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SDM: System Dynamics Modelling

1. SDM Overview

2. Simple example

3. SDM in AQUASTRESS

4. Case studies (2)

5. Running demo…
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SDM: System Dynamics Modelling

System Dynamics Modelling (SDM) or Systems Thinking

• Methodology for analyzing, studying and managing

• Complex Systems

• When formal analytical methods do not exist

• (or are hard to apply)

• By linking feedback mechanisms (loops and iterations)

• Breaking down the problem into sub-systems and sub-

models

• In a way similar to the conceptual thinking of non-

programmers (conceptual models)

• No analytical formal simulation model necessary
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SDM: System Dynamics Modelling

Based on conceptual/graphical representation of relations among 

different system components. 

• Visualisation using specialised software (interface) 

• Models built gradually starting with few components, adding 

complexity interactively

• Differential equation + Integration simulated in a “friendly”

way

• Different time scales for different subsystems

Suitable for developing a model in participatory process

Acting as Decision Support Tools (DST) for stakeholders (non-

engineers) and experts for examining alternatives/scenarios
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SDM: System Dynamics Modelling

History/Applications

• Industrial long-term management problems (Forrester 1961)

• Business strategy and policy problems

• Ecology / Complex environmental systems

• Complex water systems

• Participatory process

Several Specialised software tools for visualisation….

• SIMILE (www.simulistics.com) (���� Used here)

• VENSIM (www.vensim.com) (���� Used here)

• STELLA (www.iseesystems.com)

• SIMULINK(www.mathworks.com) (MATLAB)

• POWERSIM (www.powersim.com)

• MODELMAKER (www.modelmakertools.com) (BORLAND)
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SDM: System Dynamics Modelling

Each SDM model consists of:

• Stocks/Compartments (Levels-State variables) 

• Connectors (Arrows)

• Flows/Influences (Rates)

• Converters (Auxiliaries/Parameters)

• Decision processes (Priorities/Allocation/Relations)

Flow diagram Causal Loop diagram
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SDM: System Dynamics Modelling

Flow diagram: For quantitative (numerical) model/simulation

Causal Loop diagram: For qualitative (conceptual) model

• For each system, both Flow and Causal Loop diagrams can be 
drawn

• Causal loop helpful for studying “causality”

Flow diagram Causal Loop diagram
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SDM: System Dynamics Modelling

Analytical expression (i.e. Ct=Co(1+a)t ) NOT needed

Data needed: 

– Drawing “Capital” as Stock, “Interest” as Flow, “Interest 
rate” as Parameter, “arrows” as influences

– Initial value for “Capital” (e.g. 10000)

– Interest rate (e.g. 10%)

– Relation: Interest=Capital*Interest_rate

Flow diagram Causal Loop diagram
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SDM: Simple example
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SDM: Simple example-Causality

CapitalInterest
(Capital)

Interest rate

Interest
Capital(Interest)

Interest rate
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SDM in AQUATRESS

AquaStress

(http://www.aquastress.net) 

• Mitigation of Water Stress through 

new Approaches to Integrating 

Management, Technical, 

Economic and Institutional 

Instruments 

• EC FP6 IP project (2005-2009) 

• € 14 million budget

• 35 partners 

• 8 (very) different test sites/case 

studies
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SDM in AQUATRESS

Within AQUASTRESS several Technical 

Options are investigated for 
mitigating water stress:

From the technical point of view each of 

these options are  separately

• Examined (State-of-the-art 

methodologies, techniques)

• Assessed (Results, quantities, 

costs)

• Considered for each test site (local 
feasibility)

They are then combined using Conceptual and System Dynamics 

Modelling to simulate the water systems for each case study

SDM models: low in detail, high in integration
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SDM : Method of application

• Identify a problem/system within the case study

• Develop a dynamic hypothesis explaining the cause of the problem

(SDM -Conceptual model) 

• Build a computer simulation model (SDM Quantitative model) 

• Test the model (Validation)

