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Abstract. Dictyocaulosis remained one of the most prevalent helminthic infections in global sheep farming,
inflicting substantial economic losses on the industry. The aim of the research was to study the efficacy of
treatment methods for dictyocaulosis in sheep. The article presented the results of research on the efficacy of
various antihelminthic drugs in the treatment of sheep dictyocaulosis caused by the nematode Dictyocaulus filaria.
Diagnosis was carried out comprehensively, including epizootological data, clinical signs (coughing, emaciation,
digestive disorders) and laboratory methods (helmintholarvoscopy according to Berman-Orlov). Three groups
of sheep receiving Nilverm 20%, Santomectin and Ivermec were formed. The efficacy was evaluated according
to the intensity and extensiveness of invasion, as well as extensiveness and intensiveness. Results showed that
Nilverm 20% and Santomectin completely eliminated infestation by the 30th, whereas Ivermec provided 85-86%
efficacy. Economic analysis revealed the highest profitability of Nilverm 20% application (91.2 RUB per 1 RUB
of costs), followed by Santomectin (87.9 RUB) and Ivermec (83.2 RUB). The study demonstrated that timely and
appropriate selection of antihelminthic drugs can significantly reduce the prevalence of dictyocaulosis in sheep
herds. The study results confirmed the high efficacy of Nilverm 20% and Santomectin in controlling dictyocaulosis
and emphasized the importance of proper selection of antihelminthic drugs to maintain animal health and
improve flock productivity. The findings provided evidence-based guidance for veterinarians and sheep farmers in
selecting the most effective and economically advantageous antihelminthic treatment for dictyocaulosis, ultimately
improving animal health, productivity, and farm profitability

Keywords: Dictyocaulus filaria; Nilverm; Santomectin; Ivermec; treatment efficacy; helminthic diseases

Introduction

Dictyocaulosis, caused by nematodes of the genus
Dictyocaulus and particularly by D. filaria, continues
to be one of the most prevalent and economically
devastating helminthic infections in global and Rus-
sian sheep farming. This chronic or acute disease,
characterised by lesions in the bronchi, bronchioles,
and lung parenchyma, inflicts multi-million-dollar

losses on the industry, manifested in direct and in-
direct costs. The resistance of this infestation to
traditional control methods, exacerbated by climate
change and the intensification of production pro-
cesses, demands new, comprehensive scientific ap-
proaches, which underscores the high relevance of
its comprehensive study.
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The epizootic situation for dictyocaulosis of sheep
in the Russian Federation and countries with developed
sheep breeding remains tense and tends to aggravate
in certain regions. This is facilitated by a complex of
interconnected factors, among which global climate
change plays a dominant role. The warming observed
in recent decades, characterised by milder and shorter
winters, early spring, increased humidity and unstable
precipitation, radically changes the conditions for the
existence of free-living stages of the pathogen. Warm
and humid weather creates ideal conditions for the rap-
id development of eggs and larvae in the environment,
significantly lengthening their survival time in pas-
tures. Studies conducted by S. Shestakova et al. (2021),
V. Domatsky & E. Sivkova (2024), in key sheep-breeding
regions of the Russian Federation, including the North
Caucasus region, Altai Territory, Vologda region, record
a shift in the beginning of the pasture season to earlier
timing and, accordingly, earlier onset of sheep infection.
In addition, as noted by M. Gulden & I. Makhova (2023),
the frequent abnormally hot and dry periods, although
negatively affecting the survival of larvae on the soil
surface, contribute to their migration to wetter micro-
zones (basal part of plants, litter), where they maintain
viability, creating hidden foci of invasion.

In parallel with climatic, anthropogenic and eco-
nomic factors have a powerful impact on the spread of
invasion. However, as noted by A. Ataev et al. (2020),
M. Zubairova et al. (2021), the most significant link in
the epizootic chain is the pasture system. Long-term,
haphazard, and often year-round grasing in the same
areas leads to their catastrophic leafiness. The ab-
sence of scientifically substantiated pasture turnover,
in which different areas would be used with a certain
interval that would allow larvae to die under the in-
fluence of adverse environmental factors, is the main
reason for the formation of persistent natural foci of
dictyocaulosis. The widespread, often uncontrolled and
haphazard use of chemical anthelmintics for decades
has created a powerful selection press, which has led to
the appearance and fixation in D. filaria populations of
genes responsible for resistance to the main classes of
drugs. Thus, study conducted by D. Hamel et al. (2021),
demonstrates an alarming situation with a decrease
in the effectiveness of drugs based on macrocyclic lac-
tones (ivermectin, moxidectin) and benzimidazoles (al-
bendazole, fenbendazole).

Studies conducted by N. Gasanaliev (2022), S. Aki-
mova & S. Fomenko (2023) show that the economic
damage from dictyocaulosis is complex and multi-level,
which makes it not just a veterinary, but also an acute
economic problem. Direct losses are most obvious and
easy to account for. First of all, this is the death of an-
imals. During enzootic outbreaks of dictyocaulesis
in disadvantaged farms, mortality among lambs can
reach 30-50%, causing irreparable damage to herd re-
production. The pathogenic impact of dictyocaulesis

on the sheep body is complex and multifaceted,
which determines the severity of the clinical course
and the severity of the consequences According to
A. Carstolovean et al. (2024), the pathogenesis begins
with the penetration of invasive larvae into the ani-
mal’s body when eating contaminated food or water.
Migrating from the intestines through lymphogen-
ic and circulatory pathways to the lungs, the larvae
make a difficult journey, injuring the tissues. In lambs,
the disease often proceeds in an acute or super-acute
form, leading to mass death from asphyxia due to com-
plete obstruction of the respiratory tract by tangles of
parasites or from acute pulmonary insufficiency.

In the light of the above, the failure of an isolated,
one-component approach to the fight against dictyo-
caulesis, based solely on chemotherapy, becomes abso-
lutely obvious. As noted by M. Vanhecke et al. (2022),
Z.-Q. Gao & J. Xing (2025), modern realities require the
development, testing and widespread implementation
of comprehensive control of dictyocaulesis. It should
include not only regular scatological studies with culti-
vation of larvae according to Berman-Orlov to identify
the species and determine the intensity of invasion, but
also the use of modern serological methods (for exam-
ple, enzyme-linked immunosorbent assay, which allow
the detection of specific antibodies. Based on the above,
the search for new highly effective drugs for the treat-
ment of sheep dictyocaulosis is an urgent problem of
veterinary science and practice.

The aim of the study was to evaluate the efficacy of
different treatment methods for sheep dictyocaulosis.

Materials and Methods

The study was conducted in 2024. The subjects of the
research were Romanov sheep infected with dictyocau-
losis. The following substances were used in the study:

Nilverm 20%. One gram of the preparation contains
200 mg of tetramisole hydrochloride as the active in-
gredient. Nilverm 20% is a fine white powder, poorly
soluble in water, supplied in 750 g cardboard canis-
ters. Tetramisole, the active component of Nilverm,
possessed a broad spectrum of anthelmintic activity.
It is effective against Haemonchus spp., Ostertagia spp.,
Trichostrongylus spp., Cooperia spp., Nematodirus spp.,
Bunostomum spp., Oesophagostomum spp., Dictyocaulus
viviparus, Chabertia ovina, Ascaris suum, Hyostrongylus
rubidus, and Metastrongylus spp. When administered
orally, tetramisole is absorbed and exerts its effect not
only in the gastrointestinal tract but also in internal or-
gans and tissues. Nilverm 20% powder is administered
once to cattle, sheep, goats, and pigs, mixed with feed at
a dose of 75 mg/kg of body weight. For fattening pigs,
the dose is 3.5 kg of the preparation per 1 ton of feed.
Administration to sheep is also possible with the drug
dissolved in water.

Santomektin. A combined antiparasitic drug.
Closantel, a component of the preparation, belongs to
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the salicylanilide class and has a broad spectrum of an-
tiparasitic action, being effective against trematodes,
certain nematodes, and botfly larvae. Closantel acts on
mitochondrial membranes, disrupting electron trans-
fer involved in the phosphorylation process, which de-
prives the parasite’s cells of their energy source, lead-
ing to its death. Ivermectin, another component of the
preparation, belongs to the macrocyclic lactone class
and has a pronounced antiparasitic effect against lar-
val and adult stages of gastrointestinal and pulmonary
nematodes, as well as against larvae of subcutaneous,
nasopharyngeal, and gastric botflies, lice, keds, and
sarcoptid mites. Ivermectin enhances the release of
the inhibitory neurotransmitter gamma-aminobutyric
acid, disrupting nerve impulse transmission in para-
sites, leading to their paralysis and death. Santomektin
is administered to animals once, subcutaneously or in-
tramuscularly, following aseptic techniques, at a dose of
1 mL per 50 kg of animal body weight. This correspond-
ed to 0.1 mg of ivermectin and 2.5 mg of closantel per
1 kg of body weight.

Ivermek. An injectable solution for the treatment
and prevention of parasitic diseases in cattle, sheep,
goats, deer, camels, and pigs. Ivermek contains as ac-
tive ingredients ivermectin (obtained by fermentation
of the fungus Streptomyces avermitilis) - 10 mg/cm?,
and tocopherol acetate - 40 mg/cm?, along with excip-
ients. The drug is administered once intramuscularly
to animals following aseptic techniques: to pigs in the
neck and inner thigh region, and to other species in the
croup or neck region at the following doses: for cattle
and small ruminants, deer, and camels - 1.0 cm? of Iver-
mek per 50 kg of body weight (200 mcg ivermectin per
1 kg of body weight).

