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PREFACE 

AMBER is a flexible software tool that allows the user to build their own dynamic 

compartmental models to represent the migration and fate of contaminants in a system, for 

example in the surface and sub-surface environment.  Contaminants in solid, liquid and gaseous 

phases can be considered.  AMBER gives the user the flexibility to define: 

p any number of compartments; 

p any number of contaminants and associated rates of degradation; 

p any number of transfers between compartments and the uptake of contaminants by 

humans and other biota; 

p non-linear transfer processes (e.g. solubility-limited leaching); and 

p deterministic, probabilistic and complex time-varying parameter values. 

This flexibility means that the user can construct case specific models and tailor generic models 

to their specific needs. 

Key features incorporated into AMBER include: 

p powerful, user friendly graphical interface; 

p fast and accurate Laplace transform and numerical time-step solvers; 

p time varying source terms and transfer processes; 

p ƌtmhs `v`qdmdrrƍ: 

p Monte Carlo and Latin Hypercube Sampling options; 

p built -in graphing of results and Excel export capabilities; and 

p tailoring of results format. 

The primary user documentation for AMBER 5.4 consists of two vnktldr9 sgd ƌFdsshmf Rs`qsdcƍ

l`mt`k `mc sgd ƌQdedqdmbd Fthcdƍ- Hm sgd ƌFdsshmf Rs`qsdcƍ l`mt`k+ sgd trdq hr hmsqnctbdc sn

AMBER through tutorial exercises.  The tutorials demonstrate the functionality of AMBER 

through the construction of a relatively simple compartment model.  It also allows the user to 

gain experience in setting up a model within AMBER.  The Reference Guide describes system 

requirements and the installation process, along with further detailed information on the use of 

AMBER, plus a glossary of AMBER related terms. 
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1 Introduction 

1.1 Overview of AMBER 

Hm @LADQ+ sgd l`sdqh`kr ne hmsdqdrs+ qdedqqdc sn `r ƌbnms`lhm`msrƍ+ `qd `rrtldc sn ad tmhenqlkx

mixed in a series of compartments between which transfers can take place.  A compartment is 

any specific part of the system being modelled, for instance a lung in a model of the body.  Each 

sq`mredq hr ƌcnmnq bnmsqnkkdcƍ+ cdodmchmf chqdbskx nm sgd `lntms ne sgd l`sdqh`k oqdrdms hm sgd

compartment from which the material is moving, and can change with time.  AMBER allows 

contaminants to decay or degrade with time into other contaminants, if required.  For example, 

one radionuclide may decay into another, or a particular chemical may be degraded into a 

different one.  

A compartment model usually contains compartments, transfers between compartments and 

sources providing input of contaminants to compartments (see, for example Figure 1).  

Figure 1: An Example Compartment Model 
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Mathematically, the amount of contaminant in any compartment is determined by equation (1).  

If the total amount of contaminant m in compartment i is  
m

iI  (moles) then this satisfies: 
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where lij is the exchange rate between compartment i and compartment j (y
-1

), 
1+m

rl  is the decay 

rate of the parent radionuclide m+1 (y
-1

), and lr

m
 is the decay rate of radionuclide  m (y

-1

).   

When the exchange rates do not depend on the amounts, these equations are linear, so that, for 

example, if there is twice as much of a contaminant in the system initially, then the calculated 

concentrations in the various compartments will all be doubled at each time of interest.  This is 

the default situation in AMBER, but non-linear transfers can be created. 

Although the models which can be set up in AMBER are limited to those of the donor 

controlled compartment type, this class of models can be applied to a very wide range of 

problems as a result of the flexibility with which transfers between compartments can be 

specified.  For example, some diffusive-like processes depend upon the concentrations of 

contaminants in both the donor and receiving compartments, but these can readily be 

reoqdrdmsdc hm @LADQ ax hmbktchmf ` ƌenqv`qcƍ sq`mredq eqnl sgd cnmnq sn sgd qdbdhuhmf

bnlo`qsldms `mc ` ƌa`bjv`qcƍ sq`mredq eqnl sgd qdbdhuhmf bnlo`qsldms sn sgd cnmnq- Sgd

combination of these two transfers will correctly model the net transfer between 

compartments.   

AMBER has been applied to a wide range of problems concerned with the way that 

radionuclides and other contaminants move through different parts of the environment.  For 

more information on applications in which AMBER has been used, please have a look at the 

AMBER website (www.quintessa.org/amber/). 

1.2 This Guide 

This is a guide to the use of AMBER 5.4 for Windows XP and Vista and Windows 7.  This 

guide provides instructions on the installation and use of AMBER. 

Section 2 provides details regarding the installation of AMBER.  Section 3 guides the user 

around the basic features of the Graphical User Interface (GUI).  Section 4 details certain 

formatting and unit conventions in AMBER.  Sections 5, 6 and 7 explain creating, running and 

reporting case files.  Section 8 details some additional features of AMBER.  Troubleshooting and 

feedback is discussed in Section 9, while information on restricted versions of AMBER is dealt 

with in Section 10.  Section 11 explains advanced features available in AMBER.  Section 12 

explains in detail how to run AMBER in batch mode, while feedback on AMBER is dealt with 

in Section 13.  Section 14 contains an index to this guide and a glossary of terms is given in 

Section 15.   

AMBER makes use of many standard Windows features including: 

p Scroll bars - to facilitate moving around the Model window and the description fields; 
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p Cut, copy and paste functions - to simplify the entry of complicated expressions 

and/or to simplify repetitive actions; 

p Pull down menus - offering extensive functionality but an orderly overview; 

p Toolbar - icons providing a quick route to frequently used functions; and 

p Check boxes and radio buttons to select options. 

 

Users who are unfamiliar with a Windows environment should consult their system 

documentation for information on how to use these features. 

Sgqntfgnts sghr fthcd ƌbkhbjƍ ld`mr bkhbjhmf sgd kdes atssnm ne sgd lntrd `mc ƌcntakd bkhbjƍ

means clicking the left button of the mouse twice in quick succession.  Where the right button 

ne sgd lntrd mddcr sn ad bkhbjdc+ sghr fthcd trdr ƌqhfgs bkhbjƍ- 

Ldmt hsdlr `qd cdmnsdc hm sgd sdws ax hs`khbr- Sgd ƌ { ƍ mns`shnm hr trdc hm sghr fthcd enq ldmt

separation.  For example Results | Calculate means use the mouse to select the Results menu 

from the AMBER menu bar, and then click the menu item marked Calculate.  < Return> 

ld`mr oqdrr sgd ƌqdstqmƍ . ƌdmsdqƍ jdx- Bnll`mcr `mc sdws sg`s b`m ad sxodc `qd rgnvm hm

courier font. 
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2  Installing AMBER 

2.1 System Requirements  

The recommended system requirements needed to run AMBER are a PC with a Pentium II  

processor or above with at least 128 MB of RAM installed, running under the Windows 2000, 

XP, Vista or Windows 7 operating system.  AMBER will run on lower specification machines 

but its performance will be reduced, e.g. calculations will run more slowly.  At least 105 MB of 

hard disk space should be available.  The PC screen resolution used should be set to at least 800 

× 600 pixels and a small font should be used.  Note that the Q2DGrapher charting package 

requires the Microsoft .NET framework version 2.0 or higher to have been installed
1

.   

2.2 Installation Process 

AMBER licenses are controlled by means of USB hardware security keys called dongles.  Single-

user AMBER licences can be installed on any number of PCs, but in order to run, a dongle 

must be connected to the PC and the dongle driver installed.  This flexible method of licence 

control allows a single AMBER licence to be shared between a number of PCs, although it can 

only be run on a single machine at any one time. 

2.2.1 Installing the USB Dongle Driver 

If the USB driver is already installed on your PC then you can skip straight to installing the 

latest version of the AMBER software (Section 2.2.2).  If you have not installed the full version 

of AMBER on your PC before, you will need to install the USB dongle driver first. 

Before attaching the USB dongle to the computer, insert the AMBER CD into your CD-ROM 

drive, then either: 

p Navigate to the CD and double click on sgd ƌRdmshmdk Oqnsdbshnm Hmrs`kkdq 6-6.1-dwdƍ: nq 

p Select Start | Run and type[CD drive]:\ Sentinel Protection Installer 7.6.1.exe  

 

Follow the on-screen instructions for installing the dongle drivers.  Note that the default 

settings can be accepted, alternatively, if you would like to save on hard disk space, then a 

ƌbtrsnlƍ hmrs`kk`shnm b`m ad rdkdbsdc `mc sgd Rdmshmdk Oqnsdbshnm Rdqudq qdlnudc eqnl sgd

installation. 

The USB dongle can now be attached to your PC. 

 

                                                           

 
1

 To check this, open the Windows Update website in Internet Explorer (Microsoft does not support third-

party browsers for this function), which is located at the URL 

http://update.microsoft.com/microsoftupdate/.  Bgnnrd ƏBtrsnlƐ `mc rdkdbs enq cnvmkn`c `mx toc`sdr sg`s

`qd qdk`sdc sn sgd -MDS eq`ldvnqj 'sgdrd l`x ad hmbktcdc tmcdq sgd ƏNoshnm`k Toc`sdrƐ gd`chmf on the left-

hand pane).  After installing any available .NET updates, restart your computer. 

http://update.microsoft.com/microsoftupdate/
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2.2.2 Installing the AMBER Software 

To install the latest version of AMBER on your PC, ensure that the AMBER CD is inserted 

into the CD-ROM driver, then either: 

p Navigate to the CD and double click on AMBERsetup.exe; or 

p Select Start | Run and type[CD drive]:\ AMBERsetup.exe  

 

Follow the on-screen instructions to install AMBER.  Once installed, AMBER will be available 

via the Start | Programs menu and via a desktop shortcut.  The following are also installed with 

AMBER: 

p Electronic copies of the user documentation: 

Reference Guide; 

Getting Started manual; 

The latest Release Note; 

The Verification Report; 

A note describing the example cases, listing AMBER users and providing a list of 

potentially useful references; 

p A set of example AMBER case files;  

p A full set of case files associated with the Getting Started tutorials; and 

p A set of case files used in the verification tests. 

2.3 Backward Compatibility 

AMBER 5.4 is fully backward compatible with case files from earlier versions.  However, 

should you encounter any difficulty in opening old case files then please contact the AMBER 

support team (see Section 13).  Case files produced in AMBER 5.4 contain additional 

information that is not readable in previous versions of AMBER.  AMBER 5.4 case files may be 

opened in some earlier versions of AMBER, but the new information will cause problems in 

displaying the cases and maybe in calculating, therefore it is not recommended. 
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3 Starting AMBER 

To start the application double click on the AMBER icon on the Desktop or click on the icon 

in the Programs section of the Windows start menu. 

3.1 Start-up Window 

When you first start AMBER a Start-up window will appear.  This window will disappear after 

a few seconds.  If you do not want to wait you can clear it straightaway by clicking on it.  

3.2 Menu Bar 

After the Start-up window has cleared the menu bar will be visible.  The menu bar contains 

File, Edit, Results, Options, View, Windows, Font and Help menus.  Note that the Font menu 

`mc hsdlr hm rnld ne sgdrd ldmtr l`x ad ƌfqdxdc ntsƍ- Sghr ld`mr sg`s sgd noshnm hr mns

available at the current stage of the calculation.  

Keyboard shortcuts can be used to speed up working.  For example (Ctrl + N) means hold 

cnvm sgd ƌBsqkƍ jdx `mc oqdrr sgd ƌMƍ jdx- Sgdrd `qd mnsdc hm sgd enkknvhmf rdbshnmr- 

3.2.1 File Menu 

The following items are available from this menu: 

p New Case (Ctrl+N): Opens a new case;  

p Open Case (Ctrl+O): Opens an existing case;  

p Close Case : Closes the current case; 

p Save Case (Ctrl+S): Saves the current case and makes a backup file of the previously 

r`udc b`rd 'vhsg sgd dwsdmrhnm ƌ-bajƍ(: 

p Save Case As: Saves the current case with a new file name;  

p Save Special: This allows a case file to be saved that only contains a selected sub-set of 

contaminants (identified by a NameSet Selection, see Section 5.4.8.3 on more 

information on NameSet Selections).  Any decays from selected contaminants to those 

that are excluded are reassigned to be from the selected contaminant to NULL.  After 

the Save Special, the reduced contaminant case file is in memory.  Note that the option 

is only available when the original case file does not need saving (to avoid loss of data). 

p Revert to Saved: Reverts to the previously saved case; 

p Exit: Quits the application; 

p Recent Cases: Provides a sub-menu that lists the last 6 cases that have been used.  To 

reopen any of these, simply select the required one from the list. 

p Case Information: Displays information on the current case.  The case name, case 

description ̀ mc cdudknodqƍr m`ldcan be viewed.  Note that the case name may be 

edited and need not be the same as the case file name; and 
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p A list of currently open cases: The names of all currently open cases are displayed and 

the case currently being worked on is marked with a tick.  Any of the background 

cases can be brought to the front by selecting the required case from the list. 

There is a maximum of five open cases at any one time. 

3.2.2 Edit Menu 

The items below are available from this menu: 

p Cut: This item is currently greyed out as selections are easily deleted by pressing 

<Delete>;  

p Copy (Ctrl + C): Copies selected model items (compartments, transfers and sources or 

parameters) from the Model or Parameters window; 

p Paste (Ctrl + V): Pastes copied model items to the Model or Parameters window.  The 

copied items can come from the same or a different case file.  Please note that no 

information, except names, can be copied and pasted with model structures; and 

p Delete (Delete): Deletes selected model items. 

3.2.3 Results Menu 

The items below are available from this menu: 

p Calculate 'E8(9 Nodmr sgd ƌB`kbtk`sdƍ vhmcnv: 

p Check Parameters: Produces a detailed report of all the user defined parameters and of 

solver inputs such as Transfer Rates (Note that observer parameters can only be 

checked once a calculation has been completed) (see Section 7.1 for further 

information on Checking Parameters).  Checking parameters also triggers a check of 

any preconditions that have been defined (see Section 8.4 for further information on 

Preconditions); 

p Graph 'Bsqk * F(9 Nodmr sgd ƌFq`og sxodƍ vhmcnv 'rddSection 7.3.2 for more 

information on graphing); 

p Report 'Bsqk * Q(9 Nodmr sgd ƌQdonqs Hmenql`shnmƍ vhmcnv 'rddSection 7.3.1 for 

further information on using reports in AMBER); 

p Export Files: Enables AMBER results to be exported to external text based files (see 

Section 11.4 for further information);  

p Sensitivity9 Nodmr sgd ƌRdmrhshuhsxƍ vhmcnvthrough which sensitivity data can be 

exported to an external file (see Section 7.3.3 for further information); and 

p Dump9 Nodmr sgd ƌR`ud @rƍ vhmcnv enq sgd ctlo ehkd 'rddSection 7.3.4 for further 

information on dump files). 

3.2.4 Options Menu 

The items below are available from this menu: 

p Confirm deletes: Allows the user to toggle on/off whether they should be prompted 

for confirmation before deleting an item.  The default setting is for AMBER to ask for 

confirmation; 
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p Auto-name Transfers:  Enables the user to toggle on/off whether new transfers are 

automatically named (see Section 5.1.3). 

p Units9 @kknvr sgd trdq sn rds sgd tmhsr ne ƌshldƍ `mc ƌ`lntmsƍ eqnl ` u`qhdsx ne

choices, to specify how AMBER should treat unit errors, and to add/delete new units 

in a model (see Section 4.3 for more information on units); 

p ADF9 Nodmr sgd ƌ@CE Noshnmrƍ vhmcnv vgdqd sgd trdq b`m rdkdbs svn sdbgmhptdr sn

manage the size of the AMBER Data File (*.adf file) (see Section 7.3.5 for further 

information on managing adf files); and 

p Knbjr9 Nodmr sgd ƌRds Knbjdc O`q`ldsdqrƍ vhmcnv 'rddSection 5.4.5 for details on 

locking and unlocking parameters). 

3.2.5 View Menu 

The items below are available from this menu: 

p Select and DeSelect sub-menus for items on the Model window (see Section 8.1.2);  

p Zoom sub-menu (see Section 8.1.3);  

p Colour sub-menu (see Section 8.1.4); 

p Relative size sub-menu (see Section 8.1.5); 

p Align sub-menu (see Section 8.1.6); 

p Hid e Shadows (see Section 8.1.7);  

p Layout sub-menu (see Section 8.1.8); 

p Tool Palette visibility toggle (see Section 5.1); and 

p Submodel Navigator visibility toggle (see Section 8.2.3). 

3.2.6 Window Menu 

The items below are available from this menu: 

p Model (see Section 5.1); 

p Submodels (see Section 8.2); 

p Contaminants + Decays (see Sections 5.2 and 5.3); 

p Compartments (see Section 5.1.1); 

p Transfers (see Section 5.1.3); 

p Sources (see Section 5.1.2);  

p Parameters (see Section 5.4); 

p NameSets (see Section 5.4.8); 

p Mappings (see Section 5.4.9); 

p NameSet Options (see Section 5.4.1.9); 

p Correlations (see Section 6.11); 

p Result Times (see Section 5.7); 

p Switch Time Parameters (see Section 5.4.1.5); 

p SnapShot Parameters (see Section 5.7.5.1); and 

p Pre-conditions (see Section 8.4). 
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Selecting any of the above opens the corresponding window for the case.  If the window is 

already open it will be moved to the front. 

3.2.7 Font 

Sgd nmkx hsdl `u`hk`akd eqnl sghr ldmt hr ƌRdkdbs---ƍvghbg nodmr sgd ƌEnmsƍ vhmcnv `mc here 

the user can choose the font for the text that appears in the Model window from the list of 

currently installed fonts on the PC. 

Note that the font used when zooming the Model window will be a scaled version of that 

selected.   

3.2.8 Help Menu 

The only items currently available from this menu are: 

p Reference Guide: opens the AMBER help file which consists of this Reference Guide 

in a Help File format; and 

p About AMBER9 nodmr sgd ƌ@ants @LADQƍinformation window. 

3.3 The Toolbar 

AMBER has an icon toolbar (see Figure 2) for the most commonly used commands from the 

ldmt a`q- Sgd hbnmr g`ud ƌsnnka`q shorƍ `rrnbh`sdc vhsg sgdl+ vghbg `ood`q vgdm sgd btqrnq

lnudr nudq sgd hbnm+ `mc `bs `r ` qdlhmcdq ne sgd etmbshnm- Sgd ƌshorƍ vhkk chr`ood`q `esdq `

second or so.    

Figure 2: The Toolbar 
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4 Conventions in AMBER 

4.1 Naming 

The names of parameters, NameSets, literals, contaminants, compartments, sources and 

transfers are subject to certain restrictions.  A name must start with an alphabetic character, 

followed by a sequence of characters that are alphanumeric (i.e. use numbers and/or letters) or 

trd ƌ^ƍ 'underscores).  Space characters and ‘-’ (minus) characters are not allowed in names.  

No two of the following can have the same name: contaminants, NameSets, NameSet items, 

selections, literals, compartments, sources, transfers and submodel windows.  In previous 

versions of AMBER a parameter could have the same name as a contaminant, compartment, 

source or transfer, but this caused problems and so is no longer allowed.  However this may 

cause old case files not to be loaded, in which case the names will need to edited directly in the 

case file.  Sgd m`ld ƌMTKKƍ g`r rodbh`k rhfmhehb`mbd `mc b`mmns ad trdc- M`ldr hm trd `r

hmsdqm`k o`q`ldsdqr+ rtbg `r ƌ@lntmsƍ+ b`mmns ad trdc enq trdq cdehmdc o`q`ldsdqr-  

B`rd hr rhfmhehb`ms+ enq dw`lokd ƌqhudqƍ+ ƌQhudqƍ `mc ƌQHUDQƍ `qd `kk bnmrhcdqdc sn ad cheedqdms

names. 

4.2 Numerical Formats 

All of the following numerical formats are acceptable as constants by AMBER: 

0.001 

1e-3 

1E-3 

1.0E-03 

4.3 Units 

AMBER is aware of units and can manipulate them to convert from one unit to another.  All 

expressions are checked for unit consistency. 

4.3.1 User-Defined Units 

Each parameter has a defined unit, either set by AMBER or by the user.  The parameter units 

can be entered/edited by double clicking on a parameter in the parameters window.  Please be 

aware that units are case sensitive and hence Bq is recognised as a valid parameter by AMBER 

whereas bq is not. 

The units for internal AMBER quantities are selected through the Units dialog (see Figure 3).  

These relate to sources, initial amounts, transfers, decays and times.  For example, if the user 



AMBER 5.4 Reference Guide 

 11 

rdkdbsr ƌRdbnmcrƍ `mc ƌJhknfq`lrƍ `kk rntqbd ektwdr vhkk ad hmsdqoqdsdc `r adhmf hm tmhsr ne

ƌJhknfq`lr odq Rdbnmcƍ `mc `kk cdb`x q`sdr vhkk ad hmsdqoqdsdc `r adhmf hm tmhsr ne ƌodq rdbnmcƍ- 

Figure 3: The Units Dialog 

 

 

Sgd cde`tks rdsshmf enq shld tmhsr hr ƌXd`qrƍ `mc ƌLnkdrƍ enq `lntms tmhsr- @m nkc b`rd ehkd eqnl

a version of AMBER before AMBER 4.0 will be assumed to be in these units.  Changing these 

time and amount units after setting up a model is cautioned against since data values already 

entered may need to be updated to account for the change in units which does not happen 

automatically.  Thus a contaminant with a decay rate specified as 0.1 per year would be assumed 

to have a decay rate of 0.1 per second if the time units were subsequently changed from years to 

seconds. 

The user can select different result time units from the ones used within the model.  This will 

only affect the times reported, for further information see Section 5.7.1 on result time units. 

Note that this dialog also lists the available units (see Section 4.3) and includes radio buttons for 

controlling how AMBER treats unit errors, see Section 4.3.3. 

AMBER calculates decays in terms of moles.  For example, 1 mole of A decays to 1 mole of B.  

However, this one-to-one mapping is not necessarily true of Kilograms, Grams or Becquerels.  

Consequently, if the user selects the units of amount to be Kilograms or Grams, an atomic mass 

greater than zero must be supplied for each contaminant so that decay calculations can be 
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carried out.  Similarly, if the user selects the amount units to be Becquerels, each contaminant 

must have a non-zero decay rate so that decay calculations can be performed. 

4.3.1.1 Units Available 

AMBER has a set of units built in (see Table 1), and can handle prefixed versions indicated (not 

all of which are necessarily meaningful). 

Table 1: AMBER Units and Prefixed Units 

Unit Definition Prefixed Units 

kg basic SI unit  

m basic SI unit nm, um*, mm, km, Mm, Gm, Tm 

s basic SI unit ns, us, ms, ks, Ms, Gs, Ts 

mol basic SI unit  

Bq basic SI unit nBq, uBq*, mBq, kBq, MBq, GBq, TBq 

Sv basic SI unit nSv, uSv*, mSv, kSv, MSv, GSv, TSv 

g 0.001 kg ng, ug*, mg, Mg, Gg, Tg 

min 60 s  

hr 3600 s  

day 24 hr  

y 365.25 days  

month 1/12 y  

* the prefix u is used to represent micro because of its similarity to the Greek m. 

 

It is not possible in AMBER to extend the list of units of amount or time for internal 

parameters.  It is however possible to add units to the case file for user defined parameters.  

Figure 3 shows the units dialog which has two buttons that can be used to add units: 

p Add Base: allows the user to specify a new base unit, i.e. a unit that cannot be 

converted into or specified into any of the currently available units; and 

p Add Derived: allows the user to specify a new unit that can be derived from currently 

available units, e.g. N = kg m/s2.  Note that when specifying the formula for a derived 

tmhs ƌ)ƍ b`mmns be used and a space should be used instead. 

4.3.1.2 Units Syntax 

The syntax for specifying units is quite flexible.   

A dimensionless unit can be indicated by a null entry ( ) or by a single dash (-).  Otherwise units 

are written with separating spaces and powers directly attached to the relevant component.  The 

enkknvhmf `qd `kk u`khc 'mnsd `f`hm sg`s ƌ)ƍ hr mns u`khc hm tmhs cdrbqhoshnmr(9 

m 

m2 
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m^2 

m-2 

m2/s 

m2 s-1 

m^2 s -̂1 

It is also valid (although not recommended) for the unit to be preceded by a number, so an item 

with units of km could have this specified as 1000m 

When a unit is attached to a constant in an expression, it must be contained in square brackets, 

e.g. x+1[m]  hr ` u`khc dwoqdrrhnm 'he o`q`ldsdq w g`r tmhsr ne ƌlƍ(- 

The units definitions allow the use of bracketed sub-units, e.g. (Sv/y)/(Bq/m3).  The bracketed 

sub-unit acts as a single item, and so can be raised to a power. 

4.3.2 Unit Conversion Parameters 

There are some internal conversion parameters available in AMBER.  These are used by 

AMBER and can be used in equations by the user to convert between quantities in different 

units.  

The internal parameters for unit conversion are given in Table 2 

ƌLnkdSnJfƍ `mc ƌJfSnLnkdƍ b`m nmkx ad trdc enq bnms`lhm`msr vhsg `snlhb l`rrdr =/+ enq

example if contaminant A has atomic mass 100 and contaminant B has atomic mass 0 a 

ƌLnkdSnJfZ@\ƍ b`m ad trdc+ ats mns ƌLnkdSnJfƍ nq ƌLnkdSnJfZA\ƍ- Rhlhk`qkx ƌLnkdSnApƍ `mc

ƌApSnLnkdƍ b`m nmkx ad trdc enq bnms`lhm`msr vhsg ` cdb`x q`sd =/- 

Table 2: Internal Unit Conversion Parameters 

Parameter Multiplicity Value 

BqToMole Contaminant 1/MoleToBq 

KgToMole Contaminant 1/MoleToKg 

MoleToBq Contaminant 6.022 × 10
23

 * DecayConstant * YearToSec 

MoleToKg Contaminant AtomicMass/1000 

 

Conversions between units of time do not need to be added explicitly, as AMBER converts 

these units into one another automatically. 

4.3.2.1 Units Consistency and Conversion 

AMBER checks unit consistency in each operation and each function.  The rules are listed 

below in Table 3.  Convertible units are those that differ only by a constant factor (such as the 

tmhsr ne shld ƌc`xƍ `mc ƌxd`qƍ+ `r nmd xd`q hr 254-14 c`xr(- 

The user can request that unit warning messages are produced when any automatic unit 

conversions are performed.  This is enabled by an option on the Units dialog (accessed via 
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Options | Units).  The units warning window gives brief indications of where the conversion 

occurs (see Figure 4 for an example); more detailed information can be obtained from the 

Expression Checker (see Section 5.4.2.1). 

Table 3: Unit Consistency Rules 

Operation/Function Consistency Rule Result Units 

A+B, A -B A and B convertible as A 

A*B, A/B  none product/quotient of units 

([A][B]) 

A^B B dimensionless (integer unless A 

dimensionless) 

power of units of A 

A<B, A<=B, A>B, A>=B, 

A==B, A!=B  

A and B convertible dimensionless 

abs(A), int (A) none as A 

and'@+Aƕ(+ wnq'@+Aƕ(+ nq'@+Aƕ( all dimensionless dimensionless 

cos(A), exp(A), ln(A), log10(A), 

sin(A) 

A dimensionless dimensionless 

cumulativeNormal(A,Mean,SDev)  all convertible to A as A 

largest(A), largest(A,nameset), 

sum(A), sum(A,nameset), 

smallestPositive(A)  

none as A 

max'@+Aƕ(+ lhm'@+Aƕ( all convertible to A as A 

not(A) A dimensionless dimensionless 

rampDown(A, START, END), 

rampUp(A, START, END). 

all convertible to A dimensionless 

smoothDown(A, B, S), 

smoothUp(A, B, S) 

all convertible to A dimensionless 

smoothDownDeriv(A, B, S), 

smoothUpDeriv(A, B, S) 

A and B convertible, S 

dimensionless 

dimensionless 

sqrt(A) A must have square units square root of units of A 

stepDown(A,B), stepUp(A,B) A and B convertible dimensionless 

sumType(A,mapping) none as A 

largestType(A,nameset), 

smallestPositiveType(A,nameset)  

None literal 

topHat(A,B,C) A, B and C convertible dimensionless 

typeLookUp(A,mapping) None as A 
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Figure 4: The Units Conversion Warning Window 

 

 

4.3.3 Units Warnings and Errors 

In the Units dialog (click Options | Units) there are two options related to how AMBER deals 

with unit errors related to internal parameters: 

p warn on errors: this option means that a warning will be given when there are unit 

errors in the model; and 

p fail on errors (default): this option prevents a model from being run until all unit 

errors are solved. 

When the unit errors are treated as warnings, AMBER just uses the numeric values of those 

equations. 

The warning messages given will generally be about consistency between units.  This can 

happen when an expression has different units to the symbol.  In this case, the units of the 

expression and the expected units are reported.  When an inconsistency occurs within an 

expression, the error message will report the operation or function involved, but will not be 

able to identify which of several similar operations is involved. 

If there are unit errors in user-defined parameters that do not influence internal parameters, 

sgdqd hr mn dqqnq qdonqsdc vgdm b`kbtk`shmf sgd lncdk- Hmrsd`c+ sgdqd hr `m noshnm sn ƌbgdbj

par̀ ldsdqrƍ- Ax bkhbjhmf nmResults | Check Parameters, AMBER checks for parameter errors, 

including unit errors.  Observer parameters can only be checked in this manner if there are 

results available, i.e. once the model has been run.   

4.3.4 Units and Availability Schemes 

The issue of units in availability schemes needs careful consideration (see Section 8.3 for details 

on availability schemes).  When shared availability (e.g. elemental solubility limits) is used there 

is scope for errors over units. 

AMBER allows the user to select the unit of Amount.  By default moles are used, but Bq, kg or 

g can be selected.  The solver always works in moles, and converts the amounts (and source 

fluxes) between the user-units and the solver-units.  This is to ensure that the decay is handled 

correctly (one mole of parent decays to one mole of daughter). 

Thus, all amounts that the user specifies (i.e. initial amounts and specified amounts) and source 

fluxes are given in user units.  It is therefore natural for the units of the Limit for availability to 

be in these units as well.  For individual limits this causes no difficulty, since each item is scaled 
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separately.  For shared limits, there is a problem, because the unit conversion factors may differ 

between sister contaminants. 

For kg or g units, the problem is not likely to be significant Ɗ sister isotopes will in general have 

similar atomic masses.  For activity (Bq) units, the scheme will not behave sensibly Ɗ the total 

activity of a particular element is not of interest. 

In order to minimise the likelihood of errors, while maintaining flexibility, the user must 

confirm the units that apply for each Limit.  The default is for these to be moles (regardless of 

the generally applicable amount units), with the option of being in the user-defined amount 

units.  The latter may be moles also, in which case the choice is unimportant. 

Note that the expressions given for availability schemes (see Section 8.3) must have compatible 

units for the choice that is made.  Also, they cannot simply be constants Ɗ the unit must be 

explicitly stated.  

4.4 Descriptions and Comments 

A description can be added to any of the following: 

p the case (see Section 3.2.1); 

p compartments (see Section 5.1.1); 

p sources (see Section 5.1.2); 

p transfers (see Section 5.1.3); 

p contaminants (see Section 5.2); 

p decays (see Section 5.3); 

p parameters (see Section 5.4); 

p NameSets (see Section 5.4.8.1); 

p NameSet selections (see Section 5.4.8.3); 

p mappings (see Section 5.4.9); 

p correlations (see Section 6.11); 

p availability schemes (see Section 8.3) 

p submodels (see Section 8.2); and 

p preconditions (see Section 8.4). 

A description has no effect on the calculation and is purely a GUI feature to help the user. 

Descriptions are free format text and can contain carriage returns.  However it is not permitted 

sn trd sgd Ə'cntakd ptnsd( bg`q`bsdq hm ` cdrbqhoshnm- 

Comments can be added to individual parameter entries and individual mappings (see 

Section 5.4.1.13). 
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5 Setting up a Case File 

5.1 Model Window 

The Model window, as illustrated in Figure 5, is shown when Windows | Model is selected from 

the menu bar.  It is the window in which the compartments, transfers, sources and submodels 

are created, modified, positioned and deleted. 

Figure 5: The Model Window 

 

 

If the model being viewed is particularly large, it may be useful to use <Page Up> and 

<Page Down> to move up and down the view in the Model window. 

A tool palette is positioned at the upper left of the window (see Figure 6).  It contains the 

Pointer, Compartment, Source, Transfer, Submodel, Free Text, Picture and Linkage tools.  The 

tools are used to create and layout the compartment model.  The pointer tool is used to select, 

deselect or move any compartment, source, transfer or submodel (referred to collectively as 

components) in the Model window.  Note that the tool palette can be moved by clicking on its 

frame and dragging it to a new location and toggled on/off via View |  Tool Palette. 

Adding a new compartment, source or transfer component is described in the following 

sections.  Adding a submodel is described in Section 8.2.1. 

To select an existing component, click on the pointer tool then click on the required 

component in the Model window.  The component will become highlighted to show that it has 

been selected.  Multiple components can be selected in the standard way by holding the left 

mouse button down and dragging the mouse over the area of the model window containing the 
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components.  The selection can then be moved by dragging it with the mouse, or copied by 

pressing <Ctrl + C> and/or deleted by pressing the <Delete> button.   To deselect the 

selected component simply click anywhere within the Model window, which does not contain 

a component. 

Figure 6: The Tool Palette 

 

 

5.1.1 Adding a Compartment 

Click on the compartment tool and then click the mouse pointer in the position on the Model 

window that the compartment is required.  The compartment is displayed as a rectangle 

containing the compartment name and centred on the selected position.  The compartment 

properties can be set by selecting the pointer tool and double clicking on the compartment box.  

Other options are available by right clicking on the compartment, including changing the size 

and colour of the compartment. 

5.1.2 Adding a Source 

Click on the source tool, click and hold down the mouse in the position for the source, drag 

the cursor to the receptor compartment and release the mouse button.  A source is displayed as 

a rounded rectangle containing the source name joined to the receptor compartment by an 

arrow.  Any number of sources can be attached to a compartment.  The source properties can 

be set by selecting the pointer tool and double clicking on the source box.  The source tool is 

only available if there is at least one compartment in the model.  

5.1.3 Adding a Transfer  

Click on the transfer tool, click and hold down the mouse in the donor compartment, drag to 

the receptor compartment and release.  The transfer is displayed as a rounded rectangle 

containing the transfer name and it is joined to the two compartments by an arrow in the 

direction of the transfer.  Any number of transfers can be attached to a compartment.  Note 

Pointer 

Add Compartment 

Add Transfer 

Create Submodel 

Add Free Text 

Add Picture 

Link Text  

Add Source 
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that if multiple transfers are created between the same two compartments the transfers may be 

placed on top of each other.  This is easily corrected by moving one of the transfer boxes.  The 

transfer properties can be set by selecting the pointer tool and double clicking on the transfer 

box.  The transfer tool is only available if there are at least two compartments in the 

model.  

When creating new transfers and sources you must be accurate in selecting the receptor and 

cnmnq bnlo`qsldmsr- He xnt ƌlhrrƍ mn mdv sq`mredq vhkk ad bqd`sdc- 

When adding a transfer between two compartments in one or two submodels on the parent 

window, the donor and receptor compartment will have to be selected from a pop-up drop 

down list (see Section 8.2 for information on submodels). 

By default, new transfers will automatically be named donor_TO_receptor, where donor and 

receptor are the names of the donor and receptor compartments, respectively.  Note that to use 

this option effectively, compartments must be named before transfers are added, because the 

naming only occurs on creation.  The automatic naming of transfers can be toggled off/on via 

Options | Auto-name Transfers. 

5.1.4 Compartment Properties 

When the pointer tool is selected and a compartment, transfer or source is double clicked, an 

edit dialog box will appear (for example Figure 7).  A new compartment, transfer or source is 

given a unique default name when added to the model.  This default name can be edited.  See 

Section 4.1 nm ƌM`lhmfƍ enq lnqd hmenql`shnm nmthe naming convention. 

Figure 7: A Compartment Information Dialog 

 

 

The Compartment Information dialog (see Figure 7) has a text entry field for its name (which 

will appear in the box in the Model window) and a description field in which a description of 

the compartment can be given.  There is no default description but one can be added by the 

user.  A description is purely informative and is not used during the calculation.   
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The amount of each contaminant in the selected compartment at the time when the calculation 

rs`qsr b`m ad rds ax bkhbjhmf nm sgd ƌRds Rs`qs @lntmsƕƍ atssnm- Sgd Rds Rs`qs @lntms ch`knf

will now appear (see Figure 8) in which the start amount can be set for each contaminant (if at 

least one contaminant has been created).  The start amount for a contaminant is set by clicking 

in the text entry field to the right of the contaminant and below the compartment.  The start 

amount value or expression can be entered directly within a cell.  Alternatively, the Expression 

Dchsnq b`m ad k`tmbgdc ax bkhbjhmf nm sgd ƌDchsnq---ƍ atssnm `mc sgd dwoqdrrhnm athks eqnl

available parameters and functions.  See Section 5.4.2.1 for more information about the 

Expression Editor. 

