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SYSTEM OF ECOLOGICAL FORECASTING
(SEF): USERS' MANUAL

INTRODUCTION

The system of ecological forecasting (SEF) created at the
All-Union Research Institute for Systems Studies (VNIISI) in
Moscow, is designed for analyzing and forecasting changes in
local environmental conditions, which may result from human
activities within a region, natural calamities, or global changes.
The basic portion of the system is an integrated model of environ-
mental adjustment. Access to the model is achieved through
an interactive procedure designed to meet the requirements of
users with different backgrounds in ecology and programming.

All programs are written in FORTRAN 77. The model has been
successfully applied for projecting éhe outcomes of wvarious

policy options in forestry and regional development.

1. OVERVIEW OF THE MODEL

The model deals with environmentally homogeneous areas
(regions) not less than 10,000 km2 in size. The specification
of the equations 1included in the model is based on the historic
evolution of paragenetic sets of lands. The model consists of
3 submodels (sectors), devoted to the adjustment of different
sets of environmental parameters: the biotic sector, the water

sector, and pollution sector.



The biotic sector covers the reproduction of vegetation

(biomass), as well as changes in the amount of dead biomass

and soil fertility.* The model distinguishes 3 types of lands:

- lands not used for agricultural purposes;
- lands used for agricultural purposes; and

- wetlands

and a variety of vegetation types, such as tundra, taiga, differ-
ent kinds of forests, etc. The model also accounts for possible
shifts from one type of vegetation to another as a result of

changes in environmental conditions.

The biotic parameters of the model are responsible to
exogenous disturbances (policy measures, natural calamities,
global changes as well as inputs from other sectors of the model).
The following options may be included in the user-defined

Scenario:

- changes in temperature trend

- changes in precipitation trend

- changes in the amount of pollutants and fertilizers

- changes in irrigation

- changes in the amount of biomass caused by fires on
lands not used for agricultural purposes

- new forest plantations on lands not used for agricultural
purposes

-~ new shelter belts

The water sector of the model covers surface-water flows,

ground-water flows (upper and deeper layers), and water reser-—
voirs. The output of this sector includes the density of erosion
furrows, the rates of ground-water flows, soil salinity, and

other hydrological parameters.**

*The reader will find a more detailed description of this sector
in Kroutko et al. (1982a,b).

**The model does not give the rates of surface-water flows,
since this is largely a spatial problem, which cannot be
resolved by means of a structural model.



The inputs to this sector include:

- user specified changes in drainage intensity and in the
amount of land, covered with reservoir (lakes, ponds, etc.)

- user specified changes in the ground-water stock (amount
of water pumped for irrigation purposes)

- user specified changes in the amount of land used for
agricultural purposes; water delays in irrigation

- climatic changes {(global, specified by the user)

- other changes in ecological parameters of the region,
which are outputs from the biotic and pollution sectors
of the model

The pollution sector is, in a sense, a superstructure

designed for the detailed analysis of one of the major anthro-
pogenic factors, i.e., pollution. The pollutants which are

included in the model fall into the following categories:

- sulfur oxides
- nitrogen oxides

- nitrogen, phosphorous, and organic combinations

The latter are actually fertilizers, but as they are dampened
in water, they are pollutants and we have therefore included

them in the pollution sector.

The type of chemical transformation of the pollutants depends
upon the environment, therefore the pollution of air, soil,
and water are treated separately (this is also true for differ-
ent types of lands). The transformation of fertilizers which
form durable combinations with soil components are not considered,
though the model accounts for the improvement of soil due to

fertilization.
The pollution submodels assumes two kinds of control:

- changes in pollution rates by type of environment
(air, water, soil)

- changes in the rates of chemical transformation of the
pollutants, which are a result of changes in water flow
and depend on the current state of the ecosystems (which

is an output from the other submodels)



The three submodels mentioned above form an integrated
model of local environmental development. The system also
includes a number of service modules, which will be discussed
below. Here we shall only mention the initialization module
which automatically sets the values of the environmental param-
eters corresponding to an aggregated (mostly verbal) description

of the region specified by the user.

The approach is based on the assumption that the gquanti-
tative characteristics of the region closely correlate to a
limited number of aggregated regional characteristics such as
climatic zone, type of topography, type of lithology, so that the
disaggregated values may be defined with a reasonable degree
of accuracy on the basis of the verbal characteristics of the
environment specified by the user. However, this approach
implies a rather high degree of aggregation. All the user
specified characteristics should relate to the region as a
whole, i.e., represent average values. Similarly to inputs,
the outputs of the model refer only to the general trend of
regional development. The results, however, are by no means
trivial. Computer experiments have shown that the model suc-
cessfully copes with the effects of: soil deterioration, forest
degradation caused by acid rains, various changes in the compo-
sition of soil and water as a result of agricultural development,
and changes in potential production of various crops, resulting

from climate changes.

