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Using Risk Assessment for Aviation 
Demand and Economic Impact Forecasting 
in the Minneapolis-St. Paul Region 

MATTHEW F. HARDISON, RICHARD R. MUDGE, AND DAVID LEWIS 

The process of risk assessment wa applied t.o a i rpor~ · ~rmcgic 
planning ror analysi of the adequa y of the M1nncapoli · t. Paul 
Int ernational Airport. Thre steps were used to forecast demnnd: 
(a) development f, tructurc and logic 1110.dcl; (_b devel pment 
of initial input <1ssumption ; and (c) Forecasting. nsk analy. 1 , and 
publi · expo. ure. T he findings are presemed in te rms of op.ern
tional result · that define 1he probability of meeting unconsrrarned 
demand under each of three proposed deve lopment scenarios. 
Th pern tional data are translated into implied economic 
benefits to the region . 

Apog e Research and it. pa rlncr , James F. I tickling Man
ag ment ' nsultants, were asked to develop a propo ed 
approach to evaluating Lhe adequacy of th Minn ap Ii -
St. Paul (MSP) Interm1tional Airport . The existing forecasts, 
deve loped for the airport master plan, were correct en ugh, 
but the implication we re unclear. Th planners for the Met
ropolitan C un ii of the Twin ities wer faced with the rea l 
ri . k tha l th e forecas t might be wrong. Consequentl y the 
planner needed a process that, in addit ion to projecting rowth 
in demand, could interpret the forecasts in light of the eco
nomic consequences of alternative airport development 
scenarios. 

A reque. t carne to Apogee Resea rch , Inc. , in the fo rm of 
a serie of questions, th m st fundam ental being, Are the 
foreca. t results correct? Rela ted que, tions included (a) What 
are the sensitivities of the forecast to changes in the underlying 
assumptions? and (b) What do each of the development alter
natives imply for long-term development in the region? As a 
practical matter, any technical evalua tion a lso had to bring 
together the diverse and divi ive groups invol ed in airport 
planning if Lhe pr ce s were Lo pro e ·ucce sful. 

Simply reviewing the existing forecast would add no new 
information and was unlikely to create the c n ensus that 
would be necessary for long-term investment decision making. 
Thus, Apogee began by asking a new question : What is the 
risk that the forecast will be wrong? 

If the forecast were framed in terms of the probabilities of 
meeting demand under selected airport development (i.e., 
capacity) scenarios, the impact (economic or financial) of dif
ferent decisions on the region could be evaluated. However, 
to do so would imply the simulation of a wide variety of inputs 
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for the entire planning horizon-in this case through the 
yea r 2018. 

The process selected to carry out the simulation \ a risk 
a se sm nt. The risk assessment framework , customized for 
use in aviation strategic planning, would simultaneously eval
uate the potential variability in the forecast inputs and 
therefore the potential variability in the outputs. 

RISK ASSESSMENT 

Forecasts are often used to make major long-term investment 
decisions, as they should be . However, forecasts are generally 
wrong. Although a forecast may, for example , correctly pick 
the direction of change (i .e., growth or decline), the magni
tude of the actual change is often far different from that 
forecast. 

For example , two key parts of the technical portion of an 
airport analysis-the expected amount of air traffic and the 
future capacity of the airport-require long-term forecasts of 
economic, social, technical, and political factors. In most long
term planning efforts, these forces are rolled into a single 
discrete forecast or a set of discrete forecasts . Each of these 
forecasts results from a series of explicit and implicit decisions 
about the many variables that influence the forecast. Some 
may be highly unlikely, such as explosive traffic growth with 
no capacity improvements . Although this traditional meth
odology of probable or expected outcome helps focus the 
decision-making process, it provides no guidance regarding 
the likelihood of a given outcome , thereby leaving the com
munity and its elected decision makers with an incomplete 
view of the future. 

Hence, forecasts themselves often become a major focus 
of local debate. Those in favor of a given solution will, of 
necessity, rely on projections in justifying their proposed 
approach . However, those in disagreement with the· forecasts 
will offer resistance, leading to a protracted debate among 
experts . Moreover, those opposed to the approach for other 
reasons (such as its implications for the pattern of economic 
development) will also focus on the projections , knowing full 
well that virtually every important assumption underlying a 
projection will, to some extent, be wrong. In this way, oppo
nents of a given investment can pose a serious and effective 
threat to the planning process by creating plausible scenarios 
that differ from those underlying official projections . 

