BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

UDC 911.2:551.58
Varduhi Gurgenovna Margaryan,
PhD (Geography), Associate Professor of the Department of Physical Geography and Hydrometeorology,
Yerevan State University, 1 Alek Manoukian Str., Yerevan, 0025, Armenia,
E-mail: vmargaryan@ysu.am, https://orcid.org/0000-0003-3498-0564

ASSESSMENT OF CLIMATIC TREND OF AIR TEMPERATURE AT THE EARTH SURFACE IN
THE CONTEXT OF STABLE DEVELOPMENT (CASE OF GYUMRI CITY)

B.I. Mapzapan. OJEHKA KIUMATHYECKOI'O TPEH/IA TEMIIEPATYPbI BO3/1YXA Y IIOBEPXHOCTH 3EM-
JIH B KOHTEKCTE CTABHJ/IBHOI'O PA3BUTHA (HA IIPUMEPE I'OPO/JA T'IOMPH). H3yuenue u oyenxa xonebanuil
memnepamypel 6030yXd, 8 0COOEHHOCHU 6 YCIOBUAX OXHCUOAEMbIX USMEHeHUll Kaumama, npuobpemaem ocoOylo akmyanbHOCHb U
cnewiky. B mo orce epema oyenka 6pemMeHHbIX usMeHeHUuti memMnepamypubl 6030YXa 8AXCHA KAK 2apanmus CmabuibHo20 paseumus u
3a/102 NepcneKmuBHO20 pa3eumus IKOHOMUKU.

Lenvto dannoii pabomul a6naeMCcs GoIACHUMb, NPOAHATUZUPOBAMb U OYEHUMNb 3AKOHOMEPHOCMU OUHAMUKU USMEHEeHUs meMne-
pamypwi 8030yxa 6 2opode lompu.

Jna pewenus smotii 3a0auu cobpamsl, ymouHensl U NPOAHAIUIUPOBAHDL PE3VIbMamyl hakmuieckux Habao0enuli 3a memnepa-
mypotui 6030yxa memeocmanyuu Itompu, komopwvle xpanamcs 6 ponoe oannvix « Crysucovl no 2udpomMemeoporocuu U akmueHOMY 603-
Oeticmeuio Ha ammocepnvie asnenusy MYC Pecnybauxu Apmenus. B npoyecce uccnedosanus npoananusuposansl u ymouHeHsl
coomeemcmeyoujue aAUmepantypHbie UCMOoYHUKY, UCNONb306AHbl MAMEMAMUKO-CIMAMUCMUYECKUL, IKCMPANONAYUOHHDII, UHMePNo-
JAYUOHHDLIL U KOPPENAYUOHHBI MEMOObL.

Tonyuena mHo2ohaxmopHas KopperayuoHHas céa3b Mexcoy cpeoHell 2000801 memMnepamypoti 8030yxa U aOCoOTOMHbIM MAK-
CUMANBHBIM U MUHUMATILHLIM 3Hauenusmu 20poda Lompu. Technas KoppersyuoHHas cesa3b NOLYyYeHa MAaKHce Melcoy CpeOHUMU 2000~
BLIMU U IKCHPEMATLHBIMU 3HAYEHUAMU MeMNepamyp NPu3eMHo20 Cl0s 8030yXa U AOCONIOMHBIX MAKCUMATLHBIX U MUHUMATLHBIX
3HAUeHUll nogepXHOCmU nouebl copoda lompu. Dmo daem B03MOICHOCHb PACCHUMAMb 3HAYeHUe KAKOU-TubO Xapaxkmepucmuxu
memnepamypol, umes opyeoe. Ommemum, 4¥mo 3umMoll cpeoHue 3HaYeHUs MmeMnepamypvl 6030YXa MAal0 OMAUYAIOMCA OM CPEOHUX
3HAYeHUll meMnepamypsvl HO8EPXHOCMU NOYGbl. Dma paznuya pacmem u 0ocmuzden MakCUMyma 1emom (Uionb-aezycm).

B pesynomame uccnedoanus 6bIACHUIOCH, YMO CONACHO (AKMUYECKUM OAHHLIM memnepamypbl 6030yxa, 6 2opooe Iiompu
HAb00aemcs: meHOeHYUs. POCMA 3HAYEHUL CPEOHUX 20006bIX U AOCOTIOMMHBIX MAKCUMATLHBIX MeMnepamyp 6030yxa, a aOCOMOMHbIX
MUHUMATGHBIX 3HAYEHUL — MeHOeHYuUst NoHudIcenus (6 abconiomuom cmoicie). To ecms, Ha uzynaemol meppumopul 6 menioe epems
2004 02ICUOAemcs poc 3aCYWNUBOCIU U OCYULeHUs KIUMAMA, a 8 XONLOOHOe 8peMsl 2004 — CMsA2YeHUe.

