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Abstract: Watershed runoff forecasting has been a research focus on hydrological model and flooding prediction. In
China, Xinanjiang ( XAJ) model is a widely used for flood forecasting, which is of significance to areas with boom-
ing economy, dense population, and high flooding risks, such as those located.in central China. The Fu River basin
located in Jiangxi Province is a rainy area with abundant precipitation (average annual rainfall is 1 761 mm). A
lumped hydrological model, three-source XA]J model based on excess storage runoff generation, was established to
simulate 18 rainstorms and floods in Fu River basin from 1981 t0.1995. Muskingen's piecewise continuous algo-
rithm was used to calculate river flood routing and the flow, process line. The processes of the flow and flood were
determined by linear superposition of all the flow procésses. Parameters were calibrated by daily data and frequen-
cy data. Results showed that the average deterministic-coefficient of the model in the field flood simulation was
0. 911, the average error of runoff depth for model calibration was 4. 73 % , and the average error of runoff depth
for validation was 8. 21 %. Therefore, the threessource XAJ model could be used as a useful forecasting model in
the flood forecasting system of Fu River basin, The useful references were provided for flood forecasting research
in the rainy central China.
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. quency, wide distribution and severe losses". Par-

1 Introduction . C .
ticularly in China, frequent floods and associated
Flood is a natural disaster of increasing con- waterlogging problems are recorded every year?.

cerns across the world. It has features of high fre- It has caused significant property and life losses for
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this country,affecting survival and development of
the country**. Roughly, it is subject to frequent
threat of flooding that are roughly, over 2/3 of its
total areas, 5% of its total population,30% of its
cultivated land,and 70% of its industrial and agri-

() In 2010, the annual economic

cultural outputs
losses caused by floods have accounted for approxi-
mately 3. 5% of the total national economic output
value'”, In certain period, there may be basin-scale
flooding leading to significant losses. For example,
the direct economic losses were 77.94,179. 65 bil-
lion, 228. 04 billion and 255.09 billion yuan in
1991, 1994, 1996 and 1998, respectively-®. Aver-
agely,China suffers major floods every two years.
Thus, it is of great significance to explore the
mechanism of flooding for the prevention of disas-
ters and the arrangement of disaster relief meas-
ures. However, generation and evolution of flood-
ing are complicated. Understanding the mechanism
of flood occurrence can effectively reduce and fore-
cast the flood, thus reducing the risk of flood
occurrence. Particularly in many areas of central
China, due to highly dense population and good
developed economy, losses of flooding are significantly
enormous ). The inherent mechanism of flood. is
explored and analyzed in such area. Thefefore, an
effective measure for managing flood résotrces is
to understand the generation of {lo6d mechanisms
and to use a physical model to describe the process
of flood.

The 5th edition .of .thé river forecasting sys-
tem, which was)continuously updated by the US
weather servicesofficially opened the prelude of the
modern flood forecasting system!®. The Swedish
National Hydrological Bureau further simplified
the forecasting operation and established the HBV
hydrological forecasting system'. Aiming at the
difficult problem of rainstorm and flood forecasting
in small watersheds, some researchers used flash
flood modul simulation system (FFMS) model and
hydrologic engineering center hydrological model
system (HEC-HMS) model to hilly areas, inclu-
ding Luanchuan watershed and Hancheng water-
shed in Henan Province and Lipiyu watershed and

[10]

Haojiadian watershed in Liaoning Province''"'. In
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order to conduct the flood forecasting research of
small watershed in the control basin of Lengkou
hydrological station based on Double-excess Mod-
el'", Chinese flood forecasting system based on
the early development of a large number of foreign
systems summarizes the technical experience. For
example the telemetry system based on Sac model
of Luhun basin and land water basin is first
Chinese batch of flood forecasting system and the
beginning of Chinese flood forecasting system.
With the wide application of database and the
emergence of network technology, a large number
of flood forecasting systems-have emerged ,such as
the decision support system “for flood control
dispatching of the Ye¢llow River, the flood forecas-
ting system for the"Three Gorges Reservoir Input
Station,and theflood control dispatching system of
Biliuhe Reservoir in Liaoning Province based on
WebGIS technology™'?'.

