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Sensitivity analysisSensitivity analysis (SASA) is “ the study of how 
the variation in the output of a model (numerical or 
otherwise) can be apportioned, qualitatively or 
quantitatively, to different sources of variation”.[1]
However, when the assumptions are uncertain, 
and/or there are alternative sets of assumptions to 
chose from, the inference will also be also 
uncertain. Investigating the uncertainty in the 
inference (regardless of its source) goes under the 
name of Uncertainty analysis. 
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SSensitivityensitivity AAnalysisnalysis tries to identify those 
assumptions which weight the most in determining 
the uncertainty in the inference ('screening' 
sensitivity analysis). 'Quantitative' sensitivity 
analysis tries not only to identify but also to 
quantify the relative importance the influential 
assumptions. In the preceding discussion the term 
'factor' if often used instead of 'assumption' -
implying that assumptions have been translated 
into factors entering the model, e.g. with defined 
numerical values possibly drawn from factor-value 
distributions - while 'model output' can be used 
instead of inference.
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• A mathematical model is defined by a series of 
equations, input factors, parameters, and variables 
aimed to characterize the process being 
investigated.
• Input is subject to many sources of uncertainty 
including errors of measurement, absence of 
information and poor or partial understanding of 
the driving forces and mechanisms. This 
uncertainty imposes a limit on our confidence in 
the response or output of the model. Further, 
models may have to cope with the natural intrinsic 
variability of the system, such as the occurrence of 
stochastic events.

OverviewOverview
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• Good modeling practice requires that the modeler 
provides an evaluation of the confidence in the model, 
possibly assessing the uncertainties associated with 
the modeling process and with the outcome of the 
model itself. Uncertainty and Sensitivity Analysis offer 
valid tools for characterizing the uncertainty associated 
with a model.
• In models involving many input variables sensitivity 
analysis is an essential ingredient of model building 
and quality assurance. National and international 
agencies involved in impact assessment studies have 
included section devoted to sensitivity analysis in their 
guidelines. Examples are the European Commission, 
the White House Office for Budget and Management, 
the Intergovernmental Panel on Climate Change and 
the US Environmental Protection Agency.

…… OverviewOverview
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• There are several possible procedures to 
perform uncertainty (UA) and sensitivity analysis 
(SASA). The most common sensitivity analysis is 
sampling-based. A sampling-based sensitivity is 
one in which the model is executed repeatedly for 
combinations of values sampled from the 
distribution (assumed known) of the input factors. 
Sampling based methods can also be used to 
decompose the variance of the model output (see 
references). 

MethodologyMethodology
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• In general, UA and SASA are performed jointly by 
executing the model repeatedly for combination of 
factor values sampled with some probability 
distribution. The following steps can be listed:

1. Specify the target function and select the input of 
interest

2. Assign a distribution function to the selected 
factors

3. Generate a matrix of inputs with that distribution(s) 
through an appropriate design

4. Evaluate the model and compute the distribution of 
the target function

5. Select a method for assessing the influence or 
relative importance of each input factor on the target 
function.

…… MethodologyMethodology
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•• SSensitivity AAnalysis can be used to determine:
1. The model resemblance with the process under study 
2. The quality of model definition
3. Factors that mostly contribute to the output variability 
4. The region in the space of input factors for which the 

model variation is maximum 
5. Optimal - or instability - regions within the space of 

factors for use in a subsequent calibration study 
6. Interactions between factors 

ApplicationsApplications

SSensitivity AAnalysis is popular in financial applications, 
risk analysis, signal processing, neural networks and any 
area where models are developed. SASA can also be used in 
model-based policy assessment studies see e.g. [1].
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• Computer environmental models are increasingly 
used in a wide variety of studies and applications. 
For example global climate model are used for both 
short term weather forecasts and long term climate 
change.
• Moreover, computer models are increasingly used 
for environmental decision making at a local scale, 
for example for assessing the impact of a waste 
water treatment plant on a river flow, or for 
assessing the behavior and life length of bio-filters 
for contaminated waste water.

•• EnvironmentalEnvironmental
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• In both cases sensitivity analysis may help 
understanding the contribution of the various 
sources of uncertainty to the model output 
uncertainty and system performance in general.  In 
these cases, depending on model complexity, 
different sampling strategies may be advisable and 
traditional sensitivity indexes have to be 
generalized to cover multivariate sensitivity 
analysis, heteroskedastic effects and correlated 
inputs.

…… EnvironmentalEnvironmental
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• In a decision problem, the analyst may want to 
identify cost drivers as well as other quantities for 
which we need to acquire better knowledge in order 
to make an informed decision. On the other hand, 
some quantities have no influence on the 
predictions, so that we can save resources at no 
loss in accuracy by relaxing some of the conditions. 
See Corporate finance: Quantifying uncertainty. 

•• BusinessBusiness
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Sensitivity analysis can help in a variety of other 
circumstances which can be handled by the settings 
illustrated below:
• to identify critical assumptions or compare 
alternative model structures 
• guide future data collections 
• detect important criteria 
• optimize the tolerance of manufactured parts in 
terms of the uncertainty in the parameters 
• optimize resources allocation 
• model simplification or model lumping, etc. 

…… BusinessBusiness
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However there are also some problems associated 
with sensitivity analysis in the business context:
• Variables are often interdependent, which makes 
examining them each individually unrealistic, e.g.: 
changing one factor such as sales volume, will most 
likely affect other factors such as the selling price. 
• Often the assumptions upon which the analysis is 
based are made by using past experience/data which 
may not hold in the future. 
• Assigning a maximum and minimum (or optimistic and 
pessimistic) value is open to subjective interpretation. 
For instance one persons 'optimistic' forecast may be 
more conservative than that of another person 
performing a different part of the analysis. This sort of 
subjectivity can adversely affect the accuracy and 
overall objectivity of the analysis. 

…… BusinessBusiness
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To start with, we propose the following material :
• Cookbook
• Tutorial 1
• Tutorial 2
• Tutorial 3
• Book on Sensitivity Analysis (Preface)

A REAL TEST CASE
We also suggest some bibliographic material, where the 

reader will find the grater part of sensitivity analysis studies, 
together with applications and reviews:
• Sensitivity Analysis for Chemical Models
• Composite Indicators
• Archer, G.; Saltelli, A.; Sobol’, I. M. Journal of Statistical Computation 
and Simulation 1997, 58, 99

Tutorial on Tutorial on Sensitivity AnalysisSensitivity Analysis
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Lemonade StandLemonade Stand
In the first exploration, letIn the first exploration, let’’s look at a lemonade stand located on a college campus.s look at a lemonade stand located on a college campus.
As usual, we are particularly interested in the behavior of the As usual, we are particularly interested in the behavior of the stock, the number of cups stock, the number of cups 
of lemonade that are ready to be sold to customers. The stand isof lemonade that are ready to be sold to customers. The stand is open eight hours every open eight hours every 
day.day.
Howard, the owner, is the only person working in the stand.Howard, the owner, is the only person working in the stand.

