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I. EXECUTIVE SUMMARY

CROSSBOW: A high-speed, rapidly deployable, integrated and distributed naval force with a primary mission of forward presence, littoral sea control, forced access, and access maintenance, in low to moderate threat environments around the globe.  CROSSBOW is capable of augmenting and enhancing carrier battle group operations in high threat environments.

The Naval Postgraduate School (NPS) CROSSBOW Report consists of five volumes, of which this is the first.  Volume I is a product of the Systems Engineering and Integration (SEI) curriculum.  It integrates and summarizes CROSSBOW’s elements and missions and provides conclusions and recommendations.  Volume II, a product of the Total Ship Systems Engineering (TSSE) capstone design course, provides a detailed report of the SEA ARCHER ship design.  Volume III, a product of the Aeronautics and Astronautics Department’s capstone design course, is a detailed report of the SEA ARROW aircraft design.  Volume IV, a product of the NPS Graduate School of Business and Public Policy, provides a CROSSBOW logistics framework.  Finally, Volume V is a repository for the SEI CROSSBOW Specialized Supporting Studies, as well as various background material and references.  

A.
Background

The CROSSBOW project took shape at the Naval Postgraduate School (NPS) in response to an enquiry by the President of the Naval War College (NWC) in October 2000.  The central intent was to investigate the extent to which new technology and a changing world should cause us to rethink the relative merits of dispersion versus concentration and attendant economies of scale.  Specifically, he proposed studies to determine the feasibility of, and potential for, the “Corsair” -- a very small, high-speed
 aircraft carrier concept for distributed operations in littoral waters.  The NWC had developed and outlined the notional concept that featured high-speed aircraft carriers as a complement to large carriers with an emphasis on obtaining access when opposed in littoral waters.  Each Corsair would operate approximately 7 Joint Strike Fighters (JSF) and 2 helicopters. NPS students and faculty were given wide latitude in the conduct of the study.  It is important to note that there was no specific mission need provided.  Guidance given to the students was to take a hard-nosed, skeptical look at the possible capabilities.

An exploratory study of this breadth required a level of interdisciplinary collaboration not previously attempted at NPS, and not possible without recent curriculum and organizational changes.  However, project planning for the yearlong study was constrained by existing schedules for the ship and aircraft capstone design classes and by faculty availability, thereby resulting in some academic artificialities. 

NPS elements contributing to the project are presented in Figure 1.  The second cohort of students enrolled in the Systems Engineering and Integration (SEI) Curriculum were assigned CROSSBOW as their integration project.  Students in the Total Ship Systems Engineering (TSSE) Capstone Ship Design Courses constituted the ship design team.  The Capstone Aircraft Design Courses provided the air vehicle design team.  

Students from the Graduate School of Business and Public Policy produced a thesis on the requirements and cost of CROSSBOW logistics and maintenance.  Another contributing thesis explored a free electron lasers as “electric warship” weapons.  In addition, the Operations Research Department tailored an existing campaign analysis course for the express purpose of evaluating a notional CROSSBOW force in scenarios representing the full spectrum of conflict.  Also, the project benefited greatly from expertise and advice provided by the Electrical and Computer Engineering Department, as well as the Meteorology and Oceanography Department. 

Allied officers made significant contributions to the CROSSBOW effort.  Eight of the fifteen SEI-2 students were combat officers from the Singapore Armed Forces.  The eleven members of the ship design team included two naval officers from Turkey, one MOD civilian from Singapore and one naval officer from Greece.  Finally, senior naval leadership, Navy and government laboratories, and industry visitors provided valuable insights and inputs.
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1: CROSSBOW Project Organization


B.
Considerations 

We learned the following in the process of defining the CROSSBOW force.

(1) CROSSBOW is not a suitable candidate to replace a Carrier Battle Group (CVBG); 

(2) CROSSBOW platforms are best designed as “combat consumables”
, austerely manned, intended for short duration cyclic operations, and whose loss can be sustained without catastrophic degradation of mission capability;

(3) The force was structured to best advantage as a high-speed, distributed force exploiting advances in Network Centric Warfare and distributed logistics;


(4) As such, it had significant potential for independent operations that contribute to the Navy’s global capabilities.  