However, due to the vast territory of China,
theflood forecasting system doesn’t cover all the
complete basins, such as the Qingshitan basin in
Guilin, Guangxi Province, which relies on ineffi-

04 In order to resist

cient artificial forecasting
flood disasters,on the one hand,a large number of
flood control projects have been built,on the other
hand, various flood forecasting methods have been
bred to take defensive measures.

Originally, flood forecasting system came out
in 1950s. In the initial stage, when the experts did
not understand the hydrological process and the
interaction between the variable processes. It mainly
uses mathematical statistics methods to predict
hydrological , meteorological and climatic variables,
that is, according to the changing laws of climate
variables, namely, periodicity, transitionally and
sustainability, and then predict the future state of
the variables. This method can often obtain better
prediction results of hydrological and meteorologi-
cal variables with more periodicity and greater per-
sistence, such as the total amount of seasonal run-
off. For example, Linear methods include multiple

]

regression models, cluster analysis:'*, canonical

]

correlation analysis™'®, singular value decomposi-

tion, Empirical orthogonal function, Markov mod-
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ell', projection tracking model"'" and so on. Non-
linear models include neural networks, Filtering
techniques and some hybrid methods such as wave-
let neural network'*), neuro-fuzzy model"”! and so
on. Wu et al'® proposed a Markov model for pre-
dicting the anomalies of East Asian monsoon rain-
fall. Cross Validation results to indicate that this
model has a higher score of East Asian winter
monsoon precipitation, but a lower score of East
Asian summer monsoon precipitation. Wu et al‘?"
established a linear regression prediction model for
East Asian summer monsoon precipitation using
the previous North Atlantic Oscillation (NAO) in-
dexed and two ENSO indices. At the same time, re-
searchers generalized all linear reflux curves into
dynamic curve clusters, and established a transfer
model on the concept of Muskingan method. On
this basis, the method of calculating unit line was
verified"?), Secondly, the non-linear function of the
quadratic method is used to calculate the non-linear
confluence: simplifying the Saint-Venant equation
by hydrodynamic force!”’. Nonlinear reservoir pa-
rameters are transformed into non-linear unit hy-
drographs®*. However, it is usually poor that the
prediction effect of the discontinuous process, with
large randomness such as quarterly precipitation,
and once the change law of the factors changes,it is
impossible to make effective prediction. Statistical
models are generally based on a, large amount of
data. Too much data will lead.to cumbersome cal-
culation and statisticalndeviation. The application of
relatively accurate/function fitting also has some
challenges to aceuracy. Although the mathematical
statistics method is simple, it lacks physical mean-
ing and it is difficult to express the nonlinear rela-
tionship between factors.

With the rise of computer industry, modern
flood forecasting system based on hydrological
model began to rise’®). In the 1950s, hydrological
models focused on a single aspect of researcht®.
With the emergence of digital watersheds, the re-
search of watershed hydrological model has been
developed step by step, and some famous models
have been formed, such as Stanford IV model in the

United States'?’. At this stage, the hydrological

model was used to quantitatively analyze the flow
process of the river basin entrance and exit sec-
tions, but the study at this stage did not go deep
into the actual state of hydrological variables, Tank
model, represented by Japan in the 1980s, has been
able to simulate the relationship between water
storage and outflow, greatly simplifying the
process of rainfall runoff***), The subsequent SHE
model can generalize the spatial characteristics of
the basin in detail, and can describe the hydrologi-
cal process of momentum conservation partial dif-
ferential equation'®”. Facing complex geographical
conditions, many Chinese~scientific researchers
have made the following ‘achievements, including
the XA] model with full riunoff storage and runoff
yield forms initiated‘a new situation of hydrological
forecasting in China'and was widely used in humid
and semi-humid areas™". The XAJ model is a rain-
fall-runoff model, which has been widely used in
humid ,Semi=humid and semi-arid regions of China
in flood forecasting and water resources assessment
with good simulation accuracy-*"’. At this stage, the
distributed hydrological models based on XA]
model have been widely used and made outstanding
contributions to the cause of flood mitigation for
China's national defense.

