Demand Forecasting
for Managing
Logistics Requirements




Key Considerations

» Forecasts drive the planning, operation, and
control of entire logistics chain

e Good forecasts can lead to
JReduced inventory costs.
dlIncreased customer satisfaction
dLower overall personnel costs




Forecasting Management Tools

m Forecasting managerial approach

m Forecasting performance measurement
= Forecasting techniques

= Forecasting system




Definition

s Demand vs Sales

= Demand forecasting vs Demand Planning vs
Demand Management

s Sales forecasts vs Sales plan vs Sales Targets

s Bill-to-customer (Sold-to-customer) vs Ship-
LU=LUOSLUIITICI

= Independent Demand, Dependent Demand,
and Derived Demand




Definition

e Demand Forecasting: The prediction, projection or
estimation of expected demand over a specified future
time period.

e Demand Planning: uses the demand forecast (statistical
forecast) as the base for its plan and provides direction on
how the forecasts will be consumed through the business.
Demand Planning allows you to make accurate customer
demand predictions, leverage historical product
performance, manage inventory replenishment with
forecasting, and see how price changes affect product
gross margins.

e Demand Management: The function of recognizing all
demands for goods and services to support the market
place. It involves prioritizing demand when supply is
lacking. Proper demand management facilitates the
planning and use of resources for profitable business
results.




Elements of Forecasts

m Forecasts level: product family, product
groups, product items

= Customer group (type, region, zone,
individual)

= Time horizon

= Time bucket

= [Ime Interval




A Hypothetical Business case

The BU is a company manufacturing and distributing
household products to a network of retailers located
all over Thailand.

The company operates two plants, one In
Samutprakarn and one in Lumpoon.

The two plants have the same type of machines,
meaning that both plants can produce exactly the
same product items.

About 50% of raw materials are available in Thailand
while the remaining must be imported by sea from
the US requiring procurement lead time of approx. 2
months.

The products can be categorized into two major
product families.




Finished Goods

Household Products

Product
Family

Baby Products Personal Care Products

Product Shampoo

Group

Medium Large

Product Item

e How many units of each product item must
be produced at each plant the following
week?

e How many trucks do we need to prepare for
delivery products from plants to retaillers?




. Planning Levels

Time Time Product Customer
horizon bucket

Strategic

Tactical

Operational




Product Aggregation

Total
Top Down company

Business
Unit

v Product family

Product subfamily

Model/brand

Package size

SKU

SKU by customer

SKU by customer by location

N

Bottom Up
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Forecasting Requirements

Marketing Finance Production Logistics
Needs Annual plans for | Projecting cost Planning facility | Planning facility
promotional and profit levels | development and | development and
efforts and production runs | distribution
pricing operation
Level Product or Corporate, Product item Product by
product line division, product location
line
Horizon Annual 1-5 years 1-3 years, 1-6 Annual, monthly,
months daily, weekly
Interval Monthly or Monthly or Monthly or Monthly, weekly,
quarterly quarterly weekly or daily
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Who Should Be Taking Up the
Forecasting Functions ?

TABLE 1
SUMMARY OF PROS AND CONS OF PUTTING
THE FORECASTING FUNCTION IN EACH TYPE OF DEPARTMENT

Department Ohbjectivity Business Understanding Quantitative Skills Organizational Skills

Standalone Forecasting Objective, but not impacted Mo direct contact with High Level High level of discipline
by demand customers

Marketing Objective, but some bias from Very good understanding of Low Level Moderate level of discipline
performance goals future customer needs

Production,Operations, Objective and impacted Little direct contact with High Level High level of discipling

and Logistics by demand customers

Sales Bias from sales goals and Highest level of contact Low Level Less interest in running
commissions with customers structured, roufine processes

Finance Objective, but some bias from No direct contact with High Level High level of discipline
budgeting and not impacted customers

by demand

Strategic Planning Objective, but not impacted No direct contact with High Level High level of discipline
by demand and view is customers
too long-term

