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+RZ�WKH�HQYLURQPHQWDO�FRPSOH[LW\�DIIHFWV�IRUHFDVWLQJ�
in retail? Actual research trends

Abstract

Purpose: The aim of this work is to highlight the impact of complex 
environments on forecasting activities in the retail sector. 
Design/Methodology/Approach: This work is based on a bibliometric analysis 
of the publications on complex environments and forecasting in retail, 
examined through the adoption of a web-based social network analysis 
(SNA) on the citation data. 
Findings: The paper shows the last research trends in multi-factors forecasting 
in retailing, from which it emerges that when market complexity increases, 
new forecasting tools should be developed with the aim to make linear the 
relationship between complexity and optimization of forecasting models. 
Research implications: The study highlights the inherent limits to forecasting, 
showing that an evolution of forecasting methods is necessary and the 
complexity science should be seen as opening up new paths to reveal 
important insights to assist decision-making.
Originality: The work provides an original interpretation of the research trends 
presenting the inverse relation between the complexity of the environment 
and optimization of forecasting plans. 

Key words: Complex environments, forecasting, retail, bibliometric analysis, 
social network analysis.  
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���,QWURGXFWLRQ
The worldwide economy is characterized 
by high levels of complexity that affect 
how activities are managed to achieve 
competitive advantage.
In the systems theory, complexity 
derives from three dimensions: variety, 
which is the possible variations with 
which the phenomenon presents itself 
to the observer, or better, the number of 
variables; variability, each variable is not 
stable but changes over time creating 
additional variety; and indeterminacy, 
which is the impossibility for the observer to 
understand the phenomenon in its entirety. 
In management literature, authors often 
distinguish between internal complexity, 
which depends on the size of the company, 
the number of its components, the variety of 
social roles and personalities; and external 
complexity, which depends on the variety 
and variability of the environment in which 
a company operates. External complexity is 
the hardest to manage because it depends 
on variables that are not under the control 
of managers. Moreover, it continues to 
rise due to the continuous changes in 
consumption and communication, climate 
change, economic and political instability, 
transnational competition in the global 
marketplace, among many other factors. 
This creates dynamism in markets that are 
not simple to interpret, analyze or predict, 
making forecasting activities and marketing 
VWUDWHJLHV�GLI¿FXOW��SDUWLFXODUO\� LQ� WKH� UHWDLO�
sector where complexity affects decision-
making processes from store organization 

to supplier and customer relationships.
The ineffectiveness of traditional 
forecasting plans is partly due to the 
inability to predict in environments that are 
near the edge-of-chaos (Kurtyka 2000), 
because the system is continually and 
unpredictably changing, and managers 
have to continually obtain new information 
to understand the environment; any plan is 
therefore obsolete before it has been fully 
LPSOHPHQWHG� �0DVRQ� ������� 7UDGLWLRQDO�
forecasting techniques are often based 
on: (1) information that is obsolete by 
the end of the planning process (Loewen 
������ :KLWH� ������� ���� WKH� DVVXPSWLRQ�
RI� D� VWDEOH� HQYLURQPHQW� �9ROEHUGD� ������
&KDNUDYDUWK\� ������� ���� WKH� DVVXPSWLRQ�
WKDW� WKH� ¿UP�FDQ�� WR� DQ�H[WHQW�� FRQWURO� LWV�
environment (Cravens 1991, White 1998). 
It is, therefore, necessary to develop new 
forecasting methods more suited to the 
current complex markets.
Focusing on the retail industry it becomes 
challenging forecasting its activities, 
HVSHFLDOO\� FRQVLGHULQJ� WKDW� QRQ¿QDQFLDO�
information on environmental changes is 
hardly provided (Harrauer and Schnedlitz 
2015). At the individual level, Harrauer 
and Schnedlitz (2015) found that retail 
managers accept and regularly apply 
performance reports as information 
sources in each context. Especially, 
turbulence and unpredictable events 
drive store managers to demand more 
ÀH[LEOH� SHUIRUPDQFH�UHSRUWLQJ� SURFHGXUHV�
(Harrauer and Schnedlitz 2015). Based on 
these considerations, the aim of this work 
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is to analyze actual research trends in 
retailing multi-factor forecasting, particularly 
analyzing the impact of environmental 
factors on prediction in retail. This paper, 
by using the bibliometric analysis, collects, 
summarizes and synthesizes various 
theoretical approaches, through co-citation 
techniques, with a view to answering to two 
main research questions:
RQ1: What are the general research 
streams regarding environmental impact 
on forecasting? 
RQ2: What are the research trends in 
environmental impact on forecasting plans 
in retailing?
The results represent a useful base for 
a more detailed future research on the 
forecasting in retail.
7KH�ZRUN� LV�RUJDQL]HG�DV� IROORZV��DW� ¿UVW��
the conceptual framework regarding 
to complexity of the environment and 
causal relationships between complex 
environments and forecasting activities is 
presented; at second, the methodology 
and data collection are described; then, a 
VRFLDO� QHWZRUN�FLWDWLRQ� DQDO\VLV� LGHQWL¿HV�
the main literature aspects on the topic; 
last, the paper provides the discussion of 
results, the systematic framework of actual 
theoretical perspectives and the related 
conclusions. 

