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Marine eutrophication - a
remaining problem

Input of nutrients like nitrogen and
phosphorus to the sea is a natural prerequisite for
life, not an environmental problem. It becomes a
problem only when the input increases to such an
extent that the original properties or functions of
the ecosystem change. Then it has become too
much of a good thing. When that happens in a
marine area or a lake we refer to it as eutro-
phication, which is a concept that covers a series
of events in the aquatic environment.
Eutrophication occurs when production and
consumption of organic matter in the sea do no
longer cancel each other out. The natural cycle of
accumulation and decomposition are no longer in
reasonable balance. In addition, the semi-enclosed
and brackish-water Baltic Sea, with its slow water
exchange and built-in natural barriers, is in many
respects particularly sensitive to eutrophication.

Despite measures taken nationally and
internationally during the last decades,
eutrophication continues to be a priority
environmental problem of major concern in the
Baltic Sea Region. There are several reasons for
that. A large proportion of the total load of
waterborne and airborne nutrients to the sea
originates from diffuse sources like agriculture, a
sector where national legislation is not as efficient
as for point sources, but where many of the
measures to counteract eutrophication need to be
taken. There are also considerable time delays
between measures taken in a drainage basin and
detectable reductions in the input of nutrients to
the sea. The long residence of nutrients (many
years) means that outputs from one region are
likely to affect other regions. The open coastal
zones are not only affected by nutrient inputs from
land but also from the open sea and thus also from
other basins.

Since the effects of eutrophication are the
result of nutrient transports and transformations in
a number of different systems, management
without understanding the links between the
systems is likely to result in more costly mitigation
programs than necessary. Currently, our
understanding of this is large but highly frag-
mented. There is a need to utilize and synthesize
scientific information pertinent to the relevant
problem and management scale. A common
language for communication between scientists
and managers, and a consensus about scales,
problems and causes, needs to be established.
Such a holistic approach takes into account e.g. the
entire hydrological and biogeochemical cycles.

The decision support system —
objective and goal

The overall goal of the MARE program is
to develop a user-friendly, computer-based
decision support system and to introduce it to
managers as a tool for identifying cost-effective
strategies to counteract eutrophication of the Baltic
Sea. Interlinked models that synthesize knowledge
in ecology, physical oceanography, biogeo-
chemistry, and economics, are used to develop this
system. The decision support system being
developed within the MARE research program has
been named Nest.

Main target groups in this respect are
decision-makers within the Helsinki Commission
(HELCOM), as well as those in the Baltic Sea
States working on the implementation of the EU
Water Framework Directive and the Marine
Strategy

Thus, the aim is to assist scientists and
decision-makers in their effort to identify cost-
effective measures or combinations of such
measures to reduce nutrient loads and,
consequently, counteract eutrophication to the
Baltic Sea for the purpose of reaching the
environmental targets that have been set.

This manual is not complete: it is meant
as a ‘Read me first’ introduction to Nest. It will
enable the users to install and explore the various
components on their own computer. The detailed
documentation of the various components are
available on our WWW-site

http://www.mare.su.se

The manual is by no means final: it will
be continuously improved and modified, due to
both user inputs and when components of Nest are
modified. The most recent version of Nest as well
of the manual will always be available from our
WWW-site.



Welcome to NEST

Introduction

To run the program you must have access to
Internet; some components are installed on your
(client) computer, others are installed on the server
that you communicate with. Each time that you
start the program, your client software is checked
and updated if a new version is available. This
procedure ensures that you always have access to
the most recent version of Nest. A detailed
technical documentation and a description of the
architecture of Nest can be downloaded from the
start page (see below).

If you do not have Java installed

If you do not have Java Virtual Machine
installed you can click Installation in the right
hand upper corner of the Nest home page or just
manually type in http://java.com and access the
Sun Microsystems Inc. Java download page. The
Java software can be downloaded free of charge
from this site. After installation you will be able to

How to get started - IaunChmg Nest start Nest from the Nest home page:

The Nest system is accessed through a
special web page on the Internet site hosted by the
Department of Systems Ecology at the Stockholm http:/mare.su.se/nest/
University. In order to launch and run Nest you
need to have Java Virtual Machine (JVM)
installed on your computer.
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Nest — an information environmment for decision support system

Start Iest Installation License Feedback

aimizl
MARE — Marine Besearch on Eutrophication: & Scientific Base for Cost-effective Measures for
the Baltic Zea — 1z a multidisciplinary research program. The overall goal of WIARE 15 to develop a
decision-support system (D330 to be used az a tool for developing and testing cost-effective
strategies to reduce eutrophication in the Baltic.

& uzer manmal of Nest can be downloaded from hitpifwwrw mare. su.sefdoloumentiuzer manual-
Mestpdf

The whole DEE iz designed as a distributed web system. The client program of the D33 — Mest iz
an application that mtegrates different kinds of wformation mnto one product. The architecture of the
system 15 described n

Alezander Sokolov: Information environment and architecture of decision support system
for nutrient reduction in the Baltic Sea. Techmical Beport, 2002, architecture pdf

Alexander Sokolow: The clent program - Mest - of the decision support system of MARE:
User interface. Technical Report, 2002, userinterface pdf

Data sources

IDhgtal Terram Elevation Data (DTED® Level 0 for the Baltic dranage basin is a product of the MNational Imagery and Mapping Agency. hitpdfwwrw nitna il




If you have Java installed

Click Start Nest in the upper right corner of
the Nest launch page. The system will now start
loading. If this is the first time you run the
program, you will have to accept:

Warning - Security

v Do you want to frust the signed application distributed by "MARE Project"?
.
Fublisher authenticity can not be verified,

! E The security certificate was issued by a company that is not fusted,

\!) The security certificate has not expired and is still valid.

IMore Details

[ Yes H Mo H Alveays ]

You will then see the Java Icon.

Ti-('/{) Java™ Loading...

e

If you don’t have the most recent client
version of the program installed the program
(JVM) will search for and download the latest
version

£ Java Web Start

- Nest
S,

<~ MARE Project, Stockholm University

Loading gis. jar from bed.ecology.su.se
Read 4.9M of 9.9M (45%)
Estimated time left: 00:00:21

(N [ concet ]

When this is installed you have to accept the
license agreements for using Nest

Licence

Licence

This software is provided 'as-is', without any express or implied warranty. In
no event will the authors be held lable for any damages arising from the use
of this software. Perission i3 granted to anyone to use this software,
subject to the following restrictions:

# This zoftware iz under development and 12 provided for
evaluation only. Any results obtained using this software
should be treated as a DRAFT and rmust not be published or
publicly presented without authors' pertrdzsion

# The origin of thiz software must not be misrepresented;
you must not claim that you wrote the software. 1f you use
this software, an acknowledgment would be appreciated.

