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Abstract. The main objective of postal services is to deliver letter mails and parcels.
By changing customers' needs and behaviors along with emerging new technologies, postal
services have to be renovated. Thus, understanding the changing environment, forecasting
the performance, identifying key drivers, and making e�ective interventions are critical to
any further actions. Performing these actions for Iran Post Company is the focus of this
paper. Therefore, system dynamic approach is chosen, e�ective variables are determined,
and Causal-Loop Diagram (CLD) and Stock-to-Flow Diagram (SFD) are developed. The
results are then validated using expert panels and historical data, and the developed model
is utilized for policy making. Therefore, two scenarios are designed based on changes in
postal rates, quality of services, and e-service market share. These scenarios could provide
CEOs with critical information to make e�ective interventions.

© 2021 Sharif University of Technology. All rights reserved.

1. Introduction

Delivering letter mails and parcels remains the main
activity of postal services and for more than 200 years,
postal service has ful�lled its mission. However, the
market is changing rapidly along with the customers'
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needs and desires. In these conditions, providing new
services, allocating resources, estimating performance,
planning for future, and making policies could be
challenging. To overcome these challenges, forecasting
is essential [1].

To predict the future forecasting, various meth-
ods have been developed such as time series [2{4],
econometrics [5{7], arti�cial intelligence [8{10], grey
forecasting model [11{13], and simulation [14{16] and
among them, econometrics is the most common one.
However, econometrics su�er from some limitations,
i.e., the true model for any given data is unknown and
the formulated model depends on static parameters
that need to be estimated from data [17]. Hence,
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using this method for forecasting a complex system
with changing states over time, such as postal service,
would be ine�cient. More speci�cally, aging dynamics,
immigration, emerging new technologies and services
along with emerging new postal operators (competi-
tors), and changes in customers' desires a�ect the
postal companies' environment.

Simulation, on the other hand, is widely used in
dynamic situations to understand and estimate the real
behavior of the system over time. System Dynamics
(SD) is a macro simulation technique introduced by
J.W. Forester in 1960s and it considers the system
as a set of loops to determine its dynamics and to
�nd dynamic behavior through time. This behavior
is (re)created by tracking the changes in the values of
stocks and 
ows over time and by mapping information
transfers among them [18]. SD with the purpose of
forecasting and policy making has been used in many
applications such as [19{25].

Understanding the postal environment and fore-
casting postal services performance over the time are
the main concerns in this paper. Thus, Iran Post Com-
pany is selected as a case study and its most important
performance indicators, tra�c, revenue, and cost are
analyzed. Iran has a long history of providing postal
services and is one of the world pioneers. This company
connects more than 29,000 destinations worldwide and
transports more than 3 million letter mails and parcels
a day [26]. In other words, the focus of this paper
is to understand Iran postal environment, forecast the
performance of Iran Post Company, and provide a tool
for making policies. This is done using SD approach
during which the inner and outer environments of
the company are analyzed and an integrated model is
developed.

That is, �rst, the variables generating mail de-
mands in the outer environment of company are mod-
eled. Determining and modeling the variables helping
the company to absorb the mail demands is the next
step. These variables are the ones de�ned in inner
environment of company. These two separate models
are then integrated into a simulation model and vali-
dated using various techniques such as comparing them
with historical data and reviewing by expert panels.
Two di�erent scenarios are also designed to identify
key drivers and de�ne e�ective interventions. In the
�rst scenario, the e�ects of price and quality of services
on the selected indicators are assessed and in the
second scenario, the e�ect of emerging a new operator
and changing in e-commerce on the abovementioned
indicators is analyzed. In order to make the developed
model more user-friendly, a web-based User Interface
(UI) is designed using Python programming language.

The organization of this paper is as follows: in
Section 2, SD approach and its main tools are discussed
and Section 3 is dedicated to the research methodology.

The designed scenarios and the corresponding discus-
sions are provided in Section 4. Section 5 is dedicated
to the designed UI. Conclusion and future works are
presented in Section 6.

