
Reconstruction of the hazardous flood of 2014 in Magadan city 
based on coupled hydrometeorological modelling

Study area

• The study object is the Magadanka river watershed in Magadan city (area of

48.5 km2).

• The average and maximum watershed elevations are 498 and 689 m

• At the meteorological station of Magadan city (WMO index is 25913), the

average annual air temperature is -2.8 °C and the annual precipitation reaches

560 mm (1966-2015).

• The maximum daily precipitation at the Magadan station was 108 mm in 2014

• The catchment is located in the zone of discontinuous permafrost

• The average daily discharge for the period 1971-2017 was 0.78 m3/s, the

maximum instant water discharge reached 76.8 m3/s during the flood in 2014.
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Introduction
• Climate change causes the increase in the proportion and intensity of rainfall

leads to growth of number and magnitude of floods

• In 2014 hazardous flood hit Magadan; it became the highest one in the history

of observations.

The aim was to apply a hydrological model to reconstruct the conditions of the

hazardous flood in Magadan city based on two sources of meteorological data:

weather station and WRF climate model and assess the possibility of development

of forecast system based on coupled hydrometeorological modelling

Figure 1 . Scheme of the Magadanka River watershed and distribution of

runoff formation complexes

Hydrometeorological modelling

Parametrization and verification of hydrological
model

Previously the model was parameterized on the basis of long-term data from the
Kolyma water-balance station. Verification was made using historical data from
1971-2015.

Figure 2 shows the example of two consequent years of simulations (2004-2005).
In 2004 NS is equal to 0.67, annual precipitation and streamflow are 1300 and
1000 mm, while in 2005 NS is equal to -1.83,annual precipitation and streamflow
are 800 and 600 mm respectively. It is obvious that the quality of simulated
hydrographs crucially depends on the precipitation data. The results have shown
that a snow precipitation is mostly uncertain and varies in wide range from one
year to another.

Figure 2 Observed and simulated streamflow hydrographs: 2004 – NS = 0.67;

2005 – NS = -1.85.

Estimation of hazardous flood in Magadan city in
2014

On July 22-23, 2014 rainfall amount reached 196 mm (108 and 88 mm per day,
respectively) with a monthly July norm of 69 m

To estimate maximum discharge 2 types of precipitation data:

1) detailed precipitation information from the rain gauge from the Magadan
weather station; the sum for the period from 21.07 8:30 a.m. to 23.07 11:40
a.m. was 202 mm

2) precipitation values for all RPs based on the calculation according to the WRF
model: the sum was 258 for the same period

The hydrograph 3 (WRF data) reaches 55.3 m3/s, while the hydrograph 4
(weather station data) amounts only to 35 m3/s (parameters from the verified
period was used)). The hydrographs 5 (max Q - 120 m3/s) and 6 (max Q - 80
m3/s) are simulated with the correction coefficient 0.3 introduced to the parameter
of soil infiltration (infiltration rate was proportionally decreased by the factor 0.3
in all RFC). The timing of flood peak moved to 12h earlier.

Figure 3 Streamflow simulation results with hourly increments according to the

pluviograph at Magadan weather station and the WRF meteorological model

Conclusion

We suggest that the correction of the set of the model parameters should be

carried out. The detailed data on hourly precipitation should be used to set up the

model for the formation of the floods of high magnitude. Combining the

meteorological input from weather station and regional meteorological model

may allow for successful flood simulations in ensemble mode.

Integrated hydrometeorological

modelling:

1. The Hydrograph model
➢ Deterministic distributed model of runoff

formation processes

➢ The use of a priori estimation of its

parameters

➢ Minimum of manual calibration

initially developed by Prof. Yury Vinogradov

2. The Weather Research and

Forecasting (WRF) model
➢WRF is one of the world’s most widely

used

➢ It is a free, open-source and constantly

advancing model