���&RQFHSWXDO�IUDPHZRUN
The retail environment is changing faster 
than ever before (Hamel and Prahalad 
������.RWWHU�� ������ /RHZHQ������&RQQHU�
1998) thus increasing complexity (Achrol 

������� &RPSOH[LW\� LV� GH¿QHG� DV� WKH�
measure of heterogeneity and variability in 
HQYLURQPHQWDO� IDFWRUV� �/DQH�DQG�0D[¿HOG�
������ &KDH� DQG� +LOO� ������ &KDNUDYDUWK\�
������� :KHQ� FRPSOH[LW\� LQFUHDVHV�� WKH�
ability to understand and use information 
WR�SODQ�DQG�SUHGLFW�EHFRPHV�PRUH�GLI¿FXOW�
�%ODFN� DQG� )DULDV� ������� WKH� GHFLVLRQ�
windows shorter, the risk of obsolescence 
greater and the long-term control becomes 
LPSRVVLEOH��0DVRQ��������
/LWHUDWXUH� KLJKOLJKWV� GLI¿FXOWLHV� LQ� RXWOLQH�
a causative link between environmental 
variables and forecasting plans because of 
the complexity of variables and the chaotic 
nature of environments (Windsor 1995). 
However, research trends in forecasting 
continue to stress the analysis and 
prediction of the inter-relationship between 
an organization and its environment 
(Polonsky et al. 1999). 
The business environment in general, 
DV� WKH� PRUH� VSHFL¿F� UHWDLO� HQYLURQPHQW��
presents several complexity constructs:
! Co-determination or co-evolution 

WDNLQJ� SODFH� EHWZHHQ� ¿UPV� DQG� WKHLU�
environments (Achrol 1991; Polonsky 
et al. 1999).

! Self-organisation and emergence 
occurring through participants in the 
HQYLURQPHQW� �0DVRQ� ������ 3HWHUV�
������0DVRQ�������

! Environmental changes starting small 
and developing slowly and unpredictably 
�0DVRQ�������

! Non-linear relationships (Black and 
)DULDV�������0DVRQ�������
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Many authors clearly see environments as 
Complex Adaptive Systems (CASs) (Black 
DQG� )DULDV� ������ 0DVRQ� ������ 3HWHUV�
1999; Prendergast and Berthon 2000).
CASs are systems made up of many 
individuals, self-organizing elements able 
to analyse the changes in the external 
environment (Begun et al. 2003) and to 
adapt to them. Bruni et al. (2016) show 
how the CAS framework could be useful 
for gaining a better understanding of the 
evolution of market dynamics, focusing 
on topics such as the market complexity, 
adaptability, system features and purpose.
Essentially, CASs are networks of 
relationships and interactions (Moretta 
and Bruni 2015), in which the whole 
is more important than the sum of the 
parts; when a single element of the 
system changes, produces reactions and 
changes in associated elements and in the 
environment. The environment is always 
responding and adapting to these changes 
and the effects cannot be predicted with 
complete accuracy (Axelrod and Cohen 
2001).
Complex systems face inherent bounds 
on their mathematical describability, 
computability, and predictability because 
they are nonlinear, dynamic, adaptive, and 
emergent (Linstone 1999). 
In making a distinction between non-
adaptive and adaptive complex systems, 
&DVWL� ������� VSHFL¿HV� WKDW� WKH� DYDLODEOH�
predictive mathematical models could 
GHVFULEH�WKH�¿UVWV�HIIHFWLYHO\�EHFDXVH�LW� LV�
possible to see the whole picture and no rule 

changes are permitted inside them; while 
CASs permit rule creation or change and 
are not amenable to statistical approaches 
(Linstone 1999).
Since environments do appear to be CASs, 
a complexity or chaos perspective should 
be used to understand the dynamics of 
these systems and to guide forecasting 
DFWLYLWLHV�IRU�WKH�EHQH¿W�RI�WKH�SODQQHU�DQG�
GHFLVLRQ�PDNHU��0DVRQ�������3UHQGHUJDVW�
and Berthon 2000).
The principal characteristic of complex 
systems is self-organization, hence they 
cannot be controlled by an outside party 
or “manager” making plan longer-term 
outcomes unpredictable (Wilkinson and 
Young 1998; Frederick 1998; Kelly 1999). 
While in a stable system small changes 
have small effects, in a CAS small changes 
or errors can grow exponentially with 
each iteration (Diamond 1993) and an 
LQ¿QLWH� DPRXQW� RI� SUHFLVH� GDWD� ZRXOG� EH�
required to produce accurate long-term 
predictions (Mix 1993). However, many 
authors note that in the chaotic state CASs 
appear to exhibit a deterministic behaviour 
¿[HG� E\� HTXDWLRQV� DQG� \HW� LQFRUSRUDWLQJ�
randomness (Thietart and Forgues 1995). 
It may be orderly and suddenly become 
chaotic or vice versa but in every case the 
system is remarkably sensitive to initial 
conditions, making the use of historical 
data as a basis for forecasting dubious at 
best ( Gordon and Greenspan 1988). This 
transition between order and chaos is the 
point at which sensitive dependence on 
initial conditions causes small inputs to 
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FDXVH�ELJ�FKDQJHV��0DVRQ��������1LOVRQ��������UHIHUV�WR�WKLV�DV�QRQ�UHSHWLWLYH�UHSHWLWLYHQHVV��
Exactly where the system will go next cannot be predicted, but it will not go outside certain 
OLPLWV��0DVRQ�������

