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ANALYSIS OF MAIN PERIODS OF CATASTROPHIC
FLOODS IN THE YESIL RIVER BASIN

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.

Key words: water level, flood, disaster level, snowmelt, Yesil River.
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EciA @3eHi arnabbIHAAFbI anaTTbl Cy 6ACyAbIH, KOPiHIC 6epy Ke3eHAepiH TaAAay

Makarapa Ecia e3seHi anabbl yuwiH anaTTtbl cy 6acyAap XpoHMKacbiH Taaaay XIX, XX, XXI
FacblpAap apaAblfbiHa XXYPrisiAai. AAanTtarbl cy 6acyAap >KeHIHAeri aknaparrtap rmaApoMeTeopo-
AOTUSIABIK, Mep3iMAi 6acbIAbIMAAPAAH, MyparaTTbiK MOAIMETTEPAEH, SAEKTPOHAbI PecypcTapAaH,
FbIABIMM MaKaAaAapAaH »eoHe 6acka Aa 9AeOuneT Ke3aepiHeH aAbiHAbI. CTpaTermsiAbiK, MaHbi3bl YA-
KeH aiMaKTapAbl TMAPOAOTUSABIK TYPFblAAH 3epTTey KasakCcTaHHbIH, TYPaK Thl AQMYbIH KaMTamMachl3
eTeai. 3epTTey HbicaHbl peTiHAe aAblHFaH ECiA ©3eHi aAabbl OCbIHAAM MaHbI3bl YAKEH ©AKEAEPiMi3-
AiH 6ipi, OHbIH YCTiHE eAiMi3AiH acTaHacbl ACTaHa KaAaCblH CaAy, KOPKENTY, AaMbITy 6acTbl Hazapaa
TYPFAHAbIKTAH aH-XaKTbl TMAPOAOTUAABIK, 3epTTEeyAep KaXKeTTIAITI KyMaH Tyablpmariabl. Koaasa
Gap MaTepuasAapAbl TaaAay €y 6Gacy opblHAApbIH, GailkaAFaH AaTtaAapbiH, naiaa 60Ay cebenTepi
MEH CaAAapblH aHbIKTayFa MyMKiHAIK 6epai. Cy 6acyabiH nanaa 60Ay cebenTtepi 0Cbl yakblTKa AEMIH
XKYPri3iAreH 3epTTeyAepre cymeHe OTbIpbin, aAanTarbl Cy GacyAapAblH KaAbINTacy >karaanAapbiHa
TOH 7 Tomka XikTeAai. HaTumxeciHae aaanTarbl Cy 6acyAbl KaAAbINTACTbIPYLUbl (paKTOPAAPAbIH
6acbiM GOAIri Kap epy MeH KapKbIHAbI >KayblH-LUALLbIHHbIH KOCBIAYbl HOTUXKECIHAE GOAATBIHADIFbI
aHbiKTaAAbl. CoHAaM-ak, Kasipri TaHAafFbl KAMMATTbIK, ©3repicTep MeH aAaMHbIH LapyallblAbIK, iC-
apekeTiHiH acepi 6ap ekeHairi ae 6ankasabl. Cy 6acyrapAbiH, MacluTabbl >k8HE WbIFbIH MOALLEPI
6araraHAbI.

Tyviin ce3aep: cy aeHreiti, cy 6acy, anat aeHreni, kap epy, Ecia e3eHi.
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AHaAM3 OCHOBHbBIX NE€PUOAOB MPOSIBAEHUS KaTacTpohuecKmux
HaBOAHeHMit B 6acceitHe peku Ecuab