Figure 8: The Set Start Amount Dialog 

 

 

Note that a changed cell value can be entered in the following ways: 

p bkhbjhmf nm sgd ƌshbjƍ atssnm: 

p clicking on another editable cell; or 

p scrolling up or down with the <up arrow> or <down arrow>,  

p `mc sgdm oqdrrhmf ƌNJƍ hm sgd ch`knf sn r`ud sgd bg`mfdr- 

A changed cell value can be cancelled by: 

p bkhbjhmf nm sgd ƌbqnrrƍ atssnm: nq 

p bkhbjhmf ƌB`mbdkƍ+ sn mns r`ud `mx ne sgd bg`mfdr l`cd- 

He sgd rs`qs `lntms hr sgd r`ld enq l`mx bnms`lhm`msr vhsghm ` bnlo`qsldms sgdm sgd ƌcde`tksƍ

can be used.  The default value for the start amount of each contaminant can be set by clicking 

hm sgd sdws dmsqx ehdkc sn sgd qhfgs ne ƌ;cde`tks=ƍ `mc dmsdqhmf sdws- Sghr rdsr `kk sgd hmhsh`k

amounts for each contaminant to the default value.  The default can be over-ridden by entering 

the contaminant-specific value for that contaminant as described above.  Comments can be 

assigned to individual entries using the approach described in Section 5.4.1.13. 
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Vgdm ` mdv bnlo`qsldms hr bqd`sdc sgd cde`tks rs`qs `lntms hr ydqn+ tmkdrr ` ƌfkna`k cde`tksƍ

value has been added to the internal-editable Start Amount parameter.  Note that the start 

amount cannot be time-dependent, i.e. none of its values should directly or indirectly depend on 

a time-dependent parameter, since the start amount is only applied at the singular start-time.  

Nmbd `kk ne sgd `anud oqnodqshdr g`ud addm rds+ sgd ƌNJƍ atssnm rgntkc ad bkhbjdc `mc sge 

compartment information will be updated.  If you want to discard the changes that you have 

l`cd bkhbj sgd ƌB`mbdkƍ atssnm nq trd sgd bknrd atssnm- 

The amount in a compartment can be explicitly specified as a constant or as a function of time.  

This is achieved by using a check box on the Compartment Information window.  Setting the 

Ə@lntms hr rodbhehdcƐ bgdbj anw hmchb`sdr sg`s sgd `lntmsr enq sghr bnlo`qsldms `qd mns sn ad

calculated.  Instead they are taken from the appropriate entries in the editable internal 

parameter SpecifiedAmount (indexed over Contaminants and Compartments).  The user can 

then edit this internal parameter to define the compartment amount and may use a time-

dependent parameter. 

Vgdm sgd Ə@lntms hr rodbhehdcƐ bgdbj anw hr rdkdbsdc sgd atssnm k`adk bg`mfdr eqnl ƏRds Rs`qs

@lntmsƕƐ sn ƏRds Rodbhehdc @lntms---Ɛ `mc dm`akdr sgd `lntms ne d`bg bnms`lhm`ms sn ad

specified.  Note that it is not possible to specify amounts for some Contaminants while 

calculating them for others in the same compartment; this would require two separate 

compartments with the same features except the way the amount of each contaminant present 

is calculated. 

When the amounts for a compartment are specified, all decays in that compartment are ignored.  

Transfers into and out of the compartment still affect the compartment at the other end, but 

have no effect on the specified compartment. 

Visually, compartments with specified amounts are drawn with a shaded triangular region in 

the top-left corner.  

5.1.5 Moving, Deleting and Editing Compartments, Sources and 
Transfers  

A model component, e.g. a compartment, source, submodel or transfer, can be moved by 

clicking on the component to be moved, holding down the button and dragging the component 

to its new position. 

A component can be deleted from the model by selecting it and choosing Edit | Delete from the 

menu bar, or pressing the <Delete> button on your keyboard.  If a compartment box is 

selected and deleted, any associated sources or transfers to or from this compartment will also be 

deleted. 

Multiple components can be selected for moving or deletion.  This is done by selecting the 

pointer tool and clicking on the components whilst holding down <Shift>  or < Ctrl> .  

Alternatively, clicking and holding down the left mouse button while dragging the cursor over 

the chosen components also allows the user to select multiple components.  The components 

can now all be deleted or moved by dragging them to the new position.  Changes can be made 

to compartment, transfer and source properties through the edit dialogs that can be accessed via 
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the Compartments, Transfers and Sources options in the Windows menu.  Via the Windows 

menu, items can also be deleted, but no new items can be added. 

The Transfer Information dialog (see Figure 9) has a text entry field for its name (which will 

appear in the box in the Model window) and a description field in which the details of the 

transfer may be explained.  The transfer can be set as depleting or non-depleting by clicking the 

radio button for the appropriate rdsshmf- @ ƌcdokdshmfƍ sq`mredq hr nmd vgdqd sgd `lntms ne `

contaminant lost from the donor compartment is equal to the amount gained by the receptor 

bnlo`qsldms- Enq ` ƌmnm-cdokdshmfƍ sq`mredq sgdqd hr mn knrr eqnl sgd cnmnq bnlo`qsldms '`mc

consequently no mass conservation).  

Figure 9: The Transfer Information Dialog 

 

 

Transfers and sources can be switched off (made inactive) without setting the transfer rate to 

zero.  This is useful for variant calculations when the original is to be retained.  There is an 

ƌ@bshudƍ bgdbj-box on the Transfer Information and Source Information dialogs.  Unchecking 

this box deactivates the transfer or source and disables the other items on the dialog (as a 

reminder that the transfer is inactive).  Inactive transfers and sources are drawn with thin dashed 

lines on the model window.  Both solvers used in AMBER skip inactive transfers. 

Qdlnu`k eqnl sgd rxrsdl b`m ad lncdkkdc ax bqd`shmf ` sq`mredq sn `m dwsq` ƌrhmjƍ

compartment; i.e. sinks are standard compartments created and named by the user to receive 

contaminants that are transferred out of the system of interest.   

The transfer rates (default units are per xd`q( b`m ad rds ax bkhbjhmf sgd ƌRds Sq`mredq Q`sd---ƍ

button.  The transfer rates are set in a similar way to the start amount for a compartment.  
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However, the transfer rate may be time-dependent, i.e. refer to time-dependent parameters.  

Nmbd `kk sgd `anud oqnodqshdr g`ud addm rds+ sgd ƌNJƍ atssnm rgntkc ae clicked and the transfer 

information will be updated.  If you want to discard the changes you have made click the 

ƌB`mbdkƍ atssnm- 

Nmbd sgd sq`mredq g`r addm bqd`sdc+ hs hr rshkk onrrhakd sn bg`mfd sgd ƏeqnlƐ `mc.nq ƏsnƐ

compartment without having to deldsd hs `mc `cc `mnsgdq+ ax bkhbjhmf nm sgd ƌMdv

From/To ƕƍ atssnm- Bg`mfhmf sgd eqnl nq sn bnlo`qsldms sn nmd hm ` cheedqdms rtalncdk hr

allowed; doing so may cause the transfer to Əchr`ood`qƐ eqnl sgd lncdk vhmcnv vgdqd hs v`r

selected as it has moved into the submodel window, but all rate expressions and other 

information will be maintained. 

Sgd ƌRds Rbgdldƕƍ atssnm `kknvr sgd sq`mreer flux to be limited by the availability of a 

contaminant, e.g. due to solubility limitation, and hence allows the introduction of non-linear 

behaviour, see Section 8.3 for more information on availability schemes. 

The Source Information dialog (see Figure 10) is very similar to the Transfer Information 

dialog; a text entry field is given for the name and a description of the source.  The source flux 

(for example moles per year) can be set by clicjhmf sgd ƌRds Rntqbd Ektw---ƍ atssnm- Sgd rntqbd

fluxes are set in a similar way to the start amount.  However, the source flux may be 

time-dependent, i.e. refer to time-dependent parameters.  Once all the above properties have 

addm rds+ sgd ƌNJƍ atssnm rhould be clicked and the sources will be updated.  If you want to 

chrb`qc sgd bg`mfdr xnt g`ud l`cd bkhbj nm sgd ƌB`mbdkƍ atssnm- 

Figure 10: The Source Information Dialog 

 

 



AMBER 5.4 Reference Guide 

 24 

5.2 Contaminants 

The Contaminants window (see Figure 11) is shown when Windows | Contaminants + Decays | 

Contaminants is selected from the menu bar or the Contaminants icon is selected from the 

toolbar.  This window allows the user to create, modify and delete the contaminants of the 

model. 

Figure 11: The Contaminants Window 

 

 

5.2.1 Adding a Contaminant 

@ mdv bnms`lhm`ms b`m ad bqd`sdc ax bkhbjhmf sgd ƌ@cc---ƍ atssnm- Sgd Mdv Bnms`lhm`ms

dialog will appear (see Figure 12) with fields for the name and a description of the contaminant 

and its atomic mass (dimensionless). 

Figure 12: The New Contaminant Dialog 
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The atomic mass hr trdc ax sgd hmsdqm`k o`q`ldsdqr ƌJfSnLnkdƍ `mc ƌLnkdSnJfƍ sn bnmudqs

units of weight (kg) into units of amounts (mol).  The total decay rate of the contaminant is also 

chrok`xdc+ ats b`mmns ad lnchehdc eqnl sghr vhmcnv- Bkhbj nm ƌNJƍ sn r`ud xntq bg`mfdr '`mc

`cc sgd mdv bnms`lhm`ms sn sgd Bnms`lhm`msr vhmcnvr( `mc ƌB`mbdkƍ sn chrb`qc sgdl- 

5.2.2 Modifying a Contaminant 

To modify an existing contaminant double click on its name in the Contaminants window.  

The Contaminant dialog will appear where contaminant information can be changed. 

5.2.3 Deleting a Contaminant 

To delete a contaminant, click on the name in the Contaminants window and then click the 

ƌCdkdsdƍ atssnm- HeOptions | Confirm deletes is selected (this is the default setting), a 

confirmation will be required before the deletion takes place.  When a contaminant is deleted all 

the decays having that contaminant as parent or daughter will also be deleted., along with all 

initial amounts, transfer rates and source fluxes relating to that contaminant. 

5.2.3.1 Delete (Keep Decays) 

This allows individual (or multiple) contaminants to be deleted while keeping any decays for 

which they are daughters (by reassigning the daughter as NULL).  Again, if Options | Confirm 

deletes is selected (this is the default setting), a confirmation will be required before the deletion 

takes place. 

5.2.4 Contaminant Libraries 

He ` rds ne bnms`lhm`msr `qd trdc qdftk`qkx+ ` khaq`qx ehkd b`m ad bqd`sdc trhmf sgd ƌBqd`sd

Khaq`qxƕƍ noshnm hm sgd Bnms`lhm`msr vhmcnv- Sn l`jd ` khaq`qx ehkd eqnl ` rds ne

bnms`lhm`msr hm ` b`rd+ bkhbj nm sgd ƌBqd`sd Khaq`qx---ƍ atssnm- @mnsgdq vhmcnv will appear in 

which the user selects a filename and directory for the library file.  

@ khaq`qx ehkd nq b`rd ehkd b`m ad qd`c hmsn sgd Bnms`lhm`msr vhmcnv ax bkhbjhmf nm sgd ƌQd`c

Khaq`qx---ƍ atssnm- He ` khaq`qx nq b`rd ehkd hr mnv rdkdbsdc `mc sgd ƌNJƍ button is clicked, the 

ƌQd`c Khaq`qx- bnms`lhm`msrƍ ch`knf vhkk `ood`q- Sghr ch`knf fhudr hmenql`shnm nm sgd ehkd

being read in and the option to replace existing contaminants, merge with existing contaminants 

or cancel the operation.  By clicking the appropriate button, the contaminants will be read into 

the Contaminants window.  

5.3 Decays 

The Decays Window (see Figure 13) is shown when Windows | Contaminants + Decays | 

Decays is selected from the menu bar or the Decays icon is chosen from the toolbar.  This is the 

window in which decays are created, modified and deleted.  Note that the user has the option of 

defining decay rates for all decays via the internal editable DecayRate parameter rather than via 
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the Decay Information window (see Section 5.4.4 for more information about internal editable 

parameters). 

Figure 13: The Decays Window 

 

 

5.3.1 Adding a Decay 

A new decay can be bqd`sdc ax bkhbjhmf sgd ƌ@cc---ƍ atssnm hm sgd ƌCdb`xrƍ Vhmcnv- Sgd Mdv

Decay dialog window that appears allows the user to specify a decay name, add a description to 

the decay, and specify the decay rate (in terms of the decay rate or by the corresponding half-

life).  Drop down list boxes are available to select the parent and daughter contaminants from 

the contaminants entered in the case file (see Figure 14).   

Figure 14: The New Decay Dialog 
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The decay rate is equal to ln2/half-life.  The decay rate must be greater than or equal to zero.  

Sgd c`tfgsdq bnms`lhm`ms b`m ad rds sn ƌMTKKƍ+ vghbg hmchb`sdr sg`s sgd c`tfgsdq

contaminant is not of interest.  By default the parent and daughter are specified as the same 

contaminant.  This is clearly not realistic; hence it is necessary to modify at least one of the 

cde`tks rdkdbshnmr- Bkhbj nm ƌNJƍ sn `cc sgd mdv cdb`x sn sgd Cdb`xr vhmcnv- 

5.3.1.1 Half-Life 

The half-life of a radionuclide can be specified instead of the decay rate.  This is purely a GUI 

feature; AMBER immediately translates the given half-life into a rate. 

5.3.1.2 Editable DecayRate Parameter 

The DecayRate parameter explicitly stores the decay rates, and is available to be edited.  The 

other related parameters (DecayConstant, HalfLife, MolToBq and BqToMol) are derived from 

DecayRate. 

A check box on the Decays Window lets the status of the DecayRate parameter be changed to 

Editable (Figure 13).  In this mode, the decay rates are determined by the parameter rather than 

through the Decay Information Dialogs.  Note that the rates must not be time-dependent or 

sample-dependent, but expressions can be used.  When DecayRate is editable, it appears in the 

Internal (Editable) section in the Parameter Window (see Section 5.4.4). 

Before a calculation, file save, or creation of a decays library, the decay rate values are copied 

back to the decays.  If the DecayRate is changed back from editable then the values that it had 

will be captured in the decays. 

5.3.2 Modifying a Decay 

To modify an existing decay double click on its name in the Decays window.  The Decay 

Information dialog will appear and changes can be made.  

5.3.3 Deleting a Decay 

Sn cdkdsd ` cdb`x+ bkhbj nm sgd m`ld hm sgd Cdb`xr vhmcnv `mc sgdm bkhbj sgd ƌCdkdsdƍ button.  

If Option | Confirm deletes is selected a confirmation will be required before the deletion takes 

place. 

5.3.4 Branching Decays 

Branching and rejoining decay chains are allowed.  Decay into more than one daughter is 

handled by the user setting the decay rate to reflect the probability of each decay occurring i.e. 

the relative probability of A decaying to B or C is not given explicitly, but is implicit in the 

decay rates given for the A­B and A­C decay processes.  It is also valid to have A decaying to 

B and B decaying to A.  Note that it is valid to have two decays with the same parent and 

daughter, but that the names must be different (and so cannot both be the default name). 



AMBER 5.4 Reference Guide 

 28 

For example, Bi-212 undergoes beta and alpha decay to give two daughter nuclides, Po-212 and 

Tl -208 respectively, both of which subsequently decay to give the stable isotope Pb-208. 

 

The half-life of Bi-212 is 1.01 hours which is 1.15E-4 years so the decay constant is given by 

ln(2)/1.15E-4.  However the rate of production of the two daughter nuclides will differ from the 

overall rate of decay of the parent nuclide and it is necessary to take into account the branching 

ratio for each decay (0.641 for decay to Po-212 and 0.359 for decay to Tl-208).  The decay rates 

for production of the daughters will be given by 0.641 * ln(2)/1.15E-4 and 0.359 * ln(2)/1.15E-4 

for Po-212 and Tl-208 respectively.  The decay rates for each decay process are entered 

separately and AMBER calculates the overall decay rate of the parent nuclide as the sum of the 

branching decays.  Similarly the total rate of production of the Pb-208 is calculated by AMBER 

following the input of the decay rates for Po-212 and Tl-208 after the user has specified that 

both these nuclides decay to give Pb-208. 

Note that total decay rates can be checked via Contaminant Information windows (see 

Section 5.2.2) or via the Contaminants and Decays Tree (see Section 5.3.7). 

5.3.5 Decay Libraries 

He ` rds ne cdb`xr hr trdc qdftk`qkx+ ` khaq`qx ehkd b`m ad bqd`sdc trhmf sgd ƌBqd`sd Khaq`qxƍ noshnm-

Sn l`jd ` khaq`qx ehkd eqnl ` rds ne cdb`xr hm ` b`rd+ ehqrs bkhbj nm sgd ƌBqd`sd Khaq`qx---ƍ atssnm-

A pop-up window will appear in which the user selects a filename and directory for the library 

file.  This is done by entering the filename directly into the text field or selecting a filename 

from another directory.  

@ khaq`qx ehkd nq b`rd ehkd b`m ad qd`c hmsn sgd Cdb`xr vhmcnv ax bkhbjhmf nm sgd ƌQd`c 

Khaq`qx---ƍ atssnm- He ` khaq`qx nq b`rd ehkd hr mnv rdkdbsdc `mc sgd ƌNJƍ atssnm hr bkhbjdc+ sgd

ƌQd`c Khaq`ry - cdb`xrƍ ch`knf `ood`qr- Sghr ch`knf fhudr hmenql`shnm nm sgd ehkd adhmf qd`c hm

and allows the user to replace existing decays, merge with new and existing decays or cancel the 

operation.  By clicking the appropriate button, the decays will be read into the Decays window. 

Decay libraries record the units for the decay information.  When importing from a decay 

library the values will be converted if the new case has different units.  Note that this can be 

used to update the decay units in a case if the time units change.  Save the decay to a library; 

update the time units; read the decays back, replacing the existing ones. 

Po-212 

(64.1%) 

Bi-212 

Tl-208 

(35.9%) 

Pb-208 
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5.3.6 Compartment-Dependent Decays 

The decay rate can vary from compartment to compartment.  This allows non-radioactive 

decay processes (e.g. organic degradation) to be modelled, and has some other useful 

applications. 

The decay rate, set in the decay dialog or via the DecayRate parameter as described in the 

previous section, is used in all compartments unless further action is taken. 

ƌKnb`kCdb`xQ`sdƍ hr `m hmsdqm`k dchs`akd o`q`ldsdq hmcdwdc nudqCompartments and Decays.  

Sgd cde`tks dwoqdrrhnm enq ƌKnb`kCdb`xQ`sdƍ hr sg`s hs hr dpt`k sn ƌCdb`xQ`sdƍ hm `kk

compartments, but this can be modified by editing this parameter. 

Ansg rnkudqr hm @LADQ trd ƌKnb`kCdb`xQ`sdƍ sn du`kt`sd sgd cdb`x q`sdr sn trd-  Thus, if only 

the default is used, the same rates will be used in every compartment. 

In order to change the rate in a particular compartment, the appropriate entry in the 

LocalDecayRate matrix must be specified.  This entry can be a constant or an expression as for 

any parameter.  It can even be time-dependent and/or include sampled parameters if required.   

This capability can be used in many ways. 

For instance, by setting the decay rate to zero in the decay dialog, a decay could be switched on 

only in certain compartments.  This could be used to model chemical processes that occur in 

certain circumstances only, such as organic degradation. 

Compartment-specific decays can also be used to calculate an integral of the amount in any 

compartment.  This can be done by creating a new compartment with all decays set to zero and 

sending a non-depleting transfer to it from the compartment(s) of interest with a rate set to 

unity. 

By setting a default expression in LocalDecayRate for all decays, all compartments would use 

the same rate.  The advantage of doing that is that this rate can be specified as an expression, 

which is not allowed in the decay dialog. 

5.3.7 Contaminants and Decays Tree 

Contaminants and their decays can be viewed together via the Contaminants and Decays Tree 

window (see Figure 15).  This function shows the contaminants linked by decays and provides 

information on atomic masses and decay rates. 

p To access this new function select Windows | Contaminants + Decays and select Show 

Tree from the drop-cnvm khrs- Sghr vhkk nodm sgd ƌBnms`linants `mc Cdb`xr Sqddƍ

window; 

p When any contaminant is highlighted, information on this contaminant will be 

displayed to the right of tree diagram; 

p Double-clicking on any contaminant will open the Contaminant Information window; 

and 

p Edit and delete buttons are available for decays and contaminants. 
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Figure 15: The Contams and Decays Tree 

 

 

5.4 Parameters 

The Parameters window (see Figure 16) is shown when Windows | Parameters is selected from 

the menu bar or the Parameters icon is selected from the toolbar.  It is the window in which 

parameters are created, modified and deleted, and a variety of parameter information can easily 

be obtained. 

Figure 16: The Parameters Window 
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Parameters are listed in the Parameters window in alphabetical order.  By default, upper cases 

are listed first, but this can be bg`mfdc ax dmrtqhmf sgd ƌHfmnqd b`rdƍ bgdbj anw hr tmbgdbjdc-

The other check boxes on this window determine the types of parameters displayed.  For 

example, to view only observer parameters the check boxes for all other parameter types should 

be deselected using a single click of the mouse.  This leaves only (unlocked) observer parameters 

displayed on the screen. 

The Parameter window shows a summary of the selected parameter - including multiplicity 

information and user description.  This makes searching for particular parameters much 

quicker.  This window may also be resized to make viewing parameters and their details easier. 

A standard parameter may reference standard, sampled, imported or lookup time-dependent 

parameters and may have multiplicity (see Section 5.6 for more on multiplicity).  

A lookup time-dependent parameter can change its value over time in a stepwise constant or 

linearly interpolated fashion.  It does not have multiplicity. 

A sampled parameter is used in a probabilistic calculation and has a different value for each 

sample in a calculation.  This value is determined by a random number generator using the user-

specified characteristics of the sampled parameter.  It does not have multiplicity. 

An observer parameter may reference any other parameter type and may have multiplicity. 

Derived parameters are a special type of parameter that process the time-dependent value of 

another parameter and calculate a result, e.g. the maximum value.  

Imported parameters are parameters that are read in from external data files. 

A NameSet Option parameter is a parameter that takes as its value the literal name of one item 

from a given NameSet. 

5.4.1 Adding a Parameter 

@ mdv o`q`ldsdq b`m ad bqd`sdc ax bkhbjhmf sgd ƌ@cc---ƍ atssnm- @ ch`knf vhkk `ood`q

prompting the user to select a parameter type (see Figure 17).  Click the radio button 

`ooqnoqh`sd sn sgd sxod ne o`q`ldsdq xnt v`ms sn bqd`sd `mc sgdm bkhbj sgd ƌNJƍ atssnm- 

Figure 17: The Parameter Type Dialog 
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5.4.1.1 Standard Parameters 

Vgdm ` ƌrs`mc`qcƍ o`q`ldsdq hr bqd`sdc ` ch`knf vhkk `ood`q 'rdd Figure 18) asking for the 

multiplicity  of the parameter (see Section 5.6 on Multiplicity) .  

Figure 18: The Multiplicity Dialog 

 

 

Users may specify multiplicity of parameters over internally defined NameSets - Contaminants, 

Compartments, Decays, Transfers, Sources and Submodes - or they may construct their own 

NameSets as described in Section 5.4.8.  When specifying multiplicity for parameters, the user 

can choose from all available NameSets, both the internal and user-defined ones.  The only 

restriction is that a parameter indexed over two NameSets must be indexed over two different 

NameSets. 

The allowed multiplicities are therefore: 

p none (scalar); 

p contaminants; 

p compartments; 

p decays; 

p transfers; 

p sources; 

p submodels; 

p user-defined NameSets; or 

p combinations of any two of these. 

Rdkdbs sgd cdrhqdc ltkshokhbhsx `mc bkhbj nm sgd ƌNJƍ atssnm- Sgd Mdv O`q`ldsdq ch`knf will 

now appear in which you can set the name, description and value(s) for the parameter.  The 

form of this dialog will depend on the multiplicity, as illustrated in Figure 19 to Figure 21. 
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Figure 19: New Parameter Dialog: No Multiplicity 

 

 

Figure 20: New Parameter Dialog: Contaminant Multiplicity 
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Figure 21: New Parameter Dialog: Contaminant and Compartment Multiplicity 

 

 

For parameters with a multiplicity over 1 or 2 NameSets, default fields are provided.  These 

should be used for efficiency and to save typing the same expression many times.  The defaults 

can be overridden as desired by simply typing single values in the appropriate cell.  Users can 

assign comments to individual items within parameters with multiplcity over 1 or 2 NameSets 

(see Section 5.4.1.13). 

The multiplicity of a parameter can be changed once it has been created (see Section 5.4.1.11).  

Bkhbj nm ƌNJƍ sn bnlokdsd xntq bg`mfdr nq ƌB`mbdkƍ sn chrb`qc sgdl- 

5.4.1.2 Lookup Time-Dependent Parameters 

AMBER permits you to create time-dependent parameters with their values changing or 

specified at specified switch times.  In any specified time period (between two switch times), 

parameter values may be specified as fixed numeric values (or algebraic expressions) or 

interpolated between specified values.   

When a lookup time-dependent parameter is created the form of the New Parameter dialog 

appropriate to a time-dependent parameter will appear (see Figure 22). 



AMBER 5.4 Reference Guide 

 35 

Figure 22: The New Parameter Dialog: Time-Dependent Parameter 

 

 

When a time-dependent parameter is first created it has value 0 for all times.  If you wish to add 

` ƌrvhsbg shldƍ '` shld `s vghbg ` o`q`ldsdq u`ktd hr rodbhehdc( bkhbj nm ƌ@cc shld---ƍ- 

Sgd ƌ@cc rvhsbg shldƍ ch`knf vhkk `ood`q 'rdd Figure 23): 

Figure 23: Add Switch Time Dialog 

 

 

In the time field enter the time at which you wish the value of the parameter to be specified.  

Please note that only numerical and no algebraic expression may be used to specify the switch 

time.  Repeat this process until you have added all the required switch times.  To set the time-



AMBER 5.4 Reference Guide 

 36 

dependent parameter value, click on the value field to the left of the appropriate time period and 

enter a constant for the value. 

You can delete a switch time by clicking on the appropriate value field and then clicking on the 

ƌCdkdsd shldƍ atssnm- 

5.4.1.3 Cyclic Time-Dependent Parameters 

In some circumstances it is desirable to have a parameter which is piecewise-constant in time 

and goes through repeating cycles.  Such cyclic time-dependent parameters could be used to 

represent dependence on day/night or on season. 

To create a cyclic parameter, proceed to the New Parameter dialog for a time-dependent 

parameter (see Figure 22( `mc rodbhex ƌRvhsbg Shldrƍ hm sgd trt`k v`x- Mnshbd sg`s sghr dchs 

dialog has a cgdbj anw l`qjdc ƌqdod`s `esdq k`qfdrs shldƍ- Enq bxbkhb o`q`ldsdqr+ sghr rgntkc ad

checked. 

For example, Figure 22 shows the Parameter Information Dialog for Eros, a parameter 

modelling the change in erosion rate caused by a flood every 1000 years.  Eros takes two 

values - one for the first 999 years, and another for year 999-1000.  Taking the time units to be 

xd`qr+ rvhsbg shldr g`ud addm `ccdc `s 888 `mc 0/// xd`qr `mc sgd ƌqdod`s `esdq k`qfdrs shldƍ anw

has been checked.  The same values will then be used for Eros for each 1000 year cycle.   

5.4.1.4 Piece-Wise Time-Dependent Parameter 

Time-dependent parameters (which are specified in a piece-wise fashion) can be linearly 

interpolated.  The edit dialog for time-dependent parameters has a check box for this, labelled 

Linear Interpolation.  Linear interpolation cannot be combined with the cyclic (repeat after 

largest time) option. 

To specify a piecewise linear function, a sequence of times and expressions for each time must 

be given.  Where the expressions are not themselves time-dependent, a function like that shown 

in Figure 24 will be obtained.  If the expressions themselves are functions of time, then the 

interpolation will be applied at each intermediate point, and will therefore gradually move from 

one form to the other. 

Figure 24: A Piecewise Linear Function of Time 

 

 

F(t)

t  
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In combination with the Specified Amount option (see Section 5.1.4), this can be used to set a 

compartment amount as a general function of time (where an algebraic formula is not available).  

Note that the solvers will treat each time-point as a discontinuity and so specifying a very large 

number of these is not recommended. 

5.4.1.5 Switch Time Parameters 

Where it is known that there are discontinuities in the parameters at particular times, these 

should be communicated to the solver explicitly.  Otherwise the solver may behave poorly, or 

even give incorrect results (e.g. missing a sharp spike source or transfer).   

One way of introducing discontinuities is to use the lookup time-dependent parameter type 

described above.  A time-dependent parameter has discontinuities at given times that are used by 

the solver.  If discontinuities are introduced via time-dependent parameters, these do not have to 

ad ƌcdbk`qdcƍ `r rvhsbg o`q`ldsdqr- 

Functions such as topHat, stepUp and stepDown can be used to define discontinuities where 

the time the discontinuity occurs is not constant.  These functions are defined in Table 8.  Note 

that the use of topHat, stepUp or stepDown functions of time implies the use of the time-step 

solver, but if the functions imply a piecewise constant set of parameters the Laplace solver can 

still be used, see Section 7.2.1. 

For the topHat function, both the times for switching on and off the discontinuity should be 

set through parameters that are registered as switch parameters. 

For the stepUp and stepDown functions, only the switching on has to be set using switch 

parameters.  

Any parameter with a value in time units can be used as a switch parameter.  This includes 

sampled parameters so that random events can be modelled successfully.  For instance, consider 

a transfer that switches on at a random time tJump.  The transfer rate could be defined as: 

stepUp (t, tJump) * FinalRate  

where tJump  is a sampled parameter.  Then tJump  should be declared as a switch parameter. 

Switch parameters should have units of time. 

To declare that a parameter is a switch parameter, select Windows | Switch Time Paramrs from 

the menu bar or the Switch Parameters icon from the toolbar.  The Switch Time Params 

Window will appear, containing a list of the switch parameters currently set.  Parameters can be 

`ccdc sn sghr khrs ax bkhbjhmf nm sgd ƌ@ccƍ atssnm sgdm rdkdbshmf `m dwhrshmf o`q`ldsdq eqnl sgd

khrs vghbg hr sgdm chrok`xdc hm sgd ƌ@cc Rvhsbg O`q`ldsdqƍ ch`knf 'rddFigure 25). 
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Figure 25: Add Switch Parameter Dialog 

 

 

A parameter can be removed from the list of switch parameters by selecting it before clicking 

ƌQdlnudƍ 'note that this does not remove the parameter, it simply prevents its values being used 

as discontinuities by the solver). 

5.4.1.6 Sampled Parameters 

When a sampled parameter is added, the New Parameter dialog for sampled parameters will 

appear (see Figure 26). 

The name and description fields can be set as with other parameters.  Select a distribution type 

from the PDF drop-down list.  To set the distribution characteristics click on the 

ƌOCE Characteristics---ƍ atssnm- Sghr vhkk aqhmf to sgd ƌOCE Bg`q`bsdqhrshbrƍ ch`knf- Sgd ehdkcr

in this dialog will vary depending on the type of distribution selected (see Figure 27 for the 

uniform distribution PDF Characteristics dialog). 

Figure 26: New Parameter Dialog: Sampled Parameter 
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Figure 27: The PDF Characteristics Dialog (Uniform Distribution) 

 

 

To enable every case file to be used for both probabilistic and deterministic models, every 

sampled parameter has an associated Əadrs drshl`sdƐ u`ktd- 

By default, the best estimate value is calculated from the PDF characteristics.  The choice of 

value depends on the type of PDF, see Table 4. 

If the default is not suitable, a value can be specified explicitly.  The bottom right of the New 

Parameter window for sampled parameters contains two radio buttons that allow the user to 

define the best estimate of a sampled parameter (see Figure 26).   

Table 4: The PDF’s Available for Use in AMBER 

PDF Type Definition of default best estimate 

Uniform   Mean (which is equal to the median) 

Log Uniform  Median 

Gaussian Mean (which is equal to the median) 

Truncated Gaussian  Mean of the untruncated distribution 

Triangular  Peak 

Beta  Mean 

GeneralCDF  Median 

 

In order to use the best estimate values in a calculation, this must be indicated on the calculation 

options dialog (see Section 7.1.2 on performing a calculation).  For cases that include sampled 

parameters, there is a choice between Monte Carlo and Latin Hypercube sampling, or using 

Best Estimates.  If the Monte Carlo (the default) or the Latin Hypercube option is selected, 

calculations are made for the specified number of samples.  If the Best Estimates option is 
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selected, then a single calculation is made with each sampled parameter taking its best estimate 

value. 

See Section 6 on Sampling for more information on sampled parameters. 

5.4.1.7 Observer Parameters 

An observer parameter is similar to a standard parameter except that it can be defined in terms 

ne nsgdq nardqudq o`q`ldsdqr `mc hs b`m qdedqdmbd sgd hmsdqm`k qdrtks o`q`ldsdqr ƌ@lntmsƍ, 

ƌ@u`hk`ahkhsxƍ+ `mc ƌSq`mredqEktwƍ- 

An observer parameter is allowed to have the same range of multiplicities as a standard 

parameter. 

Observer parameters will generally be used for post-processing, e.g. to calculate concentrations, 

doses, risks or combinations of fluxes. 

It should be noted that AMBER can produce small negative results for observers in some 

situations.  These arise because of the numerical nature of the time-stepping algorithm.  In 

particular, when the amount of a contaminant in a compartment falls away to zero, there may 

be an "overshoot" to small negative amounts.  Any observers that depend on amounts will pick 

up the same behaviour.  Generally, these small results can just be considered to be zero.  It is 

possible to use the "max" function to produce an observer that resets any negative values to 0, 

e.g. max(Amount,0 [mol]) . 

5.4.1.8 Derived Parameters 

Derived parameters provide the mechanism to create a parameter from the time-dependent 

behaviour of another parameter. 

Four types of derived parameter can be created.  These are denoted as AT, MAX , MAXTIME  

and INTEGRAL. 

The AT derived parameter is equal to the value of a time-dependent parameter at a time given 

by another parameter (which might also be a SnapShot parameter, see Section 5.7.5.1).   

The MAX derived parameter is equal to the maximum value of a time-dependent parameter 

over the specified result times (including SnapShot times).   

The MAXTIME derived parameter gives the time at which the maximum value of the selected 

time-dependent parameter occurs. 

The INTEGRAL derived parameter gives the time-integrated value of a parameter. 

In each case the resultant parameter has the same multiplicity as the processed parameter but is 

not time-dependent except for the INTEGRAL option (see Section 5.6 on Multiplicity).  The 

processed time-dependent parameter can be an input parameter, a result (e.g. Amount) or an 

observer. 

The derived parameters can be used in expressions for other parameters.  These can then be used 

in further derived parameters.  Thus, it is possible to set an Observer, Tmax say, to equal the 
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MAXTIME for a particu lar result and then to use this to obtain a derived parameter for all the 

Amounts at Tmax. 

Derived parameters are added in a similar way to normal parameters.  The <Add> button on 

the Parameters Window brings up a dialog that includes the derived parameter option.  

Selecting this brings up a dialog in which the details of the derived parameter can be specified.  

An example of a completed dialog is shown in Figure 28. 

Figure 28: Completed Derived Parameter Dialog 

 

 

Once created, a derived parameter can be edited in the usual way, by double-clicking in the 

Parameter Window. 

Note that derived parameters are produced from the time-history of results stored at each Result 

Time.  It is therefore recommended that the user specify sufficient resolution of Result Times 

around the key period of interest to meet the desired level of accuracy for the derived 

parameter; e.g. increased Result Time resolution may be desirable around the time of sharp peak 

results.  See Section 5.7 for more information on Result Times. 

The derived results that do not depend on the model calculation (i.e., do not depend on 

Amounts in compartments) are able to be used as model inputs.  The type of the Derived 

Parameter (standard or observer) is deduced from its master parameter and, if relevant, its at-

time parameter. 
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5.4.1.9 NameSet Option Parameters 

A NameSet Option parameter is a parameter that takes as its value the literal name of one item 

from a given NameSet (see Section 5.4.8.1 for information about adding NameSets).  The edit 

dialog for the parameter presents a drop-down list of the available NameSet items, see Figure 9.  

The parameter acts like a standard parameter with a literal value but is more convenient to use 

(see Section 5.4.8.4 for information about literals).  NameSet Option parameters are expected to 

ad trdc enq ƏRbdm`qhnƐ bgnhbdrƊ i.e. as flags that configure a case to act in a particular fashion. 

Figure 29:  New NameSet Option Parameter 

 

 

A NameSet Options window can be accessed via Windows | NameSet Option or via the 

NameSet Options button on the toolbar that allows all NameSet Option parameters to be 

uhdvdc `mc lnchehdc nm ` rhmfkd ƌbnmsqnk o`mdkƍ vhmcnv 'rddFigure 30).   

Figure 30:  NameSet Option Window 
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5.4.1.10 Parameters from External Files 

AMBER permits a variety of methods for using data from external files (produced by another 

application, for example).  These include importing individual parameters from files (From File 

parameters) or importing information from files containing many parameters (Import 

parameters).  These functions (and others) are only recommended for advanced AMBER users 

(see Sections 11.3 and 11.4).  

5.4.1.11 Changing Parameter Type or Multiplicity 

It is possible to change some aspects of a parameter via the Parameter Window.  The options are 

accessed via a right mouse click (pop-up menu) on the description text (Figure 31 and  

Figure 32). 

The changes that can be made are as follows: 

p Change to Standard/Observer: change between an observer and a standard parameter 

and vice versa Ɗ this is allowed as long as the usage of the parameter does not prevent 

it;  

p Remove [NameSet]: removing a multiplicity index Ɗ any expressions that are for specific 

entries in that index are lost, but the default expression survives; 

p Extend Multiplicity: adding a multiplicity index Ɗ the previous expressions are taken as 

the default expressions for the added index; 

p Swap Multiplicity: swaps the order of mutiplicity for two -dimensional parameters, 

which determines the way in which the information is tabulated when editing the 

parameter or viewing the values. 