EpidemicsEpidemics
In the second exploration we look at an epidemics model. The modIn the second exploration we look at an epidemics model. The model was already used el was already used 
in a previous chapter in Road Maps, so it is possible that you hin a previous chapter in Road Maps, so it is possible that you have already built it.ave already built it.

CoffeehouseCoffeehouse
We now return to Howard, the owner of the lemonade stand on a coWe now return to Howard, the owner of the lemonade stand on a college campus.llege campus.
Howard realized that it could be more profitable for him to sellHoward realized that it could be more profitable for him to sell coffee because students coffee because students 
tend to drink more coffee than lemonade, and they drink it at antend to drink more coffee than lemonade, and they drink it at any time of the day and y time of the day and 
night. Therefore, he closed his lemonade stand and opened a 24night. Therefore, he closed his lemonade stand and opened a 24--hour Coffeehouse.hour Coffeehouse.
Howard bases the Coffeehouse model on the model he used in his lHoward bases the Coffeehouse model on the model he used in his lemonade stand to emonade stand to 
model the number of cups of model the number of cups of ““Coffee ready.Coffee ready.”” We will run the simulation over a period We will run the simulation over a period 
of two days, or 48 hours.of two days, or 48 hours.
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Specific parameter values can change the appearance of the graphSpecific parameter values can change the appearance of the graphs s 
representing the behavior of the system. But significant changesrepresenting the behavior of the system. But significant changes in in 
behavior do not occur for all parameters. System dynamics modelsbehavior do not occur for all parameters. System dynamics models are are 
in general insensitive to many parameter changes. It is the struin general insensitive to many parameter changes. It is the structure of cture of 
the system, and not the parameter values, that has most influencthe system, and not the parameter values, that has most influence on e on 
the behavior of the system.the behavior of the system.

Sensitivity analysis is an important tool in the model building Sensitivity analysis is an important tool in the model building 
process. By showing that the system does not react greatly to a process. By showing that the system does not react greatly to a 
change in a parameter value, it reduces the modelerchange in a parameter value, it reduces the modeler’’s uncertainty in s uncertainty in 
the behavior. In addition, it gives an opportunity for a better the behavior. In addition, it gives an opportunity for a better 
understanding of the dynamic behavior of the system.understanding of the dynamic behavior of the system.

We encourage you to experiment with the three models from this We encourage you to experiment with the three models from this 
paper (as well as any other models that you have built) on your paper (as well as any other models that you have built) on your own. own. 
For example, try to change several parameters at the same time, For example, try to change several parameters at the same time, 
observe the behavior produced, and compare it to the conclusionsobserve the behavior produced, and compare it to the conclusions in in 
this paper. Can you suggest any parameter values that would prodthis paper. Can you suggest any parameter values that would produce uce 
the the ““optimal,optimal,”” or most desirable behavior? The use of sensitivity or most desirable behavior? The use of sensitivity 
analysis in such policy analysis will be explored in a later papanalysis in such policy analysis will be explored in a later paper in this er in this 
series.series.
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Sensitivity analysis (SA)Sensitivity analysis (SA) is the study of how the variation (uncertainty) in the output ofis the study of how the variation (uncertainty) in the output of

aa mathematical modelmathematical model can be apportioned, qualitatively or quantitatively, to differencan be apportioned, qualitatively or quantitatively, to different t 
sources of variation in the input of a modelsources of variation in the input of a model [1][1]. Put another way, it is a technique for . Put another way, it is a technique for 
systematically changing parameters in a model to determine the esystematically changing parameters in a model to determine the effects of such changes.ffects of such changes.

In more general terms uncertainty and sensitivity analyses invesIn more general terms uncertainty and sensitivity analyses investigate the robustness of a tigate the robustness of a 
study when the study includes some form study when the study includes some form ofofmathematicalmathematical modellingmodelling. Sensitivity analysis . Sensitivity analysis 
can be useful to computer can be useful to computer modellersmodellers for a range of purposesfor a range of purposes[2][2], including:, including:
support decision making or the development of recommendations fosupport decision making or the development of recommendations for decision makers (e.g. r decision makers (e.g. 
testing the robustness of a result);testing the robustness of a result);
enhancing communication from enhancing communication from modellersmodellers to decision makers (e.g. by making to decision makers (e.g. by making 
recommendations more credible, understandable, compelling or perrecommendations more credible, understandable, compelling or persuasive);suasive);
 increased understanding or quantification of the system (e.g. unincreased understanding or quantification of the system (e.g. understanding relationships derstanding relationships 
between input and output variables); andbetween input and output variables); and
model development (e.g. searching for errors in the model).model development (e.g. searching for errors in the model).

While uncertainty analysis studies the overallWhile uncertainty analysis studies the overall uncertaintyuncertainty in the conclusions of the study, in the conclusions of the study, 
sensitivity analysis tries to identify what source of uncertaintsensitivity analysis tries to identify what source of uncertainty weights more on the study's y weights more on the study's 
conclusions. For example, several guidelines for conclusions. For example, several guidelines for modellingmodelling (see e.g. one from the US (see e.g. one from the US 
EPA)EPA) or or forforimpactimpact assessmentassessment (see one from the European Commission)(see one from the European Commission) prescribe prescribe 
sensitivity analysis as a tool to ensure the quality of the sensitivity analysis as a tool to ensure the quality of the modellingmodelling/assessment./assessment.
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The problem setting in sensitivity analysis has strong similaritThe problem setting in sensitivity analysis has strong similarities withies with design of design of 
experimentsexperiments. In design of experiments one studies the effect of some proces. In design of experiments one studies the effect of some process or intervention s or intervention 
(the 'treatment') on some objects (the 'experimental units'). In(the 'treatment') on some objects (the 'experimental units'). In sensitivity analysis one looks sensitivity analysis one looks 
at the effect of varying the inputs of a mathematical model on tat the effect of varying the inputs of a mathematical model on the output of the model itself. he output of the model itself. 
In both disciplines one strives to obtain information from the sIn both disciplines one strives to obtain information from the system with a minimum of ystem with a minimum of 
physical or numerical experiments.physical or numerical experiments.