Should decision makers and planners ignore forecasts? Of 
course not. Public participation and debate over forecasts is 
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natural and productive, and h uld b e ncouraged . .But how 
can forecasts be developed and presented in a way that defu c · 
the unproductive acrimony and manipulation that so fte n 
plague for ca t-r lated planning efforts? Reliance on high and 
low ca es ha. prove n t be of little value in this regard becau. e 
they Like the p int-e. timt1te forecast , indica te nothing about 
th relative like lihood of any given outcome. Pe rhap even 
wor e, they are usually developed by a urning a ll variable 
change in the same din:ction-a11 outcome that is ju t a 
unlikely a a ll a sumption being accurate . 

Probability provide a way around the limi ta tion · of the 
discrete poini-e timate forecasts by de cribing the confidence, 
or odd that an expected utc me will actually materiali:te . 
To understand how probability aids deci ion making. consider 
a simple example. Before the advent of powerful compute r , 
weather forcea ter w uld simply assert their mean expec
tations: ' We do not expect min today.'' The deci i n n 
whether or not t hold a pi nic would be asy . Now the same 
forecast incorporate the probability for ea h cau. a l factor in 
the determination of rain , and the foreca ter ann unces, "There 
is o 25 perc nt hance of rain by midafternoon ." A more 
rea oned decisi n regarding the picnic i. now possible . If the 
event involve costly logi tics for hundreds of people, a rain 
date might well b ann unced . In th pa t , provision for ri k 
was nol possible , and many dollar - not to mention goodwill 
and temper - were lost. 

A similar process-one that would integrate probabili ty 
with the existing for casting methodology- would clearly assi t 
in resolving many of the key questions posed by Unneapoli. 
in particular , and lh s rai ed during airport strategic plan
ning in general. The approach adopted for the Minneapolis
St. Paul analysis termed " ri k assessment," i ba ·ed n risk 
analy i techniques strongly grounded in sta tistica l theo ry. By 

uan1ifyi11g th ri ·k f a h f the k~y inputs to a foreca t, 
ri k assessme nt a llows explicit recognitiou of those fact r. tha t 
are only implied in traditional e ·ti mate . lnstead of the p int
estimate results generated by mo t air tr·tffic forecas ts, for 
example, the proces yield a probability Ii tribulion around 
each key utput that more accurately portrar potential vari
ability ov r time. A such this tool allow · flexibility in policy 
development by documenting the trade-offs of differ nt level · 
of service and the ability to plan for a full ra nge of outcome ·. 

DEVELOPING THE FORECAST 

Foreca ting demand is the critical first step in the strategic 
planning process because forecasts serve as the basis for all 
strategic planning deci i n : determining the expected ade
quacy and long vity of tJ1e current facilities, the cost of devel
opment alternatives, the implicit quality of service the region 
provides , irnu the potential economic benefits of the alterna
tives. MSP International Airport already had point-estimate 
demand forecasts in place. These forecasts were used as the 
basis for modeling, bolh to pr vide consistenc wiLh e ·isting 
result (the expected values ()f the forecasts would approxi
mate the point-estimate foreca ts of the ex i ting foreca ts 
an.d to ensure that the underlying demand model did not it e lf 
become the po.int of debate. This was accomplished in three 
steps: 

• Development of a structure and logic model: 
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•Devel pment of initial input assumption": and 
•Forecasting , risk analysis, and public exposure . 

Development of Structure and Logic Model 

The fir ! step was to become thor ughly familiar with the 
methodology of th · existing analyse., including forecast demand 
and capacity estimates. This tep was not mere ly a review. 
but involved tb developme nt of detailed st ructure and I gic 
diagrams f r the entire forecasting proces. and f r each cat
egory of traffic (such as air carrier , air freight , and general 
aviation). In this effo rt, maximum use was made of the fore
cast framework developed for the region's master plan to 
ensure direct comparability of results. 