The diagnosis of dictyocaulosis was made compre-
hensively, taking into account the following: epizooti-
ological data; clinical signs of the disease - nasal dis-
charge, cough, general depression, anemia, rapid weight
loss; results of laboratory tests — helminth larvoscopic

examination of animals was performed using the Ber-
man-Orlov method. Ten grams of feces were placed on
a metal sieve, which was then lowered into a funnel
(20 cm in diameter at the top) filled with clean water at
a temperature of up to 38°C. A 15 cm long rubber tube,
clamped with a Mohr’s clip (Germany), was attached to
the lower end of the funnel. The water completely cov-
ered the feces on the sieve, and the end of the rubber
tube was immersed in a warm test tube. After placing
the funnels in a stand, they were left at room tempera-
ture for 8 hours. Subsequently, the lower portion of the
liquid from the rubber tube was drained into centrifuge
tubes, which were centrifuged for 2 minutes. The sed-
iment was then examined under a microscope at low
magnification for the presence of larvae. When exam-
ining feces from the rectum, D. filaria was found. This
type of pathogen is twice as large in size; in males, sac-
shaped spicules, freshly isolated larvae on the head end
are equipped with a button-shaped formation. Over the
study period, a total of 84 sheep aged from one month
to 3 years were examined. A diagnosis of dictyocaulosis
was confirmed in 31 animals.

To determine the therapeutic efficacy of the anthel-
mintic preparations against ovine dictyocaulosis, three
groups of sheep, with seven animals each, were formed
based on the principle of pair analogues. Sheep were
kept under the conditions of the accepted technology
of housing and feeding (Table 1). Comparative effica-
cy of antihelminthic preparations in dictyocaulosis of
sheep was studied using four indices: Al (intensity of
invasion) - number of parasites detected in the exam-
ined animal, expressed in copies; EI (infestation exten-
siveness) - the ratio of the number of infected animals
to the total number of examined animals, expressed in
per cent; EE (extensiveness) - the percentage of ani-
mals (from the number of treated animals) free of hel-
minths; EE (intensiveness) - percentage of helminths
released after the drug administration to the number of
helminths before helminthisation.

Table.1 Schematic of the research experience

Animal group (n=7)

Preparations used

1

Nilverm 20% powder - once in mixture with feed at a dose of 756 mg/kg body weight. It is possible
to use the drug dissolved in water to sheep

Santomectin — once with observance of aseptic rules subcutaneously or intramuscularly in a dose of 1mL per 50 kg
of animal weight, which corresponds to 0.1 mg ivermectin and 2.5 mg clozantel per 1kg of animal weight

3

Ivermec - intramuscularly in the croup or neck area 1.0 cm?® per 50 kg of animal weight
(200 pg ivermectin per 1kg of weight)

Source: developed by the authors based on Galen (n.d.)

All sick animals were clinically monitored. The gen-
eral clinical condition of animals (temperature, pulse,
respiration, appetite) was monitored during treatment.
Therapeutic efficacy of antihelminthic treatment in groups
was considered according to the results of coproscopic
examination of fresh faecal samples on the 5%, 15" and

30" days after application of antihelminthics. Statistical
processing of experimental data was carried out using the
statistical analysis package for Microsoft Excel. The study
was conducted in accordance with the ethical standards of
the Code of Practice for the Housing and Care of Animals
Bred, Supplied or Used for Scientific Purposes (2014).
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Results and Discussion

During the study period, a total of 84 sheep aged from
one month to three years were thoroughly examined.
Among them, 31 animals were diagnosed with dictyo-
caulosis. Clinical signs in affected sheep were generally
non-specific but indicative of respiratory and gastroin-
testinal involvement (Table 2). The majority of animals
exhibited marked lethargy and noticeable emaciation,
while body temperature remained within physiological
norms. A persistent, wet cough accompanied by dis-
comfort was frequently observed. Respiratory distress
was evident, with animals breathing through the open
mouth, protruding the tongue, and producing excessive
thick oral mucus. Gastrointestinal disturbances were
also pronounced: appetite was significantly reduced,
diarrhea was common, and feces often contained
streaks of blood and mucus. Additionally, some sheep
displayed mucous nasal discharge, reflecting concom-
itant upper respiratory tract involvement. According
to R. Akbaev (2024), sheep kept in private household
conditions are infected with nematodes belonging to
the species Dictyocaulus filaria. However, clinical signs

of the disease in animals, such as coughing and leakage
from the nasal openings, did not appear. E. Timofee-
va (2024) in her study notes that the bottom of the fre-
quent parasitic diseases of small cattle is dictyocaulo-
sis. Due to the disease, the growth and development of
young animals slow down, there is a massive death, and
adult animals lose productivity, become weak and ema-
ciated, and are also carriers of parasites, which poses a
danger to young animals (Jolborsov et al., 2024). Dur-
ing experimental dictyocaulosis in young sheep and
following complex treatment, eosinophil reactions in
the blood are observed. Significant eosinophilia occurs
in the blood of lambs during dictyocaulosis. Deworm-
ing animals with albene does not fully restore eosino-
phil levels (Tihaya & Ponamarev, 2024). Complete re-
covery of eosinophil content in the blood of invasive
lambs occurs after complex treatment with albene in
combination with T and B-activin. The clinical signs of
dictyocaulesis are still not specific enough even when
the pathological process has reached full development,
parasites have developed and are located in large and
medium bronchi.

Table.2 Main clinical signs in sheep dictyocaulosis

Indicators Number of animals, heads
Total number of animals 31
Increase in body temperature by 0.5-1.00C 4 (12.9%)
Coughing 31(100%)
Apathy 31(100%)
Nasal serous discharge 10 (32%)
Swelling of the head, lips -
Digestive disorders, diarrhoea 20 (64.5%)

Source: developed by the authors

Studies of anthelmintic efficacy in sheep dictyocaule-
sis showed that the invasion intensity in sheep ranged
from 56.8 +2.2 to 62.5 + 3.5 specimens (Table 3). After
deworming with Nilverm 20% in the animals of the first
group, it is noted a significant decrease in the intensity
and extensiveness of the invasion. So, after 5 days, the
intensity and extensiveness of the invasion decreased,
respectively, by 1.2 times; on the 15" day - 2.2 and 3.6

times; on the 30* day of studies, Dictyocaulus larvae did
not stand out. After deworming with Santomectin in an-
imals of the second group, the decrease in the intensity
and extensiveness of the invasion was more significant.
So, after 5 days, the intensity and extensiveness of the
invasion decreased, respectively, by 1.5 and 1.2 times;
on the 15" day - 2.8 and 3.6 times; on the 30" day of
studies, Dictyocaulus larvae did not stand out.

Table.3 Intensity and extensiveness of infestation with the use of antihelminthic drugs in sheep dictyocaulosis

) Infestation
Aanalg;OUp The drug Intensity of invasion. ex. Infestation extensiveness. %
B Von Day 5 Day 15 Day 30 Day 5 Day 15 Day 30 Day 5
1 Niverm20% | g6 e.502 |4p8222% 268225 O 100 86* 28* 0
powder
Santomectin 625+6.5 |425+3.5%|225+3.5*% 0 100 86* 28* 0
Ivermec 576+43 |506+23*|376+23*| 7623 100 86* 42* 14*

Note: *-p<0.05
Source: developed by the authors

With the use of Ivermec, after 5 days, the intensity
and extent of invasion decreased, respectively, by 1.13

and 1.2 times; on the 15" day - 1,5 and 2,3 times; on
study day 30, the number of larvae was 7.6 + 2.3 with
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an invasion extensiveness of 14%. The efficacy of anti-
helminthic therapy using Nilverm 20% and injectable

Santomectin was 100%, whereas Ivermek treatment
was 86% (Table 4).

Table.4 Effectiveness of antihelminthic therapy in sheep dictyocaulosis

Animal group Efficiency, %
~ The drug
(n=7) Extensiveness Intensiveness
1 Nilverm 20% powder 100 100
2 Santomectin 100 100
3 lvermec 85 86

Source: developed by the authors

Study was consistent with the conclusions of a
number of authors on the study of the effectiveness
of anthelmintic drugs in dictyocaulosis of sheep. So,
A. Kryazhev & V. Nikitin (2018) note that the invasive-
ness of dictyocaul in various climatic and geographi-
cal zones of the Vologda region is not the same. The
highest infection was noted in the northwestern zone,
and the lowest in the southwestern zone. Parasitiza-
tion of the species Dictyocaulus viviparus has been es-
tablished. Infection of animals occurs in the summer
pasture period. Invasion extensiveness peaks in Sep-
tember (82.4%) with invasion intensities averaging
150.7 + 8.8 copies per animal. Dictyocaul larvae were
first found in feces in the second decade of June. Ani-
mals aged 1-2 years are most infected. The most effec-
tive drugs for deworming against dictyocaul are helmi-
cide and fesol. P. Magomedbegova et al. (2024) note the
high anthelmintic efficacy of gatolin, which was used
once at a dose of 20 to 40 mg per kilogram of body
weight. In studies conducted by M. Kryukova & R. Rad-
jabov (2024), the effectiveness of Alvet and Eprimek in
the treatment of sheep dicroceliosis was studied. In the
first group, the drug Alvet was used, in the second - Ep-
rimec. After administration of the drugs, the number
of helminth eggs in animal feces decreased to 10 and
3, respectively. The efficacy of the drugs was 90% for
Alvet and 97% for Eprimec. The study showed high ef-
ficacy of the drug Eprimec compared to the analogue.
Both drugs were well tolerated by animals, no painful
events or side effects were detected. Also, V. Chetvert-
nov & V. Kolesnikov (2023) found that a suspension of
praziquantel 2.5% and ivermectin 0.5% at a dose of
0.4 mL/10 kg animal weight showed 100% efficacy in
sheep dictyocaulesis.