In uncertainty and sensitivity analysis there is a crucial tradeIn uncertainty and sensitivity analysis there is a crucial trade off between how scrupulous off between how scrupulous 
an analyst is in exploring the inputan analyst is in exploring the input assumptionsassumptions and how wide the resultingand how wide the resulting inferenceinference may may 
be. The point is well illustrated by the econometrician Edward Ebe. The point is well illustrated by the econometrician Edward E. . LeamerLeamer (1990)(1990) [3][3]::

I have proposed a form of organized sensitivity analysis that I I have proposed a form of organized sensitivity analysis that I call call ‘‘global sensitivity global sensitivity 
analysisanalysis’’ in which a neighborhood of alternative assumptions is selected in which a neighborhood of alternative assumptions is selected and the and the 
corresponding interval of inferences is identified. Conclusions corresponding interval of inferences is identified. Conclusions are judged to be sturdy only are judged to be sturdy only 
if the neighborhood of assumptions is wide enough to be credibleif the neighborhood of assumptions is wide enough to be credible and the corresponding and the corresponding 
interval of inferences is narrow enough to be useful.interval of inferences is narrow enough to be useful.

Note Note LeamerLeamer’’ss emphasis is on the need for 'credibility' in the selection of aemphasis is on the need for 'credibility' in the selection of assumptions. The ssumptions. The 
easiest way to invalidate a model is to demonstrate that it is feasiest way to invalidate a model is to demonstrate that it is fragile with respect to the ragile with respect to the 
uncertainty in the assumptions or to show that its assumptions huncertainty in the assumptions or to show that its assumptions have not been taken 'wide ave not been taken 'wide 
enough'. The same concept is expressed by Jerome R. enough'. The same concept is expressed by Jerome R. RavetzRavetz, for whom bad modeling is , for whom bad modeling is 
whenwhen uncertainties in inputs must be suppressed lest outputs become iuncertainties in inputs must be suppressed lest outputs become indeterminate.ndeterminate.[4][4]

In modern econometrics the use of sensitivity analysis to anticiIn modern econometrics the use of sensitivity analysis to anticipate criticism is the subject pate criticism is the subject 
of one of the ten commandments of applied econometrics (from Kenof one of the ten commandments of applied econometrics (from Kennedy, 2007nedy, 2007[5][5] ):):
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Thou shall confess in the presence of sensitivity. Corollary: ThThou shall confess in the presence of sensitivity. Corollary: Thou shall anticipate criticism ou shall anticipate criticism 
[[······] When reporting a sensitivity analysis, researchers should expl] When reporting a sensitivity analysis, researchers should explain fully their ain fully their 
specification search so that the readers can judge for themselvespecification search so that the readers can judge for themselves how the results may have s how the results may have 
been affected. This is basically an been affected. This is basically an ‘‘honesty is the best policyhonesty is the best policy’’ approach, advocated by approach, advocated by 
LeamerLeamer, (1978, (1978[6][6]).).

The use of mathematical The use of mathematical modellingmodelling can be the subject of controversies, see can be the subject of controversies, see NassimNassim
Nicholas TalebNicholas Taleb[7][7] in Economics, and Orrin H. in Economics, and Orrin H. PilkeyPilkey and Linda and Linda PilkeyPilkey JarvisJarvis[8][8] in in 
Environmental Sciences. As noted by the latter Authors, this incEnvironmental Sciences. As noted by the latter Authors, this increases the relevance of reases the relevance of 
sensitivity analysis in today's sensitivity analysis in today's modellingmodelling practicepractice[1][1] ..

Mathematical problemsMathematical problems met in social, economic or natural sciences may entail the use omet in social, economic or natural sciences may entail the use of f 
mathematical models, which generally do not lend themselves to amathematical models, which generally do not lend themselves to a straightforward straightforward 
understanding of the relationship between input factors (what gounderstanding of the relationship between input factors (what goes into the model) and es into the model) and 
output (the modeloutput (the model’’s dependent variables). Such an appreciation, i.e. the understans dependent variables). Such an appreciation, i.e. the understanding of ding of 
how the model behaves in response to changes in its inputs, is ohow the model behaves in response to changes in its inputs, is of fundamental importance to f fundamental importance to 
ensure a correct use of the models.ensure a correct use of the models.
AA mathematical modelmathematical model is defined by a series ofis defined by a series of equationsequations, input factors, parameters, and , input factors, parameters, and 
variables aimed to characterize the process being investigated.variables aimed to characterize the process being investigated.
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Ideal scheme of a possibly samplingIdeal scheme of a possibly sampling--based sensitivity analysis. Uncertainty based sensitivity analysis. Uncertainty 
arising from different sources arising from different sources —— errors in the data, parameter estimation procedure, errors in the data, parameter estimation procedure, 
alternative model structures alternative model structures —— are propagated through the model for uncertainty are propagated through the model for uncertainty 
analysis and their relative importance is quantified via sensitianalysis and their relative importance is quantified via sensitivity analysis. vity analysis. 

ErrorsErrors
Resolution levelsResolution levels Model structuresModel structures

DataData

ParametersParameters

Model Model 
outputoutput

Simulation Simulation 
ModelModel

Uncertainty AnalysisUncertainty Analysis

Sensitivity AnalysisSensitivity Analysis

Feedbacks on Input Data and Model FactorFeedbacks on Input Data and Model Factor
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ErrorsErrors
In sensitivity analysis Type I error is assessing as important aIn sensitivity analysis Type I error is assessing as important a non important factor, and non important factor, and 
Type II error assessing as non important an important factor. TyType II error assessing as non important an important factor. Type III error corresponds to pe III error corresponds to 
analyzing the wrong problem, e.g. via an incorrect specificationanalyzing the wrong problem, e.g. via an incorrect specification of the input uncertainties. of the input uncertainties. 
Possible pitfalls in sensitivity analysis are:Possible pitfalls in sensitivity analysis are:

Unclear purpose of the analysis. Different statistical tests andUnclear purpose of the analysis. Different statistical tests and measures are applied to the measures are applied to the 
problem and different factors rankings are obtained. The test shproblem and different factors rankings are obtained. The test should instead be tailored to ould instead be tailored to 
the purpose of the analysis, e.g. one uses Monte Carlo filteringthe purpose of the analysis, e.g. one uses Monte Carlo filtering if one is interested in if one is interested in 
which factors are most responsible for generating high/low valuewhich factors are most responsible for generating high/low values of the output.s of the output.

