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Abstract—This paper describes the experience of using weather radar data to simulate a catastrophic f lood
caused by intense rains that occurred in the period from August 5 to 8, 2017 in the south of Primorye, Russia.
The Amba River (243 km2), where historical discharge peak was measured, was chosen as the test watershed
of this study. Weather radar hourly precipitation fields with a spatial resolution of 1 km and a modified version
of the kinematic-wave-based geomorphologic IUH model were used to estimate the hydrograph at the water-
shed outlet. The simulation was performed with an hourly time step; using the precipitation grids obtained
from initial radar reflectivity data, and then using bias-correction based on precipitation measurement at the
closest meteorological station. In the preliminary tests, the simulated discharge was found underestimated
about two times in comparison with the observed discharges. After performing a precipitation bias-correc-
tion, the simulated and observed discharges showed good accordance.
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INTRODUCTION
Weather radar data are used for estimating rain-

storm intensity in numerous hydrological applica-
tions. It is usually adopted as an alternative input to the
distributed or semi-distributed hydrological models to
improve hydrological nowcasting. The performance of
this type of models can be very sensitive to the areal
rainfall estimator used. Although the meteorological
station network gives sufficient accuracy of measure-
ments in the nearby areas of the meteorological sta-
tions, the spatial interpolation methods are still quite
weak to reproduce the convective precipitation struc-
ture at watershed scale. The main advantage of
weather radar data is its ability to reproduce the spatial
structure of precipitation that is vital for territories
with complex orography and shortage of rain gauging
stations.

Weather radars can provide good qualitative areal
rainfall estimates across large domains (200–250 km
around) at fine temporal (5–10 min) and spatial (1–
2 km) scales. Since the reflectivity factor used to cal-
culate precipitation is obtained from returned power,
it is prone to radar calibration error, attenuation in
rain, sensitivity to raindrop size distribution, advec-
tion, and beam blockage, etc. With increasing distance
from the radar position, the measurement sampling

also increases in volume and rises above the Earth’s
surface. At the distance of 160 km, the radar beam may
be several kilometers wide. Measurement of ref lectiv-
ity aloft cannot represent the surface conditions, and
for an intense convective system with significant verti-
cal velocity of rainfall, the method can produce up to
40% underestimation of the rainfall rate [6, 7]. Hence,
the problem of radar data interpretation is still a chal-
lenge, the set of factors affecting the measurements
accuracy and the post-processing corrections proce-
dures must be defined for each catchment being exam-
ined. To develop an analysis scheme based on accurate
rain gauge measurements with spatial radar informa-
tion is considered an important research topic. How-
ever, only few countries adopt radar data for operative
hydrological forecasting. There are no published stud-
ies in Russia so far, although weather radar data have
been successfully applied for f lood event simulations
with hourly resolution.

This paper describes the experience of using
weather radar data to simulate a catastrophic f lood
caused by intense rainstorms occurred in the period of
August 5–8, 2017, in the south of Primorye, Russia.
The Amba River (243 km2 at the gauging station cross-
section), where measured water discharge was
704 m3/s, was chosen as the test watershed of this
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Fig. 1. Weather radar position, 50 km radius; rain observation network, Amba River watershed, 50 km distance circle, visibility
area on the second beam angle.
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study. Weather radar hourly precipitation fields with a
spatial resolution of 1 km and the modified version of
the kinematic-wave-based geomorphology IUH
model (KW-GIUH) were used to estimate the f low
hydrograph at the watershed outlet. The simulation
was performed with an hourly time step. The original
data were used firstly, and then a bias-correction
method based on precipitation measurement at the
closest meteorological station was applied. In the first
case, the simulated hydrograph and the f lood volume
were underestimated by more than two times in com-
parison with the measured discharge. After the precip-
itation bias-correction, the simulated f low at the refer-
ence timestamp was in accordance with the measured
one.

The paper is laid out as follows: the next section
describes the case study catchments; Section 3 gives
the weather radar description, observation network
data details, and the result of comparison of rainfall
estimations; the KW-GIUH model is outlined in Sec-
tion 4; modelling results are presented and analyzed in
Section 5; and finally, a summary and some conclud-
ing remarks are discussed.

