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Abstract. Sustainable development of rural areas with wetlands was a priority goal of the study. Natural fires are
the main cause of destruction of peat bog soils. As a rule, drained peatlands suffer from fires to the greatest extent.
Therefore, there are investment risks that limit the sustainable development of rural areas. To reduce the risks, a
program of flooding of peatlands is being implemented. Previously, it was found that this technological process
leads to a drop in the value of land plots. The aim of the study is to model the risks associated with wetland
restoration and to optimize the social and economic consequences of this technological process. The object of the
study is a complex of natural and social conditions in the rural territory of the Ryazan Meshchera. The subject of
the study is optimization of the selection of rural areas in the Ryazan Meshchera for the flooding of peatlands. The
study is based on analytical modeling of the search for sites with the lowest investment risks. The results of the
study are presented in the form of maps. These maps allow to diagnose places with the lowest investment risk due
to the high efficiency of peat bogging projects and the favorable attitude of the local population. There were also
developed proposals related to improving the comfort of life of the rural population in areas with restored wetlands.
Reclamation measures were recommended to protect peat soils from fires and to restore specialized agriculture on
drained peatlands.
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Introduction

Wetland restoration is essential for areas with drained peatlands. First, it is necessary to protect the
local population from forest fires. Secondly, the flooding of peatlands can reduce the emission of carbon
dioxide into the atmosphere and slow down global warming.

According to Parish F. and others, the protection and restoration of peatlands is the most cost
effective measure to mitigate global climate change [1].

However, the question of the economic feasibility of restoring peatlands remains debatable among
land managers, researchers and practitioners [2].

In Russia, the peat bog restoration project is being implemented with the support of the state, the
International Climate Initiative and the International Organization for Wetland Restoration [3].

Abramchuk M. and others emphasize the relevance of accounting and in-depth analysis of certain
costs and benefits of secondary flooding of swamps in European Russia [4].

We believe that the problem is related to environmental and social risks, which are currently poorly
understood for peat bog restoration projects in European Russia, including the Ryazan Meshchera. The
main reason for these risks is the location of forest and agricultural land, as well as settlements, on
previously drained peatlands.

The purpose of our research is to create an analytical model for assessing investment risks -
environmental and social-when changing the reclamation status of land with fire-hazardous peatlands.
Such an analytical model is necessary to select the territory with the highest efficiency of investment
projects for waterlogging peatlands. This model is also intended for social advertising of restoration of
wetlands to ensure fire safety in the Ryazan Meshchera.

Materials and methods

The object of the study is the territory of the Ryazan Meshchera, where the most fire-hazardous
landscapes are located. Coniferous-deciduous forests and peat bogs predominate here. Many swamps
were drained.

First, we developed principles of an analytical model for assessing environmental risk in wetland

restoration and after that we had two constructed maps: 1- modeled reduction of fire risks associated
with changes in soil as a result of wetland restoration; 2 - modeled levels of land fire risks for localities

[5].
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Then we took into account the social risks.

We had the results of opinion polls published earlier [6]. A total of 533 people were interviewed in
11 localities. We took into account the opinion of the local population about the desire to leave because
of the threat of fires. We also found out the economic expectations of people in connection with the
flooding of peatlands. Social surveys were conducted in rural areas, which are located among forests
and peatlands. There are no large settlements. The surveys involved the local population of Ryazan and
Moscow regions, as well as those who have cottages and land plots for recreation. The respondents
included all gender and age groups. In each of the considered localities, we determined the percentage
of respondents from the total number of respondents who answered the questions in Table 1.

Social survey sites have now been digitized. The amount of work is 55 points.

Equally important is the consideration of the social risks associated with the restoration of wetlands.
To assess the attitude of the local population to such projects, we used the data of the conducted
sociological surveys. Namely, for each i-th locality, we compiled Table 1 of coefficients K.
Table 1
Setting table of social risk factors for wetland restoration

% of those who

uestion . . .
Q answered in affirmative

In case of purposeful flooding of the peat bog nearby to
your settlement, do you expect improvement of your Kui
living conditions?

In case of purposeful flooding of the peat bog nearby to
your settlement, do you expect deterioration of your Kai
living conditions?

