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A bstract Changes in climate will alter natural
processes in the environment, and it is expected that one
consequence will be that salinization processes in salt-af-
fected soils will be modified. An expert system, called
SALINEXP, was developed to assist the prediction of cli-
mate change induced salinization processes in salt-af-
fected soils. The paper di the iderations used
in the construction of the knowledge base, the state and
objective variables, and the rules and decision making
processes of the system. Results of a scenario analysis are
also discussed when the system is applied to the Middle-
Tisza Region of Hungary.

K ey w o rd s: expert system, soil salinity, climate
change

INTRODUCTION

There is growing concern about the possi-
ble effects of climate change on the environ-
ment and the economy, it being more and
more accepted that global warming will result,
for Europe as a whole, in a mean rise in tem-
perature of about 3 °C over the next 50 to 100
years. In addition, precipitation is expected to
increase by about 10 per cent, although the
seasonal and spatial distribution are expected
to change in ways that are currently little
known, and extremely difficult to predict.
Winter will probably become wetter, and sum-
mer drier, although the severity of summer
convection rainfall (thunderstorms, etc.) might
increase.

One of the principle tasks of the Hunga-
rian contribution to the ACCESS project was
to develop an expert system program to pre-
dict salinity processes in salt-affected soils
caused by possible climate change. The paper
first briefly reviews research activities con-
cerning salt-affected soils in Hungary, then
discusses the construction of the knowledge
base for the expert system, the state and objec-
tive variables used, and the rules and decision
making processes of the system. Results of a
scenario analysis are also discussed when the
system is applied to the Middle-Tisza Region
of Hungary.

SALT-AFFECTED SOIL RESEARCH IN HUNGARY

In Hungary, more than | min ha of soils
are salt-affected. The 10% ratio of salt-af-
fected soils in Hungary is the highest in
Europe [30]. This is why the effect of soil salt
content on plant production had already been
discussed in the paper by Teschedik [33]. Fol-
lowing this, Irinyi [17] discussed soda forma-
tion and relationships between this and the
effect of salts on soil properties, as well as the
amelioration of salt-affected soils. Since the
second half of the last century papers have
been published about the type, behaviour,
characteristics, formation, extension and areal
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distribution of salt-affected soils and land-
scapes in Hungary [19,26,29,34,36]. In a re-
cent review Darab [7] evaluated the historical
development of world-wide research history
of salt-affected soils. The Hungarian contribu-
tion to that development is also included. We
focused our attention on the Hungarian contri-
bution to the following: ‘Sigmond [27] found
that salt-affected soils contain high amount of
exchangeable Na. Utilizing the illuviation the-
ory of Gedroitz, he developed a classification
system for salt-affected soils and presented it
to the First International Congress of Soil Sci-
ence, and developed it further [27,28]. The in-
ternational consequence of ‘Sigmond’s work
can be illustrated by the Riverside salt classifi-
cation system. Even the later Hungarian clas-
sification work on salt-affected soils [3,31]
were based on ‘Sigmond’s results, and were
completed using the results of later surveys of
a particular district in Hungary [32]. ‘Sig-
mond’s work also stimulated research regard-
ing chemical and colloid-chemical properties
[14], and soil formation processes of salt-af-
fected soils [2,18].

Since the early 1950’s, the amelioration
and utilization of salt-affected soils has re-
ceived more attention. The soil formation
processes of the Trans-Tisza Region were
elaborated by Szabolcs and Jassé [32]. The
salt accumulation processes of the Danube
Valley were studied by Virallyay, [38], whilst
the application of different amelioration tech-
niques are illustrated by the publications of
Arany [3], Herke and Harmati [16], Pretten-
hoffer [21], Abraham and Bocskai [1]. The
control of amelioration and irrigation has been
based on measurements and calculation of the
salt- and ion-balance of soils [7,9,31]. A part
of this task was to determine the critical depth
of saline ground-water. One of the results of
this research period was the delineation of the
area in Hungary where the danger of saliniza-
tion exists due to the rise of ground-water
above this critical level. The process is called
‘secondary salinization’ [31].

In the last 20 years research on salt-af-
fected soils in Hungary has had two main

branches. The first was a more practical ap-
proach dealing with amelioration and utilization
of salt-affected soils and landscapes, coordi-
nated by the Research Institute of the Debre-
cen Agricultural University in Karcag (e.g.,
Nyiri and Fehér, [20]; Blasko, [5]). The other
approach dealt with the physico-chemistry of
the liquid phase of salt-affected soils and the
mapping of salt-affected landscapes belonging
to National Parks and Nature Reserves.