Therefore, the objective of this research is
firstly the selection of the study area. The Fu River
basin is the second largest river in Jiangxi Prov-
ince, China,and the main source of drinking water
in the city center and river counties (districts). The
area is also an important grain production base of
the middle and lower reaches of the Yangtze River
in Jiangxi. However, because the terrain in the area
is mostly low hills and plains, the area is located in
the middle and lower reaches of the Yangtze River
and the eastern monsoon region of China. The
warm and humid air currents from the Pacific
Ocean in summer and autumn have a great impact
on the precipitation in the area. These have led to
frequent flooding with the region. Applying a
hydrological model with physical significance of
this area is of great significance to prevent
droughts and floods with the area and to protect

the lives and property of local people.
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2 Overview of the studying watershed

The Fu River basin locates in the southeastern
part of Jiangxi Province, spanning the east longi-
tude from 115°30'E to 117°10'E and the north lati-
tude from 26°30'N to 28°37' N. River length is
344 km. The Fu River, with a drainage area of
15. 811 km’ (above the hydrological station of Li-
jiadu)"*, The main tributaries are Xujiang River,
Lizhao River, Linshui River, Dongxiangshui River
and Lijiadu hydrological station is a control station
of Fu River. The elevation is from 20 meters to
1 800 meters. Mountains account for 27 %, hills for
63% and plains for 10%. Fu River is divided into
upper, middle and lower reaches. The upstream
reach from Heyuan to Nancheng is a mountainous
river with fine sand bed™*'. The width of the river
is about 300 m. At the same time, the drop is large
and the river course is crooked. Nancheng to Lin-
chuan is the middle reaches of the river, which
belongs to hilly and plain rivers. The river is flat,
wide and shallow with a width of 400-500 m. Lin-
chuan is a vast alluvial plain in the lower reaches/of
the river. Its elevation is generally below 50«mjand
the width of the river is from 400 meters to 800
meters. According to the gentle terrain the\flow is
concentrated”" . Fu River basin belongs.to the mid-
dle subtropical monsoon humid climate area, with
distinct seasons and abundant rainfall. The average
annual rainfall is 1 761. 0 ‘mm, The maximum an-
nual rainfall is 2 985. 4 mm (1998 Goushu station)
and the minimum annual rainfall is 905.5 mm
(1963 Nancheng station). Fu River is a rain-flood
type river. Most of the catchment floods occur to
the first ten days of April to July. In some years,
the typhoon affects the river from August to Sep-
tember,and if the rainfall is concentrated in March
on the next year, the catchment floods will also oc-
cur. The flood process of Fu River mostly presents
complex peaks. In a flood process, the upstream
station usually lasts 3 to 5 days, the downstream
station lasts 6 to 8 days,while the upstream station
lasts 7 to 8 days and the downstream station lasts
10 to 15 days™".

This area is an important grain production
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base of Jiangxi and even in the middle and lower
reaches of the Yangtze River. However, because
this area is located in the middle and lower reaches
of the Yangtze River and in the eastern monsoon
region of China, the warm and wet air flow from
the Pacific Ocean in summer and autumn has a
great impact on the precipitation in this area. In
addition, the topography of this area is mostly low
hills and plains, which causes frequent flooding
disasters in this area. A series of problems caused
by this have a great impact on the production and
life of the local people. Therefore, the research is
of great significance of the-prevention of drought
and flood disasters in. this--area and to the
protection of the safety.oflocal people’s lives and

property?*.

3 Materials and methods

3.1 .Flood disaster situation in Fu River ba-
sin

Flood disasters occur frequently to the Fu
River basin,with different degrees of floods occur-
ring every year. Generally, a large flood occurs to
two to three years, and causes serious disasters.
For example, from June 13rd to 17th, 2002, the up-
stream of the Fu River experienced continuous
rainstorms and extremely heavy rainstorms. The
rainfall at Shuinan station in Guangchang County
reached 601 mm. As a result of continuous rain-
falls, there were huge floods of the upper and mid-
dle reaches, and once in a century and once in 50
years at Shaziling and Nancheng stations. The Fu
River basin floods occurred in 1 774 villages in 205
townships and counties of 11 counties and cities in
1998. The affected population was 23. 664 4 mil-
lion, houses were destroyed, 53 dikes of 1 000 mu
(1 mu=667 m’) overtopped by floods,and economic
losses amounted to 4. 049 billion yuan. Flood disaster
has caused huge economic losses and seriously
restricted the development of social economy.