For study purposes, ship and aircraft designs were limited by a 2012 technology maturation date.  However, less integrated subsystems and weapon design concepts used a maturation date of 2020.  As the centerpiece of the CROSSBOW force, students chose a high-speed ship design that supports an air wing comprised primarily of Unmanned Air Vehicles (UAVs).  This was done for the following reasons.

(1)  Such a  CROSSBOW force was thought to be more affordable; 

(2)  A force like this had not yet been seriously studied; 

(3)  Such a force concept is clearly dissimilar to current CVBGs;

(4) Such a force, combined with maturing UAV technology, would be a significant move toward unmanned naval flight operations. 

The United States Navy has recently begun to explore seriously the concept of a small, distributed littoral surface combatant, first referred to as Street Fighter and now known as SEA LANCE
.  The original concept lacked organic air cover and a viable scouting capability, both of which are critical for mission success
.  The CROSSBOW force we defined combines a SEA LANCE variant, called SEA LANCE II, with SEA ARCHER, a small, high-speed aircraft carrier (or UAV Tactical Support Ship)
, and SEA QUIVER, a notional high-speed support ship.  The SEA ARCHER air wing is comprised of 8 multi-mission SEA ARROW Unmanned Combat Air Vehicles (UCAVs), 8 support UAVs with multi-mission capabilities, and 2 MH-60 multi-mission helicopters.

C.
Why Force Distribution?

Analytical results obtained from the quantitative analyses shown in Volume V indicate that distribution of offensive and defensive power offers the following advantages in general:

· increased force effectiveness;

· flexibility to act in more places at the same time;

· denial of the enemy’s opportunity to exercise concentration of firepower;

· increased robustness of a fleet in that the fleet still maintains a significant portion of its original capabilities even after sustaining predictable losses;

· increased robustness and connectivity given a distributed command and control architecture;

· increased requirement for enemy surveillance to detect the distributed fleet and complication of the enemy’s acquisition and targeting problem;

· increased flexibility in fleet composition to meet a variety of mission requirements.

Distribution also allows the fleet the opportunity to employ numerous small ships to carry its firepower. A distributed fleet of small ships provides a number of inherent advantages, among which are the following.

· Small ships are inherently more defendable by soft kill defenses because of their size.

· Small, powerfully armed ships are suitable for high-risk missions, sanitizing dangerous waters for high-value ships.

· An increased number of combatants  allows for faster searches and more accurate situational updates, particularly in the littorals. 

Though those advantages are important, the logistical and communication support required for a distributed force are more complex. A distributed fleet’s main advantage lies in its apparent lack of a single point of failure. Hence, the logistical, communications, or any other part of the distributed fleet’s support must not provide single points of failure.  Otherwise the benefits of distribution are  reduced, if not negated. A distributed fleet hence loses ‘economy of scale’ benefits.

D.
Missions

a.
Forward Presence 

The changing political climate places increased international demands on the United States, and there has been a growing demand for naval involvement in Military Operations Other Than War (MOOTW) and Small Scale Conflicts (SSC).  This has increased the Navy’s operational tempo and placed great strain on naval forces.  Commanders-in-Chiefs (CINCs) of the Unified Commands all desire a higher level of presence in their respective theaters than the Navy can provide today.  

CROSSBOW can be an effective independent and enabling force in areas of low to moderate threat where demands for firepower and operational coverage do not require the full-time presence of a Carrier Battle Group (CVBG). CROSSBOW’s distributed nature and speed can relieve some of the unfilled CINC operational commitments while  expanding the Navy’s area of influence to additional regions of national interest.    