After having pressed Accept, the initial
window of Nest will appear. When Nest is opened,
you automatically come to the COST CALCU-
LATIONS module of the system, currently with a
total of six key modules, seen in the top panel:

[ mMnsss nast.
Hio Jools Hedp
Cost calculation | Mutrient modol | Watershed maodel | Fesh model | Rivering and niarine data | EMER data

Elle Warnang: Some daty behind this moded are outdated
- 1| e s
Targets | Mvasures

Region
By

L {

When you move the cursor over items in the
various windows, you will wusually find an
explanation of that particular item in the lower left
corner. When you click on Help you will find a
link to the web site with links to detailed
Documentation of various components of NEST.
The About panel under Help will show what
version of NEST you are using

About...

MARE's Nest. Build date: 2005-09-15 11:06:02 GMT
BED Application server: http://bed ecology.su. se/nest_test
C3IM Application server: http:/f130.237.180.11%nest

See hitpwrarer tnare. su.se for details

Java version: 1.5.0_04 (Sun Microsystems Inc.)

Java{ TM) 2 Runtirne Frvirontment, Standard Edition (budd 1.5.0_04-b05)
Jawa HotSpot{ Th) Client VIV (huild 1.5.0_04-b05, mixed mode, sharing)
hittp.ifiawva, sun. com/

Openhap (tm) Version 4.6.2-modified
Copryright (C) BBNT Solutions LLC. Al rights reserved.
See http//openmap . bbn. com/ for detatls.




WATERSHED MODEL

EMEP DATA

" FISH MODEL

THE CURRENT SIX KEY ELEMENTS

COST CALCULATION

Provides tools to calculate minimum-cost
solutions (measures to be taken within major
sectors of society) to achieve a specific improve-
ment in water quality in any of the seven major
Baltic Sea sub-basins.

MODEL RESULTS

A physical-biogeochemical marine model
can be used to calculate and visualize effects of
changing nutrient (nitrogen and phosphorus) initial
conditions and loads on conditions in the major
sub-basins of the Baltic Sea

LOADS

Includes tools that can be used to estimate
loads of nutrients to the Baltic Sea basins from a
variety of sources and different drainage basins.
You can also view the corresponding hydro-
chemical conditions (concentrations of nutrients)
in the sea. Data from extensive databases are used
for these calculations.

RIVERINE AND
MARINE DATA

NUTRIENT MODEL

EMEP LOADS

Atmospheric nitrogen and sulphur deposition
to the Baltic Sea major basins and drainages basins
as well as all countries in Europe, extracted via
Internet from the UNECE/EMEP database in Oslo.

FISH MODEL

A detailed model of the food web of the
Baltic proper than can be used to evaluate the
effects of various fishery management options on
cod, herring and sprat.

WATERSHED MODEL

A model of the nutrient loads from the Baltic
drainage basin is under development here. De-
tailed descriptions of the drainages basin
characteristics, in term on land use, populations,
etc are available as well.
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Riverine and Marine Data

RIVERINE AND MARINE DATA

This module is primarily intended as a
convenient tool for evaluating some of the data
needed to develop and validate the various models
used in Nest.

The databases are regularly updated as new
data compilations become available, on riverine
loads and hydrochemical marine observations.
These data are presented in great detail. The
purpose for doing so is to permit a free and open
evaluation.

The left panel shows the Baltic Sea and the
drainage basins and by clicking on the objects
above, provides options for analyzing the loads in
graphical formats. In the control panel above the
map one can chose:

View = for manipulation of the map (zoom in,
zoom out).

Layers = to select visualizing layers on the map.
The different features are

e Graticule: Places a latitude-longitude grid
over the map

e  River loads; a map of the sub drainage basins.
By clicking on any of these (colors change)
you select data on loads from the database.




Country; a map layer showing country
borders.

Stations; shows the position of hydrographic
stations, selected from the database.

Hydrographic  polygons; Put boundary
polygons, encompassing the 13 major marine
regions in the Baltic Sea. Clicking within one
of these, all stations inside the boundaries are
shown as blue dots on the map. By clicking
on any of these dots (turns into red) the actual
measurements here are shown on the lower
right Stations panel.

Topography; A topographic map. Hidden
when the Country and River loads layers are
also selected. Water depths and land
elevations at the point of the cursor are
shown in the lower left corner.

Mouse = gives you the option to select between
mouse modes (Gesture or Navigate). In Gesture
mode the mouse is used to interact with the map
and evaluate different kind of data while in the
Navigate mode the mouse is wused for
manipulations of the map (zoom, change scale,
move).

Polygons

Layers | Polygons | Options

Hew...

Save...

Open...

Delete all pohmons
Restore default

[ Allow editing
Add (clone) node

Delete node

Delete pohgon 3 =t

By default, there are 13 polygons bordering the
major sea regions in the Baltic. If you click in any
of these all stations as selected and extracted from
the database within the time interval set in the

upper right Hydrography/Request panel. The name
of the basin is also shown there.

(Riverloads | Hydrography |
- Request

oLt

[Jan o1, 199512 - [Dec 31,1995/= [ treat data as annual
Averaging interval {days) 30

Southern Baltic Proper V‘ | Request |

«Jan 01, 1995 - Dec 31, 1995

Time series || Stations |

You can select an area different from the sub-
basins by creating a New polygon from the drop-
down menu. Draw the polygon by clicking with
the cursor around the boundaries:

Double-click on the last node when you have
finished and then click outside the polygon to
name it in the window that now appears on the
map:



H Mame of the polygon:
|Elumha|m

| OK H Cancel |

The name of this ‘sub-area’ will then appear in the
drop-down menu to the right as well, as the last
item. You can also save it, together with all the
other basins, with the Save option on the Polygons
drop-down menu.