Taxas 3akoHOMepHOCMb NPUCYWA makKdice Opyeum pecuonam pecnyonuxu. Iloomomy neobxooumo ocywecmenenue KOMNIeKc-
HBIX MepOnpuAmuil N0 a0anmayuy K nocie0CmeusiM UsMeHeHUs meMnepamypbl 6030yXa, a maxdice yuecmsb 3mo npu pazpabomke
npospamm CoyUanbHO20, IKON02ULECKO20 U IKOHOMUHECKO20 PAZGUINU.

Kntouegvie cnosa: memnepamypa 6030yxa, KiuMamuieckuii mpeno, OUHAMUKA USMEHeHUs, U3MeHeHUe KiumMamad, cmaduibHoe
paszsumue, Iompu.

B. I. Mapzapan. OLJIHKA KJIIMATHYHOI'O TPEH/]Y TEMIIEPATYPH IIOBITPA Y IIOBEPXHI 3EMJII B KOH-
TEKCTI CTAJIOT O PO3BUTKY (HA ITPHKIIAJI MICTA 'FOMPI). BusuenHs i OyiHKa KOAUBAHb MeMNEPanypu nogimpsi, 0co-
61160 8 YMOBAX OYIKYBAHUX 3MIH KIIMamy, HaOYeac ocobIu8ol akmyanbHocmi i nocnixy. Y moii gice uac oyinka mumuacosux 3min
memnepamypu NOSIimpsl 8aiCIUBA AK 2APAHMIsL CMAN020 PO3GUMKY Ul 3ANOPYKU NEPCREKMUBHO20 PO3BUMKY eKOHOMIKUL.

Memoro oanoi pobomu € 3’scysamu, npoaHaizysamu i OYIHUMU 3aKOHOMIPHOCII OUHAMIKU 3MIHU meMnepamypu noeimps 6
micmi 'ompi.

s supiwenns ybo2o 3a60aHHs 3i6paHi, YMOUHeHi | NPOAHANI306aHI Pe3yIbIMAmu PAKMUYHUX CNOCIMEPENCEHb 34 MeMNnepa-
mypoio nosimps memeocmanyii I'tompi, axi 36epicaromocs y ¢ponoi danux « Cyacobu no 2iopomemeoposio2ii ma akmueHOMY GNIUGY
Ha ammocgepHi asuway MHC Pecnybnixu Bipmenia. ¥ npoyeci 0ocniodcents npoananizosano ma ymouHeHo 8i0nosioni imepamy-
PHI Odicepena, 8UKOPUCMAHO MAMEMAMUKO-CINAMUCIUYHUL, eKCIPAanoaAyitinull, iHmepnoiayitinuil i KopeasyiiuHui Memoou.

Ompumano 6azamopaxmopruii KoperayiliHull 38 30K MidiC cepeOHboI0 PIUHOI0 MeMNepamypoio nogimps i abcoIOMHUM MAK-
cumanvHum i MinimanoHum 3nadenuamu micma I'rompi. Tichutl KopenayitiHull 36 30K OMPUMAHO MAKONIC MIdHC cepeOHiMU PIYHUMU |
EeKCMPEeMANbHUMU SHAYEHHAMU MeMNePAMmyp NPU3EMHO20 Wapy NoGimps i a6CONOMHUMU MAKCUMATLHUMU | MIHIMATLHUMU 3HAYEH-
HAMU nosepxui tpynmy micma Itompi. Lle 0ae mooicnusicms pospaxysamu 3nayuenns 6y0b-aKoi Xapakxmepucmuku memnepamypu,
Marouu inwe. Biosnauumo, wo 63uMKy cepeOHi 3HaueHHs meMnepamypu nogimpsi Maio iOPi3HAIOMbCsL 610 CepeoHiX 3HaAUeHb memne-
pamypu nogepxui ipynmy. L{a pisnuys 3pocmae i 0ocacae Makcumymy 6nimxy (1uneHv-cepnens).

