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ABSTRACT

Price fluctuation is a practice commonly used by compa-
nies to stimulate demand and a main cause of the Bullwhip 
effect. Assuming a staggered step demand pattern that re-
sponds elastically to retailer’s price fluctuation, and by using 
a supply chain management dynamic model, we will anal-
yse the impact of these fluctuations on the variability of the 
orders placed along a traditional multilevel supply chain. 
Subsequently, the results obtained will serve to propose a 
forecasting model enabling to calculate the potential vari-
ability of orders placed by each echelon on the basis of the 
price pattern used. Finally, under the hypothesis of an en-
vironment of collaboration between the different members 
of the chain, we propose a predictive model that makes it 
possible to quantify the distortion of the orders generated 
by each level.
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1.	INTRODUCTION

Companies nowadays are confronted with many 
challenges. Growing competitiveness and globaliza-
tion require from companies more and more efficient 
responses and solutions (processes and strategies) 
that enable them to interact in a continuously chang-
ing world, where customers increasingly hold bargain-
ing power and, at the end, determine the success or 
failure of the whole business mechanism which un-
derlies the manufacturing of a product. This scenario 
becomes even more complex, considering that the 

production and marketing work do not finish at the mo-
ment of the sales; only after the client has accepted, 
is entirely satisfied with the product, and has paid; all 
this forward manufacturing flow has fulfilled its mis-
sion, regardless from the closed-loop or reverse supply 
chain model.

Adequate Supply Chain Management is crucial for 
companies to remain competitive. Currently, competi-
tion is not only among companies but also among sup-
ply chains; new management tools (based on IT), are 
fostering the integration of companies in supply chains 
and the emergence of entities capable of responding 
more efficiently, Vaculik et al. [1]. Nevertheless, some 
underlying issues should be resolved to achieve effi-
cient operation of a Supply Chain.

When Forrester [2] analysed a Traditional Supply 
Chain, he observed that a small variation in customer’s 
demand pattern became amplified as it flowed through 
the production, supply and distribution processes. At 
each level of the chain this deviation became ampli-
fied upstream, in the form of replenishment orders. 
This effect is known as the Forrester Effect.

According to Forrester, the amplification was due 
to problems arising from non-zero lead times and in-
accurate forecasting by each member of the chain re-
garding the demand variability. Some decades later, 
Lee et al. [3] identified that demand distortion relative 
to sales caused by the Forrester effect became even 
more amplified because of some or all of the following 
factors, which can be simultaneously present in the 
Supply Chain: order batching, product price fluctua-
tions, rationing and shortage of finished products. This 
distortion in replenishment orders of products relative 
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to end customer’s demand resulting from the combi-
nation of the mentioned elements (distortion which 
keeps on increasing as we move from end customer 
along the supply chain), is called the Bullwhip effect.

The study of the Bullwhip effect has given rise to 
numerous works, aimed at both analysing its causes 
and solving it by means of various management strat-
egies. All these contributions can be classified as fol-
lows:

–– Studies focused on how to reduce the Bullwhip 
effect, which put forward the smoothing of replen-
ishment orders or new collaborative structures 
for information exchange among the supply chain 
members. The works of Deziel and Elion [4], Ster-
man [5], John et al. [6], Lee et al. [7], Kelle and 
Milne [8], Lee et al. [9], Disney and Towill [10, 11], 
Disney et al. [12], Dejonckheere et al. [13] are 
worth mentioning.

–– Works focused on analysing the impact of several 
factors on the Bullwhip effect, such as variable 
lead times, inaccuracy of forecasts and lack of in-
formation among the members of the chain. In this 
respect, the studies by Chen et al. [14], Lee et al. 
[7], Metters [15], So and Zheng [16], Chatfield et 
al. [17], Hosoda and Disney [18] are the most out-
standing ones.
Many of these authors’ analytical models provide 

satisfactory results, although some methodological 
difficulties could arise from the structure of the models 
developed when it comes to applying them, as well as 
considerable constraints in their field of application, 
owing to some rigid conditions established, such as, 
for example, the fact that they concentrate only on one 
parameter [19]. It should also be noted that the article 
by Lee et al. [20] provides an excellent approach to the 
analysis of the causes and potential solutions of the 
Bullwhip effect.