If you choose the Allow editing option, you can
then Add, Delete or change the shape of any

polygon
Options

Here you can alternative ways to show riverine
loads or change user accounts:

Riverine and marine data Ii

)| ® Show as amount intonimonth
concentration in mgil

Jan 01, 1¢

Jan 0

The default account 'guest/guest’ will cover
most of the databases but there are some
restrictions particularly to hydrochemical observa-
tions, for the latest four years (see details under
Help/Documentation).

cSea
| =othnian Bay
Hothnian Sea
| Saltic Proper
Sulf of Finlan
Gulf of Riga
Danish Strait:

attanat

Datahase account

User name |guest

Password |""""*

Request

This right hand panel is used to set
parameters for requesting data from the databases
for a chosen time period. The data requested will
appear in the River loads panel below or the panel
Hydrography. Only in those drainage basins
where complete data coverage is available, are
highlighted on the map.

Hydrography panel will show observations from
the area you had chosen on the map or in the
request panel. By default a time-depth plot of
temperature is shown in the Time series panel.

" River loads || Hydrography

Request

Jan 01,1995 - [Dec 31,1995 [ treat data as annual
Averaging interval {days) W

| southern Battic Proper v|| Request |

Jan 01, 1995 - Dec 31, 1995

Time series ﬁ
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Parameters m

You can select any of the available variables in the
drop-down menu:

Hitrate [pmold] o | Redraw |
| parameters [(Bata |~ |rosehoruslhmelll =

Silicate [umoll]

Nitrite [pmoli]

Nitrite-+Nitrate [pmali]

[Ammonia [pmoli]
[Total Mitrogen [pmald]
[Chlorophdl [pgA] -



You can change depth range and color scale with
the buttons below the graph. The slider to the left
of the graph allows you to se a time series of
observations at a specific depth.

Time series ﬁ

Mitrate, Eastern Gotland Basin

Time series ﬁ

Mitrate, Eastern Gotland Easin, Horizon 200m

1885 1896 1897 1988 1898 2000 ' 2001 2002 2003 2004

If you click on the Stations tab, you will se the
actual data in the panel. The observations are
shown then you click on a specific station, either
on the row in the table or on the map.

[[s} Latitude Longitude Date Ship | |
9536602 55708 16710°  1895-01-30 00...|Unknawn (De... |~
9536457 5517 14745 [1895-01-30 00...Unknown (De
9527362 54757 15°45°  |1805-01-26 06...[R.M. Aranda
9536712 55701 14°54°  1895-01-30 00...|Unkngwn (De..
8527382 55°00° 14°05°  [1895-01-36 16. R Aranda
9538052 55701 12°14° [1895-01-04 10...|Unkngwn (De..
9527402 55°00° 13718°  1895-01-26 21..[RM. Aranda
8538072 55°10° 17°03°  |1895-01-25 10..[Unknown (De
9527312 55737 14763 [1805-01-25 10...[RM. Aranda
9536242 55706 14741 [1895-01-16 00...|Unkngwn (De..
8577332 55°30° 15°44°  [1805-01-75 16, RV Aranda |4

Depth Temp Salin TotOwy PO4F TotP S

1.0 287 4.09 9.3z 0.54 0.58
5.0 258 6.09

10.0 2.60 a.11 4.28 0.56 0.62
146.0 PR} 9.24

20.0 3.06 8.33 6.20 0.44 0.57
30.0 287 4.50 4.30 0462 0.60
40.0 B.51 16.88 5.21 0.a0 0.90
47.0 6.80 510 0.98 0.9a

With the Time series tab selected you will se only
the data behind this graph when you click the
Data tab below the window. All data in these
tables can be copied and pasted into other
applications.

The River loads panel comprises three parts:

o e i by

D 0 D et st
]

The map to the show all the sub drainage basins
for whish data are available. The graph to the right
shows the variable(s) with monthly resolutions,
which you select by clicking on a check mark on
the lower right panel. The areas selected are
highlighted (from green to yellow) in the map.
You can select a sub region by clicking on the map
or in the tree below the graph.
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You can show the results either in tons or in
concentration by selection an option.

o1 | Watsrshed motl | Fishimodel | Rverine and marin data

® Show as amount in tonmonth

| change BED account...

C Show as concentration inmgil |-

A
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Cost calculation

Nutrtgll model | Watershed model | Fishmodel | Riverine and marine data | EMEP data
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Comment: |Pristine by country

|| calculate

e B B B B A A A
‘| Result
“Variables rBiogeochemicalﬂuxes rTransport rNetworkanalysis |
Total W | Total P |Transp..)Qrgani...|Inorga.. [Organi...[Inorga... |[Bentic M| Bentic P
Bothni... 21.3 0z 6.3 1991 99.3 43 1.7 7.6 78
Bothni... 18.4 04 6.3 2127 4548 74 74 15.8 1243
Baltic ... 181 0.7 7Bl 2328 34.7 a7 14.5 181 6.0
Gulfof... 233 0.7 44| 2638 53.0 9.0 12.7 16.3 6.7
Gulf of... 331 1.0 33| 3648 G98.6 15.8 144 T3 1.6
Dianis... 19.8 a7 74| 2338 441 11.3 11.6 21.0 5.0
Palette | |Kattegat 17.5 07 8.6 1817 638 9.4 11.2 17.0 33
_ _ ‘TotalN |'“ Draw | | [Ealtic ... 221 233 0.0 2028] 1061 7.0 63.49 10.3 26
| bl | [ . :
‘#l]: Contemporary {9... ‘ - ‘
Min Step Max |
Dj |#3: Pristine by country ‘V‘
| z
#0: Cont 07-02 Cl hist:
[v] Butomatically calculate Min and Max values for the palette | ontemporary { ) |v|| e
Model of coupled Nitrogen and Phosphorus bio-geo-chemical cycles
NUTRIENT LOADS AND EFFECTS IN THE Panels
BALTIC SEA(NUTRIENT MODEL)
Forces

The physical/biogeochemical marine model
behind this module uses data on nutrient loads to
calculate nutrient flows between Baltic Sea basins,
transformation processes, and nutrient flows out of
and between the Baltic/Kattegat basins. External
nitrogen inputs are separated into terrestrial, at-
mospheric and advective sources as well as labile
and inorganic and refractory and labile organic
components.