The River prediction stations in the Fu River
basin include Shaziling, Nanfeng, Nancheng, Liao-
jilawan, Taopo, Chongren, Loujiacun and so on.
[36]

Many researchers showed that Tyson polygon

method is an accurate method of calculating surface
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rainfall. It is suitable for the case of uneven distri-
bution of precipitation or rainfall stations in the ba-
sin, In this research, the rainfall data onto the sta-
tions was transformed into surface data based on
Tyson polygon method, which was used for the
long-term analysis of the precipitation in the Fu
River basin. The Tyson polygon method based on

ArcGIS platform is used to calculate the regional

Tab. 1

average rainfall, which solves the problem of tradi-
tional method to calculate the area weight coeffi-
cient and improve the accuracy of regional average
rainfall. According to the characteristics of the Fu
River basin, the basic information about the corre-
sponding sub-basins is shown in Tab. 1. The rain-
fall stations and weights of each sub-basin are
shown in Tab. 2.

Subbasins of Fu River basin and their intervals

Name of subbasin River name

Direction of inflow Control station name and information Drainage area/km?

Shaziling Xujiang Fu River Shaziling (Flow, Water level) 1225
Nanfeng Xujiang Fu River Nanfeng (Water level) 2 935
Nancheng Xujiang Fu River Nancheng (Flow, Water level) 4159
Hongmen reservoir Litan River Fu River Hongmen reservoir (Flow, Water level) 2 376
Liaojiawan Fu River Poyang Lake Liaojiawan (Flow, Water level) 6 347
Taopo Suitable yellow water  Linshui Taopo (Flow, Water level) 1611
Chongren Yanrenshui Linshui Chongren(Waterlevel) 1671
Loujiacun Linshui Fu River Loujiacun«(Flow, Water level) 4 969
Liaojiawan-+ Loujiacun+ Lijiadu section ~ Fu River Poyang Lake Nothing 2119
Lijiadu Fu River Poyang Lake Lijiadu.(Flow, Water level) 15 811
Tab. 2 Weight table of rainfall’stations’in Fuhe River basin

Rainfall station Chishui ~ Shuinan  Shaziling Changpo Baishe, Fufang Shuangtian Nanfeng Lita  Shangtang  Nancheng
Weight 0.132 0.110 0.110 0.079 0. 085 0.065 0. 065 0. 067 0.074 0. 070 0. 065

3.2 Modeling of XAJ

Generally, XAJ] model is widely used in.reservoir

flood forecasting in China. It was proposed by Profes-

Fig. 1

sor Zhao Renjun in 1973 and established through the
study of XAJ reservoir. The following is the structure

of XAJ model with three water sources in Fig, 1°7.

Flowchart of the three-source XAJ model

KX KE R 693 ¢
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XA] model can be divided into evapotranspira-
tion calculation, runoff generation calculation,
water source division and confluence calculation.
Among them, evapotranspiration calculation is
responsible for calculating soil evaporation in the
upper and lower layers, runoff generation calcula-
tion is based on full storage runoff generation mod-
el,and water source division divides free water into
surface runoff, soil middle runoff and underground
runoff. Unit line method and linear reservoir meth-
od are the approaches of confluence calculation.
The former is generally used to calculate the sur-
face runoff confluence of unit area, while the latter
is generally used to calculate the confluence of soil
water runoff and groundwater runoff. The Muskin-
gum method of delay algorithm or piecewise con-
tinuous calculus is a common method for calculat-

ing river network confluence. The parameters of

XA]J model are as shown in Tab. 3, the values of
parameters and sensitivity in the above four levels.
McCarthy proposed the Muskingum in 1938 and pi-
oneered the hydrological method of flood calcu-

lus'®!. The equation of the flow calculation as

M2:C012+C1 11+C2M1 (D)
. —Kx+0.5A¢

CTRA—o+0.5Mm 2
C, = Kx+0.5At 3)

- K(—x)+0.5A¢

_ K(—x)—0.5M
K —2)+0.5A¢

Where: M, , M, are the river outflow at the begin-

G (4)

ning and end of the calculation period respectively;
I,,I, are the river inflow at the beginning and end
of the calculation periodrespectively;C, ,C; ,C, are
the coefficients of flow calculus; K is the constant
amount of storage;a is the coefficient of the flow

specific gravity; At is the period of time,

Tab. 3 The structure and function of XAJ model, calculation'method and corresponding parameters

