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Flood Forecasting Experiment Based on EC and WRF in
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Abstract In order to extend the forecasting period of flood and improve the accuracy of flood forecasting, this paper took Bailian River Reservoir which
located in Huanggang City of Hubei Province as an example and carried out basin flood simulation and forecasting by coupling the quantitative precipitati-
on forecasting products of numerical forecast operation model of Institute of Heavy Rain in Wuhan (WRF) and the European Center for Medium-range
Weather Forecasts (ECMWE') with the three water sources Xin’an River model. The experimental results showed that the spatiotemporal distribution of
rainfall predicted by EC is closer to the actual situation compared to WRF'; the efficiency coefficient and peak time difference of EC used for flood forecas-
ting are comparable to WRF, but the average relative error of flood peaks is about 14% smaller than WRF. Overall, the precipitation forecasting products
of the two numerical models can be used for flood forecasting in the Bailian River basin. Some forecasting indicators have certain reference value, and

there is still significant room for improvement in the forecasting effects of the two models.
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Flood disaster has always been one of the most serious natural
disasters threatening human survival and development. The direct
economic losses caused by floods in China reach tens of billions of
yuan every year ' 2. According to incomplete statistics, there are
about 98 000 reservoirs in China, of which a considerable number
of small- and medium-sized reservoirs have insufficient or even
blank hydrometric stations. Such reservoirs often have large hid-
den dangers when facing local rainstorm and flood. Huanggang
City is located in the eastern part of Hubei Province, with an over-
all terrain that gradually slopes from north to south. The northeast-
ern border with Henan and Anhui is the Dabie Mountains, which
originated from six major water systems including the Daoshui Riv-
er, the Jushui River, the Bashui River, the Xishui River, the
Qishui River, and the Huayang River, all of which flow through
Huanggang City from north to south and join the Yangtze River. In
June and July 2016, Huanggang City suffered severe floods with an
average rainfall of nearly 700 mm. The affected population was
4.426 million, resulting in 19 deaths and 5 missing persons. The
direct economic loss was 8. 545 billion yuan. In the super Meiyu
season of 2020, the total rainfall in Huanggang City exceeded that
of 1998, ranking first in history and more than 60% higher than
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the average rainfall in Hubei Province. Floods and waterlogging
disasters affected more than 1. 35 million people in Huanggang
City, with 81 000 hm® of crops affected and direct economic losses
of nearly 750 million yuan"’.

With the continuous development of modern meteorological
numerical forecasting models (hereinafter referred to as numerical
models) , the accuracy and frequency of rainfall forecasting are al-
so increasing. It can effectively improve the accuracy of flood fore-
casting, strengthen the scientificity and predictability of reservoir
flood control and scheduling, and ensure the reservoirs safety dur-
ing flood season by using high-precision rainfall forecasting for wa-
tershed flood forecasting™’. At present, many experts and scholars
at home and abroad are coupling various numerical model forecas-
ting products with different hydrological models to conduct experi-

mental research on runoff simulation and flood forecasting”’ ™.

Based on WRF and grid Xin’an River model, Gong Junchao

1. "' carried out flood forecasting simulation for the Tunxi Riv-

el a
er basin, achieving high simulation accuracy. Huang Zequn
et al. """’ combined the DRIVE-Urban model with rainfall data
from automatic weather station to finely simulate two typical water-
logging events in the Changsha area, and hit rate of a waterlogging
point was over 60% . Goodarzi et al. "' coupled WRF with HEC-
HMS model, and carried out flood forecasting experiment in the
Talesh watershed of Iran, and the results showed that the coupling
of meteorological and hydrological models can be used for flood
forecasting in the region. Most of the existing research is conduc-
ted by coupling a numerical model with a hydrological model, and
there is relatively little research on the comparative analysis of dif-

ferent numerical model forecast products in flood forecasting.
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Therefore, this paper attempted to couple two commonly used nu-
merical models in meteorological operations with hydrological mod-
el, and selected the only large-scale reservoir in Huanggang
City—Bailian River Reservoir as the research object to carry out ba-
sin flood forecasting experiment, providing scientific reference and

technical support for flood control decision-making in the basin.