10

By default, loads are an average for the year
s 1997 - 2002, as compiled by HELCOM but you
can also use a data set compiled for 1995 (PLC3)
or 2000 (PLC4) or modify these precompiled sets,
save these and reuse these (from File in the upper
left corner immediately above the map) The data
are shown in the

Forces window, separated into

e River loads, (coastal)

e Point sources,

e Atmospheric depositions
e Loads from Skagerrak.




You can explore and change loads from a country
to a particular basin by clicking on the basin and
the load from each country will appear:

 Forces

River loads

o 5] Variable Valug

z % gg::::z: gz\; | ‘|Labile Oraanic nitragen 121

@ [= Baltic Proper :|Stable Organic nitrogen 281
. SWEDEN ||Dissolved inarganic nitrogen 632
+ [ESToNAl :|Labile Organic phosphorus 10
% L_A'_W_IA_‘ ||Stable Orggnic phqsphurus 1
o LITHUANIA Dizsalved inarganic phosp 7
+ RUSSEIA

C || calcutate \

You can assign a name for a model run for
particular load scenario in the Comment
window. When you press Calculate, the results
will appear in Results and Map panels

Results

Variables

Variables | Biogeochemical fluxes | Transport | Network analysis |
Total M Total P Trangparency

Bathnian Bay 213 0.2 6.3
Bathnian Sea 18.5 0.5 6.3
Baltic Proper: 0 - BOm 191 0.7 7B
Gulfof Finland 233 0.7 4.4
Gulf of Riga 331 1.0 3.3
Danish Straits 19.8 0.7 7.1
Kattegat 17.8 0.7 8.6
Baltic Proper: G0 -... 221 2.3 0.0

| #0: defaut ~|[crear history

Here the results in terms on nutrient concen-
trations for the eight basins consists of two boxes)
of this model are shown. The inorganic and
organic fractions of nitrogen and phosphorus are
merged. In Expert mode you will see each
fraction, including concentrations in the sedi-
ments.

Biogeochemical fluxes

11

Biogeochemical fluses

DI uptake | N-fivation | DIP uptake | M recycling | P recyeling | M si

Bothnian Bay 145.6 0.0 20.8 1011 17.8
Bothnian 5... 14945 1.8 215.2 12681 186.0
Baltic Prop... 57508 3332 8649.1 47857 6891
Gulf of Finl... GE67.8 13.9 97.4 5708 901
Gulf of Riga 686.3 0.3 98.1 560.8 788
Danish Str 684.5 53 498.6 5252 722
Kattegat 7873 28 112.9 679.7 948
Baltic Prop... 0.0 0.0 0.0 6135 1139

| ¥

| 20: deraut ~|[ clearhistary |

The major source and sink terms in the model and
units are, as usual, shown in the lower left corner.

Transport

EE BS BP GF GR DS KT
BE 0 86400 0 0 0 0 0
B3 44742 0 319782 0 0 0 0
BP 0] 269879 0] 116438 35683 362AR3T 1}
GF 0 o) 181029 0 1} i} 1}
GR 0 0 78345 0 1} i} 1}
D5 0 0] 233432 0 1} 0 336501
KT 0 0 0 0 0 188687 0

[ 20: defaun ~|[ clear history |‘

Advective flows between basins and between the
upper and lower box in the Baltic proper, as well
as the export to Skagerrak can be explored here.

Network analysis

‘Result
Network analysis | ‘
Contribution
BE BS BP GF GR Ds KT
BB BBIB1|  B4535 54458 3973 1217) 14294 7872
BS 12602) 127237 107370 7833 2400 28182 15521
BP 20084 204497 1112873| __p1 24879) 292102) 1608GA
GF 2458) 25015 136130] TNuTSE 3043 35731 19678
GR 1462) 14880/ 80875 5907| 925020  21254] 11705
DS 903 9191 50020 3649 1118]  105187] 57935
KT 281 9983 64327 3953 1215)  114256) 417549
Tatal 106761 456337 1686154 247105 126374 &11017] 681127
TotalN
[ e togzem [ P |
e —Elenr hister ¥

Here you have three additional panels for both
nitrogen and phosphorus. In Contributions you
can see how much of the inputs to one basin reach
a particular basin. The Total Input panel gives a
detail account of the sources to each basin. The
Total output panel gives an account of the exports



for each basin, by advection or by internal
processes.

MAP

| Eile

Total N

| Flip ||- -| Total N

Total P
Transparency
Organic N
Automatically calculate Min and Max values (Inorganic N
(Organic P
Inorganic P

‘ Draw ‘

Min Step Max

Here, you can select any of the model variables,
through the pull-down menu to be visualized.
Click on color scale to change it and set different
minimum and maximum values. Move the cursor
over the different basins and see the actual values
of the particular model variable. When you have
run another simulation you can compare the result
in the map panel.
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4] Il [ [»]
Paletie )

‘Inorgach |VH Draw |
e - TR
Min Step Max

TR

Automatically calculate Min and Max values for the palette

|Dissolved inorganic nitrogen: #0 = 36.1, #1 = 35.0 Difference = +1.07 [mg/im*3]

In the lower left corner you can see a comparison
between the model runs. If you move the cursor
over the center of the Baltic proper, you will get
information on area extension of the hypoxic
bottoms and the depth to this (by clicking on it)

q Il | [ |
Palette 7
|Inorgamc N |" | Draw ‘
Fli | ‘ -
| 2 #D:PLCA H
Min Step Max
#1:PLC3 =

Automatically calculate Min and Max values for the palette

Hypozic area: #0 = 41535.3, #1 = 4647 1.9 Difference = -4936.50 [km*2]




Additional comments

You can always extract the numbers that
appear in the panels by clicking on these with the

right button on the mouse:

Horces

+ B3 Rivers Organic M| Inorganie M| Qrganic P inorganic P |
& B Bathntan Bay | {Boihnlsn By 054 1030 a0 |
o B Balhnian Sea | |Hoinnian Saa T3H6, 1465 a1y
o B Baltic Proger | |BaMic Proper g 7734} i) |
o ) Gulf of Finkand | |GUitaTFmland | 3435/ LET]
«ElcufofRigs | |GulfarRiga | | 435 13i7 |
o [B) Danish Sivails | ‘|Danish Swans | 454 625 |
- [F Kattepal | Itugat 173 421

