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Ancylus FjordEnv 3.3 – Manual

http://www.ancylus.net
Preface.

FjordEnv version 3.3 is a program that computes environmental effects of fish farming and municipal and industrial wastewater on fjords and other inshore areas. It can also be used to estimate environmental effects of dredging and building road-banks in sea straits and changing runoff. In the surface layers, environmental changes are expressed as changes in Secchi depth. In deeper layers, environmental changes are expressed as changes in oxygen consumption and minimum oxygen concentrations. The basis for the computations of environmental change is computations of water exchange in different depth strata and the physical state of the fjords and other inshore area. FjordEnv uses many published sub-models. It has existed since 1990 under the name ‘Fjordmiljø’ and has since then been much used in Norway by marine consultants, institutes and in education. The new version, FjordEnv 3.1, contains several significant improvements. It also has extended geographical applicability including the Baltic Sea and Kattegat.

The manual is arranged as follows. Chapter 1 describes how to handle the program technically. In chapter 2, Data Cards for input and results (output) are described. The scientific foundations for the computations are briefly described in chapter 3 where also references are given to detailed publications. Finally, in chapter 4 the subjects error handling and support are covered.
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1. How to use the FjordEnv program – A technical description.

To do the computations in the FjordEnv program, data about the fjord or another inshore area are needed as input. Before the computations are done, one has to look after that all the information fields in data cards for input are filled. 

Results from the computations are presented in data cards for output.

All data cards are discussed in chapter 2 below.

In the program, one may open old and new “cases” and store (file) data from different cases. One may also print out the report that is created during a model run on a printer. The report may be stored as text-file (.txt) for further processing in a word processor.

1.1 About case handling in the program.

The user establishes different “Case” to simulate different cases and localities. Each case may be stored in the database (fm.mdb), compatible with Access, that may be found in the program catalogue together with e.g. the program file (fjordenv.exe). Below is a description of how to handle the Case function.

Establish a new Case.

Choose “Case” from the column of tools, to the left in the main window. When the window to administrate Case is opened, press “New Case”. Then a window is opened in which a new Case may be established, type the name of the case and possibly also a note describing the Case. This window may also be reached from the menu “Archive” at the top of the main window by choosing “New Case”.

Remove Case.

Choose “Case” from the toolbar to the left in the main window. When the window to administrate Case is opened, press “Remove Case”. Then a text box is shown. Type the number of the Case that shall be removed and thereafter press “Ok” to remove the chosen case. The number of the Case is visible in the grid on the administrative window.

Save Case.

Press “Save Case” in the column of tools to the left in the main window. The case number is visible in the list on the administrative window. The particular case that is active for the moment may be seen in the name list at the top of the main window.

1.2 About data input.

Input of data goes through tables that are placed on data cards with tabs. Some data cards are dedicated for input while some others show results after running the program. The data cards are opened through the “Edit” menu at the top of the main window.

On the second data card, there are so-called “drop-down lists” with localities (from Norway and the Baltic so far). Choose a location close to the location you are investigating. FjordEnv will then provide default values for the chosen area.

1.3 About reports.

The report shows data input and results for the active case. Which case that is active can be seen in the name list at the top of the main window. The Report function can be reached from the menu at the top of the main window. The report can be previewed on the screen and may be printed out if a printer is installed. The report may also be exported in ‘html’ or ‘text’ format.

When exported, the formatting of the standard report is poor. Since the standard report is a Microsoft component, and its export-functionality is out of reach for modification by Ancylus, we have built a component of our own that uses Microsoft Excel as report generator. This functionality is reached from the ‘Report’ menu at the top of the main window. It creates an Excel report with similar design as the standard report. This functionality demands Microsoft Excel version 7 or higher on your computer.

2. Description of Data Cards for Input and Results.

There are eight cards. Some are used for input and some for output. The cards are described below. 

In this manual, input data are denoted by In (unconditional) or Inopt (optional). Some input data are available as default values denoted Indef. Output data, computed by FjordEnv are denoted by X.

The theories behind the different computations are briefly explained in Chapter 3.