b.
Littoral Operations 

Littoral operations constitute a fundamental task in the successful execution of the Navy's maritime strategy as articulated in Operational Maneuver From The Sea and Forward From The Sea. The littoral is defined in the CROSSBOW context as a region 100nm from shore and 100nm inland.  This region is often cluttered with heavy coastal shipping and fishing traffic; intense air traffic; oil rigs; small islands; shallow water influences; many sources of electronic radiation from land and sea (commercial and military); and a wide variety of threats from land, sea and air.  These characteristics all have adverse implications for naval operations.  However, demographic trends indicate that 90% of the world’s population will be concentrated in littoral regions by 2025.  Also, as numbers of US overseas bases continue to decrease, the littorals will be the main means of access into a crisis area.
c.
Access and Escalation 

Forcible littoral access requires combat capabilities and power projection superior to the denial capabilities of the opponent.  In contrast, the nearly continuous presence of a credible naval force in an area of national interest enables the more desirable situation of access maintenance, thus reducing or avoiding the additional combat power needed to gain access.  Maintaining access is a means of deterrence.  

Moreover, if deterrence fails, CROSSBOW also provides a means of first response to an attack and improves prospects for escalation control.  It is not always in the national interest to destroy completely a belligerent’s defensive capability and communications infrastructure.  If this can be avoided, then postwar rebuilding and stabilization tasks may well be less expensive and completed more promptly.  

Presence, deterrence and escalation control are military missions that require anticipatory force deployments.  Forces performing these missions will frequently participate in small-scale exercises with allied nations, and operate independently near-shore for extended periods.  Under low to moderate threat conditions, naval forces like CROSSBOW are well suited for these tasks.

d.
Complementing the Carrier Battle Group 

The CVBG remains the force of choice to provide maritime dominance in the oceans of the world and to project power ashore.  It is also capable of effectively operating in the littorals, as are Amphibious Ready Group (ARGs).  However, the number and complexity of low to moderate threat regions, the increasing need to engage and exercise with smaller allied navies, and the projected asymmetric threat indicate an operational niche for a naval force structured specifically for littoral operations.  This niche, plus progress in technologies associated with unmanned vehicle and other forms of automation, points to CROSSBOW.
  

Although designed to operate independently in low to moderate threat environments, CROSSBOW can also complement the CVBG during theater war.  CROSSBOW can tackle many of the dull, dirty and dangerous missions in order to help prepare the littoral battle-space for follow-on operations.  It can be used to clear out and identify coastal “clutter” and eliminate significant numbers of tactical targets in the littoral, freeing CVBG forces to focus on deep strike, and more challenging targets.   In summary, CROSSBOW provides the “stunning” jab, while the CVBG delivers the “knockout” punch.

CROSSBOW may also be employed during theater war to provided relief in place for CVBG forces moving from regions of significant national interest to the higher threat region of theater war.  

e.
CROSSBOW Lethality 

CROSSBOW operates with 20 SEA LANCE II small combatants and eight distributed SEA ARCHERs.  CROSSBOW conducts coordinated and simultaneous air operations and can either rapidly launch one large pulse of airborne combat vehicles on a wide range of missions or many small to medium packages  launched around the clock.  

The force brings the following to the fight:

· 1020 x VLS Tubes (small 15-25nm Standard Missile variant)

· 80 x Ship Launched HARPOON Missiles 

· 1024 x Small Smart Bombs (per day –all SEA ARROWS dedicated) 
· 768 x Air-to Surface Missiles (per day –all SEA ARROWS dedicated) 
· 512 x HARM circa 2020 (per day –all SEA ARROWS dedicated)

· 200 x ASROC (assumes 10 per SEA LANCE II)

This is a very significant amount of lethality, roughly comparable to that of a CVBG but for only a single pulse.

f.
CROSSBOW Missions Summary

A summary of CROSSBOW missions, organized by conflict type, is presented below in Figure 2.
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Figure 2.  CROSSBOW Missions

Table 1.  CROSSBOW COST ESTIMATE
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Source: A. Brent Carroll, CROSSBOW Cost Estimation, Specialized Supporting Study in Volume V of this report.

