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Questions 

1. What’s a model?  
2. Why do we model?  
3. How do we model? 
4. What is a system?  
5. What are parameters, forcing functions, and boundaries? 
6. How do we build a conceptual model?  
7. How are elements connected?  
8. What are the flows of material, and where is it actually 

information?  
9. How do interactions create a positive feedback that allows the 

system to run out of control or, conversely, how do negative 
feedbacks manage to keep a system in shape?  

10. Where do we get our parameters from? 



Model 

0 A model is a simplification of reality 

 

0 Model adalah suatu representasi atau formalisasi 
dalam bahasa tertentu dari suatu sistem nyata 

 

0 We model all the time, even though we don’t think 
about it. 

 

0 Model is definitely simpler than the real world; 
however, it represents some of its important features 



Model 

“ You think you understood 
what I said, but I’m not sure 

that what I said is what I 
thought.” 

The image of the world around 
us as we see it is also a model. 

Sistem 
Nyata 

Kacamata 
Pemodel 

Image 

Model 

Model 
yang diuji 

Sampel 



Model 

0 “Kacamata” (sudut pandang, visi, wawasan) 
pemodel  

0 Sistem nilai yang dianut pemodel 

0 Ilmu pengetahuan pemodel 

0 Pengalaman hidup pemodel 

0 Proses perubahan image menjadi model karena 
bahasa formal yang digunakan 



Model 
Apa ini? 

Opo iki? 

Naon ieu? 

 



Model 

0 The best model, indeed, should strike a balance 
between realism and simplicity 

0 The model is made simple, but no simpler than we 
need. 

0 The best explanation is as simple as possible, but no 
simpler (Albert Einstein) 

 



Model 

0 All models are wrong … Some models are useful. 
(William Deming) 

 

0 Models are essential to understand the world around 
us. 

 

0 Examples: 

0 Photograph 

0 Map 



Model 

0 How do we model 

0 Physical models are very useful in the “ what if? ” 
analysis. 

0 Mathematics offers another tool for modeling. 

 

0 What we do when building a model.  

0 When dealing with something complex, we tend to 
study it step by step, looking at parts of the whole and 
ignoring some details to get the bigger picture. 



System 

0 A system is a combination of parts that interact and produce 
some new quality in their interaction . 

0 System is an assembly of elements or components or parts 
related in an whole to reach an objective in a complex 
environment. 
 

0 Important features of systems: 
0 Systems are made of parts or elements 
0 The parts interact 
0 There are something that connected to be unity  
0 Something new is produced from the interaction. 
0 It was lied in a complex environment (optional) 



System 

Elements whole 

0 The whole is more than the sum of parts. (von 
Bertalanffy, 1968) 

0 A system may be viewed as a whole or as a 
combination of elements .  

0 An element is a building block of a system that can be 
also considered separately, having its own properties 
and features. 

0 Elements or components are operating parts of a 
system consisting of input, process, and output.  

 



System 



System 

Reductionism holism 
0 Look at a system as a whole and focus on the behavior of 

elements in their interconnectivity within the system  
holism 

0 Theory that assumes that we can understand system 
behavior by studying the elements and their interaction  
reductionism 

0 Analysis and synthesis approaches are important and 
useful 

0 Listing all the elements is not enough to describe a system 
because elements may be connected or related to each 
other in a variety of different ways (relationships) 



System 

0 Types of relationships between elements: 

1. Material flows 

2. Flows of information 

0 Feedback 

0 Systems with positive feedback end up in 
uncontrolled exponential growth or collapse. 

0 Systems with negative feedback tend to 
stabilize at a certain level. 



System 

Structure function 

0 The elements of a system and their interactions define 
the system structure . 

0 The more elements and interactions, the more 
complex the system structure. 

0 The analysis of a system as a whole is essential to 
figure out the function of a system 

0 The function is the emerging property that makes a 
system a system. 



Hierarchy 

Subsystem System Supersystem 

0 Every system is part of a larger system, or supersystem, 
while every element of a system may be also viewed as a 
system, or subsystem, by itself 

0 Decomposing an object into smaller parts give rise to a 
hierarchy 

0 The entries that belong to one level are assumed to be of 
similar complexity and to perform a somewhat similar 
function.  