1 Data and methods

1.1 Opverview of the basin The Bailian River Reservoir is lo-
cated in the middle reaches of the Xishui River in eastern Hubei
Province. It is the first artificial reservoir in eastern Hubei and a
key water conservancy project in the Xishui River basin. It has
begun to be built in the autumn of 1958, and the main dam was
used for flood control and water storage in October 1960. The con-
trolled watershed area is 1 797 km’®, with a total storage capacity
of 1.228 billion m’, accounting for 82.6% of the total water stor-
age in the watershed. There are 28 meteorological observation sta-
tions distributed in the watershed, which is a multifunctional res-
ervoir mainly for irrigation and power generation, while also con-
sidering flood control, fish farming, shipping, and comprehensive
utilization (Fig.1). The shape of the reservoir basin is long from
north to south and narrow from east to west, with an average width
of 15.7 km, slightly resembling the shape of banana leaves. The
terrain is high in the northeast and low in the southwest. The
Xishui River basin belongs to the subtropical monsoon climate
zone, with a mild climate and an average annual temperature of
16.7 C. It is cold in winter and hot in summer, with distinct four
seasons. This basin belongs to the rainstorm area in eastern
Hubei, with the average annual rainfall of 1 366 mm. The spatial
and temporal distribution of rainfall is uneven, concentrated be-
tween June and August. Rainstorm is frequent and intense, with

steep rise and fall of flood and short convergence time.
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Fig.1 Schematic diagram of the Bailian River basin

1.2 Research methods
1.2.1
posed by Professor Zhao Renjun et al. from the former East China

Hydrological model. The Xin’an River model was pro-

Institute of Water Resources'”’ , and was improved on the basis of
modern slope hydrology to become the current three water sources
Xin’an River model. The Xin’an River model is a decentralized
structure that divides the watershed into many unit watersheds. For
each unit watershed, the rainfall-runoff calculation is performed to
obtain the outlet flow process of the unit watershed. Then, the river
flood calculation below the outlet is carried out to obtain the flow
process of the watershed outlet. The total outflow process of the wa-
tershed outlet is obtained by adding the outflow processes of each
unit watershed. In recent decades, the Xin’an River model has been
continuously improved and widely applied in humid and semi humid
areas both domestically and internationally'™'.

1.2.2 WRF model. Mesoscale numerical model WRF ( Weather
Research and Forecasting Model ) was jointly developed by
NCAR, NOAA, and multiple research institutions in the United
States. This model integrates numerical weather forecasting, at-
mospheric simulation, and data assimilation, which can better im-
prove the simulation and forecasting of mesoscale weather. Since
the first version was launched in 2000, it has been applied and
tested in multiple countries around the world, and has shown good

forecasting ability for the intensity and falling zone of precipitation
15-18]

processes in multiple regions of China® At present, the
WRF model has been used as the operational forecasting model of
the Central China Regional Numerical Forecasting Center, provi-
ding three layers of nested forecast products with two time intervals
per day (00:00, 12:00 UTC), with a forecast time of 84 h.
Among them, the first layer has a resolution of 27 km x 27 km,
covering the whole country. The second layer has a resolution of
9 km x9 km, covering the Central China region ( Henan, Hubei,
Hunan). The third layer has a resolution of 3 km x3 km, cover-
ing Hubei Province and the Three Gorges Reservoir area. Based
on previous research ' | the overall forecasting performance of the
9 km product is better than that of the 3 and 27 km products.
Therefore, this study selected a rainfall forecasting product with a
resolution of 9 km X9 km to conduct forecasting experiments.

