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This study was objectively carried out to show the trend of climatic variables to determine the effect of climatic
variables on seasons and assess the response of phenology of a tree rhododendron Rhododendron arboreum Sm.,
kaphal Myrica esculenta Buch.-Ham. ex D. Don and the Nepalese alder Alnus nepalensis D. Don at Bakte, Devithan
and Nagarkot forests of Kavreplanchok district, Nepal. Climatic data such as rainfall and temperature from 1947 to
2016, were collected. Maps of selected sites were prepared and stratified into tree rhododendron, kaphal and Nepalese
alder block. Altogether 60 samples having 10 x 10 m were collected from different directions (South, North, East
and West). The diameter and height of seedlings were recorded and temperature was registered between February 18
to March 15, 2018. The total of 50 households was surveyed to get familiar with the ideas about climate change and
its impacts on phenology. The result showed the highest average annual temperature around 17.41 °C in 2012, while
rainfall was recorded highest about 2345.5 mm in 1985. The estimated highest monsoon temperature was 22.61 °C
in 2012 and the lowest 8.93 °C in winter 1997. The (1947-2016) winter rainfall shows increasing by 0.05 mm but
monsoon rainfall is decreasing by 2.99 mm annually. Direct measurements of temperature for 26 days showed the
highest 26.5 °C on March 14 and the lowest 21.8 °C in February 18, 2018. The highest number of flowers of tree
rhododendron and kaphal was found in southern aspect. The flowering started 15-30 days earlier its normal date,
which was also confirmed by local people. Height growth of seedlings of tree rhododendron was 1.5 cm at southern
aspect. This research will be useful for science community and policy makers.
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INTRODUCTION face temperature data show a warming of 0.85 (0.65

to 1.06) °C over the period of 1880 to 2012. The

Climate change is related to the change in the six countries of South Asia — Nepal, Bangladesh,

state of climate that can be identified due to the
changes of mean values and the variability of its
properties persisting for an extended period, typi-
cally for three decades or longer (IPCC..., 2015).
Globally averaged combined land and ocean sur-
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Bhutan, Maldives, India and Sri Lanka are facing
serious problem regarding climate change (Zeppel
etal., 2014). During the past century, warming up of
about 0.75 °C has been observed. Nepal’s average
annual temperature rose at the rate of 0.03—-0.06 °C
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between 1997 and 2005, with higher rate in moun-
tainous than in low land (Gurung, Bhandari, 2009;
MOoEP..., 2010). The climate of Nepal is warm-
ing at lower rate compared to the global average
of 0.74 °C per decade recorded in the twentieth
century (Yang et al., 2017). The irregularity of cli-
matic conditions has increased the risk of flood and
drought, which have a direct effect on agriculture,
forestry and other natural resources of South Asia
(Walther et al., 2002; Schmitz et al., 2003; Tyliana-
kis et al., 2008).

The plants’ phenology is the most important
characteristics of the plants, which have altered due
to climate change (Yang, Rudolf, 2010). Specifical-
ly, the phenological characteristics like flowering,
fruiting, leaf shading, sprouting, growing, repro-
duction, pollination, germination, etc. are affected
because of the changes in temperature and rainfall
(Visser, Both, 2005; Navarro-Cano et al., 2015) ac-
cording to space and time. Higher altitudinal vari-
ations over short distance and rapidly increasing
climate changes are making the situation tough for
Nepal. The impacts of climate change are vivid in
least developed, landlocked, and mountainous coun-
try. Nepal is also highly affected by climate changes
because of hilly and sloppy terrain. The hilly slope
aspect causes a high response to temperature vari-
ations. In fact, temperature is the most responsive
parameter to climate change impacts. Any changes
in temperature cause the shifting of plant phenol-
ogy and growth (Zhang, Liu, 2012; Rai, 2015). The
growth is related to the changes of diameter and
height of the plant, while the reproduction is con-
nected with flowering and fruiting period.