Figure J hows a structure and logi diagram of the fore
casting process for ai r carrier lraffic that wa · d elop d for 
MSP International Airport. Similar diagrams were devel ped 
for !he remaining ca tegories f traffic. The purpo e of th c 
diagram. was threefold : 

•To documcn1 precisely how th different assumpti n of 
the exi ting forecast are combined to produce forecast of 
each of the key input variables (a nnual and for variou. Limes 
of day and year) for each category of traffic; 

• To obtain agr ement from the client and interest gro ups 
that the process wa. properly under tood and ·pecified {the 
·tructrne and logic diagrams then became the l>a i for alg -
ri thms pr grammed into the risk analy. i sof1ware)· and 

•To present th forecasting procedure in a way that the 
public and intere ted parties could unde rstand . 

The process shown in Figure 1 identifies both the econo
metric and the accounting (or nonstochastic) and judgmencal 
aspect. of the forecasting process. The econometric relation
ships were fully exposed, along with ancillary assumptions, 
in the subsequent step. 

Development of Initial Input Assumptions 

Once lhe e sential data require ment we re in place . all input 
a sumption to the risk assessment process had to be deve l
oped . In the case of forecast of demand and fin ancial fea
sibility, these a umpti ns inducted specific demographic and 
economic variable for the region that were in turn used to 
develop the activity forecasts. 

Baseline input assumptions (e.g. p pulati n empl yment , 
far elasticity and various aircraft variable ) were established 
by drawing from the airport maste r plan (for consi tency) . 
The ri k analy ·i approach requires that a prohll hility distribu
tion be a tt ached to each input a sumption. tali ·tica l ana lysis 
and judgmental fact r were u ed to as ign the initial prob
ability distributions. However , to facilitate c · mmuni1 y and 
outsid exp rt involvement. expert panel were a eml>led 
that were respon ·ible- aft r a briefing on the technical approach 
and participanl respon ibilities- for confinnjng or adju Ling 
the initia l di. tributions, a· necessary. The proces. bad two 
key benefits: 

•Th e groups or individuals with a sp cial interest (such 
as airline, business, or c mmunity leader ) were part of the 
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proce of developing as umpti ns and thus were involved 
before actual Lraffic forecasts were developed (thereby e lim
inating a great deal f unr st over the results la te r on)· and 

•The process facilitated the application of full -scale ri ·k 
analysis by identifying the estimated probabilities associated 
with all inputs. 

Forecasting, Risk Analysis, and Public Exposure 

Once the input as umption and ranges were developed , com
puter software tran lated the range into f nnal probability 
di tributions (called probability density function. ). With these 
in place , the computer software used the forecasting meth
odol gy (based on the structure and logic fl w. programmed 
into the software) to genera te traffic forecasts. The foreca t · 
were developed using Monte Carlo simulation, in which the 
computer calculates each f r cast an unlimited number of 
time (generally 1,000) by sampling randomly fr m the var
iou · probability distributions. Thu . in tead f a point esti
mate of traffi for each forecast year , rhi · process generated 
a probabi lity distribution (see Figure 2) . 

The mean f the distriburion often corre ponds closely t 
the point estimate that the traditi<lnal proces would yield. 
This relationship i important LO understi;inding the inter
action betwe n the traditional foreca ting technique and ri k 
analysis. 

Once this point in the analysis was reached , ctwnges in the 
underlying assumptions had little effect on fundamental results. 

' ~ = f(A,B,C,D) 
I 

(Net Capacity) 

Gtf P 

c 

D 

FIGURE 2 Monte Carlo simulation: a way to combine 
probabilities. 
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·or example, an 85 percent probability f exceeding a given 
number of operation might change t an 80 p rcent I roba
bility with a fairly large chang i.n key as. umption . Thi 
approach a llows those parties with a ·pecial interest in the 
re ults ( uch a a community or regional planning 'lgency) to 
quickly put int c ntext the ignificance o( debate ver the 
effect of change in the model inputs. ln this way. special 
panels or workshop held to di cu. th · findings defused 
potentially unproducti e debate and gave th forecasts the 
credibility needed 10 support the . ub ·equen t planning 
proce . 

FINDINGS 

Forecast results are presented in two ways. First. operational 
re ult are provid d that define the probability of meeting 
unc n trained demand under each of three proposed d el
oprnent "Cenario . Second, the perational data are translatt:u 
into implied ec n mi benefits t the re ion . 

