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System dynamics modeling
methodology

System dynamics (SD) models represent a structure of reservoirs or levels
interconnected by controlled flows. SD models include three basic features:

1) reservoirs, or levels, that accumulate (water, money, people . . .)

2) flows into and out of the reservoir

3) constants and other variables that influence flows

SD modeling has been metaphorically described as “bathtub dynamics.”
Levels are the bathtubs themselves, decision functions are the automated or
human-controlled valves on the flows to and from the bathtubs, and

information channels serve as pipes between levels.

Feedback is an important feature of these systems.



What is System Dynamics?

Jay Forrester, the founder of systems dynamics, suggested that a model
should have the following characteristics:

— Able to describe any statement of cause-effect relationships that
we may wish to include.

— Simple in mathematical nature.

— Closely synonymous in nomenclature to industrial, economic and
social terminology.

— Extendable to large numbers of variables (thousands) without
exceeding the practical limits of digital computers.

— Able to handle continuous interactions in the sense that any
artificial discontinuities introduced by solution-time intervals
will not affect the results. It should, however, be able to
generate discontinuous changes in decisions when
these are needed.



System dynamics modeling
software

— Powersim Studio WWW.powersim.com

—Vensim WWW.VEensim.com

— iThink and Stella WwWw.iseesystems.com




System dynamics modeling
resources

System Dynamics methodoloqy web sites (free)

System Dynamics Society
www.systemdynamics.org

System Dynamics tutorial done for USA Department of Energy
www.albany.edu.cpr/sds/DL-IntroSysDyn/inside.htm

Cornell University System Dynamics sources
www.csdnet.aem.cornell.edu/index.html

Papers on System Dynamics and software engineering
www2.umass.edu/systemdynamics/papers.htmi

System Dynamics resources for children and young adults
www.clexchange.org

MIT course in system dynamics
www.ocw.mit.edu/OCWWeb/Sloan-School-of-Management/15-874Fall2003/CourseHome

Dr. Craig Kirkwood textbook on system dynamics using Vensim PLE
www.public.asu.edu/~kirkwood/sysdyn/SDRes.htm

Australian Powersim Studio site
http://www.argospress.com/books/system-dynamics/index.htm

Powersim Studio independent user group on Yahoo (free)

http://tech.groups.yahoo.com/group/powersimtools/
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Blank Project

|® Powersim Studio 7 Expert [Untitled] - Shared Diagrams [_._J[E'i]
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Project
=43 Component 1
=] 5@5 Simulation 1
@ Equations
m Connections
ﬂ Analysis Yariables
T9 Events
l@ Private Diagrams
[ shared Diagrams
Local Ranges
Local Lnits
Runs
Global Ranges
Glabal Units

Large blank area is referred to as a “Diagram”.

By default, each project starts with 3 Diagrams.

Diagrams can be added or deleted as needed.
Diagrams can be renamed by right-clicking tab.
I8

3 3 ', Diagram 1 {Diagram 2 j, Diagram 3
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Project Settings
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= ;(% Simulation 1

Project | Window  Help
Add Component
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Protect...
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‘ﬁ" Project Settings...
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@ Equations
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Project Settings
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= -Z§E Component 1
= {% Simulation 1
@ Equations
m Connections
ﬁ Analysis Wariables
TV Events
E Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

Project Settings

Advanced Compatibility
Prezentation Mode Setup
[] Start up in Presentation Mode

Titlebar

lcon Caption

@ Poerzin Presentation

Fresentation Maode Hame Fage

(] ] [ Cancel

Spreadsheet Eunnectiun{
Time Measurement
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Project Settings
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w] CALENDAR:
3 Project Settings @
BANK — 12 months of 30 days s
eaCh (SeCO nd, mInUteg hour, (%) Calendar-dependent simulations

Avyailable calendars

day, week, month, quarter, and S ARG
I I [ Figcal [4 quarters of 91 davs]
M are avallable UnltS). DGregnria:[BBE or 366 da:; per year)
Time unit: !
FISCAL — 4 quarters of 91 days Doy [
eaCh (month iS no |Onger an OCalendar-ind.epn.andent simulatio-ns .

available unit).
Enforce ime unit consizterncy
GREGORIAN — 365 or 366 days
per year (month, quarter, and T
year are no longer available
units).




Project Settings

{7) Powersim Studio 7 Expert [Untitled] - Shared Diagrams
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TIME UNIT:

Ef P
=
T Project Settings
-Select the time unit that you e R ——
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Wh e n it d i S pl ayS any Val u e a;:::f[?j?:j; of 30 dapsg]
itz i nvo Ivi ng ti m e . [IFiscal [.4 quarters of 91 days]
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Time unit: )
-Available time units will depend Day v]
O n th e Cale ndar th at yo u Se | eCt ] Ealendél-lhdepend-ent simulations

(see previous slide).

Enforce time unit consistency

0K ] [ Cancel




Project Settings

{7) Powersim Studio 7 Expert [Untitled] - Shared Diagrams

- File Edit Yew Insert Format Diagram Layout Simulation Project Window Help
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1 ENFORCE TIME UNIT
1 CO NSISTE N CY . Project Settings [_TJ
Advanced Compatibility Spreadsheet Connections

-Leave checked if the
measurement of time is
important for the system that
you are modeling. This is
almost always true.

£] (7]

-If you choose to deselect this
option, your simulation will no
longer need time units in flow
rates.

Fresentation Mode Setup Time Measurement

(®) Calendar-dependent simulations
Available calendars

Bank [12 months of 30 days]
[ Fizcal [4 quarters of 91 days]
[] Gregarian [365 or 366 days per pear]

Tirne unit; )
Day ¥|

(") Calendar-independent simulations

Enforce time unit consistency

——
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Simulation Settings
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Activate Previous Run
Add to Runs...
Export...
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Simulation Settings

(7 Powersim Studio 7 Expert [Untitled] - Shared Diagrams

File Edit Wew Insert Format Diagram Lawout Simulakion Project 'Window Help
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TIME SETTINGS

CALENDAR - Displays choice
made in Project Settings.

TIMESTEP — Choose a
timestep that is appropriate for
the data that you will be using
and the simulation period of
interest. In general, timestep
will be equal to time unit.

N E B2

nEE DEEE i)
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Simulation Settings

Sirmulation | [mtegration | Fepaort | Run Contral

Time zettings
Calendar: Timestep:
Bark [w] [1.00da 3
Start tirne: Stop time:
14/2007 = 17172008 el
Sirnulation zpeed
(%) Mauimize speed
(1 Real time
() Customn mztime step

[ (] 4 ] [ Cancel

Simulation skate
Tirme:
14172007

Autornatic histary

Save state

Autozcaled when paused
] Animate reference data
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|® Powersim Studio 7 Expert [Untitled] - Global Units
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Project
=43 Component 1

= ?{% Simulation 1 m deg
(ﬁ Equations
m Connections @ grad
‘{f Analysis Yarisbles
T Events @ hr
@ Private Diagrams G min
B shared Diagrams @@ mo
Local Ranges @@ period
Local Units @@ gty
Runs @ rad
Global Ranges =
Global Units @@k
@@ yr
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Definition
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@iz4hr, 0@hr)
@((3.1415926535597932 3846/ 180)rad,
O@rad)
@([3.14159265358979323546/200)r ad,
0@rad)

@{E0min, O@rmin)

@(60s, DEs)

@(30da, 0@da)

@__TIME

@i90da, D@da)

@__RADIAN

@_ SECOMD

@i7da, Oi@da)

@{360da, 0@da)

Dacumentation
Percent

Day

Degrees - Plane angle

Gradians - Plane angle

Hour

Minute

Manth

Project Time Unit
Quarker

Radians - Plane angle
Second

Week

ear

Note

Syskem Unit
Syskemn Time Unik
Syskem Unit

Syskem Unit

Syskemn Time Unik
Syskem Time Unik
Syskem Time Unik
Syskemn Time Unik
Syskern Time Unit
Syskem Unit

Syskem Time Unik
Syskem Time Unik
Syskem Time Unik

<4mmm Byilt-in System Units

A1 tanns
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Unit types

ATOMIC — An atomic unit does not depend on other units (e.g., person, barrel of oil).
CURRENCY - Variables with currency units will be displayed with the corresponding
currency symbol. Currency units can be defined relative to other currencies by an
included exchange rate.

DERIVED — A derived unit is dependent upon another unit (it is derived from another
unit).

CUSTOM — A custom unit is defined by a custom definition that you can enter freely.

STANDARD - A standard unit comes from Studio’s list of built-in standard units.

20



Add new unit

|® Powersim Studio 7 Expert [Untitled] - Global Units

(Bl File Edit View Insert Simulation Project ‘window Help

English (United States) | w ; p A BEE D - ® &
BE BRED
e
PR EREENR- E
Mame < | Dfirition Documentation Mote
Project k3 jU.Ul Percent System Unit
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| {% Simulation 1 deq @[3, 14159265358979323546[ 180)rad,  Degrees - Plane angle System Lnit
5] Equations Oi@rad)
m Connections grad @[3, 14159265358979323546/200)rad,  Gradians - Plane angle System Lnit

;"‘*‘ Analysis variables

Global Units

vk
¥r

IEEEEEEEE B BEER

O@rad)

@i7da, D@da)
@(360da, 0@da)

Week
ear

TP Events hr @i E0min, D@min) Haur Systern Time Lnit

E Private Diagrams ] @iE0s, 0@s) Minute System Time Unit

% shared Diagrams ma @ 30da, D@da) Manth Systern Time Lnit

Local Ranges period @__TIME Project Time Uit System Time Unit

Local Units qtr @(90da, D@da) Quarter Systern Time Lnit
rad @__RADLAN Radians - Plane angle System Unit

=] Global Ranges B @__SECOND Second System Time Unit

Syskem Time Linit
Syskemn Time Linit

| Add Unit, ..
4 Add Empty Unit

Right-click to add new unit.
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Add new uni

(7) Powersim Studio 7 Expert [Untitled] - Global Units

B File Edit Wiew Insert Simulation Project Window Help

: English {United Statesy s
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Mame

_@ Project
=l §§§ Component 1
= {% Simulation 1
@ Equations
m Cannections
ﬁ Analysis Variables
TP Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Uriks
Runs
Global Ranges
Global Units

[rrire]
v
[rrire]

%Y
da
deg

arad

hir

rir
mo
period
qtr
rad

ik
wr

fiz)[ss | |

Definition
0.01
@(24hr, 0@hr)

==

Docurnentation
Percent
Day

¥ &

Mote
Syskem Unik
Syskem Time Unik

' Add Unit

Before creating a new unit,
you must check for desired
unit under “Select a built-in
standard unit”!!

Hame

Specify name of the new unit, or zelect a build-in unit.

(3 Enter new name:;

O] 5._3Ieu:t a I:uu_i!t-i_n _st_e!nc!ard u_nit_:_

Plural name:

m - Meter - Length

£ ka - Kilogram - Mass

2 - Steradians - Solid angle

mal - Mole - Amount of substance
cd - Candela - Luminous intencity
A - Arnpere - Electric current

K. - Kekain - Temperature

Entg km - Filometer - Lenagth

a nd cm - Centimeter - Length

| - Liter - Yolurme

If YAH - Mewton - Force

Bl ) - Joule - Energy

W Watt - Power

C - Celcius - Temperature

F - Fahrenheit - Temperature

nnot be atomic.

v_ ¥
@
A 2

hd

Kkt to define it, or click Finish to define it as

e provided automatically. Mote that if the
i be created automatically.

MHext >

I

Finish | |

Cancel ” Help >
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Create Unit “cubic meters per day”

(7 Powersim Studio 7 Expert [Untitled] - Global Units

EDi File Edit View Insert Simulation Project “Window Help
English (United States) v & : ik " Em 1D = E : : f Ji= 1 3% &
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Mame 7 | Definition Docurmentation Hate
_@ Project @ % i0.01 Percent System Linit
= £§E Component 1 @ da
=l »I% Simulation 1 ma deg Add Unit
@ Equations
v
B Connections @ grad Name ; } g -
ﬁ Analysis Yariables Specify name of the new unit, or gelect a build-in unit, » e
B Events @ hr =
Private Diagrams B i .
Shared Diagrams [ o © Enter new name: Elacians.
o
Local Ranges @ period
Local Urits @ qb o ;
s = :Iard (%) Select a builtin standard unit; ]
Global Ranges s m - Meter - Length _
Global Units @k o .
= el L:r ) Select a built-in currency unit:
| Add Unik. ..

40 Add Emply Unit

Enter a new name for your unit and click Mest to define it, or click Finish to define it as
a hormal atomic unit. Mote that local units cannot be atomic.

If wou select a built-in unit, the definition will be provided automatically, Mote that if the
built-in unit depends on ather units, these may be created automatically.

[ et > H Finizh Cancel H Help »>




Create Unit “cubic meters per day”
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Bl File Edit Wiew Insert Simulation Project Window Help
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=42 Component 1 mm da @{24hr, O@hr) Day System Time Linit
= ﬁg Simulation 1 @@ deg @3, 141599265358979323346/180rad, Degrees - Flane anale Systerm Unit
@ Equations 0@ ad)
m Connections Gm@ qgrad @3, 141599265358979323346/2000rad,  Gradians - Plane angle Systerm Unit
ﬁ Analysis Wariables Digrad)
TP Events @@ hr @{E0rmin, O@min) Hour Svstem Time Linit Tl
E Private Diagrams [ B 1 _ METER. Meter - Length m- now appears
Shared Diagrams B min @{E0s, D@s) Minute Syskem Time Unit in unit list.
Local Ranges EE Mo @{30da, Di@da) Manth Swstern Time Unit
Local Units G@  period @__TIME Project Time Linit System Time Unit
Runs E@ qkr @{90da, 0@da) Quarker Systerm Time Unit
Global Ranges mE  rad @__RADIAM Radians - Plane angle System Lnik
Global Units [ @__SECOND Second Systern Time Linit
@k @(7da, D@da) Week Swstem Time Linit
@ Y @({360da, Oi@da) ‘Vear Systern Time Linit
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Create Unit “cubic meters per day”
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& File Edit View Insert Simulation Project Window Help
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""""" Marne # | Definition Documentation Hote
PrDjEEt B Y% nni Parrant Sweckern | nik
-4k Component 1 @ da Add Unit @
= Z% Simulation 1 m deg _
@ Equations Hame y_3
E¥ Connections @ grad Specify name of the new unit, or select a build-in unit. 1@.‘

ﬂ Analysis Yariables

% Add Empty Unik

=

% Events @@ hr

@ Private Diagrams Em im @ Enter new name: Plural narne:

Shared Diagrams @ in cubic meters per day cubic meters per day
Local Ranges @@ o
Local Units E  period ) Select a built-in standard urit;

Runs @ gty I
s = Enter name for new unit.
Global Units i () Select a built-in currency unit:

ma wh
i Yr
il Add Ui, [ Language independent name

Enter a new name for vour unit and click Mest to define it, or click Finizh to define it as
a normal atomic unit. Mote that local units cannot be atomic.

If wow gelect a built-in unit, the defintion will be provided automatically, Mote that if the
built-in unit depends on other unitz, theze may be created automatically.