3. Methodology and data collection
This work is based on a bibliometric analysis of the publications about environment and 
forecasting activities. Bibliographical data has been gathered from ISI Web Of Science by 
VHDUFKLQJ�LQ�WKH�WRSLF�¿UVWO\�IRU�WKH�NH\ZRUGV�³H[WHUQDO�FRPSOH[LW\´��³HQYLURQPHQWDO�YDULDEOHV´��
“heterogeneous market” and “multi-factor” combined with the keyword “forecasting”, 
secondly,  for the keywords “trends in forecasting sales” and “retail”, in the time period from 
�����WR�������)URP�WKH�¿UVW�VHDUFK�����SXEOLFDWLRQV�ZHUH�VHOHFWHG��IURP�WKH�VHFRQG�VHDUFK��
49. The works collected have been examined through the adoption of a web-based social 
network analysis (SNA) on the citation data (see Knutas et al. 2015). There are developed 
bibliometric tools providing literature review based on the network analysis. Analyses based 

�

Tables:  

Table 1: Implication of complexity theory on forecasting techniques 

Elements of complex systems Implications on forecasting techniques 

The system needs to be considered as a whole. 

Complex systems exhibit emergence – (self-

organised) behaviour that results from the 

interactions. 

Forecasting techniques need to enable practitioners to 

develop a vision of a system’s emergent properties – 

the self-organised behaviour that could result from 

interactions between the parts. 

The interactions between the component parts of a 

complex system lead to non-linear relationships 

between ‘‘causes’’ and ‘‘effects’’. A ‘‘small’’ cause 

can have ‘‘large’’ effect, and a ‘‘large’’ cause a 

‘‘small’’ (or no) effect. 

Forecasting techniques need to enable visions of 

phase-changed worlds. Foresight techniques must 

also accept the likely absence of any early warning 

signals. 

The starting slate is never clean – extremely tiny 

errors in understanding where the system starts from 

can send any ‘‘forecast’’ off in totally the wrong 

direction. 

Forecasting techniques need to recognise that 

everything is part of a system, that there is no ‘‘new’’ 

starting point, and that tiny, often trivial actions can 

have huge, irreversible, impacts. 

Complex systems are not at equilibrium (if they are 

they are dead) and are always changing.  

 

Forecasting techniques must be able to provide both 

optimisation and exploration processes to help 

identify a range of potential future situations and 

options.  

Source: Author’s elaboration from Horton (2012) 

Table : the most important environmental factors in retailing

I. Macro level: Climate change

Consumer Price Index (CPI)

Fuel price

Financial economic crisis

Affected transport capacity

II. Retail

level:

Internet data/Internet browsing habits

Competition

Industry concentration

Shared information in a supply chain

Limited data 

Seasonality

Location of the decoupling point

Weather

Relations inside a supply chain

Unexpected external events

Source: Authors’ elaboration
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on co-citation techniques are widespread in science studies. They are among the major 
TXDQWLWDWLYH�PHWKRGV�XVHG�ZLWK�WKH�DLP�RI�PDSSLQJ�WKH�VWUXFWXUH�DQG�G\QDPLFV�RI�VFLHQWL¿�F�
research (Riviera 2012). 
7KH�DQDO\VLV�LGHQWL¿�HV�WKH�LPSRUWDQW�DXWKRUV��MRXUQDOV�DQG�NH\ZRUGV�LQ�WKH�GDWDVHW��EDVHG�
on the number of occurrences and citation counts. A citation network of the provided records 
has been created and used to identify the important papers according to their in-degree, 
total citation count, and PageRank scores. 
For greater completeness of the results, the analysis has been expanded to the most 
specialized journals on this matter (International Journal and Retail Distribution and Journal 
of Personal Selling and Sales Management), which were not indexed in Web Of Science, 
and to Google Scholar database.
The results of the analysis have been discussed in order to identify the most recent trends 
in retailing multi-factor forecasting.

4. Findings 

As Figure 1 shows, the interest of scholars for the environmental impact on the forecasting 
KDV�LQFUHDVHG�VLJQL¿�FDQWO\�VLQFH�������%HVLGHV�WKH�SRVLWLYH�WUHQG��WKHUH�DUH�QRW�PDQ\�VWXGLHV�
about it. During this period, the main topics discussed are: how to measure environmental 
FRPSOH[LW\��KRZ�WR�LQFOXGH�KDUGO\�FRQWUROOHG�IDFWRUV�LQ�IRUHFDVWLQJ�DQG�KRZ�WR�ZHOO�GH¿�QH�WKH�
environment and predict its impact on business activities.

