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The article analyzes the record of catastrophic floods for the Yesil river basin in the XIX, XX and 
XXI centuries. Information and data about floods are taken from hydrometeorological periodic publi
cations, archival data, electronic resources, scientific articles and other sources. The study of hydro
logical aspects is of strategical relevance to ensure the sustainable development of river catchments 
of Kazakhstan. The studied Yesil River Basin is one of the most important regions of the country, with 
a need for comprehensive hydrological research as the capital city of Astana is rapidly developing. 
Analysis of existing materials allowed us to identify the flooded areas, the dates of flood occurrence, 
their causes and an assessment of flood damage. Following earlier research, the causes of flooding 
were classified into 7 main groups that are typical for flood conditions in the basin. As a result, the 
main factors that led to flooding were the contributions from melting snow and precipitation. Climate 
change and human activities were also noted to have an impact to flooding. The scale and amount of 
flood damage was assessed.
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есіл өзе ні aлaбындaғы aпaтты су бaсу дың кө рі ніс бе ру ке зең де рін тaлдaу

Мaқaлaдa Есіл өзе ні aлaбы үшін aпaтты су бaсулaр хро никaсын тaлдaу XIX, XX, XXI 
ғaсырлaр aрaлы ғынa жүр гі зіл ді. Алaптaғы су бaсулaр жө нін де гі aқпaрaттaр гид ро ме те оро
ло гиялық мер зім ді бaсы лымдaрдaн, мұрaғaттық мә лі мет тер ден, элект рон ды ре су рстaрдaн, 
ғы лы ми мaқaлaлaрдaн жә не бaсқa дa әде биет көз де рі нен aлын ды. Cтрaте гиялық мaңы зы үл
кен aймaқтaрды гид ро ло гиялық тұр ғыдaн зерт теу Қaзaқcтaнның тұрaқты дaмуын  қaмтaмaсыз 
ете ді. Зерт теу нысaны ре тін де aлынғaн Есіл өзе ні aлaбы осындaй мaңы зы үл кен өл ке ле рі міз
дің бі рі, оның үс ті не елі міз дің aстaнaсы Астaнa қaлaсын сaлу, көр кейту, дaмы ту бaсты нaзaрдa 
тұрғaндықтaн жaнжaқты гид ро ло гиялық зерт теу лер қaжет ті лі гі кү мән ту дырмaйды. Қолдa 
бaр мaте риaлдaрды тaлдaу су бaсу орындaрын, бaйқaлғaн дaтaлaрын, пaйдa бо лу се беп те рі 
мен сaлдaрын aнықтaуғa мүм кін дік бер ді. Су бaсу дың пaйдa бо лу се беп те рі осы уaқытқa де йін  
жүр гі зіл ген зерт теу лер ге сүйене оты рып, aлaптaғы су бaсулaрдың қaлыптaсу жaғдaйлaрынa 
тән 7 топқa жік тел ді. Нә ти же сін де aлaптaғы су бaсу ды қaлыптaсты ру шы фaкторлaрдың 
бaсым бө лі гі қaр еру мен қaрқын ды жa уыншaшын ның қо сы луы нә ти же сін де болaтынды ғы 
aнықтaлды. Сондaйaқ, қaзір гі тaңдaғы климaттық өз ге ріс тер мен aдaмның шaруaшы лық іс
әре ке ті нің әсе рі бaр екен ді гі де бaйқaлды. Су бaсулaрдың мaсштaбы жә не шы ғын мөл ше рі 
бaғaлaнды.

тү йін  сөз дер: су дең гейі, су бaсу, aпaт дең гейі, қaр еру, Есіл өзе ні.
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Анaлиз ос нов ных пе риодов прояв ле ния кaтaст ро фи чес ких  
нaвод не ний в бaссей не ре ки есиль