Fig. 1. Map of study area.
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At the present there exists convincing evidence
of climate change. Media report the news related to
the changes of phenological characteristics of Rho-
dodendron arboreum Sm., Myrica esculenta Buch.-
Ham. ex D. Donand Alnus nepalensis D. Don in
Nepal. However, the studies to showing the phe-
nological dynamic of the plant species are limited.
Therefore, this research was carried out to show
the trend of climatic variables (rainfall and tem-
perature), estimate the effect of climatic variables
on seasons and assess the response of phenology of
Rh. arboreum, M. esculenta and A. nepalensis due
to climate change.

MATERIALS AND METHODS

Study area. This study was conducted at
three different forest sites, namely ThuloLek CF,
Gakhureshwor CF, and Shree Daura Bishauna CF in
Kavrepalanchowk district, Nepal. This district is lo-
cated between 85°24' to 85°49" E and 27°31'33.24"
N. Mean annual temperature vary from 9 °C (win-
ter) to 28 °C (summer). The average annual rainfall
is ranging from 1300 to 2687 mm depending on the
sites. The district covers an area of 1404.86 km?
(Fig. 1).

Data collection methods. Both primary and
secondary data were collected. Primary data in-
clude field records, samples and household survey
while the secondary data include the climatic vari-
ables and literature. The map of the study site was
prepared and stratified based on the species domi-
nancy particularly Rh. arboreum, M. esculenta and
A. nepalensis (Fig. 2—4).
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Fig. 2. Aspects in Bakte, Kavre, Nepal.
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Altogether 60 sample plots having 10 x 10 m
were established in the field. Specifically, five plots
in each aspect (South, North, East and West) were
established to collect the data. Two series of obser-
vations were carried out particularly between 12 to
15 February, and between 19 to 23 March, 2018.
The observations were focused on recording the
phenology of flowering, fruiting, seed falling, leaf
falling, sprouting including seedling growth meas-
urements, pest and disease occurrence and their
samples collection, species composition and distri-
bution, etc. The photographs of budding and flower-
ing were taken on 19 February 2018 from southern
and eastern aspect, while another photograph were
taken on 20 February, from southern and western
aspects. The photographs of diseased and infected
leaves, bark, buds, flowers, etc. Were made in the
field. Moreover, relevant examples demonstrating
phenology from books, journals, articles, magazines,
internet papers, newspapers, research publications,
etc. were collected (Jackson et al., 1994; Kayastha,
2002). In addition, the rainfall and temperature data
of Dhulikhel station collected from the Department
of Hydrology and Meteorology (DHM) are used to
analyze the climatic pattern, such as rainfall since
1947 to 2016 and temperature since 1987 to 2016.
Besides, aspect-wise daily temperature was also re-
corded for 26 days (18 February to 15 March, 2018)
in the field using temperature recorder.

All together 50 households were surveyed to
collect the ideas on climate change and its impact
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Stratified Forest at Devithan, Kavre Nepal
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Fig. 3. Aspects in Devithan, Kavre, Nepal.
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Stratified Forest at Nagarkot, Kavre Nepal
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Fig. 4. Aspects in Nagarkot, Kavre, Nepal.

on flowering, fruiting, leaf shading, sprouting sea-
son etc. The respondents were, in general, more
than 50 years old and information was collected
from their own experience. Additionally, a group
discussion was conducted to gather information re-
garding the changes in forest development, changes
in phenological characteristics, etc.

Data analysis. The collected data were analyzed
using descriptive and inferential statistics. The trend
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analysis was made to show the variation in temper-
ature and rainfall. The responses of the observers
were related with the observed climatic data. The
aspect-wise variation in phenology of the plants was
compared with literature to find the temporal shift-
ing in present phenology of plants. Photographs of
diseased infected samples were matched with avail-
able information and photographs from Google
engine. In addition, expert consultations were recor-
ded to identify diseases and pests in the plants.

RESULTS AND DISCUSSION

Climatic data analysis for assessing climate
change. The average temperature and total rain-
fall varied according to the time period. The re-
sult shows the increasing trend of average annual
temperature. Particularly, it was the highest around
17.41 °C in 2012, while the rainfall was very low
(nearly 916.6 mm). The highest rainfall was record-
ed about 2345.5 mm in 1985, while the average an-
nual temperature was as low as 16.63 °C (Fig. 5).