1.2.3 ECMWF model. The European Centre for Medium-range
Weather Forecasts (ECMWF) is an international organization sup-
ported by 34 countries. It was officially established in 1975, and
is headquartered in Bracknell, UK. EC mainly provides 10 d me-
dium-term numerical forecast products, and also sends some useful
medium-term numerical forecast products to all countries in the
world through the global communication network maintained by the
World Meteorological Organization (WMO). The model used fully
utilizes four-dimensional assimilation data and can provide wind,
temperature, and humidity forecasts for a total of 20, 911, and
680 points on a 40 km grid density with 60 layers at a height of 65
km worldwide. This project used EC forecast rainfall data with a
spatial resolution of 0. 125° x 0. 125°, covering the range of 10° S
—-60° N and 0° — 180° E, including analysis of various meteoro-
logical elements and forecast field data. The forecast time is up to
240 h (with a 3-hour interval within 72 hours and a 6-hour interval
between 78 —240 hours) , and forecast products with two time in-
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tervals are generated daily (00:00, 12:00 UTC). According to
the actual test results in multiple regions of China, the rainfall
forecast results of EC have all received high ratings™ ',

1.3 Evaluation and inspection The evaluation of flood fore-
casting calculation results adopts three commonly used indicators
in hydrological forecasting [ Hydrological Information Forecasting
Specification (GB/T 22482 —2008 ) ] 1 namely the coefficient
of certainty (DC), the relative error of flood peak (DQ), and the

time difference of peak appearance (DT).
M
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In the formulas (1) = (3), y,(i) is actual measured flood

x 100% (2)

discharge value; v, (i) is the forecasted flood discharge value; y is

mean of measured flood discharge sequence; (,,, is measured flood

b
peak discharge; Q,, is simulated discharge; TQ.,, is peak occur-

rence time of forecasted flood peak discharge; TQ,,, is peak occur-
rence time of actual flood peak discharge. According to the Hydro-
logical Information Forecasting Specification ( GB/T 22482 -
2008), DC >0.5, IDQ1<20% , |DT1<3, the forecast result is
qualified. Among them, DC>0.9 is grade A forecast level;

0.9=DC >0.7 is grade B forecast level; 0. 7=DC >0. 5 is grade

C forecast level.

2 Results and analysis

2.1 Historical case inversion By selecting 7 flood processes
from 2013 to 2016, the model parameters were optimized and cali-
brated, and then 4 flood processes from 2020 to 2021 were used to
test the model. According to Table 1, the average efficiency coef-
ficient of the calibration period was 85.61% , the average relative
error of the peak was 15.49% , and the average peak occurrence
time difference was 1 h; the average efficiency coefficient during
the verification period was 79. 13% , the average relative error of
the flood peak was 9.48% , and the average peak occurrence time
difference was 1.4 h. Overall, the efficiency coefficient and rela-
tive error of the flood peak during the calibration period were higher
than those during the verification period, and the time difference of
peak occurrence was slightly lower than that during the verification
period. The calculation accuracy of both has reached the level of
Grade B forecasting. Fig.2 was obtained by interpolation of 72 h cu-
mulative rainfall of station in the validation period combined with
the inverse distance square method. The 72 h cumulative average
rainfall of the four processes was 49.3,299.7, 76.7 and 60.0 mm,
respectively. Among them, event 20200718 had the largest rainfall
intensity, reaching the magnitude of extremely heavy rainstorm
(24 h cumulative rainfall was more than 250 mm).

Table 1 Results of Xin’an River model during calibration and validation periods

Average cumulative

Actual measured

Simulated

Period No. rainfall // mm flood peak //m*/s flood peak //m*/s DC// % DQ// % DT//h

Calibration 20130606 102.4 733 711 89.72 2.92 3.0
20130705 232.6 2 530 2779 81.75 9.89 1.0
20140704 90.1 852 1083 78.41 27.10 1.0
20150514 89.3 2038 2 059 94.43 1.03 0
20150616 137.7 3319 2942 83.25 11.35 1.0
20150722 81.9 1 561 2 148 77.78 37.66 1.0
20160618 108.6 2823 2 301 93.91 18.47 0
Absolute average 120.4 1979 2 003 85.61 15.49 1.0

