172026

Employment

2017 8,138 $923,442,341 $372,537,159
2018 8,508 $961,552,104 $389,599,61

2019 8,514 $975,722,601 $398,718,756
2020 8,335 $970,035,416 $403,272,918
2021 8,042 $951,675,915 $404,207,423
2022 7,696 $926,377,068 $402,755,485
2023 7,344 $898,%3,379 $400,651,940
2024 7,004 $870,038,528 $398,509,915
2025 6,684 $842,108,313 $396,595,379
2026 6,378 $816,214,338 $394,798,480

Sources: REMI Pl+, RESI

5.5  WesternMaryland Overview

Western Maryland is composed of Allegany, Garrett, and Washirgoamties. This region has

an estimated 102,000 jobs and an estimated annual wage of 28,6 2 Sa 0 SN} al NBf | y
largest employment cluster is Local Health Services, which employs 17,000 individuals and has

an average wage of nearly $54,000 per year inrdggon. The region receives the lowest

amount of defense spending in the state, averagipgroximately$77.4 million annually.

The next subsections are organized as follows: Section 5.5.1 provides an overview of the top
industry clusters present in theegion by employment, wages, and location quotients; Section
5.5.2 details the top industry clusters in the region by annual DoD funding; and Section 5.5.3
presents the longerm forecast for the Western Maryland region.

55.1 Western Maryland Overall T@ Clusters

This section provides an overview of the industry clusters for Western Maryland, utilizing the
cluster definitions given by Delgado, Porter, and StEotusing on the employment numbers
per cluster, RESI constructed a ranking of industry alsistetheWestern Marylandegion. The
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construction of the clusters is based on the Delgado, Porter, and Stern definitions using 2014
CBP dataWage estimates were made using 2015 OES data.

Local Health Services is ttop cluster, by employmentin the region and employs an estimated
17,007 people at an average wage of $53,938. The selewgdst cluster in the region is Local
Hospitality Establishments, which employs nearly 9,600 peaipde average wage of $24,271.
This cluster isdllowed by the LodeReal Estate, Construction, and Development cluster, at an
estimated enployment of 7,400 individuals with an average wage of $48,512.

The Information Technology and Analytical Instruments cluster is the higlaggtg cluster in

the region, employing nely 800 individuals at an average wage of approximately $95,013. The
secondhighest paying cluster in Western Maryland is the Business Services cluster, which
employs over 5,300 people and pays an estimated average wage of $78,478. The
Communications Equipent and Services cluster employs an estimated 182 individuals at an
average wage of $72,230, making it the thimdhest cluster by earnings in the region.

In addition to ranking clusters by estimated employment and average wage, RESI evaluated the
expat potential of clusters in the region using location quotieritgyure43 shows that
Western Maryland has 14 industry clusters with location quotients over 1.25.

Figure43: Top Clusterdy Location Quotients Western MarylandRegion

Coal Mining
Recreational and Small Electric Goods
Financial Services
Paper and Packaging
Furniture
Production Technology and Heavy Machineij
Vulcanized and Fired Materialg
Local Logistical Services
Textile Manufacturing
Printing Services
Local Household Goods and Services
Nonmetal Mining
Local Retailing of Clothing and General Merchandise

Local Motor Vehicle Products and Servic@s

0 051 15 2 25 3 35 4 45 5 55 6 65 7

SourcesDelgado, Porter, and SterRESI, U.S. Census
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The Coal Mining cluster is most concentrated industry in the Western Maryland region, having
the highest location quotient of 6.38. This highlights tbhenparative advantage the region has

from an abundance of natural resources in the coal andmatal mining industries. While

RESI estimates that coal mining employed only 468 people in the region in 2014, this represents
a significantly higher proportiothan the national average. The coal industry is declining on the
national level, yet as of 2014, it was still a significant economic contributor in the Western
Maryland region. The area has clusters that are manufacttfongsed, including Textile
Manufaduring and Furnitureand tend to be lowvage positions. The evidence indicates that

DoD spending is not a strong indicator for regional employment patterns in Western Maryland.

5.5.2 Western Maryland DoD Spending in Top Clusters

The DoD spends an average$77 million per year for vendors based in or performing work in

Western MarylandOf the five Maryland regions, Western Marylameteived the lowest

averageDoD fundingpetween2011to 2015.Similar to the DoD funding allocated to the

Eastern Shore ragn, this relatively low amount of funding can be an advantage to the region

by forcingother sources opendingd 2 RAJSNEAFE GKS NBIA2YaEQ TFdzyR
region more resistant tpotential economic shocks such as a reduction in DoD funding.

allocation of DoD spending across the fomded clusters in th&Vestern Marylandccan be

found inFigure44.
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Figure44: Estimated Jobs, Average Wage, and Employment Impacts infdgeClusters by
DoD Spending Western MarylandRegior36137

Regional Jok Average Average Annua Jobs Supported
. Dollars

Cluster Name Estimate, Wage, Obligated, 2011 by DoD

! S di
2014 2015 2015 pending

Local Commercial 5,668  $52,743 $25,187,985 262

Services

Business$Services 5,340 $78,478 $18,801,435 131

Education and

Knowledge Creation 193 $67,707 $13,499,036 109

Recreational and Smal

Electric Goods 501 $43,850 $4,068,317 51

Apparel 88 $41,253 $4,022,570 53

Downstream Metal

Products 289 $53,582 $2,850,041 29

Local Real Estate,

Construction, and 7,401 $48,512 $1,124,574 13

Development

Distribution and

Electronic Commerce 4,396 $46,827 $969,943 11

Local Household Good 1,840  $32,579 $862.574 15

and Services

Local Industrial

Products and Services it $45,409 $848,057 e

Subtotal 26,066 $54,205 $72,234,532.0C 684

Regional Total 67,860 $44,270 $77,359,941 736

Sources: BLS OREMIRESIU.S.Census CBP

As shown abovd.ocal Commercial Services was the largkster by funding for the Western
Maryland region, having an average of $25 million in annual DoD spending between 2011 and
2015. RESI estimates that this funding resulted in approximately 262 total jobs (direct, indirect,
and induced) in Western MarylanRESI estimates that this cluster employsdaverage of
approximately 5,700 individuals with an estimated wage of $52,743. The sdaaust cluster

by obligating funding was Business Services, which had average annual DoD spending of
approximately $18 mflion. This cluster had an estimated 5,300 workers earning an annual

136 Spending figures for 2012015, employment and wage figures from 2014.

B7This estimated employment supported by DoD funding by cluster (ififthecolumn)was calculated utilizing
the employment and wage data presented in the second and third columns. Please see Appendig @gréor
detailed methodology.
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average wage of $78,478. Education and Knowledge Creatisrihe thirdlargest cluster for
Western Marylangdhavingan average funding obligation of $13 million between 2011 and
2015. FEESI estimates that this cluster employed approximately 200 individuals at an average
wage of $67,707. The subtotal row shows the total numbers for the top ten clusters by DoD
spending showin Figure44, andthe regional total row shows the overall totals for all clusters
receiving DoD funding in the Southern Maryland region. Details on the clusters receiving DoD
funding can be found iAppendix E.

Focusing on the top cluster by average DoD allocations in the Widgkarylandregion,Figure
45 providesemployment and wage estimates by major occupational category for the Local
Commercial Services clust®&ESI estimates that the average wage for all occupational
categories whin this cluster was $52,743 between 2011 and 2015.