Too many model outputs are considered. This may be acceptable foToo many model outputs are considered. This may be acceptable for quality assurance of r quality assurance of 
subsub--models but should be avoided when presenting the results of the models but should be avoided when presenting the results of the overall analysis.overall analysis.

Piecewise sensitivity. This is when one performs sensitivity anaPiecewise sensitivity. This is when one performs sensitivity analysis on one sublysis on one sub--model at model at 
a time. This approach is non conservative as it might overlook ia time. This approach is non conservative as it might overlook interactions among factors nteractions among factors 
in different subin different sub--models (Type II error).models (Type II error).
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ApplicationsApplications
Sensitivity analysis can be usedSensitivity analysis can be used
 To simplify modelsTo simplify models
 To investigate the robustness of the model predictionsTo investigate the robustness of the model predictions
 To play whatTo play what--if analysis exploring the impact of varying input assumptions anif analysis exploring the impact of varying input assumptions and scenariosd scenarios
 As an element of quality assurance (unexpected factors sensitiviAs an element of quality assurance (unexpected factors sensitivities may be associated to ties may be associated to 

coding errors or misspecifications).coding errors or misspecifications).
It provides as well information on:It provides as well information on:
 Factors that mostly contribute to theFactors that mostly contribute to the outputoutput variabilityvariability
 The region in theThe region in the spacespace ofof inputinput factors for which the model output is either maximum or factors for which the model output is either maximum or 

minimum or within preminimum or within pre--defined bounds (see Monte Carlo filtering above)defined bounds (see Monte Carlo filtering above)
 OptimalOptimal —— or instability or instability —— regions within the space of factors for use in a regions within the space of factors for use in a 

subsequentsubsequent calibrationcalibration studystudy
 InteractionInteraction between factorsbetween factors
Sensitivity Analysis is common in physics and chemistrySensitivity Analysis is common in physics and chemistry[26][26], in, in financialfinancial applications, risk applications, risk 

analysis,analysis, signal processingsignal processing,, neural networksneural networks and any area where models are developed. and any area where models are developed. 
Sensitivity analysis can also be used in modelSensitivity analysis can also be used in model--basedbased policy assessment studiespolicy assessment studies . . 
Sensitivity analysis can be used to assess the robustness ofSensitivity analysis can be used to assess the robustness of composite indicatorscomposite indicators [27][27], also , also 
known as indices, such as theknown as indices, such as the Environmental Pressure IndexEnvironmental Pressure Index..
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EnvironmentalEnvironmental
Computer environmental models are increasingly used in a wide vaComputer environmental models are increasingly used in a wide variety of studies and riety of studies and 

applications. For exampleapplications. For example global climate modelglobal climate model are used for both short termare used for both short term weather weather 
forecastsforecasts and long termand long term climate changeclimate change..

Moreover, computer models are increasingly used for environmentaMoreover, computer models are increasingly used for environmental decision making at a l decision making at a 
local scale, for example for assessing the impact of a waste watlocal scale, for example for assessing the impact of a waste water treatment plant on a river er treatment plant on a river 
flow, or for assessing the behavior and life length of bioflow, or for assessing the behavior and life length of bio--filters for contaminated waste filters for contaminated waste 
water.water.

In both cases sensitivity analysis may help understanding the coIn both cases sensitivity analysis may help understanding the contribution of the various ntribution of the various 
sources of uncertainty to the model output uncertainty and systesources of uncertainty to the model output uncertainty and system performance in general. m performance in general. 
In these cases, depending on model complexity, different samplinIn these cases, depending on model complexity, different sampling strategies may be g strategies may be 
advisable and traditional sensitivity indexes have to be generaladvisable and traditional sensitivity indexes have to be generalized to coverized to cover multivariate multivariate 
sensitivity analysissensitivity analysis,, heteroskedasticheteroskedastic effects and correlated inputs.effects and correlated inputs.
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BusinessBusiness
In a decision problem, the analyst may want to identify cost driIn a decision problem, the analyst may want to identify cost drivers as well as other quantities vers as well as other quantities 

for which we need to acquire better knowledge in order to make afor which we need to acquire better knowledge in order to make an informed decision. On n informed decision. On 
the other hand, some quantities have no influence on the predictthe other hand, some quantities have no influence on the predictions, so that we can save ions, so that we can save 
resources at no loss in accuracy by relaxing some of the conditiresources at no loss in accuracy by relaxing some of the conditions. Seeons. See Corporate finance: Corporate finance: 
Quantifying uncertaintyQuantifying uncertainty. Sensitivity analysis can help in a variety of other circumstan. Sensitivity analysis can help in a variety of other circumstances ces 
which can be handled by the settings illustrated below:which can be handled by the settings illustrated below:

 to identify critical assumptions or compare alternative model stto identify critical assumptions or compare alternative model structuresructures
 guide future data collectionsguide future data collections
 detect important criteriadetect important criteria
 optimize the tolerance of manufactured parts in terms of the uncoptimize the tolerance of manufactured parts in terms of the uncertainty in the parametersertainty in the parameters
 optimize resources allocationoptimize resources allocation
 model simplification or model lumping, etc.model simplification or model lumping, etc.
However there are also some problems associated with sensitivityHowever there are also some problems associated with sensitivity analysis in the business analysis in the business 

context:context:
 Variables are often interdependent, which makes examining them eVariables are often interdependent, which makes examining them each individually ach individually 

unrealistic, e.g.: changing one factor such as sales volume, wilunrealistic, e.g.: changing one factor such as sales volume, will most likely affect other l most likely affect other 
factors such as the selling price.factors such as the selling price.

 Often the assumptions upon which the analysis is based are made Often the assumptions upon which the analysis is based are made by using past by using past 
experience/data which may not hold in the future.experience/data which may not hold in the future.

 Assigning a maximum and minimum (or optimistic and pessimistic) Assigning a maximum and minimum (or optimistic and pessimistic) value is open to value is open to 
subjective interpretation. For instance one persons 'optimistic'subjective interpretation. For instance one persons 'optimistic' forecast may be more forecast may be more 
conservative than that of another person performing a different conservative than that of another person performing a different part of the analysis. This part of the analysis. This 
sort of subjectivity can adversely affect the accuracy and overasort of subjectivity can adversely affect the accuracy and overall objectivity of the analysis.ll objectivity of the analysis.