Validation 20200701 49.3 1023 959 88.64 6.19 0
20200704 299.7 4 698 5240 78.89 11.54 2.0
20200718 76.7 1177 1290 72.56 9.59 0
20210703 60.0 920 878 69.94 4.62 4.0
Absolute average 105.7 1 955 2 092 79.13 9.48 1.4

2.2 EC flood forecast test results Comparing Fig. 2 with Fig.3,
from the spatial distribution of rainfall, the distribution of heavy
rainfall in the three processes of 20200701, 20200704, and
20210703 was basically consistent with the actual situation. How-
ever, the coverage area of heavy rainfall was smaller than the actu-
al situation, resulting in a 6.90% , 14.11% , and 14.83% lower
cumulative average rainfall forecast for the watershed. The spatial
distribution of rainfall for the event 20200718 was significantly dif-
ferent from the actual situation. The heavy rainfall area was located
at the southern end of the basin, completely opposite to the actual

distribution. The maximum cumulative rainfall exceeded 250 mm,
but the coverage area was smaller than the actual situation. The
final average cumulative rainfall of the basin was close to the actual
situation, with a relative error of 4.56% .

From the three forecast indicators in Table 2, the average ef-
ficiency coefficient was about 16% lower than the accuracy during
the validation period. Among the four processes, the efficiency co-
efficients of three processes were above 60% , and the efficiency
coefficient of one process was around 50% . The relative error of
the flood peak was below 20% , and the average error did not ex-
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Fig.2 72 h accumulated actual rainfall during the verification period
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Fig.3 72 h cumulative rainfall of EC forecast during verification period
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Fig.4 Flood process predicted by EC
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ceed 10% . The forecast accuracy of the peak arrival time differ-
ence was less than 1 h, which was consistent with the verification
period. The overall forecast level was Class C, and the forecast re-
sults of the relative error of the flood peak and the time difference
of peak occurrence were relatively close to the verification period.

The low cumulative rainfall forecast of EC was the main reason for

Table 2 Various indicators of flood process predicted by EC

the low efficiency coefficient. In addition, it can be seen from
Fig. 4 that the water rising stages of the four processes were in good
agreement with the actual situation, but the water retention curve
had a larger error compared to the actual situation, which may be
related to the decrease in rainfall accuracy predicted by the numer-

ical model with the extension of the forecast period.

No. Average cumulative rainfall /mm Actual measured flood peak //m>/s Forecasted flood peak /m®/s DC//% DQ// % DT //h
20200701 45.9 1023 905 63.54 11.520 1.0
20200704 257.4 4 698 4 507 69.19 4.062 0
20200718 73.2 1177 1 240 50.63 5.310 0
20210703 51.1 920 748 72.05 18.740 1.0
Absolute average 106.9 1 955 1 850 63.85 9.910 0.5

2.3 Flood forecasting test results by WRF Comparing Fig. 2
with Fig. 5, from the spatial distribution of rainfall, it can be seen
that the forecast results of the four processes were significantly dif-
ferent from the actual situation. The event 20200701 had a certain
reflection of the rain falling area, and the distribution of heavy
rainfall in the event 20200704 was partially similar to the actual
situation, but the coverage area was significantly smaller. The
heavy rain falling area in the event 20200718 was offset from the
actual situation, and there was also a problem of smaller range.
The heavy rain falling area in the event 20210703 was consistent
with the actual situation, but the overall rainfall intensity in other
parts of the basin was weaker. From the perspective of cumulative
average rainfall in the basin, the relative errors of the three proces-
ses of 20200701, 20200718, and 20210703 were significantly
smaller, with22.11% , 42.63% , and 22.50% respectively. Only
the relative error of 20200704 was 5. 31% , which was relatively
small. Seen from Fig. 6, for the rainfall process below 100 mm,
the error of peak occurrence time was small, the predicted flood

peak discharge was low, and the efficiency coefficient was not

Table 3 Various indicators of flood process predicted by WRF

high. But for the rainfall process of extremely heavy rainstorm
magnitude, the predicted flood peak discharge was relatively close
to the actual situation, and the efficiency coefficient was also im-
proved.