• Use the model to produce and assess alternative policies

• With interactive process 

(Experts����stakeholders����experts����stakeholders…)

For each case

study separately
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SDM – AQUASTRESS: Component Types (1/2)

TWUAbbreviation

Tourism/ LeisureComponent

EWUUWWAbbreviation

EnvironmentUrban Waste waterComponent

DWUGFSEAAbbreviation

Domestic Groundwater flowSeaComponent

IWUGLSRGWAbbreviation

IndustryGroundwater lossesSurface  runoffGroundwater- AquiferComponent

AWUET PRESAbbreviation

AgricultureEvapo-transpiration
Precipitation 

(Rainfall)
ReservoirComponent

Volume/timeVolumeVolume/timeVolume - MassDimension/Units

ULISAbbreviation

Water users/ Water 

consumption
Losses

Water inputs to the 

system

Storage/ Water 

sources

Brief functional 

description

Converters: Outflows
Converters: 

Outflows
Converters: Inflows Stocks SDM Functional type

Water usersLossesResourcesWater bodies
Type of water system 

model 

component

Water usersWater lossesWater ResourcesWater Resources
AQUASTRESS 

terminology

(5)(4)(3)(2)(1)
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SDM – AQUASTRESS: Component types (2/2)
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SDM – Conceptual model for technical 

options- Example (1)

Urban 

waste 
water

3.1.1 

(V,Q)

Treat
ment

Environment

Domestic Agriculture

Costs, Energy, 

demand, 
acceptance

IndustryTourism

Reservoir

Groundwater

Urban 

waste 
water

3.1.1 

(V,Q)

Treat
ment

Environment

Domestic Agriculture

Costs, Energy, 

demand, 
acceptance

IndustryTourism

Reservoir

Groundwater

Option 3.1.1. Option 3.1.1. Option 3.1.1. Option 3.1.1. 

Waste water reWaste water reWaste water reWaste water re----useuseuseuse
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SDM – Conceptual model for technical options-
Example (2)
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Reservoir

Industry 1

Energy, Costs

Industry 3

3.3.2.

(V,Q)

Treat

ment
Industry 2

3.3.2.

(T)

Trans

fer

Industry 4

3.3.2.

(V)

Water 

dema

nd

Industry 5

Option 3.3.2 

Process 

optimisation and 

recycling in 

industry
Costs

Groundwater

SDM – Conceptual model for technical 

options- Example (3)
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AQUASTRESS SDM: Case studies

2. Merguellil catchment (valley) aquifer management – (Tunisia)

• Hydrological model  (group of small dams+1 large dam)

• Study  agricultural water use

• Improve aquifer recharge and management

1. Kremikovtzi plant water system – (Bulgaria)

• Industrial (competitive) water use – limited water resources 

• Improve the rate of water re-use

• Study operational policies for dry and very dry years
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Kremikovtzi system: Industrial water re-use
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Kremikovtzi

• The industrial plant of Kremikovtzi 
consist on of the biggest water 
consumers and water pollutants in 
the Sofia region. 

• Water demands for the plant 
amound to 550 million m³ / year, a 
significant percentage of which is 
recycled within the plant.

• The plant takes about 50-60 million 
m3 /year fresh water from two 
nearby reservoirs

The SDM model aims at defining operating scenarios, and 
propose water saving measures, so as to:

1. Reduce the plant fresh water needs 

2. Improve the rate of water re-use

3. Study operational policies for dry and very dry years
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Case study: Kremikovtzi water system

Kremikovtzi

Lesnovska river

Sgurootval
(waste from

burning process)

Pumping

station

Botunec
WWTP

(industrial and rain water)

Ognianovo

East irrigation channel

WWTP
(municipal)

Buhovo
village

Sludge pond
(for sediments)

Pancherevo

Iskar
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station
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Ognianovo

East irrigation channel
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village

Sludge pond
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Kremikovtzi conceptual model

initial-July 2006- (1)
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Kremikovtzi conceptual model

October 2006- (2)

 

Kremikovtzi plant 
(K)
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SDM: Initial SDM models