The highest rainfall was recorded in 1985 with
2345.5 mm and this year average annual tempera-
ture was 16.63 °C (less) it was minimum in 2012,
with 916.6 mm and the average annual temperature
being the highest around 17.41 °C. The above fig-
ures show that the average annual temperature was
the highest in 1999 and total annual rainfall was the
lowest in 2012. The variation in temperature and
rainfall will have obvious effect on the phenology
of the plants.

Comparison of winter, pre-monsoon, mon-
soon and post-monsoon seasonal rainfall. As far
as rainfall and temperature are concerned, there
are four seasons in Nepal. Specifically, December,
January and February are winter months in Nepal,
which is the coldest and most dry season. March to

May months are considered as pre-monsoon season
when the thunderstorms are common. June to Sep-
tember months are monsoon (rainy) season, while
October and November months are the post-mon-
soon season.

Seasonal rainfall of Dhulikhel. The records of
winter rainfall were positively correlated with the
year, though R?> was much less — 0.001. The high-
est winter rainfall was recorded and amounted to
160 mm in 1962. The correlation between annual
pre-monsoon rainfall vs year shows positive cor-
relation, with R? equal 0.005. It was the highest
rainfall, which was recorded around 430.2 mm,
but it was the lowest (about 40.4 mm) in 2002 and
1954, correspondingly. The monsoon rainfall was
decreasing between 1947 to 2015. The correlation
between rainfall vs year was 0.047. The highest
rainfall was recorded in 1954 (2131.2) and in 2013
(677.4 mm). The annual rainfall of post-monsoon
period was negatively correlated with the year as
R? was equal to 0.011. The highest rainfall was re-
corded in 1985 (about 271.7 mm) which was fol-
lowed by 264.4 mm in 1999. The pre-monsoon and
monsoon rainfalls were very changeable compared
to the rainfall of other seasons (Fig. 6).

Seasonal annual average temperature of Dhu-
likhel. The temperature varied according to seasons.
The highest average annual temperature 22.61 °C
was recorded in 2012, while the lowest temperature
8.30 °C was recorded in 2015 (Fig. 7).

The average annual temperature records were
quite static in monsoon season, while there was
a dramatic variation in temperatures of other sea-
sons. The diverse temperatures are the indicators of
strong influence on plant phenology.

Summary of seasonal temperature and rainfall
of Kavreplanchok. The summary records of tem-
perature and rainfall show that there was a correla-
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Fig. 7. Variation in temperature according to seasons. Dotted lines shows linear equilizing finctions.

tion of time periods with temperature and rainfall.
The average annual temperature records before
2012 positively changed and the same results were
found for rainfall (Table 1). The estimated highest
monsoon temperature was 22.61 °C in 2012 and the
lowest (8.93 °C) in winter of 1997.

Phenological dynamics of plants Rh. arboreum,
M. esculenta and A. nepalensis. The temperature re-
corded in Dhulikhel at 12 : 30 pm between 18 Feb-
ruary to 15 March, 2018. Fig. 8 shows 26 days
(18 February to 15 March, 2018) temperatures at
12:00 noon. The highest daily temperature was re-
corded around 26.5 °C on 14 March, 2018 and the
lowest daily temperature was 21.8 °C on 18 Febru-
ary, 2018.
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Aspect-wise temperature variation. The tem-
perature also varied according to the aspect. The
highest daily temperature around 16.8 °C was re-
corded at southern aspect, but it was the lowest
(12.6 °C) at Northern aspect (Fig. 9).

Phenological dynamics of Rh. arboreum,
M. esculanta and A. nepalensis based on litera-
ture and observations of residents. The time shift
was recorded in phenology of Rh. arboreum. Early
flowering of Rh. arboreum was observed one month
earlier. The observations of people and field data
on fruit ripening of M. esculenta differed from the
previous data in literature. The fruit ripening period
was shifted about 15 days earlier compared to the
past period (Table 2).