As previously mentioned, price fluctuation is one 
the major causes of the appearance of Bullwhip ef-
fect in the supply chain. This practice is used by busi-
nessmen to stimulate the demand [21] to the extent 
that in many companies the budget allocated for sales 
promotion is higher than the budget allocated for ad-
vertising [22].

It is very common that wholesalers and manufac-
turers establish product pricing policies. Depending 
on each individual case, the manufacturer can offer 
discounts, usually by product volume, to encourage 
the wholesaler to purchase an amount larger that they 
need. If the difference between the real price of the 
item and the purchase price is bigger than the holding 
costs of the item, this strategy could prove profitable 
for the wholesaler in the first moment, but if they have 
not carried out a study to know what their real demand 
is, the holding costs could exceed the mentioned price 
difference and the expected benefits would not ma-
terialize [23]. Furthermore, it could also happen that 

the wholesaler goes on purchasing products until their 
warehouses are full. In that case, the wholesaler’s ac-
tual demand information would not be reflected in their 
purchases to the manufacturer, with the subsequent 
appearance and/or magnification of the Bullwhip ef-
fect, since the size of the wholesaler’s replenishment 
orders will bear no relation with the retailer’s demand, 
thus leading to wrong forecasting upstream the sup-
ply chain. The wholesaler will just satisfy the demand 
by disposing of the stored products and this will dis-
tort the manufacturer’s forecasts, which sees a sales 
decrease when compared to previous periods. These 
forecasts will prompt the manufacturer to reduce their 
production activity, and this might subsequently result 
in stock disruptions in their warehouse. The wholesal-
er can carry out such price policies for retailers and 
the latter for end-customers.

Price variation or modification by the members 
downstream the chain has been particularly studied 
by Özelkan et al. [24], who analyse the increase of this 
variation as we move downstream the supply chain, 
which becomes what the authors call “Reverse Bull-
whip effect in Pricing” (RBP). This analysis comple-
ments the studies by Cowan [25] on the impact of 
changes in demand patterns on the sale prices within 
the different types of economies and, consequently, 
on the benefits these changes entail. For Özelkan et 
al. [15] price fluctuation can be the cause behind an 
increase of distortion in replenishment orders or, in 
other words, a magnification of the Bullwhip affects 
upstream the supply chain.

The present paper complements both authors’ anal-
ysis, by studying the fluctuation of the retailer’s prices, 
and its impact on the proper management of a tradi-
tional multilevel supply chain (made up of manufactur-
er, wholesaler, retailer and end customer). By using a 
staggered step demand pattern, which responds elasti-
cally to retailer price fluctuation, the paper will analyze 
the influence of these fluctuations in the variability of 
the orders placed along the modelled supply Chain, by 
means of the supply chain management dynamic mod-
el proposed by Campuzano et al. [26]. In order to quan-
tify that distortion, we will calculate the Coefficient of 
Variation associated with each series (replenishment 
/ manufacturing orders) and obtained from different 
simulations carried out with the dynamic model pro-
posed, by using a seasonal price pattern disturbed by 
different variability levels. Finally, if we considered pos-
sible an environment of collaboration between the dif-
ferent members of the chain, we propose, using linear 
regression, predictive model techniques that enable 
quantification of the distortion of the orders generated 
using information about variability prices and orders at 
the level immediately downstream.

The Bullwhip effect appears as the replenishment/
manufacturing orders Coefficient of Variation increas-
es upstream the supply chain. The measurement of 
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the Bullwhip effect proposed by Chen et al. [14] has not 
been deemed appropriate in this case, because its sen-
sitiveness to small values in demand might induce this 
indicator to produce wrong values (huge peaks) which 
distort that measurement. Furthermore, as this is a tra-
ditional multilevel supply chain, it is difficult for manu-
facturers or wholesalers to actually know what the final 
demand is. With the results obtained we will try to fore-
cast the potential variation of the orders generated at 
each level, taking the price pattern as a starting point.