Prevention of dictyocaulosis of sheep consists in
the implementation of planned preventive measures.
Joint and replacement pasture of sheep dictations is
also unacceptable. In the absence of the possibility of
changing pasture lands, deworming of sick animals is
carried out based on the results of diagnostic studies.
Ewes flocks are processed first after lambing. If infect-
ed young sheep are detected in the summer, all flock of
sheep is treated. So, V. Kolesnikov & S. Abakin (2023)
recommend deworming against sheep dictyocaulesis in

February, May, August and November. Under good con-
ditions of keeping and optimal nutrition of sheep, ani-
mals best withstand dictyocaulesis, remaining tolerant
to helminth invasions.

The economic damage caused by dictyocaulesis,
manifested in a decrease in overall weight gain in sheep,
is especially pronounced at the cost of therapeutic and
preventive measures. Also, cases of mass death of an-
imals are not excluded. So, according to M. Ibrahim et
al. (2013) helminthiasis causes significant deviations
in the chemical composition of sheep meat. The most
noticeable deviations in the amount of water, protein
and fat. Pulmonary nematodoses, fascioliasis and ovine
echinococcosis contribute to higher water levels and
reduce the amount of protein and fat in sheep meat.
The economic effect on the ruble of costs when using
Nilverm 20% amounted to 91.2 rubles, anthelmintics
Santomectin - 8.9 rubles, Ivermec - 83.2 rubles.

In summary, dictyocaulosis remains one of the
most significant parasitic diseases affecting sheep, with
a wide range of non-specific clinical signs including res-
piratory distress, cough, lethargy, emaciation, and gas-
trointestinal disturbances. The disease impacts animals
of all ages, leading to reduced growth and development
in young sheep, decreased productivity in adults, and,
in severe cases, mass mortality. Laboratory and clinical
studies confirm that eosinophil levels in affected lambs
increase during infection and are only fully restored
following complex treatment. Anthelmintic therapy
using Nilverm 20% and Santomectin demonstrated
complete efficacy, while Ivermec showed slightly lower
effectiveness, highlighting the importance of selecting
appropriate treatment regimens. Preventive measures,
including timely deworming and proper pasture man-
agement, are critical to minimiszing infection rates and
economic losses. The disease not only reduces overall
animal performance but also affects the quality of meat,
altering protein, fat, and water content, thus emphasis-
ing its economic significance. Overall, the findings un-
derscore the necessity of an integrated approach com-
bining effective treatment, preventive measures, and
proper animal husbandry practices to control dictyo-
caulosis, enhance flock health, and improve economic
outcomes in sheep farming.
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Conclusions
Sheep dictyocaulosis is widespread across Russia, with
infection rates among young animals on certain farms
reaching 60-80.4%. The disease is prevalent in many re-
gions of Russia and leads to severe pathological chang-
es, such as serous-catarrhal bronchitis and broncho-
pneumonia, often resulting in reduced productivity and
mortality, particularly in animals during their first year
of grasing. Clinical signs of dictyocaulosis are generally
nonspecific, including lethargy, frequent moist cough
with tenderness, mucous nasal discharge, and gastro-
intestinal disturbances. Recent years have seen the
use of various broad-spectrum antiparasitic agents for
deworming. The application of Nilverm 20% and San-
tomectin resulted in a pronounced decrease in Dictyo-
caulus larvae: by the 5% day of treatment, invasion inten-
sity declined by 1.2 and 1.5 times, respectively, and by the
15" day - 2.2 and 2.8 times, while invasion extensiveness
decreased by 1.2 times on the 5" day and by 3.6 times on
the 15 day; by the 30" day, larvae were completely ab-
sent. Treatment with Ivermec reduced invasion intensity
to 7.6 + 2.3 specimens with an extensiveness of 14% by

the 30* day. Comparative assessment of anthelmintic ef-
ficacy demonstrated that Nilverm 20% and Santomectin
achieved 100% effectiveness in both extensiveness and
intensity, whereas Ivermec showed slightly lower results
at 86% and 85%, respectively. The economic impact of
dictyocaulosis is primarily due to reduced weight gain
in sheep and significant expenditures on treatment and
preventive measures, with the potential for mass mortal-
ity further exacerbating losses. Future research should
focus on optimising treatment protocols, evaluating
long-term effects of combined therapies, and developing
preventive strategies to minimise infection and associat-
ed economic losses.
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RoIIopayH JUKTHORAY/I03YH IAPbLIOOCYHYH HATHIMARATYYIYTY
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AHHOTADUA. [[UKTHOKAyIe3 AYHHOJYK KO 4ap06aublIbITbIH/[A 3H KEHUPU TapaJiTaH reJIbMUHTTHUK 00py/Iap/iaH
O6upu 60JyT Kasia 6epyy/e *KaHa eHep Kalra 0JIyTTyY 9KOHOMUKAJIbIK YbITbIMAAP/bI aJIbII KeJleT. U3u11eeHYH
MaKcaThbl — KOHJOP/0 AUKTHOKAYJIe31 JapblJIOOHYH bIKMasapblHbIH 3 PEKTUBAYYAYTYH U3UJI/166 GOJITOH.
Makanaga Dictyocaulus filaria HemMaTofackl MEHEH KO3TOJITOH KOW JUKTHOKAYJEe3UH AApPbLIOOJ0 ap KaHAau
AHTUTEeJbMUHTTHUK IpenapaTTapAblH HATBIMKAJAYYAyryHa OaMJaHBIIITYy H3W66HYH >KbIMBIHTBIKTAPHI
KeJITUPUJITEH. AI/IaI‘HOCTI/IKa KOMIIVIEKCTYY YPTrY3YJIT6H, 3IIU300TOJIOTUAJIBIK MaaJibIMAaTTap, KJIWHHUKAJIBIK
oesrusiep (KeTeJ1, apbIKT00, CHHUPYY Oy3yJIyycy) KaHa JlabopaTopusaabik bikMaiap (bepman-OpsioB 60r0HYa
reJIbMUHT/I0PBOCKONUSA) KoagoHyaraH. Nilverm 20 %, Santomectin »kana Ivermec ajras y4 Tomn Koi Ty3YJITeH.
JddexTUBAYYIYK MHBA3USAHBIH HHTEHCUB/YYJ/IYTY *KaHa TapaJsbllIblHA )Kapala 6aasaHraH. JKblHbIHTBIKTAP
kepceTTy, Nilverm 20 % »xaHa Santomectin 30-KyHre 4YeHdHMH MHBA3USAHBI TOJYTy MEHEH >KOK KbLITaH, aJ
aMu Ivermec 85-86 % HaTblika 6epreH. JkoHOMHUKaAbIK aHanu3 Nilverm 20 % KoJJAOHYYHYH 3H >KOTOPKY
kupeieayyayryH (1 py6sp usirbiMra 91,2 py6.sb) KepceTKeH, aH/laH KUiKMH Santomectin (87,9 py6.ib) xaHa
Ivermec (83,2 py6.ib) TypraH. U3ui/iee aHTUreJIbMUHTTHK IpenapaTTap/bl yoaKbIThIH/A XKaHa Tyypa TaHZ,00
KOMJIOPZ0 AUKTHOKAyJIe3/JUH Tapa/bllIbIH OJYTTYY TOMOH/OTO aJlapblH KepcoTKeH. U3uiiee HaThIMKalIapbl
Nilverm 20 % »xana Santomectin npenapaTTapblHbIH JAUKTHOKAy/le3Jd KOe36MeJJeIITery >XOTOpKy
3G PeKTUBAYYNIYTYH TACTBIKTAN, MaJJblH JeH COOJIYTYH CAaKTOO >aHa CTaJJap/AblH NPOAYKTUBAYYJIYIYH
YKOTOPYJIaTyy YYYH aHTUTeJbMUHTTHK NpenapaTTap/bl Tyypa TaHJAO0OHYH MaaHUJIYYJIYTYH 6aca 6esaruiesu.
AsbIHraH HaTblKasap BeTepUHapJsap >KaHa KoWuysap ydyH 3H 3PdeKTuBAyy >KaHa 3SKOHOMHKAJbIK
’KaKTaH MalJanyy Aapblioo BIKMAcblH TaHZ00TO JaJWJIJeHTeH Heru3 TY3yl, MaJJap/blH JeH COOJYTY,
MPOAYKTUBAYYJIYTY KaHa YapOaHbIH KUPeEUIeJYYJIYTYH KaKIbIPTYyTa caJblM KOIIOT