Source: WHERE SHOULD THE FORECASTING FUNCTION RESIDE? BY Larry Lapide, AMR Research




Forecasting Managerial Approach

How we organize and how we efficiently

and effectively conduct the business of
developing and using sales forecasts

Independent form
Concentrated form
Negotiated form
Consensus form
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o Forecasting Technigues

= Expert judgment or Qualitative
forecasting

= Causal Methods I.e. regression
analysis

= Historical Projection Methods I.e.
smoothing methods
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Expert Judgment

Advantage

= Ability to predict changes in sales patterns

= Allow decision-makers to incorporate rich data consisting of

their intuition, experience, and expert judgement

Disadvantage

= Inability to process large amount of complex information

= Political factors

= To justify rather than to understand

= Influence of moods & emotion
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Expert Evaluation Techniques

Jury of executive opinion: powerful member will
dominate the discussion & dispersion of forecasting
accountability

Delphi method: not willing to seek additional information

Sales Force Composite: lack of training, political
pressues between trade partners

Market Research
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causal Methods

= Regression Analysis
Y =a; +aX; +a,X, + ...
s Causal relation between X’s and Y
n Effects of external factors
s Long-term and aggregate forecasts
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Regression

Annual sales . Per capita
Year of umbreallas Ramfall Income

(10,000 units) ~ "€N€S) 16 000 baht)
2000 14 ! 6
2001 15 ! 8
2002 16 ) 10
2003 17 4 12
2004 20 3 15
2005 21 3 17
2006 24 1 20
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Regression

e Effect of Rainfall and Income factors
Sales = 7.357 + 0.186 Rainfall + 0.795 Income
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Regression

Annual sales

Year of umbreallas Rainfall

(10,000 units)  \nches)
2000 14 !
2001 15 !
2002 16 )
2003 17 4
2004 20 3
2005 21 3
2006 24 1
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Regression

e Effect of Rainfall only
Sales = 24.884 - 1.573 Rainfall
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Historical Projection Methods

= Avallability of a large amount of historical sales
data

= Existing demand patterns will continue in the
future

= Short-range forecasting
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0 Time Series Forecasting Technigues

s Endogenous techniques: look at only the
patterns of actual sales history

= Four basic time-series pattern
= Level
= Trend
= Seasonality/Cycles
= Noise
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Stationary Forecasting Models

e |In a stationary model the mean value of the time
series Is assumed to be constant.

e The general form of such a model Is

Where: V=Bt &

* The values of g are assumed
to have a mean of 0.

y; = the value of the time series at time period t.
B, = the unchanged mean value of the time series.

g, = a random error term at time period t.
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Moving Average Methods

e The last period technigue (Naive technique)

The forecast for the next period is
the last observed value

Ft+1 — At

t t+l #©l1 t+1 t+1




Moving Average Methods

he moving average method

The forecast Is the average of
the last n observations of the

time series.
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Moving Average Methods

e The weighted moving average method

More recent values of the time series
get larger weights than past values when performing
the forecast.

t+1

A

wA +w, A+ +W
n

t—n+1" ‘t—n+1
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Example

Week Demand Last Period

1 415

2 236 415.0
3 348 236.0
4 272 348.0
5 280 272.0
6 395 280.0
7 438 395.0
8 431 438.0
9 446 431.0
10 354 446.0
11 529 354.0
12 241 529.0

2 Period Moving 4 Period Moving

325.5
292
310
276

337.5

416.5

434.5

438.5
400

441.5

317.8
284.0
323.8
346.3
386.0
427.5
417.3
440.0

10

20 30

40 50

— Demand — Last Period — 2 Period Moving — 4 Period Moving
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The Exponential Smoothing Technigue

e This technique iIs used to forecast stationary
time series.

e A/l the previous values of historical data
affect the forecast.
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The Exponential Smoothing Technigue

Define:
F.., = the forecast value for time t+1
A, = actual demand at time t
o = smoothing constant (between 0 and 1)