From the three forecast indicators in Table 3, the average
efficiency coefficient was about 15% lower than the accuracy
during the validation period. Among the four processes, the effi-
ciency coefficients of two processes were above 70% , and the
efficiency coefficient of one process was below 50% . The rela-
tive error of the average flood peak was 23.72% larger than that
of the verification period. Only the flood peak forecast error of
the event 20200704 process was relatively small, while the flood
peak forecast errors of the other three processes were all above
20% . The average peak occurrence time difference was 0.75 h,
which was consistent with the validation period. The overall fore-
cast level was Class C, with the forecast results of peak arrival
time difference being close to the validation period, and the effi-
ciency coefficient being basically the same as EC. The forecast

accuracy of flood peak was poor.

No. Average cumulative rainfall /mm Actual measured flood peak /m>/s Forecasted flood peak /m®/s DC//% DQ// % DT//h
20200701 38.4 1023 744.0 84.59 27.25 1.00
20200704 283.8 4 698 4959.0 58.14 5.56 0
20200718 44.0 1177 759.0 73.41 35.55 1.00
20210703 46.5 920 676.0 41.85 26.51 1.00
Absolute average 103.2 1 955 1784.5 64.49 23.72 0.75

2.4 Comparison of experimental results Whether in terms of
spatial distribution of rainfall or cumulative values, the forecast re-
sults of EC were closer to reality compared to WRF. Moreover, the
smaller the cumulative rainfall, the more obvious this difference
becomes. Due to the differences in the spatiotemporal distribution
of rainfall forecasts between EC and WRF, the average relative er-
ror of flood peaks in EC forecasts was about 14% lower than that in

WREF forecasts. However, there was no significant difference be-

tween the two in terms of flood forecasting efficiency coefficient
and peak occurrence time difference. Overall, the flood forecasting
accuracy of EC was higher than that of WRF. Although the effi-
ciency coefficients forecasted by the two numerical models were
lower than 70% , they were within the allowable range of error in
predicting the relative error of flood peaks and the peak occurrence

time difference.
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Fig.5 72 h cumulative rainfall during verification period forecasted by WRF
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Fig.6 Flood process forecasted by WRF
3  Conclusions cal models were used in flood forecasting experiments. Through

(1) 11 flood processes in the Bailian River basin in the past
10 years were selected. Combining the Xin’an River model, flood
forecasting experiments were conducted. Seen from simulation
effects of historical cases, the average efficiency coefficient was

about 80% ,
10% , and the peak occurrence time difference was 1 h, reaching

the average relative error of the flood peak was about

the level of Class B forecasting. It can be used for flood forecasting
in the Bailian River Reservoir during the flood season and provide
reference for flood control decision-making.

(2) The rainfall forecasting products of EC and WRF numeri-

comparative analysis, it was found that EC’s prediction of efficien-
cy coefficient and peak occurrence time difference was basically
the same as WRF, but the accuracy of flood peak prediction was
about 14% higher than WRF. Overall, the forecasting experimen-
tal effect of EC on flood was better than WRF.

(3) On the one hand, although the overall effectiveness of
rainfall forecasting products for flood forecasting in this study did
not reach Class B or above, some indicators such as relative error
of flood peak and peak occurrence time difference still had certain
reference value for forecasting accuracy. With the continuous de-
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velopment of numerical models, the accuracy of rainfall forecasting
will also increase, and its application to flood forecasting will be-
come better and better. This is also a trend of coupling hydrology
and meteorology. On the other hand, due to the limited number of
collected flood cases, there is still room for improvement in the ef-
fectiveness of model forecasting. In the later stage, with the col-
lection and use of more flood data for process inversion, it will
help improve the model parameter structure and further enhance
the forecasting accuracy.
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