2. GENERAL DESCRIPTION OF THE SYSTEM

We hope that the user will find the system easy and con-
venient to work with. It was designed to satisfy the require-
ments of the users with little or no background in programming
and computers. Input mistakes (if traced by the system) are
ignored. The most frequent display is a list of options; the
user has only to specify the option number which does not

usually require much effort.



Other advantages of the system include the following:

- interactive access to the model
- the specification of the region can be saved for future use
- the specification of scenarios can be saved and restored
in case the user wishes to make alterations
- information on the current state of the system is avail-
able upon the request of the user

- the results may be presented in plotted or tabular form

3. MODELLING STAGES

A user may test an unlimited number of different policies
Oor scenarios in the course of a session. However, his moves on

each policy or scenario version involve six steps as follows:

. specify region

adjust the model to regional data
. specify scenario

. Set time interval; run the model

. Observe output

S EWN

. choose next stage

The session always starts with stage 1, although the sequence
of stages as they may be encountered in the course of the

interaction is not necessarily numerical (see Figure 1}.

Before discussing each stage of the modelling session in

greater detail, we shall make a few technical remarks:

- in response to the prompt:
ANY ALTERATIONS? (yes = 1; no = 2)

type 1 for "yes", and 2 for "no"

- when you specify the value of a certain variable, make
certain that it is measured in the units indicated in

the prompt

- when a list of options is displayed, the user is

expected to input the number

- in case an input mistake should occur, the system will

repeat its question and ignore the previous input



An example of an interactive session is presented in Appendix 3.

start

l

region

specification

z

model adjustment
to regional data

scenario
specification

l

model run

l

output

l

choose next stage

l

end of session

Figure 1. Session stages.



3.1 How to Start the Session

To run the model type SEF on your terminal. The session

opens with the following message:

YOU ARE WELCOME TO
THE SYSTEM OF ECOLOGICAL FORECASTING

You will have to wait for a few seconds—the time needed to

install the task and initialize the system.

3.2 Specify Region
The stage opens with a heading
SPECIFY REGION

The user will be requested to specify the ecological character-
istics of the region that he has chosen to work with. The input
values should be long-term averages rather than current param- '
eters. If the user is interested in the behavior of the system
under some unusual circumstances he should specify all the

external disturbances at the stage of scenario specification.

There are several ways in which the user may specify the

region. These are listed in the first display of this stage:

Modes of specification

. optional
. automatic
. Select standard region

. return to previous region

" = W N -

. pass on to next stage

Options 1-4 are closed in the sense that after the user has reached
the end of any path (rooted in these options) the system returns
the initial display so that if any alterations are necessary

the user may go through the procedure again.

3.2.1 Option 1: Optional Specification

The user is requested to specify detailed regional character-

istics by answering to systems prompts.



The whole procedure is divided into several substages,

each of which ends with a gquestion:

Any alterations? (yes = 1, no = 2)

If the

answer is "yes", the user is offered a chance to

make input corrections within the current portion of the list.

The full list of specifications is as follows:

Hydrological and geological

. . . , 2 . ,
filtration from transit rivers (mm/km~ ) (water infiltrated
into ground-water horizon (within the boundaries of

major transit rivers)/total area)

maximum of monthly surface water flow rates/annual rate

of surface water flow (%)

depth of first ground-water plane (m)

depth of second ground-water plane (m)

depth of first aquiclude (m)

depth of second aquiclude (m)

depth of second water-bearing horizon roof

depth of permafrost (m) (in case there is no permafrost,
input 150)

total dissectment (km/kmz)

dissectment by transit rivers (km/kmz)

maximum cut (m)

average cut (m)

% of total area, covered with lakes

average surface slope (tangens)

average width of river valleys

downward infiltration of ground-water (%)

infiltration of ground-water, second layer, into rivers (%)
ground-water salinity (grams/liter)

deep ground-water salinity (grams/liter)

Any alterations? (yes = 1, no = 2)

Second substage. The user is expected to specify the biotic

parameters by three types of lands:



Biomass, average (tons per hectacre):

1 - lands not used for agricultural purposes
2 - lands used for agricultural purposes

3 - wetlands

Mortmass, average (tons per hectare):

1 - lands not used for agricultural purposes
2 - lands used for agricultural purposes

3 - wetlands

Soil Index

1 - lands not used for agricultural purposes
2 - lands used for agricultural purposes

3 - wetlands

The soil index is a measure of soil fertility. The lowest
value of the index is 0, the highest is 20. The following approx-
imate estimates may prove helpful: podzols - 4; grey forest soil - 9;

siliceous soils - 9; brown, savanna soil - 12/15; black soil - 18/19.