The Office and Administrative Support Occupaticategoryhad the largest number of workers
employed in theNestern Marylandegion with approximately 1,50@dividualsemployed at

an average wage oparoximately $36,18. The secondiargest occupational categoby
employment was Installation, Maintenance, and Repair Occupatuichemployed
approximately 700ndividualsreceiingan annual wage of approximately $484 Business

and Financial Operains Occupations/as the thirdhighest occupational category by
employment, with approximatelg00 workeran Western Maryland earningn average annual
wage of approximately $7284 between 2011 and 2015
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Figure45: Employmentand WageData byOccupatioral Categoryfor the Local Commercial
Services Cluster Western MarylandRegion

Regional Job  Average

SOC Occupational Category Estimate, Wage
2014 2015
11-0000 Management Occupations 390 $122,679
13-0000 Business and Financiap€rations Occupations 634 $72,484
150000 Computer and Mathematical Occupations 253 $78,813
17-0000 Architecture and Engineering Occupations 114 $80,662
19-0000 Life, Physical, and Social Science Occupations 20 $61,593
21-0000 Community and Social Se& Occupations 2 $47,011
23-0000 Legal Occupations 235 $106,048
25-0000 Education, Training, and Library Occupations 15 $35,434
27.0000 Arts, De;ign, Entertainment, Sports, and Media 57 $56.535
Occupations
29-0000 Healthcare Practitioners and Techri€ccupations 77 $59,945
31-0000 Healthcare Support Occupations 26 $31,494
33-0000 Protective Service Occupations 266 $27,943
35-0000 Food Preparation and Serving Related Occupatior 14 $23,388
37-0000 Building. and Grounds Cleaning and Maintenance 456 $26.466
Occupations
39-0000 Personal Care and Service Occupations 12 $24,061
41-0000 Sales and Related Occupations 390 $41,249
43-0000 Office and Administrative Support Occupations 1,465  $36,718
450000 Farming, Fishing, and Forestry Occupations 1 $27686
47-0000 Construction and Extraction Occupations 82 $46,306
49-0000 Installation, Maintenance, and Repair Occupations 733 $46,344
51-0000 Production Occupations 214 $34,306
53-0000 Transportation and Material Moving Occupations 242 $29,363
All Ocaipations 5,668  $52,743

Sources: BLS OES, RESICensus CBP

Figure4dshows? Sa 0 SN}y al NBf |l yRQa RSLISYRSYyOS 2y 525 ¥
to the Eastern ShoréJsing information fronfigure45in conjunction with information from

Figure44, RESI estimatesten percent cut to the Local Commercial Services in the region

would result in approximately 26 fewer diteandirect, and induced jobs in the region. Of the

total jobs lost, approximately seven would be direct jobs in the Local Commercial Services

cluster. Office and Administrative Support Occupations employs approximately 25.8 percent of

the total jobs in tlke cluster in this region, and would be expected to lose approximately two

jobs in this occupation in this cluster, resulting in a loss of approximately $69,064 in wages in

the region. Thdnstallation, Maintenance, and Repair Occupations account for l&@&ept of
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the jobs in the cluster, and would lose approximately one job, resulting in approximately
$43,610 in lost wages. The thilargest loss of jobs would occur in the Business and Financial
Operations Occupations. This occupation category accountetilf.2 percent of the jobs in the
cluster, and would lose approximately one job, resulting in approximately $59,011 in lost wages
in Western MarylandEor these calculations, RESI used the direct employnanesby

occupational category, froAppendixF.

Figure46 showsthe top company for each cluster based on DoD funding to individual vendors
at the cluster levet38 Aaski Technology was the largest vendor by awards at the cluster level
for Western Maryland, reziving approximately $47.5 million in annual average DoD funding
obligations. Quantetad thesecondhighest level of funding for an individual vendogceiving
nearly $22 million in annual average DoD funding obligations for the Local CommercialsService
cluster.Netconn Solutionsvasrankedthird, receiving over $Lmillion in annual average DoD
funding obligations for th&ducation and Knowledge Creaticister. Garrett Container

Systems was the largest vendor five of the topten clusters:Recreaional and Small Electric
GoodsApparel, Downstream Metal Products, Medical Devices, and Local Industrial Products
and Services. For all of the top vendors by cluster based on DoD awardgssedix F.

138 For display purposes, only the togn are displayed hereSee Appendixfor the top vendor in eachlagster by
DoD funding obligations.
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Figure46: HighestFunded Company per Topunded Clusters Western Maryland Region
Annual Average

CompanyName Dollars Obligated

20112015

Business Services Aaski Technology Inc $47,533,000
Local Commercial Services Quantell, Inc. $21,981,115
Education and Knowleddeéreation Netconn Solutions $17,485,221
Aerospace Vehicles and Defense  Sierra Nevada Corporation $14,258,590
Recreational and Small Electric Goc Garrett Container Systems, Inc $4,043,413
Apparel Garrett Container Systems, Inc $3,985,997
Distribution and Electronic Commerc Epic Aviation, LLC $3,505,187
Downstream Metal Products Garrett Container Systems, Inc $2,528,681
Medical Devices Garrett Container Systems, Inc $1,272,538
Local Industrial Products and Servic Garrett Container Systems, Inc $961,622

Sources: RESI, USA Spending

It was asserted earlier in this section that receiving less DoD funding than other regions in the
statemay bean advantage tédunding portfoliodiversification. While there is less funding

coming into this regioras shown irthe data providedn Figure46, certainvendors such as

DFNNBGG /7 2yidFAYySNI {2aGSYa LyOd I NB NBtAFIydG 2y
clusters highlighting that this vendor would be aime target for diversification outreach

efforts. The vendor is engaged in a number of clusters across the régsumming a local

supply chain, the vendor is embedded within the region albeit with a steady stream of funding

from the DoD over time. Devgding creative, nofDoD uses or funding solutions for the

products created by this vendor could be pivotal in preparing this region for fluctuations in DoD
funding.

5.5.3 Western Maryland LongTerm Forecast

Using the REMI Pl+ model, RESI forecasted thaci®pf DoD funding on Western Maryland
over the next teryears.Figure47 showsthe results of the teryear forecast focusing on the
impact on jobs, output, and wages. These calculations assume funding leveds thtaly five
year average, and are not adjusted for inflatigh.

B RESI also conducted forecasts assumib@@ercent decrease and E0 percent increase in average DoD

Spending in Maryland, but these are not presented as they are roughly the same results but scaled up and down.
Sechk2y T 2F b! {2h¢ !lyrfteara 2F al NBEflIYyRQa 5SLINIYSyid 27
change analyses that are based on specific policy changes determined as likely through the SWOT analysis.
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Figure47: Forecasted Total Economic Impacts for all Defense Spendinvgstern Maryland

Region, 20172026

Year Employment Output Wages\
2017 824 $81,185,087 $23,%5,532
2018 859 $85,456,056 $25,185,586
2019 852 $86,425,518 $25,881,237
2020 821 $84,312,964 $25,818,960
2021 778 $80,858,988 $25,372,013
2022 731 $76,584,614 $24,636,404
2023 684 $72,238,166 $23,856,449
2024 641 $68,062,528 $23,094,602
2025 601 $64,167,311 $22,385,521
2026 566 $60,958,060 $21,853,841

Sources: REMI Pl+, RESI

The total impact on private nefarm jobs in théestern Marylandegion will peak in 2018 at

an employment level of approximately 900, and will fall to its lowest lev20R6,with less

than 600individualsemployed. Output will peak in 2019 at approximately $86 million, and be
at its lowest level of $60 million in 2026. Total wages resulting from defense spending in
Western Maryland will peak in 2019 at a level of apprately $26 million, and be at its lowest
level of $22 million in 2026. As spending occurs further in the futheesame amount of

money effectively purchases less, as wage rates increase. Notice that predicted wages remain
relatively stable, but the nundr of those employedleclines Output follows a similar pattern

to employment, because over time the same amount of money spent will have a lower
purchasing power for inputs, and with wages predicted to remain level, this means that output
will fall.