E.
Crossbow Cost Estimate


Estimates of the costs to acquire operate and support a CROSSBOW force of 32 ships and 144 aircraft are presented in Table 1.  Although varying degrees of confidence were achieved with the six different models used in the analysis, the overall confidence is medium.  It is important to note that a philosophy of “roughly right rather than precisely wrong” was used in ascertaining the estimates.  For example, no learning curves were assumed.  Details may be found in Volume V.  The annualized cost of our notional CROSSBOW force is about 1% of the Navy’s current annual budget.

F.
Conclusion
The CROSSBOW project has given students the rare opportunity to coordinate requirements, conduct tradeoff studies and function as an integrated and interdisciplinary team.  The experience, unique to NPS, helped students appreciate the complexities associated with the transformation of technology into a viable naval force for the future.

CROSSBOW is not, and cannot be a substitute for the open -ocean Navy, but we feel it is viable, desirable, and affordable.  It is designed to fill a specific niche in the low to moderate threat littoral regions of the world.  As a complementary force, it brings robustness to the combined force, greatly compounding the enemy’s area denial problem.

This study does not provide sufficient depth to endorse the CROSSBOW concept completely.  We do find that the concept is sufficiently meritorious to warrant serious further investigation by the US Navy.
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� A 60-knot speed objective was imposed upon the team at the onset of the project.  In the course of the study it became evident that the 60-knot objective had serious implications on ship design and cost, apparently without commensurate tactical benefit.  Additional design iterations looking at a 40-50 knot range were not possible, given academic time constraints.


� A term introduced to us by VADM Cebrowski.


� The technical report for SEA LANCE is available at  http://web.nps.navy.mil/~me/tsse/files/2000.htm


� These issues were discovered during our campaign analyses, presented in Volume V.


� “Small aircraft carrier" may not be an appropriate description for SEA ARCHER.  Reasonable people might well prefer "UAV Tactical Support Ship", which perhaps, better describes the platform.  However, for the purposes of this report, “small aircraft carrier”, “small high-speed aircraft carrier”, and “UAV Tactical Support Ship” are all synonymous descriptions of SEA ARCHER.


� “An Analysis of Distributed Combat Systems”- Keith, Jude, Ho; A CROSSBOW Specialized Supporting Study, December 2001.  See Volume V.


� In an experiment conducted and documented in volume V, it was found that a fleet that has all of its offensive assets on board a few large ships is consistently outperformed by a fleet possessing the same amount of offensive assets that are distributed among many smaller ships; where performance is measured by the number of own and enemy ships that are put out of action. Note that this analysis compares only combat effectiveness without any consideration of cost.


� .  This littoral force for low to moderate threats can potentially account for only 10-15% of the future naval force but provide major new capabilities in the missions above.  Verbal comments by CAPT Wayne Hughes, USN (Ret) - 8 Nov 2001.


� SEA ARCHER magazine capacity not considered – these are maximum numbers for the force for each type of munition.  Trades between capabilities will need to be  conducted based on specific mission and threat.
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		Residual		5		339.7669568802		67.953391376

		Total		6		6981.9218694286

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-5.7238273101		4.5926974441		-1.2462887834		0.2678650523		-17.5297126451		6.0820580249		-17.5297126451		6.0820580249

		X Variable 1		0.0011367884		0.0001149822		9.8866448148		0.0001805491		0.0008412176		0.0014323591		0.0008412176		0.0014323591

		RESIDUAL OUTPUT										PROBABILITY OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals				Percentile		Y

		1		17.778135228		-13.378135228		-1.7777907267				7.1428571429		3.652

		2		2.9680564843		6.4949435157		0.8630986424				21.4285714286		4.4

		3		63.5440977812		-1.3240977812		-0.1759564182				35.7142857143		4.96

		4		83.2639654484		5.7260345516		0.7609200351				50		9.463

		5		1.8824236013		3.0775763987		0.4089723036				64.2857142857		19.765

		6		-2.1497647088		5.8017647088		0.7709836477				78.5714285714		62.22

		7		26.1630861655		-6.3980861655		-0.8502274839				92.8571428571		88.99
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Total Crossbow Costing

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9979374515

		R Square		0.9958791571

		Adjusted R Square		0.9950549886

		Standard Error		6.1472601053

		Observations		7

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		45661.8784344848		45661.8784344848		1208.3440123913		0.0000003707