B pezynomami docnioscents 3’acys8anocs, wo 32i0H0 3 paxmuyHuMy Oanumu memnepamypu nogimps, 6 micmi I lompi cnocme-
pieacmuvcs menoeHyis 3pOCMAnHs 3HAYEHb CePeOHIX PINHUX | aOCOMOMHUX MAKCUMATLHUX MeMNnepamyp noeimps, a abconomHuux
MIHIMATLHUX 3HAYEeHb — MeHOenyisn 3uudicents (6 abcontomuomy 3uavenni). Tobmo, na mepumopii, wjo 6ue4AEMbCA, 8 MENTY NOPY
POKY OYIKYEMbCA 3DOCMAHHA NOCYWAUBOCI | OCYUWEHHS KIIMAMY, A 8 XON00HY NOPY POKY — HOM SAKUIEHHS.

Taka 3aKOHOMIPHICMb BIACMUBA MAKONC THUWUM pecionam pecnyoniku. Tomy nHeobXione 30iUCHeH ST KOMIJIEKCHUX 3aX00i6 Wo-
0o adanmayii 00 HACNIOKI68 3MIHU MeMnepamypu nogimps, a MaKoX*C 8paAxyeamu ye npu po3pooyi npozpam coyianbHo20, eKoa0iy-
HO20 Ma eKOHOMIYHO20 PO3GUNIKY.

Knrwuoei cnosa: memnepamypa nogimps, KiimamuyHuii mpeHo, OUHAMIKA 3MIHU, 3MIHU KIIMAmy, cmanui po3eumox, 1 ompi.

Introduction cesses of interaction between the connections of the
Air temperature characterizes the state of one  climatic system. The role of air temperature is very
of the climate system’s components - the atmos-  important in the formation of runoff, evaporation, in
phere. This is determined by the peculiarities of so-  the formation and disappearance of ice phenomena,
lar energy distribution on the earth’s surface, pro- in heat and moisture circulation, as well as during

© Margaryan V. G. https://doi.org/10.26565/2410-7360-2019-50-09
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frosts, droughts and desertification. The role of the
thermal regime is vital in water consumption and
crop production.

Therefore, the identification and assessment
patterns of temporal air temperature distribution is
of particular importance, especially in water bal-
ance, the effective use of thermal resources.

Therefore, taking into account the above, the
purpose of the work was to identify, analyze and
evaluate patterns of dynamics change of the air tem-
perature of Gyumri city.

To solve the suggested problems appropriate
researches [2, 6-7, 13, 17-18, 20-21] have been used
as a theoretical base. As the source material — the
actual data of long-term observations of the air tem-
perature of the Gyumri weather station, stored in the
funds of the Ministry of Emergency Situations of
the Republic of Armenia «Service for hydrometeor-
ology and active influence on atmospheric phenom-
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ena». As a methodological basis the following
methods were applied in the work: complex, math-
ematical-statistical, geographical, correlation, ex-
trapolation, analysis.

Study area

Gyumri weather station is located in the re-
gional center of Shirak marz of the Republic of Ar-
menia, in Gyumri city, at an altitude of 1523 m (Fig.
1). By population (119.9 thousand inhabitants, as of
January 1, 2014) and by its significance it continues
to be considered the second city of Armenia, after
the capital Yerevan. The western part of the city is
high, consisting of two heights, table shaped. The
relief is flat, slightly dissected, covered with lake-
river and volcanic sediments 300-350 m thick locat-
ed in the 8-9 points seismic zone. The Gyumri, Jajur
and Cherkez small rivers flow through the territory
of Gyumri.

Gyumri is located in the northern part of the
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Fig. 1. Location of Gyumri city in the Shirak region

Shirak plain, on the left bank of the Akhurian River,
originating from Lake Arpi. It is located at a dis-
tance of 118 km from Yerevan,the height above sea
level is about 1550 m. The Shirak plain is surround-
ed by the Pambak mountain range from northeast,
east and southeast, its mountain spurs are 52-100 m
from the meteorological area, exceeding its height
by 200-500 m. Mountain Aragats (4090 m) lies in

the northeast area, at a distance of about 40 km. All
surrounding mountains are covered with grassy veg-
etation.

Gyumri meteorological station was founded in
1843, where continuous meteorological observa-
tions have been carried out since 1893. However, in
1961, the place of the meteorological area was
changed, as a result of which the uniformity of
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number of observations was disturbed. Thus, in the
paper, the actual data of air temperature observa-
tions from 1961-2018 are discussed and analyzed.

Results

The paper collected and processed the results of
actual observations of the air temperature of Gyumri
weather station, which are summarized in Table 1.