The pop-up menus also allows Edit... to be selected (normally accessed through a double click) 

toolbar. 
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Figure 31: Changing Parameter Type or Multiplicity 

 

 

Figure 32: Changing Parameter Type or Multiplicity 

 

 

5.4.1.12 Showing/Charting Parameter Values 

Values for constant (i.e. not time-dependent or sample-dependent) parameters can be reviewed 

via the parameters window.  For scalars (with no multiplicity) the value is simply written in the 

right hand panel (see Figure 33). 
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Figure 33: Current Value for Scalar Parameters with No Multiplicity 

 

 

For parameters with multiplicity, right-clicking over the parameter description provides a pop-

up menu with an option to Show Values....  This displays a read-only matrix of the constant 

values (see Figure 34) 
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Figure 34: Values Dialog Box for Parameters with Multiplicity 

 

 

For time-dependent or sample-dependent parameters, right-clicking over the parameter 

description gives access to a Bg`qsƕ option (Figure 35).  This invokes the standard Chart dialog, 

but the current parameter will be pre-selected for the first axis (Figure 36).  The type is also pre-

selected as a line chart (as usual) for non-sampled; CDF for sampled and percentiles for sampled, 

time-dependent parameters.  
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Figure 35: Charting Time-Dependent or Sample-Dependent Parameters 

 

 

Figure 36: Pre-selected Parameter for Charting 

 

 

5.4.1.13 Comments Against Individual Items 

Comments can be added to individual parameter items, including via the Set Start Amount, 

Source Information and Transfer Information windows.  The comments are added by clicking 

on the Comment... button on the Parameter Information windows, which opens an Edit 

Comment dialogue (see Figure 37). 
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Figure 37: Parameter Information Window Showing the New Comment Button  

and Edit Comment Dialogue 

 

 

Parameter or mapping items that have associated comments are highlighted with a red indicator 

in the top-right-hand corner of the associated cell.  When the cell is selected, the associated 

comment is visible in the Comment box (see Figure 38). 
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Figure 38: Parameter Information Window Showing a Comment  

against an Individual Item 

 

 

5.4.2 Editing Parameter Values 

When a parameter with multiplicity is added or edited, the user will be presented with a dialog 

similar to the one in Figure 39. 

As the cells in the table of parameter values are of a limited, fixed size, a type-in box is provided 

where the parameter value should be entered.  To add or change the value of a particular entry 

in the table, select the cell whose value you wish to change. 
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Figure 39: The Parameter Information Window 

 

 

When a cell has been selected, its current value will appear in the type-in field where the 

expression or numerical value can then be edited.  Changes to the expression/value can either be 

made manually, or by using the Expression Editor (see Section 5.4.2.1).  When the desired 

modifications have been introduced, click on the green tick button to incorporate the edited 

values into the table.  Desired modifications can also be accepted by clicking on another cell 

within the Parameter Information window or by scrolling up or down with the <up arrow> 

nq ;cnvm `qqnv=- Vgdm `kk sgd dchsr g`ud addm bnlokdsdc+ oqdrr sgd ƌNJƍ atssnm sn bnllhs

the changes.  If you decide that you do not wish to proceed with an edit at any point, press the 

ƌbqnrrƍ atssnm `mc sgd sxod-in field will be cleared, with the original value remaining unchanged 

in the table.  If you decide you do not want to proceed with any of the edits at any point, press 

sgd ƌB`mbdkƍ atssnm `mc `kk sgd nqhfhm`k u`ktdr vhkk ad qdrsnqdc- 
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5.4.2.1 The Expression Editor 

@ qdrhy`akd Dwoqdrrhnm Dchsnq vhmcnv hr `u`hk`akd enq dchshmf o`q`ldsdqr uh` `m ƌDchsnq---ƍ

button in the Parameter Information, Set Start Amount, Set Transfer Rate, Set Source Flux, 

Availability or PreConditions windows.  The Expression Editor window contains five tabbed 

lists: 

p Parameters Ɗ contains all of the available parameters; 

p Functions Ɗ contains all of the mathematical functions available; 

p Operations Ɗ bnms`hmr `kk ne sgd nodq`shnmr `u`hk`akd+ d-f- ƌ*ƍ `mc ƌ=<ƍ: 

p NameSets Ɗ lists all of the internal and user-defined NameSets, and all NameSet icons 

in a separate list when a NameSet is selected; and 

p Mappings Ɗ lists all of the internal and user-defined mappings available in the case file. 

Clicking on an item in the Parameters, Functions, Operations and Mapping lists pulls up a 

description in the right of the panel, whilst clicking on a NameSet pulls up a list of the NameSet 

items.  These parameters and functions can be inserted in the expression at the location of the 

cursor by double-clicking on the correct item.  The Expression Editor provides an additional 

method for creating complex algebraic expressions while avoiding the potential of mistyping 

names for parameters and other items.  The Expression Editor dialog is shown in Figure 40. 

Figure 40: The Expression Editor 

 

 

The banner of the Expression Editor identifies the parameter and the location of the entry that 

is being edited.  The first line of the Expression Editor identifies the units and multiplicity of the 

required expression.   
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The Expression Editor `kknvr trdqr sn bgdbj sgd cdehmdc dwoqdrrhnm- Bkhbjhmf nm sgd ƌBgdbjƍ

atssnm bqd`sdr ` mdv ƌBgdbjƍ s`a sg`s oqnuides a breakdown of how the expression is assembled 

and gives a detailed report of any syntax errors.  In particular, it shows how units and 

multiplicity are derived in steps and enables the resulting definition to be cross-checked against 

the required units and multiplicity.  This makes resolving units and multiplicity errors much 

simpler, see Figure 41 for an example. 

Figure 41: Expression Editor Showing a Checked Expression 

 

 

The expression breakdown is shown as a tree (ordered in the way that it is interpreted internally 

by AMBER).  Nodes of the tree are either operations (of various kinds) or symbols.  The 

symbols have their own units and multiplicity and these are combined by the operations.  

When a conflict arises (e.g. adding incompatible units), the breakdown helps to identify the 

cause of the problem. 

Even when an expression is fully valid, the checker is useful for showing where units 

conversions occur and gives the conversion factors used. 

5.4.2.2 Defaults 

Sgd dmsqx hm ` o`q`ldsdq s`akd k`adkkdc ƌ;cde`tks=ƍ oqnuhcdr sgd cde`tks u`ktd enq dudqx dmsqx

in the table (for a parameter with multiplicity greater than one, it is possible to specify row or 
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column-specific default values).  It is more efficient to set a default value for the table and then 

edit the entries which differ from this.  

5.4.2.3 Modifying a Parameter Name 

To modify the name of an existing parameter, double click on its name in the Parameters 

window.  The appropriate parameter dialog (depending on the type of the parameter) will 

appear. 

When a parameter name is changed, the opportunity is automatically given to rename all the 

occurrences of this parameter in other expressions.  This allows parameters to be renamed 

without having to edit many different expressions.  The option to leave expressions unchanged 

is also available.  The choice is made through a simple dialog that is displayed when the name 

change occurs. 

5.4.3 Deleting a Parameter 

To delete a parameter, click on the name in thd O`q`ldsdqr vhmcnv `mc sgdm bkhbj sgd ƌCdkdsdƍ

button.  If Options | Confirm deletes is toggled on, a confirmation will be required before the 

deletion takes place.  Note that expressions that refer to a deleted parameter are not deleted.  

This allows, for example, a scalar parameter to be deleted and a new sampled parameter with 

the same name to be created without having to retype all the expressions that refer to it.  If a 

parameter is deleted that is used in other expressions, an additional warning message will appear, 

and a further opportunity to cancel the deletion is given. 

Multiple deletes are possible either by dragging to select a range of parameters, or holding 

<Ctrl> whilst additional parameters are selected.  If the parameters to be deleted are all listed 

below one another, <Shift> can be pressed and held while clicking on the top and bottom 

parameter of the list. 

5.4.4 Internal Parameters 

Vgdm ` b`rd hr bqd`sdc+ ` mtladq ne ƌhmsdqm`kƍ o`q`ldsdqr `re created automatically.  These 

internal parameters can be referenced in expressions subject to certain restrictions 

(e.g. qdedqdmbhmf ƌ@lntmsƍ hm `m dwoqdrrhnm enq sgd rs`qs `lntms ne ` bnlo`qsldms cndr mns

make sense). 

In addition to these parameters are a number of internal parameters intended specifically for 

unit conversion (see Table 2). 

ƌHmsdqm`kƍ o`q`ldsdqr `qd hm svn fqntor+Internal (Read Only) parameters (see Table 5), which 

cannot be created, modified or deleted by the user and Internal (Editable) parameters which can 

be modified by the user (see Table 6). 

Editable internal parameters can be modified via the parameter window in the same way as 

user-added parameters. 

Note that internal parameters that are only defined after calculation (Amount, Availability and 

TransferFlux) can only be used in observer parameters. 
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Table 5: Internal Parameters (Read Only) 

Name Description Multiplicity Defined 

Amount The amount in each 

compartment 

Contaminant and 

compartment 

After calculation 

AtomicMass The atomic mass of each 

contaminant 

Contaminant Always 

Availability  The contaminant availability 

for each transfer 

Contaminant and 

transfer 

After calculation 

DecayConstant The rate of each decay Decay Always 

Half-life The half-life of each 

contaminant 

Contaminant Always (invalid if 

decay constant = 0) 

TransferFlux The flux of transfer for all 

contaminants and transfers 

Transfer and 

contaminant 

After calculations (as 

it depends on 

Amount) 

ln2 loge(2) None Always 

t Time None Always 
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Table 6: Internal Parameters (Editable) 

Name Description Multiplicity Defined 

DecayRate The global decay rate Decays He sgd ƌTrd Dchs`akd

DecayRate 

O`q`ldsdqƍ noshnm hr

selected 

LocalDecayRate The decay rate for each 

compartment 

Compartment 

and decay 

Always 

MinimumChangeTime The time between 

recalculation of input 

parameters 

None Always 

SampleNumber The sequence number 

of sample (from 0) 

None Always 

SpecifiedAmount The fixed amount of 

each contaminant in 

each compartment 

Compartment 

and contaminant 

Always 

SourceFlux The flux of all sources 

of each contaminant 

Contaminant and 

source 

Always 

StartAmount The start amount of 

each contaminant in 

each compartment 

Compartment 

and contaminant 

Always 

TransferRate The rate of transfer for 

all contaminants and 

transfers 

Transfer and 

contaminant 

Always 

 

5.4.5 Locking Parameters 

To prevent a parameter from being modhehdc nq cdkdsdc+ hs l`x ad ƌknbjdcƍ- Sghr e`bhkhsx hr

provided to allow many of the parameters in a complicated case to be protected against 

accidental deletion or modification.  Individual parameters may be locked. 

The Set Locked Parameters dialog (see Figure 42) makes it simple to add or remove locks from 

parameters.  It is accessed when Options | Locks is selected from the menu bar.  
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Figure 42: Set Locked Parameters Dialog 

 

 

Sn knbj ` o`q`ldsdq+ rdkdbs hs eqnl sgd khrs ne ƌTmknbjdcƍ o`q`ldsdqr hm sgd Rds Knbjdc

Parameters dialog then click on the single right arrow to move it into the Locked parameters 

list; double clicking on a parameter will also move it from one list to the other.  To select 

several parameters from the list, hold down <Ctrl> and select the required parameters.  To 

select a block of parameters from the list, hold down < Shift> and select the required 

parameters.  The double right arrow will move all parameters from the unlocked list to the 

locked one. 

To prevent locked parameters from being displayed in the full list of parameters in the 

Parameters windov+ tmbgdbj sgd ƌRgnv Knbjdc O`q`ldsdqrƍ bgdbjanw 'rdd Figure 16) in the 

Parameters window. 

5.4.6 Parameter Searching 

For large cases, keeping track of the parameters can be difficult.  In order to help with this task, 

a parameter search capability is available. 

Sgd ƌRd`qbg---ƍ atssnm hr oqdrdms nm sgd O`q`ldsdqr vhmcnv `mc kd`cr sn ` ch`knf sg`s rodbhehdr

the type of search to be made.  The results of the search are displayed in a new parameter 

window.  The search dialog is shown below (see Figure 43). 
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Figure 43: The Search Dialog 

 

 

Note that the way AMBER parameters are handled means that the list of parameters given may 

occasionally contain some that appear not to be used.  This occurs, for example, when default 

expressions are specified but not actually used.  Because of this, the results of this search should 

be regarded as indicative only. 

The following types of search are available: 

5.4.6.1 That Use 

Finds all parameters that use the selected parameter.  The search can be restricted to direct use 

(that is to parameters with expressions that refer to the parameter explicitly), or find all 

parameters that depend on the selected parameter.  Note that searching with multiple 

parameters selected is not available. 

5.4.6.2 That Are Used By 

Finds all the parameters that the selected parameter depends on.  This can be direct only 

(parameters appearing in expressions for the named parameter).  Otherwise, this finds all the 

parameters that are needed to define the selected parameter.  Note that parameters used in 

default expressions will be included even if the expression never actually applies. 

5.4.6.3 That Are Not Used 

Lists all parameters that never appear in an expression.  Parameters that are not used may imply 

an error or redundancy, although some observers will not be used as they are intended for 

output purposes only. 
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5.4.6.4 That Only Contain Data 

Lists all the parameters that do not include expressions. 

5.4.6.5 That Use Expressions 

Lists all the parameters that use expressions. 

5.4.6.6 With Description Including 

Finds all parameters that include the specified text string in their description text.  The search 

can be case sensitive if required.  A check-box enables comments to be searched as well as 

descriptions. 

5.4.6.7 With Comments Including 

Finds all comments associated with parameter and/or mapping items that include the specified 

text string in their text.  The search can be case sensitive if required.  A check-box enables 

descriptions to be searched as well as comments. 

5.4.6.8 That Are Indexed Over 

Finds all parameters that are indexed over the selected NameSet. 

5.4.6.9 With Units Of 

Finds all parameters with the units entered. 

5.4.6.10 With Units Using 

Finds all parameters with units that include the selected base unit. 

5.4.6.11 That Use Mapping 

Finds all parameters that use the selected mapping. 

5.4.7 Parameter Tree 

In addition to the Parameters window, parameters can be browsed via a resizable Parameter 

Tree window.  In many situations it is useful to be able to view the parent parameters, which 

may be referred to within a particular parameter expression or the daughter parameters that 

may depend on any particular parameter.  The Parameter Tree can be accessed via the 

Parameters window: 

p Open the Windows | Parameters window; 

p Select a parameter of interest.  Note that holding down the shift or control key will 

allow you to select more than one parameter;  

p Rdkdbs dhsgdq ƌO`q`l Trdrƍ nq ƌO`q`l Trdc Axƍ- Sgd ehqrs noshnm rgnvr ` sqdd ne sgd

parameters that the selected parameter uses.  The second option shows a tree of the 

parameters that use the selected parameter; 

p Double-clicking on any parameter in the Parameter Tree window will take you to the 

Parameter Information window where the parameter details can be viewed and edited. 
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Am dw`lokd ne ` ƌTrdc ax O`q`ldsdq Sqddƍ hr rgnvm hmFigure 44. 

Figure 44: An Example ‘Used by Parameter’ Tree 

 

 

5.4.8 NameSets and Literals 

5.4.8.1 NameSets 

In AMBER, It is possible to specify multiplicity of parameters over internally defined 

NameSets - Contaminants, Decays, Compartments, Sources, Transfers and Submodels.  In 

addition users can define their own NameSets. 

Each NameSet has a name and a list of named members.  No duplication within or between 

NameSets is allowed.  NameSets can be created and members added to them via the NameSet 

window which can be opened by selecting Windows | NameSet or by clicking on the NameSets 

icon on the toolbar.  

Sn bqd`sd ` mdv M`ldRds+ bkhbj nm sgd ƌ@cc---ƍ atssnm hm sgd M`ldRds vhmcnv sn aqhmf to sgd

New NameSet dialog (see Figure 45), and enter the name of the NameSet.  To add a member to 

the NameSet, click on the ƌ@cc M`ldƍ atssnm hm sgd ƌMdv M`ldRdsƍ ch`knf `mc sgd ƌMdvItem 

M`ldƍ ch`knf `ood`qr 'rddFigure 46(- Sxod sgd m`ld ne sgd ldladq hmsn sgd ƌMdv Hsdl 

M`ldƍ ch`knf `mc bkhbj nm sgd ƌNJƍ atssnm- Sgd m`ld ne sgd mdv M`ldRds ldladq vhkk

`ood`q hm sgd khrs anw hm sgd ƌMdv M`ldRdsƍ ch`knf- M`ldRdsr b`m g`ud `r l`mx dmsqhdr `r

required and there are no restrictions on the number of NameSets. 
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Figure 45: The New NameSet Dialog 

 

 

Figure 46: New Item Name Dialog 

 

 

Using NameSets removes the need for a set of similarly named parameters.  For example, 

instead of three contaminant-cdodmcdms o`q`ldsdqr b`kkdc ƌCnrd^Q`sd^@ctksƍ+

ƌCnrd^Q`sd^Hme`msƍ `mc ƌCnrd^Q`sd^Endstrƍ+ ` rhmfkd ƌCnrd^Q`sdƍ o`q`ldsdq b`m ad trdc: sghr

ƌCnrd^Q`sdƍ o`q`ldsdq rgntkc ad fhudm ltkshokhbhsx nudq bnms`lhm`msr `mc ` trdq-defined 

M`ldRds b`kkdc ƌQdbhohdmsSxodƍ+ bnms`hmhmf sgd ldladqr z@ctks+ Infant, Foetus} (see  

Figure 45). 

When specifying multiplicity for parameters, the user can choose from all available NameSets, 

both the internal and user-defined ones.  The only restriction is that different NameSets must be 

chosen for the dimensions of a parameter with dual multiplicity. 

By default, the NameSet window displays the NameSets in the order that they were added to 

the model, however, the user can option to list the NameSets in alphabetic order by selecting 

sgd ƌ@kog`adshb Nqcdqƍ noshnm nm sgd M`ldRds vhmcnv-Any NameSets that are not used in 

parameters are marked as being ƌ(unused)ƍ in the NameSet Window. 
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5.4.8.2 Ordering in NameSets  

For small cases the ordering within the NameSets is not important, since a particular item can 

quickly be located.  For larger cases, such as with tens of compartments, this can become a 

problem.  The ordering is relevant to the user in two main ways: firstly, in setting expressions 

for parameters indexed over one or more NameSets, and secondly, in selecting results to be 

graphed.  

The user has control over the order within any NameSet, which can be alphabetic, creation 

order, or user specified.  For built-in NameSets, the default is alphabetic for Compartments, 

Transfers and Sources, and creation order for Contaminants and Decays.  These defaults can be 

changed by the user. 

Changes to the ordering are made through the NameSet window and dialog, but are reflected in 

the Contaminant and Decay windows where relevant. 

Ordering is controlled in the NameSet information dialog which is used for editing items in 

NameSets.  

Sgd ƌ@kog`adshbƍ bgdbj anw rgntkc ad bgdbjdc he `kog`adshb nqcdqhmf hr qdpthqdc 'RddFigure 45).  

No further action is needed, as new items and renamed items will automatically be placed in the 

correct position. 

If the alphabetic check box is not checked, then the items can be reordered as required.  By 

default, new items are added to the end and renamed items retain their positions.  The buttons 

allow items to be moved Up, Down, to the Top or to the Bottom of the list.  Only one item at 

a time can be moved.  To move an item, simply select it in the list and use the appropriate 

buttons.  The item will remain selected so that a sequence of Up button clicks will have the 

obvious effect. 

5.4.8.3 NameSet Selections   

Hs hr onrrhakd sn rds to ` ƌrdkdbshnmƍ vhsghm ` M`ldRds- Rdkdbshnmr b`m ad trdc vgdm nmkx `

selection of all items in a NameSet is of interest.  This can be done for user-generated or in-built 

NameSets.  The capability is accessed through the NameSets window where there is a 

ƌRdkdbshnmrƍ atssnm- Sghr `kknvr rdkdbshnmr sn ad `ccdc+ cdkdsdc `mc dchsdc- 

Nmbd ` rdkdbshnm g`r addm bqd`sdc+ hs b`m ad trdc hm fq`oghmf- Hm `cchshnm sn rdkdbshmf Ə`kkƐ enq

the index of a graphed parameter, it is also possible to select the named selection.  The relevant 

selections automatically appear in the dialog. 

Selections can also be used to produce a cut-down version of a case with a selection of 

Contaminants (see Save-Special in Section 3.2.1).  They can also be used to store results for a 

selection of compartments (see 7.3.5). 

5.4.8.4 Literals 

A literal is simply a word in single quotes.  The word must begin with an alphabetic character 

`mc bnmshmtd vhsg `kog`mtldqhbr nq tmcdqrbnqdr- Sgtr ƌohfƍ hr ` u`khckhsdq`k+ `r hr ƌT^127ƍ- 
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Literals can be used in specifying the multiplicity of a parameter, either directly or through the 

trd ne `mnsgdq o`q`ldsdq vhsg ` khsdq`k u`ktd- Sgtr+ he ` o`q`ldsdq ƌVdhfgsƍ g`r ltkshokhbhsx

over the user-cdehmdc M`ldRds ƌ@mhl`krƍ+ vghbg g`r hsdlr zohf+ bnv+ rgddo|+ sgdm sgd enkknvhmf

are valid uses: 

Weight [ópigô] 

Weight [animal]  

where animal  hr ` o`q`ldsdq vhsg khsdq`k u`ktd ƌohfƍ+ ƌbnvƍ nq ƌrgddoƍ- Mnsd sg`s ƌWeight 

[pig] ƍ vntkc ad `lahftntr he sgdqd vdqd ` o`q`ldsdq ohf+ `mcthis is therefore not allowed. 

Khsdq`kr l`x mns ad trdc hm bnlahm`shnm vhsg nsgdq bnlonmdmsr ne `m dwoqdrrhnm- Sgtr+ ƌohfƍ

* ƌT^127ƍ hr hkkdf`k- Hm rnld b`rdr+ rtbg dqqnqr l`x nmkx ad cdsdbsdc `s qtm-time (i.e. the 

expression can be entered and saved but not used). 

As a side-effect of allowing expressions in piecewise time-dependent parameters, a parameter can 

have a time-varying literal value.  For example, it is possible to introduce a NameSet called 

WeatherType with members {sunny, rainy, foggy} and then to have a time-dependent 

o`q`ldsdq+ ƌvd`sgdqƍ+ s`jhmf u`ktdr ƌrtmmxƍ+ ƌenffxƍ dsb- `r shld u`qhdr- Sghr bntkc sgdm ad trdc

to set parameters whose values depend on the weather. 

Note that the parameter used in an index cannot itself be indexed.  Thus 

weight[animal[ópeterô]] is not allowed.  But comparisons of literals is supported, 

e.g. animal==ócowô is valid.  If animal  is the literal ócowô then, the expression is true, 

otherwise it is false. 

Parameters can be created with literal values that are restricted to the entries in a NameSet, see 

Section 5.4. 

5.4.9 Mappings 

A Mapping is a relationship between one M`ldRds `mc `mnsgdq- Sgd L`oohmf fndr ƏeqnlƐ `

M`ldRds ƏsnƐ ` rdbnmc M`ldRds- @ fnnc dw`lokd sg`s hr nesdm trdc hm oq`bshbd hr ` L`oohmf

eqnl Bnms`lhm`msr sn Dkdldmsr+ vgdqd ƌDkdldmsrƍ hr ` trdq-defined NameSet.  Each item in the 

From-NameSet is mapped to an item in the To-NameSet.  Different items in the 

From-NameSet can map to the same item in the To-NameSet, but the other way round is not 

possible. 

AMBER generates some internal mapping that can be fdmdq`kkx trdc: ƌo`qdmsƍ enq dw`lokd hr `

mapping from Decays to Contaminants in which every decay is assigned a parent contaminant; 

ƌcnmnqƍ hr ` l`oohmf eqnl Sq`mredqr sn Bnlo`qsldmsr `rrhfmhmf ` ƏeqnlƐ bnlo`qsldms sn d`bg

sq`mredq: `mc rhlhk`qkx ƌqdbdosnqƍ hr ` l`oohmf eqnl Sq`mredqr sn Bnlo`qsldmsr+ fhuhmf sgd ƏsnƐ

compartment of a transfer. 

To create a mapping, select Windows | Mappings from the menu bar or click on the Mappings 

icon from the toolbar- Sgd L`oohmf vhmcnv vhkk `ood`q- Bkhbj nm sgd ƌ@cc---ƍ atssnm sn

lnud sn sgd ƌBqd`sd L`oohmfƍ ch`knf- Sghr ch`knf chrok`xr svn khrs anwdr eqnl vghbg sgd

From-NameSet and To-M`ldRds b`m ad rdkdbsdc- Bkhbj nm sgd ƌNJƍ atssnm sn bnmehql xntq

selection, amc xnt `qd lnudc sn sgd ƌMdv L`oohmfƍ ch`knf 'rddFigure 47). 
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Figure 47: New Mapping Dialog 

 

 

The user can then set the mapping name, give it a description and prescribe the mapping 

between the members of the From-NameSet and the To-NameSet. 

To prescribe the mapping, select the cell next to the entry in the From-list.  Then select the 

correct item from the To-NameSet from the drop-down list above the table, and confirm this be 

bkhbjhmf sgd ƌshbjƍ anw+ nq bkhbjhmf nm `mnsgdq bdkk hm sgd l`oohmf khrs- Mnsd sg`s ` cde`tks

ƌEqnlƍ htem is available for cases where many From-items are mapped to the same To-item.  

Comments can be inserted against mappings for individual items (see Section 5.4.1.13).  

Mappings with associated comments are highlighted with a red indicator and the comment can 

be viewed when the mapping is selected. 

When a NameSet or Mapping name is changed, the opportunity is automatically given to 

rename all the occurrences of this NameSet in other expressions.  This allows 

NameSets/Mappings to be renamed without having to edit many different expressions.  The 

option to leave expressions unchanged is, however, also available.  The choice is made through a 

simple dialog that is displayed when the name change occurs. 
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The following example describes how a mapping from Contaminants to Elements might be 

used in an expression to convert a parameter with multiplicity over Elements (the To-NameSet) 

to give a result with multiplicity over Contaminants (the From-NameSet).  In this example, the 

M`ldRds ƌDkdldmsrƍ g`r dkdldmsr zT+ Sg| `mc sgd l`oohmf m`ldc ƌBnms`lhm`msSnDkdldmsƍ+

maps: 

U-238  ->  U  

U-233  ->  U  

Th-229 ->  Th  

Rtoonrd sgd rnqoshnm bndeehbhdms+ Jc+ g`r ltkshokhbhsx ƌDkdldmsrƍ `mc sg`s Jc ZT\ < 0+ Jc ZSg\

= 0.1.  Note that the expression Kd(ContaminantToElement)  gives a vector with values 

for U-238, U-234 and Th-230. 

Sgd ƌQds`qc`shnmƍ+ vhsg ltkshokhbhsx ƌBnms`lhm`msrƍ+ bntkc sgdm ad cdehmdc hm sdqlr ne sgd

sorption coefficient as: 

Retardation[*]= 1+(1 - PHI)/PHI*RHO*Kd(ContaminantToElement)  

It may often be more efficient (especially for time-dependent cases) to define a parameter with 

multiplicity over the From-NameSet that is just assigned using the mapping.  This saves the 

mapping being applied many times.  In the above example we could add a parameter 

ContamKd with multiplicity Contaminants, set: 

ContamKd[*]= Kd(ContaminantToElement)  

and then use:  

Retardation[*]=  1+(1 - PHI)/PHI*RHO*ContamKd  

This would be particularly beneficial if RHO was time-varying since it would avoid 

recalculating the mapping (assuming that Kd is time-independent). 

@mx l`oohmfr sg`s `qd mns trdc hm o`q`ldsdqr `qd l`qjdc `r adhmf ƌ'tmtrdc(ƍ hmthe Mapping 

Window. 

5.5 Expressions 

5.5.1 General 

The use of symbolic expressions provides powerful modelling functionality.  Expressions can be 

used to define the values of: 

p standard parameters; 

p observer parameters; 

p transfer rates; 

p source fluxes; 

p local decay rates; 

p time-dependent parameters; and 

p start amounts. 
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However only numeric constants may be used to define the values of: 

p sampled parameter characteristics; 

p result times; 

p global decay rates; and 

p atomic masses. 

Spaces are not significant in expressions, except where they are introduced into names, which 

will cause an error.  For example: 

AAA+BBB  

is equivalent to: 

AAA + BBB  

However an error will be caused by the space in: 

AAA + B BB  

The operators and functions available are given in Table 7 to Table 9, and the order of 

precedence for the operators in Table 10.  Note that the list of operators and functions is also 

available via the Expression Editor (see Section 5.4.2.1). 

Table 7: Binary Operators 

Symbol Syntax Description 

- -x Unary minus 

+  +x  Unary plus 

- x1-x2 subtraction 

+  x1+x2 addition 

* x1*x2 multiplication 

/  x1/x2 division 

^ x1^x2 exponentiation 

 

Table 8: Mathematical Functions Available 

Name Syntax Description 

Abs abs(x) absolute value of x 

Arccos arcos(x) 
inverse cosine of x, result in 

radians 

Arcsin arcsin(x) 
inverse sine of x, result in 

radians 

Arctan arctan(x) 
inverse tangent of x, result 

in radians between ƊƉ.1 `mc
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Name Syntax Description 

Ɖ.1 

Arctan2 arctan2(x) 

takes (Y,X) arguments and 

returns arctan(Y/X) in the 

appropriate quadrant 

between -Ɖ `mc Ɖ 

Cos cos(x) cosine of x (x in radians) 

Normal CDF  cumulativeNormal(x,mean,std_dev) 

cumulative normal 

distribution for the given 

mean and standard 

deviation at the given value 

Exp exp(x) e to the power x 

Int int(x)  integer part of x 

Largest largest(expression) largest of components  

LargestType 

largestType(expression) 

largestType(expression, nameset) 

output is the name of the 

nameset item that is 

associated with the largest 

value, which is reported as a 

literal 

Ln ln(x) logarithm (base e) of x 

Log10 log10(x) logarithm (base 10) of x 

Max l`w'w0+w1+w2+ƕ+wM( maximum of arguments 

Min lhm'w0+w1+w2+ƕ+wM( minimum of arguments 

RampDown rampDown(a, start, end) 1 if a <= start, 0 if a >= 

end, interpolated value 

otherwise. 

RampUp rampUp(a, start, end) 1 if a >= end, 0 if a <= 

start, interpolated value 

otherwise. 

SmallestPositive smallestPositive(expression) smallest positive of 

components 

SmallestPositive 

Type 

smallestPositiveType(expression,nameset) output is the name of the 

NameSet item that is 

associated with the smallest 

positive value, which is 

reported as a literal 

SmoothDown smoothDown(a, b, s) 1 if a <= 0, otherwise 

1/(1+(a/b)^(2/s)) which has 

value 0.5 at a = b. 
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Name Syntax Description 

SmoothDownDeriv smoothDownDeriv(a,b,s) Returns derivative of 

smoothDown(a,b,s) with 

respect to a 

SmoothUp smoothUp(a,b,s) Returns 1 Ɗ 

smoothDown(a,b,s) 

SmoothUpDeriv smoothUpDeriv(a,b,s) Returns derivative of 

smoothUp(a,b,s) with 

respect to a 

Sin sin(x)  sine of x (x in radians) 

Sqrt sqrt(x)  square root of x 

StepDown stepDown(x1,x2)  0 if x1>x2 , 1 otherwise 

StepUp stepUp(x1,x2)  0 if x1<x2 , 1 otherwise 

Sum sum(A) or sum(A, nameset) sum over entries in A. Sums 

over all indices or over 

given NameSet only if one 

is specified)  

SumType sumType(A, mapping) 
sum over entries in A with 

the same mapping target 

Tan tan(x) tangent of x (x in radians) 

TopHat topHat(x1,x2,x3) 1 if x2¢x1¢x3, 0 otherwise 

LookUp Functions 

typeLookup(expression, mapping) transforms indexing 

lookup'w+x/+w0+x0ƕxn,yn) piecewise constant 

cyclicLookUp'w+x/+w0+x0ƕxn,yn) periodic piecewise constant 

linearLookUp'w+w0+x0ƕxn,yn) linear interpolation 
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Table 9: Boolean Operators and Functions Available 

Boolean Operator Description 

a>b  1 if a is greater than b and 0 otherwise 

a>=b  1 if a is grater than or equal to b and 0 otherwise 

a<b  1 if a is less than b and 0 otherwise 

a<=b  1 if a is less than or equal to b and 0 otherwise 

a==b  1 if a is equal to b and 0 otherwise 

a!=b 1 if a is not equal to b and 0 otherwise 

not(a) 1 if a if 0 (false), and 0 otherwise 

and(a,b,..) 1 if all its arguments are non-zero (true), and 0 otherwise 

or(a,b,..) 1 if any of its arguments are non-zero (true) and 0 otherwise 

xor(a,b,..) 1 if exactly one of its arguments is non-zero (true) and 0 otherwise 

 

Table 10: Order of Precedence 

Operator Description Precedence 

Zƕ\ Multiplicity  Highest 

'ƕ( Parenthesis  

- and + Unary minus and plus  

^ Exponentiation  

* and / Multiplication and division  

- and + Addition and subtraction Lowest 

 

5.5.2 Boolean Expressions 

The Boolean operators and functions return 1 for true and 0 for false (any non-zero value is 

treated as true in the functions).  The operators are:  >, >=, <, <=, == and !=.  The 

functions are not(), and(), or() and xor(). 

5.5.3 Sum and Largest Function 

Sgd ƌrtlƍ `mc ƌk`qfdrsƍ etmbsions find the sums and maxima across the components of a 

o`q`ldsdq+ qdrodbshudkx- 'Mnsd sg`s sgd etmbshnm m`ldr `qd ƌsumƍ `mc ƌlargest ƍ `kk hm knvdq

case).  Each function has two versions: one to act over the whole of a parameter and the other to 

act over a single dimension.  

The simple form is sum(expression)  and largest(expression) .  It is recommended 

that the expression should be a simple one, often a single parameter name.  In this form the 
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action is over the full multiplicity.  Thus sum(Amount)  would result in a single value equal to 

the total amount summed over all contaminants and compartments. 

The extended form specifies the index over which the sum should be performed.  Thus 

sum(Amount, Compartments)  gives a vector of results, one for each Contaminant, as 

Amount is indexed over both Compartments and Contaminants. 

Mnsd sg`s sgdqd hr mn ƌrl`kkdrsƍ etmbshnm `r sghr b`m ad rhltk`sdc trhmf- largest( - X) . 

5.5.4 SumType Function 

The sumType function sums over items mapping to the same target.  It can be used, for 

example, for summing Amounts: 

ElementAmount = sumType(Amount,element),  

where element  is a mapping, and the resulting ElementAmount would have multiplicity over 

Elements and Compartments. 

It is useful in many other situations, e.g. 

ChainDose = sumType(Dose,chain),  

where chain is a mapping from Contaminants to a DecayChains, or 

MaterialAmount = sumType(Amount,material),  

where material is a mapping from Compartments to a Materials. 

The first item can be an expression as with other AMBER functions.  The result has the 

multiplicity of this expression except that the component corresponding to the mapping source 

is replaced by that corresponding to the mapping target.  So, Amount is indexed over 

Bnlo`qsldmsr `mc Bnms`lhm`msr+ he ƌl`sdqh`kƍ is a mapping from Compartments to Materials, 

then sumType(Amount,material) must be indexed over Materials and Contaminants. 

5.5.5 TypeLookUp 

This is needed for the shared availability schemes, but can be used more widely. 

typeLookUp(expressio n,mapping)  

uses the result of the expression, which must be indexed over the target of mapping, and 

produces a result indexed over the source of mapping.  Thus, 

typeLookUp(Kd,element)  

gives a Kd value for each contaminant, given the Kd for each element.  Note that this simple 

form (where the expression is a single symbol) is equivalent to the construct Kd(element).  The 

function form extends this to handle expressions. 

5.5.6 LookUp Functions 

Sgqdd ƏKnnj ToƐ etmbshnmr `qd oqnuhcdc hm @LADQ.  These are lookUp , cyclicLookUp  

and linearLookUp .   
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Each provides a function of their first argument (denoted x here) in terms of the values at a 

discrete set of points.  The behaviour between the points differs from function to function.  In 

`kk b`rdr+ sgd tmhsr ne sgd wƍr rgntkc ad bnlo`shakd `mc sgd tmhsr ne sgd xƍr rgntkc ad bnlo`shakd- 

The lookUp  function provides a piecewise constant value.  It takes the form 

lookUp(x,y 0,x 1,y 1,x 2,y 2,...,x N,y N)  (where x1< x2< x3<...< xN).  The returned 

value is 

y0 x < x 1 

y1 x1 <=x < x 2 

y2 x2 <= x < x 3 

é é 

yN xN <= x  

 

The cyclicLookUp  function provides a piecewise constant value that is periodic.  It takes the 

form cyclicLookUp(x,y 0,x 1,y 1,x 2,y 2,...,x N)  (where x1< x2< x3;ƕ-;xN).  The 

returned value is 

y0 x < x 1 

y1 x1 <= x < x 2 

y2 x2 <= x < x 3 

é é 

yN- 1 xN- 1 <= x < x N 

y0 xN <= x < x N + x 1 

y1 xN+ x 1 <= x < x N + x 2 

é é 

The linearLookUp  function provides a linearly interpolated value.  It takes the form 

linearLookUp(x,x 1,y 1,x 2,y 2,...,x N,y N)  (where x1< x2< x3<...< xN).  The 

returned value is  

0 x < x 1 or x > x N 

y i  x = x i  

y i  + 

(y i+1 - y i )*(a - x i )/(x i+1 - x i )  

x i  < x < x i+1  

 

5.5.7 Ramp and Smooth Functions 

The ramp transitions are provided by rampUp and rampDown.  Each takes three arguments.   