В стaтье про ве ден хро но ло ги чес кий aнaлиз кaтaст ро фи чес ких нaвод не ний, про шед ших в 
XIX, XX и XXI векaх в бaссей не ре ки Есиль. Дaнные о нaвод не ниях взя ты из гид ро ме те оро ло ги
чес ких пе ри оди чес ких журнaлов, aрхив ных дaнных, элект рон ных ре сур сов, нaуч ных стaтей и 
дру гих ис точ ни ков. Изу че ние гид ро ло ги чес ких aспек тов стрaте ги чес ки вaжных ре гионов вaжно 
для обес пе че ния ус той чи во го рaзви тия Кaзaхстaнa. Объек том исс ле довa ния яв ляет ся один из 
вaжней ших ре гионов стрaны – бaссейн ре ки Есиль, бо лее то го необ хо ди мос ть всес то рон них гид
ро ло ги чес ких исс ле довa ний не стaвит ся под сом не ние, тaк кaк сто лицa Астaнa ориен ти ровaнa 
нa ст рои тель ст во, блaгоуст рой ст во и рaзви тие го родa. Анaлиз су ще ст вую щих мaте риaлов поз
во лил выя вить сле дующие aспек ты нaвод не ний: учaст ки пой мы, нaблюдaемые дaты, при чи ны 
и пос ледс твия воз ник но ве ния. Ос но вывaясь нa ре зуль тaты исс ле довa ния пре ды ду щих уче ных, 
при чи ны нaвод не ния бы ли клaсси фи ци ровaны нa 7 групп, ко то рые ти пич ны для ус ло вий фор ми
ровa ния нaвод не ний в дaнном бaссей не. В ре зуль тaте, бы ли оп ре де ле ны ос нов ные фaкто ры, при
во дя щие к зaтоп ле нию тер ри то рий, к ко то рым от но сят ся од нов ре мен ное про хож де ние тaяния 
снегa и выпaде ние осaдков. Из ме не ние климaтa и хо зяй ст вен ной дея тель ности че ло векa то же 
окaзывaет влия ние на фор ми ровa ние нaвод не ний. Мaсштaб и ко ли че ст во ущербa от нaвод не ния 
бы ли оце не ны.

клю че вые словa: уро вень во ды, нaвод не ние, уро вень бедст вия, тaяние снегa, рекa Есиль.

Introduction

Worldwide, flooding is the leading natural hazard 
that affects humanity (Kellens, Terpstra and Maeyer 
2012). In many countries of the world, floods are 
a main natural threat to the lives of people and the 
economy (Berz 2000), (Country Risk Profiles for 
flood and earthquake n.d.). Flood disasters are not 
uncommon for kazakhstan. the beginning of the 
XXI century was marked in Kazakhstan by a series 
of catastrophic floods, with events occurring almost 
every year, causing great damage to the population, 
national economy and river valley ecology (Galperin 
et al., 2016). Over the past 15 years, more than 300 
floods of various origins occurred in Kazakhstan, 
of which an estimated 70% were caused by spring 
floods (Galperin, 1994). The main reasons for an 
assumed increase in the frequency of flood hazards 
in the last decades are the increase in the number 
and density of the population living on the banks of 
rivers, the construction of vulnerable infrastructure 
(transport, energy, communications, water) objects 
in river valleys, the regulation of rivers and the state 
of hydraulic structures, as well as climate change, 
which is associated with anomalies of average 
annual air temperatures and annual precipitation 
amounts (Report, 2018), (Galperin, 2016). Climate 
change is expected to exacerbate flood hazard 
through an intensification of the hydrological cycle, 
which will likely enhance the magnitude, frequency, 

and seasonality of riverine flooding (Macklin and 
Rumsby, 2007).

the yesil river is a left-bank tributary of the er-
tis. the yesil river has a total length of 2,450 km, 
of which 1,400 km are located on the territory of Ka-
zakhstan. The catchment area covers 177,000 km2, 
including an active 141,000 km2. the main tribu-
taries of the river in kazakhstan are the koluton, 
zhabay, tersakkan, Akkanburluk, and babykburluk 
(Figure 1).

the yesil river originates in the karaganda re-
gion, in the Niyaz hills. the relief of the catchment 
area is highly variable. the upper reaches of the ba-
sin come from the Niyaz hills, right-bank tributar-
ies derive from the southern slopes of the kokshet-
au Upland, and discharge in the south-west of the 
catchment originates from the spurs of the ulytau 
Mountains. Apart from the uplands, the rest of the 
catchment is relatively flat. 