Initial SDM models for water quantities using different software
tools (WB3-WB4-JWT-November 2006)

Pancherevo

RES1 Inflow to

Pancherevo

Inflow series

<Time>

evaporation

losses

Botunetz RES2

Flow from

Pancherevo to

Botunetz

Kremikovtzi

Clean Water

Node

Clean water from

Pancherevo to

Kremikovtzi

Kremikovtzi

mine

Clean Water to KP

from mine

drinking
water to KP

Kremikovtzi total

water (blue and

purple) Clean water

inflow to KP

Water needs

Clean water needs

mine water

drinking water

Pancherevo

clean water to

KP

KP wasted total

water

Kremikovtzi

total waste

water (red) KP waste water

produced

WWTPI

Waste water flow from

KP to WWTPI (red)

Waste water % to

WWTPI

Buffer Kremikovtzi used water

(purple)

Used water flow

to KP

Sludge pond

Flow from KP to

sludge pond (red)

Flow from WWTPI to

KP buffer (purple)

wasted treated

water from WWTPI

Purple flow to

Botunetz from

WWTPI

Purple flow from

sludge pond to

Botunetz

Purple flow from

Botunetz to KP buffer

River Lesnovska River Matitza

Evaporation/Losses

from Botunetz

Purple inflow from Sludge

pond to KP buffer

Wasted water from

sludge pond

Delay buffer

parameter

SIMILE VENSIM
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SDM model in VENSIM 

(November 2006- (3)

Pancherevo

RES1 Inflow to

Pancherevo

Inflow series

<Time>

evaporation

losses

Botunetz RES2

Flow from

Pancherevo to

Botunetz

Kremikovtzi

Clean Water

Node

Clean water from

Pancherevo to

Kremikovtzi

Kremikovtzi

mine

Clean Water to KP

from mine

drinking
water to KP

Kremikovtzi total

water (blue and

purple) Clean water

inflow to KP

Water needs

Clean water needs

mine water

drinking water

Pancherevo

clean water to

KP

KP wasted total

water

Kremikovtzi

total waste

water (red) KP waste water

produced

WWTPI

Waste water flow from

KP to WWTPI (red)

Waste water % to

WWTPI

Buffer Kremikovtzi used water

(purple)

Used water flow

to KP

Sludge pond

Flow from KP to

sludge pond (red)

Flow from WWTPI to

KP buffer (purple)

wasted treated

water from WWTPI

Purple flow to

Botunetz from

WWTPI

Purple flow from

sludge pond to

Botunetz

Purple flow from

Botunetz to KP buffer

River Lesnovska River Matitza

Evaporation/Losses

from Botunetz

Purple inflow from Sludge

pond to KP buffer

Wasted water from

sludge pond

Delay buffer

parameter
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Causalities with VENSIM
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Causalities with VENSIM  

Sludge pond

Flow from KP to sludge pond (red)
Kremikovtzi total waste water (red)

Waste water % to WWTPI

Purple flow from sludge pond to BotunetzDelay buffer parameter

Purple inflow from Sludge pond to KP buffer(Delay buffer parameter)

Wasted water from sludge pond(Delay buffer parameter)

Botunetz RES2

Evaporation/Losses from Botunetz

Flow from Pancherevo to BotunetzTime

Purple flow from Botunetz to KP bufferWater needs

Purple flow from sludge pond to BotunetzDelay buffer parameter

Purple flow to Botunetz from WWTPIWWTPI

River Lesnovska

River Matitza
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Causalities with VENSIM  

Buffer Kremikovtzi used water (purple)

Flow from WWTPI to KP buffer (purple)WWTPI

Purple flow from Botunetz to KP bufferWater needs

Purple inflow from Sludge pond to KP bufferDelay buffer parameter

Used water flow to KP(Water needs)

WWTPI

Flow from WWTPI to KP buffer (purple)(WWTPI)

Purple flow to Botunetz from WWTPI(WWTPI)

Waste water flow from KP to WWTPI (red)
Kremikovtzi total waste water (red)