—F, +a(A -F)

=aA +(1-a)F,

=aA +(1-a)F,

—aA, +(l-a)aA ,+(1-a)F, )

=aA +(1-a)aA  +(1-a)’F,,

=aA +(l-a)aA +(1l-a)’aA,+(1-a)’F_,

=aA +(1-a)aA  +(1-a)’aA ,+1-a) aA_,+.(1-a)" aA,

An nitial “forecast” I1s needed to start the
process. 31




e A small o provic

The Exponential Smoothing Technique
Smoothing Effect

es a lot of smoothing.

e A large a provid

es a fast response to the

recent changes in the time series and a

smaller amount

of smoothing.
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Example

Alpha 0.1 0.3 0.5 0.7 0.9

Week Demand Alpha0.1 Alpha0.3 Alpha0.5 Alpha0.7 Alpha0.9
1 415
2 236 415.0 415.0 415 415 415
3 348 397.1 361.3 325.5 289.7 253.9
4 272 392.2 357.3 336.8 330.5 338.6
5 280 380.2 331.7 304.4 289.6 278.7
6 395 370.2 316.2 292.2 282.9 279.9
7 438 372.6 339.8 343.6 361.4 383.5
8 431 379.2 369.3 390.8 415.0 432.5
9 446 384.4 387.8 410.9 426.2 431.2
10 354 390.5 405.3 428.4 440.1 4445
11 529 386.9 389.9 391.2 379.8 363.1
12 241 401.1 431.6 460.1 484.2 512.4

0 10 20 Week 30 40 50

— Demand  Alpha0.1 — Alpha0.3 — Alpha0.5 — Alpha0.7 — Alpha0.9




Time Series with Trend & Seasonality

e Time series with Trend:
JHolt's Model.

 Time series with Trend & Seasonality:
dWinter’'s Model.
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Demand Forecast Applications

Time Horizon

Medium Term Long Term
Short Term (3 months— (more than
Application (0—3 months) 2 years) 2 years)
Forecast quantity Individual Total sales Total sales
products or Groups or families
services of products or
services
Decision area Inventory Staff planning Facility location
management Production Capacity
Final assembly planning planning
scheduling Master production Process
Workforce scheduling management
scheduling Purchasing
Master production Distribution
scheduling
Forecasting Time series Causal Causal
technique Causal Judgment Judgment

Judgment




Evaluating the performance of
Forecasting Technigues

e Several forecasting methods have been
presented.

 Which one of these forecasting methods
gives the “best” forecast?
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Performance Measures

e Generally, to evaluate each forecasting method:
U Select an evaluation measure.

O Calculate the value of the evaluation measure using the forecast
error equation

3 Select the forecast with the smallest value of the evaluation
measure.

37




Performance Measures

MAD =

>led

N

Mean Absolute Deviation

(e

MSE =

N

Mean Squared Error

X 100

MAPE =

2n|et|/At
n

Mean Absolute Percentage Error

BIAS =

2.6

N

Bias
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Usage Of Forecasting Technigues

Table V. Usage across time horizons (percentage of respondents)

3 months

<=3 months [0 1 years = 2 years

Technique M&C P'S M&C Ps M C PS
Chualitarive

Jury of executive opinion 37 4 42 77 3k 33
Sales force composite 37 4 36 77 8 21
Cuslomer expeclalions 23 5 24 38 12 15
Quantitative

Moving average 24 g 3 45 5 11
Straight-line projection 13 5 16 35 10 10
Exponential smoothing 24 8 17 92 & 16
Regression 14 4 26 63 28 30
Trend line analysis 21 2 28 57 21 22
Simulation 4 l 0 b 10 12
Life cycle analysis l | 5 24 12 18
Decomposition v 2 13 40 5 10
Box—Jenkins time series 5 2 5 19 2 7
Expert systems | & B
Neural networks 2 17 6

Numbers in italic are statistically different at a <= 0.05.
Ml = Mentzer and Cox [1984)

PS = present stucy

MdC sample size = 160

PS sample size =186

Mentzer, John T. and Kenneth B. Kahn, "Forecasting Technique Familiarity, Satisfaction, Usage, and Application," Journal of Forecasting, 14 (No. 5, 1995),39
465-476.