THE AMBA RIVER

The Amba River was chosen as the test watershed
of this study. The main reason for choosing this catch-
ment is the availability of hydrological and meteoro-
logical observational data required for radar verifica-
tion and model calibration. This watershed is located
(outlet coordinates are 43°17′ N; 131°36′ E) at an opti-
mal distance (37 km) from the radar position, its area
is within minimum screening by orography for the
near-surface radar beam (Fig. 1).

The river has its source in Shuphanskoe Plateau
and flows into the Amur bay (the Sea of Japan). River
basin area is 243 km2 at the gauging station cross-sec-
tion. Average watershed height is 251 m a.m.s.l., the
vertical drop is 690 m. River basin has a narrow shape,
main river length is 63 km, and tributary lengths do
not exceed 10 km. The upper part of the basin is the
spurs of the Qingluntai and Plosky ridges with heights
of about 600–740 m. Mountain slopes are steep
(locally very steep), bluff, convex; they are more gentle
and concave only in the lower part of the basin. The
bedrocks exposure (rock outcrop, cliffs, and scree
debris) are widespread. At the midpart of the water-
shed, the height drops to 300–500 m.

The upper part of the catchment is covered with
mixed coniferous–broadleaf forests. The rest of the
territory is burnt or clear-cut with sparse growth of
trees. In the middle part of the river basin the valley is
narrow, the f loodplain is wooded, discontinuous,
50 m wide. River depth is 0.4 m, f low velocity is 1.2–
1.8 m/s. In its lower part, the valley is wider, trape-
zium-shaped with steep (50–150 m) slopes. The
floodplain is two-sided, 1–1.5 km wide, composed of
sand and pebbles. The river is 30–40 m wide, winding,
the f low velocity is about 0.5–0.9 m/s.

The study catchment is characterized by the mon-
soon climate with non-equilibrium annual precipita-
tion distribution. The average annual precipitation
amount is 900 mm, up to 92% of annual volume takes
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place in the warm part of the year (April–November).
This region is particularly prone to extreme precipita-
tion events. Maximum daily rainfall during tropical
cyclones activity season (July–September) is about
100–200 mm. There are two equiprobable hydrologi-
cal regimes. The first one shows f loods throughout the
warm period (flood events continuously follow one
after another), and the second one is characterized by
high f low at the first half of the warm period (April–
July) followed by a stable low-flow period, some rela-
tively moderate event may occur.

WEATHER RADAR AND DATA DESCRIPTION

C-band Doppler weather radar with dual polariza-
tion is installed near Vladivostok international airport,
where it covers the territory within 250 km radius. Pri-
morskoe Administration for Hydrometeorology and
Environmental Monitoring (PAHEM) uses it in oper-
ational service. Every 10 min, the radar scans the
atmosphere at 24 elevation angles from 0.09 to
86 degrees. Each scan provides data with an angular
resolution of 1 degree and a linear resolution of 500 m
along the radar beam.

After the first processing stage, the dataset contains
reflectivity for vertical and horizontal polarizations,
differential reflectivity and differential phase. After the
second level processing procedures, additional data-
sets appear: vertical integrated liquid content, the
coefficient of cross-correlation, specific differential
phase, phenomena, the height of cloud top/bottom,
precipitation rate and sums. All measured data are
available as 3D-arrays in either Cartesian or spherical
coordinates.

The standard Marshall-Palmer Z–R relation is
used to get precipitation rate from radar reflectivity,
which defines that precipitation rate (R, mm/h) is

related to reflectivity (Z, mm6/m3) by power function

like Z = ARb. Reflectivity at 600 m altitude, which is
got in the form of constant altitude plan position indi-
cator (CAPPI), is used [4]. The precipitation rate is
calculated for every scan, and, with the assumption of
its constancy between scans, is integrated over
the period of interest. In this study, we used 12- and
24-hour aggregations prepared by radar data process-
ing software provided by manufacturer for analysis,
and 1-hour aggregations for simulation.

Highlands dominate the territory around the radar.
The average height of surrounding mountains is about
300 m. Radar antenna altitude is 96 m a.m.s.l. So,
unfortunately, despite of the relatively low height, they
are too close to the installation point and, as a result,
the most part of the control area is shaded by orogra-
phy from the lower scanning angles of the atmosphere.
Most part of PAHEM meteorological and hydrologi-
cal stations equipped with raingauge are screened from
near-surface radar beam as well. Only the narrow SSW
sector faced to the seaside has no obstacles for the
WATER RESOURCES  Vol. 46  Suppl. 2  2019
beams propagation. The visibility calculated using the
SRTM30 DEM for the second radar apex is shown in
Fig. 1.