C6C6

3434/44/44

…… Sensitivity analysisSensitivity analysisReferencesReferences
 ^̂ aa bb SaltelliSaltelli, A., , A., RattoRatto, M., Andres, T., , M., Andres, T., CampolongoCampolongo, F., , F., CariboniCariboni, J., , J., GatelliGatelli, D. , D. SaisanaSaisana, M., and , M., and 

TarantolaTarantola, S., 2008,, S., 2008, Global Sensitivity Analysis. The PrimerGlobal Sensitivity Analysis. The Primer, John Wiley & Sons., John Wiley & Sons.
 ^̂ Pannell, D.J. (1997). Sensitivity analysis of normative economicPannell, D.J. (1997). Sensitivity analysis of normative economic models: Theoretical framework and models: Theoretical framework and 

practical strategies,practical strategies, Agricultural EconomicsAgricultural Economics 16: 13916: 139--152.152.[1][1]
 ^̂ LeamerLeamer, E., (1990) Let's take the con out of econometrics, and Sensiti, E., (1990) Let's take the con out of econometrics, and Sensitivity analysis would help. In C. vity analysis would help. In C. 

Granger (ed.), Granger (ed.), ModellingModelling Economic Series. Oxford: Clarendon Press 1990.Economic Series. Oxford: Clarendon Press 1990.
 ^̂ RavetzRavetz, J.R., 2007,, J.R., 2007, NoNo--Nonsense Guide to ScienceNonsense Guide to Science, New Internationalist Publications Ltd., New Internationalist Publications Ltd.
 ^̂ Kennedy, P. (2007).Kennedy, P. (2007). A guide to econometricsA guide to econometrics, Fifth edition. Blackwell Publishing., Fifth edition. Blackwell Publishing.
 ^̂ LeamerLeamer, E. (1978)., E. (1978). Specification Searches: Ad Hoc Inferences with Specification Searches: Ad Hoc Inferences with NonexperimentalNonexperimental DataData. John . John 

Wiley & Sons, Ltd, p. vi.Wiley & Sons, Ltd, p. vi.
 ^̂ TalebTaleb, N. N., (2007), N. N., (2007) The Black Swan: The Impact of the Highly Improbable,The Black Swan: The Impact of the Highly Improbable, Random House.Random House.
 ^̂ PilkeyPilkey, O. H. and L. , O. H. and L. PilkeyPilkey--Jarvis (2007),Jarvis (2007), Useless Arithmetic. Why Environmental Scientists Can't Useless Arithmetic. Why Environmental Scientists Can't 

Predict the Future.Predict the Future. New York: Columbia University Press.New York: Columbia University Press.
 ^̂ CacuciCacuci, Dan G.,, Dan G., Sensitivity and Uncertainty Analysis: Theory, Volume ISensitivity and Uncertainty Analysis: Theory, Volume I, Chapman & Hall., Chapman & Hall.
 ^̂ CacuciCacuci, Dan G., , Dan G., MihaelaMihaela IonescuIonescu--BujorBujor, Michael , Michael NavonNavon, 2005,, 2005, Sensitivity And Uncertainty Analysis: Sensitivity And Uncertainty Analysis: 

Applications to LargeApplications to Large--Scale Systems (Volume II)Scale Systems (Volume II), Chapman & Hall., Chapman & Hall.
 ^̂ GrievankGrievank, A. (2000)., A. (2000). Evaluating derivatives, Principles and techniques of algorithmicEvaluating derivatives, Principles and techniques of algorithmic

differentiation.differentiation. SIAM publisher.SIAM publisher.
 ^̂ J.C. Helton, J.D. Johnson, C.J. J.C. Helton, J.D. Johnson, C.J. SalaberrySalaberry, and C.B. , and C.B. StorlieStorlie, 2006, Survey of sampling based methods , 2006, Survey of sampling based methods 

for uncertainty and sensitivity analysis.for uncertainty and sensitivity analysis. Reliability Engineering and System SafetyReliability Engineering and System Safety,, 9191:1175:1175––1209.1209.
 ^̂ Oakley, J. and A. O'Hagan (2004). Probabilistic sensitivity analOakley, J. and A. O'Hagan (2004). Probabilistic sensitivity analysis of complex models: a Bayesian ysis of complex models: a Bayesian 

approach.approach. J. Royal Stat. Soc. BJ. Royal Stat. Soc. B 66, 75166, 751––769769..
 ^̂ Morris, M. D. (1991). Factorial sampling plans for preliminary cMorris, M. D. (1991). Factorial sampling plans for preliminary computational omputational 

experiments.experiments. TechnometricsTechnometrics,, 3333, 161, 161––174.174.
 ^̂ CampolongoCampolongo, F., J. , F., J. CariboniCariboni, and A. , and A. SaltelliSaltelli (2007). An effective screening design for sensitivity (2007). An effective screening design for sensitivity 

analysis of large models.analysis of large models. Environmental Environmental ModellingModelling and Softwareand Software,, 2222, 1509, 1509––1518.1518.



C6C6

3535/44/44

…… Sensitivity analysisSensitivity analysis
 ^̂ SobolSobol’’, I. (1990). Sensitivity estimates for nonlinear mathematical mo, I. (1990). Sensitivity estimates for nonlinear mathematical models.dels. MatematicheskoeMatematicheskoe ModelirovanieModelirovanie 22, , 

112112––118. in Russian, translated in English in 118. in Russian, translated in English in SobolSobol’’ , I. (1993). Sensitivity analysis for non, I. (1993). Sensitivity analysis for non--linear mathematical linear mathematical 
models.models. Mathematical Modeling & Computational Experiment (Engl. Transl.)Mathematical Modeling & Computational Experiment (Engl. Transl.), 1993,, 1993, 11, 407, 407––414.414.

 ^̂ Homma, T. and A. Homma, T. and A. SaltelliSaltelli (1996). Importance measures in global sensitivity analysis of n(1996). Importance measures in global sensitivity analysis of nonlinear onlinear 
models.models. Reliability Engineering and System SafetyReliability Engineering and System Safety,, 5252, 1, 1––17.17.