5.6 Regional Summary

14 y2GSR Ay (KS AYyiUNRRdAzOGAZ2Yy (G2 GKAA aSOlAz2y:
of rural and urban populations, and this is largely reflected in the number of jobs estimated to

be located in each region. The Eastern Sh8mithern Maryland, and Western Maryland

regions are the more rural areas of the state, while the Capital and Central regions are more

urban Figure48 showsthe large disparity in the number of jobs, which is tethto overall

population, and population density, between the Capital and Central regions and the rest of the
state.
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Figure48: Total Jobs and Average Wagdeg RegioA*°
Regional Jok Regional Average

Region

Estimate 2014 Wage 2015
Capital 875,165 $54,199
Central 1,214,807 $52,630
Eastern Shore 146,615 $45,157
Southern Maryland 89,020 $49,017
Western Maryland 102,308 $47,662
Total 2,427,915 $52,402

Sources: RESI, U.S. Census CBP

Collectively, the Capital and Central @t support over 2 million of the overall 2.4 million jobs
assigned at the regional levef Additionally, the more densely populated Capital and Central
regions have the twdighest average wages of $54,200 and $52,630, respectively, which
increases the arage state wage for Marylanid? The Eastern Shore and Western Maryland
regions are the twdowest paid areas of the state, with average annual wages of $45,157 and
$47,662, respectively. In general, this aligns with the pattern that rural areas tend éoshav
lower cost of living and lower wages than urban areas. The Southern Maryland region has the
lowest number of jobs in the state, at an estimated 89,020, and falls between the two extremes
in terms of wages, with annual average earnings in the regi@4®f017. Southern Maryland is
rural, yet still has a close proximity to WashingtbnC. which gives the area a geographic
competitive advantage, resulting in a higher average wage than other rural areas in the state.

Figure49 showsthe distribution of the annual DoD funding obligations from 2@015 by

region. In addition to having the highest number of jobs and wages in the state, the Central and

/' FLIAGEE NBIA2ya NBOSAGS (K g ligatidns, dtlaeavdidgdl & 2 T
of over $15.5 billion annually between 2011 and 2015. During this time, the majority of the
remaining funding went to Southern Maryland, which received an annual average of nearly $2
billion. The Eastern Shore and Western Mand regions received relatively low amounts of

annual DoD Spending, averaging approximately $174 million and over $77 million, respectively,
between 2011 and 2015.

140 Note that due to data suppression thateurs at the county level the totals for the regions does not add up to

the total for the state, and the state average salary is higher due to inclusion of data for the state that is assigned
02 GKS agpppé O2dzydeé O2RS FT2NJ LINAGIF O8 LlzN1J2aSao

141 Note that due b data suppression that occurs at the county level the totals for the regions does not add up to

the total for the state, and the state average salary is higher due to inclusion of data for the state that is assigned
G2 GKS addpé O2dzpbses. O2 RS F2NJ LINA G O& Lz

12RESI estimated statevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. See Appendix A for more details.
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Figure49: Average Annual DoD Funding Obligations amnge@ill Employment mpact
Average Annual

Dollars Estimated Employment Percent Jobs Dol
Obligated, 2011 Impact Dependent
2015

Capital $7,685,333,30¢ 40,324 4.85%
Central $8,082,350,494 51,344 4.32%
Eastern Shore $173,764,748 1,195 0.90%
Southern Marylad $1,942,834,38< 7,664 8.88%
Western Maryland $77,359,941 736 1.08%
Maryland Total $17,961,642,87¢ 101,263 4.39%

Sources: RESI, REMI, USA Spending

To show the relative dependency of each region on DoD funding, RESI calculated the
percentage of jobs thzare DoD dependent for each regiétt.This analysis found that

Southern Maryland is the most dependent on funding, while the Eastern Shore and Western
Maryland are the least dependent. Proportionally, the Southern Maryland region receives the
largest sharef DoD spending obligations in terms of fundiogjobs ratio. Due to this reliance

on DoD funding to support jobs, the Southern Maryland region would be most affected by a
reduction in DoD funding and less likely to rebound from fluctuations in DoDrfgndi

DoD spending is primarily concentrated in three regions of the state: Capital, Central, and
Southern Marylandas shown abve inFigure49. Figure50 highlights the t@ cluster for each

region of the state by DoD funding levels. In all of the regions, the top cluster by funding also
has an annual wage greater than the average for the entire state (approximate0252,

annually in 2015)#4 The Business Services cluseraives the largest level of DoD funding,

both in the state and in the three regions receiving the most DoD fundinig.cluster receives

more than $3.7 billion in average annual funding in the Capital region and employs over
155,000 people. In the Centreegion, the Business Services cluster receives over $2.1 billion in
the Central region and employs more than 166,000 people. In Southern Maryland, this cluster
receives over $1.3 billion and employs over 15,000 people. The top cluster for Western
Marylard was the Local Commercial Services cluster, which received over $25 million in funding
20t A3l GA2YyAaT YR SYLE28SR |y SadAYlFLOSR pZIccy
funding was Education and Knowledge Creation, which received nearly $i26 miinually in

funding obligations, and employed nearly 2,000 people.

143 Note thatthis ratio in thisreport uses the estimated employment impact from REMIput$ and the total

number of jobs in a region as estimated by CBP data, described in the Methodology Section and Appendix A.

144 RESI estimated statevel average annual wages using CBP employment estimates and OES wage data from CBP
county-level data. Sedppendix A for more details.

Regional Economic
Studies Institute

™~
TOWSON UNIVERSITY. 112



The Impact of Department of Defense Funding on Industry Clusters in the State of Maryl;

RESI of Towson University

Figure50: Average Annual Funding biyop RegionaCluster
Average

) Estimaed
Cluster Name AnnualDollars Regional Jok Average Wa
Obligated  Estimate, 2014 9 20356
20112015
Capital Business Services  $3,764,580,77¢ 155,491 $80,110
Central Business Services $2,153,631,37C 166,779 $79,025
Southern g Giocs Services  $1,352,852,31¢ 15,089 $78,107
Maryland
Western LocalCommercial
Maryland Services $25,187985 5,668 $52,743
Eastern Educationand
Shore Knowledge Creation $24,841,118 1,980 $62,875

SourcesBLS OE®elgado, Porter, and SterRESIUSA Spendind).S Census

woO{LQ& AYLI OG lylfeéeaAra odzaAy3d w9aegonit b0 AYRAO
predicted to support approximately 40,000 direct, indirect, and induced jobs annually over the

nextten years. Thisamountsto A9S NOSy & 2F GKS NBIA2yQa 2206 o 3
estimated private notffarm jobs in 2014. DoD funding for ther@ral region is predicted to

support more than 51,000 direct, indirect, and induced jobs annually over the next ten years.

¢tKAa NBLINBaSyda NRdAzZAKf & noonw LISNOSyd 2F GKS N
Southern Maryland, DoD funding ispected to support 7,600 direct, indirect, and induced jobs
FyydzZ ff& 2N LILINREAYLFGSt & yoyyarhjsbhss8gfii 2F G KS
89,000 in 2014Again, these estimates assume current spending levels will be maintained and

do not accounfor inflation.

6.0 Social Network Analysis

There are many connections (ties) between the different entities (nodes) that comprise

al NBfl yRQa RSTSyaS AyRdzaliNER® / 2yySOUGA2Yya YI &
entities include people, oanizations, and agencies. By analyzing these connections for

evidence of cooperation and collaboration, it is possible to understand the intellectual

strengths present ithe stateand how people in these industries work together to innovate.
Understandingoth the skills of the workforce and the collaborative activity between industries

is important when establishing any form of future diversification strategy for the state. In the
G2N] F2NOSE AYRAGARAzZ £ aQ alAff aan®dtethal héck KA I K &
occurg such as a dramatic reduction in DoD fundken the skills of the individual can be

used in a different capacity, potentially in a different industry. It is equally important to

understand the industry collaboration for a divers#iion strategy, as economic developers

would then be aware of the linkages between industries. Therefore, if one industry suffers an
external economic shock, then it will be clear that other related industries may indirectly
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experience that shock due tt¢ innovation linkages e.g. grant funding, publications,
patentst between the two industries.