CUBUPCKUM JIECHOM XYPHAJL Ne 4. 2019
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Table 1. Seasonal average annual temperature and rainfall variation

Climate parameter Highest record & Year | Lowest record & Year R? Correlation
Average annual temperature, °C (records till 2012)
Overall 17.8 1999 16.19 2001 0.006 +ve
Winter 11.83 2006 8.93 1997 0.001 +ve
Pre-monsoon 19.98 1999 16.4 1987 0.049 +ve
Monsoon 22.61 2012 21.09 1991 0.014 +ve
Post-monsoon 17.35 1998 12.38 2001 0.031 —ve
Annual rainfall, mm, till 2016
Annual rainfall 23454 1985 916.6 2012 0.037 —ve
Winter 160 1962 — - 0.001 +ve
Pre-monsoon 430.2 2002 40.4 1954 0.005 +ve
Monsoon 2131.2 1954 677.4 2013 0.047 —ve
Post-monsoon 271.7 1985 — - 0.011 —ve

Note. Lowest value of rainfall is not recorded since records were 0 mm.
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Fig. 8. Observed temperature reading of Dhulikhel, Kavreplanchok.
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Fig. 9. Aspect wise temperature variation.

Aspect-wise variation of plant phenology. The
phenology of Rh. arboreum also varied according
to the aspect. The south aspect is the warmest in the
mountains so it showed the earliest flowering and
seeding and seedling growth. The field observations
show the variation in temperature according to the
aspect (Table 3).

Daily temperature was the highest (around
20.3 °C) at the south aspect, which was followed by

CUBUPCKU JIECHOU YKYPHAJL Ne 4. 2019

about 18.9 °C at the east aspect. The start of flowering
was observed at the east aspect, while full blossom-
ing was recorded at the south aspect (Fig. 10, a—d).

Association of plant species. Pinus roxburghii
Sarg. is frequently found in hot and sunny places
of subtropical altitudinal range. During field obser-
vations it was associated with plant RA. arboreum,
while Rhododendron L. was generally found in
temperate zone of Nepal.
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Table 2. Plant phenology based on literature and observations of residents

Observations of residents Literature data .
Phenology - - - - Difference
Starting date Final date Starting date Final date
Phenology of RA. arboreum
Leaf falling Regular changes Evergreen species | Evergreen species
of leaves over the year
Sprouting Just the same - Just the same Just the same
Budding 1% week of January -
Flowering 29 January 15 April March, 1 End of May 1 month
Fruit ripening and maturity I week of March End of April | August-March August-March
Phenology of M. esculenta
Leaf falling Regular changes - Evergreen species | Evergreen species
of leaves over the year
Sprouting Just the same - Just the same Just the same
Flowering 15 February 15 March Not found Not found
Fruit ripening & maturity 15 April Last week of | Last week of July | 15 days
April
Phenology of A. nepalensis
Leaf falling February March Not found Not found
Sprouting Fagun (March) April Just the same Just the same
Flowering 1 October 16 October Last week Last week 1 month
of October of Novemder
Fruit ripening & maturity November December December January 1 month
Table 3. Aspect-wise effect of plant phenology in Bakte, Kavre
Phenology Aspects
of Rh. arboreum North West East South
Budding Delay Earlier than Earlier than Earlier than
in the north in the north and west in the north and west
Flowering Delay Just the same Just the same Just the same
Seedling growth Slow Faster than Faster than Faster than
in the north in the north and west n the north and west
Insect and pest occurrence Low Low Higher than Higher than
in the north and west in the north and west
Common insect & pest name Fungi, defoliator
Infected parts Leaf, stem, shoot, flower.

Local people stated that 10 years before there
was no P. roxburghii at that location, it was obser-
ved just 200-300 m below the site though now it
shifted in the upward direction, especially at south-
ern aspect. They remark there was an increase in
vegetation density and composition. There ap-
peared, namely, P. roxburghii, Schima wallichii
Choisy, 4. nepalensis, Quercus L. spp., Rh. arbo-
reum, M. esculenta and Castanopsis indica A. DC.