[ et >

Finish | |

Cancel H Help »»
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Create Unit “cubic meters per day”
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Create Unit “cubic meters per day”

|® Powersim Studio 7 Expert [Untitled *] - Global Units

Bl File Edit Wiew Insert Simulation Project Window Help
B English (United States) | w ih 28 (RARITZEEID SE oo 9B @
DRE=Q% SR

AT 4 e D W @ -

""""""""""""""""" M arne: + | Definition Documentation Moate
Prgject B % 001 Percent chan |nik
= Component 1 m da Add Unit
= {% Simulation 1 @@ deg
o5 Equations Definition
¥ Connections m  grad Specify the definition of the new unit, or select a build-in unit.
%f Analysis Variables
TP Events @ hr
E Private Diagrams Gl m Category: | Custom |
Shared Diagrams @ min
Loca: Ranges = ma D finition: Insertable units:
L Unik i . =
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Create Unit “cubic meters per day”
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Create Unit “cubic meters per day”
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“cubic meters per day”
now appears in unit list.
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Create Unit “Iraqi dinar”

|® Powersim Studio 7 Expert [C:\Documents and Settings\mdreno'My Documents\SD\Projects\lraq\ITAO\XTraining materials\My training materials\starting a mode

- & File Edit Wiew Insert Simulaktion Project Window Help

English {United States) v

PP BT DR |

BEE D =HE A, | v - ® &

TR 4 M O W | -
"""""""""""" Mame /| Definition D ocurnentation Mote
Project 'starting a model_Ffinis. . % 0,01 Percent Syskem Unit
= ié} Component 1 e cubic meters per day m*m*mida
= {% Simulation 1 @ da @(24hr, D@hr} Day Swstem Time Unit
@ Equations ma deg "
B Connections Add Unit
=¥ Analysis Variabl d
Ea fnalysis Yariables @ gra v
Mame
Events -
% Private Diagrams o Specify name of the new unit, or select a build-in unit. *@* Unit
Shared Diagrams = km —
tEE:: E:::EES E iy (%) Enter new name; Plural nare: s
g rir T e ni
iine s Iragi dinal Iragi dinar Lnit
Global Ranges E period Fri o it
clobal Linits G ) Select a built-in standard urit: ]
@ rad Enter name for new unit.
= i‘lk ) Select a built-in curency unit; Uit
@y ik

[] Language independent name
Enter a new name for waur unit and click Mest ko define it, or click Finizh to define it az
a hiormal ataric unit. Mote that local units cannot be atornic.

If pou zelect a built-in unit, the definition will be provided automatically. Mote that if the
built-iti unit depends on other units, these may be created automatically.

MHeut » Finizh H Cahcel H Help »»
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Create Unit “Iraqi dinar”

(7 Powersim Studio 7 Expert [C:\Documents and Settings'mdreno\My Documents\SD\Projects\lraq\ITAO\Training materials\My training materialsstarting a mode

EDh File Edit View Insert Simulation Project Window Help
‘&' | English (Urited States) :.v: i b 1 a8 @ Em 0w E B A 3% &
RPEFE=QE BT B

SRCUI SIS SR =R ] & -

M ame & | Definition Docurmentation MHote
_@ Project 'starting a madel_Ffinis. .. [ 0.01 Percent System Lnit
= {é} Component 1 Gm  cubic meters per day m*m¥rnsda
= {% Simulation 1 B da @ 24hr, O@hr) Day Swstem Time Unit
@ Equations mm deg y -]
B Connections Add Unit @
M 1 t
%a Anabysis Yariables @ grad ;i g
P Everts Definition e
@ Frivate Diagrams = Specify the definition of the new unit, or select a build-in urit. ,@* Uit
Shared Diagrams = km —
Local Ranges @ m r . — o . . :
Lacal Units TR Category: Atu:um_u: | (& Nomal unit ) Paint urit Uit
Runs E o Atamic Uik
Global Ranges @ period The urit il EL;:E?ZS-'" it. & atomic unit s & unit that iz not based on Uit
Global Units @ ot other units. B ts, cars, people, ete. Uit
@@ rad
e R Uik
mE ke Uik
EE Uik
D efinition:
atamic
Shatus:
| /[ T T m——




Create Unit “Iraqi dinar”

(7 Powersim Studio 7 Expert [C:\Documents and Settings'mdreno\My Documents\SD\Projects\lraq\ITAO\Training materials\My training materialsistarting a mode

ED File Edit View Insert Simulation Project ‘Window Help

. ' |Engish (United States)  |v| 3 O EEFED SR G ® &
B& FEID
MO T ook | D @ -
''''''''''''''''''''''''''''''' [ Name # | Definition Docurnentation Hobe
Project 'starting a madel_Ffinis. .. R % 0.01 Percent System Lnit
= iﬁf Component 1 Gm  cubic meters per day m¥mmfda
= i% Simulation 1 @ da @i 24hr, O@hr} Cray System Time Unit
@ Equations mm deg = ~
B Cornnections ' Add Unit @
¥ analysis Variables @@ grad
i ;i v
TP Everts Dehmtm.n - . o 1@
[ Frivate Diagrams e Specify the definition of the new unit, or select a build-in unit. 2 W BT
Shared Diagrams @ km =
If you want to relate your Category: | Curmency > Unit
currency to another currency with Linit
a constant factor, check this box Q4 Fwene cods: |1a0| o
Currency relates to another currency with a constant factar
Unit
Base cunency: Unit
Then enter exchange rate. s i

Exchange rate;

D efinitior:

_currency"lGD0"]

Statug:

Finizh (Eancel ][ Help x>

32



Create Unit “Iraqi dinar”

(7 Powersim Studio 7 Expert [C:\Documents and Settings'mdreno\My Documents\SD\Projects\lraq\ITAO\Training materials\My training materialsistarting a mode

ED File Edit View Insert Simulation Project ‘Window Help

English (United States) |+ dh igYiEss O =& p s
B& FEID
LU T 4 it | D | & -
'''''''''''''''''''''''''''''''''' M ame # | Definition Docurnentation Hobe
_@ Project 'starting a madel_Ffinis. .. R % 0.01 Percent System Lnit
= {é} Component 1 Gm  cubic meters per day m¥m*m/da
= f{% Simulation 1 @ da @ 24hr, O@hr) Day System Time Unit
@ Equations mm deg @((3. 1415926535697 9323346/ 1800rad, Degrees - Plane angle System Lnit
B Cornnections O@rad)
ﬁf Analysis Variables @@ grad @3, 14159265358979323846)200rad,  Gradians - Plane angle Systern Lnik
TP Ewents O@rad)
@ Private Diagrams @@ hr @ E0min, O@min) Hour System Time Unit
Shared Diagrams e {Iraqgi dinar _ CURREMCYMIGD")
Local Ranges G km 1000%m kilometet - Length
Local Units EE m _ METER Meter - Length
Runs B@  min @{A0s, 0@s) Minute Systern Tirme Unit
Global Ranges B Mo @{30da, D@da) Month Swstem Time Linit
Global Urits G@  period @__TIME Praoject Time Linit Systern Time Unit
@ gty @{90da, DDda) Cuarter System Time Lnit
E@ rad @__RADIAN Radians - Plane angle Systern Lnit
E@ s m_ SECOND Second Systern Time Unik
G ik @(7da, Di@da) Week Systern Time Unit
Gy @i360da, D@da) ear System Time Linit

¥ @

“Iraqi dinar” now appears

in unit list.
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Create Unit “person”

(7} Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\lraqg\ITAO\Training materials\My training materials\starting a mode

EDi File Edit View Insert Simulation Project Window Help
. E5' | English (United States) [ b i i @ Em 0w HE : L ko 3% &
& FEHEDID

W MXE M- R SR & -

M ame & | Definition Documentation MHote
_@ Project 'starting a model_Finis. ., [ 0.01 Percent Systern Lnik
= *:éf Component 1 @ cubic meters per day m*m*m/da
=l »{% Simulation 1 @ da @(24hr, O@ht) Day Systern Tirme Unit
@ Equations @@ deg @3, 141592653589793235346/180rad, Degrees - Plane angle Systermn Lnit
Ny
m Connections 1 '
E2r Add Unit ~
ﬁ Analysis Variables m@ qgrad -. = & Unit
b E\-ients . N ‘.\' « _ _
[@ Private Diagrams @@ hr Specify name of the new unit, or select a build-in Lnit. i\ A pm Time Linit
Shared Diagrams Gml  Iraqgi ding ]

Local Ranges @ km

Local Units G (%) Enter new name:; Flural narme:

Runis @ min S— — e Time Linit
Global Ranges B o em Time Linit
Global Urits E@E period ) Select a built-in standard urit: zen_Time [nit

E@  qtr .
= Enter name for new unit.
] () Select a built-in curency unit:
@k e Time Unit
EE ern Tirne Linik

[ Language independent name
Enter a new name for waur unit and click Mest ko define it, or click Finizh to define it as
a normal atomic unit. Mote that local units cannot be atomic.

If ou zelect a built-in unit, the definition will be provided automatically. Mote that if the
built-in unit depends on other units, these may be created automatically.

MHeut » Finizh ][ Cahicel ][ Help »»
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Create Unit “person”

|@ Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projectsilragq\ITAO\Training materials\My training materials\starting a mode

- B File Edit Yiew Insert Simulaktion Project Window Help
. E8 | English (United States)  [ve| ‘i bt | Bl ) 2 (B3 E: D e i ean ® &
B e FHDD

M4 b Ml X M = | £ [@ @ -

"""""""""""" Mame /| Definition Documentation Mate
Project 'starting a model_finis. ., % n.o1 Percent Syskermn Unik
= iﬁ Component 1 Em  cubic meters per day m¥*m*m/da
= ;(% Simulation 1 @ da @(z4hr, @hr) Day Syskern Time Uit
@ Equations @@ deq @3, 14159265358979323346/1800rad,  Degrees - Plane angle Syskem Unit
L
m Connections = 7
FE' Add Unit B<
ﬂ Analysis Variables @@ grad ' . % e Lnit
T Events Definition o
[ Private Diagrams @ fir Specify the definition of the new unit, or select a build-in unit. em Time Unit
Shared Diagrams a  TIraqidin,
Local Ranges e Y
Local Units i Categony: | Abamic “ () Mormalurit ) Pairt unit
Runs & min —— — ern Time Unit
[ Global R o : e S z : ern Ti i
IDbaI af‘nges = rnn_ The unit will be defined az at atomic unit, &n atomic unit iz 3 unit that iz not based on m Tfme Unft
Glabal Lnits @ period ather units. Typical examples are products, cars, people, et Fm Time: Linit
@ gty ern Time Linit
@ rad ern Linik
5 ern Time Unit
ma ik e Time Uit
@y Em Tire Unit

Definition;
atomic

Status

Finizh Cancel H Help »>




Create Unit “person”

|® Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\rag\ITAO\Training materials\My training materials\starting a mode

E&1 File Edit Wiew Insert Simulation Project Window Help

English {United States) s &4 EE',@ 0O =E 3 a9 @
BPE&E FERDD
M M T M .
--------------------- DOUble_C“Ck Shared D ocumentation Mote
Project 'starting a model_Ffinis. .. . Percent Syskermn Unik
= 2 Component 1 Diagrams to get back
- {% Simulation 1 . Doy System Time Unit
@ Equations to bl an k p rOJ eCt 23846/1600rad, Degrees - Plane angle Swstem Unit
m Caonnections .
¥ Analysis Variables WI nd OW. 23846/200rad,  Gradians - Plane angle Syskem Lnik
TP Events
@ Private Diagrams [Im hir @{&0min, Q@min) Hour System Time Unit
Shared Diagrams m  Iraqgi dinar _CURREMCY"TOD™)
Local Ranges Ew km 1000*m Kilameter - Length
Local Units R m _ METER Meter - Length
Runs @ min @(&0s, 0@s) Minute System Time Unit
Global Ranges @@ mo @{30da, D@da) Month Syskem Time Unit
Global Units @ period @__ TIME Praoject Time Lnit Syskern Time Unit « ’ .
m {perenn TEMIE person” now appears in
@ gt @(90da, o@da) Quarter System Time Unit unit list.
@@ rad @__RADIAN Radians - Plane angle Syskem Unit
5 @__ SECOMND Secand Systemn Time Unit
@ ik @(7da, D@da) Weelk System Time Unit
E yr @(360da, 0@da) Year Syskern Time Unit

36



Save model

File > Save - Enter name of your choice.

{7) Powersim Studio 7 Expert [Untitled] - Shared Diagrams

- File Edit Yew Insert Format Diagram Layout Simulation Project Window Help

: .English {United States) 3.v.5' oY

DAE=QEURR/(MRA 0000 12 6 -20-%- 0 -3 &4 KENMLOD+E (M@

M4 ML T

e w[

Project
= ié} Component 1
= {% Simulation 1
(E Equations
m Connections
ﬂ Analysis Yariables
TP Ewvents
@ Prirvate Diagrams
Shared Diagrams
Local Ranges
Local Uniks
Runs
Global Ranges
Glabal Units

-~

#, 8, :wn% ':v':{i{ ' E@El O RS

-

Save As

Mo # =@

Save in: | I3 My training materials

@ starting a model, sip
(2] s conmection, sip

File: marne: starting a model. sipl
Save as type: | Powersim Simulation Projects [7.2ip) [ ]

B[]

®

® & i
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Basic model building blocks

|® Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\ITAO\Training materials\starting a model.sip *] - Shared Diagrams

File Edit Yiew Insert Format Diagram Layvout Simulation Project  Window Help
B English (United States)  |w| 3X | & #4100 [v]@ & ;T : D EE S |
DFE=RR TR NH B B2 R 03 4 KKERMeTTR Y@

LU . il @ -
Project ‘starting a model
o %g";‘:;:f:;;nl "CONSTANTS' are fixed values that are used in
&) Equations equations elsewhere in the model. Name
% Connections Connectors constants using ALL CAPS,
BE oo ke COMSTAMTS
[ ¥4 WSS Varlables
T Events dependency
@ Private Diagrams vba?i:;vbels: ii T ; -
SRR : Ag}ﬂllarles are equations that depgr)d on time
Local Ranges or input from constants or other auxiliaries.
Lacal Units ol MName auxiliaries using all lowercase,
Fns auxiliaries
Global Ranges = - T :
lobal Linits flow rates" are auxiliaries that contribute to
"Levels", "Levels" are scalars representing the
accumulation of flows over time. MName 'Levels'
using uppercase for first letter and lowercase
Tun for all subsequent,
flow rates

Marning convention iz not mandatory; it is suggested for easy variable
identification. Model functionality is not influenced by variable narmes,

flow rates are always a value per time (e.g., m/s, mm/da).

Levels are always a value without time because they are an
accumulation (of flow rates) over time (e.g., mor mm).
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Basic model building blocks

To add a constant, auxiliary, or level to your model, click the appropriate icon, place
cursor in blank part of screen, hold down left mouse key, and drag to desired size.