The rampDown(x,start,end)  acts as follows.  For x less than start it is equal to 1.0.  For x 

greater than end it is equal to 0.0.  Between start and end a linear ramp is used.   

The units of x, start and end must all be compatible. 
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rampUp(x,start,end) = 1ƊrampDown(x,start,end) 

Note that if the functions are used with x as the time, t, then start and end should generally be 

parameters that are declared as switch parameters. 

The smooth transitions are provided by smoothUp  and smoothDown .  Each takes three 

arguments.  They are similar to stepUp  and stepDown  except that the step is smoothed. 

The smoothDown(x,X,s)  acts as follows.  For small x (and all negative x) it is equal to 1.0.  

For large X it approaches 0.0.  When x = X the value is 0.5.  The smoothness of the transition is 

controlled by the value of s, a larger value of s giving a smoother transition.   

The units of x and X must be compatible and s must be dimensionless. 

smoothDown(x,X,s)  =  

( )s
Xx

2
1

1

+
   for x>0,  and 1 otherwise 

smoothUp(x,X,s) =  1 ï smoothDown(x,X,s).  

The first argument will often be t (time), but need not be.  The expected range for s is 0.1 to 10. 

5.6 Multiplicity 

Multiplicity is similar in concept to arrays in programming languages.  A parameter with 

multiplicity potentially has more than one value.  For example a parameter with contaminant 

multiplicity has a value for each contaminant. 

It is possible to have multiplicity across one or two dimensions.  The allowed dimensions are 

either the internal NameSets, e.g. Contaminants and Compartments, or user-defined NameSets. 

Xnt b`m trd sgd rpt`qd aq`bjds mns`shnm 'ƌZ--\ƍ( sn `bbdrr dkdldmsr ne ` o`q`ldsdq vhsg

multiplicity.  Consider a stand̀ qc o`q`ldsdq ƌbnmbdmsq`shnmƍ vhsg ltkshokhbhsx ƌBnms`lhm`msrƍ

`mc ƌBnlo`qsldmsrƍ- @ rs`mc`qc rb`k`q 'mn ltkshokhbhsx( o`q`ldsdq ƌrtl0ƍ b`m ad bqd`sdc sn

rtl sgd bnmbdmsq`shnm hm bnlo`qsldmsr ƌ@ƍ `mc ƌAƍ enq bnms`lhm`ms ƌMTB0ƍ- Parameter 

ƌrtl0ƍ vhkk ad cefined by: 

concentration[contaminant = NUC1,compartment = A]+ 

concentration[contaminant = NUC1,compartment = B]  

This can be shortened to the equivalent: 

concentration[NUC1,A] + concentration[NUC1,B]  

If you want to sum the concentrations of A and B for each contaminant a standard parameter 

ƌrtl1ƍ bntkc ad bqd`sdc vhsg ltkshokhbhsx ƌBnms`lhm`msrƍ `mc sgd cde`tks dwoqdrrhnm9 

concentration[A] + concentration[B]  

Using a default expression saves having to type this same expression for each contaminant and is 

more efficient in calculation.  Here the contaminant index is implicit, i.e. for contaminant 

ƌMTB0ƍ sgd dwoqdrrhnm vhkk ad hmsdqoqdsdc `r9 

concentration[NUC1,A]  + concentration[NUC1,B]  

In dual multiplicity, column defaults take precedence over row defaults. 
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Note that the square bracket syntax cannot be confused with the use of square brackets for units 

since the latter is only valid after a constant.  Thus x[m] means that x has an index that includes 

m, whereas 2[m] means 2 metres! 

5.7 Result Times 

The Result Times window (see Figure 48) is shown when Windows | Result Times is selected 

from the menu bar or the Result Times icon is selected from the menu bar.  This is the window 

in which result times are created, modified and deleted. 

Figure 48: Result Times Window 

 

 

The start time, which must be non-negative and less than the earliest result time, is entered in 

the start time field provided.  It is zero by default. 

5.7.1 Result Time Units 

The units used for result times can be different from those used for data input and rates, if 

specified as such in the Units dialog (accessed via Options | Units).  By default, however, the 

same units are used. 

If different units are used for result times, then the only effect is on times specified in the Result 

Times window, and on the times given in reports and graphs.  All other times remain in the 

internal units Ɗ including the time variable itself, t.  

Changing the time units (or any other units for that matter) will invalidate any calculated 

results. 
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5.7.2 Adding a Result Time 

Nmd nq lnqd mdv qdrtks shldr b`m ad bqd`sdc ax bkhbjhmf sgd ƌ@cc---ƍ atssnm- Sgd @cc Qdrtks

Times dialog (see Figure 49) will appear with a choice of a single time or an arithmetic or 

geometric sequence of times, and fields that you can use to specify the new result times.  

To add a single result time select tgd ƌRhmfkd Shldƍ q`chn atssnm `mc dmsdq sgd shld hm sgd ƌShldƍ

ehdkc- Sn dmsdq `m `qhsgldshb nq fdnldsqhb rdptdmbd ne shldr rdkdbs sgd ƌ@qhsgldshb Rdptdmbdƍ nq

ƌFdnldsqhb Rdptdmbdƍ q`chn atssnm+ dmsdq sgd ehqrs `mc k`rs shldr hm sgd rdptdmbd hm sgd ƌEhqrs

shldƍ `mc ƌK`rs Shldƍ ehdkcr `mc sgd mtladq ne shldr hm sgd ƌMtladq ne Shldrƍ ehdkc- Enq

dw`lokd sn `cc sgd rdptdmbd ne qdrtks shldr 0/+ 1/+ 2/---1// rdkdbs ƌ@qhsgldshb Rdptdmbdƍ+ dmsdq

0/ hm sgd ƌEhqrs Shldƍ ehdkc+ 1// hm sgd ƌK`rs Shldƍ ehdkc `mc 1/ hmsn sgd ƌMtladq ne Shldrƍ ehdkc-

Result times are listed in increasing order.  If a duplicate time is input a warning dialog appears 

ats sgd ctokhb`sdr `qd sgdm chrb`qcdc- Bkhbj nm ƌNJƍ sn `cc sgd mdv result times to the Result 

Times window. 

Figure 49: Add Result Times dialog 

 

 

5.7.3 Modifying a Result Time 

To modify an existing result time double click on the result time in the Result Times window.  

The Change Result Time dialog will appear.  Change the value in the field as required. 

5.7.4 Deleting a Result Time 

Sn cdkdsd ` qdrtks shld+ bkhbj nm hs hm sgd Qdrtks Shldr vhmcnv `mc sgdm bkhbj sgd ƌCdkdsdƍ

button.  If Options | Confirm deletes is toggled on, a confirmation will be required before the 

deletion takes place. 

Note that multiple result times can be selected for deletion with <Ctrl>, <Shift>+click or 

by clicking and holding the left mouse button down as the cursor is scrolled over the result 

times. 
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5.7.5 Reporting Results at a Sampled Time 

It is sometimes necessary to be able to report results at a sampled time, which can be done by 

using Snapshots and Derived Parameters, either in conjunction or independently of each other.  

5.7.5.1 SnapShots 

In general, AMBER stores the Amount in each compartment for each contaminant at each 

result time.  Most observed results are then generated by linearly interpolating the values 

between the result times.  This is generally adequate, but cannot cope with a situation where the 

time of interest is uncertain, or is derived from a calculation.  This is particularly true where 

there is a discontinuity of some sort at or near the time of interest.  In these circumstances, it is 

useful to be able to record the Amounts at the unknown time of interest, in which case 

SnapShots can be used. 

A SnapShot is specified by giving a variable that evaluates to the time of interest.  In this way, a 

SnapShot time is very similar to a Switch time.  The GUI for SnapShots is identical to that for 

Switch Times, and is accessed via the Windows | SnapShot Parameters menu. 

When a calculation is undertaken, AMBER stores Amounts in the compartments at each 

SnapShot time in addition to the Result Times to provide increased resolution at the unknown 

times of interest.  In addition to this, SnapShots are very useful when used in conjunction with 

Derived Parameters (see Section 5.4.1.8). 

SnapShot parameters cannot be Observers, but can be Sampled Parameters.  They must evaluate 

to a single value with time units. 

5.7.6 Result Time Libraries 

If a set of result times are used regularly, a library file can be created using the Create Library 

option.  To make a library file from a set of result times in a case, clibj nm sgd ƌBqd`sd Khaq`qx---ƍ

button on the Result Times window.  Another window will appear in which the user selects or 

adds a filename and directory for the library file.  This is done by entering the filename directly 

into the text field or selecting a filename from another directory. 

@ khaq`qx ehkd nq b`rd ehkd b`m ad qd`c hmsn sgd Qdrtks Shldr vhmcnv ax bkhbjhmf nm sgd ƌQd`c

Khaq`qx---ƍ atssnm- He ` khaq`qx nq b`rd ehkd hr mnv rdkdbsdc `mc sgd ƌNJƍ atssnm hr bkhbjdc+ sgd

ƌQd`c Khaq`qx- qdrtks shldrƍ dialog appears.  This dialog gives information on the file being read 

in and the option to replace existing result times, merge with existing result times or cancel the 

operation.  By clicking the appropriate button, the result times will be read into the Result 

Times window. 

5.8 Saving the Case 

It is advisable to save the case regularly, particularly after significant data has been added and 

prior to the next calculation.  Select File | Save Case As from the menu bar to save the case with 

a new path and File | Save Case from the menu bar or the Save icon from the toolbar to save the 

case with the same name and path. 
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If a case has been altered and the File | Save Case option is selected, AMBER makes a backup 

copy of the previously saved version of the case.  This is given the same name as the case file 

vhsg sgd dwsdmrhnm ƌ-bajƍ- Sghr hr trdetk he sgd r`udc b`rd hr `bbhcdms`kkx nudqvqhssdm- 

If a case has been altered and the original case is required the File | Revert to Saved option can be 

used.  This will delete all the changes made since the case was last saved. 

If an attempt is made to close a case with unsaved changes, then a message is produced 

prompting for a save or discard.  

Sgd ƌR`ud Rodbh`kƍ noshnm hr `u`hk`akd uh`File | Save Special and allows a case to be saved with 

only a selected set of contaminants (identified by a Selection, see Section 5.4.8.3).  Any decays 

from selected contaminants to those that are excluded are reassigned to be from the selected 

contaminant to NULL.  This option is only available when the original case does not need 

saving (to avoid loss of data). 
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6 Sampling 

In addition to calculating results for a set of singular parameter values (a deterministic run), 

AMBER provides facilities for performing multiple calculations by sampling the values of some 

parameters from probability distributions (a probabilistic run) (see Section 5.4.1.6 on sampled 

parameters).  There are two main reasons for undertaking a probabilistic run: uncertainty 

analysis; and sensitivity analysis.   

In an uncertainty analysis the objective is to discover the implications of uncertainty in the 

values of input parameters on the calculated results.  Thus, it is necessary to characterise the 

input parameter uncertainty, in terms of probability distributions, and calculate the distribution 

of results.  The results can be analysed, for example to give averages (see Sections 7.3.1 and 7.3.2 

on generating reports and graphs). 

In a sensitivity analysis the objective is to discover the relationship between the input 

parameters and particular results, in order to see which parameter values are most important.  

Here, the distributions given for the input parameters serve only to indicate the range of values 

that are of interest.  The distribution of results is analysed to indicate correlation with the 

inputs.  A batch mode command allows AMBER to report a matrix of correlation coefficients, 

see Section 12.1 for more information.  This functionality is also provided in standard statistical 

packages and AMBER can produce files suitable for input to one of these, SPSS.  The details of 

this are discussed in Section 11.4. 

It is, of course, possible to set up a probabilistic run and perform both uncertainty and 

sensitivity analysis on the same samples.  The remainder of this section describes the various 

input distributions that are provided and how these can be used to produce a wide variety of 

parameter distributions and correlations. 

The mechanisms within AMBER for user-introduced parameters are ideal for undertaking 

probabilistic studies.  This is because the ultimate sources of uncertainty can be identified and 

sampled parameters introduced to reflect them.  This naturally leads to sensible correlation 

structures.   

Consider a case where two parameters are uncertain because they both depend on a common 

third item.  This is simply handled by making this common source of uncertainty a sampled 

parameter and giving the formulae that can be used to calculate the original two parameters.  

These parameters are then correlated, through their mutual dependency. 

The first step in performing an uncertainty analysis is to clearly locate the sources of 

uncertainty (not just the symptoms of it - the derived parameters).  Each of the sampled 

parameters must then be given a distribution.  Note that in AMBER most sampled parameters 

are scalar (only From File parameters can be sampled while having multiplicity, see 

Section 11.3).  This is because attaching a distribution to a parameter indexed by contaminant 

(say) would be ambiguous; it could mean that all the contaminant values should be sampled 

from the same distribution (independently of one another) or it could be that only one value 
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should be sampled, and used for every contaminant.  In AMBER, the user is forced to resolve 

the ambiguity, by introducing only one or many sampled parameters, as appropriate, or by 

importing the sampled data into AMBER by external files. 

Once the sampled parameters are identified it is necessary to attach a distribution to them.  The 

art of eliciting such a distribution from experts is beyond the scope of this document, it is 

assumed that a particular distribution has been decided upon. 

AMBER provides six basic distribution types that can be used directly.  However, by using 

expressions involving the basic types, other distributions can be synthesised.  The basic types are 

described below.  All distributions can also be specified directly as logarithmically based 

distributions.  This is indicated by a check box on the parameters information dialog of sampled 

parameters (see Figure 26).  

For a log-based PDF, the distribution parameters relate to the log, base 10, of the final variable.  

Thus, for a log-uniform from 10
-2

 to 10
+2

, the log check box is selected and the min and max 

must given as -2 and +2.  Note that constant expressions can be used to define PDF 

characteristics, therefore log 10(0.01)  and log 10(100)  may also be used.  Similarly, for a 

log-Gaussian (log-normal) distribution, the mean and standard deviation apply to the logarithm. 

6.1 Uniform PDF 

This requires simply a minimum and maximum value.  Any intermediate value is equally likely 

to be sampled.  The PDF for an example sampled parameter with a uniform distribution 

characterised with a minimum value of 0 and maximum value of 5 is shown in Figure 50. 

Figure 50: Example Uniform PDF 
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6.2 Gaussian 

Gaussian, or normal, distributions are well-known, and are simply characterised by a mean 

(central value) and standard deviation (width).  See any statistical text book for further 

discussion.  Note that if there is no truncation (use the Truncated Gaussian if this is required), 

care should be taken with using Gaussian distributions for parameters which have physical 

limits (e.g. they must be positive), since in principle the tail of the distribution continues 

indefinitely.  The PDF for an example sampled parameter with a Gaussian distribution 

characterised with a mean value of 2.5 and standard deviation of 2.5 is shown in Figure 51. 

Figure 51: Example Gaussian PDF 
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6.3 Truncated Gaussian 

This is precisely the same as a Gaussian, except that samples outside set limits will be rejected.  It 

is useful when a parameter distribution has a Gaussian shape, but where other considerations 

indicate that it lies within definite bounds.  Note that very tight bounds are not allowed, since 

the time taken to generate a non-rejected sample could become prohibitive.  An error message 

will appear if the PDF characteristics are not allowed.  The PDF for an example sampled 

parameter with a Gaussian distribution characterised with a mean value of 2.5 and standard 

deviation of 2.5 but truncated at -2 and 6 is shown in Figure 52. 

Figure 52: Example Truncated Gaussian PDF 
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6.4 Triangular  

This simple distribution requires a minimum, a maximum and a most-probable (peak) value.  

Note that the probability of sampling a value lower than the peak value depends on the relative 

position of this between the minimum and the maximum.  Care should be taken in using a 

triangular distribution when the range is very wide.  For example, if the minimum is 1, the peak 

is 10 and the maximum is 100, it is not correct to suppose that half the sample will be less than 

10 (in fact only 1 sample in 11 will be), see Figure 53. 

Figure 53:  Example Triangular PDF 
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6.5 Beta 

The beta distribution can be used to give a wide range of distributions, including bi-modal 

distributions.  @kk u`ktdr vhkk ad adsvddm sgd ƌlhmhltlƍ `mc sgd ƌl`whltlƍ- Sgd rg`od hr

cdsdqlhmdc ax sgd ƌads` @ƍ `mc ƌads` Aƍ o`q`ldsdqr- ƌads` @ƍ `mc ƌads` Aƍ ltrs ad =/ `mc+ enq

practical purposes, <10.  If the PDF is plotted the minimum end is shaped like: 

(x-minimum)
beta A-1

  

and the maximum end like: 

(maximum-x)
beta B-1

 

He ƌads` @ƍ `mc ƌads` Aƍ `qd sgd r`ld sgd chrsqhatshnm vhkk ad rxlldsqhb- 

Figure 54 rgnvr `m dw`lokd ads` chrsqhatshnm vhsg ` ƌads` @ƍ ne /-4 `mc ` ƌads` Aƍ ne /-3 6 

producing a bimodal distribution. 

Figure 54: Example Beta PDF 
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6.6 General Cumulative Distribution Functions  

The General Cumulative Density Function (CDF) allows any shape of cumulative probability 

distribution to be approximated as piecewise linear, see Figure 55.  This corresponds to a 

histogram for the density function, but is slightly more general (the values are not necessarily 

spaced equally). 

To specify the piecewise linear function, the minimum and maximum values must be specified 

and cumulative probabilities given at the intermediate points.  This is achieved through the 

PDF Characteristics dialog. 

Figure 55: Example Piecewise Linear Cumulative Distribution Function 

 

 

6.7 Partial Sampling 

Partial sampling enables the user to select the parameters to be sampled before a calculation is 

run.  The non-sampled parameters take best-estimate values. 

Note that the values taken by sampled parameters are independent from one parameter to 

another, so the sequence of values for any sampled parameter will be the same regardless of 

which other parameters are sampled.  This allows comparisons to be made between results with 

or without varying one parameter with all other parameter values the same. 

The parameters to be sampled can be specified from the Calculation dialog (Results | Calculate).  

If there are sampled parameters in thd lncdk+ `mc he O`qsh`k R`lokhmf hr rdkdbsdc+ sgd Rodbhexƕ

button gives access to the list of sampled parameters.  This is where the user sets which sampled 

parameters should be sampled in the calculation and which should take their best estimate 

value.  The selected items will be remembered between calculations and are saved with the case 

file. 
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Full sampling or best-estimate calculation can be selected separately Ɗ this will not destroy the 

rdkdbshnmr l`cd- Mnsd sg`s he ƏO`qsh`kƐ r`lokhmf hr tmcdqs`jdm vhth no sampled parameters, a 

set of identical best-estimate calculations will be made! 

6.8 Seeds 

The samples are generated in AMBER by a pseudo-random number generator.  This requires an 

initial seed to be specified.  If the initial seed is changed, a different set of samples will be 

generated.  Note that the samples generated also depend on the order in which the distributions 

were created.  When new sampled parameters are added, the sample values for the existing ones 

do not change.  Similarly if a sampled parameter is deleted, the remaining ones will generate the 

same sampled values. 

6.9 Selecting Specific Samples  

Ax rodbhexhmf sgd ƌehqrsƍ r`lokd hmthe Calculation dialog (see Figure 58) it is possible to run only 

particular samples.  This can be used, for example, to re-run a sample that gave high 

consequences, to look at its detailed time-dependent behaviour in isolation.  The internal read-

only SampleNumber parameter is useful in determining which particular samples are 

important.  For example a scatter plot of sample number versus the peak consequence could be 

used and the sample with the highest consequence can then be run in isolation. 

6.10 Sample Files 

Sample files enable AMBER users to specify a set of sampled parameters to be correlated by 

specifying a list of allowable parameter value combinations in a separate text based file (the 

sample file). 

Note that AMBER case files can be created and edited via either the AMBER graphical-user 

interface (GUI) or directly in the text based AMBER case file.  It is emphasised that editing an 

AMBER case file using a text editor is only to be tried by advanced AMBER users.  It is 

strongly recommended that case files are backed-up prior to any changes being made to the text 

based file.  Should mistakes result in problems trying to open or run a case file that has been 

edited directly, note that support is available to users with valid support agreements. 

For more information on Sample Files, please refer to Section 11.5. 

6.11 Correlations 

This is a scheme to allow correlations between sampled parameters to be specified as matrices of 

correlation coefficients. 

Sghr hr `bghdudc ax rodbhexhmf ` mtladq ne ƏBnqqdk`shnm FqntorƐ+ sgqntfg ` Bnqqdk`shnmr

Window accessed via Windows | Correlations.  Each group defines correlations between a subset 

of the variants (sampled parameters).  No variants can be in more than one correlation group. 

Sgd Bnqqdk`shnm Ch`knftd `kknvr sgd bnqqdk`shnm bndeehbhdmsr sn ad rds- Bkhbj ƌ@cc ---ƍ sn bqd`sd `

mdv bnqqdk`shnm fqnto+ sgdm ƌ@cc Qnvƍ sn `cc r`lokdc o`q`ldsdqr hmsn sgd fqntohmf- Sgd
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matrix of correlation coefficients can then be specified by clicking and editing the values in the 

correlation matrix (Figure 56(- Bkhbj nm ƌNJƍ sn qdstqm sn she Correlations Window. 

Correlations require Latin Hypercube Sampling.  AMBER checks that the Latin Hypercube 

Sampling option is selected on open and on calculation and warns the user if this is not the case.  

Also note that when partial sampling is used (Section 6.7), only sampled parameters within a 

correlation matrix are correlated. 

Figure 56: Correlations Matrix 
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7 Running and Reporting a Case File 

7.1 Checking Parameters 

Calculations and report generation can sometimes result in errors being reported in a case due 

to incorrect parameter definitions.  For example you might have defined a paq`ldsdq ƌwƍ hm

sdqlr ne o`q`ldsdq ƌxƍ+ vgdqd ƌxƍ hr tmcdehmdc- Sgd Bgdbj O`q`ldsdqr vhmcnv oqnuhcdr `

trdetk v`x sn ƌcdatfƍ rtbg oqnakdlr- Hs hr fnnc oq`bshbd sn bgdbj o`q`ldsdqr ansg adenqd `mc

after calculation to avoid any errors propagating through the results. 

Select Results | Check Parameters from the menu bar, or click on the Check Parameters button 

on the tool bar.  The Check Parameters window (see Figure 57) will appear with a summary of 

all the user-defined parameters and model inputs.  Simple evaluation errors will be reported.   

Figure 57: Check Parameters Window 

 

 

Mnsd sg`s sgd hmenql`shnm hm sgd vhmcnv hr ` ƌrm`orgnsƍ- He xnt v`ms sn toc`sd hs xnt mddc sn

select Results | Check Parameters again and AMBER will re-evaluate all the parameters each 

time. 

If the window already exists when you select Results | Check Parameters it will be brought to the 

front and the contents updated. 

The Check Parameters window can be resized and can be copied from using <Ctrl>+C.  This 

facility can be useful if expressions for one parameter are to be copied into another.  The copy 

facility is also useful for pasting into a word processing package or text editor for printing 

selected information or inserting into a report. 

The Check Parameters command also checks any preconditions that have been defined for the 

case (see Section 8.4). 
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7.1.1 Checking by Graphing 

In AMBER, input parameters can be graphed prior to a calculation.  This is particularly useful 

for checking time-dependent and sampled inputs.  Graphing is discussed in Section 7.3.2. 

7.1.2 Checking by Expression Editor 

When the cause of an error is not obvious, using the Check functionality of the Expression 

Editor can often resolve the problem, see Section 5.4.2.1. 

7.2 Calculation 

7.2.1 Solvers  

AMBER has two solvers: 

p a Laplace solver, which is used for cases with no time-dependency or with piecewise 

constant (step-wise) time-dependent parameters; and  

p a time-step solver, which is used for cases with more complex time-dependency. 

 

The type of solver to be used is selected automatically by AMBER.  The Laplace solver is 

selected by default for case without time-dependency or with phdbdvhrd bnmrs`ms ƌKnnjto Shld-

cdodmcdmsƍ o`q`ldsdqr- Nsgdqvhrd sgd shld-step solver is selected. 

7.2.2 Solver Controls  

Two solver controls are available. 

7.2.2.1 Forcing the Laplace Solver to be Used 

For cases where the transfer rates, sources, specified amounts and local decay rates are piecewise 

constant, but use stepUp, stepDown or topHat functions, AMBER does not recognise that the 

Laplace Solver could be used.  The user can force the use of the Laplace solver in this situation, 

by selecting it on the Calculate Options dialog that comes up when a calculation is requested. 

AMBER checks that the problem is suitable for Laplace solution before proceeding.  The 

discontinuity times must be properly specified as Switch Parameters through the Switch 

Parameters Window for this option to function correctly (see Section 5.4.1.5). 

7.2.2.2 Speeding up the Time-Step Solver When Rates Change Only Slowly 

When the time-step solver is used, AMBER has to recalculate the transfer rates, sources, 

specified amounts and local decay rates at every time-step.  For complex problems this can be a 

slow process.  In many cases, the rates change only slowly with time and it is not necessary for 

them to be recalculated every time-step. 

The user can speed up the solver in these cases by specifying a minimum interval between 

recalculations.  For intervals shorter than this all the rates can be calculated by linear 

interpolation.  The interpolation scheme is used for transfer rates (and sources, availability 

parameters, decay rates and specified amount if appropriate).  This is invoked by using the 
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hmsdqm`k dchs`akd ƌLhmBg`mfdShldƍ o`q`ldsdq- Mnsd sg`s sgd hmsdqonk`shnm hr nmkx trdc

between discontinuities (as set by Switch Time parameters).  Using the interpolation scheme can 

substantially reduce run times without altering the results significantly. 

When the interpolation scheme is used, AMBER will try to use a linear interpolation scheme 

instead of calculating the full transfer rate expressions (and sources and availability parameters) 

at every time step when the time-step is smaller than the MinChangeTime, this means that the 

rate will be calculated every MinChangeTime interval (or greater).  So if MinChangeTime is 10 

years, the rates will be calculated at 0, 10, 20 years etc.  Once the step is longer than 10 years, the 

rate will generally be calculated every step as before.  MinChangeTime can itself be 

time-dependent.   

It is important to note that the MinChangeTime should be set to the smallest time over which 

significant changes to transfer rates occur, regardless of the rates themselves.  Thus, if transfer 

rates, sources and availability parameters do not change the MinChangeTime can be set very 

large. 

AMBER does not check that the given MinChangeTime is sensible Ɗ so it should be used with 

care.  This does mean that a quick and approximate calculation can be performed by setting the 

MinChangeTime to a large value and ignoring the shorter timescale changes. 

7.2.3 Performing a Calculation  

Once the model has been set up to run a calculation, the Results | Calculate item can be chosen 

from the menu bar or the Calculate icon is selected from the toolbar.  The Calculate dialog will 

now appear (see Figure 58). 

7.2.3.1 Choosing the Solver Type 

Either the Laplace or time-step solver will automatically be selected.  If you have used the 

hmsdqm`k shld u`qh`akd ƌsƍ hm dwoqdrrhnmr sg`s `qd trdc chqdbskx nq hmchqdbskx sn b`kbtk`sd rntqbd

terms and/or transfers you will be forced to use the time-rsdo rnkudq- He xnt g`ud mns trdc ƌsƍ 'nq

have only used it within observer parameters) you will have the option to choose either the 

Laplace solver or the time-step solver.  Where you have a choice, you should normally choose 

the Laplace solver as it will generally be faster and more accurate.  The Laplace solver also 

handles differences in scale within a problem better (e.g. large amounts in one compartment and 

small amounts in another). 
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Figure 58: The Calculate Dialog 

 

 

7.2.3.2 Checking For 

The Calculate dialog has check boxes that the user can use to enable/disable the checking for 

negative transfer rates or source fluxes.  As negative rates and fluxes are not normally expected 

this can be a useful check, for example it might reveal an incorrect sign in a source or transfer 

expression.  A maximum of three negative values will be reported during a calculation (it is 

possible that hundreds could occur in a probabilistic case).  However very small negative values 

can be generated by the solver (e.g. -10
-15

) where zero might have been expected.  If small 

negative values are a problem you can remove them using the max function, for example 

replacing x with max(x,0) . 

7.2.3.3 Samples and Seeds 

If at least one sampled parameter is defined (see Sections 5.4.1.6 and 6(+ sgd ƌR`lokdr 'Mtladr & 

Ehqrs(ƍ `mc ƌRddcƍ ehdkcr vhkk ad dm`akdc- Dmsdq sgd mtladq ne r`lokdr sn ad qtm 'adsvddm 0 `mc

21+656( hm sgd ƌMtladqƍ ehdkc 'sgd kdes-hand field) (note that the time taken to solve the problem 

will be approximately proportional to the number of samples), and enter the first sample to be 

rnkudc hm sgd ƌEhqrsƍ ehdkc 'sgd qhfgs-hand field).   

Sgd ƌrddcƍ hr sgd a`rd rddc trdc ax sgd r`lokhmf q`mcnl mtladq fdmdq`snq 'eqnl vghbg sgd rddc

of each sampled parameter is offset).  The offset to the seed, i.e. a non-negative integer related to 

its position in the case file in relation to the other sampled parameters, is constant for the 

lifetime of a sampled parameter.  This increases the independence of the sampled parameters and 

makes probabilistic calculations relatively robust to the deletion of old parameters or the 
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addition of new parameters.  You might wish to change the seed to see how this affects the 

results.  The seed can be an integer in the range 1 to 999999999. 

7.2.3.4 Sampling 

Sampling is carried out using a Monte Carlo scheme by default, but Latin Hypercube Sampling 

(LHS) can be selected. 

When LHS is used, the samples generated for each sampled parameter are more uniformly 

distributed across its range compared to Monte Carlo Sampling.  Specifically, with N samples, 

one value is generated in each of N quantile ranges (of width 1/N).  Thus, for the simple case of 

a uniformly distributed parameter between 0 and 1 with 100 samples there will be one sample 

between 0 and 0.01, one between 0.01 and 0.02 etc.  Within each quantile the sample is random.  

KGR hr ` enql ne ƌrsq`shehdcƍ r`lokhmf+ `r noonrdc sn etkkx ƌq`mcnlƍ r`lokhmf- 

LHS produces smoother distributions with fewer samples when compared with Monte Carlo 

analysis.  This has the potential advantage of producing good distribution fits with fewer 

sampled runs, thereby reducing the calculation time and size of results files.  This advantage is 

most noticeable for small numbers of sampled parameters. 

KGR b`m ad rdkdbsdc uh` sgd ƌTrd K`shm Gxodqbtad R`lokhmfƍ bgdbj anw nm sgd B`kbtk`sd ch`knf

(see Figure 59). 

Figure 59: Calculate Dialog for Sampled Case 

 

 

Partial sampling dm`akdr rnld r`lokdc o`q`ldsdqr sn ad gdkc `s sgdhq ƌadrs drshl`sdƍ u`ktdr

whilst others are sampled and is discussed in Section 6.7. 
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Sgd ƌCn mns b`kbtk`sdƍ bgdbj anw hr oqnuhcdc sn `kknv r`lokd hmenql`shnm sn ad rds adenqd `

calculation is run.  Once the number of samples and the seed is set, graphs and reports for 

sampled input parameters can be produced. 

In order to help in finding which sample number is producing results that are interesting to 

look at separately, there is a built-in parameter, SampleNumber.  This takes a value equal to the 

sample number.  It can then be used in scatter plots to pick out the sample of interest.  Note 

sg`s R`lokdMtladq hr rds sn sgd Əfkna`kƐ r`lokd mtladq+ rn he 0/ r`lokdr `qd qtm rs`qshmf eqnl

0// sgd R`lokdMtladq vhkk dpt`k 0//+ 0/0+ ƕ 0/8. 

The interesting case can then be run in isolation by inserting the sample number of interest into 

the First field on the Calculate dialog and setting the number of samples to 1.  This enables a 

single calculation to be undertaken with the combination of sampled values of interest, 

whereupon the interesting results can be investigated in detail.   

7.2.3.5 Calculation Requirements 

Before a calculation is allowed to run, the following criteria must be satisfied: 

p the number of compartments must be greater than zero; 

p the number of contaminants must be greater than zero; 

p the number of result times must be greater than zero; 

p all the required parameters must be correctly defined; and 

p the start time must be less than the first result time. 

 

The Progress dialog will be displayed while the calculation is taking place, and it reports the 

sample number (if applicable) and the estimated percentage completed.  When the time-step 

solver is being used, the Progress dialog also reports the current calculation time, see  

Figure 60.  The calculation progress is also reported in the AMBER banner, which means that it 

is visible on the Windows Taskbar. 

Figure 60: Progress Dialog 

 

 

@ b`kbtk`shnm b`m ad b`mbdkkdc vghkd hs hr qtmmhmf ax oqdrrhmf sgd ƌB`mbdkƍ atssnm nm sgd

Progress dialog.  If it is a deterministic calculation, any results calculated so far will be lost.  If it 
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is a probabilistic calculation, any samples already completed will be kept.  For example, if a 100 

sample calculation is cancelled after 50 samples the saved results will be the same as if a 50 

sample calculation had been run to completion. 

A check-box on the Calculate dialog allows an auto-save to be requested.  With this option 

selected, the case is automatically saved once the calculation finishes.  This is particularly useful 

for long probabilistic runs in reducing the risk of results being lost due to a power failure or 

bnlotsdq bq`rg- Sgd cde`tks ƌR`ud `esdq b`kbtk`sdƍ noshnm hr rds sn ƌnmƍ enq mdv b`rdr- 

7.2.3.6 Checking if a Case has Been Calculated 

The titlebar indicates when a case has been calculated ax qdonqshmf hsr rs`str `r ƌ'B`kbtk`sdc(ƍ-

Once calculated the Calculate command via the Results menu changes to ReCalculate.   

7.3 Results 

Sgd qdrtksr ne ` b`kbtk`shnm `qd rsnqdc hm ` ahm`qx ehkd vhsg dwsdmrhnm ƌ-`ceƍ '@LADQ c`s` ehkd(

and the same stem as the case file.  If a case file expects to have a binary file and one cannot be 

located, for example because the binary file has been renamed or removed, a warning message 

will be generated when the case is oodmdc rs`shmf9 ƏV`qmhmf9 Ahm`qx qdrtksr ehkd Zb`rd ehkd

name].adf could not be opened. You will need to re-b`kbtk`sdƐ- @m ƌ-`ceƍ ehkd b`m ad qdfdmdq`sdc

by running the calculation again. 

During calculation temporary binary files are produced.  These files are prefixed by the letters 

ƌ`aƍ '@LADQ ahm`qx(- Sgdrd `qd bkd`qdc to `tsnl`shb`kkx `mc rgntkc mns ad cdkdsdc vghkd

AMBER is running. 

7.3.1 Report File 

After the calculation, the results can be presented in report form.  If Results | Report is selected 

eqnl sgd ldmt a`q nq sgd ƌVqhsd Qdonqsƍ hbnm hr rdkdbsdc eqnl sgd snnka`q+ sgd Qdonqs

Information dialog (see Figure 61) will appear.  

The Report Information dialog gives the opportunity to decide the page width and number of 

significant figures to which the results are given in the report.  The user has the choice of 

whether the compartment amounts, source fluxes, transfer fluxes and parameters are reported.  

If the Parameters check-box is selected you can choose which parameters to output, and their 

nqcdqhmf+ ax bkhbjhmf nm sgd ƌBgnnrd O`q`ldsdqr---ƍ atssnm- Sghr vhkk aqhmf to sgd Bgnnrd

Parameters dialog, see Figure 62.   
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Figure 61: Report Information Dialog 

 

 

The Report Dialogue remembers the number of significant figures and page width.  This is done 

through the configuration file and so applies to all cases. 

The list of selected and unselected parameters is also remembered whilst a case is open.   Any 

new parameters are added to the chosen list so that they are not omitted from reports by 

mistake. 

Note that the requested number of significant figures does not include a minus sign if the 

reported values were negative. 

 

Figure 62: Choose Parameters Dialog 
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If you only wish to report the results for a few of the available parameters, use the double left 

`qqnv sn lnud `kk sgd o`q`ldsdqr eqnl sgd ƌBgnrdmƍ sn sgd ƌMns Bgnrdmƍ khrs- Sgdm bgnnrd `m

individual parameter by selecting it from the list of Not Chosen parameters and clicking on the 

single right arrow to move it into the Chosen parameters list.  To select several parameters at 

once, hold down <Ctrl> and select the required parameters.  To select a block of parameters 

from the list, hold down < Shift> and select the required parameters.  

Double-clicking on a parameter can also be used to move it from one list to another.  

If the calculation was probabilistic (see Sections 5.4.1.6 and 6) you can choose which statistical 

ld`rtqdr sn ntsots ax rdkdbshmf sgd ƌRs`shrshbr ---ƍ atssnm+ vghbg hr nsgdqvhrd fqdxdc nts- Sgd

options available are: 

p Mean;  

p Standard Deviation; 

p Min/Max ; and 

p Confidence Limits. 

Vgdm ƌbnmehcdmbd khlhsrƍ hr rdkdbsdc+ sgdqd `qd svn rdsr ne noshnmr- Sgd ehqrs noshnm hr sgd sxod ne

confidence limits (Guttman, Tchevechev, or Gaussian), while the second option is of the 

percentage of the confidence limits (90, 95 or 99%).   

Once the parameter and statistics optinmr g`ud addm bgnrdm+ sgd ƌNJƍ atssnm rgntkc ad bkhbjdc

and a dialog will appear prompting the user to supply the path for the report file.  The report is 

written to a text file that can be read with an appropriate editing package such as Notepad in 

Windows. 