Satisfaction With Forecasting
Techniques

Table IV. Satisfaction

Sample %o %o O
51Ze satisfied neutral dissatistied

Tec']:uﬁque MELC Ps MEC F: MEC Ps MELC Ps
Chualitative

Jury of executrve :::pn:m:nn 118 131 54 35 24 36 22 29
Sales force composite 112 140 43 a4 25 27 32 39
Customer expectations 95 130 45 46 23 32 32 22
Ouantitative

Moving average 112 174 53 40 21 as 2] 25
Strarght-line projection 93 1G9 32 28 31 30 a7 42
.E.El:m::ﬂenmal smoothing 104 172 &0 12 19 2 21 4
Regression 99 156 &7 66 19 2 14 5
Tread line analysis 40 145 58 48 2 40 15 12
Simulation 65 100 >4 50 18 42 28 8
Life cvcle analysis 52 00 40 36 20 36 40 18
Decmnpc:-qnmn 71 &4 35 61 14 28 31 11
Bm-:—] enkins time series 47 78 30 44 13 45 S7 11
E.:zpext systems &6 45 47 o)
Neural networks 37 38 49 13

Numbers in :talic are statistically different at a <= 0.05.
M&C = Mentzer and Cox | 1'93—1
PS = present study

Mentzer, John T. and Kenneth B. Kahn, "Forecasting Technique Familiarity, Satisfaction, Usage, and Application," Journal of Forecasting, 14 (No. 5, 1995),40
465-476.




Accuracy of Forecasting Techniques

Table VII. Percentage accuracy

3 months

<= 3 months o2 years = 2}'93I’5
Forecast level M&C I'S M&C I's WM& C I's
[ndustry 92 . &7 S8 ] &7
(n=161) fn=1) fn=6l) i = 16} fin = 50) (n =36)
Corporate 23 72 59 20 52 8E
(n==81) m=2) fn=59) m=r) fm=6{) (n=42)
Product group o0 &5 20
n=59) m=9n) (n=ei)
Product line &0 o 84 86 20 S
fm=492) (=) fn=295) fn =83) fn =a6i) m=23)
Product Rd 82 79 79 74 &
in =96) fr =14, fn =4&8) fn =A&80) fn=2354) fn=10)
SK 1T by location 76 75 87
m=17 fn =358) (1rn=>5)
M&C rs
Weighted average: 85 84

M&C = Menizer and Cox (19541
P8 = present study o .
Weigted average calculated &y weighting each cell accuracy vy the number responding

Mentzer, John T. and Kenneth B. Kahn, "Forecasting Technique Familiarity, Satisfaction, Usage, and Application," Journal of Forecasting, 14 (No. 5, 1995),41
465-476.




Adopted Measures of Forecast Accuracy

Table VIII. Measures of forecast accuracy

No. of respondents
in present study’

Mean absolute percentage error 122 (52%4)
Mean absolute deviation 59 (2 5%4)
Mean squared error 23 (10%%)
Deviation O fd =)
Percentage error & (370
Forecast ratio 2 (=1%)
[nventory statistic 2 (=<1%)
Standard deviation 2 (=1%)
Other 0 (%)

"Som e respondents listed more than one measure.

Mentzer, John T. and Kenneth B. Kahn, "Forecasting Technique Familiarity, Satisfaction, Usage, and Application," Journal of Forecasting, 14 (No. 5, 1995),42
465-476.