�

Figures

Figure 1: Trend in research of the environmental impact on the forecasting (2013-2016) 

  

Source: Authors’ elaboration on WOS data 

 

Figure : Social network analysis of the general literature research of environmental impact on the 

forecasting plans by the most occurred publications and the cited keywords.

Source: Authors’ elaboration on WOS data
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4.1. Results from Social Network analysis - the macro aspect

7KH� ¿�UVW�� JHQHUDO� UHVHDUFK� LQFOXGLQJ� NH\ZRUGV�� ³H[WHUQDO� FRPSOH[LW\´�� ³HQYLURQPHQWDO�
variables”, “heterogeneous market”, “multi-factor” and “forecasting”, gives the wide spectrum 
of articles (41) from the different research streams. These keywords were selected to export 
WKH�LPSRUWDQW�UHVHDUFK�VWUHDPV�UHODWHG�WR�WKH�¿�UVW�UHVHDUFK�TXHVWLRQ��&R�FLWDWLRQ�DQDO\VLV�
gives the rank by the most popular and cited keywords mentioned in the selected articles, 
which are, besides forecasting, forecast and its techniques, optimization, climate change,  
as well,  business circle analysis, budgeting and bankruptcy (Figure 2).

Expanding the social network analysis with the detailed analysis of the high-scored papers, 
LW�HPHUJHV�WKDW�WKH�¿�UVW�SUREOHP�IRU�WKH�DXWKRUV�LV�WKH�FKRLFH�RI�WKH�HQYLURQPHQWDO�IDFWRUV�WR�
include in the forecasting methods.
:H� KDYH� FODVVL¿�HG� WKH� VLJQL¿�FDQW� HQYLURQPHQWDO� IDFWRUV� WKDW� WKH� DXWKRUV� RI� WKH� SDSHUV�
detected identify at a macro-level, i.e. that affect the companies’ activities in general, 
irrespective to the related sector. The most common macro-environmental factors emerging 
from the analysis are Climate change, Financial economic crisis, Affected transport capacity, 
Consumer Price Index (CPI), Fuel price.

�

Figures

Figure : Trend in research of the environmental impact on the forecasting (2013 2016)

Source: Authors’ elaboration on WOS data

 

Figure 2: Social network analysis of the general literature research of environmental impact on the 

forecasting plans by the most occurred publications and the cited keywords. 

  

Source: Authors’ elaboration on WOS data 
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Sometimes climate change is set apart as 
DQ� LQÀXHQWLDO� IDFWRU�� WKXV� FOLPDWH� FKDQJH�
affects and make changes worldwide. 
It affects production plants, farms, 
ZDWHU� UHVRXUFHV�� WUDQVODWLQJ� LQÀXHQFH�
YLD� PDUNHWLQJ� FKDQQHOV� XQWLO� WKH� ¿QDO�
consumers. Climate change is a hardly 
controlled factor, but involving it in the future 
strategies and plans, companies could 
better prepare for a weather surprises; 
hence, it is considered within the relevant 
forecasting factors. On the other hand, 
DORQJ�ZLWK�LW�� WKHUH�DUH�WKH�¿QDQFLDO�FULVLV��
EDQNUXSWF\� DQG� KLJK� YRODWLOLW\� LQ� ¿QDQFLDO�
markets that represent the second macro-
OHYHO�LQÀXHQFH��)RU�H[DPSOH��UHÀHFWLQJ�WKH�
retail industry, the bankruptcy of a company 
can direct affect unemployment, Consumer 
Price Index (CPI) and fuel price leading 
to decrease the consumption and change 
shopping behavior.
Harrauer and Schnedlitz (2016) address 
WR� WKH� UHFHQW� ¿QDQFLDO� HFRQRPLF� FULVLV�
as the explicit cause of the turbulent 
market. The authors highlight that since 
2008, neither long-term forecasts nor 
schedules are possible. Before the crisis, 
it was possible to plan every two or three 
weeks, but now companies have gone 
to weekly planning only because they 
cannot forecast that fast anymore. As a 
consequence, in several companies the 
top management has undertaken profound 
restructuring activities, which have led to 
VLJQL¿FDQW� FKDQJHV� LQ� LQ�VWRUH� DFWLYLWLHV�
and performance measurement (Harrauer, 
Schnedlitz, 2016). Reports even provide 