() Powersim Studio 7 Expert [Untitled *] - Shared Diagrams

Eile Edit Yiew Insert Format Diagram Lawout Simulabion Project Window Help
[ | Enlsh (Unked States) || S | &= = /4% |00 ML 8L B [100% [v|@ S (B0 ET | 4L 20 A < DRSS
RDEEa2QREUDR REBAODQCO 1 H#F® @G-2-% 0-2 @4 CEMLOVTE M
“ T o
Oy W 5= {D % |Ackivate Tool For Creaking a Constant (Ctri+3) |
Eﬂ Project
- g“;“'m:n! (3 Powersim Studio 7 Expert [Untitled ] - Shared Diagrams
Cﬁiquaticns B Eile Edit Yiew [nsert Format [Magram Lavout Siolabion Project ‘Window Help
£ Connections 1l AT A & ] a
&% arnialysis Varisbles G| Enaish (Unked States) | 5 SO R IUX Cl k | | [ T b
D tvents DRECQRBDR (kA O ICK IEVEI ICON |: @ 4 kB uLDo o
@ Private Diagrames T r -
[r shared Diagrams M mx . o G [Activate Tool Tor Creating a Level (Cr+11]
B Local Ranges
B Local Urits (B8 Project
& Rurs - {ﬁ} Component 1
& Global Ranges = Tk Simulation 1
&= clobal Urits Q4] Equations

B Connections
&% analysis Variables

B o _1| ¢mmis Place cursor in diagram and

g drag to desired size.

= Global Ranges
&= Global Units

Note that cursor is no longer an arrow.%
|

It is a cross with a small level next to it. [




Basic model building blocks

Suppose you want to model the volume of water in a reservoir. For now, we will
consider greatly simplified inflow and outflow.

Step 1: Create model skeleton.

|@ Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\raq\ITAO\Training materials\My training materials\starting a mode

‘[B Fle Edit Wiew Insert Format Diagram Layout Simulation Project Window Help

- FE' English (United States)  |v| i ; H, 100% _.v.@{ 8 |m . O =ES [
DEE=QEEIR (HEQA 0000 E® G- -2-%- 03 4 KEuO0QFF [YE

MO P M X il = AR~ @ -

—'@ Project ‘skarting a model
= ﬁ} Component 1
oA imdabon | # INTIAL VOLUME OF
Equations

: WATER IN RESERVOIR
m Connections i

¥ Analysis Yariables LIPSTREAM IMFLOW
TP Events
@ Private Diagrams

Shared Diagrams
Local Ranges
Local Units tatal inflow total autflow
Runs
Global Ranges
Global Uniks

G

DOWMNSTREAM DELIVERY

VWater in Reservoir
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Basic model building blocks

Step 2: Define constants, auxiliaries, and level. Double-click variable to open it and add

definition. Completing this step will make the warning (#) and error (?) symbols
di§app_ear.

é@@&i@ﬁ"g g @ | O 8 & s @-e-%- 035 @& .+ @Eﬁu@m@—i}@'.j@f
MO b M X i =g AR~ @ -

—@ Project 'skarting a maodel
et CAr—
(=] A e _-"'_'__'_\-H"“\_
o W \ IMTIAL WOLUME OF # @

WATER IN RESERVOIR »
B® Connections g o J
J DO METREAM DELIVERY

ﬁ Analysis variables UPSTREAM INFLOWY
TP Events = = ;
B private Diagrams| B 'UPSTREAM INFLOW' Auxiliary Symbol Properties
Shared Diagrams —
Local Ranges Definition | Documentation .t'-‘.-.clvanced Scale | Value | Line Fill S_l,lmbol_
Local Units Auta: :  Auto: -
Runs [#] Type: s | [+] Unit;
Global Ranges i ; r :
Global Units DiBsians:
Definition

Operand expected. ﬂgﬂ

{®) Linked variables
) &l variables

) Ranges

) Unitz

) Functions

OF. H Cancel I 41




Basic model building blocks

Enter definition for UPSTREAM INFLOW and click “Apply”. Then go to Documentation
tab.

== — - T e T o, T e e

PR QUEEDDR| ARA D000 &= & -0 % 03 &4 KEMLOO 18 Y@
N CT I Y. A a2 | 6D | B ':@’*

Project ‘starting a model
= {é} Component 1

2% simulation 1 P
;{%qéjm: s # INTIAL VOLUME OF 4
2 Cq : \ WATER IN RESERVOIR & /
annecions o

£t Analysis Variables URSTREAM TMFLOW ,I DOWMSTREAM DELIVERY
Event e I r T .
% el N UPSTREAM INFLOW" Auxiliary Symbol Properties Bx
Shared Diagrams — .
Local Ranges Definition | Documentation | dvanced | Scals | Yalue | Line Fill S__l,lml:n:nl
Local Units Auto; . Ao p
Runs Type: Feal [ Upit: | 'cubic meters per day’
[ Slobal R g : T
Glzb:I U:::Ees Dimenzions:
Drefinition

1000000 <<'cubic meters per day's=>= \

Units must be enclosed by “<< >>”.
Because unit name contains spaces, it must by enclosed by “ * 7.

=1,000,000 cubic meters per day ('_-’IEE]

(%) Linked variables
(3 &l variables

(7 Ranges
Note that definition appears here, preceded by IE} Unitsg,l
an “="sign. This indicates that the definition | © Funclions

is recognized by Studio. fopk__ [ Helpss 42




Basic model building blocks

Add documentation text.

DEFE=QUUDR|((VEAOQCOHE® G -2-% U -5 4 KEMOO TR MG
MO b ML T D= & -

Project 'starting & model
= ﬁ} Component 1
=45 simulation 1 e
& @[mg' 5 E'.’" # INTIAL VOLUME OF #
& Cq“a '”ES WATER M RESERVOIR &
annections 0
J DOWMSTREAM DELIVERY

&f Analysis Variables
%’ i 'UPSTREAM INFLOW® Auxiliary Symbol Properties

Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

UPSTREAM INFLOW

Defintion | Documentation | Advanced || Scale | Walue | Line | Fill Symbol |

Documentation:

1000000 «<'cubic meters per day's > is the average flow measured at gage 12345678 during the yar 2006

Use the Documentation screen to
provide the reference information for
| the data value entered on the
Definition screen.

Ok, ] [ Cancel ] [ Apply I [ Help >




Basic model building blocks

Enter definition for DOWNSTREAM DELIVERY and click “OK”.

Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\ITAO\Training materialsstarting a model.sip *] - Shared Diagrams

% Ele Edit View Insert Format Diagram Layout Simulation  Project Window Help

1| Engish (United States)  |v| i M, B, 0 0 v @ 8 (| : d g - DEdS L+ 2R
I EwRENER (MNEQA 080w s® & -2-%- 0 3 4B TR [YE
iy o F M- 2 || R -

i Project 'starting a model
-Z§E Component 1

=45 Simulation 1 e
2 ém; i # INTIAL WVOLUME OF #
m Cqua ||:Es \ WATER [N EESERVOIR & /
onnections i

&% Analysic variables UPSTREAM INFLOW J DOWNSTREAM DELIVERY
Event: s I . . :
% s e DOWNSTREAM DELIVERY" Auxiliary Symbol Properties
Shared Diagrams —
Local Ranges Definition | Documentation | Advanced | Scale | Walue || Line Fill Symbal
Local Units Autao: - 1V (%
Runs Tupe: Real [ | Urit; | 'cubic meters per day'
=1 Global R £ \
D efinition

f?SEIDEID <<'oubic meters per day'==

= 780,000 cubic meters per day ﬂ‘ﬁ_jil

(%) Linked variables
) Al variables

{1 Ranges

) Units

) Functions

OF. H Cancel ] 44




Basic model building blocks

To view value of any variable, right-click variable and select “Number Auto Report”.

PR REA DGO &= @ -2-%- 0 -3 &4 KEMEOD+8 Mz
i O W @ -

[m] [m]
.,___-—'—'_'_'_\_H"—\x
# INTIAL WOLUME OF = (\
& cut

WATER [N RESERVOIR 4

o 5
UPSTREAM IMFLOW DOWNSTRE Copy
. Delste
D(Q Crder 4

Connect to Dataset 4

total inflow total outflow

Water in Reservair 523 shaw Auta Report ¥ 59| pumber Auto Repaort
4 Time Graph Auto Report

Rename

Redefine

Open Diagrams

Advanced 4

& Ezclude Yariable

" Delets Yariable 45

Properties




Basic model building blocks

To view value of any variable, you can also hover over variable of interest with mouse
cursor.

- TR R J R TR

: E & ﬁm ™ _; FEQ O @ e = 2% 03 &4 | CEmle D “Nurr—]ber—AEto Report
M4 P Ml X Wk D By @& -

@ Project 'starting a madel 750,000,000 cubic meters per day
=-43f Component 1 = o
—j -._-""-'_'_'_'_\-H-\-"\.
& simulabion 1 # INTIAL VOLUME OF #
@ Equations ;

WATER IN RESERVOIR &

£ Connections B 11,000,000 cubic meters per day |
per dary

& Anakysis Yariables TREAM ‘rivree

T® Ewents

DOWMNSTREAM DELIVERY

@ Private Diagrams

- Shared Diagrams Hover Over
Local Ra!'uges ) )
E:.u-;asl Units Vanable W|th nflaw . | total outflow
Global Ranges VW ater in Reservalr
lobal Units mouse Cursor to

display value.
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Basic model building blocks

Next, open INITIAL VOLUME OF WATER IN RESERVOIR and type “3 <<km”3>>".
Notice that Studio does not recognize “km”. This unit must be added before Studio will

accept the definition.
MC» M X e © -

o -]

E Project 'starting a model'
! ié} Component 1

= simulation 1 E@]\ .
e : P S N
& cq 5 WATER IN RESERVOIR 4
onnections q
8% Analysis Variables UPSTREAM INFLOW ,I DOWNSTREAM DELIVERY

%’ E:ﬁ;i; — 'INTIAL VOLUME OF WAT..." Auxiliary Symbol Properties

Shared Diagrams

Local Ranges Definition | Documentation _.’-‘«dvanced. Scale | Walue | Line Fill [ S_I!Jmhull
Local Units ko _ Auto: :
Runs [#] Twpe: | % | [#] Unit: _v'

Global Ranges
Global Units

Dirmenzians: w

Deefinition Unlike UPSTREAM INFLOW and DOWNSTREAM DELIVERY, this

3 kw3 variable has no time. This is because it will be the initial value for the
level Water in Reservoir (recall that levels are always a value
without time because they are an accumulation over time).

The name 'km' iz unknows, ﬂﬁiﬂ

(#) Linked variables
) Al variables

o . () Ranges
Unit is not recognized. i

| ) Functions

0k ” Cancel ” Apnply ][ Help > ]
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Basic model building blocks

Add “km” to units by toggling “Units”, then double-clicking “<Add new unit...>".

(Z) Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\ITAO\Training materials\starting a model.sip *] - Shared Diagrams

File Edit Yew Insert Format Diagram Lawout Simulation Project ‘Window Help

: Engish (United States) | v| IS
BEE=@EBTR
M X e @

_@ Project 'starting a model'
=) {é} Component 1
= {-‘% Simulation 1
(:Ej Equatians
m Connections
ﬁ Analysis Variables
TP Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

FE@Q O8O H® @-2- %

0w |v|@ & (@ E ' #a - LzEE &+ BE

O~ 3 & .4 | [F NLDQ%ﬁx@

INTIAL WVOLUME OF \"
WATER IN RESERVOIR &

J

Ebv

G
LPSTREAM INFLOYY \ DO METREAM DELIVERY

/ﬁﬂo

INTIAL VOLUME OF WAT..." Auxiliary Symbol Properties

Definition | Documentation | Advanced | Scale | Yalue | Line | Fil Symbal

Auto: At . . | :
[#] Type: v [#] Unit; 'vf
Direnzians: .v |
Definition

3 ==<km"3==

The name ‘km' iz unknown,

| &5

[cidd new unit,. > # | O Linked varables

= 0 all variables

cubic meters per day 7 Ranges

da-Day m

deg - Degrees 9
| ¢ Furchons

arad - Gradianz

0k H Cancel H Apply H Help »> ]
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Basic model building blocks

“km” is a built-in standard unit. Add “km” using same method as for “m”.

] Project 'starting a model’
{§§ Component 1

=& simulation 1 <>\
’%m:a o # INTIAL VOLUME OF gy
S i \ WATER TN RESERVOIR % /

m Connections
¥ Analysis Variables UPSTREAM INFLOW J DOMWNSTREAM DELIVERY

TV Events <
@ Private Diagrams
Shared Diagrarms

Local Ranges Definition Documer_‘ut_atin_r'u Advarju:ed Scale \-falue_ L_ir_'ue 4 Fill Syml:u:ul_
Local Units Autor Autor
Runs Type: i Urit;
Global Ranges : ;
w(D :
Global Units et
Definition »
2 =<kEmeEEs Add Unit
Hame
Specify name of the new unit, or select a build-in unit, a8
=4
: ) Enter new name: Plural name:
The name 'km' iz unknown, e
<Add new urit...>
% - Percen %) Select a built-in standard unit:
cubic meters per day : : .
da-Day i
deq - Degrge& kg - Kilogram - Mass
arad - Gradians (2 9ar - Steradians - Solid angle
mol - Mole - Amount of substance
cd - Candela - Luminous intencity
A - Arnpere - Electic cument
K. - Kelin - Temperature
km - Kilometer - Length
Ertg cm - Centimeter - Length t to define it, or click Finish to define it as
and| - Liter - Yalume nnot be atomic.
M - Mewton - Force : : ?
IEwd - Jaule - Energy & provided automatically. Mate that if the
bl v - st - Power i be created automatically.
L - Celcius - Temperature
F - Fahrenheit - Temperature
! [ Mest » J l Finigh I Cancel l [ Help > ]




Basic model building blocks

Definition is now recognized.

|® Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\TAOYTraining materials\starting a model.sip *] - Shared Diagrams
. File Edit “iew Insert Faormat Diagram Layout Simulakion Project Window Help

" E& | English (United States) V R e

DEECRUEDR] HEBAODQCO s = @-0-% 0-3 &4
(PTS . 4 2D (w|

Project 'starting a model’
(=] ﬁ} Component 1
= {% Simulation 1
CE] Equations
m Connections
ﬂ Analysis Variables
TP Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Uriks
Runs
Global Ranges
Global Units

00w |vl@ 8 (M3 ET s Za ~ L=E8 28

L E e DB (MR
& -

# INTIAL VOLUME OF 'y il
\ WATER IN RESERVOIR /

LPSTREAM INFLOW j

DOWMNSTREAM DELIVERY
"INTIAL VOLUME OF WAT..." Auxiliary Symbol Properties B=
Definition | Documentation | &dvanced | Scale | Value | Line || Fill Symbal |
At  Aute :
[¥] Tupe: Real | [#]Unit: |k
Dimenszions:
Drefinition

b <<km~3s>

=3kt D | &5

(%) Linked variables
() &l vaniables

) Ranhges

) Uniits

() Functions

OF. ][ Cancel ]

(s ] | 50




Basic model building blocks

Enter definition for total inflow. Notice that when you open this variable, UPSTREAM
INFLOW appears in the box that lists available components for the

variable definition. Any

variable linked to total W# INTIAL VOLUME OF

WATER TN RESERVOIR 4

0

inflow with a connector will UPSTREAM TNFLOW DOWNSTREAM DELIVERY

appear in this box. Double- Stk from

click UPSTREAM INFLOW OBy i outside o he
total inflow total outflow inside when deflnlng

to use it in the definition of
total inflow. Repeat

Water in Reservoir model variables.

“total inflow" Auxiliary Symbol Properties E]
these steps to enter | R
... Definition | Documentation | Advanced | Scale | Yalue | Line Fill Symbol
deflnltlon for tOtaI D: y 0: : .
- v| Type: | Real | % | [#]Unit: | 'cubic meters per day’
outflow and Water in Sy
Reservoir. Definition

‘ 'UPSTREAM INFLOW'

DO u b | e_Cl iCk = 1,000,000 cubic meters per day ﬂgﬂ
UPSTREAM INFLOW msmp Urstreen iNFLow | ® Linked varicbles
(1 &l variables
tO add It tO the EZI,E:ITSQES
deflnItIOn () Functions
51
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Basic model building blocks

Simple model complete.

