
 
 

 
 

 

 
 

 
California High Speed Rail 

 
OA 4202 Network Flows and Graphs 

Executive Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
LCDR J Ryan McLaughlin 

MAJ Greg Whelan 



California High Speed Rail Executive Summary LCDR J Ryan McLaughlin 
                                                                                                       MAJ Greg Whelan                                    

 1 

 California’s population topped 37.7 million1 in May of 2012 and is growing at a rate 
of over 250,000 people per year.  This strains the State’s already congested transportation 
network, which currently relies on personally owned, gas powered vehicles.  Inspired by 
electrically powered high-speed trains of the Far East and Europe, the California High-
Speed Rail (HSR) initiative calls for an energy efficient high-speed rail network that will 
connect Los Angeles and San Francisco in less than 2 hours and 40 minutes.  Construction 
is planned to begin in 2013 in the Central 
Valley area of California and the entire rail 
completion is planned for 2028.  With 800 
miles of track and 24 proposed stations, the 
2202 mph train would be the fastest in North 
America.   
 The plan is not without its opponents. 
With a proposed cost of $64.8 billion, many 
claim that the initiative is too expensive, and 
that the current public transportation 
network makes the High-Speed Rail project 
unnecessary.   Growing budget concerns have 
already caused some portions of the project 
to be delayed and others are in jeopardy of 
being canceled.  This creates the distinct 
possibility that funding will run out before 
the project is complete, leaving the state with 
a potentially fragmented system. 

PROBLEM STATEMENT 

 The objective of this analysis is to determine the impact of the High-Speed Rail 
project on the overall public transportation system in California.  This is accomplished by 
comparing the average travel time between major cities in CA with and without the HSR 
system.  Then by examining the resiliency of the network as connections between cities are 
added and removed, we will determine the critical paths and assess the planned order in 
which HSR segments should be constructed.  

MODEL FORMULATION 

The problem is formulated as a multi-commodity flow model and solved using the 
General Algebraic Modeling System (GAMS).  The model is built as a directed graph to 
simulate California’s current transportation network plus the proposed HSR lines.  The 
complete network consists of 28 different nodes and 325 arcs connecting the nodes. 

For modeling purposes, the nodes consist of cities and transportation hubs.  For 
example, from San Diego you can either take a bus, an Amtrak train, fly, or take the 
proposed High-Speed rail line.  This represents 5 separate nodes: the city of San Diego, the 

                                                        
1 LA Times, PolitiCal, May 1, 2012, www.latimes.com 
2 California High-Speed Rail Authority, Project Overview, www.cahighspeedrail.ca.gov 

 
 

Figure 1:Map of the Proposed High Speed Rail Network 
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San Diego bus station, train station, airport, and HSR station.  Some cities don’t have all four 
modes of transportation available so they may have less than 4 transportation nodes.  Each 
city node connects to its transportation nodes, and transportation nodes connect to other 
transportation nodes of the same type as long as a direct connection exists.  For example, 
the San Diego airport connects to the Sacramento airport because you can fly directly from 
San Diego to Sacramento, but the San Diego bus station does not connect to the Sacramento 
bus station because you cannot take a bus directly from San Diego to Sacramento without 
going through other cities. 

To satisfy the multi-commodity model the residents of each 
city are the defined “commodities” that move through the network.  
Each city has a supply of its own residents, and every other city in 
the model has a demand for those residents.  For example, Los 
Angeles has a supply of Los Angeles travelers that equals the total 
demand for Los Angeles travelers in other CA cities.  The Gravity 

Model of Trade3 is used to determine the number of people traveling 
between cities.  The Gravity Model of Trade is a common economic 
tool used for estimating the amount of trade activity between two 
regions.  The calculation is shown in Figure 2 where Pi is the 
population of city i and Dij is the distance between cities i and j.  The result is that larger 
cities that are in close proximity to each other will have a high traffic volume, and smaller 
or distant cities will tend to have less traffic volume. 

Lastly a cost is assigned to each of our arcs.  For arcs between transportation hubs 
we assign a cost equal to the amount of time required to complete a trip.  For air travel we 
add an extra 45 minutes to the flight time in order to account for the fact that travelers 
must arrive to the airport early.  We also place a cost of 30 minutes on all arcs connecting a 
city to a transportation hub.  This increases the travel time when travelers change to a 
different mode of transportation, for example, taking the bus to the airport to catch a flight.  
We did not set any limits on the number of travelers that can utilize an arc. 

ANALYSIS 

Our initial analysis focuses on the 
resiliency of the transportation network.  In 
theory an existing transportation arc could be 
interdicted in a variety of ways such as a 
terrorist attack or natural disaster.  Since the 
HSR network hasn’t been built yet, HSR 
segments are likely to be interdicted by budget 
cuts that prevent one or more segments from 
being built in the first place. 