Commment: TLCI

Calculate |

This feature is implemented in all modules of
Nest. 'Cut and paste' the information into any other
program that you use to further analyze and graph

the data.
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COST-EFFECTIVE MEASURES TO COUNTERACT
EUTROPHICATION IN THE BALTIC SEA

(COST CALCULATIONS)

COST CALCULATIONS

The cost calculation module provides you
with a number of alternatives for calculating the
most cost effective way to achieve a desired
improvement in water transparency (presently the
only environmental target included in the Nest
system; see above”Basic structure”). The basic
logic is the following:

START

Select restriction on

Couniries and/or

measures
i v

:

H

Mutrient Al
Sources

Select Region
(7 subbasins)
Salect Target
(Secchi Depth)

BALTIC SEA
N & P BUDGET
MODEL

FLOW
Matrix

MINIMIZE
COsTS

——

RESULTS
Total minimum cost
Cost and nutrient reduction
distribution between countries and
measures

You are, in this module, primarily working in
Target mode, i.e., you first set an environmental
target - an improvement in water quality for one or
several regions. You may also set restrains on
what measures and what countries (and sub-
drainage basins) that should be involved. The
program then calculates a minimum cost solution
to reach this objective. You also have the option to
change various parameters in the models and see
whether these will affect the results.

Measures in 23 sub-drainage basins and effects in
7 sub basins

The minimum-cost solutions are calculated from

cost estimates of a number of different mitigation
measures in a total of 23 sub-drainage basins
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around the Baltic Sea. Nest contains options to
change various parameters and to exclude mea-
sures as well as countries or sub-drainage basins in
scenario analyses. The 23 sub-drainage basins in-
cluded in the system are shown here:

L
Bothnian Bay
(Finland) [)

Gulf of Fintand /&
region .

Finland)

The 7 sub-basins are the Bothnian Bay (BB),
Bothnian Sea (BS), Baltic Proper (BP), Gulf of
Finland (GF), Gulf of Riga (GR) , Danish straits
(DS) and Kattegat (KT).



=] MARE's nest.

File Tools Help

Cost calculation | Nutrient model | Fish model | Loads | EMEP Loads

Input data

|

Targets | Measures

= Region Transparency Improvernent B
-||[|[Eathnian Bay 5.9 0.0
-|||Bothnian Sea 5.4 0.0
-|||Baltic Proper TA 0.0
|| Gulf of Finland 4.6 0.0
|| Gulf of Rina 31 0.0
||| Danish Straits 7.4 0.0
||[[Kattenat 7.6 0.0

- |-Result :
Couniries | Searegions
i Country Cost M Reduction F Reduction
|| Total 0.0 0.0 0.0
|| Sweden 0o 0.0 0.0
|l[Finland 0o 0.0 0.0
||Russia oo n.o 0.0
||[Estonia oo oo 0.0
||[[Latvia 0o 0.o 0.0
|||[Lithuania oo 0.0 0.0
|||Faland 0.0 0.0 0.0
| Germany 0o 0.0 0.0
“|||Denmark 0. 0.0 0.0
WHAT YOU SEE ON THIS PAGE Targets
0  Tothe left, a map of the Baltic Sea Start by selecting a desired improvement in
Region. water transparency in one (or several) of the Baltic
o  Tothe right, two panels: Sea basins. You do this by either typing a value of
- Input data with desired improvement into the column, or by
+ Targets moving the slider to the far right. In the example
+ Measures below an improvement in the water quality in the
- Result, with Gulf of Finland by 1 meter has been selected.
+ Countries
+ Sea Regions
input data
Targets | Measures |
If you click on the Calculate button, the solution Bmhmana?f‘-“”” L L L.
is calculated (initially blank). In this example the Bothnian Sea 55 I
. . . Baltic Proper 74 0.0
costs (and nutrient reduction) are zero, since a SufafFinfand I 10
target has not yet been chosen in the upper right GLOrRinE a1 10
Danizh Straits [l 0
panel. Kattegat 76 0o
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Click Measures for the following panel:

:. ~Input data

:| [ Targets | Measures

A [+ O & countries 2l Measure
: + Germany AwlLand use

o[ Poland [N reduction

+ Lithuania ¥|Change of M spreading time

o= [] Estonia s|el|Livestock reduction

o [ Finland “|w]Ferilizer use

o [] benmark “|lwlietland restoration

o [l Russia “|w]5ewage reduction

o O] Sweden i

o [ Latvia -

Choose the combination of measures you
would like to explore by”unticking” the measures
you want to exclude. These are aggregated in 7
major groups:

e Land use

* NOxreduction

« Change of N spreading time
« Livestock reduction

« Fertilizer use

* Wetland restoration
 Sewage reduction

You can also choose whether these measures
should be taken in all countries around the Baltic
Sea, or just in one or more countries. Countries or
specific sub-basins of that country can be excluded
by clicking:

rinput data

Measures

¢ [ All countries il Measure

+ Germany |lw]Land use

o [ Poland (N CH reduction
+ Lithuania ] Change of M spreading time

o[ Estonia |l Livestock reduction

o[ Finland |l Fertilizer use

o [J] Denmark ‘|efietiand restoration

2-[J Russia ¥ Sewane reduction

» [Bulfof Finlal -

+ Baltic Frope|
o [0 gweden :
o [0 Latvia

Please note that if you select too radical
improvements it may generate infeasible solutions
if the desired improvement cannot be achieved
without measures being taken within a certain
country or sector(s). For example, a large increase
in transparency in the Gulf of Finland cannot be
achieved without measures being taken in Russia.
You will also get a message if you choose an un-
realistically large improvement of water trans-
parency.
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A more detailed choice of the parameters
used in various measures can be found under
TOOLS, where you select EXPERT MODE.

MARE's nest,
Hie [ Tools| Help
Cos [ =8 Expert mode

8l | Fishmodel | Loads | EMEP Loads

| -File E: Transparency rule ...

You will then see a third panel called
Parameters in the Input Data panel.