Herusrm cesnep: Dictyocaulus filaria; Nilverm; Santomectin; [vermec; retbMUHTTHK oopyJiap
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AHHOTANUA. /IUKTHOKAY/IE3 OCTAeTCsl OJHUM U3 HauboJsiee pacpoCTPaHEHHbIX TeJIbMUHTO3HBIX 3a00J1eBaHUN
B OBLIEBO/ICTBE BO BCEM MHpe, HAHOCS 3HAYUTEJbHble 3KOHOMUYECKHe YOBITKU OTpaciu. Llesbio uccaesoBaHus
6b1710 U3yyeHHe 3GPEeKTUBHOCTH METO/IOB JIeUeHUs] JUKTHOKayJ/le3a y oBell. B cTaThbe npe/icTaBeHbl pe3y/IbTaThl
rccieoBaHusl  3QEKTUBHOCTH PA3/IMYHBIX AHTUTE/JbMUHTHBIX [pPENapaToB IpU JIeYEHHH OBEYbETro
JMKTHOKayJie3a, BbI3BAHHOTO HeMaTo/[oM Dictyocaulus filaria. luarHocTUKa NPOBOAMIACH KOMIIJIEKCHO, BKJIHOYast
3MM300TOJIOTMYECKHE JlaHHble, KJIMHUYECKHe NPU3HaKU (Kallesb, WCTOIEHME, HapylLIeHHUsl MUIeBapeHus) U
JlabopaTopHble MeToAbl (reJibMUHTOIAapBocKomus 1no bepmany-OpJsioBy). Beuin chopMupoBaHbl TpH TPYIIIbI
oBel, nosy4yaBirx Nilverm 20 %, Santomectin u Ivermec. 9pdeKTHBHOCTb OlleHHBaIach 10 UHTEHCUBHOCTU U
pacmpocTpaHeHHOCTH WHBa3uM. Pe3ynbraThl nmokasasy, 4to Nilverm 20 % u Santomectin moJTHOCTBIO YCTPaHUIH
rHBa3u1o k 30-My AHI0, TOrJa Kak [vermec o6ecrneyns a¢pdeKkTUBHOCTD 85-86 %. IKOHOMHUYECKHI aHAIU3 TT0Ka3aJl
Haubosblly0 peHTabesbHOCTb NpruMeHeHHus1 Nilverm 20 % (91,2 py6. Ha 1 py6. 3aTpaT), 3a HUM CJIeI0BAJIH
Santomectin (87,9 py6.) u Ivermec (83,2 py6.). UccienoBanue mpoJeMOHCTPUPOBAJIO, YTO CBOEBPEMEHHBIN
Y NpPaBUJIbHBIN BBIOOP aHTHUIEJIBMHUHTHBIX NpPENapaToB MOMKET CYIIeCTBEHHO CHU3UTb DPACIPOCTPAaHEHHOCTb
JUKTHOKaysie3a B OBLEBOJYECKUX CTajax. [losydeHHble JaHHble MCCAeZl0BaHUS MOATBEPAUIN BBICOKYIO
a¢pdextuBHoCcTh Nilverm 20 % u Santomectin B KOHTpoJie JUKTHOKayJe3a U MOAYEPKHYJIM HeoOXOZAUMOCTb
NPaBUJILHOTO BbIGOpA AHTUIEJBMUHTHBIX MPENapaToB JJil COXPAaHEHUS 370POBbsSl KUBOTHBIX W MOBBILIEHHS
MPOAYKTUBHOCTU cTajl. [losydeHHbIe pe3ysbTaThl MPEJLOCTABJISIOT BeTePUHApaM U OBIEBO/IAM /I0KA3aTeIbHYIO
OCHOBY [Jisi BbIOOpa HauboJsiee 3$PEKTUBHOTO M 3KOHOMHYECKH BBIFOJHOrO JIeYeHHs, 4YTO CIIOCOGCTBYET
YJIY4IIEHUIO 3/J0POBbSI 2KUBOTHBIX, UX MPOJAYKTUBHOCTH U PEHTA0EIbHOCTH X035 CTBa

KRmaioueBbie ci1oBa: Dictyocaulus filaria; Nilverm; Santomectin; [vermec; rebMUHTO3HbIe 3a60JIeBaHUS
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Abstract. The relevance of the study was conditioned by the increasing impact of climate change on the
agricultural sector of the Talas region of the Kyrgyz Republic, where agriculture plays a key role in ensuring
food security, employment, and rural development. The trends of rising temperatures, decreasing precipitation,
degradation of pasture lands, and reduction of water resources directly affect the sustainability of agricultural
production in the region, making the task of assessing climate risks particularly significant. The purpose of the
study was to comprehensively assess climate change over the past decades and determine its impact on the
agricultural economy of the Talas region. The methodological basis included statistical analysis of temperature,
precipitation, humidity, wind conditions, and evaporation, processing of long-term data, and interpretation of
satellite images that reveal spatial changes in landscapes and natural resources over a period of approximately
40 years. The results showed a steady increase in the mean yearly temperature by 1.4°C and a decrease in yearly
precipitation by 9-10%. A decrease in the area of glaciers, a decrease in spring runoff, degradation of pastures, a
decrease in soil moisture supply and deterioration of conditions for agriculture were noted. The analysis of crop
yields indicated a decrease in productivity in the valley and foothill zones, which was accompanied by a decrease
in livestock production efficiency. The identified spatial differences in climate change enabled the identification
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Economy of the agricultural sector of the Talas region...

of the most vulnerable areas and the designation of zones of increased climate risk. The practical significance
of the study was to develop recommendations for the modernisation of irrigation systems, the introduction of
drought-resistant crop varieties, the adaptation of pasture management, and the creation of a regional climate
monitoring system aimed at increasing the sustainability of the agricultural sector of the Talas region
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Introduction

Climate changes in recent decades have become more
pronounced, having a significant impact on natural
complexes, water resources, and socio-economic devel-
opment of agricultural regions. Territories where the
economy is heavily dependent on agriculture and the
stability of natural and climatic conditions are particu-
larly vulnerable. For the Talas region of the Kyrgyz Re-
public, this problem is of paramount importance, since
rising temperatures, reduced precipitation, land degra-
dation and unstable water supply directly affect crop
and livestock productivity. The deterioration of climate
indicators leads to an increase in the risks of droughts,
disruption of vegetation periods, and increased water
management tensions, which makes the analysis of cli-
mate trends and their impact on the agricultural sector
an urgent scientific task.

According to Kyrgyzhydromet (n.d.), the number of
extreme weather events has almost doubled between
1990 and 2020. Particularly frequent are: droughts in
the southern and western regions of the country; mud-
slides and landslides in mountainous areas (Naryn,
Osh, Jalal-Abad regions); heavy rainfall and short-term
floods in Chui and Issyk-Kul regions. In recent years,
a wide range of studies have been devoted to climate
change and its consequences in Central Asia, allowing
for an assessment of the transformation of natural pro-
cesses and the emerging threats to agriculture. Thus,
according to G. Chi et al. (2020), changes in tempera-
ture and precipitation patterns are a key factor in re-
ducing yields in Kyrgyzstan and associated regional
economic losses. L. Liang et al. (2021) emphasised that
areas with developed irrigated agriculture, including
the Talas valley, show increased sensitivity to droughts,
which reinforces the need to modernise water systems.
L. Wu & H. Zheng (2023) showed that climate change
has an impact not only on crop productivity, but also
on the sustainability of livestock systems, especially in
foothill areas.

An important contribution to the investigation of
climate trends in Central Asia was made by K. Stan-
dal et al. (2023), who found that the temperature in-
crease in Kyrgyzstan is faster than the global average,
and a decrease in snow cover and a decrease in glaciers
lead to a decrease in water resources during the warm
season. The paper noted that temperature changes di-
rectly affect the water balance and require the devel-
opment of adaptive mechanisms in the agricultural
sector. Climate change requires adaptation not only of
agricultural practices, but also of the entire system of
natural resource management at the regional level. The

researchers also focused on the social dimension of the
problem, noting that climate risks increase migration
processes and financial instability in rural households.

A comparative climate analysis on a regional scale
was presented in the study by Z. Bolatova & S. Engin-
deniz (2020), who found that Central Asia is one of the
most vulnerable areas in the world in terms of warm-
ing rates and precipitation deficits. These findings in-
dicate an increase in aridisation and degradation of
pastures in Kyrgyzstan, especially in areas with inten-
sive agricultural land use. The researchers emphasised
that a decrease in humidity and an increase in mean
temperature have a direct impact on the economy of
the agricultural sector, increasing irrigation costs and
reducing production profitability. A number of contem-
porary studies indicate the need to use geoinformation
technologies and digital climate models to obtain more
accurate estimates of the spatial variability of climat-
ic processes. In particular, studies by the WMO (n.d.)
and Meteoblue (n.d.) demonstrated the effectiveness
of using climate reconstructions to analyse long-term
temperature and precipitation trends in regions with
complex terrain, such as the Talas region.

A summary of the studies reviewed shows that cli-
mate change in Central Asia is characterised by a steady
increase in temperature, a decrease in precipitation, a
reduction in water resources, and the degradation of
pasture ecosystems. These processes are most inten-
sively manifested in the agricultural regions of Kyr-
gyzstan, where economic stability directly depends on
natural and climatic conditions. However, despite the
significant number of studies, comprehensive research
devoted specifically to the Talas region and based on
a combination of meteorological data, climate models,
and satellite observations is still limited. Considering
the identified scientific gaps, the purpose of this study
was to investigate the dynamics of climate change in the
Talas region and determining their impact on the agri-
cultural sector using advanced digital and geoinforma-
tion analysis methods.

Materials and Methods
The study was based on the integrated use of digital,
statistical, and geoinformation methods to assess the
long-term dynamics of climate change in the Talas re-
gion. The time frame of the analysis covered the period
from 1979 to 2024, which provided representativeness
and allowed comparing recent climate indicators with
the data of the climatic norm. A long time series was
a key condition for identifying trends in temperature,
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precipitation, humidity, and extreme events. The use of
Google Earth (n.d.) satellite data was conditioned by its
high availability, the regularity of image updates, and
the ability to visually analyse natural processes in dy-
namics. The platform provided historical images of the
area, which allowed exploring changes in glaciers, water
bodies, vegetation, and the transformation of agricul-
tural areas. This was especially important for the Talas
region, as it is characterised by mosaic landscapes and
a pronounced vertical gradient of climatic conditions.

Historical images from the period 1980-2024 were
used to qualitatively assess the dynamics of glaciers in
Talas Ala-Too, changes in riverbeds and reservoir are-
as. All images were further refined using distance and
area measurement tools built into Google Earth (n.d.).
Meteorological data were obtained from two reliable
sources: Kyrgyzhydromet (n.d.) - basic observations
of temperature, humidity, wind speed, and precipita-
tion recorded at stations in the Talas region; Meteo-
blue (n.d.) (ERAST and NMM model) - reconstructed
climatic series and climatic trends available for territo-
ries with limited ground-based observation network.
The use of a combination of observational and mod-
el data allowed compensating for the lack of weather
stations in high-altitude areas and increasing the reli-
ability of the assessment of the spatial distribution of
climatic parameters. Data processing included several
analytical stages: calculation of yearly and monthly
averages of temperature, precipitation, humidity, and
wind speed; calculation of linear trends using the least
squares method to identify long-term changes (tem-
perature rise, precipitation decrease, etc.); analysis of
extreme values - the number of frosts, days with strong
winds, precipitation intensity; construction of climate
diagrams and maps using Excel and Google Earth (n.d.).