0 New emergent functions appear when we go from one level 
of a hierarchy to another. 



Hierarchy 

0 Systems may be presented as interacting subsystems.  

0 Systems themselves interact as parts of supra-systems.  

0 There are various hierarchical levels that can be identifi ed to 
improve the descriptions of systems in models.  

0 Elements in the same hierarchical level are usually presented in the 
same level of detail in the space–time–structure dimensions. 



Hierarchy 

0 The hierarchical approach is essential in order to 
place the study object within the context of the macro- 
and micro-worlds – that is, the super- and subsystems 
– relative to it. 

 

0 Hierarchies do not exist . We make them up to 
understand a system and to communicate our 
understanding to others. 



The modeling process 

0 Building a model is an 
iterative process, which 
means that a number of 
steps need be taken over 
and over again. 

0 Three main dimensions: 
space, time and 
structure. 

 

 



Prinsip Pemodelan 

0 Elaborasi 
0 Dimulai dengan yang sederhana dan secara bertahap 

dielaborasi hingga diperoleh model yang representatif 

0 Sinektik 
0 Metode yang dibuat untuk mengembangkan pengenalan 

masalah secara analogis 

0 Iteratif 
0 Terkadang diperlukan pengulangan dan penijauan 

kembali 

 



The modeling process 

0 Describe the conceptual model of the system by answering 
the basic questions about space, time and structure.  

0 A conceptual model may be a mental model, a sketch or a 
flow diagram.  

0 Building the right conceptual model leads us halfway to 
success. 

0 The components of the system should be clearly identified 
in the conceptual model: 
0 Boundaries . 

0 Variables . 

0 Parameters .  Categories? Ways to determine? 



The modeling process 

0 Once you gain new understanding with your model, you 
may realize that something is missing. It ’ s OK: go back 
and improve the model. You don ’ t build a model going 
down a straight path. You build a model going in circles. 

 



Kriteria Model yang Baik 

0 Tingkat generalisasi yang tinggi 
0 Makin tinggi makin baik  kemampuan pemecahan 

masalah makin besar 

0 Mekanisme transparansi 
0 Diketahui mekanisme pemecahan masalah  

rekonstruksi 

0 Potensial untuk dikembangkan 
0 Membuka kemungkinan pengembangan model 

0 Peka terhadap perubahan asumsi 
0 Tidak pernah berakhir, ada celah berasumsi 



Model classifications 

0 Bentuk (form) 

0 Konseptual (verbal, deskriptif) 

0 Konseptual (digramatik) 

0 Fisik 

0 Formal (matematik) 

There may be several criteria used to classify models. 



Model classifications 

0 Waktu (time) 
0 Dinamik vs statik 

0 Kontinyu vs diskrit 

0 Stokastik vs deterministik 

0 Ruang (space) 
0 Spasial vs local (box model) 

0 Kontinyu vs diskrit 

0 Struktur (structure) 
0 Empiris (black box) vs berbasis proses (simulation) 

0 Metode (method) 
0 Analitis vs computer 



Model classifications 

0 Terkait Bidang (field-related) 

0 Populasi 

0 Komunitas 

0 Ekosistem 

0 Tujuan (purpose) 

0 Model untuk pemahaman 

0 Model untuk pendidikan / demonstrasi 

0 Model prediktif 

0 Model berbasis pengetahuan 



Systems thinking 

0 Mindset and worldview based on this understanding 
of systems and the interconnectedness between 
components and processes. 

0 With systems we can look at connections between 
elements, at new properties that emerge from these 
connections and feedbacks, and at the relationships 
between the whole and the part.  

0 This worldview is referred to as “ systems thinking ” 



Systems thinking 
The lifecycle of energy from biomass production 



Any questions? 



Credit 

0 Voinov, A. 2008. Systems Science and Modeling for 
Ecological Economics. Academic Press. London. 