LI FUTESIINI FLUUIY ARG [ WUL LTSNS G PELLIESD WIS DA WYY LG UG DI L U 1 S 0 A GO A0 0 P 0 IR DIIGALG N B WYDY L0 CARRNDNNE DIICALG T TR A Ll LE I, o IS

. File Edit “iew Insert Format Diagram Lavout Simulation  Project Wll'ldl:ll.-'-.l Help
_"_Enghsh {United States) ._v_ = o= Y| M [100% v Ci_l =] IE m El 1k = ' o = o H @ 4 Bzl
DFE=Q#UDR|[(HEQA 0000 s @ -2-% 0 a@m& ul_mcm}@ (R

I ] & -

Project ‘skarting a model_finis. ..
=l §§§ Component 1 T

=% Simulation 1 INTIAL WOLUME OF °,

G Equations WATER [N RESERVOIR |
m Cannections

ﬁ Analysis Variables

TP Events

@ Private Diagrams
Shared Diagrams
Local Ranges

Lacal Units total inflow 3 kmeltotal outflow
= lengs Water in REeservoir ) .
pha Ratides Again note that value of Water in
Global Units

Reservoir has no time unit associated
with it.

>

LPSTREAM INFLOYY DOWMNSTREAM DELIVERY

Notice dashed connector between INITIAL VOLUME OF WATER IN RESERVOIR and
Water in Reservoir. This indicates that the constant INITIAL VOLUME OF WATER IN
RESERVOIR will be used at the first timestep as the starting volume for Water in
Reservoir; after this, INITIAL VOLUME OF WATER IN RESERVOIR will be ignored. total
inflow will add to this initial volume, total outflow will subtract from it, and Water in
Reservoir will reflect the sum.
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Using Graph Functions

Suppose you want to add complexity to your initial reservoir model by adding
precipitation and evaporation.

Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\iraq\ITAOATraining materials\My training materials\starting a model_finished.s

view Insert Format Diagram Lawout Simulation Project MWindow Help

sited Stakes) v EC_\‘— L, g (100% v C-il 0 Em '[g_él : ; i = 1B e n % ! B oo
2 RQEBDPR (MBEQA O8O “n%»%a B-2-%-0O-3 %AE hl_r:I@H}@ M [
Ml X 8- T D |y & -

ting a model_finis. ..
nent 1 _“u\

lati 1 .
——— INTIAL WOLUME OF ™,
cq i WATER IN RESERVOIR |
annections I
Analysis Variables UPSTREAM TMFLOW ; DOWNSTREAM DELIVERY
Events

Private Diagrams
Shared Diagrams

il Ranges

3l Linits total inflow total outflow

) , Water in Reservair \
Precipitation will contribute to total inflow. Evaporation will contribute
We will calculate precipitation volume by to total outflow. We will
multiplying a specified precipitation rate by calculate evaporation
the surface area of the reservoir. volume by multiplying a

specified evaporation rate
by the surface area of the
reservoir.
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Using Graph Functions

Add additional variables. Define constants. If necessary, add new units (e.g., if you are
entering precipitation in mm/yr, you will need to add the unit “mm?”). precipitation and
evaporation cannot be defined until reservoir surface area is defined. We will define
reservoir surface area as a function of Water in reservoir using one of four Studio
GRAPH functions.

ot e
m Cannections
ﬂ Analysis Variables

T¥ Events / # _—R"-—,Q‘ F #

@ Private Diagrams
Shared Diagrams

Local Ranges

Local Units

Runs b ; ;
izlobal Ranges precipitation & evaporation
Global Units # ﬁ\ i 3 #

PRECIPITATION RATE reservoir surface area EVAPORATION RATE

For now, use realistic estimates of average annual precipitation
and evaporation as the values for PRECIPITATION RATE and

EVAPORATION RATE. We will add complexity to these values
later. 55




Using Graph Functions

Studio offers four different graph functions: GRAPH, GRAPHCURVE, GRAPHSTEP,
and GRAPHLINAS. We are going to demonstrate the use of GRAPH. The only
difference between graph functions is the method of interpolation and extrapolation
used. To define a variable using any graph function, the following syntax is used:

GRAPH FUNCTION NAME(X, X1, Dx, {Y(N)})

X: The input value for which a output value is to be found or computed.
X1: The first x-value of the graph.

Dx: The increment between fixed x-values.

Y(N): Vector of y-values.

For detailed information on each of the graph functions, search “graph” in Help (from
Menu Bar, Help = Contents or press F1).
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Using Graph Functions

To use the GRAPH, you should have several x,y data pairs and all x-values must be
separated by the same increment. The table below gives hypothetical data that satisfy
these criteria: there are several x,y pairs and x increases in increments of 1 kms.

Volume | Surface
(km3) area
(km?)
0 0
1 100
2 150
3 200
4 220
5 230
6 250
7 270
8 280
57




Using Graph Functions

In definition box of reservoir surface area, enter data from previous slide using syntax
guidelines from slide 56. Syntax guidelines can also be found by searching for
“GRAPH” in ‘Help (from Menu Bar, Help - Contents or press F1).

=] Local Ranges
E& Local Units
e 2
@lobal Ranges precipitation evaporation
. #

m #\<> N O/

PRECIPITATION RATE reseryolr surface area EVAPORATION RATE
‘reservoir surface area’ Auxiliary Symbol Properties E]
D efinitian Documentation | Advanced | Scale | Value | Line Fill Symbal
Auka: e =  Auto:
[#] Type: Real [» ! [#] Unit: |k
[#] Dimensions: .
Deefinition
GRAPH( 'Water in Beservoir', 0O<<kwm~3==_, l-<<kw™3=>, {0, 100, 150, Z00, Z20, 230, 250, 270, zB80}<<km™E=:)

Click

200 ke to open
“Water in Reservoir () Linked Ngzh Fu nCtiOn

(3 &l variables

O anges H
c Wizard.

| 3 Functions
58
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Using Graph Functions

The GRAPH function can also be used through the Function Wizard.

Function Wizard

/e

Categories
Interpolation |

Functions
GRAPH

| GRAPHCLIRVE
GRAPHLIMAS

| GRAPHSTER
POLICYGRID

.St;andard Graph

Parameters
| "W ater in Reservoir

0| Dcchrn™ 33
D | 1<ckm™ 3>

‘W] |10, 100, 150, 200, 220, 230, 250, 270,

Result GRAPH["ater in Rezerair',
O<<km™ 32>, 1<<km™3e >,

200, 220, 230, 250, 270,
2Nk ckm ™2yl

<R» = 3 knr
<R> =0kme
<A>=1km?

= 200 k¢
{0. 100, 150,

<> = {0,100, 150, ;

You can modify
function by
entering new
values here, or
go to Graph tab
to modify curve
by clicking and

dragging points.

Description Returns values for a given value of ¥, bazed on linear interpalation or

haorizontal extrapolation from tabulated zamples of & function Fi<).

Ok H Cancel ” Help 3>

Click #|
to open
Function
Wizard.

@]

W ater in Reservoir

bz0,

Z30, ZE0,

]9

J{

Cahcel l

z70,

ZE0}=<km"Z%=)

@'
(#) Linked =1

) Al variables
() Ranges

1 Uitz

| ) Functions
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Using Grap

Functions

PR

F——
Function Wizard

Cateqories

Funchions

i Interpolation

fj
|
-

GRAFH

#| | GRAPHCURVE

| GRAPHLINAS
GRAPHSTEP
FOLICYGRID

| Standard| Graph |

* by Input = "water in Feservoir - [1Z0om
0 ]
1 100 ) ]
2 = Modify function by
4 20 c p left-clicking curve
5 230 .
£ 250 i and dragging
7 270 i
5 0 1 points to new
locations.
. 1 [+

Unit™:  km™2 |'j é ‘,_'1 é é

Paints # anis ' auis

Count: Iha Wi Stepr | Min M au:

g O<ekm™3 | [1<<km™3s | - 200

Ok ] l Cancel l [ Help »>

bz0, 230, 250,

270,

280} =<km™ 2=}

Whater in Beservoir

| &5

(#) Linked variables
1 Al variables

) Ranges

(" Uniits

(7 Functions

H Cancel ]
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Using Graph Functions

u b greu Lhidyrais
Local Ranges
Local Units
Runs
Global Ranges
Global Units

Define precipitation.

PRECIPITATION RATE reservoir surface area EVAPORATION RATE

‘precipitation’ Auxiliary Symbol Properties

Crefinition | Dacumentation | Advanced | Scale | Value | Line | Fil Symbal |
Auto: : - 1] (=
Type: Real |w Unit:  |'cubic meters per day'
Dimenzsiars:
Definition

'PRECIPITATION BATE' * 'reserwvoir surface area'

— 2,566, 666655567 cubic meters per day | &
PRECIFITATION RATE (@) Lirked variables
rezervaoir suface area (73 4l vaniables
) Ranges
) Uniits
| ) Functions

61
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Using Graph Functions

Define evaporation.

Local Ranges
Laocal Units
Runs
Global Ranges
Global Units

preCDtat\ 4

."

gvaporation

—

PRECIPITATION RATE reservoir surface area EYAPORATION RATE

‘evaporation’ Auxiliary Symbol Properties

Drefinitian | Documentation | Advanced | Scale | Walug || Line || Fil Symbal |
Ao : _ Aute:
Type: Real | Urit; | 'cubic meters per day'
Dimenzions:
D efinition

'EVAPORATION PATE' * 'reserwoir surface area'

=1,333,333. 333333 cubic meters per day
EVAPORATION RATE

reservoir surface area

e

%) Linked varables
) &l variables
) Ranges
) Uniits
| ) Functions

Ok ” Cancel H

Apply I [ Help »>
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Using Graph Functions

As in the initial reservoir model, Water in Reservoir is still defined by INITIAL VOLUME
OF WATER IN RESERVOIR, total inflow, and total outflow. total inflow and total
outflow have been revised and now include precipitation and evaporation.
precipitation and evaporation are both calculated using reservoir surface area, which
is calculated using GRAPH with Water in Reservoir as the x-value.

"
-\.
.

INTIAL VOLUME OF .
WATER IN RESERVOIR *

%

LIPSTREAM IMFLOW DOWMNSTREAM DELIVERY

; [
Q i 1
total inflow total outflow
precipitation W/ ater in Reservoir evaporation
PRECIPITATION RATE reservoir surface area EVAPORATION RATE
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Creating Arrayed Variables

s
S
"

INTIAL WOLUME OF ™,
WATER IN RESERVOIR |

%

UPSTREAM IMFLOW DOWMNSTREAM DELIVERY

total inflow total outflow

Water in Reservoir

precipitation evaporation

RRECIPITATION RAT reservolr surface area EVAPORATION RATE

Suppose you have unique precipitation data for each of the reservoirs in the system that
you are modeling. We will replace the scalar variable PRECIPITATION RATE with an
arrayed variable.

Scalar variable: a variable holding a single numerical value.
Arrayed variable: a variable holding several distinct values at the same time.
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Creating Arrayed Variables

Double-click PRECIPITATION RATE and enter precipitation values corresponding to the
average annual precipitation at each of the reservoirs in your model.

- — S —. e o PR - - e _— - B = L — s oo e | ey

Wt | D W @ -
g5 <>
INTIAL WVOLUME OF I"‘.
WATER IM RESERWVOIR |
= 1
tiables UPSTREAM INFLOW ; DOWHSTREAM DELIVERY
Jrams ,f;
Jrams = = L
‘PRECIPITATION RATE" Auxiliary Symbol Properties [E__]
Definitian | Documentation | Advanced | Scale || Walue | Line || Fil Symbol
At ! Ao !
Type: | Real | Unit: | mm./mo |
[] Dimensienss: |13 Appropriate units
Definiion | must follow entry.

{2l&, 216, 21&, 400, 374, 2E0, 234, 400, 408} <<mm/mo=>
Each array element (i.e.,
precipitation data value) must be Data must be enclosed in

separated by a comma, . curly brackets { }.
= {36, 316, 316, 400, 374, 350, 334, 400, 408} mrndrno ”’_)]Aﬁ—jﬂ
(%) Linked variables
) &l variables
() Ranges
3 Uitz

= .
() Functions
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Creating Arrayed Variables

Right-click PRECIPITATION RATE and select “Number Auto Report” to view the
definition that you just entered.

= £§E Component 1
= i{% Simulation 1
@ Equations
m Connections
?ﬁ analysis Wariables
TP Ewvents
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Precipitation
Global Ranges
Global Units

Project ‘creating arrayed watia. ..

INTIAL WOLUME OF .
WATER IN RESERVOIR &

UPSTREAM IMFLOW

DOWMNETREAM DELIVERY

-
e =1~ Left-click auto report box and  poration
2| s16.00 make it larger to view all 9
a2 216,00 - . . .
— precipitation values.
PF{ECIPEI‘TﬂTICIJ:IN RATE reservoir surface area EVAPORATION RATE
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Creating Arrayed Variables

(7} Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\lrag\ITAO\Training materials\My training materials\creating arraye:

File Edit Wiew Insert Format Diagram Lavouk Simulakion Project Window Help

: English {Lnited States) ™ | #, i ' 100% |w|@ g EE‘.@ 2 ! DEeE&E £
PERE=QUEEDR  REQA ODCCO R @-0-%- 03 64 B9 +F Y
MO b M T ek | @ -
Project 'creating arraved varia. ..
=45t Component 1 hh‘\

-4 simulation 1
@ Equations
m Connections
%ﬁ Analysis Variables
TP Events
E Private Diagrams
Shared Diagrams
Local Ranges
Laocal Units
Runs
Precipitation
Global Ranges
Global Units

INTIAL WOLUME OF ™,
WATER IN RESERVOIR |

O

DOWMSTREAM DELIVERY

total inflow total outflow

Water in Reservoir evapaoration

408,00

PRECIPITATION RATE is now @
a one-dimensional array with 9 PRECIPITATION RATE reservoir surface area EVAPORATION RATE
elements corresponding to 9

different reservoirs.

The additional line \Q
around the variable ,.cgpitation rate
indicates that the variable
contains an array of values.
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Creating Arrayed Variables

(7} Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\lrag\ITAO\Training materials\My training materials\creating arraye:
' File Edit Wiew Insert Format Diagram Lawout Simulation  Project Windnw Hel|:u
-" Engish (United States)  [w| 3 4= = 41 04 # § [100% [w @& & [E, s A= RE 'k Ak il : DwEd& Bl
PEEeRUEEDR] NBQA D00 1 s G-0- % O- a%AE iuI_I:I'EH}@ @
M M T ma;@‘@j &= -

Project 'creating arrayed varia. ..
= {8 Component 1 B,
=44 simulation 1 "
@ Equations INTIAL WOLUME OF
- : WATER IN RESERVOIR
m Connections !
BF Analysis Variables UPSTREAM INFLOWY ; DOWMNSTRESM DELIVERY
TP Events r.“
E Private Diagrams O r,’
Shared Diagrams L
Local Ranges
Local Units . total inflow total outflow
B R
= bl recini 12 106,666.666667, 2, 106,666,666667, 2,106,666 666667, 2,666,666,666667, 2,493,333.333333, |patign
Eredipit ation PreCIPN: 333 333 333333, 2,226,666 666667, 2,666,666, 666667, 2,720,000% cubic meters per day
Global Ranges

Global Units

%

PRECIPITATION RATE reservoir surface area EVAPORATION RATE

All variables that are directly or indirectly defined by PRECIPITATION RATE
are now one-dimensional arrays with 9 elements. Hover over precipitation

and total inflow to see this. Water in Reservoir is now the sum of water in
all 9 reservoirs.