Card 1: Topography (input)
Provide up to 10 depths and the horizontal surface area (in km2) at the chosen depths. NB: the first depth should be 0, i.e. the sea surface, and the last depth should be the maximum depth of the basin.
The Table appears as follows


Fjord area (km2) for chosen depths


Depth
Area

Min
In
In


In
In


In
In

Max
In
In

Provide up to 10 depths in the mouth and the width of the mouth (in metres) at these depths. NB: the first depth should be 0, i.e. the sea surface, and the last depth should be the maximum depth of the mouth, i.e. the so-called sill depth. 

The Table appears as follows


Mouth width (m) for chosen depths


Depth
Width

Min
In
In


In
In


In
In

Max
In
In

If the mouth is channel formed, give the length of the channel. The mouth is considered channel-formed if the length of the mouth is more than 300 times greater than the mean depth of the mouth.

When the tables in Topography are filled the operator should press the button “Compute Topographic Conditions”. The results of the computations are then shown in the table “Topographic conditions in the fjord and the mouth”, Card 5, is then filled. 

Card 2: Location & natural conditions

Location:

Norway 



Eastern Skagerrak 



Kattegat 



Baltic Sea 




Drop down lists:





Norway:
Østfold 

Vestfold 




Telemark 






Aust-Agder






Vest-Agder






Rogaland 






Hordaland






Sogn & Fjordane






Møre and Romsdal 






Sør-Trøndelag 






Nord- Trøndelag 






Nordland 






Troms






Finnmark





Baltic Sea:
Baltic proper






Bothnian Sea 






Bothnian Bay 

When the location (above) and the topography (Card 1) have been given, the operator may press the button “Find Natural Conditions” to obtain the default values for the area. These are shown in the table “Natural conditions”, below. The values may be changed if considered not representative for the actual water area. In particular the values of freshwater supply and power supply from interior sills must be checked.

Natural conditions

Secchi depth, typical summer value (m)


In, Indef

Oxygen conc in “new” basin water (ml O2/l)


In, Indaf

Tidal amplitude – M2+S2 (m)



In, Indef

Semidiurnal contribution (0.3<fi(1)*)


In, Indef

Background deepwater mixing (W/m2)


In, Indef

Deltaro




In, Indef

Sigmaro




In, Indef

Interm circulation: forcing (kg/m2)


In, Indef

Freshwater supply (m3/s) #)



In, Indef

Power supply from interior sills (kW)1)


In

Flux of organic matter (gC/m2/month)2)


In, Indef

*) Semidiurnal contribution coming out on “Location and Nat. Cond” is in fact 1/fi, see e.g. Stigebrandt (2001) (listed in Ch. 3)

#) Use typical value for the production season (approximately April – September)

1) Use value from previous run for interior, coupled fjord basin, see Card 6 “Power supply to exterior basin (kW)”

2) Default values: Norway, 5.5, except for the Skagerrak coast where 8 is used. Eastern Skagerrak 8,  Kattegat and Baltic proper 6, Bothnian Sea 4 and Bothnian Bay 1. 

Information on loading from surrounding land and fish farming should be given to the Table shown below.

Supplies from land and fish farming

Here the operator should give the supplies connected to the Secchi (sight) depth as given above. This is usually the present condition. 

Phosphorus, supply (tons/year)


Inopt

Nitrogen, supply (tons/year)



Inopt

Fish production, over shallow areas (tons/year)

Inopt

Fish production, over deep areas (tons/year)

Inopt

Excess feed (%)1)



Inopt

1) Excess feed should be given in percent of the feed actually consumed by the fish. For instance, if the fish production is X tons and the fish eats 0.9X tons while the fish has been given 1.2X tons the excess food in percent of the eaten food is 100(1.2-0.9)/0.9=33%

Here the operator should press the button “Run fjord physics”. The diagnosed properties of the fjord (inshore area) are then given in Card 6, tables “General Fjord diagnosis” and “Conditions in the basin water” and Card 7 “Fluxes of organic matter into the sill basin”. 

NB: To calculate changes of the water quality due to changed supplies from land and/or fish farming the operator should later use Card4. The results of changed loading may thereafter be seen in Card8.

Card 3: Estuarine circulation (input and output)

The computations done here are stand-alone and not connected to other computational results (output) in FjordEnv. Cards 1 and 2 have to be filled first, before the computations of estuarine circulation are done.