Aspect-wise seedling growth. The growth per-
formance of Rh. arboreum, A. nepalensis and M. es-
culenta varied according to aspect (Amatya et al.,
2016).
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First measurements were conducted from 12 to
15 February, 2018 and second measurements of the
same plants were made from March, 19 to 23, 2018.
The height growths of seedlings of RA. arboreum
were 1.5, 1.2, 0.8 and 0.7 cm at southern, eastern,
western and northern aspect, respectively, within
35 days. The diameter growths of Rh. arboreum
were 0.2 for each in the South and East aspects.
The height growths of seedlings of A. nepalensis
were 6 cm, 8.3 cm, 7.6 cm and 4.1 cm at southern,
eastern, western and northern aspects, respectively,
while that of diameter was the highest (0.5 cm) at
southern aspect. The height growths of M. esculenta
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Fig. 10. Aspects of Rh. arboreum flowering in Kavre: a — bud sign, records from North aspect, Bakte; » — bud, records
from West aspect, Nagarkot; ¢ — blooming, records from East aspect, Kosipari; d — flowering, records from South
aspect, Bhumlu.

seedlings were 2.4, 1.8, 1.6 and 1.2 cm at southern,
eastern, western and northern aspects, respectively,
while the highest diameter growth was 0.3 cm in the
south aspect (Table 4).

Dynamics of climatic variables. Temperature
and rainfall are the main climatic variables that
we used for the identification of climatic variation.
The trend of average temperature has been increa-
sing while it was decreasing in annual rainfall. It
shows the decreasing trend of total annual rainfall
(Kripalani, Kulkarni, 1997; IPCC..., 2007). Hence,
these data ontemperature and rainfall agreed with
the observations of residents during the field survey.
Some literature data showed warming up and irreg-
ularity in rainfall. Globally averaged combined land
and ocean surfacetemperature data indicate warm-

CUBUPCKUU JIECHOU XYPHAJL Ne 4. 2019

ing of 0.85 (0.65 to 1.06) °C over the period from
1880 to 2012 (IPCC..., 2014). Average temperature
in Nepal raised at the rate of 0.03—0.06 °C per an-
num from 1997 to 1994 (Gurung, Bhandari, 2009).
The atmospheric temperature and rainfall variations
showed location and seasonal specificity. There
were changes in rainfall patterns (high, low, and in-
tensive rainfall), according to the seasons (IPCC...,
2014).

The rate of decreasing for monsoon and post-
monsoon rainfalls was higher than that of increas-
ing rate of winter and pre-monsoon rainfall, which
showed that the rainfall was decreasing and the
drier days were increasing. All seasonal tempera-
tures were positively correlated with year except
post-monsoon temperature till 2012. Winter, pre-
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Table 4. Growth performance for seedlings of plants according to aspects

Height, cm . Diameter, cm .
Aspects - Height growth, - Diameter growth,
p First Second cm First Second cm
observation observation observation observation
Rh. arboreum
North 50.5 51.2 0.7 2.5 2.5 0
South 69.3 70.8 1.5 3.7 3.9 0.2
East 73.5 74.7 1.2 4.5 4.7 0.2
West 48 48.8 0.8 3.6 3.7 0.1
A. nepalensis
North 50.5 56.5 6 3 34 0.4
South 91 99.3 8.3 3.7 4.2 0.5
East 26.5 34.1 7.6 1.3 1.7 0.4
West 56.6 60.7 4.1 3.1 33 0.2
M. esculenta
North 70 72.4 2.4 2.8 3.1 0.3
South 67.6 69.4 1.8 2 2 0
East 9.5 11.1 1.6 1.7 1.9 0.2
West 86 87.2 1.2 3.9 4 0.1

monsoon and monsoon temperatures was increas-
ing by 0.003, 0.023 and 0.006 °C, respectively.
From 2013 to 2016 there was erratic variation of
temperature for all four seasons, since the tem-
perature was increasing during that period. The
seasonal temperature and rainfall data shifted from
this particular season to that of the next, which may
result in the seasonal variation from the previous
and present seasons. Seasonal changes are caused
by the tilting of the Earth, while the monsoon
weather systems are due to the land-sea tempera-
ture differences caused by solar radiation (Huffman
etal., 1997).