Note that because UPSTREAM INFLOW is defined as a single value, total
inflow is using this same value 9 times to add to the 9 unique values from
precipitation. This happens because total inflow has dimensions of 1..9. 69




Creating Ranges

Ranges are used to access variable elements in an intuitive way. The precipitation data
that we have entered corresponds to an estimate of average monthly precipitation (12
months of data) at Adhaim Reservoir, Derbendi Khan Reservoir, Dokan Reservoir,
Habbaniyah Lake, Haditha Reservoir, Hemrin Reservoir, Mosul Reservoir, Razzaza

Lake, and Tharthar Lake. We will create the a range called “Reservoirs” that includes
the names listed above.
L L R B =5 R | R P e S T L Y B - L -t TR W I, e

.
H4 b M e O B @& -
Project 'creating arrayed varia...
=4 Component 1 SR

2y - - il

B ] lat 1 :
%ém: jaltli:.';.:s IMTIAL WOLUME OF
d VWATER IN RESERVOIR Y

[z |HH B 2 L W I | A

O

m Connections
LUPSTREAM IMFLOW DOWMNSTREAM DELIVERY

ﬁ Analysis Wariables
T® Ewents
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Precipitation
i Global Ranges
Global Units

total outflow

Water in Reservolr evaparation

precipitation

Double-click Global

ranges.
reservolr surface area EVAPORATION REATE

FIRCoIFITHETIVNT RETE
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Creating Ranges

(7 Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projectsilrag\ITAO\Training materials\My training materials\arrays and rang

File Edit Yew Insert Simulation Project Window Help

English {United States) [

D= g
LTI TR 4

o0
O ' @ -

Project 'arravs and ranges’
= {é} Component 1
=% Simulation 1
@ Equations
m Connections
ﬁ Analysis Variables
TP Ewents
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Uriks
Runs
Global Ranges
Global Urits

1=] Add Range...

4=] add Emphy Pange

@ Add Index Yariable, ..

Eb add Empy Index Wariable

nEE DESES oo % @

# | Definition

Right-click to add new range.
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Creating Ranges

: English {United States) V
CFEeRLDD b
M4 b Ml X Wk ||

Project 'arrays and ranges’
= ié} Component 1
= Q% Simulation 1
@ Equations
m Cannections
ﬂ Analysis Variables
T% Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

|

g 0= B oo %@

4 | Definition D¢

Er' Add Range E]

Mame -l‘ ¥
Specify name of the new range or index variable. ,@,‘
=
Enter name:
Reservoirs

Enter a new name and click Mest to specify a definition, or click Finizh to leave the

definition empty.

4+Enter name of new range

[ Ne:-:t>([ Finizh H Cancel H Help > >
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Creating Ranges

M arme

Project ‘arravs and ranges’
= -iéi- Component 1
= %% Simulation 1
@ Equations
@ Connections
2 analysis variables
TP Events
E Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Uriks

< | Lrehritian

Lo

' Add Range

Ex

A list of the types of ranges and
their descriptions can be found
by searching titles only for
“types of ranges” in Help (from
Menu Bar, Help - Contents or
press F1 and make sure
“Search titles only” box is
checked).

Defnition

Specify the definition of the new range or index variable.

|

v_
..@
A 2
S

Category: | Mumerical subrange
Numerica! subrange .
st [EMmerstonfane Select Enumeration
= Enumeration subrange
; Aliaz range
Last: Cugtom range range from Category
menu.
D efinition:
Status:
Operand expected.
Finizh J [ Cancel ] [ Help >
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ting Ranges

Project 'arrays and ranges'
= ié} Component 1
= i{% Simulation 1
CE] Equations
m Connections
ﬂ Analysis Yariables
TP Ewvents
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

Lo

4| Lletirition
Add Range
Definition B
Specify the definition of the new range or index variable. ’Oﬁ
=

Categore:  [iEnumeration range 1k

Elements:

" Click =|to add new element.

3]
4

Diefinition:

Status:

Operand expected.

; [ Finigh H LCancel ][ Help »>
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Creating Ranges

Project ‘atrays and ranges’
= ié} Component 1
= {% Simulation 1
@ Equations
m Cannections
ﬂ Analysis Variables
T Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Uriks
Runs
Global Ranges
Global Units

| Mame < | Lehrition

' Add Range

B

Definition

j -,
-
Specify the defintion of the new range or index vanable. ’Q*
=

Categony: | Enumeration range |

Elements:

Place cursor in this box, delete the
word “Element”, and enter the name
of your first reservoir.

Definition:

Element,

Statusz:

|

Finigh H LCancel H Help >
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Creating Ranges

Project ‘arravs and ranges’
= -I§I- Component 1
= {% Simulation 1
@ Equations
m Connections
ﬁ Analysis variables
TP Events
E Private Diagrams
Shared Diagrams
Local Ranges
Laocal Units
Runs
Global Ranges
Global Units

Name ¢ LAENnimon

uo

' Add Range

Definition

Category: | Enumeration range

Elements:

[Edhaird

[ efinition:
Adhairn,

Status:

e Is Ele

v«
-
Specify the definition of the new range or index variable.
=

After you have entered the
name of your first reservaoir,
click *¢/to add the next
reservoir name.

Finigh H Cancel H Help »»
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Creating Ranges

Mame ;

Project 'arrays and ranges'
= §§§ Component 1
=43 Simulation 1
@ Equations
m Cannections
ﬂ Analysis Variables
T Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Uriks
Runs
Global Ranges
Global Units

Definition

Dc

Add Range

D efinition

Categone: | Enumeration range

Elements:

Derbend Khan® ~
Dakan® ;
Habbariyah®

Haditha®

Hermrin*

tdosul®

Razzaza®

Drefinition:

Status

i Tharthar® v

Specify the definition of the new ranage or index variable.

e 1o % lo

Adhairm, Derbendi Khan',Dok.an,Habbanivah Haditha,Hermrin Mozul, R azzaza, Tharthar

v_¥
@,
» W4

S

Repeat until all reservoirs
have been added. Then click
“Finish”.

I Firizh (Eancel l [ Help 33
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Creating Ranges

{7) Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\Iraq\ITAO\Training materials\My training materials\arrays and rang

B File Edit Wiew Insert Simulation Project Window Help

mT29 0 cHE B o

£

® @

D efinitian D

Adhaim, Derbendi Khan', Dokan, Habbaniyah, Haditha, Hernrin, Mosul, R.azzaza, Tharthar

English (United States)  [s| ° ; SN B
& SR EBD
M4 b T i @ W & -
................................................................... Name
Project ‘atrays and ranges’ =l {Reservairs
--{} Component 1 2 Adhaim
= ?2% Simulation 1 & Derbendi Khan
@ Equations & Dokan
B Connections 2 Habbaniysh
ﬁ Analysis Variables & [Haditha
T Events & Hemrin
@ Private Diagrams = Mosul
Shared Diagrams & Razzaza
Local Ranges \ & [ Tharthar
Local Units

Runs
Global Ranges
Global Units

Double-click Shared
Diagrams to return to
model.

/

Note the single quotes around Derbendi Khan. Anytime a
name containing spaces is used in a definition, it must be
enclosed in single quotes.

~

New range now appears
in Global Ranges
window.
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Creating Ranges

We will now modify the dimensions of PRECIPITATION RATE so that they relate to the
newly created ‘Reservoirs’ range.

| -

INTIAL YOLUME OF
WATER IN RESERVOIR

LIPSTREAM INFLOYY DOWMSTREAM DELIVERY

|
A U r:
m 2

'PRECIPITATION RATE" Auxiliary Symbol Properties
m“\uﬁ Defintion | Documentation | Advanced | Scale | Walue | Line Fill Symbol
precipitation Ak  Aulo: I

Type: Real | » | Urit: | mm/mo .

[¥] Dimensions: | 1.8 ‘ [+] , ‘Reservoirs’
Definfion | Bsservor: < .

O e now appears in
PRECIPITATION RATE dimensions
dropdown

= {316, 316, 316, 400, 374, 350, 334, 400, 408} mm/mo ~| 5| & menu. Select

<Add new range...» | i . .

Feservoirs 5| It and CIICk
Dornc Khan © Rangss “OK”
Dokan .
Habbariyah [

Ok, ] [ Cancel ] Lpply Help = 79




Creating Ranges

The elements contained in PRECIPITATION RATE can now be accessed using the

reservoir names. Suppose we want to use the precipitation at Razzaza Lake for another
calculation in the model. To pull this single value from the PRECIPITATION RATE
array, we create a new variable precipitation at Razzaza Lake, connect it to
PRECIPITATION RATE, and define it as shown below.

d ‘precipitation at Raz..." Auxiliary Symbol Properties

— Definifion Documentation | Advanced | Scale | Value | Line Fill Symbol
precipitation at Razzaza - s - : - - —
Lake Ak At
[#] Type: Real v [#] Unit: | mm#mo
Dirmenzians;
Definition
'PRECIFITATION DATE' [Razzazal
Add PRECIPITATION
Y Text in [ ] specifies the element of
RATE to deflnlt_lor.] by the array that you are interested in.
double—cllcklng, G Note that the name inside [ ] does &=
« ”» \pgggpmnm RATE not require single quotes because it (® Linked variables
then type [Razzaza] ) does not contain any spaces. 8:" wariables
anges
1 Uitz
) Functiohs
Ok, H Cancel ” Apply H Help &>
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Creating Ranges

Another way to enter the definition from the previous slide is by double-clicking
PRECIPITATION RATE as before...

F{ % #
TATION RATE
i

precipitation at Razzaza
Lake

Add PRECIPITATION
RATE to definition by
double-clicking.

hed

reseryoir surface area

<>/

EVAPORATION RATE

‘precipitation at Raz..." Auxiliary Symbol Properties

B=

Definition chumenta_tian .-_’-'«_dvar)ceg:ll Sc_ale ‘\-fe_llue I__ine FiII

Auto: : Auto:
Type: Real v MUnit |mm/mo

Dimensians: ;Hesewairs

Definition

S_l,lnjl;ul

'PRECIPITATION RATE'

= {316, 316, 316, 400, 374, 350, 334, 400, 408} mm/ma
FRECIPITATION RATE

%) Linked variables
) &l variables
) Ranges

) Units
) Functions

(]9

” Cancel H

Apply H Help »» l
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Creating Ranges

...then toggle Ranges button and double-click “Razzaza” from list of ranges that
appears. Note that [ ] must be manually added to the definition.

N

ITATION RATE reservoir surface area ELAPORATION RATE

‘precipitation at Raz..." Auxiliary Symbol Properties

—t- Definition | Documentation | Advanced | Scale | Yalue | Line Fill Symbol
precpitation at Razzaza o e -
Lake Ak At
[#] Type: s | [#] Unit;
Dimenzions;
Definition

'PRECIPITATION DATE'Razzaza

Add [ ] around
Add “Razzaza” to

The name 'Fazzaza' iz unknown.

Haditha

double-clicking/ Ll | e disappear.

Flazzaza

o “Razzaza” and this
definition by | |\ puss " error message will

| Tharthar

[ () Linked variables
i L

= K Il
™I 7 Functions

Ok

][ Cancel H Apply

][ Help = ]
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Array Functions

There are several functions available in Studio that enable you to perform various

operations on array. These include ARRAVERAGE, ARRMAX, and ARRMIN, which

calculate the average, maximum, and minimum of array elements. A list of array

functions and their descriptions can be found by searching titles only for “about array
functions” in Help (from Menu Bar, Help = Contents or press F1 and make sure “Search

titles only” box is checked).

Array Functions

ARRAVERAGE - Average of Array Elements

LOOKUP - Lookup Walue of Array Element

ARRMAX - Maximum of Array Elerments

MIMVERSE - Inwerse Sguare Matrix

ARRMIN - Minimum

MUMERICAL - Convert Range Element to Murnber

ARRPOLY - Array Polynormial

PRIORITVALLOCDISCRETE - Discrete Prioritized Resource Allocation

ARRPRODUCT - Product of Array Elements

PRICRITYALLOC - Prioritized Resource Allocation

ARRSTODEY - Standard Deviation of Infinite Population of Array Elements

PRODUCT - Produck

ARRSTDEWP - Standard Deviation of Finite Population of Array Elements

REDIM - Redimension Array

ARRSUM - Sum of Array Elements

SCAMEQ - Scan Wector for Equal Element

CONCAT - Concatenate Arrawvs

SCAMGT - Scan Wector for Greater Element

COUMTED - Count Murnber of Equal Elerments in &rray

SCAMGTEQ - Scan Wector for Greater or Equal Element

COUMTNTEQ - Count Mumber of Mot Equal Elements in Array

SCAMLT - Scan Wector for Smaller Element

COUMTGT - Count Murnber of Greater Elernents in Array

SCAMLTED - Scan Yector for Smaller or Equal Element

COUMTGTED - Count Mumber of Greater or Equal Elerments in Array

SCAMMED - Scan Vector for Unegual Element

COUMTLT - Count Mumber of Srmaller Elernents in Array

SCAMMNOTSAME - Scan Wector for Element with Different Representation

COUMTLTEQ - Count Murmber of Smaller or Equal Elements in Array

SCAMSAME - Scan Wector for Elernent with Same Representation

COUMTHNOTSAME - Count Mumber of Mot Bit Equal Elemnents in Array

SORT - Sort Vector

COUMTSAME - Count Murmber of Bit Equal Elernents in Array

SORTIMDEY - Sort Wector Indices

CUMULATIVESUM - Curnulative Surn of Array Elements

SPARSESUM - Sparse Sum

DIM - Dimension of Wariable

SPARSEVECTOR - Sparse Wectorize

DIMCOUMT - Dimension Count of Yariable

SUM - Sum

ELEMCOUNT - Nurmnber of Elernents in an Array

TEAMNSPOSE - Transpose Matrix

INDEX - Convert a Wariable to an Index Yariable

WECTOR - Wectorize Elements

LEMNGTH - Length of Array

®PROD - Vector Cross Product
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Array Functions

Calculate the average precipitation for all 9 reservoirs.

INTIAL WOLUME OF .
WATER IN RESERVOIR |

LPSTREAM INFLOYY ; DOWMNSTREAM DELIVERY

|
[
'
b2

K

‘average precipition ..." Auxiliary Symbol Properties

total inflow

Diefinitian | Dacumentation | Advanced | Scale || Value | Line | Fil Symbal
precipitation At dubm

[+ Tvpe: Real s | [Z]Unit. | mmdma

Dimenzions:

D efinitian

ARPAVEDACGE ('PRECIPITATION RATE'!

PRECIPITATION RATE res

= 3571111111177 mmdmo

BEERRE PIRCI L O PRECIFITATION RATE

all reservoirs

| @) Linked variables
) Al variables
() Ranges
) Units
) Functions

Ok ][ Cancel ”

Apply J[ Help »» ]
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Array Functions

Calculate the average precipitation for reservoirs on the Tigris and its tributaries.

