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Predicting the future

§ Not an exact science but instead consists of a set of statistical tools and techniques that are 
supported by human judgment and intuition.

§ A forecast is a prediction of some future event or events.
§ Neils Bohr, making good predictions is not always easy

§ Business forecasting generally attempts to predict future customer demand for a firm’s goods or 
services

§ Macroeconomic forecasting attempts to predict future behaviour of the economy and identify business 
cycle turning points.
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Applications of Forecasting

§ Operations management: forecast of product sales; demand for services

§ Marketing: forecast of sales response to advertisement procedures, new promotions etc.

§ Finance & Risk management: forecast returns from investments

§ Economics: forecast of major economic variables, e.g. GDP, population growth, 
unemployment rates, inflation; useful for monetary & fiscal policy; budgeting plans & 
decisions

§ Industrial Process Control: forecasts of the quality characteristics of a production process

§ Demography: forecast of population; of demographic events (deaths, births, migration); useful 
for policy planning
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Forecasting – Near-term / Long-term

§ Short-term
§ Needed for the scheduling of personnel, production and transportation. 

As part of the scheduling process, forecasts of demand are often also 
required. 

§ Predicting only a few periods ahead (hours, days, weeks)
§ Typically bad on modelling and extrapolating patterns in the data

§ Medium-term
§ Needed to determine future resource requirements, in order to purchase 

raw materials, hire personnel, or buy machinery and equipment.
§ One to two years into the future, typically

§ Long-term
§ used in strategic planning. Such decisions must take account of market 

opportunities, environmental factors and internal resources 
§ Several years into the future

Each scenario needs testing and determine what works
No free lunch!
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Typical Forecasting Problem – Involve time series data
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Forecasting & Day-to-Day Business Operations

The reason that forecasting is so important is that prediction of future events is a critical input into 
many types of planning and decision making processes, with application to areas such as the 
following:
§ Operations Management: Business organizations routinely use forecasts of product sales or demand for services 

in order to schedule production, control inventories, manage the supply chain, determine staffing requirements, 
and plan capacity. 
§ Forecasts may also be used to determine the mix of products or services to be offered and the locations at 

which products are to be produced.

§ Marketing: Used in many marketing decisions. Forecasts of sales response to advertising expenditure, new 
promotions, changes in pricing policies enable business to evaluate their effectiveness, determine whether goals 
are met and make adjustments.

§ Finance & Risk Management: Investors in financial assets are interested in forecasting the returns from their 
investments. These assets include but re not limited to stocks, bonds, commodities, other investment decisions 
can be made relative to forecasts of interest rates, options, currency exchange rates. Takes account of volatility 
of asset returns.
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§ Economics: Governments, financial institutions and policy organizations require forecasts for major economic 
variables, such as gross domestic product, population growth, unemployment, interest rates, inflation, job growth, 
production, consumption. Gives as input to budgetary planning and decisions

§ Industrial Process Control: Forecasts future values of critical quality characteristics of a production process can 
help determine when important controllable variables in the process should be changed, or if the process should 
be shutdown and overhauled (predictive maintenance)

§ Demography: Forecasts of population by country and regions are made routinely, often stratified by variables 
such as gender, age, etc. Also, forecasts births, deaths, migration patterns of populations. Governments use for 
planning services such as roads, housing, heath care, retirement planning, etc.  Many businesses use forecasts 
of populations by age groups to make strategic plans regarding developing new product lines or types of services 
to offer
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Forecasting Methods

§ Quantitative forecasting methods
§ Make formal use of historical data 
§ Use mathematical/statistical methods and models

§ summary statistics; moving averages; exponential smoothing; time series decomposition; regression 
models; trend projections;

§ Past patterns are modeled and projected into the future

§ Qualitative forecasting methods
§ Subjective
§ Judgement, Opinion, Pass Experiences, Best Guesses, etc
§ Little available data, Historical forecasts, Historical Analogies, … 
§ Expert opinion used
§ The Delphi method

§ Delphi is based on the principle that forecasts (or decisions) from a structured group of individuals are more 
accurate than those from unstructured groups. Interactive forecasting method which relies on a panel of experts.