		Residual		5		188.9440340095		37.7888068019

		Total		6		45850.8224684943

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		1.0059610715		3.3708541791		0.2984291275		0.7773798321		-7.6590812927		9.6710034357		-7.6590812927		9.6710034357

		X Variable 1		0.0720394196		0.0020724063		34.7612429638		0.0000003707		0.0667121383		0.077366701		0.0667121383		0.077366701

		RESIDUAL OUTPUT										PROBABILITY OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals				Percentile		Y

		1		36.1611978493		-5.7611978493		-1.0266486097				7.1428571429		17.1739

		2		26.9401521371		5.9898478629		1.0673941673				21.4285714286		24.509

		3		212.0814605773		-6.1984605773		-1.1045690671				35.7142857143		30.4

		4		208.1913319175		7.8736680825		1.4030919614				50		32.93

		5		23.1941023165		1.3148976835		0.2343154868				64.2857142857		74.334

		6		16.2783180324		0.8955819677		0.1595931968				78.5714285714		205.883

		7		78.4483371701		-4.1143371701		-0.7331771354				92.8571428571		216.065
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.976893975

		R Square		0.9543218384

		Adjusted R Square		0.9451862061

		Standard Error		20.4664666124

		Observations		7

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		43756.4411905165		43756.4411905165		104.4614981298		0.0001539465

		Residual		5		2094.3812779778		418.8762555956

		Total		6		45850.8224684943

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		0.2770343879		11.4026328112		0.0242956511		0.981556594		-29.034318499		29.5883872749		-29.034318499		29.5883872749

		X Variable 1		0.0029177368		0.0002854749		10.2206407886		0.0001539465		0.0021839013		0.0036515723		0.0021839013		0.0036515723

		RESIDUAL OUTPUT										PROBABILITY OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals				Percentile		Y

		1		60.5983251222		-30.1983251222		-1.616332138				7.1428571429		17.1739

		2		22.5860500092		10.3439499908		0.5536485463				21.4285714286		24.509

		3		178.0634912086		27.8195087914		1.4890086103				35.7142857143		30.4

		4		228.6774715882		-12.6124715882		-0.6750686697				50		32.93

		5		19.7996113591		4.7093886409		0.2520648473				64.2857142857		74.334

		6		9.450398907		7.723501093		0.4133919012				78.5714285714		205.883

		7		82.1195518057		-7.7855518057		-0.4167130973				92.8571428571		216.065
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		2000		154.16

		4000		231.24

		6000		293.14

		8000		346.87

		10000		395.24

		12000		439.73

		14000		481.22

		16000		520.32

		18000		557.44

		20000		592.88

		22000		626.87

		24000		659.61

		26000		691.23

		28000		721.85

		30000		751.58

		32000		780.50

		34000		808.68

		36000		836.18

		38000		863.05

		40000		889.34

		42000		915.09

		44000		940.33

		46000		965.11

		48000		989.44

		50000		1013.35

		52000		1036.87

		54000		1060.02

		56000		1082.81

		58000		1105.27

		60000		1127.41

		62000		1149.24

		64000		1170.79

		66000		1192.05

		68000		1213.05

		70000		1233.80

		72000		1254.30

		74000		1274.57

		76000		1294.61

		78000		1314.43

		80000		1334.04





		LT Brent Carroll's Thesis Worksheet

		Annual USN Ship O&S Costs (FY02 $M) (Average of 1998-2000 Operating Years)

						Source VAMOSC

						1.0 Direct Unit Cost		2.0 Direct Intermediate Maintenace		3.0 Direct Depot Maintenance/Modernization		4.0 Other Operating and Suppoirt		5.0 Total				% 1.0 of Total		% 2.0 of Total		% 3.0 of Total		% 4.0 of Total