DPP (Discounts on the Purchase Price) have been 
profusely dealt with in the current specialized litera-
ture – within the field of Operations Management – 
focusing (their research) on models in search of the 
optimal strategy for the retailer to follow when it comes 
to applying discounts on the end consumer purchase 
price, in order to avoid inventory problems and subse-
quent holding costs. The works by Arcelus et al. [27, 
28, 29] or Ardalan [30] are worth mentioning. Some of 
them use demand patterns sensitive to price fluctua-
tions but they do not manage to simulate their effect 
along a multilevel supply chain as far as the Bullwhip 
effect is concerned.

The dynamic model used here includes the vari-
ables necessary to characterize the demand manage-
ment process (inventory levels, replenishment orders, 
manufacturing, forecasts). This model takes into con-
sideration the capacity constraints, management of 
backlogged orders, fill rate, measurement of the Bull-
whip effect and inventory costs associated with each 
level, and it can be used to recreate different types 
of supply chain management strategies (different sce-
narios) in order to measure the impact of these strate-
gies in the demand management process.

2.	METHODOLOGICAL APPROACH

Systems Dynamics methodology is a modelling and 
simulation technique designed for studying problems 
associated, among others, with logistics, manufac-
turing management process, organizations or socio-
economics. The aims of the system dynamics are to 
examine the interaction of various functions (physical 
processes, information flows and management poli-
cies) within a system in order to obtain a better under-
standing, improve the interaction of components and 
integrate them into a meaningful whole, to design ad-
equate mechanisms and decision rules. Therefore, the 
purpose of our model would not be to predict what the 
total supply chain profit level would be each week for 
the years to come, but to reveal under what conditions 
the total profit would be higher, if and when it would be 
negative, if and how it can be controlled [31].

The structure of a system in Systems Dynamics 
methodology is represented by causal loop diagrams. 
Causal loop diagrams consist of variables connected 

by arrows denoting the causal influences among the 
variables. These variables are related by causal links, 
shown by arrows. Each causal link is assigned a polar-
ity, either positive (+) or negative (-) to indicate how the 
dependent variable changes when the independent 
variable changes.

A dynamic system model contains the stock (state 
of the system) and flow (rate) variables. Stocks are ac-
cumulations and can only be changed via flows. Math-
ematically, a stock can be seen as an accumulation 
or integration of flows over time – with outflows being 
subtracted from the stock. Stocks typically have a cer-
tain value at each moment of time – (i.e. inventories). 
Flow variables (or “rate”) change the stock over time 
(i.e., order rate). Usually we can clearly distinguish in-
flows (adding to the stock) and outflows (subtracting 
from the stock). Flows are typically measured over a 
certain interval of time.

Stock and flow diagrams (Forrester diagrams) rep-
resent the model structure and the interrelationships 
among the variables. Stock and flow diagrams have 
a mathematical meaning. Stocks accumulate or inte-
grate their flows; the net flow into the stock is the rate of 
change of the stock. In our case, the graphical simula-
tion program used to support the analysis and study of 
the model created was Vensim© by Ventana Systems.

3.	PROBLEM AND MODEL CONSTRUCTION

For this work we have used the model created to 
study the demand management process along a Tra-
ditional Supply Chain [26]. The main characteristics of 
this model are summarized in the following points:

–– A four-stage supply chain system (multi-echelon 
supply chain) consisting of identical agents was 
considered, where each agent orders products only 
to its upper stage. These stages are: Customer, Re-
tailer, Wholesaler and Manufacturer.

–– An agent ships goods immediately upon receiving 
the order if there is sufficient amount of on-hand 
inventory. We are considering a “Pull” planning 
strategy.