Note that a probabilistic calculation with only one sample is treated like a deterministic 

calculation for the purposes of report generation. 

Problems may be reported for some parameters that were not reported during calculation.  This 

is because these parameters did not need to be evaluated during the calculation.  In such cases an 

error dialog will appear on the screen providing the user with information necessary to identify 

the cause of the evaluation error. 

7.3.2 Graphs 

You can create a graph by selecting Results | Graph from the menu bar or the Create Graph 

icon from the toolbar.  The Graph type dialog will appear (see Figure 63).  

7.3.2.1 Graph Types 

If the calculation was deterministic the allowed graph type is: 

p Line. 

If the calculation was probabilistic (see Sections 5.4.1.6 and 6) the allowed graph types are (see  

Figure 63): 

p Line; 

p Mean + Confidence Limits; 
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p Cdf (Cumulative distribution function); 

p Scatter; and 

p Percentile. 

He xnt bgnnrd ƌLd`m * Bnmehcdmbd Khlhsrƍ sgdqd hr `krn ` bgnhbd neconfidence limit bounds; if 

ƌMnmdƍ hr rdkdbsdc sgdm rdudq`k ld`mr b`m ad oknssed on the same chart (this is shown in  

Figure 63).  Ie xnt bgnnrd ƌOdqbdmshkdƍ sgdqd hr ` bgnhbd ne odqbdmshkdr.  

 

Figure 63: Graph Types for Sampled Case Results 

 

 

Note that graphing of input parameters is permitted before a calculation and can be useful for 

checking the specification of a case. 

7.3.2.2 Other Graphing Options 

@o`qs eqnl bgnnrhmf sgd fq`og sxod+ sgd ƌFq`og sxodƍwindow contains the following graphing 

options: 

p ƌQdbdmsƍ; 

p ƌVhmcnv9 Mdv . Nudqk`x nmƕƍ: 

p ƌNtsots sn Dwbdkƍ: 

p ƌW-̀ whr Knf`qhsglhbƍ: 

p ƌX-axhr Knf`qhsglhbƍ: 

p ƌHmbktcd Knbjdc O`q`ldsdqrƍ: 

p ƌHmbktcd Qdrtksrƍ: `mc 
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p ƌHmbktcd Knbjdc Nardqudqrƍ- 

AMBER keeps a record of the options plotted for up to twelve recent charts.  These recent 

charts can be replotted by selecting Recent and choosing the required plot from the drop-down 

menu. 

New charts are created by default, however, the user can overlay results on previously plotted 

bg`qsr ax rdkdbshmf sgd ƌNudqk`x nmƍ q`chn atssnm `mc bgnnrhmf sgd bg`qs eqnl sgd cqno-down 

menu. 

The axes types (log or linear) can be specified in the graph type dialog (see Figure 64), and are 

remembered between graphs.  Thus, if a series of graphs are created which all require a 

logarithmic time axis; this can be achieved directly rather than by editing each one. 

Depending on the type of graph chosen, you will be prompted with one or more dialogs asking 

xnt enq sgd o`q`ldsdq'r( xnt vhrg sn okns- Ax trhmf sgd sgqdd shbj anwdr ƌHmbktcd Knbjdc

O`q`ldsdqrƍ+ ƌHmbktcd Qdrtksrƍ+ `mc ƌHmbktcd Knbjdc Nardqudqrƍ+ sgd trdq b`m hmbkude/exclude 

certain groups of parameters from the option lists provided. 

If in the evaluation of a parameter being graphed a zero divide occurred, the graph is not shown 

and an error message is reported. 

Figure 64: Graph Plots Dialog 

 

 

7.3.2.3 Charting Packages 

The AMBER installation includes two charting options: 

p Q2DGrapher is an internal charting package; and 

p Exporting charts to Microsoft Excel®. 

Q2DGrapher is based on the Microsoft .NET framework and requires .NET version 2.0 or 

higher to have been installed in order to operate (see Section 2.2.2).  Q2DGrapher allows, 

amongst other features: 

p Charts to be saved and reloaded; 

p Chart styles to be saved and reloaded; 

p Charted data to be copied and pasted to other programmes (e.g. Excel); and 



AMBER 5.4 Reference Guide 

 96 

p Charted data to be saved as comma separated files (.csv). 

Q2DGrapher includes a help file under the Help menu that describes how it can be used. 

Sn ntsots ` bg`qs sn Dwbdk+ rhlokx bgdbj sgd ƏNtsots sn DwbdkƐ bgdbj anw nm sgd ƌbg`qs sxodƍ

dialog.  This generates the chart in Excel, with the chart data being included in a separate 

worksheet.  The data worksheet includes the name of the AMBER case file from which the 

chart was generated, together with the parameter name and units.  If Excel is not available, then 

the internal charting package is used. 

It is possible to overlay new charts on the previously created Excel charts. 

Closing Excel will simply cause it to be relaunched if further graphs are exported. 

7.3.3 Sensitivity File 

AMBER can produce files for input into the external statistical package SPSS.  Sensitivity files 

are generated by selecting Results | Sensitivity.  This creates a header file with the extension 

ƌ-gcqƍ `mc ` rdmrhshuhsx ehkd vhsg sgd dwsdmrhnm ƌ-rmrƍ- Sgd cde`tks ehkd rsdl hr sgd r`ld `r enq sge 

case file.  The header file gives details of the information contained in the sensitivity file.  

Sgd enql`s ne sgd ƌ-gcqƍ ehkd hr9 

SAMPLED: <list of sampled parameters>  

SAMPLES: <number of samples in the calculation>  

PARAMETER: <the parameter being check ed> 

Contaminant: <the contaminant being checked>  

Compartment: <the compartment being checked>  

TIMES: <list of result times>  

Sgd enql`s ne sgd ƌ-rmrƍ ehkd enq o r`lokdc o`q`ldsdqr+ r r`lokdr `mc q qdrtks shldr hr9 

<value of sampled parameter 1 for sample 1>  ... <value of sampled 

parameter p for sample 1> <value of chosen parameter for given 

compartment/contaminant for result time 1 and sample 1> ... <value of 

chosen parameter for given compartment/contaminant for result time r 

and sample 1 > é 

<value of samp led parameter 1 for sample s> ... <value of sampled 

parameter p for sample s> <value of chosen parameter for given 

compartment/contaminant for result time 1 and sample s > ... <value 

of chosen parameter for given compartment/contaminant for result time 

r a nd sample s>  

This information can be used (for example by other packages) to check the sensitivity of a 

parameter to the values sampled. 

7.3.4 Dump File 

You can generate a dump file by selecting Results | Dump.  This creates a text file containing 

comprehensive details of the results of a calculation on a sample by sample basis.  This file can 

be very large, especially for probabilistic calculations. 
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7.3.5 Smaller Result Files 

AMBER saves its results in binary files denotec ax sgd sxod ƌ`ceƍ '@LADQ C`s` Ehkd).  These 

ehkdr b`m ad udqx k`qfd hm oqna`ahkhrshb b`rdr- Trdqr g`ud bnmsqnk nudq sgd rhyd ne sgd ƌ`ceƍ ehkd

through two options via the ADF Options dialog, see Figure 65 (accessed via Options | ADF...). 

Figure 65: ADF Options Dialog 

 

 

Firstly, the Amount results are stored as single precision by default.  Selecting the results to be 

rsnqdc hm cntakd oqdbhrhnm vhkk `ooqnwhl`sdkx cntakd sgd rhyd ne sgd ƌ`ceƍ ehkd- 

Secondly, for probabilistic cases it is possible to only store Amount results for a subset of 

compartments.  This requires the user to have created a NameSet selection from the list of 

bnlo`qsldmsr ax uhdvhmf sgd ƌHmsdqm`k (Read Nmkx(ƍ hsdlr hm sgd M`ldRds vhmcnv+

ghfgkhfgshmf Bnlo`qsldmsr `mc bkhbjhmf nm ƌRdkdbshnmrƍ 'rdd Section 5.4.8.3). 

If the results for a compartment are not saved, then any observers relying on that compartment 

will not be available.  Thus, some care is required when deciding which compartments to save.  

The selection of compartment is identified through the ADF Options dialog.  The reduction in 

file size is approximately proportional to the number of compartments not saved (there are 

other fixed items such as result times that do not scale). 

The ADF Options dialog also provides the option of reporting the expected ADF size prior to a 

calculation. 
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8 Additional Features 

8.1 Model Window Basics 

The model window layout is controlled by the user through a combination of menus (including 

pop-up menus) and mouse actions.  In general, a change is applied to all selected items through 

sgd l`hm ƌUhdvƍ ldmt+ nq sn `m hmchuhct`k hsdl sgqntfg ` ono-up menu activated by the right 

mouse button.  Some changes are global (e.g. the base font, line colour and shadow colour) and 

so do not rely on which items are selected.   

8.1.1 Splitting Transfers 

For complex AMBER cases, the structure of the model system can become obscured by the 

lines representing transfers between compartments.  It is often sufficient, when considering a 

sub-system, to be visually aware that there are incoming or outgoing transfers without having to 

immediately see where they connect. 

Transfers can be split to aid in laying out the Model windows.  A split transfer is a transfer, 

which is visually represented in two parts, one connected to the donor compartment and one 

connected to the receptor compartment.  The transfer itself is unaffected - only its visual 

representation in the GUI changes. 

Splitting a transfer is achieved by holding the cursor over the transfer, right clicking and 

selecting Split on the pop-to ldmt- @ksdqm`shudkx+ sgd sq`mredq b`m ad rdkdbsdc `mc sgd ƏRƐ jdx

pressed on the keyboard. 

Rejoining a split transfer is achieved by selecting one half, right clicking and choosing Rejoin 

from the pop-to ldmt nq oqdrrhmf ƏIƐ nm sgd jdxan`qc- @ qdinhm b`m ad hmhsh`sdc eqnl dhsgdq

half of the transfer and the rejoined transfer will use the position and attributes of the chosen 

half. 

Once a transfer is split, isr svn g`kudr `qd k`adkkdc trhmf sgd sq`mredq m`ld vhsg sgqdd cnsr 'ƌƕƍ(

as a suffix (for the half attached to the donor) or prefix (for the half attached to the receptor).   

The two halves of a split transfer act completely independently as far as the GUI view is 

concerned.  Transfer information can be edited from either and either can be used to delete the 

transfer. 

8.1.2 Selecting Model Items 

Selecting a set of items (compartments, transfers and sources) on the model window is the first 

step in many layout changes.  There are several ways of making and changing selections.  

Selection changes (in common with all layout changes) should be undertaken with the arrow 

tool. 

The most basic selection method is by directly clicking on a single item.  This will deselect all 

other items and select the particular one.  By holding <Shift> down while clicking, no 
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deselection occurs, so the particular item is added to those already selected.  If the item clicked 

on when < Shift> is held down is already selected, then it is removed from the selection. 

To select a group of items, the mouse can be used to drag out a bounding rectangle starting at an 

empty part of the Model window.  All items with centres in the rectangle will be selected and 

items with centres outside the rectangle will be deselected.  Note that dragging with the 

< Shift> held, and selecting multiple items using <Ctrl> are not currently supported. 

The View | Select menu allows all of a particular type of item (Compartment, Transfers and 

Sources, or All) to be selected.  This selection is added to any existing selection. 

The View | Deselect menu allows all of a particular type of item (Compartment, Transfers and 

Sources, or All) to be removed from the selection. 

According to which items are already selected, the menu items under View | Select and View | 

Deselect may be greyed out to indicate that a particular action is inapplicable. 

By combining the use of the mouse-drag selection and the menu deselection option, it is possible 

to select all of a particular type in a section of the model. 

Using the right mouse button on a particular item enables it to be changed without any change 

to the selection. 

8.1.3 Zoom 

A useful feature for cases where the size of the model in the Model window needs to be 

modified is the zoom function.  The zoom function is accessed through the zoom sub-menu in 

the View menu, i.e. View | Zoom.  The Model window can be scaled to 50%, 75%, 100%, 150%, 

200% or any percentage between 10 and 500 (through View | Zoom | Other).   

The area shown in the Model window may be changed by using the scrolling bars at the right, 

and bottom edges of the window, or by using the arrow keys.  

Occasionally, particularly after zooming, parts of the model view may become hidden under 

the palette.  Shifting the view in the Model window using the arrow keys may easily retrieve the 

view.  Three key-combinations can be used.  Shift-LeftArrow, moves the whole layout to near 

the left boundary; Shift-UpArrow moves it to near the top; Shift-Home does both together. 

8.1.4 Colour 

Colours can be set for every separate compartment, transfer and source in the system.  The 

colour of arrows and text linkage lines can be set, as can the colour of shadows and the 

background colour. 

To set the colour of an individual item (source, transfer, compartment or submodel), the pop-up 

menu Colour option can be selected by right-clicking on the item.  The item can also be 

coloured by selecting the item in the Model window and clicking on View | Colour | Selected 

Hsdlrƕ or by right-clicking and selecting Colour.... 

To set the colour of several items (source terms, transfers, compartments and/or submodels), 

select the items via the Model window by dragging the cursor over the items while holding the 
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left mouse button down, or by holding <Ctrl> or <shift> and clicking on the items, then 

click on Uhdv { Bnkntq { Rdkdbsdc Hsdlrƕ. 

The colour of arrows, text linkage lines and shadows can be set via the View | Colour menu.  

Arrows associated with full transfers, split transfers, external transfers and/or sources can be 

coloured differently. 

The pop-up menu can be used to set the background colour by using the right mouse button 

away from any model items. 

When the colour menu item is selected, a colour dialog box will appear, see Figure 66.  This is 

the standard Windows dialog.  Where possible the current colour will be selected initially.  

Custom colours can be used, and will be saved in the AMBER case file. 

Figure 66: Windows Colour Dialog 

 

 

For compartments, transfers, sources and submodels, the chosen colour is the background 

colour of the text box.  The text itself will be black or white depending on how dark the 

selected background colour is. 

8.1.5 Model Item Sizes 

The relative size can be set for every separate compartment, transfer and source in the system as 

well as the text on submodel windows.  This is relative to the nominal standard size.  The text 

for a resized item will use a scaled version of the base font. 

Sizing should not be confused with zooming.  When a zoom factor is set, the whole window is 

drawn with this factor Ɗ so that all apparent sizes and positions change.  When a relative size is 

set, the positions are not affected. 



AMBER 5.4 Reference Guide 

 101 

To set the relative size of a selected set of items, either the View | Relative Size menu or the 

right-click Relative Size option can be used.  To set the relative size of an individual item, the 

pop-up menu Relative Size option should be selected by right clicking on the item of interest. 

The relative size can be chosen from the given list.  When the pop-up menu is used the current 

relative size of the particular item will be indicated Ɗ this can be used to discover the current 

relative size.  When the main menu is used, the relative sizes of all selected items will be 

indicated. 

8.1.6 Alignment in Model Window 

It is possible to align items in the Model Window.  If multiple items are selected, then six align 

options are available via View |  Align or by right-clicking in the Model window and clicking on 

Align Selected (Figure 67):  

p Left Ɗ aligns the left side of all the selected items to the current leftmost; 

p Centre Ɗ aligns the centre of all the selected items to the current average centre; 

p Right - aligns the right side of all the selected items to the current rightmost; 

p Top - aligns the top of all the selected items to the current topmost; 

p MiddleƊ aligns the middle of all the selected items to the current average middle; and 

p Bottom - aligns the bottom of all the selected items to the current bottommost. 

 

Figure 67: Alignment in Model Window 
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8.1.7 Shadows 

Sgd lncdk hsdlrƍ rg`cnvr b`m g`ud sgdhq bnkntq bg`mfdc sgqntfg sgdView | Colour menu or 

may be hidden completely through the View | Hide Shadows menu item.  This is a checkable 

menu item, so a tick means that the shadows are hidden.  Each time the menu item is selected 

the choice is toggled between hidden and shown. 

8.1.8 Model Window Layout Management 

Every AMBER case has an active layout, corresponding to what is seen on the screen.  This is 

saved in the case file and re-used when the case file is opened subsequently.  At any time, the 

active layout can be stored under a user-chosen name.  Stored layouts are also saved in the case 

file.  Stored layouts can be used to replace the active layout at any time.  There is no limit to the 

number of layouts that can be stored. 

It is permitted to add new model items after layouts have been stored. 

All t he layout management functions are accessed through the View | Layout menu.  This has 

three items: Use, Store and Delete. 

The View | Layout | Store menu item allows the active layout to be stored.  This can replace an 

existing stored layout or create a new one.  Note that it is necessary to use Store to replace a 

stored layout if any required changes are made in the active layout.  Changes to the active 

layout are never automatically made to a stored layout. 

The View | Layout | Use menu item allows a stored layout to be used as the active layout.  It 

also allows the default colour, size and font settings to be applied.  If the active layout that is 

being replaced has not been stored then a warning will be given.  If there are items in the model 

that did not exist when the stored layout was created then these will be placed near the top left 

of the model window, using default colours and sizes. 

The View | Layout | Delete menu item allows the stored layouts to be removed.  Note that 

there is no rename function Ɗ but the same effect can be achieved by making a layout active, 

storing it under the new name and then deleting the old one. 

When the active layout has been set using a stored layout, the layout name appears on the title 

bar of the model window.  If the layout is changed from the stored version, an asterisk is 

inserted after the layout name. 

8.1.9 Pictures on the Model Window 

Ohbstqdr b`m ad `ccdc sn sgd Lncdk vhmcnv ax bkhbjhmf nm sgd ƌ@cc Ohbstqdƍ hbnm ne sgd snnk

palette or by clicking on Picture in the Add options when right clicking in a space on the Model 

window (see Figure 68). 
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Figure 68: Model Window Add Menu Options 

 

 

The picture is initially added as a question mark (see Figure 69) Ɗ double clicking on this gives 

`bbdrr sn sgd ƌRdkdbs Ohbstqdƍ ch`knf vgdqd sgd ohbstqd sn ad rgnvm b`m ad rdkdbsdc 'rdd 

Figure 70). 

Figure 69: Model Window with Picture Question Mark 

 

 

Figure 70: Select Picture Dialog 
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Pictures are loaded from bitmap (bmp) files, jpeg files or gif files.  This software is based in part 

on the work of the Independent JPEG Group.  The original files are used when the case is 

reopened and so must be available (otherwise the question mark picture will be shown).  It is 

recommended that the picture files are kept in the same directory as the case file or in a special 

subdirectory.   

Figure 71 provides an example of a picture that has been included in the Model window.  

Pictures are placed on the back of the Model window so that compartments, transfers, sources, 

submodels and text can be superimposed.  Overlapping pictures can be ordered using the 

ƌRdmc to a`bjƍ noshnm eqnl sgd ono-up menu when right-clicking on a picture. 

Figure 71: Example Picture on Model Window 

 

 

8.1.10 Adding Free Text and Linkages 

Note that, in addition to pictures, free text can be added from the tool palette or the pop-up 

menu that appears when a right-mouse click is used in the Model window (see Figure 72). 

Figure 72: Free Text Edit Dialog 

 

Once free text has been added this can be linked to a particular model item (compartment, 

transfer etc.) by using the Linkage tool from the tool palette.  Dragging from the text to the 

item creates a linkage.  Subsequently, if the item is moved the text will be moved with it. 
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8.2 Submodel Hierarchies 

Submodels involve splitting a complex model into convenient groups to aid presentation and 

accessibility.  

A submodel is simply a group of compartments (plus transfers and/or sources) that form a 

convenient unit.  Submodels can be nested Ɗ so a submodel can contain other submodels. 

Transfers do not belong to submodels directly.  Although, if both ends of a transfer are in the 

same submodel then that transfer will only be visible in that submodel window.  Transfers 

between compartments in different submodels will be visible in several submodels, as described 

in more detail in Section 8.2.5. 

8.2.1 Creating Submodels 

To create a new submodel, the submodel tool should be selected from the palette on the model 

window.  An empty submodel can be created by clicking or dragging out an empty rectangle 

with the tool.  If existing compartments and sources are to be put into the new submodel, then 

a rectangle containing them should be dragged out. 

Double-clicking on a submodel allows the name and description to be changed, while right 

clicking on a submodel provides the option to go into the submodel window. 

Where transfers or sources enter or leave submodels, this is denoted by a small arrow entering 

or leaving respectively.  These arrows show entry or exit from above, because the parent 

submodel is conceptually at a higher level.  For clarity, it is recommended that such transfers be 

placed above the items that they connect to within a submodel. 

8.2.2 Submodel Windows 

Each submodel has its own window, which looks exactly like the top-level model window.  

When a new submodel is made, its window is opened.  Otherwise, submodel windows can be 

accessed in a number of ways.  The simplest is to use the Submodel Navigator described in the 

following section.  Otherwise, the Windows menu has a Submodels submenu that allows direct 

access to each window.  The Windows | Submodels ldmt `krn hmbktcdr ` ƌRgnv Sqdd ---ƍ noshnm

that displays a branching menu of submodels and compartments that can be edited (via the 

ƌDchsƍ atsnm(+ uhdvdc 'uh` sgd ƌChrok`x Vhmcnvƍ atssnm( nq cdkdsdc 'uh` sgd ƌCdkdsdƍ atssnm(-

Alternatively, the submodel hierarchy can be followed up and down by browsing through the 

Model and Submodel windows.   

To go to a submodel window, double click on a submodel or use the right mouse button on a 

submodel and select the Submodel Window item in the pop-up menu.   

To go back to the parent submodel, use the right mouse button on the background and select 

Parent Window. 

Several submodel windows can be open at one time.  Selecting an already open window brings 

it to the front.  If changes to submodel structures are being made, it is best to avoid having too 

many submodel windows open, since each has to be updated when a change is made. 
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8.2.3 Submodel Navigator 

If submodels are present in an opened case, the initial Model window contains a Submodel 

Navigator, see Figure 73.  This is detachable and dockable (like the tool palette) and, can be 

reinstated or closed via the View | Show Navigator menu item. 

Figure 73: The Submodel Navigator 

 

The Submodel Navigator shows a hierarchical tree listing all of the submodels in the system and 

allows the user to switch quickly between the main Model window and the submodels.  The 

currently displayed model is highlighted with a blue background.  A different selection can be 

set with the mouse or arrow keys (after clicking in the Navigator) Ɗ this is highlighted with a 

o`kd aktd a`bjfqntmc- Sgd ƌChrok`xƍ atssnm 'nq cntakd-clicking) changes the current Model 

window display to the selected submodel.  Thd ƌVhmcnvƍ atssnm nodmr ` mdv vhmcnv enq sgd

selected submodel.  These new windows do not have a Navigator by default, but it can be 

created using View | Show Navigator if required. 

8.2.4 Laying Out Submodels 

The submodel box on the parent window can be resized freely by selecting it and using the grab 

boxes that appear in each corner.  Because of this, the relative size function applies only to the 

font on a submodel box.   

After a submodel is created, the layout can be improved with the help of the right click pop-up 

menu.  All transfers into and out of a submodel can be split (select Split All) or joined (select 

Join All).  Note that these options are also available for compartments. 

Colour-coding the submodel boxes (and perhaps the background of the submodel window to 

match) is recommended. 

When a new submodel is created with initial contents, the position of the items in the window 

and their style are taken from their previous positions.  If items are added individually by drag 

and drop, their positions will be determined by the drop position, but their style will revert to 

default.  For any split transfers that become relevant for a submodel, the label moves with the 

submodel or compartment.  For connected transfers, the label is not moved. 

Storing and reusing layouts is currently not supported for submodels. 



AMBER 5.4 Reference Guide 

 107 

Note that if systems with large numbers of compartments are being modelled, the creation of 

new windows can be relatively slow.  This is because of the checking needed to determine 

which transfers are to be shown. 

8.2.5 Editing Submodels 

Clicking the right mouse button on the background of a submodel now gives access to the 

Submodel Edit dialog, so that a submodel can be renamed from its own window. 

New items can be added into submodels just like adding them to the model window.  Items can 

also be deleted from submodels in the same way.  Items can also be moved between submodels 

as follows: 

Open the windows for the submodel containing the item (compartment, source or other 

submodel), and the window where you want to move it.  Now use <Ctrl> and the mouse 

together to select and drag the item from one window to the other.  The item will be added 

where it is dropped.  Dropping it in the same window has no effect. 

Adding a transfer between compartments in different submodels must be done in the common 

parent window.  Add the transfer from one submodel to the other in the same way as when a 

transfer between two compartments is added, and select the appropriate compartments from 

the list that is presented.  Adding a transfer from a compartment in the main window to a 

compartment in a submodel is done by dragging the transfer arrow from the compartment to 

the submodel item in which the receptor-compartment is located.  Again, the receptor 

compartment must be chosen from the list presented (see Figure 74). 

Figure 74: Select Compartment(s) Dialog 

 

 

This also works for sources.  Of course, the position of the transfers in the submodels will need 

to be changed manually after the transfer is added.  Note that transfers within submodels can be 

added by creating a transfer to and from the same submodel in the parent window, but this is 

not recommended. 

Editing and deleting transfers and sources can be done from any submodel in which they 

appear. 
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Where a transfer is between compartments that are not in the same submodel, the transfer will 

be visible in the submodels that contain its donor and receptor and in submodels containing 

these submodels, up to a common parent.  Transfers from the donor are indicated by an 

out-onhmshmf `qqnv+ `mc ax sgd m`ld g`uhmf ` ƏƕƐ rteehw.  Transfers to the receptor have an 

hmbnlhmf `qqnv `mc ` ƏƕƐ oqdehw- Sgd rvhsbg adsvddm sgd svn rsxkdr nbbtqr `s sgd bnllnm

parent. 

8.2.6 Submodel Deletion 

Submodels can be deleted in the same way as any other item, except the user is also asked 

whether the contents should be deleted or kept.   

Deleting the contents deletes all compartments and nested submodels within the deleted 

submodel.  Keeping the contents removes the submodel and moves its contents into the parent 

submodel. 

The new layout is adjusted so that these are visible and sensibly placed.  

8.3 Availability Schemes 

Originally, no non-linear behaviour was allowed in AMBER.  Specifically, the transfer-flux 

between compartments was restricted to being linearly proportional to the amount of material 

in the donor compartment.  That is, the transfer flux was defined by the relationship 

TransferFlux = TransferRate*Amount[donor]. 

Some particular types of non-linear behaviour have been introduced which are sufficient to 

cover the common cases of solubility limitation and sorption.  

8.3.1 The Concept of Availability 

Generally, the reason for a non-linear relationship between the transfer flux and the amount of 

contaminant in the donor compartment is that only a fraction of the contaminant is available 

for transport.  In the case of solubility limitation, excess material will be present as precipitate 

and so will not move in the aqueous phase.  Here, we introduce the general concept of 

Availability to handle these situations. 

The availability of a contaminant for a particular transfer is defined to be the fraction of that 

contaminant that participates in the transfer.  Thus, availability is between zero and one. 

By default, the availability of all contaminants for all transfers is unity.  By selecting from a set 

of options, the user can specify a prescription for determining the availability for each 

contaminant for a nominated transfer.  Note that an Availability is attached to a transfer rather 

than a compartment.  This is because different transfers might have different availabilities for 

the same compartment (e.g. if one acts through the aqueous phase and the other on the total, as 

in erosion). 

Availability is a built-in (read-only) parameter that is evaluated during a calculation, with the 

formula for transfer flux now being: 
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TransferFlux = TransferRate*Availability*Amount[donor].  

Because Availability depends on the Amount in the donor compartment, the equations that 

AMBER solves become non-linear.  This therefore forces the use of the time-stepping solver.  

The following sections discuss how the user prescribes the scheme to be used for calculating 

Availability in a particular transfer.  For each scheme, the user must consider what information 

needs to be provided, and how this is used. 

8.3.2 Individual Limit Scheme 

For an individual limit scheme, all that needs to be specified by the user is the maximum 

amount for each contaminant that should be included in the transfer.  This corresponds to the 

amount in the compartment when the solubility limit is reached, and could be given by a 

numerical value or by an equation, for example (in a saturated system): 

Limit = Volume*Porosity*RetentionFactor*SolLimit.  

Given this limit, the Availability is the minimum of Limit/Amount and unity.  It is an error for 

the Limit to be negative or zero.  If the Amount is zero or negative, the Availability is defined 

to be unity. 

The Limit can be time-dependent and/or sampled, as needed by the user.  If the value is 

specified as a constant it should explicitly have units specified Ɗ e.g. 7[mol].  See the discussion in 

Section 4.3.4 about units. 

8.3.3 Shared Limit Scheme 

For a shared limit scheme, it is necessary to define how the contaminants group together in 

addition to their joint limits.  For cases where this is necessary, the user must have defined a 

NameSet for this purpose (typically Elements) and a mapping from Contaminants to this 

NameSet (e.g. ContaminantsToElements). 

The information needed here is the mapping (which defines the target NameSet and the 

assignment of contaminants) and the Limit for each item in the target NameSet.  For the 

specific case of elemental solubility limits, the Limit would be defined for each element and the 

mapping would indicate which contaminant belongs to which element. 

The Availability is defined for each contaminant, but the values for contaminants mapped to 

the same target (e.g. isotopes of a particular element) are all equal.  This ensures that the 

available amounts are in proportion to the full amounts (i.e. that the correct isotopic fractions 

are preserved). 

Sgd @u`hk`ahkhsx hr sgd lhmhltl ne ƌKhlhs.Rtlldc@lntmsƍ `mc tmhsx- Hs hr `m dqqnq enq sgd

Limit to be zero or negative.  The SummedAmount is the Amount summed over contaminants 

mapped to the same target.  If the SummedAmount is zero or negative, the availability is 

defined to be unity.   

The Limit can be time-dependent and/or sampled, as needed by the user.  
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8.3.4 Langmuir Scheme 

In some circumstances the relationship between the total amount of a contaminant and the 

amount available for transport is governed by a non-linear sorption relationship.  Typically, 

there is a bound on the amount that can be sorbed, and so the fraction available for transport 

increases with the total amount.  This is in contrast to a solubility limit scheme where the 

availability reduces as the amount increases. 

A common sorption isotherm is the Langmuir isotherm.  When this applies, the availability can 

be written as a simple function of the amount: 

b

a

+

+
=

Amount

Amount
tyAvailabili  

where the values of a and b are determined by the precise details of the model. 

Svn b`rdr mddc sn ad bnmrhcdqdc+ `r vhsg sgd ƌKhlhsƍ b`rd9 

p An individual scheme, where each contaminant is independently sorbed; and  

p A shared scheme, where the total amount of several contaminants controls the 

availability. 

Both cases are available.  For the shared scheme, a mapping must be supplied that groups the 

contaminants in the correct way, and the parameters will then depend on the target of this 

mapping (typically Elements). 

The graphical interface asks for two expressions, one for the top (a above), and one for the 

bottom (b above). 

Note that if availability is required for some contaminants only, then a and b values for the 

others should be set equal to one another.  Any value is valid, but zero should be avoided 

because of the possibility of the denominator going to zero. 

8.3.5 Unavailability Scheme 

Each of the existing Availability schemes has an associated Unavailability scheme.  These set the 

availability for a transfer to one minus the value for the original scheme (see Figure 75). 

Thus for a Limit availability scheme: 

Availability = min(Limit/Amount, 1)  

whereas the corresponding unavailability scheme sets 

Availability  = 1 - min(Limit/Amount, 1).  

For a Langmuir availability scheme 

b

a

+

+
=

Amount

Amount
tyAvailabili  

whereas the corresponding unavailability scheme sets 
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Figure 75: Availability vs. Unavailability Langmuir Scheme 

 

 

8.3.6 Availability Dialog 

The user-interface components related to availability schemes are:  

p A way of indicating that a non-default Availability Scheme is to be used for a particular 

transfer; and 

p A way of specifying the parameters needed by the Availability Scheme. 

@ ƌRds Rbgdld---ƍ atssnm nm sgd Sq`mredq Hmenql`shnm ch`knf fhudr `bbdrr sn sgd @u`hk`ahkhsx

Dialog shown in Figure 76. 

The Availability Dialog allows the user to select the type of availability scheme by clicking on 

the appropriate graph. 

The drop-down list box shows valid mappings (i.e. those from Contaminants) for the use in 

Shared Limits.  The expression given under Limit must give a value for each of the target 

NameSet, or for each contaminant in the case of Individual Limits. 

Note the expression editor may be accessed via the Availability Scheme Dialog. 
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Figure 76: Availability Scheme Dialog 

 

 

8.3.7 Scaling in the Solver 

When availabilities are used, particularly to represent solubility limitation, the amount of a 

contaminant that moves from its initial compartment can be very small.  This could lead to 

problems with relative errors causing the solver to become inefficient.   

To avoid these problems, the amounts used to calculate the relative errors are scaled by the 

availability for the outgoing transfers. 

8.4 Preconditions 

When a complex model is set up in AMBER, there may be assumptions made about the range 

of parameter values for which it can/will be used.  These can be checked and because the checks 

apply to model inputs, they can be tested before running.  These checks are known as 

preconditions. 

Preconditions are added through a Preconditions window and dialog (see Figure 77 and  

Figure 78).  The window is accessed via Windows | Pre-conditions (there is no tool-bar item).  

This gives a list of preconditions, which can be modified as needed.  Adding a new precondition 

or editing an existing one (by double-clicking) brings up the preconditions dialog. 
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A precondition has a name, a description, an expression to be tested and a failure message.  The 

name and test are compulsory.  The name must satisfy the usual rules for a valid name in 

AMBER (starts with a letter, no spaces or special characters). 

Figure 77: Preconditions Window 

 

 

Figure 78: Edit Preconditions Dialog 
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The test is an expression that gives a true (1) or false (0) result, such as param1>0.  See 

Section 5.5.2 for a list of the operators and functions that produce such Boolean results. 

Preconditions can be set to give errors or warnings.  To stop a calculation going ahead if the 

bnmchshnm e`hkr+ rds sgd sxod sn ƌDqqnqƍ q`sgdq sg`m ƌV`qmhmfƍ- 

All preconditions can be checked by using Check Parameters, accessed from the Results | Check 

Parameters.  This lists failures, and flags errors and warnings at the end of the parameter 

checking block.  The user-specified failure message is written out for each failure.  The 

preconditions are also checked automatically prior to calculation, but here only errors are 

relevant and the checking stops if any violated condition is discovered.  If a precondition 

contains an error (e.g. refers to a non-existent parameter) then this will also count as an error. 

Note that preconditions can be time-dependent, but the checks will only be made for specified 

result times (see Section 5.7). 

Preconditions can have multiplicity Ɗ the check will be made for each entry. 

Note the Expression Editor may be accessed form the Preconditions Dialog 
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9 Troubleshooting  

9.1 AMBER Help File 

This reference guide is available as an electronic help file in AMBER.  This uses the standard 

Windows help system.  It can be launched from the Help | Reference Guide menu.  Should 

subsequent Release Notes be available, they will be included in the Help File and can be 

aqnvrdc uh` sgd ƌGdko Snohbrƍ noshnm- 

A comprehensive set of keywords has been added, so using the search facility should quickly 

find any information required. 

9.2 Parameters 

Setting up a complex model within AMBER may require the input of a large number of 

parameters, each of which must be correctly defined in order to allow the model to function 

properly.  Some errors in parameter input may be obvious as they are brought to tgd trdqƍr

attention by AMBER error messages when the user checks parameters (see Section 7.1), the 

model fails at the calculation or report generation stage, but some errors may go unnoticed until 

the final output of the model is received.  These problems, and how to resolve them, are 

discussed below. 

9.2.1 Combining Parameters: Case Sensitivity 

A typical compartment model may contain in excess of fifty different parameters, all of which 

must be correctly defined.  Parameters are often defined by referencing other input parameters; 

enq dw`lokd+ `rrtld sgd ƌcdosg ne qdbg`qfdƍ o`q`ldsdq ƌC^qdbƍ hr cdehmdc hm sdqlr ne sgd

equation: 

D_re c = Ppt -  ETP + D_irr * (1 -  mu_root)  

A common mistake that is made when setting up a model is to initially define a parameter in 

upper case alphabetical characters and then reference the same parameter in lower case (or vice 

versa), elsewhere in the model.  As case is significant in AMBER, care should be taken to avoid 

inconsistencies in the definitions and in the subsequent referencing of input parameters.  In the 

`anud dw`lokd sgd du`onsq`mrohq`shnm q`sd ƌDSOƍ g`r addm bnqqdbskx qdedqdmbdc+ gnvdudq he

ƌDSOƍ vdqd sn ad qdok`bdc ax ƌDsoƍ sgdm sgd lncdk vntkc e`hk `s sgd b`kbtk`shnm rs`fd 'vgdm sgd

o`q`ldsdq C^qdb hr trdc sn cdqhud sq`mredq ektwdr sg`s `eedbs sgd bnlo`qsldms ƌ@lntmsrƍ(- Sgd

user would be informed of this error by an appropriate error message (see Figure 79). 
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Figure 79: AMBER Calculation Warning 

 

 

A similar error is produced when the user checks parameters, see Figure 80.  
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Figure 80: The Check Parameter Window with Errors 

 

9.2.2 Combining Parameters: the Need for Consistent Multiplicity 

It is important to realise that a given parameter should only be defined in terms of other 

parameters that have the same or lower degrees of multiplicity.  For example, assume that the 

o`q`ldsdq ƌC^vƍ g`r addm cdehmdc vhsg bnmsaminant multiplicity as: 

W_ing * D_ing * C_comp [Well]  
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vhsg ƌC^hmfƍ g`uhmf bnms`lhm`ms ltkshokhbhsx+ ƌV^hmfƍ g`uhmf mn ltkshokhbhsx- @ksgntfg

ƌB^bnloƍ g`r bnms`lhm`ms `mc bnlo`qsldms ltkshokhbhsx+ sgd trd ne ƌZVdkk\ƍ hmchb`sdr sg`s nmkx

the results for thd rhmfkd Vdkk bnlo`qsldms `qd sn ad trdc- Sgdqdenqd ƌB^bnloZVdkk\ƍ nmkx g`r

contaminant multiplicity, consistent with D_w, in which it is used. 