The parameter panel gives you the option to
change a large number of parameters for all 23 sub
drainage areas. In the example below you can see
the parameters that you can change related to
Agriculture, show after selection of this in the
drop-down menu.

i-lnpl.rl data

l Targets ‘ Measures | Parameters

|

| Area Catch crop | Energy for | Ley grass Cattle Pigs Poultry

||[Denmark... 9.4 557 286 516.8 670 £

|[Denmark... 94 557 266 B 7.0 3.3

|[Finiand &... 94 447 i 7146 61,9 4.5

|[Finland & 94 447 il 7236 &7 6 45

|[Firiand & 94 554, 94 5506 564 £

|[zermany 94 a7.7) 347 32848 37 20|=

|[Poland vi 94 [ 4z 101 & &0 0

|[Poland ... 94 G 43 1015 4.0 0.5

|[Foland Co... 94 6.9 43 1015 a.0] 0.5

|[Sweden B 94 441 il 7146 Bl 0 43

|[Sweden B 94 447 i 7236 575 4.5

\|Fweden B 94 55,4 9.4 655.6 a6 4 3.5

|[Sweden B 94 537 7B G156 523 43

|[Sweden 5 94 757 266 5636 56 .4 £

[Fweden kK 94 B0.0) 189 676.7 538 W

|

| =

I Agriculture -
B restoration B
: Result Agriculture. ]

I T ere—— PriceNOXReduction

I(Coumnes Searegions | e e tin i |

| Country Cost I Reduction M Loads Pri i

\[Total 0.0 0.0 AN S

|[Sweden 0.0] 0.0 T

|[Finland i iy fid 3

[Fuzsia 0.0] 0.0 6.7 0.0 3.4

|[Estonia 0.0 0.0 47.4 0.0 1.3

| [Latvia i iy 623 i 27

|[Lithuznia 0.0] 0.0 384 0.0 1.4

|[Foland 0.0 0.0 318.4 0.0 12.4

\[Germany ] il 173 0.0 03

i Denrmark 0.0] 0.0 541 0.0 2

|

|

|

|

|

|

|

|

I

|

|

The meanings of all these parameters are
explained in the lower left corner under the map.



In the File menu you have the options to
store and read your own set of parameters from a
file or restore the default parameters.

You can also see the effects of using the same
parameter values for the larger regions, without
having to key in each number separately. You
select this by using”Set equal price”.

5 MARE's nest
File Tools Help

" Costcalculation | Nutrient model | Fishmodel | Loads | EMEP Loads
file
@ Read parameters...
& save parameters...

= Sel Equal price

You will see a new panel where you can select
prices and regions:

—1 =
Set price of |Livestock reduction | v | for all countries like in Flmahﬂvis_tula V|
==

 Go to the Results panel
* Click Calculate, at the bottom of this panel.

Results
Results from the calculations you just made will
be shown in two modes:

Countries = The total costs (in million € per
year) of achieving the selected improvement in
transparency and the distribution of costs between
the countries involved if the most cost-effective
measures are to be implemented. In addition, this
table shows the total reduction (in per cent) of the
load of nitrogen and phosphorus needed from each
country.

Sea regions = The resulting concentrations of
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nitrogen and phosphorus in the various Baltic Sea
basins after the chosen measures have been taken.
Furthermore, the table illustrates data on the
improvement of the transparency in the target
basin (the selected value), as well as the
corresponding improvement in the other Baltic Sea

basins.

-Result

I s

Country

Cost

M Reduction

P Reduction

Total

31.0

0.6

Sweden

oo

0.2

01

Finland

03

3.8

3.7]

Russia

20:?

27:4

1.2

Estonia

4.9

16.6

0.4

Latvia

4.3

137

0.0

Lithuania

1N}

1.0

0.0

Foland

03

0.4

0.0

Germany

0o

0o

0.0

Crenmark

0o

[I§]

0.0

Calculate ‘

rResult

|[ Countries [ Sea regions

Region

Hitrogen

Eothnian Bay

Phosphorus
23

Transparenc
5.9

Improvarment
0.1

Bothnian Sea

185

0.45

5.4

0.4

Baltic Proper

20.4

1.04

2.1

07

Gulf of Finland

222

0.74

5.8

1.0

Gulf of Riga

314

047

35

0.4

Danish Straits

w7

084

74

05

Kattenat

17.8

072

7.8

0.2

Calculate

The basic assumption used in this context is that
transparency is a function of the concentration of total
nitrogen in all basins, expect for the Bothnian Bay, where
it is determined by the concentration of phosphorous.
You can change these assumptions using the
"Transparency rule...” under Tools. The relationship
between concentrations of total nitrogen and water
transparency has been determined using data from
many years of monitoring in the Baltic Sea Area. Please
also note that the figures given in Nest of water
transparency refer to the annual average transparency of
seawater in the open sea.
It is also important to note that the concentrations of
nitrogen and phosphorus are calculated independently of
each other, which is of course not the case in nature. A
linking of the two occurs in the Nutrient model module
but is not yet implemented in the Cost module.

You will anyway often see reductions in both N and P,
since many measures will reduce the load of both

nutrients.




Map

The results from the calculations shown
under Results are also automatically presented
graphically on the map to the left, as:

. Country pie charts, placed upon or near
the relevant country (for costs and for
measures),

" Blue bars located in the various sea basins

(for water transparency). The light blue
section of the bars represents the
improvement, compared to initial
conditions.

| File Tools Help

[ Cost calculation | Nutrient model | Fish model | Loads | EMEP Loads |

| B maRe's nest, (ot s i

File

7% Russia
MEfyr
1.6 Livestock
2.8 Land TUse

16.1 N sewage }
8.2 N rercilizez

Country pie charts

* The size of a pie chart illustrates a share of the
total cost (percentage) for each country, whereas
each colored segment (piece of the pie) of the
chart represents the size of the measures where
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something needs to be done within a specific
sector. If you click on either the pie chart for a
country, or on the country itself, a table will
appear. This table shows how large the investment
in each sector needs to be in that particular country
in order to achieve the environmental target set
(increased water transparency).

Blue bars

The blue bars found in each sea basin show
the water transparency (Secchi depth). The dark
blue color indicates the original transparency,
before measures were taken, and the light blue
color indicates the improvement as a result of the
measures taken. The total height of the bar = the
new water transparency.

Reduced loads

You can also get additional graphic information in
the map by clicking on sea basins. Click on a
chosen sea basin. Then, a table will appear,
showing the results of the measures taken in terms
of reductions of nitrogen and phosphorous for this
particular basin. Data is provided in the table on
reductions in loads to the particular basin, as
percentage of the total reduction to the entire
Baltic. The additional table shows the reductions
in absolute numbers (kt/yr) from each country
bordering the basin.