Operational Analysis 

Although there are different ways to measure the level of 
service, the approach used in this study was based on the 
probability of being able to meet expected future demand. A 
l w probability will result in a low quality of ·ervice. A high 
probability, however runs the ri k of overinvesting or 
building too oon if demand does not materialize. 

Traditional planning efforts implicitly assume only a 50 per
cent chance of meeting expected demand (or. conversdy , a 
50 percent chance of having ad quate capacity). Providin a 
higher level of assurance would imply a higher quality service 
to air travelers (fewer delays and shorter delays) but would 
al. o require higher co ·ts (financia l as well asp litical) anci he 
likely to increa e environm ntal a nd other negative effects on 
the surrounding community. 

Figure 3 combines the baseline forecasts with three capacity 
options contemplated at MSP International Airport: Strategy 
A, Strnlegy B, and Strategy C. The base case included only 
those capacity options already programmed. Strategy A 
included base case improvements plus a new north-south run
way. Strategy C comprised Strategy A and a third parallel. 

The results reflect not only each of the alternative runway 
layouts, but also the likelihood of future air traffic control 
irnprov men ts and the full range of variables that affect future 
demand. Figure uses expected instrument flight rules (IFR) 
capacity estimates for each option because the focus is on the 
year 2008; however, the difference hetwe.en these estimates 
and the visual flight rules (VFR) was small. 

Net capacity is shown along the bottom of the figure. Neg
ative numbers indicate a shortfall in capacity , whereas positive 
numbers show capacity in excess of the expected demand. 
The vertical scale indicates the probability that expede<l d rnand 
will be le. s than th capacity shown, that is, that che airp rt 
will b large enough. For xample. there is onl about a 5 
percent chance that the base case will provide adequate capac
ity in 2008. However, there is a 23 percent chance that Strat
egy A will be adequate and a more than 85 percent chance 
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FIGURE 3 Net capacity probabilities for MSP International Airport in year 2008. 

for Strategy B. By 2018, as presented in Table 1, the choices 
are more limited. In that year, Strategy A offers little chance 
of being able to meet expected demand, although Strategy B 
shows an almost 45 percent probability of meeting demand. 
The analysis further indicates that Strategy B represents close 
to the maximum operating capacity for the current site. 

These findings make clear the operational implications of 
each of three airport development strategies, and, as was 
suggested earlier, the question of the accuracy of the forecasts 
now needs no answer. However, from the planner's perspec
tive, a new question is raised: What are the costs and benefits 
of each of the alternatives? 

The technical analysis evaluated both engineering costs and 
direct, quantrnable benefits (such as fuel avings to the airlines 
a a result of improved capacity). Financially, tbis analysis 
demon trated that all capacity improvements would realize a 
high rate of return. 

Economic Benefits 

Airports often play a key role in attracting new business and 
in encouraging existing businesses to expand. Economic 
development was a motivating factor in the decision to build 
a new Dallas Airport in the early 1970s and in the current 
plans to build a new airport in Denver. However, strategic 
planners often make key investment decisions in the absence 
of any understanding of the potential economic benefits (or 
costs) of each alternative. Consequently, an analysis of the 

TABLE 1 PROBABILITY OF 
ADEQUATE CAPACITY IN 
MEETING PEAK-LOAD DEMAND 

Option 

Base case 
Strategy A 
Strategy B 

Year 

1998 

Percent 

10 
67 
92 

2008 

5 
18 
87 

2018 

1 
9 

40 

range of potential economic benefits associated with the 
development scenarios was prepared on the basis of the risk 
assessment results. The findings of the MSP International 
Airport analysis provided information on the range of benefits 
attributable to aviation under each growth or development 
scenario and made clear the value of committing to continued 
growth. 

Airport economic impacts are of two types: (a) direct impacts 
related to handling and servicing aircraft, passengers , and 
cargo, and (b) indirect impacts as these streams of activity 
move through the economy. The summary numbers presented 
in this section combine both types of impacts to emphasize the 
general findings-the range of potential impacts associated 
with airport developm nt scenarios. 

