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Abstract: A climatic modelling program was used in order to see the extent of changes in
future climatic conditions. This can realize prognosis for certain climatic factors that cause
extreme climatic phenomena concerning forest ecosystems. The program was applied for
forest ecosystems comprised of Scots pine, installed and inventoried on sample surfaces
from Transylvania. Simulations were then created within two future climatic scenarios. Two
scenarios were chosen: the climatic scenario in which the increase of greenhouse gases
would be moderate (rcp-4.5) and the climatic scenario in which the increase would be
accentuated (rcp-8.5). The data was then processed, resulting in an analysis focused on
the results of future climatic changes on forest ecosystems located in the studied area.

By analyzing all three pine stands, we can conclude that the Lechinta stand is the most
vulnerable one if the two climatic parameters change.

It is necessary to verify and use future climatic scenarios for other areas that have the
same species, as well as for other species, in order to see how they will be affected. These
results can be used for applying the best management measures for current stands as well
as for establishing decisions for installing future stands at a national level.

1. Introduction

Due to its colossal size and large time scale, the climatic system cannot be studied
through experimental methods. As a result, scientists relied on climatic models. These
are representations based on theory that characterize or simulate essential
characteristics and mechanisms for exploring how Earth’s climate works (Edwards,
2010).

The conceptual models of the cycle of carbon have also contributed to understanding
climate. Chamberlin followed Tyndall’s conclusions, offering a detailed explanation of
global climatic changes on geologic time scales, with carbon dioxide as a main driver
(Chamberlin, 1897; Chamberlin, 1898). After 1945, the meteorological prediction was
one of the main applications in digital computers. In 1964, Kasahara and Washington
started to study the advantages and disadvantages of the current GCM model and
between 1963 and 1980, they had proposed three major GCMs already (Harper, 2008;
Leith, 1965; Kasahara et al., 1967; Washington et al., 1979). Starting with the 1980s,
climate modelling has oriented toward more inclusive models (Meadows et al., 1972).
The first models were limited and they generated errors. Because of this, the regional
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climatic simulation involved multiple experiments (Dickinson et al., 1989). By using the
modelling framework, scientists were able to assemble new combinations of models by
reusing model’s codes. In addition, they could realize other modelling tasks without the
need for a complex and time consuming personalized codification (Edwards, 2010).

Climatic models are evaluated in numerous ways. The most common technique was
to compare the model’s production with the climatologic averages from observations.
Another model is to set parameters (such as greenhouse gas concentrations and the
position of continents) that correspond to a known paleoclimate in order to see how
exactly the model will reproduce a climate that is much different from the current one.
Furthermore, the climate of the XX century was reproduced by setting parameters so
that they represent the passing growth of greenhouse gas effects and major volcanic
eruptions.

For the present study, we have used a climatic model known as “HYPE". The model
was developed by the Swedish Meteorological and Hydrologic Institute between 2005
and 2007. Even though the model was developed on Swedish characteristics, it was used
successfully in agricultural areas from China that use crop rotation and can be used at a
global scale (Yin et al., 2016). HYPE is hosted and continuously developed by the
Hydrologic Research Unit from the Swedish Meteorological and Hydrologic Institute. The
HYPE model is the main instrument of the Hydrologic Research Unit that offers new
information, prognosis and knowledge about water resources from Sweden and the
entire world. This is realized at a spatial and temporal scale, while addressing a large
array of users. The purpose of this model was to offer information for evaluations
regarding the environment and climate changes at a high resolution and for conditions
in which no monitoring is realized.

In silviculture, climatic changes are more and more noticeable (Dinca et al., 2020).
Together with other species such as the sea buckthorn (Costandache et al., 2016; Dinca
et al., 2018) or Norway spruce (Dinca et al., 2019; Vlad et al., 2019b), the pine is one
of the most influenced species by climatic changes (Costandache and Dinca 2019;
Silvestru-Grigore et al., 2018; Vlad et al., 2019a).

The aim of this research was to analyze 3 pine forest ecosystems representative for
Transylvania’s plateau in the context of future changes concerning climate (Figure 1).
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2. Materials and Methods

We have used the “"HYPE” model and its software menus for introducing entrance
parameters, namely the coordinates of interest points expressed by latitude and
longitude, the indicator type (in our case temperature and precipitations) as well as the
wanted climatic scenario based on which the program will calculate the values of the
interest parameters.

Regarding global mean temperature simulations, representative concentration
pathway (RCP) project a global warming between 1 and 3.7 °C. In this way, the database
to which the simulations refer (present day 1986-2005) will be exceeded with values
between 1.0 (RCP 2.6) and 2.0 °C (RCP 8.5) by the mid-21st century and between 1.0
(RCP 2.6) and 3.7 °C (RCP 8.5) by the end of the 21st century (Quante and Colijn,
2016). According to Brutel-Vuilmet et al. (2013) the simulations of mean precipitation
are characterised by several snow-related changes in the mid-latitudes of the northern
hemisphere at the end of the 21st century (Brutel-Vuilmet et al., 2013). Between 40°
and 60°N the RCP scenarios project a decrease in solid precipitation of about 10 % (RCP
2.6) to 30 % (RCP 8.5), despite a marked rise in total precipitation at these latitudes.
Consistent with this, snow depth declines by about 10 % (RCP2.6) to 40 % (RCPS8.5).
Raisanen and Eklund (2012) presented consistent results for northern Europe. They
identified future decreases in snowfall and snow depth across all low-altitude parts of
northern Europe (Raisanen and Eklund, 2012).