 ^̂ SaltelliSaltelli, A., K. Chan, and M. Scott (Eds.) (2000)., A., K. Chan, and M. Scott (Eds.) (2000). Sensitivity AnalysisSensitivity Analysis. Wiley Series in Probability and Statistics. . Wiley Series in Probability and Statistics. 
New York: John Wiley and Sons.New York: John Wiley and Sons.

 ^̂ SaltelliSaltelli, A. and S. , A. and S. TarantolaTarantola (2002). On the relative importance of input factors in mathemat(2002). On the relative importance of input factors in mathematical models: safety ical models: safety 
assessment for nuclear waste disposal.assessment for nuclear waste disposal. Journal of American Statistical AssociationJournal of American Statistical Association,, 9797, 702, 702––709.709.

 ^̂ Li, G., J. Li, G., J. HuHu, S., S.--W. Wang, P. W. Wang, P. GeorgopoulosGeorgopoulos, J. , J. SchoendorfSchoendorf, and H. , and H. RabitzRabitz (2006). Random Sampling(2006). Random Sampling--High High 
Dimensional Model Representation (RSDimensional Model Representation (RS--HDMR) and HDMR) and orthogonalityorthogonality of its different order component of its different order component 
functions.functions. Journal of Physical Chemistry AJournal of Physical Chemistry A 110110, 2474, 2474––2485.2485.

 ^̂ Li, G., W. S. W., and R. H. (2002). Practical approaches to consLi, G., W. S. W., and R. H. (2002). Practical approaches to construct RStruct RS--HDMR component functions.HDMR component functions. Journal of Journal of 
Physical ChemistryPhysical Chemistry 106106, 8721{8733., 8721{8733.

 ^̂ RabitzRabitz, H. (1989). System analysis at molecular scale., H. (1989). System analysis at molecular scale. ScienceScience,, 246246, 221, 221––226.226.
 ^̂ HornbergerHornberger, G. and R. Spear (1981). An approach to the preliminary analysi, G. and R. Spear (1981). An approach to the preliminary analysis of environmental systems.s of environmental systems. Journal Journal 

of Environmental Managementof Environmental Management 77, 7, 7––18.18.
 ^̂ SaltelliSaltelli, A., S. , A., S. TarantolaTarantola, F. , F. CampolongoCampolongo, and M. , and M. RattoRatto (2004).(2004). Sensitivity Analysis in Practice: A Guide to Sensitivity Analysis in Practice: A Guide to 

Assessing Scientific ModelsAssessing Scientific Models. John Wiley and Sons.. John Wiley and Sons.
 ^̂ Sacks, J., W. J. Welch, T. J. Mitchell, and H. P. Wynn (1989). DSacks, J., W. J. Welch, T. J. Mitchell, and H. P. Wynn (1989). Design and analysis of computer esign and analysis of computer 

experiments.experiments. Statistical ScienceStatistical Science 44, 409, 409––435.435.
 ^̂ SaltelliSaltelli, A., M. , A., M. RattoRatto, S. , S. TarantolaTarantola and F. and F. CampolongoCampolongo (2005) Sensitivity Analysis for Chemical (2005) Sensitivity Analysis for Chemical 

Models,Models, Chemical ReviewsChemical Reviews, 105(7) pp 2811 , 105(7) pp 2811 –– 2828.2828.
 ^̂ SaisanaSaisana M., M., SaltelliSaltelli A., A., TarantolaTarantola S., 2005, Uncertainty and Sensitivity analysis techniques as toS., 2005, Uncertainty and Sensitivity analysis techniques as tools for the quality ols for the quality 

assessment of composite indicators,assessment of composite indicators, Journal Royal Statistical Society AJournal Royal Statistical Society A,, 168168 (2), 307(2), 307––323.323.



C6C6

3636/44/44

…… Sensitivity analysisSensitivity analysis
BibliographyBibliography
 Cruz, J. B., editor, (1973) System Sensitivity Analysis, Dowden,Cruz, J. B., editor, (1973) System Sensitivity Analysis, Dowden, Hutchinson & Ross, Hutchinson & Ross, 

Stroudsburg, PA.Stroudsburg, PA.
 Cruz, J. B. and Perkins, W.R., (1964), A New Approach to the SenCruz, J. B. and Perkins, W.R., (1964), A New Approach to the Sensitivity Problem in sitivity Problem in 

Multivariable Feedback System Design, IEEE TAC, Vol. 9, 216Multivariable Feedback System Design, IEEE TAC, Vol. 9, 216--223.223.
 FassòFassò A. (2007) Statistical sensitivity analysis and water quality. IA. (2007) Statistical sensitivity analysis and water quality. In n WymerWymer L. L. 

Ed,Ed, Statistical Framework for Water Quality Criteria and MonitoringStatistical Framework for Water Quality Criteria and Monitoring. Wiley, New York.. Wiley, New York.
 FassòFassò A., Esposito E., A., Esposito E., PorcuPorcu E., E., ReverberiReverberi A.P., A.P., VegliòVegliò F. (2003) Statistical Sensitivity F. (2003) Statistical Sensitivity 

Analysis of Packed Column Reactors for Contaminated Wastewater.Analysis of Packed Column Reactors for Contaminated Wastewater. EnvironmetricsEnvironmetrics. . 
Vol. 14, n.8, 743 Vol. 14, n.8, 743 -- 759.759.

 FassòFassò A., A., PerriPerri P.F. (2002) Sensitivity Analysis. In Abdel H. ElP.F. (2002) Sensitivity Analysis. In Abdel H. El--ShaarawiShaarawi and Walter W. and Walter W. 
PiegorschPiegorsch ((edseds)) Encyclopedia of Encyclopedia of EnvironmetricsEnvironmetrics, Volume 4, pp 1968, Volume 4, pp 1968––1982, Wiley.1982, Wiley.

 SaltelliSaltelli, A., S. , A., S. TarantolaTarantola, and K. Chan (1999). Quantitative model, and K. Chan (1999). Quantitative model--independent method independent method 
for global sensitivity analysis of model for global sensitivity analysis of model output.output.TechnometricsTechnometrics 4141(1), 39(1), 39––56.56.

 SantnerSantner, T. J.; Williams, B. J.; , T. J.; Williams, B. J.; NotzNotz, W.I., W.I. Design and Analysis of Computer ExperimentsDesign and Analysis of Computer Experiments; ; 
SpringerSpringer--VerlagVerlag, 2003., 2003.