2. System dynamic approach

SD is one of the most widely used simulation techniques
and provides conceptual and quantitative tools to
model and simulate complex systems with changing
states over time. In SD, in order to model and
visualize how di�erent variables are interrelated and
to represent the feedback structure of the system,
Causal-Loop Diagram (CLD) for the given problem
is used. This diagram consists of a set of variables
connected to each other (from a cause to an e�ect)
by arrows with assigned polarity to show the structure
of the system. Positive link means that if the cause
increases (decreases), the e�ect increases (decreases),
and negative link means that if the cause increases
(decreases), the e�ect decreases (increases). Thus, the
main purpose of developing a CLD is to elicit and map
the mental model of experts and participants about
the problem at hand as well as its boundaries and the
interrelated variables [27]. Figure 1 shows a simple
CLD for collaboration between postal services and e-
commerce. In this �gure, \postal services demand" is
the combination of online demand and o�ine demand.
Therefore, growth in \internet penetration rate" could
result in decreasing \postal services demand". On the
other hand, this growth would result in increasing the
\e-commerce sales". This increase would be ampli�ed
if post companies collaborate with e-commerce \post
collaboration with e-commerce", appropriately. That
is, by using appropriate polices in collaboration with
e-commerce, the demand could experience a growth.

Testing and evaluating the developed CLD is
the next step in SD, which is done using Stock-
Flow Diagram (SFD). While CLD is an e�ective tool

Figure 1. A simple Causal-Loop Diagram (CLD) for
postal services.
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for representing interdependencies and feedbacks in a
system, SFD is used to capture the physical structure
of the system. In this diagram, stocks characterize the
state of the system and generate the information upon
which decisions and actions are based. Stocks also
create delays and by decoupling rates of 
ow, they are
the source of disequilibrium dynamics in systems [27].

In sum, in SD, �rst, a CLD is developed to
map the experts' mentality about the problem at hand
and then, SFD is developed to test and evaluate this
mental model. SFD also provides a valuable tool for
making policies. Structural and behavioral tests are
then utilized to evaluate the developed SFD.

As mentioned before, this paper utilizes SD ap-
proach to forecast postal indicators and de�ne e�ective
interventions. The research methodology is discussed
in the next section.

3. Research methodology

As indicated in [28], there are four basic steps in any
forecasting study based on data:

1. Problem de�nition;
2. Information gathering and preliminary (explora-

tory) analysis;
3. Choosing and �tting forecasting method;
4. Simulating and evaluating.

In the �rst step, the problem along with its boundaries
is de�ned and during the second step, by using histor-
ical data and expertise of key personnel, the needed
data and information are gathered. Data processing
methods are then applied to help the modeler to get a
feel for data and �nd a class of models that might be
useful in forecasting. Forecasting method is chosen and
developed in the third step. Once a model has been
developed and its parameters have been estimated,
the model is simulated and evaluated using accuracy
measures in the fourth step [28].

These steps required for forecasting the perfor-
mance of Iran Post Company are given as follows.

3.1. Step 1: Problem de�nition
Based on the expertise of key personnel in Iran Post
Company, the problem is de�ned as follows:

\Forecasting key forecasting indicators including traf-
�c, revenue, and cost and making policies for the next
5 years".

For modeling this problem, the inner and outer
environments of the company need to be analyzed.
Upon analyzing the outer environment, the structure
generating mail demand could be modeled and by ana-
lyzing the inner environment, the absorbing structure,
which helps the company absorb the demands, could be
developed. To do so, the in
uential variables related to
these structures are divided into two categories: inner
and outer variables. Figure 2 shows this idea. There
are also common variables (both inner and outer) which
are used to develop the integrated model.

To analyze the inner and outer environments
and to determine variables, several researches such
as [7,9,29,30] have been studied and more than 10 ex-
pert panels are carried out to elicit experts' knowledge.
Political, Economic, Social, and Technological (PEST)
framework [31] is also utilized to analyze the outer
environment. Some of the determined inner and outer
variables are given below:

� Inner variables: Managerial decisions, revenue,
expenditure, contracts, postal rates (tari�), cus-
tomer satisfaction index, competitors, collaborative
companies (domestic and international), mail deliv-
ery capacity, number of postal o�ces, number of
sta�s, sta� satisfaction index, sta� skills, quality of
services, investment, new technologies, marketing,

eet capacity, and Information and Communications
Technology (ICT) capacity.