store managers with information on goal 
completion on a daily or even hourly basis 
in some cases. Moreover, they show 
deviations from past results and forecasts 
for the future to facilitate decision-making. 
All in all, store managers need to react 
immediately to reports if store performance 
is weak. However, they acknowledged that 
business success could only be reached if 
store managers and their employees jointly 
deal with turbulent developments (Harrauer 
and Schnedlitz 2016).
Capello and Caragliu, (2015) point that 
FLWLHV�KRVWLQJ�¿QDQFLDO�DFWLYLWLHV�KDYH�EHHQ�
severely hit by the crisis; however, they 
also host hard and soft territorial capital 
elements, high physical accessibility, 
access to information and knowledge, 
advanced functions, agglomeration 
economies, generating inter-sectoral 
productivity growth and the ability to adjust 
to the crisis. The authors apply the new 
version of a macroeconomics “regional 
growth forecasting model” taking account 
of the crisis and capturing scenarios of 
long-term costs. In industrial transportation, 
the forecast demand at each destination 
may be affected by a number of factors. 
Consequently, a conventional transport 
plan often fails to match the reality, so 
the planned transport capacity is either 
LQVXI¿FLHQW� WR� PHHW� WKH� GHPDQG� RU�
wastefully excessive (Corso 2015). 
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���� Results from Social Network analysis - the retail aspect
In the second analysis are outlined the trends about the environmental impact on forecasting 
plans in the retail industry, using the keywords in the search engine: trends in forecasting 
sales, retail. The most popular cited keywords (49 articles) are: google trends, demand 
forecasting, data mining, sales forecasting, e-commerce, big data, biopharmaceuticals and 
bio-manufacturing (Figure 3).

,Q�WKLV�DQDO\VLV��WKH�LQÀ�XHQFH�RI�RQOLQH�DFWLYLW\�RQ�WKH�UHWDLO�LQGXVWU\�HPHUJHV��QHYHUWKHOHVV��
data mining, particularly big data that every company is streaming to handle in the more 
HI¿�FLHQW�ZD\��WDNH�DQ�LPSRUWDQW�UROH�LQ�IRUHFDVWLQJ�SODQV��$W�WKH�UHWDLO�OHYHO��WKH�HQYLURQPHQWDO�
factors emerging from the analysis are: Internet data, Competition, Industry concentration, 
Shared information in a supply chain, Limited data, Seasonality, Weather, Location of the 
decoupling point, Relations inside a supply chain.
According to Carriere-Swallow (2013), the majority of economic variables are released 
ZLWK�D�ODJ��PDNLQJ�LW�GLI¿�FXOW�IRU�SROLF\�PDNHUV�WR�PDNH�DQ�DFFXUDWH�DVVHVVPHQW�RI�FXUUHQW�
conditions. The author explores whether observing Internet browsing habits can inform 
practitioners about aggregate consumer behavior in an emerging market. 
Choi (2014) discusses fast fashion as a commonly adopted strategy in fashion retailing. 
Under fast fashion, “operational decisions have to be made with a tight schedule” and the 

�

Figure 3: Social network analysis of the research trends in influence of external factors on retailing by the 

most occurred publications and the cited keywords.  

  
Source: Authors’ elaboration on WOS data 

 

Figure : The environmental impact on forecasting plans in retail business through relation between 

complexity and optimization of the forecasting plans  

Source: Authors’ elaboration
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corresponding forecasting method has 
to be completed with very limited data 
within a limited time duration. Motivated 
by fast fashion business practices, in the 
paper, an intelligent forecasting algorithm, 
which combines tools such as the extreme 
learning machine and the grey model, is 
developed. The work is focused on two 
important features in the fashion industry: 
(a) the demand trend slope is large, or (b) 
the seasonal cycle’s variance is large. 
The paper of Eksoz (2014) develops a 
conceptual framework for factors involved 
in collaborative forecasting in food supply 
chains. It is addressed to a scarcity of 
research examining how manufacturers 
and retailers conduct long-term and 
accurate collaborative forecasting for 
seasonal, perishable, promotional, and 
newly launched products. In the proposed 
framework, Eksoz (2014) focuses on 
the collaborative forecasts between 
manufacturers and retailers. The author 
LGHQWL¿HV�WUHQGV��JDSV�DQG�DUHDV�IRU�IXWXUH�
research involving partners’ integration, 
information sharing and forecasting 
processes in the supply chain. The review 
reveals that partners’ integration is a key 
requirement for collaborative forecasting 
while the type and quality of information 
shared are critical for forecasts. Moreover, 
forecasting strategies of manufacturers and 
retailers play a pivotal role for consensus 
forecasts while the role of forecast horizon 
and frequency should not be neglected 
(Eksoz  2014). 
The biggest issues of forecasting in the 

retail industry are the trend and seasonality 
in the sales, that can produce many 
uncontrolled patterns and several authors 
VXJJHVW� WR� RYHUFRPH� WKHVH� ¿QGLQJV� ZLWK�
advanced statistical tools as Support 
Vector Regressions, Hol-Winter, ARIMA 
models etc. Besides trends of using modern 
forecasting tools in retail, analyzing online 
platform data becomes popular in order to 
discover consumer behaviors and set the 
marketing strategies. 
$V� RQOLQH� GDWD� ÀRZ�� VRFLDO� PHGLD��
e-commerce have a high impact on 
consumer behavior and it becomes the 
crucial environmental factor, not just 
internal, in the retail industry, it is worthy to 
analyze in the future literature regarding the 
forecasting consumers reactions related to 
the retail.