In general, the climate of Gyumri is continental
with relatively warm summers and cold winters. The
average amplitude of the annual fluctuations in air
temperature is 23.2-35.8 °C, the absolute amplitude
is 50.8-68.9 °C. In winter there are sometimes se-
vere frosts, the minimum temperature can drop to -
36.0. The winter is snowy and cold and lasts from
December to March inclusive. Spring is short and
cool. It lasts only 1.5 months. Summer is relatively
warm, from the beginning of June to the end of Sep-
tember. Autumn stands out for its warmth. Autumn
months are warmer than spring months. This is an
important feature of the thermal regime not only of
the study area, but also of the republic. The reason is
that in spring there is still snow cover. Snow melts,
it is cloudy and precipitation is heavy. The number
of sunny days per year in Gyumri is the biggest in
the republic. The average annual rainfall is 340-736
mm (average 500 mm).

In the study area, the warmest months are July-
August, with an average monthly air temperature of
19.9, and coldest one is January, with an average
monthly air temperature of — 8.56 (Table 1). Accord-
ing to the average annual air temperature in Gyumri,
the coldest year was 1973, and the warmest year
was 2018. It is necessary to note that 2010, 2018

were also the warmest years in Armenia for the en-
tire period of observation.

The absolute minimum air temperature for the
entire observation period was recorded on January
21 1972 and was -36.0 °C, the absolute maximum
value was recorded on July 9 1986 and was 38.0 °C.

Thus, during the year there is a well pro-
nounced course of average absolute maximum and
minimum air temperature values (fig. 2). During the
year, according to the actual daily average data, the
monthly average maximum values are observed in
July, and the minimum values — in January. In some
years, the lowest average monthly air temperature
can also be observed in December or February.
Sometimes there may be years when equal values of
mean monthly air temperature are observed in July
and August during the year. The average minimum
and average maximum values of air temperature
also have a well-defined inter-annual distribution:
minimum values are observed in January, maximum
values — in July-August.

A multi-factorial correlation relationship (cor-
relation R=0,68) between the average annual air

temperature (T ) and absolute maximum (Tmax )
and absolute minimum (T,,i,) values of Gyumri city

was obtained. This relationship can be expressed as
the following equation:

T =017Tmax +05T iy +4,71.

This will make it possible to pre-calculate the
average annual air temperature, having absolute
maximum and minimum values.

Table 1
Monthly and annual average and extreme values of air temperature
At the meteorological station of Gyumri
Months
Year
Ll fwm ] wv | v [ vifve|vin] x| x | x1 | xu
Average

-8.56 | -6.97 [ -0.12 | 7.01 | 11.7 | 159 |19.9] 198 ] 156 | 889 | 1.79 | -4.97 | 6,66
Average maximum

-1.92 | 031 | 574 | 104 | 137 | 198 [ 236|233 ] 192 | 113 | 534 | 1.20 | 9,62
Average minimum

-15.7 | -145 | 620 | 340 | 9.14 | 131 | 169 168 | 127 | 404 | -331 | -11.7 | 4,66
Absolute maximum

9.20 | 140 | 215 | 26.8 | 293 | 331 [38.0|370 | 351 | 274 | 196 | 176 | 380

Average absolute maximum

3.78 | 6.02 | 140 | 21.0 | 247 | 29.0 [ 326327 [ 297 | 237 | 154 | 7.80 | 335
Absolute minimum

-36,0 | -350 | -27,7 | -16,0 | -7,60 | -3,60 | 0,30 | 1,90 | -3,70 | -12,5 | -23,0 | -30,0 | -36,0

Average absolute minimum
241 ] -229]-162] 652 ] 085 | 3.06 | 6.98 | 7.04 | 151 | -474 | -12.0 | -20.1 | -26.4
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Fig. 2. Annual course of air temperature observed at the meteorological station of Gyumri
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Fig. 3. Correlation link between average annual values of air and soil surface temperature

A close correlation relationship (correla-
tionR =0,90) was also obtained between the air
temperature of the surface layer of the atmosphere
and the average annual values of the soil surface
temperature of Gyumri city (Fig. 3). This will make
it possible to calculate the value of any temperature
characteristic, having a value of the other. Close cor-
relations are also obtained between the extreme val-
ues of air and soil temperatures. This type of de-
pendency is obtained both for individual regions of
the republic and for its entire territory. Note that in
winter, the average air temperature values differ lit-
tle from the average temperature of the soil surface.
This difference grows and reaches its maximum in
summer (July-August).

It is very important to know periods of the av-
erage daily temperature transition through certain
limits (0, 5, 10, 15 °C) for different sectors of the

-128 -

economy, in particular, agriculture in spring and au-
tumn, the number of days with these values and
their sum. This determines possibility to cultivate a
particular crop in a given place. For most agricultur-
al crops, the active growing season begins during
the period of average daily temperatures above 10.0
°C. The annual total of active temperatures above
10.0 °C is taken as an indicator of the heat supply of
the growing season (Table 2). In the study area this
period is on average observed from the beginning of
May to the first decade of October and lasts 157
days.