To minimise errors, methods of smoothing time
series and checking the consistency of data between
sources were used. However, the study had limitations:
the accuracy of satellite measurements depended on
the quality of the images, and climate models pro-
duced errors in mountainous areas due to the difficult
terrain. Thus, the combination of Google Earth (n.d.),

Kyrgyzhydromet (n.d.) and Meteoblue (n.d.) data provid-
ed a comprehensive approach to assessing climate change
in the Talas region and allowed analysing their impact on
the natural and agricultural systems of the region.

Results and Discussion
Geographical and climatic factors contributing to Kyr-
gyzstan’s vulnerability. Kyrgyzstan is located in the
centre of the Eurasian continent, at the intersection of
the Tien Shan and Pamir-Alai mountain ranges. More
than 90% of the country’s territory is mountainous,
with a significant part located at altitudes from 1,500 to
4,000 metres above sea level. This location causes a va-
riety of climatic zones: from dry steppes and semi-de-
serts in the west to humid alpine meadows and glaciers
in the central and eastern regions. These changes en-
tail the need to introduce climate monitoring systems,
modernise irrigation networks, and transition to sus-
tainable agriculture. Advanced analysis tools play an
important role here, including the Meteoblue (n.d.) and
Google Earth (n.d.) platforms, which allow modelling
climate trends and assessing risks. The Talas region oc-
cupies the western part of Kyrgyzstan and is one of the
smallest in terms of area, but one of the most distinc-
tive regions of the country. Its territory is characterised
by a combination of mountain ranges and an extensive
intermountain valley, which forms unique natural and
geographical conditions that determine the climate,
economic activity, and distribution of the population.

In Figure 1, the city of Talas is located in the central
part of the image, with clearly distinguishable urban
development and street network. The territories adja-
cent to the city are actively used for agricultural purpos-
es: fields with varying degrees of sowing and different
colours of crops are visible. In the north and east there
are areas, probably intended for pasture, with a lighter
colour and uneven surface texture. Riverbeds and shal-
low bodies of water running through agricultural land
are visible as dark, winding lines. The overall structure
of the image reflects the anthropogenic impact on the
landscape, with a clear contrast between urban areas
and agricultural areas.

Figure 1. Satellite image of Talas city and adjacent agricultural territories

Source: Google Earth (n.d.)
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The climate of the Talas region is shaped by its
geographical location, relief, and air circulation. The
isolation of the Talas basin, surrounded by high moun-
tains, creates specific microclimatic conditions that
distinguish the region from neighbouring regions of
Kyrgyzstan. The climate here is continental, with hot
and dry summers, cold winters, and sharp diurnal and
seasonal temperature fluctuations. These features are
crucial for economic activity, vegetation distribution,
and water resources (Chi et al.,, 2020).

General climatic characteristics. According to
Kyrgyzhydromet (n.d.), the mean long-term air tem-
perature in the Talas valley is +7..+9°C, which is
slightly lower than in the low-lying areas of the Chui
region, but higher than in the mountainous areas of
Naryn or Issyk-Kul. The mean temperature in Janu-
ary varies from -6 to -10°C, and in July - from +22 to
+25°C, sometimes reaching +35-38°C in especially hot
years. The Talas region is one of the most continental

regions of Kyrgyzstan, which is reflected in large tem-
perature ranges. The difference between the coldest
and warmest months reaches 30-35°C, and diurnal
fluctuations in summer can be 10-15°C. The location
of the valley between mountain ranges contributes
to the accumulation of cold air in winter and intense
warming in summer. Temperature inversions are not
uncommon in winter, when cold air stagnates in the
valley and milder weather is observed on the moun-
tain slopes (Liang et al.,, 2021). Figure 2 shows an es-
timate of the mean yearly temperature for the larger
Talas region.

The blue line in Figure 2 shows the linear trend
of climate change. If the trend line rises from left to
right, the temperature trend is positive, and it is getting
warmer in Talas due to climate change. If it is horizon-
tal, there is no clear trend; if the line goes down, it gets
colder in Talas over time. The mean yearly precipitation
is shown below (Fig. 3).

Mean yearly temperature (Synthetic Approximation)
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Figure 2. Yearly temperature change in Talas

Source: Meteoblue (n.d.)
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Figure 3. Mean yearly precipitation

Source: Meteoblue (n.d.)

Spring comes relatively late, in March and April.
Temperatures rise rapidly, and in May daytime values
reach +20..+25°C. Spring is short and windy, accom-
panied by active snowmelt and possible floods. Sum-
mers are warm and dry. The mean temperature in July
is +23...+25°C, but on some days it rises to +38...+40°C.
Precipitation is rare at this time, and the evaporation
rate significantly exceeds the amount of precipitation.
Autumn is relatively long and warm, especially in Sep-
tember. The temperature is gradually decreasing, the
nights are getting cooler, and the first frosts are possi-
ble in October. Data from the Meteoblue (n.d.) weather

platform show that over the past 30 years, the region
has seen a steady trend of an increase in mean temper-
ature of about 0.9 °C, especially noticeable in the win-
ter months. This confirms the general trend of global
warming observed throughout Central Asia (Zhunuso-
va, 2017). Heavy rains are often accompanied by thun-
derstorms and hail, which can cause soil erosion and
damage to farmland. Mudflows are possible in moun-
tainous areas in summer, caused by heavy precipitation
against the background of snowmelt. Figure 4 shows
the mean monthly air temperature and precipitation in
the city of Talas during the year.

o

Journal of Osh State University. Agriculture: Agronomy, Veterinary and Zootechnics. Vol. 4, No. 3



Belek uulu et al.

Monthly Climate Diagram - Talas
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Figure 4. Mean monthly temperatures and precipitation in Talas

Source: Meteoblue (n.d.)

The “mean daily maximum” (solid grey line)
shows the maximum temperature of the average day
of each month for Talas. Similarly, the “mean daily
minimum” (solid orange line) shows the average mini-
mum temperature value. The hot days and cold nights
(dotted red and blue lines) represent the average of
the hottest day and coldest night of each month over
the past 30 years. The default wind speed is not dis-
played. Figure 5 shows a climate calendar showing the

distribution of precipitation and cloud cover by month
throughout the year.

Figure 5 shows the monthly number of sunny, partly
cloudy, cloudy, and rainy days. Days with less than 20%
cloud cover are considered sunny, days with 20-80%
cloud cover are partially cloudy, and days with more
than 80% are cloudy. Figure 6 of the maximum temper-
atures for Talas shows how many days per month reach
certain temperatures.

Monthly Cloudiness and Precipitation (Talas)
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Figure 5. Climate calendar: precipitation and cloudiness by month

Source: Meteoblue (n.d.)

Monthly temperature ranges (Talas)
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Figure 6. Distribution of temperatures and frost days by month

Source: Meteoblue (n.d.)
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This diagram illustrates the distribution of the
number of days with different temperature ranges
throughout the year. Each colour corresponds to a
certain range of air temperature, ranging from se-
vere frosts (-24 to -18°C) to hot temperatures (+32 to
+36°C). The grey line shows the number of days with
frosts by month. In winter and early spring, the num-
ber of frosts is maximum, reaching almost 30 days
in January and December. There are no days with
frosts in summer, and the number of warm and hot
days increases significantly. Autumn is characterised

by a gradual increase in the number of days with low
temperatures and frosts (Broka et al., 2016). Figure 7
helps to understand the climatic features of the re-
gion, identify seasonal temperature changes and the
frequency of frosts.

Figure 7 precipitation for Talas shows on how many
days of each month certain amounts of precipitation
are reached. In tropical and monsoon climates, these
values may be underestimated. Figure 8 shows the dis-
tribution of wind speed by month for the city of Talas,
according to the ERA5T model.

Monthly Dry/Rain/Snow Days (Talas)
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Figure 7. Monthly precipitation ranges (Talas)

Source: Meteoblue (n.d.)

Monthly Wind Speed Categories (Talas)
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Figure 8. Monthly wind speed categories (Talas)

Source: Meteoblue (n.d.)

The graph shows the average number of days in
each month with different wind speed ranges. The most
frequently observed winds are of low intensity - from 2
to 5 km/h, which prevail throughout the year. Moderate
winds (5-10 km/h and 10-20 km/h) occur to a lesser
extent, with the greatest frequency in the spring-sum-
mer period (March-July). Strong winds (20-30 km/h)
are practically not recorded.

In general, the climate of Talas is characterised by
mostly calm wind conditions, which reflects the sta-
bility of atmospheric processes and relatively low air
turbulence throughout the year. In the summer months
(June-August), there is a slight increase in wind speed,
which contributes to better ventilation of the air and

reduces overheating during daytime hours. In autumn
and winter (October-February), wind activity decreas-
es, which can lead to stagnation of cold air masses and,
consequently, to frequent frosts. Figure 9 shows the
wind rose for the city of Talas, constructed using data
from the ERA5T model.

The graph shows that the prevailing wind direction
is south and south-east (S and SSE), which indicates
the dominance of air flows coming from the southern
regions. The most frequent wind speeds in these direc-
tions are 2-5 km/h and 5-10 km/h, i.e,, moderate and
weak winds. Stronger flows (10-20 km/h) are observed
much less frequently. Figure 10 shows the verification
of meteorological parameters in Talas.
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Wind Speed Distribution by Direction (Non-Polar Excel Model)
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Figure 9. Distribution of wind speed by direction

Source: Meteoblue (n.d.)
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Figure 10. Verification of temperature forecast

Source: Meteoblue (n.d.)