 ����� 5HVHDUFK� ¿QGLQJV� RI� OLWHUDWXUH�
review
According to Harrauer and Schnedlitz 
(2016) “environment” is an established 
construct in the contingency theory literature 
(Chenhall 2003). Combining internal (inner 
corporate) and external (outer corporate) 
HOHPHQWV��:DWHUKRXVH�DQG�7LHVVHQ��������
the construct summarizes all changes 
and market dynamics that are hardly 
predictable and generate uncertainty 
(turbulence�� �&KLOG� ������� $W� WKH� UHWDLO�
store level, the environment is created by 
the level of performance given the variety 
of store’s products and services (Kumar 
and Karande 2000). Moreover, it deals 
with changing customer needs (diversity). 
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Mintz and Currim (2013) discuss how often 
companies have to adapt their marketing 
and service technology to stay competitive 
in the market and cover the complexity 
of retailing business in their performance 
measurement design (complexity). High-
stress level, suppression and restrictions 
also shape working environment (hostility) 
(Banker et al. 1996).
Several authors outline that retailers have 
to focus proactively on demand forecasting 
and managing supply requirements until the 
consumer enters the store, as all following 
processes are only reactive. For example, 
retailers can vary products or prices based 
on anticipated consumer behavior. This 
refers not only to demand forecasts but 
also to proper optimization methods to 
steer consumers’ behavior. The location 
of the decoupling point has a misleading 
impact on planning separating the planning 
tasks into forecast-driven and order-driven 
processes (Hubner and Kuhn 2013). 
Arunraj and Ahrens (2016) relate to weather 
as the risky factor for a retail industry that 
can cause the change in consumer demand 
and shopping decisions. However, only few 
research studies about weather and retail 
shopping are available in the literature. 
The study by Arunraj and Ahrens (2016) 
aims at developing a model to analyze the 
relationship between weather and retail 
shopping behavior� �L�H��� VWRUH� WUDI¿F� DQG�
sales).
As retail business is becoming a complex 
set of activities also its sales prediction is 
becoming a complex activity that does not 

lean on a one factor, as the history of sales, 
but many factors that are indirect or direct 
linked to the sales: orders, promotions, 
customer behaviors, logistic information, 
competition distance, the price of gas, etc.
The nature of the retail business is an 
important factor in provisional predictions. In 
the fashion industry, operational decisions 
have to be made with a tight schedule and 
corresponding forecasting method has to 
be completed with very limited data within 
limited time duration (Choi 2014), while in 
food supply chains it leans on collaborative 
forecasting between manufacturers and 
retailers. 
Literature describes the complexity of 
forecasting activities in terms of many 
relations in the supply chains and their 
exchange of information. Forecasting could 
not stand the process by itself for a one 
business unit, but it has to integrate with 
others in the way of creating the value for 
all units. It allows the forecasting process 
owner, usually the director or manager of 
demand planning, to view departmental 
forecasts from various functions that 
have different perspectives on the state of 
the business based on their views of the 
marketplace (Chase Jr, C.W. 2013).
The study by Arunraj and Ahrens (2016) 
aims at developing a model to analyze the 
relationship between weather and retail 
VKRSSLQJ� EHKDYLRU� �L�H��� VWRUH� WUDI¿F� DQG�
sales). Nevertheless, limitation of such 
data makes a forecasting process more 
inaccurate. Sensing the environmental 
factors is the important phase in the 
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IRUHFDVWLQJ� SURFHVV� DQG� FRXOG� QRW� EH� HYHU� GRQH� LQ� WKH� SHUIHFW� ZD\�� 7KH� PRVW� GLI¿FXOW�
explanatory variables to simulate are those related to competitors and to items that people 
have little control over, such as weather, economy and local events. Taking uncontrollable 
factors such as weather or climate change into the model could give the more realistic 
predictions, or the model could fail because of their hardly control nature.

5. Discussion 

7KH�¿QGLQJV�RI�WKH�VRFLDO�QHWZRUN�DQDO\VLV�DOORZ�LGHQWLI\LQJ�WKH�PRVW�LPSRUWDQW�HQYLURQPHQWDO�
factors recognized by the literature at a macro and retail level (Table 2).

:LWK� WKLV� FODVVL¿FDWLRQ�� LW� LV�SRVVLEOH� WR�DQVZHU�RQ�ERWK� UHVHDUFK�TXHVWLRQV��)RU� WKH�¿UVW�
(RQ1) the general streams of environmental impact on forecasting are trying to observe 
DQG�PHDVXUH�UHFHQW�¿QDQFLDO�FULVLV��FOLPDWH�FKDQJH��YRODWLOLW\�LQ�&RQVXPHU�3ULFH�,QGH[�DQG�
LQGXVWULDO�WUDQVSRUWDWLRQ��FUHDWLQJ�PRGHOV�WKDW�ZLOO�RSWLPL]H�WKHLU�LQÀXHQFH�LQ�WKH�ORQJ�WHUP��
7KHLU�KDUGO\�PHDVXUDEOH�QDWXUH�LV�SUHYDLOLQJ�RQ�WKH�UHWDLO�OHYHO��54���LQÀXHQFLQJ�YRODWLOLW\�RI�
prices, industry concentration, unexpected events (hurricane, strikes etc.), limited data from 
weather, demography structures, missing information in supply chain, etc. These factors 
require a short-term forecasting; their uncontrollable effects result in no “perfect” forecasting 
PRGHOV��EXW�LQ�PDQ\�³RSWLPDO�PRGHOV´�WKDW�ZRUN�ZHOO��DVVXPLQJ�WKHP��LQ�WKH�VSHFL¿F�VLWXDWLRQ�
IRU�D�VSHFL¿F�SXUSRVH��$� IRUHFDVWLQJ�PRGHO�FRQVLVWV� LQ�PDWFKLQJ� LQWHUQDO� IDFWRUV�ZLWK� WKH�
LQÀXHQFH�RI�WKH�H[WHUQDOV�RQHV�WKURXJK�VWDWLVWLFDO�DQDO\VLV�EDVHG�RQ�WKH�REVHUYDWLRQ�RI�GDWD�
IURP�WKH�SDVW�RU�SUHVHQW��%\�LQWHJUDWLQJ�WKH�¿QGLQJV�RI�WKH�UHVHDUFK��DQDO\]LQJ�WKH�GLIIHUHQW�
theoretical approaches, organizing and systematizing them by the number and type of factors 