–– Orders may be partially fulfilled (every order to 
be delivered includes current demand and back-
logged orders, if any), and unfulfilled orders are 
backlogged.

–– Shipped goods arrive with a transit lead-time and 
they are also delayed because of information lead 
time.

–– Last stage (manufacturer) receives raw materials 
from an infinite source and manufactures finished 
goods under capacity constraints. In this work, ca-
pacity constraints do not influence the size of man-
ufacturing orders, since the manufacturing capaci-
ty was set high enough to prevent those constraints 
from having an impact on the proposed analysis.
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The variables used to create the Traditional Sup-
ply Chain causal diagram have been selected taking 
as reference the APIOBPCS model (Automatic Pipe-
line, Inventory and Order-based Production Control 
System) [6]. For a more precise and detailed explana-
tion and validation of the construction of the model 
we refer to Campuzano et al. [32]. However, a brief 
resume of the variables used for that purpose is set 
out below:
a)	 End customer demand and demand from one level 

towards the level situated immediately upstream. 
(See point 4.2);

b)	 Firm orders (for Retailer, Wholesaler and Manufac-
turer);

c)	 Backlogged orders (for Retailer, Wholesaler and 
Manufacturer);

d)	 The on-hand inventory (for Retailer, Wholesaler and 
Manufacturer);

e)	 Demand Forecasting (for Retailer, Wholesaler and 
Manufacturer). The forecast has been made using 
exponential smoothing forecasting;

f)	 Inventory Position (for Retailer, Wholesaler and 
Manufacturer): the inventory position is defined by 
the following relation:

Inventory position= inventory on hand + 
+ orders placed but not yet received (or on-order 

products) – backlogged orders [33];

g)	 Replenishment orders (both for Retailer and Whole-
saler);

h)	 Orders to the Manufacturer (Manufacturer level). 
Both replenishment and manufacturing orders to 
be made according to the inventory policy chosen 
to manage the demand. Regardless of the policy 
followed, the variables Demand Forecasting, In-
ventory Position and Supply or Manufacturing lead 
times will be taken into account to trigger these or-
ders. The ordering policy we have chosen for our 
analysis is a generalized Order-Up-To policy [33]. In 
any order-up-to policy, ordering decisions are as fol-
lows:
O S inventory positiont t= - 	 (1)

	 The order quantity is equal to St , reduced for inven-
tory position as:

Inventory position= inventory on  
hand-backlogged orders + 

+orders placed but not yet received.
	 Where Ot  is the ordering decision made at the end 

of period t , St  is the order-up-to level used in period 
t  and the inventory position equals net stock plus 
on order (orders placed but not yet received), and 
net stock equals inventory on hand minus backlog. 
The order-up-to level is updated every period ac-
cording to:
S D kt t

L
t
L

= + vt t 	 (2)
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Figure 1 - The causal loop of a Traditional Supply Chain
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	 where St  is equal to the estimate mean of demand
DtLt  over L periods (D D Lt

L
t $=t t ) increased for pre-

scribed fill rate with buffer stocks, t
Lv  is an estima-

tion of the standard deviation over L periods, and k 
is the fill rate factor (safety factor) which depends 
on demand distribution.

i)	 Lead Time (both for Wholesaler and Manufacturer);
j)	 On-order products (for Retailer, Wholesaler and 

Manufacturer);
k)	 Manufacturing capacity (Manufacturer level);
l)	 Manufacturing (Manufacturer level);
m)	Manufacturing lead time (Manufacturer level);
n)	 Fill rates (for Retailer, Wholesaler and Manufactur-

er);
o)	 Inventory costs (holding and order costs) (for Re-

tailer, Wholesaler and Manufacturer);
p)	 Prices Pattern (See point 4.1).

Figure 1 shows a piece of the structure for a multi-
echelon supply chain system in its corresponding 
causal loop diagram.