 HaugHaug, Edward J.; , Edward J.; ChoiChoi, Kyung K.;, Kyung K.; KomkovKomkov, , VadimVadim (1986) Design sensitivity analysis of (1986) Design sensitivity analysis of 
structural systems. Mathematics in Science and Engineering, 177.structural systems. Mathematics in Science and Engineering, 177. Academic Press, Inc., Academic Press, Inc., 
Orlando, FL.Orlando, FL.



C6C6

3737/44/44

Sensitivity Analysis  Sensitivity Analysis  ~ ~ http://http://www.investopedia.com/terms/s/sensitivityanalysis.aspwww.investopedia.com/terms/s/sensitivityanalysis.asp

What DoesWhat Does Sensitivity AnalysisSensitivity Analysis Mean?Mean?
A technique used to determine howA technique used to determine how different values of an independentdifferent values of an independent variable will impact variable will impact 
a particular dependent variable under a given set of assumptionsa particular dependent variable under a given set of assumptions. This technique is. This technique is used used 
withinwithin specificspecific boundaries that will depend on one or more input variables, suchboundaries that will depend on one or more input variables, such asas the the 
effecteffect that changes in interest rates will have on a bond's price.that changes in interest rates will have on a bond's price.

Sensitivity analysisSensitivity analysis is a way to predictis a way to predict the outcome of a decision if a situation turns out to the outcome of a decision if a situation turns out to 
be different compared to the key be different compared to the key prediction(sprediction(s).).

InvestopediaInvestopedia explainsexplains Sensitivity AnalysisSensitivity Analysis
Sensitivity analysis is very usefulSensitivity analysis is very useful when attempting to determine the impactwhen attempting to determine the impact the the 
actualactual outcome of a particular variable will haveoutcome of a particular variable will have if itif it differs from what was previously differs from what was previously 
assumed. By creating aassumed. By creating a given set of scenarios, the analyst can determine how changes ingiven set of scenarios, the analyst can determine how changes in
one one variable(svariable(s) will impact the) will impact the target variable.target variable.

For example, an analyst mightFor example, an analyst might create a financial model that will value a company's equity create a financial model that will value a company's equity 
(the(the dependent variable)dependent variable) given the amount of earnings per share (an independent given the amount of earnings per share (an independent 
variable)variable) the company reports at the end of the year and the company's prithe company reports at the end of the year and the company's pricece--toto--earnings earnings 
multiple (another independent variable) at that time. The analysmultiple (another independent variable) at that time. The analyst can create a table of t can create a table of 
predicted pricepredicted price--toto--earnings multiples and a corresponding value of the company's eqearnings multiples and a corresponding value of the company's equity uity 
based on different values for each of the independent variables.based on different values for each of the independent variables.
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Sensitivity ~ Sensitivity ~ http://http://www.investopedia.com/terms/s/sensitivity.aspwww.investopedia.com/terms/s/sensitivity.asp

What DoesWhat Does SensitivitySensitivity Mean?Mean?
TheThe magnitude of a financial instrument's reaction to changesmagnitude of a financial instrument's reaction to changes in in 
underlyingunderlying factors. Financial instruments, such as stocks and bonds, factors. Financial instruments, such as stocks and bonds, 
are constantly impacted by many factors. Sensitivity accounts foare constantly impacted by many factors. Sensitivity accounts for all r all 
factors that impact a given instrument in a negative or positivefactors that impact a given instrument in a negative or positive way in way in 
an attempt to learn how muchan attempt to learn how much a certain factora certain factor willwill impact the value of impact the value of 
a particular instrument.a particular instrument.

InvestopediaInvestopedia explainsexplains SensitivitySensitivity
Interest rates are one of the most important underlying factors Interest rates are one of the most important underlying factors in the in the 
movement of bond prices and are closely watched by bond investormovement of bond prices and are closely watched by bond investors. s. 
These investors get a better idea of how their bonds will be These investors get a better idea of how their bonds will be 
affectedaffected by interest rate movements by incorporating sensitivity into by interest rate movements by incorporating sensitivity into 
their analyses.their analyses.
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Spreadsheet Sensitivity AnalysisSpreadsheet Sensitivity Analysis

Spreadsheets and the Case ProjectsSpreadsheets and the Case Projects
The Dynamic Strategic Planning workbook is accompanied by a numbThe Dynamic Strategic Planning workbook is accompanied by a number of er of 

spreadsheetspreadsheet--based tools for data analysis. We have supplied these tools so tbased tools for data analysis. We have supplied these tools so that hat 
the users of this workbook can concentrate upon the use and implthe users of this workbook can concentrate upon the use and implementation of ementation of 
decision analysis and strategic planning, rather than focusing udecision analysis and strategic planning, rather than focusing upon the pon the 
mechanics of the mathematics underlying their use.mechanics of the mathematics underlying their use.
The current form of the spreadsheets is a consequence of a combiThe current form of the spreadsheets is a consequence of a combination of nation of 

factors: academic research, pedagogical design, and infactors: academic research, pedagogical design, and in--class experiences. class experiences. 
Based upon new developments, they are being routinely improved.Based upon new developments, they are being routinely improved.
However, no amount of care in tool design can substitute for expHowever, no amount of care in tool design can substitute for expertise on the ertise on the 

part of the user.part of the user.
The case projects have been designed assuming that these tools wThe case projects have been designed assuming that these tools will be used ill be used 

effectively. The purpose of this document is to assure that you,effectively. The purpose of this document is to assure that you, the user of the user of 
these tools, are prepared to exploit them to their fullest these tools, are prepared to exploit them to their fullest -- specifically, that you specifically, that you 
are able to make use of spreadsheet sensitivity analysis tools.are able to make use of spreadsheet sensitivity analysis tools.

http://msl1.mit.edu/rdn/d_table.pdf
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Sensitivity Analysis Using ExcelSensitivity Analysis Using Excel
The main goal of sensitivity analysis is to gain insight into whThe main goal of sensitivity analysis is to gain insight into which assumptions are ich assumptions are 

critical, i.e., which assumptions affect choice. The process invcritical, i.e., which assumptions affect choice. The process involves various ways of olves various ways of 
changing input values of the model to see the effect on the outpchanging input values of the model to see the effect on the output value. In some ut value. In some 
decision situations you can use a single model to investigate sedecision situations you can use a single model to investigate several alternatives. In veral alternatives. In 
other cases, you may use a separate spreadsheet model for each aother cases, you may use a separate spreadsheet model for each alternative.lternative.