Hm nqcdq sn bgdbj sg`s o`q`ldsdqr g`ud addm bnqqdbskx cdehmdc sgd ƌBgdbj O`q`ldsdqrƍ etmbshnm

can be used (see Section 7.1(- Rgntkc sgd ƌZVdkk\ƍ hcdmshehdq ad nlhssdc eqnl sgd dwoqdrrhnm enq

D_w, then an error will be reported in the Check Parameters window, identifying the problem 

of the additional Compartments dimension (multiplicity) in the observer (see Figure 81) 

Figure 81: Check Parameters Window with Multiplicity Error 

 

 

9.3 Error Messages 

As described in Section 7.1+ hs hr qdbnlldmcdc sg`s adenqd ` b`kbtk`shnm hr qtm sgd ƌBgdbj

O`q`ldsdqrƍ etmbshnm hr trdc- Sn cn sghr+ rdkdbsResults | Check Parameters.  A dialog appears 

showing the number of parameters checked, and the number of errors.  By default, only the 

dqqnqr `qd rgnvm dwokhbhskx+ ats ax tmrdkdbshmf sgd ƌNmkx rgnv dqqnqrƍ shbj anw+ `kk o`q`ldsdq

definitions may be viewed. 

If there is an error in a parameter, it will be highlighted by an error message.  This error message 

will describe the type of error.  Typical error messages are explained below. 

óEvaluate error -  cannot find definition for ETP (while evaluating 

D_rec) (evaluating TransferRate [*,Transfers=OtherWater])ô 

This error message infoqlr sgd trdq sg`s mn cdehmhshnm bntkc ad entmc enq sgd o`q`ldsdq ƌETPƍ

vghkrs @LADQ v`r `ssdloshmf sn du`kt`sd sgd o`q`ldsdq ƌD_recƍ- Hm nqcdq sn qdbshex sgd

oqnakdl sgd trdq vntkc g`ud sn bgdbj sgd cdehmhshnm ne ƌD_recƍ `r vdkk `r sgd cdehmhshnm ne

ƌETPƍ.  From an inspection of these parameters it could become apparent that the 

du`onsq`mrohq`shnm q`sd v`r hmhsh`kkx cdehmdc `r ƌEtpƍ `mc sg`s hm sgd dpt`shnm cdehmhmf sgd cdosg

ne qdbg`qfd 'ƌD_recƍ( ` o`q`ldsdq ƌETPƍ g`r addm qdedqdmbdc vghbg g`r mn cdehmhshon.  The 

TransferRate enq sgd sq`mredq ne q`chnmtbkhcdr ax qdbg`qfd hr cdehmdc hm sdqlr ne ƌD_recƍ `mc
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therefore cannot be evaluated either.  To rectify this error the user must replace the parameter 

ƌETPƍ ax ƌEtpƍ hm sgd dpt`shnm cdehmhmf cdosg ne qdbg`qfe. 

Errors in matching the multiplicity of parameters are also highlighted by checking parameters.  

For example: 

óEvaluate error -  Mismatched dimensions: expression has extra 

[Compartments] (evaluating Parameter_A)ô 

This statement informs the user that durimf sgd du`kt`shnm ne sgd o`q`ldsdq ƌParameter_Aƍ

there has been a mismatch in the degrees of multiplicity.  In order to correct this error the user 

vhkk g`ud sn dw`lhmd sgd cdehmhshnm ne ƌParameter_Aƍ- Hmrodbshnm bntkc qdud`k sg`s ƌC_compƍ

(with contaminams `mc bnlo`qsldms ltkshokhbhsx(+ q`sgdq sg`m ƌC_comp[Well]ƍ 'vhsg nmkx

bnms`lhm`ms ltkshokhbhsx( g`r addm trdc- Rhmbd ƌParameter_Aƍ nmkx g`r ltkshokhbhsx nudq

bnms`lhm`msr+ ƌC_compƍ b`mmns ad trdc nm hsr nvm vhsghm hsr cdehmhshnm `mc ltrs bhsd ` rodbhehb 

compartment. 

Errors in observing unit consistency are also highlighted explicitly when checking parameters.  

For example: 

óEvaluate error ï Incompatible units in add, [y] for A, [m] for Bô. 

This statement informs the user that during the evaluation of the parameter, there has been a 

mismatch in units in the equation used.  In order to correct this error the user will have to 

dw`lhmd sgd tmhs bnmrhrsdmbx hm sgd dpt`shnm enq sghr o`q`ldsdq- Hs hr rgnvr sg`s o`q`ldsdq ƌAƍ

g`r tmhsr ne ƌxƍ vgdqd`r o`q`ldsdq ƌBƍ g`r tmhsr ne ƌlƍ- 

Note that convenient ways of investigating parameter errors, include use of the Expression 

Editor (see Section 5.4.2.1( nq fdmdq`shmf ` ƌO`q`l Trdr---ƍ o`q`ldsdq sqdd enq sgd o`q`ldsdq vhsg

an error (see Section 5.4.6.11) 

9.4 Common Syntax Errors 

So`bdr `qd mns odqlhssdc hm o`q`ldsdq m`ldr+ sgdqdenqd sgd tmcdqrbnqd rxlank ƌ^ƍ hr eqdptdmskx

trdc hm @LADQ- B`qd rgntkc ad s`jdm sn `unhc trhmf ` lhmtr rhfm ƌ-ƍ hm ok`bd ne sgd

underscore. 

Sgd rxlank enq ltkshokhb`shnm hr ƌ)ƍ `mc mns ƌwƍ- 

AMBER names (for parameters, NameSets, contaminants, etc.) must begin with a letter, 

although numbers and underscores can be used within the name. 

9.5 Copy and Paste Dialog Text 

As with most Windows applications, considerable time can be saved by using keyboard 

shortcuts for the copy and paste functions.  

Copy: Highlight text, parameter or model components to be copied then press 

 <Ctrl>  and <C>  

Paste: Press <Ctrl> and <V>  
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This will also allow copying and pasting between AMBER and other Windows applications and 

between AMBER models. 

9.6 Choosing Result Times 

It is important to recognise that the result times chosen can significantly affect the appearance of 

any results graphs plotted, although the final results will not be changed.  The accuracy of 

results is independent of Result Times because the AMBER solvers independently generate their 

solve-steps based on the dynamics of the model. 

Care must be taken to ensure that appropriate result times are chosen, with sufficient resolution 

around key times of interest.  These may include the timing of discontinuities or peak results. 
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10 Restricted Versions of AMBER 

A restricted version of AMBER can be produced through the AMBER support team.  This is 

intended to be used in delivering a specific solution (such as a model) to a user who does not 

want to purchase a full AMBER licence.   

The restricted version has to be used in conjunction with a permit file.  The permit file contains 

a set of conditions that must be satisfied by a case for it to be valid.  Currently this is in terms of 

the number and names of compartments, contaminants etc., but could be extended as required. 

It is possible to restrict the usage strictly to the original model or to allow a limited degree of 

extendibility. 

Please contact the AMBER support team (see Section 13) if you are interested in using a 

restricted version of AMBER to make your model more widely available. 
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11 Advanced Features 

11.1 Copy and Paste 

11.1.1 Parameter Copy and Paste 

Parameters may be copied and pasted within and between cases.  When the Parameter window 

is active, the selected parameter can be copied (Edit | Copy Parameter or <Ctrl + C>).  This 

can then be pasted into the current case or into another open case (in the same AMBER 

session).   

On pasting (Edit | Paste Parameter or <Ctrl + V>), a new parameter dialog for the relevant 

type of parameter is displayed, with information from the copied parameter already filled in.  

The user can then rename the parameter and change other information before adding it to the 

case file. 

There are some restrictions on copying and pasting of parameters.  Firstly, only one parameter 

can be copied or pasted at a time.  Secondly, a few parameter types cannot be copied: Import 

Parameters; and Sample Parameters using a Sample File (see Section 11.5). 

Built-in parameters become user-parameters when copied.  So, it is not possible to copy 

TransferRate directly over to form the TransferRate of another case. 

Copying to a new case will fail if relevant NameSets do not exist.  Where NameSet entries 

differ, only the expressions for exactly matching items will be pasted.  Copying Derived 

Parameters will fail if the parameters that they depend on do not exist. 

11.1.2 Model Window Items Copy and Paste  

Any number of items within the model window may be copied and pasted within or between 

cases in the same AMBER session. 

When the model window is active, the selected structure(s) (consisting of any compartment(s), 

source(s), transfer(s), etc) can be copied (Edit | Copy or <Ctrl + C>).  The structure can then 

be pasted into another submodel of the current case or into another case open in the same 

AMBER session (Edit | Paste or <Ctrl + V>).  

Note that to copy a transfer is it necessary to ensure that both compartments it connects are 

copied as well. 

Note also that compartment or transfer specific information (such as descriptive text, algebraic 

expressions, and units) will not be copied. 

11.2 Changing Toolbar Icons 

AMBER allows the user to change the toolbar icons.  This allows users to customise the 

AMBER GUI.  
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When AMBER starts up it searches in the directory where the executable file is located (the 

default location is the folder: [System Drive]:\ Program Files\ AMBER 5.4) for replacement 

bitmap files (see below).  If any of these bitmap files are found then they are used in preference 

to the built-in toolbar icons. 

The bitmap files should contain a 24 x 24 pixel 16 colour bitmap.  The file names that are 

looked for are: filenew.bmp, fileopen.bmp, filesave.bmp, contam.bmp, decay.bmp, param.bmp, 

precon.bmp, nameset.bmp, options.bmp, mapping.bmp, restimes.bmp, and switches.bmp, 

calc.bmp, report.bmp, graph.bmp, corresponding with the 16 Toolbar icons. 

Figure 82: Toolbar with Alternative Contaminant and Decay Icons 

 

 

11.3 From File Parameter 

Parameters can be created by reading their values from a file.  The subsequent parameter 

information will be saved in the case file and can be edited directly via the GUI.  This has been 

included to allow parameter information written in another application to be read.  The file can 

also be created manually. 

Ax rdkdbshmf sgd ƏEqnl ehkdƐ noshnm nm sgd Əmdv o`q`ldsdqƐ ch`knf+ ` ehkdm`ld b`m ad fhudm

(*.apf by default).  This file must contain the description for a single parameter.  Once read, the 

user is left with the edit dialog for the parameter specified. 

The contents of the file are keyword based.  Valid keywords are: 

NAME 

DESCRIPTION 

UNITS 

PDF 

LOG- PDF 

CDF- COORDS 

OBSERVER 

MULTIPLICITY  

VALUE 

DERIVED- OBSERVER 

Comment lines beginning with # are ignored.  Other lines are also ignored, but should be 

avoided. 

NAME is optional.  If not included then a default name will be used.  If included, then the input 

line simply reads as follows: 

NAME parameter  

DESCRIPTION is also optional.  If included, the line(s) read 

DESCRIPTION ña description which can be  

split across linesò 
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vgdqd sgd ƏƕƐ o`hq cdkhlhs sgd cdrbqhoshnm- 

UNITS is also optional.  If not included then a dimensionless parameter is implied.  If included, 

then the input line simply reads as follows: 

UNITS  ñunitsò 

for example: 

UNITS  ñkg m- 3ò. 

If PDF or LOG -PDF are included, then the parameter is a sampled variable and OBSERVER, 

DERIVED-OBSERVER, MULTIPLICITY and VALUE cannot be specified.  In this case, the 

full inputs are: 

PDF type  data  [BEST best - estimate]  

LOG- PDF type  data  [BEST best - estimate]  

Vgdqd sgd sxod hr Tmhenql+ F`trrh`m+ ƏSqtmb`sdc F`trrh`mƐ+ Sqh`mftk`q+ Ads`+ nq ƏFdmdq`k

BCEƐ- 

The data that follows depends on the type (see Table 11). 

Table 11:  Data Requirements for Available PDF Types 

PDF Type Data Required 

Uniform  Min      Max 

Gaussian Mean   Standard-deviation 

Truncated Gaussian Mean   Standard-deviation    Min   Max 

Triangular Min   Peak   Max 

Beta Min   Max   A   B 

General CDF Min   Max  (and a CDF-COORDS line) 

 

The best-estimate is optional, and follows the keyword BEST. 

For the General CDF, an additional line is required to give intermediate cumulative 

probabilities.  This reads 

CDF- COORDS   v1  p1  v2  p2 é 

where the vN are values are the pN are cumulative probabilities.  The vN must be between the 

Min and Max and in increasing order.  The pN will be between 0 and 1 and in increasing order. 

The keyword OBSERVER, on a line by itself, creates an observer rather than a standard 

parameter.  In either case the MULTIPLICITY keyword is used to specify the multiplicity.  If 

omitted, a scalar parameter will be created. 

The MULTIPLICITY line can indicate a one-dimensional or two-dimensional parameter. 

MULTIPLICITY  nameset  

MULTIPLICITY  nameset1   nameset2  
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The NameSets can be internal or user defined.  Internal NameSet names are:  Contaminants, 

Decays, Compartments, Transfers, Sources and Submodels. 

The VALUE keyword specifies numeric values, or expressions.  For parameters with 

multiplicity, a series of VALUE statements can be given. 

Some valid VALUE lines are: 

VALUE  1.234 

VALUE  Ə`*aƐ 

VALUE  *  0.0 

VALUE  @ Mtb0 Əw.1Ɛ 

In general, the indexing (one item per dimension) must be followed and a number or a quoted 

expression. 

For a Derived Parameter, the input simply reads 

DERIVED- PARAMETER   master   type   [atSymbol]  

and the MULTIPLICITY, VALUE, OBSERVER and PDF entries are not allowed.  The 

UNITS entry is allowed but will be ignored on reading (as the units will be the same as for the 

master symbol). 

In the input line, master is the name of the master symbol, type is AT, MAX or MAXTIME 

and the atSymbol is required if AT is used Ɗ it gives the parameter that provides the time at 

which the derived parameter is evaluated. 

11.4 Import/Export Parameters  

It is possible to Import and Export data between AMBER and external files.  In some situations 

it is useful to be able to calculate some results and then use these in defining parameters for 

subsequent calculations.  In order to make this capability as flexible as possible, the following 

approach has been taken: 

p define a file format for storing time-series data for multi-indexed parameters (designed 

to be easy to create, e.g. by copying data from a spreadsheet); 

p enable AMBER to output parameters in the defined format; and 

p enable AMBER to use files in the defined format to provide values for parameters that 

could then be used as normal AMBER parameters. 

 

This section therefore discusses: the file format; the AMBER GUI aspects for creating such files; 

and the AMBER GUI aspects for using such files Ɗ including checking for compatibility. 

In order to motivate these aspects, an initial discussion is presented of where this capability can 

be used. 
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11.4.1 Potential AMBER Uses for a Time-series Data File 

The initial motivation arose from a requirement to use a calculated complexant concentration 

in defining properties (e.g. Kd) for radionuclide transport.  Since the complexant calculation 

does not depend on the radionuclide calculation, the calculations can be performed in sequence 

with the results from the first passed onto the second.   

This is illustrated in Figure 83. 

Figure 83 Calculation Sequence Diagram 

 

 

This clearly generalises to any result that can be calculated on the same structure 

(compartments/transfers) and used subsequently. 

By allowing the time-series file to be generated independently of AMBER, other possibilities are 

available.   

Some other possible uses are: 

p b`kbtk`shnm ne ` bnmbdmsq`shnm ehdkc enq nmd nq lnqd Əbgdlhb`krƐ sg`t subsequently 

influence parameter values for a contaminant transport calculation; 

p specification of source fluxes in a more convenient way than currently possible; 

p specification of disposal history; 

p saving the state of the system (amounts) at some time to allow restart (e.g. with 

different subsequent behaviour and less nuclides or no time dependence or to compare 

two different futures without recalculating short-term behaviour); 

p separating source, geosphere and biosphere parts of an AMBER case (maybe for 

efficiency, or to allow different models to be interchanged); 

p calculating a source flux for input to another program and then using its output in an 

AMBER biosphere model; 

p reading old results and comparing them with new ones; 

p comparing against external results for verification; 

  
Complexant Case 

Has an Observer called 

ComplexantConc – indexed 

over compartments. 

Exports this to a time-series 

file. 

 

Radionuclide Case 

Has an Input Parameter 

called ComplexantConc – 

indexed over compartments. 

Imports this from a time-

series file. 

 

Time-series file 

Stores values for 

ComplexantConc – for each 

compartment at each output 

time. 

 

after calculation 
before calculation 

1 2 
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p taking a flow regime in one AMBER case file for use in another.  Although AMBER is 

not designed to solve for water flows, the equations for transient flow are of the same 

structure as diffusion equations and so this could in principle be done;  

p for weakly non-linear situations, if a parameter depends on the solution, then an 

iterative scheme could be used by saving the results and re-inputting them in the next 

iteration; and 

p combining the results of several AMBER calculations in a single post-processing case. 

Nmd hrrtd sg`s `qhrdr eqnl sgd khrs `anud hr sgd tmhsr ne sgd Ə@lntmsƐ u`qh`akd- Btqqdmskx+ sghr

can only be chosen from a restricted list (mol, kg, Bq).  In some cases (e.g. the flow calculation 

but also possibly for aspects of the chemical environment) it would be convenient to allow the 

user to specify the units directly.  In cases where decays are involved and the user had specified 

units (if such a case ever arises) the solver would have to assume that one unit of parent decays 

to one unit of daughter (as for the mole unit rather than the Bq unit).  This feature has not been 

included in the current version. 

11.4.2 File Format 

This section describes the file format of Import and Export files.  Users who wish only to use 

AMBER to create and re-read these files need not be aware of this detail.  The AMBER file 

extension for these files is .aaf (AMBER ASCII file). 

Sgdqd `qd knsr ne Ərs`mc`qcƐ ehkd enql`sr `qntmc 'd-f- BCE+ OCR+ EHSR(+ ats sgdx `kl tend to be 

rodbh`khrdc sn ` o`qshbtk`q `qd` 'nbd`mnfq`ogx+ `rsqnogxrhbrƕ(- @krn+ lnrs trd ` ahm`qx ehkd vhsg

supplied software to read and write it.  We want a simple format that is easy to use Ɗ ideally easy 

to make from a spreadsheet form if required (possibly with the help of specially created macros) 

or from file-generation applications (e.g. awk). 

The approach that has been used is as follows: 

p An ASCII file format is used; 

p Data items are separated by white space (e.g. a single space); 

p Each file may contain several parameters, so that situations where several outputs 

belong together (e.g. concentrations of several complexants) can be handled in a 

convenient fashion; 

p Only deterministic results can be saved Ɗ otherwise the files become too large, 

moreover the question of how to associate one set of sampled results with another case 

is unclear; 

p Although the usual case is for time-series, static values are catered for; 

p Arrays (1D or 2D) or scalar values may be output.  There is no single natural layout of 

data values for 2D arrays and so several layout styles have been allowed; 

p In order to ensure proper connection between the data items, it is necessary to store 

array index information (NameSet item names).  Situations where the item list includes 

unwanted items or where it has missing items have been catered for; 

p To protect against future extensions, a version number is included in the file; and 

p It is possible to store (optional) descriptive text. 
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So, a file could look like the following: 

VERSION: 1  ( optional ï assumes current version if omitted ï  

 first line of file if present)  

NAME: ComplexantConcentration  (first line for each parameter  

 in the file)  

DESCRIPTION: ñTextò  (optional ï multiline -  quote delimited)  

TYPE:  TimeSeries  (other choice is C onstant)  

DIMENSIONS:  1  (or 0 or 2)  

DIMENSION 1 NAME:  Compartments  

DIMENSION 1 SIZE:  42  

DIMENSION 1 ITEMS: comp1 comp2 é  (whitespace separated list) 

(same for DIMENSION 2 if relevant)  

UNITS:  kg/m3  (optional ï dimensionless otherwise)  

NUMBER OF TIMES: 56 

TIME UNITS:  y (optional ï dimensionless otherwise)  

LAYOUT:  TV_TV (choices are discussed later)  

VALUES- BLOCK (organised according to the layout given)  

 

Note that the format of the header information must be strictly followed for the file to be read 

back correctly.   

The layout of the values block depends on dimensionality.  The simplest format would be to 

have each line as a whitespace-separated list: 

time  value1  value2  é 

with the number of values being the product of the dimension sizes and the order for the two-

chldmrhnm`k b`rd adhmf '0+0(+ '0+1(+ '0+2( ƕ '0+M0(+ '1+0(+ ƕ 

The only problem with this is that it can lead to very long lines.  This can upset some text 

editors and Excel cannot cope with more than 256 columns.  The obvious alternative is to limit 

the number of values on each line, and so use multiple lines for each time.  This has the 

disadvantage of being harder to follow and to use once imported into Excel.   

Another approach would be to output one line per item in the first dimension.  In fact, several 

different layout styles are useful, so the file format supports them all. 

The following subsection discusses how this is handled. 

11.4.2.1 Allowed Layouts 

Different considerations apply to static (constant) data and to time-series data, and the way 

scalar data is handled is different from 1D and 2D data.  There are six combinations to consider.  

Table 12 gives the valid layouts.  The notation tk is used to indicate the k-th time, vm(tk) means 

the value of the m-th item in a 1D array, at time tk (the (tk) is omitted for constants or when it 

is obvious which time is referred to).  vmn(tk) means the value of (m,n)-th item in a 2D array, 

where the m refers to dimension 1 and the n to dimension 2. 
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Note that for the purposes of reading the files, end-of-lines and spaces can be used 

interchangeably as separators Ɗ the choice being made for readability.   

For each possibility, a layout name is given Ɗ this is intended to reflect the ordering so as to 

make it easy to remember.  The underlined choice is the default for the combination of time-

dependency and dimension (i.e. the one that AMBER will use for writing).  Note that AMBER 

does not allow a selection of the output layout through the GUI (but it can be specified in the 

case file). 

Note that in cases where the time is repeated, AMBER re-reads the times and does not check 

that they are the same.  The times must be monotonically increasing. 
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Table 12: Valid Import File Layouts 

 Constant Time-series 

Scalar Only one value to the block 

simply reads: 

v 

V 

Either time then value: 

t1 v(t1) 

t2 v(t2) 

ƕ 

TV 

Or all times and all 

values: 

s0 s1 ƕ 

u's0( u's1( ƕ 

TT_VV  

1D List of values, so the block 

simply reads: 

u0 u1 ƕ 

VV 

Either time then all values: 

t1 v1(t1) v2(t1( ƕ 

s1 u0's1( u1's1( ƕ 

ƕ 

TVV  

Or time repeated 

before each value: 

t1 v1(t1) 

t1 v2(t1) 

ƕ 

t2 v1(t2) 

t2 v2(t2) 

ƕ 

TV_TV  

2D Either dimension 1 is held 

in blocks: 

u00 u01 u02 ƕ 

u10 u11 ƕ 

ƕ 

VV_12A* or VV_12 

Or dimension 2 is held in 

blocks: 

u00 u10 u20 ƕ 

u01 u11 ƕ 

ƕ 

VV_21A or VV_21 

The following have dimension 1 held Ɗ versions with 

dimension 2 held exists too: 

Simplest: 

t1 

 u00's0( u01 u02 ƕ 

 u10 u11 ƕ 

t2 

 u00's1( u01 u02 ƕ 

 u10 u11 ƕ 

ƕ 

TVV_12A* or TVV_12 

Or all values for a block 

together: 

s0 u00's0( u01 u02 ƕ 

s1 u00's1( u01 ƕ 

ƕ 

s0 u10's0( u11 ƕ 

ƕ 

TVV_12B* 

Or with time repeated 

each row: 

t1 u00's0( u01 u02 ƕ 

s0 u10 u11ƕ 

ƕ 

s1 u00's1( u01 u02 ƕ 

s1 u10 u11 ƕ 

ƕ 

TVV_12C* 

 

Nq sgd Ə10Ɛ udqrhnmr9 

TVV_21, TVV_21A 

TVV_21B, TVV_21C 

) sgd Ə01Ɛ ld`mr sg`s chldmrhnm 0 hr gdkc ehqrs+ ats `krn sg`s u01 hr sgd rdbnmc u`ktd vqhssdm 'sgd

ƌ@ƍ udqrhnm g`r ` khmd break at the end of each row Ɗ when reading back this is irrelevant). 
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11.4.3 Creating the File from AMBER 

The simplest approach would be that the file is created by a specific user action (rather than 

automatically).  However, this would mean that, if a case is recalculated, the file must be re-

exported by the user.  Thus, an automatic creation has been used, so the file is automatically 

rewritten after a new calculation, when the case is saved (i.e. at the same time that the .adf file is 

saved).   

It is useful to have a standard file extension, to make it easy to recognise these files.  The 

@LADQ ahm`qx qdrtksr ehkd hr cdmnsdc Ə-`ceƐ enq @LADQ c`s` ehkd+ vghbg lhfgs g`ud addm `

fnnc m`ld enq sgd mdv ehkdr- Hmrsd`c sgdx `qd cdmnsdc `r Ə-``eƐƊ AMBER ASCII file. 

The GUI aspect is quite simple Ɗ `m dwsq` hsdl nm sgd Qdrtksr ldmt sn ƏDwonqs EhkdrƕƐ rs`qsr

the process.  Results | Export Files... brings up the Export Files window, which lists the currently 

defined files (see Figure 84). 

Figure 84: Export File Window 

 

 

The Add button allows new files to be defined and double-clicking on a file allows its details to 

be changed.  Either action brings up the Export File dialog which allows the file name and 

parameter information to be specified (see Figure 85). 

The Defer Writing File option allows writing of Export Files to be deferred.  This can be useful 

for cases with large export files that take a long time to write.  In such a case, if new observers 

are being added and the case file is being saved frequently, then there is no need to write the 

export file repeatedly.  When the case is eventually closed, the user is prompted to write the 

export files. 
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Figure 85: Export File Dialog 

 

 

The Add button on the dialog allows new parameters to be added.  AMBER does not allow a 

choice of layout, so only the parameter name is required.  The file name is generally stored 

qdk`shud sn sgd b`rd ehkdƍr chqdbsnqx+ ats l`x ad rsnqdc `r ` etkkpath if it is not below that 

directory.  A prompt will be issued asking whether a relative or full path name is to be used. 

11.4.4 Importing the File into AMBER 

For importing into AMBER, the import fikd `mc o`q`ldsdq hmenql`shnm hr rdsto uh` `m ƏHlonqs

O`q`ldsdqƐ- Sgd `bst`k c`s` hr qd`c vgdm sgd o`q`ldsdq hr bqd`sdc 'nq vgdm sgd b`rd ehkd hr

opened) but may be re-read if any relevant features change (such as changes to items in a 

NameSet that is used). 

Once imported, time-series data are linearly interpolated (without any consideration of 

discontinuities).  The user can use SnapShots in the original case to add extra output times at 

key points.  For times outside the range in the imported file, a value of zero is used. 

To add a new Import Parameter, use the Add button on the Parameters window and select 

Import Parameter (note that the From File choice is described in Section 11.3). 

The multiplicity of the parameter must be selected first.  The number of dimensions must be 

consistent with what is being imported, but the NameSet details may differ (this is set up later).  

In particular, the order of the dimensions for a 2D parameter is not important.  Once the 

multiplicity has been selected, the New Parameter dialog is displayed for an Import Parameter 

(see Figure 86). 
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Figure 86: New Parameter Dialog for Imported Parameter 

 

 

The parameter name is the name in this case file, which may be different from the name in the 

import file.  The units cannot be set, but will be taken from the import file.  A description can 

ad dmsdqdc gdqd+ ats lnrs ne sgd hmenql`shnm qdpthqdc hr rodbhehdc uh` ` ƏVhy`qcƐ sg`s hr hmunjdc

ax sgd ƌRdsto Hlonqs O`q`ldsdqƍ atssnm- @ rtll`qx ne sgd hmenql`shnm hr chrok`xdc hm sgd

lower text box. 

The wizard can also be used to edit information on an existing Import Parameter, after the 

dialog is displayed by double-clicking on the Import Parameter name in the Parameters 

window.  Note that the information is not actually saved until the OK button is pressed on the 

dialog.  When this is done, the parameter is created or modified and the import file data is read 

(or re-read).  Just opening the dialog and pressing OK forces the file to be re-read and so can be 

used in cases where the import file has been changed. 

The Wizard goes through the necessary steps to set up the Import Parameter: 

p selecting the file; 

p selecting the parameter from the file; 

p matching the NameSets (if 2D); 

p matching NameSet items in the case to those in the import file; and 

p confirming the information. 

On each step, checks are made on the consistency of the information. 



AMBER 5.4 Reference Guide 

 134 

The first step is to provide the filename (see Figure 87).  This can be typed in or found through 

browsing.  The Next button is inactive until a filename is filled in. 

On pressing Next, the file contents are checked to see that this is an Import File. 

Figure 87: Select Import File Dialog 

 

 

The next panel allows the particular parameter in the file to be selected (see Figure 88). 

Figure 88: Select Import Parameter Dialog 
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Having selected the required parameter, pressing the Next button will check that this has the 

correct number of dimensions.  Note that the Back button can be used at any time to go to the 

previous panel and the Cancel button quits the Wizard without saving any information. 

For a 2D parameter, the next panel is to confirm which NameSets in the file correspond to 

those in the open case (see Figure 89(- Vgdqd sgd m`ldr l`sbg+ sgd Əm`stq`k nqcdqƐ vhkk ad sgd 

obvious choice.  Indeed, this and the subsequent panels can be ignored if the file and case 

NameSets match precisely. 

Figure 89: Select NameSet Linkage Dialog 

 

 

The next panel, which is also arrived at for a 1D parameter, is to confirm which NameSet item 

in the file is to be used to provide data for each NameSet item in the case (see Figure 90 for an 

example where all items need to be matched). 
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Figure 90: Match Dimension Dialog 

 

 

Each item in the case is listed.  If there is no comment after the name, then an exact match exists 

in the file and no action is necessary. 

Svn nsgdq rhst`shnmr `qd onrrhakd- He sgd m`ld qd`cr ƌHsdl 'tml`sbgdc(ƍ+ sgdm mn hsdl ne sgd

r`ld m`ld dwhrsr hm sgd ehkd '`mc mn l`sbg g`r addm rodbhehdc(- He sgd m`ld qd`cr ƌHsdl 'trd

NsgdqM`ld(ƍ+ sgdm sgd c`s` vhkk adnas`hmdc eqnl sgd ƌNsgdqM`ld hsdlƍ hm sgd ehkd- Hm dhsgdq

b`rd rdkdbshmf sgd m`ld `mc oqdrrhmf ƏTrdƕƐ `kknvr sgd l`sbg sn ad bg`mfdc- Vgdm sgd c`s` hr

read, unmatched items will have a value of zero. 

For a 2D parameter, a second similar panel is displayed for the second dimension. 

Finally, a confirmation screen is displayed (see Figure 91). 
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Figure 91: Import Parameter Confirmation Window 

 

 

Sn `bbdos sgd rodbhehb`shnm oqdrr ƏCnmdƐ+ nsgdqvhrd rdkdbs A`bj nq B`mbdk- 

Once the data has been imported, it is kept unless a change occurs to one of the NameSets that 

could invalidate it. 

If a relevant NameSet is changed then the following actions will occur: 

p if a NameSet is deleted, then the Import Parameter is deleted (this is the same as for 

any other parameter indexed over it); 

p if a NameSet is renamed, then the linkages to the file are automatically updated and the 

data remain valid; 

p if a NameSet item is deleted or renamed, or a new item is added, or the order changes, 

then the Import Parameter data is marked as out of date and will be re-read when 

required. 

 

Note that if a NameSet item is renamed so that the new name is not in the file, then the Wizard 

will need to be used to set up the match.  If, however, the new item name is in the file then the 

data will automatically be matched. 

11.4.5 Creating the File in Excel 

The steps required to create an AMBER ASCII file (.aaf) from an Excel spreadsheet are: 

p Create an Excel file with a single spreadsheet containing the (time-dependent) data. 

p Convert the file to a space delimited file.  This can be achieved either by: 

saving the file as a Formatted Text (Space delimited) (*.prn) file, but note that if the 

data in the Excel cells take up a lot of space compared to the cell sizes, it is possible 
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that the conversion to a space delimited text format will omit the spaces between 

some entries; or 

saving the file as a CSV (Comma delimited) (*.csv) file, then using a text editor to 

replace all of the commas with a space. 

p Renald sgd ro`bd cdkhlhsdc ehkd `r `m ƌ-``eƍ ehkd- 

p @cc ` mdv ƏHlonqsdc O`q`ldsdqƐ hm @LADQ trhmf sgd bqd`sdc ƌ-``eƍ ehkd 'rdd

Section 11.4.4). 

The import files must use a specific layout, as described in Section 11.4.2. To enable AMBER to 

qdbnfmhrd sgd hlonqs c`s`+ u`qhntr ƌgd`chmf hsdlrƍ ltrs ad oqnuhcdc sn hmchb`sd sgd sxod `mc

layout of data.  These heading items must be specified prior to the data being listed and are 

described below.  

Note that an import file can imbktcd lnqd sg`m nmd o`q`ldsdq: sgd ƏNAME:Ɛ dmsqx hcdmshehdr sgd

start of each parameter. 

The sub-sections below provide examples of the various types of data layout available for 

import files.  In each case, a screenshot is provided of the Excel layout and the resulting layout 

in the AMBER ASCII file format. 

11.4.5.1 Time-Independent Data with Zero Dimensions 

The layout type in this case is called V.  Figure 92 shows an illustration of the data layout in an 

Excel spreadsheet and Figure 93 shows a screenshot of the resulting import file. 

Figure 92: Excel Screenshot of Layout V 

 

 

Figure 93: ASCII File Screenshot of Layout V 
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11.4.5.2 Time-Independent Data with One Dimension 

The layout type in this case is VV.  Figure 94 shows an illustration of the data layout in an Excel 

spreadsheet and Figure 95 shows a screenshot of the resulting import file. 

Figure 94: Excel Screenshot of Layout VV 

 

 

Figure 95: ASCII File Screenshot of Layout VV 
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11.4.5.3 Time-Independent Data with Two Dimensions 

The layout type in this case is VV_12A.  Figure 96 shows an illustration of the data layout in an 

Excel spreadsheet and Figure 97 shows a screenshot of the resulting import file. 

Figure 96: Excel Screenshot of Layout VV_12A 

 

 

Figure 97: ASCII File Screenshot of Layout VV_12A 
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11.4.5.4 Time-Dependent Data with Zero Dimensions 

The layout type in this case is TV.  Figure 98 shows an illustration of the data layout in an Excel 

spreadsheet and Figure 99 shows a screenshot of the resulting import file. 

Figure 98: Excel Screenshot of Layout TV 

 

 

Figure 99: ASCII File Screenshot of Layout TV 
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11.4.5.5 Time-Dependent Data with One Dimension 

The layout type in this case is TVV.  Figure 100 shows an illustration of the data layout in an 

Excel spreadsheet and Figure 101 shows a screenshot of the resulting import file. 

Figure 100: Excel Screenshot of Layout TVV 

 

 

Figure 101: ASCII File Screenshot of Layout TVV 
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11.4.5.6 Time-Dependent Data with Two Dimensions 

The layout type in this case is TVV_12B.  Figure 102 shows an illustration of the data layout in 

an Excel spreadsheet and Figure 103 shows a screenshot of the resulting import file. 

Figure 102: Excel Screenshot of Layout TVV_12B 

 

 

Figure 103: ASCII File Screenshot of Layout TVV_12B 
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11.4.6 Sampled Import and Export Files 

Information can be transferred from one probabilistic case to another.  For Export, AMBER 

creates a set of export files if any of the exported parameters in a file is sample dependent and a 

probabilistic run is done, with each file corresponding to the results for each realisation. 

The file names are derived from the requested name by inserting 0, 1, ... in front of the .aaf 

extension.  Thus if the export file is specified and example.aaf, the created files will be 

example0.aaf, example1.aaf,  ...  There will be one file for each sample. 

It is then possible to Import these files to another case.  It is necessary to modify the case file by 

hand to do this Ɗ a GUI mechanism will be added in later versions (see 0 for a description of the 

case file layout).  It is emphasised that editing an AMBER case file using a text editor is only to 

be tried by advanced AMBER users.  The simplest approach is to add the Import parameter 

based on the first export file and then to modify the case file. 

The IMPORT_PARAMETER block created will have the form: 

IMPORT_PARAMETER 

ParName 

"description"  

MULTIPLICITY parameter multiplicity  

FILE "example_0.aaf"  

NAME ParNameInFile  

END_IMPORT_PARAMETER 

END_IMPORT_PARAMETERS 

The FILE line, shown bold,  in this must be replaced by a set of four lines 

BASE_FILE_NAME "example.aaf"  

OFFSET n 

SAMPLING type  

NUM- FILES m 

where: 

p the OFFSET is used for sampling and must differ from other OFFSET and from any 

VARIATE indices for sampled parameters (unless a full correlation is deliberately 

required); 

p the SAMPLING type is RANDOM or RANDOM_NO_REPEAT or 

SEQUENTIAL;  

p NUM_FILES is the number of exported files to be used, i.e. the number of samples in 

the case that generated them. 

If RANDOM is used for the sampling type then each sample picks one of the import files at 

random; if RANDOM_NO_REPEAT is used then the same file is not picked twice;  if 

SEQUENTIAL is used then the files are used in turn. 

Except for the RANDOM sampling type, the number of samples in the importing case cannot 

exceed the number of files available. 
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11.5 Sample Files 

Sample files enable AMBER users to specify a set of sampled parameters to be correlated by 

specifying a list of allowable parameter value combinations in a separate text based file (the 

sample file). 