S s \Water in Reservaoir
wipitation

e

evaporation

ITATION RATE reservoir surface area EVAPORATION RATE
‘average precipitatio..." Auxiliary Symbol Properties

Definition 'Docgment‘_a_t_i_or:u g‘-\d_v_anu_:ed_ S_u:qle f \_-f_qll._J_e Ling | Fil! S_yml:u:ul

average precipitation on Ak T —

Tigris reseryoirs [+] Type: Real [+ [#]Unit; | mmdme e |

[+] Dimensions: . [ ] around Derbendi Khan.
Diefinition |
P PAVERAGE { { PRECTPITATION RATE' [Adkhaim], 'PRECIPITATION BATE'[ 'Derbendi Khan'],

'PRECIPITATIEQTE' [Dokan], '"PRECIPITATION RATE' [Hemrin], 'PRECIPITATION RATE' [Mosull}) Ctrl + Enter tO
Note that we are continue
Entry enclosed by { }.

creating a new definition on

) .=325.4 mm/mo next line.
array using 5 of the "PRECIPITATION RATE @ Linked variables

&Ml variables

9 elements from the © Rincos

1 = ) 3 Units
Reservoirs’ range. | @ Firvtirs

O, H Cancel ]
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Dataset Types

Excel Spreadsheet Dataset

— Requires link to an external Excel file (i.e., in order to work with this kind
of dataset, Excel will have to be running in parallel with Studio).

—  Allows you to quickly import and work with large datasets.

Manually-entered Dataset Array

— If you have a small amount of data, it might be easier to manually enter it
directly into the variable of interest rather than import it from Excel. We did this
for PRECIPITATION RATE on slide 66.

— Does not require link to external file.
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Create Excel Dataset Connection

Suppose you want to use monthly evaporation data for each of the 9 reservoirs in place
of the fixed annual average evaporation rate.

%] Microsoft Excel - reservoir model input.xls E]@
|£I_‘| File Edit  Wiew Insert  Farmat  Tools Daka  Window  Help Tvpe aquestionforhelp » _ & X
L S e s AL 00 - [ and -0 -|B 7 U SEE[EHS % 0 RABFE D DAL
g RS RTCTEY i insn el p)ags Sall
Al - A& Data from TigEup-SWLRI ResSim madel, Upper Basin 2004 reservoir netwark.

A B | C | o] | E | F | G | H | [ | J K | L T
1 Data from TigEup-SWLRI ResSim model, Upper Basin 2004 reservair netwark.
2 Reserveir evaporation rate {imm/month)

Derbendi

3 Manth]Adhaim Khan Daokan Habbaniyah Haditha Hemrin osul Razzaza  Tharthar
4 January A0 42 24 55 a1 56 40 55 24 I
5 February B7 49 57 g2 77 74 54 g2 Sk Before g0|ng any
B flarch o5 72 85 120 112 107 a6 120 S5
7 Al 148 95 124 170 159 164 124 170 179 further’ you need to
g hday 202 196 190 257 240 224 193 257 a7
g June 275 287 285 350 328 305 204 3450 358 Createda;:: EXTil h
10 July 279 348 323 3ro 346 310 3ro 370 357 r |
11 August 267 205 304 350 328 297 344 3450 387 Sp eadas eet © t ©
12| September 221 234 225 283 265 245 234 283 38l | one shown here and
13 October 140 144 152 199 186 167 138 199 211 .
14| November 50 70 85 105 100 100 74 105 113 | save it to the same
15 | December 46 63 35 55 54 51 44 58 34 .
16 directory that your
17 .
E model is in.
19
20
21
22
e ¥
M 4 » w\reservoir evaporation / Water in reservoir f |< >
ibows s weshepess N N O AG @A O L-A-=S==a @l 88
Ready TP




Create Excel Dataset Connection

INTIAL WOLUME OF 5,
WATER IN RESERWOIR |

O

DOWMSTREAM DELIVERY

UPSTREAM INFLOWY

total outflow

precipitation Water in Reservoir evaporation

PRECIPITATICN RATE reservoir surface area EVAPORATION RATE

We will replace the fixed value that currently defines EVAPORATION RATE with a
series of monthly values (shown on the previous slide). These monthly values will be
imported into Studio from an Excel spreadsheet using the function XLDATA. For

additional information on this function, search for “XLDATA” in Help (from Menu Bar,
Help - Contents or press F1).
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Create Excel Dataset Connection

With Studio and Excel running side by side, highlight the data that you want to import.

Move cursor to one of edges until N symbol a
down, and drag into Studio screen. When

v = ", % [v]@ & (| e
DR EBA OGO 1R B -2-%- 03 &
HilR SR AR @& -
- i
INTIAL YOLUME OF ™,
WATER IN RESERVOIR Y
,’I DOWMNSTREAM DELDWVERY
iriflow total outflow
\Water in Reservoir avaporation
reservoir surface area EVAPORATION RATE
_Q@ 4 -
&

PEES

. N

B \

1 ' '
oA ,
E-E'

symbol appears, let go of mouse

ppears. Left-click, hold mouse button

“i
e 8 G Al -0 -|B J U|IEE=A$ % 2 WG| 0-A- [
i (3 o ) | ] AR S A R AR iR AP TRON
B4 - 5= &0

A |IE e e e e e e S T
1 Diata from TigEup-3WWLEI ResSim model, Upper Basin 2004 reserniir network. r
2 Reservoir evaporation rate (mm/month)

Derbendi

3 haonth|Adhaim Khan Dokan Habbaniyah Haditha Hemrin Mosul Razzaza Tharthar
4 January a0 42 28 ol a1 oh 40 a5 24
5 February B7 49 &7 g2 77 74 a4 g2 =t
B Farch 95 72 g5 120 112 107 g6 120 95
7 April 148 895 124 170 159 164 124 170 179
g ay 202 196 130 287 240 224 198 247 r
l June 275 287 284 3a0 324 J0a 294 340 350
10 duly 279 348 323 370 346 #0370 370 397
1 August 267 205 304 350 328 297 344 350 387
12 | September 22 234 228 283 265 245 234 283 318
13 October 150 144 152 199 186 167 138 199 211
14| Movember a0 Fill] 85 106 100 100 7 106 113
15| December 46 ata] 38 4 5B 54 a1 44 58 34
16 -
17 I B
18 | =TT
189 _--"
=20
21
22
23]
24
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Create Excel Dataset Connection

New variable appears in diagram window.

|® Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\Mrag\ITAO\Training materials\My training materials\xldata.s
File Edit Wew Insert Format Diagram Layvout Simulation Project Window Help

: English (United States)  |s i H, 100% | [ =i =Y : L =Ed&
DEFEoREDBDR (REQA 0000 W H® G-2-% 03 4 LEMO91TF (M@
LI . 4 || -
Project “xldats’
=ik Component 1 -““\
iy % = ;
- A3k simulation 1 :
%ém;a ::'_:'“ IMTIAL WOLUME OF
fuellons WATER IN RESERVOIR Y
m Canneckions ;
¥ Analysis variables R STREARE NG ]

DOWMSTREAM DELTIVERY
T¥ Events

@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

total inflow

total outflow

precipitation YAtBr I Res ARG gvaporation

PRECIPITATION RATE reservair surface area EVAPORATION RATE

O

ExcelData_1
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Use XLDATA Variable

Rename variable.

(7 Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SDVProjects\iragA\ITAO\Training materials\My training materials\xldata.si|
. File Edit V“iew Insert Format Diagram Layvout Simolation Project Window Help

Erlugli-sh.liUniteu-:IStatesjl v T H, 100% :v =i m-El- ' | Lb=Ed&
BEFE=RACDR (HEQA DO EF® G-20-%- 03 4 |KEMOOTE Mk
MO P ML T MWl W @& -

—_@ Project 'xldata’
=1-43 Component 1 B
—- 4%k Simulation 1 2
s INTIAL VOLUME OF
Cq i WATER IM RESERVOIR
onnections '

E¥ fnalysis Variables UPSTREAM INFLOW DOWMNSTREAM DELIVERY
T® Ewents
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Funs
Global Ranges
Global Units

total inflow total outflow

\Water in REeservoir

precipitation evaporation

PRECIPITATION RATE reservoir surface area EVAPORATION RATE

m
§ reservoir §

§eanDratiDn§
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Use XLDATA Variable

Open reservoir evaporation and change path to “C:/name of spreadsheet.xls” (delete
all text between “C:/” and “name of spreadsheet.xls”). Once you do this, you must keep
your Studio model (.sip file) and spreadsheet in the same directory! This allows you to
transfer the model and spreadsheet between computers or copy to other directories
without breaking the data connection.

O

reservoir
evpaoration

‘reserveir evpaoration’ Auxiliary Symbol Properties

Definition | Documentation | Advanced | Scale | Yalue | Line Fill Symbol

Autor p At :
Type: Real [ %! [#] Unit;

[+] Dimensions;  [1.12,1.9

Defirition

XLDAT&("C:L’reservcir model input.xls", "reserwolr ewaporation", "B4CEZ:RISCLIO")

- {{50, 42, 29, 55, 51, 56, 40, 5, 241, {67, 49,57, 62, 77, 74, 54,.. | 2| H

(%) Linked variables
1 ll variables

) Ranges

2 Units

2 Functions

Ok ][ Cancel ”_ Apply J[ Help > 93




Use XLDATA Variable

Show number auto report and observe that you have created a 12 x 9 array. The 12

rows correspond to the 12 months of a year. The 9 columns correspond to the 9

reservoirs.

@v

O

NE B @O

LI~ 5 | ¥ & E [ b 2 [ O 57| )|l

-
~
.

INTIAL WOLUME OF .
WATER [ RESERVOIR Y

TREAM [MFLOW

1

2

to
e cipitat;\

%

IPITATION RATE

3 4 5 g 7 g 2

1 50.00 42,00 29.00 55.00 51.00 S&.00 40,00 55.00 24.00
2 £7.00 43,00 57.00 £2.00 77.00 74,00 54,00 g2.00 56.00
2 96.00 72,00 £5.00 120,00 112,00 107.00 £6.00 120,00 96.00
4 14&.00 25,00 124.00 170,00 159.00 164.00 124.00 170,00 179,00
5 202,00 196.00 190.00 257.00 240,00 224,00 192,00 257.00 277.00
6 275.00 287.00 285.00 350,00 32%.00 305,00 294,00 350,00 358,00
7 279.00 242,00 323.00 370,00 246,00 310,00 370,00 370,00 397,00
g 267.00 295.00 204.00 350,00 32,00 297.00 244,00 350,00 387.00
5 221.00 234,00 228.00 283,00 265.00 245,00 234,00 283,00 318,00
10 150.00 144,00 15Z2.00 199,00 186,00 167.00 132.00 199,00 211,00
11 20,00 70,00 £5.00 106.00 100,00 100,00 74,00 106,00 113,00
12 46,00 £2.00 38.00 52,00 54,00 s1.00 44,00 Sg.00 z4.00

reseryoir

evpaoration
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Use XLDATA Variable

We want to give this array dimensions of ‘Months’ x ‘Reservoirs’. The ‘Reservoirs’
range has already been created. Create a range called “Months”. The Global Ranges
screen should now look like this:

|® Powersim Studio 7 Expert [C:\Documents and Settings\mdreno\My Documents\SD\Projects\irag\ITAOATraining materials\My training materials\xldata.sip *] - Global Ranges

File Edit “iew Insert Simulation Project ‘Window Help

: English (United States) s dh : Em O = & hple ® @
B RHOD
AU ST 4 W O W @ -
....................... Hame + | Defirition Dacumentation Mate
Project "Idata’ = iMonths January,February, March, april,May, June, July, sugust, Sepkember, October, November, De. ..

= iﬁ Component 1
= {% Simulation 1
@ Equations
m Cannections
ﬁﬁ Analysis Variables
T% Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units

January
February
tarch
April

May

June

July
Augusk
September
Cickober

Runs Movernber
Global Ranges December
Glabal Units = SErvoirs Adhaim, 'Derbendi khan',Dokan, Habbaniyah,Haditha,Hemrin, Mosul, Razzaza, Tharthar

Adhaim
Derbendi khan
Dokan
Habbanivah
Haditha
Hermrin

Mosul

Razzaza
Tharthar

ORI EOERERERERERD
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Use XLDATA Variable

Open reservoir evaporation and change the dimensions from “1..12, 1..9” to “Months,
Reservoirs”. Click “Apply”.

20,00 70,00 85,00 106,00 100,00 100,00 74,00 106,00 113.00
46,00 £5.00 3,00 S%.00 54,00 51,00 44,00 5,00 34,00
FESEroir
evpaoration
‘reservoir evpaoration® Auxiliary Symbol Properties .

Defintion | Documentation | Advanced | Scale | Walue | Line Fill Symbol

Auta: : Ak ]

[#] Tupe: Real [ [¥] Uit

[ Dimensions: |Months, Heservoir.s{.

Drefinition

HLDATA("C: freservolir model input.xls", "reservoir ewaporation", "B4CE-R1IEC10")

= {{50, 42, 29, 55, 51, 56, 40, 55, 24}, {67, 49,57, 82, 77, 74.54... | B 5
| <Add new range...> (]
| Months (|

e S

March ]

April I

(]S ] [ Cancel |
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Use XLDATA Variable

Notice that the row and column labels now reflect the appropriate months and
reservoirs. Note also that no units appear (i.e., all of these values have units of mm/mo,
but these do not appear anywhere). We will add these later.

Mea @F3@ians o 35— L0 08 spl(o-o #(&

P B R O3 @A EEMe OOTF M

s

INTIAL VOLUME OF ™,
YWATER 1M RESERVOIR Y

Adhaim Daerbandi Khar Dokan Habbanivah Haditha Hermrin Mozul Razzaza Tharthar

—_H""*_L‘ January S0.00 42,00 29,00 55,00 51.00 55,00 40,00 55,00 24,00
February &7.00 49,00 57.00 g82.00 F7.00 74.00 S4.00 g82.00 56,00
3= March 95,00 F2.00 85,00 120,00 112,00 i07.00 86,00 120,00 Q6,00
£ April 142,00 935,00 124,00 170,00 152,00 1&4.00 1z24.00 170,00 179,00
\ [ay 202,00 195.00 190,00 257.00 240,00 224,00 198,00 257.00 277.00
June 275,00 287.00 285,00 350,00 328,00 305,00 294,00 350,00 358.00
July 279,00 248,00 223,00 270,00 24e,00 210,00 270,00 270,00 297,00
August 267,00 2935.00 204,00 250,00 228,00 297.00 244,00 250,00 Zg7.00
Septernber 221.00 234,00 228,00 283,00 265,00 245,00 234,00 283,00 218,00
Cckober 150,00 144.00 15Z.00 199,00 1ze.00 1&7.00 izg.00 199,00 211.00
Movernber Q0,00 70,00 85,00 10e.00 100,00 100,00 F4.00 10&.00 113,00
December 4,00 &2.00 28,00 52,00 S4.00 51.00 44,00 52,00 24,00

O O

(@]

reservolr

evpaoration 97



Use XLDATA Variable

We will now link these data to the simulation time calculated by Studio when you run
your model. We will do this by creating additional variables that use INDEX and TIME

functions.

INDEX function

Used to access elements of an array. It allows you to use the integer value of any
variable as an index when accessing an array element. For more information on this
function, search “INDEX function” in Help (from Menu Bar, Help - Contents or press

F1).

TIME function

Returns the current time of the simulation.