Soil salinity (%)

1 - lands not used for agricultural purposes
2 - lands used for agricultural purposes
Step 3 opens with a message:

"Attention! The values of the specified parameters
should be consistent with the altitude of the area

in question."

The user is requested to input average annual values accounting

for the climatic differences in mountain areas and plains.

precipitation (mm)

temperature (centigrade)

wind velocity (m/sec.)

difference in temperature for valleys and uplands
(centigrade)
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Substage 4. The user has to specify the prevailing type

of lithology:

O 00 ~JJ O U1 = W N -
i

sand

loamy sand

loam

clay

marl

compact sedimentary rocks
intrusive and metamorphic rocks
shingle beds

karst rocks

This terminates the optional procedure and the system returns

to the initial list. The user may either pass on to the next

stage or change the specifications.

3.2.2 Option 2: Automatic Specification

This mode does not require as much input information as the

previous

trast to

one. The user should answer only 6 questions (in con-

38 in case of optional mode). All the necessary data

will be automatically reconstructed by the system on the basis

of verbal description. The first two lists deal with the types

of geographical belts and prevailing type of vegetation:

type of geographical belt:

A Ul W NN =
]

arctic

temperate

temperate belt of central sector
subtropical

tropical

equatorial

input option number -

type of vegetation:

1
2
3_
4

arctic lichen tundra
moss - lichen tundra
low bush tundra

subtundra

input option number -



The

the user

option

would be

1
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content of the second list depends upon the response of

to the previous one.

The above list appears in case of

of the first list(arctic). Option 2 (temperate belt)

followed by

type of vegetation:

5
6
7
8

9
10
11
12

Option

3

taiga

mixed forest

broad leaf forest

meadow steppe

steppe
dry steppe
subdesert

desert

(central part of temperate belt) would be followed by

type of vegetation:

13
14
15
16
17
18

Option

4

taiga

southern taiga

mixed forest

steppe
dry steppe

subdesert

(subtropical)

leads to

type of vegetation:

19
20
21
22
23
24

Option

5

subtropical desert

subtropical steppe

subtropical prairie

subtropical sclerophyllous forest

sclerophyllous forest,

sparse growth of trees

subtropical monsoon forest

(tropical)

type of vegetation:

25 - tropical subdesert

26 - tropical desert

27 - tropical savanna
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28 - tropical monsoon forest

29 - tropical forest
and finally, option 6 (equatorial) -

type of vegetation:

30 - subequatorial savanna
31 - subeqguatorial monsoon forest
32 - equatorial forest

The second list terminates this sequence and the user is requested

to specify the type of topology:

type of topology:

- low land

- plains

- upland

low mountains

- plateau

- mountains, medium height
- table-land

~N A 0 FEWw NN
i

The next list contains different types of lithology and is equiva-
lent to the relevant list of the optional mode:

type of lithology:

- sand

- loamy sand

- loam

- clay

marl

- compact sedimentary rocks

- intrusive and metamorphic rocks

- shingle beds
- karst rocks

W 0O 13 O 0 & W NN -
|

The following list contains various intensities of marshiness
for different types of hydrological land structure. High level of
marshiness of typical for aquiclude - 0.5-2 meters deep; medium

for 2.5-3.5 meters deep; low for 3.5-5 meters deep.
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The display is:

marshiness resulting from shallow agquiclude:

1 - is absent
2 - strong
3 - medium
4 - weak

This terminates the automatic specification mode.

3.2.3 Option 3: Select Standard Region

No additional information is required of the user who has
chosen to work with a standard region. The specification of the

region in this case is as follows:

type of geographical belt - 2 - temperate
type of vegetation - 7 - broad leaf forest
type of relief - 2 -plains

type of lithology - 2 - loamy sand
marshiness - 1 - is absent

filtration from transit rivers - 0 - 1s absent

Having entered this information in the system displays the pre-

vious (initial) list of options and prompts the user to continue

the interaction.

3.2.4 Option 4: Return to Previous Region

In case the user has chosen to work with the previous
region the system restores the specification of the region as
it was immediately after the last region specification procedure.
This mode of specification, however, may be chosen only in case

the previous region was actually specified by the user.