In the case of Hype software, we could opt between a scenario in which the
greenhouse gases have a low growth (,Low — RCP 2.6"), a moderate growth (,Moderate
- RCP 4.5") or a high growth (,High - RCP 8.5") (Figure 2).

Europe Climate Change

Figure 2. ,HYPE” program menu

In addition, we had to select the timeframe in which the simulation could be
obtained, by selecting the maximum period (in our case 2100) and then downloading
the file from the “Download data” submenu.

The downloaded data are under a table form in a Microsoft Excel file and represent
monthly values. It is important to mention that the historical meteorological data used
for the simulation start from 1971. The data entered in this software is represented by
data from the three pine plots in the Transyilvania plateau.

The HYPE Software takes into account a number of regional climatic models. REMO
2009 is a regional atmospheric model (REgional MOdel). REMO model was originally
developed by the Max Planck Institute for Meteorology (MPI-M) in Hamburg. Various
versions of the REMO model have already been tested all over the world for different
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geographical domains. Szépszd and Horanyi evaluated the performance of the REMO
model for the Hungary (Szépszé and Horanyi, 2008).

For this study, we have chosen to work with the "REMO 2009” which is the most
recent hydrostatic version (Jacob and Podzun, 1997; Jacob 2001). As such, the regional
climatic scenario and model will be represented by ,CSC_REM02009_MPI-ESM-
LR_rcp45” in the case of an average increase of greenhouse gases and by
~CSC_REMO02009_MPI-ESM-LR_rcp85” for the simulation with a high increase in
greenhouse gases. Next, Microsoft Excel will be used for processing data, resulting in
average monthly values for the studied period (1971-2100).

In order to better represent the impact of climatic changes on the studied forest
ecosystems, a visual representation of Romania’s map was realized illustrating how the
projections will affect these ecosystems during 2020-2100. As such, a symbol was
chosen for each studied climatic factor, namely the circle for average annual
temperatures and the triangle for average annual precipitations, complemented by
suggestive colors.

3. Results

This section may be divided by subheadings.

By processing the data obtained with the HYPE modelling program in Microsoft Excel,
we have obtained data regarding mean anual precipitations and mean anual
temperatures for each surface up to 2100. These are rendered in a graphical form for
the two scenarios: an average growth of greenhouse gasses (rcp-4.5) and a high growth
of greenhouse gases (rcp-8.5). As a consequence, two set of values exist for
precipitations and two sets for temperatures in the case of each installed surface.

We considered the variation of the biological potential of the species depending on
the studied ecological factors (temperature and precipitation) (Table 1). In order to see
the effects of these scenarios on the studied forest ecosystems, we will refer to the
studied species, namely the Scots pine.

As such, the Scots pine - Pinus sylvestris L. is a species that is not selective towards
climate and soil and can be considered a pioneer species. The pine presents a large
ecologic amplitude as it resists well at frost, while at low altitudes it supports high
temperatures, insolation and heat (Sofletea and Curtu, 2008).

Table 1. Ecologic card Pinus sylvestris L. (Stanescu et al., 1997)

Values or states of ecologic factors

Ecologic factors Variation of the species’ biologic potential based on ecologic factors
A I
verageannual >, 1 o 1 2 3 4 5 6 7 8 9 10 11
temperature
(°C) | | 0 0 0 0 0 o sl

Average annual 4437 500 600 700 800 900 1000 1100 1200 1300 1400 1500

precipitations

(mm)

We took into account the number of years that affect the ecosystems studied in
terms of exceeding the limit values. The years in which the average annual temperatures
exceed the limit value of the species' existence were counted. There were also counted
the years when the average annual precipitations were not enough for the species to
survive. In order to see how the forests are affected, we considered that thresholds
represent half and a quarter out of the total number of years analyzed (2020-2100). In
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this way, forests will be severely, medium or minimally affected by future changes if the
period of time will be more then 40 years, between 20 and 40 years or less than 20
years.

If we analyze the Lechinta pine stand from the perspective of annual average
temperatures and annual average precipitations, we can observe that values under the
established limits were present over time with years characterized by a lack of
precipitations (1974, 1978, 1982 and 1985) and years with exceeding temperatures
(1974, 1998, 2000 and 2006).

By applying the climatic scenarios from the HYPE modelling program, we can see a
future with more years that record an annual deficiency of precipitations. The situation
is also not good in the case of average temperatures - starting with 2030, the averages
increase over the species’ limit for both climatic scenarios (rcp-4.5 and rcp-8.5) (Figure
3).