4.	PRICE AND DEMAND PATTERNS

4.1	 Price Pattern

Price fluctuation is a practice frequently used at the 
moments of demand decrease either to stimulate it or 
when a production surplus or shortage occurs. A price 

pattern with a seasonal component is very appropriate 
to modelling all these kinds of situations. Bearing in 
mind what has been set out above, a weekly price pat-
tern with seasonal component has been taken for this 
study corresponding to 780 variations (3 years at a rate 
of 5 observations per week). This dataset corresponds 
to the final price of tomatoes during the years 2005, 
2006 and 2007, (source: official WEB of Ministerio de 
Medioambiente, Rural y Marino, Spanish Government).

To analyse the impact of price fluctuation on re-
plenishment/manufacturing orders at different levels 
of the modelled supply chain, a centred Gaussian per-
turbation was added to the original price series (mean 
equal to zero) with different variability levels. So, the 
series labelled as A1, A2 and A3 in Figure 3 show the 
results obtained when the original price series in Figure 
2 is disturbed by a low variability signal (standard de-
viation = 0.15). The series labelled as B1, B2 and B3 
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Figure 3 - Series disturbed by low variability
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in Figure 4 show the results obtained when the original 
price series is disturbed by a medium variability signal 
(standard deviation = 0.25), and the series labelled 
C1, C2 and C3 (Figure 5) show the price series obtained 
when the series is disturbed by a high variability signal 
(standard deviation = 0.40).

4.2	 Demand Pattern

The demand placed by the end customer of a sup-
ply chain is one of the variables that influence signifi-
cantly the chain response to replenishment/manufac-
turing orders. The Bullwhip effect depends to a large 
extent on the demand forecasts made by each mem-
ber of the chain. This paper completes the current bib-
liography by analysing also the impact of price varia-
tions on the end customer’s demand. A seasonal price 
pattern can trigger a staggered step demand type be-
cause low prices will result in periods of great demand, 
whereas high prices will result in a restrained demand. 
These aspects have led to the use of a staggered step 
demand pattern which responds elastically to the re-
tailer’s price fluctuation (see Table 1), and which allows 
a more realistic analysis of the appearance of the Bull-
whip effect along the multilevel supply chain.

Table 1 - Demand pattern

Prices Demand Values
(0.5,1.5) € Uniform (47,53) units
[1.5,3.0) € Uniform (22,28) units
[3.0,4.8) € Uniform (3,7) units

5.	OTHER MODEL PARAMETERS

The following parameters defining the characteris-
tics of the modelled traditional supply chain have been 
used for the simulation of the proposed model:

–– Initial inventory level for manufacturer and whole-
saler levels: 100 units. Initial inventory level for re-
tailer level: 30 units.

–– Manufacturer capacity: 160 units per day

–– Wholesaler’s lead time: 2 days. Manufacturer’s 
lead time: 2 days. These lead times are supposed 
to be constant for all orders received except in case 
of stock-out.

–– Manufacturing time: 3 days
–– Fill rate factor K for each level = 2
–– Forecast adjustment factor: 2 α=0.5

5.1	 First results after simulation 
of the proposed model

The simulation was carried out over a period of 
780 days, 3 years at a rate of 5 observations per week. 
In order to avoid the transitional state and stabilize the 
fluctuation of the variation coefficient of each price se-
ries used and orders generated, the results obtained 
for the first 260 data (first year) were disregarded in 
each modelled level, to subsequently work with the 
data obtained from that moment on (Figure 6). It is 
worth pointing out that, from that moment on (data 
260 onwards) the fluctuations disappear and we ob-
tain a clear tendency of the coefficient of variation in 
all situations studied.

Figures 7, 8 and 9 show the orders variability at dif-
ferent levels, increase is evident as we move upstream 
the supply chain.

Table 2 shows the maximum, minimum and average 
values obtained for the variation coefficients at each 
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Figure 5 - Series disturbed by high variability
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level of the simulated chain. We denote the variation 
coefficients associated with each price series, and the 
replenishment/manufacturing series at different lev-
els (retailer, wholesaler and manufacturer) by Cv_Pric-
es, Cv_retailer, Cv_wholesaler and Cv_manufacturer.