As a result of the research, it has turned out that
there is a tendency of growth of average annual and
extreme (absolute maximum) values in the air tem-
perature of Gyumri city (Fig. 4, 5). We note that this
pattern is also characteristic of other regions of the
republic and the world. [1, 3-5, 8-12, 14-16, 21].
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The dynamics of changes in the air temperature of
Gyumri city in a monthly section was also studied.
It shows dynamics of changes in the values of aver-
age annual and absolute maximum monthly air tem-
perature, characterized by a tendency of growth ex-
cept the values of December. As for the values of
absolute minimum monthly air temperatures, it
should be noted that with the exception of April,
there is a tendency of monthly values growth for all
other months. This means that in Gyumri, in the
warm period of the year an increase in aridity and
climate drainage is expected in the region, in the
cold period of the year — mitigation, and in Decem-
ber — an increase in severe weather. We note that in
the study area there is also a tendency of growth in
the annual values of heat indices.

These changes will have an inevitable conse-
quence on the change in the components of the hy-
drothermal balance of the study area, imbalance of
ecosystems, as well as on the social, ecological and
economic development of the city. Therefore, an
ecosystem approach should be adaped to this change
in air temperature and to implement integrated adap-
tation measures to mitigate the effects of change.

The paper attempts to determine the average
annual air temperature values of the city of Gyumri
in 2030, 2070 ad 2100 using the extrapolation
method. As a result, it has turned out that if the
move above the indicated change continues, the ave-

rage annual value of air temperature will increase
compared to the current norm: in 2030 - 0,09 °C
(1,37 %), in 2050 - 0,27 °C (4,12 %), in 2070 - 0,48
°C (7,32 %), in 2100 - 0,85 °C (13 %).

In Gyumri city we have a stocking factory, sug-
ar and beer factories. «Gyumri», «Alexandrapol»
beer factories, «Lusastgt Shugre» Armenian-
American building units and etc.are also known
here. It means that the increase in air temperature in
Gyumri is mainly due to the microclimatic and local
features of city. So, in order to reduce or prevent
further increase in air temperature, it is very im-
portant to plant a green area and create small pools.
On the other hand, it is necessary to monitor the im-
plementation and preservation of these works.

Changes in air temperature and precipitation in
Armenia are estimated for different periods, and
results of which are used in the first, second and
third national communications of the Climate
Change of Armenia [15-16]. The results show that
over the past decades there has been a significant
increase in air temperature in Armenia. Moreover, in
1935-96 in relation to the base period (1961-1990)
the average annual temperature increased by 0.4 °C,
in 1935-2007 period - by 0.85 °C, in 1935-2012 - by
1.03 °C. These results show that temperature in-
creases significantly. Since 1994, deviations of av-
erage annual temperatures compared with the aver-
age for 1961-1990 were only positive.

Table 2
Total average daily temperatures through 0; 5,0; 10,0; 15,0 °C in spring
and autumn, the increasing order
Air temperature, Months
c | I m | v | v VI VI VI IX X Xl Xl
0,0 12 | 206 | 566 | 1022 | 1618 | 2213 | 2661 | 2919 | 2982
5,0 156 | 516 | 972 | 1568 | 2164 | 2612 | 2869
10,0 314 | 770 | 1366 | 1962 | 2409 | 2642
15,0 568 | 863 | 1459 | 1661
10,00 T
y =0,0326x- 58,251
9,00 + R?=0,2591
O 800
o
5 700 ¢
p=] L
oy
2 6,00 -
5
= 5,00
4,00
5960 f&qb(j f&OJﬂ'Q ,@f\‘o :\"%%0 \9%6) xqqg rxojq(g 1@0 1@6 1’0’&0 'LQ’\'(’ 'LQ’]’Q

Fig. 4. Dynamic change of average annual values of air temperature in Gyumri
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Fig. 6. Deviation of summer (a) and winter (b) temperatures in the territory of Armenia in 1935-2012
from the average values for 1961-1990 [15].

Over various seasons of the year ambient air
temperature changes exhibit different trends. In
1935-2011 the summer average temperature in-
creased by about 1.1 °C, and extremely hot summers
have been observed over the last 17 years (1998,
2000, 2006, 2010) (Fig. 6a). Winter temperature
changes look different: seasonal mean temperature
increases are insignificant at 0.40C (Fig. 6b) [15].