This section will identify and analyze the social networks occurring in the state that are related
to the defense industry. Through this section, the readerguiih insight on the activity
200dzZNNAY 3 gAOGKAY ySG62N] YR AYyRdzAGNE Of dza i SN
represent patents, journal articles, grant funding, and contracts (i.e. connections) between a
variety of institutions such as pelsy organizations, and agencies (i.e. nodes) for the purposes
of innovation. The section will continue as follows:
91 Section 6.Jrovides guidance on the components used in the images throughout this
section. It is imperative to review this section to getuarderstanding of the graphics
depicted here.
1 Section 6.%resents the overall innovation network in Maryland, followed by a more
detailed inspection of subnetworks to gain insight on the mechanisms of
collaboration!4®
1 Section 6.3 presents theseart andcontracts retwork, which allows for a better
examination of how the innovation networks in Maryland releaeDoD and other
government spending
T {SOGA2Y con LINSESIRRPHI KSSHEISE8IFOK adzoy Sih g2 NJ
reclassified as a node formingnaw metanetwork. With this reclassification, a node is
no longer representing an individual organization or agency; rather, it is representing a
whole network of organizations, agencies, and people.

6.1 Understanding the Innovation Network/Social Netw&rAnalysis Images
The networks throughout this section will show ties (i.e. connections) and nodes (i.e.
institutions, agencies, companies, and people) in a variety of colors. The network legend is as
follows:
1 Nodes (Dots)
o Peopleg White or Transparent
o Organizationg; Orange
0 Institutionsc
o Agencieg; Maroon
o Placeg Blue
1 Ties (Lines)
o Patentsg Purple
Research Grants (NIH, NSF, NASA)ve
SBIR/STT®RFuchsia
Federal Contracts Green

0
0
0
0 Weak Tieg

15 For more on the SNA see Appendix A.3.
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o0 Location Tieg Blue

As a general guid® understanding the images in this section, four points will be addressed:

the concept of social distance with the nodes, the centrality of the nodes, the arrangement of
the nodes, and the layout of the images. In addition to the legend outlined aboviewiag

and understanding each of these four points is crucial to comprehending the information
provided in the proceeding section. First, nodes are arranged in layouts that reflect the number
and types of interactions between thefhus des that appeaclose to one another are close

in terms ofsocial distanceSocial distance is oftaimrelated to spatial distancéor example,

most people do not work with their next door neighborthose closest in terms of spatial
distance.In fact, many people workately withothers who live far awayl hat is, they have
shortsocialdistances and long spatial distances.

Second, networksypically have &entralnodewith the size of each node scaled to measure

centrality. Therefore, he larger he node, the more adral it is to the groupThird, some of the
YySGUg2N] 3INRBdzZLJA NBE aAYLX S aadlNE ySdig2Nyla oAl
nodes that are connected only to the central node (i.e. nodes to nowhere). Other networks

have more complex structures Witmultiple interconnectionsSuch networks ardenser,

meaning that theyhavea higher percentage of all possible ties. Denser, more connected

networks tend to be rare collaborative and more resiliestnce there are multiple paths

connecting network nodesSuch characteristics are desirable in many situations. However, with

some defenseor intelligencerelated situationsother network structures including star

networkst may be more secure.

Fourth, in terms of the network layout in each image, the largestpis shownin the upper
left corner, with groups decreasing in size to the smallest group in the lower right corner.
Visualizing innovation ecosystems as whole networks in this way tends to tbxeaimain
areas in the graph that correspond in a gesl way to the secalleddvalley of deathg where
most innovation ideas die due to lack of resources to move them fordfdithese three main
areasincludethe researchcomponent the industry component, and the bridge component.
The research componenté®mprised mostly of research institutions and relatedividualg
typically along the left and top edges of the graphe industrycomponentis comprised
primarily of organizations and people engaged in private séotwvatiornt typically through
the midde of the graph to the right and bottom edges of the graph. Lastlyptidge
component which may include only a single group with agencies, organizations and people, is
visualized along with many intgroup ties throughout the entire grapls the namesuggests,
bridges span the valley of death between the research and industry compoieniscrease
clarity, the sample diagram Figure51 below highlights some of the image characteristics

“5S0f Ly . dzit SNE G¢NIyatlt (GA2yl {Natur&ssIunNIdK 2008): BiRessedh y 3 (K S
November 1, 201ehttp://www.nature.com/news/2008/080611/full/453840a.html
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Figure51: SampleNetwork Diagram

The largest group, IBM, is IBM Lockheed Martin
represented in the left side
of the graphic.

VORE The Lockheed Martin group

0SB5D has a more complex network
- structure than the star
configuration with multiple
US Amy US Navy interconnections seen
between organizations
© (orange dots) and agencies
US Ar Force (maroon dots).

Large central node
represents IBM, shown as
an organization by the
orange coloration. The
size of the node shows

the importance of this / j NN Alliant Noblelignt Fusiol
organization to the group. |

[ J
US DLOGS

US Army US Navy These nodes are close in terms
of social distance, shown by
their proximity to one
another.

Orbis 180s Creatv
1BM also has a “star-shaped” Technologies Microtech| The smallest group, Digital
appearance. Notice the small Infuzion, is shown in the
nodes only connected to IMB lower-right corner of the
through purple and green ties, diagram.
representing “nodes to

nowhere.” These types of Digital...—

networks may be more secure.

Sources: RESI, Tertius Analytics

6.2  Overall Innovation Network Results for Maryland

Prior to delving into individual networks focusing on specific types of modash as military
agencies or acadeiminstitutiong Tertius provides an overview of all of the interaction
occurring between all nodes at the state lev@lgure52 and Figure53 both show the full

network oforganizations, institutions, agencies, and individuals after grouping algorithms have
been applied. Place nodes, nodes that contain information on location, have been excluded
from this visuéization since the focus here is on functiahatather than sp@tial relationships.
Essentially, these initial figures are highlighting the innovation activity between nodes rather
than their proximity to one another. To generate these images, Tefthadyticsused the
ClausetNewmanMoore communityfinding (grouping algorithm?47

Figure52illustrates the network activity of key groups such as Lockheed Martin and Johns

Hopkins University (JHU) in Maryland. As this illustration does not includegirttep ties, it

focusesoi KSasS 1Se& FOl2NAQ O2yySOlAzya 2dziaiARS 27
between the actors in the group. For example, Lockheed Martin and the University of Maryland

W NRY [/ fldASGE ad9dWd bSHgYlFYS YR / KNRAAG2LIKSNI a22NB3X
Physical Review,no. 6 (2004)1-6, accessed November 4, 2016, http://ece
research.unm.edu/ifis/papers/communisnoore.pdf.
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Baltimore (UMB) presumably have some innovative collaborative activities, hovagare52
does not highlight these integroup ties. This information will be illustratedkgure53.
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Figure52: Overall Networkwithout Inter-Group Tied4®

Ungrouped University of Maryland Baltimore Lockheed Martin

University of Maryland College Park Stub Boeing

Johns Hopkins University *

W
/M‘
B

UMBC Honeywell SAIC

) Intelligent W. L. Gore OPNET
IBM Automation Techn...

Becton, FUNC.. WE... Mor...

iﬁg Dickinson GENE... State
Z ~ HM Jackson Univ...

Fndn Techn... Tow...Safe...

ServiceUniv...

Source: Tertiudnalyics

148The network imags in this section mayclude a group labeled "Stubhd/or a node labeled "StubThe group contains organizations
engaged in SBIR grants with one or more federal agencies andaine label should read "SBIR'he "Stub" node does not regsent an actuka
organization rather t is an error caused inadvertently by placeholder text in one of the datesfield
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{GFNOAY3I Ay (GKS dzLILISNI t ST KFEYyR O2NYSNE GKS
(maroon dots) that were suppressed due to privacy when the grouping algorithm was applied,
plus all organizational, institwonal, and individual people nodes that connect tand only ta

the agency nodes. Some examples of these agencies include the Department of the Army, the
Department of the Navy, the National Security Agency, and the Maryland Department of
Planning.