3.2.5 Option 5: Pass on to Next Stage

In response to option 5 the screen displays the following

message:
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INPUT COMPLETED
THE MODEL IS BEING ADJUSTED TO REGIONAL DATA

This indicates that the specification of the region is completed

and the control was transmitted to the next stage - model adjust-

ment to regional data, which is performed automatically.

3.3 Model Adjustment

Model adjustment does not require the participation of the
user. Once the procedure is over, the screen displays the follow-

ing message:

MODEL ADJUSTMENT COMPLETED

Input proportion of lands used for agricultural purposes (%) -

and waits for an answer. Having received it, the system passes
control to the next stage. If the answer is inconsistent with
the previously defined characteristics, the session is terminated.
To change the answer the user will have to initiate the model

once again.

3.4 Specify Scenario
This stage starts with a prompt:
SPECIFY SCENARIO

- continue

- return to previous scenario

- show system state

- temperature trend

- precipitation trend

pollution and fertilization rates

- irrigation regime

- drainage intensity

- fires on lands not used for agricultural purposes

- artificial destruction of biorass

O W 00 N O U EFEW N =2 O
|

—_—

- increase or decrease of lands used for acricultural
purposes
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11 - new plantations on lands not used for agricultural
purposes

12 - new shelter belts on lands used for agricultural
purposes

13 - changes in the amount of wood caused by lumbering

It is assumed that the policy/scenario options will remain

unchanged over the next simulation period. Any policy change
may be introduced only after this period is over. A user may
define as many successive policies of regional development as
he wishes, provided that he does not surpass the upper limit

of total simulation time, which is 200 years.

It should be noted that the model does not extend the
effects of previous policy decisions to the successive periods
so that in case the user wishes to trace them, he should formulate

his policy options respectively.

We shall illustrate the procedure of scenario formulation
with the following example, devoted to the evolution of a forest
over the period of 25 years, assuming that 10 years after the

beginning of this period there is a forest fire.

Having defined the region we go on to specify the scenario,
that includes a set 0of policy variables and changes due to
natural causes. The first time period will be 9 years. After the
run is over we shall reformulate the scenario to include the
effect of a forest fire. The second time period would last only
1 year since forest fires do not usually happen 2 years in a row.
Then we shall have the scenario again, leaving out the forest
fire option to trace the effects of the initial policy decisions

over the following 15 years.

The interactive procedure at the stage of scenario speci-
fication is very similar to that of region specification. The
system prompts the user with a list of 14 options, of which all

but the zero option are closed.

It should be noted that option 13 refers only to forest

areas.
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3.4.17 Option 0: Continue Modeling
If the user has specified option 0, the system responds with
set time interval (max number of years - *)

which indicates that the control passes to the next (fourth)
stage. The scenario, which was selected at stage 3 is stored

in a file for possible future uses.

3.4.2 Option 1: Return to Previous Scenario

This option tells the system to restore the previous
scenario. While it does so, the screen displays the list of
scenario options and the answer of the user. As soon as the
previous scenario is restored, the system will display the list
anew, prompting the user to indicate his option. This procedure
enables the user to formulate new scenarios by altering the

previous ones.

3.4.3 Option 2: Show Systems State

In response to option 2 the system displays a table, which
includes the current value of all the major variables, referring
to the 3 types of lands, water, and climate. The units of the

variables are indicated in the brackets:

SYSTEM STATE

LLIMATE Tz Zecalce/ol r= Cooetl/nmnm/
------------------------------------- PYOLAKES (R) =
LANL TYPE '.CNAGRCLW! AGRICLLG!WETLANKESS!!
avoo(L) P G8Z.7114 ! C. ! Ceclbce ' ememmememmc——e———--
HFV oo 10Ceey ! 1Mea1e ! 107427 V! Flcw parameters:
Loy ! LaSTec ! Lo ! eocC U L (mm) =
CPLL Po1a.0Celbe Y 1etCell Y 1acCLoc 1! CEWV{1Y (%) =
SPLV (mm) ! oe1218 ! Ca1411 ) tec12 ! LFRuY C2) ) =
Cubvimm) ! Ualece ! Lale®l ! L5582 I CRWV (3) (%) =
F1S ! O ! C. ! C.CCCT ! MoV (%) =
KY ! 1 ! w ! 1 1! HGw (m) =
5 (tn/h) | 1Tv.70 C. ! Cawl VI HP1 (m) =
GACtn/n) ! C. ! C. ! C. M HGWE (m) =
v (tn/sh) ! e GL ! (" ! Calcs 1! HWPL (m) =
SLTYV (L) ! C.loys ! L1750 (o270 V! HPF (m) =
SV ! Teau77 ! cer11 ! Ga7CC M HEX (m) =
:::::::::::::::==:=:=::=::===::::::::::"
LhChm/lkme)=s  lec7b0 ChE(km/hkme)= 140308
RUSV(,/10= GeblTe  ZWIVIL/1)= l.Z7TC Skev(g /)= 1.3611
Do you Lant t¢ save the paremeters ct system state?(yes=1/nc=<) =