The regional climate model allows to obtain
more detailed information on climate in the regional
scale. It is the Hadley Centre model HadRM3P,
identical with the regional climate model (RCM)
used within PRECIS with horizontal resolution
0.22° x 0.22° (25 x 25 km). It uses data from the
HadAM3P atmosphere-only global model to provide
its lateral boundary conditions. The HadRM3P
model simulation output data for the baseline period
of 1961-1990 and the future projections of the cli-
mate (2071-2100) for A2 emission scenario have
been studied in detail. Averaged results of the fore-
casts for Shirak, made with MAGICC/SCENGEN
computer software, are presented in Tab. 3. Signifi-
cant and continuous increase in temperature is fore-
casted by both various GCMs, as well as by the ag-
gregate mean. All GCMs indicate exceptional
warming throughout the year: the increase in tem-
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perature is somewhat higher in hot months of the
year, as compared to the cold ones, thus underlining
the trend of continuous increase, if not intensifica-
tion, from the one observed in Armenia during the
20th century [19].

Temperature changes in different regions of the
territory of the Republic of Armenia and in different
seasons have different tendency. Table 3 shows
changes in seasonal and annual temperatures com-
pared to the average for 1961-1990, according to
PRECIS model under A2 scenario of IPCC in Shirak
[19].

However, according to our research, the indi-
cated values of the air temperature change are rather
higher than the values of the expected air tempera-
ture change in Gyumri. Therefore, the assessment
and management of dynamic changes in air tem-
perature as well as the processing of mitigation
parts, need to be done locally, especially in moun-
tainous countries.

Conclusions

Thus, the research results have led to the fol-
lowing conclusions and suggestions:

- The features and patterns of the spatial- tem-
poral distribution of air temperature are caused by
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Table 3
Changes in seasonal and annual temperatures (°C) compared to the average
for 1961-1990, according to PRECIS model under A2 scenario of IPCC [19]

Winter Spring Summer Autumn Annual
2030
1 | 1 | 1 | 1 | 1
2070
3 | 3 | 3 | 3 | 3
2100
3-5 | 3-5 | 3-6 | 4-6 | 4-6

the complex effect of physical-geographic and an-
thropogenic factors;

- In a number of long-term data, there is a ten-
dency of average annual and extreme values of air
temperature growth;

- Despite many studies that have been done, so
far there are no systematic studies to identify the
causes of changes in air temperature and the availa-
ble ones concern only its individual aspects. So, it is
advisable to continue systematic and comprehensive
research and develop further forecasts using new
models;

- assessing the tasks of changing air tempera-
ture will get the right decision in the event that it
reveals the connections with other components of
the complex natural space under conditions of direct
human exposure.

It is necessary to:

- re-equip Gyumri weather station with modern
equipment (especially automatic);

- raise public awareness of climate change and
its effects;

ges in air temperature;

- implement organizational, legal, institutional,
technical measures to mitigate the effects of climate
change and adapt the economy to new environmen-
tal condition;

- strengthen scientific studies of climatic prob-
lems and introduce new technologies;

- develop real climate scenarios;

- develop programs of measures aimed at miti-
gating the negative effects of changes in air temper-
ature;

- finance sufficient implementations by the
state and foreign donor organizations The imple-
mentations made should be transparent to society,
aimed at some specific programs and monitored by
disinterested bodies;

- develop and implement advanced training
programs, periodic organization of educational pro-
cesses, professionally develop specialists;

- implement and provide international scientific
and educational cooperation, strengthening interde-
partmental cooperation.

- assess ecosystem’s vulnerability due to chan-

References

. Fei Ji Chassignet Evolution of land surface air temperature trend [Text] / Fei Ji, Zhaohua Wu, Jianping Huang and
Eric P. // Article in Nature Climate Change. Published online: 4 May 2014. https://doi.org/10.1038/nclimate2223.

. Mapeapsan B.I. 3axonomeprHocmu npocmpancmeeHHO-6PeMEeHHbIX U3MeHeHUll memnepamypul 6030yxa 6 Pecnybonuxe
Apmenus [Texem] / B.I. Mapeapsin. // Aeponayka nayunwiii sicypuan. — Ep.: Hz0-60: 340 PLJCCX., 2005. — Ne 7-8. —
C. 361-367. [Ha apmsanckom szvike)

. Margaryan, V.G. The features of air thermal behavior (1935-2006) in Armenia [Text] / V.G. Margaryan // Abstracts
of the International Geographical Union Regional Conference “Bridging Diversity in a Globalizing World” CD —
ROM, Tel Aviv, Israel, 2010.