Moving beyond the ungrouped box Figure52, groups that are labeled, such as JHU and UMB,
are collections of nodes (organizations, institutions, and people) connected by one or more
types of ties (including patentsgsearch grants or contracts). As a reminder, these connections
do not include intergroup connections in the network which will be outlined in the next figure.
The group label corresponds to the most connectedenmtralnode in the group. In some

cases such as JHU this is quite clear. In other case$or example, UMB the central node is
less obvious and further investigation is often beneficial for understanding the innovation
network. When there are several nodes present in the group, this typically nieahthese
subnetworks are more collaborative and more resilient.

From understanding the nodes, the next focal point in this figure is the colored ties emanating
from the nodes. From the color legend outlined above, it is clear that the Lockheed Martin
group (dominant orange node) has a considerable amount of patent activity (purple ties). In
contrast, the universitypased gropst such as JHU, UMB, abdICR have a combination of

ties present representing patents, federal contracts, and research grants.

The second network imagé&igure53, builds on the previous figure by adding the irgoup

ties. In addition to illustrating the size and complexity of the overall netweidyre53 reveals

the importance of considering not just the independent groups such as JHU or Boeing, but also
the connections between thee groups.
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Figure53: OverallNetwork with Inter-Group Ties

Ungrouped University of Maryland Baltimore Lockheed Martin

SAIC

Inteliigent W. L. Gore OPNET
Automation 3 Techn...

Be A \FUNC... WE.. Mor...

BRGERT GENE. g State

— \ HM Jackson Univ...

) = __Fndn
R

Techn... Tow.. Safe...
ServiceUniv...

Source: Tertiudnalyics
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With the addition of the intergroup overlay, the intranetwork connections become visible,
highlighting that every group in the overall network has at least one tie to another group. These
connections are occurring between agencies, universities, andtprocanpanies. For example,
from reviewing the tiesn Figure53, JHU has patents with the Department of Homeland

Security (DHS), NASA, and many other government agencies. JHU also has a considerable
amount of weakies with UMCP, highlighting the competition or potential collaboration

between these higher education institutiod® Finally, weak ties exist between JHU and
companies including, but not limited to, IBM, Becton Dickinson, Honeywell, and Science
Applicatims International Corporation (SAIC).

As noted above, groups in which the central node is not visually clear warrant further
exploration. For these groups, their network structures are denser and more complex,
indicating that these subnetworks are more lalorative and more resilient. One of the best
examples of this phenomenon froRigure53is the UMB Group Networligure54 showsthis
grouped network with the integroup ties.

149 Weak ties can depict a potential relationship for future collaboration, competitors, or components parts in a
supply chain.
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Figure54: University of Maryland, Baltimore Group Network Detailed Groupings with Intgroup Ties

UMB Northrop Grumman UMCP
\'
J
TeleCommunication Systems Hughes Network Systems Ventner Inst. Alliant
|
‘ AAI Leidos

Stub

Hraemus Prometric

Orbis

Source: Tertiudnalyics
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Focusing on the UMB network containing many nodigjre 54 zoomsin on the groups to

view the ties between the various nodes. This figure illustrates both the ties between the
groups, as well as ties with groups external to the UMB network. This highlights the process of
drilling down through multiple lesls of the network until economic developers are able to
identify specific organizations and relationships to be explored further in the context of
promoting innovatiorbased strategies. For example, UMB has a considerable amount of ties
external to the néwork that focus on patent activity and research grants (shown as the purple
YR 2t A0S tAySa GKFG LIISEN G2 SEGSYR 2dziaARS
predominantly intergroup, having at least a weak tie to every group in the network. Beyond
the ties, these two groupsUMB and UMCP also vary considerably regarding the

prominence, or lack thereof, of the central node. UMB has a prominent central node, while the
UMCP group has a diverse array of nodes with several organizations and institutionssoag

the group.

Transitioning from focusing on the academic institutions in the overall network to agencies
involved in the overall networlgigure55illustrates the intraand internetwork ties of

agenciesThe main groups are the DHS; U.S. Army; U.S. Navy; U.S. Air Force; DoD; U.S. Defense
Logistics Agency (DLOGS); and the U.S. Department of Agriculture (Ug&DAgst majority of
organizations depicted in thinetwork are either Marylanthased (i.e. hadquartered in

Maryland) or have a substantial Maryland presence (one or more establishments in the state)
even though they are headquartered elsewhere.
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Figure55: Agency Network with IntetGroup Ties

US DHS - US Army

US DOD

USDA

MW Dept of Public Safety *

Source: Tertiugnalyics
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The network presented iRigure55is dominated by government agencies that are

predominantly working collaboratively on federal contracts (dark green ties). Thisagearcy

activity is anticipated at the federddvel. There are also patent ties (purple ties) between some

of the agencies, such as those between the Navy and Air Force, DHS and the Air Force, and the

Air Force and the Army. Somewhat expectedly, the USDA is represented in this riedgatks

a fedeal agency however, itdoes not appear to be as visually connectedhe other nodes in

the image. This makes sense as the agenmiesary objective differs fronthe defenserelated

agenciesOn closer inspectiorihe! { 5! Q& &2t S NP &sSn asifneé da severay S 6 2 N
patents (purple ties)Several companies as well as the US Army and US Navy are alseesssig

on some of those patents.

These groups offer limited information in terms of r&sice or economic developmenthere

is no evidene of innovative ativity in the public recordsThis does not mean that the
companies ar@ot innovative.However, additional information is needed from the firms
involved before economic development or resilierstrategies can be developefin

examination of the betweengroup ties reveals that many of the firms in these groups have
contractual ties to mulple federal defense agencidsirms with ties to multiple agencies are
likely to be somewhat more resilient that those with caatt ties to one singlagencyTies to
non-defense customers and markets would increase firm resilience to shocks in defense
procurement, however this information may only be obtained through direct contact with the
identified firms.

The US Army, US Navy, and US DHS grouyzsralkimilar mixes of patent, contract and SBIR

GASa (2 GKS 2NBIFYyATFGA2yas LIS2LAEWiththeée BORamdy & (0 A (i
DLOGS groups there is no information concerningaefiense market activity and economic

developers on the grand must obtain this information through direct contatikewise, many

of the organizationgorange nodeshave contract ties with multiple agencies and the analysis

in the preceding paragraph appligsowever, these networks are more complex with evidenc

of innovationrdriven economic activity including invention, patenting, andercialization

through SBIR.

The US Air Force group is far more complex than any of the other groups with adegiséy

of ties anong the nodes in the networld significat number of nodes ave ties to multiple
agenciesThere is a concentration of research institutions involved in this group along with
patent, corract, research and SBIR tidhere is a clear SBIR concentration around DARPA and
this suggests potential eaomic development opportunity to develop natefense

applications for the technologies lmgj developed by and for DARPAere are also weak ties
between several research institutions and firms, suggesting opportunities fortraekfer and
commercializéon. As with the Army, Navy and DHS groups, this group should be revisited
within the cluster analysis context.
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In addition to the interagency ties, many companies do business with these agencies and
appear in this network. The top 20 companies that mresent in the Army, Navy, Air Force,
and DoD groups can be foundRigure56. Many of the same companies show up in all four
groups inFigure56: Boeing; Raytheon; Nontbp Grumman; Intelligent Automation; Hughes
Network Systems; IBM; Telecommunications Systems; Becton, Dickinson and Company;
Lockheed Martin; and AAI.

Figure56: Top 20 Companies for MpBranchesBased onNode Centrality)*>°
U.S Air Force

Boeing Company

Northrop Grumman
Systems

Becton, Dickinson
and Company

Lockheed Martin

Raytheon Company

Lockheed Martin

Boeing Company

Northrop Grumman
Systems

Northrop Grumman : Intelligent

Systems Raytheon Company ' Lockheed Marti Automation

Intelligent Intelligent Northrop Grumman Hughes Network

Automation Automation Systems Systems

Hughes Network Hughes Network Hughes Network Boeina Compan

Systems Systems Systems 9 pany

IBM IBM IBM TeleCommunication
Systems

WSt i W. L. Gore & TeleCommunication

Systems . IBM

Associates Systems

Honeywell
Internationd

Becton, Dickinson
and Company

Raytheon Company

Becton, Dickinson
and Company

Military Medicine Inc.