When the Earth rotates and revolves around
the Sun, different seasons occur due to different
land masses of the northern and southern hemi-
spheres. Predicted temperature increase in the late
21 century and early 22" century will cause fre-
quent changes and shifts of the monsoon precipita-
tion up to 70 % below normal levels (Schewe, Lev-
ermann, 2012). Not only will this affect the Indian
summer monsoon, but the onset of monsoon over
Southeast Asia may also be delayed up to 15 days in
the future (Goswami, Mohan, 2001; Gadgil, 2003).
Distributional changes in the monsoon and climate
change extend to cause less precipitation in summer
and a delay in the onset of the East Asian summer
monsoon (EASM). On 24 July 2004, the scenario
was different as northeastern India and Bangladesh
showed an early monsoon onset and experienced
maximum flooding that caused a death toll of ap-
proximately 1000 people across South Asia (Loo et
al., 2015; Tejavath et al., 2017).
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Phenology of plants. Due to the increasing trend
of temperature in the southern aspect, there occur
early flowering, fruiting, fruit ripening, etc. (Singh
et al., 2016). We have found that flowering takes
place a month earlier for Rh. arboreum than its pre-
vious calendar date, the flowering of M. esculenta
also started earlier than its normal period. Diseases
and pathogen attacks were also remarkably high at
southern belt. Mostly leaf and bark of Rh. arboreum
and A. nepalensis were affected by fungi, defolia-
tors, etc. M. esculenta was also attacked by insects
but to a lower extent. The ecological consequences
are certain to occur due to climate change (Inouye,
2008). Such climate change manifestations have ap-
peared in the Kumaun Himalayan region in the form
of early flowering and fruiting of native trees, such
as Rh. arboreum (Kumar, 2012; Gaire et al., 2014).

Relationship between forest vegetation and cli-
mate change. Plants live on atmospheric CO,, get
their food using CO, and sunlight during photosyn-
thesis. Carbon amounts to about 50 % of plants’ dry
weight, forest soil stores largest amount of carbon in
forest ecosystems and plants above soil level store
about 20-30 % of carbon (IPCC..., 2014). Atmos-
pheric carbon gets stored in plants, soil, grass and
leaf litter. This carbon is emitted into atmosphere
when forest products decompose or get destroyed
by different processes. Emission rate of carbon in
the process of deforestation (forest fire, felling) is
greater than that of natural emission, which brings
about climate change (The melting Himalayas...,
2007; IPCC..., 2007). Human activities in the for-
est (mainly deforestation and forest degradation)
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cause 17.4 % of greenhouse gas emission (IPCC...,
2007).

Carbon stock (amount) in the forest all over
the worldis greater than atmospheric carbon stock.
Therefore, efficient management of the forests can
store more carbon than deforestation and degrada-
tion of forests release into the atmosphere. Most
physiological processes in plants occur 0—45 °C.
General optimum is 20-30 °C (or sometimes 12—
35 °C) but this calendar is disturbed due to differ-
ences in temperature and rainfall (Hasanuzzaman et
al., 2013). There occur changes of species habitat
(Davis, Shaw, 2001). B. P. Kayastha (2002) de-
scribed the home range of RA. arboreum which was
1500 up to 3300 m altitudinal range, but the obser-
vations showed that its range is at lower alttude of
1372 m, 1. e. the range is shifted.

CONCLUSION
AND RECOMMENDATIONS

The total and seasonal temperature and rainfall
are very irregular. The phenology especially flower-
ing and fruiting periods of Rh. arboreum, M. escu-
lenta and A. nepalensis were shifting and match-
ing with the people’s perception of early flowering,
fruiting and ripening. The species association is also
changing these days. The study will be useful for
scientific community and policy makers to recog-
nize the impacts of climate change, though inten-
sive studies are required to further develop climate
change science and phenology of the plant.

We are immensely indebted to Mr. Prem Prasad
Khanal, Mr. Nukshe Krishna Shrestha, Mrs. Nir-
mala Khadka, Mr. Manish Panta, Mr. Dhrub Gaida,
Mpr. Suraj Sanjel, and Mr. Madhav Nepal for their

precious help and support during field study.
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Impact of climate change on phenology of Rhododendron arboreum Sm., Myrica esculenta Buch.-Ham. ex D. Don...