� Outer variables:
- Political: regulation, privatization, ICT develop-

ment policies;
- Economic: Gross Domestic Product (GDP), eco-

nomic growth, per capita income, employment
ratio, and agricultural, industrial and services
units' added value;

- Social: population, population density, immigra-
tion, urbanization rate, tourism, student rate;

- Technological: ICT penetration rate, ICT devel-
opment, e-commerce, e-government.

Figure 2. Problem de�nition; developing \mail demand generating structure" and \mail demand absorbing structure" by
analyzing outer and inner variables.



3678 M. Zarinbal et al./Scientia Iranica, Transactions E: Industrial Engineering 28 (2021) 3675{3691

Figure 3. The main part of Causal-Loop Diagram (CLD) for the mail demand generating structure.

Figure 4. The main part of Causal-Loop Diagram (CLD) for the mail demand absorbing structure.

Using these variables, two CLDs are developed to
demonstrate the generating and absorbing structures
and are validated during several expert panels. Fig-
ures 3 and 4 demonstrate the main part of these
CLDs.

To resolve the modeling problem, forecasting total
tra�c, total revenue, and total cost as three indicators
should be calculated. Based on Figures 3 and 4, total

tra�c is constructed based on letter mail tra�c, parcel
tra�c, and e-service tra�c. That is, to forecast total
tra�c, letter mail tra�c, parcel tra�c, and e-service
tra�c should be added up. Likewise, to forecast total
revenue, letter mail revenue, parcel revenue, and e-
service revenue and to forecast total cost, letter mail
cost, parcel cost, and e-service cost should be added
up (Eq. (1)):
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Total traffic =Letter mail traffic

+ Parcel traffic

+ E � service traffic;
Total revenue =Letter mail revenue

+ Parcel revenue

+ E � service revenue;
Total cost =Letter mail cost+ Parcel cost

+ E � service cost: (1)

3.2. Step 2: Information gathering and
preliminary analysis

The needed data about the aforementioned variables
monitored for �ve years are gathered using the annual
reports of Iran Post company as well as Iran plan and

budget organization. Parts of data for outer and inner
variables are reported in Tables 1 and 2, respectively.

3.3. Step 3: Choosing and �tting forecasting
method

Based on the gathered data, preliminary analysis, and
complexities demonstrated in Figures 3 and 4, SD ap-
proach is selected as the forecasting method and SFD is
developed. This diagram is shown in Figure 5, in which
the rectangles represent stock variables (accumulations
of items) and the valves represent 
ow variables (the
physical 
ows of items feeding into or depleting the
stocks). Figure 5 consists of two parts, part A and B.
While part A demonstrates the generating structure,
the absorbing structure is shown in Part B. These
structures are discussed in the following subsection.

3.3.1. Mail demand generating structure
Mail demand generating structure, as demonstrated
in Figure 6, consists of three sections: population,
economy, and ICT.

Table 1. Parts of data for \Outer variables" monitored for 5 years for each provenance.

Provenance

Population (103)
Urb.1

rate
Stu.2

rate
Emp.3

rate
Bir.4

rate

Per capita
income
(103)

Added value (106) ICT
penetration

rate
� � �<15 15< <65 >65 Ind.5

units
Agr.6

units
Ser.7

units

ARD. 290 8827 76 0.65 0.05 0.34 0.01 130 3 12 42 0.14 � � �
ESF. 1023 3539 317 0.85 0.07 0.33 0.01 109 142 20 249 0.23 � � �
ALB. 512 1785 116 0.90 0.04 0.31 0.03 115 32 8 115 0.22 � � �
IL. 125 406 26 0.64 0.08 0.31 0.01 115 42 4 21 0.16 � � �

AZ.S. 827 2635 263 0.69 0.03 0.18 0.01 97 32 18 111 0.16 � � �
AZ.G. 779 2135 167 0.63 0.03 0.42 0.01 110 9 17 62 0.11 � � �

...
...

...
...

...
...

...
...

...
...

...
...

...
1: Urb.: Urbanization; 2: Stu.: Student; 3: Emp.: Employment; 4: Bir.: Birth; 5: Ind.: Industrial; 6: Agr.: Agricultural;
7: Ser.: Service.