The graph shows a comparison of the predicted and
actual air temperature (°C) during the day. The black
line indicates the actual temperature, and the colour-
ed areas show forecast errors: orange - the forecast is
overestimated, grey - the forecast is underestimated.
The temperature rises in the morning to a maximum of
approximately 16-17°C during the daytime, then grad-
ually decreases in the evening. Error statistics show a
low mean error (0.12°C) and high forecast accuracy:
100% of forecasts with an error of less than 3°C.

The average graph shows the wind speed (km/h).
The mean forecast error is 0.19 km/h, the absolute er-
ror is 2.02 km/h. The lower graph illustrates the rel-
ative humidity (%). Humidity decreases in the morn-
ing to a minimum of about 35% in the afternoon, then
gradually increases in the evening. The mean forecast
error was 3.03%, the absolute error was 4.47%. Hu-
midity and volatility. The air humidity in the Talas re-
gion is relatively low, especially in summer, when rel-
ative humidity drops to 30-40%. In winter, it increases
to 70-80%, which is associated with low temperatures
and low evaporation. The evaporation rate in the valley
exceeds the amount of precipitation, which leads to a
shortage of moisture and the need for artificial irriga-
tion. According to observations, the yearly evaporation
rate is 800-1,000 mm, which is almost twice the yearly
precipitation. This ratio forms an arid climatic type that
requires a developed irrigation infrastructure to sup-
port agricultural production.

Climatic anomalies and changes. Observations
confirm that the Talas region, like the entire territory

of Kyrgyzstan, is under the influence of global climate
change. Data analysis by Meteoblue (n.d.) and Google
Earth (n.d.) over the past decades shows a number of
stable trends: the Talas region has a variety of natural
resources that play an important role in the region’s
economy and determine the specifics of its environmen-
tal management. Among the most significant are land,
water, mineral, forest, and biological resources. Against
the background of global climate change and anthropo-
genic pressure, environmental problems are increasing,
requiring an integrated approach to their solution.

The natural resources of the Talas region have sig-
nificant potential for the sustainable development of
the region. Land and water resources ensure the de-
velopment of agriculture, mineral resources ensure
industry, and forest and biological resources ensure
ecological balance. However, under the influence of
global climate change and increasing anthropogenic
pressure, this potential is gradually decreasing. Rising
temperatures, decreasing precipitation, land degrada-
tion, and shrinking glaciers pose a threat to the region’s
environmental sustainability. To preserve natural re-
sources and ensure environmental safety, an integrated
approach is needed, including: rational use of land and
water; development of environmentally sound mining
technologies; restoration of forests and pastures; con-
stant monitoring of the environment using satellite and
digital data (Google Earth, n.d.; Meteoblue, n.d.). Only
with a combination of scientific analysis, government
regulation and the participation of the local population
is it possible to preserve the natural potential of the
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Talas region and adapt its ecosystems to the changing
climate (Yang et al.,, 2022).

The Talas region is characterised by a continental
climate with cold winters and hot summers. According
to Meteoblue (n.d.), the mean yearly air temperature in
the region has shown a steady upward trend over the
past decades. In the 1980s, the mean yearly temperature
was approximately +7.2°C, and by the 2020s it reached
+8.6°C. Thus, there has been an increase of 1.4°C in
40 years, which is consistent with global warming trends.

The greatest increase in temperature was observed in
the winter and spring periods, which indicates a reduc-
tion in the duration of the cold season. The average win-
ter temperature increased from -5.5°C (1980s) to -3.2°C
(2020s), and the spring temperature increased from
+8.1°C to +9.7°C. Table 1 shows the dynamics of average
seasonal and yearly temperatures in the Talas region in
1980-2025. The data show steady warming in all sea-
sons, with the greatest increase in summer, and the mean
yearly temperature increased from +7.2°C to +8.6°C.

Table 1. Mean seasonal temperatures (Talas region, °C)

Period Winter Spring Summer Autumn Yearly mean
1980-1989 -5.5 +8.1 +22.8 +10.2 +7.2
1990-1999 -4.8 +8.5 +231 +10.5 +7.6
2000-2009 -4.3 +9.0 +23.5 +11.0 +8.0
2010-2019 -3.8 +9.4 +23.9 +11.3 +8.4
2020-2025 -3.2 +9.7 +24.2 +11.6 +8.6

Source: compiled by the authors based on Meteoblue (n.d.)

The analysis showed a steady trend towards an in-
crease in temperature in all seasons. Winter tempera-
tures increased from -5.5°C in 1980-1989 to -3.2°C in
2020-2025, spring temperatures from +8.1°C to +9.7°C,
summer temperatures from +22.8°C to +24.2°C, and au-
tumn temperatures from +10.2°C to +11.6°C. The mean
yearly temperature during this period increased from
+7.2°C to +8.6°C. The greatest increase is observed in

the summer, which indicates the ongoing warming of

the climate in the region. These data can be useful for
assessing climate change, planning agricultural activi-
ties, and forecasting water resources. There is a clear
linear increase in temperature, especially pronounced
in winter. The warming of winters indicates a decrease
in the number of stable snow covers and an increase
in the frequency of thaws. This has an impact on the
hydrological regime of the region - the spring run-
off of rivers decreases and earlier snowmelt occurs
in the mountains, as reported by O. Chepelianskaia &
M. Sarkar-Swaisgood (2022).

Spatial differences in temperature changes. Ac-
cording to Meteoblue (n.d.), temperature changes in
the Talas region have a pronounced altitudinal and ge-
ographical gradient. In the valley part (Talas city area,
1,200-1,300 m above sea level), the mean yearly tem-
perature reaches +9..+10°C, and in summer it often ex-
ceeds +30°C. In the mountainous regions of Talas Ala-
Too, the temperature is 5-7°C lower, due to the altitude
zone. However, it is the mountainous areas that show
the most noticeable warming - approximately +1.6°C
over the past 40 years, while in the lowland area the
increase was +1.2°C. Long-term observations show a
trend towards a slight decrease in precipitation, by an
average of 8-10% over the period from 1980 to 2024. If
in the 1980s the mean yearly precipitation was about
540 mm, then in the 2020s it decreased to 490-500 mm.
Table 2 shows the dynamics of the mean yearly precipi-
tation in the Talas region for 1980-2025. The data indi-
cate a gradual decrease in precipitation, with an overall
decrease of 9.3% compared to 1980-1989.

Table 2. Mean seasonal temperatures (Talas region, °C)

Period Mean yearly precipitation Change
1980-1989 540 -
1990-1999 520 -3.7
2000-2009 505 -6.5
2010-2019 495 -8.3
2020-2025 490 -9.3

Source: compiled by the authors based on Meteoblue (n.d.)

Table 2 shows the changes in the mean year-
ly precipitation in the Talas region over the period
1980-2025. The data show a steady downward trend
in precipitation, with precipitation decreasing by 9.3%
by 2020-2025 compared to 1980-1989 levels. The
main decrease in precipitation occurs in the summer,
especially in July and August, when the amount of rain

decreased by approximately 12-15%. The spring
months (March-April) are characterised by a slight pos-
itive trend, which may be due to a change in air circula-
tion and an increase in the number of cyclones from the
western regions. Seasonal dynamics of precipitation.
Seasonal precipitation distribution in the Talas region
is uneven. The main part falls in the spring and summer,

b
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which plays an important role for agriculture. Table 3
shows the seasonal distribution of precipitation in the
Talas region according to Meteoblue (n.d.). The table

shows how precipitation is distributed by season and
allows identifying seasonal fluctuations in precipita-
tion over the study period.

Table 3. Seasonal precipitation distribution, mm

Season 1980-1989 2000-2009 2020-2024 Change (%)
Winter 85 80 78 -8.2
Spring 165 168 172 +4.2

Summer 195 178 165 -15.4

Autumn 95 85 80 -15.8

Source: compiled by the authors based on Meteoblue (n.d.)

Table 3 shows the seasonal precipitation values and
calculates their percentage changes, which allows trac-
ing the trends of seasonal fluctuations and the overall
dynamics of humidification in the region. The analysis
shows that the increase in spring precipitation is off-
set by a decrease in summer precipitation. As a result,
the total moisture reserve in the soil is reduced during
the critical growing season of plants, which leads to
increased aridity of the climate and the need for more
efficient use of irrigation systems.

Interannual climate variability. Thus, according to
A.Islam & M. Hasan (2020), the region is characterised
by high interannual variability in temperature and pre-
cipitation. According to Meteoblue (n.d.), the amplitude
of fluctuations in the mean yearly temperature reaches
+1.5°C, and the yearly precipitation is #100 mm. Peri-
ods of dryness also increased: dry years (with precipita-
tion less than 450 mm) began to recur every 4-5 years,
whereas in the 1980s they were observed once every
10-12 years (Kamchybekov et al, 2019). Linear trends in
temperature and precipitation were calculated to quan-
tify the changes. Temperature trend: +0.035°C/year,
equivalent to an increase of 1.4°C in 40 years. Precipi-
tation trend: -1.2 mm/year, which corresponds to a de-
crease of approximately 50 mm over the same period.
The consequences of the observed changes. Changes in
temperature and precipitation have a complex impact
on the natural and socio-economic systems of the re-
gion: the reduction of glaciers and snow cover in the
mountains of Talas Ala-Too, which leads to a decrease
in water resources in summer.