2 b % S

Baltic Proper _/

™ H ‘0% P reuuctiunili e
g kt/yr/ Kt/yE
0.8 0.0 Poland

0.0 Estonia
0.0 Lithuamial’”
0.0 Russia
0.0 Sveden
0.0 Latvia

¢

—
Lo ooig
=R =

1l Il K3




MARE's nest.
File Tools Help

Cost calculation r Nutrient model r Watershed model r Fish model r Riverine and marine data IT EMEP data |

View Mouse Options Layers Calculation Get data

I = -
Query deposition data

Current field: empty

|Oxidised Nitrogen | - | |1gsu | - | |.o.nnua| | - |

ATMOSPHERIC LOADS ON EUROPE

AND THE BALTIC SEA (EMEP data)

This is an interface to the modeled deposition
fields, with a 50x50km resolution from the model
run by EMEP for Europe. Above the map, you
have 6 different options:

Get data

Here you can select whether you want to query
emissions or depositions:

n %ﬂ_ﬁtﬂ
| @"Set deposition data.. | |

g 1 Get emission data...

/
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A window will then appear in the lower right cor-
ner on the map where you can select a variable

PRt

L

Query EMEP

=

Current field: empty

Oxidised Hitrogen |v

1980 | | lannual | v |

Oxidised Nitrogen
Oxidised Sulphur
Reduced Nitrogen

P
5

You can then select a particular year

i

| Query EME

Current field: empty

H

|0xidised Nitrogen |v| 1980 |v |Annual |v|
1980
1085
1000 Reguest

1995
2000

&,




So far, only the estimates of annual loads or
emissions are available (monthly values will be
added later when EMEP have provided these).
When you press Request, the data are retrieved
from the EMEP Internet site in Oslo.

Is you have selected to look as emissions, a larger
number of variables (and more years) are
available:

g Query emission data
+ || current field: empty

CO anthropogenic |193|] | - | |nnnua| | - |

COtotal
MH3 anthropogenic
MH3 total
NMVOC anthropogenic \
NMWYOC total L 3
NOx anthropogenic
\ NOx total |
\

Layers

(4

? Calculation
¥ Graticule

¥ Highlight

¥ Deposition E
¥ Seas

¥ Watershed
¥ Courtry

7

Here you select if you want to see boundaries for
all countries in Europe, watersheds of the Baltic
and seas. Boundaries for the North Sea and the
official (HELCOM) boundaries for Baltic Sea sub-
basins are used. The graticule option draws
latitude and longitudes, 10° apart on the map. If
deposition/emissions is selected, concentrations of
the selected variable are shown.
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By moving the cursor over the map, the deposition
in that particular position is shown in the lower
left corner.

Options

By selecting this, a palette is shown on the map
that can be used to change the color scheme of the
deposition/emission fields.

S

Palette
| mo || I

Log Min Log Step Log Max
| 0.0 1.0] 6.1

Use log scale

o] oot

View

Mouse Options Layers Calculation Get data

&, Zoom In
&}, Zoom Out

£ Default scale

Here you have options for changing the scale on
the map by zooming in or out



s et
e Tosts it

Cont catcntaion | liosd rsdel | Tk model | Load | EMEP Lbsds

Ve fse Optoss Laers Caluien et gt

Mouse
If you select Navigate (crosshair) you can choose
a specific area in the map.

s et a0
e Tosts it
Cont cakcntaion | liesd rsdel | {ruhmodel | Losd | EMEP Lbsds

Ve s Optoss Laers Caauien Get e

f §
[ /it
— A
/| _-é‘—# { =
[ 2 L S AP
| B 47 = ¥
It]."' 5 )
f ¥l
)' _. -
=
i | Gnsry A0

Cunr el et st 981 e T390 Brvmssl

B

The map is redrawn with this boundary.
Remember to reset the cursor to Gesture (arrow)
if you want to select other options later.

Calculation

If you select this, another panel opens over the
map and you can select to calculated integrated de-
position for an entire Watershed
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Cical |

ish model | Loads | EMEF Loads
ulation  Got gata

L
] Calculation

N JUERIT T, GH4E3 2 0wdised NI

]
Clear histony
II| Calculate depasRion on
) Wtershod
Seas
Country
Tor clicked pohmon onky.

5] Ouery EMER

| Comrent fhest: Oidisest Ntsogen 1980 Anmial

Cocidisod Nitrogen | | 1980 | = | | Al |+

Raguest

You can also calculate total depositions for a
Country (any Country in Europe) by selecting it
on the map

' b s

e
| Aea [ Amount [ Comment \J\‘

Finland | z331394| TE661.5|0yidised i

&

(| il D ;

Clear history ;
Calculate deposition on v
> watershed
() Seas
® Country /.
[_]for clicked polygon only N v [

Correspondingly, you can select Seas (sub-basin).
The table shows the area of the selected region as
well as total amounts. Earlier calculations can be
deleted by selecting Clear history.

%

e,
i
i

3




You can also select an area, surrounded by a All the data within the tables can be 'cut and
closed Polygon (usually an island), within a pasted' into other applications (right-click on the
greater region. table). All the panels shown on the map can be
moved into other positions, if the default positions
are inconvenient.

22



] MARE's nest.

File Tools Help

[ Cost calculation | Nutrient model || FisE model | Loads | EMEP Loads

‘ Options

‘| Scenario

Sprat | Herring | Cod Seal

(@) Status quo

(' Precautionary approach

' No juvenile by-catch

(_ Precautionary approach & No juvenile by-catch

Runs | Variables

D] Jool.] Comment

‘ Clear selection H Remove All

| Show abs. value || Show vars ‘:

ﬁModeling results according to different fishery management

MANAGEMENT OF OPEN SEA FISHERIES

(Fish Model)

In this module, you can explore the effect of
various alternative fishing strategies for the future
stock and yield of the three major species: cod,
herring and sprat in the Baltic proper.

There are four major panels:
Scenario

Here your select fishery management options for
sprat, herring, cod and seals

Scenario

Sprat rHerring Cod [ Seal |

@ Status quo

) Précautionary approach

() Mo juvenile by-catch

) Precautionary approach & No juvenile by-catch

[ Status guo|
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When you move the cursor over the options, an
explanation will appear in the lower left corner.

Same fishing intensity (mortality) as in 2000

Default is the status quo situation for year 2000 for
all stocks and seals.