The research on physico-chemistry of the
soil solution is illustrated by the papers of
Rédly and Darab [24], Darab et al. [8,11] and
Csillag et al. [6], whilst that related to increas-
ing the effectiveness of chemical amendments
of salt-affected soils is demonstrated by the
papers of Darab and Rédly [10], Rédly and
Darab [24], and Darab et al. [12]. The survey
of salt-affected soils was made between 1978
and 1984 in the Kiskunsig National Park at
1:25 000 scale by the staff of the Institute for
Soil Science and Agricultural Chemistry of
Hungarian Academy of Science, Budapest. In
this mapping work not only soil types were
identified, but also the characteristic plant
communities of the soils [38), as well as the
soil-plant correlations of different sites [23]. In
addition, the spatial pattem of the soils and
vegetation of salt-affected grassland in Hor-
tobagy has been studied [22,25].

The above brief review highlights that
there are deep historical roots to the know-
ledge of salt-affected soils, which could be uti-
lized for building an expert system to predict the
likely consequences of climate change on the
extent and productivity of salt-affected soils in
Hungary. Such a system would be the first attem-
pted of this kind, and would serve as a fundamen-
tal reference point for the extension of this work
to salt-affected soils elsewhere in the world.

EXPERT SYSTEM APPROACH

Expert systems are ‘computer programs
that have built into them the knowledge and
capacity that will allow them to operate at an
expert’s level’[15]. As pointed out by Denning
[13] these programs are designed to simulate
the problem-solving behavior of humans who
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are experts in a specialized area. Expert sys-
tems differ from conventional computer pro-
grams since knowledge, which is usually
represented in the form of rules in the expert
system, is treated separately from the prob-
lem-solving mechanism (called the inference
engine). Because of their non-algorithmic,
modular structure, expert systems are also
much easier to develop, maintain, or modify.
The rules in an expert system are text repre-
sentations of knowledge, and are structured in
the form of conditional ‘If-Then’ logical deci-
sions. The rules allow a program to arrive at
its conclusion (decision) when the inference
procedure executes (fires) them. The inference
procedure can be of the backward- or forward-
chaining type. In backward-chaining, the in-
ference engine automatically checks all rules
to see if there is one that could provide the re-
quired information. By contrast, forward-
chaining can only be used as a method for
testing rules that are not goal driven. Rules in
this case are simply tested in the order in
which they were implemented. Detailed dis-
cussions of expert systems and artificial intel-
ligence are given by Barr et al. [4] and Shapiro

[25], among others. Four major tasks had to be

carried out in the development of an expert

system to predict the probable consequences
induced by climate change on the extent and
productivity of salt-affected soils:

- First, determine those parameters which
largely describe the salinity /alkalinity status
of a soil;

- Second, identify those parameters which
characterize climate change scenarios;

- Third, establish a knowledge-base and rele-
vant rule base;

- Fourth, write the actual program.

Variables

Based on several decades of research ex-
perience, five state variable groups were dis-
tinguished for the system in order to charac-
terize the initial state of the salt-affected soil.

Group A. Soil charactenistics: soil type,
soil sub-type, depth of the maximum value of
the exchangeable Na%, cation exchange ca-

pacity, texture, organic matter content, bulk
density, hydraulic conductivity of the B hori-
zon, maximum value of the exchangeable
Na% of the B horizon, total salt content, depth
of the maximum value of the salt content, pH
of the B horizon, critical ground water depth,
total porosity, field capacity water content,
wilting point water content.

Group B. Ground water parameters: avera-
ge depth, annual fluctuation, total salt content,
Na content (%), sodium adsorption ratio, pH.

Group C. Initial climate characteristics:
seasonal average air temperature, seasonal ave-
rage potential evapotranspiration, and seasonal
average precipitation.

Group D. Plant charactenistics: type of
plant grown, and average expected yield.

Group E. Irigation water parameter: an-
nual average amount of water added.

Three soil types were considered in the
system: meadow solonetz, meadow soil and
meadow chermozem, while four soil sub-types
were identified: medium, deep, steppe, solonetz-
like and deep-salt. The characteristic soil tex-
tures considered were sand, loamy sand, sandy
loam, loam, clay loam, loamy clay and clay.
The plant types considered in the system were:
wheat, maize, sunflower, sugar-beet, oilseed
rape and soybean.