DAY(TIME) returns the current day of the
simulation. MONTH(TIME) returns the
current month of the simulation.
YEAR(TIME) returns the current year of
the simulation. In order to use any of
these values in an INDEX function, you
must specify “Integer” as variable type.

(o

Auxiliary 1

‘Auxiliary_1" Auxiliary Symbol Properties

Definition | Documen tation

Auto:
Type:

Real

b

Dimenzions:

Definition

Complex
|nteger
Logical
Real

Auto:
Unit:

MONTH(TIME:

=1
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Use XLDATA Variable

The data that we have imported are monthly and there is only 1 year of data. If we run
our model for more than 1 year, we will need to reuse these data over and over again for
the appropriate month. We will create a variable called “month index” to keep track of
what the current month of the simulation is. Then we will use this variable to call the
correct evaporation value.

‘month index' Auxiliary Symbol Properties

Definition | Documentation | Adwanced | Scale | Walue | Line Fill Symbol

Autor Autor
[ Tvpe: nit:

Dimensziars:

Definition

Create a new variable O mp—
month index and

define it as shown
here. 2!

rmonth indesx

Ok H Cancel ]
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Use XLDATA Variable

Create a new variable monthly evaporation by reservoir and define it as shown here.
Note that you must add the units “mm/mo”.

© ‘monthly evaporation ..." Auxiliary Symbol Properties E]
b Defintian | D tation | Ad d || Scale | Walue [ Li Fill Syrbal
E\:EZE[{:\;@:;I‘T ml:lrlth iI"ldEX o acumentaton Va;t::lj cale | alLie | e I | LAl D.
-|:_|.J|JEZ Feal v Llnit: [ mm/mo v
[+] Dimensions; Freservairs v
Definition
'reservoir evpacration' [INDEX| 'month index')] * l<<um/mo::
[ARAEA ST * {<<mm/mo>> gives monthly
evaporation by reservoir units of
mm/mo.
- (50, 42, 23, 55, 51, 55, 40), 55, 24} rmm/ma | & H)
[mnonth index (%) Linked variables
Teseroil evpaoration () &l variables
) Ranges
1 Uitz
) Functions
Ok l [ Cancel ] | Apply J ’ Help »> ]
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Use XLDATA Variable

Show auto report for monthly evaporation by reservoir and compare it to the auto

report for reservoir evaporation.

These
values do
not have
any units.

These values have units of mm/mo.

e | ! .
Adhaim Derbendi Khar Caokan Habbaniyvah Haditha Herrin Mozul Razzaza Tharthar
January 50,00 42,00 29,00 55.00 51.00 56,00 40,00 55.00 24,00
February &7.00 49,00 S7.00 gz2.00 F7.00 74,00 54,00 82,00 56,00
=3
March q&.00 Fz.00 25,00 120,00 112,00 107,00 26,00 120,00 Q&.00
]
April 148,00 95,00 124,00 170,00 159,00 164,00 124,00 170,00 179,00
May 202,00 196,00 190,00 257,00 240,00 224,00 198,00 257,00 277,00
June 275,00 287,00 285,00 350,00 328,00 205,00 294,00 350,00 358,00
July 279,00 348,00 323,00 370,00 346,00 210,00 370,00 370,00 397.00
August 267,00 295,00 204,00 350,00 228,00 297,00 244,00 250,00 ZE7.00
M
Septernber 221,00 234,00 228,00 283,00 265,00 245,00 234,00 283,00 318,00
October 150,00 144,00 152,00 199,00 186,00 167,00 138,00 199,00 211.00
Movember 20,00 Fo0.00 85,00 106,00 100,00 100,00 74,00 10&,.00 11z.00
December 45,00 53,00 28,00 58,00 54,00 51.00 44,00 58,00 24,00
reservoir e el
F th f th H | t' evpaoration /o
or every montn o e Simuilation, PR P
monthly evaporation b
y p y Dokan 29.00
- | | h Habbanivah 55.00
reservolir calculates the Haditha | 5500
H H Hernrin S5&.00
evaporation at each reservoir for monthly evapor — e 2600
reserval !
h h f h Fazzaza 55.00
t e Current |||Ont O t e Tharthar 24,00

simulation.
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Use XLDATA Variable

Now we are going to replace EVAPORATION RATE with monthly evaporation by
reservoir.

First, create a snapshot of monthly evaporation by reservoir by clicking the @ icon,
selecting “monthly evaporation by reservoir”, placing the © cursor in the part of the
dlagram window where you want the snapshot to appear, and clicking again.

*, 1DDHVE{@, ig){escs| (IR = = B - ® 4
yikEa Oecowse(@)e-%- 0-3 &4 B9 +F [ME
LDy By @ - DOWNST_REm-DELWERv
P evaporation ~

EVAPORATION RATE RS -

IMTIAL YOLUME OF WATER IN REEER\.I'OIR
month indesx S o
manthly evaparation by reservoir S o

precipitation
PRECIPITATION RATE
reservoir evpaoration <
reservait surface area e

Snapshots are used MFLOW okl inFlone DOWNSIREAM DELIVERY

rokal aukfow
to make the model /_\upsmmm T

easier to “read” Water in Resatvair
(e.g., to keep O Ei

. D total inflow total outflow ~A
multiple connectors _ _ _I_
from Overlapping in tion Water in Reservoir svaporation O
a confusing way). ’ _
., Notice
\ e brackets,
© ,indicating that
L= ; ;
PRECIPITATION RATE reservoir surface area EVARPCRATION RATE marithly .th|S variable
svaporation by s a snapshot
reservoir
of another

variable in the 102
model.



Use XLDATA Variable

Delete connection between EVAPORATION RATE and evaporation. Create new
connection between monthly evaporation by reservoir and evaporation. Redefine

evaporation.

DOWMNSTREAM DELIVERY

evaparation

<

EVAPORATION RATE

O

reservoir
evpaoration

.,
riﬂ
L J

moithly
evaporation by
reseryoir

month indesx

monthly evapaoration by
reseryoir

‘evaporation' Auxiliary Symbol Properties

B

Drefinition Documentation | Advanced | Scale | Yalue | Line | Fil
Ao Autao:

Symbal |

Type: |Real .v rit; | 'cubic meters per day'
Dimensions: | Reservoirz
Definition

'monthly evaporation by reservoir'| * 'rezervolir surface area'

monthly evaporation by reservoir replaces EVAPORATION RATE.

= {333,333 3333333, 280,000, 193,333.3333333, 366,666 6666667, 340,00,

manthly evaporation by rezervoir
reservoir surface area

(%) Linked variables
) &l variables

) Ranges

1 Units

7 Functions

ok

J{

Cancel l [

Apply ] [ Help »>
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Use XLDATA Variable

A screen will appear asking if you want to turn off the ‘Automatic history’ option; click
“Yes”. You can turn this option back on at any time through Simulation Settings. From
Menu Bar, Simulation - Simulation Settings, then check the ‘Automatic history’ box.

O gL ‘evaporation’ Auxiliary Symbol Properties
oL WwOLUME OF \\, O Definttion | Digcumentation | Advanced | Scale | Walue | Line Fill Symbaol
ZR IN RESERVOIR | i i
; DOWMNSTRESM DELIVERY Type: | Real | DAunit ke

Dimensions:  |Reservois

Definition

'monthly evaporation by reserwoir' * 'reservoir surface area'
total outflow

ter in Reservoir -
evaporation

.,
= {10,000, 8400, 5,800, 11,000, 10,200, 11,200, 8,000, 11,000, 4,800...
i
™~ L a monthly evaporation by rezervoir
| reservoir suface area
L _I

woir surface area EVAPORATION RATE manthly
evaporation by
reservoir

Lo

Powersim Studio

The current simulation has the '‘Automatic history' option turned on (Simulation settings), This
! } option allows you to create time graphs after petfoming a simulation and see the results
instantly {without having to simulate over again),
Mow the number of aukomatically recorded wariable elements has exceeded 50 and therefore
adds considerable overhead ko the simulation, both in terms af memory consumption and perfarmance.,

Do wau wank to turn off Ehe ‘Automatic history' option now {stronaly recommendad)?
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Use XLDATA Variable

total outflow now has dimensions of ‘Reservoirs’ and DOWNSTREAM DELIVERY is
used in the same way that UPSTREAM INFLOW is (see slide 69 for relevant details) .

INTIAL VOLUME OF 5,
WATER TN RESERVOIR |
; DOVWYNSTREAM DELIVERY

UPSTREAM INFLOW

Z141,083, 333, 333533, 1,000,000, 043,333, 3333333, 1,116,666.666667, 1,000,000, 1,123, 333,333333,
total of1,016,666.666667, 1,116,666, 666667, 910,000} cubic meters per day
e
evaporation .

o b

PRECIPITATION RATE reservoir surface area EVAPORATION RATE manthly

evaporation by
O

reservoir
reservoir

evpaoration

frecipitation \Water in Reservoir

rmonth index
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Use XLDATA Variable

The reservoir model now includes reservoir-specific precipitation and evaporation data
for the 9 reservoirs defined in the range ‘Reservoirs’. precipitation is a single average

monthly value for <>

each of the SN >

rer? |e FVoIrs, t UPSTREAM IMFLOW ,E DOWNSTREAM DELIVERY
while evaporation -“

uses a different
value for every

month of the year
for each of the

evaporation

o b

precipitation

reservoirs. @

Because PRECIPITATION RATE reservoir surface area EVAPORATION RATE Eva:‘jﬂ;rr;?% »
evaporation varies
by month, we have

to index it ©~f\
appropriately so evpaoration Wl

that the model
uses the correct
value every month. monthly evaporation by 106

reseryoir
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IF

Description
The IF function is used to conduct conditional tests on values and formulas.

Syntax
IF(Condition, A, B, C)

Explanation

Condition is the statement that you are evaluating.

The IF statement returns A when Condition is true.

The IF statement returns B when Condition is false.
The IF statement returns C when Condition is indefinite.
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Operator AND

Description

The AND operator is used to evaluate two arguments within the IF function.

Syntax

IF(Condition1 AND Condition2, A, B, C)

Values
Condition1 Condition2 Condition1 AND Condition2
FALSE FALSE FALSE
FALSE TRUE FALSE
TRUE FALSE FALSE
FALSE INDEFINITE FALSE
INDEFINITE FALSE FALSE
TRUE TRUE TRUE
TRUE INDEFINITE INDEFINITE
INDEFINITE TRUE INDEFINITE
INDEFINITE INDEFINITE INDEFINITE
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Operator OR

Description

The OR operator is used to evaluate two arguments within the IF function.

Syntax

IF(Condition1 OR Condition2, A, B, C)

Values
Condition1 Condition2 Condition1 OR Condition2
FALSE FALSE FALSE
TRUE FALSE TRUE
FALSE TRUE TRUE
TRUE TRUE TRUE
INDEFINITE FALSE FALSE
INDEFINITE TRUE TRUE
TRUE INDEFINITE TRUE
FALSE INDEFINITE FALSE
INDEFINITE INDEFINITE INDEFINITE
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Apply IF to Reservoir Model

Suppose you want to change your downstream deliveries based on what time of year it
is. Using the IF function, we will create a variable that calculates whether or not the
current simulation date is during the summer season. If it is summer, downstream
deliveries will increase. If it is not summer, downstream deliveries will decrease.

INTIAL WOLUME OF .
WATER [N RESERVOIR

UPSTREAM IMFLOW

O

DOWMNETREAM DELIVERY

evaporation

'

PRECIPITATION RATE reservair surface area EVAPORATION RATE monthly
evaporation by
reservoir

precipitation
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Apply IF to Reservoir Model

Create variable if summer and define it as shown below. This statement says that if the
current simulation time is between June (greater than May) and September (less than
October), then return the value TRUE, otherwise return the value FALSE.

This definition could be embedded in the variable that uses it

\/ U and still function properly. However, this is poor modeling
DOWNSTRESM DELIVERY if surmer practice because then if summer might be effectively “lost”.
j 'if summer' Auxiliary Symbol Properties @%
Definition 'Dpcqmentation ﬁ_\dvapcg!j Scale '\)'E!Iun_a ITipe I Fill Syrmbol
Auto: : Auto:
evaporation , [+] Type: |Logical  |»| [ Uni
Dimenzions;
| Definition
<> 5 1 IF (MONTH(TIME) = § AND MONTH(TIME) < 10, TRUE, FALEE) //Summer iz June to September
L _|
EVAPORATION RATE manthly
evaporation by
reservoir
= false Comments are added by | 5|
preceding comment text With indédvariables
(73 all variables
) Ranges
) Units
() Functions
Ok ] [ Cancel ] L Apply ] [ Help »» l
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Apply IF to Reservoir Model

Create variable downstream delivery adjustment factor and define it as shown below.

This statement says that if is summer (if summer is TRUE), return the value 1.5,
otherwise return the value 0.5.

O O

MMNSTREAM DELIVERY downstream delivery if surnmer
adjustrment factor

‘downstream delivery ..." Auxiliary Symbol Properties %

Definition | Documentation | Advanced || Seale | Walue || Line | Fil || Symbol

Ak _ Aubo

evaporation ., [¥] Type: Real | [#]Unit
Dirmensions:
Definition
<> Moy IFi'if summer' = TRUE, 1.5, 0.5}
L |
WMAPORATION RATE monthly _
S oo oy Note that these values are arbitrary.

=05 | 2|
if sLmMmer (®) Linked variables
) Al variables
() Ranges
) Units
) Functions

I_ Ok ] l Cancel
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Apply IF to Reservoir Model

Attach downstream delivery adjustment factor to DOWNSTREAM DELIVERY and
redefine DOWNSTREAM DELIVERY as shown below. You must change
DOWNSTREAM DELIVERY to an auxiliary for this calculation to work properly. Go to
the Advanced tab and make this change.

DOYWRSTREAM DELIWVERY downstream delivery if surnmer
adjustment factor

‘DOWNSTREAM DELIVERY" Auxiliary Symbol Properties

otal autflow Definition | Documentation | Advanced | Scale | Yalue | Line Fill Symbol
Auto: Auto:
) evaporation ., [¥] Type: Real ~ | [¥]Unit; |'cubic meters per day'
Dimensions:
Definition
: : iy . 'dovmstream delivery adjustment factor' * 750000 =<'cubic meters per day' ==
L |
a EVAPORATION RATE monthly
evaporation by
reservoir

= 375,000 cubic meters per day

downstream deliveny adjustment factor

[ 1] H Cancel ]114




Apply IF to Reservoir Model

downstream delivery is now an auxiliary (circle icon and name in all lowercase). If the
current simulation time is during the summer (between June and September), the
original fixed value that defined DOWNSTREAM DELIVERY will be increased by 50%.
Otherwise, the original fixed value will be decreased by 50%.

INTIAL WOLUME OF .
WATER TN RESERVOIR

o T O0—O0

downstream delivery downstream delivery if summer
adjustment factor

UPSTREAM IMFLOW

precipitation evaporation

:: r =1
L |
PRECIPITATION RATE reservoir surface area EVAPORATION RATE morithly

evaporation by
reservoir
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FOR

Description
The FOR function is used to perform operations on elements of an array.