195,975
4c.00¢
37.67¢
19.318
15.547

7.398
20.000
41,392
£1.000

150.C00
53.00C
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Do you want to save SYSTEMS STATE? (yes = 1, no = 2)

A list of full names of the variables is in Appendix 1.
In case a user wants to save the parameters of the current state
of the system, the system will store them in the "state.d" file.
After the system has received the answer, the list of scenario

options will be displayed.

3.4.4 Option 3: Temperature Trend
The system displays the following prompt:
Rate of temperature change (in degrees centigrade per year)

The user is expected to input the annual rate or temperature
change within a region. The temperature trends, specified by

the user will maintain over the previously specified period.

3.4.5 Option 4: Precipitation Trend
The system displays the following phrase:
Rate of precipitation change (mm/year)

The user should input the annual rate of precipitation change

that will maintain over the previously specified time period.

3.4.6 Option 5: Pollution and Fertilization Rates
The system displays the following list:

POLLUTION AND FERTILIZATION

Pollutants (tons per hectare):

- S0x
- NOx
- CxHy
- Pb
Hg

- Cd

- nitrogen fertilizers

0 ~1 O U1 FE W N -
|

phosphorous fertilizers
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9 - muck

10 - exit

Input option number -

Options 1-9 will return the system to the same list. To
return to the list of scenario options indicate option 10. If
any number from the range 1-6 was chosen, the user will have to
specify the distribution of the relevant pollutant between dif-

ferent types of environment by answering to prompts:

on lands not used for agricultural purposes

on lands used for agricultural purposes

air pollution

water pollution

Options 7 and 8 of the previous list will require answers only
to the first two gquestions of the above list; option 9 will

reqguire answering prompts 1, 2, and 4.

Having specified the distribution of pollutants and fer-
tilizers the user should indicate option 10. This is followed

by another prompt:
Thermal pollution (in degrees centigrade)

Thermal pollution, as it is assumed here, is the annual increment
of average annual temperature due to thermal wastes. This value
has to be indicated only once. If the user chooses to alter

the rate of thermal pollution, he should indicate the anticipated

deviation of the previously defined trend.

3.4.7 Option 6: Irrigation Regime

The user is requested to specify the sources and the intensity

of watering in the region

sources of water used for irrigation purposes:

-ground-water (mm)
-deep ground-water (mm)
-artesian water (mm)
-rivers and lakes (mm)

—-transit rivers (mm)
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Water delay on lands used for agricultural purposes:

1 - significant
- moderate
3 - is absent

Input option number -

The user is expected to specify water delay only once at
the beginning of the session. If later he chooses to consider
any changes in the water delay, he should specify the deviation

from the previous value.

3.4.8 Option 7: Drainage Intensity

The following text is displayed

Drainage:

1 - intensive

2 - moderate

3 - insignificant
4 - is absent

Input option number -

Increase of area covered with lakes in result of
hydrotechnical works -

3.4.9 Option 8: Fires on Lands Not Used for Agricultural
Purposes

The system will request the user to specify the damage done

by fires by displaying the following prompt:

Damage done by fires:

1 - significant
- medium
3 - small

Input option number -

It should be kept in mind that if forest fires are included
in the scenario, the system automatically runs the model over a

1-year period and passes the control to the fifth stage.



-20-

3.4. 10 Option 9: Artificial destruction of biomass
The display is:

Destructicn of biomass by vehicle compaction -

Pasturage is

~ absent

- weak

0

1

2 - moderate
3 - intensive
4

- very intensive

Input option number -

3.4.11 Option 10: Increase or decrease of the Amount of Lands
Used for Agricultural Purposes

The user is requested to specify the annual increase or
decrease of the area of agricultural lands as % of the previous

year, tatal:

Change in the amount of lands used for agricultural
purposes

increase -

decrease -

3.4.12 Option 11: New Plantations on Lands Not Used for
Agricultural Purposes

The display is:

New plantations on lands not used for agricultural
purposes, % of total area -

3.4.13 Option 12: New Shelter Belts

As was already mentioned, this option relates only to the

regions where forests occupy a significant part of the area.
The user is requested to answer to the following prompt:

New shelter belts (% of total area) -
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3.5 Set Time Interval; Run the Model
This stage opens with the following request:
Set time interval (maximum number of years - *) -

where the asterisk stands for the number of years left before
the simulation time expires. The total length of simulation

period should not exceed 200 years.