Estuarine circulation is computed for 10 different combinations of freshwater supply (Qf>0) and wind speed (W>0).  First, the values of two parameters, the salinity of the water beneath the surface layer S2 (1-40) and a dynamical parameter efi1) (usually in the range 1.5 – 3) must be given. The first two columns in the table “Estuarine circulation” are filled by the operator (NB! All 10 rows in columns 1 and 2 have to be filled) who thereafter presses the button “Compute Estuarine Circulation” and the rest of the columns in the table are filled with compute values.

Estuarine circulation

Table with 10 rows and 7 columns showing results of computations of the estuarine circulation in the fjord for 10 combinations of wind speeds (W) and freshwater supplies (Qf). 

Parameters: s2 = In,    efi1) = In

Qf
W
h1
s1
qest
tf
Type

(m3/s)
(m/s)
(m)
(o/oo)
(m^3/s)
(days)

Inopt
Inopt
X
X
X
X
X

Inopt
Inopt
X
X
X
X
X



Here

h1= depth of surface layer

S1=salinity of surface layer

qest = outflow from surface layer

tf = residence time for surface water

Type = type of circulation

1) efi is a factor describing the thickening of the surface layer from the mouth to the interior of the fjord. In the theory for estuarine circulation, efi is usually denoted by the symbol (. 

Read about how estuarine circulation is computed in FjordEnv in Stigebrandt (2001), see the list of references in Chapter 3 of this manual.

Card 4: Environmental change (input)

This card should be used to estimate water quality changes due to changed supplies of nutrients from land (including outlets from industry and sewage) and fish farming.

Change of Supplies from land, optional input

Change of N-supply (%) 


Inopt

Change of P-supply (%) 


Inopt

Change of Fish farming, optional input

Change of production, shallow areas (tons/yr)
Inopt

Change of production, deep areas (tons/year)
Inopt

After having filled the Tables “Change of Supplies from land” and “Change of Fish farming, optional input” above the operator should press the button “Compute Environmental Change”. Values for the environmental changes are then shown in tables in Card 8 below. 

Card 5: Topographic conditions in the fjord and the mouth (output)
Maximal depth of the basin (m)


X

Mean depth of the sill basin (m)


X

Volume of the fjord (km3)



X

Volume above sill depth (km3)


X

Volume of the sill basin (km3)



X

Area at the sea surface (km2)



X

Area at sill level (km2)



X

Width of the mouth at the sea surface (m)


X

Vertical cross-sectional area of the mouth (m2)

X

Depth of half of the mouth area (m)


X

Either 

The mouth is not channel-formed


In

Or 

Length of mouth channel (m)



In

Fjord area/Mouth area



X

Card 6: Fjord dynamics (output)

General fjord diagnosis

Choking coefficient



X

Tidal speed in the mouth us0 (m/s)


X

Speed of internal waves in the fjord ci (m/s)


X

Intermediary circulation (m3/s)


X

Tidally forced circulation (m3/s)


X

Estuarine circulation (m3/s) 1)



X

Residence time for water above sill level (days)

X

Settling time for particular organic matter (days)

X

The Function f1*)



X

The Function f2*)



X

Conditions in the basin water

If ci>us0 then

The fjord is a wave fjord, ci/us0=


X

If ci<us0 then

The fjord is a jet fjord, ci/us0=


X

Filling time for basin water (days)


X

Re-value of the sill basin



X

Work against the buoyancy forces (mW/m^2)

X


Background
(mW/m^2)


X


Tidally forced (mW/m^2)


X


From interior sills (mW/m^2)


X

Density reduction (kg/m^3/month)


X

Oxygen consumption (ml/l/month)


X

Time-scale for water exchange (months)


X

Time-scale for oxygen consumption (months)

X

Oxygen minimum in the basin water (ml/l)


X

Fjord improvement: 

to achieve O2min=2 ml/l add power (kW)


X
The Function f3*)



X

Power supply to exterior basin (kW)2)


X

1) Computed from the freshwater supply as given in Card2 and assuming a mean wind speed of 5 m/s.