The precipitation obtained from radar data was ver-
ified against precipitation observed on three meteoro-
logical stations and one hydrological station. Figure 2
shows scatter diagrams of the measured and estimated
by radar sums of precipitation for summer (JJA)
months over 2016–2018. Due to the measuring sched-
ule, the precipitation was aggregated in 12-hour sums
for meteorological station and 24-hour sums for the
hydrological station (Zanadvorovka).

The assessment of the results shows that, despite of
the fact that station location points are incompletely
vertically scanned by radar beam, the correlation is

quite strong (R2 ~ 0.8), however, the precipitation sum
obtained from weather radar was underestimated
about 1.5–3 times compared with observation net-
work measurements. The high correlation with
Barabash (31971) and Zanadvorovka (05642) rain
gauges is provided by only one maximum point, corre-
sponding to the event considered. Exclusion of this
point from the analysis reduces the correlation down
to 0.8.

So, it would be concluded that the radar data is in
good agreement with meteorological station measure-
ments, and it is a reliable source of information about
precipitation to be used as input in hydrological mod-
els after simple bias-correction. The disagreements
between the measured surface rain rates and those
estimated by the radar are caused by several factors.
The main problem is that the radar beam is not close
enough to the ground surface and precipitation can be
significantly biased due to beam blockage by the
watershed NE ridge. Vertical perturbations in rain
parameters and advection affect the sampling as well,
because, in case of high variability of rain in time and
space, the rain intensity cannot be considered con-
stant between two consequential scans.

KW-GIUH MODEL

The kinematic-wave-based geomorphological
instantaneous unit hydrograph model (KW-GIUH)
was an event-based runoff simulation model using
hillslope and channel reach as routing components. It
was developed by К.Т. Lee and collaborators [8, 9]
and is used for f loods prediction in Taiwan—one of
the most f lood-affected regions of the world.

The model is twofold. The first part originates from
the classical IUH method [10], which was extended
from purely empirical approach to account for water-
shed geomorphology—GIUH. The second part uses
kinematic wave to calculate overland and channel
travel time. The base idea behind the GIUH is that
each random raindrop falling on the catchment can
enter the channel network and route to the outlet
through different f low paths. Each flow path can be
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Fig. 2. Scatterplot of measured and estimated sums of precipitation for gauging stations (a) Sadgorod (31977), (b) Barabash
(31971), (c) Primorskaya (31962), (d) Zanadvorovka (05642) in June–July–August of 2016–2018. 
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represented in term of Horton–Strahler orders and
geomorphological characteristics extracted from digi-
tal elevation models (DEM). The hydrograph at the
watershed outlet is the summation of the component
hydrographs generated from different f low paths using
linear superposition principle. The kinematic-wave-
based version of GUIH implies the nonlinearity of
runoff formation processes depending on the intensity
of precipitation, which is achieved by calculation of
water travel time using the kinematic wave approxima-
tion. As a result, the hydrological response of the basin
to a heavier rainfall is significantly faster and the value
of the f lood peak discharge increases nonlinearly.

Although previous studies [5] have shown that the
assumptions about homogeneous in spatial pattern of
the rain, watershed geomorphological and hydraulic
parameters over different stream orders were held
quite well for small mountainous basins of Taiwan; the
nonhomogeneous geomorphologic and hydrological
characteristics in the Russian Far East needed to be
concerned. In this study the modified version of the
KW-GIUH model, which considers more detailed
spatial inhomogeneity of the catchment parameters,
as well as of spatial pattern of precipitation, was
applied [2, 3].

The model computational core is realized as .NET
assembly (C# programming language) [3]. The input
data for the model are the effective precipitation, mor-
phometric and hydraulic parameters of hillslopes and
channel reaches: length, width, slope, and roughness
coefficients. By now, a number of well-developed GIS
technologies based on DEM analysis have been pro-
posed to determine all these parameters. In this partic-
ular case, we applied the ArcSWAT GIS-interface and
adapted the KW-GIUH model to use the ArcSWAT
MS Access geodatabase for initializing the spatial

structure of the model.

The ArcSWAT was used to calculate all needed

parameters including estimation of channel reaches

and floodplain width using exponential function from

the upstream area. GIS-interface is convenient for set-

ting and calibrating roughness coefficients of overland

and channel f low. This approach was considered as the

most efficient for modelling preparation work since

the spatial structure of both models is almost the same

and the GIS component of SWAT is well refined, well

documented and supported by the SWAT-model com-

munity.