Becton, Dickinson TeleCommunication = Intelligent Ragheon Company
and Company Systems Automation
Henry M. Jackson
W. L. Gore & Boeing Company W. L. Gore & Foundation for the
Associates Associates Advancement of
Military Medicine Inc.
Henry M. Jackson
: Foundation for the  OPNET .
Lockheed Martin Advancement of Technabgies OPNET Technologieg

150 As a reminder, thearger the node, the more central to the group it is, i.e. the higher the centrality the higher

the influence this company/person/agencyl/institution may have on the larger network.
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U.S Air Force

Henry M. Jackson

Foundation for the

Advancement of OPNET Technologies Stub Stub
Military Medicine Inc.

OPNET Technologies Stub Technology Service Technology Service
Stub Acterna AAl AAI
Meridian Medical

. Technologyservice | ARINC SafeNet

Technologies

Technology Service AAI Smiths Detection  Alliant Techsystems

AAl SafeNet Akonni Biosystems Smiths Detection
SURVICE

Xerox Alliant Techsystems = Engineering HsherBioservices
Company

WESTAT Smiths Detection Emergent _Space Comtech Mobile
Technologes Datacom

Oceaneering

ARINC :
International

Syntonics Syntonics

Source: Tertiugnalyics

6.3 Research and Contracts Network

To better understand howhe overall network, depicted iRigure52 andFigure53, relatesto

DoD and other government spendirntye research andantractsnetwork was created using
only ties relating to research grants (olive ties), SBIR/STTR grants (fuchsia ties), and federal
contrads (dark green ties) with DoD agencies. The networks reviewed in this section only
highlight activity relating to the aforementioned grants and contracts; therefore, things like
weak ties (lime green ties), which impacted the view in the preceding figoaes, been
removed from the proceeding figures. By focusing specifically on the grant and contract ties
after these other variables have been removed, different array of networks or-imatvork
activitymay be revealedrigure57 shows the research and contractetwork with only these
connections. With this configuration there are far fewer connections between the main
subnetworks, yet there are still important linkespecially between the university
subnetworks.
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Figure57: Research and Contracts Netwogk.arge Group$?!

Johns Hopkins University Lockheed Martin University of Maryland College
Park

SAIC

I Henry M. W. L.
Jackson Gore &
FoundationAssociat...

Intelligent
Automation

/LLMBC>6ﬁNETWESTAT North Acter.. The

Techng.. B Caroli.—8— Ohio
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= TowsonARINCScien.. Osiris

a5 i » ,/%/" % = — = — s uuUS Nav‘;:e\ 2 E
— e ——— — / S,UQ\ 3 FUNCT..Universi.. &.. Ther...
- e 4 . GENE.™==—"0CE.Sm.. No..Eat.

e 78 Becton, Dickinson' \\SafeNet INTE - Det...
and Company~. c
> Techno... MC:;}... Steris Akonn...
Service - Morgan
State Emer.: F|SH.: Fast..
Universi... BIOS..

Source: Tertiudnalyics

1T easily access the information in this figure, it has kestited withties to smallegroups(that would appear in the bottom right cornpremoved.These
groupsrepresent teams of people (inventors or researchers) that are connected directly to one or more agencies through paésearoh igrants
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When focusing on the grants and contracts, many of the same groups aipgeigure57 as

were depiced in earlier figures looking at the overall networks. For example, large universities
such as JHU, UMB, and UMCP are still located in pivotal positions on this image. Comparing the
previous figures and the current figure, there are some anomalies foworcexample, the

relationship between the Navy and universities is more prominent in the current infagere

57. In addition, the smaller groups that did not appear in previous figures provide more of a
variety ofconnections across Maryland, including Morgan State University, Towson University,
and Westat. Connections focusing on grants and contracts witfobstate institutions are also
depicted in this figure, notably: North Carolina State University and thie State University.

This section &as provided an overview of the research and contraetsvork While many of the
same academic institutions and private companies are represented in both the laverabrk

and the research andatractsnetwork, by renoving the weak ties and the patent ties, this
section has highlighted a more diverse array of collaborators both in Maryland and outside of
the state. Up until this point, the report has drilled down into the overall networks identified in
Section 6.2. Maing forward, the overall network will be described as a matawork, in which
each group from the overall network is represented as a node in a new network. Rather than
denoting a person, company, agency, or institution, in rretaworks, nodes will re@sent an
actual group.

6.4  Innovation MetaNetworks

This section focuses on the metatwork, where the intergroup ties in the overall network
become the ties connecting the group nodes. This new metavork graphin Figure58is

literally a network of networks, in which each node represents the entire subnetwork within

the designated group. The node labels correspond to the most central actor in each group from
the overall network.
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Figure58: Maryland Innovation Meta-Network
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The name of each network in the metetwork is located in the topight corner of each sub

box. The color scheme for the nodes varies slightly in this figure and the next figure with
institutions now represented as pink nodes, with orange nodes and maroon nodes continuing
to represent organizations and agencies, respectively. The ties colors remain the same for
meta-networks, with fuchsia ties for SBIR/STTR collaboration, purple tigafents, lime

green ties for weak ties, and olive ties for research grants.

Reviewing the metametwork information presentedn Figure58, two of the groups here

Industry and Northrop Grummagare predominantlycompanybased with patent and

contractual ties. Three of the groups are focused on research at JHU, UMB and UMCP. The
remaining groups are largely built around SBIR and weak ties. Such ties are often indicators of
active or potential commercialization aitiy.

The network depictedh Figure59 usesthe same network model as the previous imageure
58, but uses the ClauséewmanMoore grouping algorithm, yielding thregroups: an industry
group, a research group (mostly universities) and an SBIR/STTR/Bridging group.
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Figure59: Maryland Innovation Meta-Network with ClausetNewmanMoore Groupiry
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The arrangement illusttad in Figure59is particularly useful for applications related to

dzy RSNR Gl YRAY 3 (GKS a@ltftSe 2F RSIHGKdh ¢KS @I ff
researchers who are trying to cross the bridge betweenducting innovative research and

bringing the innovations to market. This valley can be applied to any type of research but it is
commonly discussed in regards to biomedical research where studies are condwéted

through federal funding but there s a gap between the research and the patients for whom

this research would benefif? In regads toFigure59, the meta-network highlight that the

bridge, where researchers can avoid the valley of death, betweararek and industry is

present in Maryland through the SBERidge group (top right corner).

Using an array of data sources ranging from patent data to federal contracts, this section has
highlighted the collaboration between organizations, institutioagencies, and people in
Maryland. The following section will use the information derived from the SNA and well as the
cluster analysis sections to discuss the two topics together. In addition, the following section
will highlight an emerging cluster thatas derived from the SNA. As the emerging cluster is a
combination of other clusters thatere originally identified in&tions 4 and 5such as
Telecommunications and Aerospace and Defense, it will be analyzed in Section 7.

7.0 Combination Cluster Socgal Network Analysis

This section relates theetworks found using th&NA in Section® thoseclusters identified in
the state and regionallasteranalysis $ections 4and5), where possible Connecting the SNA
with the clusteranalysishelps to provi@ further context for how thenetworksand clusters
relate to economic development in Marylajahd identify priorities for potential policy
interventions

Section 7 will continue as follows. Section 7.1 reviews#tevork clusters identified bthe
SNAIn relation to the industry clusters presentea $ections 4 and 5. Section Wil review the
emerging cluster that was identified in the SNi&veloping fronseveral clusters identified in
Sections 4 and 5.