the basin of the yesil river, in the north of the 
republic of kazakhstan, is characterized by a di-
verse climate. the most important climate-forming 
factors of the territory are solar radiation (seasonal 
temperature fluctuations) and atmospheric circula-
tion (storm tracks). The main features of the con-
tinental climate of the region are the large ampli-
tude of fluctuations in air temperature, and a small 
amount of precipitation carried by the dry air (Bur-
libaev, et al. 2017). Despite the aridity of the studied 
area in the list of natural disasters, floods play an im-
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portant role here. the discharge regimes of the riv-
ers in the Yesil basin are dominated by melting snow 
that produces a pronounced spring flood. The peak 
flood is generally followed by a prolonged period of 
low flows, with a complete drying out of small, and 
often also relatively large, watercourses.

As the peak discharges of the yesil river and 
its tributaries are dominated by snowmelt, climate 
change should be considered as a source of in-
creased flood risk (Galperin et al., 2012), especially 
for highly populated areas such as the national capi-
tal of Astana. In this study, we analyzed available 
information for floods of the past in the Yesil basin. 
The resulting flood chronology was used to assess 
changes in flood frequency, severity, and to identify 
the main causes of flooding. 

Data and research methods
The Flood Chronology
Information and data on floods were obtained 

from hydrometeorological periodic publications, ar-
chival data, electronic resources, scientific articles 
and other sources. Flood data of the yesil river ba-
sin was divided according to their century of occur-
rence; the XIX, XX and XXI centuries.

During the XIX century, flooding was observed 
in 1824, 1841, 1854, 1856, 1860, 1886, 1889, and 
1896. All floods occurred in March-April spring sea-
son, but the main reasons of flooding differd; such 
as the flow of a river, an abundance of precipitation, 
and intensive snow melting.

The floods observed in the period 1820-1850 
were in the Petropavl and Akmola regions. In Pet-
ropavl city, 700 out of 800 houses were flooded. The 
flooding lasted three days in the Akmola region. In 
addition, temporary fortifications, dugouts built by 
soldiers of the 2nd West Siberian Line Battalion, 
were flooded and required extensive restoration 
work.

Floods are also mentioned for the Akmola and 
Petropavl regions between 1850 and 1860, with 
snowmelt as the main cause. 

Compared with the aforementioned floods, the 
level of floods was significantly higher in 1886 and 
in 1896. The event of 1896 reached very high lev-
els of flooding in Akmola and Atbasar, and featured 
two separate peak flood waves in April. As a result 
of the floods, villages were flooded, many houses 
were damaged, and dams and mills were destroyed. 
“Most of the houses in the village were flooded on a 
half yardstick (35-36 cm). Stoves were washed away 
in many houses, hedges are carried away by water, 
but there were no accidents with people. The village 
was flooded, many houses were damaged”(Akmola 

regional Museum of local lore).
Due to the lack of available data, the reasons for 

the occurrence of a flood of several years have not 
been identified. However, with a quick review of 
natural phenomena in those periods, we find infor-
mation about heavy snowfall and intense snow melt-
ing. Thus, we can tentatively conclude that most of 
floods were caused by the melting of spring snow. 
According to the data “The surface water resources 
of the areas the development of primitive soil and 
fallow lands” (1958) in the Northern Kazakhstan 
on the Yesil River, the water level rises during high 
floods by 5.5-6.0 and 8.5-9.0 m respectively. Water 
levels and water discharge during high floods are 
increasing rapidly. thus, on the medium and large 
rivers of the Akmola region the highest daily rise of 
the water level is 1.0-1.5 m, in high-water years it 
already reaches 2.5-3.0 and even 3.3-3.7 m.

During the 20th century, there were 5 floods be-
tween 1900 and 1920, according to a study of An-
tonchev (1997). Floods occurred in April and May. 
Four of them (1902, 1908, 1911, 1913) were from 
the spring flood of the Yesil River, and one (1912) 
was formed because of flooding. As consequences 
many peasants and Kazakh villages were flooded. 
For example, 30 peasant villages and 48 Kazakh vil-
lages in the Atbasar district and 1 peasant village in 
the Akmola region were flooded on April 5, 1912. 
on May 2, 1913, the tide of the yesil river is only a 
part of the lower bank of the Yesil River. 