Table 2. Parts of data for \Inner variables" monitored for 5 years for each provenance.

Provenance
Revenue (109) Tra�c (109) No.

employee
No.

o�ces
� � �

2012 2013 2014 2015 2016 2012 2013 2014 2015 2016

ARD. 8 30 38 53 59 3.35 7.17 4.06 5.19 5.02 186 94 � � �
ESF. 49 159 215 292 354 16.08 27.73 27.01 30.98 31.30 689 1048 � � �
ALB. 30 138 169 249 271 8.10 14.56 18.85 14.29 13.92 425 174 � � �
IL. 5 20 25 34 38 2.99 3.09 2.34 2.51 2.98 120 175 � � �

AZ.S. 20 98 1428 204 239 15.79 16.68 20.15 28.28 28.56 543 1182 � � �
AZ.G. 25 69 83 108 135 8.80 15.13 18.56 15.81 15.16 320 857 � � �

...
...

...
...

...
...

...
...

...
...

...
...

...
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Figure 6. Mail demand generating structure (part A of Figure 5).

Aging chain is used to model population with
three cohorts: \population ages 0{15", \population
ages 16{56", and \population ages more than 66".
\Birth rate", \death rate", and \maturation rates" are
the 
ows.

The economy and ICT sections consist of 6 stocks:
\per capita income", \population with ICT capabil-
ities", \agricultural units' added value", \industrial
units' added value", \services units' added value", and
\extent of e-government".

Here, \population with ICT capacity" is calculated
as:
Pop: with ICT capability

=
urbanization rate

urbanization rate base year

� per capita income
per capita income base year

� student rate� growth of ICT
� people with ICT capability; (2)

and \increase per capita income" is calculated in the
same way as calculating per capita income growth:

Increase per capita income = per capita income

� in
ation rate: (3)

In addition, based on [32], Eq. (4), shown in Box I, is
used to calculate the \growth of ICT": Based on [33{
35], the \ Letter mail tra�c-potential", \electronic
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Growth of ICT=

8><>:12(1� ICT penetration rate) \ICT penetration rate"<0:5

10(1� ICT penetration rate) \ICT penetration rate">0:5
(4)

Box I

mail tra�c-potential", and \parcel tra�c-potential" are
calculated using Eqs. (5){(7):

Letter mail traffic� potential = 12

� pop affecting letter mail

�
 

1 +

 
�1:03� extent e� government

+ 0:337� ICT penetration rate+ 0:05

� per capita income
per capita income base year

+
growth service units
service added value

!!
;

(5)

Electronicmail traffic� potential
=pop affecting electronic mail

�
 

1 + extent e� government

+ ICT penetration rate

+
Per capita income

Per capita income base year

!
� e� commerce; (6)

Parceltraffic� potential
=(ln(agricultural added value)

+ ln(industrial added value)

+ ln(service added value))

� pop: affecting letter mail

�
�

1 +
per capita income

per capita income base year

�
: (7)

3.3.2. Mail demand absorbing structure
This structure is depicted in Figure 7. Investment, rev-
enue, and expenditure and quality of services are three
important sections in this structure. Developing and
improving infrastructures such as \ICT capacity", \no.
of employees", and \no. of governmental post o�ces"
are the results of \total revenue" and \political deci-
sions". These stocks along with \costs of letter mails
and e-services and parcels" a�ect \expenditure". Total
revenue is computed by adding up the \letter mails
revenue", \e-services revenue", \parcels revenue", and
\miscellaneous revenues".

On the other hand, the \transportation 
eet
infrastructures" a�ect the \quality of services", which
is measured by three criteria: \accuracy", \speed", and
\security". \Customer satisfaction" is the results of
\quality", \employees' behavior", and \postal rates"
and a�ects the \letter mail absorbed tra�c", \e-services
absorbed tra�c", and \parcels absorbed tra�c".