				FFG-7		$12.91		$0.61		$2.86		$0.79		$17.17				75%		4%		17%		5%

				DDG-51		$19.11		$0.44		$3.91		$1.05		$24.51				78%		2%		16%		4%

				AOE-6		$25.30		$0.70		$2.90		$1.50		$30.40				83%		2%		10%		5%

				CG-47		$22.90		$0.57		$8.13		$1.33		$32.93				70%		2%		25%		4%

				LHD-1		$53.72		$0.85		$16.67		$3.10		$74.33				72%		1%		22%		4%

				CV-63		$141.24		$2.42		$53.82		$8.40		$205.88				69%		1%		26%		4%

				CVN-68		$125.80		$1.28		$81.11		$7.88		$216.07				58%		1%		38%		4%

				H-60										$1.69

						People		Maintnenance Labor		Overhauls		Training				Averge %		72%		2%		22%		4%		100%

						Consumables		Material		Ship Repairs		Publications

						Computers		Parts		Modernization

						Fuel

		Direct Unit and Other Operating and Support Costs Per Person (FY02 $M)

		(Average of 1998-2000 Operating Years)

						# Ships in Study		# Personnel		1.0 Per Person		4.0 Per Person		5.0 Per Person

				FFG-7		27		212		$0.0609		$0.0037		$0.0810

				DDG-51		28		308		$0.0621		$0.0034		$0.0796

				CG-47		27		360		$0.0636		$0.0037		$0.0915

				AOE-6		3		488		$0.0518		$0.0031		$0.0623

				LHD-1		6		1075		$0.0500		$0.0029		$0.0691

				CVN-68		8		2876		$0.0437		$0.0027		$0.0751

				CV-63		2		2930		$0.0482		$0.0029		$0.0703

								Averages		$0.0543		$0.0032		$0.0756

		Direct Intermediate and Depot Level Maintenance Costs Per Ship Displacement

		in Light Tons (FY02 $M) (Average of 1998-2000 Operating Years)

						Ship Displacement (LT)		2.0 Per LT		3.0 Per LT		2.0 + 3.0 Per LT		5.0 Per LT

				AOE-6		20674		$0.000034		$0.000140		$0.000174		$0.001470

				CG-47		7646		$0.000074		$0.001063		$0.001137		$0.004307

				CV-63		60933		$0.000040		$0.000883		$0.000923		$0.003379

				CVN-68		78280		$0.000016		$0.001036		$0.001052		$0.002760

				DDG-51		6691		$0.000065		$0.000584		$0.000650		$0.003663

				FFG-7		3144		$0.000195		$0.000909		$0.001104		$0.005462

				LHD-1		28050		$0.000045		$0.002892		$0.002937		$0.007703

						Average (Nuc)		$0.000016		$0.001036		$0.001052		$0.002760

						Average (Conv)		$0.000042		$0.001203		$0.001245		$0.003924

				Dispacement Source: Navy Vessel Registry (LT - Light Ton)

		Acquisition Costs per Ship Displacement in Light Tons

						Period of Analysis		Average Acquisition Cost (Then Year)		Acquisition Cost (adjusted to FY02$)		Ship Displacement (LT)		Acquisition Cost per LT

				FFG-7		1988		$336.30		$726.81		3144		$0.231

				DDG-51		2001		$892.90		$909.87		6691		$0.136

				CG-47		1988		$820.10		$1,772.40		7646		$0.232

				AOE-6		1993		$298.10		$395.96		20674		$0.019

				LHD-1		1996		$1,082.30		$1,179.75		28050		$0.042

				CV-63		1963		$277.00		$2,700.00		60933		$0.044

				CVN-68		2001		$4,048.00		$4,124.91		78280		$0.053

		DoD Deflators

		Source: Data Search Associates

				Aircraft		Weapons		Ships

		1988		0.4650		0.4650		0.4627

		1989		0.5510		0.5508		0.5452																		22.5966562173

		1990		0.6295		0.6276		0.6211

		1991		0.6943		0.6924		0.6838

		1992		0.7405		0.7386		0.7289

		1993		0.7646		0.7629		0.7529

		1994		0.8321		0.8311		0.8209

		1995		0.8881		0.8871		0.8767

		1996		0.9281		0.9271		0.9174

		1997		0.9490		0.9480		0.9380

		1998		0.9580		0.9570		0.9510

		1999		0.9700		0.9690		0.9650

		2000		0.9840		0.9840		0.9820

		2001		1.0000		1.0000		1.0000

		2002		1.0170		1.0170		1.0190
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		Total Acquisition and Operating and Support Cost (FY02 $M)