*) These functions are usually equal to 1, see Stigebrandt (1992) or (2001) (the references are given in Chapter 3).

2) For fjords in series, this value should be given in Card 2 when running FjordEnv for the outer neighbour. 

Card 7: Fluxes of organic matter into the sill basin (output)

Carbon, natural (tons/year)



X

Nitrogen, natural (tons/year)



X

Phosphorus, natural  (tons/year)


X

UOD, natural  (tons/year)



X

From fish farming:





Carbon from excess food and faeces (tons/year)

X

Nitrogen from excess food and faeces (tons/year)

X

Phosphorus from excess food and faeces (tons/year)

X

UOD from excess food and faeces (tons/year)

X

NB! The fluxes from excess food and faeces are computed assuming equilibrium, i.e. the supply and release are equally large so there is no accumulation of particulate organic matter on the bottom (according to MOM requirements)

If additional fjord data are available, the computations may be re-done using this information. This should giver safer estimates of some of the fjord properties. The table “Field data, optional input” below should be filled with –99 (meaning not available) as long as the operator of FjordEnv does not use this option. 

Field data, optional input

Oxygen consumption in the basin water (ml O2/l/month)

Inopt

Oxygen minimum (ml O2/l)



Inopt

When this table is filled press the button “Rerun fjord physics”. 

Card 8: Environmental changes (output)

Secchi depth, per cent of earlier value(%)


X

Oxygen consumption, change (%)


X

New Oxygen minimum in the basin water (ml/l)

X

Fjord improvement: 

to achieve O2min=2 ml/l add power (kW)


X

The computations here are based on the changes of the loading given in Card 4 “Environmental change”

2.1 Typical applications of FjordEnv

Some typical applications of FjordEnv are briefly described below.

Card 1 must be filled for all computations. 

To just compute volumes and areas at different depths in a basin and the area of the mouth, it is sufficient to use only Card 1. The results are given on Card 5.

If Card 1 and 2 are filled, diagnostic results are computed and presented on Card 6 and 7. These show the likely state of the inshore area.

An improvement of the diagnostic results in Card 6 and 7 may be achieved if the Table “Field data, optional input” (on Card 7) is filled and the program thereafter is rerun. NB! This computation is optional, i.e. should be done only if data on oxygen conditions in the basin water are available.

To compute changes of the water quality due to changes in fish farming and/or supply of nutrients from other sources the changes should be given in Card 4. However, first the computations described above must be undertaken. Thereafter Card 4, environmental change, is filled and the program is rerun. The changes in water quality variables are presented on Card 8.

In the case of coupled basins, start with computations for the innermost basin. The computed value of “Power supply to exterior basin (kW)” in Card 6 is then used as input, in Card 2 “Power supply from interior sills (kW)”, for the next basin

FjordEnv may also be used to compute estuarine circulation for different conditions. After having filled Card 1 one then jumps to Card 3 where the necessary input S2 and efi (above the table) and Qf and W (columns 1 and 2 in the table) is given. The output comes out in the same table (columns 3..7) on Card 3.

3. The scientific foundations for the computations in the FjordEnv program

A comprehensive description in English of the ideas behind and computations executed in FjordEnv is now available (Stigebrandt, 2001).  This report is delivered with the programme.

A comprehensive description of FjordEnv was given in Stigebrandt (1992). This booklet may still be used by users familiar with Norwegian. 
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4.   Error handling and support

This chapter describes how to track down errors that may occur when running the FjordEnv 3.1 software.

When an error occur, two things will happen in order to inform the user. First, the user will be prompted an easy-to-understand error message with no technical terms included. Thereafter, a technical error message raised by the operative system will be written to a text file called “err.log”. The file err.log resides in the Fjordenv folder. Open this file with the notepad program to view the actual error message along with what part of the Mom software that encountered the error and the date and time. The error message will look somewhat like shown below for each row. One row represents one error.  

"Part of FjordEnv:" "Error message" "Date and time"

Before contacting Ancylus for support, use the error message to try to understand the cause of the error. If you cannot figure out the cause of the error, contact Ancylus for technical support. Please send an email with a description of the problem to support@ancylus.net. Normally, you will be answered within a few days, and always within one week.
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