The design concept of the model spatial structure is

the same as outlined in [2]. The drainage network is

combined with subbasin into model spatial units using

id-based schema. Then, all model spatial units are

assembled into the watershed using topology (from-to

nodes id). Database records containing all morpho-

metric and hydraulic parameters are calculated for

channel reaches and hillslopes from DEM. In this par-

ticular case, the tables “HRU,” “Reach,” and “RTE”

from ArcSWAT database were used [11]. The number

of HRU and subbasins is equal (each subbasin can

contain only one HRU). The fact that the morpho-

metric and hydraulic characteristics of overland and

channel are lumped inside subbasin assumes their

average values being close to the natural form of relief

and watercourse. The average area of model spatial

units must be in accordance with the assumption that

the precipitation is uniform (can be averaged) over the

subbasin at each simulation time step.
WATER RESOURCES  Vol. 46  Suppl. 2  2019
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Fig. 3. Hourly precipitation grids (more than 5 mm/h) obtained from weather radar reflectivity over Amba River basin.
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MODELLING RESULTS AND DISCUSSION

KW-GIUH model was used to simulate the cata-
strophic f lood at the Amba River caused by intense
rains occurred in the period of August 5–8, 2017.
During this period the frontogenesis over the south of
Primorye caused the intensification of a frontal zone
and heavy rainfalls. The precipitation of this extreme
rainstorm, measured on the PAHEM observation net-
work, varied from 32 up to 399 mm.

For Barabash meteorological station (31971),
located 15 km to the South, the maximum 12-hour
precipitation intensity was 249 mm at night on
August 7, and the total precipitation depth was
399 mm for the rain (August 7–8). At the hydrological
station, located in the Amba river outlet, the total pre-
cipitation was 211 mm, the water level rise was 4.1 m,
and water depth over f loodplain was about 2.4 m.

The rain pattern was characterized by a high spa-
tial–temporal variability. Heavy precipitation cells
moved along the western seaside line of Amur Bay
(Fig. 3). The f lood formed at watershed headwaters
and quickly reached the valley bottom, inundated the
lowlands, and caused enormous damage at the down-
stream settlements and infrastructure.

The spatial structure of the KW-GIUH model was
created using geodatabase generated by ArcSWAT
GIS-interface. Drainage network was extracted from

SRTM30 DEM using 1 km2 threshold and the size of

the subbasin average area was 1.8 km2. The precipita-

tion grids with a spatial resolution of 1 km2 obtained
from the weather radar reflectivity were approximated
by mean values calculated over each subbasin (model
units).
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Numerical simulations were performed with an
hourly time step: firstly, using the precipitation
obtained from the original radar data, and then after
bias-correction based on precipitation measurement
at raingauges. The channel width used in the kine-
matic wave routing was equal to the f loodplain
breadth. Roughness coefficient, calibrated for channel
routing, was 0.1, and that for overland flow was 24.
The baseflow component, which will be included into
the total runoff calculation, was determined according
to the river discharge observed at the start of the rain-
storm.

The plotted hydrographs show the total simulated
river f low as a solid line and the measured discharge as
dots (Fig. 4). To estimate modelling result, the scat-
tered observation on PAHEM stream gauge located at
the outlet was used. The f low observation data is cru-
cial for model verification. But in the considered case,
the number of measurements is small because they can
be performed only when the safety requirements are
met.

As shown in Fig. 4, simulation with uncorrected
data is obviously faulted. In the first case the simulated
hydrograph and the f lood volume were underesti-
mated by more than 2 times in comparison with the
measured discharge. The f low rate at the reference

(local) time 08:00 August 7 was 280 m3/s, and the
entire f lood volume reached 61 mm. After the precip-
itation bias-correction, the simulated f low at the refer-

ence time reached 630 m3/s and the total f lood volume
was 188 mm.

Considering the difference of the total discharge
volume, the modelling result using the bias-corrected
precipitation is acceptable. The roughness parameters
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Fig. 4. Measured and KW-GIUH-simulated hydrograph.
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for channel f low correspond to the case of water f lows
over wooded floodplain. Overland roughness is two
times higher than those obtained in the previous stud-
ies in the region [1–3, 5], but still within the range of
recommended values [11] for the overland flow.
Finally, it would be worth noting that the modelling
results clearly indicate that the peak of f low rate was
not measured, so the scientific analysis and engineer-
ing design should take this fact into consideration.