Amongst all the pine surfaces installed in Transylvania, Lechinta pine stand will be
the one that is the hardest to be tested in the future by the two climatic factors.

Pine Lechinta
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Figure 3. Climatic scenarios for the pine surface from Lechinta

The pine stand situated at Fizesul Gherlei also presents years with historical data in
which the two factors record low values.

The difference between this stand and the one from Lechinta consists in major
problems for the temperature factor by applying the two climatic models (Figure 4). This
situation will occur only in the second climatic scenario (rcp-8.5) starting with the middle
of 2060.

By applying the two climatic scenarios for annual average precipitations, a rather
low number of years (15 and 11) result in which the stand records a deficit. The stand
can overlook these years as they are not grouped and have years between them when
the annual average precipitations are optimum for this species (tab. 1). On the other
hand, the temperature factor from the second scenario records annual exceedings of the
11°C limit, starting with 2066.
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Figure 4. Climatic scenarios for the pine surface located at Fizesul Gherlei
Similar conditions for annual average temperatures and annual average

precipitations can also be found in Gilau pine stand by applying the two climatic scenarios
(rcp-4.5 and rcp-8.5).
From a precipitation perspective, problems do not seem to arise in the following 80

years (Figure 5).

In the case in which the greenhouse gas concentration will increase moderately (as
in the rcp-4.5 climatic scenario), the annual average temperatures will not pose big

problems for the Gildu pine stand.

Only in the situation in which the greenhouse gas concentration will increase
considerably (namely rcp-8.5 scenario), the annual average temperature limit will be
exceeded with 2053, while substantially high values will appear from 2075.
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Figure 5. Climatic scenarios for the pine surface from Gilau
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The pine is the least pretentious species towards climate and soil. As such, it is
considered a pioneer species as it presents a large ecological amplitude while at low
altitudes it can support high temperatures, insolation and heat.

4. Discussion

By applying the HYPE modelling scenarios, we can see that the future presents years
with an annual deficit of precipitations, but the impact will be weak. On the other hand,
the impact caused by annual average temperatures will be strong. Starting with 2030,
the averages increase over the limit supported by the species for both climatic scenarios
(rcp-4.5 and rcp-8.5) (Figure 6 and Figure 7).

Legend

O Temperature
A\ Precipitation
Bl Severely damaged forest stands
[ Medium damaged forest stands

Minimally damaged forest stands

Figure 6. The impact of climatic changes on pine stands in the rcp-4.5 climatic
scenario

For the pine stand from Fizesul Gherlei serious problems will appear only for the
temperature factor and only in the second climatic scenario (rcp-8.5) starting from the
middle of the 2060s.

The impact of annual average precipitations is weak for both scenarios as the
number of years in which the stand will record a deficit is rather low (15, respectively
11 years). The stand will be able to surpass these years as they are not grouped among
themselves and have years in which the annual precipitations are optimum for this
species. On the other hand, the temperature factor from the second scenario will record
annual exceedings of the limit of 11°C starting with 2066, which leads to a strong impact
on the stand.

Problems do not seem to appear in the following 80 years for the Gilau surface from
the perspective of annual average precipitations applied for both climatic scenarios
(Figure 6 and Figure 7).

Annual average temperatures will not increase very much even in the situation in
which the greenhouse gas concentration will increase moderately (rcp-4.5 climatic
scenario). As such, the impact will be weak on this pine stand.
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Only in the situation in which the greenhouse gas concentration will increase
significantly (by applying the rcp-8.5 scenario) we can talk about problems. In this
context, the annual average temperature limit will be exceeded from 2053 up to 2075
when substantially high values will lead to a medium impact.

Legend
o Temperature
A\ Precipitation

Bl Severely damaged forest stands
[ Medium damaged forest stands

Minimally damaged forest stands
Figure 7. The impact of climatic changes on pine stands in the rcp-8.5 climatic
scenario

5. Conclusions

The present paper has used climatic scenarios in the context of moderate and
significant changes of greenhouse gas concentrations in order to analyze the effects on
the Scots pine forest ecosystems from Transylvania’s plateau.

The combination of high temperature values intercalated with time periods with low
precipitation values will be present in future decades in both climatic scenarios and will
test the resistance of pine forest ecosystems or of those in which pine predominates.
This context will also have an impact on stand productivity.

Amongst all pine stands installed in Transylvania, Lechinta will be the most tested
in the future by these two climatic factors.

For the rcp-4.5 climatic scenario, pine stands will be weakly affected by annual
average precipitations. In the same scenario, the impact of temperatures will also be
weak, with a single exception - Lechinta.

It is mandatory to verify and use future climatic scenarios for other areas from our
country where the same species is present as well as for other species in order to see
how they will be affected in the future. Based on these results, we can take the best
management measures for stands as well as establishing decisions for installing future
stands.
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