Generic Examples

FOR(i=1..3|i* 1<<m>>) = {1, 2, 3}m
FOR(i =1..2,j=1..2 | i+]) = {{1+1, 1+2},{2+1, 2+2}} = {{2,3},{3,4}}

Important note
I, j, and k are internal index variables. Otherwise, you must use a variable that you have created.
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Apply FOR to Reservoir Model

Suppose you want to perform calculations specific to the reservoirs on the Tigris and its
tributaries. We did this on slide 85 by calling individual elements from the ‘Reservoirs’
array. Now we want to create a range with the Tigris reservoirs only. This range can be
used with the FOR function to calculate the same average that we did on slide 85.

[T g

T e
TP Events

Adhaim, 'Derbendi Khan',Dokan, Hemrin, Mosul,Habbaniyvah,Haditha, R azzaza, Tharthar

o June
[# Private Diagrams @ July
Shared Diagrams 2 Augusk
Local Ranges 1 September
Local Units & October
Runs & Movernber
Global Ranges o December
T Global Units = Resaryairs
& Adhaim
& Derbend Khan
& Dokan
3 Hemrin
@ {Meosul
& Habbanivah
& Haditha
3 Razzaza
& Tharthar

f Mawe Up

+ Move Dowr
o) Ingerk

1= add Range...

4=] Add Empty Range

Eb Add Indesx Yariable, ..

EE add Empty Index Variable

Copy as Text
W Delste
E Rename

Expand All
Collapse All

In the Global Ranges

| window, reorder the

elements in the range
‘Reservoirs’ so that all
of the Tigris reservoirs
appear first. Do this by
right-clicking any
element and selecting
“Move Up” or “Move
Down”.
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Apply FOR to Reservoir Model

Now, create and enumeration subrange called “Tigris Reservoirs” using Adhaim through
Mosul from the ‘Reservoirs’ enumeration range.

@ July
& Augusk
& September
& October
& Movember
& December
= Reservoirs Adhaim,'Derbendi Khan',Dokan, Hemrin, Mosul,Habbaniyah, Haditha, R azzaza, Tharthar
& Adhaim —
& Derbendi Khan Add Range E]
Dioka

g o Definition q"@"
& Mosul Specify the definition of the new range or index variable. » W, ‘A
& Habbanivah —
» Haditha ) :
& Razzaza Categon: | Ernurneration subrange “
& Tharthar

Enumeration: | R eservoirs R

First: Adhaim s

Last: taosul ~

Drefinition:

Adhaim, . Mozul

Statuz:

[ Firish ] [ Cancel ] [ Help »> 1 1 8




Apply FOR to Reservoir Model

Create the variable precipitation on Tigris reservoirs and use the FOR function and
the newly created ‘Tigris Reservoirs’ subrange to define it.

~ () ) A~
total inflow total outflow

S \Water in REeservoir
acipitation

evaporation

W ‘precipitation on Tig..." Auxiliary Symbol Properties

™,

\

Definition | Documentation | Advanced | Scale | Walue | Line Fill Syrmbol

ITATION RATE rese 2
At Ao
[#] Type: Beal [»| [#]Unit: [mmdmo
Dimenzions; | 'Tigriz Reservairs'

N, o D efinition
precipitation on Tigrs
reservoirs FOR(i = 'Tigris PReservoirs' | 'PRECIPITATION BATE'([i])

Precipitation is shown for the reservoirs on the Tigris only.
= {316, 316, 316, 400, 374} mm/ma | 8|

FRECIFITATION RATE (®) Lirked variables

) &l variables
) Ranges

) Units

) Functions

Q. J [ Cancel ] 1 1 9




MIN

Description

The MIN function returns the smallest of the elements in Input1, Input2, .... The function
needs at least two input parameters. The minimum value is found element by element
and the function returns an array of the same dimension as its input parameters.

Syntax
MIN(Inputl, Input2, Input3, ...)

Examples
MIN(1,2,3,4) = 1
MIN({4,5,2,3},{3,2,1,6}) = {3,2,1,3}
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MAX

Description

The MAX function returns the largest of the elements in Input1, Input2, .... The function
needs at least two input parameters. The maximum value is found element by element
and the function returns an array of the same dimension as its input parameters.

Syntax
MAX(Inputi, Input2, Input3, ...)

Examples
MAX(1,2,3,4) =4
MAX({4,5,2,3},{3,2,1,6}) = {4,5,2,6}
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NUMERICAL

Description
For a range element in an enumeration range, the NUMERICAL function returns the
numerical value of a corresponding element in a numerical subrange starting at 1.

Generic Example

Enumeration range = {‘RangeElement1’, ‘RangeElement2’, ‘RangeElement3’}

Numerical subrange corresponding to above enumeration range = {1, 2, 3}

NUMERICAL (‘RangeElement2’) = 2
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Basic Interface Components

Studio provides several interface components that are easily accessed by clicking the
appropriate icon on the menu bar and adding the selected component to the diagram
window in the same way that a Level is added (slide 39). The components that we will
demonstrate are frames U~ (commonly referred to as “text boxes”), time graphs k= |
sliders #+ , and switches ¥ . The easiest way to use any of these components is to add
a blank copy to the diagram window and then drag and drop the variable that you want it
to display or control.

Frame Time graph Slider  Switch

|® Powersim 5tudio 7 Expert [C:\Documents and Settings\mdreno\My Ducuments\SD‘IPrnjects\lrJq\lTﬁO\Training nLterials\My training mpterials\igterface.

File Edit Wiew Insert Format Diagram Layout  Simulation  Project Window Help
; English (Urited States)  |v| IF 4= i, 4, e |v|@ 8 ([ _ b E] ==
D= QHBDR| RHBEAOCCO BB G- -20-%- 0U-3 @4 LEMOQ+F M

4 P I Hi 6 B @ -

Project ‘interface’
1= ié} I;umpnnent 1 =3
downstream delivery

5 4 Simulation 1
&!}(ém: :a:;'i:;l;s INTIAL WVOLUME OF
2 WATER IN RESERVOIR Y

m Cannections
=¥ Analysis Variables UPSTREAM IMFLOW

T® Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units

Runs

= mlakal AamAs-

total inflow total outflow

\Water in RESEI’V%




Basic Interface Components

Create a frame.

English (United States) |+ i

D E DR
LU i

=8 Project ‘interface’
= {é} Component 1
& {% Simulation 1
@ Equations
m Connections
#f Analysis Variables
TH Events
@ Private Diagrams
Shared Diagrams
Local Ranges
Local Units
Runs
Global Ranges
Global Units

=

S

. 0% vl@ g (mIrmET 0D 2R & B -

k22 | Click Frametoo|blﬂ'2 B A ODTE (M

L |activate Toal For Creating a Frame

INTIAL YOLUME OF &,
WATER IN RESERVOIR

UPSTREAM INFLOYY

ofllnes

downstream delivery downstream delive
adjustment facto

total inflow total outflow

Water in Reservoir

precipitation evaporation ",
@\ :: ré_l
L _|
PRECIPITATION RATE reservoir surface area EVAPORATICN RATE monthly
evaporation by
reseryoir

average precipitation on
Tigris reservoirs

= Place cursor in diagram and
drag to desired size.
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Basic Interface Components

Create several small empty frames of various shapes to familiarize yourself with frame

shape options.
<>/ \ INTIAL VOLUME OF *,
WATER IN RESERVOIR |

LPSTREAM INFLOWY

TN



Basic Interface Components

Use frame to display text, outline select variables, or enhance the appearance of other
interface components. Frames can also be used to note important points as you are
building a model.

INTIAL WOLUME OF .
VWATER TN RESERWVOIR

O TO—0

downstream delivery downstream delivery if summer
adjustrment factor

UPSTREAM INFLOW

precipitation evaporation

r .l
: L=
PRECIPITATION RATE reservair surface area EWVAPORATION RATE monthly

gvaporation by
reseryoir

average precipitation on This model calculates the total

Tigris reservoirs volume of water in 9
reservoirs as a function of
inflows and outflows. Inflow
includes precipitation and flow
from upstream. Outflow
includes  evaporation and 127
downstream deliveries.




Basic Interface Components

Create empty time graph in the same way that you created a frame. See slide 124 for
time graph icon. See slide 125 for drag -and-drop method.

UPSTREAM IMNFLOYY

downstream delivery if summer
adjustrnent factor

dDWI"IStI’EEIITI delivery

precipitation evaporation

r -1
: L=
PRECIPITATION RATE reservoir surface area EVAPORATION RATE rmonthly

evaporation by
reseryoir

average precipitation on
Tigris reservoirs

100
S0+
601
40+

20—+
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Basic Interface Components

Create time graph of Water in Reservoir.

T T e

downstream delivery downstream delivery if sLummer
adjustment factor

UPSTREAM IMFLOW

evaparation

precipitation

TN e
L=
PRECIPITATION RATE reservoir surface area EVAPORATION RATE monthly

evaparation by
reservoir

average precipitation on
Tigris reservoirs

ka3

Draw empty
Time Graph
and then drag
Water in
Reservoir
into it. _ | . | : 129

T T T
1st gt 2nd qt Zrd gt 4th qt

a1

7+

Water in Reservoir
[uy]




Basic Interface Components

Create an empty slider. See slide 124 for slider icon. See slide 125 for drag-and-drop

INTIAL VOLUME OF %,
WATER IN RESERVOIR Y
.’I downstream delivery downstream delivery if summer

UPSTEEAM INFLOW
adjustment factor

evaporation

r -1
: L=
PRECIPITATION RATE reservoir surface area EVAPORATION RATE rmonthly

evaporation by
reservoir

precipitation

average precipitation on
Tigris reservoirs

<Moo Parameters=
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Basic Interface Components

Drag and drop UPSTREAM INFLOW into slider.

O o : k“\,
INTIAL WOLUME OF 5.
g WATER IN RESERVOIR

UPSTREAM IMFLOYY

downstream delivery downstream delivery if summer
adjustrment factor

total inflow total outflow

\Water in Reservoir .
evaporation

:: (
L=
PRECIPITATION RATE reservaoir surface area EVAPORATION RATE monthly

evaporation by
reseryoir

precipitation

|

average precipitation on
Tigris reservaoirs

UPSTREAM INFLOW

<]:|I t D. f IE:>

990,000 993,000 1,000,000 1,005,000 1,010,000
cubic meters per day
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Basic Interface Components

To demonstrate the utility of the switch tool, we are going to create a new variable:
DROUGHT SWITCH. This switch will have two values: 0 and 1. If O is selected, the
simulation will assume precipitation conditions that are drier than normal. If 1 is
selected, wetter than normal conditions will be assumed.

o RN
S Water i Reservoir : \\
precipitation evaporation \\

@\ 'DROUGHT SWITCH' Auxiliary Symbol Properties

PRECIPITATION RATE ress DEﬁﬂitiD.” Ducumenlatiop .i‘f.clvar?c:ed Scale '\-"alyn? !.!r)PT Fi!l Symbol
Ao Ao
Type: Real w [nit: “
Dimenzions: bl |
D efinition

average precipitation on
Tigris reservoirs i

S0 conditions that are drier than awverage

Sl conditions that are wetter than awverage

@ ECE

DEQUGHT SWITCH %) Linked variables
) Al variables

") Ranges

) Units

) Functions

Ok, ][ Cancel H Apply H Help »» l

132



Basic Interface Components

Create empty switch control. See slide 124 for switch icon. See slide 125 for drag-and-
drop method.

o . S e e

LPSTREAM INFLOYY

e e e

downstream delivery downstream delivery if summer
adjustrment factor

evaporation

o b

PRECIPITATION RATE reservair surface area EVAPORATION RATE monthly
evaporation by

reseryoir

precipitation

average precipitation on
Tigris reservoirs

<> <No Parameter=

DROUGHT SWITCH
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Basic Interface Components

Drag and drop DROUGHT SWITCH into switch control.

INTIAL VOLUME OF
WATER IN RESERVOIR
downstream delivery downstream delivery if summer

LPSTEEAM IMFLOW
adjustrment factor

7
total inflow total outflow

\Water in Reservoir .
evaporation

o b

PRECIPITATION RATE reservoir surface area EVAPORATION RATE maonthly
evaporation by

reservoir

precipitation

average precipitation on
Tigris reservoirs

[m] =]
<> DROUGHT SWITCH
[m] [m]

DROUGHT SWITCH
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Basic Interface Components

Customize switch.

A4
UPSTREAM IMNFLOW

total inflow

precipitation

PRECIPITATION RATE rest

average precipitation an
Tigris reservairs

O

DROUGHT SWITCH

WHAITER LN REDEMRYIJLE o
1

o B
downstream delivery

Sy

downstream delivery
adjustrment factor

e

if surnmer

total outflow

Water in REeservoir

Switch Control Properties

Bx

General | Parameters | Test | Alignment | Font Lire Fill S_l,lml:u:nl_
Allow input Type
() Mever Flal:_licn El._;_ttans 4 Ch ange type to 1] Radio BUttO nS”_
(3 Iniitially
(O when stopped States
e Dawonsic  Court:[2 2 Uncheck “Automatic”
[ Stop on input alle: Auta: Text: and Set “COU nt” tO 2.
Yall: |0 [] |Dner than narmal
oL | e ”””““?Enter custom definitions.
Yal 4:

Ok H Cancel H

Apply _H Help »>
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Basic Interface Components

You can now select “Drier than normal” or “Wetter than normal” precipitation conditions

by toggling your choice on the switch control.

downstream delivery downstream delivery if summer

INTIAL WOLUME OF \‘.
WATER IM RESERVOIR
/ adjustment factar

UPSTREAM INFLOW

evaporation

r =1

: L=

PRECIPITATION RATE reservoir surface area EVAPORATION RATE maonthly
evaporation by

reservoir

precipitation

average precipitation on
Tigris reservairs

DROUGHT SWITCH

# Drier than normal
<> T Wetter than normal

DROUGHT SWITCH
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Basic Interface Components

Connect DROUGHT SWITCH to precipitation and redefine precipitation as shown.

TN

STREAM IMNFLOW

total inflow

precipitation

RN

(CIPITATION RATE rese

average precipitation on
Tigris reservoirs

WATER IN RESERVOIR
1

TR
"
1

IMTIAL WOLUME OF .

downstream delivery

total outflow

Water in Feservoir

O T 0O—O

downstream delivery
adjustrment factor

O :f

IGHT SWITCH

DR

O

={1.053,333.333333, 1.053,333.333333, 1.053,333.333333, 1.333,333.33..

DROUGHT 5WITCH
PRECIPITATION RATE

reservoir surface area

Ok

J [ Cancel
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Reservoir Model Interface

Rename blank diagram “Interface” and cut and paste all interface components here.

st Diagram Lawout  Simulation  Project  Window  Help
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- This model calculates the total
volume of water in 9
reservoirs as a function of
inflows and outflows. Inflow
includes precipitation and flow
from upstream. Outflow
includes  evaporation and
downstream deliveries.
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Reservoir Model Interface

Run model.
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Create Reference Run

Add model run to reference runs.
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Create Reference Run
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Create Reference Run

Saved run must now be set as “Reference”. Make this change by going to Runs
window, right-clicking “Run 17, and selecting “Use as Reference”. Then return to
interface page (double-click Shared Diagrams).
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Create Reference Run

Reset model. Double-click time graph to view its properties. Click Parameters tab.
Water in Reservoir will appear in the parameter list (this list shows the variables that

the time graph will display).
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Create Reference Run

Notice new legend on time graph.
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Create Reference Run

Toggle “Wetter than normal” in DROUGHT SWITCH. Run model and note change in

Water in Reservoir.
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volume of water in 9
reservoirs as a function of
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includes precipitation and flow
from upstream. Outflow
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