�

Tables

Table : Implication of complexity theory on forecasting techniques

Elements of complex systems Implications on forecasting techniques

The system needs to be considered as a whole. 

omplex systems exhibit emergence (self

organised) behaviour that results from the 

interactions.

Forecasting techniques need to enable practitioners to 

develop a vision of a system’s emergent properties 

the self organised behaviour that could result from 

interactions between the parts.

The interactions between the component parts of a 

complex system lead to non linear relationships 

between ‘‘causes’’ and ‘‘effects’’. A ‘‘small’’ cause 

can have ‘‘large’’ effect, and a ‘‘large’’ cause a 

‘‘small’’ (or no) effect.

Forecasting techniques need to enable visions of 

phase changed worlds. Foresight techniques must 

also accept the likely absence of any early warning 

signals.

The starting slate is never clean extremely tiny

errors in understanding where the system starts from 

can send any ‘‘forecast’’ off in totally the wrong 

direction.

Forecasting techniques need to recognise that 

everything is part of a system, that there is no ‘‘new’’ 

starting point, and that tiny, often trivial actions can 

have huge, irreversible, impacts.

Complex systems are not at equilibrium (if they are 

they are dead) and are always changing. 

orecasting techniques must be able to provide both 

optimisation and exploration processes to help 

identify a range of potential future situations and 

options. 

Source: Author’s elaboration from Horton (2012)

Table 2: the most important environmental factors in retailing 

I. Macro level: Climate change 

Consumer Price Index (CPI) 

Fuel price 

Financial economic crisis 

Affected transport capacity 

 

  

 

II. Retail 

level: 

Internet data/Internet browsing habits 

Competition 

Industry concentration 

Shared information in a supply chain 

Limited data  

Seasonality 

Location of the decoupling point 

Weather 

Relations inside a supply chain 

Unexpected external events 

Source: Authors’ elaboration 
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included in the forecasting models, the level of complexity, the role of forecast horizon and 
the solutions proposed by the authors, it is possible to outline the last research trends in 
multi-factors forecasting in retailing (Table 3). The complexity of the model is a function of 
the number of variables, the method used, the relationships among the model elements, and 
relationships among models, forecasts, and decisions. Essentially, a complex forecasting is 
a process that is not very understandable to forecast users. 

As the Table 3 shows, the trend in literature is to use complex forecasting models, although 
there is a heated debate about their capacity to provide more accurate forecasts because, 
even if complex models are preferred because they use more sophisticated analysis and 
LQFOXGH�D�JUHDWHU�QXPEHU�RI�YDULDEOHV��WKH�SUREDELOLW\�RI�HUURUV�DQG�WKH�GLI¿FXOWLHV�IRU�IRUHFDVW�
users to make plans appears to be greater.
Putting their different perspectives in a one framework and looking for the relations and 

�

Table 3: Organizational framework of theoretical perspectives on the topic��

Authors Number of 
external 
factors 

5Type of factor 6Complexity The role of 
forecast 
horizon 

Solution 

Mintz and Currim 
(2013) 

Many Competition/Industry 
concentration 

High Long-term The inclusion of firm 
strategy, environmental 
characteristics and the use 
of financial metrics are 
positively associated with 
marketing-mix 
performance. 

Chase Jr, 
C.W.(2013) 

Many Relations inside supply 
chain/Unexpected 
external events 

High Long-term Unconstrained demand 
forecasting. 

Carriere-Swallow 
Y(2013) 

Many/Aggr
egate 

Internet  High Short-term Improve the efficiency of 
nowcasting models. 

Hubner and Kuhn 
(2013) 

One Location of the 
decoupling point 

Medium Short-term Optimization methods to 
steer consumer behavior, 
demand to forecast order-
driven processes. 

Eksoz C (2014) Many Shared information in a 
supply chain 

High Long-term Collaborative forecasts 
between retailers and 
manufacturers. 

Choi T (2014) Less Limited data/Seasonal 
cycle 

Low Short-term Efficient forecasting 
models that will help 
operational decisions with 
a tight schedule. 

Arunraj and 
Ahrens (2016) 

One Weather High Long-term Developed a model that 
analyze the relationships 
between a weather and 
retail shopping behavior. 