The table shows a marked amplification in the 
variability of orders placed as we move upstream the 
supply chain. Thus, the wholesaler’s average value of 
Coefficient of Variation is around 2.6 times that of the 
retailer, while the manufacturer’s is 3.6 times that of 
the retailer and 1.4 times that of the wholesaler; all 
this reveals the appearance of the Bullwhip effect in 
the simulated chain, as well as the wholesaler’s criti-

cal position regarding demand fluctuations, much big-
ger than that of the manufacturer.

A positive correlation has been obtained between 
price variation and replenishment/manufacturing or-
ders at each level; this dependence decreases as we 
move from one level to the level positioned immedi-
ately upstream (see Table 3).

Table 3 - Correlation among different 
coefficients of variation

Cv_Prices Cv _ retailer Cv _whole-
saler

Cv _ retailer 0.951
Cv _ wholesaler 0.837 0.931
Cv _ manufacturer 0.755 0.823 0.929

Table 3 shows that the evolution of the variation co-
efficients at wholesaler and manufacturer levels can-
not be predicted with any degree of certainty by only 
using the information on the fluctuation occurred in 
the price series, since these correlations are low.

Establishment of a predictive model

When it comes to building a predictive model that 
enables the quantification of the distortion of the or-
ders generated by each level owing to the retailer’s 
price fluctuation, linear regression models have been 
used, which were created assuming the retailer prices 
in each period are known by each chain level, that is, 
the retailer has information only on one price fluctua-
tion, while the wholesaler has two information sourc-
es: price fluctuation and retailer’s order variation, 
while the manufacturer – like the wholesaler – has in-
formation on price fluctuation and wholesaler’s order 
variation.

Collaboration among the members of the chain 
is assumed, since the information on the prices of-
fered to the end customer flows upstream from it. The 
EPOS (Electronic Point of Sales), structure, which, as 
several authors have already demonstrated, reduces 
the Bullwhip effect [14, 7], is similar to the one used 
in this work to build the predictive model, although in 
the EPOS structure the sales information to the end 
customer is passed on to each of the chain members, 
thus improving the forecasts made by them and reduc-
ing the variability of the generated replenishment/
manufacturing orders.
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Figure 9 - Coefficient of Variation associated

with manufacturing orders

Table 2 - Range and average of the 
different coefficients of variation

Minimum 
value

Average 
value

Maximum 
value

Cv_Prices 0.11679 0.19019 0.26951
Cv _ retailer 0.33062 0.62160 0.96862
Cv _ wholesaler 1.0504 1.6114 2.1928
Cv _manufacturer 1.8074 2.2270 2.4812
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The predictive models obtained are given by the fol-
lowing expressions:

–– Cv_retailer = - 0.156 + 4.09 Cv_Prices (R2=0.905)
–– Cv_wholesaler = 0.864 – 3.63 Cv_Prices + 2.31 

Cv_retailer (R2=0.893)
–– Cv_manufacturer = 1.38 – 0.290 Cv_Prices +  

+ 0.558 Cv_wholesaler (R2=0.865)
A model has been associated with each member 

of the simulated chain, enabling the calculation of the 

replenishment/manufacturing order variation which 
would be generated according to the information avail-
able. It is worth emphasizing the high reliability of the 
models obtained, since the determination coefficients 
obtained have been higher than 0.85 for each level.

Tables 4, 5 and 6 show the results obtained by 
means of T-Test and F-test over the different regres-
sions models proposed.

