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Introduction

Long-term forecasts of freeze-up appearance dates on the

water bodies are of great importance in planning the end

of the navigation period and also for normal work of

hydraulic engineering (WMO-No. 168). Reliable and lead

time forecasts of freeze-up appearance date at the Kyiv

Reservoir are extremely necessary for the rational use of

water resources of the Dnipro River, to establish the

regime of its operation in the cascade system of Dnipro

reservoirs, taking into account the requirements and

interests of different sectors of the economy: hydropower,

shipping, fisheries, utilities, etc. (Scherbak et al., 2007).

Research on long-term forecasting of the ice regime of

both rivers and reservoirs is not given due attention in

Ukraine. So, the latter scientific and methodological

developments, which are now used by the Ukrainian

Hydrometeorological Center to compile long-term

forecasts of the ice regime characteristics of water bodies

of Ukraine, were carried out in the 40s-70s of the 20th

century. They need a radical reworking based on new

scientific and methodological principles and modern

technological approaches.

Freeze-up of water bodies is determined by heat exchange

between the hydrosphere and the atmosphere as well as

hydrological features of water bodies. Nonetheless,

atmospheric processes are the decisive factor that

determines ice conditions on water bodies. Thus, the basis

of long-term forecasting of the ice phenomena on the

water bodies is the analysis and accounting of the

oscillation of large-scale atmospheric circulation (WMO-

No. 168; Sutyrina, 2017). In doing so, the statistical,

discriminant, correlation analyses, and orthogonal

functions are used to determine predictors among the

variety of atmospheric processes (WMO-No. 168).

Besides, remote sensing with satellites, teleconnection

patterns, numerical models, the machine learning methods

also use (Sutyrina, 2017; Graf et al., 2022). Let us note

that, the creation of reliable long-term ice forecasts is the

most difficult task in hydrology which still doesn't have a

satisfactory solution (Sutyrina, 2017).

The main objective of this study is the development of the

methodology for long-term forecasting of freeze-up

appearance date at the Kyiv Reservoir with the use of

Northern Hemisphere Teleconnection Patterns, the

monthly atmospheric and Sea Surface Temperature (SST)

indices.

Method and Theory

The development of methodology for long-term forecasts

of freeze-up appearance date at the Kyiv Reservoir

includes the following stages (WMO-No. 168, 2009):

- investigation of the formation conditions of freeze-up

at the Kyiv Reservoir, including the determination of

freeze-up appearance timing, their extreme and

average dates, and interannual variability;

- analysis of atmospheric processes that influence the

formation of freeze-up at the Kyiv Reservoir;

- detection of the relationship between the freeze-up

appearance dates and indicators representing the

corresponding atmospheric processes;

- development of predictive dependencies that make it

possible to predict the freeze-up appearance date with

a certain lead time;

- evaluation of the effectiveness of the proposed

methodology of long-term forecasts of freeze-up

appearance date at the Kyiv Reservoir.

The following observational data were used in the

research:

- mean daily air temperature at the Chornobyl

meteorological station for the period 1966-2020;

- freeze-up appearance dates at 6 water gauges at the

Kyiv Reservoir for the period 1966-2020;

- mean monthly values of 35 teleconnection patterns,

atmospheric indices, and ocean surface temperature

indices that were obtained from websites:

https://www.cpc.ncep.noaa.gov/data/indices/sstoi.atl.i

ndices;

https://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/

- historical synoptic maps for the period 1966-2020 that

were obtained from websites:

https://www.wetterzentrale.de/topkarten.php?model=g

fs&time=3&lid=OP

The search for a satisfactory correlation was carried out

using two approaches:

- detection of the relationship between the freeze-up

appearance dates at the water gauges and the mean

daily air temperature at the Chornobyl meteorological

station;

- detection of the relationship between the freeze-up

appearance dates at the water gauges and 35

teleconnection patterns, atmospheric indices, and

ocean surface temperature indices.

Examples (Optional)

Kyiv Reservoir was created on the Dnipro River above Kyiv city (Ukraine) in 1964-66. The length of the reservoir is 110 km, the width is 12

km, the water surface area is 922 km², the volume is 3.7 km³ and the largest depth is 15 m. At Kyiv Reservoir, the observation of the ice

regime is carried out at 6 gauges (Figure 1) (observations service of the Central Geophysical Observatory named after Borys Sreznevsky,

Kyiv, Ukraine).