Do you expect an increase in the market value of your
property when the peat bog nearby to your locality is Ksi
flooded and the land is likely to become waterlogged?
Do you expect a decrease in the market value of your
property when the peat bog nearby to your locality is Kai
flooded and the land is likely to become waterlogged?

Using these data, we built a model of the attitude of the local population to wetland restoration
projects. Assuming a normal (Gaussian) distribution, we extrapolated the data to the surrounding land
plots using the formula (1):

_Gx)’ + -y

1
EGoy) = T2 (K — Ko + Kai— Kug)e 2, 1)

where E (x, y) — indicator of the ratio at a point with coordinates (x,y), varying in the range from
-100 to + 100;
(xi, yi) — coordinates of the i-th locality from the data of sociological surveys;
Ne — total number of such localities;
de — average distance between these localities, calculated using a formula similar to the one
above for dr.

Then we built a map of the population ratio levels (negative, rather negative, neutral, rather positive,
positive), see Fig. 1. These levels correspond to an increase in the value of E (x, y) from -100 to 100.

Despite the fact that the list of localities in which sociological surveys were conducted only slightly
overlaps with the list of localities with a high fire risk, the constructed maps (1 and 2) are in good
correlation with each other. In those areas of the Ryazan region where the risk of fires is high, the
population has a positive attitude to waterlogging projects, and on land with a low level of fire hazard,
waterlogging projects may be exposed to social risks due to the negative attitude of local residents to
waterlogging the territory.
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Local community attitudes towards wetland restoration
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Fig. 1. Simulated map of social risks of wetland restoration projects

Results and discussion

Using all available data, we can build an analytical model that allows us to assess investment risks
(environmental and social), when changing the reclamation status of land with fire-hazardous peatlands.
Social risks are set by the value E (the higher its value, the lower the risks). And to assess environmental
risks, it is necessary to bring together data on the reduction of soil fire hazard when the land reclamation
status changes (map 1) and data on the actual fire hazard risks (map 2). The relevance of this combination
of data is quite obvious: reducing the risks of fire hazard of soils is in demand only where the risk of
fires is high. If in some area the forest fire threats are insignificant, then additional risk reduction does
not have much effect. On the contrary, in areas that regularly suffer from forest fires, even a moderate
reduction in the fire hazard of the soil will be of great benefit. The combined data are shown in Fig. 2.

To demonstrate the application of the analytical model, we divided the map 1 into 16 regions
(approximately 25x25 km in size): first, the Meshchera map was divided into 4 quadrants (northwest,
northeast, southwest, southeast), and then each of the quadrants was also divided into 4 subdomains. Of
these 16 regions, we have left for consideration only those 12, for which most of the land really belongs
geographically to the lands of the Ryazan Meshchera.
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Fig. 2. Combined environmental risk map: current forest fire risk and expected risk reduction
after changes in the land reclamation status of fire-prone peatlands

You can see that within each of the 12 areas, the distribution of map elements is fairly uniform,
which allows us to build integral characteristics for each of the 16 areas and evaluate them with points
according to Table 2.

Table 2
Setting table of environmental and social risk scores for wetland restoration
Current fire hazard Potential reduction of Population
level, R (from the Points | fire hazard, D (from | Points | ratio, E (from | Points
map 2) the map 1) Fig. 1)
insignificant 0 absent 0 negative 0
low 1 low 1 rather negative 1
average 2 average 2 neutral 2
high 3 high 3 rather positive 3
very high 4 - - positive 4

It is also convenient to present the results of the assessment in the form of Table 3. Note that in the
eastern part of Meshchera, no opinion polls were conducted, so the data may not be completely relevant.
Therefore, it is appropriate to analyze the results for the western part (areas A2-A3, B1-B3). According
to the proposed model, the most effective and appropriate projects should be wetland restoration projects
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in areas that have scored more than half of the maximum possible number of points (11), i. e. 6 or more.
These include areas B2 and B3.
Table 3
Investment risks for Meshchera lands during wetland restoration,
expressed as integral points (more points — less risks)

Area R D E Total, |
A2 1 2 1 4
B1 0 1 1 2
B2 2 1 3 6
B3 4 2 4 10
C1 3 1 2 6
Cc2 1 1 2 4
C3 2 2 3 7
C4 0 3 3 6
D1 0 3 2 5
D2 0 3 2 5
D3 1 2 2 5
D4 0 2 2 4