Comparing the blue and red lines in 
Figure 3 we can see that the average travel times 
with the HSR network are considerably lower 
than the travel times without the HSR network.  
This holds true for the network regardless of the 
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Figure 2: Gravity 
Model of Trade 

 

Figure 3: Comparison of Operator Resiliency 
curves for the network with and without HSR 
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number of arcs that are interdicted.  
the system can only improve resiliency.

Since the most likely 
constraints before they are actually built
impact of only HSR arc interdict
Tracking the order that HSR arcs
important HSR segments.  It turns out that the first few 
Angeles (LA) area.  So it would seem that the LA area might be a good place to begin 
building HSR segments.  But this approach assumes that the entire HSR network is already 
in place before it begins the interdiction process.  

The previously mentioned scenario is not necessarily realistic. 
analysis we examine the results of a model wh
modified to choose the optimal locations to build 
that the best place to begin construction is in the 
LA area.  In fact, the first eleven segments should 
all be built between Palmdale, which is just north 
of LA, and University City, whic
near San Diego.  In addition, these first 11 
segments dramatically reduce the average travel 
time in CA.  Of note, we also found that for the 
most part the solutions are nested
for the phased approach of development.
Figure 4 we show that the average travel time 
drops from over 180 minutes to nearly 80 minutes 
by adding these first 11 HSR arcs
that adding additional arcs beyond 11 
significantly improve average 
network. 

CONCLUSIONS 

 The California High Speed R
transportation network and 
the state.  Based on our conclusions
region of California will not have the biggest impact to travelers.  
construction should begin in the Los Angeles 
 
 Future analysis needs to be p
include more fidelity on the travel arcs to include specific planned train, bus and air routes.  
Attention also needs to be paid to the model formulation and consideration placed on 
having a more complicated utility function that has more then just a time component.  The 
model analyzed here shows there
point for more in-depth discussions on the topic of the California High
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number of arcs that are interdicted.  This is rather intuitive since adding addit
m can only improve resiliency.  

likely interdiction scenario is that HSR segments
constraints before they are actually built, we focus the next portion of our analysis on the 

interdiction.  The solver interdicts the most beneficial HSR arcs first.   
racking the order that HSR arcs are interdicted gives us an indication of the most 

important HSR segments.  It turns out that the first few interdicted arcs are all in the Los 
So it would seem that the LA area might be a good place to begin 

But this approach assumes that the entire HSR network is already 
gins the interdiction process.   

mentioned scenario is not necessarily realistic.  
examine the results of a model where no HSR arcs exist initially.   T

he optimal locations to build new HSR segments.  The results confirm 
that the best place to begin construction is in the 

.  In fact, the first eleven segments should 
all be built between Palmdale, which is just north 
of LA, and University City, which is south of LA 
near San Diego.  In addition, these first 11 
segments dramatically reduce the average travel 

Of note, we also found that for the 
most part the solutions are nested which is ideal 
for the phased approach of development.  In 

we show that the average travel time 
over 180 minutes to nearly 80 minutes 

by adding these first 11 HSR arcs.  You can also see 
beyond 11 will not 

average travel times of the 

The California High Speed Rail initiative will improve the resiliency of the CA 
and will significantly reduce the average travel time 

on our conclusions the plan to begin construction in the 
of California will not have the biggest impact to travelers.   Our results indicate that 

begin in the Los Angeles metropolitan area and expand from there.  

Future analysis needs to be performed on a more realistic network.  This would 
include more fidelity on the travel arcs to include specific planned train, bus and air routes.  
Attention also needs to be paid to the model formulation and consideration placed on 

d utility function that has more then just a time component.  The 
model analyzed here shows there is value to this type of analysis and serves a good starting 

depth discussions on the topic of the California High-

Figure 4: Operator Resilien
solution with arcs being added
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intuitive since adding additional arcs to 

segments are cut by budget 
of our analysis on the 

beneficial HSR arcs first.   
us an indication of the most 

arcs are all in the Los 
So it would seem that the LA area might be a good place to begin 

But this approach assumes that the entire HSR network is already 

 As a final step to our 
ere no HSR arcs exist initially.   The solver is 

HSR segments.  The results confirm 

will improve the resiliency of the CA public 
average travel time throughout 

begin construction in the Central Valley 
Our results indicate that 

and expand from there.   

erformed on a more realistic network.  This would 
include more fidelity on the travel arcs to include specific planned train, bus and air routes.  
Attention also needs to be paid to the model formulation and consideration placed on 

d utility function that has more then just a time component.  The 
value to this type of analysis and serves a good starting 

-Speed Rail initiative. 

Operator Resiliency Curve for modified 
solution with arcs being added 
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