Note that AMBER case files can be created and edited via either the AMBER graphical-user 

interface (GUI) or directly in the text based AMBER case file (see 0).  It is emphasised that 

editing an AMBER case file using a text editor is only to be tried by advanced AMBER users.  It 

is strongly recommended that case files are backed-up prior to any changes being made to the 

text based file.  Should mistakes result in problems trying to open or run a case file that has been 

edited directly, note that support is available to users with valid support agreements. 

11.5.1 The Sample File 

The sample file essentially consists of a number or rows, each of which specifies an allowable 

combination of values for a set of sampled parameters.  The file is designed to be simple to 

generate and simple to read (both by a user and by AMBER).  The file adopts the following 

format: 

p initial lines allow any comments that the user requires, including descriptions and QA 

related information; 

p ` khmd qd`chmf rhlokx ƏO@Q@LDSDQRƐ sg`s dmcr sgd bnlldmsr `mc adfhmr sgd l`hm

part of the sample file; 

p a line with a list of the parameter names, separated by spaces (or tabs), with each name 

being a valid AMBER parameter name (single word starting with a letter and followed 

by letters, digits and/or underscores); 

p optionally, a line readhmf ƏTMHSRƐ enkknvdc ax ` khmd fhuhmf sgd tmhsr enq d`bg

parameter; 

p any number of lines (at least one!) with a value for each parameter, separated by spaces 

or tabs; and 

p the end of the file. 

Thus the following would be valid: 
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Example AMBER sample file with  three parameters frac1, frac2 and frac3.  

These sum to 1.0.  

PARAMETERS 

frac1 frac2 frac3  

UNITS 

[ - ]  [ - ]  [ - ]  

0.772395638  0.206867181  0.020737181  

0.59013304  0.372123159  0.037743801  

0.815743246  0.115297823  0.068958931  

0.657275166  0.106496794  0.236228039  

0.9 45297448  0.053475229  0.001227323  

0.864396806  0.061341433  0.074261761  

0.836854324  0.156235683  0.006909993  

0.2454123  0.306001455  0.448586245  

0.83692153  0.100729603  0.062348867  

0.404051938  0.241600856  0.354347206  

0.702599264  0.130469009  0.166931727  

0.66112256  0.032528876  0.306348564  

0.929997329  0.050058591  0.01994408  

0.163646331  0.319436626  0.516917044  

The data in this example was generated with a simple Excel spreadsheet and copied to the 

sample file. 

Note that there are no restrictions (beyond memory constraints) on how many parameters and 

how many lines can be included. 

11.5.2 The Sample File Block 

Each sample file is identified in a new SAMPLE_FILE block within the SAMPLE_FILES 

section of the AMBER case file.  The SAMPLE_FILES block can be included in the case file 

after the IN_BUILT parameters block.  Each SAMPLE_FILE block includes: 

p An internal name for the sample file; 

p Cdrbqhoshud sdws vhsghm roddbg l`qjr 'd-f- ƏSdws cdrbqhahmf r`lokd ehkdƐ(: 

p A unique variate number for the line sampler, identified with the keyword OFFSET 

(e.g. OFFSET 3).  Note that the number for each OFFSET and/or VARIATE value in 

the case file must be unique; 

p Sgd m`ld ne sgd r`lokd ehkd vhsg sgd jdxvnqc EHKD 'd-f- EHKD Ərehkd-swsƐ(: `mc 

p Sampling control flags with the keyword SAMPLING.  Flags include SEQUENTIAL, 

RANDOM and RANDOM_NO_REPEATS.  Note that, by default, the sampling will 

be RANDOM.  If SEQUENTIAL or RANDOM_NO_REPEATS is specified, then 

the number of samples must be no greater than the number of rows in the file. 

Thus, a new AMBER block called SAMPLE_FILES should be created with SAMPLE_FILE 

sub-blocks that give a name, the file and the flags, as follows: 
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...  

END_IN_BUILT  

 

SAMPLE_FILES 

V1 

SAMPLE_FILE 

sfile1  

"first file"  

OFFSET 3 

FILE "sfile.txt"  

SAMPLING RANDOM 

END_SAMPLE_FILE 

END_SAMPLE_FILES 

 

11.5.3 The Sampled Parameter 

Once the sample file has been set up and identified in the AMBER case file, the sampled 

parameters can be specified in the case file.  For each parameter, a NORMAL_SYMBOL 

parameter block should be added within the PARAMETERS block with the following lines: 

p A name for the parameter; 

p @ cdrbqhoshnm vhsghm roddbg l`qjr 'Ə --- Ə(: 

p The units for the parameter with the keyword UNITS and identified within square 

brackets (e.g. UNITS [-]).  Note that the units for the sampled parameter must be 

consistent with those given in the file Ɗ if no units are given in the file then it will be 

assumed that the units are those specified for the AMBER parameter; 

p A VARIATE block wi th a unique variate identifier (e.g. VARIATE 3), note that this 

VARIATE block identifies the parameter as a sampled parameter.  Note that the 

variate identifier for each OFFSET and VARIATE must be unique in the case file; 

p The keyword SampleFile, which specifies that the sampled parameter values are to be 

obtained from a sample file; 

p The name of the sample file with the keyword File (e.g. File sfile1).  Note that this is 

the name specified in the SAMPLE_FILE block (see above) and not the file name; 

p The name of the parameter within the sample file with the keyword Parameter 

(e.g. Parameter frac1); 

p Close the VARIATE block with END_VARIATE; and  

p Close the parameter block with END_SYMBOL. 

Note that log-based sampling is irrelevant Ɗ the file value is for the parameter itself. 

An example of a parameters block entry for a sample file parameter is given below: 
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NORMAL_SYMBOL 

sfrac1  

"Sampled parameter. Allowable combinations of values specified in a sample 

file."  

UNITS [ - ]  

VARIATE 4  

SampleFile  

File sfile1  

Parameter  frac1  

END_VARIATE 

END_SYMBOL 

Once the sample file has been created, identified within the case file, and the sample file 

parameters created within the case file, it is possible to open the case via the AMBER GUI, 

check parameters and run the sampled case.  Note that the Parameter Information window for 

a sample file parameter provides the sample file name and the name of the parameter within 

that file, but is not editable via the GUI (see Figure 104). 

Figure 104: Parameter Information Window for a Sample File Parameter 

 

 

11.6 Reporting Defaults 

Nmd ne @LADQƍr rsqdmfsgr hr sgd ekdwhahkhsx oqnuhcdc ax sgd sdws a`rdc b`rd ehkd hm oqnuhchmf `

route for quality assuring models; the layout of the text based case file is described in the 

Appendix.  In auditing the text based case file against the specification for the model and data, 

users need to be aware where items within a parameter are picking up default expressions.  This 
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is made easier by a Save Special option that enables the user to save a version of the case file that 

explicitly includes the default entry against all items that use it within a parameter. 

The option is available via File | Save Special... | Reporting Defaults (see Figure 105). 

Figure 105: New Reporting Defaults Option 

 

Via this option, the use of default values/expressions is highlighted in the text case file with an 

explicit entry against the item and the following comment: 

#ò=== default ===ò 

where default  is the default value/expression. 

For example, Figure 106 shows a parameter block (see Section A.13 of the Reference Guide) 

from a case file in which a default expression for calculating compartment volumes 

(Length*Width*Depth) is used for some compartments.  The same parameter is shown in 

Figure 107 with the default values reported via Save Special ... 

Figure 106: Standard Parameter Block 
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Figure 107: Parameter Block with Reporting Defaults 

  

On reading back such a case file these entries are removed (i.e any comments that start #=== 

have the part up to the second === removed.  Users/reviewers can add comments after the 

second ===; these will be retained as comments in the case file. 
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12 Running AMBER in Batch Mode 

This Section describes a facility to allow AMBER to be run in batch mode.  This is primarily 

intended to allow execution of AMBER by other applications, and so is not particularly simple 

to use manually.  Therefore, the batch running facility should be considered an advanced 

option.  Batch mode enables users to: 

p set up a queue of case files to be run in order (including probabilistic calculations); and 

p trd ƌsdlok`sdƍ `mcƌrtarshstshnmƍ ehkdr sn `tsnl`sd sgd qtmmhmf ne cheedqdms u`qh`msr ne

the same case file. 

To run AMBER in batch mode, it is necessary to create a control file (.ctl) with commands in it.  

AMBER is then exectsdc vhsg sgd bnll`mc khmd `qftldmsr Ə-a`sbg ehkdrsdlƐ vgdqd ehkdrsdl hr

sgd bnmsqnk ehkd m`ld vhsgnts sgd -bsk dmchmf- Vghkd qtmmhmf+ ` ehkd ƌehkdrsdl-@LADQƍ hr

created.  This file is deleted on successful completion, or contains an error message if completion 

fails.  During running, it contains an indication of the current action. 

(Note that the simplest way of launching AMBER with the appropriate command line is to 

create a DOS batch file 'ehkd dwsdmrhnm Ə-a`sƐ( vhsg ` rhmfkd bnll`mc khmd+ rddFigure 108). 

Figure 108: runit.bat File 

 

File path to the 

AMBER executable 

Name of the control (.ctl) file 

in the same directory as the 

batch file 

 

12.1 Control File  

@ bnmsqnk ehkd 'ehkd dwsdmrhnm Ə-bskƐ( bnmrhrsr ne ` rdptdmbd ne khmdr sg`s hmbktcdr sgd hmrsqtbshnmr

for undertaking the batch run.  Each line is a command and may have parameters.  Blank lines 

`mc khmdr rs`qshmf ƌ#ƍ `qd hfnored. 

The valid control file lines are (each of which is described in Section 12.1.1): 

DIRECTORY ñnameò 

LOAD case - file  

RUN [FORCE- LAPLACE] [SAMPLES n] [FIRST n]  [SEED s]  [LHS]  

SAVE case - file  
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SUBSTITUTE template - file substitute - file case - file  

LOCAL- SUBSTITUTE   template - file   case - file  

$$SUB é lines as would be in a substitute file 

END- LOCAL- SUBSTITUTE 

REPORT report - filename  

WRITE filename NEW/APPEND text  

BLOCK_WRITE filename NEW/APPEND end- token  

text  

text  

é 

end- token  

PERMIT permit - filename  

LINE - GRAPH graph - file NEW/APPEND expression  [SELECT selName FROM 

namesetName é] 

PERCENTILE- GRAPH graph - file NEW/APPEND n p 1 p2 é pn expression 

CDF- GRAPH chart - filename NEW/APPEND expression [time]  

SCATTER- GRAPH chart - filename NEW/APPEND expr1 expr2 [time1 [time2]]  

MEAN- AND- CONF- GRAPH chart - filename NEW/APPEND expr [percent]  

SAMPLE- SUMMARY filename NEW/APPEND expr1 expr2 é 

SAMPLED- LINE - GRAPH graph - filename NEW/APPEND expression  

CORRELATIONS filename NEW/APPEND ñexpr1ò ñexpr2ò é 

TABULATE filename NEW/APPEND expression [time]  

FULL- TABULATE filename NEW/APPEND expression [time]  

EXPRESSION- FILE filename  

EVALUATION- TIMING filename NEW/APPEND 

MEMORY- REPORT filename  NEW/APPEND 

CASE- INFO file style  

ADF- PRECISION SINGLE/DOUBLE 

ADF- COMPARTMENTS ALL/[SELECT selectionName]  

The notation above is as follows.  Upper case items are keywords to be entered as shown.  

Lower case items are to be replaced by the specific data required.  Square brackets indicate an 

optional item and a / indicates a choice.   

Filenames can be fully qualified.  They should be given in double quotes if they contain special 

characters or spaces.  Expressions should also be placed in quotes if they are not simply single 

parameter names. 

Figure 109 provides a simple example of a control file, in which a case file is loaded, run and 

saved.  The control file creates a results file and tabulates the values for two parameters.  This 

example can be extended, as illustrated in Figure 110, by including commands to run a second 

case file and append the results to the same output file. 
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Figure 109: Simple Example Control File 

 

 

Figure 110: Extended Example Control File 

 

 

12.1.1 Control File Commands 

Each of the available control file commends are described in detail below. 

DIRECTORY ñnameò 

Gives a directory for subsequent files.  The ñnameò can be a full path or relative to the 

previous (or initial) directory. 

LOAD  case - filename  

Reads in the case file as specified.  This action will fail if the file is not found or contains errors. 

RUN  [FO RCE- LAPLACE]  [SAMPLES n]  [FIRST n]  [SEED s]  [LHS]  

Runs the case file that has been loaded.  This action will fail if there is no case file loaded or it 

has any errors.   
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FORCE-LAPLACE asks for the Laplace solver even though there is time-dependence Ɗ this 

will fail if the time-dependence is not stepwise constant. 

For a probabilistic case, the middle arguments set the number of samples to be run, the first case 

to be run and the sample seed respectively. 

The LHS command forces Latin-Hypercube sampling to be used rather than standard Monte-

Carlo sampling. 

SAVE  case - filename  

Saves the loaded case under a new (or the same) name.  This will save the calculated results.  

Fails if there is no case loaded, or the given file cannot be written.  Note that the filename must 

be given even if it is the same as the loaded filename.  It is recommended that a different 

filename is used. 

SUBSTITUTE template - filename substitute - filename case - filename  

Creates a case file from the given template and substitution files.  The syntax for these is 

discussed later.  Fails if the files do not exist, or if they have errors, or if the case file cannot be 

written.  Note that the case is not loaded by this command, and in fact the file that is created 

need not be a case file at all. 

LOCAL- SUBSTITUTE   template - file   case - file  

$$SUB é lines as would be in a substitute file 

END- LOCAL- SUBSTITUTE 

Allows substitutions to be specified within the control file without the need for separate 

substitute files.   

REPORT  report - filename  

Write a full report to the given file.  This fails if there is not a calculated case. 

WRITE  filename  NEW/APPEND text  

Write a single line to a file.  APPEND adds the line to an existing file; NEW creates a new file 

(or overwrites an existing file). 

BLOCK- WRITE  filename  NEW/APPEND end- token  

text  

text  

é 

end- token  

Writes multiple lines to a file.  APPEND adds to an existing file; NEW creates a new file (or 

overwrites an existing file).  The block of lines is terminated by an end-token as indicated on the 

header line.  Any end-token can be used, but a consistent choice is recommended, 

e.g. END_BLOCK_WRITE .  

PERMIT  permit - filename  

Only relevant if a restricted version of AMBER is in use.  Reads the permit information.  This 

must be done prior to loading a case file. 
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LINE - GRAPH  graph - filename  NEW/APPEND expression  [SELECT selName 

FROM namesetName é] 

Writes the data for a line graph (values versus time) to the given file.  The file can be extended 

(APPEND) or created (NEW).  The expression can be any valid AMBER expression.  If the 

expression is not scalar, then several columns of data are written.  The file is comma-separated 

and is suitable for importing to a spreadsheet.  Line graph data can be reported for a subset of 

items using Selections (see Section 5.4.8.3).  The optional SELECT SelName defines the 

selection name and FROM namesetName defines the NameSet.  For 2D results, the SELECT 

block can be repeated, so the selections from both dimensions can be specified Ɗ giving more 

flexibility than in the GUI.  

PERCENTILE- GRAPH graph - filename NEW/APPEND n p1 p2 é pn expression 

Only valid for a probabilistic case with at least two samples.   

Writes the data for a percentile graph (values versus time) to the given file.  The file can be 

extended (APPEND) or created (NEW).  The expression can be any valid AMBER expression.  

The expression must be scalar.  One column is produced for each percentile.  The file is comma-

separated and is suitable for importing to a spreadsheet. 

The number of percentiles and percentages are given before the expression.  The percentages 

can be between 0 and 100.  The extreme values will give the minimum and maximum values 

sampled. 

CDF- GRAPH chart - fil ename NEW/APPEND expression  [time]  

Only valid for a probabilistic case.   

Writes the data for a cumulative distribution function graph to the given file.  The file can be 

extended (APPEND) or created (NEW).  The expression can be any valid AMBER expression.  If 

the expression is time-dependent then the time at which the CDF is required is provided in a 

second expression.  This may simply be a numeric value or an expression evaluating to a time.  

Results will be interpolated to the given time.  If no time is given then zero will be used. 

SCATTER- GRAPH chart - filename NEW/APPEND expression1  expression2  

[time1 [time2]]  

Only valid for a probabilistic case.   

Writes the data for a scatter graph to the given file.  The file can be extended (APPEND) or 

created (NEW).  The expressions can be any valid AMBER expressions.  If the expressions are 

time-dependent then the times at which they are to be evaluated must be is provided in 

additional expressions.  This may simply be a numeric value or an expression evaluating to a 

time.  If both variables use the same time then only one time expression need be given.  If no 

time is given then zero will be used. 

MEAN- AND- CONF- GRAPH chart - filename NEW/APPEND expression [percent]  

Writes the data for a mean and confidence limit graph (values versus time) to the given file.  The 

file can be extended (APPEND) or created (NEW).  The expression can be any valid AMBER 

expression.  The expression must be scalar.  One column is produced for the mean and one each 
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for upper and lower confidence limits.  The file is comma-separated and is suitable for 

importing to a spreadsheet. 

The percentage confidence may be given.  The only valid values are 90, 95 and 99.  If no value is 

given then 95 is used.  The Gaussian confidence limits are used. 

SAMPLE- SUMMARY  filename  NEW/APPEND expr1  expr2 é 

Only valid for a probabilistic case.   

Writes a list of sampled values to the given file, suitable for various statistical post-processing.  

The file can be extended (APPEND) or created (NEW).  The expressions can be any valid 

AMBER expressions.  The expressions must be scalar and not time-dependent.  One column is 

produced for the sample number and one for each expression.  One line is produced for each 

sample.  The file is comma-separated and is suitable for importing to a spreadsheet. 

SAMPLE- LINE - GRAPH  graph - filename  NEW/APPEND expression  

Only valid for a probabilistic case.   

Writes one block per sample with results for each time.  The file can be extended (APPEND) or 

created (NEW).  The expression can be any valid AMBER parameter. 

For example, running the Level1B example case file in batch mode, with 100 samples and the 

command: 

SAMPLED- LINE - GRAPH ñChainDose.txtò NEW Dose_Chain 

would produce a file called ChainDose.txt that includes the time-dependent Dose_Chain results 

(in Sv y-1) for each of the 100 samples. 

CORRELATIONS filename NEW/APPEND ñexpr1ò ñexpr2ò é 

Only valid for a probabilistic case. 

Writes a matrix of correlation coefficients adsvddm cdehmdc dwoqdrrhnmr vgdqd Ədwoq0Ɛ Ədwoq1Ɛ 

...  are any number of expressions that must be scalar and not time-dependent.  This writes a 

correlation matrix and a rank-correlation matrix to the output file filename , using the given 

expressions (which can of course be simple parameters).  The file can be extended (APPEND) 

or created (NEW).   

TABULATE  filename  NEW/APPEND expression  [time]  

Writes the values for an expression to the given file.  The file can be extended (APPEND) or 

created (NEW).  The expression can be any valid AMBER expression.  If the expression is time-

dependent then the time at which the values are required is provided in a second expression.  

This may simply be a numeric value or an expression evaluating to a time.  Results will be 

interpolated to the given time.  If no time is given then zero will be used.   

The output is presented in a tabulated format and is intended for inclusion in a summary 

output.  Zero values are not individually written out but the number of zero values is indicated 

after the table. 

For probabilistic cases, the table gives the range of values (minimum, maximum) for the 

expression. 
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FULL- TABULATE  filename  NEW/APPEND expression  [time]  

Operates exactly the same as TABULATE, but reports all values rather than just non-zero ones. 

EXPRESSION- FILE  filename  

Writes a full list of all the expressions in use in the current case to a file.  This is not intended for 

use with the other options and so always replaces the file named. 

EVALUATION- TIMING filename NEW/APPEND 

Reports a breakdown of the time that AMBER takes to evaluate each expression during a run.  

This enables the user to identify where rearranging expressions can be of most benefit in 

reducing the run time of complex cases.  The command must be set after the case is loaded.  The 

report gives the time spent in evaluation of each parameter (including any parameters that it 

uses). 

MEMORY- REPORT filename NEW/APPEND 

Writes a report to the named file giving an indication of the size of arrays used in evaluating 

each symbol and expression.  This can be useful in diagnosing cases where intermediate results 

require large amounts of memory.  It should be used in conjunction with the Check function in 

the Expression Editor to diagnose the precise cause of any such cases. 

CASE- INFO file style  

Writes the case information to the given file (file name, case name, description, developer). 

Gdqd ƏrsxkdƐ hr MDV nq @OODMC nq DWSDMC `r enq nsgdq a`sbg bnll`mcr- 

ADF- PRECISION SINGLE/DOUBLE 

Enables the results to be stored in single (default) or double precision in the ADF files. 

ADF- COMPARTMENTS ALL/[SELECT selectionName]  

Commands AMBER to store results for all compartments (default) or for a selection of 

compartments, defined by the selectionName NameSet selection. 

12.2 Template File 

A template file is an adapted case file that contains some items that are to be substituted; it is 

qdbnlldmcdc sg`s sgd ehkd dwsdmrhnm Ə-sokƐ hr trdc- The text to be substituted is given in a 

substitution file (see Section 12.3).  Thus, a single template file can be used to generate a large 

number of case files running variants on a specific case. 

Although intended for creating case files, the approach is completely generic, and the file that is 

created is simply referred to as the output file here. 

A template file has some special lines in it that will control what is written to the output file; 

other lines will be copied unchanged.  These special lines are one of the following and are 

described below. 

$$COMMENT any text  

$$CHANGEALL 

$$CHANGE name1 name2  é nameN 



AMBER 5.4 Reference Guide 

 158 

$$IFEXIST  name 

$$IF name text  

$$ELSE 

$$ENDIF 

$$FOR name first last  

$$ENDFOR 

$$COMMENT  lines are skipped; they are for annotation only. 

The template file items that are to be substituted should usually have the form $name$.   If this 

form is used then the $$CHANGEALL instruction can be used to indicate that all are to be 

substituted.  If $$CHANGEALL is not used, or the file items to be substituted do not follow 

the standard name then individual $$CHANGE instructions will be necessary. 

A single $$CHANGEALL line indicates that all subsequent lines in the template file are to be 

modified if they contain any names of the standard form $name$ that are in the substitute file.  

Each occurrence of each name in each line is replaced by the text specified in the substitution 

file.   

$$CHANGE lines indicate that the next line in the template file is to be modified.  Each 

occurrence of each name in the $$CHANGE line is replaced by the text specified in the 

substitution file.   

$$IF specifies the requirement that a name in the substitution file has to equal the specified text 

for the commands below this line to be executed. If this requirement is not fulfilled, the 

commands following the $$ELSE line will be activated if specified. The line $$ENDIF specifies 

the end of commands depending on either $$IF or $$ELSE. 

$$ELSE is followed by the commands that will be executed instead of the commands following 

the lines $$IF or $$IFEXIST, if the condition has not been met.  The dependence of the 

commands on this line is ended by the $$ENDIF line. 

$$ENDIF ends an if-block or else-block.   

If-blocks may be nested. 

$$IFEXIST starts an if-block.  The if-block is included if the name exists in the substitute file, 

otherwise the else-block (if any) is included. 

$$FOR starts a loop.  Only simple integer loops are currently supported.  The $$FOR line 

names a temporary name (e.g. $ctr$) that is given an integer value between the start and end 

values.  The loop contents are repeatedly inserted with $ctr$ set as if it had been in the 

substitution file.  The start and end values can be integers of can be other symbols that have 

integer values. 

$$ENDFOR ends a for-block. 

Figure 111 rgnvr `m dwsq`bs eqnl `m dw`lokd sdlok`sd ehkd vgdqd sgd ƌu`ktdrƍ enq svn khsdq`k

parameters are to be substituted. 



AMBER 5.4 Reference Guide 

 159 

Figure 111: Example Template File 

 

 

12.3 Substitution File 

As described before, a substitution file gives the values that are to be used with a template file to 

create an output file such as an AMBER case file.  It has only two types of item. 

$$SUB name text  

$$QUOTED_SUB name ñtext that can extend over more than one lineò 

$$SUB gives the value for a named item in the template file.  The rest of the line is taken as the 

substitution text. 

$$QUOTED_SUB is for cases where the substitution text has line breaks.  The text is 

delimited by any character Ɗ the first non-blank is taken as the delimiter and the text is read up 

to the next occurrence.  This allows text containing quotes to be substituted. 

Figure 112 rgnvr `m dw`lokd rtarshstshnm ehkd sg`s rdsr sgd ƌu`ktdrƍ enq sgd khsdq`k o`q`ldsdqr

shown in Figure 111. 
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Figure 112: Example Substitution File 

 

 

Figure 113 shows an example control file that uses the template and substitution files shown in  

Figure 111 and Figure 112 to create an AMBER case file, which is then run and selected results 

reported. 

Figure 113: Example Control File 
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13 Feedback 

AMBER is developed in response to user feedback; therefore the AMBER support team 

encourages users to provide feedback about the software.  In particular: 

p If you identify a new feature that would enable AMBER to better address your 

modelling needs;  

p If you have a suggestion to enhance existing AMBER features; 

p Indeed, we welcome any comments about the software.  

The AMBER support team is here to help to address any questions that you have about the use 

of the software and would be interested to hear if you have any questions.  In addition, support 

agreements entitle existing users to help from AMBER experts if they encounter any problems 

with developing cases. 

AMBER website: http://www.quintessa.org/amber/   

  

AMBER Support Team: 

e-mail: amber@Quintessa.org 

Telephone: +44 (0)1491 636246 

Fax: +44 (0)1491 636247 

Address: Quintessa Limited, 

The Hub, 

14 Station Road, 

Henley-on-Thames, 

Oxfordshire RG9 1AY, 

United Kingdom. 

 

mailto:amber@Quintessa.org


AMBER 5.4 Reference Guide 

 162 

14 Index 

A 
About AMBER................................................................ 9 

Abs ................................................................................ 14 

Add Base Unit ............................................................... 12 

Add Derived Unit .......................................................... 12 

Adding 

a Compartment .......................................................... 18 

a Picture to the Model Window .............................. 102 

a Result Time ............................................................ 73 

a Source .................................................................... 18 

a Submodel ............................................................. 105 

a Transfer .................................................................. 18 

an Import Parameter ................................................ 132 

Free Text ................................................................. 104 

ADF................................................................................. 8 

ADF Options ................................................................. 97 

Aligning Items ............................................................. 101 

AMBER 

Support Team .......................................................... 161 

Amount ......................................................................... 40 

And .......................................................................... 14, 68 

Arithmetic Sequence ..................................................... 73 

Availability 

Concept of ............................................................... 108 

Dialog ..................................................................... 111 

Individual Limit Scheme ......................................... 109 

Langmuir Scheme ................................................... 110 

Scaling the Solver ................................................... 112 

Shared Limit Scheme .............................................. 109 

Unavailability Scheme ............................................ 110 

Units ......................................................................... 15 

B 
Backward Compatibility ................................................. 5 

Batch Mode ................................................................. 151 

Beta Distribution ........................................................... 81 

Boolean Expressions ..................................................... 68 

Boolean Functions ......................................................... 68 

BqToMole ..................................................................... 13 

C 
Calculate.......................................................................... 7 

Calculation Requirements ......................................... 90 

Calculation Sequence .............................................. 126 

Checking Status ........................................................ 91 

Case 

Close ........................................................................... 6 

Information ................................................................. 6 

New ............................................................................. 6 

Open............................................................................ 6 

Recent ......................................................................... 6 

Save ............................................................................ 6 

Save As ....................................................................... 6 

Save Special ................................................................ 6 

Sensitivity ............................................................... 115 

Charting ........................................................... See Graphs 

Check Parameters ..................................................... 7, 85 

Check Parameters Window ........................................... 85 

Checking For 

Negative Source Fluxes ............................................ 88 

Negative Transfer Rates ........................................... 88 

Choose Parameters Dialog ............................................ 92 

Choosing Result Times ............................................... 120 

Colour ........................................................................... 99 

Comments ......................................................... 34, 47, 63 

Compartment ................................................................ 18 

Compartment Information Dialog ................................. 19 

Compartment Properties ............................................... 19 

Compartment Tool ........................................................ 17 

Confidence Limits ......................................................... 93 

Gaussian ................................................................... 93 

Guttman .................................................................... 93 

Tchevechev ............................................................... 93 

Confirm Deletes .............................................................. 7 

Contaminants ................................................................ 24 

Adding ...................................................................... 24 

Contaminants + Decays Tree .................................... 29 

Delete (Keep Decays) ............................................... 25 

Deleting .................................................................... 25 

Libraries ................................................................... 25 

Modifying ................................................................. 25 

Control File ................................................................. 151 

Commands .............................................................. 153 

Conventions 

Naming ..................................................................... 10 

Numerical Formats ................................................... 10 

Copy and Paste 

Dialog Text ............................................................. 119 

Model Window Icons ............................................. 122 

Parameters .............................................................. 122 

Copy Selection ................................................................ 7 

Correlation Coefficients .............................................. 156 

Correlations ................................................................... 83 

Cos ................................................................................ 14 

Cumulative Density Function ....................................... 82 

Cut .................................................................................. 7 

CyclicLookUp ......................................................... 67, 69 

D 
Decays .......................................................................... 25 

Adding ...................................................................... 26 

Branching Decays ..................................................... 27 

Compartment-Dependent .......................................... 29 

Contaminants + Decays Tree .................................... 29 

Deleting .................................................................... 27 

Editable DecayRate Parameter ................................. 27 

Half-Life ................................................................... 27 

Libraries ................................................................... 28 

Modifying ................................................................. 27 

Deleting 

a Result Time ............................................................ 73 

a Submodel ............................................................. 108 

Selected Model Items ................................................. 7 

Derived Parameters ....................................................... 40 

Descriptions .................................................................. 16 



AMBER 5.4 Reference Guide 

 163 

Discontinuities............................................................... 37 

dongles ............................................................................ 4 

DOS Batch File ........................................................... 151 

Dump............................................................................... 7 

Dump File ..................................................................... 96 

E 
Edit Menu ........................................................................ 7 

Editing 

a Submodel ............................................................. 107 

Error Messages ............................................................ 118 

Evaluation Timing ....................................................... 157 

Excel ............................................................................. 95 

Exp .......................................................................... 14, 66 

Export Files ............................................................. 7, 131 

Deferring ................................................................. 131 

Expression Editor .......................................................... 51 

Expressions 

Order of Precendence ................................................ 68 

F 
Fail on Errors ................................................................ 15 

File Extensions 

.adf ...................................................................... 91, 97 

.apf .......................................................................... 123 

.bat .......................................................................... 151 

.ctl ........................................................................... 151 

.sns ............................................................................ 96 

.tpl ........................................................................... 157 

File Menu ........................................................................ 6 

Font ................................................................................. 9 

Free Text ..................................................................... 104 

Free Text Linakge ....................................................... 104 

From File Parameter .................................................... 123 

Functions ....................................................................... 65 

G 
Gaussian Distribution .................................................... 78 

General CDF Functions ................................................. 82 

Geometric Sequence ...................................................... 73 

Graphs ....................................................................... 7, 93 

Cdf ............................................................................ 94 

Charting from Parameters ......................................... 44 

in Excel ..................................................................... 94 

Line ........................................................................... 93 

Logarithmic Axes ..................................................... 94 

Mean + Confidence Limits ....................................... 93 

Overlay ..................................................................... 94 

Percentile .................................................................. 94 

Recent ....................................................................... 94 

Scatter ....................................................................... 94 

Types ........................................................................ 93 

Window .................................................................... 94 

H 
Help File ...................................................................... 115 

Help Menu....................................................................... 9 

I 
Import/Export Files 

Deferring ................................................................. 131 

Import/Export Parameters ........................................... 125 

Allowed File Layouts ............................................. 128 

Creating the File in Excel ....................................... 137 

File Format ............................................................. 127 

Importing the File into AMBER ............................. 132 

Individual Limit Scheme ............................................. 109 

Installation Process ......................................................... 4 

Int14, 66 

K 
KgToMole ..................................................................... 13 

L 
Langmuir Scheme ....................................................... 110 

Laplace Solver .............................................................. 86 

Force to Use .............................................................. 86 

Largest .............................................................. 14, 66, 68 

LargestType ............................................................ 14, 66 

Latin Hypercube Scheme .............................................. 89 

Library 

Result Times ............................................................. 74 

LinearLookUp ......................................................... 67, 69 

Literals .......................................................................... 61 

Ln14, 66 

Locked Parameters .......................................................... 8 

Locking Parameters ...................................................... 55 

Log10 ...................................................................... 14, 66 

LookUp ................................................................... 67, 69 

LookUp Functions .................................................. 67, 69 

M 
Mappings ...................................................................... 62 

Comments ................................................................. 63 

Unused ...................................................................... 64 

Max ......................................................................... 14, 66 

Mean ............................................................................. 93 

Memory Report ........................................................... 157 

Menu Bar ........................................................................ 6 

Min.......................................................................... 14, 66 

Min/Max ....................................................................... 93 

MinChangeTime ........................................................... 87 

Model Item Sizes ........................................................ 100 

Model Window ............................................................. 17 

Model Window Layout Management ......................... 102 

Modifying 

a Result Time ............................................................ 73 

MoleToBq ..................................................................... 13 

MoleToKg ..................................................................... 13 

Monte Carlo Scheme ..................................................... 89 

Multiplicity  ................................................................... 71 

Changing .................................................................. 43 

Errors ...................................................................... 117 

Swapping .................................................................. 43 

N 
Names ........................................................................... 10 

NameSet 

Selections.................................................................. 61 

NameSet Options 

Parameters ................................................................ 42 

Window .................................................................... 42 

NameSets ...................................................................... 59 



AMBER 5.4 Reference Guide 

 164 

Ordering .................................................................... 61 

Unused ...................................................................... 60 

Non-Linear Behaviour ................................................. 108 

Normal CDF ............................................................ 14, 66 

Not .......................................................................... 14, 68 

NULL ............................................................................ 10 

Numerical Formats ........................................................ 10 

O 
Observers ...................................................................... 40 

Options Menu .................................................................. 7 

Or 14, 68 

P 
Parameters ..................................................................... 30 

Adding ...................................................................... 31 

Changing Type or Multiplicity ................................. 43 

Charting .................................................................... 44 

Checking ............................................................. 52, 85 

Comments ........................................................... 34, 47 

Cyclic Time-Dependent ............................................ 36 

Deleting .................................................................... 53 

Derived ..................................................................... 40 

Dimensions ............................................................... 71 

Editing ...................................................................... 49 

Expression Editor ...................................................... 51 

From File ................................................................ 123 

Import/Export ......................................................... 125 

Internal ...................................................................... 53 

Locking ..................................................................... 55 

Lookup Time-Dependent .......................................... 34 

NameSet Option ........................................................ 42 

Observers .................................................................. 40 

Piece-Wise Time-Dependent .................................... 36 

Sampled .................................................................... 38 

Searching .................................................................. 56 

Show Values ............................................................. 44 

SnapShot ................................................................... 74 

Standard .................................................................... 32 

Switch Time .............................................................. 37 

Tree ........................................................................... 58 

Partial Sampling ...................................................... 82, 89 

Paste ................................................................................ 7 

PDF Types..................................................................... 39 

Pictures ........................................................................ 102 

Piecewise Linear Cumulative Distribution Function ..... 82 

Pointer ........................................................................... 17 

Preconditions ............................................................... 112 

Checking ................................................................. 114 

Progress Dialog ............................................................. 90 

Q 
Q2DGrapher .................................................................. 95 

R 
Ramp Functions ............................................................ 70 

RampDown ....................................................... 14, 66, 70 

RampUp ............................................................ 14, 66, 70 

Reference Guide .............................................................. 9 

Report .............................................................................. 7 

Report File..................................................................... 91 

Report Information Dialog ............................................ 92 

Reporting Results at a Sampled Time ........................... 74 

Restricted Versions ..................................................... 121 

Result Time Libraries ................................................... 74 

Result Time Units ......................................................... 72 

Result Times ................................................................. 72 

Results .......................................................................... 91 

Results Menu .................................................................. 7 

Revert to Saved ......................................................... 6, 75 

Running AMBER in Batch Mode ............................... 151 

S 
Sample Files .......................................................... 83, 145 

Layout ..................................................................... 146 

Sampled Parameter ......................................... 144, 147 

Sampled Result Times .................................................. 74 

SampleNumber ............................................................. 83 

Samples ......................................................................... 88 

Selecting Specific Samples ....................................... 83 

Sampling ................................................................. 76, 89 

Correlations .............................................................. 83 

Partial ....................................................................... 82 

PDF Types ................................................................ 39 

Sampled Parameters ................................................. 38 

Seeds......................................................................... 83 

Saturation .................................................................... 109 

Save Special .............................................................. 6, 75 

Saving the Case ............................................................. 74 

Searching ...................................................................... 56 

Seeds ....................................................................... 83, 88 

Selecting Model Items .................................................. 98 

Selecting Specific Samples ........................................... 83 

Sensitivity ....................................................................... 7 

Sensitivity Analysis ...................................................... 76 

Sensitivity File .............................................................. 96 

Set Start Amount ........................................................... 20 

Shadows ...................................................................... 102 

Shared Limit Scheme .................................................. 109 

Show Values ................................................................. 44 

Sin ........................................................................... 14, 67 

Sink ............................................................................... 22 

Smaller Result Files ...................................................... 97 

SmallestPositive ...................................................... 14, 66 

SmallestPositiveType .............................................. 14, 66 

Smooth Functions ......................................................... 70 

SmoothDown .................................................... 14, 66, 71 

SmoothDownDeriv ................................................. 14, 67 

SmoothUp ......................................................... 14, 67, 71 

SmoothUpDeriv ...................................................... 14, 67 

SnapShots ..................................................................... 74 

Solubility Limits ........................................................... 15 

Solver Controls ............................................................. 86 

Solvers .......................................................................... 86 

Choosing ................................................................... 87 

Laplace ..................................................................... 86 

Time-Step ................................................................. 86 

Source ........................................................................... 18 

Source Tool ................................................................... 17 

Sources 

Source Information ................................................... 23 

Splitting Transfers ......................................................... 98 

Sqrt.......................................................................... 14, 67 

Standard Deviation........................................................ 93 

Start Amount ................................................................. 20 

Start-up Window ............................................................. 6 

Statistics ........................................................................ 93 

StepDown ............................................................... 14, 67 



AMBER 5.4 Reference Guide 

 165 

StepUp ..................................................................... 14, 67 

Submodel 

Creating .................................................................. 105 

Delete ...................................................................... 108 

Editing .................................................................... 107 

Hierarchies .............................................................. 105 

Laying Out Submodels ........................................... 106 

Navigator ................................................................ 106 

Tool ........................................................................... 17 

Window .................................................................. 105 

Substitution File .......................................................... 159 

Sum ................................................................... 14, 67, 68 

SumType ........................................................... 14, 67, 69 

Switch Times ................................................................. 37 

Syntax Errors ............................................................... 119 

System Requirements ...................................................... 4 

T 
t 87 

Template File .............................................................. 157 

Time-Series Data File .................................................. 126 

Time-Step Solver .......................................................... 86 

Speeding Up.............................................................. 86 

Tool Palette ................................................................... 17 

Toolbar ............................................................................ 9 

Changing Icons ....................................................... 122 

TopHat .................................................................... 14, 67 

Transfer 

Adding ...................................................................... 18 

Auto-naming ......................................................... 8, 19 

Transfer Tool ................................................................. 17 

Transfers 

Depleting .................................................................. 22 

From/To .................................................................... 23 

Non-depleting ........................................................... 22 

Splitting .................................................................... 98 

Transfer Information ................................................. 22 

Triangular Distribution .................................................. 80 

Truncated Gaussian Distribution ................................... 79 

TypeLookUp ..................................................... 14, 67, 69 

U 
Unavailability Scheme ................................................ 110 

Uncertainty Analysis ..................................................... 76 

Uniform Distribution .................................................... 77 

Uniform PDF ................................................................ 77 

Unit Errors .................................................................... 15 

Units.......................................................................... 8, 10 

Add ........................................................................... 12 

Availability Schemes ................................................ 15 

Available .................................................................. 12 

Awareness ................................................................ 10 

Consistency .............................................................. 13 

Consistency Rules .................................................... 14 

Conversion................................................................ 13 

Conversion Paramaters ............................................. 13 

Conversion Warning ................................................. 15 

Dialog ....................................................................... 11 

Errors ........................................................................ 15 

Prefixes ..................................................................... 12 

Result Times ............................................................. 72 

Syntax ....................................................................... 12 

User-Defined ............................................................ 10 

Warning .................................................................... 15 

Units Conversion Warning ............................................ 15 

Units Warnings ............................................................. 15 

User-Defined Units ....................................................... 10 

V 
View Menu ..................................................................... 8 

Viewer Versions ......................................................... 121 

W 
Warn on Errors.............................................................. 15 

Window Menu ................................................................ 8 

X 
Xor .......................................................................... 14, 68 

Z 
Zoom ............................................................................. 99 

 



AMBER 5.4 Reference Guide 

 166 

15 Glossary of Terms 

Active Layout Ɗ The layout in use for the model window at any particular time. 