After the system has received an answer it displays the

following message:
Model run

When the run is over, the system passes on to the next stage.

3.6 Output Modes
The fifth stage opens with a list of output modes:

Output modes:

1 - standard output
2 - optional output

3 - continue

(However, if the total number of years that have passed since
the beginning of the simulation period is less than 5, this
stage is skipped and the control automatically passes to the

next stage.)

3.6.1 Standard Output

Option 1 is followed by the display of sets of the major

variables, included in the model.
The first list is as follows:

Biotic parameters:

1 - soil - vegetation
2 - soil productivity - soil index - dampness

3 - soil - fertilizers



-22-

Water parameters:

4 total flow

5 - surface dissectment
6

7

ground-water flow

deep ground-water flow

Salinity parameters:

8 - soil - ground-water
9 - ground-waters - river waters

10 - pollution parameters

Input option number-

If option 10 were chosen, then the second list would be displayed,

PULLLTICN PARAMETZRS,8Y TYPE
OF ENVIRCILFENTAL CCHPCNENT & PCOLLLTANT

0

Pollution of

1 - plants,s, with *toxic metals
¢ = s01ls with toxic metals
3 = air
4 = surface Lezters, with metals
5 - surface uwaters, with hycrocarbens,
nitrcgyen chnda gphesgpherus
¢ = gyreunu=waters, L1th metals
7 - gyround-traters, wilth hycdrocarbcnssnitrogen and phosphcocrus
5§ =~ deep grounc-waters,uith metals
9 - deep gyreurnd-weéeters, with hydrccarbonssnitrogen and phecsphorus
T7¢ = return tc grevicus list

Input cptron nuniber =

Option 10 of the second list indicates return to the previous
list. Options 1 and 3 of the first 1list and 1-2 of the second
require additional information, which is prompted by the following

display:

Type of land:

1 - lands not used for agricultural purposes
2 - lands used for agricultural purposes

3 - wetlands



-23=

After the system has received the required information, a
list of output forms is displayed. It should be noted that

options 2 and 4-9 from the first list do not require any addi-

tional information on the type 0of scaling for plotted output.

3.6.2 Optional Output

Option 2 implies that the user should spvecify the numbers

of the output variables on his terminal. The prompt is
Input variable number -

The list of variables is included in Appendix 2. The prompt is
repeated four times, since. the number of output variables cannot
exceed 4. In case the number is less than 4, the user should
input 0 to indicate that the list is exhausted. After this

the system will display a list of output forms.

3.7 Output Forms

At this stage the user is requested to specify the form
of output for the selected variables. The display is:

Output forms:

1 - tabular
2 - plotted

Input option number -

Option 1 is followed by a table of output values. An example
of such a table can be found in Appendix 3. In case the user
specified option 2, he will be requested to specify the type of
scaling procedure. The display is:

Scaling modes:

1 - automatic, single scale for all variables

2 - automatic, separate scale for every variable
3 - manual, single scale for all variables

4 - manual, separate scale for every variable

Input option number -
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Option 1: The system initializes a procedure for defining
the minimum (Y min) and the maximum (Y max) values among all the
values of the output variables (this may be done only in case
the output variables are measured in the same units). These
values then serve as the upper and the lower boundary ¢f the

plotted output along the Y axis.

Option 2: The system defines the minimum (yl min) and
the maximum (yl max) values for each of the output variables
(where i1 is the index of the output variable). All the output

curves are then scaled separately to fit into the same box.

Option 3: The minimum (Y min) and the maximum (Y max)
among all the values of the output variable are specified by the

user in response to a prompt
Marginal values of wvariables

In case some values of an output variable exceed (or are less
than) the upper (or lower) limit defined by the user, the system
cuts off the protruding part of the curve to make it fit into the
box.

Option 4: The user is requested to specify the ' min and
v' max values for each of the output variables (i = index of the

output variable) by answering to a sequence of prompts

MIN of 1 variable -

MAX of 1 variable -

MIN of 2 variables -
MAX of 2 variables -
MIN of 3 variables -
MAX of 3 variables -
MIN of 4 variables -
MAX of 4 variables -

In case the values of any variable should exceed the speci-
fied limits, the protruding part of the curve is cut off in

the same way as in option 3 above.
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In case the values of any variable should exceed the
specified limits, the protruding part of the curve is cut off

in the same way as in option 3 above.