Arrangement Parameter symbol Parameter significance Whether sensitive Range of values
KC Conversion coefficient of evapotranspiration Vv
UM Upper tension water capaeity/mm X 10~20
Evapotranspiration . .
) LM Lower tension water capacity/mm X 60~90
calculation
C Deep evapotranspiration diffusion coefficient X 0.1~0. 2
WM Average tension water capacity of watershed/mm X 120~200
B Curve equation of tension water storage capacity X 0.1~0. 4
Runoff yield calcu- . . . .
lati M The proportion of impervious area to the whole basin area X 0.01~0. 04
ation
SM Surface free water storage capacity Vv
EX Curve equation of surface free water storage capacity X 1.0~1.5
. Sunrise coefficient of groundwater in surface free water
KG . Vv
storage reservoir
Water source divi-
. Sunrise coefficient of surface free water storage reservoir to
sion K1 ) V.
soil flow
CI Coefficient of subsidence of flow in soil Vv
CG Coefficient of subsidence of groundwater
CS Water storage and recession coefficient of river network Vv
Confluence calcula- L Time lag/h Vv
tion KE Muskingan algorithm parameters/h Vv KE=A¢
XE Muskingan algorithm parameters Vv 0~0.5

With the development of IT industry and the
popularization of computer technology, human-
computer interaction is developing day by day. The
method of calibrating parameters is called human-

computer interaction calibration method. The cali-

+ 694 » KX KK R

bration is divided into two parts: daily model and
hourly model.

The main goal of using the daily model is to
determine all parameters of the first layer, the sec-

ond layer, the third layer, and the convergence pa-
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rameters of the fourth layer. The model parame-
ters obtained by the daily model need to be cali-
brated. First set the parameters, then compare the
total runoff for many years, compare the annual
runoff depth, compare the annual difference be-
tween dry and wet seasons, and compare the un-
derground runoff, especially in the dry season.
The above parameters are used to calibrate the
model parameters to achieve the purpose of impro-
ving the accuracy of the model. Parameters that
are independent of the length of time in the hourly
model can be directly applied to the model. Param-
eters related to the length of time need to be cali-
brated. The general calibration method is divided
into the following three steps, the comparison of
total flood runoff, the comparison of flood peaks,

and the comparison of flood peak occurrence

4 Result analysis

Fu River basin is a humid area with abundant
groundwater and high groundwater level. The wa-
ter storage under the aeration zone is often kept
around the field capacity. Because of evaporation,
especially in flood season, the water shortage will
change to 20 mm to 30 mm, which is easy to re-
plenish the water shortage. In addition, the vegeta-
tion of the Fu River basin is good, and the surface
soil is not easy to penetrate. Therefore, a single
rainfall can produce runoff in-the seepage zone,
which is called full storage runoff. The annual run-
off coefficient of the Fu River-basin is higher (gen-
erally over 0.5), because the water content of the
aerated zone is at normal level when the runoff is

full. The annual runoff coefficient of the Fu River

times. basin is shownuin the Tab. 4 below.
Tab. 4  Annual runoff depth in Fu:River basin

Years Runoff depth/mm Runoff coefficient Years Runoff depth/mm Runoff coefficient
1985 708 0.55 1993 871 0.63
1986 643 0.58 1994 1479 0. 80
1987 713 0. 46 1995 1 240 0. 87
1988 1130 0.78 1996 981 0.70
1989 1 000 0. 69 1997 1612 0.72
1990 879 0. 47 1998 1734 0. 89
1991 1488 0.78 1999 1 230 0.75
1992 1488 080

According to the annual runoff’process line, the
following conclusions are drawn;the rapid rise and fall
of flood engineering in Fu River basin, which is caused
by the above-mentioned ‘components of runoff, which
are termed surface tunoff, soil runoff and underground
runoff. The runoff yield rate of surface runoff is the
highest, that of soil runoff is the second, and that
of underground runoff is the lowest. Because of the
higher steady infiltration rate and the more compo-
nents of the soil flow and underground runoff in

the flood-falling section, most of them show a

skewed pattern of rapid rise and fall. In conclusion,
it is concluded that full storage runoff generation is
the main runoff generation mode in the Fu River
basin. There are 10 hydrology stations in the Fu
River basin, such as Loujiacun and Shaziling. This
paper will not list them one by one. The Loujiacun
station is taken as the research object. The research
method is to divide the unit area first. The whole
river basin is divided according to the number of
stations by the Tyson polygon method. Tab. 5 is

the weight of each unit area calculated.