The potential r giona l ec nonuc gains (direct and indirect) 
that could be achieved from increasing capacity to meet expected 
demand are quite large (see Figure 4). It is estimated that 
MSP International Airport currently contributes more than 
$2 billion a year to the region's economy. On the basis of the 
airport economic impact model devel ped for the Minneap
olis Chamber of ommerce, the uncon ·trained forecast of 
enplanements and aircraft operations suggests that thi · impact 
could increase to about $3.5 billion over the next two decades. 

However, if a significant increase in capacity is not realized , 
the severe capacity constraints forecast for the base case 
development scenario imply annual losses of $1 billion or 
more by 2008-a loss of one-third. This estimate assumes 
that the overall level of activity through MSP International 
Airport will drop in line with the expected higher delays. In 
other words, rather than impose huge delays on air travelers, 
the airlines will shift activity to other airports by early in the 
next century. Clearly, even without significant capacity 
improvements at MSP International Airport, activity would 
still increase regional income and add new jobs. However, 
although the regional economy would not shrink if significant 
capacity additions were not made, future growth would be 
limited. 

In addition to the value of economic activity, an airport 
also brings new jobs. One that is capacity constrained, on the 
other hand, will limit growth below its potential. As dem-
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onstrated in Figure 5, for example, the change in service 
implied by increased delay can nly re ·ult in lost opporLU
nitie for growth. Here , the greater delays and diverted flights 
under the ba e cas result in a loss of thousand of job · in 
the region. 

These estimates are based on changes that either restrict 
capacity to well below current demand or allow capaci1y to 
grow roughly in .line with expected demand. Yet even the high 
end of the range of potential impact may understate the 
potential growth· by offering a higher level of ervice , an 
airport with exces capacity could act as a ' growt h p le. ' 

CONCLUSION 

The risk assessment process has been applied successfully in 
a variety of analy es. Until th Minneapolis analysis however , 
the only related application was an evaluation of the co ·ts 
and benefits of the nation's air trnffic control ·ystem. Siu e 
its introduction to airport strategic planning, the process has 
become accepted not simply a a means of identifying the 
implications of operational financiaJ and economi foreca t , 
but also as a particularly u eful tool for redirecting rhe debate 
away from the foreca ts and toward a decision. 

Did the proces. work in Minneapoli ? Before the analy ·i · 
began, the general decLc;ion taken from the airport ma ter 
plan had been that no decision was necessary- capaci ty was 
adequate. And it would have been for the next 5 to 1.0 years. 
However on relea e of th analy i , the Minne ta tat leg
islature mandated that a large tract of land being considered 
for sale be held until a decision could be made on how to 
meet the capacity needs of the region. At the same time, the 
Metropolitan Council of the Twin Cities began to explore 
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ex ten ive capacity additions at the exi ting ·ite a well as th 
possibility of a new airp rt. The ana lysis had taken the riginal 
forecasts and explicitly id ntified their strategic, Jong-term 
implications. A a r ull , the regional planning agency and 
pecial interest group together decided to pur ·ue addi tional 

economi opponuniti . ratl1cr than face regional opportunity 
co ts. The process had worked. 

Beyond these results, the process of preparing the analysi 
led to th· identification of new opportunities for the appli
cation of risk assessment. For example, the economic impact 
of each development . cenari depends on the baseline u ed 
and as umption pertaining to the redistribution f aircraft 
demand at capacity-constrained airport . The aoaly is pre-
ented h re focused on compari n with what w uld happen 

under the base case with a predefined set of changes in aircraft 
mix. However, the base case is itself a moving target, with 
the practical cap<1ci1y of the airport continually changing. In 
addition, faced with severe capacity constraints, th aircraft 
mix will likely either change as a result of fee (as wa · pro
posed at Boston recently). through restriction , or naturally 
(a often happe11s when pilots of genera l aviation air raft find 
capacity-constrained airp rt · less attractive). Recent work with 
Martin O' onnell A sociates , a firm specializing in aviation 
economic , point t the ability to define direct employment 
implication even 10 the level of aircraft mjx scenario . u h 
result would prove invaluable documentation for an informed 
and defensible decision on the priority to give different types 
of aircraft operation . . 

The proce s ha proven 10 be a practical. p lilically ensi ivc 
approach to strntegic planning and analysi . lts degree of 
preci ion ca n b tu ned t meet ·pecific . trategic planning 
ne ds becau e the focus i no longer on the foreca 1 •• but 
instead on the risks. 