Figure 2 Dependence of the freeze-up appearance dates at the

Strakholissia water gauge from the minimum air temperature at the

Chornobyl meteorological station in the first half of November (a) as well

as from the NATL index in September (b)

The results of verification forecasts for the period 1966-2019 showed that

the forecast error does not exceed the error tolerance in 69% of cases.

However, in reality, since this type of forecast uses the weather forecast

for the first half of November, the accuracy of the hydrological forecast

will be much lower.

Searching for a predictor among 35 teleconnection patterns, atmospheric

indices, and ocean surface temperature indices revealed that the best

correlation with freeze-up appearance dates at the Kyiv Reservoir has the

NATL index in September for the period 1982-2019 (Figure 2 b). The

NATL index characterizes the surface temperature of the Atlantic Ocean

in the rectangle 5-20°North and 60-30°West. The revealed correlation

dependence is direct and indicates that the more the waters of the Atlantic

Ocean warm up at the beginning of autumn, the later the freeze-up

appearance on the Kyiv Reservoir and vice versa. The use of this

correlation makes it possible to provide a forecast of the date of freeze-up

appearance dates at the Kyiv Reservoir with satisfactory accuracy already

in October. The results of verification forecasts for the period 1982-2019

showed that the forecast error does not exceed the error tolerance in 66%

of cases.

At the Kyiv Reservoir, the freeze-up formation usually does not occur

simultaneously in its entire water area. Initially, the freeze-up appears

in shallow waters that are located in its northern and north-eastern

parts. The formation of freeze-up in the area of the Vyshhorod water

gauge hindered by the operation of the Kyiv Hydroelectric Power Plant

(HPP) and the Kyiv Pumped-Storage Power Plant (PSPP) (Vyshnevskyi

and Shevchuk, 2019). The formation of freeze-up in the areas of the

Chornobyl and Dniprovske water gauges hinder by the streamflow of

the Prypiat and Dnipro rivers. The Tolokun and Lebedivka water

gauges are located in the deep-water part of the reservoir, where the

heat reserves in the water masses also prevent the rapid formation of

freeze-up. The Strakholissia water gauge is located on the shallow part

of the reservoir, where heat reserves are smaller than in the deep-water

part, and it is here, in the vast majority of cases, that the freeze-up

appearance is observed earlier than at all other water gauges. That is

why all subsequent calculations were carried out for this water gauge.

At the Strakholissia water gauge, the freeze-up appearance dates range

from November 1 (1979) to January 28 (2007) and the mean date is

December 1. Considering the significant range of fluctuations in the

freeze-up appearance dates at the Strakholissia water gauge, the error

tolerance of the forecast for this water gauge is ±12 days.

The formation of ice phenomena is associated with large-scale

processes in the atmosphere that develop over vast spaces over a long

time period. Analysis of synoptic maps shows that at the beginning of

the autumn-winter period the state of Iceland center of atmospheric

action determines the appearance of ice phenomena and the freeze-up

of the rivers and reservoirs of Ukraine. The more active the Iceland

minimum, the greater the area of northern and north-eastern Europe

covered by cyclonic activity. Wherein, the duration of cyclonic activity

is also increasing. Over the territory of Ukraine, the warm air masses

delay the appearance of freeze-up on rivers and reservoirs until later. In

some years with extremely warm winters the freeze-up does not form

at all at the water bodies of Ukraine. On the contrary, at the beginning

of the autumn-winter period in the northern latitudes, the significant

development of high atmospheric pressure weakens the cyclonic

activity of the Iceland minimum and determines the arrival of cold

arctic masses on the territory of Ukraine in the form of anticyclonic

formations. The invasion of cold air masses is precisely the reason for

the appearance of ice phenomena and the freeze-up of the rivers and

reservoirs of Ukraine.

As indicators of the above-described atmospheric processes, we used

the mean monthly values of 35 Northern Hemisphere Teleconnection

Patterns and the monthly atmospheric and Sea Surface Temperature

(SST) indexes. In addition, the minimum air temperature at the

Chornobyl meteorological station was used as another predictor.

The relationship between the freeze-up appearance dates at the

Straholissya water gauge and the minimum air temperature at the

Chornobyl meteorological station in the first half of November (Figure

2 a) shows that the available correlation relationship allows us to

provide a forecast of freeze-up appearance date at the Kyiv Reservoir

with satisfactory accuracy for the criteria according to (Manual on

operational hydrology, 2012).

Figure 1 Location of the 6 water gauges at the Kyiv Reservoir
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