3.4. Step 4: Simulating and evaluating
As mentioned before, the developed SFD could be
used for making policies, but before continuing to
policy making, the model has to be simulated and
evaluated. Historical data (from 2012 to 2016) and
expert panels are used for this purpose. Structural
and behavioral tests such as structural assessment,
dimensional consistency, extreme conditions behavior
reproduction, and sensitivity analysis [27] are also
applied and the obtained results are validated by
experts. The historical data (2012 to 2016) versus
simulated data of the developed model for the three
indicators, total tra�c, total revenue, and total cost
are reported in Figures 8{10, respectively.

To measure the accuracy, Mean Absolute Percent-
age Error (MAPE) [36] (Eq. (1)) is applied and the
results, reported in Table 3, show that the developed
model is able to forecast the performance indicators,
accurately.

Table 3. Mean Absolute Percentage Error (MAPE)
results for n = 5 and n = 3.

Indicator MAPE for
n = 5

MAPE for
n = 3

Total tra�c 18% 9%
Total revenue 22% 8%
Total cost 11% 2%
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Figure 7. Mail demand absorbing structure (Figure 5(b)).

M =
100
n

nX
t=1

����At � FtAt

���� ; (8)

where at time t, At is the observation, Ft the forecast
of At, and n the forecasting horizon.

To clarify the model's forecasting ability, a new
dataset containing real data for the years 2017 and 2018
is gathered and this new historical data is compared to
the simulated data. Table 4 represents these data along
with MAPE errors.

This model is also applied at the provenance level
to demonstrate the ability and applicability of the
model at di�erent levels. The MAPE errors of �ve
provenances for key indicators are reported in Table 5.

The results show that the model can generate the
behavior observed in other instances of the same system
(Family member test [27]).

4. Policy making

According to the previous section, the developed SFD
can be used to make preliminary predictions and
forecast trends of indicators. Moreover, it can be a
valuable tool for making policies and helping decision-
makers to make e�ective interventions. This is done
by focusing on plausible events, either in inner or outer
environment. In this study, scenario planning method
is applied to develop scenarios which question the
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Figure 8. Simulated data vs. historical data for (a) letter mail tra�c, (b) parcel tra�c, (c) e-services tra�c, and (d) total
tra�c.

Figure 9. Simulated data vs. historical data for (a) letter mail revenue, (b) parcel revenue, (c) e-services revenue, and (d)
total revenue.

assumptions and mental models (CLD) of experts. The
two developed scenarios are as follows (these scenarios
are developed based on expertise of key personnel in
Iran Post Company and the most probable situations
in near future):

1. Changes in postal rates and quality of services. In
this scenario, seven situations could happen:
(1) Increase in postal rates and quality of services;
(2) Decrease in postal rates and quality of services;
(3) Increase in postal rates and decrease in quality

of services;

(4) Decrease in postal rates and increase in quality
of services;

(5) Increase in postal rates and no changes in
quality of services;

(6) No changes in postal rates and increase quality
of services;

(7) No changes in postal rates and quality of
services (Baseline).

2. Absorbing 10% of e-service market share by new
postal operator and (1) e-commerce increases by
10% compared to the baseline scenario, or (2)
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Table 4. Historical data vs. simulated data for 2017 and 2018.

Indicator
2017 2018

MAPE
Historical data Simulated data Historical data Simulated data

Total tra�c (106) 492 552 489 534 10%

Total revenue (109) 9,582 9,254 10,100 10,436 3%

Total cost (109) 10,836 9,073 11,760 10,380 14%

Figure 10. Simulated data vs. historical data in terms of
cost.

Table 5. MAPE (n = 3) results for 5 proveniences.

Provenance Total
tra�c

Total
revenue

Total
cost

ALB. 12% 8% 10%
IL. 17% 12% 13%

AZ.S. 15% 11% 1%
AZ.G. 6% 6% 8%
THE. 12% 10% 3%

e-commerce decreases by 10% compared to the
baseline scenario.

The results of simulations for these scenarios
are reported based on performance indicators and are
compared to the baseline scenario (business as usual),
as reported in previous section.

4.1. Changes in postal rates and quality of
services

In this scenario, seven situations could happen:

1. Increase in postal rates and quality of services (" P ,
" Q);

2. Decrease in postal rates and quality of services (#
P ,# Q);

3. Increase in postal rates and decrease in quality of
services (" P , # Q);

4. Decrease in postal rates and increase in quality of
services (# P , " Q);

5. Increase in postal rates and no changes in quality
of services (" P , � Q);

6. No changes in postal rates and increase in quality
of services (� P , " Q);

7. No changes in postal rates and quality of services
(Baseline).

Figure 11 presents the results of total tra�c, total
revenue, and total cost in comparison with the baseline
scenario.