3.8 Choose Next Stage

When the user has reached this last stage he is offered
the following list of options to choose from:

Session continuation options:

- terminate session
- define region

- define scenario
continue modelling

- output results

U & W N 2 O
)

- show current system state

Input option number -

Option 0 terminates the session. The results, i.e.,
parameters of the systems state, tables and/or plots, will be

stored in files "state.d", "figure.d", table.d", respectively.

Options 1-4 transfer control to the current stage of the
simulation procedure. In case option 5 1is specified, the

system will display parameters of current systems state.
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APPENDIX 1

CESCRIPTICK OF VARIABLES ULSED IN SYSTEM

The description of variables uses the following notation

e The urnits of measurement sre 1ndicatea 1in brackets

the full name of the variable.

e -ndex ‘17 agpearing in ths name of certzin variables

shoulce be interpretec as follous:

i=1 - lanus notl used fcr agyriculturzl purposes;
i=Z2 = lanas used for agricultural purposess
i=3 = wvetlanus,
3e Index “_° inagicates different kincs of pollutants and
fertilisers:
31 = sulfur compositions’
J%¢ = nitrogen compositions;/
J=Z =~ hycarocarkbons,
J=4 - compesitions cf Pb,
J=5 = compositions of Hg,
J=¢ =~ compositons of (d.,
J=7 = nitrogyen fertilizers,
J=8 - phecspherus fertilizers,
J=% = crganic fertilizers:
J=10:1% = reserveu indexes.

Biotilic parameters.

B(1) - Liomass (tors per hrectarel.

BM (i) - c¢eau biomzss (tons per hecterz).

CLV(1) = claimate incexXa

CPOLC(2) = peilutaun Lncexa

D) - prororticn of the i1-th type c¢f larnous i1n the tctal
(lakes not ancludea) (X).

V(1) = preporticn ¢f tre 1-trF type of lanas

(lakes Iincluced) (L2

-27-
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ChNV (1) = uvind erosiocn rate(mm/yezar).
FIS(1) - increment of scil quality incex cue to fertilaisation.
GH((1) = sc1l prcductivity (tons per hectare).
HFF(1) = humidity.
HFV(i) = humigity Tcr 1-th tygpe cf lancs.
KV - veyetation type:
KV=1 = grasss
KV=¢ - foresti-steppes
kv=3 = forest,
KV=4 = moss=lichen.

SLTV(i) = soi1l salinity (L).
SPWV(z) = rate of surface errcsion by type of lana (mm/year) .

Sv(i) = Scil indexs
CLrainacge parameters.
CFWV(1) = prceportion cf surface dralnage in totzl drainage (%),

CFWV(g) = grcportion of drainage from upper greound layer in

tctal crainage (%),

CFWV(Z) = prcportion cf crainage frem lower ground layer in

total creirage ().

ON - totzl cissectment (km/km2) .

UNR = cissectment with ravers (km/kml).

FL - total crainagye rate (mm/year).

FL1 - surface arainage rate (mm/year).

FLZ - rate of c¢rainage frcm upper ground layer (mm/year).
FL3 - rzte of drainzge frcm louwer ¢rcundc Leayer (mm/year).
FL1+FLe = sum of FL1 and FLZ (mm/year).

FL1¢+FL: = sum of FL1,FLZ and FLZ (mm/yecar).

HEX = maximum cuzt (m).
HGW = cderth of 1-s1 ground wvater plane (m).
HGWE = cepth of Z2=nc¢ grounc katzr plane (m),
HP1 = depth ¢f 1=st aqguicluce with the influence of perma-
frest (m).
HPF = gepth c¢f permafrost plane (m).
HWP = cepth of 1-st aguicluue (m2,
HWPD = depth of zZ=-nd aguicludge (m).
RMDV = effective surface crainage ().
SW1V = water salinity, 1-st grounu=water plarne (g/1l).
SW2V = water salinity, CZ-nd grounc-water plane (g/1l).
RCSV = river vater calinity (¢/12.
Parameters of pollutants anc fertilizers (tons per hectarz).
PLACS) - atmcspheric polluticn.
PLLW () - water poliuticns, C-na grecunz-vater glane.,
PLGM () - grounu polluticn, botueen 1-st zrnd c=nd water planes.
PLGW (3) - water pollution, 1-st gyreocunc—rater plancz.
PLPC(o 1) - vegyetation polilutzon.
PLSCo,1) - sci1l poliluticn (mebile ccmpcocsitions),
PLSG(2,1) - so1l polluticn (comnectad ccmpositions),

