
EXECUTIVE SUMMARY 

  This project examines an abstract network representative of the Veteran Health Administration (VHA) 

through a minimum-cost flow algorithm.  Veteran access to care is the measure of effectiveness and patient travel 

distance is the objective function to be minimized.  Beginning with an unconstrained model, subsequent iterations 

systematically add constraints in order to more effectively replicate real network operation prior to modeling various 

design constraints which affect service network structure.  Non-adversarial constraints include reductions in overall 

capacity and closing of treatment facilities to evaluate network robustness.  An expansion scenario is also 

investigated in which network capacity is added to determine which proposed areas would most benefit from an 

additional clinic in a particular community type.  Lastly, the project forecasts potential requirements for the expected 

number of Veterans in 2030.  Results demonstrate that the network is resilient to the closure of one facility per 

system and capacity reductions of between 2.5 and 10 percent per system.  2030 results approximate the base model. 

BACKGROUND AND ASSUMPTIONS 

The Veterans Administration (VA) strives to serve and honor the men and women who are America’s 

military veterans.  The VA 2011-2015 Strategic Plan looks forward and seeks out opportunities for delivering the 

best services with available resources as a guiding principle.  A vital aspect of the VA mission, the VHA constitutes 

the United States’ largest integrated health care system.  It consists of 152 medical centers and nearly 1,400 

community-based outpatient clinics.  The VA employs a network of networks to meet the comprehensive health care 

needs of more than 8.3 million Veterans each year.  The VHA consists of 21 Veterans Integrated Service Networks 

(VISNs) whose objective is to meet local health care needs and provide greater access to care. VISN-21 is the VA 

Sierra Pacific Network and serves 1.2 million Veterans residing in northern and central California, northern Nevada, 

Hawaii, the Philippines, Guam and American Samoa.  VISN-21 consists of 40 sites of care across 6 Health Care 

Systems.  These Health Care Systems are sub-networks of the larger VISN-21 network.   

  

A strategic goal of the VA is to improve the quality and accessibility of health care while optimizing value.  

In order to implement strategic goals, the VA developed integrated strategies, including the improvement and 

integration of services across the VA to increase reliability, speed and accuracy of delivery.  The purpose of this 

project is to evaluate whether the VA system is providing effective access to care for Veterans and test the 

robustness of the network with respect to its strategic goals. 

Several assumptions are made in the development of a tractable model.  In-patient care is assumed to be 

conducted at the VA hospital for the given region, while emergency care is provided at the nearest hospital to the 

patient.  Each community sample is assumed to be representative of a region with all eligible Veterans receiving 

care from the VA system.  Although sub-regions are considered to be independent, there is ability to transfer 

patients between regions for specialized care, but a transfer scenario is not modeled for tractability.  Actual patient 

assignment to treatment facility is estimated due to Health Insurance Portability and Accountability Act (HIPAA) 

FIGURE 1: The Veterans Health 
Administration (VHA) consists of 21 
Veterans Integrated Service Networks 
(VISNs) with the objective of meeting local 
Veteran health care needs and providing 
greater access to care.   The network of 21 
independent networks constitutes the United 
States’ largest integrated health care 
system, serving more than 8.3 million 
Veterans annually.  The VHA operates on an 
annual budget of $47 Billion.  It consists of 
152 medical centers, and nearly 1,400 
community-based outpatient clinic. 

 



restrictions.  Veteran population data by county is collected from the Veteran Administration website.  Distances are 

calculated from a single representative city per county to treatment facilities using Google Maps. 

 

MODELING 

The abstract model examines three of the six VISN-21 health care systems to capture the diverse nature of 

its network of networks.  For simplicity, the three systems are classified by community type, labeled urban, rural and 

hybrid areas. The representative urban model is VA Palo Alto with major population centers in the South San 

Francisco Bay Area, the Central Valley, and Monterey Bay Area.  VA Northern California represents an urban/rural 

hybrid community with a major population center surrounded by outlying rural counties: East San Francisco Bay, 

Sacramento, and the I-5 corridor north to the Oregon state line.  The rural network models VA Sierra Nevada, which 

consists of sparsely populated counties with a few smaller cities and includes Reno, Northeastern California and 

Northwestern Nevada.   This project examines how facilities serving various community types meet the mission 

objectives of the VA.  A minimum cost flow model measuring distance from patient to treatment facility determines 

how well the VA achieves its strategic goal of improving accessibility to quality health care for Veterans. 