Comparison with regional and global trends. The
results of the Meteoblue (n.d.) analysis show that the
climatic changes in the Talas region correspond to
the general picture of the Central Asian region, which
has been warming by 1.2-1.8°C over the past 50 years
(Mogilevskii et al., 2017). For comparison, in the Chui
valley, the temperature increase over the same period
was approximately +1.1°C; in the Issyk-Kul region -
+0.9°C; in the Naryn region - +1.3°C. Thus, the Talas re-
gion is among the territories with the most pronounced
warming, which is associated with its continental posi-
tion and mountainous terrain, which enhances temper-
ature contrasts, according to M. Sydykova (2017).

Environmental consequences of the identified
changes. Climate changes in the Talas region lead to a
number of environmental consequences, which can be
grouped into the following areas: socio-economic con-
sequences: reduced crop yields; increased irrigation
costs; the need to adapt agriculture and infrastructure
to new climatic conditions. Comparison with global and
regional trends. The analysis shows that the identified
changes in the Talas region are consistent with region-
al and global trends (Ruppert et al, 2020). Thus, the
changes observed in the Talas region fully correspond to
the global trend of warming and aridisation, which con-
firms the reliability of local observations by I. Bobojonov
& A. Aw-Hassan (2014). Table 4 shows the main climate
changes in different natural and territorial zones of the
Talas region, including temperature increases, precipi-
tation changes, and the impact of these factors on water
resources, vegetation, and irrigation load.

Table 4. Climate change and its consequences in various natural and territorial zones of the Talas region

Zone

Nature of the changes

Features

Mountainous part (Talas Ala-Too)

Warming by 1.6°C, reduction
of glaciers by 25-30%

Strong impact on water resources,
reduction of spring runoff

Foothill zone

Temperature increase by 1.3°C,
precipitation decrease hy 8%

Vegetation reduction, pasture degradation

Valley part (Talas and Bakai Ata)

11°Cincrease, 10-12% less precipitation

Increased droughts
and increased irrigation load

Source: compiled by the authors

Table 4 shows the climatic changes and their con-
sequences in various natural and territorial zones of
the Talas region. It indicates the zones (mountainous,

foothill, and valley), the nature of the observed changes
(temperature rise, precipitation decrease, glacier re-
duction) and the main consequences of these changes
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for natural resources and economic activity. The dy-
namics of crop yields in the region confirm their de-
pendence on climatic conditions. Table 5 shows the

dynamics of the mean yearly temperature, yearly pre-
cipitation and wheat yield in the Talas region for the
period 1980-2020.

Table 5. Yearly mean climatic indicators and wheat yield in Talas region

Years Mean temperature (°C) Yearly precipitation (mm) Wheat yield (¢/ha)
1980-1990 91 500 27
1991-2000 9.7 465 25
2001-2010 10.3 450 22
2011-2020 10.7 435 19

Source: compiled by the authors

Table 5 shows the relationship between the change
in mean yearly temperature and yearly precipitation
with wheat yield in the Talas region for the period
1980-2020. The table shows the trend towards grad-
ual warming and reduction of precipitation, which is
accompanied by a decrease in yields. The data allows
assessing the impact of climatic factors on agricultural
production in the region. The 25-30% decrease in yields
over the past 40 years reflects not only technological,
but also climatic reasons: lack of moisture, reduction
of snow reserves, soil degradation, and overheating of
crops in summer (Ashley et al, 2016).

Animal husbandry is an important component of
the rural economy of the Talas region. However, climate
warming and decreased precipitation have led to the
degradation of natural pastures, especially in foothill
and valley areas, as noted by E. Lioubimtseva & G. Hen-
ebry (2009). Socio-economic consequences. Climate
change in the Talas region has a direct impact on the
socio-economic development of the region. Key conse-
quencesinclude: increased risks of crop failures and loss
of income for farmers (dry years lead to lower yields
and higher prices for products); reduced employment
in agriculture (falling land productivity forces some of
the population to migrate to cities or abroad); increased
irrigation costs (the need to drill new wells, reconstruct
canals and pumping stations requires financial resourc-
es); increasing water management tensions (increasing
competition for water resources between agriculture,
the public sector, and ecosystems). Thus, W. Meyers et
al. (2012) indicated that climate change is becoming
not only a natural, but also a socio-economic challenge
to the sustainable development of the region.

Climate change in the Talas region has a multifacet-
ed impact on agriculture and water resources. There is
a steady increase in temperature, a decrease in precipi-
tation, degradation of pastures, and a decrease in river
runoff. These processes increase the risks of droughts,
reduce yields, and pose a threat to the food security
of the region. The analysis of climate data for the pe-
riod 1980-2025 demonstrates a steady warming trend
in the Talas region. The mean yearly temperature in-
creased from 7.2°Cin 1980-1989 to 8.6°Cin 2020-2025,
with the greatest increase observed in summer, which
increases heat stress for crops. Winter temperatures

also show a positive trend, reducing the risk of freezing
in low-lying areas (Burkhanov et al., 2024).

Differences in the climatic impact on the natural
and territorial zones of the Talas region are reflected
in Table 4. In the mountainous part, warming of 1.6°C
and reduction of glaciers by 25-30% is recorded, which
reduces spring runoff. In the foothill zone, the temper-
ature increase is 1.3°C with a decrease in precipitation
by 8%, which leads to degradation of pastures. In the
valley area, an increase in temperature by 1.1°C and a
decrease in precipitation by 10-12% increases droughts
and increases irrigation load. Wheat yield data show
a decrease from 27 q/ha in 1980-1990 to 19 gq/ha in
2011-2020, which is directly related to rising tempera-
tures and reduced precipitation. These results confirm
the need for adaptation measures, including rational
water use, changing the timing of sowing, and the use
of resistant crop varieties (Reyer et al., 2017).

A comparative analysis with the studies of other au-
thors showed that the climatic trends identified in the
study of the Talas region correlate with the previous
findings, but they also have their own characteristics.
Firstly, Y. Liu et al. (2020) noted that in the southern
part of Central Asia, including Kyrgyzstan, rising tem-
peratures and increased aridity lead to increased water
scarcity and increased demand for irrigation. This is
consistent with the findings of a significant increase in
temperature and decrease in precipitation in the Talas
region, and increased stress on water resources, espe-
cially in valley and foothill areas. Secondly, a regional
report by the British meteorological service Met Of-
fice (n.d.) highlighted that from 1980 to 2015, Central
Asia experienced a steady warming of approximately
0.3-0.4°C per decade, and the frequency of extremely
hot days is increasing. These data confirm the area and
scale of climate change, although temperature increas-
es in the Talas region have been even more pronounced
in recent decades.

Research by K. Standal et al. (2023) identified sim-
ilar trends in the negative impact of climate on the ag-
ricultural sector of Kyrgyzstan, such as a decrease in
water resources and threats to food security. The anal-
ysis of the climate of the Talas region complements its
conclusions with a specific regional assessment: not
only the overall temperature increase, but also the
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spatial heterogeneity of changes, degradation of pas-
tures and reduced yields. Ultimately, the study by L. Wu
& H.Zheng (2023) modelled that with a 2°C warming in
Central Asia, the need for irrigation water can increase
by 10-20%, and irrigation itself can change weather
conditions due to the exchange of heat and moisture.
These results reinforced the practical significance of
the conclusions about the need to modernise irriga-
tion systems in the Talas region as part of an adapta-
tion strategy. Thus, the study revealed a stable trend of
warming and decreasing humidity in the region, eval-
uated the consequences for water resources and agri-
culture, and provided data comparable to the results of
other researchers in similar climatic conditions.

Conclusions
Global climate change in the 21% century continues to
have a profound and systemic impact on natural com-
plexes and socio-economic development of various re-
gions of the world. Kyrgyzstan, located in the zone of
high-altitude ecosystems, is characterised by increased
sensitivity to climatic fluctuations: even small changes in
temperature or precipitation regime lead to significant
transformations of hydrological processes, soil stability,
land use structure, and the state of biological resources.
Among the regions of the country, the Talas region is one
of the most indicative examples where climate change
manifests itself most clearly and consistently. The con-
ducted research, based on the analysis of data from
Meteoblue, Google Earth, and Kyrgyzhydromet mate-
rials, revealed a number of stable climatic trends. First
of all, it has been established that the mean yearly tem-
perature in the region has increased by about 1.4-1.6°C
over the past 40-45 years, which indicates a marked

warming. However, there is a decrease in yearly precip-
itation by 10-15%, especially in the warmer months,
which increases the processes of aridisation, increases
the risk of droughts, and has a direct impact on crop
yields. The environmental consequences of these chang-
es are complex: there is a gradual degradation of pas-
tures and arable lands, a decrease in the water content
of small rivers, a decrease in glacial reserves of the Talas
Ala-Too, a decrease in biodiversity, and an expansion of
areas prone to desertification. These processes are al-
ready having an impact on agriculture, water supply,
public health, and food security, making climate change
an important socio-economic challenge.