YK 581.5:582.091/093:630*1

BJIUSSHUE UBMEHEHUN KJIUMATA HA ®EHOJIOTUIO
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]IaHHoe HCCIICAOBAHUEC NPEAINIPUHATO C LICJIbIO YCTAHOBJICHUA TPECHAA KINMMATHICCKUX M3MCHECHUM U BBISBIICHUS MX
BJIMSIHUSL B Pa3HbIe CE30HBI To/la Ha ()EHOJIOTMYECKUE PEeakllni pOJOACHAPOHA ApeBecHoro Rhododendron arboreum
Sm., katnxans! Myrica esculenta Buch.-Ham. ex D. Don u onbxu Henanbckoit Alnus nepalensis D. Don Ha nec-
HBIX yuacTkax bakra, JleButan u Harapkot Kaspemnandokckoro paifona B Henane. bsutn coOpansl Ki1MMaTudeckue
JaHHbIe 00 ocaakax u temmeparype ¢ 1947 mo 2016 r. [loaroToBieHs! 1 HAHECEHBI HA KapThl OTOOPAHHBIC YIACTKU
MpOU3pacTaHus POAOACHAPOHA APEBECHOTO, KAaTIXallbl M OJIbXH Henalbckol. Beero ux 6b110 BEIOpano 60 pazmepom
10 x 10 M B pa3HbIX MeCTaX, OPUEHTUPOBAHHBIX Ha IOT, CEBEP, BOCTOK U 3amaj. PeructpupoBain JuaMeTp U BBICOTY
CesTHIIEeB, a TaKXkKe TeMIeparypy B nepuoj ¢ 18 despans mo 15 mapra 2018 1. Onpomreno 50 qoMoBIaAebIEB IS
TOTO, YTOOBI Y3HaTb UX MHCHHUC O BJIMSHUW U3MCHCHHSA KJIMMara Ha (l)eHOJIOFI/IIO. Pe3yHbTaT IIOKa3aJl HauBBbICHICC
3HAYEHUE CPEHEroI0Bol TeMmepaTypbl okono 17.41 °C B 2012 r, Torna kak HauOOJbIIee KOJHMYECTBO OCAIKOB
(2345.5 mm) 3a¢pukcupoBano B 1985 r. Camas BBICOKasi TEMIIEpaTypa MyCCOHHOTO mepuoaa cocrasuna 22.61 °C B
2012 1., a camas Hu3kas (8.93 °C) — 3umoii 1997 1. YcTaHOBJIEHO, YTO KOJTMYECTBO OCAIKOB B 3UMHUH mepuoz ¢ 1947
o 2016 . exxeronHo yBennuusanock Ha 0.05 MM, a B MyCCOHHBIN Tepro/l yMeHblIanoch Ha 2.99 mMm. M3mepenue
TemIepaTypsl B TedeHue 26 aueit B 2018 r. mokasano, 4To camoe BbIcokoe 3HaueHue (26.5 °C) 6suto 14 mapra, a
camoe Huskoe (21.8 °C) — 18 ¢espais. Hanbomblee KOTHUECTBO LIBETKOB Y POLOJACHAPOHA IPEBECHOTO U KATIIXAJbI
oOHapy>KeHO Ha MPOOHBIX y4acTKax B F0XKHOHM yacTh. LIBeTenne ormedeno Ha 15-30 aHel paHblie 0OBIYHOTO CPOKA,
YTO TAKKE MOATBEPAUI OMPOC MECTHBIX XkuTenel. [IpupocT cesiHIeB poIoACHAPOHA APEBECHOTO COCTAaBMI 1.5 cM
Ha IOXHBIX Yy4acCTKax.

KaroueBrble cioBa: memnepamypa, Koauiecmeo OCGaKOG, CE30H, MYCCOH, pocm, eblcoma, YyeeneHue, I’lJlO()OHOWEHue,
JlecHas pacmumenbHoCcmy, ¢6H0ﬂ02ull€CKa}l ()uHaMuKa, Henan.
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