Forecasting Systems

Key Principles

= Sales forecasting system should serve as a
communication vehicle between users and developers
of forecasts

e The whole business entity operates with a single set
of operational numbers.

e Demand manager proposes a demand plan with
inputs from various departments that is reviewed for
consensus on a continuing basis

= Integration of forecasting systems with other corporate
systems

» Sophisticated report-generation systems

= Sophisticated data warehouse systems that allow forecasts to
be updated in real time
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Forecast Improvement Tactics

Forecasts are always wrong 1!/

Aim is not to obtain perfect forecasts, but to try the
best to improve forecast accuracy & to be
systematically concerned with the impacts of the
forecast inaccuracy

Develop forecasting flexibility

Tracking and Understanding Forecast Errors
Demand Segmentation

Understanding of Impacts of Marke g latives
Incorporate as much causal in for d

system status through informat h Iogles l.e.
POS

Joint forecasting i.e. CPFR
Demand Management

44




. Demand Forecasts System

Demand history Marksting
D by SKLUY family/ Promotions calendar Remote sales input
Ve e Projects outlook Customer input
Forecasting Remote
luuﬁ.g of irregular collaberation

Define | Foracast | Consolidate
forecast error o
methods management

Forecast annor Actual orders Unca mstrainad
Charts and vs forecast orders demand plan
analysis (input to 5 & OF)

Alasair Ross (2004). “Why bad forecasts can be good for business”. 45




Forecasting Worldwide
Group Sales

Upper

Marketing management

Download
demand history
into program

Develop forecasts
using program

Send forecats to Review
sales forecast

Incorporate sales
changes

Send fl

orecats to Review
. >
marketing forecast

Incorporate
marketing
changes

Send forecats to Review
management forecast

3
S
g
Q
>
S
<
)
S
S
N

Incorporate
management
changes and
relase to planning 46




215 alesForecas ting (17 2)

MARKETING

Classification to Final Definition of
Forecasting Cate gory Forecasting —
i4 Times per year) Cate gory
Materials managed T Classtfied Codes Final Classification
by forecasting af Codes
Selection of Materials Interference on the
; ' a :
that will be ['-If.mﬂged 117 i lf'"nrec'_ﬂ-stmg Classification of Codes
by Forecasting Classification . Revisi .
evision
Forecasting .D-:.’}'a'atr'o.rz.s' af Report ofForecasting
Puast Periods Deviations of Past
y Wt} Historical Sales Data Periods
h-::l!—pf':};l‘im&if P:rodu-:'.'.r Report of Iaventories
il b, 125 of Not-
Budpet Monthly profitable Products
Forecast
— (Desegregation)
Determination of the Humbe;: -:','_i:'- Earfm.st P“"mft'r’iﬂ-’? E_ﬁ‘i*c-’
e B3I W Number of Farecast eriody Parameters
Periods
Size of Analysi Marker Effect
Determination of | E;-:n'ﬂ;hm L4 Pf?rrc:mffi:
NN Historical Data Calculation of the Initia
Analysis Pericd F‘”_""f"”" Sales Forecast into End| [———
Analysis Nurmber Code Level (Mther Parameters
Determination of the | af Period of Effect
8N Mumber of Historical -
Data Analysis Periods Initial Sales Forecast
Eprecast Analysis L J
Determination of Level
229 Analysis Level 2719

(Code Hierarchy)

Determination of
Promotion Effect

Determination of
Market Conditions

Determination of Other
Parameters that Effect
Forecast

Panayiotou et al . (2006). “Re-engineering of the forecasting process in a Greek wood-processing company”
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Investment in Demand Forecasting Process

e A well-designed system requires 1-2 hour per month
of marketing and sales professionals’ time

e Investment in a full-time demand manager(s) Is
needed

e About 2-3 hours per month is required of senior sales
and marketing executives

e Investment in forecasting system

Crum, Collin et al. Demand Management Best Practices, 2003. 48




. Segmenting Demand

Example of Segmenting Demand
Forecast Accuracy Open Stock
Monthly, Demand Forecast BO%,
Unit, DC '
0% —
= 0%,
20°% Displays
s I T - BO%
MaAamMmJIJIASON B2, —
Owverall - 40)%, =
80%% — Promotions N
* B0% 0%
60% 0% 0%
30°% - 40% ~ —