In SALINEXP, climate change is charac-
terized by four parameters: (a) change in sea-
sonal average air temperature; (b) change in
seasonal average potential evapotranspiration;
(c) change in seasonal average precipitation,
and (d) change in average ground water depth.

From the initial state parameters, SALIN-
EXP predicts the new salinity/alkalinity state,
which is represented by five objective varia-
bles: (i) change of the amount of exchangeable
Na%, (ii) change in depth of the maximum value
of the exchangeable Na%, (iii) change in the to-
tal amount of salt at the salt accumulation level,
(iv) change in depth of total salt content, and (v)
change in average expected yield.

Considerations in the system

Several assumptions are made when the
prediction is evaluated:
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a) The maximum depth of the pedon (soil
profile) is 1.5 m or down to permanent ground
water level if this is shallower than 1.5 m.

b) A pedon consists of layers, and each
layer is regarded homogeneous. It is assumed
that a larger region can be characterized by
horizontally homogeneous, vertically layered
soil profiles or, in other words, by pedons.

c) The change in salinity/alkalinity of a
soil and the probability that these changes are
dependent only on climate change phenomena.
No salinization/alkalinization is considered in
the program due to the effect of irrigation
water; this means that no secondary saliniza-
tion was taken into account.

d) The long-term effect of soil cultivation
is also not considered in the program. It is as-
sumed that all parameters characterizing the soil
layers are characteristic of naturally settled
layers. Artificial compaction is not considered.

e) It is also assumed that the new climate
situation will effect the soil for at least 15
years continuously, and that the given scenario
parameters represent an average value for the
entire period.

Rules of the knowledge hase

As part of knowledge base, the charac-
teristic range of dominant parameters were
compiled for Middle-Tisza Region soils which
are subject to salinization. Table 1 summarizes
the results for meadow solonetz, meadow soil
and meadow chemozem. Other soil types were
not considered, because either those were not
characteristic of the region investigated or not
considered to be salt affected soils.

A multi-dimensional decision space was
established showing the direction of the
changes in the state variables, should a climate
change scenario occur. Table 2 shows the re-
sults of verbal predictions that the expert team
agreed on. The verbal evaluation of the direc-
tion of the changes representing the objective
variables are as follows:

Scenario 1. This case is the theoretical initial
condition and absolutely no change would occur.
The result is: no change will occur in salin-
ity /alkalinity level; the risk will not change.

Scenario 2. Only the ground water level
will increase; no change in climate parameters.
The expected direction of changes: the salin-
ity/alkalinity level will increase in the soil pro-
file; cropping potential deteriorates.

Scenario 3. Only the ground water level
will decrease; no change in climate parame-
ters. The expected direction of changes: the
salinity /alkalinity level will decrease in the
soil profile; cropping potential improves.

Scenario 4. Average air temperature and
potential evapotranspiration will increase, pre-
cipitation will decrease, no change in ground
water level. The expected result: the salinity/
alkalinity level will increase slightly ; cropping
potential deteriorates.

Scenario 5. Average air temperature and
potential evapotranspiration will increase, pre-
cipitation will decrease, but the decrease will
be compensated by irrigation; no change in
ground-water level. The expected result: the
salinity /alkalinity level will not change; crop-
ping potential improves, and the expected
yield will be higher.

Scenario 6. Average air temperature and
potential evapotranspiration will increase, pre-
cipitation will decrease, but the decrease will
be compensated by irrigation. The ground water
level will increase. The expected result: the salini-
ty/alkalinity level will increase; cropping po-
tential deteriorates, and the expected yield will
be lower.

Scenario 7. The average air temperature
and the potential evapotranspiration will in-
crease, the precipitation and ground water
level will not change. The expected result: the
salinity /alkalinity level will not change, but the
plant growing potential will decrease; crop-
ping potential deteriorates, and the expected
yield will be lower.

Scenario 8. Average air temperature and
potential evapotranspiration will increase, pre-
cipitation does not change. The ground water
level will decrease. The expected result: the
salinity/alkalinity level will decrease, but less
intensively than in Scenario 3; cropping po-
tential will not change.
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Scenario 9. Average air temperature and
potential evapotranspiration will increase, preci-
pitation does not change. The ground water level
will increase. The expected result: the salinity/al-
kalinity level will greatly increase - more so than
in Scenario 2; cropping potential will not change.