   

 

 

 

 

 

 

 

 

FIGURE 3:  The simplified graph on the left depicts supply nodes consisting of Veteran populations by county with treatment 
facilities as demand nodes.  Edges connect counties to network health care facilities with distance as the cost assigned to the arcs.  
A sample abstract Health Care System model is depicted on the right.  Pentagon shaped locations depict representative county 
locations in the VA Northern California sub-region.  Star shaped locations depict available treatment facilities. 

 

FIGURE 2:  VA Sierra Pacific Network serves 1.2 million Veterans 
residing in northern and central California, northern Nevada, 
Hawaii, the Philippines, and Guam.   VA Palo Alto is shaded in yellow 
and is the model for an urban region.  VA Northern California is 
displayed in purple and represents an urban/rural hybrid 
community in the network.  A Rural Network is represented by VA 
Sierra Nevada and is displayed in green.  
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NETWORK ANALYSIS AND RESULTS 

In the baseline analysis, all patients go to the nearest clinic or hospital to their residence. To more 

effectively model real network operation, patient limits are assigned to each facility compatible with its location and 

available services; a one percent buffer below the assigned capacity is implemented to ensure flexibility in assigning 

patients. Subsequent iterations introduce new constraints which replicate possible real world contingencies.  First, a 

budget reduction scenario is examined, forcing the closure of a clinic. The next iteration reduces facility capacities 

to simulate staff cuts in lieu of closure due to budget constraints. An expansion scenario due to political pressure is 

also examined by using the model to choose a location for the opening of a new clinic in each network.  Lastly, the 

project forecasts network requirements for the expected number of Veterans in 2030. 

 

As demonstrated in Figure 4, average travel distances for veterans increase 20 to 35 percent from an 

unconstrained model when patient limits are introduced.  The addition of a one percent buffer causes a very slight 

additional increase. Under a budget cut scenario, the optimum decision with respect to the minimize distance to care 

objective function reduces patient capacities by 10 percent in the urban network while closing a clinic in the rural 

and hybrid networks. Our analysis concludes that opening an additional clinic is only worthwhile in the rural and 

hybrid networks. Adding a facility to the urban network did not significantly decrease the objective function and did 

not decrease patient loads at high demand facilities. A forecast 40 percent reduction in veterans by 2030 has the 

effect of marginalizing the impact of the clinic patient limits, thus yielding similar results to the unconstrained 

model. This indicates potential opportunity to streamline network operations in the future. 

CONCLUSIONS AND FURTHER RESEARCH 

 This project validates the network currently employed by the VA with the objective of increasing Veteran 

access to health care.  The network is well suited for minimizing travel distance and is resilient to limited network 

disruptions.  The results emphasize the efficiency of VISN-21 but also show that it is vulnerable to major 

disruptions.  However, minimal redundancy is desired due to cost limitations.  The project results are in alignment 

with what the VA is doing: adding clinics to rural areas with the objective of improving Veteran access to care.  A 

future model might add a competing objective functions such as minimizing cost per patient or overhead costs in 

order to balance the goal of optimal Veteran access to health care while minimizing costs in an environment of 

budgetary restrictions.  Furthermore, the forecast 35-40% reduction in Veteran population between now and 2030 

will certainly affect network structure as administrators continue to seek ways to stem rising health care costs with a 

decreasing patient population.  

0

10

20

30

40

50

D
is

ta
n

ce
 

Model 

Distance to Care 

Urban

Hybrid

Rural

FIGURE 4:  The 
network 
resiliency 
graph shows 
the changes to 
the objective 
function value 
as the three 
Health Care 
System 
networks are 
subjected to a 
series of 
network 
design 
constraints. 

 