B craTbe npoBeaeH XPOHOAOIMYECKMIA aHAAM3 KaTaCTPOMUUECKMX HABOAHEHWI, MPOLUEALLMX B
XIX, XX 1 XXI Bekax B 6acceriHe pekn EcMAb. AaHHble O HABOAHEHMSIX B3STbl M3 FTMAPOMETEOPOAOT M-
YeCcKMX MepruoAMYECcKMX >KYPHAAOB, apXMBHbIX AQHHbIX, SAEKTPOHHbIX PECYPCOB, HAay4HbIX CTaTel W
APYTMX UCTOUYHUKOB. M3yueHne rmaApOAOrMYeckuX acreKkToB CTPATerMyecku BaskHbIX PErMOHOB BaXKHO
AAS obecriedeHuns yctonumBoro passutust KasaxcraHa. O6beKTOM UCCAEAOBAHMS SIBASIETCS OAMH U3
BaXKHEMLLIMX PErmoHOB CTpaHbl — 6acceiH pekn Ecuab, 6oaee Toro He06X0AMMOCTb BCECTOPOHHUX MMA-
POAOrMYECKMX UCCAEAOBAHMIA HE CTaBUTCS MOA COMHEHME, Tak Kak CTOAMLA ACTaHa OPUMEHTMPOBAHA
Ha CTPOUTEALCTBO, BAAroyCTpOMCTBO M pasBUTHME TOPOAA. AHAAM3 CYLLECTBYIOLLMX MAaTepUaAAOB MO3-
BOAMA BbISIBUTb CAEAYIOLLME acreKTbl HABOAHEHMIA: YYaCTKM MOMMbI, HABAIOAQEMbIE AATbl, MPUYMHBI
M MOCAEACTBUS BO3HUKHOBEHMS. OCHOBbIBASICb HA PE3YAbTATbl MCCAEAOBAHUS MPEABIAYLUMX YUYEHbIX,
MPUYMHBI HABOAHEHMS ObIAM KAQCCUULMPOBAHbI HA 7 TPy, KOTOPbIE TUMMYHbI AASL YCAOBMIA (DOPMM-
pOBaHMs HABOAHEHWI B AQHHOM HacceriHe. B pe3yabTate, GblAM ONpeAeAeHbl OCHOBHbIE (hakTOpPbl, MPU-
BOASLLME K 3aTOMAEHMIO TEPPUTOPUI, K KOTOPbIM OTHOCATCS OAHOBPEMEHHOE MPOXOXKAEHUE TasHMs
CHera 1 BbIMAaAEHME 0CAAKOB. V3MeHEeHMe KAMMATa M XO3SIMCTBEHHOW AESTEAbHOCTU YEAOBeKa TOXe
OKa3bIBAET BAMSIHME Ha POPMMPOBaHUE HAaBOAHEHMI. MacluTab 1 KOAMYeCTBO yllepba OT HABOAHEHUS
ObIAM OLEHEHbI.

KAtoueBble cAOBa: ypoBeHb BOAbI, HABOAHEHME, YPOBeHb BEACTBMS, TasHMe cHera, peka Ecuab.

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,
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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 km?,
including an active 141,000 km?. 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
(H_, ) 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-
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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 0f 01.03.2019) in 2015, 900
million tenge (2 400 000 $ at the rate 0f 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) (MIC).

Catastrophic 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 c¢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.

Figure 2 — Consequences of flooding in the Yesil river basin

a) Atbasar city 2014; b) Atbasar city 2014;

¢) Atbasar city2017 d) Petropavl city 2017

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

Flood disaster resulting from intense snowfall
was observed in 2015 and 2017 (MIC). Flooding
took place in the Atbasar River, Zhabay River, in

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

Table 1 — Classification of of flood damage 1824-2017.

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).
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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.
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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,

Journal of Geography and Environmental Management. Ne 1 (52) 2019 63



Analysis of main periods of catastrophic floods in the Yesil river basin

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; ¢) 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; ¢) floods which have their origin in both tidal

Number of floods

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).

1820-18401841-18601861-18801881-19001901-19201921-19401941-19601961-19801981-20002001-2017

m Spring flood
Melting of snow
m Rising water levels

m The destruction of the dam

Years

® Heavy rains

Melting of snow and intense precipitation

H [ce breaking in the rivers

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 Melting of
Qod Snowmelt | STV and Rising Dam failure | Icejams Spring Intense
intense water levels floods rainfall
Frequency rainfall

Once every 5-10 years

Once every 20-25 years

Once every 50-100 years

Once every 100-200 years

[ = catastrophic I exceptional . high T sman

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 21% cen-
tury is higher than of both the 19" and 20 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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