Tab. 5 Weight table of Loujiacun rainfall station in Fu River basin

Serial number Station name Weight Serial number Station name Weight
1 Huangpo 0. 094 7 Shigiao 0.077
2 Lanshui 0. 067 8 Wutou 0. 082
3 Shengang 0. 087 9 Chongren 0. 092
4 Daifang 0. 083 10 Taopo 0. 158
5 Matou 0. 101 11 Loujiacun 0.077
6 Xinfeng 0. 082
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In order to get the flood process of Loujiacun
reservoir, the unit area of each Loujiacun reservoir
is calculated by three-source model. Next, river flood
routing is needed. The method adopted is Muskingen's
piecewise continuous algorithm, The purpose is to get
the flow process line of the study area. In order to ob-
tain the flow and flood process in the study area, the
last step is to linearly superpose all the flow process
lines obtained above one by one.

The parameters need to be initially determined
and then calibrated according to the indicators.
Firstly, the daily model calculation is carried out.
The calculation data are based on the daily precipi-
tation and daily evaporation in Loujiacun water-
shed from 1981 to 1995. Then, the data of the first
ten years (1981 to 1990) are calibrated and the
remaining five years (1991 to 1995) are used for
final verification. At the same time, the sub-model
calculation is also needed. The calculation data are
based on 18 floods in Loujiacun from 1981 to 1995,

followed by parameter calibration. The first twelve

of the eighteen floods are used for parameter cali-
bration, and the remaining six are used for flood

parameter verification,such as Tab. 6 and Tab. 7.

Tab. 6 List of 18 floods at Loujiacun rainfall station
Flood code Start time
810329 1981-3-29 20.:00.00
820525 1982-5-25 20:00:00
820611 1982-6-11 14.:00.00
830406 1983-4-06 04:00:00
830609 1983-6-09 16:00.:00
840901 1984-9-01 00:00:00
850405 1986-4-05 12.:00.00
850603 1985-6-03:16:00:00
850915 1985-9-15 14.00.:00
860410 1986-4-10 16:00:00
880504 1988-5-04 14.:00.:00
890617 1989-6-17 14:00.:00
900606 1990-6-06 14.:00.:00
910321 1991-3-21 04:00.:00
930613 1993-6-13 12.:00.00
940609 1994-6-09 12:00.:00

Tab. 7 Daily model and hourly model parameters of Loujiacun rainfall station in Fu River basin
Parameter K C UM LM WM B IM SM EX KG KI Cl CcG CS
Daily model 0. 95 0. 15 20 80 130, 0.3 0. 01 25 1.5 0.4 0.3 0.985 0.995 0.3
Hourly model 1. 00 0. 15 20 80 130 0.3 0. 01 60 1.5 0.4 0.3 0.950 0.999 0.8

According to Tab. 8 to 10 belows; the runoff
depth of the study area data used {or model calibra-
tion is obtained. The absolute error is between
0.15% and 9.93%, the .average error is about

5. 00% , the maximum error is about 10%,less than

Tab. 8

Runoff depth error of daily model in Loujiacun rainfall station

20% , which meets the criterion. The maximum
error of runoff depth is about 11%, the absolute
value is between 5% and 10%, and the average
value is about 8% ,which is in accordance with the

standard. It is shown in Tab. 8.

Unit: %

Years 1981 1982 1983 1984 1985 1986 1987

1988 1989 1990 1991 1992 1993 1994 1995

error —9.93 1.23 5.15 —8.63 —1.61 2.49

—3.62

0.15 —6.89 —7.56 —10.28 —4.77 —7.57 —8.05 —10.38

Loujiacun sub-model simulation error statis-
tics table is shown in Tab. 9. According to Tab. 9,
it can be seen that the relative errors of peak dis-
charge of regular rate floods are not up to 20% ex-
cept 860 410 and 890 411 floods, and all other
floods are in accordance with the stipulations of the
Standard for Hydrological Information Forecas-
ting. The relative errors of runoff depth and peak
discharge of the six floods in the validation period
also conform to the "Standard for Hydrological In-

formation Forecasting". There are seven floods

+ 696 »+ KX KK R

that meet the Class A standard within the regular
rate period, and the remaining five floods all meet
the Class B standard. During the validation period,
four floods met Class A criteria and the remaining
two reached Class B criteria. The relative error of run-
off depth of hourly model is less than 10%, which ac-
counts for 72.2% of the total. The relative error of
peak discharge of hourly model is less than 10% and
13 times, which accounts for 72.2% of the total. Its
certainty coefficient is 0. 983, the minimum is 0. 813