Major floods did not occur during the 1930s. 
After that, the high water levels were recorded be-
tween 1940 and 1960 (Galperin, 1994), (Plekhanov 
2003), (Shamenov, 1996); notably in 1940, 1942 
and 1948. Maximum water levels were high almost 
everywhere in 1942, and their frequency was less 
frequent, in the Yesil Basin – once every 10 years. 
During these years, high snow reserves were the 
main cause of high floods. Maximum water levels 
(Нmax) have increased since 1948 with 2-3%, by 
the alignment of the city Astana. , the excess of h 
danger occurs approximately once every two years, 
with 1-3 days of the period prevailing, but this year 
it was 10 days. An important role in its formation 
was played by liquid precipitation.

Flooding was occurred in the 1970s and 1980s, 
but the exact dates are unknown. This situation oc-
curred in 1970, 1971. Due to multiple floods in Cen-
tral Kazakhstan and the Yesil basin, which were in 
1972, preceded by the improvement of soil quality 
by the beginning of autumn cementation. the signif-
icant role of precipitation during the period of snow-
melt in the formation of floods in the upper Yesil, 
precipitation was eight times higher than the norm 
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in the second decade of April. 
Flooding caused great damage to several settle-

ments and areas of the yesil river basin, caused by 
rising water levels in 1980-1990. Proof of this is that 
1988, which was registered as a year abundance of 
water. This is stated in the following source (Gal-
perin 1994): The highest water levels are noted at 
the gauging station Akkanburlyk, Grigorievka, Priv-
olnoye. As a result, populated areas of the Akmola, 
karaganda, kokshetau, kostanay, ural, Aktobe, 
and Turgai regions were flooded; most damage was 
caused to Akmola region: villages were flooded, 
roads were washed out, bridges, communication 
lines were washed out, and part of the dam was bro-
ken temporary storage warehouse in Zarechny of 
Akmola region. 

At this stage, the highest water levels in the Yesil 
River were recorded in 1986, 1987, and the volume 
of water flows was 5-15%. 

Approximately one time in 50-100 years on 
the rivers of Kazakhstan, occur catastrophic floods 
(MIC). According to Kazakh scientists (Plekhanov 
2003) (Galperin et al. 2012) floods in the last decade 
of the 20th century occurred in the spring of 1993. 
Maximum water levels reached dangerous levels in 
the yesil, koluton, and zhabay rivers. the height 
of the flood wave was more than 8 m in Yesil with-
in the North kazakhstan region. Due to excessive 
snow reserves, sharp and significant warming with 
simultaneous heavy rainfall, catastrophic rainfall 
floods were formed on almost all lowland rivers of 
the republic. Flood waters of various levels for spe-
cific rivers of watercourses and the spill boundaries 
are not defined. According to estimates, only direct 
damage from floods in Kazakhstan amounted to  
$ 500-600 million in 1993, more than 12.5 thousand 
people were evacuated. This is an emergency; obvi-
ously belong to the highest category.

The water level rose above dangerous levels in 
1995, on the Yesil River and its tributaries (Koluton, 
Zhabay, Tersakkan, Akkanburluk and others), how-
ever, did not cause serious damage due to the short 
duration of the flooding of the territory. 

Flood of the places are often found in the ye-
sil, zhabay, kolutan, Akkanurbuk rivers in the 19th 
century and correspond to the April-May period. 
The reason of the occurrence of flooding can be ex-
plained by an increase in spring snow, precipitation 
and water levels.

The chronicle of the most catastrophic floods 
that occurred in the yesil river basin in the 21st cen-
tury as follows.