Results
When you press Request, this model run will ap-
pear in the Result panel.

Comment

If you select Variables, you can see the default
variables. All the variables in the model can be
shown by using Expert Mode from the Tool menu
in the upper left corner



Result

- [ Variables

Wariahle

Clear selection

You can Clear selection of all variables and then
select (click) on only those variables you want to
see when you press Draw. By clicking on a
colored box, a panel will appear that allows you to
change its colors

[ Pick a color
| Swatches | HsB | RaB |

[T i ] o s
5 5 |

Preview

n - . Sample Text Sample Text

. O . Sample Text Sample Text .

[ ok || Cancel H Reset ‘

When you select Draw in the Results panel the
temporal variations of the variables that you
selected will appear in the right panel.

24

Optlons

1400000: '._.
1200000{ |
100D
800000
BUOUOD
400000

200000

B T T T
1975 1980 1905 1990 1995 2000 2005 2010 2015 H20 25 2000
Calibratan parind

| Show sl vl Show sums

Year= 2001.4 1= 797134

In the lower left corner you will see the values
corresponding to the position of the cursor. The
actual values for all the variables are shown in the
table below. Select and save the whole or a part of
the table for use in other programs by 'right-click'
on it

#0

Wariable 1974 1878 1976 1977 1978 1579 1980
Juvenile Sp...|  B19174.0[  554320.7) 528224.8) 4TEE2.6| 4142948 3542877 3120273
Juvenile H. 1083311 7| 1024364 6 992609 5] 9937096 & 96706 & 9335132 931127 §|

NN

Jwenile Cod| 0568924 9954275 9080883 dfsmwg oy o DR
AduftSpral | 10971166) 0041124] 7583501  Be==aoCk 3 4100895
AdultHerrng| 14965685 6] 13573787 12103386 104 2 Copy e bgl 10781337 G
4 i [ [ save table as CSy cii-s [r]

‘ Show rel. value H Show runs ‘

If you select Show rel. value, the graph is redrawn
using year 1975 as the reference.

DW 9r5 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
Calibration period :




You can inspect individual variables in the model
run by selecting Show absolute Value and Show
runs, below the graph.

10000007 N

800000

600000

400000

200000

|
|
|
|
|
|
I
|
I
|
|
|
l
|
|
|
|
|
|
|
e
NG}
\* I
|
|
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I
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|
|
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|
|
|
|
|
|
|
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|

1474 1980 1985 1940 1995 2000 2005 200 2015 2020 2025 2030
Calibration period |

Adult Sprat_|" Adult Herring | Adult Cod | Yield Sprat | Yield Herring | Yield Cod |

Juvenile Sprat Juvenile Herring I Juvenile Cod |

)
Run | 1874 | 1875 | 1&s6 | {977 | tara | 1979 | 1@80 | 1af
#0 | 1093311.7] 1024364.6) 092600.5| 993706.8) 9670668 033513.2) 0311276 927
4] I I [»
| Show rel. value | ‘ Show vars ‘

Herring younger than 3 years

The actual observations, used to calibrate the
model, are then show for the period before 2000.

Select another fishery management option in the
Scenario panel and the result will be shown by
another color in the Result panel

Scenario

Sprat | Herring |/Cud rSeaI |

) Status quo

! Precautionary approach
(' Mo juvenile by-catch
L] Precautior@ry approach & Mo juvenile by-catch

S— Lo |

Comment

Herring all ICES recommendation

The graph will then show both scenarios in the
graph panel:
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900000

200000

700000

BO0000

500000

400000

300000

200000

100000

1975 1880 1985 14980 1995 2000 2005 2010 2015 2020 2025 2030
Calibration period

Adult Sprat_| Adult Herring | “Adult Cod | Yield Sprat | Yield Herring | Yield Cod |

Juvenile Sprat Juvenile Herring I Juvenile Cod |
Run | 1874 | 1875 [ 1sze | 1ser [ 1878 [ qa7s | 1980 [ 18f
#0 | 619174.0] 554320.7| 5282248 476628.6 4143948 3542877 3120373 27
#1 | 619174.0 554320.7| 5282248 476628.6 4143948 3542877 3120373 27
4] Il | [v
‘ Show rel. value | ‘ Show vars |

Again, you can select different variables to display
by selecting them from the panels below the
graph.

You can also go back to the Results panel under
Variables in Expert mode and select and additional
variables that were not initially included. You can
also deselect some of the initial variables, by
clicking on the boxes (tick marks).

Yariahle

Clear selection

The panels below the graph will then display your
new selection of variables.



You can either display all variables for a particular
run by selecting the tabs for these below the graph,
after selecting Show runs.

14000004
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600000
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200000
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|
|
|
|
|
I
|
I

V76 R0 9es 1@@0 M5 000 200 0 2075 2020 2026 20a0
calibration period :

120

1975 1980 1985 1940 1995 2000 2005 2010 2015 2020 2025 2030
Calibration period |

Adutt Sprat | Adurt Herring | Aduft Cod | Seals |

#0 [#1
Variahle 1974 1975 1976 1977 1978 187! 1880 1@
Adult Sprat 109211 904112.4| 7583 659B16.7|  96RSS 497 410098.5 34
Adult Herring | 143659 1357379.7| 12103 1092746.0) 106296, 1062 10241337] 96
Adult Cod 18807 2122674 3157 222B07.6| 30857 386 4034003 387
Seals 21 227.0) 2 2501 26, 2 289.4]
<1 Il I D
‘ Show rel. value | ‘ Show runs ‘

Alternatively, you can see all runs for a particular
variable by pressing the same (right) button again
and it will display Show vars.
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Run | 1974 | 1875 | 1876 | 1877 | 1978 | 1978 | 1880 | 188
#0 | 100.0) 82.8] 69.4] 60.3| 51| 458 37.8]
1 | 100.0] 8238 634 60.3 51.8] 456 37.6
[l Ii | [
Show abs. value H Show vars

In both these modes you can show absolute and
relative values for all the variables. You can also
go back to the Scenario panel and add more model
runs



Feedback from users of the Nest system is essential and very welcome!
Please, contact Fredrik Wulff (Fred@ecology.su.se), or Alexander Sokolov
(sokolov@ecology.su.se), at the Department of Systems Ecology,
Stockholm University.
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