7.1  Overview of Identified Clusters

The clugers discussed in this section are derived using two different datasets using different
methodologies Industry clustersvere created from a review @mployment data which tends
to lagbehindinnovationbased data (patents and research grants, for exajnpéed to

construct network models. These clusters rely on aggregated employment levels in industry
classificationge.g.NAICSodes)that are inflexible, slow to change, and subject to data
suppression when the number of firms is small. In compariseaSINA produced network
clusters thatare basedn actual innovation interactions between organizationsot

125 SOt Iy . czif SMBykENWwWSaSHNOKY / NrPadaiAy3d GKS 1 ftSe 2F 58
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classifications. These clusters may not align to the industry clusters, indicating an emerging
cluster that industry cluster methods cannot yet ddteEherefore, network clusters may be
detecting activity in emerging industrigadustries for which data maye suppresser for
companies that do not fit easily into existing NAICS classifications.

While industry clusters offer a useful hidgvel vew of state or regional economic structure,
network clusters offer details on the structlmactivity of the innovation ecosystems within

local industry clusterdNetworkclusterscan reveal characteristics thatdustry cluster analysis
cannot such as uique or emerging clusters, and cluster adaptatidhgs important to note

that network cluster analysigenerallyaffirms the findings of industry cluster analysis and
enhancedhose findings with additional details. Both methodologies support the same o
similar underlying theoriesand there are no known instances of network analysis contradicting
industry cluster analysis.

Compaing thenetworksand industry clusters yields three groups of network clusters: clusters
that align well with industry clusts; clusters that are misaligned or that align with pieces of
multiple industry clusters (local adaptations); and clusters that do not correspond well to any
existing industry cluster (emergent clusterSjuster strategies vary for each of these three
groups.This section will reviewhe first and third type®f network clusters.

Tertius Analytics identified fiveetwork clusterghat align with the industry cluster digfitions
(as defined by Delgado, Porter, and Stean)l are significant for innovatian Maryland.Four
2F GKS TAGS a2 O0Al findugtydust@skbeived la@e didibia affindiRg. y 3
from the DoD, averaging over $10 billion annuallya groupas showrin Figure60.1>3 The top
vendorfor the highestfunded clustes, at both state and regional levéd,presented in
AppendixF. The top vendor for services performed relating to each cluster, and the amount
they received in rewards for services in that cluster on average annually were:

1 Business Servicedantech Sensor Technologies, .I(®318 millior);

1 Aerospace Vehicles and Defeng®Al Corporatior{$486 million;

1 Communications Equipment and Servicé®ckheed Martin Corporatiof$348 millior);

1 Information Technology and Analytical Itreiments: Hewlett-Packard Compan{45

million); and
1 BiopharmaceuticalsAceRx Pharmaceuticals, Inmearly $13 million.

153 Biopharmaceuticals is presented even though it received relatively little DoD funding, as it helps to provide
2OSNItf oF OL3aNRBdzyR 2y I al NEflyRQa SO02y2Yed
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Figure60: DoDFunding Estimated Jobsand Average Wages for Top Maryland Cluster
Networksldentified by the SNA

Average Annual Average

Statewide Job

Cluster Dollars Obligated, . Wage
20112015 Estimate, 2014 2015

Business Services $7,299,282,121 315,659 $76,688

Aerospace Vehicles and Defense $1,240,767,97¢ 10,881 $85,290

Com.munlcatlons Equipment and $1,103,423,851 10,725 $73,561

Services

Informgtlon Technology and $438.013,070 12,456 $94.160

Analytical Instruments

Biopharmaceuticals $35,802,625 5,528 $75,051

Selected Clusters Total $10,117,289,64¢ 355,250 $77,444

Sources: BLS OES; Delgadoiel, and SternRESIU.S Census CBP

These top clusters employ over 355,080ividualsand pay an average annual wage of
$77444t significantly highethan the state average of 402 Based orthe presence of

these clusters in the SNA, theiselustriesare not only attracting a considerable amount of DoD
fundingr thereby supporting jobs and wage$ut are also hubs of collaborative activity. This
trifecta of wages, employment, and collaboration makes these clusters of significant
importance to the stateparticularly regarding their stability the future, with the potential
reduction in DoD funding.

Using these five clusters, as well as émergingMaterialscluster(forthcomingin Section 7.2
a network cluster image was developerhis image, stvan belowin Figure6l, illustratesthe
collaborative activity that would most closely align with industry cludtfinitions
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Figure61: Network Clusters that Align with Indstry Cluster Definitions
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The nodes and ties iRigure61 are not colored coded in the same way as previguageshave
been. For example, the lines are depicting a connection thattisiefinedas a patent or a
research grant as in the previous figur&s addition, the color coding does not vary between
agencies, organizations, institutions, etc.; rather, it varies by the group being reviéeed
example, all of the nodes in the Bjooup in the bottom left corner are green. The color depicts
that all of the nodes contribute to the Bio cluster. Additionally, the size of the node highlights
the level of influence that actor(s) has in the cluster, with the larger node having more
influence.Furthermore, m severalgroupE G K SNB A whichreprederisteafrd & S
people (inventors or researchers) that are connected directly to one or more agemhisss
most noticeable in the G12, G5, and G29 nodes in the Aerospace and Deigstse. Cl

For this figure, the agencies, places, and major university nodes were removed. The groups
were then exported and relustered with individual nodes representing each group. Because
companies tend to be the central nodes of each group, this yredtisork clusters that

generally correspond to identified industry clusters. The cluster labels in this network image
match specific industry clusters from tl&ections 4 and.S5roup names have been added to

the network image that align with the industgyuster names. As with previous similar

networks, these group names correspond to the largest, most connected node in each group.
The larger the node, the more influence it has within the group. Each node in the network
above may represent multiple firmsd institutions in addition to the one listed.

While the agencies, places and universities were stripped away to highlight the industry cluster
in Figure61, the following subsections will review each industry cluster as a network cluster,
adding in thenodes observed in previous images. The ties as well as the node colors will be as
follows:
1 Nodes (Dots)
0 Peopleg¢ White or Transparent
o Organizationg Orange
0 Institutionsc
0 Agencieg; Maroon
o Placeg; Blue
1 Ties (Lines)
o Patentsg Purple
Research Grast(NIH, NSF, NASADIive
SBIR/STTRFuchsia
Federal Contracts Green
Weak Tieg,
Location Tieg Blue

o OO0 oo
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7.1.1 Business Services Cluster Network

TheBusiness Servica@sdustrycluster received an average of nearly $7.3 billion annually in DoD

Fdzy RAy3a 0Si6SSY Hnmm YR HamMp® ¢KA& Of dzad SNI A
over 315,000 individuatsthe secondargest cluster by employment in the state. As detailed in
Appendixl, the Business services cluster in Maryldragan averagennual wage of $7688.

The cluster provides higivageskilled jobs in Maryland, andba £  NAS A YL} OG0 2y a
economy creating an estimated 358Hbbs inthe state,asdetailedin Section 4.1.2.

TheBusinessSServicegluster has 282 unique corpaniesreceiving DoD funding that are
located inor performingwork in Maryland, identifiedby Data Universal Numbering System
(DUN$ number.Figure62 shows thel3 vendors with unique DUNS numbers that recdigeer
$100 million in average annual funding. BAE Systems Technology Solutions & Serviges Inc
the largestindividualvendor,receivingan average of more tha®600 millionfrom the DoD
annudly.

Figure62: Maryland Top BusinesService<Lluster Vendors by DoD Averagenual Funding
per Company

Average Annual

Vendor Name Dollars Obligated

20112015

103933453 BAE Systems Technology Solutions & Services Inc. $600,429,936
845451228 Mantech Sensor Technologies, Inc. $317,955,39
836196972 Lockheed Martin Integrated Systems,.Inc $309,643,213
083070925 URS Federal Technical Services, Inc. $270,932,008
147286186 Lockheed Martin Corporation $226,166,689
041014242 Honeywell Technology Solutions Inc. $185,512,165
091808832 Northrop Grumman Systems Corporation $165,554,674
805258373 Lockheed Martin Services, Inc $130,423,259
067641597 General Dynamics Information Technology, Inc. $126,395,139
835130485 International Business Machine $124,102,785
073871048 URS Federal Supp@ervices, Inc. $113,995,115
008046331 Adams Communication & Engineering Technology, In $112,753,173
075916762 Booz Allen Hamilton Engineering Services LLS $100,163,093

Sources: USA Spending, RESI

In terms of its collaboration capacityhe network ¢uster, illustrated inFigure63, is structured
much like the Informatin Technology cluster networkg&ion 7.1.4), with Lockheed Martin
representingthe largest staishaped subnetworkThroughthree combined enities, Lockheed
Martin Integrated Systems, Ind.pckheed Martin Corporatigand Lockheed Martin Services,
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Inc, Lockheed Martimeceives the largest amount @fndingfor this cluster:> The network

groups withthe & A Y LJ Sappiaraindébdiie one centrbnode surrounded by many other

nodes that are connected only to the central node (i.e. nodes to nowhere). However, unlike the
Information and Technology and Analytical Instruments cluster network, the smaller
subnetworks are not well defined or developehd they all have some connection to

Lockheed Matrtin.