CONCLUSIONS

This study presents the results of the first experi-
ence of application of weather radar data for modelling
of a catastrophic f lood in Primorye region—one of the
highest f lood-prone regions of Russia. Modeling and
understanding the dynamic characteristics of extreme
hydrological events are very important for developing
reliable forecasting methods. From this point of view,
the case considered herein is of particular interest
because of the high intensity and spatial-temporal
variation of precipitation pattern during the extreme
rainstorm. The modelling results show that the radar-
derived data has a bias but reproduces the spatial
structure of precipitation well even for complex ter-
rain, a feature which is vital for hydrological nowcast-
ing. Radar data allows the researcher to overcome
some limitations of distributed models while specify-
ing meteoforcing on the catchment scale. On the other
hand, a good simulation quality provided by the well-
known hydrological models implicitly presumes a
good quality of the input data. Further researches in
the field aimed to create operative hydrological fore-
casting methods in the regions of study are promising.
FUNDING

This work was supported by the Russian Science Foun-

dation, project no. 17-77-30006, and the Russian Founda-

tion for Basic Research, project no. 19-05-00353.

REFERENCES

1. Bugaets A.N. Applications of kinematic-wave-based
geomorphologic IUH model for rain f loods prediction
in southern Primorye, Russia, Fundamentalnye proble-
my vody i vodnykh resursov (Proc. Conf. Fundamental
Problems of Water and Water Resources), Institute of
Water and Environmental Problems, Siberian Branch,
Russian Academy of Sciences, Altai Regional Depart-
ment of Russian Geographic Society, 2010, pp. 42–45.
https://elibrary.ru/item.asp?id=22525775

2. Bugaets, A.N., Development of methods for defining
structural and hydrographic characteristics using DTM
data for the hydrological modeling, Extended Abstracts
of Cand. Sci. Dissertation (Eng.), Russ. State Hydrome-
teorol. Univ., St. Petersburg, 2011, 30 p.

3. Bugaets, A.N., Using the OpenMI standard for devel-
oping integrated systems of hydrological modeling,
Russ. Meteorol. Hydrol., 2014, vol. 39, no. 7, pp. 498–
506.

4. Doviak, R.J. and D.S. Zrnic, Doppler Radar and
Weather Observations, 2nd ed., San Diego, Academic
Press, 1993.

5. Gartsman, B.I., Bugayets, A.N., Tegai, N.D., and
Krasnopeyev S.M., Analysis of the structure of river
systems and the prospects for modeling hydrological
processes, Geogr. Prir. Resur., 2008, vol. 29, no. 2,
pp. 116–123.

6. Guide to Hydrological Practices, vol. I, Hydrology—From
Measurement to Hydrological Information, WMO-
No. 168, Sixth edition, 2008.

7. Harrold, T.W., English, E.J., and Nicholass, C.A., The
accuracy of radar-derived rainfall measurements in
hilly terrain, Quart. J. R. Meteorol. Soc., 1974, no. 100,
pp. 331–350.

8. Lee, K.T., Cheng, N.K., Gartsman B.I., Bugayets A.N.,
A current version of the model of a unit hydrograph and its
use in Taiwan and Russia, Geogr. Prir. Resur., 2009,
vol. 30, no. 1, pp. 79–85.

9. Lee, K.T. and Yen B.A., Geomorphology and kinematic-
wave based hydrograph deviation, J. Hydr. Eng. ASCE,
1997, vol. 123, no. 1, pp. 73–80.

10. Nash, J.E., Systematic determination of unit hydrograph
parameters, J. Geophys. Res., 1959, no. 64, pp. 111–115.

11. Winchell, M., Srinivasan, R., DiLuzio, M., and Ar-
nold, J.G., ArcSWAT Interface for SWAT2012, User’s
Guide, Blackland Research Center, ARS Temple, Tex-
as, 2013.
WATER RESOURCES  Vol. 46  Suppl. 2  2019


	INTRODUCTION
	THE AMBA RIVER
	WEATHER RADAR AND DATA DESCRIPTION
	KW-GIUH MODEL
	MODELLING RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

		2019-10-17T15:17:31+0300
	Preflight Ticket Signature