. Margaryan, V.G. The dynamics change of average annual values of air temperature in instrumental period (on the
pattern of mountainous territory of the Republic of Armenia) [Text] / V.G. Margaryan // The Conference Global Cli-
mate Observation: the Road to the Future, 2-4 March, Amsterdam, pp. 37-38. — 2016. Available at: Ab-
stracts_GCOS_Science_Conference_2-4March2016.pdf (accessed: 20.06.2016).

. Margaryan, V.G. The problems of change climate conditions for the period of over the last century over mountainous
territory of Armenian Republic [Text] / V.G. Margaryan // Abstract book: Zaragoza 5th Open Science Meeting.
Global challenges for our Common Future a Paleoscience Perspective, 9-13 May, Zaragoza, Spain. —2017. — P. 310.
. Margaryan, V.G. Estimation of dynamics change of atmospheric air temperature of ground layer of Gyumri city
[Text] / V.G. Margaryan // Book of abstracts. 3rd international scientific conference Geobalcanica 2017. 20-21 May,
2017. Skopje, Republic of Macedonia. — 2017. — P. 27.

. Margaryan, V.G. Analysis and assessment of regularities of temporary changes of ground layer air temperature (on
the example of Gyumri city) [Text] / V.G. Margaryan // 3rd International Conference Environment and Sustainable

-132-



BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

Development of Territories: Ecological Challenges of the 21st Century. Kazan, Russia 27-29 September 2017.
2017. — Pp. 204-208.

8. Margaryan, V.G. Assessment of the Dynamics of Changes in Extremely High Temperatures of Atmospheric Air in the
Surface Layer of Large Cities of Armenia in the Context of Stable Development [Text] / V.G. Margaryan // 10th In-
ternational Conference on Urban Climate/14th Symposium on the Urban Environment. August 6-10, 2018, New York
City, USA.

9. Margaryan, V.G. (2018). Evaluation the dynamics change of annual air temperature in instrumental period over
mountainous regions of Armenian Republic. [Text] / V.G. Margaryan // Book of Abstracts: GEWEX Convection-
Permitting Climate Modeling, Il Sept. 4-6, 2018, Boulder, CO, USA. — P. 28.

10. Margaryan, V.G. The vulnerability and risk assessment of agricultural crops in the conditions of expected climate
change in the Republic of Armenia [Text] / V.G. Margaryan, G.V. Guloyan // Book of Abstracts: MACSUR Science
Conference, 22-24 May, Berlin, 2017. — P. 103.

11. Margaryan, V.G. Assessment of viticulture and winemaking vulnerability in the expected conditions of climate
change in Ararat valley and foothills [Text] / V.G. Margaryan, M.S. Mkhitaryan //Book of Abstracts: MACSUR Sci-
ence Conference, 22-24 May, Berlin. -2017. - p. 102.

12. Margaryan, V.G. Assessment and analysis of heat provision vulnerability in the main wine-producing region of Ar-
menia (Ararat valley and foothill area) within the context of expected climate change [Text] / V.G. Margaryan, M.S.
Mkhitaryan // Ukrainian hydrometeorological journal. — 2018. — Issue 21. — Pp. 28-34.

13. Margaryan, V.G. Estimation of dynamics change of average and extreme annual values of atmospheric air tempera-
ture of ground layer of Gyumri [Text] / V.G. Margaryan, L.M. Simonyan // ICUC9 - 9" International Conference on
Urban Climate jointly with 121" Symposium on the Urban Environment. Toulouse. July 20-24. — 2015.

14. Mei Zhao Pitman The impact of land cover change and increasing carbon dioxide on the extreme and frequency of
maximum temperature and convective precipitation [Text] / Mei Zhao and Andrew J. Pitman // Geophysical research
letters. — 2002. — Vol. 29. — No. 6. https://doi.org/10.1029/2001g1013476.

15. Ministry of Nature Protection of the Republic of Armenia. Armenia’s Third National Communication on Climate
Change [Text]. — Yerevan: Lusabats. — 2015. — 165 p.

16. Heinewnee cocmosiHue KiumMamuieckux ciysich u nepcnexkmugsl passumus 6 Apmenuu [Texem] // Munucmepcmeo
upesgviuatinbix cumyayui Pecnyonuku Apmenus. Tocyoapcmeennas ciyxcba euopomemeoponrocuu u MOHUMOPUH2A.
—Ep., 2013. — 62 c. [Ha apmsinckom sizvixe]

17. Richard Wartenburger. Seneviratne Changes in regional climate extremes as a function of global mean temperature:
an interactive plotting framework [Text] / Geosci. Richard Wartenburger, Martin Hirschi, Markus G. Donat, Peter
Greve, Andy J. Pitman, and Sonia | // Model Dev., 10. —2017. — Pp. 3609-3634.