154 As noted above the SNA uses patents, resegrahts, SBIR/STT&d federal ontract data for the analysis
The cluster analysis and the DoD vendor list uses USA Spending data, and the lists given in the vendor charts may
or may not appear in the SNA database.
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Figure63: Business Services Clustdetwork

Source: Tertiudnalytics
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Another difference between Business Services and Information and Technology and Analytical
Instrumerts is that while Lockheed Martin is at the center of a large star network, there is clear,
albeitlimited, interaction among other nodes in the cluster. This suggests that while Lockheed
is clearly the dominant player, they may be open to collaboratiors dlso might suggest the
emergence of a cluster around business services where Lockheed Martin has enjoyed market
dominance for many years.

7.1.2 Aerospace and Defense Cluster Network

According to the industry cluster analysis in Section 4, the Aeresygabicles and Defense
cluster received over $1.2 billion in DoD funding obligations, on average, between 2011 and
2015. Ashownin Appendix.2, this cluster employs over 10,800 individuals, and pays an
average wage of $85P. The cluster is estimateisb employ 10,881 individuals amdeate

5,418 jobsas a result oDoD spending.

TheAerospace and Defensduster has 370 unique companiexceivingDoD fundinghat are
locatedin or performing work in Marylanddentified by DUNS numbefigure64 showsthe 12
vendors receiving at least $20 millionannualfunding. AAI Corporatiowas the largest
vendor, receiing an average afearly $473 milliorannually Note that Northrop Grumman
Systems Corporation shows upthe list multiple times because it received funding under
distinctly different entitiesas defined by DUNS numbers.

Figure64: Maryland Top Aerospace and Defense Cluster Vendors by DoD Avénageal
Funding petCompany

Average Annual
Dollars
Obligated 201+
2015

Vendor Name

003090198 AAI Corporation $472,522,668
091808832 Northrop Grumman Systems Corporation $125,976,82

784127763 Northrop Grumman Systems Corporation $119,354,134
103933453 BAE Systems Technology $ohs & Services Inc. $91,826,258
830660739 Agentase, LLC $80,061,844
800131955 Northrop Grumman Systems Corporation $60,222,174
074946559 TCOM, Limited Partnership $49,675,553
194239018 Smiths Detection Edgewood Incorporated $39,800,645
108994732 Raytheon Company $24,506,039
149879157 The Boeing Company $22,262,918
003253788 Thales Communications, Inc. $21,006,153
608461898 Dyncorp International LLC $20,023,610

Sources: USA Spending, RESI
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Asdepictedin Figure65, the Northrop Grumman grougepresentsthe core of the Aerospace
and Defense network in Marylan@hrough various entitieshe company receiwkthe second
largest amount of DoD funding in the state at over $245 miblionually*®® The groupexhbits
complex structure and potential (weak) ties between multiple large and small firms, most
notably Northrop Grumman, Lockheed Martin, IBM, Telecommunication Systems and Earth
Networks; major Maryland research institutions including UMCP, UMB and JHfedaral
agencies including DHS and Commerce. As a reminder, weak ties connect nodes that either
have an existing relationship as competitors or as part of a supply chain (i.e. not innovative
collaboratior) andhave the potential to cooperate.

155 As noted above the SNA uses patengsearch cants, SBIR/STT&hd federal ontract data for the analysis
The cluster analysis and the DoD vendor list uses USA Spending data, and the lists given in the vendor charts may
or may not appear in the SNA database.
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Figure65: Aerospace and Defense Clustdetwork
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The Thales grouglso exhibits some internal complexity with multiple membefidhales

Defense & Securitgnd Thales Corporation along with other firms and agenciesluding the

U.S. Air Force, DLOGS and DoD. This is denoted in the group by a number of nodes,
representing both agencies (maroon) and organizations (orange), of the same size or the same
influence.Additionally, the U.S. Army and Navy each have a disgnoup, however the

structure of the groupare notably different. The U.S. Navy group shows extensive direct
patenting activity, which likely reflects invention at NAS Pax River, Bethesda Naval Hospital, and
residences of inventors assigned to the Naasearch Lab in WashingtonCDIn comparison,

the U.S. Army group shows limited direct patenting activity, focusing instead on federal
contracts (with a number of weak ties present). Bttbe U.S. Army and Navy groups show
extensive connections to otheorporate groups, and the Arngroups has some withigroup
companies, most notably Simquest (located in Annapolis, MD) and Tecore (located in Hanover,
MD).

7.1.3 Communications Equipment and Services Cluster Network

As detailed in the industry clustenalysis in Section 4hé Communications Equipment and
Services cluster receiveth average obver $1.1 billion irmnnualDoD funding obligations

between 2011 and 2015. Appendi8 shows thathe Communications Equipment and Services
cluster employs ovet0,700 people and pays an average wage of 87B,The cluster has a

similar, disproportionately large impact on the economy as the Aerospace Vehicles and Defense
cluster. The Communications Equipment and Services cluster is estitnagatploy 10,725
individuals, anctreate 5,586 jobss a result oDoD spending.

The Communications Equipment and Servidaster has 717 unique companieceivingDoD
fundingthat arelocated in or perfornmgwork in Maryland identified by DUNS nuper. Figure

66 showsthat of the unique vendors in the data set, there are 10 that receive over $20 million
in average annual funding. Lockheed Martin Corporatias the largest vendoreceiwng over
$336 millionannually.
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Figure66: Maryland Top Communications Equipment and Services Cluster Vendors by DoD
AverageAnnual Funding perCompany

Average Annual

Vendor Name Dollars Obligated
2011-2015
834951691  Lockheed Martin Corporation $336,163,172
19697(%03 Telecommunication Systems Incorporated $98,419,34
103933453  BAE Systems Technology Solutions & Services Inc. $76,381,088
179328117  Neany, Inc $69,791,072
127190358 Intelsat General Corporation $65,283,120
003253788  Thales Communications, Inc. $44,504,216
803186295 Comtech Mobile Datacom Corporation $34,888,460
148549087  Iridium Satellite LLC $34,144,323
069373090  Motorola Solutions, Inc. $26,700,962
784127763  Northrop Grumman Systems Corporation $20,526,498

Sources: USA Spending, RESI

TeleConmunicaion{ @ 3G SYad LyO® Aa |G GKS OSYdGSNI 2F (KAa&
despite its size, it exhibits a classic star configuration withifé@r-network member ties. This

type of network structure has useful security and control characteridtigsis also

characterized by limited collaboration activity and limited resilience. Essentially, if
TeleCommunicatio®ystems Inc. suffers a shock, all of the other nodes in the cluster will be

affected with no visible alternative markets for collabocatior sales. TeleCommunication

Systems Inc. also is important to the cluster in terms of DoD funding, receiving the second

highest amount ain average of more tha®98 million annually>®

156 As noted above the SNA usedes, research gnts, SBIR/STT&hd federal ontract data for the analysis
The cluster analysis and the DoD vendor list uses USA Spending data, and the lists given in the vendor charts may
or may not appear in the SNA database.
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Figure67: Communications Equipment anflervices Clustexetwork

Source: Tertiudnalytics
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