The capital of the country was renamed Astana 
in 1998 and due to population growth, the develop-

ment of suburban settlements, land development 
led to the flooding of the territory. Rapid popula-
tion growth, development of facilities within the 
water protection zones of rivers have significantly 
increased the risk of exposure to flooding, led to so-
cial tensions and economic damage. For example, 
damage from spring floods in the Akmola region 
in 2014 amounted to over 10 billion tenge (26 666 
666 $ at the rate of 01.03.2019), 8–9 billion tenge 
(24 000 000 $ at the rate of 01.03.2019) in 2015, 900 
million tenge (2 400 000 $ at the rate of 01.03.2019) 
in 2017 was provided for flood control, and the dam-
age amounted to 24 million tenge (64 000 $ at the 
rate of 01.03.2019) (Interfax Kazakhstan: 2014, 
Dixinews: 2014).

In this century, the availability of data about 
floodwaters comparing to the past century allowed 
us to analyze a dangerous hydrological phenom-
enon. Flood data analysis was reviewed using data 
(Sharipkhanov et al. 2015) (MIС). 

Сatastrophic floods since 2000 have been ob-
served 9 times. Floods occurred in April and May 
spring. In addition, there are several cases of flood-
ing during the year. It was found that most of the 
floods occurred due to rising water levels to dan-
gerous levels in the rivers koluton, zhaybay and 
Yesil. This was in 2007, 2009, 2014, 2016 (April 
17-25) (Sazanova et al., 2012). One of them, rarely 
recurring, led to huge material damage took place 
in 2014. 

The water level in the Koluton River reached 
690 cm, and the water level in the Zhabay River 
reached 808 cm in April 2007. As a result, the vil-
lage of koluton and the city of Atbasar and the farms 
located on the banks of the river were flooded. Due 
to the reached water hazard levels, local areas were 
flooded in the city of Petropavl on the Ishim River 
(Babakhanova et al., 2009). There was no signifi-
cant damage to the city of Petropavl in 2009, since 
the floods were lower than the elevated water level 
(Sazanova et al., 2011).

The floods that occurred on April 12–13, 2011 
and April 7–9, 2016, were caused by a sharp rise in 
water level during the destruction of dams (Shmidt 
et al., 2017). Due to the destruction of the Aydabul 
dam of the Zhabai River in 2011, as a result of flood-
ing 70 houses in Akmola region and houses in the 
suburb of Balkhashino in Atbasar were flooded. The 
second flood was recorded in the Zhabay River in 
the Atbasar region and on the koluto rivers in the 
koluton region. village roads and houses, some 
houses in the city were flooded, and people moved 
to safe places (Sazanova et al., 2012).

The flood, which was in 2014 unforgettable, 
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since, the flood from April to May (8, 9, 11, 28 April, 
4 May) was observed in several river basins that led 
to flooding of settlements and people had to move to 
safe places. In 2014, the height of the flood wave on 
the Yesil River was 3.4 ... 7.3 m, of the Akmola re-
gion, in the North Kazakhstan Region – 9-11 m, on 
the Kalkutan Rivers, Silety – 4.1-4.7 m, on the river 
Zhabay – 5.1.1.6.2 m (Sharipkhanov et al., 2015).

The occurrence of floods is primarily due to the 
1.5 times increase in soil moisture content in the rivers 
Zhabay, Koluton, Silety, Shagalaly and snow reserves 
by 15-20%, as well as high temperatures in all re-
gions of kazakhstan, and due to intense precipitation 
in April in Akmola and North kazakhstan regions. 
For example, the flooding in Atbasar on April 8, 2014 
(Fig. 2) was caused by an increase in air temperature, 
and in such a case most of the flow was formed from 
melting snow, and water canals do not have time to 

reduce the water routes. Consequences: 103 houses 
on the following streets were flooded: Elektrostant-
sionnaya, Dzhambul, Transportnaya, Sary – Arka, 
March 8, Stepnaya, Dostyk, Kazakhstan. In total, 79 
people were evacuated, including 9 children.

Flooding occurred on May 9, 11, 28 and 4 due to 
the above factor, as a result of rising water levels in 
the village of zarechnoye, on the zhabay river, in 
the western part of Atbasar and Petropavl. The high-
est water level was reached 1094 cm on May 4 of 
this year in Petropavl. However, due to increase in 
water discharge to 1540 m3 / s from the Sergeevsky 
reservoir to the yesil river at the end of April of 
this year, highway of the Chelyabinsk-Novosibirsk 
to 528 km and recreation areas were flooded near the 
villages of Pokrovka, Dolmatova, Novonikolskoye 
(Sazanova et al., 2015). This catastrophic hydrologi-
cal phenomenon led to huge economic losses.