6.	CONCLUSION

As expected, the model shows the appearance of 
the Bullwhip effect, resulting from a steep variability 
amplification of the orders generated as we move up-
stream in the supply chain. It also reveals the whole-
saler’s critical position in the face of demand fluc-
tuations caused by price variations; this means the 
wholesaler’s fill service will be consequently affected 
to a greater extent than the manufacturers’. This situ-
ation might be due to the fact that the wholesaler is 
confronted with several problems when it comes to 
generating replenishment orders to the manufacturer, 
such as: retailer order fluctuations caused by mistakes 
in forecasting and supply time, or the manufacturer’s 
own supply times and forecast mistakes. This aspect 
should be taken into consideration when designing 
demand management policies (strategic level) in any 
multilevel supply chain.

On the other hand, Table 3 shows that price varia-
tion affects directly the increase of the variation of the 
orders placed by each chain level, but this effect be-
comes reduced at the wholesaler level and even more 
reduced at the manufacturer level.

As for our second objective, that is to say, the draw-
ing up of a predictive model to quantify orders varia-
tion due to price fluctuations, we consider that orders 
variability cannot be predicted with enough reliability 
either at the wholesaler or at the manufacturer level if 
price evolution is the only available information. Nev-
ertheless, the model developed in section 5.2 makes 
it possible to foresee, with a degree of reliability higher 
than 85%, the evolution of each level’s orders vari-
ability on the basis of price evolution and information 
coming from the level immediately downstream in the 
cases of wholesaler and manufacturer; that is to say, 
the wholesaler uses two sources of information – price 
fluctuation and retailer order variation – while the man-
ufacturer, like the wholesaler, has information on price 
fluctuation and also on wholesaler order variation.

The expressions obtained in section 5.2 could 
allow the organization’s strategic level to design de-
mand management policies based on their records of 
product final prices and replenishment/manufacturing 
orders received.

Table 4 - T-test and F-test between Cv-retailer and Cv_prices

T-test
Predictor Coef SE Coef T P
Constant -0.156354 0.003774 -41.43 0
CV_Prices 4.09047 0.01937 211.22 0

Analysis of Variance
Source DF SS MS F
Regression 1 141.4 141.4 44613.63
Residual Error 4678 14.83 0
Total 4679 156.22

Table 5 - T-test and F-test between Cv-
wholesaler and Cv_prices, Cv-retailer

T-test
Predictor Coef SE Coef T P
Constant 0.863723 0.007597 113.7 0
CV_Prices -3.6337 0.1082 -33.57 0
Cv_retailer 2.31453 0.02517 91.95 0

Analysis of Variance
Source DF SS MS F
Regression 2 367.03 183.51 19533.45
Residual Error 4677 43.94 0.01
Total 4679 410.97

Table 6 - T-test and F-test between Cv-
manufactures and Cv-wholesaler, Cv_prices

T-test
Predictor Coef SE Coef T P
Constant 1.38361 0.00495 279.48 0
CV_Prices -0.28993 0.03845 -7.54 0
CV_wholesaler 0.557616 0.005513 101.14 0

Analysis of Variance
Source DF SS MS F
Regression 2 112.554 56.277 15006.82
Residual Error 4677 17.539 0.004
Total 4679 130.093
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RESUMEN 
 
EVALUACIÓN DEL IMPACTO DE LA FLUCTUACIÓN 
DE LOS PRECIOS EN LA DISTORSIÓN DE LA 
DEMANDA GENERADA EN UNA CADENA DE 
SUMINISTRO TRADICIONAL MULTINIVEL

En este artículo se analiza la influencia de la fluctuacion 
de los precios en la variabilidad de las órdenes generadas a 
lo largo de una cadena de suministro tradicional multinivel. 
Para ello, se utiliza un modelo dinámico de gestión de ca-
dena de suministro en el que se introduce un patrón de de-
manda tipo escalón, que responde elásticamente a la fluc-
tuación de los precios ofrecidos por el minorista al cliente 
final. Posteriormente, utilizando los resultados obtenidos, se 
propone un modelo de previsión para calcular esa posible 
variación de las órdenes generadas en cada nivel, a partir 
del patrón de precios utilizado.
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Efecto Bullwhip, Dinámica de Sistemas, Fluctuación de pre-
cios, Gestión de la cadena de suministro
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