2085 — 20% Special Packs
: (o A (N S T ——— BO%%
m:: . k A L . l ff‘ i‘l. H J J .ﬂ 5 U N t.'rﬂ‘.'u') 4

M A MJ J A S O N _ 200, -
Clubs M
E'.T}u . Eﬂqu -1
"g:*' ' “ASOND
L 40% |
20%
g, ot L1 |
" ASOND

|

MamJdJASON
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Collaborative Planning, Forecasting and
Replenishment (CPFR)

= a web-based standard that enhances VMI and CR by
Incorporating joint forecasting

m parties exchange electronically a series of written
comments and supporting data

= coordinate joint forecasts by concentrating on
differences in forecast numbers

= Systems need to be designed to allow data verification
and ensure standard practices of coordination

50
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0 Promotion on Sales

Figure 1
FACTORY SALES BY MOKMNTH
Years 1—5
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Robert Brown (1973). “A model for measuring the influence of promotion on inventory and consumer demand”.
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FACTURY SALES

0 Promotion on Sales

Figure 5 Figure 6
FACTORY SALES BY MONTH FACTORY SALES BY YEAR
Years 1-8
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Robert Brown (1973). “A model for measuring the influence of promotion on inventory and consumer demand”.
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New Products: Merchandise Test

e A large specialty women’s apparel retailer
with net sales in 1993 exceeding $1 billion
and with more than 1000 stores dispersed
throughout the U.S.

 When this retailer conducts a merchandise
test, they select 25 stores whose total sales

are closest to average store sales for the
chain.

e Product tests are conducted at these stores,
usually one year prior to full introduction.

o4




Al Sales

Aciml Sales

Figure 1 : Predicted ¥s Actual Sales For 125 Style/Colors of
1993 Knit Tops Using | Hepresentative Store
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Figure 3 : Predicted Vs Actual Sales For 1215 Style/Colors
of 1993 Knit Tops Using 10 Representative Stores
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New Products: Merchandise Test

Figure I : Predicted Vs Actual Sales For 125 Style/Colors
of 1993 Knit Tops Using 5 Representative Stores
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of 1993 Knit Tops Using 15 Representative Stores
A0
20000 4
L] ]
-
-
. -
10000 .
L
*
L
*
0 T T T T T
o 10000 20000 20000
Predictsd Sales

55




Lack of Alignment

e In the mid-90’s, Volvo was faced with a problem
when the company found itself with an excessive
Inventory of green cars in the middle of the year.
Eager to get rid of this inventory, the sales and
marketing group started aggressively offering special
deals, discounts, and rebates on green cars to the
distributors. The good news was that the scheme
worked, and green cars started to sell. The bad news
was that the supply chain planning group, not
recognizing that such deals were in place,
erroneously thought that customers finally liked
green cars. As sales of green cars increased rapidly,
they decided to produce even more green cars to
meet the seemingly increased demand. The end
result was that Volvo was left with a huge inventory
of green cars at the end of the year.

Hau L. Lee (2001), Ultimate Enterprise Value Creation Using Demand-Based Management.
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Common Mistakes in Forecasting

Unclear definition of forecast accuracy

Lack of ongoing and rigorous process of forecast error
measurement

Lack of organizational acceptance of the need for accurate
forecast

Forecasts are developed at a level of detail that is
actionable

Lack of clear organizational ownership of forecasts that

ra Y ol e Vol avVal e

are generated
Lack of clear rewards and incentives for forecast accuracy

Failure to understand the underlying patterns and the
reasons

Failure to involve senior executives in the forecasting
process
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Forecasting Management

Objectives and application of forecasts
Forecast owners

Process for reviewing and approving forecasts
Single set of consistent forecasts

Sufficient analytical support

Tracking of forecast performance
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