Waste water % to WWTPI

wasted treated water from WWTPI(WWTPI)

WWTPI

Flow from WWTPI to KP buffer (purple)
Buffer Kremikovtzi used water (purple)

(WWTPI)

Purple flow to Botunetz from WWTPI
Botunetz RES2

(WWTPI)

wasted treated water from WWTPI (WWTPI)
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SDM: Intermediate SDM Models

(May 2007-July 2007) Separate models for higher and lower quality 
fresh water
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SIMILE- May 2007-(4)

Clean industrial water model (2 sub-models)

Kremikovtzi plant

(demands)

Clean Fresh Industrial 

Water Submodel

(supply)
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Re-used and waste water model 
Kremikovtzi plant

submodel

Domestic WWTP 

submodel

Re-used and WWTP 

industrial submodel

Clean industrial 

water submodel
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Final Model (Causal Loop Diagram)



27/02/2008 33

Final SDM Model Kremikovtzi
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Final SDM Model Kremikovtzi

KP plant

subsystem

Domestic 

Waste 

Water

Water 

re-cycling

Clean 

Fresh 

Water

Sludge 

Pond
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KP permanent units 

and potable water subsystems
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KP Non permanent units, 

Ore and Sinter plant units subsystems
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KP Sludge pond subsystem
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KP Water re-cycling subsystem
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KP Domestic Waste Water Subsystem
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KP Clean Fresh Water Subsystem
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Generating scenarios with SIMILE
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Generating scenarios with SIMILE
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KP Results-Alternatives
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KP Results-System total recycling rate

Very dry All on 0.6276

95% OP stops 0.6230

OP stops+ Other water users (Priority 0) 0.6374

OP stops+ Non permanent units (Priority 1) 0.6298

OP stops+ Non permanent units (Priority 2) 0.6299

OP stops+ Non permanent units (Priority 3) 0.6010

OP stops+ Non permanent units (Priority 3)+ SP 5/6 0.5906

OP stops+ Non permanent units (Priority 3)+ SP 4/6 0.5793

OP stops+ Non permanent units (Priority 3)+ SP 3/6 0.5671

OP stops+ Non permanent units (Priority 3)+ SP 5/6+Lesnovska release 0.5661

OP stops+ Non permanent units (Priority 3)+ SP 4/6+Lesnovska release 0.5539

OP stops+ Non permanent units (Priority 3)+ SP 3/6+Lesnovska release 0.5405

Dry Recycle 90%+ Return WQ3 0.6224

Recycle 90% 0.5785

Normal Recycle 75% 0.5330

Recycle 70% 0.5045

Recycle 65% 0.4759

Recycle 60% 0.4474
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AQUASTRESS SDM: Case studies

2. Merguellil catchment (valley) aquifer management – (Tunisia)

• Hydrological model  (group of small dams+1 large dam)

• Study  agricultural water use

• Improve aquifer recharge and management

1. Kremikovtzi plant water system – (Bulgaria)

• Industrial (competitive) water use – limited water resources 

• Improve the rate of water re-use

• Study operational policies for dry and very dry years
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Merguellil conceptual model

(Tunisia)
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Merguellil SDM (Tunisia) Initial model
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Merguellil SDM (Tunisia) final model
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Merguellil SDM (Tunisia) final model

Upper 

catchment
Middle

catchment

El Haouareb

dam

Kairouan

aquifer
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Merguellil SDM (Tunisia) final model

Middle

catchment
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Merguellil SDM (Tunisia) detail
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SDM: Advantages/Disadvantages

Advantages

• Easy to build models for complex, “non-specific” systems

• Good graphics environment

• Easy to make others understand and get involved

• Easy to run and compare scenarios

• SDM: Modelling by “afterthought”

• Especially useful for “time series” runs

Disadvantages

• Iterative procedures within the same time step to be avoided

• Need for special “simulation schemes”/logic (e.g. continuity)

• Multiple variables for the same component need to be 

separated 
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Time for demo display…