Alphabatic Character Ɗ A character that is one of A-Z or a-z. 

Alphanumerical Character Ɗ A character that is one of A-Z, a-z, or 0-9. 

Availability Ɗ A fraction between 0 and 1 which is the amount of contaminant which can 

participate in a particular transfer. 

Best Estimate Ɗ A single value used to represent a sampled parameters in a deterministic 

calculation.  Usually, the best estimate will be central in the distribution, but this is not 

compulsory. 

Binary Operator Ɗ @m nodq`snq vhsg svn nodq`mcr 'd-f- sgd ƌ*ƍ hm W*X( 

Boolean Operator Ɗ A non-mathematical operand which returns a value of 1 or 0 depending 

on wherfther the result is true or false. 

Case Ɗ The entitiy that contains compartments, transfers, sources, contaminants, decayus, 

parameters, and result times.  Cases can be stored to disk and read back. 

CDF Ɗ Cumulative distribution function. 

Chain Ɗ A possible path through a series of decays.  For example, if the decays are AĄB, 

AĄC, BĄD, and CĄD, the possible chains are AĄBĄD and AĄCĄD. 

Comment Ɗ Text comment associated with an individual parameter or mapping item.  

Compartment Ɗ A distinct physical entity (e.g. top-soil, river, cow, or person) through which 

contaminants may pass and/or in which contaminants may accumulate.  Instantaneous mixing 

within a given compartment is assumed. 

Cyclic Time-Dependent Parameter Ɗ A parameter which is piecewise-constant in time and 

goes through repeating cycles.  Such parameters could be used, for instance, for parameters that 

depends on the time of year. 

Decay Rate Ɗ An internal read-only parameter indexed over decay in expressions and evaluates 

to the decay rate as specified in the decay dialog. 

Decay Process Ɗ The process of transformation of one contaminant into another.  Decays are 

assumed to be first order in nature (i.e. the amount of decay is proportional to the amount of 

substance remaining).  ƌCdb`x oqnbdrrƍ hr nesdm rgnqsdmdc sn ƌcdb`xƍ- 

Depleting Transfer Ɗ The default transfer type, where the amount received by the receptor 

compartment is matched by the amount lost from the donor compartment.   

Derived Parameter Ɗ Derived Parameters are a special type of parameter that process the 

time-dependent value of another parameter and calculate a result, e.g. the maximum value. 

Description Ɗ Text description associated with model items. 
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Deterministic Calculation Ɗ A calculation in which none of the parameters is sampled. 

Dialog Ɗ A special type of window which the user has to close before any other task can be 

started.  Dialogs are generally used to prompt the user for information. 

Environment Variable Ɗ An operating system variable that can be created and set by the user. 

Expression Ɗ A mathematical statement phrased in terms of parameters, constants, operators, 

and functions that evaluates to a constant for any given time. 

Expression Editor Ɗ Tool to help in the construction and checking of algorithms etc. within 

parameters. 

File Extension Ɗ Sgd o`qs ne ` ehkd m`ld `esdq sgd ƌ-ƍ- Enq dw`lokd+ sgd dwsdmrhnm ne ƌlxb`rd-brdƍ

hr ƌbrdƍ- 

File Stem Ɗ The part of the file name before the ƌ-ƍ- Enq dw`lokd+ sgd ehkd rsdl ne ƌlxb`rd-brdƍ hr

ƌlxb`rdƍ- 

Flux Ɗ The amount of a given contaminant flowing between two compartments (in the case of 

a transfer flux) or into a compartment from outside the system (in the case of a source flux) per 

unit time. 

Function Ɗ @ oqnbdctqd enq b`kbtk`shmf l`sgdl`shb`k sq`mrenql`shnmr d-f- ƌdwoƍ hm ƌdwo'w(ƍ- 

Laplace Solver Ɗ Solves Equation 1 by means of a Laplace transform and is therefore only valid 

when the source terms and/or transfer rates of the problem are constant or piecewise-constant 

functions of time. 

Latin Hypercube Sampling Ɗ ƌrsq`shehdcƍ r`lokhmf sdbgmhptd sg`s hr mns sqtkx q`mcnm, but 

ensures values more closely fit the defined distribuition when a relatively small number of 

samples are used.. 

Layout Ɗ A collection of information controlling the positions, sizes, colours, and other 

attributes of the model window. 

Library Ɗ A part of ca case that can be saved independently and reloaded. 

Literal Ɗ A word in single quotes.  Literals are useful in providing an indexing system over 

related quantities. 

LocalDecayRate Ɗ An internal editable parameter indexed over Compartments and Decays.  

The default expression for LocalDecayRate is that it is equal to DecayRate in all compartments.  

Locked Parameter – A locked parameter is protected from editing.  It has been designated 

qd`cx nmkx+ `mc b`mmns ad dchsdc tmshk ƌtmknbjdcƍ- 

Mapping Ɗ A mapping links the elements of one NameSet to those of another.  For example, 

contaminants may be mapped to elements. 

MinChangeTime Ɗ A timescale for the solver interpolation scheme. 

Model Ɗ The model is compartmental representation of a system. 

Monte Carlo Sampling Ɗ Fully random sampling within the defined distribution. 
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Multiplicity Ɗ The ability of a parameter to have more than one expression/value.  For 

example a Kd parameter might have contaminant multiplicity, allowing it to have different 

expressions for each contaminant.  Only standard parameters, observer parameters (derived 

output parameters), import parameters, and some internal parameters can have multiplicity.  A 

o`q`ldsdq vhsg bnms`lhm`ms ltkshokhbhsx l`x `ksdqm`shudkx ad cdrbqhadc `r adhmf ƌhmcdwdcƍ by 

contaminant. 

NameSet Ɗ A NameSet is a group of names.  By defining NameSets the user can allow 

multiplicity by their own defined dimensions, and group similar names to simplify parameters 

and expressions. 

NameSet Option Parameter Ɗ A parameter that can s`jd sgd ƌu`ktdƍ ne `m hsdl eqnl ` cdehmdc

NameSet.  Intended for use in implementing multiple scenarios within a single case and defining 

which one is to be run. 

NameSet Selection Ɗ A subset of items within a NameSet. 

Navigator Ɗ see Submodel Navigator. 

Non-Depleting Transfer Ɗ A transfer process in which there is no reduction of contaminant in 

the donor compartment.  This is in contrast to a depleting transfer where the amount received 

by the receptor compartment is matched by the amount lost from the donor compartment.  

Non-depleting transfers can be useful for modelling some physical processes. 

Observer Parameter Ɗ A parameter that is calculated as a post-processing step after the solver 

has completed.  Possible uses of observer parameters include the calculation of the intake of a 

contaminant by a human. 

Parameter Ɗ A parameter is a nameded object with a defined value used in AMBER cases.  

There are several types of parameters Ɗ internal, standard, time-dependent, sampled, observer, 

etc. 

Precondition Ɗ A check that is made prior to solving the model.  This can be used to ensure 

that derived parameters stay in range (e.g. in a probabilistic calculation). 

Probabilistic Calculation Ɗ A calculation in which at least one of the parameters is sampled. 

Radio Buttons Ɗ A group of buttons on the user interface, only one of which can be selected at 

any time. 

Result Time Ɗ A time at which results will be calculated. 

Sample Ɗ A calculation for which each sampled parameter has been assigned a fixed value (by a 

random number generator).  A number of samples will be required to evaluate probabilistic 

behaviour. 

Sample File Ɗ A file that lists permitted combinations of sampled parameters. 

Sampled Parameter Ɗ A parameter that has a different value for each sample in a probabilistic 

run. 

Scalar Ɗ A parameter with no multiplicity. 
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SnapShot Time Ɗ A time when the compartment amounts are stored in addition to result 

times. 

Source Term Ɗ The input of one or more contaminants from outside the model into a 

bnlo`qsldms- ƌRntqbd sdqlƍ hr nesdm rgnqsdmdc sn ƌrntqbdƍ- 

Split Transfer Ɗ A transfer which is visually represented in two parts: one connected to the 

donor compartment and one connected to the receptor compartment. 

Standard Time Parameter Ɗ the basic parameter type.  It can have multiplicity and the 

expressions used to define it can reference any other type of parameter except observer 

parameters. 

Start Amount Ɗ The amount of each contaminant in a compartment at the start time. 

Stored Layout Ɗ A named layout that has been saved and can later be used as the active layout. 

Submodel Ɗ A group of compartments (plus transfers and sources) that form a convenient unit 

and thus can be represented in a separate window. 

Submodel Navigator Ɗ A panel within the Model window that enables quick navigation to 

submodels included within a case. 

Switch Parameter Ɗ A parameter which defined a time at which there is a discontinuity in the 

AMBER case must be defined as a switch parameter.  Switch parameters alert AMBER to the 

discontinuity. 

Switch Time Ɗ A time at which a step time-dependent parameters changes its value. 

Time-Step Solver Ɗ @ ƌrsheeƍ nqchm`qx cheedqdmsh`k dpt`shnm rnkudq sg`s b`m ad trdc sn rnkud

oqnakdlr hm vghbg rntqbd sdqlr `mc.nq sq`mredq q`sdr `qd cdodmcdms nm sgd u`qh`akd ƌsƍ 'shld(- Hs

can also be used for problems in which source terms and/or transfer rates are constant or piece-

wise constant functions of time. 

Time-Dependent Parameter Ɗ A parameter that changes its value with time in a piecewise 

constant manner (see Figure 114). 

 

Figure 114: A piecewise constant function of time 

 

Transfer Process Ɗ The transfer of one or more contaminants from a donor compartment to a 

receptor compartment.  The flux of the transfer is equal to the amount in the donor 
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compartment multiplied by the rate of the transfer.  For example, if the transfer rate if 0.1 y
-1

, 

one tenth of the amount in the donor compartment will be added to the receptor compartment 

d`bg xd`q- ƌSq`mredq oqnbdrrƍ hr nesdm rgnqsdmdc sn ƌsq`mredqƍ- Rdd `krnnon-depleting transfer. 

Unary Operator Ɗ @m nodq`snq vhsg nmd nodq`mc 'd-f- sgd ƌ-ƌ hm ƌ-Xƍ(- 

Unavailability Ɗ A fraction between 0 and 1 which is the amount of contaminant which cannot 

participate in a particular transfer. 
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Appendix: AMBER Case File Format  

AMBER case files are intended to be edited via the AMBER GUI.  However, to provide 

l`whltl ekdwhahkhsx sn trdqr+ `mc sn dmrtqd ` ƌetstqd-oqnneƍ ldsgnc ne rsnqhmf b`rd ehkd

information, the case files are stored in ASCII text format and can be edited via a suitable text 

editor (e.g., NotePad or TextPad).  Editing of case files directly in a text editor is only advised 

for expert users only.  It is strongly advised that regular back-up copies are made or that the 

case file name is iterated each time it is edited as AMBER is strict about the permitted format for 

the case file and user feedback is limited if an error is introduced. 

If an AMBER case file format is damaged and cannot be repaired by the user, then those with 

valid AMBER support agreements can seek help from the AMBER support team (see Section 

13).  However, it is emphasised that the user takes responsibility for maintaining the file format 

once an attempt is made to edit it via a text editor. 

Nonetheless, having access to the text based case file can provide additional flexibility to the 

expert user, therefore this Appendix provides a description of the case file layout. 

AMBER case file information is stored in the text based case file in a series of nested input 

blocks, the key blocks, and their associated order, are: 

A.1 GENERAL CASE FILE IN FORMATION  ..................................................................................... 172 

A.2 CONTAMINANT INF ORMATION (CONTAMINAN TS) ........................................................... 172 

A.3 DECAY INFORMATION (D ECAYS)............................................................................................. 173 

A.4 COMPARTMENT INFORMAT ION (COMPARTMENTS)  ........................................................ 173 

A.5 SOURCE TERM INFORMAT ION (SOURCE_TERMS) ............................................................. 174 

A.6 TRANSFER INFORMATION (TRANS FERS) .............................................................................. 174 

A.7 SUBMODELS (SUBMODELS) ........................................................................................................ 174 

A.8 USER NAMESET INFORMA TION (USER_NAMESETS) ......................................................... 175 

A.9 INTER NAL NAMESET ORDER (I NTERNAL_NAMESET_ORDE R) ...................................... 175 

A.10 NAMESET SELECTIONS (NAMESET_SELECTIONS) ............................................................. 175 

A.11 USER MAPPING INFORMA TION (USER_MAPPINGS) ........................................................... 176 

A.12 UNITS INFORMATION (E XTRA_UNITS)  ................................................................................... 177 

A.13 PARAMETER SYMBOL INFORMATION  ................................................................................... 177 

A.14 CORRELATIONS (CORREL ATIONS) ......................................................................................... 180 

A.15 SWITCH PARAMETERS (SWITCH_PARAMS)  ......................................................................... 181 

A.16 SNAPSHOT PARAMETERS (SNAPSHOT_PARAMS) ............................................................... 181 

A.17 AVAILABILITY SCHEMES  (AVAILABILITY_SCHEME S) ..................................................... 181 

A.18 DERIVED PARAMETERS ( DERIVED_PARAMETERS)  .......................................................... 182 

A.19 PRECONDITIONS (PRECONDITIONS)  ...................................................................................... 182 

A.20 CALCULATION OPTIONS (CALC_OPTIONS)  .......................................................................... 183 

A.21 USER UNITS (USER_UNITS) ......................................................................................................... 183 
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A.22 EXPORT PARAMETERS (EXPORT_FILES)  .............................................................................. 183 

A.23 IMPORT PARAMETERS (I MPORT_PARAMETERS)  .............................................................. 184 

A.24 RESULT FILE OPTIONS (ADF_OPTIONS) ................................................................................ 184 

A.25 PARTIAL SAMPLING OPT IONS (FOR_PARTIAL_SA MPLING)  ........................................... 185 

A.26 LIST OF TIMES (RESUL T_TIMES)  ............................................................................................. 185 

A.27 GRAPHICAL INFORMATIO N ...................................................................................................... 185 

 

These are described in turn below.  Syntax for each block is provided, with user specified input 

highlighted in italics and keywords/symbols required as written are highlighted in bold. 

Syntax blocks can have comments associated with them, denoted by opening quotation marks 

in-line with the block header in the case file.  These comments enable users that are 

reviewing/auditing case files via text editors to insert comments.  They are not viewable via the 

graphical user-interface.  An example is provided for the opening line of the 

CONTAMINANTS block below:  

CONTAMINANTS ñBlock checked by J. Bloggs 1 Jan 2011ò. 

Also, all comments and/or descriptions can be preceded by a # symbol to make them easy to 

highlight in some text editors.  In the GUI, the # becomes the first character of the comment. 

A.1 General Case File Information 

The general case file information consists of: a title; a description (which can go over multiple 

lines); and information on who generated the file and when. 

The syntax for this is: 

ñcase name ò 

ñcase description ò 

AMBER_VERSION: version number  

GENERATED_BY:  who 

DATE: text entry for date  

TIME:  text entry for time  

This information is not used by AMBER, so can simply be used for case file quality assurance 

purposes. 

A.2 Contaminant Information (CONTAMINANTS) 

Each contaminant requires two lines in the case file within the CONTAMINANTS block .  

The syntax is: 

CONTAMINANT name atomic_mass  

ñdescription ò 

Here, and elsewhere in AMBER, the name must only contain alphanumeric characters and 

underscores and must start with an alphabetic character (no spaces or dashes are allowed, so 

Np-237 would be invalid).  The atomic mass is given in grams.   



AMBER 5.4 Reference Guide 

 173 

Example: 

CONTAMINANT Np237 237 

ñNeptunium 237 in 4n+1 chainò 

Each contaminant is given one after another.  There is no significance to the order except in 

reporting when the case file ordering is followed. 

A.3 Decay Information (DECAYS) 

Each decay requires two lines in the case file within the DECAYS block.  The syntax is: 

DECAY parent  daughter  rate  name 

ñdescription ò 

The parent must be a contaminant that was specified in the contaminant information.  The 

daughter can either be a known contaminant or can be given as NULL, indicating that the 

decay product is not of interest.  The rate is given in units of y
-1

 (assuming years are the 

nominated time unit).  The description is simply a comment (it could be used to record the half-

life).  The name is not of interest here, but must be unique, e.g. parent__daughter.   

Example: 

DECAY Np237 Pa233 3.3e - 6 Np237__Pa233  

ñhalf- life = 2.1e5 yearsò 

Each decay is given one after another.  There is no significance to the order.  Note that if Bq is 

used as the unit of Amount (as is expected here) then all contaminants must be a parent in at 

least one decay so that their total decay rate is known. 

If branching chains are required, the same parent can be used in two decays.  Note that if the 

branching is known from a total half-life and branching fractions, then the fractional decay rates 

that AMBER needs can be calculated as follows. 

For a half-life of T and branching ratios of a and b (which sum to 1), the relevant rates are 

a.ln(2)/T and b.ln(2)/T.  

A.4 Compartment Information (COMPARTMENTS) 

Each compartment requires two lines in the case file within the COMPARTMENTS block .  

The syntax is: 

COMPARTMENT name 

ñdescription ò 

The description could be left blank if no descriptive text is available. 

Example: 

COMPARTMENT Upper_soil  

ñSurface soilò 

Each compartment is given one after another.  There is no significance to the order except in 

reporting when the case file ordering is followed. 
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A.5 Source Term Information (SOURCE_TERMS) 

Each source term requires three lines in the case file within the SOURCE_TERMS block.  The 

syntax is: 

SOURCE_TERM name 

ñdescription ò 

target_compartment  

The description could be left blank if no descriptive text is available. 

Example: 

SOURCE_TERM FixedFlux  

ñUnit flux to deep soilò 

Deep_Soil  

If there are multiple sources, each is given one after another.  There is no significance to the 

order except in reporting when the case file ordering is followed. 

A.6 Transfer Information (TRANSFERS) 

Each transfer requires three lines in the case file within the TRANSFERS block.  The syntax is: 

TRANSFER_PROCESS name 

ñdescription ò 

donor  recept or  DEPLETING 

The description could be left blank if no descriptive text is available.  Note that the keyword 

DEPLETING applies to all transfers if, as is assumed here, the transfer represents an actual 

transfer of contamination from the donor to the receptor. 

Example: 

TRANSFER_PROCESS River_Flow 

ñFlow of river waterò 

River_Water Marine_Water DEPLETING  

Each transfer is given one after another.  There is no significance to the order except in 

reporting when the case file ordering is followed. 

A.7 Submodels (SUBMODELS) 

AMBER lists the names and compartments included in submodels under the SUBMODEL 

block.  The syntax is: 

SUBMODEL name 

ñdescription ò 

ITEM compartment  

ITEM compartment  

...  

END_SUBMODEL 
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Any number of compartments can be included in a submodel.  Specific compartments cannot 

be included in more than one submodel. 

Example: 

SUBMODEL Repository  

ñNear- field modelò 

ITEM Waste Container  

ITEM Backfill  

ITEM ConcretePlug  

END_SUBMODEL 

A.8 User NameSet Information (USER_NAMESETS) 

User NameSet information is stored in the USER_NAMESETS block; the general syntax is: 

NAMESET  

Name 

ñdescriptionò 

entry1  

entry2 é 

END_NAMESET 

There is no significance to the order except in reporting when the case file ordering is followed. 

Example: 

NAMESET 

Elements  

ñElements included in the modelò 

U 

Np 

Th 

END_NAMESET 

A.9 Internal NameSet Order 

(INTERNAL_NAMESET_ORDER) 

NAMESET sub-blocks record the order for each internal NameSet which are either listed in 

full or noted as alphabetic ordering with the ALPHABETIC keyword. 

Example: 

NAMESET 

Compartments ALPHABETIC 

END_NAMESET 

A.10 NameSet Selections (NAMESET_SELECTIONS) 

SELECTION sub-blocks record selections of items in any of the internal and/or user-defined 

NameSets in the case.  The syntax is: 
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SELECTION nameset  

Name 

ñdescriptionò 

item1  

item2  

...  

END_SELECTION 

Where nameset is a NameSet defined in the case, name is a unique name for the selection and 

item1, item2 are the selected items from within that NameSet. 

Example: 

SELECTION Contaminants  

U238_Chain  

ñContaminants in the U- 238 decay chainò 

U_238 

U_234 

Th_230  

END_SELECTION 

A.11 User Mapping Information (USER_MAPPINGS) 

The general syntax for a user mapping within the USER_MAPPINGS block is: 

MAPPING 

name 

ñdescription ò 

FROM [ nameset1 ]  

TO [ nameset2 ]   

MAP [*] - > [entry_Z] [ñcommentò] 

MAP [ entry_a ] - > [ entry_A ]  [ñcommentò] 

MAP [ entry_b ] - > [ entry_B ]  [ñcommentò] 

é 

END_MAPPING 

The default line [*] is optional; any items in the FROM NameSet without a specified mapping 

will pick -up the default entry from the TO NameSet.  The ñcommentò entries are also 

optional for each mapping.  An example is provided below without default or comments. 

Example: 

MAPPING 

ContaminantsToE lement s 

DESC ñMapping from Contaminants to Elements.ò 

FROM [Contaminants]  

TO [Elements]  

MAP [Np237] - > [Np]  

MAP [Pa233] - > [Pa]  

MAP [U238] - > [U]  
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MAP [U235] - > [U]  

END_MAPPING 

A.12 Units Information (EXTRA_UNITS) 

The EXTRA_UNITS block records the error treatment in the case and any user added units 

with the following syntax:  

ERROR_TREATMENT RESPECT|WARN 

BASE [ PREFIXABLE]  

unit name  

DERIVED [ PREFIXABLE]  

unit name  

unit definition  

Where RESPECT or WARN indicate whether the case will fail on units errors or provide a 

warning and the optional PREFIXABLE tag indicates whether new base or derived units are 

prefixable. 

Example: 

ERROR_TREATMENT RESPECT 

BASE PREFIXABLE 

N 

DERIVED 

Week 

7 day  

A.13 Parameter Symbol Information 

The parameter information is stored in the case file in three blocks: 

p In-built parameters (IN_BUILT parameter block); 

p Standard parameters (PARAMETERS block); and 

p Observer parameters (OBSERVERS block). 

 

In each case the formats for the individual parameters are the same, with information contained 

within individual SYMBOL blocks.  The format is described below for parameters with no 

multiplicity (scalar parameters), single multiplicity ; dual multiplicity  and for sampled 

parameters.  For other parameter types, the user is advised to create an example via the GUI and 

inspect the resulting case file format for the definition. 
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A.13.1 Scalar Parameters 

Scalar parameters (i.e. they only have a single value rather than one that depends on a NameSet).  

Each parameter will require a SYMBOL block with the following syntax: 

SYMBOL 

name 

ñdescription ò 

UNITS [ units ]  

SCALAR 

ñvalue or  expression ò 

END_SYMBOL 

An example is provided below. 

Example: 

SYMBOL 

IN G_Rice  

ñIngestion rate for riceò 

UNITS [kg/y]  

SCALAR  

ñ200.0ò 

END_SYMBOL 

A.13.2 Parameters with Single Multiplicity 

The name, description and units components for a parameter with single multiplicity are the 

same as specified for scalar parameters.  However, the SCALAR line is replaced with the 

definition of the NameSet over which the parameter is indexed: 

SYMBOL 

name 

ñdescription ò 

UNITS [ units ]  

MULTIPLICITY [ nameset ]  

[*] ñdefault  value or expression ò [ñcommentò] 

[ item1 ]  ñvalue or expression for item1 ò [ñcommentò] 

...  

END_SYMBOL 

Where item1  is an item from the specified NameSet and the line can be repeated for each item 

with a specific value or expression.  Any NameSet items that do not have specific value or 

expressions do not need including as lines in the SYMBOL block and will instead pick up the 

default value or expression.  Sgd ƏbnlldmsƐentries are optional for each item. 

Example: 

SYMBOL 

V_comp 

ñVolumeò 
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UNITS [m3]  

MULTIPLICITY [Compartments]  

[*] ñ0.0ò 

[River_Water] ñRiver_CSA*River_Lengthò 

[Deep_Soil] ñStudyArea*Soil_Depthò 

[Top_Soil] ñ1000ò 

é 

END_SYMBOL 

A.13.3 Parameters with Dual Multiplicity 

The name, description and units components for a parameter with dual multiplicity are the 

same as specified for scalar parameters.  However, the SCALAR line is replaced with the 

definition of the NameSets over which the parameter is indexed: 

SYMBOL 

name 

ñdescription ò 

UNITS [ units ]  

MULTIPLICITY [ namesetA ][ namesetB ]  

[*,*] ñglobal default  value or expression ò [ñcommentò] 

[ itemA1 ,*] ñdefault value or expression for itemA1 ò [ñcommentò] 

...  

[ *, itemB1 ]  ñdefault value or expression for itemB1 ò [ñcommentò] 

...  

[ itemA1 , itemB1 ]  ñvalue or expression for specific items ò [ñcommentò] 

...  

END_SYMBOL 

Where itemA1  is an item from the first specified NameSet and itemB1  is an item from the 

second.  Any specific combination of items that do not have specific value or expressions do not 

need including as lines in the SYMBOL block and will instead pick up the default value or 

expression.  The ñcommentò entries are optional. 

Example: 

SYMBOL 

Kd 

"Distribution coefficients"  

UNITS [m3/kg]  

MULTIPLICITY [Elements][Media]  

[*,*] "0"  

[C,*] "0.005"  

[Tc,Aquifer] "0.0001"  

[Tc,Soils] "0.01"  

[Tc,WasteFacility] "0.001"  

[Tc,UnsaturatedZone] "0.01"  

[Cs,Aquifer] "0.1"  
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...  

END_SYMBOL 

A.13.4 Sampled Parameters 

Sampled parameters adopt the following syntax: 

SYMBOL 

parameter name  

" description "  

UNITS [ units ]  

VARIATE unique variate number  

Uniform|Triangular|Gaussian|TruncatedGaussian  ...  

[ Min  minimum ]  

[ Peak  peak ]  

[ Max maximum]  

[ Mean mean]  

[ SD standard deviation ]  

BEST- ESTIMATE best estimate  

[ BEST- EST- IF - PARTIAL]  

[ LOG- BASED]  

END_VARIATE 

END_SYMBOL 

Where the variate number is an input to the sampling sequence and should be uniques from all 

other variate/off-set numbers, unless a full correlation is intended.  The distribution definition 

should match the type of distribution (e.g., if uniform then only minimum and maximum are 

required).  The BEST-EST-IF-PARTIAL tag indicates if the parameter is fixed at the best 

estimate value if partial sampling is used.  A log-distribution can be indicated with the LOG-

BASED tag. 

Note that beta and general cumulative distribution functions are also available.  The user is 

advised to create examples and inspect the case file definition if these are required. 

A.14 Correlations (CORRELATIONS) 

Correlation groups are specified via sub-blocks within the CORRELATIONS block with the 

following syntax: 

CORRELATION 

name 

ñdescriptionò 

SampledParameter1 SampledParameter2 CorrelationCoefficient  

...  

END_CORRELATION 

An example is provided below. 
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Example: 

CORRELATION 

WaterFlows  

ñCorrelations between sampled parameters involved in water flowsò 

Precipitation Irrigation - 0.9  

Precipitation RunOff 0.75  

Irrigation RunOff - 0.4  

END_CORRELATION 

A.15 Switch Parameters (SWITCH_PARAMS) 

Standard parameters that introduce time dependency into the dynamic model need to be 

declared as switch times.  This is achieved by listing the time dependent parameters in the 

SWITCH_PARAMS block: 

SWITCH_PARAMS 

ParameterName  

...  

END_SWITCH_PARAMS 

A.16 SnapShot Parameters (SNAPSHOT_PARAMS) 

SnapShot parameters are defined as a list in the SNAPSHOT_PARAMS block: 

SNAPSHOT_PARAMS 

ParameterName  

...  

END_SNAPSHOT_PARAMS 

A.17 Availability Schemes (AVAILABILITY_SCHEMES) 

Availability schemes are specified via sub-blocks in the AVAILABILITY_SCHEMES block: 

SCHEME SharedLimit|IndividualLimit  

ñdescriptionò 

EXPRESSION  " value or expression "  

UNITS Moles|User Defined  

[ MAPPING mapping ]  

TRANSFER transfer  

END_SCHEME 

Where the scheme can be one of either SharedLimit or IdividualLimit.  The units can either be 

specified as Moles, or as UserDefined specified units.  If a shared limit is specified, then the 

associated mapping needs to be included. 

Example: 

SCHEME SharedLimit  

ñAvailability limitation on contaminant releasesò 

EXPRESSION  "AvailabilityLimit(donor)"  

UNITS Moles  

MAPPING Cont aminants ToElem ents  

TRANSFER Leaching  

END_SCHEME 
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Where AvailabilityLimit is a user defined parameter indexed over elements and compartments. 

A.18 Derived Parameters (DERIVED_PARAMETERS) 

Derived parameter information is stored in the case file in the DERIVED_PARAMETERS 

block. The following syntax is used for each parameter sub-block: 

DERIVED_PARAMETER 

DerivedParameterName  

ñdescription ò 

BaseParameterName  

MAX|MAXTIME|INTEGRAL|AT 

[ TimeParameter ]  

END_DERIVED_PARAMETER 

Where the BaseParameterName is the parameter on which the derived output is based.  This is 

followed by a line with a keyword indicating the type of derived parameter, which can be one 

of MAX, MAXTIME, INTEGRAL or AT.  For the AT derived parameters, an additional line 

is required that provides the parameter that defines the time at which the parameter is needed. 

Example: 

DERIVED_PARAMETER 

DoseRateAtEndControl  

ñCalculated dose rates at the end of institutional controlò 

DoseRate  

AT 

t_EndControl  

END_DERIVED_PARAMETER 

A.19 Preconditions (PRECONDITIONS) 

Preconditions are specified via individual CONDITION blocks within the 

PRECONDITIONS block.  The syntax is as follows: 

CONDITION 

name 

" description "  

" Boolean expression "  

ERROR|WARNING 

" message "  

END_CONDITION 

Where the type of precondition failure (i.e., error or warning) is defined by using either the 

keyword ERROR or WARNING.  

Example: 

CONDITION 

PorosityCheck  

"Precondition to ensure that porosity is valid"  

"and(theta>=0,theta<=1)"  

ERROR 

"Invalid porosity specified in theta"  

END_CONDITION 
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A.20 Calculation Options (CALC_OPTIONS) 

The CALC_OPTIONS block records the number of runs, the seed and the sampling approach. 

number of runs  

seed  

MONTE- CARLO 

[ USE- LHS]  

Where the optional USE-LHS line should be included if latin-hypercube sampling is required.  

Note that a deterministic run need only specify the number of runs as 1, whereby the seed and 

sampling type are unimportant. 

Example: 

100  

987654321  

MONTE- CARLO 

USE- LHS 

A.21 User Units (USER_UNITS) 

The USER_UNITS block stores the units that AMBER will use for time and amount: 

UNIT TIME Years|Months|Days|Hours|Minutes|Seconds  

UNIT AMOUNT Moles|Becquerels|Kilograms|Grams  

A.22 Export Parameters (EXPORT_FILES) 

Details regarding export files are included in EXPORT_FILE sub-blocks.  The syntax is: 

EXPORT_FILE 

" filename .aaf "  

FILE_DESCRIPTION:  

" description "  

parameter1  

parameter2  

é  

END_EXPORT_FILE 

Any number of parameters can be listed and will be exported to a text based file. 

Example: 

EXPORT_FILE 

" FluxesToBiosphere .aaf"  

FILE_DESCRIPTION:  

" Fluxes from the geosphere to the biosphere "  

FluxToSoil  

FluxToRiver  

FluxToLake   

END_EXPORT_FILE 
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A.23 Import Parameters (IMPORT_PARAMETERS) 

Import parameters are defined via IMPORT_PAAMETER sub-blocks.  The syntax is: 

IMPORT_PARAMETER 

name for import parameter  

" description "  

[ MULTIPLICITY [ nameset ][ nameset ] ]  

FILE " name of import file .aaf "  

NAME name of parameter in the import file  

[ NAMESET_LINKAGE 

name of nameset in case file  

FILE_NAMESET name of nameset in the import file  

USE import file item1  FOR case file itema  

USE import file item2 FOR case file itemb  

...  

END_NAMESET_LINKAGE]  

END_IMPORT_PARAMETER 

If the parameter has multiplicity, then the optional MULTIPLICITY line can be used.  If the 

m`ldrdsr hm sgd hlonqs ehkd `mc b`rd ehkd cnmƍs l`sbg+ sgdm sgd noshnm`k M@LDRDS^KHMJ@FD

block can be included.  Where the items in the import file namset and the case file nameset do 

not match, then the optional USE lines can be included. 

Example: 

IMPORT_PARAMETER 

SourceFlux  

"Source flux to the soil"  

MULTIPLICITY [Contaminants]  

FILE "FluxesToBiosphere.aaf"  

NAME FluxToSoil  

NAMESET_LINKAGE 

Contaminants  

FILE_NAMESET Contaminants  

USE H3 FOR H_3  

USE C14 FOR C_14  

END_NAMESET_LINKAGE 

END_IMPORT_PARAMETER 

A.24 Result File Options (ADF_OPTIONS) 

Result file options are stored in the ADF_OPTIONS block: 

SINGLE_PRECISION|FULL_PRECISION 

ALL_COMPS|COMP_SELECTION selection name  

REPORT_NEVER|REPORT_ALWAYS|REPORT_ABOVE file size in MB  
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An example for full precision with a user defined compartment selection and warning if the 

results file is greater than 100 MB is given below. 

Example: 

FULL_PRECISION 

COMP_SELECTION KeyCompartments  

REPORT_ABOVE 100 

A.25 Partial Sampling Options (FOR_PARTIAL_SAMPLING) 

Includes a list of parameters to be held at their best estimate value for partially sampled cases, 

where each parameter has the following line: 

USE_BEST_EST_FOR paramName 

Where paramName is the name of the parameter to be held at the best estimate value. 

A.26 List of Times (RESULT_TIMES) 

AMBER needs to be given a set of times for reporting the results.  These do not affect the time 

stepping, so if the only result of interest is a steady state from a constant input just a few times 

(or even just one) could be specified.  The block just lists the times in years. 

Examples: 

RESULT_TIMES 

V3 

1 10 100 1000 10000  

END_RESULT_TIMES 

A.27 Graphical Information 

Graphical information about the case is stored at the end of the case file within the block that is 

delineated with START_GUI_INFO and END_GUI_INFO.  

 