		Acquisition

						Price Each														Total

				# in Squadron		From		To												From		To

		Sea Archer		8		$763		$924												$6,104		$7,392

		Sea Quiver		2		$197		$197												$394		$394

		Sea Lance		20		$72		$80												$1,440		$1,600

		Sea Arrow		64		$11		$11												$672		$672

		Helicopters		16		$23		$23												$368		$368

		UAVs		64		$8		$8												$498		$498

												Total Acquisition Cost								$9,475.92		$10,923.92

		Operating and Support

						O&S Each

						From		To

		Sea Archer		8		$24.00		$28.00												$192.00		$224.00

		Sea Quiver		2		$29.00		$29.00												$58.00		$58.00

		Sea Lance		20		$1.80		$1.80												$36.00		$36.00

		Sea Arrow		64		$0.09		$0.09												$5.63		$5.63

		Helicopters		16		$1.70		$1.70												$27.20		$27.20

		UAVs		64																$0.00		$0.00

						UAV O&S Cost Consolidated with Acquisition

												Total Annual O&S Costs								$318.83		$350.83

		Total Life-Cycle Costs

												Total Life-Cycle Costs								$15,852.56		$17,940.56

												Annualized LCC (20 Yrs)								$792.63		$897.03





		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9875403318

		R Square		0.9752359069

		Adjusted R Square		0.9504718139

		Standard Error		327.7790857346

		Observations		3

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		4231065.36311763		4231065.36311763		39.3810467446		0.1006005427

		Residual		1		107439.129045032		107439.129045032

		Total		2		4338504.49216267

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-510.402018836		540.7162653888		-0.9439368695		0.5183550238		-7380.8241569535		6360.0201192815		-7380.8241569535		6360.0201192815

		X Variable 1		0.0570112222		0.0090848283		6.2754319966		0.1006005427		-0.0584219716		0.172444416		-0.0584219716		0.172444416

		RESIDUAL OUTPUT										PROBABILITY OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals				Percentile		Y

		1		1088.7627634832		90.9872365168		0.3925674013				16.6666666667		1179.75

		2		2963.4627826276		-263.4627826276		-1.1367187737				50		2700

		3		3952.4364538893		172.4755461107		0.7441513724				83.3333333333		4124.912
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		Acquisition Cost Per LT

		Regression Statistics

		Multiple R		0.8912472682

		R Square		0.794321693

		Adjusted R Square		0.7429021163

		Standard Error		721.5978845307

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		8043747.48712039		8043747.48712039		15.4478458079		0.0170976172

		Residual		4		2082814.02783652		520703.506959131

		Total		5		10126561.5149569

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		601.9947820901		418.7449203156		1.4376169188		0.2239172473		-560.62991032		1764.6194745001		-560.62991032		1764.6194745001

		X Variable 1		0.0395673588		0.0100670702		3.9303747668		0.0170976172		0.0116166331		0.0675180846		0.0116166331		0.0675180846

		RESIDUAL OUTPUT										PROBABILITY OUTPUT

		Observation		Predicted Y		Residuals		Standard Residuals				Percentile		Y

		1		1420.0103584684		-1024.0520290646		-1.5866523438				8.3333333333		395.9583294039

		2		3012.9526574631		-312.9526574631		-0.4848846087				25		726.8129801926

		3		3699.3276310258		425.5843689742		0.659394657				41.6666666667		909.8651

		4		866.7399799979		43.1251200021		0.0668174768				58.3333333333		1772.4035832766

		5		726.3945582405		0.4184219521		0.0006482973				75		2700

		6		904.5268076772		867.8767755994		1.3446765213				91.6666666667		4124.912
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Figure 1: CROSSBOW Project Organization
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