Flood disaster resulting from intense snowfall 
was observed in 2015 and 2017 (MIС). Flooding 
took place in the Atbasar river, zhabay river, in 

Figure 2 – Consequences of flooding in the Yesil river basin
              a) Atbasar city 2014;  b) Atbasar city 2014; c) Atbasar city2017  d) Petropavl city 2017
 

Note: photo source: a)https://docplayer.ru/73305239
 b) https://www.kazpravda.kz/uploads/redactors/images/5abb2074322471522212980.jpg

 c) http://today.kz/news/kazahstan/2018-03-05/761484-zhitelej-atbasara-predlozhili-pereselit-iz-za-navodneniya/#lg=1&slide=0
 d) https://www.youtube.com/watch?v=KANwwI1wIE4

the villages of koluton, Novonikolsk, Dolmatova 
and Petropavlovsk in 2015. 18 houses homestead 
and garden plots, as well as the highways of Che-
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lyabinsk-Novosibirsk, which have national im-
portance, were flooded (Schmidt et al., 2016). The 
occurrence of floods of the 20th century is higher 
than in previous centuries. Given the rapid rise in 
water levels due to melting snow, intense precipita-
tion, the opening of rivers, and dam failures, it can 
be concluded that many floods can be associated 

with anthropogenic climate change and anthropo-
genic activities. Having explored the frequency and 
magnitude of floods during the XIX, XX and XXI 
centuries shows that the Yesil River basin is highly 
susceptible to flooding. By scale and damage, floods 
are divided into four groups: low, high, exception-
ally high, and catastrophic (Buzin, 2008). 

Table 1 – Classification of of flood damage 1824-2017.
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As shown in Table 1, the proportion of 33 floods 
are as follows (if we count the flood in each river per 
year, the total is 47): about half (45%) is low, 27% 
is high, 24% is the highest and 3% is catastrophic 
floods. The amount of flood damage in the study 
was determined based on the scale of the flood. 
More specifically, the description is as follows: Low 
– less than 10% of agricultural land located in low-
land areas is flooded. They cause insignificant mate-
rial damage and almost do not disrupt the economy 
or the population, high-accompanied by significant 
flooding, cover relatively large areas, disrupt eco-
nomic activity and livelihoods. Sometimes they ne-
cessitate temporary evacuation of the population. 
Material and psychological damage is significant, 
the highest – paralyze economic activity, cause great 
material and psychological damage. very often, it is 
necessary to resort to mass evacuation of the popu-
lation and material values, catastrophic – the life 
structure of the population changes dramatically. 

Material damage is huge. May cause deaths (Buzin 
2008).

Results and research
Flood Types
The causes of flooding are varied. This is pri-

marily seasonal melting of snow accumulated in the 
preceding season of the year on the plains, heavy 
rainfall, strong wind, ice and surge phenomena. The 
danger of flooding depends primarily on the rising 
water level in the river. In this case, the most im-
portant characteristic is the maximum water level, 
which controls the area and duration of flooding of 
the area (Borsch et al., 2015). 

An attempt was made to define the main factors 
determining the causes of floods in the Yesil river 
basin since 1824 when records are available. Assess-
ing the role of flood control factors has crucial for 
determining the extent of floods and implementing 
measures to prevent and minimize adverse effects, 
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design hydraulic structures and develop regional 
economic sectors.

Reviewing studies of Tyrrel and Nickey (1991), 
Scott and Mudelsee (2018), Koronkevich (1982) 
Nezhihovsky (1988) Borsch et al. (2015), Alberto 
and Rogger (2015), Spivak, Arkhipkin and Pan-
kratov (2004), Spivak, Arkhipkin and Sagatdinova 
(2005), Akimov et al. (2009). aimed at the classifica-
tion of flooding factors, it was found that many fac-
tors of its condition are affected by various climatic 
conditions and anthropogenic factors in flood zones.

the factors determining the occurrence of 
flooding were identified by Akimov (2009) in four 
groups: a) maximum runoff formation as a result of 
spring snow melting on the plains; b) maximum run-
off formation as a result of melting mountain snows 
and glaciers; c) the maximum formation of runoff as 
a result of heavy rainfall; and d) maximum forma-
tion of runoff as a result of the combined effect of 
snowmelt and heavy precipitation.