MANUAL WHATMANUAL WHAT--IF ANALYSISIF ANALYSIS
Using this approach, you enter values into cells C4:C6 and see wUsing this approach, you enter values into cells C4:C6 and see what the effect is on hat the effect is on 

net cash flow.net cash flow.

http://www.treeplan.com/chapters/02_decan_20071029_1042.pdf

For example, with the predetermined For example, with the predetermined 
price of $29, you may think that Units price of $29, you may think that Units 
Sold will be in the range between 500 and Sold will be in the range between 500 and 
900 units. Keeping other input 900 units. Keeping other input 
assumptions at base case, the assumptions at base case, the 
corresponding Net Cash Flows are $corresponding Net Cash Flows are $––
1,500 and $6,900. When we vary a single 1,500 and $6,900. When we vary a single 
input assumption, keeping all other input input assumption, keeping all other input 
assumptions at their base case values, we assumptions at their base case values, we 
say we are doing "one at a time" or say we are doing "one at a time" or 
""singlefactorsinglefactor““ sensitivity analysis.sensitivity analysis.
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Chapter 6:Chapter 6: Sensitivity AnalysisSensitivity Analysis

http://www.sce.carleton.ca/faculty/chinneck/po/Chapter6.pdfhttp://www.sce.carleton.ca/faculty/chinneck/po/Chapter6.pdf

Suppose that you have just completed a linear programming solution witch will have a 
major impact on your company, such as determining how much to increase the overall 
production capacity, and are about to present the results to the board of directions.  
How confident are you in the result?  How much will the results change if your basic 
data (e.g. profit per item produced, or availability of a component) is slightly wrong?  
Will that have a minor impact on your result? Will it give a completely different 
outcome, or change the outcome only slightly?

These are the kinds of questions addressed by sensitivity analysis.  Formally, the 
question is this: is my optimum solution (both the values of the variables and the 
value of the objective function) sensitive to a small change in one of the original 
problem coefficients (e.g. coefficients of the variables in the objective function or 
constrains, or the right hand side constants in the constraints)?  If Z or xi change when 
an original coefficient is changed, then we say that the LP is sensitivesensitive. We could ask, 
for example, if the Acme Bicycle Company solution is sensitive to a reduction in the 
availability of the metal finishing machine from 4 hours per day to only 3 (i.e. a 
change in the third constraint from  x1+x2≤4  to  x1+x3≤3).
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Sensitivity AnalysisSensitivity Analysis
Global Sensitivity Global Sensitivity AnalysisAnalysisTheThe PrimerPrimer
SaltelliSaltelli, A., , A., RattoRatto, M., Andres, T., , M., Andres, T., CampolongoCampolongo, F., , F., CariboniCariboni, J., , J., 
GatelliGatelli, D. , D. SaisanaSaisana, M., and , M., and TarantolaTarantola, S., 2008, John Wiley & , S., 2008, John Wiley & 
Sons (ISBN: 978Sons (ISBN: 978--00--470470--0599705997--5)5)Who needsWho needs Sensitivity AnalysisSensitivity Analysis

TutorialTutorial on Sensitivity Analysison Sensitivity Analysis

SimLabSimLab Software forSoftware for Sensitivity AnalysisSensitivity Analysis

What's New
•Sixth International Conferenceon Sensitivity 
Analysis of Model Output, Bocconi University of 
Milan, 19-22 July 2010

•Sixth Summer School onSensitivity Analysis of 
Model Output, Villa La Stella, Fiesole -
Florence, 14-17 September 2010

http://sensitivity-analysis.jrc.ec.europa.eu/
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Sensitivity AnalysisSensitivity Analysis

MultiMulti--disciplinary Design Optimizationdisciplinary Design Optimization

Centre for Aerospace Systems Design & EngineeringCentre for Aerospace Systems Design & Engineering
Department of Aerospace EngineeringDepartment of Aerospace Engineering

Indian Institute of TechnologyIndian Institute of Technology
Mumbai 400 076Mumbai 400 076

sensitivity.pptsensitivity.ppt (67 slides)(67 slides)
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Sensitivity Analysis Sensitivity Analysis –– Other ReferencesOther References

 Supporting Financial Statements Supporting Financial Statements -- The Handbook of Business PlanningThe Handbook of Business Planning ~ ~ 
http://www.jian.com/software/businesshttp://www.jian.com/software/business--plan/sensitivityplan/sensitivity--analysis.pdfanalysis.pdf

 Sensitivity analysis: strategies, methods, concepts, examples, Sensitivity analysis: strategies, methods, concepts, examples, David J. PannellDavid J. Pannell, , 
School of Agricultural and Resource Economics, University of WesSchool of Agricultural and Resource Economics, University of Western Australia, tern Australia, 
Crawley 6009, Australia ~Crawley 6009, Australia ~

 SENSITIVITY AND RISK ANALYSES ~ SENSITIVITY AND RISK ANALYSES ~ 
http://www.adb.org/documents/handbooks/water_supply_projects/Chahttp://www.adb.org/documents/handbooks/water_supply_projects/Chap7p7--r6.PDFr6.PDF

 Sensitivity Analysis of LPSensitivity Analysis of LP ~ ~ http://http://www.youtube.com/watch?vwww.youtube.com/watch?v=rACFwIt2szk=rACFwIt2szk
 What is sensitivity analysisWhat is sensitivity analysis ~ ~ 

http://www.medicine.ox.ac.uk/bandolier/painres/download/whatis/Whttp://www.medicine.ox.ac.uk/bandolier/painres/download/whatis/What_is_sens_analy.pdfhat_is_sens_analy.pdf
 Sensitivity AnalysisSensitivity Analysis ~ ~ http://web.mit.edu/15.053/www/AMPhttp://web.mit.edu/15.053/www/AMP--ChapterChapter--03.pdf03.pdf
 Tutorial_09_Sensitivity_AnalysisTutorial_09_Sensitivity_Analysis ~ ~ 

http://www.rocscience.com/downloads/slide/webhelp/pdf_files/tutohttp://www.rocscience.com/downloads/slide/webhelp/pdf_files/tutorials/Tutorial_09_Sensitrials/Tutorial_09_Sensit
ivity_Analysis.pdfivity_Analysis.pdf

 Cash Flow Sensitivity AnalysisCash Flow Sensitivity Analysis ~ ~ 
www.jaxworks.com/Cash%20Flow%20Sensitivity%20Analysis.xlswww.jaxworks.com/Cash%20Flow%20Sensitivity%20Analysis.xls