It can be summarized that the “leader” was the B3 region, for which waterlogging projects will
show high efficiency and favourable attitude of the local population. However, the B2 area, although it
showed a sufficient score, is on the verge of efficiency. The types of soils present there will not have
much effect in reducing the fire hazard after waterlogging. And the inevitable change in the nature of
land use (reduction in the efficiency of agriculture and/or forestry and deterioration of conditions for
peat mining) will give a noticeable negative economic effect. Therefore, a good candidate for
waterlogging is the C3 area. It is highly unlikely that the high score scored by the C3 region will fall
below 6 in the case of refined opinion polls. The final investment risks for the projects implemented on
the B3 and C3 lands are the lowest among all the lands in the Ryazan Meshchera. The projects
implemented on the B1 lands are in the greatest risk zone.

Note that large enough land plots are still characterized by large-scale heterogeneities, which makes
such an integral point approach not quite accurate. In this case, the result can be improved by using a
differentiated approach: a large land plot must be divided into smaller homogeneous blocks, calculate
the points separately for the blocks using the formula | =R + D + E, and calculate the average value
of I.

Should wetlands be restored or not in areas with even the lowest environmental and social risks?
We believe that secondary flooding of peatlands is an extreme measure, as it significantly violates the
living conditions of the rural population. It is preferable, in our opinion, to rationally use drained
peatlands in agriculture and forestry. For example, you can make a two-way regulation of the water
regime of peatlands and grow perennial grasses for animal husbandry.

We believe that there are two main approaches to solving the problem of restoring degraded
peatlands in the world. In the first case, it is proposed to flood the peatlands to preserve not only the
landscape, but also the economic way of life of the local population. For example, this approach exists
in the regions of South-East Asia.

For example, a study of the degradation of peatlands in Kalimantan, Indonesia due to deforestation,
drainage and fires has also shown the need for large-scale measures to restore the landscape. For the
successful restoration of degraded peatlands, it was recommended to take into account scientific
knowledge about both the soil cover, vegetation, water, and socio-economic circumstances, including
the consent of the local population [7]. Other researchers also suggest wet farming and forestry on
peatlands, or paludiculture, in order to provide the population around the peatlands with a livelihood in
Indonesia [8]. However, both authors do not have an analytical model for assessing environmental and
social risks, which allows you to choose the most preferred land for investment in large-scale restoration
of degraded peatlands.
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In the second case, flooding of degraded peatlands is mainly associated with the restoration of peat
extraction in Ireland [9]. Obviously, the priority of this economic goal suppresses the need to take into
account environmental and social risks.

Nevertheless, we believe that an ecological and social approach to solving the problem of flooding
of degraded peatlands is more preferable. This allows to reduce investment risks. It is important to take
into account the experience of those regions, where the restoration of peatlands has been taking place
for many years. For example, in North America, the restoration of peatlands over 25 years has shown
the need for more extensive justification, including consideration of both natural factors and
environmental impacts, as well as the interests of government agencies at various levels, legal
requirements, and banking [10]. The analytical model developed by us allows to close some of the gaps
in these studies in order to successfully restore peatlands in the interests of industry, agriculture and
society.

Conclusions

1. Modelling the investment risk associated with wetland restoration should take into account
environmental, economic and social factors.

2. The analytical model is based on digitized information about the fire hazard classes of soils,
economic use of land, location of settlements most susceptible to natural fires, and the results of
sociological surveys of the local population. In addition to the mathematical description, it includes
cartographic models that assess the reduction of various risks. This is a map of fire risk reduction
associated with soil changes due to waterlogging; a map of forest fire risks; and a map of the social
risks of wetland restoration projects.

3. As aresult, a combined environmental risk map was created, which predicts the current risk of
forest fires and the expected risk reduction after the change in the reclamation status of land with
fire-hazardous peatlands. Using this cartographic analytical model, the territory of the Ryazan
Meschera was ranked according to the degree of investment risk in the restoration of wetlands.
Areas with different efficiency of peatland waterlogging projects were identified. For example, in
the south-western part of the Ryazan Meshchera, these projects will have the greatest efficiency and
favorable attitude of the local population.
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