Harrauer and 
Schnedlitz (2016) 

Many Financial crisis High Short term More flexible 
performance–reporting 
procedures. 

***based on the relevant publications 

Source: Authors’ elaboration 

 

�������������������������������������������������������������
��General definition of a nature of factor (can be a group of  factors).�
�

Complexity matching internal factors with the influence of the external in forecasting models.�
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trends, authors explain the inverse relation (Figure 4) between two aspects –complexity and 
RSWLPL]DWLRQ���LQ�WKH�WXUEXOHQW�HQYLURQPHQW��ZKHQ�FRPSOH[LW\��[��� LQFUHDVHV�LW� LV�GLI¿�FXOW�WR�
optimize forecasting plans in retail considering many uncontrolled factors, then optimization 
(y) decreases and vice versa, optimization (y) increases when complexity (x) decreases; 
in other words, it is easy to maintain simple forecasting models (F), not considering the 
environmental impact. In the middle point, complexity and optimization are delivering 
“balanced” forecasting plans. 

The present and the near future are moving forward those perspectives (f1-fn): by increasing 
a market chaos, new forecasting tools will be developed to try to maintain complexity in an 
HI¿�FLHQW�ZD\�VR�WKDW�WKH�PRVW�FRPSOH[�PRGHO�LV�WKH�PRVW�RSWLPDO�PRGHO��IQ���,W�LV�WKH�PDWWHU�
of the time when the relationship between complexity and optimization will become linear, 
and the most complex model with numerous environmental factors will show the best results 
in forecasting plans.

�

Figure : Social network analysis of the research trends in influence of external factors on retailing by the 

most occurred publications and the cited keywords. 

Source: Authors’ elaboration on WOS data

 

Figure 4: The environmental impact on forecasting plans in retail business through relation between 

complexity and optimization of the forecasting plans   

 

Source: Authors’ elaboration 
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6. Conclusion 

The retail environment affects the retailers’ 
sales and performance. Forecasting 
activities are necessary to predict external 
events and provide data to elaborate strategic 
plans to stay competitive. However, these 
DFWLYLWLHV�DUH�EHFRPLQJ�LQFUHDVLQJO\�GLI¿FXOW�
because of the increasing complexity of the 
environment, which implies an evolution of 
forecasting methods. Several authors see 
environments as Complex Systems and 
suggest applying the complexity theory to 
improve previsions and planning. 

According to the complexity theory, as 
stated by Horton (2012), the new forecasting 
techniques should:
! Enable a vision of a system’s 
emergent properties.
! Embrace emergence rather than 
planning and forecasting.
! Focus on interactions rather than 
constituent parts.
! Recognise that even the basic 
UXOHV�DQG�HVVHQWLDO�SUR¿OH�RI�D�V\VWHP�FDQ�
change (where rules can be also values 
and perspectives).
! Enable visioning of phase change 
situations (with no early warning signals) 
and the resulting changed world.
! Recognise that everything is part 
of a system where tiny, trivial actions can 
have huge, irreversible impacts.
! Enable practitioners to visualise 
systems from very different perspectives, 
including ones not possible now.

! Enable the generation of a range 
of future options and alternative potential 
strategies through both optimisation and 
exploration, including some that sound 
negative, impossible or ludicrous now.
As stated by Linstone (1999), it is evident 
that the challenge for the forecaster is an 
awesome one. A better understanding of 
the internal dynamics of nonlinear systems 
is vital for more effective forecasting and 
it will require unprecedented insight and 
LQJHQXLW\��³5DWKHU�WKDQ�PHUHO\�FRQ¿UP�WKH�
inherent limits to forecasting, complexity 
science should be seen as opening up 
new paths to reveal important insights 
to assist decision-making” (Linstone 
1999, p.88). The study of the evolution of 
complex dynamic systems shows that the 
conjunction of order and chaos, stability and 
instability, self-organization and chance, is 
decisive for progress (Linstone 1999).
However, the results of this paper show 
a different trend in literature. Through a 
ELEOLRPHWULF� DQDO\VLV�� WKH� ZRUN� LGHQWL¿HV�
the most recent trends on environmental 
impact in retail forecasting. The results 
show that the actual forecasting models are 
not focused on the environment as a whole 
but instead each model includes different 
environmental factors (Climate change, 
Fuel price, etc.) without considering the 
relationships between them or considering 
their relationships linear. These techniques 
provide a distorted and incomplete vision 
of the markets and make forecasting plans 
ineffective in a turbulent environment. 
From literature it emerges that authors 
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recognize the importance of including a 
greater number of variables and more 
sophisticated analysis able to capture the 
causal relationships between them in the 
forecasting models; but, at the same time, 
they are aware that this could increase 
WKH�SUREDELOLW\�RI�HUURUV�DQG�WKH�GLI¿FXOWLHV�
for forecast users to make plans. Hence, 
trends in literature are based on the idea 
that when market dynamism increases, 
new forecasting tools should be developed 
with the aim to make linear the relationship 
between complexity and optimization of 
the forecasting model, so that the most 
complex model will show the best results in 
forecasting plans.
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