18. Santer, B.D. et al. Statistical significance of trends and trend differences in layer-average atmospheric temperature
time series. [Text] / B.D. Santer, T.M.L. Wigley, J.S. Boyle, D.J. Gaffen, J.J. Hnilo, D. Nychka, D.E. Parker and K.E.
Taylor // Journal of geophysical research. — Vol. 105. — 2000. — No. D6. — Pp. 7337-7356, 7337—7356.

19. Second National Communication of the Republic of Armenia under the UNFCCC. Ministry of Nature Protection of
the Republic of Armenia, UNDP/GEF Armenia 2010 [Text] / — Yerevan, «Lusabats» Publishing House. — 2010. —
132 p.

20. Bapoansin T.I" Memeoponocus u knumamonozust. Yued. nocobue ons gyzoe [Texem] / T.I. Bapoansin, B.I” Mapeapsn.
— Epesan: H30-60 «Acmxux Ipamyny, 2014. — 532 c. [Ha apmsnckom s3.]

21.Wu, Z. On the time varying trend in global-mean surface temperature [Text] / Zhaohua Wu, Norden E. Huang, John
M. Wallace, Brian V. Smoliak, Xianyao Chen // Clim. Dynam. — No. 37. — Pp. 759-773. Springer-Verlag 2011.
https://doi.org/10.1007/s00382-011-1128-8

UDC 911.2:551.58
Varduhi Margaryan,
PhD (Geography), Associate Professor of the Department of Physical Geography and Hydrometeorology,
Yerevan State University, 1 Alek Manoukian Str., Yerevan, 0025, Armenia,
e-mail: vmargaryan@ysu.am, https://orcid.org/0000-0003-3498-0564

ASSESSMENT OF CLIMATIC TREND OF AIR TEMPERATURE AT THE EARTH SURFACE
IN THE CONTEXT OF STABLE DEVELOPMENT (CASE OF GYUMRI CITY)

Formulation of the problem. The study and assessment of air temperature fluctuations, especially in
conditions of expected climate change, is of particular relevance and haste. At the same time, the assessment
of temporary changes in air temperature is important as a guarantee of stable development and a long-term
economic development.

The purpose of the article. The purpose of this work is to find out, analyze and evaluate the patterns of
the dynamic changes in air temperature in Gyumri city.
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To solve this problem, the results of actual observations of the air temperature of the Gyumri weather
station, stored at the Ministry of Emergency Situations of the Republic of Armenia «Service for Hydromete-
orology and active influence on atmospheric phenomena» have been collected, refined and analyzed.

Methods. In the course of research we analyzed and clarified appropriate literary sources, using mathe-
matical-statistical, extrapolation, complex, analyze and correlation methods.

Results. A multifactorial correlation relationship was obtained between the average annual air tempera-
ture and its absolute maximum and minimum values of Gyumri city. A close correlation was also obtained
between the average annual air temperature and its absolute maximum and minimum values of Gyumri city,
between the average annual and extreme values of the surface air temperature and the absolute maximum
and minimum values of the soil surface of Gyumri city. This makes it possible to calculate the value of any
temperature characteristic, while having the other one. Note that in winter the average air temperature values
do not differ much from the average soil surface temperature values. This difference grows and reaches its
maximum in summer (July — August).

As a result of the research, it turned out that according to the actual data on the air temperature in
Gyumri city, there was a tendency for the average annual values and absolute maximum of the air tempera-
ture to rise, while the absolute minimum values showed a downward trend (in the absolute sense). That is, in
the study area in the warm season, an increase in aridity is expected on climate drainage, and in the cold sea-
son — a softening.

In the work we tried to define the monthly average values of air temperature in Gyumri in 2030, 2070,
2100, using the extrapolation method. The result shows that if the changing process continues, the annual
average values of air temperature will increase with comparison to current normal: in 2030 — 0.09 °C
(1.37 %), in 2050 — 0.27 °C (4.12 %), in 2070 — 0.48 °C (7.32 %), in 2100 — 0.85 °C (13 %).

This pattern is also characteristic of other regions of the republic. Therefore, it is necessary to imple-
ment integrated measures to adapt to the effects of air temperature changes and take this into account when
working out programs for social, environmental and economic development.

Keywords: air temperature, change in dynamics, climatic trend, stable development, Gyumri.
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