and the average is 0.911. The accuracy statistical
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structure shows that the calibrated parameters are basically reasonable according to the Tab. 10.
Tab. 9 Error of XAJ model in Loujiacun rainfall station
B} L Measured Calculating ~ Relative error Flood peak flow  Calculating Relative Coefficient
Period I;l:jj Prec:jrl:on/ runoff runoff of runoff measurement/ peak discharg/ error of peak of
depth/mm depth/mm depth/ % (m?+s 1) (m3 + s71)  discharge/%  certainty

810 329 488. 3 335. 74 347. 4 —3. 46 2 560.0 2 296.4 10. 30 0. 985

820 525 120. 2 51. 54 56. 7 —10. 04 890. 0 850. 9 4. 40 0. 837

820 611 521.7 405. 67 386. 1 4. 82 3 860. 0 4 059. 4 —5. 20 0.963

830 406 305.7 182. 76 169. 3 7.35 1220.0 1 201.5 1. 50 0. 813

830 609 390. 0 265. 57 238.4 10. 23 2 480.0 2516.4 —1.50 0.923

Parameter 840 901 140.8 64. 32 68. 3 —6.17 1 830.0 1 690. 4 7.60 0. 975
calibration  g50 405 120.0 77.48 75.5 2.52 864. 0 799. 5 7.50 0. 938
850 603 142. 3 76. 13 74. 1 2.71 1 070.0 1002.2 6. 30 0. 983

850 915 151. 8 59. 44 59. 8 —0.59 964. 0 921.7 4. 40 0. 862

860 410 313.5 238. 26 219.1 8. 06 1187.5 949. 2 20. 10 0. 941

880 504 299.9 238.32 208. 7 12. 42 2 440.0 2 554.9 —4.70 0. 859

890 411 234.1 135. 17 151.4 12. 00 1030, 0 1262.4 —22.60 0. 859

890 508 230.0 135.57 130.7 3. 60 1220.0 1017.5 16. 60 0.919

890 617 325.4 257. 24 213.9 16. 85 2 670.0 2612.6 2.10 0.923

Parameter 900 606 279, 2 166. 22 171.0 —2.86 1.060. 0 1082.7 —2.10 0. 892
validation 910 321 397.9 268.93 256.3 4,70 1010.0 940. 4 6. 90 0.88
930 613 466. 7 325.72 311. 3 4044 2120.0 2027.6 4. 40 0. 943

940 690 422. 8 310. 53 280. 3 9.473 2 430.0 2 106.4 13. 30 0. 932

Average 297. 4 199.7 189.9 1717.0 1 660. 7 0.911

Tab. 10° Precision classification of forecast items
Accuracy grade A B C
Pass rate/ P.>85.0 85.0=P,=70.0 70. 0=P,=60. 0
Coefficient of certainty Cc.>>0. 90 0. 90=C.=0. 70 0. 70>C.=0. 50

Note: P, means the pass rate; C. means.the coefficient of certainty.

5 Conclusions

In this papérythe XAJ model is applied to the
Fu River basin, and its application effect is ana-
lyzed. It is concluded that the XAJ model based on
the basis of full-storage runoff yield has high accu-
racy,accuracy requirements in the norms,and good
applicability in the study basin. According to the
above analysis, it can be concluded that the XA]
model can be used in flood forecasting in the Fu
River basin. In other words, XAJ model can also be
used as a basic forecasting model in the flood fore-
casting system of Fu River basin.

Because of the collected data, this paper only

studies the Loujiacunzi watershed in the Fu River

basin. The results have some limitations. There-
fore,in the future research, we should collect the
data of the whole watershed,and then further ana-
lyze and discuss its applicability in the whole
watershed. The results are more convincing and
universal. In practice, the uncertainties of the model are
inevitable. For example, the measured value and the
calculated value through the model are not identical
in a certain range. The main reasons for this phe-
nomenon is that the representative of the rainfall
stations and so on. In order to solve the model
uncertainty, the use of correction model can avoid
this error. Various correction models are used to
correct the errors. Finally, the most suitable and

real-time correction method for Fu River basin re-
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search area is selected,and more convincing results

are obtained through continuous correction.
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