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Abstract Extended
Introduction

Increased greenhouse gas emissions and intensified changes in climate variables can negatively affect
various groups, including water resources, the environment, industry, health, andragticulture. Future
climate change may alter species distribution and abundance;“drive local, extinctions, and cause
phenological and physiological shifts. Because plants cannot move quickly or individually, they respond
to environmental changes with a relatively long delay, and identifying the c&equences of climate
change on plant distribution is an important step in determining conseryation strategies. Therefore, in
the present study, an attempt has been made to initially examing trend of climate change in
Mazandaran province using two optimistic and pessimistic scenatios baseéd on the models of the Fifth
and Sixth Intergovernmental Panel on Climate Change. Then, using the time series of the Normalized
Difference Vegetation Index (NDVI) and lofig-term temperatute and precipitation data in the past, the
status of vegetation in the province's rangelands was evaluated using the random forest algorithm, and
after determining the pattern of changes, the status ofitlfe rangelandsias the main habitat of medicinal
plants in the future was predicted.

Materials and Methods

The study area in the present study issMazandaran province in northern Iran. The maximum altitude of
this province is 5670 meters above sea level, andiitsdminimum altitude is -23 meters below sea level. At
14 selected meteorolegical stations.in the'province, first, temperature and precipitation data for the base
period (1985-2005) andithe future period (2030-2060) of climate change models were predicted based
on the fifth and"sixth reports under optimistic (RCP2.6 and SSP1-2.6) and pessimistic (RCP8.5 and
SSP5-8.5) scenarios. Inthepresent study, ten\bioclimatic variables introduced by Hijmans et al. (2005),
along with three'main altitudinal,variables (elevation, slope, and direction), were used as descriptors of
medicinal’ plant habitats: Sentinel-2 satellite images were used to investigate land use changes,
especially to determine ‘r}ygelands as the main habitat of medicinal plants in Mazandaran Province.
Normalized DifferencéVegetation Index (NDVI) time series were generated to investigate changes in
rangelandhareain the long term.

Resultsvand Dis}ssion

Zoning of the rate of change of minimum, maximum, and precipitation temperatures in 14 synoptic
stations of Mazandaran Province was carried out using the CNRM-CM5 and CNRM-CM6-1 models
under two optimistic and pessimistic scenarios. Alasht, Rineh, Kajur, Baladeh, and Siahbisheh are the
common stations in the fifth and sixth optimistic scenario reports that have a decreasing rate of
minimum temperatures. It is noteworthy that Rineh, Kajur, and Siahbisheh are known as the main
habitats of medicinal plants with a great diversity of species due to their untouched and natural
rangelands, and an increase in minimum temperatures in the pessimistic scenario can be a threat to these
natural habitats and reduce the diversity of plant species. The study of maximum temperature changes
shows that the number of stations with decreasing rates of maximum temperature changes in the
CNRM-CM6-1 model is greater than in the fifth report model, and in the optimistic scenario it increases
from five stations in the fifth report to seven stations in the sixth report, and in the pessimistic scenario
it increases from one station to four stations. The study of precipitation changes in optimistic scenarios
shows that the precipitation rate in coastal stations is increasing. Considering the rate of maximum and
minimum temperature changes that have increased in all coastal stations, the increasing rate of
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precipitation can be related to the increase in evaporation from the sea surface. It is also important to
note that in areas such as Mazandaran province, which has a variety of elevations and in many areas the
distance from the sea to the mountains is small, the probability of precipitation can increase with
increasing air humidity; of course, these precipitations have a more flooding pattern and will expose
coastal areas to the risk of water erosion. A notable point in the pessimistic scenarios is the increase in
the number of mountain stations where precipitation will increase. It seems that the positive slope of
the increase in maximum temperature in these areas will cause a significant amount of solid
precipitation to change its status and change to liquid precipitation in the future, which will lead to an
increase in the rate of precipitation changes in the future. Bioclimatic variables in the near future, the
trend of temperature and precipitation changes, and the pattern of time series changes of the NDVI
index were entered into the random forest algorithm, and the zoning of medieinal plant habitats in the
near future was obtained according to the figure below.
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V‘ig 1. Rangeland Desirability in the Near Future

The habitat of medi?ﬁgl plant species in the rangelands and forests of Mazandaran province will
decrease by about four percent in the near future in the pessimistic scenario compared to the optimistic
scenario. In optimistic scenario, according to the fifth report, about 80 percent of the rangelands
have exeellent and good suitability as habitats for medicinal plants, and in the sixth report, the share of
habitats withhgood suitability increases significantly compared to habitats with moderate suitability. In
other words, many moderate habitats are included in the group of good habitats, which is due to the
balanced changes in minimum temperature and improvement in precipitation rates in the optimistic
scenario of the sixth report. Habitats with excellent and good suitability will decrease to about 65
percent in the pessimistic scenario, which is affected by the increase in minimum and maximum
temperatures. Also, the occurrence of flooding in many mountainous areas has led to water erosion,
which reduces vegetation cover, especially medicinal plants. This issue requires attention to solutions
to protect rangelands from erosion and the use of appropriate strategies to control runoff and flood
flows.

Conclusion

The distribution patterns of plants are highly dependent on the climatic conditions of the environment,
and precipitation and temperature play an essential role in the distribution and establishment of different
species. According to the results, the middle and foothill regions of Mazandaran province will face the



highest rate of minimum temperature increase in the near future (1.84 C on average), and this increase
is higher in the pessimistic scenario (2.29 C on average). According to the sixth report, more stations
will have a minimum temperature decrease rate. The average change rate of precipitation in the
optimistic and pessimistic scenarios is 1.39 and 0.8 mm, respectively, which is in relative agreement
with the spatial pattern of maximum and minimum temperature, and precipitation will increase in the
areas that will become warmer in the future. Finally, today climate changes not only affect the
distribution of medicinal plants, but also cause changes in all aspects of their lives and endanger their
lives by affecting their phenology, reproduction and reproduction, as well as secondary metabolites. On
the other hand, excessive harvesting, land use change, and recent droughts have caused these valuable
species to be endangered. Therefore, the results of predicting the distribution of species and the
suitability of habitats can be used to deal with potential climate changes. |
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Table 2. Description of bioclimatic variables used in predicting futuré€ habitats of medicinal plants
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Fig 2. Change rate of annual minimum temperatures with CNRM-CMS5 and CNRM-CM6-1 by various
scenarios in the near future
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Fig 3. Change rate of annual maximum temperatures with CNRM-CMS and CNRM-CMG6-1 by various
scenarios in the near future
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