PLWT () - surfzce water polluticn .
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APPENDIX 2

SEF CGLTPLT VARIAELE NULKMBERS

CN ¢ DKR 2 ECT)
E(2) 5 E(3) ¢ CFwWwv(1)
CEWV(Z) & CFWV(3) 9 CPOLC1)
LPOL(L) 11 LPCL(ZD 12 FL

GH(1) 14 CH(E) 15 GH(3)
HGW 17 HGWL 12 HWP

HWPD cC HFF(1) 21 HFF(2)
HEF(3) 2 RCLSV 24 Sw1v
Shev co SLTVLD 27 SLTV(Z)
SLTV(Z) <9 SV 3C sv(z)
SV(3) 32 PLACTD 33 PLAC(CZ)
FLACZ) 35 PLA(G) 3¢ PLA(S)
FLA(c? 23 PLAC(CY) 39 PLAC(CSE)
PLA(G) «1 PLACTIL) 42 PLAC1T)
PLACTZ) 46 PLACTS) 45 PLACT4)
PLACTIE)D &7 PLCWQT) 485 PLDW(Z2)
PLCOW(Z) SC PLLw(4) 51 PLLW(S)
PLLUK (&) £3 PLOWCY) 54& PLOWCED
PLOW(G) Sé PLCW(1C) 57 PLCW(11)
PLCW(12) £9 PLCw(13) o0 PLLW(14)
PLLWCTED ¢c PLGK(T1)D ¢3 PLGW(Z)
PLGK(Z) ¢S PLGW(4) ¢& PLGW(S)
FLGK(c?) o8 PLGW(T) c® PLGW(E)
PLGW(E) 71 FLGLO1(D 72 PLGL(TT)
PLGL(T12) T& PLGWCT3D 7S PLGN(14)
PLGW (153 T7 PLPC1,1) T PLP(2,1)
PLPLZ,1) S0 PLP(4,1) §1 PLP(S,1)
PLP(c,1) U3 PLP(7,13 C& FLP(E,T)
PLP(9,1) cc PLPCIL,T) &7 PLp(11,1)
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151
154
157
100
163
166
109
172
175
178
181
184

PLP(1c.,1)
PLP(15,1)
PLP(Z,¢)
PLP(c,c)
PLP(®,2)
PLP(1c,)
PLP(15.,2)
PLP(3,3)
PLP(c,3)
PLP(9,3)
PLP(1Z,3)
PLP(1ES,3D
PLS(3,1)
PLS(e,1)
PLS(S,1)
PLS(1Z,1)
PLS(15.,1)
PLS(3,C)
PLS(cre)
PLS(%,2)
PLS(12,2)
PLS(15,23
PLS(3,3)
PLS(e,3)
PLS(%9,3)
PLS(1Z,3)
PLS(15,3)
PLWT(3)
PLWT (&2
PLWT(®)
PLWT (1)
PLWT(12)
FL1+FLZ
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PLP(1Z,1)
PLP(1.,2)
PLP(&,2)
PLP(7,2)
PLP(1C,2)
PLP(13,2)
PLP(1.,3)
PLP(4,3)
PLP(7,3)
PLP(C1L,3)
PLP(13,3)
PLS(1,1)
PLSC4.,1)
PLS(T,12
PLSC1C,1)
PLS(13,1)
PLS(1,2)
PLS(4,2)
PLS(7,2)
PLS(1(,2)
PLS(12,2)
PLS(1,3)
PLS(4,3)
PLS(7,3)
PLSC(1L,3)
PLSC13,3)
PLWT (1)
PLWT (&)
PLWT(7)
PLWTC(1C)
PLET(13)
FL1
FL1Z+FL3

20
93
9¢
9
102
102
1LE
111
114
117
1c¢C
123
16
129
132
135
138
141
144
147
150
123
156
159
1¢2
1¢5
1¢8
171
174
177
1E0
1¢3

PLP(14.,1)
PLP(2,2)
PLP(S,2)
PLP(E,c)
FLP(11,2)
PLP(14,2)
PLP(2,3)
PLP(E,3)
PLP(8,3)
PLP(11,3)
PLP(14,3)
PLS(2,1)
PLSC(S,1)
PLS(&,1)
PLS(11,1)
PLS(14,1)
PLS(2,2)
PLS(5,2)
PLS(&8,2)
PLS(11,2)
PLS(14.,2)
PLS(2,3)
PLS(5,3)
PLS(E,3)
PLS(11.,3)
FLS(14,3)
PLWUT (2)
PLWT (5D
PLWT ()
PLWT(11)
PLWT(14)
FLZ
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