According to these �gures, mail demands are more
elastic to the quality of services than the price. That
is, increase or no change in price does not have a large
impact on total revenue, while increase in quality would
increase total revenue. Thus, the main strategy of the
company has to be for increasing the quality of services.

4.2. Absorbing 10% of e-service market share
by the new operator

In this scenario, emerging a new postal operator is
analyzed and it is assumed that this operator will
absorb 10% of e-service market share. Meanwhile, the
e-commerce could increase, decrease or could be as
usual. Thus, the following situations could happen:

1. Absorbing 10% of e-service market share by the new
operator and 10% increase in e-commerce (new Op,
+10%" e-service);

2. Absorbing 10% of e-service market share by the new
operator and 10% decrease in e-commerce (new Op,
+10%# e-service);

3. Absorbing 10% of e-service market share by the new
operator and no changes in e-commerce (new Op).

Figure 12(a){(c) shows the e�ects of the above situa-
tions on e-service tra�c, e-service revenue, and total
revenue in comparison with the baseline scenario.

As reported in the above �gure, e-service tra�c
and revenue along with total revenue would decrease
in the case of (New Op, +10%# e-service) compared to
the baseline scenario. In the case of (New Op, +10%"
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Figure 11. Results of total: (a) Tra�c, (b) revenue, and (c) cost in comparison with baseline for the �rst scenario.

Figure 12. Results of (a) e-service tra�c, (b) e-service revenue, and (c) total revenue for the second scenario.
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Figure 13. First page of the designed dashboard.

e-service), e-service tra�c and revenue are very close
to those in the baseline scenario; however, as the new
operator could absorb other services (letter mail and
parcel), the total revenue would decrease. That is,
emerging a new operator would decrease the total rev-
enue and this would be less harmful if the e-commerce
increases. Thus, the company has to concentrate on
developing e-commerce and encouraging people to use
the e-services.

5. User Interface (UI)

In order to make the developed model more user
friendly and more useful for Companies CEO, a web-
based UI is designed using Python programming lan-
guage. Figure 13 demonstrates the �rst page of this
dashboard. This page provides a summarized descrip-
tion.

The simulated data for postal performance are
also reported in this dashboard (Figure 14).

Figure 15 is designed for policy making. In this
page, by changing the values of variables, di�erent
scenarios could be formed and the results would appear
against the baseline scenario (Figure 16).

6. Conclusion

Forecasting postal performance indicators and provid-
ing e�ective policy making tools for Iran Post Company
are the main concerns in this paper. Various methods
have been developed for these purposes. System
dynamic is a macro simulation technique used to
understand and model the dynamic behavior of a
complex system through time. Using this approach

and based on forecasting methodology, in the �rst step,
the problem was de�ned and the important variables
were identi�ed and categorized into two categories:
inner variables and outer variables. The inner variables
were employed to develop the mail demand absorbing
structure and the outer variables constructed the mail
demand generating structure. Thus, two Causal-Loop
Diagrams (CLDs) were developed and validated by
expert panels. The needed data and information were
then gathered and an Stock-to-Flow Diagram (SFD)
was developed to simulate the behavior of indicators
through time. The obtained results were evaluated
using various methods. To help the decision-makers,
two scenarios were also designed and the results in-
dicate that the company has to increase the quality
of services and concentrate on developing e-commerce.
A User Interface (UI) was also designed using Python
programming language to make the developed model
more user friendly and more useful for Companies'
CEO.

This paper shows that System Dynamic (SD) can
be used as a proper approach to forecasting and making
policies. In addition, it has some potential future
works; for more realistic results, it is recommended that
Geographic Information System (GIS) be integrated
with SD and developing a web-based framework in
the form of managerial dashboard could also provide
organizational access to the obtained results.
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Figure 14. The simulated data for postal performance reported in the developed dashboard.

Figure 15. Policy making in the developed dashboard by changing values of di�erent variables.
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