Scenario 10. Average air temperature will
not change, and precipitation will increase.
Potential evapotranspiration will probably in-
crease slightly. The ground water level will in-
crease. The expected result: the salinity /alkali-
nity level will increase in the soil profile. The
effect is similar to Scenario 2, cropping poten-
tial will decrease.

Scenario 11. Average air temperature will
not change, but precipitation will increase. Po-
tential evapotranspiration will probably increase
slightly. The ground water level will decrease.
The expected result: the salinity/alkalinity level
will greatly decrease in the soil profile. The ef-
fect is more intensive than in Scenario 3; crop-
ping potential will increase greatly.

The decision making process in the
SALINEXP expert system goes through three
levels of evaluations. In Level One the pro-
gram checks the input file content. First, the ran-
ge of parameters is checked, especially the soil
type and climate change scenario parameters.

- If the SALINEXP.IN input file is not avail-
able in the current directory SALINEXP
gives a wamning and creates an empty input
file to facilitate the use of the system.

- The data in the input file is checked and an
error message is displayed if any input pa-
rameter has a negative value.

- If the climate change scenario values are not
specified properly an error message is dis-
played.

- If the soil type is missing in the input file,
the program tries to determine it from other
state variables.

- If the available information is insufficient to
determine the soil type, the program gives an
error message, as also happens if the climate
change scenario data are missing. The pro-
gram is terminated at this point.

- If the soil type is given, the program com-
pares other given initial state variable values

with the range of the parameters listed in Ta-
ble 1. If incompatible information is encoun-
tered the program gives an error message
and the program terminates.

If Level One checking finishes without er-
ror, SALINEXP starts Level Two checking. If
the given climate change scenario is not feasi-
ble then an error message is given and the pro-
gram terminates.

Finally, Level Three of the decision ma-
king is carried out with the evaluation of input
data according to the content of Table 2. The
SALINEXP program determines the direction
of changes for the state variables and describes
verbally the expected new salinity /alkalinity
status, and the expected cropping potential
changes. This information is written into the
output file, called SALINEXP.OUT.

Approximately 0.8 Mbyte hard-disk space
is required to set up the system on a PC run-
ning under DOS. A minimum of 550 KB of
free RAM memory is required to run the pro-
gram. However, if the user does not want to
use the auxiliary text editor, then only 290 KB
of free RAM memory will be enough.

RESULTS OF SCENARIO ANALYSES

A scenario analysis was carried out for the
Middle-Tisza Region in Hungary in order to
predict the effect of a feasible climate change
scenario on the expected yield of comn (maize)
and wheat. Based on the analysis of 50-year
climate records, it was assumed that the aver-
age air temperature and - as a consequence -
potential evapotranspiration would increase,
precipitation would decrease, and the ground
water level would not change significantly.

After running the expert system program
for the Middle-Tisza Region soils, the prediction
in the majority of the cases was as follows:

- the salinity/alkalinity level will increase
only slightly, but the cropping potential will
decrease. The expert system predicted that
there would not be significant change in the
state of salinity/alkalinity in the soils located
in the region. The expected cropping potential
decrease will occur as a consequence of water
and soil moisture shortage in the soils. It can
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be compensated by irrigation, but this will in-
crease production costs and raise the likeli-
hood of secondary salinization of the soils.

In Hungary, until recently, an extensive
data collection system operated giving field-
by-field information about the variation of
crop yields. Using these base for comparison
purpose, yield data for two meteorologically
significantly different years were evaluated sta-
tistically for maize and wheat. In 1983 there
was severe drought in the Middle-Tisza Region
in Hungary, but in 1988 the meteorological

SHIFT IN CORN YIELD

records show that the weather was similar to
the long term average. Figures 1 and 2 show
the yield frequency distributions for the me-
teorologically average year (1988, as present
curve) and a warm, dry year (1983, as pre-
dicted curve) for maize and wheat, respec-
tively. The difference between the two curves
clearly shows the significant decrease in crop
yields. The results were also presented as
1:750 000 scale maps showing the spatial va-
riation of expected yield losses for these crops
(Figs and 4).
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Loss of corn yield in case
of the climate scenario No. 4
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Loss of wheat yield in case
of the climate scenario No. 4
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