According to the classification of John J. Tyrrel 
(1991), factors affecting the flood were divided into 6 
groups: a) floods caused primarily by the state of the 
tide. these are normally either high tides or spring 
tides, usually containing a storm surge in addition 
to the water height of the river; b) Floods which are 
‘tide-led’, but with small contribution from rainfall as 
well; c) floods which have their origin in both tidal 

and rainfall conditions in more or less equal propor-
tions; d) floods due to rainfall predominantly, but with 
some contribution from tidal; f) floods which occur 
when rainfall is the primary cause and when there is 
no contribution from tidal conditions; and g) floods 
which are a response to conditions not covered by 
the previous categories. Sudden temperature changes 
may cause snowmelt and ice melt resulting in floods. 
Another flood situation occurs when there are major 
releases from the Inniscarra dam usually arising when 
the dam is at capacity and there are substantial in-
fluxes of water from the catchment.

Floods are classified into different types de-
pending on where the water comes from and on 
their generating processes. Several types of floods 
are: flash floods, dam-break floods, ice-jam floods, 
glacial-lake floods, urban floods, coastal floods, and 
hurricane-related floods (Paolo, 2014).

borsch considered the problem from a different 
point of view and divided the formation of flooding 
into six groups.

The complexity of the flood situation and the 
diversity of opinions led to the separation of floods 
into different types of floods that define this natu-
ral phenomenon. The above classification cannot be 
clearly defined for the Yesil river basin. Thus, the 
main factors contributing to the formation of floods 
were identified (Fig. 3). 

Figure 3 – Causes of flooding in the basin of Essyl river 1824-2017

As shown in Figure 2, the factors that contribute 
to the formation of flood waters were combined into 

7 main groups. It can be seen that floods often occur 
as a result of snow melting and intense rainfall, as 
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well as rising water levels. These type of floods 
occurred between 1901-1920, 1961-1980, and 1981 
and 2017. The impact of intense precipitation was 
the main cause of floods in 1841-1860 and 1921-

1960 with floods resulting from snow melt being 
more common between 1841-1900. Floods since 
2000, almost all of these factors have contributed 
to flooding. 

Table 2 – Different various conditions of floods and their scales in the Yesil river basin

 Cause of 
 flood

Frequency 

Snowmelt

Melting of 
snow and 
intense 
rainfall 

rising 
water levels Dam failure Ice jams Spring 

floods
Intense 
rainfall 

Once every 5–10 years

Once every 20–25 years

once every 50-100 years

Once every 100–200 years

 – catastrophic  – exceptional  – high  – small 

An analysis (Table 2) of flooding in the catch-
ment showed that the frequency of relapses during 
runoff and the opening of the river was observed 
once every 5–10 years is the low flood; Intensive 
precipitation and destruction of dam observed 
once every 20–25 years is high flood; as well as 
the highest is that occurring once every 50-100 
years due to intensive dissolution of snow and el-
evated water levels.

 The frequency of repetitive, which occurred 
once every 100–200 years, was the most dan-
ger flood, mainly dependent on the melting of 
snow and intense precipitation in the Yesil River  
basin.

Conclusion

1. The Yesil River is highly susceptible to flooding 
according to the Nezhihovsky (1988) classification. 2. 
Causes of floods in the Yesil catchment are: snow melt, 
heavy rains, spring floods, a combination of snow melt 
and intense rainfall , rising water levels, ice jams, and 
dam failures. 3. The frequency of floods in the 21st cen-
tury is higher than of both the 19th and 20th centuries and 
would appear to be a consequence of anthropogenic cli-
mate change, floodplain encroachment and dam failures. 
Water management specialists can use the results of the 
study for practical purposes, for emergencies in the fu-
ture, when developing projects for hydraulic structures.
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