§ Useful for long forecast horizons and/or when the amount of historical data is limited
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Quantitative Forecasting Methods

§ Graphical and Exploratory methods

§ Regression methods

§ Smoothing methods

§ Formal Time-series analysis methods

§ Supervised learning methods
§ Classification methods
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Some key terminology 

§ Point forecast or point estimate
§ Single estimate of future values of the response in a time series, e.g. next month’s sales.

§ Prediction or forecast interval
§ Interval estimate for a future value of the response in a time series.  This interval should 

have a high chance of covering the yet unobserved value, e.g. 80% or 95%.

§ Forecast horizon or lead time
§ How far out do we need forecasts for?  e.g. next month, each month in the next year, 

next 4 years?
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The Forecasting Process

§ A process is a series of connected activities that transform one or more inputs into one or 
more outputs. All work activities are performed in processes and forecasting is no exception. 
These activities include:

§ Problem Definition
§ Data Collection
§ Data Analysis
§ Model Selection and Fitting
§ Model Validation
§ Forecasting model deployment
§ Monitoring forecasting model performance
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Timeseries

A set of chronologically ordered points of data.

§ In forecasting a time series it is generally assumed that factors which caused demand in the past 
will persist into the future. => there is a pattern

§ Seasonal Component:  Regularly occurring, systematic variation in a time series according to the 
time of year.
§ Not found in annual data, or data of lower frequencies.

§ Trend Component:  The tendency of a variable to grow over time, either positively or negatively.
§ Cycle:  Cyclical patterns in a time series which are generally irregular in depth and duration. Such 

cycles often correspond to periods of economic expansion or contraction.
§ Also know as the business cycle.

§ Irregular: The Unexplained variation in a time series
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Residential Electricity Demand in Maine 
Seasonal Means
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Examples of Time Series

§ A trend is a gradual, long-term, upward or downward movement in 
demand.

§ A current trend is the steady increase in sales of personal computers 
over the past few years.

§ A cycle is an up-and-down movement in demand that repeats itself 
over a longer time span.

§ Automotive sales often behave in a cyclical pattern.

§ A seasonal pattern is a repetitive movement in demand that occurs 
periodically.

§ Sales of winter sports equipment is seasonal by nature.

§ Shops in Ireland sell out of bread when there is snow
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§ Problem Definition
§ Expectations of customer
§ Ask questions:

§ Desired form of forecast (e.g. monthly forecasts)
§ Forecast horizon
§ Forecast interval (how often to be revised)

§ Inputs
§ Finding sources of data about the item to be forecast.
§ Obtaining information about external conditions --- those factors in the environment that 

will influence a forecast.
§ Determining the needs of the user of the forecast.
§ Putting together the human & financial resources required to produce a forecast.
§ Listing the available alternatives for forecasting techniques.
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§ Data Analysis
§ Trend: Does the series exhibit some slope when graphed?
§ Seasonal: Does the series exhibit regular peaks and troughs during the year?
§ Cycle: Are there identifiable cycles which last longer than 1 year?
§ Identify Components

§ Irregular: Are there observations which cannot be associated with either the trend or seasonal 
components? 

§ Looking for irregularities is the primary focus of data analysis.
§ Data Quality

§ Check for accuracy.
§ Check for conformity: the data must adequately represent the phenomenon for which it is 

being used
§ Remove missing data. Substitute values (Regression)
§ Is the data consistent across time?
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§ Modeling
§ Choose (one or more) forecasting methods
§ Fit the models to the data
§ Evaluate the quality of model fit
§ Adjust parameters

§ Model Validation
§ Examine fit to historical data
§ Examine magnitude of forecast errors
§ Evaluate the quality of model fit

18



10

Forecasting examples using Python
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See examples at

http://b-tierney.com/python_ml/l18-forecasting/
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http://b-tierney.com/python_ml/l18-forecasting/
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Forecasting in R and Python

§ R
§ forecast  library
§ arima  library
§ tseries  library

§ Python
§ scikit-learn
§ statsmodels.tsa
§ pandas
§ SciPy, NumPy, Mathplotlib
§ forecast, forecasting, timeseries, … (lots trying to get in on the act!)
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