The use of advanced digital tools Google Earth and
Meteoblue has significantly improved the accuracy of
monitoring, making it possible to visualise climate chang-
es in the space-time context and form scientifically based
conclusions about current trends. Thus, the study con-
firmed the existence of stable climatic shifts in the Talas
region, which require the development of comprehensive
adaptation measures to ensure sustainable environmen-
tal management and socio-economic stability of the re-
gion. The prospects for further research lie in the need
to develop local climate models and adaptation maps, in-
cluding forecast scenarios for the coming decades.
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AHHOTANMA. V3ungeeHyH aktyanayyayry Keiprei3 Pecriy6inkacbiHbIH Tasiac 06/1yCyHYH arpapAblK CEKTOPYHaA
KJMMAaTTbIK ©3TOPYY/I6pAYH TaacHpU Kydell 6apa »KaTKaHbl MeHeH IapTTaJjaT. bys aliMakTa aifbla yap6achl
a3bIK-TYJIYK KOONCY3JyI'YH KaMCbhI3 KblIYYAa, KaJKThI )KyMyLll MEHEH KaMCbI3/J00/10 KaHa albl1 akMaKTapblH
OHYKTYPYY/Zl® HETU3TH POJib OWHOUT. AGaHBIH TeMIIEpPATyPAChIHbIH }KOT0PYJIallbl, )KaaH-4aubIH/bIH a3albILIbI,
KAWUBIT JKEepJEpUHUH Jerpafaluschl >XaHa Cyy pecypcTapblHbIH KbICKAphIIIbl alMaKTarbl arpapjblkK
OHAYPYLITYH TYPYKTYYJIYryHa TY3[OH-TY3 TaaCHUPUH THUHTH3HUI, KJIHUMATTBIK TOGOKEJJAUKTepAU 6aasoo
MaceJleCHH ©3reye MaaHWIYY KbLIaT. U3UM/IIeeHYH MaKcaThbl aKbIpKbl OHJOTOH KbUIAAapAarbl KJWMATTbIK
©3repyyJ/iepAy KOMILJIEKCTYY 6aanoo xaHa asapAblH Tajac 06J1yCyHYH arpapzblk 9KOHOMHUKACblHA TUHTU3reH
TaaCMPHUH aHBIKTOO 60JIyI caHa aT. MeTOA010TUsA/IbIK HETU3 KJIMMATThIH HETM3TI'M KOPCOTKYYTOPYH — abaHbIH
TeMIepaTypachl, )KaaH-4a4ybIH/bIH K6JIOMY, a6aHbIH HBIMYYJIYTY, lIaMaJl PeXXUMHU 3KaHa Oyy/IaHyy AeHTI3JUH —
CTAaTUCTUKAJIBIK TaJJJOOHY, KOII XKbIJIJIbIK MaaJbIMaTTapAbl UIITETYYHY, OLIOH/0H 3J1e 60J1K0JI MeHeH 40 Kbl
apaJbIrbIHAArbl JIAHAWAQTTAPABIH >KaHA KapaTbLIbIII PECYpCTapblHbIH MeUKUHAUKTHUK 63repyy/epyH
AHBIKTOOT0 MYMKYH/IYK G€preH COYTHUKTEH aJIbIHI'aH CYPOTTOPAY UHTEpIpeTalUsJI00HY KaMTbIJbl. AJIbIHIaH
KBIMBIHTBIKTAp OPTOYO KbLIJbIK aba TeMIepaTypacblHbIH 1,4 °Cre TypyKTYy »KOTOpy/laraHbIH »KaHa KbLIJbIK
»aaH-4ayblH/JbIH KesieMy 9-10 %ra asaiiraHblH KepceTTy. My3AyKTapAblH agsHTbIHbIH KbICKapbILIbI, Xa3Tbl
arblH CYyHYH a3aWbllIbl, )KaHbIT XKEPJEPUHUH JerpajalUsicChbl, TOMYPAKTbIH HBIM MEHEH KaMChI3 60JYYCYHYH
TOMOH/IO1IY J)KaHa JbIHKAaHYbLIBIK YYYH WIAPTTApAblH HaUYapJiallbl 6earuaeH u. AUbLI 4yap6a eCyMIYKTOPYHYH
TYWYMAYYJAYTYH Ta/IJ00 6peeH XKaHa TOO 3TEKTepPUHJEerd 30HajJapAa eHAYPYMIAYYJIYKTYH TOMOHJSLIYH
KepceTyn, Oy/J Masl 4ap6aublIbIIbIHBIH HaThIMXKaIYYJIYTYHYH a3albllibl MEHEH KOIITOJIrOH. KiauMaTTbhIik
©3repyy/IepAYyH MeHKUHUKTUK alblpMavblIbIKTapbIH aHBIKTOO 3H JKOTOPKY JeHT33J1/le a/ICchbl3 aliMaKTap/bl
6esirnsieere aHa KJUMAaTTbIK TOGOKeJAMKTEpP Kyd ajraH 30HaJap/bl axblpaTyyra MYMKYHAYK Gephu.
V3unie6HYH NpPaKTUKaJbIK MAaaHUCH WUPPUTAlHUsJIbIK CHUCTeMaJapbl MOJEPHU3ALUSAN00, KYPraKublIbIKKa
TYPYKTYY aiibl1 4ap6a eCyMAYKTOPYHYH COPTTOPYH KMPTU3YY, )KaWbIT 4ap6acblH afanTanusaaoo xaHa Tanac
06JIyCYHYH arpapAblK CEKTOPYHYH TYPYKTYY/IYT'YH OropysaTyyra 6arbITTalral peruoHalJblK KJIUMaTThIK
MOHHUTOPHUHT CUCTEMACHIH TY3YY 60I0HYA CYHYIITApAbl HLITEN YbITYya TypaT

Herusru ce3aep: K1uMaTThIH 63repyIly; albLI Yap6ackl; cyy 6a1aHChl; )KalbITTap; TYIIYMAYYJIYK; aZanTarus
YyapaJjiapbl
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AHHOTANUA. AKTYaJIbHOCTb HCCJI€I0BAaHUSI 00YCJI0OBIEHA YCUIMBAKOIUMCS BO3/IeHCTBUEM KJIUMATUYECKUX
W3MeHeHWH Ha arpapHbli cektop Tasnacckoir o6saactu  Kbiprbiackodl Pecny6iiMky, Trie ceabcKoe
X03fHCTBO WIpaeT KJIIYEBYI pOJb B 06ecne4eHUH MPOJOBOJbCTBEHHOW 06€30MaCHOCTH, 3aHATOCTH
HaceJeHUSI M PA3BUTHUU CeJbCKUX TeppUTOpUM. TeHJeHIMU poOCTa TeMIepaTypbl, CHHXXEHUS O0CAJIKOB,
JlerpaZlaliiy NMacTOULIHBIX YTOAUNM U YMEHbIIEHUS] BOJAHBIX PECYPCOB HANPsMYH BJUAKT HAa YCTOMYUBOCTb
arponpou3BO/ICTBA PErvoHa, Jiesas 3a/ady OIleHKH KJIMMaTHUYeCKUX PUCKOB 0CO6eHHO 3HauuMoH. Llesbio
HCCIeloBaHUS sIBJsIJIach KOMIIJIEKCHasl OLleHKa KJIMMaTH4YeCKUX M3MEHEeHUH 3a INocaeJHUe JeCITUIeTHs
U ompejiesieHHe HX MOCJAeJCTBUM [Ji/1sl arpapHOW 3KOHOMHUKU Tasacckoi ob6sactu. MeTosoJsiornyeckass 6asa
BKJIIOYaJla CTAaTUCTUYECKUN aHa/JU3 TeMIlepaTyphl, KOJHWYeCTBA OCAJKOB, BJAXXHOCTH, BETPOBOI'O peXHUMa
W HUCHapsieMOCTH, 06pabOTKy MHOTrOJIETHUX JAHHBIX, a TaKXe HWHTepHpeTaluio CHYTHUKOBBIX CHUMKOB,
M03BOJISIIOLMX BBIIBUTb NMPOCTPAHCTBEHHble U3MEHEHHUs JaHAMWAPTOB U MPUPOJHBIX PECYypPCOB 3a MEPUOJ,
okosio 40 seT. IlosydeHHBble pe3yJbTaThbl NOKa3aJU YCTOUYUBBIM POCT CpeJHEroZj0BOM TeMIepaTypbl Ha
1,4 °C ¥ cHMXKeHUe TOJIOBOTO KOJIMYecTBa 0caAkoB Ha 9-10 %. OTMeyeHO coKpalleHUe MJI0oUaAn JIEJHUKOB,
yMeHblIIeH’e BeCEHHEro CTOKa, Jerpaialyio NacTOUIL, CHUXKeHHe BJIaroo6ecrneyeHHOCTH TI0YB U YXy/|LIeHue
YyCJOBUN AJisd 3eMyefiesnnsl. AHalu3 YPOKAaWHOCTHU CeJbCKOXO3SIWCTBEHHBIX KYJIbTYP CBHU/ETEJIbCTBOBAJ
0 COKpalleHUH NPOAYKTHBHOCTH B [JOJMHHBIX U NPEArOPHBIX 30HAX, YTO CONPOBOMX/AAJOCH CHUKEHUEM
3 PeKTUBHOCTH KMUBOTHOBO/ICTBA. BhIsiIBJIEHHbIE IPOCTPAHCTBEHHbIE PA3/IMYKs KJIMMAaTUYECKUX H3MEHEHUH
MT03BOJIMJIY OTIPE/IeIUTh TEPPUTOPUH C HAMOOJIbLIEN CTENEHBIO YI3BUMOCTH M 0603HAUYUTh 30HbI NOBBIIIIEHHBIX
KJIMMaTU4YeCKUX PUCKOB. [IpakTHyeckass 3HAUMMOCTb MCC/I€JJOBAaHUS COCTOUT B pa3paboTKe peKoMeHAaluH
[0 MOJIEpHU3ALUU HWPPUTALMOHHBIX CUCTEM, BHEJPEHHUIO 3aCyXOYCTOWYMBBIX COPTOB KYJbTYp, afanTallU
MacTOUIIHOI0 X0351MCTBA U CO3/JaHUI0 PErHOHaIbHOU CUCTEMbI KJIUMAaTUYeCKOI'0 MOHUTOPUHTA, HAllPaBJIeHHOU
Ha MOBBIIIeHHe YCTOMYMBOCTH arpapHoro cekropa Tasacckoi 06J1acTu

KioueBble cJjoBa: KAMMaTHYeCKHE M3MEHEHMs; CeJIbCKOe XO3SHMCTBO;, BOJHbIA 0ajlaHC, MacTOMIIA;
YPOXKalHOCTb; alallTallMOHHbIE MEPbI
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